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P r e fa c e

T
u t  r o o t s  o f  th is  b o o k  r e a c h  b a c k  to  m y  u n d e r g r a d u a t e  y e a rs  as .11 

e n g i n e e r i n g  s t u d e n t .  In  th o s e  d a y s ,  e n g i n e e r s  s e e m e d  u i i in te ic s ie <  

in  c o m p r e h e n d i n g  t h e  o r d e r  in  th e  t e c h n o lo g ic a l  w o r ld .  A 11 e x c e p t io n  wa: 

th e  c o u r s e  o f  s tu d y  in  e le c t r ic a l  e n g i n e e r i n g .  T h e  s o lu t io n  o f  p r o b le m s  ii 

th is  f ie ld  d e m a n d e d  a n  a b i l i ty  to  s e e  r e l a t io n s h ip s ,  u s e  m a th e m a t ic s  im  

a g in a t iv e ly ,  a n d  d r a w  o n  g e n e r a l i z a t io n s .  E s p e c ia l ly  s a t i s fy in g  w as a conrs«  

in  e le c t r ic  p o w e r  p la n t  d e s ig n  t a u g h t  by  P r o f e s s o r  F r e d e r i c k  M o rs e , w in  

h a d  th e  in te l l e c tu a l  s t r e n g t h  to  u s e  e le g a n t  e le c t r ic a l  s c ie n c e  in  so lv in g  

p r o b le m s  w i th in  a  c o n te x t  o f  e c o n o m ic ,  p o li t ic a l ,  a n d  g e o g r a p h ic a l  lac to rs  

H e  s o lv e d  n o t  b y  e x c l u d i n g  v a r ia b le s  b u t  by  b r i n g in g  to  b e a r  p o w e r fu l  a n d  

c o m p le x  a n a ly s is  a n d  o r d e r .

D e s p i te  s o m e  d i s a p p o i n t m e n t  in  th e  w ay  e n g i n e e r i n g  w as  t a u g h t ,  I n e v e i 

g a v e  u p  t h e  s e a r c h  f o r  t r a c e s  o f  o r d e r  in  m a n - m a d e  c o m p le x i t ie s .  In  g r a d  

u a le  s c h o o l  I t u r n e d  to  h is to r y  a n d  c o n t i n u e d  th e  s e a r c h  fo r  e x p r e s s io n s  

h o w e v e r  t r e m u l o u s ,  o f  m a n ’s c o n s t r u c t iv e  p o w e r  in  a c h a o t ic  w o r ld .  I so u g h t 

t h e  p a t t e r n s  th a t  s o m e  e n g i n e e r s  h a d  im p o s e d  in  th e  p a s t  011 th e  m a te r ia l  

w o r ld .  T h e s e  w e re  t h e  e n g i n e e r s  w h o ,  in  th e  w o rd s  o f  t h e i r  n in e te e n th  

c e n t u r y  b i o g r a p h e r  S a m u e l  S m ile s ,  “ w e re  s t r o n g - m i n d e d ,  r e s o lu te ,  a n d  

in g e n io u s ,"  a n d  w h o  w e re  “ im p e l l e d  to  t h e i r  s p e c ia l  p u r s u i t s  by  th e  lo r c r  

o f  t h e i r  c o n s t r u c t iv e  in s t in c ts . "

M y h i s to r i a n - m e n t o r s ,  O r o n J .  H a le  a n d  J u l ia n  B is h k o . s o u g h t  p a t te r n s  

in  p o l i t ic a l ,  e c o n o m ic ,  a n d  d ip lo m a t ic  h is to r y .  T h e y  d e l ig h te d  in  f in d in g  

c o h e r e n c e  in  B is m a rc k 's  f o r e ig n  p o lic y  o r  in  th e  s e a s o n a l  r h y th m s  a n d  

g e o g r a p h ic a l  m ig r a t io n s  o f  th e  m esta  in  m e d ie v a l  S p a in .  I s o u g h t  th e  e c o n ­

o m y , e f f ic ie n c y ,  a n d  s y s te m  im p o s e d  by  in v e n to r s ,  e n g in e e r s ,  m a n a g e r s ,  

a n d  e n t r e p r e n e u r s  o f  t e c h n o lo g ic a l  c h a n g e .  E a r ly  o n  I f o u n d  th a t  th e  m o st 

im p re s s iv e  o f  th e  p a t t e r n s  im p o s e d  o n  th e  w o r ld  by  m e n  im p e l le d  by th e  

f o r c e  o f  c o n s t r u c t iv e  in s t in c ts  w e re  sy s te m s ,  c o h e r e n t  s t r u c t u r e s  c o m p r is e d  

o f  in te r a c t in g ,  i n t e r c o n n e c te d  c o m p o n e n t s  th a t  r a n g e d  f r o m  r e la t iv e ly  s im ­

p le  m a c h in e s  to  r e g io n a l  e le c t r ic  s u p p ly  n e tw o rk s ,  C o m p le x  sy s te m s  b e c a m e  

m y  u n i t  o f  s tu d y .

T h i s  s tu d y  o f  s y s te m s  h a s  b e e n  in  p r o g r e s s  fo r  m o r e  th a n  a  d e c a d e .  

T h e r e f o r e ,  it h a s  b e e n  c o n c e iv e d ,  r e s e a r c h e d ,  a n d  w r i t te n  w ith in  th e  c o n ­

te x t  o f  r a p id ly  c h a n g in g  p e r s p e c t iv e s  o n .  a n d  a s s u m p t io n s  a b o u t ,  th e  n a t u r e
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o f  h is to r y ,  e s p e c ia lly  th e  h i s to r y  o f  te c h n o lo g y .  In i t ia l ly ,  t h e  e s s e n t ia l  p r o b ­

le m  s e e m e d  to  b e  to  d e l i n e a t e  a  h i s to r y  o f  e v o lv in g  id e a s  a n d  th e  a r t i f a c ts  

t h a t  g a v e  th e  id e a s  m a te r i a l  r e p r e s e n t a t i o n .  T h e  h i s to r y  o f  a  g iv e n  m a c h in e  

o r  p ro c e s s  w as  o f t e n  w r i t t e n ,  t h e n ,  w ith o u L  r e f e r e n c e  to  c o n te x t .  I f o u n d  

th a t  t h e r e  w as  in t e r e s t  in  th e  im p a c t  o f  t e c h n o lo g y  o n  s o c ie ty ,  b u t  t h a t  w ith  

r a r e  e x c e p t io n s  t h e  im p a c t  o f  s o c ie ty ,  o r  c u l t u r e ,  o n  t h e  s h a p e  o f  t e c h n o lo g y  

h a d  b e e n  v i r tu a l ly  ig n o r e d .  D is s a tis f ie d  w ith  t h e  i n t e r n a l i s t ’s a p p r o a c h .  I 

t u r n e d  to  a n  e x p l o r a t i o n  o f  a  b r o a d  r a n g e  o f  f a c to r s ,  e v e n t s ,  in s t i tu t io n s ,  

m e n ,  a n d  w o m e n  in v o lv e d  in  c o m p le x  n e tw o r k s  o f  p o w e r — te c h n ic a l ,  e c o ­

n o m ic ,  p o li t ic a l ,  a n d  s o c ia l .  M y e x p l o r a t i o n  o f  t h e  c u l t u r a l  c o n te x t  w as  

r e i n f o r c e d  w h e n  I b e c a m e  a  m e m b e r  o f  a  h is to r y  o f  s c ie n c e  d e p a r t m e n t  

t h a t  u s e d  th e  c o n te x tu a l  a p p r o a c h .

A s m y  s tu d y  o f  t h e  h is to r y  o f  te c h n o lo g y  c o n t i n u e d ,  I f o u n d  n o t  o n ly  

t h a t  t e c h n o lo g ic a l  s y s te m s  in  c o n te x t  w e r e  t h e  u n i t s  f o r  s tu d y ,  b u t  a ls o  th a t  

th e  h is to ry  o f  th e s e  s y s te m s  e x t e n d e d  b e y o n d  n a t io n a l  b o r d e r s .  A  s tu d y  o f 

U .S . e le c t r ic  l ig h t  a n d  p o w e r  s y s te m s  a lo n e  w o u ld  n o t  d o .  C a u s a l  l in k s  a r e  

n o  r e s p e c te r s  o f  p o li t ic a l  b o u n d a r i e s .  I d i s c o v e r e d  t h a t  in v e n to r s ,  e n g in e e r s ,  

a n d  m a n a g e r s  o f t e n  d r e w  o n  f o r e ig n  t e c h n o lo g ie s — e v e n  w e n t  a b r o a d  in  

s e a r c h  o f  t h e m — as th e y  p u r s u e d  s o lu t io n s  to  t h e i r  p r o b le m s .  I f o u n d  th a t  

th e  n e tw o r k s  o f  e v o lv in g  te c h n o lo g ie s  o f t e n  l in k e d  G e r m a n y  w ith  th e  U n ite d  

S ta te s  b e c a u s e  b o th  w e r e  in d u s t r i a l i z in g  r a p id ly ,  a n d  t h a t  E n g la n d  o f te n  

p r o v id e d  a  c o n t r a s t  to  e v e n t s  a n d  t r e n d s  o b s e r v e d  in  t h e  o t h e r  tw o  c o u n ­

t r ie s .  ( L im ita t io n s  o f  t im e ,  r e s o u r c e s ,  a n d  l a n g u a g e  p r e v e n t e d  e x p lo r a t io n  

o f  t h e  s o u r c e s  p e r t a i n i n g  to  F r a n c e ,  I ta ly ,  S w e d e n ,  t h e  B e n e lu x  c o u n tr ie s ,  

R u s s ia ,  J a p a n ,  a n d  o t h e r  i n d u s t r i a l i z in g  r e g io n s  o f  t h e  w o r ld .)

I n  t im e  I f o u n d  t h a t  a  c o m p a r a t iv e  a p p r o a c h  l in k in g  t h r e e  n a t io n a l  a r e a s  

n e e d e d  to  b e  m o d i f i e d .  I n  fa c t ,  t h e  i n t e r a c t io n  b e tw e e n  r e g io n  a n d  t e c h ­

n o lo g y  w as  m o r e  n o ta b le  th a n  t h a t  b e tw e e n  n a t io n  a n d  t e c h n o lo g y .  I n f l u ­

e n c e s  a t  th e  n a t io n a l  le v e l,  s u c h  a s  le g is la t io n ,  a f f e c t e d  e v o lv in g  t e c h n o lo g ­

ica l s y s te m s ,  b u t  lo c a l g e o g r a p h ic a l  f a c to r s ,  b o th  n a t u r a l  a n d  m a n - m a d e ,  

w e re  m o r e  d i r e c t  a n d  d is c e r n ib le  d e t e r m i n a n t s  o f  t h e  s h a p e  o f  t h e  s y s te m s .  

S ta le d  d i f f e r e n t ly ,  t h e  f a c to r  e n d o w m e n ts  s h a p i n g  e le c t r i c  p o w e r  s y s te m s  

w e r e  m o r e  r e g io n a l  t h a n  n a t io n a l .

T a k i n g  th e  c o m p a r a t iv e  a p p r o a c h  w as  m a d e  m o r e  m a n a g e a b le  b y  th e  

d e c is io n  to  fo c u s  o n  d e c is io n s  m a d e  b y  in v e n to r s ,  e n g i n e e r s ,  m a n a g e r s ,  a n d  

f in a n c ie r s  w h o  w e re  s y s te m  b u i ld e r s .  T h i s  e m p h a s i s  o n  t h e  i n n e r  w o rk in g s  

o f  e le c t r ic  s u p p ly  s y s te m s  a n d  t h e  d y n a m ic s  o f  t h e i r  g r o w th  d id  n o t ,  h o w ­

e v e r ,  p r o d u c e  a  s tu d y  t h a t  is o f  in t e r e s t  o n ly  to  p ro f e s s io n a l s  p r e s i d i n g  o v e r  

te c h n o lo g ic a l  c h a n g e .  C o n s u m e r s  o f  te c h n o lo g y  c a n  m o r e  e f f e c t iv e ly  in f lu ­

e n c e  th e  o u t p u t  o f  t e c h n o lo g ic a l  s y s te m s  i f  th e y ,  to o ,  u n d e r s t a n d  t h e  f u n c ­

t io n in g  o f  s y s te m s  a n d  t h e  n a t u r e  o f  th e  c r i t ic a l  d e c is io n s  m a d e  b y  th o s e  
w h o  d i r e c t  th e m .

A s a  h i s to r i a n  t r a d i t io n a l ly  t r a i n e d ,  I a m  r e l u c t a n t  to  s u g g e s t  a  d e f in i t iv e  

m o d e l  f o r  t h e  e v o lu t io n  o f  e le c t r ic  p o w e r  s y s te m s .  N e v e r th e le s s ,  I h a v e  

p r o p o s e d  a lo o se ly  s t r u c t u r e d  m o d e l  b e c a u s e  th e  h is to ry  I e x p l o r e d  w as 

m o s tly  u n t o u c h e d ,  a n d  I w a n t  to  p r o v id e  s o m e  l a n d m a r k s  b y  w h ic h  o t h e r  

h is to r i a n s  c a n  c h a r t  t h e i r  e x p lo r a t io n s .  I e x p e c t  m y  f in d in g s  to  b e  r e v is e d ,  

m y  m a p  to  b e  r e d r a w n ,  a n d  m y  th e m e s  to  b e  r e d e f i n e d  a s  th e  a r c h iv e s  a r e  

e x p lo r e d  f a r  m o r e  th o r o u g h l y  in  t h e  f u t u r e .  I a ls o  a n t i c ip a te  t h a t  h i s to r i a n s
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w h o  r e f le c t  o n  th e  s a m e  m a te r i a l  t h a t  I h a v e  u s e d  w ill f in d  d i f f e r e n t  p a t ­

t e r n s .

T h o s e  to  w h o m  I w ish  to  a c k n o w le d g e  m y  in d e b te d n e s s  f o r  a s s is ta n c e ,  

e n c o u r a g e m e n t ,  a n d  s u p p o r t  a r e  n u m e r o u s .  P e r s o n s  w h o  r e a d  a n d  c o m ­

m e n t e d  o n  c h a p t e r s  o r  s e c t io n s  o f  th e  b o o k  a r e  W a y n e  A s tle y , J a m e s  B e a r d ,  

R o b e r t  B e l f ie ld ,  R ic h a r d  B e t t in g e r ,  J o h n  B r a i n e r d ,  J a m e s  B r i t t a in ,  H a rv e y  

B r o o k s ,  B e r n a r d  C a r l s o n ,  A l f r e d  C h a n d l e r ,  R o b e r t  F r ie d e l ,  L e s lie  H a n n a h ,  

J o h n  H e i lb r o n ,  R ic h a r d  H o r e ,  S a m u e l  I n s u l l ,  J r . ,  P a u l I s r a e l ,  D a n ie l  K ev le s , 

W ilm e r  K le in b a c h ,  F o r r e s t  M c D o n a ld ,  J u d i t h  M c G a w , J o h n  A . M a n e a tis ,  

M e r r i l l  R o e  S m i th ,  J o h n  S ta u d e n m a i e r ,  R o s e m a ry  S te v e n s ,  E d m u n d  T o d d ,  

G e o r g e  V a n d e r s l i c e ,  W . C . W a ts o n ,  a n d  G e o r g e  W ise .

T h o s e  w h o  h a v e  a id e d  m e  in  r e s e a r c h i n g  a n d  i l lu s t r a t in g  t h e  b o o k  in c lu d e  

A r t h u r  A b e l,  B r i a n  B o w e r s ,  K a th le e n  B r a m l e y .J .  C h u r c h ,  W ill ia m  C lo u g h ,  

F ie ld  C u r r y ,  D o r o th y  E ll is o n ,  T e d  F e d d e r ,  B e r n a r d  F in n ,  H u g h  G ib b ,  J a n e t  

H a i d e r ,  B a r b a r a  K e lly , R e e s e  J e n k i n s ,  K u r t  M a u e l,  L y n n  N y h a r t ,  C o rw in  

O v e r to n ,  R u th  P e n g e l ,  S a m u e l  S ass , F r e d  S c h o c h ,  R u th  S h o e w a lk e r ,  P a ­

tr ic ia  S ik es , H e le n  S lo tk in , C . J .  S o m e rs ,  E. S y m o n s , D ia n e  T a y lo r ,  F. T h o m a ,  

R u d o l f  v o n  M ille r ,  S ig f r id  v o n  W e ih e r ,  R ic h m o n d  W ill ia m s ; s tu d e n t s  in  

m y  s e m in a r s  a t  t h e  U n iv e r s i ty  o f  P e n n s y lv a n ia ;  a n d  A g a th a  H . a n d  L u c ia n  

P. H u g h e s .

F o r  ty p in g  a n d  f o r  e d i to r i a l  s u g g e s t io n s ,  I a m  a p p r e c ia t iv e  o f  th e  e x c e l le n t  

c r a f t s m a n s h i p  a n d  c a r e f u l  a t t e n t i o n  to  d e ta i l  o f  E le a n o r e  K u r tz .  A ls o  in ­

v o lv e d  in  t h e  ty p i n g  o f  t h e  m a n u s c r i p t  w e r e  m y  f r i e n d s  in  th e  o f f ic e  o f  t h e  

U n iv e r s i ty  o f  P e n n s y lv a n ia ’s D e p a r t m e n t  o f  th e  H is to r y  a n d  S o c io lo g y  o f  

S c ie n c e ,  M a r t h e n i a  P e r r i n ,  S y lv ia  D re y fu s s ,  a n d  P a t J o h n s o n .

F o r  t h e i r  a d v ic e  a n d  e n c o u r a g e m e n t  t h r o u g h o u t  t h e  p u b l i c a t io n  p ro c e s s ,  

I a m  in d e b t e d  to  J a c k  G o e l ln e r ,  J i m  J o h n s t o n ,  H e n r y  T o m ,  L isa  M irsk i,  

S u s a n  F il l io n , a n d  e s p e c ia l ly  m y  e d i t o r ,  P e n n y  M o u d r ia n a k i s ,  a ll o f  T h e  

J o h n s  H o p k in s  U n iv e r s i ty  P re s s .  E lle n  K o c h  o f  th e  U n iv e r s i ty  o f  P e n n s y l ­

v a n ia  a s s is te d  e x p e r t l y  in  t h e  p r e p a r a t i o n  o f  t h e  in d e x .

G r a n t s  in  s u p p o r t  o f  m y  r e s e a r c h  a n d  w r i t in g  w e r e  a w a r d e d  by  th e  

A m e r ic a n  C o u n c i l  o f  L e a r n e d  S o c ie t ie s ,  t h e  A m e r ic a n  P h i lo s o p h ic a l  S o c i ­

e ty , t h e  C e n t e r  f o r  I n t e r d i s c ip l in a r y  R e s e a r c h  a t  th e  U n iv e r s i ty  o f  B ie le fe ld ,  

t h e  F u l b r ig h t  C o m m is s io n ,  th e  J o h n  M . G le n n  F u n d  o f  W a s h in g to n  a n d  

L e e  U n iv e r s i ty ,  t h e  I n s t i t u t e  o f  E le c tr ic a l  a n d  E le c t r o n ic s  E n g in e e r s ,  th e  

M a s s a c h u s e t ts  I n s t i t u t e  o f  T e c h n o lo g y ,  th e  N a t io n a l  S c ie n c e  F o u n d a t io n ,  

th e  R e s e a r c h  C o u n c i l  o f  th e  U n iv e r s i ty  C e n t e r  in  V irg in ia ,  T h e  R o c k e fe l le r  

F o u n d a t i o n ,  th e  S m i th s o n ia n  I n s t i t u t i o n ,  th e  S o c ia l S c ie n c e  R e s e a rc h  C o u n ­

c il, t h e  S o u t h e r n  F e l lo w s h ip  F u n d ,  S o u t h e r n  M e th o d is t  U n iv e r s i ty ,  a n d  th e  

U n iv e r s i ty  o f  P e n n s y lv a n ia .

D r . B e r n  D ib n e r ,  a  c o n n o i s s e u r  o f  b o o k s ,  s c ie n c e ,  a n d  h is to r y ,  g e n e ro u s ly  

s u p p o r t e d  m y  e n d e a v o r  to  m a k e  th is  b o o k  a n  a e s th e t ic  a s  w ell a s  s c h o la r ly  

s t a t e m e n t .
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C H A P T E R  I

I n tr o d u c t io n

F THE g re a l c o n s tru c tio n  p ro jec ts  o f  th e  last c e n tu ry , n o n e  has been
m o r e  im p r e s s iv e  in  its  te c h n ic a l ,  e c o n o m ic ,  a n d  s c ie n t i f ic  a s p e c ts ,  

n o n e  h a s  b e e n  m o r e  in f lu e n t i a l  in  its  so c ia l e f f e c ts ,  a n d  n o n e  h a s  e n g a g e d  

m o r e  t h o r o u g h l y  o u r  c o n s t r u c t iv e  in s t in c ts  a n d  c a p a b i l i t ie s  t h a n  th e  e le c tr ic  

p o w e r  s y s te m . A  g r e a t  n e tw o r k  o f  p o w e r  l in e s  w h ic h  w ill f o r e v e r  o r d e r  th e  

w a y  in  w h ic h  w e  liv e  is n o w  s u p e r i m p o s e d  o n  t h e  i n d u s t r i a l  w o r ld .  I n v e n ­

to r s ,  e n g in e e r s ,  m a n a g e r s ,  a n d  e n t r e p r e n e u r s  h a v e  o r d e r e d  th e  m a n - m a d e  

w o r ld  w ith  th is  e n e r g y  n e tw o r k .  T h e  h a l f - c e n tu r y  f r o m  1 8 8 0  to  1 9 3 0  c o n ­

s t i t u t e d  t h e  f o r m a t iv e  y e a r s  o f  t h e  h is to r y  o f  e le c t r ic  s u p p ly  sy s te m s ,  a n d  

f r o m  a  s tu d y  o f  t h e s e  y e a r s  o n e  c a n  p e rc e iv e  th e  o r d e r i n g ,  in te g r a t in g ,  

c o o r d in a t in g ,  a n d  s y s te m a t iz in g  n a t u r e  o f  m o d e r n  h u m a n  so c ie tie s .  E le c tr ic  

p o w e r  s y s te m s  d e m a n d e d  o f  t h e i r  d e s ig n e r s ,  o p e r a t o r s ,  a n d  m a n a g e r s  a 

fe e l  f o r  th e  p u r p o s e f u l  m a n ip u la t io n  o f  th in g s ,  in te l le c t  f o r  th e  r a t io n a l  

a n a ly s is  o f  t h e i r  n a t u r e  a n d  d y n a m ic s ,  a n d  a n  a b il i ty  to  d e a l  w ith  t h e  m e ssy  

e c o n o m ic ,  p o li t ic a l ,  a n d  so c ia l v i ta l i ty  o f  t h e  p r o d u c t i o n  s y s te m s  th a t  e m ­

b o d y  th e  c o m p le x  o b je c tiv e s  o f  m o d e r n  m e n  a n d  w o m e n .  R o b e r t  V e n tu r i ,  

th e  c o n t e m p o r a r y  a r c h i t e c t ,  h a s  a s k e d  a r c h i t e c t s  to  e m b r a c e  th e  c o m p le x i ty  

a n d  c o n t r a d ic t io n s  o f  th e  m o d e r n  w o r ld  a n d  to  m a k e  o f  th a t  w o r ld  a 

h a b i ta b le  e n v i r o n m e n t . 1 L e a d in g  e n g in e e r s  a n d  m a n a g e r s  h a v e  a ls o  r e c ­

o g n iz e d  t h a t  t h e i r  d r iv e  f o r  o r d e r  m u s t  b e  t e m p e r e d  b y  t o le r a n c e  o f  m e ssy  

v ita lity . M o d e r n  e le c t r ic  s y s te m s  h a v e  th e  h e te r o g e n e i ty  o f  f o r m  a n d  f u n c ­

t io n  t h a t  m a k e  p o s s ib le  th e  e n c o m p a s s in g  c o m p le x i ty .

M a n ’s m a k in g  o f  th e  c o m p le x  m o d e r n  w o r ld  is a n  a p p r o p r i a t e  su b je c t  

f o r  th e  tw e n t i e th - c e n tu r y  h i s to r i a n .  C r e a t io n  o f  th e  m a te r ia l  e n v i r o n m e n t  

s h a p e d  by — a n d  s h a p in g — m a n k in d  is n o t  a  p e r i p h e r a l  s u b je c t  th a t  c a n  b e  

le f t  to  n a r r o w  sp e c ia lis ts .  T o  d i r e c t  a t t e n t io n  to d a y  to  te c h n o lo g ic a l  a f f a i r s  

is lo  fo c u s  o n  a  c o n c e r n  th a t  is a s  c e n t r a l  n o w  as n a t io n  b u i ld in g  a n d  

c o n s t i tu t io n  m a k in g  w e re  a  c e n t u r y  a g o .  T e c h n o lo g ic a l  a f f a i r s  c o n ta in  a 

r ic h  t e x t u r e  o f  t e c h n ic a l  m a t t e r s ,  s c ie n tif ic  law s, e c o n o m ic  p r in c ip le s ,  p o ­

litic a l fo rc e s ,  a n d  so c ia l c o n c e r n s .  T h e  h is to r ia n  m u s t ta k e  t h e  b r o a d  p e r ­

s p e c tiv e  to  g e t  to  th e  ro o t  o f l h i n g s  a n d  to  se e  th e  p a t t e r n s .  S c ie n tis ts  a n d

1 R obert V en tu ri. Com plexity a n d  Contradiction in Architecture  (N ew  Y ork : T h e  M use u m  ol 
M o d e rn  A rt, I960), pp . 2 2 -2 3 .
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e n g in e e r s  a n a ly z e  th e  te c h n ic a l  sy s te m s  th e y  b u ild ,  b u t  h is to r ia n s  a r e  n e e d e d  

to  c o m p r e h e n d  th e  c o m p le x ,  m u l t i f a c e te d  r e la t io n s  o f  th e s e  s y s te m s  a n d  

th e  c h a n g e s  t h a t  ta k e  p la c e  in  th e m  o v e r  l im e .2

F o r  h is to r i a n s ,  t h e  s tu d y  o f  c o m p le x i ty  a n d  c h a n g e  is e n g a g in g .  E d w a r d  

G ib b o n  s a l  in  th e  r u i n s  o f  t h e  C a p i to l  in  R o m e  a n d  r e f l e c te d  o n  th e  c o n t r a s t  

b e tw e e n  w h a t  h e  saw  b e f o r e  h im  a n d  t h e  e a r l i e r  g lo ry  t h a t  w as  R o m e . U p o n  

s e e in g  d r u m s  o f  o il b e in g  u n l o a d e d  f r o m  a n  A m e r ic a n  s h ip  in  a n  A f r ic a n  

p o r t ,  t h e  A m e r ic a n  s c h o la r  P e r r y  M ille r  a s k e d  h o w  a  c iv il iz a tio n  a s  n e w  a s  

th e  A m e r ic a n  o n e  c o u ld  a l r e a d y  b e  e x p o r t i n g  th e  p r o d u c t s  o f  its  t e c h n o lo g y  

to  r e m o te  a r e a s  o f  t h e  w o r ld  t h a t  h a d  b e e n  s e t t l e d  c e n t u r i e s  e a r l i e r .  O t h e r  

h is to r i a n s ,  ta k in g  b a r e b o n e d  s ta t is t ic s  f r o m  w id e ly  s e p a r a t e d  t im e s ,  h a v e  

s o u g h t  to  e x p la in  q u a n t i t a t iv e  c h a n g e  b y  m e a n s  o f  q u a l i t a t iv e  a n a ly s is .  T h e  

d r a m a  o f  c h a n g e  p r o v id e s  th e  h i s to r i a n  w ith  a n  e m p h a s i s  t h a t  s e ts  h im  o r  

h e r  a p a r t  f r o m  th e  so c ia l  s c ie n t is t ,  w h o  o f t e n  d is s e c ts  s i tu a t io n s  w i th o u t  

i n c lu d in g  a  t im e  d im e n s io n .

H o w  d id  th e  s m a ll ,  i n te r c i ty  l ig h t in g  s y s te m s  o f  t h e  1 8 8 0 s  e v o lv e  in to  th e  

r e g io n a l  p o w e r  s y s te m s  o f  th e  1 9 2 0 s?  I n  th is  c a s e ,  th e  c h a n g e  is  n o t  th e  

d e c l in e  t h a t  f a s c in a te d  G ib b o n ;  it is t h e  e x p a n s io n  t h a t  a t t r a c t e d  M ille r .  

T h e  fo c u s  is  n o t  o n  c o n t r a s t i n g  d a ta ;  it  is o n  c o n t r a s t i n g  p h y s ic a l  c o n f ig ­

u r a t io n s .  T h e  p r o b le m  o f  th is  b o o k  is to  e x p la in  t h e  c h a n g e  in  c o n f i g u r a t i o n  

o f  e le c t r ic  p o w e r  s y s te m s  d u r i n g  t h e  h a l f - c e n tu r y  b e tw e e n  1 8 8 0  a n d  1 9 3 0 . 

S u c h  c h a n g e  c a n  b e  d is p la y e d  in  n e tw o r k  d i a g r a m s  (s e e  F ig . 1 .1), b u t  t h e  

e f f o r t  to  e x p la in  t h e  c h a n g e  in v o lv e s  c o n s id e r a t io n  o f  m a n y  f ie ld s  o f  h u m a n  

a c tiv i ty ,  i n c lu d in g  t h e  te c h n ic a l ,  t h e  s c ie n t i f ic ,  t h e  e c o n o m ic ,  t h e  p o li t ic a l ,  

a n d  t h e  o r g a n iz a t io n a l .  T h i s  is b e c a u s e  p o w e r  s y s te m s  a r e  c u l t u r a l  a r t i f a c ts .

E le c t r ic  p o w e r  s y s te m s  e m b o d y  th e  p h y s ic a l ,  in t e l l e c tu a l ,  a n d  s y m b o lic  

r e s o u r c e s  o f  th e  so c ie ty  t h a t  c o n s t r u c t s  t h e m .  T h e r e f o r e ,  in  e x p la in in g  

c h a n g e s  in  t h e  c o n f i g u r a t i o n  o f  p o w e r  s y s te m s ,  t h e  h i s to r i a n  m u s t  e x a m in e  

th e  c h a n g i n g  r e s o u r c e s  a n d  a s p i r a t io n s  o f  o r g a n iz a t io n s ,  g r o u p s ,  a n d  in ­

d iv id u a ls .  E le c tr ic  p o w e r  s y s te m s  m a d e  in  d i f f e r e n t  s o c ie t ie s — a s  w ell a s  in  

d i f f e r e n t  t im e s — in v o lv e  c e r t a in  b a s ic  t e c h n ic a l  c o m p o n e n t s  a n d  c o n n e c ­

t io n s ,  b u t  v a r i a t io n s  in  th e  b a s ic  e s s e n t ia ls  o f t e n  r e v e a l  v a r i a t io n s  in  r e ­

s o u r c e s ,  t r a d i t io n s ,  p o li t ic a l  a r r a n g e m e n t s ,  a n d  e c o n o m ic  p r a c t i c e s  f r o m  

o n e  so c ie ty  to  a n o t h e r  a n d  f r o m  o n e  t im e  to  a n o t h e r .  I n  a  s e n s e ,  e le c t r ic  

p o w e r  s y s te m s ,  lik e  s o  m u c h  o t h e r  te c h n o lo g y ,  a r e  b o th  c a u s e s  a n d  e f f e c ts  
o f  so c ia l c h a n g e .

P o w e r  s y s te m s  r e f l e c t  a n d  in f lu e n c e  th e  c o n te x t ,  b u t  th e y  a ls o  d e v e lo p  

a n  in t e r n a l  d y n a m ic .  T h e r e f o r e ,  th e  h is to r y  o f  e v o lv in g  p o w e r  s y s te m s  

r e q u i r e s  a t t e n t i o n  n o t  o n ly  to  th e  f o r c e s  a t  w o rk  w i th in  a  g iv e n  c o n te x t  b u t  

to  t h e  in t e r n a l  d y n a m ic s  o f  a  d e v e lo p in g  t e c h n o lo g ic a l  s y s te m  a s  w e ll. T h i s  

b o o k  is n o t  s im p ly  a  h is to r y  o f  th e  e x t e r n a l  f a c to r s  t h a t  s h a p e  te c h n o lo g y ,  

n o r  is it  o n ly  a  h is to r y  o l  t h e  i n te r n a l  d y n a m ic s  o f  t e c h n o lo g y ;  it  is a  h is to ry  
o f  te c h n o lo g y  a n d  so c ie ty .

S c ie n tis ts  h a v e  d o n e  m u c h  to  e n l ig h te n  u s  a b o u t  th e  n a t u r e  o f  d y n a m ic s  

o f  th e  s t r u c t u r e s  o f  t h e  n a t u r a l  w o r ld ,  b u t  h i s to r i a n s  h a v e  a s  y e t  o n ly  b a re ly

’ In his essays. Harvey Brooks, a scientist and engineer, addresses the multifaceted com­
plexity or contem porary tcchnosocial systems. See. Tor example. Brooks. "A Framework Tor 

J 72): M :i S ° 8y P ' EEE T n m a a im a  M nn ' nnd Cybernetics. SMC-2.
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F IG U R E  1 .2 . T H E  S T A T IS T IC S  O F  E V O L V IN G  S Y S T E M S  I N  T H R E E  C O U N T R IE S

A bove. Electricity generated by pub lic  utilities in  G erm any , 1 8 8 0 -  

1 9 4 0 . From R u d o lf  von M il le r ’s article in  T e c h n ik g e sc h ic h te  2 5  
(1 9 3 6 ):  11 2.

R ig h t; Electricity generated by utilities in  the U nite d States, 1 8 8 2 -  
192 1. From  E lectr ical W orld  8 0  (1 9 2 2 ):  5 46 .

1B30 IB?? IBM l»w“ lB n 1030 103? 1934 IBM IBM

The  growth o f  electricity sales in the U nite d K ing do m . 1 8 9 5 -1 9 1 3  ( left) a n d  1 9 2 0 - 1 9 3 8  (rig h t). 
D ata fro m  I. C. R . Ryatt, "Th e B ritish Electr ical In du stry , 1 8 7 5 - 1 9 1 4 "  (I). Ph il, thesis, O xford  
U niversity, 19 6 2 ). p. 1 1 1; a n d  H a n n a h , E lectr ic ity  B e fo re  N atio na lisa tion , table A .I



I N T R O D U C T I O N

p e n e t r a t e d  t h e  s u r f a c e  o f  t h e  h ig h ly  o r g a n iz e d  a n d  e v o lv in g  s y s te m s  o f  th e  

m a n - m a d e  w o r ld .  H i s to r i a n s  in t e r e s t e d  in  t e c h n o lo g y  h a v e  w r i t t e n  o n ly  a 

few  m o n o g r a p h s  t h a t  c o n c e n t r a t e  o n  th e  e v o lu t io n  o r  t h e  m a s s iv e ,  e x t e n ­

s ive , v er tic a lly  in te g ra te d  p ro d u c t io n  sy s te m s  o f  th e  m o d e r n  in d u s t r ia l  w o rld . 

A l th o u g h  t h e  p u b l ic  s e n s e s  th e  s t r o n g  o r g a n iz in g  f o r c e s  t h a t  o r ig i n a t e d  in  

th e s e  s y s te m s  a n d  t h a t  to d a y  in f lu e n c e  t h e i r  liv e s , th e y  o n ly  d im ly  p e r c e iv e  

th e  n a t u r e  o f  th e s e  fo r c e s .  T h e  t e c h n o lo g ic a l ,  o r  m a n - m a d e ,  w o r ld  a w a its  

a  D a rw in  lo  e x p l i c a te  t h e  o r ig in s  a n d  d y n a m ic s  o f  th e  fo r c e s  th a t  p e r v a d e  

it. Q u o t i n g  P a u l  V a le ry ,  h i s to r i a n  M a rc  B lo c h  c h id e s  t r a d i t io n a l  h i s to r i a n s  

f o r  n o t  ta k in g  u p  t h e  ta s k  o f  e x p l i c a t in g  " th e  c o n q u e s t  o f  th e  e a r t h ” by 

e le c t r ic i ty ,  o n e  o f  th o s e  n o ta b le  p h e n o m e n a  t h a t  h a v e  “ g r e a t e r  p o s s ib il i t ie s  

o f  s h a p i n g  o u r  im m e d ia te  f u t u r e  th a n  a ll t h e  p o li t ic a l  e v e n ts  c o m b i n e d ." 3

H o w  m ig h t  t h e  t e c h n o lo g ic a l  s y s te m s  th a t  in c r e a s in g ly  s t r u c t u r e  o u r  m a ­

t e r ia l  e n v i r o n m e n t — s p e c if ic a lly ,  e le c t r ic  p o w e r  s y s te m s — b e  d e f i n e d ?  B e ­

c a u s e  th e s e  s y s te m s  h a v e  v a r ie d  o v e r  l im e  a n d  f r o m  p la c e  to  p la c e ,  th e  

h i s to r i a n 's  d e f in i t io n  c a n n o t  b e  a s  p r e c is e  a s  th e  s c ie n t is t ’s.  L u d w ig  v o n  

B e r ta la n f f y ,  o n e  o f  t h e  m o s t  a r t i c u la te  o f  s y s te m s  th e o r i s t s ,  n e e d e d  a  b o o k ,  

n o t  a  p a r a g r a p h ,  to  d e f i n e  “ s y s te m ." 4 T h u s ,  a n  in a d e q u a t e  a p p r o x i m a t i o n  

m u s t  s e rv e  h e r e  a s  a n  in t r o d u c t i o n  to  th e  c o n c e p t  o f  s y s te m s .  S o m e  c h a r ­

a c te r is t ic s  o f  s y s te m s  a r e  so  g e n e r a l  th a t  th e y  t r a n s c e n d  l im e  a n d  p la c e .  A 

s y s te m  is c o n s t i tu t e d  o f  r e l a t e d  p a r t s  o r  c o m p o n e n t s .  T h e s e  c o m p o n e n t s  

a r e  c o n n e c te d  b y  a  n e tw o r k ,  o r  s t r u c t u r e ,  w h ic h  f o r  t h e  s t u d e n t  o f  s y s te m s  

m a y  b e  o f  m o r e  in t e r e s t  t h a n  t h e  c o m p o n e n t s .  T h e  i n te r c o n n e c te d  c o m ­

p o n e n t s  o f  t e c h n ic a l  s y s te m s  a r e  o f t e n  c e n t r a l ly  c o n t r o l l e d ,  a n d  u s u a lly  th e  

lim its  o f  t h e  s y s te m  a r e  e s t a b l i s h e d  b y  t h e  e x t e n t  o f  th is  c o n t r o l .  C o n t r o l s  

a r e  e x e r c is e d  in  o r d e r  to  o p t im iz e  t h e  s y s te m ’s p e r f o r m a n c e  a n d  to  d i r e c t  

t h e  s y s te m  t o w a r d  t h e  a c h ie v e m e n t  o f  g o a ls .  T h e  g o a l o f  a n  e le c t r ic  p r o ­

d u c t io n  s y s te m , f o r  e x a m p le ,  is to  t r a n s f o r m  a v a ila b le  e n e r g y  s u p p ly ,  o r  

i n p u t ,  in to  d e s i r e d  o u t p u t ,  o r  d e m a n d .  B e c a u s e  th e  c o m p o n e n t s  a r e  r e l a t e d  

b y  t h e  n e tw o r k  o f  i n t e r c o n n e c t io n s ,  t h e  s ta le ,  o r  a c tiv i ty , o f  o n e  c o m p o n e n t  

in f lu e n c e s  t h e  s t a t e ,  o r  a c tiv i ty , o f  o t h e r  c o m p o n e n t s  in  t h e  s y s te m . T h e

’ M arc  B loch , T he  H is to ria n ’s C ra ft  (N ew  Y ork: K n o p f, 1959), p. 66.
* L ud w ig  von  B e rta la n ffy , G en era I System  Theory: F oun da tio ns, D evelopm ent. Applications (New  

Y ork: B raziller, 1968). T h e  lit e ra tu re  o n  sy ste m s in  g e n e ra l is e x ten siv e, a n d  e v en  a se lected  

b ib lio g ra p h y  is b e y o n d  th e  sc o pe  o f —a n d  in a p p ro p r ia te  fo r— a h isto ry  o f  a p a rtic u la r  k ind 
o f  sy ste m . T h e  in te re s te d  r e a d e r  m ig h t firs t c on su lt th e  b ib lio g ra p h y  in  B c rta la n ffy ’s G eneral 

System  Theory  a n d  th e  a rtic le  by T a lc o tt Pa rso ns, “Social S ystem s," in  Encyclopedia o f  the Social 
Sciences, 1968 . 15: 4 5 8 -7 2 . M o re  specif ic  as a n  in tro d u c tio n  to  te chno lo g ica l sy stem s is G u n te r  
R o po h l, E in e S yste m th eo r ie d e rT e c h n ik : Z u r  G ru n d le g u n g  der Allgem einen  Technologic  (M unic h  and  
V ie n na : H a n se r , 1979), w hic h  has a n  e x ten siv e  b ib lio g ra p hy .

I n 1978 , B e r tra n d  G ille , th e  F re n ch  h is to ria n  o f  te chn o log y , p u b lish ed  a n  ex ten siv e  h is torical 
su rv ey  in w hich  he  u se d  a  syste m s m o d e l o f  th e  d e v e lo p m e n t o f  te chn o log y  to  p lace th e  h is tory  
o f  te ch no lo gy  in  th e  c o n te x t o f  g e n e ra l h is to ry . H is  m o de l involv ed  te chn o log y  as s tru c tu re s , 

te ch n ical e n sem b les, a n d  te chn ic al c o n ca ten a tio n s . T h e s e  c o rre s p o n d  ro u g h ly  to  m ach in es, 
p rocesses, a n d  c iv il-en g in ee rin g  w orks ( s tru c tu re s ); p ro d u c tio n , co m m u n ic a tio n , a n d  tr a n s ­
p o rta t io n  syste m s (ensem b les); a n d  suc h  sy stem s in te r re la te d  ve rtically an d  ho rizo n tally  by 
g e n e ra l p ro d u c tio n  o r  o u tp u t  (co nc ate n ation s). G ille  u sed  th e  m od e l to  ra n g e  ov e r  h u m a n  
h isto ry  a n d  e x p la in  te chn ic al p ro g re ss. I am  in d e b te d  to  P ro fesso r  Cecil Sm ith  fo r sh a rin g  
his u n p u b lis h e d  E ng lish  tra n s la tio n  (1981) o f  B e r tra n d  G illc 's "A System s H isto ry  o f  T e c h ­
no lo gy" (H isloire des techniques [Paris: G allim a rd , 1978]). G ille 's m o de l was b ro u g h t to  my 
a tte n t io n  a f te r  I c o m p le te d  m y m a n u sc rip t, b u t I f ind  n o  cause  to  revise m y ow n m od el, w hich 
in te rp re ts  a rela tively  c irc u m sc rib ed  case  h isto ry  in  f in e  de ta il .
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n e tw o r k  p r o v id e s  a  d i s t in c t iv e  c o n f i g u r a t i o n  f o r  th e  s y s te m . F o r  e x a m p le ,  

a  s y s te m  c a n  h a v e  its  c o m p o n e n t s  a r r a n g e d  v e r t ic a lly  o r  h o r iz o n ta l ly .

A c c o r d in g  lo  w id e s p r e a d  u s a g e ,  a  h o r i z o n ta l ly  a r r a n g e d  s y s te m  i n t e r ­

c o n n e c t s  c o m p o n e n t s  o f  t h e  s a m e  k in d  o r  f u n c t io n ,  t h o u g h  n o t  n e c e s s a r i ly  

o f  t h e  s a m e  m a g n i t u d e ,  w h ile  a  v e r t ic a l  s y s te m  i n te r c o n n e c t s  c o m p o n e n t s  

j o i n e d  in  a  f u n c t io n a l  c h a in .  F o r  e x a m p le ,  a n  e l e c t r ic a l  s y s te m  o f  th e  h o r ­

i z o n ta l  k in d  c o m b in e s  p o w e r  p la n t s  u n d e r  c e n t r a l  c o n t r o l ,  w h ile  a  p r o ­

d u c t i o n  s y s te m  o f  t h e  v e r t ic a l  k in d  m ig h t  l in k  a  c o a l  m in e  lo  a n  e le c t r ic  

p o w e r  p la n t  t h r o u g h  a  c e n t r a l  c o n t r o l  fa c ility  c o o r d i n a t i n g  t h e  s u p p ly  o f  

c o a l  a n d  t h e  o u t p u t  o f  e le c t r ic i ty .  S y s te m s  a r e  a ls o  a r r a n g e d  h ie r a r c h ic a l ly ,  

w ith  s m a l l  s y s te m s  y ie ld in g  lo  t h e  o v e r r i d i n g  c o n t r o l  o f  a  l a r g e  e n c o m ­

p a s s in g  s y s te m . S y s te m s  a ls o  in t e r a c t  w ith  o n e  a n o t h e r  t h r o u g h  th e  c o o r ­

d i n a t i o n  o f  s e m i a u t o n o m o u s  c o n t r o l s ,  b u t  w i th o u t  y ie ld in g  to  a n  o v e r r i d i n g  

c o n t r o l .  A l t h o u g h  it is c u s to m a r y  to  d e f i n e  s y s te m s  a s  t e c h n ic a l ,  e c o n o m ic ,  

p o l i t ic a l ,  o r  so c ia l ,  t h e  c e n t r a l i z a t io n  o f  a t  le a s t  a  lo o s e  c o n t r o l  o v e r  s y s te m s  

o f  t h e s e  d i f f e r e n t  k in d s  m a k e s  p o s s ib le  t h e  c o n c e p tu a l i z a t io n  o f  s o c io te c h -  

n ic a l  s y s te m s  a n d  th e  lik e .

T h o s e  p a r t s  o f  t h e  w o r ld  t h a t  a r e  n o t  s u b je c t  to  a  s y s te m ’s c o n t r o l ,  b u t  

t h a t  in f l u e n c e  th e  s y s te m , a r e  c a l le d  t h e  e n v i r o n m e n t .  A  s e c to r  o f  th e  

e n v i r o n m e n t  c a n  b e  i n c o r p o r a t e d  in t o  a  s y s te m  b y  b r i n g i n g  i t  u n d e r  sy s te m  

c o n t r o l .  A n  o p e n  s y s te m  is o n e  t h a t  is  s u b je c t  lo  in f lu e n c e s  f r o m  th e  e n ­

v i r o n m e n t ;  a  c lo s e d  s y s te m  is its  o w n  s w e e t  b e a s t ,  a n d  t h e  f in a l  s t a t e  c a n  

b e  p r e d i c t e d  f r o m  t h e  in i t ia l  c o n d i t i o n  a n d  t h e  i n t e r n a l  d y n a m ic .  S o m e  

s y s te m s  a r e  p l a n n e d  to  t h e i r  f u l l  e x t e n t ,  w h i le  o t h e r s  g r o w  b y  in c r e m e n ts  

a n d  b y  c o n f l u e n c e  w ith  o t h e r  s y s te m s  o v e r  t im e .  A ll o f  t h e  k in d s  a n d  

c o n d i t io n s  o f  s y s te m s  n o t e d  in  th is  a b s t r a c t  d e f i n i t i o n  w ill b e  i l lu s t r a t e d  a n d  

d e s c r ib e d  in  d e ta i l  in  t h e  h i s to r y  t h a t  f o l lo w s .5

U s u a l ly  in  th is  s tu d y ,  “ s y s te m "  r e f e r s  to  a  te c h n ic a l  s y s te m , s u c h  a s  a n  

e le c t r i c  t r a n s m is s io n  s y s te m . S o m e t im e s  r e f e r e n c e  is , a s  n o t e d ,  to  a  s y s te m  

w ith  i n t e r a c t i n g  c o m p o n e n t s ,  s o m e  o f  w h ic h  a r e  n o t  t e c h n ic a l .  C e n tr a l ly  

d i r e c t e d ,  i n t e r a c t i n g  i n s t i tu t io n s  a n d  t e c h n ic a l  c o m p o n e n t s  c o m p r i s e  s u c h  

a  s y s te m . O n  o c c a s io n s ,  h o w e v e r ,  t h e  c o n c e p t  o f  s y s te m  is u s e d  m u c h  m o r e  

lo o s e ly . “ S y s te m ” t h e n  m e a n s  in t e r a c t i n g  c o m p o n e n t s  o f  d i f f e r e n t  k in d s ,  

s u c h  a s  t h e  t e c h n ic a l  a n d  t h e  i n s t i tu t io n a l ,  a s  w e ll a s  d i f f e r e n t  v a lu e s ;  s u c h  

a  s y s te m  is n e i t h e r  c e n t r a l ly  c o n t r o l l e d  n o r  d i r e c t e d  t o w a r d  a  c le a r ly  d e f in e d  

g o a l.  T h i s  u s a g e  is s im i la r  to  t h a t  o f  t h e  h i s to r i a n  w h o  w r i te s  o f  a  s y s te m  

o f  n a t io n - s ta t e s .  S u c h  a  lo o s e ly  s t r u c t u r e d  s y s te m  is s im i la r  to  t h e  c o n c e p t  

e m b o d i e d  in  “s y n d r o m e ."  A ll o f  t h e  s y s te m s ,  it is i m p o r t a n t  to  s t r e s s ,  s h a r e  

t h e  c h a r a c te r i s t i c  o f  in t e r c o n n e c t e d n e s s — i.e .,  a  c h a n g e  in  o n e  c o m p o n e n t  

im p a c t s  o n  t h e  o t h e r  c o m p o n e n t s  o f  t h e  s y s te m .

s A n in te re s tin g  d isc ussion  o f  e lec trica l sy ste m s a n d  th e ir  m a n a g e m e n t is f o u n d  by G eo rg  
Boll, E nts te h u n g  u n d  E n tw ick lu n g  d ts  Verbundbetriebs in der deu tschen E le ktriu ta tsw irtsc ha f! bis lu m  

europaischen Verb und  (F ra n k fo r t o n  th e  M ain : V W E W , 1969), p p . 1 3 -1 5 , A rticles  o n  in te r ­

c o n n e c tio n s  a n d  e lec tric  sy ste m s w ere  f re q u e n tly  p u b lish e d  in te ch n ic a l p e rio d ica ls  d u r in g  
th e  la t te r  h a lf  o f  th e  p e rio d  c o v e re d  by th e  p re s e n t s tu d y , a n d  m a ny  a re  c ited  in  th e  vario us 

c h a p te rs  o f  th is  boo k . M o re  re c e n t h e lp fu l d isc u ssio ns o r  e lec tr ica l sy stem s in c lu d e : H an s 
G la v itsch , " C o m p u te r  C o n tro l o f  E lc ctr ic -P ow ci S ys tem s,"  Scien tific  Am eric an , N o v e m b e r 1974 , 

p p . 34—14: W allace B ra n d , "N o r th e a s t E le ctr ic  B ulk P ow er S u p p ly . P ublic  U tilities Fortnightly , 

9  J u n e  1966, p p . 6 5 - 8 8 ;  a n d  U .S ., F e d e ra l P ow er C o m m issio n , Th e 1 9 7 0  N a tio n a l Power Su rvey,  
p is . 1 -4  (W a sh in g to n , D .C .: G P O . 1 97 IV
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E le c tr ic  p o w e r  s y s te m s  o f  t h e  te c h n ic a l  k in d  c o n s is t  o f  p o w e r  g e n e r a t io n ,  

t r a n s f o r m a t i o n ,  c o n t r o l ,  a n d  u t i l iz a t io n  c o m p o n e n t s  a n d  p o w e r  t r a n s m is ­

s io n  a n d  d i s t r ib u t io n  n e tw o r k s .  ( T h e  p r im a r y  d is t in c t io n  b e tw e e n  t r a n s ­

m is s io n  a n d  d i s t r ib u t io n  is  t h e  g r e a t e r  d i s t a n c e  c o v e r e d ,  a n d  t h e r e f o r e  th e  

h i g h e r  t r a n s m is s io n  v o l ta g e s  u s e d ,  in  t r a n s m is s io n . )  D u r in g  th e  h a l f - c e n tu r y  

1 8 8 0 - 1 9 3 0 ,  p o w e r  g e n e r a t i o n  c o m p o n e n t s  in c lu d e d  c o u p le d  p r im e  m o v e r s  

s u c h  a s  r e c ip r o c a t in g  s te a m  e n g in e s  a n d  s te a m  a n d  w a te r  tu r b in e s .  V a r io u s  

ty p e s  o f  g e n e r a t o r s  w e re  c o u p le d  to  th e  p r im e  m o v e r s .  T r a n s f o r m e r s  l>e- 

c a m e  t h e  p r in c ip a l  m o d e  o f  c h a n g in g  th e  c h a r a c te r is t ic s  o f  e le c t r ic  s u p p ly  

d u r i n g  t r a n s m is s io n  a n d  d i s t r ib u t io n .  E n e rg y  u t i l iz a t io n  c o m p o n e n t s  in ­

c lu d e d  la m p s ,  m o to r s ,  b o th  s t a t io n a r y  a n d  t r a c t io n  (m o v in g ) ,  a n d  h e a t in g  

a n d  e le c t r o c h e m ic a l  d e v ic e s .  T h e  s y s te m  i n c o r p o r a t e d  a  m u l t i t u d e  o f  a p ­

p l ic a t io n s  ( s e e  F ig . 1 .3). P o w e r  t r a n s m is s io n  in c r e a s e d  in  e x te n t  f r o m  a few  

c ity  b lo c k s  to  r e g io n s  c o m p r i s in g  t e n s  o f  th o u s a n d s  o f  s q u a r e  m ile s . P o w e r  

d i s t r i b u t i o n  n e tw o r k s  c a r r i e d  th e  e le c t r ic  s u p p ly  f ro m  th e  t r a n s m is s io n  

n e tw o r k  to  th e  p o w e r  u t i l iz a t io n  m a c h in e r y  a n d  a p p l ia n c e s .  C o n t r o l  c o m ­

p o n e n t s  r e g u la te d  t h e  s u p p ly  s y s te m  in  a c c o r d a n c e  w ith  e s t a b l i s h e d  s t a n d ­

a r d s  s u c h  a s  v o l ta g e  a n d  f r e q u e n c y  a n d  d i r e c te d  t h e  s y s le m  f o r  o p t im u m  

p e r f o r m a n c e  a s  m e a s u r e d  b y  g o a ls ,  i n c lu d in g  e f f ic ie n c y  a n d  e c o n o m y .  T h e  

m o s t  d i f f i c u l t  c h a l l e n g e  in  d e f i n i n g  a n  e le c t r ic  s u p p ly  s y s te m  a r is e s  a t th e  

e x t r e m e  s u p p ly  a n d  d e m a n d  e n d s  o f  th e  s y s le m . F o r  in s ta n c e ,  s h o u ld  th e  

m e c h a n ic a l  p r i m e  m o v e r  b e  i n c lu d e d  in  t h e  d e f in i t io n  o f  a  s y s te m ?  S h o u ld  

t h e  v a r io u s  lo a d s  b e  in c lu d e d ,  c o n s id e r in g  t h a t  th e y  w e re  u s u a lly  o u t s id e  

t h e  c o n t r o l  o f  t h e  s y s te m ?  I n  th is  s tu d y  th e  p r im e  m o v e r s  h a v e  b e e n  in ­

c lu d e d  in  t h e  d e f i n i t i o n  o f  t h e  s y s le m  b e c a u s e  th e  in v e n to r s ,  e n g in e e r s ,  

a n d  i n d u s t r i a l  s c ie n t is ts  t r e a t e d  th e m  a s  s u c h  a n d  b e c a u s e  th e  c h a r a c te r is t ic s  

o f  th e  p r im e  m o v e r  w e r e  c o o r d i n a t e d  w ith  th e  o t h e r  c o m p o n e n t s  o f  th e  

e le c t r ic  s y s te m . F u r t h e r m o r e ,  th e  p r i m e  m o v e r s  w e re  u n d e r  th e  s y s te m 's  

c o n t r o l .  T h e  i n v e n t io n  a n d  d e v e l o p m e n t  o f  m o to r s  h a v e  b e e n  t r e a te d  in  

th is  s tu d y  b e c a u s e  in v e n to r s  a n d  d e s ig n e r s  m a tc h e d  th e  c h a r a c te r is t ic s  o f  

m o to r s  lo  th o s e  o f  t h e  e le c t r ic  s u p p ly  s y s te m . S u c h  c o m p l ic a t io n s  w ill b e  

c la r i f ie d  b y  h is to r ic a l  e x a m p le .

T h e  r a t io n a le  f o r  u n d e r t a k i n g  th is  s tu d y  o f  e le c t r ic  p o w e r  s y s te m s  w as 

th e  a s s u m p t io n  th a t  th e  h is to ry  o f  a ll la rg e -sc a le  te c h n o lo g y — n o t o n ly  p o w e r  

s y s te m s — c a n  b e  s tu d ie d  e f f e c t iv e ly  a s  a  h is to ry  o f  sy s te m s . I t  is h o p e d ,  

th e r e f o r e ,  t h a t  th is  h is to ry  o f  a  p a r t i c u l a r  k in d  o f  s y s te m  w ill b e  o f  s o m e  

a s s is ta n c e  to  o t h e r  h i s to r i a n s  w h o  w ish  to  s tu d y  o t h e r  sy s te m s . T h e  a s ­

s u m p t io n  o f  s im i la r i ty  is b a s e d  in  p a r t  o n  a n  a n a ly s is  o f  s tu d ie s  o f  la rg e  

s y s te m s  b y  o t h e r  h i s to r i a n s  w h o  h a v e  u s e d  th e  c o n c e p t  o f  th e  sy s te m  to  

o r g a n iz e ,  a n a ly z e ,  a n d  d r a w  c o n c lu s io n s  f r o m  d i s p a r a te  m a te r ia ls ."

" I n  a n o th e r  so u rce . I hav e  d iscu ssed  al som e le n g th  th e  use o r  th e  system s a p p ro a c h  hy 
L ynn W h ite , J r . ,  M edie va l Technology a n d  Socia l Chan ge  (N ew  Y ork : O x fo rd  U niv ersity  Press,
1962); K arl M arx , Cap ital: A  Critique o f  Po litical Econom y, cd . F rie d rich  Engels, 3 vols. (C hicago: 
K err , 1 9 32 -3 3 ); a n d  A lfre d  D. C h a n d le r , j r . .  The Visible H an d : The  M a n ager ia l R evolu tion in  
Am erican  Business (C a m b rid g e , M ass.: H a rv a rd  U niv ersity  Press, 1977). See T h o m a s  P. H ug hes, 
" T h e  O rd e r  o f  th e  T ec h n o lo g ic a l W o rld .” in H istory o f  Technology, 1 9 8 0 , ed . A. R u p e rt Hall 
an d  N o rm a n  S m ith  (L o n d o n : M ansell, I960), p p . 1-16 .

A m o ng  rec en t books in w hich o th e r  h is to ria n s d iscuss te chn o log y  as system s a re  H u gh  
A ilk en , Syn ton y a tu l Sp ark : The  O rigins o f  R ad io  (N ew  Y ork : W iley. 1976); E d w ard  W. C o nstan t 
I I, Th e  O rigins o f  the Turbo jet R evolu tion  (B a ltim o re : T h e  J o h n s  H o pk in s U nversity  Press, 1980);
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F ig u re  1.3. U n iversal supply  system, 
ft r rh n . r. 1910 . (m m  M atsrhass el a l.. 50  

J a h rc . p. 90.

n h t t w o r k s  o f  p o w e r

J o h n  Enos. Petroleum  Progress aiu l Profits: /\  H istory o f  Process In n o va tio n  (C a m b rid g e , Mass.: 
M .l.T . Press. 1952); L ouis  C. H u n te r , Steam boats on the W estern R iv ers:  A n  Econo m ic a n d  Tech ­

nological H istory  (C a m b rid g e , M ass.; H a rv a rd  U n iversity  Press, 1949); id e m . W aterpower: A  

H istory o f  In d u stria l Powe r in the U nited  Stales, 1 7 8 0 - 1 9 3 0  (C ha rlo ttesv ille : U n iv e rsity  P ress o f  
V irg in ia , 1979); A r th u r  J o h n s o n , Th e D evelopm ent o f  Am erican  Petroleum  Pipe lin es: A  S tu dy  in 

P rivate  Enterpr ise  a n d  Pub lic  Policy ( Ith ac a , N .Y .: C o rn e ll U n iv e rsity  P ress, 1956); D avid L and e s. 
Th e U n bou nd  P rom etheus: Technolog ical C han ge  a n d  In d u stria l D evelopm en t in W estern E ur ope  fro m  

1 7 3 0  to the Present (C a m b rid g e : At th e  U niv ersity  P ress, 1972); O tto  M ayr, Feedback M echa nism s  
in the H istor ica l Collections o f  the N a tio n a l M us eu m  o f  H istory a n d  Technology  (W a sh in g to n , D .C .:
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K ey  to  F ig u re  U .  Trans lation  o f  terms

G E R M A N E N G L IS H

Steinkohlen-G  tub e H ard-co al m ine

B rau nkohle-E eld Brown -coal open-fare m ine

Kohlenkahn Coal barge

Stad tba hn City railway

Fernkra ftwerk D ista nt power station

G toss raum -G  iiterwagen Long -distance coal t ia m p o tt

Fern leilu ng Long-d istance transm ission lines

B E W A G -K ra ftw erk Berlin power station

Abspannwerk Step-down tran sform er station

Drehstrom Polyfha.se current

Gleichstrom D irect curren t

S ti i tip u n k l D istribution renter

Sons lige H ochsp onn  u ngs ■Alm eh mer Specia l high-voltage  consum er

G ross-l.ichtverbra ucli Large-scale ligh t consumer

G ross-Industrie H eavy  industry

U ii tergru ndbah ii Subway

Netis ta tio n D ispatch ing center

Tr ansform ato ren-Sdu le D istribution tra nsform er

Bahn-U m form uie rk M olor-gen erator  converter 

(traction load)

Lich t-u. Kraf t-U m fo rm w erk M otor-gen erator  converter 

(lig ht a n d  power load)

Strassenbahn Streetcar

Eleklr. Transpor tm ittel Electric truck

Kiiche Kitchen appliances

lla u s h a lt H ouseh old  appliance

B ad H o t water

Schaufenster D isplay w indow

Strasse Street lig hting

Kleingewerbe Com m ercial consumer

H andu ierk Craftsm an

T h e  e m p h a s i s  o n ,  a n d  d e l in e a t io n  o f ,  t e c h n o lo g ic a l  s y s te m s  by  h is to r ia n s  

a n d  so c ia l s c ie n tis ts ;  t h e  d r iv e  oT  in v e n to r s ,  e n g in e e r s ,  a p p l i e r s  o f  s c ie n c e , 

m a n a g e r s ,  a n d  f in a n c ie r s  lo  c r e a te  s y s te m s ;7 a n d  (h e  o b v io u s  s y s te m a tic  

c h a r a c t e r  o f  e le c t r ic  p o w e r  s y s te m s  h a v e  a ll s t im u la te d  th e  o r g a n iz a t io n  o f  

th is  s tu d y  a s  a  h is to ry  o f  sy s te m s .  H ie  s tu d y  is c o m p le x  b e c a u s e  it is a

S m ith so n ian  In stitu t io n , 1971); B ru rc  M azlish, ed .. Th e  R ailroad  a n d  the Spare  Program : An  
Explora tion in H isto rical Ana lo gy  (C a m b rid g e . Mass.: M l I .  Press, 1965); Kiting M orison . M en. 
M achin es, a n d  M ode rn  Tim es  (C a m b rid g e . M ass.: M .I.T . Press, 1966): N atlian  R osenb erg , ed ., 
The Am erican  System  o f  M an u fa cture rs  (E d in b u rg h : E d in b u rg h  U niv ers ity  Press, 1969).

T h e r e  a rc  in te re s tin g  para lle ls  b e tw een  (bis stu d y  o l'e le c tric a l sy stem s an d  th e  b is tory  ol 
g ro w th  a n d  te ch no lo g ica l c h a n g e  in th e  c hem ic al in d u s try  as p c rio d i/e d  a n d  o rg an iz ed  by I..
F. I la b e l in The Chem ical Indu stry. 19 0 0 - 1 9 3 0  (O x fo rd : C la re n d o n  Press. 1971).

’ O n e  such  in v e n to r  a n d  e n g in e e r , E lm e r S p e r ry  (18 6 0 -1 9 3 0 ), d ev o ted  a lil r i im r  to  in ­
v e n tin g  a n d  d e v e lo p in g  tech no lo g ica l sy stem s. I lis system s w ere  m ostly e lec trom ec h an ica l in 
n a tu re  a n d  in volv ed  h igh ly  co m p lex  Iced  back  co n tro ls . T h e  stu d y  o f  h u n d r e d s  o f  h is p a ten ts  
fo r th e se  system s has in f lu e n ce d  m y ow n c on ce p ts  o f  techn o lo g ica l system s. See Thom as P. 
H ug hes. Elm er Sperry, Inve ntor  a n d  E ng in eer  ( lla ltim o re : T h e  J o h n s  H op k ins Press, 1971).
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N i r i ' W O I t K S  O K  P O W E R

c o m p a r a t iv e  o n e  in v o lv in g  d e v e l o p m e n t s  in  t h r e e  d i f f e r e n t  c o u n t r i e s  o v e r  

a p e r io d  o f  f i l ly  y e a rs .  T h e  p r o b le m  o f  o r g a n iz a t io n  w as  f u r t h e r  c o m p l i ­

c a te d  by th e  n e c e s s i ty  o f  s e le c t in g  r e p r e s e n t a t i v e  p o w e r  s y s te m s  f r o m  d i f ­

f e r e n t  r e g io n s  fo r  d i f f e r e n t  p h a s e s  o f  th e  h is to ry .  T h e r e  w e re  th o u s a n d s  

o f  i n d e p e n d e n t  u t i l i ty  s y s te m s  to  c h o o s e  f r o m .  A n  e x p l a n a t i o n  o f  e a c h  

s e le c t io n  w ill b e  g iv e n  in  t h e  b o d y  o f  th e  t e x t :  b e r e  t h e  o v e ra l l  s t r u c t u r e  o f  

th e  h is to ry  will b e  o u t l in e d .

A l th o u g h  th e  e le c t r ic  p o w e r  s y s te m s  d e s c r ib e d  h e r e i n  w e re  i n t r o d u c e d  

in  d i f f e r e n t  p la c e s  a n d  r e a c h e d  t h e i r  p la t e a u s  o f  d e v e l o p m e n t  a t  d i f f e r e n t  

t im e s ,  th e y  a r e  r e l a t e d  lo  o n e  a n o t h e r  b y  t h e  o v e ra l l  m o d e l  o f  s y s te m  

e v o lu t io n  th a t  s t r u c t u r e s  th is  s tu d y  a t  th e  m o s t g e n e r a l  lev e l.  T h e  m o d e l  

h a s  p h a s e s ,  a n d  d o m i n a n t  c h a r a c te r i s t i c s  a r e  s h o w n  to  e m e r g e  d u r i n g  e a c h ;  

in  a d d i t i o n ,  th e  m o d e l  i d e n t i f i e s  th e  p a r t i c u l a r  c a p a b i l i t ie s  a n d  i n te r e s t s  o l  

th e  p ro f e s s io n a l s  w h o  p r e s i d e d  o v e r  s y s te m  g r o w th  in  e a c h  o f  t h e  p h a s e s .  

I n  t h e  f i r s t  p h a s e ,  t h e  in v e n t io n  a n d  d e v e l o p m e n t  o f  a  s y s te m  a r e  c o n s id ­

e r e d .  T h e  p r o f e s s io n a l s  p la y in g  a  p r e d o m i n a n t  r o le  d u r i n g  th is  p h a s e  a r e  

i n v e n t o r - e n t r e p r e n e u r s ,  w h o  d i f f e r  f r o m  o r d i n a r y  in v e n t o r s  in  l h a l  th e  

f o r m e r  p r e s id e  o v e r  a  p ro c e s s  w h ic h  e x te n d s  f ro m  th e  in v e n tiv e  id e a  th r o u g h  

d e v e l o p m e n t  to  t h e  t im e  w h e n  th e  i n v e n te d  s y s te m  is r e a d y  to  b e  u s e d .  

E n g in e e r s ,  m a n a g e r s ,  a n d  f in a n c ie r s  a ls o  a r e  in v o lv e d  in  th is  f i r s t  s ta g e ,  

b u t  th e y  d o  n o t  p r e s id e  o v e r  th e  s y s te m ’s g r o w th  u n t i l  l a t e r  p h a s e s .

T h e  s e c o n d  p h a s e  o f  th e  m o d e l  d i r e c t s  a t t e n t i o n  to  t h e  p r o c e s s  o f  t e c h ­

n o lo g y  t r a n s f e r  f r o m  o n e  r e g io n  a n d  s o c ie ty  to  a n o t h e r .  T h e  t r a n s f e r  o f  

th e  E d is o n  e le c t r ic  s y s te m  f r o m  N e w  Y o rk  C ity  to  B e r l in  a n d  L o n d o n  is a 

c a s e  in  p o in t .  T h e  s i te s  a r e  s p e c if ic ,  b u t  g e n e r a l  o b s e r v a t io n s  a b o u t  th e  

t r a n s f e r  p r o c e s s  c a n  b e  m a d e .  D u r in g  th is  p h a s e  t h e  a g e n t s  o f  c h a n g e  a r e  

n u m e r o u s ;  th e y  i n c lu d e  in v e n to r s ,  e n t r e p r e n e u r s ,  o r g a n i z e r s  o f  e n t e r ­

p r i s e s ,  a n d  f in a n c ie r s .

T h e  e s s e n t ia l  c h a r a c te r i s t i c  o f  th e  t h i r d  p h a s e  o f  t h e  m o d e l  is s y s te m  

g r o w th .  A s n o te d  e a r l i e r ,  t h e  h i s to r i a n  is  r e s p o n s ib le  f o r  a n a ly z in g  g r o w th ,  

a n d  a n a ly z in g  th e  g r o w th  o f  s y s te m s  is a  p a r t i c u la r ly  i n t e r e s t i n g  a n d  d i f f ic u l t  

c h a l l e n g e .  T h e  m e t h o d  o f  g r o w th  a n a ly s is  u s e d  in  th is  s tu d y  in v o lv e s  r e v e r s e  

s a l i e n t s  a n d  c r i t ic a l  p r o b le m s .  B e c a u s e  t h e  s tu d y  u n i t  is a  s y s te m , t h e  h is ­

t o r i a n  f in d s  r e v e r s e  s a l i e n t s  a r i s in g  in  t h e  d y n a m ic s  o f  t h e  s y s te m  d u r i n g  

th e  u n e v e n  g r o w th  o f  its  c o m p o n e n t s  a n d  h e n c e  o f  t h e  o v e r a l l  n e tw o r k .  

In  la b e l in g  s u c h  a r e a s  o f  im b a la n c e  “ r e v e r s e  s a l ie n ts ,"  t b e  a u t h o r  h a s  b o r ­

r o w e d  f r o m  m il i ta r y  h i s to r i a n s ,  w h o  d e l i n e a t e  th o s e  s e c t io n s  o f  a n  a d ­

v a n c in g  l in e ,  o r  f r o n t ,  th a t  h a v e  f a l le n  b a c k  a s  “ r e v e r s e  s a l i e n t s ."  T h e  m e t ­

a p h o r  is  a p p r o p r i a t e  b e c a u s e  a n  a d v a n c in g  m i l i ta ry  f r o n t  e x h ib i t s  m a n y  o f  

t h e  i r r e g u l a r i t i e s  a n d  u n p r e d i c t a b l e  q u a l i t i e s  o f  a n  e v o lv in g  t e c h n o lo g ic a l  

sy s te m . In  th e  c a s e  o f  a  te c h n o lo g ic a l  s y s te m , in v e n to r s ,  e n g i n e e r s ,  a n d  

o t h e r  p ro f e s s io n a l s  d e d i c a t e  t h e i r  c r e a t iv e  a n d  c o n s t r u c t iv e  p o w e r s  lo  c o r ­

r e c t in g  r e v e r s e  s a l ie n ts  so  th a t  th e  s y s te m  c a n  f u n c t io n  o p t im a l ly  a n d  fu lf ill 

s y s te m  g o a ls .

H a v in g  id e n t i f i e d  t h e  r e v e r s e  s a l ie n ts ,  th e  s y s te m  t e n d e r s  c a n  t h e n  a n a ­

ly ze  th e m  a s  a  s e r ie s  o f  c r i t ic a l  p r o b le m s .  D e f in in g  r e v e r s e  s a l ie n ts  a s  c r i t ic a l  

p r o b le m s  is t h e  e s s e n c e  o f  th e  c r e a t iv e  p ro c e s s .  A n  i n v e n t o r  o r  a p p l i e r  o f  

s c ie n c e  t r a n s f o r m s  a n  a m o r p h o u s  c h a l l e n g e — t h e  b a c k w a r d n e s s  o f  a  sy s ­

t e m — in t o  a  se t  o f  p r o b le m s  th a t  a r e  b e l ie v e d  to  b e  s o lv a b le .  E n g i n e e r s  in  

p a r t i c u l a r  a r e  k n o w n  l o r  t h e i r  a b il i ty  to  d e f i n e  s o lv a b le  p r o b le m s .  T h e
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in v e n to r 's  o r  e n g i n e e r 's  c o n f id e n c e  t h a t  t h e  r e v e r s e  s a l ie n t  c a n  b e  c o r r e c te d  

in c r e a s e s  d r a m a t i c a l ly  o n c e  t h e  p r o b le m s  a r e  d e f i n e d ,  b e c a u s e  th e  a r t i c u ­

la t io n  o f  a  p r o b le m  o f te n  im p l ie s  its  s o lu t io n .

W h e n  e n g i n e e r s  c o r r e c t  r e v e r s e  s a l ie n ts  by  s o lv in g  c r i t ic a l  p r o b le m s ,  th e  

sy s te m  u s u a l ly  g ro w s  i f  t h e r e  is a d e q u a t e  d e m a n d  f o r  its  p r o d u c t .  O n  

o c c a s io n ,  h o w e v e r ,  a  c r i t ic a l  p r o b le m  c a n n o t  b e  s o lv e d .  F o r  in s ta n c e ,  th e  

f ir s t  o f  t h e  m a jo r  ty p e s  o f  e le c t r ic  s y s te m s ,  d i r e c t  c u r r e n t ,  h a d  a  r e v e r s e  

s a l ie n t  in  t h a t  it w as  u n e c o n o m ic a l  to  t r a n s m i t .  D e s p i te  p r e c is e  d e f in i t io n s  

o f  t h e  p r o b le m ,  t h e  d i r e c t - c u r r e n t  in v e n to r s  a n d  e n g i n e e r s  c o u ld  n o t  in  

th e  1 8 8 0 s  f in d  a  s o lu t io n .  A s a  r e s u l t ,  o t h e r  in v e n to r s  f o u n d  a  s o lu t io n  

o u t s id e  th e  d .c .  s y s te m , a n d  f o r  a  t im e  t h e  tw o  s y s te m s  w e r e  in  c o n f l ic t .  

A f t e r  a  c o m p r o m is e  w as  w o r k e d  o u t ,  t h e  tw o  s y s te m s  e x is te d  in  a  c o m p le ­

m e n t a r y  w ay  u n t i l  t h e  n e w e r  s y s te m  b e c a m e  th e  d o m i n a n t  o n e .  T h u s ,  th is  

s tu d y  o f f e r s  a n  e x p l a n a t i o n  n o t  o n ly  o f  th e  e v o lu t io n  o f  s y s te m s  a s  r e v e r s e  

s a l ie n ts  a r e  i d e n t i f i e d  a n d  s o lv e d ,  b u t  a ls o  o f  t h e  o c c a s io n a l e m e r g e n c e  o f  

n e w  s y s te m s  o u t  o f  th e  f a i lu r e  to  s o lv e  c r i t ic a l  p r o b le m s  in  th e  c o n te x t  o f  

th e  o ld .

A s a  s y s te m  g ro w s ,  it a c q u i r e s  m o m e n t u m .  T h e  f o u r t h  p h a s e  o f  th e  s y s te m  

m o d e l  is c h a r a c t e r i z e d  by  s u b s ta n t i a l  m o m e n tu m .  A  s y s te m  w ith  s u b s ta n t ia l  

m o m e n t u m  h a s  m a s s ,  v e lo c ity , a n d  d i r e c t io n .  I n  th e  c a s e  o f  t e c h n o lo g ic a l  

s y s te m s ,  a s  d e f i n e d  in  th is  s tu d y ,  th e  m a s s  c o n s is ts  o f  m a c h in e s ,  d e v ic e s , 

s t r u c t u r e s ,  a n d  o t h e r  p h y s ic a l  a r t i f a c t s  in  w h ic h  c o n s id e r a b le  c a p i ta l  h a s  

b e e n  in v e s te d .  T h e  m o m e n t u m  a ls o  a r is e s  f r o m  th e  in v o lv e m e n t  o f  p e r s o n s  

w h o s e  p r o f e s s io n a l  s k ills  a r e  p a r t i c u la r ly  a p p l ic a b le  to  th e  s y s te m . B u s in e s s  

c o n c e r n s ,  g o v e r n m e n t  a g e n c ie s ,  p r o f e s s io n a l  s o c ie t ie s ,  e d u c a t io n a l  in s t i ­

t u t io n s ,  a n d  o t h e r  o r g a n iz a t io n s  t h a t  s h a p e  a n d  a r e  s h a p e d  by  th e  te c h n ic a l  

c o r e  o f  th e  s y s te m  a ls o  a d d  to  t h e  m o m e n tu m .  T a k e n  to g e t h e r ,  th e  o r g a n ­

iz a t io n s  in v o lv e d  in  t h e  s y s te m  c a n  b e  s p o k e n  o f  a s  th e  s y s te m 's  c u l tu r e .  A 

s y s te m  w ith  s u c h  m a s s  u s u a l ly  h a s  a  p e r c e p t ib le  r a t e  o f  g r o w th  o r  v e lo c ity . 

O f te n  t h e  r a t e  a c c e le r a te s .  A  s y s te m  u s u a l ly  h a s  a  d i r e c t io n ,  o r  g o a ls .  T h e  

d e f in i t io n  o f  g o a ls  is m o r e  i m p o r t a n t  f o r  a  y o u n g  s y s te m  th a n  f o r  a n  o ld  

o n e ,  in  w h ic h  m o m e n t u m  p r o v id e s  a n  i n e r t i a  o f  d i r e c te d  m o t io n .

In  t h e  c a s e  o f  e le c t r ic  p o w e r  sy s te m s ,  th e  in s t i tu t io n s  th a t  p r e s id e d  o v e r  

a n d  w e re  in f lu e n c e d  b y  th e m  m o s t  d i r e c t ly  w e re  th e  u ti l i t ie s ,  b o th  p u b lic  

a n d  p r iv a te .  F ro m  a b o u t  1 8 9 0  u n t i l  W o r ld  W a r  I, th e  m a jo r  e le c t r ic  p o w e r  

u t i l i t ie s  in  th e  U n i t e d  S la te s ,  G e r m a n y ,  a n d  E n g la n d  c o n c e n t r a t e d  o n  s u p ­

p ly in g  th e  m o s t  h e a v ily  p o p u l a t e d  a n d  in d u s t r i a l i z e d  u r b a n  c e n te r s .  T h e  

d e c is io n s  m a d e  by  t h e  u t i l i t ie s ' m a n a g e r s  d u r i n g  th is  p e r io d  s h a p e d  th e  

c h a r a c t e r  o f  th e  s y s te m s  m o r e  o b v io u s ly  th a n  d id  th e  d e c is io n s  o f  i n v e n to r s  

a n d  e n g in e e r s ,  w h o s e  s o lu t io n s  to  c r i t ic a l  p r o b le m s  o f  a  te c h n ic a l  k in d  h a d  

c le a r e d  th e  w ay  f o r  g r o w th  t h r o u g h  th e  c r e a t io n  o f  a  u n iv e r s a l  sy s te m  o f  

s u p p ly .  W ith  in c r e a s in g  f r e q u e n c y  d u r i n g  th e  tw o  d e c a d e s  b e f o r e  th e  G r e a t  

W a r ,  th e  u t i l i t ie s  f o u n d  th e m s e lv e s  c o n f r o n t i n g  o t h e r  in s t i tu t io n a l  c o n ­

t e n d e r s  f o r  a u t h o r i t y  o v e r  e c o n o m ic  d e v e lo p m e n t  a n d  so c ia l c h a n g e .  T h e  

te n s io n  b e tw e e n  th e  u t i l i t ie s  a n d  p o li t ic a l  in s t i tu t io n s  s u c h  a s  lo ca l g o v e r n ­

m e n t s  w as h ig h  d u r i n g  th is  p h a s e  o f  sy s te m s  d e v e lo p m e n t .  In  th is  in s ta n c e ,  

h o w e v e r ,  a  m o d u s  v iv e n d i ,  i f  n o t  a la s t in g  a r r a n g e m e n t ,  w as  f o u n d  by  th e  

c o n t e n d i n g  p o w e r s .  T h r e e  c h a p te r s  in  th is  s tu d y  h a v e  th u s  b e e n  d e v o te d  

to  a n  e x a m in a t io n  o f  th e  e v o lu t io n  o f  th e  e le c t r ic  p o w e r  s y s te m s  in  t h r e e  

m a jo r  c itie s ; B e r l in ,  C h ic a g o ,  a n d  L o n d o n .



1 0  N E T W O R K S  o f  p o w e r  

E l e c t r i c i t y  S u p p l y  in  G r e a t  C i t i e s .

R e f e r e n c e .

-^CHICAGO ■—  -  --- -

F ig u re  1 J .  Central s ta t io n  in  London , B erlin . P aris, a n d  Chicago, c. 1920. From the Coun ty  o f  London Electric S u p p ly  Co., L td ., Public  In q u iry  
. .  . j  i— -l  - •-! r - r ™ n . n i ™  wjth A pplication  fo r  C o nse n t fo r th e  E rec tion  o f  a Pow er S ta tio n  a t B a rk ing .H eld  by th e  E lectr ic ity C o m m issio n ers  in C onnecti 
Courtesy o f  N E S C O , Newcastle upon Tyn e. E ng la nd .

D e s p i te  th e  m o m e n t u m  o f  s y s te m s  a n d  t h e  i n e r t i a  o f  m o t io n ,  h o w e v e r ,  

c o n t in g e n c ie s  p u s h  s y s te m s  in  n e w  d i r e c t io n s .  T o  d e m o n s t r a t e  th is  p h e ­

n o m e n o n ,  th is  s tu d y  e x p lo r e s  th e  im p a c t  o f  W o r ld  W a r  I o n  e le c t r ic  p o w e r  

sy s te m s .  T h e  e n g i n e e r s  a n d  m a n a g e r s  w h o  p r e s id e d  o v e r  t h e s e  s y s te m s  

w e r e  p e r s u a d e d  b y  p o li t ic a l  a n d  m i l i ta ry  l e a d e r s  a n d  b y  p u b l ic  p r e s s u r e  to  

a t t e n u a t e  t h e i r  c u s to m a r y  d r iv e  f o r  a u t o n o m o u s  g r o w th  a n d  p r o f i t  a n d  to  

e m p h a s iz e  t h e  c o o p e r a t iv e  p r o d u c t i o n  o f  e n e r g y .  A s s ig n in g  e n e r g y  p r o ­

d u c t io n  a  h i g h e r  p r io r i ty  th a n  e i t h e r  p r o f i t  o r  o r g a n iz a t io n a l  a u t o n o m y  le d  

to  n e w  m a n a g e r i a l  a n d  e n g i n e e r i n g  p o lic ie s  f o r  th e  d u r a t i o n ,  a n d  s o m e  o f  

t h e s e  s u r v iv e d  th e  w a r .  T h e  e s s e n t ia l  p o in t ,  h o w e v e r ,  is n o t  t h e  p a r t i c u l a r
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i n s ta n c e  o f  w a r  a s  a  c o n t in g e n t  a n d  s h a p in g  fo r c e ;  r a t h e r ,  it is th e  p o ss ib il i ty  

o f  e x t e r n a l  f o r c e s  r e d i r e c t i n g  h i g h - in o m e n tu m  sy s te m s .

T h e  last p h a s e  o f  s y s te m  h is to r y  d e l in e a te d  by  th is  s tu d y  is c h a r a e te r i / .e d  

by  a  q u a l i ta t iv e  c h a n g e  in  th e  n a t u r e  o f  th e  r e v e r s e  s a l ie n ts  a n t i  by  th e  r ise  

o f  f in a n c ie r s  a n d  c o n s u l t in g  e n g i n e e r s  to  p r e e m i n e n c e  a s  p r o b le m  s o lv e rs . 

M a n a g e r s  p la y e d  th e  l e a d in g  r o le  d u r i n g  th e  p h a s e  c h a r a t  t e r i / e d  by a n  

i n c r e a s e  in  m o m e n t u m .  In  t h e  n e w e r  p h a s e ,  w h ic h  in v o lv e d  p l a n n e d  a n d  

e v o lv in g  r e g io n a l  s y s te m s ,  m a jo r  r e v e r s e  s a l ie n ts  b e c a m e  e s s e n tia l ly  p r o b ­

le m s  o f  f u n d i n g  e x t r e m e ly  la r g e  r e g io n a l  s y s te m s  a n d  c le a r in g  p o li t ic a l  a n d  

le g is la t iv e  g r o u n d .  F in a n c ie r s  a n d  a s s o c ia te d  c o n s u l t in g  e n g i n e e r s  r e ­

s p o n d e d  e f f e c t iv e ly  to  p r o b le m s  o f  th is  k in d  a n d  sc a le . T h e  p h a s e  w as  a lso  

c h a r a c te r i z e d  b y  a n  in c r e a s e d  c a p a b i l i ty  o n  t h e  p a r t  o f  e n g i n e e r s  a n d  m a n ­

a g e r s ,  e s p e c ia lly  c o n s u l t in g  e n g i n e e r s  a n d  m a n a g e r s ,  to  p la n  n e w  sy s te m s  

a n d  th e  g r o w th  o f  o ld  o n e s .  I n  s o m e  c a se s  p l a n n e d  s y s te m s  w e re  f in a n c e d  

b y  g o v e r n m e n t  a g e n c y  e n t r e p r e n e u r s  d r a w i n g  o n  p u b l ic  f u n d s .

T h i s  lo o s e ly  s t r u c t u r e d  m o d e l  h a s  b e e n  u s e d  to  b r in g  o r d e r  a n d  c o m ­

p r e h e n s ib i l i ty  to  th e  m y r ia d  e v e n ts  in  th e  h is to ry  o f  e le c t r ic  p o w e r  s y s te m s . 

In  fa c t ,  u t i l i ty  s y s te m s  d id  n o t  e v o lv e  a c c o r d in g  to  o n e  s tr ic t  p a t t e r n .  C h a p ­

t e r  X IV , w h ic h  d e s c r ib e s  th e  d i f f e r e n t  s ty le s  o f  th r e e  m a t u r e  r e g io n a l  sy s ­

t e m s ,  d e m o n s t r a t e s  v a r ia t io n s .  A ll th r e e  h a d  th e  s a m e  p o o l o f  te c h n o lo g y  

to  d r a w  f r o m ,  b u t  b e c a u s e  t h e  g e o g r a p h ic a l ,  c u l tu r a l ,  m a n a g e r ia l ,  e n g i ­

n e e r in g ,  a n d  e n t r e p r e n e u r i a l  c h a r a c t e r  o f  th e  th r e e  r e g io n s  d i f f e r e d ,  th e  

p o w e r  s y s te m s  w e re  a p p r o p r i a t e l y  v a r ie d  a s  w ell (se e  F ig . 1.5). T h e  c o n c e p t  

o f  s ty le  s u g g e s ts  t h a t  t h e r e  w as— a n d  p ro b a b ly  is— n o  o n e  b e s t w ay  o f  

s u p p ly in g  e le c t r ic i ty .  E m b o d ie d  in  th e  d i f f e r e n t  p o w e r  s y s te m s  o f  t h e  w o r ld  

is a  c o m p le x  v a r i a t io n  o n  m a jo r  th e m e s  th a t  k e e p s  th e  t e c h n o lo g y  f ro m  

b e c o m in g  h o m o g e n e o u s  a n d  d u l l  a n d  th a t  p r o v id e s  th e  h i s to r i a n  w ith  th e  

c h a l l e n g in g  ta s k  o f  d e s c r ip t io n  a n d  in t e r p r e t a t i o n .
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E d is o n  t h e  H e d g e h o g :  
I n v e n t io n  a n d  
D e v e lo p m e n t

Q
u o t i n g  t h e  G r e e k  p o e l  A r c h i lo c h u s ,  I s a i a h  B e r l in  w r o te  in  T h e  

H e d g e h o g  a n d  th e  F o x :  “T h e  fo x  k n o w s  m a n y  th in g s ,  b u t  t h e  h e d g e h o g  

k n o w s  o n e  b ig  t h i n g . ” H e d g e h o g s ,  a c c o r d i n g  lo  B e r l in ,  a r e  th o s e  w h o  

r e l a t e  e v e r y t h i n g  to  a  s in g le  c e n t r a l  v is io n ,  o n e  s y s te m  le ss  o r  m o r e  c o h e r e n t  

o r  a r t i c u l a t e . ” F o x e s ,  in  c o n t r a s t ,  p u r s u e  m a n y  e n d s ,  e n d s  t h a t  a r e  “o f t e n  

u n r e l a t e d  a n d  e v e n  c o n t r a d i c t o r y . ” B e r l in  c o u n t e d  D a n te ,  P la to ,  L u c r e t iu s ,  

P a s c a l ,  H e g e l ,  D o s to y e v s k y ,  N ie tz s c h e ,  I b s e n ,  a n d  P r o u s t  a m o n g  th e  

h e d g e h o g s . 1 T h o m a s  E d i s o n ’s n a m e  s h o u l d  b e  a d d e d  to  t h e  l is t .2

E d is o n  in v e n te d  s y s te m s ,  in c lu d i n g  a n  e le c t r i c  l ig h t  s y s te m  t h a t  to o k  f o r m  

a s  th e  P e a r l  S t r e e t  g e n e r a t i n g  s t a t io n  a n d  d i s t r i b u t i o n  n e tw o r k  o f  t h e  E d is o n  

E le c t r ic  I l l u m i n a t i n g  C o m p a n y  o f  N e w  Y o rk ,  n o w  k n o w n  a s  t h e  C o n s o l i ­

d a t e d  E d is o n  C o m p a n y .  E d is o n  f o c u s e d  o n  o n e  le v e l o f  t h e  p r o c e s s  o f  

t e c h n o lo g ic a l  c h a n g e — i n v e n t io n — b u t  in  o r d e r  to  r e l a t e  e v e r y t h i n g  to  a  

s in g le ,  c e n t r a l  v is io n ,  h e  h a d  lo  r e a c h  o u t  b e y o n d  h is  s p e c ia l  c o m p e te n c e  

lo  r e s e a r c h ,  d e v e lo p ,  f in a n c e ,  a n d  m a n a g e  h is  i n v e n t io n s .  B e c a u s e  o f  th is  

o r g a n iz a t io n a l ,  s y s t e m - b u i ld in g  d r iv e ,  h e  is k n o w n  a s  a n  in v e n t o r - e n t r e -  

p r e n e u r . 3

E d is o n  w a s  a h o l is t ic  c o n c e p tu a l i z e r  a n d  d e t e r m i n e d  s o lv e r  o f  th e  p r o b ­

le m s  a s s o c ia te d  w ith  t h e  g r o w th  o f  s y s te m s .  T h e  h i s to r y  o f  E d is o n  s y s te m  

b u i ld in g ,  t h e r e f o r e ,  is a ls o  a h is to r y  o f  id e a s  a n d  a  s tu d y  o f  p r o b l e m  s o lv in g .  

E d is o n 's  c o n c e p t s  g r e w  o u t  o f  h is  n e e d  to  f in d  o r g a n i z i n g  p r in c ip le s  th a t  

w e r e  p o w e r f u l  e n o u g h  to  i n t e g r a t e  a n d  g iv e  p u r p o s e f u l  d i r e c t i o n  to  d iv e r s e  

f a c to r s  a n d  c o m p o n e n t s .  T h e  p r o b le m s  e m e r g e d  a s  h e  s t r o v e  to  fu lf i l l  h is  
u l t im a te  v is io n .

A s a n  i n v e n t o r - e n t r e p r e n e u r ,  E d is o n  p r e s i d e d  o v e r  t h e  p r o c e s s  o f  t e c h ­

n o lo g ic a l  c h a n g e  T rom  p r o b le m  id e n t i f i c a t io n  to  in n o v a t io n  a n d  te c h n o lo g y  

t r a n s f e r .  C r e a t iv e  fu l f i l lm e n t ,  h o w e v e r ,  c a in e  to  h im  m o s t ly  f r o m  t h e  in ­

1 Isaiah  Merlin, T h t  H edg ehog n n d  the Fox: A n  Essay on To ll toy's View  o f  H istory  (N ew  Y ork : 
S im on  i t  S c h u s te r , 1953), p . 1.

* Pa ris  o f  lliis c h a p te r  a re  d ra w n  f ro m  T h om a s P. H u g h e s , " T h e  E le c tr if ic a tio n  o f  A m erica: 
T h e  System  B u ild ers ,"  Technology n n d  C ultur e  2 0  (1970): 124-61

’ F o r a d iscu ssio n  o f  th e  c on ce p t o f  a n  e n t r e p r e n e u r  as o n e  w ho  p re s id e s  o v e r  in v e n tio n , 
d e v e lo p m e n t, a n d  in n o v a tio n , sec T h o m a s  P. H u g h e s . E lm er  Sperry. In ve n to r  n n d  E ng in eer  
(B a ltim ore : T h e  Jo h n s  H o p k in s  Press. 1971). p p . 6 3 - 7 0 , 24 1 , 2 0 0 -9 5 .
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v e n t iv e  a c t,  n o t  f r o m  th e  o t h e r  p h a s e s  o f  te c h n o lo g ic a l  d e v e lo p m e n t .  1 le  

c o u n te d  h is  p a te n t s  m o r e  t h a n  h is  m o n e y ,  a t le a s t u n t i l  h is  L ite r  y e a rs ,  w h e n  

h e  b e g a n  to  lo o k  to  in d u s t r i a l i s t s  lik e  H e n r y  F o rd  a s  s t a tu s  m o d e ls .  E d iso n  

f lo u r i s h e d  as a n  i n v e n i o r - e n t r e p r e n e u r  in  th e  la te  1 8 7 0 s  a n d  e a r ly  e ig h t ie s ,  

t h e  p e r io d  w h e n  h e  w as  p r e s id in g  o v e r  th e  in v e n t io n  a n d  i n t r o d u c t io n  o l 

h is  s y s te m  o f  e le c t r ic  l ig h t in g .  H is  h is to r ic a l  p e e r s  w e re  o t h e r  in v e n io r -  

e n t r e p r e n e u r s ,  s u c h  m e n  a s  R o b e r t  F u l to n ,  S a m u e l  M o rs e ,  a n d  C y r u s  H a ll 

M c C o r m ic k ,  w h o ,  lik e  h im s e lf ,  d id  n o t  re s t  u n t i l  c o m p a n ie s  (u s u a lly  th o s e  

t h e y  e s ta b l i s h e d )  w e re  m a n u f a c t u r i n g  t h e i r  in v e n t io n s .  E d is o n  fo r m e d  a 

n u m b e r  o f  c o m p a n ie s  to  o r g a n iz e  h is  in v e n t io n  a n d  th e  i n t r o d u c t io n  o l 

th e  l ig h t in g  s y s te m :  a c o m p a n y  f o r  r e s e a r c h  a n d  d e v e lo p m e n t ,  o th e r s  lo t 

m a n u f a c t u r i n g  c o m p o n e n t s ,  a n d  a n o t h e r  to  p r e s id e  o v e r  th e  o p e r a t i o n  o l 

t h e  s y s te m . In  e a c h  c a s e ,  h e  a l l ie d  h im s e l f  w ith  m e n  w h o s e  in te r e s t s  a n d  

c a p a b i l i t ie s  c o m p l e m e n t e d  h is  o w n .  P e r s o n s  w ith  le g a l a n d  f in a n c ia l  e x ­

p e r i e n c e ,  l o r  in s t a n c e ,  c o m p e n s a te d  f o r  h is  la ck  o f  e x p e r i e n c e  a n d  s p e c ia l  

a p i i l u d e  fo r  t h e  c o m p le x i t i e s  o f  o r g a n iz a t io n  a n d  f in a n c in g .  D e s p ite  th e i r  

p r e s e n c e ,  h o w e v e r ,  it  w as  E d is o n ,  a s  i n v e n t o r - e n l r c p r e n e u r ,  w h o  p u l le d  

m o s t  o f  th e  s t r in g s  o f  th e  c o m p le x  s y s te m . L a te r  in  th e  h is to r y  o f  e le c tr ic  

l ig h t in g  a n d  p o w e r  s y s te m s ,  o t h e r  e n t r e p r e n e u r s — m a n a g e r - e n t r e p r e n e i i r s  

a n d  f i n a n c i e r - e n i r e p r e n e u r s — to o k  c e n t e r  s ta g e  b e c a u s e  th e  m o s t d if f ic u lt  

p r o b le m s  b lo c k in g  t h e  g r o w th  o f  th e  sy s te m  b e c a m e  m a n a g e r ia l  a n d  f i ­

n a n c ia l .  I n v e n t o r s  a n d  e n g i n e e r s  still h a d  ro le s  to  p la y  in  th e  h is to ry  o f  th e  

e v o lv in g  l ig h t  a n d  p o w e r  s y s te m s ,  b u t  th e  in v e n t o r - e n t r e p r e n e u r s  m o v e d  

o n  to  o t h e r  n e w ly  e m e r g i n g  f ie ld s  o f  t e c h n o lo g y .

E d is o n 's  g e n iu s  lay  in  b is  a b il i ty  to  d i r e c t  a p ro c e s s  in v o lv in g  p ro b le m  

id e n t i f i c a t io n ,  s o lu t io n  a s  id e a ,  r e s e a r c h  a n d  d e v e lo p m e n t ,  a n d  i n t r o d u c t io n  

in to  u s e .  T h e s e  p h a s e s  o f  c h a n g e  n e e d  to  b e  d e f in e d ,  b u t  b e c a u s e  th e  

p ro c e s s  w as , a n d  is , so  c o m p le x ,  a n d  b e c a u s e  th e r e  a r e  so  m a n y  v a r ia t io n s  

o n  t h e  c e n t r a l  th e m e ,  a n  e n c o m p a s s in g ,  g e n e r a l  d e f in i t io n  w ill s u f f ic e  h e r e .  

In  p r o b le m  id e n t i f i c a t io n ,  a n  in v e n t o r  p e r c e iv e s  a  s i tu a t io n  th a t  c a n  b e  

d e f i n e d  a s  a  p r o b le m .  T h e  a b il i ty  to  d e f i n e  th e  s i tu a t io n  a s  a  p r o b le m  im p lie s  

th a t  a  s o lu t io n  is lik e ly  to  b e  f o u n d .  E x p e r ie n c e d  in v e n to r s  re c o g n iz e  th a t  

m a n y  s i tu a t io n s  c a n n o t  b e  d e f i n e d  a s  p r o b le m s ,  b e c a u s e  th e  s ta te  o f  th e  

te c h n o lo g y ,  a v a i la b il i ty  o f  f u n d i n g ,  o r  s o m e  o t h e r  f a c to r  is n o t  f a v o ra b le .  

I d e a  r e s p o n s e  is t h e  i n v e n t o r ’s e f f o r t — a c tiv e  a n d  p a ss iv e  (s u b c o n s c io u s  

p e r h a p s ) — to  f o r m u la te  c o n c e p t s  th a t  w ill so lv e  in  h is  im a g in a t io n  h is  d e f ­

in i t io n  o f  th e  p r o b le m .  A n  im a g in a r y  d e v ic e  is f u n c t io n in g  in  a n  im a g in a ry  

e n v i r o n m e n t .  U s u a lly  t h e  in v e n t o r  g a th e r s  in f o r m a t io n  a s  h e  p u r s u e s — o r  

e v e n  a w a its — id e a s .  T h e  id e a  r e s p o n s e  will b e c o m e  a n  in v e n t io n  a f t e r  th e  

id e a  h a s  b e e n  g iv e n  f o r m .  T h e  in v e n t iv e  c o n c e p ts  o f  E d is o n  a n d  o th e r  

in v e n to r s  a r e  o f t e n ,  p e r h a p s  u s u a lly ,  v isu a l r a t h e r  th a n  v e rb a l  o r  m a th e ­

m a tic a l .  F o r  th is  r e a s o n ,  th e  f i r s t  e x p r e s s io n  o f  a n  id e a  o f t e n  a p p e a r s  as a 

d r a w in g  in  a  n o te b o o k  o r  011 a  s c r a p  o f  p a p e r .  S u b s e q u e n t ly  th e  id e a  is 

g iv e n  fo r m  a s  a  m e c h a n ic a l  a n d  e le c tr ic a l  d e v ic e  o r  a s  a  c h e m ic a l  p ro c e s s . 

T h i s  in v e n t io n  is t h e n  b r o u g h t  by r e s e a r c h  a n d  d e v e lo p m e n t  to  th e  s ta g e  

a t w h ic h  it c a n  b e  in t r o d u c e d  to  th e  m a r k e t .  R e s e a rc h  is a n  in f o r m a t io n -  

g a t h e r i n g  e x e rc is e  a n d  c a n  b e  d o n e  by  l i t e r a t u r e  s e a r c h  o r  by  sc ie n tif ic  

e x p e r im e n ta t io n .  D e v e lo p m e n t ,  a n  i m p o r ta n t  p a r t  o f  th e  in n o v a t io n  p r o c ­

e ss , o f t e n  in v o lv e s  th e  r e d e f in i t io n  o f l h e  p r o b le m ,  n e w  id e a s ,  a n d  r e s e a r c h  

a s  th e  in v e n t io n  is t r i e d  in  e n v i r o n m e n ts  th a t  a r c  in c r e a s in g ly  lik e  th e  re a l-
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u s e  e n v i r o n m e n t  w i th in  w h ic h  t h e  in n o v a t io n  m u s t  f u n c t io n .  T h e  in v e n t io n  

is n o  l o n g e r  a n  im a g in a r y  d e v ic e  f u n c t i o n i n g  in  t h e  i n v e n t o r ’s m in d .  I t  is 

i m p o r t a n t  to  a d d  t h a t  t h e  in n o v a t io n  p r o c e s s  is n o t  s t r a i g h t f o r w a r d ;  it 

in v o lv e s  b a c k t r a c k in g  to  i d e n t i f y  n e w  s u b p r o b le m s ,  e l ic i t  a d d i t io n a l  id e a s ,  

a n d  m a k e  n e w  s u b i n v e n t i o n s .4

T h e  i d e n t i f i c a t io n  o f  a  p r o b le m  b y  e x p e r i e n c e d  i n v e n t o r - e n t r e p r e n e u r s  

l ik e  E d is o n  u s u a l ly  in v o lv e d  b r i d g i n g  t h e  g a p  b e tw e e n  r e s o u r c e s  a n d  d e ­

m a n d .  T h e  p r o f e s s io n a l  i d e n t i f i e d  a  d e m a n d ,  e i t h e r  e x i s t in g  o r  p o te n t i a l ,  

a n d  t h e  a v a i la b le  r e s o u r c e s  t h a t  m i g h t  fill it . T h e  r e s o u r c e s  i n c lu d e d  a v a il ­

a b le  e n d o w m e n t s  s u c h  a s  e x i s t in g  te c h n o lo g y ,  c a p i t a l ,  l a b o r ,  a n d  la n d  ( n a t ­

u r a l  r e s o u r c e s ) .  H a v in g  id e n t i f i e d  t h e  p r o b l e m  o f  u s in g  t h e  r e s o u r c e s  to  

m e e t  th e  d e m a n d ,  t h e  i n v e n t o r  t h e n  c r e a t e d  t h e  t e c h n o lo g y ,  o r  th e  id e a  

f o r  t h e  te c h n o lo g y ,  t h a t  w o u ld  m a k e  t h e  r e s o u r c e s  u s a b le  in  f i l l in g  th e  

d e m a n d .  A n  e x c e l l e n t  i n v e n t io n  u s e d  t h e  a v a i la b le  r e s o u r c e s  e f f ic ie n t ly  a n d  

e c o n o m ic a l ly  to  r e s p o n d  to  t h e  d e m a n d  p r e c is e ly .  T h e  le s s - th a n - e x c e l l e n t  

i n v e n t i o n  n e e d e d  to  b e  r e f i n e d  to  m e e t  t h e  d e m a n d .  N o t  e v e r y  in v e n t io n  

w a s  a  r e s p o n s e  lo  a  d e m a n d ,  a c tu a l  o r  a n t i c i p a t e d ,  h o w e v e r ;  m a n y  th a t  

w e r e  n o t  d e m a n d  o r i e n t e d  w e r e  i n g e n i o u s  u t i l i z a t io n s  o f  a v a i la b le  r e ­

s o u r c e s ,  i n c l u d i n g  e x i s t in g  te c h n o lo g y .  T h e  r e s p o n s e  to  a v a i la b le  e n d o w ­

m e n t s ,  e s p e c ia l ly  t e c h n o lo g ic a l  o n e s ,  is  s o m e t im e s  i d e n t i f i e d  a s  “ t e c h n o l o g ­

ic a l p u s h ” in  c o n t r a s t  to  “ m a r k e t  p u l l . ” E d i s o n ,  l ik e  s o  m a n y  p r o f e s s io n a l  

i n v e n t o r s ,  a c te d  in  r e s p o n s e  to  a  c o m b i n a t i o n  o f  t h e  tw o .5

E d i s o n  p r e f e r r e d  to  i n v e n t  s y s te m s  r a t h e r  t h a n  c o m p o n e n t s  o f  o t h e r  

p e r s o n s ’ s y s te m s .  D u r i n g  h is  l o n g  c a r e e r  a s  a p r o f e s s i o n a l  i n v e n t o r - e n t r e -  

p r e n e u r ,  h e  t u r n e d  to  t h e  i n v e n t io n  o f  s y s te m s  l o  s u c h  a n  e x t e n t  t h a t  

p r e f e r e n c e  f o r  s y s te m s  c a n  b e  i d e n t i f i e d  a s  a  s a l i e n t  c h a r a c t e r i s t i c  o f  h is  

a p p r o a c h .  T h e  h i s to r y  o f  s e v e r a l  o f  h is  m a j o r  i n v e n t i o n s — t h e  q u a d r u p l e x  

t e l e g r a p h ,  t h e  t e l e p h o n e ,  t h e  in c a n d e s c e n t  e l e c t r i c  l i g h t i n g  s y s te m ,  m a g -  

n e l i c - o r e  s e p a r a t i o n ,  P o r t l a n d  c e m e n t ,  a n d  t h e  s t o r a g e  b a t t e r y — i l lu s t r a te s  

t h e  s p e c t r u m  o f  h is  m e t h o d s . 1’ S o m e  o f  t h e s e  v e n t u r e s  w e r e  s u c c e s s f u l ,

* T h e s e  r le f in it io n s  a re  d e v e lo p e d  f u r t h e r  w ith  illu s tra tiv e  e x a m p le s  in  T h o m a s  P. H u g h e s , 

" In v e n to r s :  T h e  P ro b le m s  T h e y  C h o o se , th e  Id e a s  T h e y  H av e , a n d  th e  I n v e n tio n s  T h e y  

M a k e ."  in Te chnolog ica l In n o va tio n :  A  C r itic al R ev ie w  o f  C u rr en t K now ledge , e d . P. K elly a n d  M. 

K ra n z b c rg  (S an  F ra n c is co , C a lif .: S a n  F ra n c is co  P ress, 1978), p p . 1 6 8 -8 2 .

'T h e  l i t e r a tu re  o n  th e  n a tu r e  o f  in v e n tio n  is v o lu m in o u s , a n ti m u c h  o f  it is w ri tte n  by 

e c o n o m ic  h is to r ia n s , soc io lo g ists , a n d  h is to r ia n s  o f  te c h n o lo g y . A m o n g  th e  m o s t u se fu l boo ks 

a rc  J a c o b  S c h m o o k le r , In v e n tio n  a n d  Eco nom ic  G row th  (C a m b rid g e . M ass.: H a r v a r d  U n iv e rsity  

P ress , 1966); S. C . G ilf illan . T h e  Soc iolog y o f  In ve n tio n  (C a m b rid g e . M ass.: M .l .T . P ress . 1970); 

a n d  th e  rev is ed  e d itio n  o l A b b o tt P. U sh e r . A H istory  o f  M ec h a n ic a l In v e n tio n  (C a m b rid g e , 

M ass.: H a r v a r d  U n iv e rs i ty  P re ss. 19,'i'l). A n a n n o ta te d  lis tin g  o f  m a n y  a rtic le s  a n d  b o o k s on  

in n o v a tio n  ( a n d  in v e n tio n )  can  be  f o u n d  in  S. II. C u tc li lfe . |.  A. M is liche lli , a n d  C . M. R o y sd e n . 

T echno log y a n d  Va lues in  A m er ic a n  C w iln a tio n  (D e tro it,  M ic h .: C a lc  R e se a rc h  C o ., 1980).

" E d is o n ’s in v e n tiv e  ac tiv itie s  a re  d e s c r ib e d  in  d e ta il in m a n y  b io g ra p h ie s , th e  q u a lity  o f  

w h ic h  v a rie s  g re a tly . T he m o st re c e n t a re  R o I k ti  C o n o l . A Stre ak  o f  Lu c k  (N ew  Y o rk : Seuview  

H ooks, 1979); R o n a ld  W . C la rk , E diso n:  T h e  M a n  W ho  M a d e  the F u tu re  (N ew  Y o rk : P u tn a m , 

1977); a n d  M a tth e w  Jo s c p h s o n .  E diso n  (N ew  Y ork : M c G ra w -H ill. |9 .’»9). T he m o st th o r o u g h  

o n  te c h n ic a l m a tte rs  a n d  a d u la to r y  in  to n e  a re  F ra n k  L. D y er  a n d  T h o m a s  C . M a rt in . Ed iso n:  

H is  L i fe  a n d  In ve n tio n s . 2  veils. (N e w  Y ork : H a r p e r  Sc B ro s ., 1910); a n d  th e  1929  e d itio n  o r  

th a t  w o rk , w h ic h  w as w ri tte n  in  c o lla b o ra tio n  w ith  W illiam  I I. M c a d o w c ro f l a n d  a lso  p u b lis h e d  

by  H a r p e r  Sc B ros. T h e  m o st in tim a te  s tu d y  o f  th e  in v e n to r  is th e  a c c o u n t by F ra n c is  J e h l ,  
M e n lo  P a rk  R em in iscen ces . 3 vo ls. (D e a r b o r n . M id i .:  E d iso n  In s t i tu te . 1 9 3 7 -11 1  W vn  W ach-
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s o m e  w e re  n o t .  K d is o n 's  m e lh o t l  w as n o r a lw a v s  I lie- s a m e :  i( v a r ie d  w ill 

t im e  a n d  a c c o r d in g  10  I h e  p r o b le m ,  a s  o n e  w o u ld  e x p e d  I m m  a p r o le s  

s io n a l .  T h e  l i is lo ry  o f  b is  e le c t r ic  l ig h t in g  s y s te m , h o w e v e r ,  r e v e a ls  t lu  

e s s e n t ia l  c h a r a c te r i s t i c s  o f  h is  s y s te m s  a p p r o a c h . 7

K d iso n  is m o s t w id e ly  k n o w n  f o r  h is  in v e n t io n  o l th e  in c a n d e s c e n t  la m p  

b u t it w as  o n ly  o n e  c o m p o n e n t  in  h is  e le c i r ic  l ig h t in g  s v s te m  a n d  w as n< 

m o r e  c r i t ic a l  to  its  e f f e c t iv e  f u n c t io n in g  th a n  th e  K d iso n  J u m b o  g e n e r a ln i  

t h e  K d iso n  m a in  a n d  f e e d e r ,  o r  th e  p a r a l l c l - d i s i r ib u t in n  sy s te m . O ih e i  

in v e n to r s  w ith  g e n e r a t o r s  a n d  in c a n d e s c e n t  la m p s  a n d  c o m p a r a b le  i n g e ­

n u i ty  h a v e  b e e n  f o r g o t t e n  b e c a u s e  th e y  d id  n o t c a r r y  th e  p ro c e s s  f i m h c i  

a n d  i n t r o d u c e  a  s y s te m  o f  l ig h t in g .8

W h y  d id  K d iso n  so  o f t e n  c h o o s e  to  w o rk  o n  s y s te m s?  II th e  in v e u m i  

c r e a te d  o n ly  a c o m p o n e n t ,  h e  r e m a in e d  d e p e n d e n t  o n  o t h e r s  to  in v e n t 01 

s u p p ly  o t h e r  c o m p o n e n t s .  T h e  i n v e n to r  o f  c o m p o n e n t s  c o u ld  n o t h a v e  t lx  

c o n t r o l  o v e r  i n n o v a t io n  th a t  K d iso n  w a n te d .  A n  a p t e x a m p le  o f  a n  in v e n to i  

o f  c o m p o n e n t s ,  b u t  n o t s y s te m s ,  is J o s e p h  S w a n  ( I 8 2 H - I 9 M ) ,  th e  b t i t i s l i  

i n v e n t o r  o f  th e  in c a n d e s c e n t  la m p .  S w a n 's  la m p s  w e re  i n c o r p o r a t e d  w ith  

c o m p o n e n t s  i n v e n te d  by  o t h e r s  in to  a s y s te m , b u t in  p r iv a te  c o n v e r s a t io n  

S w a n  a c k n o w le d g e d  th e  s u p e r i o r i t y  o f  K d is o n 's  s y s te m . '' S w a n  c a n n o t  ( m il-

h o rs i 's  Thom as A lv a  E dison: A n  Am erican  M yth  (C a m b rid g e . Mass.: M l . I  . Pi css. I9H II i r l . iu -
E dison  th e  c u ltu ra l h e ro  lo  A m e ric an  values. See also th e  ex h ib it ca ta lo g u e  by B e rn a rd  I-.....
a n d  R o bert F rie d c l. Ediso n: L ig h tin g  a R ev o lu tion  (W a sh in g to n . D C.: S m ith so n ian  In stitu tio n . 

15)79). Fo r a b r ie f  s tu d y  o f  E d iso n , see T h o m a s  P. H u g h es . Thom as Edison. P in frs sin na l I nr cn to , 

(L o n d o n . I IM S O . 1976).

'B io g r a p h ie s  o f  E d iso n  u su a lly  in c lu d e  d isc ou rses on  th e  Edison  m e th o d  T h e  < h .ip te i 
"E d ison 's  M e th od  in In v e n tin g "  in D yer a n d  M artin 's  E dison  (2: "»96-628) is in fo rm e d  a nd  
c o n s id ere d , if n o t c rit ic a l. G . P. L a th ro p  ("T alk s w ith  E diso n ."  H arp er s S e w  M onth ly  M agazin e  
80 [ 1 8 8 9 -9 0 |: 4 2 5 -3 5 )  re h e a rse s  th e  fam ilia r, b u t a d d s  occasio nal h e lp fu l item s as he tr ie s to 

p erceiv e  how  a n  in v e n to r  in v en ts . M. A. R osanolT  ("E dison  in Mis L ih o ra to i y." I la ip c i \  
M ag az in e  165 (1932): 4 0 1 -1 7 )  p ro v id es  a sc ien tis t's a p p ra isa l w hich is no t se n tim e n ta l. Ku li.it d 

H. S c b a llen b e rg  ("T h e  A lk a line  S to ra g e  B atte ry : A C ase  H is to ry  ol the  Edison M eth o d ."  
Synthesis I | I 9 7 2 |:  1 -13) ge n era lize s  a b o u t th e  Edison  m e th o d  from  th e  case  ol th e  a lk aline 

ba tte ry . I I. M. P a y n tc r  o f  M .I .T . k in d ly  p ro v id ed  m e w ith  a ro p v  ol Ihs I I llu s io n  L e m u r  

"E d ison  in R e tro spec t: E x p e rim e n ta l Physicist a n d  System s E n g in e er ."  w hich be  d e liv ere d  at 
th e  A m e ric an  Socie ty  o f  M echanica l E n g in e e rs ' a n n u a l m e etin g  in D etro it. Mich o n  13 N o ­
v e m b er 1973. I have  a lso  fo u n d  h e lp fu l a p a p e r  on  E dison 's m e th o d  w lu rli was p re se n te d  by 
his son  T h e o d o r e  to  th e  M .I .T . C lu b  o f  N o rth e rn  New  Je rse y  on  24 Ja n u a ry  1969. See also 
C o n o l. Streak o f  Lu ck , pp . 4 5 5 -7 2 : a n d  T h o m a s  IV H u g h es. "E d ison 's  M e th od ."  in Technology 
at the T u r n in g  P o in t,  ed . W illiam  B. P ickett (San Francisco . Calif.: San E ia n c is io  Press. 1977). 
p p . 5 -2 2 .

8T h is  analy sis o f  E diso n 's  m e th o d  o f  in v e n tin g  sy stem s is ta k en  in p a rt Iro m  H u gh es, 
" E d iso n 's  M e th o d ."  p p . 5 -2 2 .

“ Sce G. P. Losvrey to  E d ison . 23  O cto b er  1881 . a n d  G. B atchelo r to  E dison . I O ito lie i 
1881, Edison  A rchiv es. Edison  N ation al H is to ric  S ite. W est O ra n g e , N | ( lie ie a l tr i  i tied  as 
F.A). T h e  q u e s tio n  o f  p rio rity  in ( h r  in v e n tion  o f  th e  in candesr cu t la m p  has t ro u b le d  many 
his to rian s. A m o n g  th e  le ad in g  c o n te n d e rs  fo r  tha t p rio r ity  w ere T h o m a s  A. Edison  an d  |o s ( pli 
Sw an (ol N ew castle  u p o n  T yn e). U n fo rtu n a te ly , som e o f  the  c on trov e rsy  has ssvuled a ro u n il 
a n e b u lo u s  c o nce p t o f  w hat actu a lly  was in v e n ted  In  a recen t essay. "Sw an's  Way: In ven iiv r  
Sly le a n d  th e  E m e rg e n ce  o f  th e  In ca n d esc en t L im p ."  G eo rg e  Wise sensible- lo< uses on  th e  
in ve n tio n  o f  th e  c arb o n  filam en t a n d  discusses th e  im |M itta ncr ol E dison 's  sy stem s a p p ro .u h  
to  th e  in v e n tio n . W ise p o in ts  o u t (hat E llison 's  e stim ate s ol the  cost o l lus sy stem  w eie  g to ssly 
in e r r o r , h u t c o n tr ib u te d  c o nce p tu ally  lo  his in ven tion . I am  in d e b ted  to  Wise lo i a llow ing 
tnc to  see his p re -p u h lira i io n  m a n u sc rip t, sc hed u le d  to  a p p ra i  in IE E E  S p a  H um  in A p iil 
1982.



p a r e  w ith  E d is o n  a s  a n  i n v e n t o r - e n l r e p r e n e u r ,  b u t  h is  c la im  to  h a v e  in ­

v e n te d  th e  p r a c t ic a l  c a r b o n - f i l a m e n l  l a m p  is c o m p a r a b l e  to  E d i s o n ’s.

A n o t h e r  r e a s o n  f o r  E d i s o n ’s in c l in a t io n  to  in v e n t  s y s te m s  w a s  m o r e  s u b ­

tle : h e  s o u g h t  t h e  s t im u la t io n  f o r  in v e n t iv e  id e a s  w h ic h  c o m e s  f r o m  s e e in g  

in a d e q u a c ie s  in  s o m e  c o m p o n e n t s  r e v e a le d  by  im p ro v e m e n ts  m a d e  in  o th e r s .  

I m b a la n c e s  a m o n g  i n t e r a c t i n g  c o m p o n e n t s  p o i n t e d  u p  th e  n e e d  f o r  a d ­

d i t io n a l  in v e n t io n .  B y  t h e  l im e  e a c h  s y s te m  w as  r e a d y  f o r  u s e ,  th e r e f o r e ,  

it in v o lv e d  m a n y  p a te n t s .  E d is o n ,  w h o  r a r e ly  a r t i c u l a t e d  h is  m e t h o d ,  s a id  

o f  h is  in v e n t io n  o f  a n  e le c t r ic  l ig h t in g  s y s te m :

It was no t on ly  necessary  th a t  th e  lam p s sh o u ld  g ive lig h t a n d  th e  d y n a m o s  g e n ­
e ra te  c u r re n t ,  b u t th e  lam p s m u st be a d a p te d  to  th e  c u r r e n t  o f  th e  d y n a m o s, a n d  
th e  d y n am o s m u st be c o n s tru c te d  to  give th e  c h a ra c te r  o f  c u r r e n t  r e q u ire d  by 
th e  lam ps, a n d  likew ise all p a r ts  o f  th e  system  m u st be c o n s tru c te d  w ith  r e f e r ­
en ce  to  all o th e r  p a rts , s in ce, in o n e  sen se , all th e  p a r ts  fo rm  o n e  m a c h in e , a n d  
th e  co n n ec tio n s  b e tw een  th e  p a r ts  b e in g  e lec trica l in s tead  o f  m ech an ica l. L ike 

an y  o th e r  m ach in e  th e  fa ilu re  o f  o n e  p a r t  to  c o o p e ra te  p ro p e r ly  w ith  th e  o th e r  
p a r t  d iso rg an iz e s  th e  w hole a n d  r e n d e rs  it in o p e ra tiv e  fo r  th e  p u rp o s e  in te n d e d .

T h e  p ro b le m  th e n  th a t I u n d e r to o k  to  solve was s ta te d  g e n e ra lly , th e  

p ro d u c tio n  o f  th e  m u ltifa r io u s  a p p a ra tu s ,  m e th o d s  a n d  dev ices, e ach  a d a p te d  fo r  

use w ith  every  o th e r ,  a n d  all fo rm in g  a c o m p re h e n s iv e  sy s te m .10 

T h e  i n t e r a c t io n s  p r o v id e d  s t r u c t u r e ,  o r  g u id e l in e s ,  f o r  in v e n t iv e  a c tiv ity . 

O t h e r  in v e n to r s  a ls o  u s e d  th e  s y s te m s  a p p r o a c h ,  h a v in g ,  lik e  E d is o n ,  e x ­

p e r i e n c e d  its  s t im u la t in g  e f f e c t . "

R e f le c t io n  o n  E d i s o n ’s m e th o d  s u g g e s ts  t h a t  h e  u s e d  t h e  s y s te m s  a p ­

p r o a c h  in  o r d e r  to  e m p lo y  th e  r e v e r s e  s a l i e n t - c r i t i c a l  p r o b l e m s  m e th o d ,  

b u t  s in c e  E d is o n  d id  n o t  a n a ly z e  a n d  a r t i c u l a t e  h is  a p p r o a c h  a n d  m e th o d ,  

th e  h i s to r i a n  m u s t  i n t e r p r e t  t h e  r e c o r d  c a r e f u l ly .  I n  fa c t ,  t h e  r e c o r d  s h o w s  

t h a t  o t h e r  in v e n to r s  a n d  e n g i n e e r s  u s e d  t h e  r e v e r s e  s a l i e n t - c r i t i c a l  p r o b ­

le m s  m e th o d  d u r i n g  th e  h a l f - c e n tu r y  c o v e r e d  b y  th is  s tu d y ;  th u s ,  a t t r i b u t i n g  

t h a t  m e t h o d  to  E d is o n  a s  w e ll d o e s  n o t  s e e m  a  f a r - f e t c h e d  c o n c lu s io n  (see  

p p .  3 3 - 3 7  b e lo w ). A s n o te d  e a r l i e r ,  r e v e r s e  s a l i e n t s  a r e  o b v io u s  w e a k  p o in ts ,  

o r  w e a k  c o m p o n e n t s ,  in  a  te c h n o lo g y  w h ic h  a r e  in  n e e d  o f  f u r t h e r  d e v e l ­

o p m e n t .  A  r e v e r s e  s a l ie n t  is o b v io u s ,  a n d  c r e a t iv e  im a g i n a t i o n  is  n o t  n e e d e d  

to  d e f in e  it. A s w ill b e  s h o w n ,  t h e  n o n d u r a b i l i t y  o f  e x p e r i m e n t a l  la m p  

f i l a m e n t s  b e f o r e  1 8 7 8  w a s  a  r e v e r s e  s a l ie n t  in  in c a n d e s c e n t - l a m p  sy s te m s .  

E d is o n  a n d  m a n y  o t h e r s  w e re  a w a r e  o f  t h e  n e e d  f o r  i n v e n t iv e  a c tiv i t ie s  in  

th is  a r e a .  I n  c o n t r a s t  to  a  r e v e r s e  s a l ie n t ,  t h e n ,  t h e  d e f i n i t i o n  o f  c r i t ic a l  

p r o b le m s  by  a n  in v e n t o r  d o e s  r e q u i r e  c r e a t iv e  i m a g in a t io n .  C r i t ic a l  p r o b ­

le m s  r e s u l t  f r o m  th e  i n v e n t o r ’s d e f i n i n g  t h e  r e v e r s e  s a l i e n t  a s  a  p r o b le m ,  

o r  s e t  o f  p r o b le m s ,  th a t ,  w h e n  s o lv e d ,  w ill c o r r e c t  t h e  r e v e r s e  s a l ie n t .  (A s 

will b e  s e e n ,  in  E d i s o n ’s w o rk  th e  r e v e r s e  s a l ie n ts  w e r e  o f t e n  e c o n o m ic  in  

n a t u r e ;  th e  c r i t ic a l  p r o b le m s ,  te c h n ic a l .)  A s y s te m s  a p p r o a c h  f a c i l i ta te s  th e  

u s e  o f  th e  r e v e r s e  s a l ie n t—c r i t ic a l  p r o b le m s  m e t h o d  b e c a u s e  r e v e r s e  s a l ie n ts

N E T W O R K S  O F  P O W E R

.     "  i ' " u ,“ 't | jn K n ic u u n  01 r.m so n  s p ub lic  te stim on y , t h e
r e p ro d u c e d  pa ges a re  n u m b e re d  3 1 2 8 -3 4 . T h e  i.e m  is o n  file  at .h e  E d iso n  A rch ives in a 

f o ld er  labe ed  E ^ m c  U g h , H .sto rie s  W riiien  by T h o m a s  A. E dison  lo r  H e n ry  F o rd . 1926 ." 
E dison  arch iv is t A. R. A bel „  u n a b le  to  id e n tify  th e  o rig in a l so u rc e  o f  th is  ite m , 

i I S|>Cr7 ;  also a  P rf>r« s io n a l . in d e p e n d e n t in v e n to r , in tro d u c e d  g u id a n c e  a n d  con-

I O . Z  T *  PS a “ ,rr ! a T  |,r io r  to  W or,d  1 HI* » p p n w c l . is s im ila r  to  E diso n 's . See
H u g h es . Sp erry, c sp . p p . 5 1 -5 3 , 6 3 -7 0 . 159-61 9Qn_cir,



F ig u re  I I . I . Associates in the Edison  
system: Francis U pton. J o h n  Kreusi, a nd  

Charles Batchelor. Courtesy o f  the Edison  
Archives, Edison N at io n a l H istoric Site, 

W est O range, N .J .

a r e  o b s e rv a b ly  w e a k  in  r e l a t io n s h ip  to  o t h e r  s y s te m  c o m p o n e n t s ,  a n d  b e ­

c a u s e ,  a s  E d is o n  h im s e l f  w ro te ,  th e  im p r o v e m e n t  o f  o n e  c o m p o n e n t  in  a 

s y s te m  will r e v e r b e r a t e  t h r o u g h o u t  th e  s y s te m  a n d  c a u s e  th e  n e e d  fo r  

im p r o v e m e n ts  in  o t h e r  c o m p o n e n t s ,  th e r e b y  e n a b l in g  th e  e n t i r e  s y s te m  to  

fu lf i l l  its  g o a l  m o r e  e f f ic ie n t ly  o r  e c o n o m ic a l ly .  I n  o t h e r  w o rd s ,  th e  s y s te m s  

a p p r o a c h  f a c i l i ta te d  th e  c o n c e p tu a l  f o r m u la t io n  o f  G e s ta l t  p a t t e r n s  a n d  th e  

v i s u a l iz a t io n  o f  th e  in c o m p le te  p a r t s  o f  th o s e  p a t t e r n s .

T h e  a v a ila b il i ty  o f  a s s is ta n ts  w ith  a  v a r ie ty  o f  k n o w le d g e  a n d  sk ills  a lso  

s t im u la te d  E d is o n  to  c h o o s e  p r o b le m s  t h a t  in v o lv e d  a  s y s te m  o f  c o m p o ­

n e n t s .  T h e r e  w e re  s u p e r b  m e c h a n ic s ,  e le c t r ic ia n s ,  c h e m is ts ,  g la s s  b lo w e rs ,  

a n d  o t h e r  s k il le d  p e r s o n s  in  th c  M e n lo  P a rk  c o m m u n i ty .  A f te r  a c q u i r in g  

f u n d i n g  fo r  h is  e le c t r ic  l ig h t in g  p r o je c t  in  th e  fa ll o f  1 8 7 8 , E d is o n  e m p lo y e d  

a d d i t io n a l  m e n  w h o s e  ta l e n t s  w e re  p a r t i c u la r ly  w ell s u i t e d  f o r  th e  p ro je c t .  

O f  s p e c ia l  i m p o r ta n c e  a m o n g  th e m  w as F r a n c is  U p to n ,  th e  m a th e m a t i c i a n  

a n d  p h y s ic is t .  O t h e r s ,  h o w e v e r ,  h a d  b e e n  a t  E d is o n ’s s id e  l o r  y e a rs .  C h a r le s  

B a tc h e lo r ,  f o r  in s ta n c e ,  w as  a n  i n g e n io u s  m a s te r  c r a f t s m a n ,  d e x t e r o u s  a n d  

s h a r p - e y e d ,  a n d  h is  w id e - r a n g in g  e x p e r im e n ta l  t e c h n iq u e s  a n d  m e c h a n ic a l  

a p t i t u d e  k e p t  h im  a t  E d i s o n ’s r ig h t  h a n d .  B a tc h e lo r  w as s o  c lo s e ly  in v o lv e d  

w ith  E d is o n  in  a ll o f  h is  w o rk  “ th a t  h is  a b s e n c e  f r o m  th e  l a b o r a to r y  is 

in v a r ia b ly  a  s ig n a l  f o r  M r . E d is o n  to  s u s p e n d  l a b o r . ’’12 J o h n  K re u s i ,  w h o  

w as  in  c h a r g e  o f  t h e  M e n lo  P a rk  m a c h in e  s h o p ,  a lso  p la y e d  a  m a jo r  ro le  

in  b u i ld in g  th e  E d is o n  s y s te m . T r a i n e d  in  S w itz e r la n d  a s  a  f in e  m e c h a n ic ,  

h e  c o u ld  d e f t ly  c o n s t r u c t  E d i s o n ’s v a r io u s  d e s ig n s  f r o m  n o t h in g  m o r e  th a n  

r o u g h  s k e tc h e s  a n d  c ry p t ic  in s t r u c t io n s .  H e ,  lik e  B a tc h e lo r ,  h a d  b e e n  w ith  

E d is o n  in  N e w a r k ,  N e w  J e r s e y ,  b e f o r e  th e  e s ta b l i s h m e n t  o f  t h e  M e n lo  P a rk  

l a b o r a to r y  (s e e  F ig . I I . I ) . 13

W h e n  th e  e le c t r ic  l ig h t in g  p r o je c t  e n t e r e d  t h e  d e v e lo p m e n t  p h a s e ,  o th e r s  

a t  M e n lo  P a r k  w o r k e d  o n  v a r io u s  c o m p o n e n t s  o f  t h e  sy s te m . D r. H e r m a n n  

C la u d iu s ,  a f o r m e r  o f f i c e r  in  th e  A u s t r i a n  T e l e g r a p h  C o r p s ,  b u il t  s im u ­

l a t io n s  o f  th e  s y s te m  w ith  b a t t e r i e s  f o r  g e n e r a t o r s ,  f in e  w ire s  fo r  th e  d is ­

t r i b u t io n  s y s te m , a n d  r e s i s to r s  f o r  th e  lo a d .  F r a n c is  J e h l  r e p o r t e d  th a t  

C la u d iu s  h a d  a t  h is  f i n g e r t ip s  K i r c h h o f f s  law s o f  c o n d u c t o r  n e tw o r k s .1'' 

T h e  n a m e s  o f  s o m e  o f  th e  o t h e r  p io n e e r s  w h o  m a d e  it p o s s ib le  fo r  E d is o n  

to  in v e n t  a n d  d e v e lo p  a n  e n t i r e  s y s te m  in c lu d e  J o h n  “ B a s ic ” L a w so n , J .  F. 

O t t ,  D . A . “ D o c "  H a id ,  W ill ia m  J .  H a m m e r ,  E d w a r d  H . J o h n s o n ,  S to c k to n  

G r i f f in ,  G e o r g e  a n d  W ill ia m  C a r m a n .  M a r t in  F o r c e ,  a n d  L u d w ig  B o e h m  

(se e  F ig . 11.2).

T h e s e  v a r ie d  ta l e n t s  w e re  s u p p o r t e d  by  a b r o a d  a r r a y  o f  e x p e n s iv e  m a ­

c h in e  to o ls ,  c h e m ic a l  a p p a r a t u s ,  l ib r a r y  r e s o u r c e s ,  s c ie n tif ic  in s t r u m e n t s ,  

a n d  e le c t r ic a l  e q u i p m e n t . 15 A m a jo r  r e a s o n  f o r  th e  e s ta b l is h m e n t  o f  th e  

E d is o n  E le c tr ic  L ig h t  C o m p a n y ,  th e  p a t e n t - h o ld in g  e n t e r p r i s e ,  in  O c to b e r  

1 8 7 8  w as  to  a c q u i r e  f u n d s  f o r  a d d i t io n a l  l a b o r a to r y  e q u ip m e n t .  T h e  s to ry

11 N ew  York H era ld , 21 D ec em b er 1879. q u o te d  in Je lil . Rem iniscences, I: 59S.
11 |e h l,  Reminiscences, I: 54.

M Ib id ..  2: 545.

'* Fo r Je lil 's  d e scrip tio n  o f  th e  scien tific  in s tru m e n ts , sec ib id ., csp . 1: 257-71). K olirrt
F ricd el. d ire c to r  o f  th e  C e n te r  fo r  th e  H is to ry  o f  E lectr ical E n g in e erin g . Institute- ol E lectrical 
a n d  E lectron ic s E n g in e ers , has fo u n d  n o  e v id ence  in th e  Edison  rec o rd  o f  E dison 's havin g  
b o rro w e d  th e  S p rc n g c l p u m p . T h e  su rv iv in g  rec o rd  su ggests  th a t th e  p u m p  was <levelo|>ed 
at M enlo  Park . R obert F ricd el, p e rso n a l c o m m un ic a tio n , I M arch  1982.
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F ig u re  11.2. Creators o f  the Edison  

system. M enlo Park. 1 879 . Back row. 
r ig h t to  Icrt: A. "Poe" H a u l (chemist); 

Francis U pton (m a them atician); Francis 
/c h i;  a n d  Charles Ilatchelor (m aster 

mechanic). T h ir d  row . th ird  fro m  rig h t: 
Thom as Edison. Courtesy o f  the Edison  

Archives. Edison N at io na l H istoric Site.

W est O range. N .J .

2 4

( p e r h a p s  a p o c r y p h a l )  o f  E d i s o n ’s b o r r o w in g  a  S p r e n g e l  p u m p  f r o m  P r in c e ­

t o n  U n iv e r s i ty  to  a c h ie v e  th e  v a c u u m  n e e d e d  in  h is  i n c a n d e s c e n t - b u lb  e x ­

p e r im e n t s  is w ell k n o w n . Il m a y  h a v e  le d  to  t h e  e r r o n e o u s  c o n c lu s io n ,  

h o w e v e r ,  t h a t  E d is o n  a n d  U p to n  d id  n o t  s u f f i c i e n t ly  a p p r e c i a t e  t h e  im ­

p o r t a n c e  o f  s c ie n t i f ic  i n s t r u m e n t s  in  e x p e r i m e n t a t i o n ,  a t  le a s t  n o t  e n o u g h  

to  in v e s t  h e a v ily  in  th e m .  It m a y  a ls o  h a v e  le d  to  t h e  e q u a l ly  fa ls e  c o n c lu s io n  

th a t  E d i s o n ’s la b o r a to r y  w as  n o t a s  w ell e q u i p p e d  a s  t h e  l a b o r a to r i e s  o f  

m a jo r  u n iv e r s i t ie s .  In  fa c t ,  t h e  M e n lo  P a rk  l a b o r a t o r y  p r o b a b ly  b u i l t  a 

v a c u u m  p u m p  o f  th e  la te s t  d e s ig n .  F u r t h e r m o r e ,  M e n lo  P a r k  h a d  g a lv a ­

n o m e te r s ,  s ta t ic  g e n e r a t o r s ,  L e y d e n  j a r s ,  in d u c t i o n  c o ils  ( in c lu d in g  a 

R i i h m k o r f f  c o il c a p a b le  o f  a 2 0 -c m . s p a r k ) ,  b a t t e r i e s ,  a n d  c o n d e n s e r s .  

W o o d e n - b o x e d  c o n d e n s e r s  " w e re  s t r e w n  e v e r y w h e r e , ” f o r  th e y ,  a lo n g  w ith  

v a r ia b le - r e s is ta n c e  b o x e s ,  w e r e  e s s e n t ia l  a p p a r a t u s  f o r  t e l e g r a p h y  e x p e r i ­

m e n t s .10 In  a d d i t io n ,  th e  la b o r a to r y  w as  e q u i p p e d  w ith  a  s t a n d a r d  o h m ,  a 

W h e a t s to n e  b r id g e ,  T h o m s o n  h ig h -  a n d  lo w - re s is ta n c e  r e f l e c t in g  g a lv a ­

n o m e te r s ,  a n  a s ta t ic  g a lv a n o m e te r ,  a n d  a  H e lm h o l tz - G a u g a in  t a n g e n t  g a l ­

v a n o m e te r .  E d i s o n ’s e x p e r i m e n t a t i o n  a ls o  le d  to  t h e  p u r c h a s e  o f  o t h e r  

i n v e n to r s ’ a n d  m a n u f a c t u r e r s ' a p p a r a t u s ,  s u c h  a s  g e n e r a t o r s ,  f o r  te s t in g  

p u r p o s e s .  T h e  E d is o n  la b o r a to r y  a t  M e n lo  P a rk  w as  p r o b a b ly  o n e  o f  th e  

b e s t  e le c t r ic a l  l a b o r a to r i e s  in  th e  w o r ld .  M o r e o v e r ,  E d is o n  a ls o  e q u i p p e d  

i l, a t  g r e a t  e x p e n s e ,  a s  a  c h e m ic a l  r e s e a r c h  l a b o r a to r y .  T h e  e x p e n s e s  a n d  

w a g e s  f o r  e q u ip m e n t  a n d  p e r s o n n e l  w e re  s u b s ta n t i a l .  E d is o n  r e p o r t e d  in 

J a n u a r y  1 8 7 9 , a b o u t  s ix  m o n th s  a f t e r  c o m m e n c in g  th e  e l e c t r i c  l ig h t in g  

p r o je c t ,  t h a t  h e  h a d  e x p e n d e d  $ ‘1 5 ,0 0 0  o n  th e  p ro je c t  a n d  th a t  o p e r a t i n g

N I ' T f W O R K S  O F  P O W E R

'*J e lil, Rem iniscences. 1: 22H-9Q  9<;7_7n
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e x p e n s e s  c o n t i n u e d  a t  t h e  r a t e  o f  a b o u t  $ 8 0 0  e a c h  w e e k . B y N o v e m b e r  

1 8 7 9  m o r e  th a n  $ 5 0 ,0 0 0  h a d  b e e n  s p e n t  o n  th e  p r o j e c t . 17

T h e r e  w as  a  f e e d b a c k  r e l a t io n s h ip  in  a ll th is .  E d is o n  a s s e m b le d  a  c o m ­

m u n i ty  o f  c r a f t s m e n  a n d  a p p l i e r s  o f  s c ie n c e  a n d  th e  to o ls  a n d  s c ie n tif ic  

in s t r u m e n t s  th e y  n e e d e d  in  o r d e r  t o  w o rk  o n  p r o b le m s  o f  a  s y s te m ic  n a t u r e ,  

a n d  t h e  p r e s e n c e  o f  th e s e  m e n  a n d  t h e i r  a p p a r a t u s  f u r t h e r  s t im u la te d  h im , 

e v e n  c o n s t r a i n e d  h im ,  to  c h o o s e  to  in v e n t  a n d  d e v e lo p  s y s te m s .  T h e  e x ­

is te n c e  o f  a  c o m m u n i ty  a t  M e n lo  P a rk  a n d  la t e r  a t  E d i s o n ’s l a r g e r  l a b o r a to r y  

a t  W e s t  O r a n g e ,  N e w  J e r s e y ,  d id ,  h o w e v e r ,  le a d  to  c o n t r o v e r s y  a b o u t  th e  

s ig n if ic a n c e  o f  E d i s o n ’s r o le  a n d  a b o u t  h is  d e p e n d e n c e  o n  h is  s ta f f .  F ra n c is  

J e h l  in s is te d  in  h is  M e m o ir s  ( p u b l i s h e d  y e a r s  la te r )  t h a t  E d is o n  w as  th e  

N a p o le o n  w ith  th e  m a s t e r  p l a n . 1" O t h e r  h i s to r i a n s  h a v e  i n t e r p r e t e d  E d i ­

s o n ’s c o n t r i b u t i o n  a n d  m e th o d  in  l ig h t  o f  J e h l ’s m e m o ir s .  A s a  r e s u l t ,  E d is o n  

e m e r g e s  a s  th e  p r o f o u n d l y  im a g in a t iv e  f o r m u l a t o r  o f  a  g r a n d  d e s ig n  th a t  

w as  f u l f i l le d  in  d e ta i l  b y  k n o w le d g e a b le  a n d  s k il le d  a s s is ta n ts .  E d is o n  e v e n  

u s e d  in s ig h ts  d r a w n  f r o m  s c ie n t i f ic  law — f o r  e x a m p le ,  O h m ’s law — to  h is  

o w n  a d v a n ta g e .  O n  th e  o t h e r  h a n d ,  J e h l ,  in  a  c o n f id e n t i a l  m e m o r a n d u m ,  

a s s ig n e d  t h e  r o le  o f  m a s te r  c o n c e p tu a l i z e r  to  F ra n c is  U p to n ,  th e  u s e r  o f  

s c ie n c e  w h o  i n v e n te d  in g e n io u s  s o lu t io n s  to  te c h n ic a l  p r o b l e m s .11'

U p to n ,  a  y o u n g  “s c h o la r  a n d  g e n t l e m a n ” w h o  w as  n i c k n a m e d  “C u l tu r e "  

b y  E d is o n ,  j o i n e d  E d i s o n ’s s t a f f  a l  M e n lo  P a r k  in  D e c e m b e r  1 8 7 8  o n  th e  

r e c o m m e n d a t i o n  o f  G r o s v e n o r  P. L o w re y ,  E d i s o n ’s c o u n s e l  a n d  b u s in e s s  

a n d  f in a n c ia l  a d v i s e r .  H e  b e c a m e  E d i s o n ’s m a th e m a t i c i a n  a n d  p h y s ic is t .  

H e  h a d  b e e n  e d u c a t e d  a t  P h i l l ip s  A n d o v e r  A c a d e m y , B o w d o in  C o lle g e ,  

P r in c e to n  U n iv e r s i ty ,  a n d  B e r l in  U n iv e r s i ty ,  w h e r e  h e  a t t e n d e d  le c tu r e s  by 

t h e  e m i n e n t  s c ie n t is t  H e r m a n n  v o n  H e lm h o l tz .  N o te s  o n  H e lm h o l tz ’s le c ­

t u r e s  o n  p h y s ic s  d u r i n g  th e  w in te r  s e m e s te r  o f  1 8 7 7  s u rv iv e  a m o n g  U p t o n ’s 

p a p e r s  a t  t h e  E d is o n  A rc h iv e s  in  W e s t  O r a n g e ,  N e w  J e r s e y .

T h e  E d is o n  w h o  e m e r g e s  in  J e h l ’s m e m o r a n d u m  is r e m a r k a b ly  d i f f e r e n t  

f r o m  t h e  E d is o n  d e p i c t e d  in  J e h l ’s R e m in isc e n c e s .20 I n  p r iv a te ,  J e h l  d e s c r ib e d  

E d is o n  a s  a  “ p u s h e r ” w h o  g a v e  h is  f in a n c ia l  b a c k e r s  c o n f id e n c e  t h a t  h e  

w o u ld  f in d  a  w ay  to  s o lv e  t h e  p r o b le m s .  J e h l  r e lu c ta n t ly  a c k n o w le d g e d  th a t  

E d is o n  w as  a  g e n iu s ,  b u t  h e  r e g a r d e d  U p to n  a s  th e  t h i n k e r  a n d  th e  c o n ­

c e p tu a l i z e r  o f  s y s te m s .  A s h e  p u t  it:

W hen  an  ab n o rm a l m an  can  fin d  such  a b n o rm a l ways an d  m ean s  to  m ake  his 
n am e  know n all o v e r  th e  w orld  w ith such  rocket-like sw if tn ess, a n d  accu m u la te  
such  w ealth  w ith  su ch  little  real kno w led g e , a m an  th a t c an n o t so lve a sim ple 
eq u a tio n , I say, such  a m an  is a g en iu s— o r  let us use th e  m o re  p o p u la r  w o rd — a 
w izard . So was B a rn u m l E dison  is a n d  alw ays was a sh rew d , w itty business m an

17 E dison  to  T h e o d o r e  Puskas. 28  J a n u a r y  1879 . in L e t te r  B ook E -3407, EA ; L ow rey  to 
E d ison , 13 N o v em b er 1879, in  fo ld e r  la bele d  “ Electr ic  L ight— G e n e ra l."  EA.

'" J e h l . Rem iniscences, I: 216 . 3 6 2 -6 3 ; 2: 8 5 2 -5 4 .

'" T h e  m e m o ra n d u m  is in th e  W illiam  H a m m e r C ollec tion , M useum  o f  A m e ric an  H isto ry . 
Sm ith so n ian  In s titu t io n , W ash in g to n , D .C. It was enclo sed  in a le tte r  fro m  F rancis  J e h l  to  F. 
R. U p to n , 22 A p ril 1913. In  a n o te  o n  th e  m e m o ra n d u m . H a m m e r  w ro te  th a t years e a rlie r  
J e h l  ha d  w ritte n  a sim ila r le tte r  to  h im  fro m  B ud a p es t. I am  in d e b ted  to  R ob ert F rie d el o f  
the  H isto ry  In s titu te  o f  th e  In s titu te  o f  E lectr ical a n d  E lectron ic  E n g in e ers  fo r  ra ilin g  my 
a tte n t io n  lo  th is  item .

,n |e h l  w ro te  his Rem iniscences years a l te r  the se  e ven ts  w hile  e m p loy ed  at th e  M enlo  Park  
la b o ra to ry  a t D ea rb o rn , M ic hig an , w hich ha d  b e en  re s to re d  by H en ry  F o rd , a frie n d  a n d  
a d m ire r  o f  E dison 's .
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w ith o u t a so u l, an  e lec tric a l a n d  m ech an ica l jo b b e r ,  w h o  w ell u n d e rs to o d  how  to  
"w h o o p  th in g s  u p ,"  w hose  o n ly  am b itio n  w as to  m ak e  m o n ey  a n d  p o se  as a so rt 
o f  fe tich  fo r  g re a t  m asses o f  p e o p le  th a t  possess on ly  a p o p u la r  n o tio n  o f  an  a r t,  
a n d  w h o  a re  alw ays re a d y  to  y ap  in  a s to n is h m e n t a t  so m e  fire -w o rk  d isp lay  th a t 

is b low n o f f  fo r  th e  b e n e f i t  o f  m a n k in d . Y ellow  jo u rn a ls  a n d  h e d g e -w rite rs  cla im  
h im  fo r  th e ir  ow n , w hile  th e  w o rk  o f  U p to n  is h id d e n  in  th e  lo re  o f  p ro g re ss iv e  

science  a n d  re s e a rc h .21

J e h l  in s is te d  in  p r i v a t e ,  a s  h e  d i d  in  h is  m e m o i r s ,  t h a t  t h e  w o r k  a t  M e n lo  

P a r k  w a s  n o t  h a p h a z a r d  e x p e r i m e n t a t i o n ,  b u t  in  c o n f i d e n c e  h e  d e c l a r e d  

t h a t  t h e  g r o u p ’s th e o r e t i c a l  in s ig h t s  c a m e  f r o m  t h e  " p r o f i c i e n t  a n d  e r u d i t i v e  

m i n d "  o f  U p t o n .  I t  w a s  U p t o n  w h o  c o a c h e d  E d is o n  a b o u t  s c ie n c e  a n d  its  

u s e s  in  s o lv in g  t e c h n ic a l  p r o b l e m s ;  it w as  U p t o n  w h o  t a u g h t  E d is o n  to  

c o m p r e h e n d  t h e  o h m ,  v o lt ,  a n d  w e b e r  ( a m p e r e )  a n d  t h e i r  r e l a t i o n  to  o n e  

a n o t h e r . 22 U p t o n ,  f o r  in s t a n c e ,  la id  d o w n  t h e  p r in c ip le s  t h a t  g o v e r n e d  th e  

p r o j e c t ’s c o m m e r c ia l  a n d  e c o n o m ic  d i s t r i b u t i o n  s y s te m  a n d  s o lv e d  t h e  e q u a ­

t i o n s  t h a t  r a t io n a l i z e d  it. H is  ta b le s ,  h is  u s e  o f  s c ie n t i f ic  u n i t s  a n d  i n s t r u ­

m e n t s ,  m a d e  p o s s ib le  t h e  d e s ig n  o f  t h e  s y s te m .

U p t o n ’s i n t e r p r e t a t i o n  o f  h is  r e l a t i o n s h i p  w ith  E d is o n  w a s  f a r  m o r e  a p ­

p r e c ia t iv e  o f  E d i s o n ’s r o le .  I n  a  m e m o r a n d u m  o n  t h e  E d is o n  m e t h o d ,  

U p t o n  p o r t r a y e d  E d is o n  a s  t h e  d i r e c t o r  o f  a  r e s e a r c h  a n d  d e v e l o p m e n t  

la b o r a to r y .23 H e  s tr e s s e d  E d is o n ’s p o w e r  o f  c o n c e n t r a t io n  a n d  s in g le - m in d e d  

p u r s u i t  o f  a n  o b je c t iv e .  W h a te v e r  lay  a l  h a n d  w a s  s e iz e d  u p o n  a n d  m o ld e d  

to  h is  p u r p o s e ;  o c c a s io n a l ly ,  q u i t e  e x p e n s iv e  a p p a r a t u s  w a s  r u i n e d  b e c a u s e  

i t w a s  a v a i la b le  a n d  c o u ld  b e  m a d e  to  s e r v e  a n  im m e d i a t e  p u r p o s e .  T h e  

e x p e n s e  m a t t e r e d  l i t t le  to  E d is o n  d u r i n g  t h e  h e a t  o f  t h e  q u e s t .  H is  p o w e r  

o f  c o n c e n t r a t i o n  a ls o  s h o w e d  i t s e l f  in  h is  a b i l i ty  to  fo llo w  a  s in g le  l in e  o f  

t h o u g h t  a s  h e  r e a d  t h r o u g h  p a g e s  o f  d e n s e ly  p a c k e d  i n f o r m a t i o n .  E d is o n  

a ls o  im p r e s s e d  U p t o n  w ith  h is  t a l e n t  f o r  a s k in g  o r ig in a l  q u e s t io n s .  “ I c a n  

a n s w e r  q u e s t i o n s  v e ry  e a s i ly  a f t e r  th e y  a r e  a s k e d ."  U p t o n  l a m e n t e d ,  “ b u t  

f in d  g r e a t  t r o u b l e  in  f r a m i n g  a n y  lo  a n s w e r . ” E d i s o n  p o s e d  q u e s t i o n s  t h a t  

c o u ld  b e  t r a n s l a t e d  in to  h y p o th e s e s ,  w h ic h  in  t u r n  e s t a b l i s h e d  t h e  s t r a t e g y  

a n d  ta c t ic s  o f  e x p e r i m e n t a t i o n .  H is  q u e s t io n s  w e r e  o f t e n  d r a w n  f r o m  h is  

d o u b t s  a b o u t  a c c e p te d  e x p l a n a t i o n s  a n d  p r o c e d u r e s .  A c c o r d in g  to  U p to n ,  

E d is o n  n e v e r  t o o k  a n y t h i n g  Tor g r a n t e d ;  h e  a lw a y s  d o u b t e d  w h a t  o t h e r s  

t h o u g h t  p o s s ib le .  S o m e t im e s  th e  r e s u l t  w as  t h a t  h e  f o u n d  a  n e w  w a y . T h e  

q u e s t io n s  s o m e t im e s  f lo w e d  f r o m  E d is o n  a s  i f  h e  h a d  n o  c o n t r o l  o v e r  h is  

t h o u g h t s  b u t  w a s  in tu i t iv e ly  p e n e t r a t i n g  to  th e  e s s e n c e  o f  a  c o m p le x  a n d  

c o n f u s i n g  s i tu a t io n .  W h ile  w a i l in g  f o r  t h e  l e a d in g  q u e s t io n s  to  f o r m  in  h is  

m in d  o r  t h e  r i g h t  e x p e r i m e n t  to  p r e s e n t  i ts e lf ,  E d is o n  o f t e n  p a s s e d  th e  

t im e ,  U p t o n  o b s e r v e d ,  b y  id ly  d o i n g  e x p e r i m e n t s  in  th e  g e n e r a l  a r e a  o f  h is  

c o n c e r n ,  w h ic h  k e p t  h is  a t t e n t i o n  fo c u s e d  o n  t h e  g e n e r a l  p r o b l e m .  I f  s u c h  

e f f o r t s  p r o v e d  f r u i t l e s s ,  h e  w o u ld  s h i f t  to  a n o t h e r  s u b je c t  a r e a  a n d  w o rk  

o n  a n o t h e r  p r o je c t  f o r  a  t im e .

U p t o n  w as  w ell v e r s e d  in  c a lc u lu s ,  a n d  E d is o n  w a s  n o t o r i o u s  f o r  h is  

w e a k n e s s  in  m a th e m a t ic s ,  b u t  t h e  w ay  in  w h ic h  E d is o n  g r a s p e d  t h e  e s s e n c e  

o f  q u a n t i f i a b l e  r e l a t io n s h ip s  im p r e s s e d  U p to n .  U p t o n 's  ta s k  w a s  to  r e d u c e

”  M e m o ra n d u m  in  J e h l  lo  U p to n , 22  A p ril 1913. p p . 10 - 1 1. H a m m e r  C o llec tio n .
Ib id .. p . 4.

”  F o ld e r  la be le d  " B io g rap h ica l— U p to n . F ra n c is ."  ite m  E -628 5 -11 . EA.
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E d is o n ’s n o l io n s  to  e q u a t io n s .  E d is o n 's  a b ility  to  f in d  m e t a p h o r s  th a t  a l ­

lo w e d  h im  to  d r a w  o n  w h a t h e  k n e w  a n d  im |> o se  o r d e r  o n  w h a t h e  d id  n o t 

k n o w  a ls o  w as  a K ilt.  U p to n  a d m i r e d  th e  w ay  in  w h ic h  E d is o n  f o r m u la te d  

g e n e r a l  o b je c tiv e s ,  o r  s o lu t io n s ,  a n d  th e n  w o rk e d  in g e n io u s ly  to w a r d  th e  

e n d  in  v iew .

F u r t h e r  r e s e a r c h  w ill n o t  u l t im a te ly  re s o lv e  th e  c o m p le x i ty  a n d  c o n t r a ­

d ic t io n s  in  t h e  s u r v iv in g  te s t im o n y  o f  a c tiv e , a m b i t io u s  m e n  lik e  E d is o n  a n d  

h is  l i e u t e n a n t s .T h e  r e l a t io n s h ip s  w e re  a s  m u l t i f a c e te d  a n d  in v o lu te d  as 

J e h l 's  a n a lo g y  o f  N a p o l e o n - a n d - s t a f f  s u g g e s ts .  P io n e e r s  lik e  U p to n  e n ­

h a n c e d  th e  E d is o n  le g e n d ;  a few  o th e r s ,  lik e  J e h l ,  in  p r iv a te ,  c a s t d o u b ts .  

A m o n g  th o s e  w h o  r a is e d  q u e s t io n s  o p e n ly  w e re  N ik o la  T e s la ,  th e  in v e n to i  

o f a  p o ly p h a s e  p o w e r  s y s te m ;  W . K. L. D ic k s o n , th e  in v e n to r  o l m o t io n  

p ic tu r e  a p p a r a t u s ;  a n d  F r a n k  J .  S p r a g u e ,  a p io n e e r  in  e le c t r ic  t r a c t io n .- ’1 

T h e ir ,  o r  t h e i r  a d v o c a te s ',  c r i t ic is m s  g e n e r a l ly  fo c u s  o n  th e  a l le g e d  fa i lu r e  

o f  E d is o n ,  o r  h is to r y ,  to  a s c r ib e  c r e d i t  d u e  th e m  fo r  w o r k  d o n e ,  o r  i n v e n ­

t io n s  m a d e ,  w h ile  th e y  w e re  e m p lo y e d  by  E d is o n ,  l a b o r a t o r y  n o te b o o k s  

a n d  o t h e r  r e c o r d s  d o  s u g g e s t  th a t  h e  w as  o f t e n  s t im u la te d  by  th e  id e a s  a n d  

a c h ie v e m e n ts  o f  o t h e r s ,  in s id e  th e  la b o r a to r y  a n d  o u t .  H e  d r e w  o n  th e  id e a s  

o f  o t h e r s  by  m e a n s  o f  l i t e r a t u r e  a n d  p a te n t  s e a r c h e s .  It is a ls o  t r u e  th a t  

E d is o n  s e ld o m  s in g le d  o u t  a s s is ta n ts  to  a t t r i b u t e  to  th e m  p a r t i c u l a r  in v e n t iv e  

id e a s ,  b u t  h e  o f t e n  a c k n o w le d g e d  t h e i r  g e n e r a l  a s s is ta n c e  in  n e w s p a p e r  

in te rv ie w s  a n d  h e  g a v e  th e m  r e s p o n s ib le  p o s i t io n s  in  h is  m a n u f a c t u r i n g  

e n te r p r i s e s .

T h e  t a n g le d  c o n n e c t io n s  a n d  c o n t r a d ic to r y  e v id e n c e  c a n  h e  c la r i f ie d  

s o m e w h a t ,  h o w e v e r ,  i f  w e  v iew  th e  E d is o n  g r o u p  a s  a n  o rg a n ic  c o m m u n i ty  

w h o s e  m e m b e r s  w e r e  fu n c t io n a l ly ,  o r  s y s te m a tic a lly ,  r e l a t e d .  E d is o n 's  role- 

h a d  lo  b e  p la y e d ,  a s  d id  K r e u s i ’s, B a tc h e lo r ’s, a n d  U p to n 's .  J e h l  m ig h t  h a v e  

b e e n  c o v e r t ly  j e a l o u s  o f  th e  p u b l ic i ty  g iv e n  E d is o n ,  e v e n  o f  h is  s ta tu re -  as 

a  h e r o ,  b u t  th e  m y th  h e lp e d  a t t r a c t  f in a n c ie r s  w h o  w o u ld  n e v e r  h a v e  s u p ­

p o r t e d  J e h l  o r  e v e n  J e h l ’s h e r o  U p to n .  N o  d o u b t  E d is o n ’s im m e n s e  p r e s t ig e  

a ls o  in f lu e n c e d  th o s e  w h o  w e re  in v o lv e d  in  p a te n t  l i t ig a tio n .  A n d  it is 

d o u b t f u l  t h a t  t h e  o t h e r s  c o u ld  h a v e  p r o v id e d  th e  v e rv e  a n d  in te lle c  tu a l  

s ty le  t h a t  g a v e  E d is o n  th e  p o w e r  to  in s p i r e  m o s t o f  th e  M e n lo  I’a r k  c o m ­

m u n i ty  to  w o rk  lo n g  h o u r s  a t f e v e r  p i tc h .  It is u n d e r s ta n d a b le ,  h o w e v e r ,  

t h a t  p e r s o n s  f u n c t io n in g  e f f e c t iv e ly  in  a  c o m m u n i ty  w o u ld  at t im e s  re je c t 

t h e  e g o - c o n s t r a in in g  r o le  t h e  c o m m u n i ty  a s k e d  th e m  to  p lay .

T h e  c o n t r o v e r s y  o v e r  E d is o n 's  r o le  is c la r i f ie d  s o m e w h a t  w h e n  a t t e n t io n  

is d i r e c t e d  to  t h e  s y s te m s  a p p r o a c h  in f o r m a l ly  u s e d  in  h is  la b o r a to r y .  A s 

e n t r e p r e n e u r  a n d  m a n a g e r  o f  r e s e a r c h  a n d  d e v e lo p m e n t .  E d is o n  w as r e ­

s p o n s ib le  f o r  t h e  o u t p u t  o f  h is  r e s e a r c h - a n d - d e v e lo p m e n t  c o m m u n i ty .  E v a l ­

u a t in g  h im  s im p ly  a s  a n  i n d e p e n d e n t  in v e n to r  is in a p p r o p r i a t e .  T h e  q u e s ­

t io n  s h o u ld  n o t  b e  D id  E d is o n  in v e n t?  b u t  r a t h e r  H o w  d id  h e  p r e s id e  o v e r  

i n v e n t iv e  a c tiv ity ?  B io g r a p h e r s  h a v e  b e e n  le d  a s t r a y  by f o c u s in g  o n  E d is o n 's  

p a te n t s  a n d  t h e i r  p r io r i ty .  In  t r u t h ,  a s s ig n in g  p a te n t s  to  E d is o n  w as p r o b ­

a b ly  in  m a n y  in s ta n c e s  p a r t ia l ly  a ta c t ic a l  d e v ic e  u s e d  to  ta k e  a d v a n ta g e  o l 

h is  f a m e  a n d  p r e s t ig e  to  im p r e s s  p o te n t ia l  f in a n c ia l  bac k e rs  a n d  e v e n  ju d g e s

G o rd o n  H en d ric k s, T h r  Edison  M otion F ic tu rr M yth  (l)crk eley : U niv ers ity  <il ( .a lilo i 111.1 
Press, 1961); l la r r ic l  S p ra g u e , Frank J .  Spr ag ur  a n d  thr Edison M yth  (N ew  Y ork: W illiam  
F rederick  Press. 19471.
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F ig u re  11.3. E d uo n's laboratory, A lm /o  
P ar k , the w inter  o f  I / i8 0 /ft  I . From  InsuU .

Public  U tili ties, fa r in g  p. 4 0 .

in  p a t e n t  l i t ig a t io n .  B e c a u s e  m a n y  o f  h is  i n v e n t io n s  w e r e  u n d o u b t e d l y  th e  

r e s u l t  o f  c o l le c t iv e  e n d e a v o r s ,  it  w o u ld  h a v e  b e e n  f a i r  to  a s s ig n  t h e  p a te n t s  

to  s e v e r a l  p e r s o n s  in  t h e  l a b o r a t o r y  i n c l u d i n g  E d is o n .  T h i s ,  h o w e v e r ,  is a n  

is s u e  s e p a r a t e  f r o m  t h e  q u e s t i o n  o f  t h e  r o le  h e  p la y e d  a s  a  m a n a g e r  a n d  

e n t r e p r e n e u r  o f  i n v e n t i o n  a n d  d e v e l o p m e n t .  It is i n t e r e s t i n g  to  n o t e  in  th is  

r e g a r d  t h a t  t h e  A m e r ic a n  in v e n t o r  E li W h i tn e y  h a s  r e c e n t ly  b e e n  d e s c r ib e d  

a s  a  m a n a g e r  a n d  e n t r e p r e n e u r . 25

T h e  s y s te m s  E d i s o n  c h o s e  w e r e  n o t  s im p ly  t e c h n ic a l  o n e s ;  th e y  in v o lv e d  

e c o n o m ic s  a s  w e ll.  F o r  e x a m p l e ,  f r o m  t h e  s t a r t  o f  h is  s u s t a i n e d  c o n c e n t r a ­

t i o n  o n  t h e  e l e c t r i c  l ig h t i n g  p r o je c t  in  t h e  fa l l  o f  1 8 7 8 , E d i s o n  a n d  h is  

l a b o r a t o r y  a s s i s t a n t s  a n a ly z e d  t h e  c o s ts  o f  g e n e r a t i n g  a n d  d i s t r i b u t i n g  e le c ­

t r ic i ty .  V a r io u s  n o t e b o o k  e n t r i e s ,  t h o u g h  th e y  d o  n o t  p r o v i d e  a  c h r o n o lo g y  

a n d  c o m p l e t e  r e c o r d  o f  E d i s o n 's  i n v e n t iv e  id e a s  a n d  d e v e l o p m e n t  a c tiv i t ie s ,  

s h o w  t h e  fo c u s  o f  h is  t h o u g h t s  o n ,  f o r  in s ta n c e ,  t h e  c o s t  o f  o p e r a t i n g  th e  

G r a m m e  a n d  W a l la c e  a r c - l ig h t  g e n e r a t o r s  t h a t  w e r e  a c q u i r e d  f o r  le s t  p u r ­

p o s e s .2" F r o m  t h e  a v a i la b le  l i t e r a t u r e ,  E d i s o n  a n d  h is  a s s i s t a n t s  a ls o  a s c e r ­

t a i n e d  t h e  c o s t  o f  o p e r a t i n g  a  J a b lo c h k o lT  a r c - l i g h t i n g  s y s te m ,  t h e  in v e n t io n  

t h a t  h a d  c r e a t e d  s o  m u c h  e x c i t e m e n t  d u r i n g  its  d i s p la y  in  P a r is  a n d  o t h e r  

E u r o p e a n  c it ie s .  O t h e r  i te m s  in  t h e  n o t e b o o k s  lo t  t h e  e a r ly  m o n t h s  o f  th e  

p r o j e c t  a ls o  r e v e a l  E d i s o n ’s c o n c e r n  a b o u t  t h e  c o s t  o f  c o p p e r  n e e d e d  fo r

'■'"Sce M e rr ill  R. S m ith . H arpers  F erry A rm ory  a n d  the N e w  Te chno log y  ( lllia c a , N .Y .: C o rn e ll 

U n iv e rsity  P ress. 1977); a n ti, e sp ec ially , id e m , "Eli W h itn e y  a n d  th e  A m e ric a n  Sy s tem  o f  

M a n u fa c tu rin g ,"  in  Technolog y  in  A m erica , ccl. C a r ro ll W . P u rse ll, J r .  (C a m b rid g e , M ass.: M .I .T . 
P ress . I9 H I), p p . 4 5 - 6 1 .

■"'M enlo  P a rk  N o te b o o k  110. (i (4 D ec e m b e r  1878-31) J a n u a r y  1879). p p . 2 2 - 3 0 . E d iso n 's  
la b o ra to ry  n o te b o o k s  a rc  p a rt o f  th e  E d ison  A rc h iv e s o n  file  a l th e  E d ison  N a tio n a l H is to ric  

S ite . W est O ra n g e , N .J . H e r e a f te r ,  if  o n ly  o n e  d a te  is g ive n  Tor a n o te b o o k , it is Tor th e  first 
d a te d  e n try  in  th e  tin ie lto o k ; i f  tw o d a te s  a re  g ive n , th e  se c o n d  is fo r  th e  last d a te d  e n try .
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d i s t r ib u t io n  a n d  g e n e r a t o r  w ir in g .27 O n  8  S e p te m b e r  1 8 7 8  E d is o n  v is ite d  

th e  A n s o n ia .  C o n n e c t i c u t ,  p la n t  o f  W illia m  W a lla c e , th e  b r a s s  m a n u l a r -  

t u r e r ,  to  s e e  h is  a r c - l ig h t  d y n a m o .  W h ile  th e r e .  E d is o n  m a d e  r o u g h  c a l ­

c u la t io n s .  in c lu d in g  fu e l  c o s ts  a n d  t r a n s m is s io n  lo sse s .26 l i e  a lso  d e c id e d  

in  th e  e a r ly  d a y s  t h a t  a s u c c e s s fu l  l ig h t in g  s y s te m  w o u ld  b e  o n e  th a t  p r o ­

d u c e d  lig h t  a t  a  p r ic e  lo w e r  th a n  th e  co st o f  g a s .2” S p u r r e d  bv h is  v is io n  

o f  a n  e le c t r ic  l ig h t in g  s y s te m  th a t  w o u ld  b e  a n a lo g o u s  to  e x is t in g  g a s lig h t 

s y s te m s ,  h e  b e g a n — in  1 8 7 8 , a c c o r d in g  to  h is  o w n  re c o l le c t io n s — c o lle c tin g

e v e r y  k in d  o f  d a t a  a b o u t  g a s ;  b o u g h t  a ll th e  t r a n s a c t io n s  o f  th e  g a s  e n g i n e e r ­

in g  s o c ie t ie s ,  e tc . ,  a ll t h e  b a c k  v o lu m e s  o f  g a s  jo u r n a l s .  H a v in g  o b t a in e d  a ll th e  

d a ta  a n d  in v e s t ig a te d  g a s - je t  d i s t r i b u t i o n  in  N e w  Y o rk  b y  a c tu a l  o b s e r v a t io n s .  I 

m a d e  u p  m y  m in d  th a t  th e  p r o b l e m  o f  t h e  s u b d iv i s io n  o f  th e  e le c tr ic  c u r r e n t  

c o u ld  b e  so lv e d  a n d  m a d e  c o m m e r c ia l .

E d is o n  c o u ld  n o t  r e d u c e  g e n e r a l  s t a t e m e n t s  a b o u t  th e  c o m p a r a t iv e  co s ts  

o f  g a s  l ig h t in g  a n d  e le c t r ic  l ig h t in g  to  q u a n t i t a t iv e ly  m o r e  p r e c is e  o n e s  u n ti l  

h e  h a d  d e v e lo p e d  s o m e  o f  h is  i n v e n t io n s  a n d  m a d e  a d e ta i l e d  a n a ly s is  o( 

th e  co s t o f  g a s  l ig h t in g  a s  s u p p l i e d  in  a p a r t i c u l a r  lo c a lity . F ro m  th e  s ta r t ,  

h e  c le a r ly  r e a l iz e d ,  h o w e v e r ,  t h a t  h is  s y s te m  w o u ld  h a v e  to  b e  e c o n o m ic a lly  

c o m p e t i t iv e ,  a n d  t h u s  h e  c o n c e iv e d  o f  th e  p r o b le m  to  b e  s o lv e d  by  in v e n t io n  

a s  in s e p a r a b ly  te c h n ic a l  a n d  e c o n o m ic .  H e  d id  n o t se t  o u t  to  in v e n t a l ig h t in g  

s y s te m  th e  c o s t  o f  w h ic h  w o u ld  n o t  b e  c o n s id e r e d  u n t i l  it w as  b u il t .  A s a n  

e c o n o m ic  h i s to r i a n  la t e r  o b s e r v e d ,  “ F ro m  th e  e c o n o m is t ’s v ie w p o in t ,  th e  

m o s t  s ig n if ic a n t  a s p e c t  o f  E d i s o n ’s a c tiv i t ie s  in  e le c t r ic  l ig h t in g  w as h is 

c o n c e r n  a t  e v e r y  s t e p  w ith  e c o n o m ic  f a c to r s .”31 I t  w o u ld  p e r h a p s  b e  m o re  

c o r r e c t  to  say  th a t  h e  d e f i n e d  p r o b le m s  a s  e c o n o te c h n ic a l .

B e c a u s e  t e c h n o lo g ic a l  c h a n g e  in v o lv e d  e c o n o m ic ,  le g a l,  a n d  le g is la tiv e  

f a c to r s  a s  w ell a s  t e c h n ic a l  a n d  s c ie n t i f ic  o n e s ,  E d is o n  n e e d e d  a G r o s v e n o r  

L o w re y  to  h e lp  h im  f u lf i l l  h is  o b je c tiv e s  a s  a n  in v e n t o r - e n i r e p r e n e u r .  L ow - 

re y  g u i d e d  E d is o n  in  m a i l e r s  in v o lv in g  W a ll S t r e e t ,  N e w  Y o rk  C ity  p o l i ­

t ic ia n s ,  a n d  p a t e n t  a p p l i c a t io n s .  E d is o n ,  h o w e v e r ,  d id  n o t s te p  b a c k , im ­

m e rs e  h im s e l f  in  te c h n o lo g ic a l  a n d  sc ien tif ic  p ro b le m s ,  a n d  le av e  th e  “po litics"  

to  L o w re y ; th e  s u r v iv in g  c o r r e s p o n d e n c e  s h o w s  th a t  E d is o n  p la y e d  a p r o m ­

in e n t  r o le  in  th e  f in a n c ia l  a n d  p o li t ic a l  s c e n a r io s  c o n c e r n in g  h is  in v e n t io n s .

B o r n  in  M a s s a c h u s e t ts ,  L o w re y  to o k  u p  th e  p ra c t ic e  o f  law  in  N ew  Y o rk

17 See M enlo  P a rk  N o te bo ok  no. I (28 N o vem b er 1878-24  J u ly  187!)). section  on  wire 
c a lc u la tio ns; a n d  N o tebo ok  n o . 12 (20 D ecem ber 1878). pp . 1 74-75 . 232-3.3 . O n  th e  cost ol 
o p e ra tin g  Ja b lo c h k o ff  c and le s, see N o teb oo k  no. 6. p. 57.

*" C h r is to p h e r  S. D erg an c , " T h o m a s  Edison  a n d  H is Electr ic  L ighting  S ystem ."  IE E E  Spec 
(rum .  F e b ru ary  1979, p. 50.

H a ro ld  C. Passer. Th e  Electrical M anufa cturers.  1 8 7 5 -1 9 0 0  (C a m bridg e . Mass.: H arv ard
U n iv ersity  Press, 1953), p. 83.

’" T e s tim o n y  o f  E dison  q u o te d  in T h o m a s  C. M artin , Forty Years oj Edison Service. 1 8 8 2 -

19 2 2  (N ew  Y ork: N ew  Y ork  E dison  C o.. 1922), p. 9. C o n tra ry  lo  E dison 's c laim  th a t h r
u n d e rto o k  in v estiga tio n  o f  th e  g a sligh t in d u s try  in 1878, no te lio nk  rec o rd s  a n d  o th e r  o rig in a l 
so u rces show  tha t no  syste m atic  re se a rc h  alrou l th e  in d u s try  was d o n e  un til th e  e n d  o f  1879 
an d  d u r in g  1880, w hen  E dison  was p la n n in g  his first c e n tra l s ta tion  in New  Y ork  City. I am
in d e b te d  lo  Paul Israel o f  th e  T h o m a s  Edison  P a p e rs  Project at R u tg ers  U niv ers ity  lo r  th is
in fo rm atio n . Israel is in ve stig a tin g  E dison 's m e th o d  in th e  M enlo  Park  p e rio d  Paul It. Israel, 
p e rso n a l c o m m u n ic a tio n , 16 F e b ru ary  1982.

”  P asser. Electrical M an ufactur ers , p. 83.
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C ity  a n d  ro s e  to  p r o m i n e n c e  t h e r e .  H e  a c te d  a s  c o u n s e l  to  t h e  U .S . E x p re s s  

C o m p a n y ,  W e lls  F a r g o  8c C o m p a n y ,  a n d  t h e  B a l t im o r e  8c O h io  R a i l ro a d .  

H e  w as  a ls o  le g a l  a d v i s e r  to  t h e  f in a n c ia l  e n t r e p r e n e u r  H e n r y  V i l la r d ,  w h o  

b e c a m e  c lo se ly  a s s o c ia te d  w ith  E d is o n .  I n  1 8 6 6  L o w re y  b e c a m e  g e n e r a l  

c o u n s e l  Tor th e  W e s te r n  U n io n  T e l e g r a p h  C o m p a n y ,  a  p o s i t io n  w h ic h  

b r o u g h t  E d is o n  a n d  L o w re y  t o g e t h e r  in  c o n n e c t io n  w ith  t e l e g r a p h  p a t e n t  

l i t ig a t io n .  L o w re y  w a s  o n e  o f  th o s e  w h o  p e r s u a d e d  E d is o n  to  t u r n  to  e le c t r ic  

l ig h t in g .32 H a v in g  o b s e r v e d  th e  s e n s a t io n a l  p u b l ic i ty  g iv e n  to  th e  i n t r o ­

d u c t io n  o f  th e  J a b l o c h k o f f  a r c  l ig h t  in  P a r is  in  1 8 7 8 , L o w re y  u r g e d  E d is o n  

to  e n t e r  th e  f ie ld  a n d  o f f e r e d  to  r a is e  t h e  m o n e y  E d is o n  n e e d e d  to  e x p a n d  

M e n lo  P a rk .  N o t  o n ly  d id  h e  a d v is e  E d is o n ,  h e  o f t e n  e n c o u r a g e d  th e  in ­

v e n to r .  L o w re y  p r o m i s e d  in  1 8 7 8  t h a t  t h e  i n c o m e  f r o m  e le c t r i c - l ig h t in g  

p a te n t s  w o u ld  b e  e n o u g h  to  fu lf i l l  o n e  o f  E d i s o n ’s d r e a m s :  it w o u ld  “ s e t  

[ h im ]  u p  f o r e v e r  . . . [ a n d ]  e n a b le  [h im ]  . . .  to  b u i ld  a n d  fo r m a l ly  e n d o w  

a  w o r k in g  la b o r a to r y  s u c h  a s  t h e  w o r ld  n e e d s  a n d  h a s  n e v e r  s e e n . ”33 (A t 

t h a t  t im e ,  t h e  o n ly  b u i ld in g s  in  t h e  M e n lo  P a r k  c o m p le x  w e r e  t h e  la b o r a to r y  

b u i ld in g ,  t h e  c a r p e n t r y  s h o p ,  a n d  t h e  c a r b o n  s h e d ;  s till  t o  c o m e  w e re  a 

m a c h in e  s h o p ,  l ib r a r y ,  a n d  o f f ic e  b u i ld in g s . )  S h o r t ly  a f t e r w a r d ,  E d is o n  g a v e  

L o w re y  a  f r e e  h a n d  in  n e g o t i a t in g  t h e  s a le  o f  f o r t h c o m i n g  e le c t r i c - l ig h t in g  

p a t e n t s  a n d  e s ta b l i s h in g  b u s in e s s  a s s o c ia t io n s  a n d  e n t e r p r i s e s  a t  h o m e  a n d  

a b r o a d :  “ G o  a h e a d ,  I s h a ll  a g r e e  to  n o t h i n g ,  p r o m i s e  n o t h i n g  a n d  say  

n o t h i n g  to  a n y  p e r s o n  le a v in g  th e  w h o le  m a t t e r  to  y o u .  A ll I w a n t  a t  p r e s e n t  

is to  b e  p r o v i d e d  w ith  f u n d s  to  p u s h  t h e  l ig h t  r a p i d l y ." 34

L o w r e y  h a d  c lo s e  c o n ta c t s  w ith  t h e  N e w  Y o rk  f in a n c ia l  a n d  p o li t ic a l  

w o r ld .  H is  law  o f f ic e s  w e r e  o n  th e  t h i r d  f lo o r  o f  t h e  D r e x e l  B u i ld in g —  

D r e x e l ,  M o r g a n  a n d  C o m p a n y  o c c u p ie d  t h e  f i r s t  f lo o r .  W o r k in g  c lo se ly  

w ith  h is  lo n g - t im e  f r i e n d  E g is to  P. F a b b r i ,  “a n  I t a l i a n  f in a n c ia l  g e n iu s ”35 

a n d  p a r t n e r  o f  J .  P i e r p o n t  M o r g a n ’s, h e  o b t a i n e d  t h e  f u n d s  f o r  E d is o n  

f r o m  t h e  V a n d e r b i l t s  a n d  D re x e l ,  M o r g a n  a n d  C o m p a n y .  H is  sk ill a n d  

e f f e c t iv e n e s s  in  d e a l in g  w ith  p o l i t ic ia n s  a n d  p o l i t ic a l  p r o b l e m s  is  c o n v e y e d  

b y  t h e  fo l lo w in g  e p i s o d e .  I n  D e c e m b e r  1 8 8 0  L o w r e y  a r r a n g e d  a  lo b b y in g  

e x t r a v a g a n z a .  T h e  o b je c t iv e  w as  to  o b ta in  a  f r a n c h i s e  a l lo w in g  t h e  E d is o n  

I l lu m i n a t i n g  C o m p a n y  to  lay  th e  d i s t r i b u t i o n  s y s te m  f o r  t h e  f i r s t  c o m m e r ­

c ia l E d is o n  l ig h t in g  s y s te m  in  N e w  Y o rk  C ity . B e h in d  t h e  o p p o s i t io n  o f  

s o m e  N e w  Y o rk  C ity  a l d e r m e n  lay  g a s l ig h t  i n t e r e s t s  a n d  l a m p l ig h te r s  w h o  

m ig h t  b e  t h r o w n  o u t  o f  w o rk  by  th e  n e w  in c a n d e s c e n t  l ig h t .  A  s p e c ia l  t r a in  

b r o u g h t  th e  m a y o r  a n d  a l d e r m e n  to  M e n lo  P a rk .  A r r i v i n g  a t  d u s k ,  th e y  

saw  t h e  l in y  la m p s  g lo w in g  in s id e  a n d  o u t s i d e  t h e  l a b o r a to r y  b u i ld in g s .  

A f t e r  a  l o u r  a n d  d e m o n s t r a t i o n  b y  E d is o n  a n d  h is  s t a f f ,  s o m e o n e  p o in te d ly  

c o m p la in e d  o f  b e in g  th i r s ty ,  w h ic h  w as  a s ig n a l  f o r  t h e  g r o u p  to  b e  le d  u p  

to  a d a r k e n e d  s e c o n d  l lo o r  o l  th e  la b o r a to r y .  L ig h ts  s u d d e n l y  w e n t  o n  to  

d is c lo s e  a  la v ish  ‘s p r e a d  ( r u m  t h e  f a m o u s  D e lm o n ic o 's .  A f t e r  d i n n e r ,  L o w - 

r c y  p r e s e n t e d  E d is o n  a n d  E d is o n 's  c a s e ,  a n d  in  d u e  t im e  t h e  f r a n c h i s e  w as

ta y so n  Jo n e s . A Power H istory o f  the Consa lu iatrd E d iu m  System , 1 8 7 8 - 1 9 0 0  (N ew  Y ork : 
C o n so lid a ted  E d iso n  C o .. 1940), p. 27 ; o n  L ow rey . sec p. 101 

15 Low rey  to  E d ison . 10 O c to b e r . 1878 , EA.
M E dison  lo  Low rey , 2 O rlo b c r , 1878. EA.

”  Lew is C o re y , The  H ouse  o f  M or ga n  (N ew  Y ork . O i l .  W all, 1980). p. 23. q u o le d  in J o n e s . 
H istory o f  the ( .o m ol id n te d Ediso n System , p. |fi2 .
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F ig ur e  11.4. System diag ram s: G enerators 

in series, lam ps in  parallel, a n d  three-wire 
distribution. P aten t no. 2 7 4 , 2 9 0  <20 

M arch 18 82 ). Three-wire dis tribution was 
not introdu ced  u n ti l 1 8 8 ) .

g ra in e d .- '" 1 T h e  f r a n c h i s e  w a s  a s  n e c e s s a ry  l o r  c o m m e r c ia l  su c c e s s  as a w ell- 

w o r k in g  d y n a m o .

T u r n i n g  lo  ( l ie  s im p le  c h ro n o lo g ic a l  h is to ry  o f  th e  in v e n t io n  a n d  d e v e l ­

o p m e n t  o f  E d is o n 's  e le c t r ic  l ig h t in g  s y s te m  w ill s e r v e  a s  a  r e m i n d e r  th a t  

e v e n  t h o u g h  E d i s o n ’s c o n c e p t s  w e re  h o lis t ic  a n d  h is  a p p r o a c h  w as e s s e n ­

t ia lly  s y s te m a t ic ,  h is  d a y - to - d a y  a c tiv it ie s  w e re  a n a lo g o u s  to  th e  h u n t i n g  a n d  

b a c k t r a c k in g  o f  a  g o a l - s e e k in g  o r g a n i s m  th a t  d o e s  n o t k n o w  p re c is e ly  h o w  

lo  p r o c e e d .  E d is o n  h a d  t a k e n  t im e  o f f  f r o m  s o m e  o f  h is  o t h e r  p ro je c ts  to  

e x p e r i m e n t  w ith  in c a n d e s c e n t  la m p s  b e f o r e  th e  fa ll o f  1 8 7 8 , b u t  it w as n o t 

u n t i l  1 8 7 8  th a t  h e  e n v is a g e d  h is  g o a l  a n d  o r g a n iz e d  th e  e l e c t r ic - l ig h t in g  

p r o je c t .  T o  s u g g e s t  th a t  E d is o n 's  a p p r o a c h  to  th e  in v e n t io n  o f  e le c tr ic  

l ig h t in g  w as  s y s te m a t ic  d o e s  n o t im p ly ,  h o w e v e r ,  th a t  f r o m  th e  s ta r t  o l th e  

p r o je c t  h e  c o n c e iv e d  o f  th e  s y s te m  in  all o l  its  p r e c is e  te c h n ic a l  a n d  ei o n o m ii  

r e l a t io n s h ip s  a n d  q u a n t i t a t iv e  c h a r a c te r is t ic s .  W h a t is c le a r  is th a t  h e  i n ­

t e n d e d  f r o m  th e  s t a r t  o f  t h e  p ro je c t  to  in v e n t  n o t  o n ly  a n  in c a n d e s c e n t  

la m p  b u t  a ls o  r e l a t e d  c o m p o n e n t s ,  s u c h  a s  a d i s t r ib u t io n  n e tw o r k .

T h e  c o m p o n e n t s  o f  th e  s y s te m  a b o u t  w h ic h  E d is o n  f irs t h a d  in v e n t iv e  

id e a s  in  1 8 7 8  m a y  h a v e  b e e n  th e  d i s t r ib u t io n  n e tw o r k  a n d  th e  in c a n d e s c e n t  

la m p .  T h e s e  id e a s ,  a s  is u s u a l ly  th e  c a s e  w ith  in v e n t io n s ,  w e r e  i m p r o v e m e n ts  

a n d  n e w  c o m b in a t io n s .  U n t i l  E d is o n 's  n u m e r o u s  n o te b o o k s  w ith  t h e i r  o f te n  

in c o m p r e h e n s ib le  a n d  s c r a m b le d  e n t r i e s  a r e  m o r e  t h o r o u g h ly  a n a l y z e d . '7 

th e  a n s w e r  to  t h e  q u e s t io n  o f  w h a t  e x a c tly  h e  d is c o v e r e d  o r  in v e n te d  in  

th e  e a r ly  fa ll o f  1 8 7 8  w ill r e m a in  in  d o u b t ,  b u t  c i r c u m s ta n c e s  s u g g e s t  th a t  

th e  in v e n t io n s  m a y  h a v e  b e e n  a  p a r a l l e l  s y s te m  o f  d i s t r ib u t io n  a n d  a f i la ­

m e n t  l a m p  w ith  a  c i r c u i t - i n t e r r u p t i n g  d e v ic e  ( se e  F ig . 11.1). T h e  d e s ig n  o l 

a  c i r c u i t - i n t e r r u p t i n g  d e v ic e  in  e a c h  la m p  m a y  h a v e  b e e n  s u g g e s te d  to  h im  

b y  th e  d e s ig n  o f  a  t a s im e te r  t h a t  h e  h a d  r e c e n t ly  in v e n te d  to  m e a s u r e  th e  

h e a t  o f  t h e  s u n ’s c o r o n a  d u r i n g  e c l ip s e .38 H e  b e lie v e d  th a t  th e s e  id e a s  c o u ld  

b e  d e v e lo p e d  in to  p r a c t ic a l  d e v ic e s .  A s h e  w ro te  to  a n  a s s o c ia te .  "H av e  

s t r u c k  a b o n a n z a  in  e le c t r ic  l ig h t— i n d e f in i t e  s u b d iv is io n  o f  l ig h t . " 3"

E d i s o n ’s e a r ly  p r o b le m  id e n t i f i c a t io n  a n d  in v e n t iv e  id e a s  w e re  n o t ,  h o w ­

e v e r ,  r e m a r k a b ly  o r ig in a l .  T h e  s u b d iv is io n  o f  lig h t  h a d  b e e n  c o n s id e r e d  a 

c r i t ic a l  p r o b le m  e v e r  s in c e  it b e c a m e  o b v io u s  th a t  a r c  la m p s  w e re  to o  in te n s e  

f o r  s m a l l - s p a c e  l ig h t in g .  S u b d iv is io n  r e f e r s  to  th e  d iv is io n  o f  l ig h t ,  o r  e le c ­

t r ic a l  e n e r g y ,  in to  s m a l le r  u n i ts .  T h e  u s e  o f  lo w - in te n s ity ,  in c a n d e s c e n t - 

f i l a m e n t  l a m p s  w as  s e e n  a s  a  l ik e ly  a n s w e r  to  th is  p r o b le m  b e c a u s e  a n u m b e r  

o f  in v e n to r s  b e f o r e  E d is o n  h a d  d e s ig n e d  in c a n d e s c e n t  la m p s  o f  v a r ie d  

c h a r a c te r is t ic s .  T h e s e  la m p s ,  h o w e v e r ,  w e re  n o t  d u r a b le .  O n e  h is to r ia n  o f  

th e  in c a n d e s c e n t  e le c t r ic  l ig h t  c i te s  th e  in v e n t io n  o f  tw e n ty  ty p e s  o l  itu  an -

“ J c h l. Rem iniscences, 2: 7 7 8 -8 5 .
”  A l th e  lim e  o f  lliis  w ritin g  th e  T h o m a s  A. Edison  P a p e rs  P ro ject, h e a d e d  l>y Pro lesso rs  

Reese Je n k in s  a n d  L e o n a rd  Reich, is e n g a g e d  in d ie  e d itin g  an d  analysis ol th e  h d ison  
c o llection  at W est O ra n g e . In  c o o p e ra tio n  w ith  th is  p ro jec t, D r. H ern ard  F inn  o f  th e  S m ith ­
son ian  In s titu t io n  a n d  D r. R obert F ried el o l th e  In s titu te  o f  F Jeririral a n d  E lectronic Engi- 
ncers" h is to ry  c e n te r  a re  m a k in g  a n  in -d e p th  stu d y  u sin g  th e  ICdison pa |>ers on  th e  in ven tion  
o f  th e  inc and e sce n t lam p . U ntil s tu d ies  sh ou ld  p ro v ide  fre sh  in fo rm atio n , u n d e rs ta n d in g , a nd  
insight in to  E d ison 's m e th o d  a n d  activities.

’•C o n o l , Streak  o f  L uck,  pp . I 16. 120.
,g T e le g ra m  fro m  FUlison lo  Puskas. 22 S e p le tn lie r  1878, FiA. (E dison  h a d  w ritten  W illiam 

W allace  to  th is  e ffec t o n  18 S e p te m b er.)
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d e s c e n t  la m p s  f r o m  1 8 0 9  to  1 8 7 8  (w h a t  h a s  b e e n  c a l le d  t h e  p r e c o m m e r c ia l  

p e r io d ) .  O n e  o f  t h e  in v e n to r s ,  M o se s  G . F a r m e r ,  w a s  t h e  f o r m e r  p a r t n e r  

o f  W a lla c e ,  w h o m  E d is o n  v is i te d  in  S e p t e m b e r  1 8 7 8 .40 F a r m e r  h a d  u s e d  a 

p la t i n u m - s i r i p  i n c a n d e s c e n t  l a m p  a s  e a r ly  a s  J u l y  1 8 5 9  a n d  r e t u r n e d  to  

e x p e r i m e n t a t i o n  in  1 8 7 7 ; in  1 8 7 8  h e  p r o p o s e d  c o n n e c t i n g  t h e  in c a n d e s c e n t  

la m p s  in  p a r a l l e l .  H e  a ls o  u s e d  a  c i r c u i t - b r e a k in g  d e v ic e  to  c o o l th e  f i la ­

m e n t .41 E d is o n  m a y  h a v e  l e a r n e d  o f  th is  o n  h is  A n s o n ia  v is it; in  a n y  e v e n t ,  

h e  h a d  h a d  t h e  o p p o r t u n i t y  to  c o n s i d e r  p a r a l l e l  c i r c u i ts ,  a s  c o n t r a s t e d  to  

s e r ie s  c o n n e c t io n s ,  in  t h e  t e l e g r a p h  a n d  in  a r c - l ig h t  a n d  e l e c t r o c h e m ic a l  

b a t t e r y  s y s te m s .42
H is  n o te b o o k s  f o r  th e  la s t  t h r e e  m o n t h s  o f  1 8 7 8  a n d  h is  e a r ly  e le c tr ic -  

l ig h t  p a t e n t s  s u p p o r t  t h e  c o n c lu s io n  t h a t  h is  b o n a n z a s  w e r e  t h e  d u r a b l e  

f i l a m e n t  a n d  p a ra l l e l  c i r c u i t r y .  H e  h a d  d e c i d e d  e v e n  e a r l i e r  to  u s e  a  p la t ­

i n u m  f i l a m e n t . ,s E a r ly  in  O c t o b e r  h e  w a s  e x p e r i m e n t i n g  w ith  a  p la t in u m  

f i l a m e n t  a n d  a  th e r m o s t a t i c  d e v ic e  to  c o o l t h e  p l a t i n u m  b e f o r e  it f u s e d .  A t 

th e  s a m e  l im e ,  h e  h a d  in  m in d  a  p a r a l l e l  c i r c u i t . 44 H e  a p p l i e d  f o r  a  p a te n t  

o n  a  p la t i n u m  f i l a m e n t  w ith  a th e r m o s t a t i c  r e g u l a t o r  o n  5 O c t o b e r  1 8 7 8  

a n d  w a s  g r a n t e d  th e  p a t e n t  ( n o .  2 1 4 ,6 3 6 )  o n  2 2  A p r i l  1 8 7 9 .45 E d i s o n ’s 

n o te b o o k s  a n d  p a t e n t s  s u g g e s t  t h a t  t h e  i n v e n t io n  o f  a  t h e r m o s t a t i c  r e g u l a t o r  

a n d  th e  p a ra lle l  c i rc u it  w e re  in e x tr ic a b ly  l in k e d  b e c a u s e  th e  r e g u la to r  b r ie f ly  

i n t e r r u p t e d  t h e  f lo w  o f  c u r r e n t  to  c o o l t h e  f i l a m e n t  a n d  b e c a u s e ,  i f  th e  

l a m p s  h a d  b e e n  w ir e d  in  s e r ie s ,  a ll t h e  l a m p s  w o u ld  h a v e  b e e n  e x t in g u i s h e d  

w h e n  t h e  r e g u l a t o r  o f  a n y  o n e  o f  th e m  o p e r a t e d .  T h u s  t h e  in te r a c t io n  o f  

c o m p o n e n t s  s e r v e d  a s  th e  s t im u lu s  f o r  i n v e n t i o n .46

W ith  t h e i r  in v e n t iv e  id e a s ,  E d is o n  a n d  h is  a s s o c ia te s  e m b a r k e d  o n  th e  

lo n g  a n d  t e d io u s  r e s e a r c h  a n d  e x p e r i m e n t a t i o n  t h a t  w a s  n e e d e d  to  d e v e lo p  

t h e i r  g e n e r a l  n o t io n s  in to  p ra c t ic a l  d e v ic e s .  N o t  a ll o f  E d i s o n ’s e x p e r i m e n t s  

in v o lv e d  p h y s ic a l  a p p a r a t u s .  M a n y  w e re  s im p ly  c a lc u la t io n s ;  b y  u s in g  d a ta  

a v a ila b le  in  th e  te c h n ic a l  l i t e r a t u r e  a n d  e l e m e n t a r y  s c ie n c e ,  s u c h  a s  O h m ’s 

law , E d is o n  a n d  h is  s t a f f  c o u ld  a n t i c ip a te  p h e n o m e n a .  B e c a u s e  t h e  s im p le  

c i r c u i t  e q u a t io n s  a n d  e c o n o m ic  c a lc u la t io n s  u s e d  w e r e  q u a n t i t a t iv e ,  th e  

e x p e r i m e n t s ,  b o th  p h y s ic a l  a n d  s y m b o lic ,  w e r e  e c o n o le c h n ic a l  ( t h o u g h  E d i ­

s o n  a n d  h is  a s s is ta n ts  w o u ld  n e v e r  h a v e  e m p lo y e d  s u c h  j a r g o n ) .

E d is o n  a n n o u n c e d  h is  b r a in c h i ld  p r e m a t u r e l y ,  w ith  f a n f a r e ,  in  t h e  N e w  

Y o rk  S u n  o n  2 0  O c t o b e r  1 8 7 8 . H e  to ld  r e p o r t e r s  o f  h is  p l a n s  f o r  u n d e r ­

g r o u n d  d i s t r i b u t i o n  in  m a in s  f r o m  c e n t r a l ly  lo c a te d  g e n e r a t o r s  in  t h e  g r e a t  

c i t ie s ;  p r e d ic te d  t h a t  h is  e le c t r ic  l ig h t  w o u ld  b e  b r o u g h t  in t o  p r iv a te  h o u s e s  

a n d  s u b s t i tu t e d  l o r  g a s  b u r n e r s  a t a lo w e r  c o s t;  a n d  c o n f i d e n t l y  a s s e r t e d  

th a t  h is  c e n t r a l  s t a t io n  " (w o u ld  f u r n i s h ]  l ig h t  to  a ll h o u s e s  w i th in  a  c irc le

A rth u r  A. B r ig h t, J r . ,  7 he E le c tr ic -lj im p  Ind ustry : Techno log ica l C ha ng e  a n d  Econom ic D e­

velopm ent fro m  1 8 0 0  In 1 9 4 7 (N ew  Y o rk : M acm illan , 1949). pp . 3 9 -4 0 .

11 C o n o l , Streak  o f  L uc k . p. 120; B rig h t, E le clnc -L am p Ind us try , p . 4 6 ; G eo rg e  F. B a rk e r  to  
E d iso n , 22  N o v em b er 1878 , EA.

«  F ra n k  L. P o pe , M o d em  P ractice o f  the Electric Telegra ph  (N ew  Y ork : V an  N o s tra n d . 1877). 
p. 153; Edw in  H o u s to n , A D ictionary o f  E le c to ra l W ords. Term s, a n d  Phrases (N ew  Y ork: Jo h n s to n . 

1888), p- 131: M e m o ra n d u m  in J e h l  to  U p to n . 22 A pril 1913. p. 8 . H a m m e r  C ollec tion .
”  C h a rle s  Stow ell to  E d iso n . 31 M ay 1878 . EA
«  D ra w ing  la bele d  "C avea t no. 4" a n d  d a te d  8 O c to b e r  1878, EA

" B r ig h t .  Electric-Lam p  Indu stry,  p p . 6 1 - 6 4 ;  a n d  J e h l . Rem iniscences. I: 2 3 5 -3 6 .
E d ison  also saw th e  possib ility  o f  using  a s h u n t c irc u it fo r  e ac h  la m p  lo  m a k e  th e  lam ps 

in d e p e n d e n t. R obert I r ied e l, p e rso n a l c o m m u n ic a tio n . I M arch  1982.
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o f  h a l f  a  m ile ."  H e  s p o k e  n o t  o n ly  o f  h is  in c a n d e s c e n t  la m p  b u t  o f  o t h e r  

e n v is a g e d  c o m p o n e n t s  o f  h is  s y s te m , s u c h  a s  m e te r s ,  d y n a m o s ,  a n d  d i s t r i ­

b u t io n  m a in s .  I n  fa c t ,  h e  h a d  n o  g e n e r a t o r ,  n o  p r a c t ic a l  in c a n d e s c e n t  la m p ,  

m u c h  less  a  d e v e lo p e d  s y s te m  o f  d i s t r ib u t io n — th e s e  w e r e  a t  le a s t  a  y e a r  

a w a y . H e  d id  h o w e v e r ,  h a v e  t h e  c o n c e p t .  A s  h e  w r o te  in  p r iv a te  to  a n  

a s s o c ia te ,

I h ave th e  r ig h t p r in c ip le  a n d  am  o n  th e  r ig h t track , b u t  tim e , h a rd  w ork  an d  
som e g o o d  luck  a re  n ecessary  too. It has b een  ju s t  so  in all o f  m y in ven tions.
T h e  first s tep  is an  in tu itio n , a n d  com es with a b u rs t,  th en  d ifficu lties  arise— this  
th in g  gives o u t a n d  (it is] th e n  th a t 'D u g s’— as such  little  fau lts  a n d  d ifficu lties 
a re  ca lled— show  th em selv es a n d  m o n th s  o f  in ten se  w atch ing , s tu d y  a n d  lab o r 
a re  req u is ite  b e fo re  co m m erc ia l success o r  fa ilu re  is c e rta in ly  re a c h e d .41

O t h e r s  a ls o  r e p o r t e d  in  1 8 7 8  t h a t  E d is o n  h a d  id e a s  f o r  a la m p  a n d  fo r  

a  p a r a l le l  w ir in g  s y s te m  a s  w ell a s  a g e n e r a l  o u t l in e  f o r  h is  p r o je c t .  F ra n c is  

J e h l ,  w h o  j o i n e d  E d is o n  a s  a  la b o r a to r y  a s s is ta n t  e a r ly  in  1 8 7 9  a n d  w h o  

l a t e r  p u b l i s h e d  r e m in i s c e n c e s  o f  t h e  M e n lo  P a r k  d a y s ,  b e lie v e d  t h a t  in  

O c to b e r  1 8 7 8 — tw e lv e  m o n th s  b e f o r e  t h e  c o n s t r u c t io n  o f  a  p ra c t ic a l  in c a n ­

d e s c e n t  l a m p  a n d  t h e  a n n o u n c e m e n t  o f  h is  b a s ic  g e n e r a t o r  d e s ig n — “ E d i ­

so n  h a d  h is  p la n s  f ig u r e d  o u t ,  a s  a  g r e a t  g e n e r a l  f ig u r e s  o u t  h is  b a t t le  

s t r a t e g y  b e f o r e  t h e  f i r s t  c a n n o n  is f i r e d . ”48 T h e  k ey  to  E d i s o n ’s su c c e ss , 

a c c o r d in g  to  J e h l ,  “ lay  in  h is  e a r ly  v is io n , f a r  in  a d v a n c e  o f  r e a l i z a t io n .”43

A s s u m in g  t h a t  E d is o n  w as  t h i n k in g  s y s te m a tic a lly  h e lp s  e x p la in  w h y  h e  

s o o n  d i r e c t e d  h is  a t t e n t i o n  a w a y  f r o m  th e  d u r a b i l i ty  o f  th e  f i la m e n t  to  a 

c o m b in a t io n  o f  d u r a b i l i ty  a n d  h ig h  re s is ta n c e .  A n a ly s is  o f  s y s te m  c o s ts  led  

h im  to  id e n t i f y  t h e  n e e d  f o r  a  h ig h - r e s i s t a n c e  f i la m e n t .  U l t im a te ly  th is  

b e c a m e  th e  c r i t ic a l  p r o b le m  a n d  t h e  e s s e n c e  o f  h is  la m p  a s  a  p a te n ta b le  

in v e n t io n .  I t  is n o t  c l e a r  w h e n  th e  s e a r c h  f o r  h ig h  re s is ta n c e  b e g a n ,  b u t  in  

a  1 9 2 6  e s s a y  t h a t  h a s  b e e n  a t t r i b u t e d  lo  h im ,  E d is o n  s t a t e d  t h a t  in  th e  fa ll 

o f  1 8 7 8  h e  e x p e r i m e n t e d  w ith  c a r b o n  f i la m e n ts ,  th e  m a jo r  p r o b le m  o f  

w h ic h  w as  t h e i r  lo w  re s is ta n c e .  A s h e  e x p la in e d  it , “ I n  a  l ig h t in g  s y s te m  

th e  c u r r e n t  r e q u i r e d  to  l ig h t  th e m  in  g r e a t  n u m b e r s  w o u ld  n e c e s s i ta te  s u c h  

la r g e  c o p p e r  c o n d u c to r s  f o r  m a in s ,  e tc .,  t h a t  th e  in v e s tm e n t  w o u ld  b e  

p ro h ib i t iv e  a n d  a b s o lu te ly  u n c o m m e r c ia l .  I n  o t h e r  w o rd s ,  a n  a p p a r e n t ly  

r e m o te  c o n s id e r a t io n  ( th e  a m o u n t  o f  c o p p e r  u s e d  f o r  c o n d u c to r s ) ,  w as 

r e a lly  t h e  c o m m e r c ia l  c r u x  o f  t h e  p r o b l e m .”50 F u r t h e r  e v id e n c e  f o r  th e  

d a t i n g  o f  h is  h ig h - r e s i s t a n c e  c o n c e p t  is h is  s t a t e m e n t  th a t  “ a b o u t  D e c e m b e r  

1 8 7 8  I e n g a g e d  a s  m y  m a th e m a t i c ia n  a  y o u n g  m a n  n a m e d  F ra n c is  R. 

U p to n .  . . . O u r  f ig u r e s  p r o v e d  t h a t  a n  e le c t r ic  la m p  m u s t  h a v e  a t  le a s t 100

E dison  lo  Puskas, 13 N o vem b er 1878, EA.
|c h l, Rem iniscences, I: 216.

40Ib id .. p. 217.
‘" T h o m a s  A. E d ison , “B e g in n in g s o f  ll ie  In ca n d esc en t L am p  a n d  L igh tin g  System " 

( typ escrip t), p. 4 . EA. T h e  ty pe scrip t is d a te d  1926 a n d  id e n tif ie d  as a n  ite m  sen t lo  H en ry  
Fo rd  at his  req u e s t; it sh o u ld  be u sed  c au tious ly , ho w ever, because  by 1926 Edison  a n d  his 
p a te n t law yers h a d  o rg a n iz e d  h isto ry  w ith th e ir  ow n p rio ritie s  in m in d . Also, it follows in 
m an y  w ays th e  a cc ou n t o f  th e  inc and e sce n t la m p  giv en  in th e  a u th o rize d  b io g rap h y  o f  Edison; 
see D yer a n d  M artin , E dison,  I: 2 3 4 -6 6 . T h e  1926  ty pe scrip t was w ritten  w ith  th e  h e lp  o f  W. 
I I. M ead ow cro ft, w ho la te r  co llab o ra ted  w ith  D yer a n d  M artin  in th e  pu b licatio n  o f  th e  1929 
e d ition  o f  th e  E dison  b io g rap h y . I a m  in d e b ted  to  R obert G. K oolakian fo r  th is  in fo rm ation .
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o h m s  r e s i s t a n c e  to  c o m p e t e  c o m m e r c ia l ly  w ith  g a s . ’’51 E d is o n  s a id  t h a t  h e  

t h e n  t r i e d  v a r io u s  m e ta ls ,  i n c l u d i n g  p l a t i n u m ,  in  o r d e r  lo  o b ta in  a  f i l a m e n t  

o f  h ig h  r e s i s t a n c e ,  a n d  t h a t  h e  c o n t i n u e d  a lo n g  t h e s e  l in e s  u n t i l  a b o u t  A p r i l  

1 8 7 9 , w h e n  h e  d e v e l o p e d  a  p l a t i n u m  f i l a m e n t  o f  g r e a t  p r o m is e  b e c a u s e  

t h e  o c c lu d e d  g a s e s  h a d  b e e n  d r i v e n  o u t  o f  it , t h e r e b y  in c r e a s in g  its  in f u -  

s ib ility . I n  h is  R e m in is c e n c e s , J c h l  m a i n t a i n s  t h a t  E d is o n  w a n te d  a  h ig h -  

r e s i s t a n c e  l a m p  a s  e a r ly  a s  O c t o b e r  1 8 7 8 , a n d  t h a t  h e  h a d  r e a c h e d  th is  

c o n c lu s io n  by  t h i n k i n g  t h r o u g h  h is  e n v i s a g e d  s y s te m  o f  e le c t r i c  l ig h t i n g .52 

J e h l  a ls o  s t a l e s  l h a l  b y  a p p l y i n g  J o u l e ’s a n d  O h m ’s law s , E d is o n  a r r i v e d  a t  

th e  e s s e n t i a l s  o f  h is  s y s te m .

E d i s o n  s e e m s  to  h a v e  b e e n  r e f i n i n g  h is  i n v e n t iv e  id e a s  f o r  c o m p o n e n t s  

a n d  h is  m o r e  g e n e r a l  id e a s  f o r  a  s y s te m  t h r o u g h o u t  t h e  fa ll o f  1 8 7 8  ( se e  

F ig . I I . 5 ) .  H is  e a r ly  e m p h a s i s  o n  t h e  d u r a b l e  f i l a m e n t  a n d  p a r a l l e l  w ir in g  

w a s  s p e c i f ic ,  b u t  h is  n o t i o n  o f  a  s y s te m  in v o lv in g  g e n e r a t o r s ,  l a m p s ,  a n d  

d i s t r i b u t i o n  f r o m  a  c e n t r a l  s t a t io n  w a s  v a g u e .  H e  p r o b a b ly  f i r s t  c o n c e iv e d  

o f  it a s  a n  a n a l o g u e  o f  c e n l r a l - s t a t i o n ,  i l l u m i n a t i n g  g a s  s u p p ly .  E x p e r i ­

m e n t i n g  w i th  f i l a m e n ts  a n d  c a lc u la t in g  c o s ts  f r o m  a v a i la b le  d a t a  a b o u t  

e x i s t in g  g e n e r a t o r  a n d  a r c - l ig h t  s y s te m s  a l lo w e d  h im ,  a n d  t h e n  U p t o n ,  to  

i n t r o d u c e  t h e  c o s ts  in to  t h e  s y s te m . T h i s  p e r s p e c t iv e  r e v e a le d  t h a t  a  d u r a b l e  

f i l a m e n t  a n d  p a r a l l e l  w i r in g  m ig h t  y ie ld  a  t e c h n ic a l ly  w o r k a b le  s y s te m , b u t  

n o t  a n  e c o n o m ic a l ly  fe a s ib le  o n e .  A s  a  r e s u l t  o f  a  s y s te m a t ic  a n a ly s is  o f  

t e c h n ic a l  a n d  e c o n o m ic  f a c to r s ,  t h e  h i g h - r e s i s t a n c e  f i l a m e n t  t h e n  e m e r g e d  

a s  t h e  c r i t ic a l  p r o b le m .  J o u l e 's  a n d  O h m ’s la w s , e q u a t i o n s  t h a t  a r e  c o n s id ­

e r e d  s im p le  to d a y ,  w e r e  o f  g r e a t  v a lu e  to  t h e  i n v e n to r s ,  f o r  th e y  a l lo w e d  

th e  c h a r a c te r i s t i c s  o f  t h e  c o m p o n e n t s  to  b e  i n t r o d u c e d  a s  v a r ia b le s  a n d  

r e l a t e d  s y s te m a t ic a l ly .  T h e  e f f e c t  o f  a n  i n t e n d e d  c h a n g e  in  o n e  v a r ia b le  

( c o m p o n e n t )  o n  o t h e r  v a r ia b le s  ( c o m p o n e n t s )  c o u ld  b e  a n t i c i p a t e d ,  a n d  

a c tu a l  e x p e r i m e n t s  w o u ld  te s t  t h e  a s s u m p t i o n s  a n d  p r e d ic t io n s .

J e h l ’s s t r e s s  o n  t h e  i m p o r t a n c e  o f  O h m ’s la w , a n d  i te m s  in  t h e  l a b o r a to r y  

n o te b o o k s  a n d  s e c o n d a r y  l i t e r a t u r e ,  s u g g e s t  m o r e  a b o u t  t h e  n a t u r e  o f  E d i ­

s o n ’s r e a s o n i n g  a n d  l h a l  o f  h is  a s s is ta n ts ,  e s p e c ia l ly  F r a n c i s  U p t o n . 53 A s

M E d iso n , " B e g in n in g s ,"  p. 5. U p to n  s la te d  th a t E d ison  h a d  h ig h  re s is tan c e  in  m in d  w hen  

U p to n  jo in e d  E d iso n 's  s ta ff; see F rancis  R. U p to n 's  1018 sp e ec h  to  E d ison  P io n ee rs , ite m  X -  
E G 2 8 5 -I 3 , fo ld e r  la b e le d  "B io g ra p h ic a l— U p to n . F ra n cis ,"  EA.

" C o n t r a r y  to  his  rec o lle c tio n , h o w ev e r, J e h l  tlid  n o t c o m e  to  M en lo  P a rk  u n til  th e  e n d  o f  

F e b ru a ry  1879, "at th e  e ar lie s t."  Paul B. Isra e l, 16 F e b ru a ry  1082, p e rso n a l c o m m u n ic a tio n  

(see n o te  30  a bove). T h e r e fo r e ,  J c h l 's  s ta te m e n t sh o u ld  be  ta k e n  as se c o n d h a n d  e v idenc e.
” J e h l  (R em iniscences. 1; 3 6 2 -6 3  a n d  2: 8 5 2 -5 4 )  stre sses  E d ison 's  re lian c e  u p o n  O h m 's  law. 

T h e  s tre ss  su g g e s te d  a c lu e  to  E d ison 's  re a so n in g . In  a re fe re n c e  o f te n  u se d  at M en lo  Park  
( th e  essay  "E lec tric ity "  in th c  Encyclopaedia B ri ta n  m en . Olh c d . |1 8 7 8 ) . p . 41). O h m 's  law is 

s ta le d  as R =  E/C  (re sis tan c e  e q u a ls  e lec tro m o tiv e  fo rc e  d iv id e d  by  c u r r e n t ) .  In  a m is lead ing ly  
tilled  a rtic le , H a ro ld  O. P asser a rg u e s  c o gen tly  th a t E d ison 's  r e a s o n in g  w as as J c h l  su g g e ste d  
("E le ctrica l S c ience a n d  th e  E arly  D e v e lop m e n t o f  th e  E le ctr ic al M a n u fa c tu rin g  I n d u s try  in 

th e  U n ite d  S ta le s ,"  A n n a ls  o f  Science  7 | I 9 5 I | :  38 2—92). P asser o f fe rs  n o  e v id en c e , h ow ever, 
f ro m  th e  n o te b o o k s  o r  o th e r  o r ig in a l E dison  sou rce s. P asser sim ila rly  d iscusses E dison 's  re a ­

so n in g  a n d  c o n c e p ts  in Electrical M a n u fa ctu re rs  (p p . 82, 84 . a n d  89 ). D y er a n d  M a rtin 's  Edison  

( I :  2 4 4 -6 0 ) , p a ra lle ls  th e  m e m o ra n d u m  a t tr ib u te d  to  E d iso n  in  1926. J o s e p h s o n 's Ediso n  (pp . 
1 93 -2 0 4 , 2 1 1 -2 2 0 )  s tresses  E dison 's  use  o f  O h n t's  law b u t d o e s n o t n o te  th e  im p o r ta n c e  o f  

E diso n 's  h a v in g  u se d  O h m 's  law in  c o n ju n c tio n  w ith J o u le 's  law in  o r d e r  to  c o n ce p tu a lize  his 
sy ste m . Jo sc p h s o n  also d a te s  E d ison 's ru  st h ig h -res is tan c e  la m p  as J a n u a r y  1879 (a p la tin u m  

fila m en t), b u t gives n o  so u rc e  Tor th e  s ta te m e n t ( ib id ., p. 199): n o r  d o c s  h e  p ro v id e  a so u rce  
fo r  th e  s ta te m e n t th a t E dison  c am e to  th e  idea  fo r  h ig h  resis tan c e  in  a " flash  o f  in sp ira tio n "
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F ig u re  U .S . Creation o f  the Edison system, M en lo  P ark. From  Leslie 's W eekly ( IH 80). as reproduced in  F orty  Y ears o l 
E dison Se rvice. 188 2 -1 92 2  (N ew  York: Press o f the Ne w  York Edison Co.. 19 22), fa r in g  p. 21
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n o t e d ,  E d is o n  a n d  U p t o n  sa w  t h a t  t h e  c o s t  o f  c o p p e r ,  e s p e c ia lly  t h a t  w h ic h  

d e p e n d e d  o n  t h e  c r o s s - s e c t io n a l  a r e a  a n d  th e  le n g th  o f  t h e  c o n d u c to r s ,  w as 

a  m a jo r  v a r ia b le  in  t h e  o v e r a l l  c o s t  e q u a t io n .  L a r g e  a n d  lo n g  c o n d u c to r s  

w o id d  r a is e  th e  p r i c e  o f  e le c t r i c  l ig h t  a b o v e  t h a t  o f  g a s . T o  k e e p  c o n d u c t o r  

l e n g th  d o w n ,  E d is o n  s o u g h t  a  d e n s e ly  p o p u l a t e d  c o n s u m e r  a r e a ;  to  k e e p  

t h e  c ro s s - s e c t io n a l  a r e a  s m a l l ,  h e  h a d  to  r e a s o n  f u r t h e r ,  u s in g  th e  law s o f  

O h m  a n d  J o u l e .  T h e  n o te b o o k s  s h o w  t h a t  E d is o n  a n d  U p to n  u s e d  J o u l e ’s 

law  ( h e a t  o r  e n e r g y  =  c u r r e n t 2 x  r e s i s t a n c e  =  v o l ta g e  x  c u r r e n t )  to  

c a lc u la te  t h e  a m o u n t  o f  e n e r g y  t h a t  w o u ld  b e  e x p e n d e d  b y  t h e  in c a n d e s c e n t  

f i l a m e n ts .54 T h e y  a ls o  u s e d  a n  a d a p t a t i o n  o f  t h a t  law  to  s h o w  e n e r g y  loss 

in  t h e  c o n d u c t o r s .  E n e r g y  lo ss  w a s  t a k e n  to  b e  p r o p o r t i o n a l  to  th e  c u r r e n t 2 

t im e s  t h e  l e n g t h  o f  t h e  c o n d u c t o r  t im e s  a  c o n s t a n t  d e p e n d e n t  u p o n  th e  

q u a l i ty  o f  t h e  c o p p e r  u s e d ,  a ll d iv id e d  b y  t h e  c ro s s - s e c t io n a l  a r e a  o f  th e  

c o n d u c t o r  ( e n e r g y  lo ss  p r o p o r t i o n a l  to  C 2 L a /S ) .55 T h e  f o r m u l a  p o s e d  a n  

e n ig m a ,  f o r  i f  E d is o n  i n c r e a s e d  t h e  c ro s s  s e c t io n  o f  th e  c o p p e r  c o n d u c to r s  

to  r e d u c e  lo ss  in  d i s t r i b u t i o n ,  h e  w o u ld  in c r e a s e  c o p p e r  c o s ts ,  w h ic h  w as 

to  b e  a v o id e d .  O b v io u s ly ,  a  t r a d e - o f f ,  t o  u s e  t h e  j a r g o n  o f  t h e  e n g i n e e r i n g  

p r o f e s s i o n ,  w a s  in  o r d e r . T h e r e  w a s , h o w e v e r ,  a n o t h e r  v a r ia b le — t h e  c u r ­

r e n t — to  c o n s id e r .  I f  c u r r e n t  c o u ld  b e  r e d u c e d ,  t h e n  t h e  c ro s s - s e c t io n a l  

a r e a  o f  t h e  c o n d u c t o r s  n e e d  n o t  b e  s o  la r g e .  B u t  c u r r e n t  w a s  n e e d e d  to  

l ig h t  t h e  in c a n d e s c e n t s ,  so  h o w  w as o n e  to  r e d u c e  it?

T o  s o lv e  t h e  d i l e m m a ,  E d is o n  a n d  U p t o n  c o u ld  h a v e  r e a s o n e d  a s  fo llo w s. 

W a n t i n g  to  r e d u c e  t h e  c u r r e n t  in  o r d e r  to  lo w e r  c o n d u c t o r  lo sse s , th e y  

r e a l i z e d  t h a t  th e y  c o u ld  c o m p e n s a t e  a n d  m a in ta in  t h e  le v e l  o f  e n e r g y  t r a n s ­

f e r  to  t h e  l a m p s  b y  r a i s in g  t h e  v o l ta g e  p r o p o r t i o n a t e l y  (H  =  C  x  V ). T h e n  

th e y  b r o u g h t  O h m ’s law  in to  p la y  ( r e s i s t a n c e  e q u a l s  v o l ta g e  d iv id e d  by 

c u r r e n t ) .  I t  w as  a  e u r e k a  m o m e n t ,  f o r  th e y  r e a l i z e d  t h a t  b y  i n c r e a s in g  th e  

r e s i s t a n c e  o f  t h e  in c a n d e s c e n t - l a m p  f i l a m e n t  th e y  w o u ld  r a i s e  t h e  v o lta g e  

in  r e l a t i o n s h i p  to  i h e  c u r r e n t .  (R e s is ta n c e  w as  t h e  v a lu e  o f  t h e  r a t io .)  T h u s  

b e g a n  t h e  t im e - c o n s u m i n g  s e a r c h  f o r  m a te r i a l  s u i t a b le  f o r  a  h ig h - r e s i s t a n c e  

f i l a m e n t .  T h e  n o t a b l e  i n v e n t io n  w a s  th is  lo g ic a l  d e d u c t i o n ;  t h e  f i l a m e n t  

w a s  a  h u n t - a n d - l r y  a f f a i r .

E d i s o n ’s r e a s o n i n g  c a n  b e  i l lu s t r a t e d  w ith  a  s im p le  e x a m p l e  u s in g  a p ­

p r o x i m a t e ,  r o u n d e d - o f f  v a lu e s .  In  1 8 7 9  h e  o b t a i n e d  a c a r b o n i z e d - p a p e r  

f i l a m e n t ,w h o s e  r e s i s t a n c e  r a n g e d  f r o m  1 3 0  o h m s  c o ld  to  a b o u t  7 0 - 8 0  o h m s  

h e a t e d . 5p In  o r d e r  to  a r r i v e  a t  a  l a m p  w h o s e  c a n d l e p o w e r  w a s  e q u iv a le n t  

to  t h a t  o f  g a s ,  h e  f o u n d ,  th is  f i la m e n t  w o u ld  r e q u i r e — in  p r e s e n t - d a y  u n i t s —

a f te r  8 S e p te m b e r  1878 (ib id ., p . 194). B rig h t 's  FJectric-L am p  In d u stry  d o e s  no t o f fe r  any 

a d d itio n a l in fo rm a tio n  o n  th e  way in w hic h  E d ison  co n ce iv ed  o f  his  sy stem . J e h l 's  Rem iniscences 

re m a in s  th e  m o st su g g e s tiv e  p u b lis h e d  so u rc e , d e s p ite  th e  bo o k 's  lack  o f  o rg a n iz a t io n ; see I: 
2 1 4 - 1 5 , 2 4 3 - 4 5 , 2 5 5 - 5 « , a n d  2: 8 2 0 - 2 1. 8 5 2 -5 4 .

M M e n lo  P a rk  N o te b o o k  no . 3 (21 N o v em lie r  1878), p . 107, a n d  N o te b o o k  n o . 9  (15 
D e c e m b e r 1 8 7 8 -1 0  M a rc h  1879), p . 4 1 , c o n ta in  so m e  o f  th e  m a ny  e arly  e n tr ie s  involv ing

O h m 's  law. In  N o te b o o k  n o . 6. p p . I I ff.. J o u le 's  law is m e n tio n e d ; th e  d a te s  in th is  n o te bo ok

(4 D e c e m b e r 1 8 7 8 -3 0  J a n u a r y  1879, in d ic a te  th a t E d iso n  was u s in g  Jo u le 's  law e arly  in his 

e lec tr ic  lig h t in g  p ro jec t. In  N o te b o o k  no . 10 (D e c e m b e r 1 8 7 8 -J a n u a ry  1879), th e  w o rd  “J o u le "  
is jo lte d  d o w n  w h e re  th e  e q u a tio n  I I = C*R is u sed .

" 'M e n lo  P a rk  N o te b o o k  n o . 12, p p . 1 74 -7 6 .

“  M en lo  P a rk  N o te b o o k  no. 52 (31 J u ly  1879). p. 22 9 ; th e  e n try  is d a te d  15 D ec em b er
1879.
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t h e  e q u iv a le n t  o f  a b o u t  1 00  w a tts .  T h i s  m e a n t  t h a t  th e  p r o d u c t  o f  t h e  v o l ta g e  

a c ro s s  th e  l a m p  a n d  t h e  c u r r e n t  m u s t  e q u a l  1 0 0  w a tts .  S in c e  th e  r e s is ta n c e  

w as  1 0 0  o h m s ,  t h e  c u r r e n t  h a d  to  b e  1 a m p ,  f o r  a c c o r d in g  lo  J o u l e ’s law  

t h e  h e a t  e n e r g y  w as  e q u a l  to  t h e  p r o d u c t  o f  C 2 a n d  t h e  r e s i s t a n c e  ( 1 0 0  =  

C 2 x  1 0 0 ; C  =  1). I t  t h e n  fo llo w e d  t h a t  t h e  v o l ta g e  m u s t  b e  1 0 0  in  o r d e r  

to  f u lf i l l  t h e  e n e r g y  n e e d  (H  =  C  x  V ; V  =  100 /1  =  1 0 0 ). T h e r e f o r e ,  

t h e  a p p r o x i m a t e  s p e c i f ic a t io n s  o f  t h e  la m p s  in  E d i s o n ’s s y s te m  in  to d a y ’s 

t e r m in o lo g y  w e r e  1 0 0  w a tts ,  1 0 0  v o lts ,  1 a m p ,  a n d  1 00  o h m s .57

A n o t h e r  p o s s ib le  e x p la n a t io n  f o r  t h e  d e c is io n  to  s e e k  h ig h  re s is ta n c e ,  

a n d  a  c o m p le m e n ta r y  o n e ,  w as  th e  s e a r c h  f o r  a  p la t in u m  f i l a m e n t  w ith  a 

s m a ll  s u r f a c e  o f  r a d ia t io n .  T h e  o b je c t iv e  w as  to  m a in ta in  t h e  i n c a n d e s c e n t  

m a te r i a l  o f  t h e  f i l a m e n t  a t  a  h ig h  t e m p e r a t u r e  w ith  a  lo w  e x p e n d i t u r e  o f  

e n e r g y .  T o  d o  th is  E d is o n  s h a p e d  th e  f i l a m e n t  in to  a  s p i r a l ,  th e r e b y  r e ­

d u c i n g  th e  r a d i a t i n g  s u r f a c e  a s  w ell a s  th e  s iz e  o f  t h e  f i l a m e n t .58 T h e  

e x p e r i m e n t a t i o n  w ith  s m a ll  s u r f a c e s  o f  r a d ia t io n  r e s u l t e d  in  h ig h e r - r e s i s t ­

a n c e  f i la m e n ts .  W ith  F ra n c is  U p t o n ’s h e lp ,  E d is o n  c o u ld  t h e n  h a v e  a s c e r ­

t a in e d  t h e  e f f e c t  o f  h i g h e r  r e s is ta n c e  o n  t h e  e n t i r e  c i r c u i t .  T h e y  c o u ld  h a v e  

s e r e n d ip i to u s ly  d i s c o v e r e d  t h e  a d v a n ta g e s  o f  h ig h  re s is ta n c e .

T h e  f u n d s  r a i s e d  in  p a r t  b y  L o w re y  f o r  p e r s o n n e l  a n d  e q u i p m e n t  a l lo w e d  

th e  s i m u l ta n e o u s  in v e n t io n  a n d  d e v e l o p m e n t  o f  o t h e r  c o m p o n e n t s  o f  th e  

s y s te m  b e s id e s  t h e  i n c a n d e s c e n t  la m p .  U p to n ,  f o r  in s ta n c e ,  w as  e s p e c ia lly  

a c tiv e  in  t h e  d e s ig n  a n d  c o n s t r u c t io n  o f  a n  a p p r o p r i a t e  g e n e r a t o r .  T h e  

g e n e r a to r s  o n  th e  m a r k e t— f o r  in s ta n c e ,  th e  S ie m e n s , W allace , a n d  G ra m m e —  

w e re  d e s ig n e d  f o r  a r c  l ig h ts  w ir e d  in  s e r ie s .  A  n e tw o r k  o f  f e e d e r  w ire s  a n d  

d i s t r ib u t io n  m a in s  f o r  th e  d i s t r i b u t i o n  n e tw o r k  a ls o  re c e iv e d  c o n s id e r a b le  

a t t e n t io n .  T h e  in v e n t iv e  id e a s  e m b o d ie d  in  th e  v a r io u s  v e r s io n s  o f  th e  

c o m p o n e n t s  o f  t h e  s y s te m  r e s u l t e d  in  a  la r g e  f a m ily  o f  p a te n t s  c o v e r in g  

th e  E d is o n  s y s te m .

I n  t h e  fa ll o f  1 8 7 9 , a b o u t  t h e  s a m e  t im e  t h a t  E d is o n  a n d  h is  a s s is ta n ts  

o b ta in e d  a f i l a m e n t  w ith  th e  h ig h  r e s is ta n c e  a n d  d u r a b i l i ty  d e s i r e d ,  M e n lo  

P a rk  a n n o u n c e d  im p r e s s iv e  p r o g r e s s  in  t h e  d e s ig n  o f  a n  in c a n d e s c e n t - l a m p  

g e n e r a t o r .  O n  18 O c t o b e r  1 8 7 9  S c ie n t i f ic  A m e r ic a n  c a r r i e d  a n  a r t ic le — u n ­

s ig n e d ,  b u t  w r i t t e n  b y  U p t o n — d e s c r ib in g  t h e  g e n e r a t o r .  I n  c o n t r a s t  to  th e  

e a r l i e r ,  h i g h - r e s i s t a n c e  g e n e r a t o r s  o f  o t h e r  in v e n to r s ,  t h e  E d is o n  g e n e r a t o r  

h a d  lo w  i n t e r n a l  r e s is ta n c e .  T h e  a r t ic le  c la im e d  t h a t  it w o u ld  o b ta in  n e a r ly  

d o u b le  th e  f o o t - p o u n d s  o f  e n e r g y  f r o m  th e  s a m e  in p u t  t h a t  e a r l i e r  g e n ­

e r a t o r s  h a d  a c h ie v e d ,  o r  a n  e f f ic ie n c y  o f  9 0  p e r c e n t .  A l th o u g h  o r ig in a l  in  

t e r m s  o f  t h e  s p e c if ic s  t h a t  w e re  d e s ig n e d  f o r  t h e  in c a n d e s c e n t  s y s te m , th e  

g e n e r a t o r  w as  b a s e d  o n  e x p e r i m e n t s  d o n e  a t  M e n lo  P a r k  w ith  th e  g e n e r -

!'7 In  J a n u a r y  18 8 1 E d iso n  co n d u c te d  a n  e co no m y  test o f  th e  elec tr ic  lig h ting  sy stem  in stalled  
at M enlo  P a rk  to  d e m o n s tra te  its p rac ticab il ity . T h is  was a p re lu d e  to  his in stallation  o f  a full- 
size system  at th e  Pearl S tre e t sta tio n  in  N ew  Y ork  C ity in 1882. In  th e  te st he  u se d  tw o la m p  
sizes, 16 c .p .a n d  8 c .p . T h e  16-c.p. la m p  d e p e n d e d  on  an  e lec tro m o tiv e  fo rce  o f  104.25 vo lts 
a n d  a resis tance  o f  1 14 o h m s; th e re fo re , th e  c u rre n t in th e  16-c.p. la m p  was .9 am p s. See C. 
L. C la rk e . "A n  E conom y T e s t o f  th e  E dison  Electric  L ig ht at M enlo  Park , 1881." d a te d  7 
F e b ru ary  1881, a n d  p u b lish ed  fo r  th e  fir st tim e  in  C om m itte e  o n  St. Louis E xp osition  o f  
A ssocia tion o f  E d ison  I llu m in a tin g  C om p an ie s, Edisonia: A  B r ie f  H istory o f  the E arly Edison  
Electric Lig h tin g  System  (N ew  Y ork: A ssocia tion o f  E dison  I llu m in a tin g  C om pan ie s, 1904), pp . 
16 6-78 .

■’* D erganc , "E d ison  a n d  H is E lectr ic  L ighting  S ystem ,"  p p . 5 5 -5 6 .
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a io r s  o f  G r a m m e ,  W a lla c e ,  a n d  o t h e r s .  I n  fa c t ,  t h e  p u b l ic i ty  f o r  t h e  E d is o n  

g e n e r a t o r  e x a g g e r a t e d  its  e x c e l l e n c e  c o m p a r e d  w ith  o t h e r  i n v e n to r s ’ g e n ­

e r a to r s .  T h e  E d is o n  g e n e r a t o r  w as  d e s ig n e d  f o r  a  s y s te m  o f  in c a n d e s c e n t  

la m p s  c o n n e c te d  in  p a r a l l e l  a n d ,  t h e r e f o r e ,  a  s y s te m  w ith  lo w  r e s is ta n c e .  

I t  c o r r e c t ly  h a d  a  lo w  in t e r n a l  r e s i s t a n c e  to  m a tc h  t h e  lo w  e x t e r n a l  r e s is t ­

a n c e .  T o  c o m p a r e  it  w ith  a  h ig h - r e s i s t a n c e  a r c - l ig h t  g e n e r a t o r  d e s ig n e d  f o r  

a  s y s te m  o f  a r c - l ig h t s  c o n n e c t e d  in  s e r ie s ,  h o w e v e r ,  w a s  n o t  a p p r o p r i a t e .  

T h e  E d is o n  g e n e r a t o r  w a s  n o t  d e s i g n e d  f o r  a r c  l ig h ts  in  s e r ie s .  S till,  th e  

c la im s  m a d e  a b o u t  t h e  g e n e r a t o r  e x c i t e d  m u c h  p r o f e s s io n a l  a n d  p u b lic  

r e a c t io n ,  a s  w as  u s u a l ly  t h e  c a s e  w ith  t h e  w e ll -p u b l ic iz e d  E d is o n  in v e n t io n s ,  

a n d  E d is o n  s h o u l d  b e  g iv e n  c r e d i t  f o r  s e e in g  t h e  n e e d  to  d e s ig n  c o m p o n e n t s  

s y s te m a tic a lly  in  r e l a t i o n s h i p  to  o t h e r s  in  t h e  s y s te m — a t r u t h  o t h e r  i n v e n ­

to r s  f a i le d  to  g r a s p . 59

B e l ie v in g  la te  in  1 8 7 9  t h a t  th e  e s s e n t i a l  d e s ig n  o f  t h e  in c a n d e s c e n t  la m p  

a n d  g e n e r a t o r  w o u ld  p r o v e  p r a c t i c a l ,  E d is o n  a n d  h is  a s s o c ia te s  s h i f t e d  t h e i r  

e m p h a s i s  to  d e v e l o p m e n t  o f  t h e  c o m p o n e n t s  a n d  t h e  s y s te m . T h i s  m e a n t  

i n c r e a s e d  s t r e s s  o n  e c o n o m ic  f a c to r s .  A s  e a r ly  a s  1 8 8 0  th e y  w e r e  c a lc u la t in g  

th e  c o s t  o f  a  c e n t r a l  s t a t io n  o f  1 0 ,0 0 0  l a m p s ,  p o s s ib ly  in  a n t i c ip a t io n  o f  th e  

p l a n n e d  c e n t r a l  s t a t io n  f o r  N e w  Y o rk  C i ty ’s P e a r l  S t r e e t .  T h e y  h a d  e x p e r ­

i m e n te d  e n o u g h  to  e s t im a te  t h a t  1 h .p .  f r o m  a  s t e a m  e n g i n e  a n d  g e n e r a t o r  

c o u ld  s u p p ly  e ig h t  1 6 -c .p . la m p s .  T h e r e f o r e  th e y  n e e d e d  a b o u t  1 ,2 0 0  h .p .  

f o r  t h e i r  s y s te m . T h e  c a lc u la t io n s  t h a t  fo l lo w e d  th is  a s s u m p t i o n  in v o lv e d  

f ix e d  c a p i ta l ,  o p e r a t i n g  e x p e n s e s ,  a n d  o t h e r  c o s ts  ( s e e  F ig . 11.6 ). F in a lly , 

a s s u m in g  t h a t  t h e  1 0 ,0 0 0  l a m p s  w o u ld  b e  u s e d  f iv e  h o u r s  o u t  o f  e v e ry  

tw e n ty - f o u r ,  a n d  k n o w in g  w h a t  g a s  c o m p a n ie s  c h a r g e d  f o r  f iv e  h o u r s  o f  

e q u iv a le n t  l ig h t ,  t h e y  c a lc u la te d  t h e  s u r p l u s  in c o m e  o f  a n  e le c t r i c  u t i l i ty  

c h a r g i n g  t h e  s a m e  p r i c e  f o r  l ig h t .  E d is o n  a n d  t h e  p a r e n t  E d is o n  c o m p a n y  

h o ld i n g  th e  p a t e n t s  w o u ld  re c e iv e  p a y m e n t  f r o m  a  s u r p l u s  in c o m e  o f  

$ 9 0 ,8 8 6 .60

A s d e v e l o p m e n t  p r o c e e d e d ,  E d is o n  a d v a n c e d  t h e  le v e l  o f  e x p e r i m e n ­

ta t io n  f r o m  c o m p o n e n t s  to  l a b o r a to r y - s c a le  m o d e l s  o f  t h e  s y s te m  a n d  th e n  

to  a  s m a ll ,  p i lo t - s c a le  s y s te m  f o r  l i g h t in g  M e n lo  P a r k  in  D e c e m b e r  1 8 7 9 . 

B e c a u s e  t h e  c o m p o n e n t s  w e r e  n e w  a n d  b e c a u s e  E d i s o n  w a n te d  to  c o n t r o l  

th e i r  m a n u f a c t u r e ,  L o w re y  a s s is te d  in  t h e  f o r m a t i o n  o f  s e v e r a l  c o m p a n ie s .  

E d is o n  h a d  to  d r a w  h e a v ily  o n  h is  o w n  r e s o u r c e s  to  f u n d  th e s e  m a n u f a c ­

t u r i n g  c o m p a n ie s .  E d is o n  a n d  L o w re y  a ls o  f o u n d e d  a n  o p e r a t i n g  c o m p a n y  

to  b u i ld  a  c e n t r a l - s t a t io n  s y s te m  t h a t  w o u ld  b o th  f u n c t io n  c o m m e rc ia l ly  

a n d  s e r v e  a s  a  d e m o n s t r a t i o n  f o r  p o te n t i a l  f r a n c h i s e  p u r c h a s e r s .

1 h e  o r g a n iz a t io n  a n d  m a n a g e m e n t  oT t h e  c o m p a n ie s  f o r m e d  b y  L o w re y  

a n d  E d is o n  in  c o n n e c t io n  w ith  t h e  e l e c t r i c  l i g h t in g  s y s te m  h a v e  b e e n  d e -

t o r  (he re a c tio n  o f  d ie  sc ien tif ic  c o m m u n ity  to  E d iso n , E d iso n 's  in v e n tio n s , a n d  especia lly  
th e  cla im s m a d e  Tor th e  g e n e r a to r , see D av id I lo u n sh c ll. "E d iso n  a n d  th e  P u re  Sc ie nce  Idea l 

in N in e te e n th -C e n tu ry  A m e ric a ."  Sc ien tific  A m er ic an , F e b ru a ry  1980, p. 614 . M o re  g e n e ra l 

ar ,C,-ln  i^ ZCl* - I en,1'-Iaccl*los S a lo m o n , "Pu b lic  R e ac tio ns to  S c ie nce  a n d  T ec h n o lo g y : 

T n  r  a t'f*  S oc i,ll. M R ," c ,“ - ' n Science. Technology a n d  the H u m a n  Prospect, e d . C . S ta r r  
a n d  P. R n te rb u sh  (N ew  Y ork: P e rg a m o n  Press. 1980). p p . 7 7 - 9 3 .1 am  in d e b te d  to  D r. T h o m a s  

u n p so n  o t. J o  in  s C o lleg e . S a n te  Fe , N ew  M exico , fo r  his  view s in  c o m p a r in g  arc -lig h t 
a n d  in c a n d c sc c n t- la m p  g e n e ra to rs .

nr, *7° r a t*'*c u **'on  °* 'h i*  cos, analy sis, sec H u g h e s , "E lec tr if ica tio n  o f  A m e ric a ."  p p . 1 3 3 -
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F ig u re  11.6. E dison's ts lim a tr  fo r  a 
1 0 .0 00-la m p central station. From  M en lo  

P ark Notebook no. 1 2 0  (1 8 8 0 ). Courtesy o f  
the Edison Arch ives . E dison N a tio na l 

H istoric Site , W est O range. N .J .

C a p ita l In v rM in cn l:

P n w rr  p la n t b u ild in g
P o i le n  a n d  a u x ilia ry  e q u ip m e n t
S tea m  eng in e*  a n ti d y n a m o '
A u x ilia ry  e le i t r ic a l  e q u ip m e n t
O i n d i ic io n
M eter*

T o ta l
O p e r a t in g  a n d  O th e r  E x p e n s e s :

L a b o r  (D ailv);
C h ie f  e n g in e e r  $  3 .0 0
A siix tan t e n g in e e r  3 .0 0
W ilie r  1.50
Prin c ip a l f ire m a n  2 .2 5
A «ti* ta n t li r c m a n  1.75
C h ie f  vo lta g e  r e g u la to r  2 .2 5
A*»i*iani 'u l l a g e  r e g u la to r  1.75 
T w o  la b o re rs  3 .00

T o ta l  $ 2 0 .5 0
L a b o r  ( A n n u a l)
O th e r :

E x ec u tiv e  w ag e s ( a n n u a l)
R e n t, in s u r a n c e  a n d  ta x es
D e p re c ia tio n
C o a l (a n n u a l)

(S2.80>'ton; 3 # /h .p .  h o u r :
5  h o u r s  d a ily : 1 .20 0  h .p .)

O il. w aste , a n d  w a te r  
L am p s  (3 0 .0 0 0  a t 35 c  e a d i )

T o ta l
E s tim a te d  M in im u m  In c o m e  f r o m  10.C

D ep re c ia tio n

$  8 .5 0 0 2<Z $  170
3 0 .1 8 0 I 0 T 3 .0 1 8
4 8 .0 0 0 1.440

2 ,0 0 0 2% 40
5 7 .0 0 0 2% 1.140

5 .0 0 0 5% 2 50

$ 1 5 0 ,6 8 0  $ 6 ,0 5 8

$  7 .48 2

$  4 .0 0 0  
7 .0 0 0  
6 .0 5 8  
8.212

2.737
10.5 0 0

$45,989
Installed Lamps $136,875

Expenses -  45.989

$ 90.886

s c r ib e d  w ell e l s e w h e r e .61 H e r e  it is i m p o r t a n t  to  s t r e s s  t h a t  th e  p r i s t in e  

c h a r a c t e r  o f  t h e  c o m p a n ie s  m a n i f e s te d  E d i s o n ’s d e te r m i n a t i o n  to  c r e a te  a 

c o h e r e n t  s y s te m . T h e  f i r s t  c o m p a n y — t h e  E d is o n  E le c tr ic  L ig h t  C o m p a n y  

( E E L C )— w as f o r m e d  o n  15 O c t o b e r  1 8 7 8  e s s e n tia l ly  to  f u n d  E d is o n ’s in ­

v e n t io n ,  r e s e a r c h ,  a n d  d e v e l o p m e n t  p ro je c t s  a n d  to  b r i n g  a  r e t u r n  o n  h is  

in v e s tm e n t  t h r o u g h  t h e  s a le  o r  l ic e n s in g  o f  p a te n t s  o n  th e  sy s te m  t h r o u g h ­

o u t  th e  w o r ld .  T h e  E d is o n  E le c tr ic  I l lu m in a t in g  C o m p a n y  o f  N e w  Y o rk , a 

u t i l i ty ,  o r  o p e r a t i n g ,  c o m p a n y ,  w as  in c o r p o r a t e d  in  D e c e m b e r  1 8 8 0  a s  a 

l ic e n s e e  o f  t h e  p a r e n t  E d is o n  E le c tr ic  L ig h t  C o m p a n y .  U n d e r  E d is o n ’s 

p e r s o n a l  s u p e r v i s io n ,  t h e  E E 1 C  w o u ld  b u i ld  th e  c e n t r a l  g e n e r a t i n g  s ta t io n  

o n  P e a r l  S t r e e t  in  N e w  Y o rk  C ity  w h ic h  b e g a n  c o m m e r c ia l  o p e r a t io n  in  

S e p te m b e r  1 8 8 2 . I n  1881 E d is o n  a ls o  e s ta b l is h e d  in  N e w  Y o rk  C ity  th e  

E d is o n  M a c h in e  W o r k s  lo  b u i ld  d y n a m o s  a n d  th e  E d is o n  E le c tr ic  T u b e  

C o m p a n y  to  m a n u f a c t u r e  u n d e r g r o u n d  c o n d u c to r s .  T h e  E d is o n  L a m p  

W o rk s ,  o r g a n iz e d  in  1 8 8 0 , t u r n e d  o u t  in c a n d e s c e n t  la m p s  in  q u a n t i ty  (see  

F ig . 11.7). E d is o n  a ls o  e n t e r e d  in to  a  p a r t n e r s h i p  w ith  S ig m u n d  B e r g m a n n ,  

a  f o r m e r  E d is o n  e m p lo y e e ,  to  s e t  u p  a  c o m p a n y  to  p r o d u c e  v a r io u s  acc c s-

P a Jie r , E lectrical M anufa cturers .
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F ig u re  11.7. The m ca n d esc en tla m p  factory, M en lo  Park . 18 8 0 . p a rt o f the Ediso n m an u fa c tu rin g  system. Execu tive  s ta ff ( f ro n t ro w , I 

r ig h t) ; Philip Ih e r . W illiam  H am m er. Francis U pton, a n d  Jam es H radley Courtesy o f the Ed ison Arch ives . Ed iso n N a tio n a l H is tor ic  site 

O range. N .J.

s o r ie s .  A s e n g i n e e r  a n d  m a n a g e r ,  E d is o n  w a s  t h e  p iv o ta l  f i g u r e  in  a ll o f  

th e s e  c o m p a n ie s  d u r i n g  th e  e a r ly  y e a r s ,  h u t  f o r  h im  t h e  f o c u s  a n d  th e  

c o m m i tm e n t  r e m a i n e d  i n v e n t io n  (s e e  F ig . 11.8).

1‘h e  h is to r y  o f  t h e  d e s ig n  a n d  c o n s t r u c t i o n  o f  t h e  P e a r l  S t r e e t  S ta t io n  o f  

th e  E d is o n  E le c tr ic  I l l u m i n a t i n g  C o m p a n y  h a s  b e e n  to ld  b y  m a n y .62 O n e  

e s p e c ia lly  s e r io u s  e n g i n e e r i n g  p r o b le m  e n c o u n t e r e d  in  t h e  c o n s t r u c t io n  o f  

th e  s ta t io n  w a s  t h e  la y in g  d o w n  o f  t h e  d i s t r i b u t i o n  s y s te m  u n d e r g r o u n d .  

A s n o te d  e a r l i e r ,  t h e  c o s t o f  th e  d i s t r i b u t i o n  s y s te m  w as a  c r i t ic a l  p r o b le m

"’ O f  th e  se co n d a ry  w orks , M atth ew  J o s c p h s o n s  Ediso n  te lls th e  sto ry  w ith  u n u s u a l c la rity  
a n d  in te rest a n d  in c lu d es  a n  e x ten siv e  b ib lio g ra p h y  o f  a rtic le s  a b o u t th e  h is to ric  s ta tio n . T h e  

F.dison P io n ee rs  h ave  r e c o u n te d  th e ir  e x p e r ie n c e s  a n d  o th e r  a u th o rs  hav e  c e le b ra te d  th e  
ach ie v em e n t o n  v a riou s a n n iv e rsa rie s  o f  th e  s ta tio n 's  o p e n in g . F.ssays by E d iso n 's  c o n te m ­
p o ra r ie s  c an  be  f o u n d , lo r  e x a m p le , in th e  A ssoc ia tio n  o f  E d ison  I llu m in a tin g  C o m p an ie s ' 

Edison ia. Especia lly va lu ab le  b ecause  o f  its e x tensive  re p r in t in g  o f  ea r ly  so u rc e  m a ter ia l an d  

in fo rm a tio n  on  tb c  Pearl S tre e t sta tion  a n d  th e  E d ison  E lectr ic  I llu m in a tin g  C o. is Payson 
Jo n e s 's  H istory of the Con solidated Ediso n System . I h c  C o n so lid a te d  E d iso n  Co. o r  N ew  Y ork  is 
a su ccessor e o m n an v  to  th e  EEIC .
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THif JDI90K 1LJCTRIC LICHT COMPANT
P.rmnt ot  a ll  Bdlaon alao tr lo  ligh t antarprlaaa. organlaad bp Oroaranor P. Lowrwy aa a aaanl «f f l  nano Inf Thoua A. Id laon'a  lnaantton of a soaplata 
lnoandaaoaot alao tr lo  lig h t ayataa and of promoting I ta  adoption throughout tha uorld . Incorporatad Oatobar IS. IS?#; oar gad u lth  l ta  own aubaldlarp 
Tho Bdlaan Oaponp For I ao la  tad Lighting Daoaabar }1, 1886 to fora  'Rdlaon dlaetr lo  Light C «p*np.' uhleh waa auaaaadad aa tha paront jdlaon antor- 
prlaa tap tba IDISON GiNgRAl gLSCTRIC COMPANT In 1889 “ >d tha CMgRAL dLdCTRIC COUPAHY In 1892. Control of aubordlnato oonpanlaa ualntalnad bp Uaanaa 
aontraata or ig m — ta .___________________________________________________ _________________________________________________________

t r l  (Ed iso n  r l sc t r ic  il l u wn a t in c  coup ant  op nun
TOW. licanaao of tha parant Zdlaon lla a trle  
Light Capanp and bulldar or Nuu York C ltp 'a  
planaar Paarl Struat Station. Poindad bp 
Thoaaa A. Sdlaon. Croaranor P. Lourap and othara. 
Inoorporatad Dooowbor 17. 1880| aan tral otatlon 
aaralea atartad Saptaabar k. 1882. Pradaoaaaor 
af  tha (eld) Haw York ddlaon Ccpanr and tha 
araaant Conaolldatad gdlaon Coapanp ef Naw Yirk.

THC dDYSON dLdCTRIC ILLUMINATINC COUP ANY OP 
BROOKLYN, a Uoenaae of tha parent gdlaon dle ctr le  
Light Coapanp. Poiaidad bp Aduard H. Johnaon, 
Slgaind Bargaann and othar ddlaon plonaara. 
InaorporaUd Uarot 10. 1887; aan tral ata tlon aar- 
vloa atartad Saptaabar 2, 1889. Pradaaaaaor of 
tha praaant Brooklyn ddlaon Coapanp. Ina..  a 
aubaldlarp of tha Coneolldatad gdlaon Caapanp of 
Naa York. Ina.______________________ .________

0TH3R dDISON dLSCTRIC ILLUMINATING C0UPANIS8.
In aaap Aaarloan eltlo a  Sdlaon a lao tr lo  l llu -  
• ln a tlng  oaapanlae aara organllad aa llaanaaaa 
of tha parant ddlaon d la atr la  Light Coapanp. 
uhleh ounad tha patent rlghta  to gdlaon'a alaa - 
tr io  lig h t inaantlo ia . In th la  aap tha ddlaon 
e lee tr lo  ligh t epetea apraad throughout tha 
United Statea.____________________________

ID I SON COMPANY FOR ISOLATED UCKTINC. a atoak 
aoatrallod aubaldlarp of tha orig inal idleon 
d laotrla  Light Cspanp. organlaad In 1881. and 
aargod with tha parant aoapanp to fora  'gdlaon 
f lao trio  Light Ceapanp' In 188Ž.____________

THd THOUAB A. RDI80N CONSTRUCTION OIPANTUINT. 
organliad bp Thaaaa A. ddlaon and aarged bp 
rba ddlaoa Caapanp Par Ieolatad Lighting prior 
to October 28. 188k.

THJ oDTSON MACKINJ UORRS. an ls a d la ta  outgrowth 
or Thoaaa A. ddleon'a Menlo Park Machine Shop.
In 1881 oatabllehod a t 10k coarok S tre et. Naw 
York Cltp and Manufacturer of Paarl S tre e t 'a  
world faou a  idleon 'J tabo* dpnaaoa - A prwrfosoo- 
eor of tha Ceneral d la o tr lc  Caapanp.___________

THi ( iDISON) dLKCTHIC TUBA COMPANY. bS Naah- 
Ington S treet. Naw York C ltp . aetabllehed bp 
Thaaaa A. Idleen In 1881. Bulldar of tha Paarl 
S treet Spataa'a .»iderground oanductora. Uargad 
bp Tha ddlaon Machine Work. In 1886.__________

THd dDISON LAMP IORKS, eetabllehad a t Manlo Park

Charlaa Batchelor and ddaard H. Johnaon, a ll  of 
whoa Bare Paarl S treet period d treeto re of tha 
f l r a t  Naw York idloon Coapanp In tha following 
daeada. Operator of tha w orld'a f l r a t  lneandaa. 
cant e lec tr ic  leap faotorp a t Manlo Park. In 
which ware produced tha baa boo r ila aa n t carbon 
laapo lighted bp tha Paarl S treet S tation  in 1882. 
Inoorporatad aa tha gdlaon Leap Caapanp In 188k.
A predacaaaer of tha Canaral dlo c tr lc  Coapanp.

BtRCMANN A COMPANY, fotndara of tna e le c tr ic  
lig h t eccoJoorleo manufacturing lnduatrp. datab- 
llanad a t 108-llk gooatar S treet. Naw York C ltp. 
aarlp  In 1881. Original partnera rero Slgaind 
Brrgmann and ddward H. Johnaon. afterward joined

UNITdD dDISON MANUPACTURINC COMPANT. organllad In 
tha lata  1880‘a aa a aubaldlarp or tha three 
gdlaon manufacturing oaapanlea. gdlaon Uaohlna 
Norka. gdlaon Lwnp Coapanp and Bergmann a Cow pony.

F ig ure  11.8. Ed ison's m a n u fa c tu r in g  system. From  Jones, H isto ry  o f  th e  C o n so lid a ted  E d ison  S ystem , p. 13. Courtesy o f  the Consolidated 

Edison Co. o f  N ew  York.

t h a t  E d is o n  r e c o g n iz e d  e a r ly  in  t h e  d e v e lo p m e n t  o f  th e  s y s te m , a n d  th u s ,  

in v e n t iv e  t a l e n t  a n d  d e v e lo p m e n ta l  sk ills  w e re  h e a v ily  in v e s te d  in  th e  p r o b ­

le m . S u b s e q u e n t ly ,  o t h e r  u t i l i t ie s  a ls o  f o u n d  t h a t  d i s t r ib u t io n  a n d  t r a n s ­

m is s io n  w e r e  p r o b le m s  o f  t h e  f i r s t  o r d e r ,  t h e  p o p u l a r  a t t e n t io n  g iv e n  to  

la m p s  a n d  g e n e r a t o r s  n o tw i th s ta n d in g .  T h e  e le c t r ic a l  n e tw o r k  is, a f t e r  a ll, 

t h e  e s s e n c e  o f  t h e  s y s te m .

E d is o n 's  u l t im a te  o b je c t iv e  w a s  lo  in t r o d u c e  c e n t r a l - s t a t io n  s u p p ly .  A 

c e n t r a l  s ta t io n  w o u ld  d i s t r i b u t e  e le c t r ic  l ig h t  to  th e  p u b l ic ,  in  c o n t r a s t  to  

g e n e r a t i n g  p la n t s ,  o r  i s o la te d  s ta t io n s ,  w h ic h  w o u ld  b e  u s e d  o n ly  by  t h e i r  

o w n e r s .  T h e  s te a m  b o i le r s ,  s te a m  e n g in e s ,  g e n e r a t o r s ,  a n d  a u x i l ia ry  e q u i p ­

m e n t  w o u ld  b e  h o u s e d  in  t h e  s ta t io n  b u i ld in g  itse lf ;  f r o m  th e  c e n t r a l  s ta i io n  

t h e  d i s t r ib u t io n  s y s te m  w o u ld ,  in  th e  c a s e  o f  N e w  Y o rk  C ity , f a n  o v e r  a n  

a r e a  o f  o n e  s q u a r e  m ile . E d is o n  c h o s e  2 5 7  P e a r l  S t r e e t ,  in  th e  f in a n c ia l  

d is t r ic t ,  a s  th e  lo c a t io n  o f  th e  N e w  Y o rk  C ity  s ta t io n .  S o  lo c a te d ,  th e  c e n t r a l  

s ta t io n  w o u ld  s u p p ly  r e s t a u r a n t s  a n d  s h o p s  t h a t  c o u ld  a f f o r d  th e  n e w  lig h t 

a s  a  w a y  o f  a t t r a c t i n g  c u s to m e r s  a n d  w o u ld  i l lu m in a te  w o rk p la c e s  a n d  

o f f ic e s  t h a t  c o u ld  a f f o r d  it a s  a n  u n u s u a l ly  e f f e c t iv e  l ig h t  w i th o u t  h a z a r d o u s
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F ig u r e  11.9. Th om as  E diso n, 1 8 8 2 . 

Co urtesy o f  the E d ison  A rc h ives. Ed iso n  

N a tio n a l H is tor ic  S ite . W es t O ra ng e, N J .

a n d  n o x io u s  f u m e s .  I n  i h e  W a ll S t r e e l  d is t r ic t ,  t h e  s ta t io n  w o u ld  a lso  c a tc h  

t h e  a t t e n t i o n  o f  f in a n c ie r s  a n d  t h e  in v e s t in g  p u b l ic ,  p e r s o n s  w h o  w e re  

n e e d e d  to  f u n d  E d is o n  s t a t io n s  e ls e w h e r e .

In  1 8 8 2  E d i s o n  w a s  in  N e w  Y o r k  s u p e r v i s in g  c o n s t r u c t io n  o f  th e  P e a rl 

S t r e e t  s y s te m . A s c h i e f  e n g i n e e r ,  h e  s p e n t  lo n g  h o u r s ,  w e e k  a f t e r  w eek , 

n o t  in  a n  o f f ic e ,  b u t  o u t  w ith  t h e  w o r k e r s  s w e a t in g  in  th e  h o t  s u m m e r  su n  

a s  th e y  w r e s t l e d  w ith  t h e  n e w  a n d  d i f f i c u l t  ta s k  o f  la y in g  th e  u n d e r g r o u n d  

c a b le s  f o r  t h e  P e a r l  S t r e e t  s t a t io n .  E d is o n  d id  n o t  s to p  a t  s u p e rv is io n ;  h e  

w o r k e d  in  t h e  d u g - o u t  t r e n c h e s  w ith  th e  la b o r e r s ,  r e s p o n d i n g  to  th e  m o s t 

m i n u t e  p r o b le m s ,  m a n y  o f  w h ic h  a r o s e  f r o m  t h e  d i f f ic u l t ie s  o f  m a in ta in in g  

a d e q u a t e  in s u la t io n .  O f t e n  a f t e r  a  f r a n t i c  d a y  u n r e g u l a t e d  b y  th e  c lo ck , h e  

w o u ld  s l e e p  f o r  o n ly  a  fe w  h o u r s  o n  p ile s  o f  tu b e s  s la c k e d  in  th e  s ta t io n  

b u i ld in g ,  h is  b e d  p la c e  s o f t e n e d  o n ly  b y  h is  o v e r c o a t .  I n v e n t io n  c o n t in u e d  

a s  p r o b l e m s  a r o s e  d u r i n g  t h e  d e v e l o p m e n t  a n d  e n g i n e e r i n g  p h a s e s  o f  c o n ­

s t r u c t i o n .  E d i s o n  a p p l i e d  f o r  6 0  p a t e n t s  in  1 8 8 0 , 8 9  p a te n t s  in  1 8 8 1 , a n d  

10 7  in  1 8 8 2 . M o s t c o v e r e d  in v e n t io n s  p e r t a i n i n g  to  th e  e le c t r ic  l ig h t in g  

s y s te m . O n ly  o n c e  a g a in  in  h is  l i f e t im e ,  in  1 8 8 3 , a  y e a r  in  w h ic h  h e  a p p l ie d  

f o r  6 4  p a t e n t s ,  w o u ld  t h e  to ta l  n u m b e r  o f  h is  p a t e n t s  r e a c h  th e  lev e l a p p l ie d  

f o r  d u r i n g  t h e  t h r e e  y e a r s  h e  d e d i c a t e d  to  e le c t r ic  l ig h t in g .63

O n  4  S e p t e m b e r  1 8 8 2  J o h n  W . L ie b ,  a n  E d is o n  e le c t r ic ia n ,  th r e w  th e  

s w i tc h  t h a t  f e d  c u r r e n t  f r o m  a  J u m b o  g e n e r a t o r  in  t h e  P e a r l  S t r e e t  s ta t io n  

to  t h e  f i r s t  o f  t h e  l a m p s  in s ta l le d  in  t h e  d i s t r i c t .  T h e  g e n e r a t o r s  b o r e  th e  

n a m e  o f  t h e  g r e a t  e l e p h a n t  b r o u g h t  to  A m e r ic a  b y  P. T .  B a r n u m .  E d is o n  

s w i tc h e d  o n  t h e  l a m p s  in  2 3  W a ll S t r e e t ,  t h e  o f f ic e s  o f  D r e x e l ,  M o rg a n  a n d  

C o m p a n y .  T h e  s in g le  g e n e r a t o r  w a s  d r i v e n  b y  a  d i r e c t ly  c o n n e c te d  P o r te r -  

A l ie n  e n g i n e  s u p p l i e d  w ith  s t e a m  f r o m  B a b c o c k  8c W ilc o x  b o i le r s  ( th e  tw o  

c o m p o n e n t s  o f  t h e  s y s te m  w h ic h  w e r e  u n u s u a l  in  t h a t  th e y  h a d  n o t  b e e n  

b u i l t  b y  E d i s o n ) .  I n i t ia l ly ,  o n ly  a b o u t  o n e - t h i r d  o f  t h e  o n e - s q u a r e - m i le  d is ­

t r i c t  to  h e  s u p p l i e d  f r o m  t h e  s t a t io n  h a d  c u r r e n t  a n d  o n ly  f o u r  h u n d r e d  

l a m p s  w e r e  lit. I n  p la c e ,  b u t  n o t  o p e r a t i n g  t h e  f i r s t  d a y ,  w e re  fiv e  o t h e r  

J u m b o s ,  s te a m  e n g in e s ,  a n d  b o ile rs . T h e  n o n c o n d e n s in g  P o r te r -A lle n  s te a m  

e n g i n e s  w e r e  r a t e d  a t  1 25  n o m in a l  h .p . ,  w e ig h e d  a b o u t  6 ,5 0 0  p o u n d s ,  to o k  

s t e a m  a t  1 2 0  p o u n d s  p e r  s q u a r e  in c h  o f  p r e s s u r e ,  a n d  r a n  a t  3 5 0  r e v o lu t io n s  

p e r  m i n u t e .  T h e y  w e r e  d e s i g n e d  to  l ig h t  tw e lv e  h u n d r e d  1 6 -c .p . la m p s . 

W h e n  c o o le d  w i th  a n  a i r  b la s t ,  t h e  m a c h in e s  c o u ld  s u p p ly  8 5 0  a m p s  a t 

1 1 5 - 1 2 0  v o lts .  T h e  g e n e r a t o r s  w e ig h e d  a b o u t  s e v e n  t im e s  m o r e  th a n  th e  

s t e a m  e n g i n e s  d r i v i n g  th e m .

C o n t r o l  a n d  r e g u l a t i o n ,  v i ta l  f u n c t io n s  in  th is  a n d  s u b s e q u e n t  s u p p ly  

s y s te m s ,  h a v e  b e e n  o v e r l o o k e d  b y  m a n y  h i s to r i a n s ,  b u t  th e y  w e re  n o t  o v e r ­

lo o k e d  b y  E d i s o n  a n d  h is  a s s o c ia te s  (s e e  F ig . 11 .10).  V o l ta g e  r e g u la t io n  w as 

o b t a i n e d  b y  i n s e r t i n g  a n d  r e m o v i n g  r e s i s t a n c e  f r o m  t h e  f ie ld  c i r c u i t  o f  t h e  

g e n e r a t o r s .  A n  a u t o m a t i c  i n d i c a t o r  u t i l i z in g  a n  e l e c t r o m a g n e t  c o n n e c te d  

a c r o s s  t h e  m a in  c i r c u i t  i n d ic a te d  t h e  v o l ta g e  le v e l.  I f  t h e  v o l ta g e  w as  w ith in  

o n e  o r  tw o  v o lts  o f  t h e  d e s i r e d  a m o u n t ,  t h e  in d i c a t o r  a r m ,  t h e  a r m a t u r e  

o f  t h e  e l e c t r o m a g n e t ,  r e m a i n e d  in  a  n e u t r a l  p o s i t io n  in  b a la n c e  b e tw e e n  

t h e  p u l l  o f  t h e  e l e c t r o m a g n e t  a n d  t h e  p u l l  o f  a  d e l ic a te ly  a d ju s te d  s p r in g .  

I f  t h e  l in e  v o l t a g e  r o s e ,  t h e  a r m a t u r e  w o u ld  s w in g  u n d e r  t h e  in f lu e n c e  o f

®5 A r th u r  E. K cn n e lly , " T h o m a s  E d iso n ,"  in  N atio n a l A ca dem y  o f  Sc iences, Bio graphical 

M em oirs  (W a s h in g to n , D .C ., 1943), p . 301 .
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t h e  s t r o n g e r  m a g n e t ic  f ie ld  to w a r d  th e  e le c t r o m a g n e t  a n d  c lo s e  a  c o n ta c t ,  

t h e r e b y  l ig h t in g  a  r e d  l a m p ;  i f  t h e  l in e  v o l ta g e  d r o p p e d ,  th e  a t t r a c t i o n  o f  

t h e  e l e c t r o m a g n e t  w e a k e n e d  a n d  th e  s p r i n g  e x e r t e d  th e  g r e a t e r  p u l l ,  c a u s ­

i n g  th e  a r m a t u r e  to  r e v e r s e  its  s w in g  a n d  to  c lo s e  th e  lo w -s id e  c o n ta c t s  a n d  

l ig h t  a  b lu e  la m p .  T h e  a t t e n d a n t  a c c o r d in g ly  t u r n e d  a  h a n d w h e e l  to  c o n t r o l  

t h e  a m o u n t  o f  f ie ld  r e s is ta n c e .  T o  d e v is e  s u c h  a  c o n t r o l  to  m a tc h  o u t p u t  

a n d  lo a d  w a s  s im p le  f o r  E d is o n ,  f o r  e l e c t r o m a g n e t i c  d e v ic e s ,  lik e  re la y s , 

w e r e  t h e  e s s e n c e  o f  t h e  t e l e g r a p h  h e  k n e w  s o  w e ll.64

E d is o n 's  s t a t io n  w as  n o te d  f o r  its  h a n d l i n g  o f  m a te r i a l  a n d  f o r  its  e c o ­

n o m ic a l  e n g i n e e r i n g .  A n  u n i n t e r r u p t e d  f lo w  o f  m a te r i a l  a n d  e n e r g y  w o u ld  

l a t e r  c h a r a c te r i z e  p o w e r  p la n t  e n g i n e e r i n g .  A  2 0 - h .p .  e n g in e  d r o v e  a  sc re w  

c o n v e y o r  f o r  l i f t in g  c o a l  f r o m  t h e  v a u l t  u n d e r  th e  b u i ld in g  to  a  p o s i t io n  

a b o v e  th e  b o i le r s  w h e r e  t h e  c o a l  d r o p p e d  b y  g r a v i ty  in to  th e  s to k e  h o le  o f  

th e  b o i le r .  A n o t h e r  s c r e w  c o n v e y o r  to o k  a s h e s  f r o m  b e n e a t h  th e  g r a te s  a n d  

d i s c h a r g e d  th e m  in to  a  c o n t a i n e r  u n d e r  th e  s id e w a lk .  T h e  e x h a u s t  f r o m  

th e  s te a m  e n g in e s  p a s s e d  t h r o u g h  f e e d - w a te r  h e a te r s  a n d  t h e n  in to  th e  

a t m o s p h e r e ;  a  f a n  f o r c e d  c o m b u s t io n  a i r  in to  t h e  f u r n a c e  a n d  c o o l in g  a i r  

o n t o  th e  g e n e r a t o r  c o m m u t a t o r .  U n d e r  fu ll  h e a d w a y ,  th e  f o u r  b o i le r s ,  r a t e d  

a t  2 4 0  h .p .  e a c h ,  w o u ld  c o n s u m e  a b o u t  f iv e  to n s  o f  c o a l  a n d  1 1 ,5 0 0  g a llo n s  

o f  w a te r  p e r  d a y  ( s e e  F ig . I I .  11).

I n i t ia l ly ,  t h e  m o s t  s e r io u s  p r o b le m  a r o s e  w h e n  tw o  g e n e r a t o r  s e ts  w e re  

c o n n e c te d  in  p a r a l l e l .  T h e  g o v e r n o r s  o f  th e  tw o  s te a m  e n g in e s  b e g a n  to  

h u n t ,  f i r s t  c u t t i n g  o f f  a n d  t h e n  p r o v id in g  s te a m  f o r  fu ll  p o w e r .  E d is o n  

fo u n d  a n  in g e n io u s  m e a n s  o f  t e m p o r a r i ly  c o r r e c t in g  t h e  a n o m a ly  by  m e ­

c h a n ic a l ly  c o n n e c t i n g  t h e  g o v e r n o r s  o f  th e  s te a m  e n g in e s .  I n  N o v e m b e r  

1 8 8 2 , h o w e v e r ,  tw o  A r m i n g t o n  & S im s  e n g in e s  w e re  s u b s t i tu te d  f o r  th e  

P o r te r - A l le n  e n g in e s ,  a n d  w h e n  th e s e  o p e r a t e d  s u c c e s s fu lly  w ith  g e n e r a to r s  

c o n n e c te d  in  p a r a l l e l ,  a ll o f  t h e  P o r te r - A l ie n  e n g in e s  w e re  r e p la c e d .  I t  is 

i n t e r e s t i n g  to  n o te  t h a t  th is  d i f f ic u l ty  in v o lv e d  a  c o m p o n e n t  t h a t  w as  n o t  

d e s ig n e d  a n d  b u i l t  b y  E d is o n  f o r  t h e  sy s te m .

C o u n t l e s s  o t h e r  p r o b le m s  p la g u e d  t h e  s ta t io n  d u r i n g  th e  b r e a k in g - in  

p e r io d .  C u r r e n t  le a k e d  f r o m  c o n d u c t o r s  a n d  ju n c t i o n  b o x e s  u n d e r  th e  

s t r e e t s .  I n  a d d i t io n ,  t h e r e  w e r e  f i r e s  f r o m  fa u l ty  w ir in g .  S lo w ly , h o w e v e r ,  

s e rv ic e  i n c r e a s e d .  O n  1 O c t o b e r  1 8 8 2 , a  few  w e e k s  a f t e r  s e rv ic e  b e g a n ,  

w ir in g  w as  in  p la c e  f o r  1 ,6 2 6  la m p s  in  t h e  d i s t r i c t  a n d  1 ,2 8 4  w e re  in  u se ; 

o n  1 O c to b e r  t h e  fo l lo w in g  y e a r  t h e r e  w as  w ir in g  f o r  1 1 ,5 5 5  la m p s  a n d  

8 ,5 7 3  w e re  in  u s e .  T h e  P e a r l  S t r e e t  s ta t io n  r e m a in e d  in  s e rv ic e  u n t i l  2 

J a n u a r y  1 8 9 0 , w h e n  a  d i s a s t r o u s  f i r e  s h u t  d o w n  t h e  o r ig in a l  s y s te m . T h e n ,  

o n  12 J a n u a r y  o f  t h a t  y e a r ,  a  r e c o n s t r u c te d  s ta t io n  b e g a n  s u p p ly in g  c u r r e n t  

f r o m  P e a r l  S t r e e t .  O n  1 A p r i l  189 4  th e  s ta t io n  w as  r e t i r e d  a n d  th e  b u i ld in g  

w as  s o ld .  T h e n  o n ly  a  p la q u e  m a r k e d  th e  h is to r ic  s i te  w h e r e  E d is o n  d e m ­

o n s t r a t e d  so  e f f e c t iv e ly  h is  s y s te m  f o r  g e n e r a t in g ,  c o n t r o l l in g ,  d i s t r ib u t in g ,  

m e a s u r in g ,  a n d  u t i l iz in g  e le c t r ic i ty  f o r  l ig h t in g .

I f  t h e  P e a r l  S t r e e t  s ta t io n  h a d  n o t  b e e n  p a r t  o f  a  b u s in e s s  a s  w ell a s  a  

t e c h n o lo g ic a l  s y s te m , h o w e v e r ,  it  m ig h t  n o t  h a v e  s u rv iv e d  u n t i l  t h e  f i r e  o f  

1 8 9 0 . A  s im i la r  s ta t io n  in  L o n d o n  w as  a b a n d o n e d  s e v e ra l  y e a r s  a f t e r  its  

f o u n d in g ,  f o r  f in a n c ia l  a n d  p o li t ic a l  re a s o n s  (see  p p .  5 5 - 6 2  b e lo w ). T h e

®4T h is  a ccou n t o f  th e  sta tio n  a n d  its e q u ip m e n t is based  in p a rt o n  H ug hes. Thom as F.duon, 
p p . 2 9 -3 6 .



n e t w o r k s  o f  p o w e r

F ig u re  I I . 10. W ir in g system fo r  the  Pea rl  

Street central station. From  Association o f 
Edison Illu m in a tin g  Com panies, 

E disonia . p. 70.
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Fig u re  11.11. Pea rl Street station, 18 8 2 : En gineerin g  draw ings. From  Association of Ediso n Il lu m in a tin g  Com p anie s, E d ison ia , p. 6 4 .
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P e a r l  S t r e e t  s ta t io n  a n t i  t h e  E d is o n  E le c tr ic  I l lu m in a t in g  C o m p a n y  (E E IC .)  

w e r e  s u s ta in e d  n o t  o n ly  b e c a u s e  o f  th e  c a p i ta l  in v e s te d  in  th e  p la n t  a n d  

th e  c o m p a n y  b u t  a ls o  b e c a u s e  d ie  o t h e r  c o m p a n ie s  o l  ( l ie  E d is o n  sy s te m  

d e p e n d e d  011 t h e m  a s  s h o w p ie c e s  a n d  i n d u c e m e n ts  fo r  o t h e r s  to  p u n  b a se  

E d is o n  f r a n c h i s e s  a n d  E d is o n  e q u i p m e n t ,  d 'l i is  p a r t  o f  th e  e a r ly  E d is o n  

h is to ry  is r a r e ly  m e n t i o n e d  in  (h e  E d is o n  lo r e ;  E d is o n  a n d  h is  a s so c ia te s  

w e r e  r e l u c t a n t  to  r e l e a s e  a n y  d e ta i l e d  o p e r a t i n g  f ig u r e s  at th e  t im e . ,,r> 1 lie 

a n n u a l  r e p o r t s  o f  th e  p a r e n t  E d is o n  E le c tr ic  E ig h t C o m p a n y  a n d  c o r r e ­

s p o n d e n c e  n o w  a v a ila b le ,  h o w e v e r ,  p r o v id e  e v id e n c e  o f  th e  F .E IC ’s n e a t  

c o l la p s e .

T h e  E E IC  d id  n o t  c h a r g e  c u s to m e r s  f o r  e le c t r ic i ty  in  1 8 8 2  a n d  s h o w e d  

a  lo ss  o f  o v e r  $ 1 2 ,0 0 0  f o r  t h e  f ir s t  tw o  q u a r t e r s  o f  1 8 8 3 , fo llo w e d  by  a n e t 

lo ss  f o r  th e  y e a r .61’ In  1 8 8 5  t h e  c o m p a n y  r e p o r t e d  a n e t  in c o m e  o f  6  p e r c e n t  

011 its  c a p i ta l  in v e s tm e n t  o f  $ 8 2 8 ,8 0 0  a n d  d e c la r e d  a 4 p e r c e n t  d iv id e n d  

T h e  la t te r  m a y  h a v e  l ie e n  in te n d e d  to  e n c o u r a g e  in v e s to rs , w h o  w e re  n e e d e d  

f o r  th e  c o n s t r u c t io n  o f  a n e w  c e n t r a l  s ta t io n  u p to w n .  1  l ie  c o m p a n y  p r e ­

d i c te d  th a t  th e  n e w  s ta t io n  w o u ld  b e  m o r e  p r o f i t a b le  b e c a u s e  th e  n e w e r  

E d is o n  t h r e e - w i r e  d i s t r ib u t io n  s y s te m  w o u ld  lo w e r  c o s ts  s u b s ta n t ia l ly  a n d  

b e c a u s e  th e  lo a d  in  th e  n e w  d is t r i c t  w o u ld  b e  m o r e  e v e n ly  d i s t r ib u te d  to  

a c c o m m o d a te  u s e  a t  a ll h o u r s  o f  th e  d a y  o r  n ig h t .  T h e  r e l a t io n s h ip  b e tw e e n  

r e g u la r i ty  o f  lo a d  a n d  p e r - u n i t  c o s t  ( lo a d  f a c to r )  h a d  b e e n  re c o g n iz e d  a s  a 

c r i t ic a l  p r o b le m .

N e v e r th e le s s ,  E d is o n  e n c o u n t e r e d  d i f f ic u l t ie s  in  f u n d i n g  th e  e x p a n s io n .  

T h e  E d is o n  E le c tr ic  L ig h t C o m p a n y ,  th e  o w n e r  o f  o n e - q u a r t e r  o f  th e  E F .IC ’s 

o p e r a t i n g  s to c k ,  a p p r o p r i a t e d  $  1 7 1 ,2 0 0  o f  th is  s to c k  a s  a t r u s t  f u n d  to  assist 

in  r a i s in g  f u n d s .  D e s p i te  th is ,  th e  p r o m is e  o f  l a r g e r  p r o f i t s  f r o m  th e  n ew  

s ta t io n ,  a n d  th e  f u r t h e r  i n d u c e m e n t  o f  a 2 0  p e r c e n t  b o n u s  o n  th e  n ew  

e x p a n s io n  s to c k  to  E E I C  s t o c k h o ld e r s ,  t h e  c o m p a n y  still e x p e r ie n c e d  d i f ­

f ic u lt ie s . A  p r iv a te  c a n v a s s in g  o f  s to c k h o ld e r s  re v e a le d  th a t  n o t  o n e - te n th  

o f  th e  m ill io n  a n d  a h a l f  d o l l a r s  a u t h o r i z e d  c o u ld  b e  r a is e d  f r o m  th is  s o u r c e .  

T h e  p r o m i n e n t  f in a n c ie r  H e n r y  V i l la rd ,  a n  in v e s to r  in  E d is o n  s to c k  w h o  

w as t h e n  r e s id in g  in  h is  n a t iv e  G e r m a n y  a f t e r  a  r e v e r s e  o f  h is  A m e r ic a n  

f o r tu n e s ,  h e a r d  f r o m  h is  A m e r ic a n  c o r r e s p o n d e n t  th a t  in f o r m e d  o p in io n  

w as  d is g u s te d  w ith  t h e  e n t i r e  E d is o n  b u s in e s s  a n d  b e lie v e d  th a t  E d iso n  

o f f ic ia ls  w e re  g e t t in g  r ic h  a t  th e  e x p e n s e  o r  E E IC  s to c k h o ld e r s .  V i l la rd 's  

c o r r e s p o n d e n t  a d v is e d  h im  to  ig n o r e  th e  ro s y , v a g u e  p ro m is e s  o f  th e  c o m ­

p a n y ’s o f f ic ia ls  a n d  n o t  to  p u r c h a s e  th e  e x p a n s io n  s to c k .  F a c e d  by  th e  

a p a th y  o f  s u c h  s to c k h o ld e r s ,  th e  c o m p a n y  th e n  f o r m e d  a g u a r a n t e e  s y n ­

d ic a te  w ith  th e  p r o m is e  o f  p r o f i t  f o r  s y n d ic a te  p a r t i c ip a n t s  in  th e  f o r m  o f  

a  la rg e  b o n u s  o f  E E IC  s to c k . N e w s  o f  th is  v e n t u r e  w as  p a s s e d  011 to  V illa rd  

in  F e b r u a r y  1 8 8 6  w ith  th e  a d v ic e  ( h a t  h e  n o t  " to u c h  it w ith  a te n - lo o t  

p o le .”07 F in a lly , a  " D re x e l  M o rg a n  S y n d ic a te "  w ith  h e a v y  in v e s tm e n ts  in  

th c  E d is o n  s y s te m  “ [ s q u e e z e d ]  o u t  s o m e  m o n e y  s o m e w h e r e ." 08

•“ Sec p. 71 below .
•“ Edison  E lectr ic  L ight Co.. A n n u a l Report, 1 8 8 J  (N ew  Y ork : E EIC . IH84); a n d  Edison 

Electr ic  I llu m in a tin g  Co., A n n u a l Report, I 8 8 J  (N ew  Y ork : E E IC . IH8(i).

•’,  C. A. S p o f lo rd  to  H e n ry  V illa rd , 12 J a n u a ry , 18 J a n u a ry , 25 J a n u a ry , a n d  2(i F eb ruary  
1886, Box 124. V illa rd  P apers , H a rv a rd  U nivers ity  L ib rary . C a m b rid g e , Mass

""S p o ffo rd  lo  V illa rd , 26  F e b ru ary  1886, V illa rd Pa|>ors.
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N o t  o n ly  s u r v iv in g  b u t  e x p a n d i n g ,  t h e  E E 1 C . a  c r i t ic a l  c o m p o n e n t  o f 
E d i s o n ’s s y s te m , s e e m s  to  h a v e  s t i m u l a t e d  t h e  s a le  o f  E d is o n  f r a n c h i s e s  by 

th e  p a r e n t  c o m p a n y  a n d  o f  e q u i p m e n t  b y  t h e  m a n u f a c t u r i n g  c o m p a n ie s .  

T h e  s a le  o f  f r a n c h i s e s  in  m a j o r  c i t ie s  p r o c e e d e d  b r is k ly  a t  t h e  s a m e  t im e  

th a t ,  b e h i n d  t h e  s c e n e s ,  E d i s o n ’s b a c k e r s  w e r e  h a v i n g  d i f f i c u l ty  f in a n c in g  
t h e i r  s h o w p ie c e .  B y 1 8 8 8 , l a r g e  E d i s o n  c o m p a n i e s  o r  u t i l i t i e s  w e r e  lo c a te d  

in  D e t r o i t ,  M ic h ig a n ;  N e w  O r l e a n s ,  L o u i s i a n a ;  S t .  P a u l ,  M in n e s o ta ;  C h i ­

c a g o ,  Il l in o is ;  P h i la d e lp h ia ,  P e n n s y lv a n ia ;  a n d  B ro o k ly n ,  N e w  Y o rk .  A b ro a d ,  

c e n t r a l  l i g h t i n g  s t a t i o n s  h a d  b e e n  e s ta b l i s h e d  in  M ila n  a n d  B e r l in .  I n  1 8 9 0  

th e  N e w  Y o r k  u t i l i t y  r e p o r t e d  d r a m a t i c  g r o w t h  s in c e  1 8 8 8 : t h e  n u m b e r  o f  

its  c u s t o m e r s  h a d  r i s e n  f r o m  7 1 0  to  1 ,6 9 8 ; t h e  n u m b e r  o f  l a m p s  (1 6  c .p .)  

u s e d  h a d  in c r e a s e d  f r o m  1 6 ,3 7 7  to  6 4 ,1 7 4 ;  a n d  t h e  c o m p a n y ’s n e t  e a r n i n g s  

h a d  n e a r l y  d o u b l e d ,  j u m p i n g  f r o m  $ 1 1 6 ,2 3 5  to  $ 2 2 9 , 0 7 8 .69 I n d i c a t i v e  o f 

t h e  a p p r o a c h  o f  a  n e w  e r a  o f  e l e c t r i c  p o w e r ,  in  1 8 8 9  t h e  c o m p a n y  r e p o r t e d  

t h e  f i r s t  “ m o t o r l o a d ” ( 4 7 0  h .p .) .

“ Edison E lectric Illum ina ting  Co.. A n n u a l Report, IH 90 . (N ew  York: EE IC . 1891).
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E d is o n ’s  S y s te m  
A b ro ad : T e c h n o lo g y  
T r a n sfe r

D lS O N a n d  h is  a s s o c ia te s  in v e n te d ,  d e v e lo p e d ,  a n d  in t r o d u c e d  in to  u se

a t  t h e  P e a r l  S t r e e t  s ta t io n  a n  e le c t r ic  l ig h t in g  s y s le m  th a t  w as d e s ig n e d  

fo r  l l ie  N e w  Y o rk  C ity  s i te . T h e  t e c h n o lo g y  o f  th e  E d is o n  c e n t r a l - s t a t io n  

sy s te m  i n c o r p o r a t e d  b o th  th e  n a t u r a l  g e o g r a p h y  (co a l a n d  w a te r  s u p p ly )  

a n d  th e  h u m a n  g e o g r a p h y  ( lo a d  o r  d e m a n d )  o f  N e w  Y o rk  C ity . In  a d d i t io n ,  

E d is o n ,  L o w re y ,  a n d  o t h e r s  to o k  a d v a n ta g e  o f  th e  f in a n c ia l  r e s o u r c e s  a n d  

o r g a n iz a t io n a l  f o r m s  t h a t  w e re  a v a ila b le  in  N e w  Y o rk  C ity . T h e  le g is la t iv e , 

o r  r e g u la to r y ,  c o n s t r a in t s  o f  N e w  Y o rk  l i t t le  t r o u b le d  th e  in n o v a to r s  o n c e  

th e y  o b ta in e d  a f r a n c h i s e  f r o m  c ity  c o u n c i l .  T h e  E d is o n  te c h n o lo g y  a lso  

m a n i f e s t e d  th e  e x p e r i e n c e  a n d  sk ills  o f  c r a f t s m e n  a n d  a p p l i e r s  o l sc ie n c e  

w h o  h a d  b e e n  d r a w n  m o s tly  f r o m  th e  n a t iv e  a n d  i m m ig r a n t  p o p u la t io n s  

o f  N ew  Y o rk  C ity  a n d  th e  i n d u s t r i a l  N o r th e a s t .  T h u s ,  w i th o u t  a r t i c u la t in g  

th e  in t e n t  to  d o  so , E d is o n  a n d  h is  a s s o c ia te s  d e s ig n e d  a  s i te - s p e c il ic  t e c h ­

n o lo g y .  U n d o u b te d ly ,  h o w e v e r ,  th e y  b e lie v e d  th a t  a  s y s le m  d e s ig n e d  fo r  

N ew  Y o rk  C ity  w o u ld  fu n c t io n  w ell in  th e  o t h e r  g r e a t  c i tie s  o l th e  W e s te rn

In  fa c t ,  t h e  E d is o n  in te r e s t s  w e re  n o t  c o n te n t  to  in t r o d u c e  th e  t e c h n o lo g y  

in  N e w  Y o rk  C ity  o r  e v e n  to  lim it it to  th e  u r b a n  c e n te r s  o f  th e  U n i te d  

S ta te s .  E d is o n  a n d  h is  a s s o c ia te s  a ls o  a c tiv e ly  e n g a g e d  in  th e  d i f f u s io n  a n d  

t r a n s f e r  o f  t h e i r  c e n i r a l - s i a l io n  t e c h n o lo g y  to  o t h e r  A m e r ic a n  c itie s  a n d  to  

th e  c i t ie s  o f  E u r o p e .  T h e  h is to ry  o f  th e  t r a n s f e r  o f  E d is o n 's  sy s te m  to  

L o n d o n  a n d  B e rl in  is in s tru c tiv e , f o r  it re v e a ls  d i f f e r e n t  m o d e s  o f  te c h n o lo g y  

t r a n s f e r  a n d  th e  f a te  o f  a  s i te - s p e c if ic  te c h n o lo g y  in  tw o  n e w  e n v i r o n m e n ts .

G r o s v e n o r  P. L o w re y  p r o m o t e d  th e  E d is o n  e n te r p r i s e s  n o t o n ly  in  th e  

U n i te d  S la te s  b u t  in  E n g la n d  a n d  o n  th e  C o n t in e n t  as w ell. 11 is a c tiv itie s  

p r o v id e  a n  o u t s t a n d i n g  e x a m p le  o f  m o d e s  o f  te c h n o lo g y  t r a n s f e r ,  l .o w re y 's  

a s s o c ia te s ,  m e m b e r s  o f  th e  g r e a t  b a n k in g  a n d  in v e s tm e n t  h o u s e  o f  D re x e l .  

M o r g a n  a n d  C o m p a n y ,  h a d  th e  f in a n c ia l  r e s o u r c e s ,  t h e  f o r e ig n  c o n ta c ts ,  

a n d  th e  o r g a n iz a t io n a l  w h e r e w ith a l  to  m o v e  te c h n o lo g y  a c ro s s  n a t io n a l  

b o u n d a r i e s .  F ro m  th e  s ta r t  o f  th e  E d is o n  e le c t r ic  l ig h t in g  p ro je c t ,  L o w re y  

a n t ic ip a te d  th e  b u s in e s s  th a t  c o u ld  b e  d e v e lo p e d  a b r o a d .  In  O c to b e r  IH7H 

h e  to ld  E d is o n  th a t  th e  w ay  to  fu lf i l l  h is  d r e a m  o l  b u i ld in g  a w o rk in g  

la b o r a to r y  " s u c h  a s  th e  w o r ld  n e e d e d  a n d  h a d  n e v e r  s e e n "  w as to  se ll

w o r ld .
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p a te n ts ,  in c lu d in g  f o r e ig n  o n e s . '  I t  w as n o t  u n u s u a l  in  th e  1 8 7 0 s  fo r  A m e r ic a n s  

to  lo o k  a b r o a d  Tor f in a n c in g  a n d  f o r  a  m a j o r  m a r k e t  f o r  t h e i r  te c h n o lo g y .  

B e f o r e  th e  in v e n t io n  o f  h is  e l e c t r ic  l ig h t in g  s y s te m , f o r  in s ta n c e ,  E d is o n  

h a d  p r o m o te r s  r e p r e s e n t in g  h is  t e le g r a p h  a n d  te l e p h o n e  p a te n ts  in  E n g la n d  

a n d  o n  th e  C o n t i n e n t .2
F o r  t h e  t e l e p h o n e  p a te n t s ,  E d i s o n ’s r e p r e s e n t a t i v e s  w e re  C o lo n e l  G e o r g e  

E. G o u r a u d  in  E n g la n d  a n d  T h e o d o r e  P u s k a s  in  P a r is .  P u s k a s  a ls o  h a n d le d  

E d i s o n ’s p h o n o g r a p h  b u s in e s s  in  P a r is .  G o u r a u d ,  a  t r a n s p l a n t e d  A m e r ic a n  

o f  t h e  “b o o m e r ” ty p e ,  o f t e n  r e p r e s e n t e d  A m e r ic a n  b a n k e r s  in  L o n d o n  a n d  

h a d  v a lu a b le  c o n ta c t s  a m o n g  B r i t i s h  c a p i ta l i s ts ;  P u s k a s ,  a  n a t iv e  o f  B u d a ­

p e s t ,  w as  k n o w n  a m o n g  in v e n to r s  a s  th e  f i r s t  to  s u g g e s t  a  t e l e p h o n e  e x ­

c h a n g e .3 A f te r  L o w re y  a n d  E d is o n  a g r e e d  t h a t  D r e x e l ,  M o r g a n  a n d  C o m ­

p a n y  s h o u ld  d is p o s e  o f  E d is o n ’s in v e n t io n s  in  E n g la n d  a n d  E u r o p e ,  h o w e v e r , 

G o u r a u d ’s a n d  P u s k a s ’s c a ll u p o n  E d is o n  b e c a u s e  o f  e a r l i e r  s e rv ic e s  b e c a m e  

a w k w a rd .

W h e n  E d is o n  f ir s t  b e l ie v e d  h e  h a d  s t r u c k  a  b o n a n z a  b y  s o lv in g  th e  p r o b ­

le m  o f  s u b d iv id in g  th e  e le c t r ic  l ig h t ,  h e  c o n f i d e d  in  P u s k a s  a n d  G o u r a u d .  

H e  p r o m is e d  G o u r a u d  t h a t  h e  w o u ld  b e  “c o u n t e d  i n , ” e v e n  th o u g h  th e  

l ig h t  w as  b e in g  d e v e lo p e d  w ith  th e  e c o n o m ic  s u p p o r t  o f  f in a n c ie r s  w h o s e  

in te r e s t s  w o u ld  h a v e  to  b e  ta k e n  in to  a c c o u n t  in  m a k i n g  s u c h  a n  a r r a n g e ­

m e n t . ' ' G o u r a u d  e n th u s ia s t ic a l ly  i n f o r m e d  E d is o n  t h a t  n e w s  o f  h is  d is c o v e ry  

h a d  s p r e a d  t h r o u g h o u t  th e  B r i t i s h  p r e s s  a n d  c o n s t i t u t e d  t h e  b e s t ,  a s  w ell 

a s  f r e e ,  p u b lic i ty .  G o u r a u d  sa w  m o r e  t h a n  a  m i l l io n  p o u n d s  “ t r e m b l i n g  in  

t h e  b a la n c e ,” p o u n d s  t h a t  c o u ld  c o m e  d o w n  o n  E d i s o n ’s s id e  i f  t h e  fa c ts  o f  

h is  in v e n t io n  w e re  m a d e  k n o w n  in  d e ta i l ;  t h e r e  w as  n o  l im e  l ik e  t h e  p r e s e n t  

to  l a u n c h  a  g r e a t  E d is o n  c o m p a n y  in  E n g la n d .  F u r t h e r m o r e ,  h e  r e p o r t e d ,  

th e  s c ie n tif ic  c o m m u n i ty  w a i le d  f o r  m o r e  n e w s  a s  e a g e r ly  a s  d i d  t h e  f in ­

a n c ie r s / ’

A f te r  c o m m u n ic a t in g  th e  n e w s  o f  t h e  s u b d iv i s io n  b o n a n z a  to  G o u r a u d  

a n d  P u s k a s  w ith  th e  u n m is ta k a b le  im p l ic a t io n  t h a t  th e y  w o u ld  b e  b e n e f i ­

c ia r ie s ,  E d is o n  g a v e  G r o s v c n o r  L o w re y  t h e  p o w e r  o f  a t t o r n e y  to  se ll h is  

f in a n c ia l  in te r e s t  in  th e  e le c t r ic  l ig h t  in  G r e a t  B r i t a in .  H e  a u t h o r i z e d  L o w re y  

to  s e le c t  a  s u i ta b le  b a n k in g  h o u s e  w ith  c o r r e s p o n d e n t s  in  E n g la n d  a n d  to  

fo rm  a p a r t n e r s h i p  b e tw e e n  E d is o n  a n d  ( h e  b a n k e r s  f o r  t h e  p u r p o s e  o f  

ta k in g  o u t  p a te n t s ,  o r g a n iz in g  e x h ib i t io n s  o f  t h e  in v e n t io n s ,  a n d  d i s p o s in g  

o f  th e  r ig h ts .  E d is o n  w as  to  r e c e iv e  o n e  h a l f  o f  t h e  n e t  p r o c e e d s :  L o w re y  

a n d  th e  b a n k in g  h o u s e  th e  o t h e r .  E d is o n  to o k  p a in s ,  h o w e v e r ,  to  a d d  th a t  

h e  e x p e c te d  L o w re y  to  sa tis fy  “ a n y  r e a s o n a b le  c la im s  m a d e  b y  C o lo n e l 

G o u r a u d  f o r  a n y  s e rv ic e s  w h ic h  h e  m a y  h a v e  r e n d e r e d ,  d e s i r i n g  y o u  to  b e

G. I . I.ow rcy to  E d iso n . 10 O c to b e r  1878, E d iso n  A rch iv es, E d ison  N ation n l H isto ric  Site, 
W est O ra n g e , N .J . ( h e re a fte r  c ited  as EA).

F o r a rec en t a cc ou n t o r  th e  E dison  te le g ra p h  a n d  te le p h o n e  in  E n g la n d , sec R o be rt C onot. 
A Streak  o f  Luck:  Th e  L ife  a n d  Lege nd  o f  Thom as A lv a  Ed iso n  (N ew  Y ork: Seaview  B ooks. 1979). 

" P  P,1! ;;’ /  ' 1 ‘,r> -47- Sec :,lso M atthew  jo s e p h s o n , E dison:  A  B io gra phy  (N ew  Y ork: M cGraw-
lh ll ,  I 9 j9 ) .  p p ^  1 02 -3 . 1*19-35; a n d  F ra n k  L. D y er a n d  T h o m a s  C. M a rtin . Edison: H is Life 
a n d  Inve n tio ns, 3 rd  e d .. 2 vols. (N ew  Y ork: H a r p e r  & B ros..  1930). 1: 1*18-52.

Jo se p h so n . Edison , p. 1*19; D yer a n d  M a rlin . Ed iso n . I: 179.

14 O c to b e r ’|8 7 8  ' e a ^ ’ ”  S e p le m l,e r  an<l 5 ° < ,ob e ' IH7«* a n d  E d ison  to  G. E. G o u ra u d . 

5 G o u ra u d  to  E dison , 24 O cto b er  1878. EA
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n o t  o n ly  ju s t  to  h im ,  b u t  to  s a v e  m e  f r o m  a n y  f a i r  c o u r s e  o f  c o m p la in t  by  

h im :  th is  is to  b e  t r e a t e d  a s  o n e  o f  t h e  e x p e n s e s .

E d is o n  a ls o  w ro te  to  P u s k a s ,  e x p r e s s i n g  “g r e a t  d e l ic a c y "  in  i n f o r m in g  

h im  a b o u t  t h e  a r r a n g e m e n t s  t h a t  w o u ld  b e  m a d e  f o r  th e  E u r o p e a n  b u s in e s s .  

E x p la in in g  t h a t  h e  h a d  t u r n e d  to  " f r i e n d s "  in  A m e r ic a  f o r  a la r g e  s u m  to  

d e v e lo p  t h e  in v e n t io n ,  E d is o n  r e v e a le d  th a t  th e y  h a d  im m e d ia te ly  r a is e d  

t h e  q u e s t io n  o f  h is  E u r o p e a n  p a te n t s .  H e  h a d  to ld  th e m  a b o u t  h is  a g r e e ­

m e n t s  w ith  P u s k a s  f o r  t e l e p h o n e  a n d  p h o n o g r a p h  b u s in e s s .  T h e y  w a n te d  

t h e  r ig h t s  to  d i s p o s e  o f  th e  e l e c t r i c  l ig h t in g  p a te n t s  in  E u r o p e ,  b u t  w e re  

w il l in g  to  d is c u s s  w ith  P u s k a s  h is  a c t in g  a s  t h e i r  a g e n t  in  a ll E u r o p e a n  

c o u n t r i e s  e x c e p t  I ta ly ;  t h e r e ,  a c c o r d in g  to  E g is to  F a b b r i ,  t h e  M o r g a n  p a r t ­

n e r ,  F a b b r i ’s b r o t h e r ’s f i r m ,  M e s s rs .  F a b b r i  8c C h a u n c c y  o f  N e w  Y o rk ,  

w o u ld  b e  t h e  m o s t  e f f e c t iv e  a g e n t .  E d is o n  a t t e m p t e d  to  c o n s o le  P u s k a s  by 

p r e d i c t i n g  t h a t  w h i le  D r e x e l ,  M o r g a n  a n d  C o m p a n y  w o u ld  h a v e  g e n e r a l  

c o n tro l  o v e r  p r o m o t io n a l  m a i l e r s  a n d  n e g o tia t io n s ,  P u sk a s 's  in c o m e  as a g e n t ,  

t h o u g h  a r e d u c e d  s h a r e ,  w o u ld  a c tu a l ly  b e  l a r g e r . 7

L o w re y  h a d  p e r s u a d e d  E d is o n  t h a t  th e  A m e r ic a n  b a n k in g  h o u s e  a n d  its 

o v e r s e a s  p a r t n e r s  c o u ld  t r a n s f e r  E d i s o n ’s te c h n o lo g y  m o r e  e f fe c t iv e ly  th a n  

“C o n t in e n ta l  p e o p l e ,"  e s p e c ia l ly  th o s e  in  P a r is .  F r o m  h is  a n d  h is  a s s o c ia te s ’ 

e x p e r i e n c e ,  L o w re y  h a d  c o n c lu d e d  “ th a t  A m e r ic a n s  a r e  th e  h o n e s te s t  a n d  

m o s t  s t r a i g h t f o r w a r d ,  a s  w ell a s  t h e  b e s t  h e a r t e d  p e o p le  in  th e  w o r ld ."  T h e  

E n g l is h ,  h e  b e l ie v e d ,  “a r e  n e x t . ” I n  P a r is ,  L o w re y  r e p o r t e d ,  " [ th e r e ]  w as  

n o  c h ic a n e r y  o r  t r ic k  c o n s i d e r e d  to  b e  b e n e a t h  a  g r e a t  b a n k e r . ” T h e r e f o r e ,  

h e  u r g e d ,  E d is o n  s h o u l d  b e  r e p r e s e n t e d  b y  a  s t r o n g  A m e r ic a n  b a n k in g  

h o u s e  t h a t  w as  c a p a b le  o f  d e a l i n g  w ith  c h ic a n e r y  a n d  t r ic k s .  F u r t h e r m o r e ,  

s in c e  th e  o f f ic e s  o f  D r e x e l ,  M o r g a n  a n d  C o m p a n y  w e re  o n ly  tw e n ty  m ile s  

f r o m  M e n lo  P a r k ,  E d is o n  c o u ld  r e m o n s t r a t e  q u ic k ly  i f  h is  a f f a i r s  w e re  n o t  

h a n d l e d  to  h is  l ik in g .  I n  a d d i t i o n ,  D re x e l ,  M o r g a n  a n d  C o m p a n y ’s B r it is h  

a n d  E u r o p e a n  n e tw o r k  c o u ld  e f f e c t iv e ly  e x h ib i t  t h e  E d is o n  s y s te m  in  L o n ­

d o n ,  P a r is ,  V ie n n a ,  B e r l in ,  a n d  e l s e w h e r e  in  E u r o p e  in  o r d e r  to  d r a w  

a t t e n t i o n  to  t h e  t e c h n o lo g y  a n d  to  d i s p o s e  o f  th e  p a t e n t  r ig h ts .  T h e  b a n k e r s ,  

w ith  t h e i r  h ig h ly  d e v e lo p e d  n e g o t i a t in g  sk ills , c o u ld  d e f i n e  th e  b e s t  a r ­

r a n g e m e n ts ,  s o m e t im e s  s e l l in g  p a te n t s  o u t r i g h t ,  o t h e r  l im e s  r e s e r v in g  p a r ­

t ia l i n t e r e s t  in  t h e m .  L o w re y  a d d e d  t h a t  h e  w a n te d  P u s k a s  to  s e t t le  fo r ,  

p e r h a p s ,  10 p e r c e n t  a s  a n  a g e n t ,  u n le s s  P u s k a s  w as  a b le  lo  r a is e  $ 5 0 ,0 0 0  

o r  m o r e  in  c a s h  to  in v e s t  in  E d i s o n ’s d e v e l o p m e n t  o f  t h e  e le c t r ic  l ig h t .  T h e  

A m e r ic a n  b a n k e r s ,  w h o m  L o w re y  c h a r a c te r i z e d  a s  “a  n e w  c la s s  o f  m e n "  in  

E d is o n ’s e x p e r i e n c e ,  w e re  n o t ,  it s e e m s ,  p r e p a r e d  to  in v e s t m o r e  m o n e y  

f o r  d e v e lo p m e n t  u n t i l  m o r e  p r o g r e s s  h a d  b e e n  m a d e  a t  M e n lo  P a rk ,  d e s p i t e  

t h e  “ h ig h e s t  c o n f id e n c e  in  y o u r  [E d is o n 's ]  a b il i ty  a n d  re s p e c t  f o r  y o u r  

c h a r a c t e r . ”8 T h e r e f o r e ,  P u s k a s ’s c a s h  c o u ld  a l t e r  th e  a r r a n g e m e n t s .

T h e  k in d  o f  te c h n o lo g y  t r a n s f e r  a g r e e m e n t  th a t  th e  b a n k e r s  w e re  re a d y  

to  n e g o t i a t e  w ith  th e  in v e n t o r  is r e v e a le d  in  a  d o c u m e n t  o f  31 D e c e m b e r  

1 8 7 8  s ig n e d  b y  E d is o n ;  D r e x e l ,  M o r g a n  a n d  C o m p a n y ;  E g is to  F a b b r i ;  a n d  

L o w rc y . F a b b r i  a n d  L o w re y  s ig n e d  a s  t r u s t e e s . ” T h e  h a n k in g  h o u s e  a g r e e d

“ E dison  to  Low rcy . 29  O c to b e r , 1878, EA.

7 E dison  to  Puskits, 13 N o v em b er 1878, EA.
"L o w rcy  to  E d ison , 10 D ecem ber 1878, EA.
“ A g re em en t o f  31 D cccm licr 1878, EA.
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to  a id  E d is o n  in  o b t a i n i n g  e le c t r i c  l ig h t in g ,  p o w e r ,  a n d  h e a l in g  p a te n t s  in  

G r e a t  B r i t a in ,  I r e l a n d ,  a n d  p o r t i o n s  o f  t h e  d o m in io n s  a n d  to  m a n a g e  a n d  

e x h ib i t  t h e  in v e n t io n s  d e s c r ib e d  in  t h e  p a te n t s .  D r e x e l ,  M o r g a n  a n d  C o m ­

p a n y  w a s  to  r e i m b u r s e  E d i s o n  f o r  p r i o r  e x p e n s e s  in  ta k in g  o u t  B r it is h  

p a t e n t s  a n d  to  d e f e n d  t h e s e  a n d  p a t e n t s  f o r  in v e n t io n s  in  t h e  s u b je c t  a r e a  

o v e r  th e  n e x t  f iv e  y e a r s  (1 8 7 9 —8 3 ) .  E d is o n  a g r e e d  to  t u r n  o v e r  to  th e  

t r u s t e e s  t i t le  to  a ll o f  t h e s e  p a t e n t s  s o  t h a t  t h e  t r u s t e e s  c o u ld  a s s ig n  th e m  

a s  d i r e c t e d  b y  D r e x e l ,  M o r g a n  a n d  C o m p a n y .  I f  a f t e r  t h r e e  y e a r s  D re x e l ,  

M o r g a n  a n d  C o m p a n y  h a d  n o t  d is p o s e d  o f  t h e  p r in c ip a l  p a te n t s ,  E d is o n  

c o u ld  s e r v e  n o t i c e  d e m a n d i n g  t h e i r  r e t u r n  to  h im  a t  th e  e n d  o f  six  m o n th s .  

E x p e n s e s  a r i s in g  f r o m  o b t a i n i n g  a n d  d is p o s in g  o f  t h e  p a te n t s ,  a s  w ell as 

th e  c o s t  o f  e x h ib i t i n g  t h e  in v e n t io n s ,  w o u ld  b e  d e d u c t e d  f r o m  t h e  in c o m e  

o f  t h e  j o i n t  e n t e r p r i s e  b e f o r e  t h e  p r o f i t s  w e r e  d iv id e d  b e tw e e n  E d is o n  a n d  

th e  b a n k i n g  h o u s e .  P a y m e n ts  to  L o w re y ,  G o u r a u d ,  P u s k a s ,  o r  o t h e r  f in a n ­

c ia l a g e n t s  a n d  a s s o c ia te s  w o u ld  b e  m a d e  b y  D r e x e l ,  M o r g a n  a n d  C o m p a n y ,  

p r e s u m a b ly  b e c a u s e  t h e  a g e n t s  w o u ld  r e l ie v e  t h e  c o m p a n y  o f  s o m e  o f  th e  

re s p o n s ib i l i t i e s  a s s ig n e d  to  it b y  t h e  a g r e e m e n t .

D r e x e l .  M o r g a n  a n d  C o m p a n y  d id  u s e  t h e  i n t e r n a t i o n a l  e x h ib i t io n s  e f ­

fe c tiv e ly .  I n  s o  d o in g ,  th e y  u p h e l d  a t r a d i t i o n  e s ta b l i s h e d  in  1 8 5 1 , w h e n  

C y r u s  M c C o rm ic k  s h o w e d  h is  r e a p e r  a n d  S a m u e l  C o l l  e x h ib i t e d  h is  r e ­

v o lv e r  to  g r e a t  a d v a n t a g e  a t  t h e  G r e a t  E x h ib i t io n  in  t h e  C ry s ta l  P a la c e , th e  

f i r s t  in  a  s e r i e s  o f  m a j o r  i n t e r n a t i o n a l  t e c h n o lo g ic a l  a n d  i n d u s t r i a l  e x h i ­

b i t i o n s . 10 A l t h o u g h  it w a s  p r e s e n t e d  o n  a  s m a l l e r  s c a le  t h a n  th e  o th e r  

i n t e r n a t i o n a l  i n d u s t r i a l  e x h ib i t io n s ,  t h e  I n t e r n a t i o n a l  E le c tr ic a l  E x h ib i t io n  

o f  1881 in  P a r is  d r e w  t h e  a t t e n t i o n  o f  E u r o p e a n  s c ie n t is ts ,  e n g in e e r s ,  in ­

v e n to r s ,  f in a n c ie r s ,  a n d  e n t r e p r e n e u r s  to  e le c t r ic a l  te c h n o lo g y ,  e sp e c ia lly  

e l e c t r ic  l i g h t in g ,  a n d  E d is o n  a n d  h is  a s s o c ia te s  u s e d  th is  o p p o r t u n i t y  to  

g r e a t  a d v a n t a g e  (s e e  F ig . I I1 .1 ) .

A . P. T r o t t e r ,  a  l e a d in g  B r i t i s h  e le c t r ic a l  e n g i n e e r ,  w r o te  t h a t  “e le c tr ic a l  

e n g i n e e r i n g  w as  b o r n  a t  t h e  . . . (P a r is ]  E x h ib i t io n  . . . , a  lu s ty  c h i ld  o f  

sc ie n c e  a n d  m a c h i n e r y . ” 11 T h e  B r i t i s h  j o u r n a l  E n g m m i n g - j u d g e d  t h e  fo u r -  

m o n t h  e x h ib i t io n  a s  “ l i te r a l ly  b r i l l i a n t "  a n d  a s  a  p o w e r f u l  a t t r a c t io n  n o t 

o n ly  f o r  te c h n ic a l  a n d  s c ie n t i f ic  v is i to r s  b u t  f o r  t h e  p u b l ic  a s  w ell. P ro fe s ­

s io n a ls  w e r e  d r a w n  t o g e t h e r  f o r  th e  f i r s t  l im e  b y  t h e  in t e r n a t i o n a l  c o n g re s s  

f o r  e l e c t r i c i a n s  t h a t  w a s  h e ld  d u r i n g  t h e  e x h ib i t io n .  A l to g e th e r ,  t h e r e  w e re  

a t  le a s t  f if ty  d i f f e r e n t  d is p la y s  o f  a r c  a n d  in c a n d e s c e n t  l ig h t in g ,  in c lu d in g  

t h e  in c a n d e s c e n t  l a m p s  o f  S w a n ,  L a n e - F o x ,  M a x im , a n d  E d i s o n .12

10 O n  in te rn a tio n a l e x h ib itio n s  o f  te ch n o lo g y  a n d  in d u s try , sec K e n n e th  W. L u ck h u rs t, The  
Story  o f  Exh ib itions  (L o n d o n : S tu d io  Pub lica tion s , 1951). O n  th e  C ry sta l Palace e x h ib itio n  o f  

18 5 1 as a  m ic ro cosm  o f  te ch n o lo g y  a n d  social rea c tio n  at m id -c e n tu ry , see T h o m a s  P. H u ghes, 

" In d u s t ry  th ro u g h  th e  C rysta l P alace" (P h .D . d iss.,  U n iv ersity  o f  V irg in ia . 1953). Follow ing 

th e  P aris  e x h ib itio n  o f  1881, th e re  w ere  e lec tr ica l ex h ib itio n s  in  M un ic h  (1882), V ienn a  (1883). 

a n d  P h ila d e lp h ia  (1884). O n  th e  P h ilad e lp h ia  e x h ib itio n , see  J a n e  M o rk  G ib son . “T h e  In te r ­
n a tio n a l E le ctr ic al E x h ib itio n  o f  1884," IE E E  Tr ansac tions on  Ed ucat io n  E -23 (1980): 169-76.

11 A. P. T r o t te r ,  "E arly  D ays o f  th e  E le ctr ic al I n d u s try  a n d  O th e r  R em in iscences"  (typescrip t 

a t th e  lib ra ry  o f  th e  In s titu t io n  o f  E le ctr ic al E n g in e ers . L o n d o n ), p p . iii-x iii.

‘“E n g in e erin g  32  (1881): 534 . For a lis ting  o f  p u b lic lio n s a b o u t th e  I n te rn a tio n a l Electrical 
C o n g re ss , P aris . 1881, see  Catalog ue  o f  the W heeler G ift o f  Books, Pam phlets, a iu i Periodicals in the 

Libra ry  o f  the A m erican  In stitu te  o f  E lectrical E ng in eers,  e d . W illiam  W ea v er (N ew  Y ork: A IE E. 

1909), vol. 2. item s 5 4 2 2 -3 0
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F ig u re  l i t . I .  Edison exhibit al  the I 't in s  
Exhibition o f  1881 . From  Kilison: 

L ighting  a R ev o lu tion  (W ash in g to n . 
D C .:  Smithsonian Ins titut io n , 1 17 9), p.

56.

E d is o n ’s in c a n d e s c e n i - l a m p  s y s te m  w as  r e c e iv e d  e n th u s ia s t ic a l ly  al th e  

P a r is  e x h ib i t io n .  T h e  d is p la y  p e r s u a d e d  E u r o p e a n s  th a t  E d is o n 's  sy s te m  

w as  p r e e m i n e n t  in  t h e  f ie ld  a n d  th is  le d  e n t r e p r e n e u r s  to  s e e k  e x c lu s iv e  

r ig h t s  lo  m a n u f a c t u r e  a n d  m a r k e t  th e  s y s te m . T h e  o u t s t a n d i n g  in s ta n c e  o l 

t e c h n o lo g y  t r a n s f e r  in v o lv e d  E m il R a th e n a u .  th e  f o u n d e r  o f  th e  G e r m a n  

E d is o n  C o m p a n y ,  l a t e r  k n o w n  a s  G e r m a n  G e n e r a l  E le c tr ic  (A l lg e m e in c  

E le k tr iz i ta ts - G e s e l ls c h a f t ) .  A  m e c h a n ic a l  e n g i n e e r ,  R a th e n a u  r e t u r n e d  to  

G e r m a n y  f r o m  t h e  e x h ib i t io n  d e t e r m i n e d  to  o b ta in  a n  E d is o n  f r a n c h is e .  

Y o u n g  O s k a r  v o n  M ille r  v is i te d  th e  P a r is  e x h ib i t io n  a n d  r e t u r n e d  to  h is  

n a t iv e  M u n ic h  to  h e l p  o r g a n i z e  a n  in te r n a t i o n a l  e le c t r ic a l  e x h ib i t io n  th e r e .  

H e  d e s c r ib e d  t h e  e x h ib i t io n  a s  “o v e r w h e lm in g .” a n d  th e  E d is o n  in c a n d e s -  

c e n ts  a s  m o s t  im p r e s s i v e . IS F r a n k  S p r a g u e ,  w h o  w as  to  b e c o m e  th e  o u t ­

s t a n d i n g  p i o n e e r  o f  e le c t r ic  t r a c t io n  in  t h e  U n i t e d  S ta te s ,  v is i te d  th e  P a ris  

e x h ib i t io n  a s  a  y o u n g  n a v a l e n s ig n .  H e  w as  p e r s u a d e d  th a t  a n e w  e r a  o f  

l ig h t in g  h a d  b e g u n ,  a n d  h e  b e l ie v e d  th a t  th e  p u b l ic  a n d  in v e s to r s  h a d  b e e n  

g r e a t ly  i n f l u e n c e d . 14 T h e  c o m b in e d  e f f e c t  o f  m o t iv a te d  y o u n g  e n g in e e r s  

a n d  s t im u la te d  in v e s to r s  s t r e a m i n g  a w a y  f r o m  P a r is  w ith  a f a v o ra b le  

i m p r e s s io n  o f  E d is o n  a n d  h is  w o r k s  is a n  in f o r m a l  b u t im p o r ta n t  e x a m p le  

o f  te c h n o lo g y  t r a n s f e r .

E d is o n  s e n t  C h a r l e s  B a tc h e lo r ,  o n e  oT h is  p r in c ip a l  te c h n ic a l  a s s is ta n ts  

a t  M e n lo  P a r k ,  to  in s ta l l  a n d  s u p e r i n t e n d  th e  d is p la y  at th e  f a i r  g r o u n d s  

o n  th e  C h a m p s -E ly s e e s .  A n  E d is o n  2 0 0 - h .p .  g e n e r a t o r  c a p a b le  o f  l ig h t in g  

tw e lv e  h u n d r e d  1 6 -c .p . la m p s  d o m i n a t e d  th e  e x h ib i t  (se e  F ig . 111.2). S o m e  

o f  t h e  s u c c e s s  o f  t h e  la m p  e x h ib i t  w as  a t t r i b u t e d  to  th e  u s e  o f  c o p p e r  w ir in g

' ’ W allhc r  von M ille r. O skar von  M iller Nach Eig rn en  A ti / ir ir h n u n g e n , Ilrd rn  u n d  ll i tr /r u  
(M unic h : B ru tk m n n n , 1932), p. I.r>; T h e o d o r e  I I c tm , O skar non M iller u n d d e t W eg der le eh n ik  

(M unic h : D eu tsch es M use u m , 1950), p . 7.
F ra nk  J .  S p ra g u e , H eport on the Exhibits al  the Crystal I'a la re  E le rtn ra l E xhibition, 18 82  

(W a sh ing to n . D C ., IHH3). p. 33.
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F ig u r e  I I I .  2 .  E d is o n  g en era to r a t the 
P a n s  exhibit ion  o f  1 8 8 1 . F ro m  

T e le g r a p h ic  J o u r n a l  a n d  E le ctric  

Revie w  9 (1 8 8 1 ):  4 3 7 .
exh ibition o) l o o t ,  hF ig u r e  I I I .  3. Inca nd esc ent lam ps i l lu m in a tin g  p a in tin g s  a l the P  

L u m ie re  e le c ir iq u e  4 (1 8 8 1 ):  2 2 7 .

F ig u r e  I I I . 4. E d w a rd  I I .  J o h n so n , 

E dison 's  rep rese n ta tive  in  L o n d o n . Co urtesy  

o f  the  E d iso n  A rc h ives, E diso n N a tio n a l 

H isto ric  Site , W es t O ra ng e, N .J .

o f  u n u s u a l l y  lo w  r e s i s t a n c e ,  w i r in g  t h a t  w a s  s p e c ia l ly  m a d e  b y  W illia m  

W a l la c e  o f  t h e  A n s o n ia  C o p p e r  C o m p a n y .  P la n s  f o r  N e w  Y o r k ’s P e a r l  S t r e e t  

s t a t io n  a ls o  w e r e  o n  e x h ib i t  a n d  s t i m u l a t e d  m a n y  t e c h n ic a l  a n d  e c o n o m ic  

q u e s t io n s .  T h e  F r e n c h  a r c h i t e c t  C . G a r n i e r  a s k e d  s o m e  o f  t h e  e x h ib i to r s  

to  l ig h t  t h e  P a r is  O p e r a  M o u s e ,  a n d  to  i h e  E d i s o n  g r o u p  h e  a s s ig n e d  th e  

r e s p o n s ib i l i ty  f o r  l ig h t i n g  t h e  b u i l d i n g 's  g r e a t  f o y e r .  T h i s ,  lo o ,  a t t r a c t e d  

a t t e n t i o n  to  E d i s o n 's  s y s t e m . 1"’

A f t e r  t h e  P a r is  e x h i b i t i o n ,  D r e x e l ,  M o r g a n  a n d  C o m p a n y  s u p p o r t e d  th e  

o r g a n i z a t i o n  o f  a n  E d i s o n  d i s p la y  a t  a n  e l e c t r i c a l  e x h i b i t i o n  in  L o n d o n .  

D r e x e l ,  M o r g a n  a n d  C o m p a n y  a n d  E d i s o n  h a d  p la c e d  E d w a r d  H . J o h n s o n  

( 1 8 4 6 - 1 9 1 9 )  in  c h a r g e  o f  p r o m o t i n g  t h e  E d i s o n  s y s te m  in  E n g l a n d .  J o h n ­

s o n ,  o n c e  a  t e l e g r a p h  o p e r a t o r ,  h a d  a s s i s t e d  E d is o n  in  h is  t e l e g r a p h  e n ­

t e r p r i s e s  a n d  s u b s e q u e n t l y  b e c a m e  a  c lo s e  a s s o c ia te  in  t h e  e l e c t r i c  l ig h t in g  

b u s in e s s .  H e  w a s  a n  o r i g i n a l  p a r t n e r  in  t h e  E d i s o n  l a m p w o r k s ,  a n d  in  1 8 8 6  

h e  w o u ld  b e c o m e  p r e s i d e n t  o f  th e  E d is o n  E le c t r ic  L ig h t  C o m p a n y .  I n  188 2 . 

h e  p r e s i d e d  o v e r  t h e  E d i s o n  e x h ib i t  a t  t h e  I n t e r n a t i o n a l  E le c t r i c  E x h ib i t io n  

h e ld  in  t h e  C r y s ta l  P a la c e  in  S y d e n h a m ,  n e a r  L o n d o n .  A s s is t in g  h im  w as 

t h e  e l e c t r i c i a n  W il l ia m  H a m m e r ,  a n o t h e r  o f  E d i s o n 's  c lo s e  a s s o c ia te s .

J o h n s o n  a s s u r e d  E d is o n  t h a t  h is  d i s p la y  a l  t h e  C r y s ta l  P a la c e  h a d  e lic i te d  

" t h e  a d m i r a t i o n  o f  e v e r y  E n g i n e e r . ” A s  h e  d e s c r i b e d  it, "A ll  t h e  o t h e r  w o rk  

in  t h e  P a la c e  is o f  t h e  m o s t  t e m p o r a r y  c h a r a c t e r .  . . . S w a n ’s l ig h ts ,  fo r  

in s t a n c e ,  a r e  j u s t  a s  l ik e ly  to  g o  o u t  a s  th e y  a r e  to  b u r n . "  J o h n s o n  s t r e s s e d  

th a t  t h e  c r o w d s  le f t  t h e  e x h ib i t io n  p e r s u a d e d  o f  t h e  s u p e r i o r i t y  n o t  o n ly  

o f  t h e  E d i s o n  s y s te m  b u t  o f  J o h n s o n ’s e x p l a n a t i o n  o f  e l e c t r i c  l i g h t in g  as

' “ E tie n n e  d c  F o d o r . " T h e  E d ison  S y s tem  in  E u ro p e  F o rty  Y ea rs  A g o ,"  E lectr ical W orld  HO 
(19 20 ): 5 4 7 —18. F o d o r  w as o n e  o f  th e  in s ta lle rs  o f  th e  E d ison  ex h ib it.
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F ig ure  H U .  The  Edison  isolated p la n t at 
the Crystal Pa lace exhibition o f  1 88 2.  

Courtesy o f  the N a tio n a l M u se u m  o f  

A m erican H istory. Sm ith so nian  In stitu tion , 
W ash ing ton , D .C .

w e ll .16 (S e e  F ig . 111.5 .)  T h e  L o n d o n  D a ily  N e w s  j u d g e d  E d i s o n ’s s y s te m  m o r e  

a d v a n c e d  t h a n  a ll its  r iv a ls :  “ [ I t]  is t h e  w o n d e r  o f  th e  s h o w , a n d  h is  r e p ­

r e s e n ta t iv e  is c e r t a in ly  t h e  p r i n c e  o f  all s h o w m e n .  T h e r e  is b u t  o n e  E d is o n ,  

a n d  J o h n s o n  is  h is  p r o p h e t . ” 17

J u d g i n g  b y  h is  l e t t e r s  to  E d is o n ,  J o h n s o n  w as  e s p e c ia l ly  e f f e c t iv e  in  in ­

f o r m i n g  a n d  i m p r e s s in g  B r i t i s h  a r i s to c r a t s  a n d  s c ie n tis ts .  T h e  e m p h a s i s  h e  

p la c e d  o n  in f l u e n c i n g  th e m  in d ic a te s  th e  im p o r t a n c e  o f  t h e  r o le  th e  a r i s ­

to c r a ts  h a d  in  f in a n c i n g  e n t r e p r e n e u r s ,  a n d  t h a t  s c ie n t is ts  h a d  in  a u t h e n ­

t ic a t in g  th e  n e w  te c h n o lo g y .  B y  c o n t r a s t ,  s c ie n t is ts  in  A m e r ic a  r e m a in e d  in  

th e  b a c k g r o u n d  a s  E d is o n  in v e n te d ,  d e v e lo p e d ,  a n d  in n o v a te d .  E v e n  b e f o r e  

J o h n s o n  to o k  c h a r g e  in  L o n d o n ,  C o lo n e l  G o u r a u d  h a d  a p p r o a c h e d  S ir  

W ill ia m  T h o m s o n ,  o n e  o f  G r e a t  B r i t a in ’s m o s t  d i s t in g u i s h e d  p h y s ic is ts ,  to  

a s k  h im  to  a c t  a s  a  c o n s u l t a n t  f o r  t h e  E d is o n  in te r e s t s  in  B r i ta in .  T h o m s o n  

in  t u r n  w a n te d  to  m a k e  a n  “ u n p r o f e s s io n a l ,"  c o m p a r a t iv e  te s t o f  E d is o n  

a n d  S w a n  la m p s ,  b e tw e e n  w h ic h  h e  f o u n d  l i t t le  d i f f e r e n c e ,  e s p e c ia lly  a s  to  

e c o n o m y .18

O n e  o f  J o h n s o n 's  e f f o r t s  in v o lv e d  g u id i n g  m e m b e r s  o f  t h e  S o c ie ty  o f  

A r ts  th r o u g h  t h e  E d is o n  e x h ib i t  a n d  a f t e r w a r d s  d i n i n g  w ith  th e m  in  th e  

C ry s ta l  P a la c e . L o r d  A l f r e d  C h u r c h i l l  a n d  S ir  F r e d e r ic k  J .  B ra m w e ll ,  th c

18 E. H . J o h n s o n  (o E d ison , 19 M arch  1882, W illiam  H a m m e r  C o llec tion . M u seu m  o f  
A m e ric an  H isto ry , S m ith so n ian  In stitu t io n , W ash ing ton , D.C. I am  in d e b te d  to  D r. K olierl 
Friedcl Tor g u id a n c e  in u sin g  th e  H a m m e r  C ollec tion .

17 Lond on D aily N ews, 8 A p ril 188 2 , q u o te d  in Payson Jo n e s , A Powe r H istory o f  the Consolidated  
Edison  System, 1 8 7 8 - 1 9 0 0  (N ew  Y ork : C o n so lid a ted  E dison  C o.. 1940), p. 49.

G o u ra u d  to  W. T h o m so n , 15 M arch  1881, a n d  T h o m so n  to  G o u ra u d , 18 M arch  a n d  80  
A pril 1881, in fo ld er  la bele d  "E lectr ic  L ig ht 1880, F o re ig n .” EA.
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l e a d e r s  o f  th e  d e le g a t io n ,  a d m i r e d  th e  d is p la y  a n d  J o h n s o n  o p e n ly ,  a n d  

t h e i r  p r a i s e  w as  s u c h  a s  “ to  e l ic i t  f r o m  L o r d  A l f r e d  a t  th e  d i n n e r  th e  o n e  

to a s t  o f  t h e  l i v e n i n g ." 19 J o h n s o n  e n v i s a g e d  t h a t  th e  s c ie n t is ts  a n d  a r is to c r a ts  

w o u ld  b o th  in v e s t  in  a n d  te s t i f y  to  th e  e x c e l le n c e  o f  th e  E d is o n  s y s te m . 

T h e i r  s u p p o r t  w as  n e e d e d  b o th  f o r  th e  c e n t r a l - s t a t io n  v e n tu r e s  a n d  fo r  

th e  s m a l l ,  i s o la te d  p la n t s  J o h n s o n  a n t i c ip a te d  w o u ld  b e  p u r c h a s e d  f o r  th e  

g r e a t  h o m e s  a n d  c o u n t r y  e s ta te s .  T h e  d u k e  o f  S u t h e r l a n d  saw  th e  C ry s ta l  

P a la c e  d i s p la y  a n d  w as  s o  d e l i g h t e d  t h a t  h e  c o u ld  n o t  s ta y  a w a y . A f te r  h is  

f o u r t h  v is it h e  in v i t e d  J o h n s o n  to  d i n n e r  a t  h is  L o n d o n  r e s id e n c e ,  S ta f f o r d  

H o u s e ,  to  d is c u s s  in s ta l l a t io n  o f  t h e  s y s te m  t h e r e .  O n ly  b e c a u s e  o f  a  p r io r  

i n v e s tm e n t  m a d e  in  t h e  B r u s h  E le c t r ic  L ig h t  C o m p a n y  b e f o r e  h e  le a r n e d  

o f  t h e  E d is o n  s y s te m  d id  t h e  d u k e  r e f r a i n  f r o m  a s s o c ia t in g  w ith  th e  E d iso n  

c o m p a n y  in  E n g l a n d .29 T h e  d u k e  o f  W e s tm in s te r  a n d  th e  d u k e  o f  E d in ­

b u r g h  a ls o  l ik e d  t h e  d i s p la y  a n d  e x p r e s s e d  t h e i r  in t e n t i o n  to  in s ta l l  th e  

E d is o n  s y s te m .

T h e  C r y s ta l  P a la c e  d is p la y  w as  o n ly  p a r t  o f  D r e x e l ,  M o r g a n  a n d  C o m p a n y  

a n d  E d i s o n 's  m a s t e r  s c h e m e ,  h o w e v e r .  A l t h o u g h  t h e  b a n k i n g  h o u s e  d id  

n o t  w a n t  its  n a m e  p u b l ic ly  a s s o c ia te d  w ith  t h e  u n d e r t a k i n g ,  t h e  C ry s ta l  

P a la c e  e x h ib i t io n  w a s  to  b e  fo l lo w e d  b y  th e  o p e n i n g  o f  a  c e n t r a l  s ta t io n  at 

5 7  H o l b o r n  V ia d u c t  in  t h e  h e a r t  o f  L o n d o n . 21 H o l b o r n  V ia d u c t  w o u ld  

se r v e  a s  a n  “e x e m p l i f i c a t i o n ” f o r  t h e  c e n t r a l  s t a t io n s  th a t  t h e  E n g l is h  E d is o n  

c o m p a n y  e x p e c t e d  to  l ic e n s e .  H o lb o r n  V ia d u c t  w a s  to  t h e  E n g l is h  c o m p a n y  

w h a t  t h e  P e a r l  S t r e e t  s t a t io n  w as  to  t h e  E d is o n  E le c t r ic  L ig h t  C o m p a n y  o f 

N e w  Y o rk ,  w ith  t h e  e x c e p t io n  t h a t  t h e  E n g l is h  c o m p a n y  o b ta i n e d  its  r ig h ts  

to  t h e  E n g l is h  p a t e n t s  f r o m  A m e r ic a .

O n  15 M a r c h  1 8 8 2  t h e  E n g l is h  E le c t r ic  L ig h t  C o m p a n y ,  L td . ,  r e g i s t e r e d  

a n d  h e ld  its  f i r s t  b o a r d  m e e t in g .  T h e  m a j o r  s to c k h o l d e r s  a n d  d i r e c to r s  

in c l u d e d  m e n  o f  s c ie n t i f ic  r e p u t a t i o n ,  a r i s to c r a t i c  c o n n e c t io n s ,  a n d  f in a n c ia l  

m e a n s .  ( I n  N e w  Y o rk ,  t h e  d i r e c t o r s  o f  t h e  E d i s o n  E le c t r ic  I l lu m in a t in g  

C o m p a n y  w e r e  m e n  o f  b u s in e s s  a n d  f in a n c e .)  A m o n g  t h e  b o a r d  m e m b e r s  

c h a r a c t e r i z e d  b y  J o h n s o n  a s  " s c ie n t i f ic  r e p r e s e n t a t i v e s ” w e r e  S i r  F r e d e r i c k  

J .  B r a m w e l l  ( 1 8 1 8 - 1 9 0 3 ) ,  a n  e x p e r t  o n  m u n ic ip a l  e n g i n e e r i n g  a n d  a  w ell- 

q u a l i f i e d  te c h n ic a l  w i tn e s s  o n  le g a l  m a t t e r s ;  W ill ia m  P r e e c e  ( 1 8 3 4 - 1 9 1 3 ) ,  

c h i e f  e l e c t r ic a l  e n g i n e e r  f o r  t h e  P o s t O f f i c e  D e p a r t m e n t ;  S i r  J o h n  L u b b o c k  

( 1 8 3 4 - 1 9 1 3 ) ,  a  b a n k e r ,  s o m e t im e  m e m b e r  o f  P a r l i a m e n t ,  a n d  c h a i r m a n  o f  

t h e  L o n d o n  C o u n t y  C o u n c i l :  a n d  S h e e f o r d  B id w e ll ,  w h o  a d v is e d  J o h n s o n  

o n  E d is o n  p a t e n t s  in  B r i t a in .  T h e  b o a r d  in i t ia l ly  i n c l u d e d  L u b b o c k ,  B id w e ll,  

V i s c o u n t  A n s o n ,  R ic h a r d  B . W a d e ,  a n d  E . P ly d e ll  B o u r v e r i e .22 W ith  

£ 1 ,0 0 0 ,0 0 0  in  a u t h o r i z e d  c a p i t a l ,  t h e  c o m p a n y ’s p u r p o s e  w a s  t h r e e f o l d :  to  

a c q u i r e  a ll o f  E d i s o n 's  B r i t i s h  p a t e n t s  in  e l e c t r i c  l i g h t in g ,  h e a l ,  a n d  p o w e r ;  

to  p u r c h a s e  t h e  l a m p s ,  d y n a m o s ,  a n d  o t h e r  E d is o n  e q u i p m e n t  t h e n  o n  

d i s p la y  in  E n g l a n d ;  a n d  to  le a s e  t h e  p r o p e r t y  a t  5 7  H o l b o r n  V ia d u c t .  T h e  

c o m p a n y  a g r e e d  to  p a y  £ 2 0 ,0 0 0  f o r  t h e  p a t e n t  r i g h t s  a n d  e q u i p m e n t  a n d  

t o  a l lo t  o n e  fu lly  p a id  s h a r e  o f  “ B "  c la s s i f ic a t io n  s to c k  f o r  e v e r y  £ 1 0  o f  “ A ” 

s h a r e  s to c k  p a id  u p .  T h e r e  w e r e  5 0 ,0 0 0  £ 5  “ A ” s h a r e s  a n d  5 0 ,0 0 0  £ 1 0  "B "  

s h a r e s .

'" J o h n s o n  to  F.d ison, 19 M arch  1882. H a m m e r  C o llec tio n .

" I b i d .  
sl Ib id . 
m  Ib id .
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T h u s  E d is o n  s h i p p e d  tw o  J u m b o  g e n e r a t o r s  f r o m  N e w  Y o rk  to  th e  n e w ly  

f o r m e d  E n g l is h  c o m p a n y ,  a n d  e a r ly  in  1 8 8 2  th e s e  w e r e  in s ta l le d  in  th e  

H o l b o r n  V ia d u c t  s t a t io n .  H o l b o r n  V ia d u c t  th u s  h a d  g e n e r a t o r s  o f  t h e  s a m e  

k in d  a s  th o s e  a t  N e w  Y o r k ’s P e a r l  S t r e e t  s t a t io n ,  a n d  its  c o m p o n e n t s —  

E d is o n  l a m p s ,  s o m e  u n d e r g r o u n d  c a b le ,  a n d  o t h e r  e le c t r ic a l  e q u i p m e n t —  

w e r e  s im i la r  to  th o s e  f o u n d  in  t h e  N e w  Y o rk  s ta t io n .  M o r e o v e r ,  E d is o n -  

t r a i n e d  e le c t r i c i a n s  ( in c lu d in g  H a m m e r )  a n d  m a n a g e r s  p r e s i d e d  o v e r  b o th  

t h e  L o n d o n  a n d  t h e  N e w  Y o rk  s t a t io n .  Y e t th e  N e w  Y o rk  s t a t io n  s u rv iv e d  

a n d  t h e  H o l b o r n  s t a t io n  d id  n o t .  T h i s  f a i lu r e  o f  E d is o n  te c h n o lo g y  to  a d a p t  

a n d  p u t  d o w n  ro o t s  in  L o n d o n  ca lls  f o r  o t h e r  t h a n  s t r ic t ly  t e c h n ic a l  e x ­

p l a n a t io n s .

T h e  s t a t io n  fo r m a l ly  o p e n e d  f o r  in s p e c t io n  o n  11 A p r i l  1 8 8 2 . E q u ip p e d  

w ith  1 ,0 0 0  in c a n d e s c e n t  l a m p s  ( b u t  w ith  a  c a p a c i ty  f o r  2 ,2 0 0 ) ,  t h e  s ta t io n  

lit s t r e e t l ig h t s  f r o m  H o l b o r n  C i r c u s  a lo n g  t h e  V ia d u c t  a n d  N e w g a le  S t r e e t  

to  th e  v ic in ity  o f  t h e  G e n e r a l  P o s t  O f f ic e .  I n c a n d e s c e n t  la m p s  in  h o te ls ,  

s to r e s ,  r e s t a u r a n t s ,  a n d  o t h e r  p r iv a te  b u i ld in g s  f r o n t i n g  a lo n g  t h e  w ay  

e n h a n c e d  t h e  e f f e c t .  T h e  f o u r  h u n d r e d  l a m p s  th a t  lit t h e  G e n e r a l  P o st 

O f f i c e  a n d  t h e  l a m p s  in  D r .  J o s e p h  P a r k e r ’s C ity  T e m p l e  e x c i te d  c o m m e n t  

a m o n g  th e  p a s s e r s -b y  a n d  t h e  d i s t in g u i s h e d  a n d  f in a n c ia l ly  a f f l u e n t  v is i to rs  

w h o  w e re  g iv e n  a  t o u r  o f  t h e  s t a t io n  (s e e  F ig . 111.6). J o h n s o n ,  w h o  r e m a i n e d  

in  L o n d o n  f o r  a  t im e  a f t e r  t h e  o p e n i n g  a n d  w h o  w as  a  m a jo r  s h a r e h o l d e r  

in  t h e  E n g l is h  c o m p a n y ,  l a t e r  r e c a l l e d  t h a t  t h e  s t a t io n  e l ic i te d  e x t r e m e ly  

f a v o r a b le  c o m m e n t .23 T h e  p u b l ic i ty  r e le a s e  o f  th e  E d is o n  E le c tr ic  L ig h t  

C o m p a n y  in  A m e r ic a  d e s c r ib e d  th e  H o lb o r n  s ta t io n  a s  “a  s u c c e s s fu l  e x ­

h ib i t io n  o n  a  l a r g e  s c a le  o f  t h e  p r a c t ic a l  w o r k in g  o f  t h e  E d is o n  s y s te m  o f  

in c a n d e s c e n t  l ig h t i n g . ’’24 (S e e  F ig . I I I . 7 .)

T h e  H o lb o r n  V ia d u c t  s t a t io n  w as  m u c h  m o r e  t h a n  a  “ t r y  o u t  . . .  in  th e  

p r o v in c e s ” 25 f o r  t h e  A m e r ic a n  c o m p a n y  a n d  m o r e  t h a n  a  p i lo t  p l a n t  f o r  

t h e  E n g l is h  c o m p a n y .26 T h e  s t a t io n  w as  b o th  a  c o m m e r c ia l - te c h n o lo g ic a l  

v e n t u r e  a n d  a n  a d v e r t i s e m e n t  f o r  t h e  E n g l is h  c o m p a n y .27 W ith  r ig h t s  to  

th e  E d is o n  p a t e n t s  w i th in  t h e  U n i te d  K in g d o m ,  E n g l is h  E d is o n  h a d  r e a s o n  

to  e x p e c t  a  s u b s ta n t i a l  p r o f i t  f r o m  t h e  s a le  o f  c o n c e s s io n s  o r  l ic e n s e s  to  

p ro s p e c t iv e  c e n l r a l - s t a t io n  c o m p a n ie s  t h r o u g h o u t  th e  U n i t e d  K in g d o m .  A s 

e a r ly  a s  2 0  M ay , t h e  L o n d o n  E c o n o m is t r e p o r t e d  th e  s a le  o f  lo ca l lic e n s e s  

by  E n g l is h  E d i s o n .28

T h e  E n g l is h  p a te n t - o w n i n g  c o m p a n y  e s t a b l i s h e d  r a t e s  f o r  H o lb o r n  c o n ­

s u m e r s  w h ic h  w e r e  c a lc u la t e d  to  c r e a te  g o o d  w ill a n d  f a v o r a b le  p u b lic i ty .

”  T h o m a s  C . M a rlin . Forty Years o f  E dison Service. 1 8 8 2 -1 9 2 2  (N ew  Y ork : N ew  Y ork  Edison  

C o., 1922), p . 29. So m e  o f  (lie  a cc o un t o r  th e  H o lb o rn  V iaduct s ta tio n  a n d  th e  follow ing 
analy sis o f  th e  e ffec t o f  th e  E lectr ic  L igh tin g  Act o f  1882 is ta k en  f ro m  T h o m a s  I’. H u g h es. 

"B ritish  E le ctr ic al I n d u s try  Lag : 18 8 2 -1 8 8 8 ,"  Technology a n d  Cu ltur e  3 (1962): 2 7 -4 4 .

M E dison  E le ctr ic  L ight C o.. B ulle tin  (N ew  Y ork) 10 (1882): 6.
a“ C o m m itte e  o n  St. L ouis  E xposition  o f  A ssocia tio n  o f  E dison  I llu m in a tin g  C om pan ie s, 

Edisonia : A  B r ie f  H isto ry  o f  the E arly Edison  Electric Lig h tin g  System (N ew  Y ork : A ssocia tion o f  
E dison  Illu m in a tin g  C o m p an ie s . 1904), p . 159.

D yer a n d  M a rlin , E dison. I: 336 . E dison  d id . h ow ev er, use  in fo rm a tio n  fro m  llo l lx irn  
at Pearl S tre e t: see ib id ..  I: 417.

?7Al a m e etin g  o f  th e  sh a re h o ld e rs  o f  th e  Edison  & Sw an U n ite d  Electr ic  L ight C o.. L td ., 
su ccessor to  E nglish  E d ison , th e  d ire c to rs  o f fe re d  th is  in te rp re ta t io n  o f  th e  in te n t o l I lo lb o rn 's  
fo u n d ers .

” Econom ist (L o n d o n ) 40  (1882): 604.
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F ig u re  I I I .6 . P la n o f  illum ina tio n o f  the 
H olborn Viaduct. 1 8 8 1 -8 2 . Courtesy o f 

the N a tio n a l M useu m  o f  Am erican  H istory, 
Sm ithsonian  Institution , W ash ington, D .C.

F ig u re  111.7. O n the left, the Edison  
central station a t 57  H olb om  Viaduct, 

London . Courtesy o f  the N at io n a l M useum  
o f  Am erican H istory. Sm ith son ia n  

Institu tion , W ashin gton . D .C.
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F r o m  A p r i l  u n t i l  J u l y  1 8 8 2 , th e  s t a t io n  s u p p l i e d  s t r e e t  l ig h t in g  w i th o u t  

c h a r g e  to  t h e  c ity  a u t h o r i t i e s ;  f o r  th e  n e x t  s ix  m o n th s  th e  r a t e s  w e r e  th e  

s a m e  a s  th o s e  f o r  g a s . I n d iv id u a l  a r r a n g e m e n t s  w e re  m a d e  w ith  p r iv a te  

c o n s u m e r s ,  b u t  th e  p la n  f o r  H o lb o r n  k e p t  t h e  p r i c e  o f  e le c t r ic i ty  n e a r  th a t  

o f  g a s , e v e n  i f  it m e a n t  n o  p r o f i t . 20 T h e  s u p p ly  o f  e le c t r ic i ty  to  c u s to m e r s  

a t  r a t e s  c o m p a r a b le  to  g a s  r a t e s  u n d o u b t e d l y  c o s t t h e  s t a t io n  a t  le a s t  tw ice  

t h e  s e l l in g  p r i c e  in  1 8 8 2 .30 C o m p a n y  p l a n n e r s  p r e d i c t e d  th a t  in c r e a s e d  a n d  

m o r e  r e g u l a r  lo a d s ,  a lo n g  w ith  f u r t h e r  te c h n ic a l  d e v e lo p m e n ts ,  w o u ld  r e ­

d u c e  o p e r a t i n g  c o s ts . T i m e  w o u ld  te s t  t h e  w is d o m  o f  E n g l is h  E d i s o n ’s 

in v e s tm e n t  in  t h e  H o l b o r n  V ia d u c t  s t a t io n ,  b u t  in  th e  s p r i n g  o f  1 8 8 2  th e  

s ta t io n  s e e m e d  to  b e  p r o o f  o f  t h e  t e c h n ic a l  w o rk a b i l i ty  o f  t h e  E d is o n  s y s te m . 

H o lb o r n  s e r v e d  a s  a  r e m i n d e r  o f  t h e  in t e r n a t i o n a l  c h a r a c t e r  o f  t e c h n o lo g y .

H o lb o r n  w as  a  t e c h n ic a l ,  b u s in e s s ,  a n d  e c o n o m ic  v e n t u r e .  E n g in e e r s  

a w a i te d  th e  t e c h n ic a l  r e s u l ts ;  b u s in e s s m e n  a n d  f in a n c ie r s  w a n te d  th e  b a l ­

a n c e  s h e e t .  T h u s  E n g l is h  E d is o n  c o m m is s io n e d  tw o  o f  t h e  c o u n t r y ’s r i s in g  

e le c t r ic a l  e n g i n e e r s ,  D r .  J o h n  H o p k in s o n  a n d  D r. J .  A . F le m in g ,  to  a n a ly z e  

th e  c o s ts  o f  th e  H o l b o r n  s t a t io n .  A f t e r  c a r e f u l  r e c o r d  k e e p in g  o v e r  s e v e ra l  

m o n th s  a n d  a f t e r  m a k in g  a s s u m p t io n s  a b o u t  lo n g - te r m  o p e r a t i o n s  a n d  

lo a d ,  th e  tw o  e n g i n e e r s  c o n c lu d e d :  “ I t  w ill b e  p o s s ib le  w ith  c a r e f u l  m a n ­

a g e m e n t  a t  p r e s e n t  p r ic e s  o f  p l a n t  lo  s u p p ly  e le c t r ic i ty  to  th e  p u b l ic  a t  th e  

co s t  o f  e q u iv a le n t  g a s ,  a n d  to  m a k e  a  s m a ll  p r o f i t  i f  a  f a ir ly  fu ll  c o n s u m p t io n  

is m a in ta in e d  f o r  7 o r  8  h o u r s  p e r  d a y . ”31 (S e e  T a b le s  I I I . I a n d  I I I . 2 .)  

T h e y  w e re  c e r t a i n ,  h o w e v e r ,  t h a t  u s e  o f  th e  l a m p s  f o r  le ss  t h a n  t h e  w h o le  

n ig h t  w o u ld  b e  u n p r o f i t a b l e  i f  c u s to m e r s  w e re  c h a r g e d  a  r a t e  e q u iv a le n t  

to  th e  p r i c e  o f  g a s .

T h e  i n te r e s t  c r e a t e d  b y  t h e  P a r is  a n d  L o n d o n  e x h ib i t io n s  a n d  th e  o p t i ­

m is m  g e n e r a t e d  b y  t h e  H o lb o r n  V ia d u c t  s t a t io n  c o n t r i b u t e d  to  h e a v y  s p e c ­

u la t io n  in  th e  s p r i n g  o f  1 8 8 2  in  s h a r e s  in  v a r io u s  e l e c t r ic a l  m a n u f a c t u r i n g  

a n d  s u p p ly  (u ti l i ty )  c o m p a n ie s .  D u r i n g  tw o  w e e k s  in  M ay , s ix te e n  n e w  

c o m p a n ie s  a p p e a r e d ,  a n d  t h e  L o n d o n  E c o n o m is t  r e c a l le d  e a r l i e r  b u b b le s  in  

ra i lw a y  s h a r e s  ( 1 8 4 5 - 4 6 )  a n d  t h e  s u b m a r i n e  t e l e g r a p h .32 T h e n ,  in  m id -  

M ay , th e  s to c k s  f lu c t u a t e d  w ild ly . T h e  s h a r e s  o f  t h e  A n g lo - A m e r ic a n  B r u s h  

E le c tr ic  L ig h t  C o r p o r a t i o n ,  m a k e r s  o f  t h e  B r u s h  a r c  l a m p  a n d  th e  L a n e -  

F o x  in c a n d e s c e n t  la m p ,  d r o p p e d  £ 6 0 0 ,0 0 0  in  to ta l  v a lu e  in  t h r e e  d a y s  o f  

t r a d i n g  b u t  r e m a i n e d  f a r  a b o v e  t h e i r  f a c e  v a lu e .  T h e  p r e s s  g e n e r a l ly  a d v is e d  

c a u t i o n .33 T h e  E c o n o m is t  o f f e r e d  s o b e r  c o u n s e l :  " H o w e v e r  g r e a t  a  r e v o lu ­

t io n  [ in  e le c t r ic  l ig h t ]  m a y  p o s s ib ly  b e  in  s to r e  f o r  u s , t h e  in e v i ta b le  c o m ­

p e t i t io n  a m o n g s t  th e  r e a l  e l e c t r ic a l  s y s te m s  w ill e f f e c tu a l ly  p r e v e n t  th e  

s h a r e h o l d e r s  f r o m  b e c o m in g  m il l io n a i r e s .”34 A t y e a r ’s e n d ,  h o w e v e r ,  t h e  

s p e c u la t io n  in  e l e c t r ic a l  s h a r e s  w o u ld  s t a n d  a s  B r i t a in 's  c h i e f  s e c u r i ty  m a n ia  

o f  t h e  y e a r .39

" T e s t im o n y  o f  S ir Jo h n  L ubb ock , M.P. a n d  m a jo r  s h a re h o ld e r  a n d  d ire c to r  o f  E nglish 
E d ison , b e fo re  a select c o m m ittee  o f  th e  H ou se  o f  L o rds in  1886; see p. 63 below.

50 S ee  p. 64  below .

’ ’Jo h n  H o p k in so n  a n d  J .  A. F lem ing , " R e p o rt on  th c  C e n tra l S tation , H o lb o rn  V ia duct, 
to  th e  D irec to rs  o f  th e  E dison  E lectr ic  L ight C o m p an y . L im ited "  (typ escrip t. H a m m e r  C o l ­
le ction), p p . 2 2 -2 3 .

”  Econom ist  (L o n d o n ) 40  (1882); 604.
” E lectrical R ev ie w  10 (1882): 343.
M Econom ist (L o n d o n ) 40  (1882): 605.
51 "C om m e rcia l H is to ry  a n d  Review  o f  1882." ib id . 41 (1883).
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Cost B reakdown £ s. d. £ s. d.

M essrs. H ay w ar d , Tyle r id  Co.

T a n k s , s ic a m p u m p s . w a te rh c a te r ,
in sp e c to r, tra v e le r  p ip e s, a n d  o th e r
fitting s 6 60 1 II

B u ild e r

E rec tin g  sh a ft 1.301 7 5

Drexel, M o rg a n  id  Co.

E n g in e  a n d  b o ile r 737 3 3
T w o  1,200 lig h t d y n a m o s  at 1 1 .8 3 0 3 .6 60 0 0 4 ,3 97 3 3

In stalla tions— Cost o f  m ate nals
1. N c g rc t ti  & Z am ha 16 7 5
2. S h a r p  Jb Co. 8 1 0
3. V ase lin e  8c C o. 7 4 7
4. H o d g e  & Essex II 9 1
5. H o lla n d  Jfc M cC o nn ell 8 14 6
6. S tee l 8c G a r la n d 12 16 8
7 W. D. & H . O  Wills 10 4 7
8. T e r r e v  & Co. 14 0 3
9. B irch 14 9 1

103 7 2 6 ,3 58 12 7

S o u rc e : H o p k in so n  a n d  F lem in g . “ R e p o rt on  th e  C e n tra l S ta tio n . H o lb o rn  V iaduct."

In  a n  e p o c h  c h a r a c t e r i z e d  a s  “ t h e  e n d  o f  l a is s e z - f a i r e ” a n d  in  a  n a t io n  

w h o s e  g o v e r n m e n t  s h o w e d  in c r e a s in g  c o n c e r n  f o r  t h e  w e l f a r e  o f  t h e  g ro w ­

in g  b o d y  o f  th e  e l e c to r a te ,  it is n o t  s u r p r i s i n g  t h a t  P a r l i a m e n t ,  t h e  c e n tr a l  

b u r e a u c r a c y ,  a n d  th e  lo c a l a u t h o r i t i e s  r e a c te d  to  t h e  in t e n s e  a c tiv ity  a n d  

o p t im is m  in  th e  e le c t r ic  l ig h t in g  i n d u s t r y .  W ith in  tw o  w e e k s  o f  th e  fo rm a l 

o p e n i n g  o f  th e  H o lb o r n  s t a t io n  a s e le c t  c o m m i t t e e  o f  t h e  H o u s e  o f  C o m ­

m o n s  w as  e s t a b l i s h e d ,  a n d  f r o m  2 5  A p r i l  to  12 J u n e  1 8 8 2  it h e a r d  te s t im o n y  

o n  p r o p o s e d  c e n t r a l - s t a t io n  le g is la t io n .

N e w ly  f o r m e d  c e n t r a l - s t a t io n  c o m p a n ie s  n e e d e d  p e r m is s io n  to  b r e a k  

o p e n  t h e  s t r e e t s  in  o r d e r  to  lay  t h e  e le c t r ic a l  l in e s  o f  t h e  u n d e r g r o u n d  

d i s t r i b u t i o n  s y s te m s .  In  th e  U n i t e d  S ta te s  th is  a u t h o r i z a t i o n  c a m e  f r o m  th e  

lo ca l g o v e r n m e n t  o r  a u t h o r i t y ,  b u t  in  B r i t a in  th e  p r o b le m  m o v e d  q u ic k ly  

to  t h e  n a t io n a l  le v e l,  w h e r e  P a r l i a m e n t  a n d  th e  B o a r d  o f  T r a d e  s o u g h t  a 

g e n e r a l  s o lu t io n  in  le g is la t io n .  T h o m a s  E d is o n  h a d  w in e d  a n d  d i n e d  N ew  

Y o rk  C ity  a l d e r m e n  p r i o r  to  t h e  e r e c t io n  o f  th e  P e a r l  S t r e e t  s ta t io n ;  b u t 

in  B r i t a in ,  J o s e p h  S w a n ,  J. E . H . G o r d o n ,  a n d  R . E. B. C r o m p t o n ,  a ll p io n e e r  

e n t r e p r e n e u r s  in  e le c t r ic  l ig h t in g ,  g a v e  a  d i n n e r  f o r  t h e  S p e a k e r  o f  th e  

H o u s e  o f  C o m m o n s  a n d  o t h e r  l e a d in g  M .P .'s  in  a  b id  to  w in  p a s s a g e  o f  

th e  E le c t r ic  L ig h t in g  A c t o f  18 8 2 .s,i

T h e  g o v e r n m e n t ’s e le c t r ic  l ig h t in g  b ill c a m e  f r o m  t h e  B o a r d  o f  T r a d e .  

F o u n d e d  in  1 7 8 6 , th is  g o v e r n m e n t  d e p a r t m e n t  “g r e w  l ik e  T o p s y ” d u r in g  

th e  in d u s t r i a l  e r a .  I t  h e ld  f a r - r e a c h i n g  r e g u l a t o r y  p o w e r s  n o t  o n ly  o v e r  

t r a n s p o r t a t i o n ,  c o m m u n ic a t io n s ,  a n d  v a r io u s  i n d u s t r i e s  b u t  a ls o  o v e r  th e

v'  R ookes E. B. C ro m p lo n . Rem iniscences  (L o n d o n : C o n s tab le  8c C o ., 1928), pp . 111-12.



T ab le  111.2. Es t im at ed  A n n u a l  C o s ro r  One U n i t  o f  t h e  H o lb o r n  V iad u c i  St a t i o n
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O n e  steam  d y n a m o  a n d  b o ile r , m a in ia in e d  al a n  a v erag e  
o r  six h u n d r e d  IG-c.p. lig h ts  p e r  n ig h t

C oal at £ 32  p e r  m o n th  
O il at £ 1 1 p e r  m o n th  
W aste
W ages a t £50  p e r  m o n th  
L am ps at 2s. Id. (say. 1,500)
S h a re  o f  r e n t fo r  o n e  d y n a m o
D e p re c ia tio n  (10% ) o n  e n g in e s , bo ile rs , a n d  o th e r  m a te ­

rials. e x c lu d in g  th e  va lu e  o f  c o p p e r  in  th e  m ains 
S h a re  o f  m a n a g e m e n t fo r  o n e  d y n a m o  p e r  a n n u m

3 84 .0 .0
132.0 .0  

4 .0 .0
6 00 .0 .0
156.0 .0
100.0.0

5 0 0 .0 .0
200.0.0

£ 2 .0 7 6 .0 .0

S o u rc e : H o p k in su n  a n d  F lem in g , " R e p o rt o n  th e  C e n tra l S ta tio n , H o lb o rn  V iadu ci."

s u r g i n g  e le c t r ic  l ig h t  in d u s t r y . 37 H e a d i n g  th e  B o a r d  o f  T r a d e  in  th e  L ib e ra l  

G la d s t o n e ’s g o v e r n m e n t  w as  J o s e p h  C h a m b e r la in ,  a  m a n  w h o  h a d  e f f e c ­

t iv e ly  s o c ia liz e d  t h e  p u b l ic  u t i l i t ie s  a s  m a y o r  o f  B i r m in g h a m  a n d  w h o  w o u ld  

lo n g  b e  r e m e m b e r e d  f o r  h is  r e p u b l i c a n i s m  in  t h e  V ic to r ia n  e r a .

C h a m b e r l a i n ’s a c tiv it ie s  a s  p r e s i d e n t  o f  th e  B o a r d  o f  T r a d e  f r o m  1 8 8 0  

to  1 8 8 5  a m o u n t e d  to  a  f ie r c e  o n s l a u g h t  o n  t h e  a b u s e s  o f  p r o p e r t y  a g a in s t  

h u m a n  r i g h t s .38 C h a m b e r l a i n  a n d  t h e  B o a r d  o f  T r a d e  d r e w  u p o n  p r e c e ­

d e n t  a s  th e y  m o v e d  to  r e g u l a t e  a  p u b l ic  u t i l i ty .  T h e  T r a m w a y s  A c t of" 1 8 7 0  

h a d  l im i te d  t h e  t e n u r e  o f  p r iv a te  o w n e r s h ip ;  t h e  P u b lic  H e a l th  A c t o f  187 5  

h a d  a u t h o r i z e d  m u n ic ip a l  o w n e r s h i p  o f  w a te r w o r k s ;39 a n d  a n  e x te n s iv e  

b o d y  o f  le g is la t io n  h a d  r e g u l a t e d  p r iv a te  g a s  c o m p a n ie s .  T h i s  le g is la t io n  

h a d  c o m e  to  b e  t h o u g h t  o f  a s  p r o te c t io n  f o r  th e  p u b l ic  a g a in s t  th e  t e n d e n c y  

o f  p u b l ic  u t i l i t ie s  to  a b u s e  t h e i r  m o n o p o l is t ic  p o w e r s .  O n  th e  o t h e r  h a n d ,  

t h e  g o v e r n m e n t  h a d  b e e n  t o l e r a n t  o f  r e g u l a t e d ,  o r  n a t u r a l ,  m o n o p o l i e s  if  

a  d u p l i c a t io n  o f  s e rv ic e s  r a i s e d  c o s ts  e x o r b i t a n t ly .40 T h e  e x p e n s e  o f  b r e a k ­

i n g  o p e n  t h e  s t r e e t s  to  lay  e l e c t r ic a l  d i s t r i b u t i o n  l in e s  w o u ld  b e  h e a v y .

G o v e r n m e n t  o w n e r s h ip ,  a s  w ell a s  g o v e r n m e n t  r e g u la t io n ,  w as  v ie w e d  

s y m p a th e t ic a l ly  in  th e  tw i l ig h t  o f  t h e  V ic to r ia n  e r a .  H o w e v e r ,  g o v e r n m e n t  

o w n e r s h ip  m e a n t  o w n e r s h ip  b y  th e  lo ca l g o v e r n i n g  a u t h o r i t y .41 A s m a y o r  

o f  B i r m in g h a m ,  J o s e p h  C h a m b e r la in  h a d  s t r e n g t h e n e d  t h e  m o v e m e n t  f o r  

m u n ic ip a l  s o c ia l is m  c o n s id e r a b ly .  H e  h a d  r e d u c e d  th e  o p e r a t i n g  c o s ts  a n d  

t h e  p r i c e  to  c o n s u m e r s  w h ile  im p r o v in g  th e  s e rv ic e  o f  th e  p u b l ic  u t i l i t ie s —

57 G e o rg e  S. Bow er a n d  W alte r W ebb. The  L a w  R ela tin g  to Electric Ligh tin g , B eing  the Electric 

L ig h tin g  Act, 1 8 8 2  (L o n d o n : S. Low , M a rsto n , Se a rle  8c R iv in g ton . 1882). p. 100.
5"J . L. G arv in , The  L ife  o f  Jo seph Ch am berlain . 4 vols. (L o n d o n : M acm illan 8c C o .. I0 3 2 -) . 

I: 413.
,u S ir H e n ry  S e lf  a n d  E lizabeth  W atson , Electricity Su pp ly  in G reat B rita in  . . . (L o n d o n , 1052), 

p. 14 If.

'"’ G as c o m p an ie s  h a d  no t b e g u n  as m on op o lies , b u t ha d  a ssu m e d  th a t c h a ra c te r  w hen  
c o m p e tin g  d istrib u t io n  syste m s in volv ed  ru in o u s  e xp ense . T h e  M e trop o lita n  G as C o m p an y  
A ct o f  I8 60  c o n firm e d  th e  m ono po lis tic  d is tric tin g  o f  Ix n u lo n  th a t th e  c om pan ie s ha d  ta k en  
u p  o n  th e ir  ow n in it ia tiv e. I I. I I. B allin , The  O rganisa tion  o f  Electricity Su pp ly  in G reat B ritain  
( L o n d o n : E lectr ical Press, 1946), p p . 1-3.

71 ijo cai a u th o ri tie s  w ere  tho se  bod ies to  w hom  th e  pub lic  h e a lth  o l th e  U n ite d  K in gd om  
was e n tru s te d — e .g ..  m e tro p o lita n  d is tric t b o a rd s a n d  vestr ies a n d  u rb a n  a n d  ru ra l sa n ita tion  
a u th o ri tie s . E ngin eer in g  35  (1883): 374.
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i n c lu d in g  l l ie  g a s w o r k s — h e  h a d  b o u g h t  f o r  B i r m i n g h a m .42 P e r m a n e n t  

S e c r e ta r y  o f  th e  B o a r d  o f  T r a d e  F a r r e r  to ld  a  p a r l i a m e n t a r y  c o m m it te e  

h o l d in g  h e a r i n g s  o n  t h e  p r o p o s e d  le g is la t io n  t h a t  it  w a s  " m u c h  to o  la te "  

to  a r g u e  t h a t  p u b l ic  e n t e r p r i s e  c o u ld  n o t  c o m p e t e  w ith  p r iv a te  e n t e r p r i s e  

o r  to  q u e s t io n  b r i n g i n g  t h e  p u b l ic  p u r s e  to  b e a r  in  t h e  p u b l ic -u t i l i ty  a r e a .43

T h e  p r o p o s e d  l e g is la t io n  f o r  g o v e r n i n g  c e n t r a l  s t a t io n s  c le a r ly  m a n i ­

f e s t e d  its  s p o n s o r 's  s y m p a th y  w ith  g o v e r n m e n t  r e g u l a t i o n  a n d  l e n d e r  f e e l ­

i n g  to w a r d  m u n ic ip a l  o w n e r s h ip .  Y e t t h e  c la im s  o f  p r iv a te  e n t e r p r i s e  u p o n  

t h e  e c o n o m y  a ls o  w e r e  r e c o g n iz e d .  T h e  b ill p r o v i d e d  a  r e g u l a t e d  m o n o p o ly  

w ith  l im i te d  t e n u r e  f o r  p r i v a t e  e n t e r p r i s e  ( o r  a  r e g u l a t e d  m o n o p o ly  f o r  a 

lo c a l g o v e r n i n g  a u th o r i t y ) .  P r iv a te  e n t e r p r i s e  h a d  t h e  o p p o r t u n i t y  to  risk  

c a p i t a l  in  a n  a r e a  o f  t h e  e c o n o m y  t h a t  w a s  a  te c h n o lo g ic a l  f r o n t i e r .  A f te i  

t h e  t im e  a l lo t t e d  u n d e r  t h e  t e n u r e  h a d  e l a p s e d ,  t h e  lo c a l a u t h o r i t y  w o u ld  

h a v e  t h e  p o w e r  to  p u r c h a s e  t h e  c e n t r a l  s t a t io n  a n d  d i s t r i b u t i o n  s y s te m  (now  

h a v in g  s to o d  t h e  le s t  o f  t im e )  w ith  r a t e p a y e r s ’ ( t a x p a y e r s ’) m o n e y .  I n  th e  

a t m o s p h e r e  o f  e n t h u s i a s m  a n d  s a n g u i n e  s p e c u l a t i o n  o f  t h e  s p r i n g  o f  1882, 

C h a m b e r l a i n ,  P a r l i a m e n t ,  a n d  t h e  B o a r d  o f  T r a d e  h a d  e v e r y  r e a s o n  to  

e x p e c t  p r i v a t e  e n t e r p r i s e  to  v e n t u r e  c a p i t a l  u n d e r  r e s t r i c t e d  c o n d i t io n s .

A s a  m a t t e r  o f  fa c t ,  t h e  c o u n s e l o r  f o r  s ix  p r i v a t e  l ig h t  c o m p a n ie s  g av e  

h is  g e n e r a l  a p p r o v a l  to  t h e  B o a r d  o f  T r a d e  b ill,  e x c e p t i n g  s e v e r a l  p r o v i ­

s io n s .  A  t r a d e  p u b l i c a t i o n 44 c h a r a c t e r i z e d  t h e  b ill a s  e q u i t a b l e  a n d  in  th e  

p u b l i c  i n t e r e s t ,  a n d  t h e  L o n d o n  E c o n o m is t  p r e d i c t e d  t h a t  t h e  m o n o p o ly  

g iv e n  t h e  p r i v a t e  c e n t r a l  s t a t io n  w o u ld  a l lo w  r a t e s  to  r i s e  h ig h  e n o u g h  to  

b r i n g  a  r e t u r n  o n  t h e  in v e s t m e n t  w i th in  t h e  l im e  o f  t e n u r e . 45 S p o k e s m e n  

f o r  p r i v a t e  e n t e r p r i s e  s in g le d  o u t  f o r  c r i t ic is m  t h e  b i l l ’s p r o v i s io n  o f  a  se v e n -  

y e a r  t e n u r e .  S i r  F r e d e r ic k  J .  B r a m w e l l ,  o f  E n g l is h  E d i s o n ,  to ld  t h e  p a r l i a ­

m e n ta r y  c o m m i t t e e  th e  c o m p a n ie s  n e e d e d  a  m i n im u m  o f  t w e n ty -o n e  y e a rs .44 

E d w a r d  H . J o h n s o n  p r o b a b ly  s u m m e d  u p  t h e  a t t i t u d e  o f  A m e r ic a n  in v e s ­

t o r s  w h e n  h e  to ld  t h e  c o m m i t t e e  h e  w o u ld  p r e f e r  s e v e n ty  y e a r s ,  o r  b e t te r  

s till ,  n o  l im i t ,  b u t  E n g l is h  b u s in e s s m e n  a c c e p t e d  t h e  b ill w ith  e q u a n im ity  

u p o n  its  e n a c t m e n t  o n  18 A u g u s t  1 8 8 2 . C la u s e  2 7  o f  t h e  b ill p r o v i d e d  fo r 

a  t w e n t y - o n e - y e a r  t e n u r e .

A n o t h e r  o f  t h e  c o m p a n i e s ’ c r i t ic is m s  w a s  d i r e c t e d  a g a in s t  t h e  so -c a lle d  

“s c r a p  i r o n ” p r o v i s io n  o f  c l a u s e  2 7 .  T h e  B o a r d  o f  T r a d e  i n t e n d e d  th a t  if  

t h e  lo c a l  a u t h o r i t y  m a d e  a  c o m p u l s o r y  p u r c h a s e  a f t e r  t h e  p e r i o d  o f  t e n u r e  

h a d  e l a p s e d ,  t h e  s a le  p r i c e  w o u ld  b e  b a s e d  u p o n  t h e  v a lu e ,  a s  is o la te d  

e l e m e n t s ,  o f  d y n a m o s ,  w ir e ,  b r ic k s ,  m o r t a r ,  a n d  o t h e r  c o m p o n e n t s  o f  th e  

o p e r a t i n g  c e n l r a l - s t a t i o n  s y s te m — b r ic k s  a s  b r i c k s  a n d  m o r t a r  a s  m o r ta r ,  

B o a r d  o f  T r a d e  S e c r e t a r y  F a i r e r  e x p l a i n e d . 47 Y e t t h e  l a r g e  n u m b e r  o f  

a p p l i c a t i o n s  b y  c o m p a n i e s  f o r  a u t h o r i z a t i o n 48 u n d e r  ( h e  E le c t r ic  L ig h t in g

*'■'G a rv in , Jose ph C ham be rla in . I: 190 ff.
1 ,G re a(  B r ita in . P a r lia m e n t . H o u se  o f  C o m m o n s , T h e  Electric L ig h tin g  A ct 1 8 8 2 : M in utes o f 

E vid en ce  G iv en  before the Se lec t Com m ittee o f  the H o m e  of Com m ons  (L o n d o n . 188 2 ). p. 13 (h e re a fte r  

t i l e d  as H o m e  o f  Co m m ons  H ea rin g , 1 8 8 2 ).

Ele ctrica l R ev ie w  10 (1 88 2 ): 283 .
Econ om is t (L o n d o n )  <10 (1 88 2 ): 907 .

** L e t te r  to  th e  Tim es ( L o n d o n ). 21 J u ly  1882.
17 H o m e  o f  Com m ons  H ea rin g . 1 8 8 2 ,  |). 28.

S ee  p. 62  belo w .
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A ct o f  18 8 2 49 in d ic a te d  t h a t  in  t h e  y e a r  o f  o p t im is m  th e  c o m p a n ie s  e x p e c te d  

to  m a k e  a  p r o f i t ,  c la u s e  2 7  n o tw i th s ta n d in g .

O t h e r  s e c t io n s  o f  th e  a c t  w o u ld  s u b s e q u e n t ly  p r o v e  s ig n i f i c a n t ,  e sp e c ia lly  

t h e  c la u s e s  d e s ig n e d  to  p r e v e n t  w h a t  w e re  e n v is a g e d  a s  m o n o p o l i s t i c  a b u s e s .  

U n d e r t a k e r s  (u ti l i t ie s )  w e r e  n o t  to  ty r a n n iz e  c u s to m e r s  b y  i m p o s in g  th e  

s y s te m  c o m p o n e n t s  o f  o n ly  o n e  m a n u f a c t u r e r .  T h e  c e n t r a l  s t a t io n ,  fo r  

e x a m p le ,  c o u ld  n o t  p r e s c r ib e  a n y  s p e c ia l  f o r m  o f  la m p  (c la u s e  18). P o te n t ia l  

c u s to m e r s  c o u ld  d e m a n d  t h a t  s u p p ly  m a in s  b e  la id  to  t h e i r  p r e m is e s  u n d e r  

c o n d i t io n s  th a t  c o u ld  p r o v e  c o s ily  to  t h e  c e n t r a l  s t a t io n  ( c la u s e  19), fo r  

r e s t r i c t io n s  a ll b u t  o u t l a w e d  t h e  c h e a p e r ,  o v e r h e a d  d i s t r i b u t i o n  s y s te m . In  

s h o r t ,  n o  B r i t i s h  e n g i n e e r  c o u ld  d e s ig n  a  c e n t r a l - s t a t io n  s y s te m  so le ly  in  

t e r m s  o f  e c o n o m ic  a n d  t e c h n o lo g ic a l  c o n s id e r a t io n s ;  i n s t e a d ,  h e  h a d  to  

d e s ig n  f o r  a n  e n v i r o n m e n t  p e r m e a t e d  b y  le g i s l a t io n .50 E d is o n  h a d  d e s ig n e d  

h is  te c h n o lo g y  a n d  h is  A m e r ic a n  b u s in e s s  v e n t u r e  u n d e r  le g is la t iv e  c o n ­

d i t io n s  t h a t  w e re  v a s tly  d i f f e r e n t  f r o m  th e s e .

A f te r  p a s s a g e  o f  th e  E le c t r ic  L ig h t in g  A c t,  in  A p r i l ,  a n d  a f t e r  t h e  le g ­

is la te d  c o n d i t io n s  h a d  b e e n  d e f i n e d ,  G r e a t  B r i t a in — still c o n s id e r e d  th e  

w o r ld ’s g r e a t e s t  i n d u s t r i a l  n a t io n  a n d  o n e  d i s t in g u i s h e d  b y  h e r  s c ie n t is ts  

a n d  e n g i n e e r s — s e e m e d  r e a d y  to  m o v e  a h e a d  w ith  h e r  c e n t r a l - s t a t io n  in ­

d u s t r y .  E c o n o m ic  c o n d i t io n s  w e r e  f a v o r a b le :  1 8 8 2  fe ll w i th in  a  l im i te d  

p e r io d  o f  r e c o v e r y  d u r i n g  t h e  " g r e a t  d e p r e s s i o n  in  B r i t a in ,  1 8 7 3 - 1 8 9 6 .”51 

B y 1 J u ly ,  h o w e v e r ,  it  w as  a p p a r e n t  t h a t  th e  e le c t r ic  l ig h t in g  c o m p a n ie s  

a n d  th e  m a n u f a c t u r e r s  o f  e le c t r ic a l  c o m p o n e n t s  w e re  n o t  m a k in g  p r e p a ­

r a t io n s  f o r  t h e  a n t i c i p a t e d  w in te r  d e m a n d . 52 I n  S e p t e m b e r  1 8 8 2  d i s g r u n ­

t le d  B r u s h  s h a r e h o l d e r s  q u e s t i o n e d  c o m p a n y  p o lic y .53 B y  t h e  e n d  o f  D e ­

c e m b e r  th e  v a lu e  o f  e le c t r i c - l ig h t  c o m p a n y  s h a r e s  h a d  d r o p p e d  d r a m a t ic a l ly  

f r o m  t h e i r  s p r i n g  h i g h s .54

” 45  & 46  V ic i., ch . 56.
50 U n d e r  th e  act. th r e e  m e an s  w ere  p ro v id e d  fo r  b estow in g  po w ers o n  th e  e lec tr ica l u n ­

d e rta k in g s : a specia l act o f  P a rlia m e n t , a B o a rd  o f  T r a d e  license, a n d  a pro v ision a l o rd e r . 

T h e  la st-n am e d  p ro v e d  to  be  u se d  m o st f re q u en tly . T h e  po w ers besto w ed  p e rta in e d  ch iefly  
to  th e  b re a k in g  u p  o f  pub lic  s tre e ts , fo r  if  a  c o m p an y  c o u ld  m a n ag e  to  su p p ly  e lectr ic ity  

w itho u t d o in g  th is , th e re  w ere  n o  legal fe tte rs . T h e  B o a rd  o f  T r a d e  besto w ed  provision a l 
o r d e r s  sub je ct to  su b se q u e n t a p p ro v a l by  P a rlia m en t. P riva te  c o m p an ie s  a n d  ind iv idu a ls  an il 
local a u th o ri tie s  c o u ld  o b ta in  p ow ers. A pro v ision a l o r d e r  d e fin e d  th e  a re a  o f  su pp ly ; th e  
resp on sib ility  o f  th e  u til ity  ( u n d e r ta k e r )  to  su p p ly  w ou ld -be  c o n su m e rs  in  th e  a re a  (w ho m ig h t 
n o t alw ays be in th e  im m e d ia te  a re a  o f  su p p ly  lines); th e  m a x im u m  ra te s  a n d  th e  m e th o d  o f  
a ssessin g  ra te s  (satisfac to ry  m e te rs  w ere  n o t availab le ); m a x im u m  voltages, in  th e  in te res t o f  
p ub lic  sa fe ty ; a n d  in sp e c tio n  p ro c e d u re s  to  d e te rm in e  if  u n d e rta k e rs  h a d  fu lf ille d  th e ir  o b ­
l iga tions. T h e  act is su m m a r iz e d , a n d  th e  pro v isio na l o r d e r s  e x p la in e d , in  E n g in eer in g  .35 

(1883): 374.
51 S ec H . L. Beales, " T h e  ‘G re a t D ep res s io n ' in  I n d u s try  a n d  T r a d c ,"  Econom ic  H istory R eview  

5 (1934): 6 5 - 7 5 ;  a n d  A. E. M usson . “T h e  G re a t D ep ression  in B rita in , 1 87 3 -18 96 : A R e ap ­
p raisal,"  J o u r n a l o f  Econom ic H isto ry  1 9 (1 9 5 9 ): 19 9 -2 28 .

” E lectrical Rev ie w  10 (1882): 473.
”  Ib id . 11 (1883): 2 0 9 -1 0 . At a s to c k h o ld e rs ' m e e tin g  o f  th e  D evon a n d  C orn w all (B ru sh ) 

E lectr ic  L ight Sc Pow er C o. in S e p te m b e r  1882, a sm all s to c k h o ld e r  c h a lle n g ed  th e  d ire c to rs ' 
p u rc h a se  o f  th e  L anc-F ox  r ig h ts  fro m  th e  p a re n t co m p an y . T h e  e x ch a n g e  th a t fo llow ed was 
in te r ru p te d  by a n o th e r  sm all s to c k h o ld e r, w ho o f fe re d  to  b r in g  a m in e  la m p  to  th e  c o m pan y  
to m ak e  g oo d  on  any  losses th a t m igh t resu lt f ro m  th e  Lanc-Fox b lu n d e r — he  a d d e d  th a t he 
saw n o  rea son  to  w in d  u p  th e  c o m pan y . T h e  c h a irm a n  c h arac te r iz ed  th e se  re m a rk s  as a  little  
be sid e  th e  m a rk , as lie  ha d  h e a rd  n o  h in t a b ou t w in d ing  u p  th e  c o m pany .

M Slock  m a rk e t q u o ta tio n s  in Econom ist (L o n d o n ) 40  (D e ce m b e r 1882).
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T h e  p a r e n t  p a t e n t - h o l d i n g  a n d  f r a n c h i s e - g r a n t i n g  B r u s h  E le c tr ic  L ig h t 

C o m p a n y  h a d  to  fa c e  n o t  o n ly  a  d e c l in e  in  t h e  v a lu e  o f  its  s h a r e s  b u t  a 

le g a l  le s t  o f  its  c la im  to  a n  in c a n d e s c c n t - l a m p  p a t e n t .  A p p a r e n t l y  S t.  G e o rg e  

L a n c -F o x ,  i n v e n t o r  o f  B r u s h ’s l a m p ,  h a d  a s s ig n e d  t h e  e x c lu s iv e  r ig h t  o f  

u s in g  a n d  g r a n t i n g  l ic e n s e s  f o r  h is  p a t e n t s  to  t h e  B r i t i s h  E le c tr ic  L ig h t 

C o m p a n y  o n  2 0  J u ly  1 8 8 1 , a n d  o n ly  n i n e  d a y s  l a t e r  h a d  m a d e  th e  s a m e  

a r r a n g e m e n t  w ith  B r u s h . 55 P r o b le m s  f o r  A n g lo - A m e r ic a n  B r u s h  in c r e a s e d  

in  1 8 8 3  w h e n  s u b s id ia r y  c o m p a n ie s ,  " w h o  [ h a d  b e e n ]  a ll e a g e r n e s s  to  o b ta in  

a  h i g h - p r i c e d  c o n c e s s io n ,  . . . [w e re ]  o n ly  to o  g la d  to  re s e ll  it  t o  th e  o r ig in a l  

g r a n t o r  o n  a lm o s t  n o m in a l  t e r m s . ”55 A y e a r  a f t e r  th e  b r i g h t  p r o m is e  o f  

t h e  s p r i n g  o f  ’8 2 ,  th e  A n g lo - A m e r ic a n  B r u s h  C o r p o r a t i o n  s to o d  r e v e a le d  

as  a  p a t e n t - h o l d i n g  a n d  m a n u f a c t u r i n g  c o m p a n y  w h ic h  h a d  b e e n  f o u n d e d  

o n  a n  a r c - l ig h t in g  s y s te m  t h a t  w as  n o  lo n g e r  o u t s t a n d i n g  in  t h e  f ie ld  a n d  

o n  a n  in c a n d e s c e n i - i a m p  p a t e n t  o f  d o u b t f u l  v a lu e .57

C a u g h t  in  th e  s w e e p in g  r e a c t io n ,  t h e  p a r e n t  E n g l is h  E d is o n  C o m p a n y  

s o u g h t  to  e a s e  its  d i f f i c u l t i e s .  I n  O c t o b e r  1 8 8 3  t h e  c o m p a n y  m e r g e d  w ith  

its  p r in c ip a l  c o m p e t i t o r  in  th e  m a n u f a c t u r e  a n d  s a le  o f  i n c a n d e s c e n t  la m p s ,  

S w a n  E le c t r ic  L ig h t  C o m p a n y ,  w h ic h  h a d  b e e n  f o u n d e d  o n  t h e  b a s is  o f  th e  

p a t e n t s  o f  J o s e p h  S w a n  o f  N e w c a s t le  u p o n  T y n e ,  t h e  i n v e n t o r  o f  a n  in ­

c a n d e s c e n t  l a m p  t h a t  w as  s a id  to  b e  c o m p a r a b l e  to  E d i s o n 's .58 T h u s  th e  

H o l b o r n  V ia d u c t  s t a t io n  b e c a m e  t h e  p r o p e r t y  o f  E d is o n  a n d  S w a n  U n i te d  

E le c t r ic  L ig h t  C o m p a n y ,  L td .  J a m e s  S ta a t  F o r b e s ,  d i r e c t o r  o f  t h e  n e w  e n ­

t e r p r i s e .  t o ld  s to c k h o ld e r s  in  N o v e m b e r  1 8 8 4  t h a t  H o l b o r n  h a d  b e e n  a 

c o s tly  a f f a i r  a n d  h a d  c a u s e d  th e  d i r e c t o r s  a g r e a t  d e a l  o f  a n x ie ty ,  h a v in g  

b e e n  o p e r a t e d  a t  a  s e r io u s  a n n u a l  lo s s .5,1 T h e  s t a t io n  t h e n  p a s s e d  f ro m  

p u b l ic  v iew  a n d  w as  a b a n d o n e d  b y  t h e  c o m p a n y  in  1 8 8 6 .

O n  2 0  O c t o b e r  1 8 8 4  E d is o n  8c S w a n  a ls o  i n f o r m e d  t h e  B o a r d  o f  T r a d e  

th a t  n o n e  o f  t h e  p ro v i s io n a l  o r d e r s  g r a n t e d  t h e  c o m p a n y  u n d e r  t h e  E le c tr ic  

L i g h t in g  A c t o r  1 8 8 2 , o r d e r s  th a t  e n a b l e d  t h e  c o m p a n y  to  e r e c t  c e n t r a l -  

s t a t io n  s y s te m s  in  L o n d o n ,  w o u ld  b e  c a r r i e d  o u t .  I n  t h e  o p i n i o n  o f  th e  

c o m p a n y ’s d i r e c t o r s ,  t h e  “ v e x a t io u s  a n d  h a r a s s i n g ” l e g is la t io n  o f  1 8 8 2 —  

e s p e c ia l ly  t h e  l im i te d  t e n u r e  a n d  “s c r a p  i r o n ” c la u s e — c o n d e m n e d  to  f a i lu r e  

s u c h  v e n t u r e s  o n  th e  p a r t  o f  p r iv a te  b u s in e s s .  T h i s  a c t io n  i n d ic a te d  a  t r e n d :  

in  1 8 8 3  th e  B o a r d  o f  T r a d e  g r a n t e d  s ix ty - n in e  p r o v i s io n a l  o r d e r s  f o r  c en -  

ir a l - s t a t io n  s y s te m s  a n d  s ix ty - tw o  w e r e  s u b s e q u e n t ly  r e v o k e d ;  in  1 8 8 4  o n ly  

f o u r  w e re  g r a n t e d  a n d  all w e r e  r e v o k e d ;  a n d  in  1 8 8 5  n o n e  w as  i s s u e d .60

By t h e  e n d  o f  1 8 8 4 , t h e  d o l d r u m s  h a d  s e t  in . B a d  t im e s  h a d  n o t  c o m e

u p o n  t h e  B r i t i s h  e le c t r ic a l  i n d u s t r y  a lo n e ,  h o w e v e r .  I n n o v a t o r s  in  t h e  e le c ­

tr ic  l ig h t  a n d  c e n t r a l - s t a t io n  i n d u s t r y  f o u n d  t h e i r  m e la n c h o l i a  e c h o e d  by

”  The  FAeclncian  10 (18 82 ) (2  iiiul 9  D ec em b er). In  :i su b se q u e n t se ttle m e n t. Lane-Fox 

re p u rc h a se d  his  p a te n ts  f ro m  A n g lo -A m eric an  B ru sh  a n d  th e n  g r a n te d , as p a rt o f  th e  se t­

tle m e n t, a lu ll a n d  I rc e  license  to  th e  c o rp o ra t io n  to  se ll a n d  u se  all o r  his  in v e n tio n s that 

w ere  c o n n e c te d  w ith elec tricity . Electrical R ev ie w  14 (1 884): 9 5 -9 6 .
’" Econom ist (L o n d o n ) 42  (1884): 1480.
!‘1 Electrical R ev ie w  I I  (1883): 4 5 2 -5 3 .
’" K e n n e th  R. a n d  M ary  F.. Sw an. J .  VV. S w a n : A M em o ir  (L o n d o n : B e n n . 1929); Brian 

B ow ers . " Jo se p h  Sw an a n d  th e  In v e n tio n  o f  th e  In ca n d e sc e n t F ilam en t L a m p ."  Papers Presented  
a t the Fourth W eekend M ee tin g  on the H istory of E le cltica l E n g in eer in g, D ur ham , E n g la n d , 2 - 4  July  
1 9 7 6  (L o n d o n : In s titu t io n  o f  E le ctr ic al E n g in e e rs . 1976). p p  6 8 -7 0 .

’" R e p o rt  o f  sh a re h o ld e rs ' m e e tin g . Electrical R ev ie w  15 (188 4 ): 397.
'" 'E m ile  C'>arcke. M a n u a l o f E lectrical U n dertak in gs  (L o n d o n , 1896). p. 393.
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fim u ic ic - is  a n d  m a n a g e r s  f r o m  ( lie  o l d e r  in d n s i r i e s  o f  s h i p b u i ld in g  a n d  i ro n  

a n d  s tee l.'1,1 K ig ln e e n  e ig h ty - tw o  h a d  m a r k e d  ( lie  e n d  o l  ( lie  r e e o v e rv  <m  le 

w ith in  th e  " g r e a t  d e p r e s s io n " ;  1 8 8 8  a n d  IHH-I m a r k e d  th e  b e g in n in g  o l a 

s lu m p ." '’ V et s p o k e s m e n  f o r  th e  p r i v a t e - e n t e r p r i s e  s e c to r  o l th e  e le e t r ic a l  

in d u s t r y  w e re  r e lu c ta n t  to  v iew  th e  p r o b le m s  o l t h e  in d u s t r y  in  th e  b r o a d e r  

p e r s p e c t iv e  o l  t h e  o v e ra l l  e c o n o m y ;  th e y  p r e f e r r e d  to  lim it t h e i r  a n a ly s is  

lo  g o v e r n m e n t  a c tiv i ty .  B e c a u s e  in v e s tm e n t  in  e le c t r ic  l ig h t in g  h a d  b e e n  

h e a v y  a n d  b e c a u s e  i n l lu e n t i a l  p e r s o n s  w e re  i n t e r e s te d  in  th e  e le c t r ic a l  in  

d u s t r y ,  in  188fi P a r l i a m e n t  c o n s id e r e d  a m e n d m e n t s  to  th e  1 8 8 2  E lec tric  

L ig h t in g  A c t . '’’’

A  c o m m i t t e e  o f  th e  M o u s e  o l  L o r d s  h e a r d  r e p r e s e n ta t iv e s  o l  p r iv a te  

e n t e r p r i s e  s p e a k  a s  o n e  in  a t t r i b u t i n g  th e  d o l d r u m s  to  g o v e r n m e n t  le g is ­

la tio n . S ir  F r e d e r ic k  J. B ra m w e ll  su ite d  u n e q u iv o c a lly  th a t  th e  Electric  L ig h tin g  

A ct o f  1 8 8 2  h a d  se t th e  B r i t i s h  e l e c t r ic a l  in d u s t r y  h a c k  f o u r  y c ; t r s ." ' L io n e l  

L. C o h e n ,  f in a n c ie r  a n d  s to c k  e x c h a n g e  o f f ic ia l ,  te s t i f ie d  th a t  c a p i ta l  c o u ld  

n o t h e  f o u n d  f o r  t h e  in d u s t r y  u n d e r  th e  c o n d i t io n s  o f  th e  a c t ." '’ A d i r e c t o r  

o f  th e  B a n k  o f  E n g la n d  a n d  l e a d in g  e n g i n e e r s  a n d  s c ie n t is ts  sw e lle d  th e  

c h o r u s  o f  c o m p la in t s  th a t  f o c u s e d  u p o n  th e  t e n u r e  a n d  “ sc r a p  i r o n "  c la u s e  

o f  th e  a c t .00

T h e  c o m m i t t e e  a ls o  l e a r n e d  o f  o t h e r  p ro v is io n s  w i th in  th e  a c t .  a n d  p r o ­

v is io n a l  o r d e r s  g r a n t e d  u n d e r  th e  a c t  w h ic h  w o r k e d  te c h n ic a l  a n d  e c o n o m ic  

h a r d s h ip s  o n  t h e  e n g i n e e r s  a n d  s t a t io n  m a n a g e r s . '’7 C o m m i t t e e  m e m b e r s  

h e a r d  a s  w ell t h a t  f o r e ig n  s ta te s  h a d  n o t  e n a c te d  le g is la t io n  c o n s t  r a in in g  

th e  e le c t r ic  l ig h t in g  i n d u s t r y . r>H S p o k e s m e n  f o r  p r iv a te  c a p i ta l  c o m p la in e d  

n o t o n ly  o f  g o v e r n m e n t  r e g u la t io n  b u t  a ls o  o f  th e  s t im u l i  th e  ac t h a d  g iv e n  

m u n ic ip a l  s o c ia l is m . J a m e s  S ta a ls  F o r b e s ,  h e a d  o f  E d is o n  & S w a n , a r g u e d  

t h a t  th e  lo ca l a u t h o r i t i e s  w o u ld  n o t  in n o v a te  in  th e  e le c t r ic a l  l i g h t in g  H eld  

n o r  w o u ld  th e y  a l lo w  p r iv a te  c a p i ta l  to  in n o v a te .  M e a s k e d  r h e to r ic a l ly .  " I s  

th a t  in  t h e  in te r e s t s  o f  t h e  p u b l ic ? "  a n d  r e p l i e d  c a te g o r ic a l ly .  "1 a m  s tu p id  

e n o u g h  to  b e l ie v e  th a t  it is n o t . " 69

S p o k e s m e n  f o r  t h e  c e n t r a l  g o v e r n m e n t  a n d  th e  lo c a l a u th o r i t i e s ,  h o w ­

e v e r ,  c a lle d  t h e  a t t e n t i o n  o f  th e  C o m m i t t e e  o f  L o r d s  to  th e  a d v e r s e  e f f e c ts  

o f  t h e  s p e c u la t io n  m a n ia  o f  1 8 8 2  a n d  to  th e  c o m p e t i t io n  o f f e r e d  by c h e a p

n ,T h c  rea l d e p re ss io n  o f  th e  e ig h tie s  be gan  in 1883 in s h ip b u ild in g , e n g in e e rin g , .m il th e  

iro n  a n d  steel in d u s try . See J . I I. C la p h a m . A n  Econom ic H istory o f M odern H n tm n ,  .‘1 
(C a m b rid g e : At th e  U n iv ersity  Press, 1 9 81 -3 8 ). 3: 3—(i.

8 ,Scc p. 6 1 , n. 51. abo ve: a n d  W alt R oslow , British  Econom y o f  the N ine teenth Century  (O x ln rd . 

1949), p p . 49 . 50 .
05 G re a t B rita in . P a rlia m en t. M ouse  o f  L o rds, H r/iorl fro m  the Select Com m ittee of the H ouse of 

Lords on the Electric L ig h tin g  A ct ( 1 8 8 6 )  . . . (L o n d o n , I88(i) (h e re a fte r  d ie d  as l.oids Com mittee 

H ea ring . 1 886).

01 Ib id .,  p p . 4 6 -4 7 .

** Ib id ..  p. 4.

m  Ib id ..  pp . 3 - 4 .  15. 33.

n7 R e gu la tion s re g a rd in g  serv ice fo r w o uld -be  c u s to m e rs  e n ab le d  th e  < ustom c i to  i boose  
th e  ty pe  o l la m p  a n d  lo  lim it th e  n u iu lrc r  o l o v e rh e a d  w ires.

*" W here  local (no t n a tio na l)  leg is la tion  ex iste d , it was in th e  n a tu re  ol sa fe ly  reg u la tio n s 
an d  was in te n d e d  to  p re v e n t in te r fe re n c e  w ith  te le g ra p h  a n d  te le p h o n e  in stallation s; see Lords 
Com m itter H ea ring , 1 8 8 6 , p. 218. In  th e  o p in io n  o l o n e  B ritish  e n g in e e r, th e  A m e iita n s  w ere 
in d if fe re n t to  acc id en ts  a n d  lirc s; ib id ., p. 634.

*• Ib id .. p. 106.
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g a s .70 G o v e r n m e n t  e le c t r ic a l  e n g i n e e r  W ill ia m  H . P re e c e  s p o k e  o f  a  “ m o n e y  

m a k in g  w o r ld "  t h a t  w as  e a g e r  lo  “ r e a p  t h e  b e n e f i t  o f  t h e  p a t i e n t  s tu d e n t ,  

t h e  i n g e n io u s  i n v e n to r ,  a n d  t h e  d e s e r v i n g  e n g i n e e r . ” 71 T h e  to w n  c le r k  o f  

C h a m b e r l a i n ’s B i r m in g h a m  te s t i f i e d  l h a l  t h e  r a t io  o f  t h e  p r i c e  o f  g a s  to  

t h a t  o f  e le c t r ic i ty  w as  1 :2  in  B r i t a in ,  b u t  o n ly  2 : 3  in  th e  U n i t e d  S ta te s . 

T h i s ,  h e  c o n t e n d e d ,  h a d  m o r e  to  d o  w ith  t h e  p r o g r e s s  o f  e le c t r ic  l ig h t in g  

t h a n  w ith  g o v e r n m e n t  l e g i s l a t io n .72 E le c t r ic  l ig h t  in  B r i t a in  w as  a  lu x u r y ,  

h e  a r g u e d ,  a n d  th u s  w as  n o t  s u i t a b le  f o r  th e  in v e s t m e n t  o f  t h e  r a te p a y e r 's  

ta x e s .  R e c e n t  a n a ly s is  o f  t h e  r e la t iv e  c o s t o f  g a s  a n d  e l e c t r ic  l ig h t in g  a t  th a t  

l im e  s u p p o r t s  th e  to w n  c l e r k ’s e x p l a n a t i o n . 73

O t h e r  e x p l a n a t i o n s  f o r  t h e  d e c l in e  o f  th e  B r i t i s h  c e n t r a l - s t a t i o n  in d u s t r y  

w e r e  h e a r d  d u r i n g  t h e  l im e  o f  its  d o l d r u m s ,  b u t  in  t h e  e n d  t h e  c a s e  m a d e  

b y  p r iv a te  e n t e r p r i s e  w a s  m o s t  e f f e c t iv e :  t h e  E le c t r ic  L i g h i in g  A c t o f  1 8 8 2 -  

g o v e r n m e n t  l e g is la t io n — h a d  p a r a ly z e d  t h e  c e n t r a l - s t a l i o n  in d u s t r y .  T h e  

s p o k e s m e n  f o r  th e  e le c t r ic a l  i n d u s t r y  c h o s e  to  i g n o r e  t h e  m o r e  c o m p le x  

q u e s t io n s  o f  n a t io n a l  in e r t i a ,  t e c h n o lo g y  a n d  t e c h n o lo g ic a l  e d u c a t i o n ,  a n d  

b u s in e s s  c y c le s . T h e y  c o n c e n t r a t e d  o n  a  m o r e  im m e d i a t e  p r o b l e m ,  th e  

a m e n d m e n t  o f  t h e  E le c t r ic  L ig h t in g  A c t o f  1 8 8 2 . C h a n g e s  in  g o v e r n m e n t ,  

t h e  I r i s h  H o m e  R u le  b ill, a n d  c h a n g e s  a t  t h e  B o a r d  o f  T r a d e  a ll c o n t r i b u t e d  

to  th e  d e la y  in  a m e n d i n g  t h e  a c t .  T h e  a c t  h a d  p a s s e d  d u r i n g  G la d s to n e 's  

r u le ;  th e  a m e n d i n g  b ill p a s s e d  in  1 8 8 8  u n d e r  L o r d  S a l i s b u r y .74 I n  1887  

p r iv a te  in v e s to r s  h a d  a n t i c ip a te d  p a s s a g e  w h e n  c a p i t a l  o n c e  a g a in  b e g a n  

to  f lo w  in to  t h e  e le c t r ic a l  i n d u s t r y .  T h e  L o n d o n  E le c t r ic  S u p p ly  C o r p o ­

r a t io n  r e g i s t e r e d  in  A u g u s t  1 8 8 7  w ith  a n  a u t h o r i z e d  c a p i t a l  o f  £ 1 ,0 0 0 ,0 0 0  

a n d  b o ld  p la n s  to  e r e c t  th e  w o r l d ’s g r e a t e s t  c e n t r a l  s t a t io n  in  L o n d o n  (see  

p p .  2 3 8 - 4 7  b e lo w ) .75

O n  2 8  J u n e  1 8 8 8  t h e  a m e n d i n g  b ill b e c a m e  la w . M o s t s ig n i f i c a n t  a m o n g  

its  p r o v is io n s  w e re  t h e  e x te n s i o n  o f  t e n u r e  f o r  p r i v a t e  c o m p a n i e s  f ro m  

t w e n ty - o n e  to  fo r ty - tw o  y e a r s  a n d  a r e d e f i n i t i o n  o f  t h e  c o m p u l s o r y - p u r -  

c h a s e  t e r m s  to  th e  a d v a n t a g e  o f  t h c  p r iv a te  e n t e r p r i s e .  T h e  m u n ic ip a l i t i e s  

o r  lo c a l a u t h o r i t i e s ,  o n  t h e  o t h e r  h a n d ,  r e c e iv e d  a  l im i te d  v e to  o n  th e  

g r a n t i n g  o f  a  p ro v i s io n a l  o r d e r  b y  t h e  B o a r d  o f  T r a d e .

J u s t  a s  p r iv a te  e n t e r p r i s e  h a d  b e e n  r e l u c t a n t  to  i n t e r p r e t  t h e  d o l d r u m s  

in  t h e  in d u s t r y  w i th in  t h e  g e n e r a l  c o n te x t  o f  t h e  e c o n o m ic  s lu m p ,  n o w , 

w ith  t h e  a m e n d m e n t  o f  t h e  “i n i q u i to u s  E le c t r ic  L ig h t i n g  A c t ,"  t h e  c o r r e ­

la t io n  b e tw e e n  t h e  p a s s a g e  o f  t h e  a m e n d m e n t s  a n d  t h e  g e n e r a l  e c o n o m ic  

r e c o v e r y  w e n t  u n n o t i c e d .  T h c  J u b i l e e  Y e a r ,  1 8 8 7 , m a r k e d  t h e  b e g in n in g  

o l  a “ b r is k  r e v iv a l .”70 A n  a t m o s p h e r e  o f  o p t im is m  a n d  e n t h u s i a s m  n o w  

p r e v a i l e d  a m o n g  p r iv a te  e n t r e p r e n e u r s .  I n  t h e  H o u s e  o f  L o r d s  t h e  e a r l  o f  

C r a w f o r d  p r e d i c t e d  a n  o u t p o u r i n g  o f  c a p i t a l  a n d  f o r ty  t h o u s a n d  n e w  jo b s

’ " I n  I88.r> th e  r n m p c tiiiv e  p o sition  o f  ga slig h t h a d  l>een e v en  f u r t h e r  s t r e n g th e n e d  by the 
in tro d u c tio n  of th e  W clsbach  m a n tle , w hic h  gav e  a m o re  e ff ic ie n t a n d  a g re e a b le  lig h t. Philip  

C h a n tle r ,  The  British H as Industry  (M a n c h e s te r : M a n c h e s te r  U n iv e rsity  P ress, 19.38), p. 9.
71 J o u r n a l o f  the Society o f  Arts .32 (188 .3-84): 347.
77 Lords Com m ittee H ea rin g . 1 8 8 6. p. 562.

771. C. R. B yatl, The  British Electr ical Ind us try , I 8 7 5 - I 9 H  ( O x fo rd : C l a r e n d o n  P ress. 1979),
p p . 2 1 -2 8 .

71 5 1 & 52 V ie t., ch . 12.
75Sec Engineering 94 ( I 9 I 2 ) :  1 6 3 -6 4 . lo r  a n  a cc o u n t t>r th c  D e p t fo r d  s ta tio n .
7" C la p h a tn , E conom ic H istory o f  M od ern B r ita in . 3: 5 - 6
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in  th e  n e w ly  s u r g i n g  s e c to r  o f  t h e  e c o n o m y .77 E n g in e e r s  b e l ie v e d  th a t  th e  

t e c h n o lo g ic a l  f o u n d a t i o n s  h a d  b e e n  l a id .7" T h e  e d i to r s  o f  B r i t i s h  te c h n ic a l  

j o u r n a l s  w e r e  c a u t io u s  b u t  s a n g u in e .  A s o n e  o f  th e m  w r o te ,  " A t las t . . . 

t h e  a i r  c l e a r s ,  a n d  a c tiv i ty  b e g in s  to  s h o w  i t s e l f  a ll r o u n d . ”79 B r i ta in  w o u ld  

m o v e  a h e a d  s u r e - f o o te d ly ,  n o t  p lu n g e  a h e a d  w ith  th e  re c k le s s  a b a n d o n  o l 

th e  A m e r ic a n  c e n t r a l - s t a t io n  m a n a g e r s  w h o  h u n g  w ire  in  f e s to o n s  a n d  th e  

m a n u f a c t u r e r s  w h o  c o u n t e n a n c e d  im m in e n t  o b s o le s c e n c e .  T h e  B r it is h  

b u s in e s s m a n  w o u ld  n o t  d r u m  u p  d e m a n d  f r e n e t ic a l ly ,  a s  d id  h is  A m e r ic a n  

c o u s in .80 C o ld  s ta t is t ic s  s u p p o r t e d  w a r m  s e n t im e n t s  a s  t h e  v a lu e  o f  e le c tr ic a l  

s h a r e s  t u r n e d  u p w a r d  la te  in  1 8 8 8 , a n d  t h e  t r e n d  c o n t i n u e d  in  18 8 9 .81 T he 

b e s t  in d ic a t io n  o f  r e n e w e d  o p t im is m  w a s a  d r a m a t i c  u p s w in g  in  th e  n u m b e r  

o f  p r o v is io n a l  o r d e r s  g r a n t e d :  a f t e r  1 884  t h e r e  h a d  b e e n  o n ly  o n e :  in  1889  

t h e r e  w e re  tw e lv e ;  a n d  in  1 8 9 0  t h e r e  w o u ld  b e  s e v e n ty - f o u r .82

E d is o n ’s c e n t r a l - s t a t io n  t e c h n o lo g y ,  th e  k in d  t h a t  h a d  b e e n  t r a n s f e r r e d  

to  H o lb o r n  V ia d u c t ,  w as  n o t  re v iv e d ,  h o w e v e r .  D u r i n g  th e  s ix  y e a r s  th a t  

s e p a r a t e d  t h e  o r ig in a l  a n d  a m e n d e d  e le c t r ic  l ig h t in g  a c ts ,  n e w  te c h n o lo g y  

lo o k  r o o t  in  E n g la n d .  T h e  a t t e n t i o n  o f  th e  p ro f e s s io n a l s  a n d  t h e  p u b lic  

s h i f t e d  to  S e b a s t i a n  Z. d e  F e r r a n t i ,  a  y o u n g  B r i t i s h  e n g i n e e r  (s e e  p p .  9 7 -  

9 8  b e lo w ). H is  p la n s  f o r  e l e c t r i c  l ig h t in g  w e re  a s  b o ld  a s  E d is o n 's ,  a n d  h e  

s o o n  b e c a m e  k n o w n  a s  th e  B r i t i s h  E d is o n .  E n g l is h  E d is o n 's  H o lb o r n  s ta t io n  

w a s  r e m e m b e r e d  b y  o n ly  a  fe w  a n d  a s  a  h is to r y  o f  th e  f a i lu r e  o f  t e c h n o lo g y  

t r a n s f e r .  B u t  in  f a c t  it w as  n o t  t h e  te c h n o lo g y  t h a t  h a d  f a i le d .  T h e  d is i l ­

l u s io n m e n t  o f  p r iv a te  in v e s to r s  in  1 8 8 2  a f t e r  t h e  c o l la p s e  o f  s to c k  m a r k e t  

s p e c u la t io n  t o g e t h e r  w ith  th e  p a s s a g e  o f  t h e  E le c tr ic  L i g h t in g  A c t d i s c o u r ­

a g e d  r i s k  t a k in g .  T h e  a d v e r s e  e f f e c ts  o f  t h e  l ig h t in g  a c t  m a y  h a v e  b e e n  

e x a g g e r a t e d  b y  o p p o n e n t s  o f  r e g u la t io n  a n d  m u n ic ip a l  so c ia l is m , b u t  p r u ­

d e n t  in v e s to r s  r e a l i z e d  t h a t  a  P a r l i a m e n t  t h a t  c o u ld  p a s s  a  c o n s t r a in in g  a c t 

in  1 8 8 2  h a d  t h e  a u t h o r i t y  a n d  p o s s ib ly  t h e  w ill to  f r u s t r a t e  d e v e lo p m e n t .  

F u r t h e r m o r e ,  in  t h e  1 8 8 0 s , a l t h o u g h  lo c a l g o v e r n m e n ts  h a d  t h e  a u th o r i ty  

to  d e v e lo p  u t i l i t ie s  a n d  w e r e  o f t e n  c o m m i t t e d  to  m u n ic ip a l  so c ia lis m , th e y  

d id  n o t  b e l ie v e  t h a t  r a t e p a y e r s ’, o r  t a x p a y e r s ’, m o n e y  s h o u ld  b e  in v e s te d  

in  a  te c h n o lo g y  w h ic h  h a d  n o t  y e t  b e e n  p r o v e n .  A lso , m u n ic ip a l  g o v e r n ­

m e n t s  h a d  in v e s te d  h e a v ily  in  g a s  l ig h t in g .  T h e  re la t iv e ly  low  p r ic e  o f  

g a s l ig h t  d i s c o u r a g e d  i n v e s tm e n t  in  a n  e le c t r ic a l  s y s te m . I t  s h o u ld  b e  n o te d ,  

h o w e v e r ,  t h a t  in  t h e  U n i t e d  S la te s  t h e  E d is o n  c o m p a n y  ( a n d  l a t e r  its  c o m ­

p e t i to r s )  w as  a b le  to  se ll c e n t r a l - s t a t io n  l ig h t  a s  a  lu x u r y .

T h e  r e la t iv e ly  s lo w  d e v e lo p m e n t  o f  E n g l is h  e le c t r ic  s u p p ly  s y s te m s ,  e s ­

p e c ia l ly  in  L o n d o n ,  is e a s ie r  to  p r o b e  w ith  h in d s ig h t  t h a n  it w as  f o r  a n a ly s ts  

in  t h e  1 8 8 0 s . T h e  m id - d e c a d e  d o l d r u m s  w e re  t h o u g h t  by  m o s t  to  b e  a 

t r a n s i t o r y  p h a s e ,  b u t  h is to r ic a l  p e r s p e c t iv e  re v e a ls  t h a t  f a i lu r e  o f  t h e  H o l ­

b o r n  V ia d u c t  s ta t io n  a n d  o t h e r  p r o je c ts  w as  s y m p to m a t ic  o f  a  t r e n d .  A s 

th is  s tu d y  w ill s h o w , t h e  H o lb o r n  f a i lu r e  w a s  s o o n  fo llo w e d  by  th e  D e p t ­

f o r d  f a i lu r e  ( s e e  p p .  2 3 8 - 4 7  b e lo w ). M o re o v e r ,  a s  la te  a s  1 9 2 0  L o n d o n ’s

77 E lectrical E n g in eer  (L o n d o n ) 1 (1888): 380.

E lectrical E ng in eer  (N ew  Y ork ) 8 (1889): 478.
7U E lectrical E ng in eer  (L o n d o n ) 2 (1 883): 245.
“  Electrical R ev ie w  23  (1888): 3 2 9 -3 0 .

*' E conom ist (L o n d o n ) 47 (1889): I2G9.
"7 G arcke . M a n u a l o f E lectrical U ndertakings , p. 394.
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F ig u re  111.8. E m il  R a th rn a u . Courtesy of 
R rrh n rr  K ra ft- u n d  Lich t AG  (form erly

B E W ).

e le c t r ic  l ig h t in g  a n d  p o w e r  fa c il i t ie s  w e re  j u d g e d  b a c k w a r d  w h e n  c o m p a r e d  

to  th e  s y s te m s  e m p lo y e d  in  o t h e r  m e t r o p o l i t a n  c e n t e r s  o f  t h e  W e s te r n  w o r ld  

( se e  p . 2 6 0  b e lo w ). W ith  th e  e x c e p t io n  o f  a  p o w e r  s y s te m  o n  t h e  n o r th e a s t  

c o a s t ,  t h e  g e n e r a l  s i tu a t io n  in  E n g la n d  w as  a ls o  j u d g e d  to  b e  n e g a t iv e  w h e n  

e v a lu a te d  in  t e r m s  o f  th e  p r e v a i l in g  c r i t e r i a  o f  e le c t r ic a l  d e v e lo p m e n t .

B e l ie v in g  t h a t  th e  e c o n o m ic  s t a g n a t io n  o f  th e  m id - 1 8 8 0 s  w as  a n  a b n o r m a l  

c o n d i t io n ,  a d v o c a te s  o f  t h e  d e v e l o p m e n t  o f  e l e c t r i c  l ig h t in g  i d e n t i f i e d  o n ly  

its  im m e d ia te  c a u s e s ,  s u c h  a s  th e  1 8 8 2  le g is la t io n  a n d  th e  c o m p e t i t iv e  p r ic e  

o f  g a s  l ig h t in g .  I f  th e y  c o u ld  h a v e  f o r e s e e n  t h e  e v e n t s  o f  th e  n e x t  th r e e  

d e c a d e s ,  th e y  w o u ld  h a v e  k n o w n  t h a t  a f t e r  r e v is in g  t h e  o f f e n d i n g  le g is ­

l a t io n ,  lo w e r in g  th e  p r ic e  o f  e le c t r ic  l ig h t in g ,  a n d  in t r o d u c i n g  f o r m s  o f  

e le c t r ic  p o w e r  w ith  w h ic h  g a s  c o u ld  n o t  c o m p e te ,  L o n d o n  a n d  m u c h  of 

E n g la n d  w o u ld  c o n t i n u e  to  b e  la b e le d  b a c k w a r d  b y  e le c t r ic a l  e n g i n e e r s  a n d  

m a n a g e r s  w h e n  c o m p a r e d  to  B e r l in  a n d  C h ic a g o ,  G e r m a n y  a n d  th e  U n ite d  

S ta le s .  K n o w in g  th is ,  th e y  to o  w o u ld  h a v e  p r o b e d  m o r e  d e e p ly  f o r  lo n g - 

r u n ,  o r  u n d e r ly in g ,  c a u s e s .  W ith  h i n d s ig h t ,  t h e  f r u s t r a t i n g  in f lu e n c e  o f  a 

s e r ie s  o f  le g is la t iv e  a c ts , e s p e c ia lly  th o s e  t h a t  w e re  p a r l i a m e n t a r y  in  o r ig in ,  

lo o m s  la r g e  a s  a n  u n d e r l y i n g  c a u s e .  T h e s e  a c ts ,  h o w e v e r ,  r e f l e c te d  th e  

p e rv a s iv e ly  c o n s e r v a t iv e  a t t i t u d e s  o f  e c o n o m ic ,  p o l i t ic a l ,  a n d  t e c h n o lo g ic a l  

in te r e s t  g r o u p s  t h a t  w e re  q u i t e  c o n t e n t  w ith  t h e i r  s t a tu s  a n d  f u t u r e  in  a 

w o r ld  w i th o u t  e le c t r ic  p o w e r  sy s te m s .  F o r  e x a m p l e ,  e le c t r i c  p o w e r  s u p p ly  

th r e a t e n e d  to  o v e r r u n  a n d  w e a k e n  t h e  a u t h o r i t y  o f  lo c a l g o v e r n m e n t s ,  to  

d is p la c e  t h e  e s ta b l is h e d  g a s l ig h t  te c h n o lo g y ,  a n d  to  d e v a lu e  in v e s tm e n ts  in 

th a t  o l d e r  t e c h n o lo g y  a n d  its  in s t i tu t io n s .  T h e  p o w e r  o f  th e s e  a n d  o th e r  

c o n s e r v a t iv e  in t e r e s t s  w as  r e v e a le d  c le a r ly  d u r i n g  t h e  D e p t f o r d  e p i s o d e  a n d  

d u r i n g  th e  e f f o r t s  to  b r in g  a  u n i f i e d  e le c t r ic  s u p p ly  s y s te m  to  L o n d o n  (see  

p p .  2 4 7  a n d  2 6 0  b e lo w ).

T h e  h is to r y  o f  th e  t r a n s f e r  o f  E d is o n  t e c h n o lo g y  to  B e r l in  is n o ta b ly  

d i f f e r e n t ,  d e s p i t e  th e  la c t  th a t  th e  s y s te m  e x p o r t e d  to  G e r m a n y  w as  s im i la r  

to  th a t  in s ta l le d  a l  H o lb o r n  V ia d u c t .  A g a in ,  h o w e v e r ,  th e  e x p l a n a t i o n  o f  

h o w  th e  s y s te m  f a r e d  is n o t  s im p ly  te c h n ic a l .

T h e  h is to ry  o f  th e  t r a n s f e r  b e g in s  a l  t h e  P a r is  I n t e r n a t i o n a l  E le c tr ic a l  

E x h ib i t io n  o f  1 8 8 1 . A m o n g  t h e  h u n d r e d s  o f  th o u s a n d s  o f  v is i to r s  to  th e  

P a r is  e x h ib i t io n  w e r e  th r e e  m e n  w h o  a r e  n o w  r e c o g n iz e d  a s  o u t s t a n d i n g  

f ig u re s  in  th e  h is to ry  o f  e le c t r ic a l  te c h n o lo g y ,  a n d  a ll t h r e e  w e r e  in f lu e n t ia l  

in  b r in g in g  E d is o n  t e c h n o lo g y  to  G e r m a n y .  W e r n e r  v o n  S ie m e n s  ( 1 8 1 6 -  

18 9 2 ) a l r e a d y  h a d  th e  r e p u t a t i o n  o f  a l e a d in g  G e r m a n  e le c t r ic a l  in v e n to r  

a n d  m a n u f a c t u r e r  o f  t e l e g r a p h  a p p a r a t u s ,  a n d  h is  c o m p a n y ,  S ie m e n s  8c 

H a ls k e ,  w as  m o v in g  in to  a r c  l ig h t in g .  E m il R a i h e n a u  ( 1 8 3 8 - 1 9 1 5 ) ,  a  r e l ­

a t iv e ly  u n k n o w n  m e c h a n ic a l  e n g i n e e r ,  v is i te d  t h e  e x h ib i t io n  h o p i n g  lo  f in d  

n e w  o p p o r t u n i t i e s  f o r  te c h n o lo g ic a l  i n n o v a t io n .  H a v in g  s t u d i e d  in  H a n ­

n o v e r  a n d  Z u r ic h ,  l ie  w as  a  m e m b e r  o f  t h e  n e w  g e n e r a t i o n  o f  e n g in e e r in g -  

s c h o o l - i r a in e d  e n g in e e r s .  B e f o r e  b u y in g  a n d  o p e r a t i n g  a  s m a l l  m a c h in e  

fa c to r y  in  B e r l in ,  h e  h a d  w o rk e d  a s  a n  e n g i n e e r  w ith  t h e  B o r s ig  L o c o m o tiv e  

it OI|. S i ' i  ^ u q o ' l *1 c -lo l l n  B erm  e n g i n e e r i n g  s h o p s  in  G re e n w ic h ,  
m g  a n t  . n  R a ih e n a u  s o ld  h is  f a c to ry  a n d  t r a v e le d  e x te n s iv e ly  a b r o a d  

se e k in g  e n t r e p r e n e u r i a l  o p p o r t u n i t i e s .  T h e  t h i r d  G e r m a n  v is i to r  o f  n o te  

^ n Z ^ r i 8  ,a r  ( l 8 5 5 - | 9 3 4 ) .  w h o  a ls o  h a d  b e e n  t r a i n e d  a t  an

B a v a r ia n  ^ i  * m c ,l) . a iu l  w o u ld  la t e r  b e c o m e  t h e  h e a d  o f  a  le a d in g  
c r ic a  e n g i n e e r i n g  c o n s u l t in g  f i r m  a n d  a p io n e e r  in  th e  d e ­
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F ig u re  I I I .9. D ecorative inc andescent 
lam ps su rro un ding  statue  o f  V irg in a n d  

child, M u n ic h  exhibition, 1 8 8 2 . From 

O ff iz ie lle r  B e rich t . . . M iinche n  
1882, p. 65 .

v e lo p m e n t  o f  w a te r  p o w e r  a n d  r e g io n a l  p o w e r  s y s te m s  (s e e  p p .  3 3 4 - 5 0  

b e lo w ).

A f t e r  v ie w in g  th e  E d is o n  d is p la y  in  P a r is ,  R a t h e n a u  d e c id e d  to  b u y  ( lie  

r ig h t s  lo  t h e  E d is o n  p a te n t s  in  G e r m a n y .  H e  n e g o t i a t e d  w ith  t h e  C o m p a g n ie  

c o n t i n e n t a l e  E d is o n ,  w h ic h  h a d  b e e n  e s t a b l i s h e d  to  d i s p o s e  o f  E d is o n  p a te n t  

r ig h t s  in  E u r o p e .  I n  a d d i t i o n  to  th is  c o m p a n y ,  t h e  E d is o n  in te r e s t s  h a d  

e s t a b l i s h e d  t h e  S o c ie te  e l e c t r iq u e  E d is o n  to  m a r k e t  s m a ll ,  i s o la te d  p la n t s  

a n d  t h e  S o c ie te  i n d u s t r i e l l e  e t  c o m m e r c ia l e  E d is o n ,  lo c a te d  in  Iv ry ,  n e a r  

P a r is ,  to  m a n u f a c t u r e  E d is o n  in v e n t io n s .83 R a t h e n a u  t u r n e d  lo  s e v e ra l  G e r ­

m a n  b a n k i n g  h o u s e s  f o r  f in a n c in g  a n d  in  J u l y  1 8 8 2  a c q u i r e d  th e  p a t e n t  

r ig h t s  f r o m  t h e  F r e n c h  c o m p a n ie s .  T h e  p a r t i e s  to  t h e  a g r e e m e n t  w e re ,  o n  

t h e  o n e  h a n d ,  t h e  b a n k i n g  h o u s e  o f  G e b r i i d e r  S u lz b a c h  o f  F r a n k f o r t  o n  

th e  M a in ,  J a c o b  L a n d a u  o f  B e r l in ,  a n d  th e  N a t io n a l - B a n k  f u r  D e u t s c h la n d ;  

a n d ,  o n  t h e  o t h e r  h a n d ,  C o m p a g n i e  c o n t i n e n t a l e  E d is o n  a n d  S o c ie te  e le c ­

t r i q u e  E d is o n  o f  P a r is .  B y  a g r e e m e n t  t h e  b a n k i n g  h o u s e s  ( a n d  R a th e n a u )  

e s t a b l is h e d  a  S o c ie te  d ’e t u d e  ( a n  e x p l o r a t o r y  v e n t u r e  to  a s c e r t a in  th e  t e c h ­

n ic a l a n d  c o m m e r c ia l  f e a s ib il i ty  o f  th e  E d is o n  s y s te m  in  G e r m a n y )  w ith  th e  

in t e n t  o f  e s t a b l i s h in g  a  p e r m a n e n t  e n t e r p r i s e  a f t e r  a  s t ip u l a t e d  p e r io d  o f  

m o n t h s .84 T h e  S o c ie te  d ’e t u d e  p r o c e e d e d  to  t r y  t h e  te c h n o lo g y  a n d  e x p lo r e  

t h e  m a r k e t  in  B e r l in ,  M u n ic h ,  a n d  S t u t t g a r t  b y  m a k in g  s e v e r a l  s m a ll  in ­

s ta l la t io n s  in  p r iv a te  c lu b s  a n d  th e a t e r s  a n d  b y  d i s p la y in g  th e  s y s te m  a t  a n  

e le c t r ic a l  e x h ib i t io n  o r g a n i z e d  in  1 8 8 2  in  M u n ic h  b y  O s k a r  v o n  M ille r  

( 1 8 5 5 - 1 9 3 4 ) .  R a t h e n a u  a n d  v o n  M il le r  c a m e  to  k n o w  e a c h  o t h e r  th r o u g h  

th e  e x h ib i t io n  a n d  v o n  M il le r  j o i n e d  R a th e n a u  in  t h e  n e w  e n t e r p r i s e .

P e r s u a d e d  o f  f a v o r a b le  d e v e l o p m e n t s ,  o n  13 M a rc h  1 8 8 3  t h e  t h r e e  G e r ­

m a n  b a n k in g  h o u s e s  f o u n d e d  a  p e r m a n e n t  c o m p a n y  h e a d e d  by  R a th e n a u .  

T h e  D e u t s c h e  E d is o n  G e s e l l s c h a f l  f i i r  a n g e w a n d t e  E le c t r ic i ta i  ( G e r m a n  

E d is o n  C o m p a n y  f o r  A p p l ie d  E le c tr ic i ty )  w as  e s t a b l i s h e d  to  e x p lo i t  “ in ­

d u s t r i a l ly ” a ll p a t e n t s  g r a n t e d  to  E d is o n  in  G e r m a n y  r e l a t e d  “ to  m e a s u r e ­

m e n t ,  d i s t r i b u t i o n ,  a n d  a p p l i c a t io n  o f  E le c t r ic i ty  f o r  l ig h t in g  a n d  t h e  t r a n s ­

m is s io n  o f  e n e r g y . ” T o  e x p lo i t  t h e  p a te n t s  a n d  t h e  l ic e n s e  a c q u i r e d  f ro m  

C o m p a g n ie  c o n t i n e n t a l e ,  G e r m a n  E d is o n  h a d  th e  r ig h t  to  m a n u f a c t u r e  o r  

h a v e  m a n u f a c t u r e d  in  th e  f a c to r ie s  o f  th e  f o r e ig n  E d is o n  c o m p a n ie s  th e  

a p p a r a t u s  o f  t h e  E d is o n  s y s te m  a n d  t h e  r ig h t  to  e r e c t  l ig h t in g  in s ta l la t io n s  

o r  c e d e  th is  r i g h t  to  o t h e r s .  C a s h  p a y m e n t  to  t h e  P a r is  c o m p a n y  fo r  th e  

r ig h t s  a n d  l ic e n s e 1 w as  3 5 0 ,0 0 0  m a r k s .  T h e r e  w o u ld  a ls o  b e  r o y a l t ie s  o n  

i n c a n d e s c e n t  l a m p s  s o ld  a n d  u s e d  in  G e r m a n y  a n d  o n  th e  in s ta l la t io n s  

a c c o r d in g  to  h o r s e p o w e r .  G e r m a n  E d is o n  w as  to  d e a l  e x c lu s iv e ly  in  th e  

E d is o n  s y s te m  o f  i n c a n d e s c e n t  l ig h t in g ,  b u t  c o u ld  e m p lo y  a n y  s y s te m  o f  its 

c h o ic e  f o r  a r c  l ig h t in g .  T h e  c o m p a n y  a ls o  h a d  th e  a u t h o r i t y  lo  e s ta b lis h  

s u b s id ia r y  e n t e r p r i s e s .  I ts  c a p i ta l  o f  fiv e  m ill io n  m a r k s  w as  d iv id e d  in to  te n

*’ C o n ra d  M alschoss, “ Die gc scb ic h llicb c  E ntw ick lu ng  d e r  A llgc m cin cn  E lc k lricila ls -G c- 
se llschafl in  d e n  c rs lc n  25 J n li rc n  ih res B c slc h cns."  Beitrage m r  C.eschichtr drr T echm k tnu t 

Indus tr ie  I (1909): 5 5 -5 6 .
"‘‘ T h e  1882 a g re e m e n t is su m m a riz e d  in a n  u n d a te d  (1883?) ''C o n tra c t. M e m o ra n d u m  o f  

A g re e m e n t"  e n te r e d  in to  by th e  G e rm a n  ba nks n a m e d  above  a n d  by tb c  Edison  c om pan ie s 
in Paris . T h is  d o c u m e n t in  tb c  E dison  A rchiv es is n u t d a te d , bu t is an  a m e n d m e n t to  the  
1882  a g re e m e n t. O n  G e rm a n  ba nk s a n d  th e  e lec tr ica l in d u s try , see H u g h  N c tth u rg e i,  " T h e  
In d u s tr ia l Politics o l th e  Kreditban ken , 1880-191  *1." Business H istory lle in rw  51 (S u m m er 1977): 

192.



0 8  N E T W O R K S  O F  P O W E R

t h o u s a n d  s h a r e s .  B y r e s o lu t io n  o f  t h e  b o a r d  a n d  a  g e n e r a l  s h a r e h o l d e r s  

m e e t in g ,  c o m m o n  s to c k  c o u ld  b e  i n c r e a s e d  a n d  p r e f e r r e d  s to c k  is s u e d .  

B e s id e s  s lo c k ,  t h e r e  w e re  f o u n d e r s ' c e r t i f i c a te s  t h a t  e n t i t l e d  t h e  h o l d e r s  as 

a g r o u p  to  ta k e  3 5  p e r c e n t  o f  t h e  n e t  p r o f i t s  a f t e r  a  6  p e r c e n t  d iv id e n d  

h a d  b e e n  d e c la r e d  o n  th e  p a i d - u p  s to c k .  T h e  c o m p a n y  is s u e d  2 ,5 0 0  f o u n ­

d e r s ’ c e r t i f ic a te s .  T h e s e ,  h o w e v e r ,  d id  n o t  c o n v e y  a  s h a r e ,  o r  e q u i ty ,  in  th e  

c o m p a n y .  O n e  t h o u s a n d  c e r t i f i c a te s  w e re  is s u e d  to  t h e  f i r s t  s u b s c r ib e r s  to  

s to c k  o n  th e  b a s is  o f  o n e  c e r t i f i c a te  f o r  te n  s h a r e s  p a id  u p .  T h e  C o m p a g n ie  

c o n t in e n la le  a n d  th e  S o c ie te  e l e c t r iq u e  in  P a r is  r e c e iv e d  th e  r e m a in in g  

f i f te e n  h u n d r e d .  T h e  C o m p a g n ie  c o n t i n e n t a l e  a ls o  h a d  t h e  p o w e r  to  a p ­

p o in t  tw o  p e r m a n e n t  “ c o m m is s io n e r s "  lo  g u a r d  its  r ig h t s  a n d  in te r e s t s  in 

th e  c o m p a n y .  T h e  c o m m is s io n e r s  a n d  d i r e c t o r s  o f  t h e  c o m p a n y  w o u ld  g e t 

10 p e r c e n t  o f  th e  c o m p a n y  s u r p l u s  r e m a i n i n g  a f t e r  th e  6  p e r c e n t  d iv id e n d  

to  s to c k h o ld e r s ,  th e  3 5  p e r c e n t  s h a r e  o f  t h e  n e t  p r o f i t s  to  t h e  h o ld e r s  o f 

f o u n d e r s ' c e r t i f ic a te s ,  a n d  t h e  5 p e r c e n t  o f  t h e  s u r p l u s  to  a  r e s e r v e  f u n d  

h a d  b e e n  p a id .8-'

T h e  C o m p a g n ie  c o n t in e n la le ,  w ith  th e  s a n c t io n  o f  T h o m a s  E d is o n  a n d  

th e  E d is o n  E le c tr ic  L ig h t  C o m p a n y  o f  E u r o p e ,  L td . ,  o f  N e w  Y o r k ,  n o t  o n ly  

t r a n s f e r r e d  p a t e n t  r ig h t s  a n d  l ic e n s e s  f o r  t h e  m a n u f a c t u r e  a n d  e r e c t io n  o f  

l ig h t in g  in s ta l la t io n s  b u t  a ls o  a g r e e d  to  k e e p  G e r m a n  E d is o n  a p p r i s e d  o f  

all E d is o n  in v e n t io n s  u n t i l  15 N o v e m b e r  1 8 8 6 . I n  a d d i t i o n ,  t h e  P a r is  c o m ­

p a n y  w o u ld  a id  a n d  a s s is t G e r m a n  E d is o n  in  t h e  te c h n ic a l  d e v e l o p m e n t  o f  

m a n u f a c t u r i n g  fa c il i t ie s  a n d  w o u ld  f u r n i s h  to  G e r m a n  E d is o n  s u i t a b le  “ in ­

s t r u c t o r s ." 86

In  G e r m a n y ,  p r u d e n c e  d ic ta te d  t h a t  t h e  G e r m a n  E d is o n  C o m p a n y  r e a c h  

a n  u n d e r s t a n d i n g  w ith  t h e  d o m i n a n t  c o m p a n y  in  e le c t r ic a l  t e c h n o lo g y  a n d  

m a n u f a c t u r i n g .  In  M a r c h  1 8 8 3 , t h e r e f o r e .  G e r m a n  E d is o n  n e g o t i a t e d  a 

“ m e m o r a n d u m  o f  a g r e e m e n t "  w ith  t h e  f i r m  o f  S ie m e n s  Sc H a ls k e .  T h e  

p a r t i e s  to  th e  a g r e e m e n t  b e s id e s  S ie m e n s  Sc H a l s k e  w e r e  T h o m a s  E d is o n ; 

th e  E d is o n  E le c tr ic  L ig h t C o m p a n y  o f  E u r o p e ,  L td . ;  C o m p a g n i e  c o n l in e n -  

ta le ;  a n d  th e  b a n k in g  h o u s e s  G e b r i i d e r  S u lz b a c h ,  J a c o b  L a n d a u ,  a n d  th e  

N a t io n a l - b a n k  f u r  D e u t s c h la n d .  A c c o r d in g  to  th is  a g r e e m e n t ,  S ie m e n s  Sc 

H a ls k e .  w h ic h  h a d  t e n ta t iv e ly  b e g u n  m a n u f a c t u r i n g  i n c a n d e s c e n t  la m p s  

w ith  a  l ic e n s e  f r o m  th e  S w a n  C o m p a n y ,  E d i s o n ’s c o m p e t i t o r ,  a g r e e d  n o t  

to  o p p o s e  E d is o n  in c a n d e s c e n t - l a m p  p a t e n t s  t h r o u g h  l i t ig a t io n  a n d  to  m a n ­

u f a c t u r e  E d is o n  la m p s  u n d e r  l ic e n s e  a n d  w ith  ro y a l ty  p a y m e n t .  B o th  G e r ­

m a n  E d is o n  a n d  S ie m e n s  Sc H a ls k e ,  a s  a r e s u l t ,  h a d  E d is o n  m a n u f a c t u r i n g  

r ig h t s  f o r  in c a n d e s c e n t  l a m p s .  I h e  l a t t e r  f i r m ,  h o w e v e r ,  a g r e e d  n o t  to  

in s ta l l  E d is o n  l ig h t in g  in  G e r m a n y ,  b u t  to  le a v e  th is  w o rk  lo  G e r m a n  E d is o n . 

In  t u r n ,  G e r m a n  E d is o n  w o u ld  p u r c h a s e  a n  E d is o n  ty p e  o f  g e n e r a t o r  a n d  

o t h e r  e q u i p m e n t  f o r  th e s e  in s ta l la t io n s  (w ith  th e  e x c e p t io n  o f  t h e  la m p s)  

f r o m  S ie m e n s  Sc H a ls k e .  T h e  l ic e n s e  to  S ie m e n s  Sc H a ls k e  to  m a n u f a c t u r e  
E d is o n  e q u i p m e n t  w as  to  r u n  f o r  te n  y e a r s .87

"Articles o r  Association ol the Herm an Edison C o m p a n y  lor Applied Electricity” (1883): 
a copy is in the Edison Archives. ' '  '

'""A rticles or Association." EA.

von’s i e m T n T H ^  I f  & H alske” 16 Ma" h  >883. EA. See Ceorg
Albcr, 1957) |- 92 -9 3  ant\ c  i ' ranS A' F' Rod8er> 2 vo,s- (Freiburg/Munich:

1934 (Berlin': VDI Ver'lag. n .d T p .  IO.alSCl'° SS "  W Ja h re  B" liner E ^ r iz ita b w trk e . 1884-
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F ig u rr  I I I .10 . "Edison " in / la s h in g  
lamps. Exh ibit d r signed  by VV. J .  H am m er  

fo r  the health exhibition in B er lin . 188.1.

Courtesy o f  the N at io n a l M use um  o f 

\m rn ca n  H istory. Sm ith son ia n Institu tion , 
W ash ing ton , D .C.

W illia m  H a m m e r ,  ( h e  e x p e r i e n c e d  E d is o n  e le c t r ic ia n ,  le f t  E n g lis h  E d is o n  

to  j o i n  R a t h e n a u ’s n e w  c o m p a n y  fo r  e ig h te e n  m o n th s  a s  c h i e f  e n g i n e e r  

a n d  e x p e r t  f o r  t h e  t r a n s f e r  o f  th e  E d is o n  te c h n o lo g y .  H a m m e r  le f t  th e  

E d is o n  c o m p a n y  b e c a u s e  o f  h is  d i f f e r e n c e s  w ith  A r n o ld  W h ite .  T h o m a s  

E d is o n  w r o te  to  H a m m e r ,  s a y in g ,  “ 1 a m  p e r f e c t ly  w ell s a t i s f ie d  t h a t  e v e r y ­

th in g  f a b o u l  y o u r  d e p a r t u r e ]  is e x p la in e d  by  t h e  n a m e  ‘A r n o ld  W h i te . ’ "HH 

Y e a rs  l a te r ,  a c c o r d in g  to  H a m m e r ,  E d is o n  c o n f id e d  th a t  H a m m e r  m u s t  

h a v e  b e e n  u p  a g a in s t  " th e  tw o  m e a n e s t  m e n  I e v e r  m e t  . . . A r n o ld  W h ile

'"F .ilison  lo  W . H a m m e r, 4 A n g u s ' 1883. H a m m e r C ollection .
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>

I . I I .  Thom as Ed iso n a n d  E m il  
i. Courtesy o f  B er lin er  K ra ft- u n d  

Lich t A G  (form erly  B E W ).

in  E n g la n d  & E m il R a l h e n a u  in  G e r m a n y ." " 9 (S e e  F ig . 11 1 .11 .) B u i  in  th e  

s u m m e r  o f  1 8 8 3 , H a m m e r  w as  a c t in g  a s  l ia is o n  Tor R a t h e n a u  w ith  E d is o n .  

H a m m e r  i n f o r m e d  E d is o n  t h a t  t h e  G e r m a n  c o m p a n y  w as  lo o k in g  b e y o n d  

th e  is o la te d  in s ta l la t io n s  o f  t h e  e x p l o r a t o r y  e n t e r p r i s e  to  tw o  c e n t r a l  s ta t io n s  

in  B e r l in :  o n e  to  s u p p ly  a  b lo c k  o f  b u i ld in g s ,  in c lu d i n g  t h e  C a f e  B a u e r ,  a 

w e ll-k n o w n  B e r l in  e s t a b l i s h m e n t ,  t h e  l ig h t in g  o f  w h ic h  w o u ld  a t t r a c t  c o n ­

s id e r a b le  a t t e n t i o n ;  a n d  a n o t h e r  to  l ig h t  c e n t r a l  B e r l in  w ith  Fifty  t h o u s a n d  

in c a n d e s c e n t  la m p s .  T h e  l a t t e r  w o u ld  f u n c t io n  a s  a  m o d e l  f o r  c e n t r a l  s t a ­

t io n s  t h r o u g h o u t  G e r m a n y ,  j u s t  a s  P e a r l  S t r e e t  h a d  d o n e  f o r  t h e  U n i te d  

S ta te s  a n d  H o lb o r n  V ia d u c t  h a d  b e e n  e x p e c t e d  to  d o  f o r  B r i t a in .  H a m m e r  

m a d e  it  c le a r  th a t  R a th e n a u  p r e f e r r e d  to  o b ta in  h is  te c h n ic a l  in f o r m a t io n  

d i r e c t ly  f r o m  E d is o n  r a t h e r  t h a n  f r o m  P a r is .  R a l h e n a u  w a n te d  p la n s ,  b lu e ­

p r in t s ,  a n d  d e ta i l e d  s p e c i f i c a t io n s  f o r  c e n t r a l  s t a t io n s  b a s e d  o n  E d i s o n ’s 

e x p e r ie n c e .  T h e  la y o u t  o f  a  c e n t r a l - s t a t i o n  d i s t r i b u t i o n  s y s te m  e s p e c ia l ly  

c o n c e r n e d  R a l h e n a u ,  s o  H a m m e r  w a n te d  to  k n o w  i f  a  s m a l l - s c a le  a n a lo g  

m o d e l  o f  d i s t r i b u t i o n  s h o u ld  b e  b u i l t ,  s u c h  a s  t h e  o n e  d o n e  a t  M e n lo  P a rk  

in  p r e p a r a t i o n  f o r  P e a r l  S t r e e t ,  o r  w h e t h e r  E d i s o n  c o u ld  m e e t  t h e  r e q u i r e ­

m e n t s  s e n t  b y  t h e  G e r m a n  c o m p a n y  b y  s u p p l y i n g  a  d e t a i l e d  p la n .  A s a g r e e d ,  

R a t h e n a u  a ls o  w a n te d  w o r d  o f  t h e  n e w e s t  E d i s o n  i n v e n t io n s  d is c lo s e d  to  

G e r m a n  E d is o n  im m e d ia te ly .  S ie m e n s  8c H a l s k e ,  a n t i c i p a t i n g  f u t u r e  o r d e r s  

f r o m  G e r m a n  E d is o n ,  w as  a l r e a d y  d i s a s s e m b l in g  E d i s o n  g e n e r a t o r s  to  a n a ­

ly ze  c o n s t r u c t i o n  d e ta i l s .  I n  a d d i t i o n ,  R a l h e n a u  w a n te d  a  w e l l - in f o r m e d  

E d is o n  m a n  to  c o m e  to  G e r m a n y  to  a s s is t  in  t h e  e s t a b l i s h m e n t  o f  a n  in - 

c a n d e s c e n t - l a m p  f a c to ry .  I n  1 8 8 3 , R a t h e n a u ,  t h o u g h  o b v io u s ly  d e p e n d e n t  

o n  E d is o n  in  e le c t r ic a l  m a t t e r s ,  w a s  a l r e a d y  p l a n n i n g  m o d i f i c a t io n s  a n d  

a d a p t a t i o n s  in  s t e a m - e n g in e  d e s ig n ,  a n  a r e a  in  w h ic h  h e  h a d  e x p e r t i s e  a n d  

in  w h ic h  E d is o n  h a d  r e l i e d  o n  o t h e r s . 90

B y th e  fa ll o f  1 8 8 3  th e  b lo o m  w as  o f f  t h e  r o s e .  R a t h e n a u  h i m s e l f  w r o te  

to  E d is o n  te l l in g  h im  th a t  h e  a n d  h is  P a r is  f r i e n d s  h a d  g o t t e n  G e r m a n  

E d is o n  in to  “a v e ry  s a d  d i l e m m a .” T h e  G e r m a n  c o m p a n y  h a d  c u l t iv a te d  

th e  so il w ell f o r  “ t h e  g r a i n  w e  m e a n t  to  s o w ,” b u t  t h e  le a d  in  t h e  E u r o p e a n  

l ig h t in g  b u s in e s s  h a d  p a s s e d  to  o t h e r s .  A m o n g  t h e  p r o b l e m s  w e r e  th e s e .  

B e c a u s e  T h o m a s  E d is o n  h a d  to ld  R a l h e n a u  t h a t  t h e  E d i s o n  ty p e - H  g e n ­

e r a t o r  w o u ld  r u n  f iv e  h u n d r e d  l a m p s ,  h e  h a d  p r o c e e d e d  lo  o r d e r  f i f te e n  

g e n e r a t o r s  f r o m  S ie m e n s  8c H a ls k e  a n d  to  ta k e  o r d e r s  f r o m  c u s to m e r s .  

T h e  e n g i n e e r s  a t  S ie m e n s  8c H a ls k e  h a d  o p i n e d  t h a t  t h e  g e n e r a t o r  w o u ld  

s u p p ly  o n ly  f o u r  h u n d r e d  l a m p s ,  b u t ,  r e ly in g  o n  E d i s o n ,  R a t h e n a u  h a d  

g o n e  a h e a d  s e l l in g  t h e  m a c h in e  f o r  f iv e  h u n d r e d .  W h e n  s o  t r i e d ,  t h e  a r ­

m a t u r e s  o f  th e  m a c h in e s  b u r n e d  t h r o u g h  t h e  f i r s t  d a y .  A t c o n s id e r a b le  

e x p e n s e  R a t h e n a u  h a d  to  c o m p e n s a te  f o r  t h e s e  lo s s e s . A ls o ,  E d is o n  h a d  

n o t  s e n t  th e  d e ta i l e d  p la n s  f o r  g e n e r a t o r s  t h a t  w o u ld  s u p p l y  a  h u n d r e d  

l a m p s ,  a n d  th e s e  w e r e  th e  m a c h in e s  Tor w h ic h  c o m p e t i t o r s  w e r e  f in d i n g  a 

l iv e ly  m a r k e t  in  G e r m a n y .  S c a r c e ly  a n y  r e l i a b le  h e lp  f o r  t h e s e  a n d  o t h e r  

p r o b le m s  w as  f o r t h c o m i n g  f r o m  P a r is ,  a n d  t h e  s t a t e  o f  a f f a i r s  w a s  b e c o m in g  

u n b e a r a b l e  a s  t h e  b u s in e s s  w e n t  to  o t h e r s ,  d e s p i t e  t h e  e f f e c t iv e  p r e p a r a t i o n s  
a n d  a d v e r t i s in g  o f  G e r m a n  E d i s o n .91

" N o t e  by H a m m e r  a b o u t his  c o n v ersa t io n  w ill,  E d iso n  in  I HR!). H a m m e r  C ollec tio n  
'" 'H a m m e r  to  E d iso n . 16 J u ly  1883 . EA.

K allicna ii to  E d iso n , 13 O rlo lx -r  1883. FA
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A n o t h e r  p r o b le m  w as th e  s t a tu s  o l  th e  E d is o n  in c a n d e s c e n t - lu m p  p a te n t s  

in  G e r m a n y .  T h e s e  w e re  n o t  s e c u r e ,  in  p a i l  b e c a u s e  o l  th e  S w a n  p a te n ts .  

E d is o n  w as a d v is e d  by  J o s h u a  B a ile y , a  r e p r e s e n ta t iv e  lo t  th e  E d is o n  E le c ­

t r ic  L ig h t  C o m p a n y  o f  E u r o p e  a n d  th e  C o m p a g n ie  c o n l in e n ia le ,  to  c o m e  

to  a n  u n d e r s t a n d i n g  w ith  S w a n  in  G e r m a n y .  B a iley  a ls o  a d v is e d  E d is o n  to  

s e n d ,  a s  r e q u e s te d ,  a th o r o u g h l y  c o m p e te n t  p e r s o n ,  lik e  F ra n c is  U p to n ,  to  

G e r m a n y  to  h e lp  R a th e n a u  p la c e  a n  i n c a n d e s c e n l - l a m p  f a c to ry  in  o p e r a ­

t io n .  G e r m a n  E d is o n  w as  p r e p a r e d  to  p a y  h im  u p  to  $ 3 0 0 .  T h e  a l t e r n a t iv e ,  

p e r s u a d i n g  G e r m a n  E d is o n  to  p u r c h a s e  la m p s  f r o m  th e  U n i t e d  S ta te s ,  w as 

n o t a  v ia b le  o p t i o n  b e c a u s e  G e r m a n  n a t io n a l is m  w o u ld  b r in g  G e r m a n s  to  

b u y  la m p s  m a d e  in  G e r m a n y :  " Y o u  m a y  th in k ,"  E d is o n  w as to ld ,  " th a t  

n a t io n a l  f e e l in g  d o e s  n o t  w e ig h  a g a in s t  e c o n o m y ,  b u t  th a t  is a c o m p le te  

e r r o r .  A n y  G e r m a n  i n t e r l o p e r  w o u ld  h a v e  all th e  n a t io n a l  s y m p a th ie s ,  a n d  

w o u ld  h o ld  th e  G e r m a n  m a r k e t  a g a in s t  a  f o r e ig n  la m p  th a t  s h o u ld  b e  b o th  

c h e a p e r  a n d  b e t t e r . "  F u r t h e r m o r e ,  G e r m a n  p a te n t  law  r e q u i r e d  th a t  w ith in  

t h r e e  y e a r s  f r o m  its  g r a n t i n g ,  t h e  p a te n t  s h o u ld  b e  w o r k e d  to  a n  e x te n t  

a d e q u a t e  to  s u p p ly  th e  m a r k e t .  S in c e  S ie m e n s  w as m a n u f a c t u r i n g  o n ly  o n e  

h u n d r e d  la m p s  a  d a y ,  G e r m a n  E d is o n  n e e d e d  to  p la c e  a f a c to ry  in to  p r o ­

d u c t io n .  T h e  p u r c h a s e  o f  la m p s  f ro m  th e  P a r is  f a c to r y  w as  im p ra c t ic a l  

b e c a u s e  th e  q u a l i ty  o f  th e  la m p s  w as  u n e v e n .  A lso , J a m e s  H ip p ie ,  w h o  

a d v is e d  th e  P a r is  c o m p a n y  o n  la m p  m a n u f a c t u r e ,  w as b e lie v e d  to  b e  o u t  

o f  to u c h  w ith  n e w ly  d e v e lo p e d  te c h n iq u e s  in  th e  U n i te d  S ta te s .  T h o m a s  

E d is o n  w as  a ls o  u r g e d  to  p r o v id e  a n  e c o n o m ic  a n a ly s is  o f  th e  c o s ts  o f  th e  

P e a r l  S t r e e t  s ta t io n  s in c e  it b e g a n  o p e r a t i n g  in  th e  fa ll o f  188 2 . D e s p ite  

p u b l ic i ty  f r o m  t h e  U n i te d  S ta te s  to  th e  e f f e c t  th a t  la rg e  p r o f i t s  w e re  a c ­

c u m u la t in g ,  B a ile y  h a d  b e e n  u n a b le  to  c o n f i r m  th is .  I n v e s to r s  w e re  r e lu c ­

t a n t  to  in v e s t  in  c e n t r a l  s ta t io n s  in  E u r o p e  u n t i l  c r e d ib le  f ig u r e s  w e re  a v a il ­

a b le .  T h e y  h a d  h e a r d  r u m o r s  t h a t  th e  N ew  Y o rk  u ti l i ty  w as  o p e r a t i n g  at 

a  lo ss , b u t  e v e n  a s t a t e m e n t  o f  lo ss  m ig h t  h a v e  b e e n  p r e f e r a b l e  to  th e  

r u m o r s .92 I n  fa c t ,  a s  in t e r n a l  c o r r e s p o n d e n c e  r e v e a le d ,  th e  E d is o n  I l lu ­

m in a t in g  C o m p a n y  w as  lo s in g  m o n e y ,  b u t  a p p a r e n t l y  E d is o n  a n d  h is  a d ­

v is e rs  w e re  n o t  in c l in e d  to  s h a r e  th e  in f o r m a t io n  ( se e  p . 4 5  a b o v e ) .

N e v e r th e le s s ,  G e r m a n  E d is o n  w e n t a h e a d  w ith  its p la n s  to  b u ild  tw o  

c e n t r a l  s ta t io n s .  B e f o r e  th e  te c h n ic a l  p r o b le m s  c o u ld  b e c o m e  th e  c e n t e r  o f  

a t t e n t io n ,  h o w e v e r ,  p o li t ic a l  o b s ta c le s  h a d  to  b e  o v e r c o m e .  R a th e n a u .  O s k a r  

v o n  M ille r, a n d  th e  o th e r  m a n a g e r s  o f  G e r m a n  E d iso n  h a d  p ro b a b ly  le a rn e d  

o f  th e  f r u s t r a t i n g  p o li t ic a l  s i tu a t io n  in  B r i ta in  a n d  a n t i c ip a te d  g o v e r n m e n t  

r e a c t io n  w ith  t r e p i d a t i o n .  T h e  B e r l in  g o v e r n m e n t  h a d  a m o n g  its  le g is la to rs  

a n d  o f f ic ia ls  p e r s o n s  w 'h o se  v iew s p a ra l l e l e d  th e  v iew s e x p r e s s e d  in  B r i ta in .  

B e r lin  o w n e d  its  g a s  u t i l i ty ,  a n d  th e r e  w e re  th o s e  w h o  w a n te d  th e  c ity  to  

o w n  a n d  o p e r a t e  a n  e le c t r ic  u ti l i ty  a s  w ell. T h e  c e n t r a l ,  o r  n a t io n a l ,  g o v ­

e r n m e n t  d e f e r r e d  to  th e  c ity  g o v e r n m e n t  b e c a u s e ,  a s  in  th e  U n i te d  S ta te s ,  

c o n s t i tu t io n a l  a r r a n g e m e n t s  p r o v id e d  lo ca l a u th o r i t i e s  in d e p e n d e n c e  in  th e  

r e g u la t io n  o f  u t i l i t ie s .93 T h e  g o v e r n m e n t  o f  th e  s ta te  o f  P ru s s ia  e x p r e s s e d  

s o m e  in te r e s t  in  f r a m in g  s p e c ia l  p ro v is io n s  to  g o v e r n  th e  in c o r p o r a t io n  

a n d  o p e r a t i o n  o f  e le c t r ic a l  e n te r p r i s e s ,  b u t  s e r io u s  m o v e s  in  th is  d i r e c t io n

U7 |.  Dailey to  E d ison . 21 O cto b er  1883, EA.

,n G . S iegel. D ie E le ktn iila lsgebung  (B erlin : V D I. 1930), p p . I. 39 -10.
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d id  n o t  c o m e  u n t i l  a f t e r  t h e  t u r n  o f  t h e  c e n t u r y . 94 I n  t h e  B e r l in  m u n ic ip a l  

c o u n c i l  t h e  p r e v a i l in g  a r g u m e n t — a ls o  a d v a n c e d  in  L o n d o n — w a s  t h a t  p r i ­

v a te  e n t e r p r i s e  s h o u l d  t a k e  t h e  r i s k s  o f  i n n o v a t i o n ,  p r o b a b ly  b e c a u s e  th e  

g r a n t i n g  o f  a  c h a r i e r  to  th e  G e r m a n  E d is o n  c o m p a n y  p r o v i d e d  f o r  d e ta i l e d  

r e g u l a t i o n  o f  s u p p ly  a n d  a  s h a r e  o f  p r o f i t s  f o r  t h e  m u n i c i p a l  g o v e r n m e n t .  

A s  B u r g o m a s t e r  D u n c k e r  s u m m e d  it u p ,  “ A ll r i s k s  fa ll o n  t h e  p r iv a te  

c o m p a n y ;  a ll f in a n c ia l  a d v a n t a g e  to  t h e  c i ty ." 99

T h e  c ity  o f  B e r l in  a n d  G e r m a n  E d is o n  r e a c h e d  a g r e e m e n t  in  F e b r u a r y  

1 8 8 4  ( se e  p .  1 85  b e lo w ) .96 T h e  c o m p a n y  o b t a i n e d  a u t h o r i t y  to  s u p p ly  e le c ­

t r ic i ty  to  a  d e f i n e d  a r e a  in  th e  h e a r t  o f  B e r l in  u s in g  t h e  c i ty ’s s t r e e t s  fo r  

t h e  d i s t r i b u t i o n  s y s te m . G e r m a n  E d is o n  t h e n  p r o c e e d e d  to  e s ta b l is h  a n  

o p e r a t i n g  u t i l i ty  m u c h  in  t h e  m a n n e r  t h a t  t h e  E d is o n  E le c t r ic  L ig h t  C o m ­

p a n y  h a d  e s t a b l i s h e d  t h e  E d is o n  E le c tr ic  I l l u m i n a t i n g  C o m p a n y  o f  N ew  

Y o rk .  O n  8  M a y  1 8 8 4  t h e  B e r l in  u t i l i ty ,  S la d t i s c h e  E le k tr iz i ta ts - W e r k e  

(S tE W ), w a s  f o u n d e d  w ith  a n  a u t h o r i z e d  c a p i t a l  o f  t h r e e  m i l l io n  m a rk s .

In  S e p t e m b e r  t h e  c o m p a n y  b e g a n  o p e r a t i n g  a  s m a l l  (1 0 0 -k w .)  l ig h t in g  

p la n t  a t  F r i e d r i c h s t r a s s e  8 5  to  s u p p ly  t h e  G a le  B a u e r  a n d  t h e  b lo c k  o f 

b u i ld in g s  in  w h ic h  it w as  lo c a te d  (s e e  F ig . 1 11 .12). T h e r e  w e r e  n u m e r o u s  

p r o b le m s ,  t h e  c h a r a c t e r  o l  w h ic h  is s u g g e s te d  b y  s u c h  s to r i e s  a s  th a t  o f

«  G e o rg  D c llm a r , D ir lin tw ic k lu n g  ,lrr S tnrhstram trchnik in D eu tsch la nd  (B e rlin : E T 7. V crlaa 
1940). p p . I3 ‘». 2 9 3 -9 4 .

91 C o n ra d  M aisclioss, "G c sc h iiln lic h c  E n tw ic k lun g  i te r  B e r lin e r  E lektriciiais -Y V erke von 

ih r e r  B e g r iin d u n g  bis z u r  U b e rn a l im c  d u rc li d ie  S ia d l."  B eit rage tu r  G eschichte der  Technih  und  
h u lu strie  7 (1916): 9.

“ V e r tra g  aiwisclicn d c r  S ta d lg c m e in d c  B e rlin  u n d  d e r  D e m sc h e n  E d iso n -C e sellsch a ll 
B e rlin ."  6  a n d  19 F e b ru a ry  1884: a ro p y  is in  th e  lib ra ry  o f  th e  D r iu s rh e s  M u se u m . M unich.
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O s k a r  v o n  M ille r  in  th e  b a s e m e n t  t e n d i n g  th e  g e n e r a t o r s  w h ile  K a th c n a u  

s o o th e d  c a f e  c u s to m e r s  w h e n  th e  l ig h ts  s u d d e n ly  w e n t o u t .  1 'h e  M a rk g ra -  

f e n s t r a s s e  c e n t r a l  s t a t io n ,  th e  f irs t c o n s t r u c te d  by  S tF .W , o p e n e d  in  A u g u s t  

18 8 5 .  T h i s ,  lo o ,  h a d  p r o b le m s ,  b u t  n o t a s  m a n y  a s  th e  I’e a r l  S t r e e t  s ta t io n ,  

w h e r e ,  th e  G e r m a n s  to o k  p a in s  to  p o in t  o u t ,  " in  th e  e a r ly  d a y s  it h a d  b e e n  

i m p o s s ib le  to  o p e r a t e  o n e  o f  th e  g e n e r a t o r s  a n  e n t i r e  d a y  w i th o u t  r e p a i r s . " 1’7 

T h i s  o p in io n  c o n t r a s t s  r e m a r k a b ly  w ith  th e  m e m o ir s  o f  th e  E d is o n  p io n e e r s  

w h o  o p e r a t e d  th e  N e w  Y o rk  s ta t io n  a n d  w h o  r e p o r t e d  th a t ,  w ith  th e  e x ­

c e p t io n  o f  o n e  t h r e e - h o u r  i n t e r r u p t i o n ,  th e  e ig h t  J u m b o  g e n e r a t o r s  p r o ­

d u c e d  c u r r e n t  w i th o u t  a b r e a k  f ro m  S e p te m b e r  188*2 u n t i l  f i r e  d e s t r o y e d  

t h e  s ta t io n  in  1 8 9 0 .98

T h e  g e n e r a t o r s  in  M a r k g r a f e n s t r a s s e  w e r e  t h e  E d is o n  ty p e  b u il t  by  S ie ­

m e n s  & H a ls k e ,  a n d  th e  c a p a c i ty  o f  th e  s ta t io n  w as  7 5 4  k w ., o f  w h ic h  19*2 

kw . w e re  f o r  in c a n d e s c e n t  l a m p s .  P e a r l  S t r e e t  h a d  u s e d  5 4 0  kw . f o r  in c a n -  

d e s c e n ts  in  1 8 8 2 . I n  th e  c a s e  o f  M a r k g ra f e n s t r a s .s e ,  h o w e v e r ,  t h e r e  w e re  

tw e lv e  4 1 -k w . i n c a n d e s c e n i - l a m p  g e n e r a t o r s  in s te a d  o f  six  9 0 -k w . J u m b o s  

a s  in s ta l le d  a t  P e a r l  S t r e e t .  T h e  G e r m a n  c o m p a n y  a ls o  u s e d  s in g le  s te a m  

e n g in e s  lo  b e l t - d r iv e  tw o  i n c a n d e s c e n l - l a m p  g e n e r a t o r s  a n d  o n e  2 7 -k w . a n  - 

l a m p  g e n e r a t o r  in s te a d  o f  o n e  e n g in e  f o r  o n e  g e n e r a t o r  a s  a t  P e a r l  S t r e e t .  

C u r r e n t  w as  d i s t r i b u t e d  a t 1 00  v o lts  b y  a  tw o -w ire  n e tw o r k . '19 (S ee  F igs. 

I I I . 1 4 - I I I . 1 6 . )  B e c a u s e  o f  th e  u s e  o f  th e  b a s ic  E d is o n  d e s ig n  a n d  b e c a u s e  

o f  t h e  re la t iv e ly  s m a ll  s iz e  o f  th e  m a c h in e s ,  th e  G e r m a n  s ta t io n  w as n o t a 

b o ld  te c h n ic a l  v e n t u r e .  I n  1 8 8 6  th e  c o m p a n y  o p e n e d  a n o t h e r  s ta t io n  at 8 0  

M a u e r s t r a s s e ,  b u t  its  c a p a c i ty  o f  2 8 5  kw . w as  s m a l l e r  th a n  th a t  o f  its  p r e d ­

e c e s s o r .

T h e  i n c a n d e s c e n t - l ig h t in g  lo a d  c a r r i e d  by  th e  tw o  c e n t r a l  s ta t io n s  in  th e  

h e a r t  o f  B e r l in  c o n s t i tu t e d  l u x u r y  l ig h t in g .  In  1 8 8 6  th e  la rg e s t  p e r c e n ta g e  

o f  t h e  lo a d  w a s  f o r  “ t h e a t e r s "  (2 4  p e r c e n t ) ,  fo l lo w e d  by  b a n k s  (2 0  p e r c e n t ) ,  

e a t in g  a n d  d r i n k i n g  e s ta b l i s h m e n ts  (2 0  p e r c e n t ) ,  s h o p s  (1 7  p e r c e n t ) ,  h o te ls  

a n d  g u e s th o u s e s  (8  p e r c e n t ) ,  s t r e e t  l ig h t in g  f o r  th e  c ity  (7 .5  p e r c e n t ) ,  i n ­

d u s t r y  a n d  t r a d e  (2  p e r c e n t ) ,  r e s id e n c e s  (1 p e r c e n t ) ,  a n d  m is c e l la n e o u s  (.5  

p e r c e n t ) . 100 A s in  N e w  Y o rk  a n d  L o n d o n ,  e le c t r ic  l ig h t in g  in  B e r l in  w as 

n o t  f o r  th e  p o o r .

G e r m a n  E d is o n  a n d  S tE W  b e g a n  t r a i n i n g  te c h n ic a l  s t a f f  a n d  r e ly in g  le ss 

th a n  a t  th e  s t a r t  o n  f o r e ig n  E d is o n  m e n  a n d  in f o r m a t io n  f ro m  a b r o a d .  In  

1 8 8 4 , b e f o r e  e i t h e r  o f  t h e  G e r m a n  c e n t r a l  s ta t io n s  w as  c o m p le te d ,  W illia m  

H a m m e r  le f t  B e r l in .  H e  h a d  h a d  s e r io u s  d i s a g r e e m e n t s  w ith  R a lh e n a u  

“a b o u t  c e r t a in  E n g l i s h m e n ,” b u t  th e  a n t ip a th y  s e e m s  to  h a v e  b e e n  d e e p  

a n d  n o t  lo c a liz e d  lo  a  p a r t i c u l a r  e p is o d e .  In  e x p la in in g  h is  d e p a r t u r e  to  

T h o m a s  E d is o n ,  in  w h o s e  g o o d  g ra c e s  h e  w is h e d  to  r e m a in  a n d  to  w h o m  

h e  h a d  e x p la in e d  e a r l i e r  m i s u n d e r s ta n d in g s  w ith  th e  E n g lis h  c o m p a n y .  

H a m m e r  b e s m i r c h e d  th e  r e p u t a t i o n  o f  K a th e n a u .  R e f e r r in g  to  h im  a s  th a t  

“J e w  E m il R a th e n a u ,  a  m a n  u t t e r ly  u n l i t  to  b e  a t t h e  h e a d  o f  a n y  o r g a n i ­

z a t io n ,"  H a m m e r  r e p o r t e d  t h a t  b e c a u s e  o f  n u m e r o u s  p a s t t r a n s a c t io n s  

R a lh e n a u  b o r e  a n y th in g  b u t  a  g o o d  n a m e  in  B e r lin .  I l a m m c r  b e lie v e d  th a t ,

07 M alsclioss cl al. . 5 0  J a h re , p. 100.
• " Jo n e s . H istory o f  the Consolidated Edison System, p. 203.

w  M atsclioss ct a l., 5 0  J ahre , p p . 101, 104, 138, 140. 172, 192. 209.

10,1 A rth u r  W ilke. D ie Berliner Elektriiili its -W rrke  (B erlin , IH90).
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F ig u re  I I I .1 4. In ter ior  o f  the M arkgrafenstrasse central station. 1887 . 
From M atschoss et al., 50 J a h re ,  p. 104.

' £
K  1 . 1 .

F ig u re  H I .1 5 . The  M arkgrafen stra sse  cen tral 
station : Stag es  o f  expansion, 1 8 8 5  a n d  1 8 8 8 . From  

M atschoss et a l.,  50  J a h r e ,  p. 10 1.

FHur,Out „„„„ „ cmny
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a m o n g  o t h e r  u n f o r t u n a t e  c h a r a c te r is t ic s ,  R a th e n a u  h a r b o r e d  p r e ju d ic e  

a g a in s t  f o r e ig n e r s  (a  c h a r a c te r i s t i c  o b v io u s ly  s h a r e d  by  H a m m e r ) .  T o  f u r ­

t h e r  j u s t i f y  h is  o w n  d i f f ic u l t ie s ,  H a m m e r  lis te d  f o r  E d is o n  o t h e r  e m p lo y e e s  

w h o  h a d  r e c e n t ly  le f t  G e r m a n  E d is o n  b e c a u s e  o f  R a t h e n a u . 101

A s t h e  g r o w in g  p a in s  o f  R a th e n a u 's  e n t e r p r i s e  a t t e n u a t e d ,  t h e  G e r m a n s  

b e c a m e  in c r e a s in g ly  r e s t le s s  w ith  th e  l ie s  t h a t  b o u n d  th e m  to  t h e  E d is o n  

c o m p a n y  in  P a r is  a n d  w ith  th e  S ie m e n s  c o m p a n y  in  B e r l in .  T h e  te c h n o lo g y  

h a d  b e e n  t r a n s f e r r e d  a n d  a d a p t e d  a n d  t h e  G e r m a n s  w e r e  r e a d y  to  d e v e lo p  

t h e i r  o w n  s ty le . A  l e t t e r  s ig n e d  b y  b o th  R a th e n a u  a n d  O s k a r  v o n  M ille r ,  

b u t  p r o b a b ly  w r i t t e n  b y  v o n  M ille r ,  w h o s e  g o o d  n a t u r e  a n d  d ip lo m a t i c  sk ills  

w e re  le g e n d a r y ,  i n f o r m e d  E d is o n  o f  t h e  s u c c e s s  o f  G e r m a n  E d is o n  d u r i n g  

its  f i r s t  tw o  y e a r s  o f  o p e r a t i o n .  H a v in g  in s ta l le d  4 2 ,0 0 0  in c a n d e s c e n t  la m p s ,  

n o t  in c lu d in g  th o s e  o f  its  l ic e n s e e s ,  t h e  G e r m a n  c o m p a n y  h a d  d o n e  m o r e  

b u s in e s s  in  E u r o p e  t h a n  a n y  o t h e r  E u r o p e a n  E d is o n  c o m p a n y  a n d  m o r e  

th a n  t h e  E d is o n  c o m p a n ie s  in  t h e  U n i t e d  S ta te s ,  c o n s id e r in g  t h e  s h o r t e r  

t im e  it  h a d  b e e n  in  e x is te n c e .  E d is o n  w as  to ld  h e  s h o u ld  d r o p  h is  p r e ju d ic e s  

a g a in s t  h is  E u r o p e a n  a s s o c ia te s ,  f o r  t h e  G e r m a n s  w o u ld  “g lo r i fy "  h is  n a m e  

a n d  “ h o n o r ” h is  i n v e n t i o n s .102 T h e  g lo ry  m ig h t  b e  s h o r t - l iv e d ,  h o w e v e r .  

E d i s o n ’s o w n  s o u r c e s  w a r n e d  o f  a n  im p e n d i n g  s t a l e m a te  a n d  p o s s ib le  r u p ­

t u r e  b e tw e e n  t h e  G e r m a n  c o m p a n y  a n d  th e  E d is o n  c o m p a n y  in  P a r is .  T h e  

P a r is  C o m p a n y  w as  in  p o o r  c o n d i t io n ,  a n d  its  c o n t r a c tu a l  lin k s  w ith  G e r m a n  

E d is o n  f r u s t r a t e d  t h e  in n o v a t io n s  o f  t h e  l a t t e r  c o m p a n y .  U n le s s  s t r o n g  a n d  

r e s o u r c e f u l  m e a s u r e s  w e r e  s o o n  t a k e n ,  E d is o n  w o u ld  lo se  n o t  o n ly  in c o m e  

f r o m  th e  P a r is  c o m p a n y  b u t  h is  in c o m e  f r o m  G e r m a n y  a s  w ell. A  s t r o n g  

e n t r e p r e n e u r  w a s  n e e d e d  to  c la r i f y  a n d  r e o r g a n iz e  th e  E d is o n  e n te r p r i s e s  

in  E u r o p e . 103

H e n r y  V i l la rd  ( 1 8 3 5 - 1 9 0 0 )  p r o m is e d  to  d o  th is — a n d  m u c h  m o r e — fo r  

E d is o n .  V i l la rd ,  w h o  w as  b o r n  in  R h e n i s h  B a v a r ia  o f  a n  u p p e r - m id d le - c la s s  

fa m ily  ( H i lg a r d ) ,  e m i g r a t e d  to  A m e r ic a  in  1 8 5 3 . T h e r e  h e  a c h ie v e d  r e c ­

o g n i t io n  a s  a  c o r r e s p o n d e n t  f o r  th e  N e w  Y o rk  T r ib u n e  d u r i n g  th e  C iv il W a r  

a n d  m a r r i e d  F a n n y  G a r r i s o n ,  d a u g h t e r  o f  W ill ia m  L lo y d  G a r r i s o n ,  th e  

a b o l i t io n is t .  D r a w in g  o n  h is  e n t r e p r e n e u r i a l  sk ills , h is  f r i e n d s h i p  w ith  J .  

P ie r p o n t  M o r g a n ,  a n d  h is  g o o d  f in a n c ia l  c o n n e c t io n s  in  G e r m a n y ,  V illa rd  

o r g a n iz e d  a  r a i lw a y  e m p i r e  in  th e  U .S . N o r th w e s t ,  s e r v in g  a s  p r e s id e n t  o f  

th e  N o r t h e r n  P a c if ic  R a i l ro a d  (w ith  M o r g a n 's  b a c k in g )  f r o m  1881 to  188 4 . 

D u r i n g  th e s e  e v e n t f u l  y e a r s ,  h e  a ls o  p u r c h a s e d  c o n t r o l l in g  i n te r e s t  in  ( lie  

N e w  Y o rk  E v e n i n g  P o s t  (1 8 8 1 )  a n d  to o k  a n  a c tiv e  r o le  in  th e  a f f a i r s  o f  th e  

E d is o n  E le c tr ic  I l lu m in a t in g  C o m p a n y  o f  N ew  Y o rk  w h ile  th e  P e a r l  S t r e e t  

s ta t io n  w as  b e in g  b u i l t .  H e  w as  a  d i r e c t o r  o f  t h e  E E IC  f o r  a lm o s t  a  d e c a d e ,  

a n d  h e  a ls o  s e r v e d  o n  th e  b o a r d  o f  th e  E d is o n  E le c tr ic  L ig h t C o m p a n y  

d u r i n g  its  e a r ly  y e a rs .  D u r in g  th e  d e p r e s s io n  o f  1 8 8 3 - 8 8 ,  h o w e v e r ,  th e  

f in a n c ia l  e x ig e n c ie s  o f  th e  N o r t h e r n  P a c if ic  R a i l r o a d  f o r c e d  h im  to  re s ig n  

f r o m  t h a t  c o m p a n y  a n d  h e  r e t u r n e d  to  G e r m a n y ,  w h e r e  h e  r e n e w e d  h is  

a s s o c ia t io n  w ith  G e r m a n  b a n k in g  h o u s e s .

V il la rd  f ir s t  d is c u s s e d  h is  p la n s  fo r  r e o r g a n iz in g  th e  E d is o n  e n te r p r i s e s

101 H a m m e r  lo  E d ison , 16 J u n e  1884 , EA.
,u,', E. R a th e n a u  a n d  O . von M iller lo  Edison , 29  Ju n e  1885, EA.

Il”  F rancis  R. U p lo n  (in B erlin ) lo  Edison , 3 J u n e  1886, a n d  U p to n  to  S am uel In su ll, 7 

J u n e  1886, EA.
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F ig u r e  111.17. D eutsche E du on  
GeselLschaft adm inistration  building, 

M ark gra ferulrasse  4 4  (m id d le  b u ild in g ). 
No te  stack fo r  cen tra l station in  the rear. 

From  M atschoss et a t.,  50  J a l i r e , p. 14.

in  E u r o p e  w ith  F ra n c is  U p t o n ,  E d i s o n ’s a s s is ta n t  a t  M e n lo  P a r k ,  w h o  h a d  

b e c o m e  h e a d  o f  l a m p  m a n u f a c t u r e  in  t h e  U n i t e d  S ta le s .  U p t o n ,  w h o  w as 

l o u r i n g  E u r o p e  in  1 8 8 6 , w as  p e r s u a d e d  t h a t  V i l l a r d  h a d  t h e  r e s o u r c e s ,  th e  

in te l l ig e n c e ,  a n d  t h e  e n t r e p r e n e u r i a l  a b il i ty  to  a c h ie v e  h is  o b je c t iv e s .  T h e s e  

o b je c t iv e s  w e r e  to  r a is e  m o n e y  in  G e r m a n y  to  s t im u la te  c e n t r a l - s t a i io n  

c o n s t r u c t i o n  in  E u r o p e  a n d  in  t h e  U n i t e d  S la te s ,  to  r e s o lv e  t h e  d i f f e r e n c e s  

b e tw e e n  G e r m a n  E d is o n  a n d  t h e  P a r is  c o m p a n y ,  a n d  to  n e g o t i a t e  a  n ew  

r e la t io n s h ip  b e tw e e n  G e r m a n  E d is o n  a n d  S ie m e n s  & H a ls k e .  H e  a lso  w a n te d  

to  s t im u la te  t h e  c e n t r a l - s l a l i o n  b u s in e s s  o f  G e r m a n  E d i s o n ,  p o s s ib ly  by 

r e o r g a n i z i n g  t h a t  c o m p a n y . '" '1 A m o n g  o t h e r  r e s u l t s  p r o m i s e d  w a s  a  s u b ­

s ta n t i a l  in c r e a s e  in  t h e  r e t u r n s  to  T h o m a s  E d is o n  a n d  t h e  E d is o n  E le c tr ic  

L ig h t  C o m p a n y  o f  E u r o p e .

V i l la rd  r e t u r n e d  to  t h e  U n i te d  S ta le s  in  1 8 8 6 , b u t  t h e  p la n  h e  h a d  p u t  

i n to  m o t io n  b o r e  f r u i t .  I n  M a y  1 8 8 7  t h e  G e r m a n  E d i s o n  C o m p a n y  w as 

r e o r g a n i z e d  a n d  t o o k  t h e  n e w  n a m e  A l lg e m e in c  E le k tr iz i ia is - G e s e l ls c h a f l  

( G e n e r a l  E le c t r ic  C o m p a n y ) ;  t h c  c o n t r a c t  o f  G e r m a n  E d i s o n  w ith  C o m -  

p a g n ie  c o n t i n c n t a l e  E d i s o n  w a s  a b r o g a t e d  a f t e r  s u b s ta n t i a l  p a y m e n t  w as 

m a d e  to  t h e  P a r is  c o m p a n y ;  t h c  c o n t r a c t u a l  a r r a n g e m e n t  w ith  S ie m e n s  Sc 

H a ls k e  w a s  r e v i s e d ;  a n d  t h e  c a p i t a l  o f  A l lg e m e in e  E le k tr iz i ta ts -G e s e l ls c h a f l  

(A E G )  w a s  r a i s e d  f r o m  l iv e  m i l l io n  to  tw e lv e  m il l io n  m a r k s  to  p r o v id e  fo r  

e x p a n s io n  o f  t h e  tw o  B e r l in  c e n t r a l  s t a t io n s  a n d  t h e  b u i l d i n g  o f  tw o  a d ­

d i t io n a l  s t a t io n s  in  t h e  c ity . T h e  A E G  to o k  o v e r  m a n a g e m e n t  o f  th e  S ta d ti-  

s c h e  E l e k l r i z i t a t s - W e r k c  B e r l in  a n d  c h a n g e d  its  n a m e  to  B e r l i n e r  E le k tr i-  

c i t a t s - W e r k c  (B E W ) ( s e e  p p .  1 83  IT. b e lo w  f o r  t h e  c o m p a n y ’s s u b s e q u e n t  

h is to ry ) .  T h o m a s  E d is o n  w as  n o t  e n t i r e ly  p le a s e d  w ith  t h e s e  c h a n g e s ,  h o w -
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e v e r .  A E G  w as  n o  l o n g e r  a n  " E d is o n "  c o m p a n y ,  a n d  th e  n e w  c o m p a n ie s  

d id  n o t  e v e n  c a r r y  h is  n a m e . 105

F r o m  th e  p e r s p e c t iv e  o f  t e c h n o lo g y  t r a n s f e r ,  th e  in i t ia t iv e  ta k e n  by A FC . 

a n d  B E W  to  d e v e lo p  t h e i r  o w n  d is t in c t iv e  s ty le  o f  c c n t r a l - s t a t io n  te c h n o lo g y  

is o f  p a r t i c u l a r  in te r e s t .  I n d ic a t iv e  o f  th is  e m e r g in g  t r e n d  w as  th e  d e s ig n  

o f  th e  e x te n s io n  o f  t h e  M a r k g r a f e n s t r a s s e  s ta t io n  in  1 8 8 8  a n d  th e  o p e n in g  

o f  t h e  f ir s t  o f  th e  n e w  c e n t r a l  s ta t io n s  a t S p a n d a u e r s t r a s .s e  4 9  in  th e  fall o l 

1 8 8 9 . T h e  M a r k g r a f e n s t r a s s e  e x te n s io n  h a d  d i r e c t ly  c o u p le d  s te a m  e n g in e s  

a n d  g e n e r a t o r s ,  a n d  th e  S p a n d a u c r s t r a s s e  s ta t io n  h a d  u n p re c  e d e n ie d lv  

la r g e  g e n e r a t o r s  d r i v e n  by  1 ,0 0 0 -h .p .,  s lo w - r u n n in g  s te a m  e n g in e s  d i r e c i ly  

c o u p le d  to  sp e c ia lly  d e s ig n e d  m u l t ip o la r  g e n e r a to r s  b u ilt by  S ie m e n s . T h o m a s  

E d is o n  d i s a p p r o v e d  o f  s u c h  la r g e  u n i ts ,  p r e f e r r i n g ,  in  th e  fa c e  o f  e r r a t i c  

lo a d s ,  t h e  f le x ib il i ty  o f f e r e d  by  s m a l le r  o n e s .  E d is o n  a ls o  u s e d  h ig h - s p e e d  

s te a m  e n g in e s  th a t  w e re  b e l t - c o u p le d  to  g e n e r a to r s .  T h e  s te a m  e n g in e s  f o r  

S p a n d a u e r s t r a s s e  a n d  f o r  th e  s ta t io n  th a t  w o u ld  o p e n  a t  S c h i f f b a u e r d a m m  

in  1 8 9 0  w e re  o r d e r e d  f r o m  th e  B e lg ia n  f a c to ry  v a n  d e r  K e r k h o v e n .100 J o h n  

B e g g s ,  v ic e - p r e s id e n t  o f  th e  E d is o n  I l lu m in a t in g  C o m p a n y  in  N e w  Y o rk , 

d e s c r ib e d  th e  G e r m a n  e n g in e s  a s  a n  a d v a n c e  u n m a tc h e d  in  th e  U n i te d  

S ta te s .  E d is o n  v ie w e d  th e m  w ith  s k e p t ic is m  d u r i n g  h is  v is it to  B e r l in  in  

1 8 8 9 .107

V il la rd 's  in v o lv e m e n t  w ith  e l e c t r ic a l  a f f a i r s  w as  by  n o  m e a n s  a t a n  e n d .  

H e  r e t u r n e d  to  t h e  U n i te d  S ta te s  in  1 8 8 6  w ith  a c o m m is s io n  f r o m  th e  

D e u ts c h e  B a n k  to  n e g o t i a t e  w ith  D re x e l ,  M o rg a n  a n d  C o m p a n y  a b o u t  th e  

i n v e s tm e n t  o f  G e r m a n  m o n e y  in  A m e r ic a n  e n te r p r i s e s ,  i n c lu d in g  e le c tr ic a l  

c o m p a n ie s .  I n  1 8 8 9  V i l la rd  to o k  th e  le a d  in  r e o r g a n iz in g  th e  E d is o n  e n ­

t e r p r i s e s  in  th e  U n i t e d  S ta te s  in to  a  n e w  c o m p a n y  n a m e d  d ie  E d is o n  G e n ­

e r a l  E le c tr ic  C o m p a n y .  I t  i n c lu d e d  th e  o ld  E d is o n  E le c tr ic  L ig h t C o m p a n y .  

E d is o n  L a m p  C o m p a n y ,  E d is o n  M a c h in e  C o m p a n y ,  B e r g m a n n  a n d  C o m ­

p a n y ,  a n d  t h e  m a n u f a c t u r e r s  o f  o t h e r  c o m p o n e n t s .  M o re  th a n  h a l f  o f  th e  

c a p i ta l  o f  E d is o n  G e n e r a l  E le c tr ic  w as  f u r n i s h e d  by  G e r m a n  b a n k s  a n d  

o t h e r  G e r m a n  s o u r c e s .108 V i l la rd  th e n  p r o c e e d e d  to  la k e  a n  a c tiv e  p a r t  in  

p r o m o t i n g  t h e  m e r g e r  o f  E d is o n  G e n e r a l  E le c tr ic  a n d  th e  T h o m s o n - H o u s ­

to n  E le c tr ic a l  M a n u f a c t u r i n g  C o m p a n y  to  f o rm  th e  G e n e r a l  E le c tr ic  C o m ­

p a n y ,  a m e r g e r  th a t  w as  s p o n s o r e d  in  p a r t  by  D re x e l ,  M o rg a n  a n d  C o m ­

p a n y .  A g a in ,  E d is o n  w as  n o t  p le a s e d  to  se e  h is  n a m e  e l im in a te d .

T h e  E d is o n  s ty le  w a s  in d e l ib ly  im p r e s s e d  u p o n  th e  h is to ry  o f  e le c tr ic a l  

m a n u f a c t u r i n g  a n d  s u p p ly  in  G e r m a n y  a n d  th e  U n i te d  S ta te s ,  h o w e v e r .  

O n ly  in  E n g la n d  d id  th e  t e c h n o lo g y  t r a n s f e r  fa il. T h e  m o s t p e n e t r a t i n g  

e x p la n a t io n  f o r  t h e  f a i lu r e  in  L o n d o n  a n d  th e  s u c c e ss  in  B e r l in  is n e i th e r  

t e c h n o lo g ic a l  n o r  e c o n o m ic ;  it is p o li t ic a l .  T h e  c o m p a r a t iv e  p r ic e  o f  i l lu ­

m in a t in g  g a s  a n d  e le c t r ic  l ig h t in g  s e e m s  lo  h a v e  b e e n  a b o u t  th e  s a m e  in

■nl* A llgcm cinc  E lc k trm ia is-G c se llsch a fl lo  Edison , 19 F e b ru ary  1889. EA.
I0n Felix  P in n er . E m il  R u th ena u u n d  das elektrische Zeitalter ( I.e ip /ig : A k ad e n iisrlie  V erlag. 

1918). p . M l.
W. von M iller. O skar von M illrr . p. 52 : c o m m en ts  o t  J o h n  Heggs q u o te d  in Jo n e s , H istory 

o f  the Consolidated Edison System , p p . 33 0 -3 3 .
" "  H en ry  V illa rd , M em oirs o f H en ry  Villard: J o u rn a lis t a n d  F inanc ier, 2 vols. (b o s to n  H o u g h ­

ton  MilTlin. 1904), 2: 3 2 0 -2 6 . See also V illa rd lo  C h a rles  CoFTin, 11 M arch 1889 (129-60-61) 
a n d  3 A pril 1889  (130-62-3). H o u g h to n  L ib rary . H a rv ard  U niv ers ity , C a m b rid g e . Mass ; th e  
n u m b e rs  in p a re n th e s e s  re fe r  lo  box . fo ld er , an d  le tte r  n u m b e r, respectively .
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b o th  c i t ie s , a n d  f in a n c in g  w as  a v a i la b le  in  L o n d o n  u n t i l  a  c o m b in a t io n  o f  

s p e c u la t io n  a n d  r e s t r ic t iv e  law s d a m p e n e d  in v e s to r s ' e n th u s ia s m .  O n  th e  

o t h e r  h a n d ,  in  t h e  r e a lm  o f  p o li t ic a l  p o w e r ,  th e  s i tu a t io n s  in  th e  tw o  c itie s  

w e re  d i f f e r e n t .  R a th e n a u  a n d  v o n  M ille r ,  in  a l l ia n c e  w ith  t h e  in v e s tm e n t  

b a n k s  a n d  i n d u s t r i a l  i n te r e s t s  ( S ie m e n s ) ,  h a d  s u f f i c i e n t  p o w e r  to  p e r s u a d e  

th e  lo c a l g o v e r n m e n t  to  c l e a r  th e  w ay  f o r  t h e i r  e le c t r ic a l  v e n tu r e s .  I n  L o n ­

d o n ,  th e  a l l ia n c e  o f  a r i s to c r a t i c  m o n e y  a n d  in f lu e n c e ,  s c ie n t i f ic  e m in e n c e ,  

a n d  te c h n ic a l  c o m p e t e n c e  c o n t e n d e d  w ith  a  h o s t  o f  c o n f l i c t in g  in te r e s t s  in  

P a r l i a m e n t .  T h e  r e s u l t  w as  c o n f u s io n ,  c o n t r a d i c t i o n ,  a n d  p a r l i a m e n ta r y  

c o n s t r a in t .  T h e  n e x t  d e c a d e  r e v e a le d  e v e n  m o r e  c le a r ly  t h e  p r im a c y  o f  

p o li t ic s  in  B r i t a in  a n d  a  c o h e r e n t  p o li t ic a l  e c o n o m y  in  in d u s t r i a l  G e r m a n y .



C H A P T E R  I V

R e v e r se  S a lie n ts  a n d  
C r itic a l P r o b le m s

H
a v i n g  e x p l o r e d  th e  n a t u r e  o f  th e  in v e n t io n ,  d e v e lo p m e n t ,  a n d  t r a n s ­

f e r  o f  E d is o n 's  d i r e c t - c u r r e n t  s y s te m , w e  n o w  t u r n  to  th e  e n d e a v o r  

o f  in v e n to r s  a n d  e n g i n e e r s  to  m a in ta in  th e  m o m e n tu m  by  s o lv in g  th e  c r i t ic a l  

p r o b le m s  t h a t  f r u s t r a t e d  g r o w th  o f  th e  s y s te m . " E v o lu t io n "  is a n  a p t  m e t a ­

p h o r  f o r  a n  e le c t r ic  s u p p ly  s y s te m  lik e  E d is o n 's  b e c a u s e  in te r n a l  fo rc e s  

a lo n e  d id  n o t  d i r e c t  its  g r o w th ;  th e  sy s te m  g re w  w ith in  a c o n te x t  o f  g e o ­

g r a p h ic a l ,  e c o n o m ic ,  p o li t ic a l ,  a n d  o r g a n iz a t io n a l  f a c to r s .  T h i s  c h a p t e r  will 

f o c u s  o n  th e  in v e n t io n s  a n d  d e v e lo p m e n ts  th a t  a l lo w e d  a n d  p r o m o t e d  th e  

e v o lu t io n  o f  th e  E d is o n  s y s te m  w ith in  th is  c o n te x t .  G r o w th  w as  n o t f o r e ­

o r d a i n e d ;  it  w as  u s u a l ly  p r o m o t e d .  S p e c ia l  n o te  will b e  t a k e n  o f  t h e  p ro c e s s  

b y  w h ic h  a  n e w  s y s te m  e m e r g e d  a s  a r e s u l t  o f  th e  f a i lu r e  to  so lv e  a m a jo r  

p r o b le m  in  th e  o ld  s y s te m . A t th e  e n d  o f  th is  p ro c e s s ,  t h e  o ld  a n d  n ew  

s y s te m s  e x i s t e d  f o r  a t im e  in  a  r e l a t io n s h ip  o f  d ia le c tic a l  t e n s io n ,  a s t r u g g le  

c a lle d  “ t h e  b a t t l e  o f  t h e  s y s te m s ."

S e v e ra l  t e r m s  t h a t  w ill b e  u s e d  in  d is c u s s in g  e v o lv in g  s y s te m s  n e e d  f u r t h e r  

d e f in i t io n .  T h e  f ir s t  is “ r e v e r s e  s a l ie n t ."  T h e  te r m  is c u s to m a r i ly  u s e d  to  

id e n t i f y  th a t  s e c t io n  o f  a n  a d v a n c in g  b a t t le  l in e , o r  m il i ta ry  f r o n t ,  w h ic h  is 

c o n t i n u o u s  w ith  o t h e r  s e c t io n s  o f  th e  f r o n t ,  b u t  w h ic h  h a s  fa l le n  b e h in d  

o r  b e e n  b o w e d  b a c k .  “ R e v e r s e  s a l ie n t"  b e c a m e  a h o u s e h o ld  e x p r e s s io n  

d u r i n g  W o r ld  W a r  I b e c a u s e  o f  th e  p r o t r a c t e d  s t r u g g le  o f  th e  G e r m a n s  to  

e l im in a te  th e  r e v e r s e  s a l ie n t  a lo n g  th e  w e s te rn  f r o n t  a t V e r d u n .  T h is c o n ­

c e p t  is p r e f e r a b l e  to  “d i s e q u i l ib r iu m "  o r  “ b o t t le n e c k ,"  w h ic h  s o m e  e c o n o ­

m is ts  a n d  e c o n o m ic  h is to r i a n s  u s e . b e c a u s e  th e  c o n c e p t  o f  a  r e v e r s e  s a l ie n t  

r e f e r s  to  a n  e x t r e m e ly  c o m p le x  s i tu a t io n  in  w h ic h  in d iv id u a ls ,  g r o u p s ,  

m a te r i a l  f o r c e s ,  h is to r ic a l  in f lu e n c e s ,  a n d  o t h e r  fa c to r s  h a v e  id io s y n c ra tic ,  

c a u s a l  r o le s ,  a n d  in  w h ic h  a c c id e n ts  a s  w ell as t r e n d s  p lay  a p a r t .  " D is e ­

q u i l ib r iu m "  s u g g e s ts  a  re la t iv e ly  s t r a ig h t  f o r w a r d  a b s t r a c t io n  o f  physic  a l 

s c ie n c e ,  a n d  “b o t t le n e c k "  is g e o m e tr ic a l ly  lo o  s y m m e tr ic a l .

T h e  id e a  o f  a r e v e r s e  s a l ie n t  s u g g e s ts  th e  n e e d  fo r  c o n c e n t  r a t e d  ac t io n  

( in v e n t io n  a n d  d e v e lo p m e n t )  if  e x p a n s io n  is to  p r o c e e d .  A r e v e r s e  sa lie n t  

a p p e a r s  in  a n  e x p a n d i n g  sy s te m  w h e n  a c o m p o n e n t  o f  th e  sy s te m  d o e s  n o t 

m a r c h  a lo n g  h a r m o n io u s ly  w ith  o t h e r  c o m p o n e n ts .  A s th e  sy s te m  e v o lv e s  

to w a r d  a  g o a l ,  s o m e  c o m p o n e n t s  Tall b e h in d  o r  o u t o f  lin e . A s a re s u lt  o f  

th e  r e v e rs e  sa lie n t,  g ro w th  o f  th e  e n t i r e  e n te rp r is e  is h a m |x r c d ,  o r  th w a r te d ,

70
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a n d  t h u s  r e m e d i a l  a c t i o n  is  r e q u i r e d .  T h e  r e v e r s e  s a l i e n t  u s u a l l y  a p p e a r s  

a s  a  r e s u l t  o f  a c c i d e n t s  a n d  c o n f l u e n c e s  t h a t  p e r s o n s  p r e s i d i n g  o v e r  o r  

m a n a g i n g  t h e  s y s te m  d o  n o t  f o r e s e e ,  o r ,  i f  t h e y  d o  f o r e s e e  t h e m ,  a r e  u n a b l e  

t o  c o u n t e r  e x p e d i t i o u s l y .  T h e  c a u s e s  o f  t h e  la g  c a n  a r i s e  f r o m  w i t h i n  t h e  

s y s te m ;  f r o m  its  e n v i r o n m e n t ,  o r  c o n t e x t ;  o r  f r o m  s o m e  c o m p l e x  c o m b i ­

n a t i o n  t h e r e o f .  T h e  r e v e r s e  s a l i e n t  w ill n o t  b e  s e e n ,  h o w e v e r ,  u n l e s s  in ­

v e n t o r s ,  e n g i n e e r s ,  a n d  o t h e r s  v ie w  t h e  t e c h n o l o g y  a s  a  g o a l - s e e k i n g  s y s te m .

A n  e v o lv in g  s y s te m  m o v e s  in  a n y  g iv e n  d i r e c t i o n  f o r  c o m p l e x  r e a s o n s .  

T h e  f a c t o r s  t h a t  c a u s e  s o m e  c o m p o n e n t s  t o  f a l l  b e h i n d  o r  o u t  o f  l in e  v a ry  

a c c o r d i n g  to  t i m e  a n d  p la c e ,  a s  t h e  e p i s o d e s  in  t h i s  s t u d y  s h o w .  M o v e m e n t  

o f t e n  r e s u l t s  w h e n  t h o s e  w h o  a r e  p r e s i d i n g  o v e r  t h e  s y s te m  w a n t  g r o w t h  

to  e x t e n d  t h e i r  a u t h o r i t y .  O n  o t h e r  o c c a s io n s  g r o w t h  i m p r o v e s  t h e  e c o n o m y  

o f  t h e  s y s te m .  E c o n o m y  a n d  e f f i c i e n c y — t h e  f i r s t  c h e r i s h e d  b y  m a n a g e r s ;  

th e  s e c o n d ,  e s p e c ia l ly  b y  e n g i n e e r s — a ls o  g iv e  d i r e c t i o n  to  t h e  m o v e m e n t  

o f  a  s y s te m .  A s  n o t e d ,  a n a ly s i s  o f  a  g r o w i n g  s y s te m  o f t e n  r e v e a l s  t h e  in ­

e f f i c i e n t  a n d  u n e c o n o m i c a l  c o m p o n e n t s ,  o r  r e v e r s e  s a l i e n t s .

I n n u m e r a b l e  ( p r o b a b l y  m o s t )  i n v e n t i o n s  a n d  t e c h n o l o g i c a l  d e v e l o p m e n t s  

r e s u l t  f r o m  e f f o r t s  to  c o r r e c t  r e v e r s e  s a l i e n t s .  O u t s t a n d i n g  i n v e n t i o n s  a n d  

d e v e l o p m e n t s  in  e l e c t r i c  l i g h t i n g  a n d  p o w e r  d u r i n g  t h e  tw o  d e c a d e s  a f t e r  

1 8 8 0  w e r e  r e s p o n s e s  to  r e v e r s e  s a l i e n t s .  I n d e p e n d e n t  i n v e n t o r s — a n d  l a t e r ,  

i n v e n t o r s  a n d  i n d u s t r i a l  s c ie n t i s t s  h i r e d  b y  b u s i n e s s  e n t e r p r i s e s — a p p l i e d  

th e m s e l v e s  to  s o lv in g  t h e  p r o b l e m s  i n h e r e n t  in  r e v e r s e  s a l i e n t s .  T h e y  a p ­

p r o a c h e d  t h e  c h a l l e n g e  a s  in v e n t o r s  a n d  e n g i n e e r s  u s u a l ly  d o — b y  d e f i n i n g  

t h e  r e v e r s e  s a l i e n t  a s  a  s e t  o f  " c r i t ic a l  p r o b l e m s , ” p r o b l e m s  w h o s e  s o lu t io n  

w o u ld  b r i n g  t h e  s y s te m  b a c k  in t o  l in e — i.e . ,  c o r r e c t  t h e  r e v e r s e  s a l ie n t .  

O u t s t a n d i n g  i n v e n t o r s ,  e n g i n e e r s ,  a n d  e n t r e p r e n e u r s  u s u a l ly  h a v e  a  r e c o r d  

o f  d e f i n i n g  a n d  s o lv in g  s u c h  p r o b l e m s . '

H o w  d i d  t h e  s y s te m  b u i l d e r s  o f  t h e  1 8 8 0 s  i d e n t i f y  c r i t i c a l  p r o b l e m s ?  A s 

o b s e r v e d  in  t h e  c a s e  o f  E d i s o n ,  a  p e r s o n  c o n c e p t u a l i z i n g  a  t e c h n o lo g y  

s y s te m a t ic a l ly  o r  h o l is t ic a l ly  o f t e n  r e c o g n i z e d  i n a d e q u a c i e s  in  t h e  p a t t e r n s  

f o r m e d  b y  t h e  s y s te m 's  c o m p o n e n t s  a n d  n e t w o r k s .  T h o s e  w h o  d i d  n o t  

o b s e r v e  s y s te m  g r o w t h  f i r s t h a n d  s u r v e y e d  t h e  p u b l i c a t i o n s  o f  o t h e r s  w h o  

d i d .  P r o f e s s io n a l s  k n e w  t h a t  t h e  c o m p e t i t i o n  c o n g r e g a t e d  a t  r e v e r s e  s a l ie n ts  

a n d  c r i t i c a l - p r o b l e m  s ite s .  A  m a j o r  r e a s o n  f o r  t h e  s i m u l t a n e i t y  o f  i n v e n t io n ,  

o r  t h e  s i m u l t a n e o u s  s o lu t io n  o f  c r i t ic a l  p r o b l e m s ,  w a s  t h a t  i n v e n t o r s  in ­

f e r r e d  f r o m  t h e i r  f a m i l i a r i ty  w i th  t h e  s l a t e  o f  t h e  a r t  t h e  s i te s ,  f ig u r a t iv e  

a n d  l i t e r a l ,  o f  c r i t i c a l - p r o b le m - s o lv in g  a c t iv i ty  a n d  t h e  n a t u r e  o f  t h e  p r o b ­

le m s .  T h e  r e p e a t e d  c l u s t e r i n g  o f  p a t e n t s  f r o m  d i f f e r e n t  in v e n t o r s  w ith in  

c o m m o n  s u b je c t  c a t e g o r i e s  w a s  o n e  in d ic a t i o n  o f  t h e  c o l le c t iv e  fo c u s .  O t h e r  

in v e n t o r s ' p a t e n t  a p p l i c a t io n s ,  a s  r e c o r d e d  r e g u l a r l y  in  t e c h n ic a l  j o u r n a l s ,  
w e r e  e s p e c ia l ly  r e v e a l i n g .2

1 F.lm er A m b ro se  S p e r ry  (1 8 6 0 -1 9 3 0 )  w as a re m a rk a b ly  a d e p t  so lv e r o r  c ritica l p ro b lem s. 
Mis re c o rd  in c lu d es  a lm o st 25 0  p a te n ts , a n d  tb e sc , w h e th e r  a ctua lly  u se d  o r  n o t, w ere  so lu tion s 

to  c rit ic a l p ro b lem s , so m e  rela tive ly  tr iv ia l, som e o f  m a jo r  im p o r ta n c e . S ee  T h o m a s  P. H u gh es. 
Elm er Sperry, In ve n to r a n d  Engineer (B altim ore '. T h e  ) o h n s  H o p k in s  P re ss . 1971) e sn  p p  6 4 -  
70.

* S c h o la rs  in  v a rio us H elds h ave  a tta c k e d  th e  p ro b le m  o l s im u lta n e ity  o f  in v e n tio n  Sec 
fo r  in s ta n c e , a  re c e n t essay by A rth u r  P. H a r r iso n . J r . .  " S in g le -C o n tro l T u n in g -  A n  A nalysb  
o f  an  In n o v a tio n ."  Technology a n d  C ul tu re  20  (1979): 3 1 4 -1 5 : a n d  a n  e a r l ie r  a n d  o ften -c ited
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I n v e n to r s  l ik e  E d is o n  a ls o  se t  o u t  to  in v e n t  a n d  d e v e lo p  n e w  sy s te m s . 

S o m e t im e s — a n d  in  th is  c h a p t e r  s u c h  c i r c u m s ta n c e s  will b e  e n c o u n t e r e d —  

th e y  in v e n te d  th e  n u c le u s  o f  a  n e w  s y s te m  w h ile  r e s p o n d i n g  to  a  r e v e r s e  

s a l ie n t  in  a n  e x i s t in g  o n e .  T h e  s o lu t io n  to  th e  c r i t ic a l  p r o b le m ,  in  o t h e r  

w o rd s ,  w o u ld  n o t  h a r m o n iz e  w ith  th e  e x is t in g  s y s te m ’s c o m p o n e n t s ,  s o  th e  

i n v e n to r  w e n t o n  to  in v e n t  o r  u s e  o t h e r  c o m p o n e n t s  th a t  d id  h a r m o n iz e  

w ith  h is  n e w ly  i n v e n te d  c o m p o n e n t .

T h e  e le c t r ic  s y s te m  i n t r o d u c e d  by  E d is o n  a n d  h is  a s s o c ia te s  a t  t h e  P e a r l  

S t r e e t  s t a t io n  in  1 8 8 2  w as  a  d i r e c t - c u r r e n t ,  l im i l e d - a r e a - o f - d i s t r ib u i io n  sy s ­

t e m .  I t  s u i t e d  h e a v ily  p o p u la te d  u r b a n  a r e a s ,  b u t  t h r o u g h  a d a p t a t i o n s  it 

c o n t i n u e d  lo  e v o lv e  in  th e  tw e n t i e th  c e n tu r y .  B e c a u s e  it w a s  a  lo s e r  in  

h is to r y ,  h o w e v e r ,  g iv in g  w ay  o v e r  a  p e r io d  o f  d e c a d e s  to  th e  p o ly p h a s e ,  

u n iv e r s a l  s y s te m , m o s t r e m in i s c in g  e n g in e e r s  a n d  m a n a g e r s  a n d  m o s t h is ­

t o r i a n s  h a v e  t e n d e d  to  ig n o r e  th e  s te a d y  im p r o v e m e n ts  th a t  w e re  m a d e  in  

it  a n d  to  f o c u s  in s t e a d  u p o n  th e  d r a m a t ic  r i s e  o f  th e  v ic to r io u s  c u r r e n t  in  

" th e  b a t t l e  o f  th e  s y s te m s .” S u c h  b ia s  o b s c u re s  th e  fa c t th a t  a s  la te  a s  th e  

f i r s t  d e c a d e  o f  t h e  tw e n t i e th  c e n tu r y ,  s o m e  le a d in g  e n g in e e r s  s till  a r g u e d  

t h a t  d i r e c t  c u r r e n t  w a s  b e t t e r  f o r  th e  c ity  t h a n  th e  p o ly p h a s e  s y s te m  w h e n  

m e a s u r e d  a g a in s t  c o n v e n t io n a l  y a r d s t ic k s  o f  p r o f i ta b i l i ty ,  r e l ia b il i ty ,  a n d  

e f f ic ie n c y .

T h e  d i r e c t - c u r r e n t  s y s te m  is a n  e x c e l le n t  e x a m p le  o f  a  s y s te m  th a t  e v o lv e d  

s u c c e s s fu lly ,  u p  to  a p o in t .  R e v e r s e  s a l ie n ts  w e re  d e f i n e d  a s  c r i t ic a l  p r o b ­

le m s ,  a n d  w ith  a n  e x c e p t io n  o f  s u r p a s s in g  i m p o r ta n c e — th e  h ig h  co st o f  

t r a n s m is s io n — th e y  w e r e  s o lv e d .  T h e r e  w e re  m a n y  c a te g o r ie s  o f  im p r o v e ­

m e n ts .  E d is o n  a n d  U p to n  in c r e a s e d  t h e  e f f ic ie n c y  o f  th e  d .c .  g e n e r a t o r ,  

a n d  h u n d r e d s  o f  in v e n to r s  s u b s e q u e n t ly  i m p r o v e d  o n  t h e i r  w o rk .  M a g n e tic  

f ie ld s  w e re  w o u n d  f o r  h i g h e r  e f f ic ie n c y ,  th e  te n d e n c y  o f  a r m a t u r e s  to  h e a t  

u p  w as  r e d u c e d ,  s p a r k i n g  b r u s h e s  w e re  d a m p e n e d ,  f lu c tu a t io n s  in  o u t p u t  

u n d e r  c h a n g i n g  lo a d  w e re  r e g u la r i z e d ,  a n d  th e  t r a n s f e r  o f  e n e r g y  o f  th e  

m a g n e t i c  f ie ld  to  t h e  a r m a t u r e  w as  im p r o v e d .  C o u n t le s s  p a te n t s  in  th e  

in d u s t r i a l  c o u n t r i e s  a r e  e v id e n c e  o f  th e  e f f o r t s  th a t  w e re  m a d e  to  so lv e  

th e s e  c r i t ic a l  p r o b le m s .

In  G e r m a n y ,  F r i e d r i c h  v o n  H e f n e r - A l te n e c k  ( 1 8 4 5 - 1 9 0 4 ) ,  a n  a s s o c ia te  

o f  W e r n e r  v o n  S ie m e n s ’s a n d  a  p i o n e e r  in  th e  d e s ig n  o f  a r c - l ig h t  s y s te m s , 

le a r n e d  t h a t  c e n t r a l - s t a t io n  o p e r a t o r s  l ik e  E m il  R a lh e n a u  w e re  d is s a tis f ie d  

w ith  t h e  b e l t - d r iv e n ,  s m a l l - o u tp u t ,  h ig h - s p e e d  g e n e r a to r s  b u il t  by  S ie m e n s  

Be H a ls k e ,  a n  E d is o n  l ic e n s e e .  I n  1 8 8 6 , w o rk in g  w ith  K a r l  H o f f m a n n ,  H e f -  

n e r - A l te n e c k  th e n  d e v e lo p e d  a  la rg e ,  s lo w -s p e e d ,  i n t e r n a l - p o le  g e n e r a t o r  

s u i t e d  f o r  d i r e c t  c o u p l in g  to  a n  e f f i c i e n t  s lo w -s p e e d  s te a m  e n g in e .3 R o o k e s  

E. B . C r o m p t o n  (1 8 4 5 —1 9 4 0 ), a n  E n g lis h  e le c tr ic a l  in v e n to r  a n d  e n g in e e r ,  

i n t r o d u c e d  in  E n g la n d  a  d i r e c t ly  c o u p le d  g e n e r a t o r  th a t  w as m a tc h e d  to

artic le  by  R o bert K. M e rlo n , "S in g leto ns an d  M ult ip le s in Science," in M e rto n 's  The Sociology 
o f  Science, ed . N o rm an  W. S to re r  (C hicago: U niv ers ity  o f  C hicago  Press. 1973), p p . 8 4 3 -8 2 . 
For a n  analy sis o f  th e  p h e n o m e n o n  in sc ience, see T h o m a s  S. K u hn , "E n erg y  C o nse rva tion  
as a n  E xam ple  o r  S im u lta n eo u s  D iscovery," in Critical Problems in the H istory o f  Science, ed . 
M arsha ll C lag c ll (M adison . Wis.: U niv ers ity  o f  W isconsin  Press. 1959), p p . 32 1 -5 6 .

•’ G e o rg  von S iem en s, H istory o f  the H ouse o f  Siem ens, tran s . A. F. R od ge r. 2 vols. (F re ib u rg / 

M un ich : A lb cr. 1957). I: 96 -9 8 .
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th e  B r i t i s h  h ig h - s p e e d  W illa n s  e n g i n e .4 T o  in c r e a s e  g e n e r a t o r  c a p a c ity , 

i n v e n to r s  a n d  m a n u f a c t u r e r s ,  s u c h  a s  th e  G e r m a n  f i r m s  H e l io s  a n d  C . & 

E. F e in ,  i n c r e a s e d  th e  n u m b e r  o f  f ie ld  p o le s .  I n  th e  e ig h t i e s ,  W ilh e lm  

L a h m e y e r ,  a G e r m a n  i n v e n t o r  a n d  m a n u f a c t u r e r ,  i n t r o d u c e d  g e n e r a to r s  

t h a t  w e re  d e s ig n e d  lo  r e d u c e  m a g n e t i c  a n d  e le c t r ic a l  lo sse s . T h e  f i rm  o f  

P o g e  in  G e r m a n y  i n t r o d u c e d  c a r b o n  b r u s h e s  to  la k e  th e  c u r r e n t  f r o m  th e  

c o m m u t a t o r .5 C a r b o n  b r u s h e s ,  lik e  m a n y  o f  t h e  o t h e r  i m p r o v e m e n ts  m a d e  

in  th e  s y s te m , w e r e  in t r o d u c e d  a t  a b o u t  t h e  s a m e  l im e  in  t h e  U n i t e d  S ta te s ,  

t h e  U n i t e d  K in g d o m ,  a n d  o t h e r  i n d u s t r i a l  c o u n t r i e s .

W h e n  i m p r o v e m e n ts  r e d u c e d  th e  c o s ts  o f  g e n e r a t i n g  e le c t r ic i ty ,  e n g i ­

n e e r s  a n d  m a n a g e r s  th e n  s o u g h t  to  a c h ie v e  a  m o t o r  lo a d  t h a t  w o u ld  c o m ­

p e te  w ith  s te a m  a n d  g a s  e n g in e s .  I m p r o v e m e n t s  in  d .c .  e le c t r i c - m o to r  d e ­

s ig n  th e n  b e c a m e  a c r i l ic a l-p ro b le m s  c a te g o ry .  I n v e n to r s  m a d e  im p ro v e m e n ts  

in  m o to r s  t h a t  w e re  s u i t e d  f o r  a p a r t i c u l a r  ty p e  o f  m e c h a n ic a l  lo a d .  M o to rs  

f o r  s t r e e tc a r s  h a d  lo  s lo p  a n d  a c c e le r a te  o f t e n  a n d  h a d  to  t a k e  t h e  a b u s e  

o f  p o o r ly  la id  r a i ls  a n d  th e  s t r a in  o f  f r e q u e n t  t u r n s .  M o to r s  f o r  e le v a to r s  

h a d  to  r e s p o n d  to  e v e n  m o r e  f r e q u e n t  a c c e le r a t io n s  a n d  n e e d e d  to  b e  

u n u s u a l ly  r e l ia b le  to  a v o id  s ta l l in g  a n d  t r a p p i n g  p a s s e n g e r s .  M o to r s  fo r  

s m a ll  h o m e  a p p l i a n c e s  s u c h  a s  f a n s  a n d  s e w in g  m a c h in e s  h a d  to  b e  d e s ig n e d  

to  o p e r a t e  w i th o u t  s k il le d  m a in te n a n c e .  E a r ly  m o d e l s  o f  t h e s e  a p p l i a n c e s  

w e r e  b a t t e r y  p o w e r e d ;  l a t e r  th e y  w e re  d e s i g n e d  f o r  c o n n e c t io n  to  c e n tr a l -  

s ta t io n  sy s te m s .

I n  t h e  U n i t e d  S ta te s ,  t h e  y o u n g  i n v e n t o r  F r a n k  J .  S p r a g u e  ( 1 8 5 7 - 1 9 3 4 )  

w o n  a  r e p u t a t i o n  f o r  th e  e x c e l le n c e  o f  h is  in v e n t io n s  a n d  d e v e lo p m e n ts  

r e l a t e d  to  th e  p r o b le m s  o f  d .c .  m o to r s .  I n  188 4  h e  e x h ib i t e d  h is  f i r s t  m o to r ;  

tw o  y e a r s  l a t e r  h e  lo o k  a  1 5 -h .p .  c e n t r a l - s t a t io n  m o t o r  o p e r a t i n g  a t  2 2 0  

v o lts  a n d  in s ta l le d  il in  a f r e i g h t  e l e v a to r  in  B o s to n ,  M a s s a c h u s e t ts ;  in  1 8 8 7 — 

8 8 , u s in g  h is  m o to r s ,  h e  c o n s t r u c t e d  a  p r a c t i c a l  s t r e e t c a r  s y s te m  in  R ic h ­

m o n d ,  V ir g in ia .6 H e  a ls o  r e s p o n d e d  to  t h e  c o m p le x  p r o b le m  o f  c o n tro ls  

f o r  th e  e l e v a to r s  a n d  c o u p le d  e le c t r ic  c a r s  u s e d  in  s u b w a y s  a n d  e le v a te d  

t r a n s p o r t a t i o n  s y te m s .  H is  c o n t r o l s  f o r  t h e  l a t t e r  w e re  k n o w n  a s  t h e  m u l-  

t ip l e - u n i t  s y s te m . S p r a g u e  is a  s u p e r b  e x a m p le  o f  a  c r i l ic a l - p r o b le m - s o lv in g  

in v e n t o r  a n d  e n g i n e e r  w h o  w as  o b v io u s ly  i n f o r m e d  a b o u t  r e s e r v e  sa lie n ts .

S p r a g u e  is r e m e m b e r e d  p r im a r i ly  f o r  h is  w o rk  w ith  l a r g e  m o to r s .  O t h e r  

in v e n to r s  f o u n d  w ay s  o f  s o lv in g  t h e  p r o b le m s  o f  t h e  s m a l l  m o to r s  u s e d  in 

h o m e  a p p l i a n c e s .  I n  1 8 8 4 , in  th e  U n i te d  S la te s ,  P h i l ip  D ie h l ( 1 8 4 7 - 1 9 1 3 )  

i n v e n te d  a  v a r i a b le - s p e e d  d .c .  m o t o r  f o r  d e n t a l  m a c h in e s ,  a n d  l a t e r  it  w as 

a d a p t e d  f o r  u s e  o n  s e w in g  m a c h in e s .  I n  1 8 8 7  S c h u y le r  S k a a ts  W h e e le r  

(1 8 6 0 —1 9 2 3 ), w h o  is c r e d i t e d  w ith  in v e n t i n g  t h e  e le c t r i c  f a n ,  w as , w ith  

C h a r le s  C u r t i s  a n d  F r a n c is  C r o c k e r ,  m a n u f a c t u r i n g  m o to r s  d e s ig n e d  to

B rian  B ow ers . II. E . B . Crom pton  (L o n d o n : Sc ie nce  M u se u m , 1969). p. 12; Percy Dui 
sh c a lh , A H istory o f  Electrical Power E n g in eer in g  (C a m b rid g e , M ass.: M .I .T . Press. 1962). |

’ F" f  im P rov ^ i c m s  in d .c . g e n e ra to rs , see G eo rg  D ellm ar. D ie E n tw ick lu n g  der Stcirkstron 
technik in D eutsch land  (B erlin : KTZ V erla g  1940). p p . 3 6 -6 0 . D e ltm a r  is e x c e p tio n a l in h 
a tte n t io n  lo  th e  im p ro v e m e n ts  m a d e  in th e  d  r .  sy stem .

" f prn.g ' ' C a ,,d  ,h c  d eV f|o p m e n i o f  in d u s tria l a n d  tra c tio n  m o to rs , see H a ro ld  C. Passei 
n e  Electrical M anufa cture rs . IH 7 5 - / 9 0 0  (C a m b rid g e . M ass.: H a rv a rd  U n iv e rsity  P ress. 1953 
p p  2 3 7 -4 0 ; on  Ins c o n s tru c t,o n  o f  th e  fam o u s R ich m o n d  s tre e tc a r  sy stem , see  ib id ..  p p . 242
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o p e r a t e  o n  in c a n d e s c e n t - l ig h t  c i r c u i t r y .7 O t h e r  in v e n to r s  a d d r e s s e d  s im i la r  

p r o b le m s  in  E u r o p e  a n d  th e  U n i t e d  K in g d o m .8 F o llo w in g  E d i s o n ’s a n d  

S w a n ’s n e a r ly  s i m u l ta n e o u s  in t r o d u c t i o n  o f  th e  h ig h - r e s i s t a n c e  f i la m e n t ,  

c o u n t l e s s  in v e n to r s  i m p r o v e d  u p o n  its  p e r f o r m a n c e ,  t h u s  lo w e r in g  th e  

in i t ia l  a n d  o p e r a t i n g  c o s ts  o f  th e s e  la m p s .  T h e  lo n g  a n d  i m p o r t a n t  h is to ry  

o f  i m p r o v e m e n ts  in  t h e  i n c a n d e s c e n t  la m p  c a n n o t  b e  c h r o n ic le d  h e r e ,  b u t  

it s h o u l d  b e  n o te d  th a t  t h e  s o lu t io n  o f  p r o b le m s  r e l a t e d  to  th is  l a m p  w as 

e s p e c ia lly  im p o r t a n t  f o r  th e  g r o w th  o f  c e n i r a l - s i a i io n  s y s te m s  d u r i n g  th e  

f i r s t  d e c a d e  a n d  a  h a l f  o f  t h e i r  h is to ry ,  w h e n  in c a n d e s c e n t - l a m p  lo a d  w as  

m u c h  g r e a t e r  th a n  th e  in d u s t r i a l  p o w e r  a n d  t r a c t io n  lo a d  o f  m o s t  s y s te m s .’*

I n  t h e  1 8 8 0 s  in v e n to r s  a n d  e n g in e e r s  s te a d i ly  im p r o v e d  th e  g e n e r a t o r s ,  

m o to r s ,  a n d  o t h e r  c o m p o n e n t s  o f  th e  d i r e c t - c u r r e n t  s y s te m . W ith  o n e  o u t ­

s t a n d i n g  e x c e p t io n ,  t h e  p r o b le m s  o f  th e  sy s te m  w e re  b e in g  s o lv e d  r e a s o n ­

a b ly  w e ll; t h e  e x c e p t io n  w as  th e  h ig h  c o s t  o f  d i s t r ib u t io n ,  e s p e c ia lly  l o n g ­

d i s t a n c e  t r a n s m is s io n .  E d is o n  h a d  id e n t i f i e d  th e  c o s t  o f  d i s t r i b u t i n g  e le c ­

t r ic i ty  b y  w ir e  o r  c a b le  a s  a  m a jo r  r e v e r s e  s a l ie n t  in  th e  s y s te m  h e  w as  

d e s ig n in g .  D i s t r ib u t io n  c o s ts  c o n t in u e d  to  b e  a b o u t  th e  s a m e  a s  g e n e r a t i o n  

c o s ts  a n d  ro s e  p r o h ib i t iv e ly  h i g h e r  in  th e  1 8 8 0 s  w h e n  t h e  r a d iu s  o f  d i s t r i ­

b u t io n  f r o m  a  d .c .  s t a t io n  w as  e x t e n d e d  m o r e  th a n  a  m ile . T h e  m a jo r i ty  

o f  e n g i n e e r s  a n d  s t a t io n  m a n a g e r s  d id  n o t  b e lie v e  t h a t  lo n g - d i s t a n c e  “ t r a n s ­

m is s io n "  (a s  o p p o s e d  to  s h o r t - d i s t a n c e  “d i s t r i b u t i o n ”) o f  d i r e c t  c u r r e n t  w as  

fe a s ib le  w i th o u t  s to r a g e  b a t te r ie s .

I n  1 8 8 3  E d is o n  r e s p o n d e d ,  i f  n o t  e n t i r e ly  s u c c e s s fu lly ,  by  in t r o d u c i n g  

h is  th r e e - w i r e  s y s te m . T h e  r e v e r s e  s a lie n c y  o f  d i s t r ib u t io n  c o s ts  f o r  e le c t r ic  

s y s te m s  is r e f l e c te d  in  t h e  n e a r ly  s im u l ta n e o u s  in v e n t io n  o f  t h r e e - w i r e  d is ­

t r ib u t i o n  b y  a t  l e a s t  t h r e e  in v e n to r s .  T h e  P e a r l  S t r e e t  d i s t r ib u t io n  n e tw o r k  

o f  1 8 8 2  in c o r p o r a t e d  E d i s o n ’s f e e d e r - a n d - m a in  a r r a n g e m e n t ,  w h ic h  r e ­

d u c e d  c o s ts  b e lo w  w h a t  w as  r e q u i r e d  to  r u n  a s im p le  tw o -w ire  la y o u t .  Y et 

E d is o n  a n d  h is  a s s o c ia te s  r e a l iz e d  t h a t  c e n t r a l  s ta t io n s  w o u ld  n o t  f in d  a  

m a r k e t  u n le s s  th e  c o s t  o f  d i s t r ib u t io n  w as  f u r t h e r  r e d u c e d .  T h i s  w as  e s ­

p e c ia l ly  t r u e  in  less  d e n s e ly  p o p u l a t e d  d is t r ic ts .  E d i s o n ’s o f f ic ia l  b i o g r a p h e r  

w r i te s  t h a t  E d is o n ,  “b e in g  f i rm ly  c o n v in c e d  t h a t  th e r e  w as  a  w ay  o u t  . . . 

p u s h e d  a s id e  a  m a s s  o f  o t h e r  w o rk ,  a n d  s e t t le d  d o w n  to  h is  p r o b l e m .” 10 

S u r e ly  th is  w as  a  r e v e r s e  s a l ie n t .  O n  2 0  N o v e m b e r  1 8 8 2 , o n ly  tw o  m o n th s  

a f t e r  th e  P e a r l  S t r e e t  s ta t io n  b e g a n  o p e r a t i n g  o n  a  r e g u l a r  b a s is , E d is o n  

e x e c u te d  a  p a t e n t  a p p l i c a t io n  e n t i t l e d  “S y s te m  o f  E le c tr ic a l  D i s t r ib u t io n ” 

(U .S . P a te n t  n o .  2 7 4 ,2 9 0 )  (se e  F ig . IV . 1). I n  th e  t r a d e  it c a m e  to  b e  k n o w n

7 O n  th e  m a n u fa c tu re rs  o f  d.c . m o to rs  in th e  1880s. see M alcolm  M a cL a re n , T h t Rise o f  the 
E lectrical In dustry  d u r in g  the N ineteen th  Cen tury  (P rin c e to n : P rin c eton  U n iv ersity  Press, 1943). 

pp . 9 2 -9 5 .
" S e e  D ctlm ar, Sla rkstrom technih, p p . 3 6 -6 1 ; D im sliea th , H istory o f  Electrical Power Eng ineer-  

m g , p p . 1 8 2 -8 7 ; a n ti E. J .  H o lm y a rd , A. R. Mall, an ti T . I. W illiam s, etls., H istory o f  Technology 

( O x fo rd : C la re n d o n  Press. 1958).
F o r d e v e lo p m e n ts  in F ra nce , sec R o bert Moi'sc an d  M aurice  D aum as “ l. 'E lec tric iić  ititlu s-  

iric lle ."  in l li sto ire  g e n fra le  des techniques, etl. M. D aum as cl al. (Paris: Presses U n ivcrsiiaircs . 

1978), p p . 3 3 7 -6 6 .
“ T h e  h is to ry  o f  inc an d e sce n t lam ps is given in de ta il in A rth u r  A. B righ t, J r . ,  Th e  Electric- 

L am p Industry : Technolog ical Cha nge  a n d  Econom ic D evelopm ent fro m  1 8 0 0  lo 19 4 7  (N ew  Y ork: 
M acm illan . 1949). B righ t inc lu des th e  h is tory  o r  B ritish a n d  E u ro p ea n  dev e lo p m e n ts .

lo F ra n k  L. D yer a n d  T h o m a s  C. M artin . Edison: H is Li fe  a n d  Inven tio ns, 3 rd  e tl.. 2 vols. 
(N ew  Y ork : H a r p e r  Sc B ros.. 1930). I: 424.
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a s  th e  th r e e - w i r e  s y s te m , a n d  it c o n t in u e s  to  b e  u s e d  f o r  d i s t r i b u t i o n  to d a y .  

T h e  th r e e - w i r e  a r r a n g e m e n t  s a v e d  6 0  p e r c e n t  o f  t h e  c o p p e r  n e e d e d  to  

o p e r a t e  E d i s o n ’s tw o -w ire ,  f e e d e r  a n d  m a in ,  n e tw o r k .

J o h n  H o p k in s o n  (1 8 4 9 - 1 8 9 8 ) ,  B r i t i s h  in v e n t o r ,  e n g i n e e r ,  a n d  sc ie n tis t ,  

p a t e n t e d  a  th r e e - w i r e  s y s te m  a few  m o n th s  e a r l i e r  ( B r i t i s h  P a te n t  n o .  3 ,5 7 6  

d a t e d  2 7  J u ly  1 8 8 2 ) . T h e  p a te n t  a p p l i c a t io n  p r o v id e s  a  lu c id  d e s c r ip t io n  

o f  th e  i n v e n t io n :

For th e  p u rp o s e  o f  eco n o m is in g  d ie  cost o f  m ain  c o n d u c to rs  I p lace tw o d y n am o  

m ach in es  in se ries a n d  place tw o system s o f  lam p s o r  o th e r  a p p lian ces  
c o n su m in g  elec tric ity  o f  a p p ro x im a te ly  eq u a l capac ity  a lso  in  a se ries. A m ain  

c o n d u c to r  is tak en  fro m  each  e x tre m e  po le  o f  th e  tw o d y n a m o s  to  p o in ts  
b e tw een  th e  tw o system s o f  lam p s, th e  in te rm e d ia te  c o n d u c to r  se rv in g  to  b rin g  
back to  th e  ce n tra l s ta tio n  any  ele c tric ity  re q u ire d  Tor o n e  system  o f  lam p s in 
excess o f  th a t re q u ire d  by th e  o th e r  system  o f  la m p s ."

E d i s o n ’s r e p r e s e n t a t i v e  in  L o n d o n ,  E. H . J o h n s o n ,  a s k e d  t h e  y o u n g  A m e r ­

ic a n  n a v a l  o f f i c e r ,  F r a n k  J .  S p r a g u e ,  w h o  w a s  t h e n  r e v ie w in g  t h e  C ry s ta l  

P a la c e  e x h ib i t io n  o f  1 8 8 2 , to  m a k e  a  r e p o r t  o n  t h e  H o p k in s o n  s y s te m . 

W h e n  S p r a g u e  r e t u r n e d  to  A m e r ic a  in  1 8 8 3 , h e  w e n t  to  w o r k  f o r  E d is o n ,  

w h o  a s s ig n e d  h im  to  th e  in s ta l la t io n  o f  th e  p i o n e e r i n g  t h r e e - w i r e  sy s te m  

in  th e  sm a ll  to w n  o f  S u n b u r y ,  P e n n s y lv a n ia  (s e e  p p .  4 3 2 - 3 3  b e lo w ).

I n  G e r m a n y ,  m e a n w h i le ,  W ilh e lm  v o n  S ie m e n s ,  o n  b e h a l f  o f  S ie m e n s  8c 

H a ls k e ,  a ls o  a p p l i e d  f o r  a  t h r e e - w i r e - d i s i r ib u i io n  p a t e n t ,  b u t  h is  a p p l ic a t io n  

w a s  r e je c te d  b e c a u s e  o f  t h e  p r io r i ty  o f  H o p k i n s o n ’s p a t e n t . 12 N e v e r th e le s s ,  

t h e  t h r e e - w i r e  s y s te m  is a n  e x c e l le n t  e x a m p le  oT th e  n e a r  s im u l t a n e i ty  of 
p e r c e p t io n  o f  a r e v e r s e  s a l ie n t .

I!)70)^UOI33 m  ^ lm r * l ’Te,R ' J ol,n E lectrical E ng in eer  (London: Science Museum.

'* Deiinuir, Starkslrom terlm ik . n. 117
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A n o th e r  in g e n io u s  a t t e m p t  to  so lv e  th e  d i s i r ih u t io n - t i a n s m is s io n  p r o b ­

le m  in v o lv e d  s to r a g e  b a t te r ie s .  S to r a g e  b a t te r ie s  w e re  u s e d  to  im p r o v e  th e  

lo a d  f a c to r ;  in  a d d i t io n ,  b a t t e r i e s  w e re  u t i l iz e d  fo r  d .c . t r a n s m is s io n .  D irec t 

c u r r e n t  ta k e n  f r o m  g e n e r a t o r s  a t o v e r  a th o u s a n d  v o lts  w as  t r a n s m i t t e d  

o v e r  s u b s ta n t i a l  d is ta n c e s  (a t r e a s o n a b le  co s t b e c a u s e  o f  th e  h ig h  v o lta g e )  

a n d  w as  th e n  f e d  in to  b a t t e r i e s  c o n n e c te d  in  s e r ie s ;  e a c h  b a t t e r y  to o k  an  

a p p r o p r i a t e  in c r e m e n t  o f  th e  h ig h  v o lta g e  in  a  m a n n e r  s im i la r  to  th e  c o n ­

n e c t in g  o f  a r c  la m p s  in  s e r ie s  in  a h ig h -v o l ta g e  c i r c u i t .  A l t e r  c h a r g in g ,  th e  

b a t t e r i e s  w e re  d i s c o n n e c te d  f r o m  th e  g e n e r a t o r s  a n d  c o n n e c te d  in  p a r a l le l  

lo  o b ta in  a lo w  v o l ta g e  a p p r o p r i a t e  fo r  th e  d i s t r ib u t io n  n e tw o rk .

B e c a u s e  a l t e r n a t i n g - c u r r e n t  t r a n s m is s io n  u l t im a te ly  d is p la c e d  d i r e c t - c u r ­

r e n t  a n d  s io r a g e - b a l l e r y  s u b s ta t io n s ,  h is to r i a n s  h a v e  t e n d e d  to  ig n o r e  th e  

b a t t e r y  in s ta l la t io n s .  R . H . P a r s o n s ,  h o w e v e r ,  h i s to r i a n  o f  th e  f irs t g e n e t  

a t io n  o f  c e n t r a l  p o w e r  s ta t io n s ,  h a s  s u c c in c tly  r e c o u n te d  th e  h is to ry  o f  th e  

u s e  o f  s to r a g e  b a t t e r i e s  by  t h e  C o lc h e s te r ,  E n g la n d ,  u n d e r t a k i n g  a n d  by 

th e  C h e ls e a  E le c t r ic i ty  S u p p ly  C o m p a n y  in  L o n d o n .  T h e  S o u th  E a s te rn  

B r u s h  E le c tr ic  L ig h t  C o m p a n y ,  L td .,  b u il t  t h e  C o lc h e s te r  s y s te m , w h ich  

b e g a n  o p e r a t i n g  in  1 8 8 4 . T h e  B r u s h  C o m p a n y ,  B r it is h  c o u n t e r p a r t  o l 

A m e r ic a n  E d is o n ,  p i o n e e r e d  in  th e  i n t r o d u c t io n  o f  a r c - l ig h t  sy s te m s , a n d  

th e  C o lc h e s te r  p la n  w as  d r a w n  u p  to  a c c o m m o d a te  E d i s o n ’s in c a n d e s c e n t  

e le c t r ic  l ig h t in g  s y s te m . H ig h - v o l ta g e  B r u s h  a r c - l ig h t  g e n e r a to r s ,  w h ic h  

e n jo y e d  a g o o d  r e p u t a t i o n ,  w e re  in s ta l le d  in  th e  c e n t r a l  s ta t io n  a t C o lc h e s te r  

a n d  t r a n s m i t t e d  c u r r e n t  to  f iv e  b a t t e r y  s u b s ta t io n s  lo c a te d  in  c e lla r s  b e n e a th  

th e  to w n ’s s h o p s .  B a t t e r i e s  t h a t  w e re  c h a r g e d  in  s e r ie s  d i s c h a r g e d  in  p a r a l le l  

a t  6 0  v o lts . T h e  o r g a n iz e r s  o f  th e  p la n  in te n d e d  to  s u p p ly  p o w e r  to  tw o  

th o u s a n d  in c a n d e s c e n t  la m p s ,  b u t  th e y  fa i le d  to  d o  so  b e c a u s e  th e  b a t te r ie s  

c a u s e d  u n e n d i n g  a n d  in s u r m o u n t a b l e  p r o b l e m s .13

O n  th e  o t h e r  h a n d ,  f o r  a b o u t  fo r ty  y e a rs  th e  C h e ls e a  E le c tr ic i ty  S u p p ly  

C o m p a n y  s u c c e s s fu l ly  u s e d  b a t t e r i e s  a s  p a r t  o f  its  t r a n s m is s io n - d i s t r ib u i io n  

s y s te m . I t  u s e d  B r u s h - V ic to r i a n  g e n e r a t o r s  to  s e n d  o u t  d i r e c t  c u r r e n t  a t 

m o r e  th a n  1 ,0 0 0  v o lts .  W h e n  th e  lo a d  o n  th e  s y s te m  w as re la t iv e ly  lo w , th e  

g e n e r a t o r s  c h a r g e d  th e  b a t te r ie s ,  w h ic h  w e re  c o n n e c te d  in  s e r ie s ,  a s  a t 

C o lc h e s te r ;  w h e n  th e  lo a d  w as  r e la t iv e ly  h ig h ,  th e  b a t te r ie s ,  w h ic h  a u t o ­

m a tic a lly  r e c o n n e c te d  in  p a r a l le l ,  d i s c h a r g e d  to  th e  lo a d  a t a b o u t  100  v o lts . 

T h e  c o m p a n y  a ls o  u s e d  m o to r  g e n e r a t o r s  in  th e  s u b s ta t io n s  to  a c t  as “c o n ­

t i n u o u s - c u r r e n t  t r a n s f o r m e r s . ” A f te r  189 3  th e  c o m p a n y  s u p p l i e d  v i r tu a lly  

a ll o f  C h e ls e a .  O n ly  in  1 9 2 8  w h e n  s t a n d a r d iz a t io n  w as i n t r o d u c e d  t h r o u g h ­

o u t  E n g la n d ,  d id  it c o n v e r t  its  sy s te m  to  a l t e r n a t in g  c u r r e n t . 1'1

T h e  s im u l ta n e o u s  in v e n t io n  o f  th r e e - w i r e  d i s t r ib u t io n  sy s te m s  ( la te r ,  as 

m a n y  a s  f iv e  w ire s  w e r e  t r ie d ) ,  u s e  o f  th e  c o m p le x  c o m b in a t io n  o f  g e n e r ­

a to r s  a n d  i m p e r f e c t  s to r a g e  b a t te r ie s ,  a n d  e x p e r im e n t s  w ith  h ig h -v o l ta g e ,  

d i r e c t - c u r r e n t  t r a n s m is s io n  (see  p p .  131 a n d  2 3 4  b e lo w ) te s t ify  to  th e  r e c ­

o g n i t io n  t h a t  th e  h ig h  c o s t  o f  lo w -v o lla g e  d i s t r ib u t io n  a n d  tr a n s m is s io n

15 R. I I. P arson s, Th e  E arly  D ays o f  the Power Station  Industry  (C a m bridg e : At the  U niversity  
Press, 1940). p p . 52-5!). F o r e x hau stive  accou n ts  o f  th e  n e glec ted  h is tory  o f  th e  sto ra g e  b a ttery , 
see R ichard  I I. Sch a llcn b c rg . Bottled Energy: Electrical En gineerin g  a n d  the Evolution  o f Chem ical 
Energy  (P h ilad e lp h ia : A m e ric an  P hilo sophic al Society, 1982); an d  id em . The A n om alo us 
S to ra g e  B atte ry : A n A m erican  Lag  in F.arly E lectrical E ng in e erin g ."  Technology a n d  Culture  

22 (1981): 7 2 5 -5 2 .
Parso ns, E arly  D ays o f  the Power Station  Industry , pp . 5 8 -6 5 .
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c o n s t i tu te d  a  r e v e r s e  s a l ie n t .  E d is o n ,  it s h o u ld  b e  r e c a l l e d ,  id e n t i f i e d  th e  

c o s t  o f  d i s t r ib u t io n  a s  a  c r i t ic a l  p r o b le m  w h e n  in v e n t in g  h is  s y s te m . I n  th e  

e a r ly  1 8 8 0 s  v a r io u s  in v e n to r s  a n d  e n g i n e e r s  d e f i n e d  t h e  c r i t ic a l  p r o b le m  

d i f f e r e n t ly  in  a n  a t t e m p t  to  im p r o v e  t h e  s i tu a t io n .  T h e  d e f in i t io n  th a t  

u l t im a te ly  r e s u l t e d  in  a  p r a c t ic a l  s o lu t io n  c a m e  f r o m  a F r e n c h m a n  w o rk in g  

w ith  a n  E n g l i s h m a n  in  L o n d o n .  H o w e v e r ,  n e i t h e r  t h e i r  c o n te m p o r a r i e s  

n o r  h i s to r i a n s  h a v e  g iv e n  L u c ie n  G a u l a r d  a n d  J o h n  G ib b s  th e  re c o g n i t io n  

th e y  d e s e r v e .  T h e i r  h is to r y  is o n e  o f  l i t ig a t io n ,  c o u n te r c la im s  f o r  p r io r i ty ,  

f r u s t r a t i n g  te c h n ic a l  p r o b le m s ,  a n d  p e r s o n a l  t r a g e d y .

M o re  th a n  a n y  o t h e r  in v e n to r s ,  t h e  F r e n c h m a n  L u c ie n  G a u l a r d  a n d  h is  

B r i t i s h  b u s in e s s  p a r t n e r ,  J o h n  D . G ib b s ,  a r e  r e s p o n s ib le  f o r  t h e  s e r ie s  o f  

in v e n t io n s  a n d  d e v e lo p m e n ts  th a t  c u lm in a te d  in  t h e  s o lu t io n  o f  t h e  t r a n s ­

m is s io n  a n d  d i s t r ib u t io n  p r o b le m .  G a u l a r d  a n d  G ib b s  d e m o n s t r a t e d  th a t  

by  u s in g  a l t e r n a t i n g  c u r r e n t  a n d  t r a n s f o r m e r s ,  h ig h  v o l ta g e s  c o u ld  b e  e m ­

p lo y e d  f o r  t h e  e c o n o m ic  t r a n s m is s io n  o f  e le c t r ic i ty  a n d  lo w  v o l ta g e  fo r  

d i s t r i b u t i o n  a t  th e  p o in t  o f  c o n s u m p t io n .

T h e  h is to ry  o f  G a u la r d  a n d  G ib b s  a n d  t h e i r  t r a n s f o r m e r  s y s te m  is e x ­

t r e m e ly  c o m p l ic a te d .  It p r o v id e s  in s ig h t  in to ,  a n d  r a is e s  q u e s t io n s  a b o u t ,  

t h e  n a t u r e  o f  th e  i n v e n t io n - a n d - d e v e lo p m e n t  p r o c e s s ,  r e v e r s e  s a l ie n ts  a n d  

c r i t ic a l  p r o b le m s ,  th e  e m e r g e n c e  o f  n e w  s y s te m s ,  a n d  p r i o r i t y  c la im s  a n d  

p a t e n t  c o n t r o v e r s y .  B e f o r e  t u r n i n g  lo  t h e  p a r t i c u l a r  c r i t ic a l  p r o b le m s  th a t  

G a u l a r d  a t t a c k e d  in  r e s p o n s e  lo  p e r c e iv e d  r e v e r s e  s a l ie n ts ,  w e  w ill c o n s id e r  

b r ie f ly  t h e  o v e ra l l  s t a l e  o f  th e  t e c h n o lo g y .

In  1 8 3 1 , a lm o s t  h a l f  a  c e n t u r y  b e f o r e  G a u l a r d  a n d  G ib b s  o b t a i n e d  th e i r  

f i r s t  p a t e n t  o n  t h e i r  t r a n s f o r m e r  s y s te m  o f  d i s t r i b u t i o n ,  M ic h a e l  F a ra d a y  

(1 7 9 1 - 1 8 6 7 )  d i s c o v e r e d  t h e  p r in c ip le  o f  in d u c t i o n .  I n  t h e  i n t e r v e n i n g  d e c ­

a d e s ,  m a n y  in v e n to r s  a p p l i e d  th e  p r in c ip le  o f  i n d u c t i o n ,  w h ic h  s l a t e d  th a t  

f r o m  a p r a c t ic a l  i n v e n t o r ’s p o in t  o f  v iew , a  v a r i a t io n  in  t h e  e le c t r ic  c u r r e n t  

in  a  co il o f  c o n d u c t i n g  w ire  will i n d u c e  a c u r r e n t  in  a  c o il t h a t  is in  c lo se  

p r o x im ity .  M a n y  o f  th e  a p p l i c a t io n s  th a t  p r e c e d e d  G a u l a r d ’s w e r e  v a r io u s  

fo r m s  o f  t h e  s p a r k  in d u c e r ,  o r  i n d u c t io n  c o il ,  d e v e l o p e d  b y  t h e  G e r m a n  

p h y s ic is t  H e in r i c h  D a n ie l  R u h m k o r f f  ( 1 8 0 3 - 18 7 7 )  in  1 8 4 8 , a n d  in t r o d u c e d  

in  a  m o r e  p r im i t iv e  d e s ig n  by  C h a r le s  G r a l l o n  P a g e  ( 1 8 1 2 - 1 8 6 8 )  in  th e  

U n i t e d  S la te s  in  1 8 3 6  o n  th e  b a s is  o f  J o s e p h  H e n r y 's  i n d e p e n d e n t  d is c o v e ry  

of i n d u c t io n .  T h e  o b je c t  o f  ih e s e  d e v ic e s ,  w h ic h  c a m e  lo  b e  k n o w n  as 

R u h m k o r f f  co ils ,  w as  to  in d u c e  a h ig h  e le c t r o m o t iv e  f o r c e  (v o lta g e )  in  th e  

s e c o n d a r y  f r o m  a  low  e le c t r o m o t iv e  fo r c e  in  t h e  p r im a r y .  T h e  r e s u l t in g  

v o lta g e ,  o r  te n s io n  a s  it w as  t h e n  c a l le d ,  w as  t r a n s f o r m e d ,  b u t  it w as  s t e p p e d  
u p ,  n o t  d o w n . 15

A s th e  u s e  o l  a r c  la m p s  in c r e a s e d  in  t h e  la te  1 8 7 0 s , s e v e r a l  in v e n to r s  

a d d r e s s e d  th e  p r o b le m  o f  p r e v e n t i n g  th e  e x t i n g u i s h i n g  o f  o n e  la m p ,  e i th e r  

in te n t io n a l ly  o r  by  a c c id e n t ,  f r o m  b r e a k i n g  th e  e n t i r e  c i r c u i t  a n d  e x t in ­

g u i s h in g  th e  r e m a i n d e r  o f th e  l a m p s .  T o  d o  th is ,  t h e  p r i m a r i e s  o f  a  n u m b e r  

of i n d u c t io n  c o ils  w e re  c o n n e c te d  in  s e r ie s  in  a  c i r c u i t  s u p p l i e d  by  a  g e n ­

e r a t o r .  a n d  in d iv id u a l  a r c  la m p s  w e re  c o n n e c te d  to  t h e  in d u c t i o n  co ils ’ 

s e c o n d a r ie s .  B e c a u s e  th e  s e c o n d a r ie s  w e r e  n o t  in  t h e  p r i m a r y  e le c t r ic  c irc u it

r  Z ^ ! , |T n|l)0 rn ' l l " " ' n n f ,h '  r ' an-'form er (L o n d o n : S p o n , I8B9), p p . 6 -1 0 . F o r a b iography

la!,, * a« I'? r y rlt,urical invcn,ions’s-  ***"c *«■ paî andA O rography o f Charles G ra f,o n  / y  ,N ew Y ork: Watson. 19761
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F ig ure  I V .3. G au la rd  a n d  Gibbs's p a te i 
fo r  a transform er d istr ibution system, ! 8 8 ‘.

b u t  w e re  r e l a t e d  lo  t h e  p r im a r ie s  t h r o u g h  a n  e l e c t r o m a g n e i i r  f ie ld ,  in d i ­

v id u a l  la m p s  c o u ld  b e  e x t in g u i s h e d .  T h e  e le c tr ic a l  circ u it r e m a in e d  u n ­

b r o k e n ;  o n ly  a  m a g n e t ic - f ic ld  r e l a t io n s h ip  w as  i n t e r r u p t e d .  A m o n g  ilie 

s e v e ra l  i n v e n to r s  w h o  e m p lo y e d  th is  p la n  w as  th e  R u s s ia n - h o r n  in v e n tn i  

P a u l J a b lo c h k o l f  ( 1 8 4 9 - 1 8 9 4 ) .  w h o  d is p la y e d  h is  la m p s  ( Ja b lo c h k o lT  c a n ­

d le s )  a t  t h e  P a r is  I n t e r n a t i o n a l  E x h ib i t io n  o f  187 8 . T o  s u p p ly  h is  la m p s  

w h ic h  h a d  v e r t ic a l  s id e -b y - s id e  c a r b o n  r o d s  s e p a r a te d  by  the- in s u la to r  ka 

o l in ,  h e  u s e d  th e  th e n - f a m o u s  a l t e r n a t i n g - c u r r e n t  g e n e r a t o r  d e v e lo p e d  l>\ 

th e  B e lg ia n  in v e n t o r  a n d  e n g i n e e r ,  Z e n o b e  T h e o p h i l e  ( d a m m e  (I82<> 

1 9 0 1 ). A m o n g  J a b l o c h k o l f s  d e m o n s t r a t i o n s  in  1 8 7 8  w e r e  th o s e  at th e  e x  

h ih i t io n  h a ll a l  t h e  C h a m p  d e  M a rs ,  M a g a z in s  d u  L o u v re ,  o n  I 'A v e n u e  tic 

I 'O p e r a .  J a b lo c h k o f f  e x p e r i m e n t e d  w ith  v a ry in g  th e  in te n s i ty  o f  th e  la m | 

by  v a r y in g  th e  t u r n s  a n d  d i a m e t e r  ( r e s is ta n c e )  o f  th e  w ire  o f  th e  in d u c t io n  

co ils . T h u s  h e  e m p lo y e d  th e  t r a n s f o r m e r  p r i n c i p l e ." ’ L ik e  s im i la r  p la n s  

h o w e v e r ,  e m p lo y in g  a t r a n s f o r m e r  w ith  a  s e c o n d a r y  o f  h i g h e r  r e s is ta n c e  

th a n  th e  p r im a r y  r a is e d  th e  v o l ta g e  r a t h e r  th a n  lo w e re d  it. In  e s s e n c e , 

J a b lo c h k o f f  u s e d  th e  t r a n s f o r m e r  a s  a m o d e  o f  c o n n e c t in g  la m p s  to  a  c irc u it ,  

n o t  a s  a  m e a n s  o f  t r a n s m i t t i n g  e le c t r ic i ty  e c o n o m ic a l ly  a t h ig h  v o l ta g e  a n d  

d i s t r i b u t i n g  it a t  lo w  v o l ta g e  in  a s a f e  a n d  u s a b le  lo r n t .

U p  u n t i l  1 8 8 0 , th e  h is to ry  o f  th e  t r a n s f o r m e r — a s  d is t in g u i s h e d  f ro m  th e  

R i i h m k o r f f  c o il— in v o lv e d  th e  c o n n e c t io n  o f  p r im a r ie s  in  s e r ie s ,  t h e  ra is in g  

o f  th e  s e c o n d a r y  v o l ta g e  in  r e l a t io n  to  th e  p r im a r y ,  a n d  th e  s u p p lv  o f  arc 

la m p s .  P r io r  to  th a t  t im e ,  n o  i n v e n to r  h a d  a n t i c ip a te d  by  d e m o n s t r a t io n  

th e  p a r t i c u l a r  c o m b in a t io n  m a d e  by  G a u la r d :  th e  c o n n e c t io n  o f  p r im a r ie s  

in  s e r ie s  in  a h ig h - v o l ta g e ,  a l t e r n a t i n g - c u r r e n t ,  e x te n d e d  c i r c u i t ;  th e  lo w ­

e r i n g  o f  th e  s e c o n d a r y  v o l ta g e :  th e  s u p p ly  o f  in c a n d e s c e n t  a n d  a r c  la m p s ;  

a n d  th e  s u p p ly  o f  lo a d s  o f  d i f f e r e n t  m a g n i tu d e  f r o m  d i f f e r e n t  t r a n s ­

f o r m e r s . 17

A ss is te d  by  h is  b u s in e s s  p a r t n e r  G ib b s , G a u la r d  u s e d  e x is t in g  te c h n o lo g y  

a n d  k n o w le d g e  to  so lv e  th e  c r i t ic a l  p r o b le m s  o f  t r a n s f o r m e r  d e v e lo p m e n t .  

H e  b e l ie v e d  t h a t  a  p ra c t ic a l  t r a n s f o r m e r  sy s te m  w o u ld  c o r r e c t  th e  r e v e r s e  

s a l ie n t  o f  h ig h -c o s t  t r a n s m is s io n .  F u r t h e r m o r e ,  in  d e f in in g  th e  p r o b le m s  

o f  t r a n s f o r m e r  d e v e lo p m e n t ,  h e  lo o k  in to  a c c o u n t  th e  s e c tio n s  in  th e  E le c ­

t r ic  L ig h t in g  A c t o f  1 8 8 2  t h a t  g o v e r n e d  th e  t r a n s m is s io n  a n d  d i s t r ib u t io n  

o f  e le c t r ic i ty .  In  r e s p o n d i n g  to  th e  p ro v is io n s  o f  th e  le g is la t io n ,  h e  a lso  

m a d e  p o s s ib le  th e  u s e  o f  a  s in g le  t r a n s f o r m e r  to  s u p p ly  v a r io u s  e le c tr ic  

la m p s  r e q u i r i n g  d i f f e r e n t  v o lta g e s  a n d  c u r r e n t .  T h e  a v a ila b le  r e c o r d  d o e s  

n o t  m a k e  c le a r ,  h o w e v e r ,  w h e th e r  h is  p r im a r y  o b je c tiv e  w as to  fu lf ill th e  

le g is la t iv e  r e q u i r e m e n t s ,  a s  h e  in t e r p r e t e d  th e m ,  o r  to  d e s ig n  a t r a n s f o r m e r  

s u i ta b le  f o r  v a r io u s  lo a d s .

S e c t io n  18 o f  th e  law  s ta le d  th a t  “ th e  u n d e r t a k e r s  [ s u p p l ie r s  o f  e lec t r ic i(y | 

sh a ll  n o t  b e  e n t i t l e d  to  p r e s c r ib e  a n y  s p e c ia l  Torm  o f  la m p  o r  b u r n e r  to  b e  

u s e d  by  a n y  c o m p a n y  o r  p e r s o n .” 1" A p a r l i a m e n ta r y  c o m m it te e  h a d  p u b lic ly  

d e l ib e r a te d  th e  p ro v is io n s  o f  th e  le g is la t io n  in  th e  s p r in g  o f  1882  a n d  th e  

a c t  w as  d a t e d  18 A u g u s t  1 8 8 2 , so  G a u la r d  a n d  G ib b s  h a d  h a d  a n  o p p o r -

'* E ng in eer in g  23 (1877): 366; 26 (1878): 63  IT.. 12 5 -2 7 . 3 2 1 -2 2 ; a n d  ( t|>|>c-iiIm>i n . H n to iy  

o f  the Transform er, p p . 13-16 .
17 U p p rn b o m . H istory o f  the Transform er, pp . 2 3 -2 9 .

'" K lc rlr ic  LifthliiiK Act o f  1882, 45 8c 46 V irl.. rh . 56. J I8 .



8 8 n e t w o r k s  o p  p o w e r

F ig u re  IV .4 . The  G aula rd a n d  Gibbs 
transform er. From  F lem ing , T h e  

A lte rn a tin g  C u r r e n t  
T r a n s f o rm e r , 2 :  74.

F ig u re  IV . 5 . Figures fr o m  G au la rd  a n d  
G ibbs's pa te n t no. 4 ,3 6 2  (1 3  Septem ber 

18 82 ). Figu re  1 shows transfo rm er

F ig u re  I V .6. G au la rd  a n d  Gibbs's f ir s t  

hi, 18 8 2 . From  F lem ing, T h e  

A lte rn a tin g  C u r r e n t  
T r a n s f o rm e r , 2:  72.

m n i ty  to  c o n s id e r  its  p ro v is io n s  b e f o r e  le a v in g  t h e i r  p a t e n t  s p e c i f ic a t io n s  

a t  t h e  O f f ic e  o f  th e  C o m m is s io n e r s  o f  P a te n t s  o n  13 S e p t e m b e r  1 8 8 2 .

E v id e n c e  t h a t  G a u l a r d  a n d  G ib b s  d e s ig n e d  t h e i r  s y s te m  w ith  s e c t io n  18 

in  m in d  is f o u n d  in  c o n t e m p o r a r y  d e s c r ip t io n s .  S h o r t ly  b e f o r e  th e  sy s te m  

w e n t  o n  d is p la y  a t  th e  W e s tm in s te r  A q u a r iu m  in  L o n d o n ,  E n g in e e r in g ,  

B r i t a in ’s l e a d in g  te c h n ic a l  p e r io d ic a l ,  p u b l i s h e d  a n  a r t ic le  w r i t t e n  by  th e  

in v e n to r s  a b o u t  t h e i r  s y s te m . T h e  a r t ic le  b e g a n  w ith  a  r e m i n d e r  t h a t  th e  

E le c tr ic  L ig h t in g  A c t e x p r e s s ly  p r o s c r ib e d  th e  u s e  o f  a n y  p a r t i c u l a r  la m p  

a n d  th a t  a v a ila b le  in c a n d e s c e n t  l a m p s  v a r ie d  in  s p e c i f ic a t io n  f r o m  4 8  to  91 

v o lts . T h e  r e a d e r  w as  a ls o  r e m i n d e d  t h a t  “a  d iv e r g e n c e  o f  te n  p e r c e n t  

a b o v e  o r  b e lo w  th is  s t a n d a r d  is i n j u r io u s  to  t h e  l i le  o f  t h e  la m p ,  o r  g r e a t ly  

r e d u c e s  its  l ig h t in g  p o w e r ." 1” A s t h e  a r t i c l e  c o n t i n u e d ,  G a u l a r d  a n d  G ib b s 's  

s y s te m  a l lo w e d  th e  s u p p l i e r  to  u s e  c u r r e n t  a t h ig h  t e n s io n  to  th e  p o in t  o f  

c o n s u m p t i o n  a n d  t h e n  m a d e  t h e  u s e r  “ i n d e p e n d e n t  o f  t h e  p r o d u c e r ,"  

e n a b l in g  " h im  to  a p p ly  t h e  c u r r e n t  h e  r e c e iv e s  to  a n y  p u r p o s e  h e  m ay  

p le a s e ,  s u c h  a s  a r c  l ig h t in g ,  i n c a n d e s c e n t  l ig h t in g ,  t h e  g e n e r a t i o n  o f  p o w e r ,  

o r  o f  h e a t . ”20 A c o n s u m e r  w h o  w as  “ i n d e p e n d e n t  o f  t h e  p r o d u c e r , ” t h e r e ­

f o r e ,  c o u ld  n o t  b e  f o r c e d  to  u s e  th e  l ig h ts  o r  v o l ta g e s  o r  o t h e r  s p e c if ic  

c o m p o n e n t s  t h a t  a s u p p l i e r ,  o r  u n d e r t a k e r ,  m a n u f a c t u r e d ,  s o ld ,  o r  h a d  

o t h e r  in te r e s t s  in .

G a u l a r d  a n d  G ib b s ’s d e s ig n  c a n n o t  b e  fu lly  a p p r e c i a t e d  w i th o u t  ta k in g  

i n to  a c c o u n t  th is  r e s p o n s e  to  le g is la t io n  a n d  t h e  d e s i g n e r s ' a n t i c ip a t io n  o f  

v a r i a t io n s  in  lo a d .  T h e  f a i lu r e  o f  s o m e  c r i t ic s  o f  th e  G a u l a r d  a n d  G ib b s  

s y s te m  to  t a k e  in to  c o n s id e r a t io n  its  r e s p o n s e  to  t h e  1 8 8 2  a c t  e x p la in s  w hy  

th e  s y s te m  w as  “ r e c e iv e d  w ith  v e ry  c o n s id e r a b le  d o u b t ,  n o t  to  sa y  c o n ­

t e m p t . ”21 T o  a n  e v e n  g r e a t e r  e x t e n t  it e x p la in s  t h e  in a b i l i ty  o f  s o m e  h is ­

to r i a n s  to  a p p r e c i a t e  G a u l a r d  a n d  G ib b s ’s in v e n t i o n .22 T h e  s e v e ra l  m e th o d s  

th a t  G a u l a r d  a n d  G ib b s  p r o v id e d  to  a l lo w  c o n s u m e r s  to  v a ry  th e  c h a r a c ­

te r is t ic s  o f  s u p p ly  in v o lv e d  a n u m b e r  o f  c o m p l ic a t io n s  in  d e s ig n  th a t  a p p e a r  

i r r a t io n a l  u n le s s  th e  d e s i g n e r s ’ i n t e n t  is k n o w n .

A d e s c r ip t io n  o f  th e  s y s te m  th a t  G a u l a r d  a n d  G ib b s  d i s p la y e d  a t th e  

W e s tm in s te r  A q u a r iu m  e x h ib i t io n  in  1 8 8 3  i l lu s t r a t e s  t h e  r e l a t io n s h ip  b e ­

tw e e n  le g is la t io n  a n d  d e s ig n .  T h e  t r a n s f o r m e r  i n t r o d u c e d  in  1 8 8 3  c o n s is te d  

o l  f o u r  s e ts  o f  f o u r  v e r t ic a lly  s la c k e d  b o b b in s .  T h e  b o b b in s ,  w o u n d  w ith  

w ire ,  c o n s t i tu t e d  th e  s e c o n d a r y  o l  t h e  t r a n s f o r m e r .  T h e  p r i m a r y  c o n s is te d  

o l  a n  i n s u la te d  c o p p e r  c o n d u c t o r  w o u n d  o n  a h o l lo w  p a p e r  tu b e .  T h e  o p e n  

c o r e  (£ )  o l  th e  t r a n s f o r m e r  w as  a s o f t i r o n  b a r  f i t t e d  in s id e  th e  tu b e  o n  

w h ic h  t h e  p r im a r y  w as  w o u n d .  (S e e  f ig s .  I V .4 - I V .6 . )

T h e  a d a p ta b i l i ty  o l  th e  t r a n s f o r m e r  r e s u l t e d  f r o m  th e  fa c t t h a t  th e  b o b ­

b in s  c o u ld  b e  c o n n e c te d  to  o n e  a n o t h e r  in  d i f f e r e n t  w ay s , t h e  s la c k s  o r  fo u r  

c o u ld  b e  c o m b in e d  v a r io u s ly ,  a n d  th e  i r o n  c o r e  o f  th e  p r i m a r y  c o u ld  b e  

c r a n k e d  in  a n d  o u t  o l  th e  s ta c k  o f  b o b b in s .  E a c h  o f  t h e  s ix te e n  b o b b in s  

h a d  tw o  s p r i n g  t e r m in a l s  r e s t in g  o n  a v e r t ic a l  c o m m u t a t o r  th a t  c o u ld  be

<>l F .lrc irical D is tr ib u tio n ."  En g in eer in g  35 (1883): 205.' “ "G a u la rd  an ti G ib bs' System  
Ib id .

”  Ib id .. p. <158.

» A .  A. I la lacsy  an ,I  G. II. von K urils ( " T r a n s f o r m e r  I n v e n t« !  S cven ty T tve  Y ears Ago." 
eanacM ons o f the Am erican  In stitu te  o f  Electrical Eng ine ers: To w er  A pp aratus a n d  System s 80  110 6 11: 

121) m ake  only  b n e t  re fe re n c e  to  ( la n ia r d  a n d  G ibbs, re m a rk in g  u p o n  th e  a n o m alies  o f  th eir
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t u r n e d  by  a  c r a n k  m o u n t e d  in  th e  c e n t e r  o n  t o p  o f  th e  t r a n s f o r m e r .  By 

t u r n i n g  th e  c o m m u t a t o r ,  t h e  p o s it iv e  e n d  o f  e a c h  b o b b in  c o u ld  b e  c o n ­

n e c te d  lo  th e  n e g a t iv e  e n d  o f  th e  a d ja c e n t  o n e  in  th e  s la c k  o f  f o u r ;  in  

a n o t h e r  p o s i t io n  o f  th e  c r a n k ,  a ll p o s it iv e  e n d s  w e re  jo i n e d ,  a s  w e re  all 

n e g a t iv e  e n d s ;  a n d  in  a  t h i r d  p o s i t io n ,  th e  b o b b in s  w e r e  g r o u p e d  in  tw o  

s e r ie s  o f  tw o  e a c h .  N o t  l im i te d  to  th e s e  p e r m u ta t io n s ,  th e  t r a n s f o r m e r  a lso  

p r o v id e d  t e r m in a l s  o n  th e  u p p e r  b o a r d  f o r  th e  lo w e r  a n d  u p p e r  e n d s  o f  

e a c h  s la c k  o f  b o b b in s  a n d ,  by  m e a n s  o f  s h o r t  p ie c e s  o f  w ire ,  t h e  t e r m in a l s  

c o u ld  b e  c o n n e c te d  in  s u c h  a  w ay  a s  to  g r o u p  th e  s ta c k s  in  s e r ie s ,  in  p a r a l le l ,  

o r  " in  s e ts  o f  tw o  e a c h .”

G a u la r d  a n d  G ib b s  d e s ig n e d  th is  t r a n s f o r m e r  to  b e  c o n n e c te d  in  th e  

c i r c u i t  o f  a n  a l t e r n a t i n g - c u r r e n t  g e n e r a t o r .  T h e  n u m b e r  o f  t r a n s f o r m e r s  

in  a  c i r c u i t  v a r i e d :  th e y  h a d  o n ly  tw o  t r a n s f o r m e r s  a t  th e  a q u a r i u m  in ­

s t a l la t io n ,  b u t  t h e i r  d e s c r ip t iv e  l i t e r a t u r e  m e n t io n e d  a s  m a n y  a s  e l e v e n .28 

T h e y  a ls o  d e c i d e d — a n d  th is  t u r n e d  o u t  to  b e  c r i t ic a l— to  c o n n e c t  th e  p r i ­

m a r ie s  o f  t h e  t r a n s f o r m e r s  in  s e r ie s ,  a s  w as  c u s to m a r y  a t  th a t  t im e .  C r it ic s  

o f  G a u l a r d  a n d  G ib b s  w e re  o f  th e  o p in io n  th a t  th e  w ir in g  o f  t r a n s f o r m e r s  

in  s e r ie s  w as  a n  e x a m p le  o f  t h e i r  ig n o r a n c e  o f  t r a n s f o r m e r  p r in c ip le s .  

W ith in  a  fe w  y e a r s ,  o t h e r s  w o u ld  c o n n e c t  t r a n s f o r m e r  p r im a r ie s  in  p a r a l le l ,  

a n  a r r a n g e m e n t  t h a t  w o u ld  p r o v e  a d v a n ta g e o u s  a n d  b e c o m e  s t a n d a r d .

A t le a s t  o n e  c o n t e m p o r a r y  a u t h o r i t y  m is u n d e r s to o d  th e  G a u la r d  a n d  

G ib b s  t r a n s f o r m e r ,  ta k in g  it  to  h a v e  a  1:1 r a t io  o f  t r a n s f o r m a t i o n  ( th e  

r e d u c t i o n  o f  v o l ta g e  w as  b e l ie v e d  lo  r e s u l t  so le ly  f r o m  th e  s u b d iv is io n  th a t  

o c c u r r e d  w ith  m u l t ip le  t r a n s f o r m e r s  in  s e r ie s ) .24 I n  c o n t r a s t ,  t h e  d e s c r ip ­

t io n s ,  u n d o u b t e d l y  s u p p l i e d  to  te c h n ic a l  j o u r n a l s  b y  G a u la r d  a n d  G ib b s  

th e m s e lv e s ,  e x p l ic i t ly  s t a t e  t h a t  e a c h  c o n s u m e r  u s in g  a  t r a n s f o r m e r  " w o u ld  

h a v e  it in  h is  p o w e r  to  g e n e r a t e  c u r r e n t s  a t  a  p o te n t i a l  o f  4 5 ,  6 0 , 9 1 , o r  

o t h e r  n u m b e r  o f  v o lts  a s  h e  c h o s e .”25

A n o t h e r  d e s ig n  f e a t u r e  o f  t h e  G a u l a r d  a n d  G ib b s  t r a n s f o r m e r  th a t  w as 

s in g le d  o u t  f o r  c r i t ic is m  w as  t h e  o p e n  c o r e .26 B u t  G a u la r d  a n d  G ib b s  h a d  

g o o d  r e a s o n  to  u s e  a n  o p e n  r a t h e r  th a n  a  c lo s e d  m a g n e t ic  c o re .  T h e  c lo s e d  

c o r e ,  o r  c lo s e d  m a g n e t i c  c i r c u i t ,  w o u ld  h a v e  p r e v e n te d  loss o f  m a g n e t is m  

( in d e e d ,  G a u l a r d  a n d  G ib b s 's  s u c c e s s o r s  in  t r a n s f o r m e r  d e s ig n  r e s o r t e d  to  

it), b u t  G a u l a r d  a n d  G ib b s  c h o s e  th e  o p e n  c o r e  b e c a u s e  it c o u ld  b e  c r a n k e d  

in  a n d  o u t  o f  t h e  co ils . I n  th is  w ay  th e y  in t e n d e d  to  p r o v id e  th e  m e a n s  fo r  

v a r y in g  t h e  s e c o n d a r y  o u t p u t ,  p r e s u m a b ly  in  r e s p o n s e  to  a n y  m in o r  v a r i ­

a t i o n s  r e s u l t in g  f r o m  lo a d  c h a n g e s ;  in  fa c t ,  in  1 8 8 5  G a u la r d  w ro te  th a t  h e  

w o u ld  d i s p e n s e  w ith  th e  m o v a b le  c o r e  a n d  u s e  a  c lo s e d  c o r e  i f  th e  c u s to m e r  

lo a d  w as  in v a r i a b le .27

'iS E n g in eer in g  35  (1883): 205.
M U p p c n b o rn , H isto ry  o f  the Transfo rm er, p p . 35. 41.
n E n g in eer in g  35  (1 883): 205. " I f  th e  se co n d a ry  coil be m a d e  in several p a rts , each  with 

in d e p e n d e n t te rm in a ls , the se  p a rts  m ay be  vario usly  c o m bined  c ith e r  in  pa ra lle l a rc . o r  c om ­
p o u n d  pa ra lle l a rc , o r  sc ries , acc o rd in g  lo  th e  co n d itio n s u n d e r  w hich th e  seco nd , o r  locally 
g e n e ra te d  c u rr e n t , is lo  be e m p lo y ed , a n d  th u s  it is possib le  to  g e n e ra te  by m eans o f  o ne  
se co n d a ry  g e n e ra to r , c u rre n ts  o f  h ig h  o r  low  p o te n tia l"  (ib id .,  p. 206).

”  U p p e n b o rn ..  H istory o f  the Tra nsfo rm er, pp . 3 4 -3 5 , 46—49: Telegraphic J o u r n a l a n d  Electrical 

R evieui 17 (1 885): 11 4 -1 6  a n d  4 6 5 -6 6 .
”  I .e tte r  fro m  G au lard  to  th e  j o u rn a l ,  Telegraphic J o u rn a l a n d  Electrical R eview  17 (1885):
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W h e n  t h e  s t a t e  o f  t h e  te c h n o lo g y  a n d  c i r c u m s ta n t i a l  f a c to r s  a r e  c o n s id ­

e r e d ,  G a u l a r d  a n d  G ib b s ’s c o n n e c t i n g  o f  t h e  t r a n s f o r m e r  p r i m a r i e s  in  s e r ie s  

a ls o  s e e m s  r e a s o n a b le .  U n l ik e  E d is o n ,  w h o  d e s ig n e d  a n  e n t i r e  sy s te m  o f  

i n c a n d e s c e n t  e le c t r i c  l ig h t in g ,  G a u l a r d  a n d  G ib b s  d e s i g n e d  a  t r a n s f o r m e r  

f o r  c o m b in a t io n  w ith  a v a i la b le  c o m p o n e n t s  to  f o r m  a  s y s te m . F o r  e x a m p le ,  

th e y  u s e d  a  S ie m e n s  a l t e r n a t i n g - c u r r e n t  g e n e r a t o r  in  t h e  W e s tm in s te r  

A q u a r i u m  in s ta l l a t io n .  O r ig in a l ly  d e s i g n e d  f o r  a r c  l ig h t s  c o n n e c te d  in  s e ­

r ie s ,  t h e  S ie m e n s  m a c h in e  w a s  a  c o n s t a n t - c u r r e n t  m a c h in e .  T h i s  ty p e  o f  

g e n e r a t o r  m a in ta in e d  a  c o n s ta n t  c u r r e n t  t h r o u g h  th e  e n t i r e  c irc u it  by  m e a n s  

o f  a n  a u t o m a t i c  r e g u l a t o r  t h a t  v a r i e d  t h e  g e n e r a t o r  o u t p u t  a n d  e l e c t r o ­

m o t iv e  f o r c e  a c c o r d i n g  to  t h e  lo a d .  B y  v a r y in g  t h e  c i r c u i t ,  o r  te r m in a l ,  

v o l ta g e ,  t h e  c i r c u i t  c u r r e n t  c o u ld  b e  h e ld  c o n s t a n t  d e s p i t e  v a r i a t io n s  in  

o u t p u t .  T h e r e f o r e ,  it s e e m s  p r o b a b l e  t h a t  G a u l a r d  a n d  G ib b s  d e c id e d  to  

t a k e  a d v a n t a g e  o f  t h e  c o n s t a n t - c u r r e n t  c h a r a c t e r i s t i c  o f  t h e  S ie m e n s  m a ­

c h i n e  b y  w i r in g  t h e  p r i m a r i e s  o f  t h e i r  t r a n s f o r m e r s  in  s e r i e s ,  a s  a r c  l ig h ts  

w e r e  w i r e d .  T h e y  e x p e c t e d  t h a t  t h e  c o n s t a n t - c u r r e n t  f lo w  t h r o u g h  th e  

c i r c u i t  w o u ld  r e s u l t  in  t h e  a p p r o p r i a t e  e l e c t r o m o t i v e  f o r c e  a c r o s s  t h e  se c ­

o n d a r i e s .  T h e y  a ls o  b e l ie v e d  t h a t  it w o u ld  b e  p o s s ib le  to  o b t a i n  a  v a r ia b le  

s e c o n d a r y  c u r r e n t ,  w h ic h  w a s  n e c e s s a r y  f o r  a n  in c a n d e s c e n t - l a m p  lo a d  

w i r e d  in  p a r a l l e l . 28 T h e y  w o u ld  h a v e  b e e n  w is e r  to  d e s ig n  a n d  d e v e lo p  a 

g e n e r a t o r  e s p e c ia l ly  f o r  t h e i r  s y s te m , a s  E d i s o n  h a d ,  b u t  th e y  p r o b a b ly  w e re  

n o t  a b le  to  o b ta in  f i n a n c i n g  a s  r e a d i ly  a s  h a d  t h e  W iz a r d  o f  M e n lo  P a rk .

B e f o r e  1 8 8 5 ,  h o w e v e r ,  a  m a j o r  f la w  in  t h e  s y s te m  h a d  b e e n  d i s c o v e r e d :  

t h e i r  e x p e c t a t i o n  t h a t  a  c o n s t a n t  p r i m a r y  c u r r e n t  w o u ld  r e s u l t  in  a  c o n s ta n t  

s e c o n d a r y  v o l ta g e  h a d  p r o v e d  e r r o n e o u s .  I f  t h e  lo a d  in  t h e  s e c o n d a r y  

v a r i e d ,  a s .  f o r  e x a m p l e ,  w h e n  in c a n d e s c e n t  l a m p s  w e r e  s w i tc h e d  o u t ,  th e  

r e m a i n i n g  l a m p s  b e c a m e  b r i g h t e r .  T o  r e m e d y  th is ,  G a u l a r d  a n d  G ib b s  

i n t r o d u c e d  in  t h e  s e c o n d a r y  c i r c u i t  a n  a u t o m a t i c  r e g u l a t o r  d e s i g n e d  to  v a ry  

t h e  s e c o n d a r y  c u r r e n t  in  a c c o r d a n c e  w i th  t h e  lo a d  a n d  to  m a i n t a i n  a  c o n ­

s t a n t  s e c o n d a r y  v o l t a g e .  W h a t e v e r  t h e  s u c c e s s  o f  t h e  d e v ic e ,  it  a d d e d  a n ­

o t h e r  c o m p l ic a t io n  to  a n  a l r e a d y  e x t r e m e l y  c o m p l i c a t e d  t r a n s f o r m e r  d e ­

s ig n .20

G a u l a r d  a n d  G ib b s ’s e f f o r t s  to  r e c t i f y  t h e  i n a d e q u a c i e s  o f  t h e i r  sy s te m  

in c l u d e d  s w i tc h in g  f r o m  a n  o p e n  to  a  c lo s e d  m a g n e t i c  c o r e ,  c o n n e c t i n g  th e  

p r i m a r i e s  in  p a r a l l e l  r a t h e r  t h a n  in  s e r i e s ,  a n d  v a r y in g  t h e  w in d i n g  o f  th e  

p r i m a r i e s .  N e v e r t h e l e s s ,  th e y  e n c o u n t e r e d  s e r i o u s  p r o b l e m s .  U s e  o f  th e  

c lo s e d  m a g n e t i c  c o r e  r a i s e d  t h e  e f f i c i e n c y  o f  t h e  t r a n s f o r m e r  b u t  e l im in a te d  

t h e  a d v a n t a g e  o f  t h e  m o v a b le ,  r o d - s h a p e d ,  o p e n - e n d e d  c o r e .  I n  l a t e  188 5  

o r  e a r ly  1 8 8 6  G a u l a r d  a n d  G ib b s  a ls o  t r i e d  a  c o m b i n a t i o n  o f  p r im a r ie s  

c o n n e c t e d  in  p a r a l l e l  a n d  a  c lo s e d  c o r e .  T h e y  h a d  b e e n  to ld  t h a t  th is  c o m ­

b i n a t i o n  w o u ld  p r o v i d e  g o o d  v o l t a g e  r e g u l a t i o n ,  b u t  t h e  r e s u l t i n g  sy s te m  

d i d  n o t  f u n c t i o n  s a t i s f a c t o r i l y .80 I ts  c o m p o n e n t s  p r o b a b l y  r e q u i r e d  m o r e  

r e d e s i g n i n g  t h a n  th e y  c o u ld  a f f o r d  o r  w e r e  c a p a b l e  o f  d o i n g .  I n  t h e  e n d ,  

it  s e e m s ,  v o l t a g e  r e g u l a t i o n  w a s  t h e  m a j o r  r e v e r s e  s a l i e n t  in  t h e i r  sy s te m .

'JI>T h e  E n g in e er  (L o n d o n )  0 0  (18 85 ): 4 30 .

Ibid.
’" P .  S iri in g c , "S o m e  T e s ts  o n  a  G a u la r d  a n d  G ib bs T r a n s f o r m e r ,"  P apers Presented  a t the 

T h ird  W ee ke nd M ee tin g  on  the H istory  o f  E le ctrica l E n g in e er in g , M a nc hester,  E n g la n d , 1 1 - 1 3  J u ly  

1 9 7 5  ( L o n d o n : I n s titu t io n  o f  F .lcc n ira l E n g in e e rs , n .d .) ,  p . 4 /5 .



9 1  R E V E R S E  s a l i e n t s  a n d  c r i t i c a l  p r o b l e m s

T h e y  r e s o r t e d  to  e x t r e m e ly  c o m p le x  d e v ic e s  to  r e g u la te  th e  s e c o n d a r y  

v o l ta g e  u n d e r  c h a n g i n g  lo a d  c o n d i t io n s ,  h u t  th e y  w e re  u n a b le  to  so lv e  th e  

p r o b le m ,  a n d  it w as  o t h e r  in v e n to r s  a n d  o t h e r  e n g in e e r s  w h o  fo u n d  th e  

a n s w e r .  O u t s t a n d i n g  a m o n g  th o s e  w h o  s u c c e e d e d  w e re  th r e e  m e n  assoc i ­

a t e d  w ith  o n e  o f  E u r o p e 's  l e a d in g  e le c t r ic a l  m a n u f a c t u r e r s .  C a n /  Sc C o m ­

p a n y  o f  B u d a p e s t .  H u n g a r y  ( th e n  a  k in g d o m  in  th e  A u s t r o - H u n g a r i a n  

E m p ir e ) .

B e f o r e  c o n s i d e r i n g  th e  c r i t ic a l  r e v is io n s  m a d e  by  th e  H u n g a r ia n s ,  h o w ­

e v e r ,  it is im p o r t a n t  to  n o te  th a t  G a u la r d  a n d  G ib b s  la id  tb e  f o u n d a t io n s  

f o r  a  n e w  s y s te m  o f  l ig h t in g  d u r i n g  t h e i r  s e a r c h  f o r  a  s o lu t io n  to  th e  p ro b le m  

o f  t r a n s m is s io n  a n d  d i s t r i b u t i o n  in  th e  d .c .  s y s te m . In  e f f e c t ,  th e y  r e s p o n d e d  

to  a  r e v e r s e  s a l ie n t  in  i n c a n d e s c e n t  l ig h t in g  in  g e n e r a l  a n d  w e re  n o t in te n t  

o n  s a v in g  th e  e x i s t in g  d .c .  s y s te m , a s  w e r e  E d is o n  a n d  o t h e r  i n v e n to r s  a n d  

e n g in e e r s .  T h e  g e n e r a l  r e v e r s e  s a l ie n t  t h a t  G a u la r d  a n d  G ib b s  o b s e r v e d  in 

e v o lv in g  e le c t r ic  l ig h t in g  w as  c le a r ly  a n d  s u c c in c tly  d e s c r ib e d  by th e m .  In  

M a r c h  1 8 8 3 , in  a n  a r t ic le  in  E n g in e e r in g ,  th e y  d e s c r ib e d  t h e i r  s y s te m  a s  a 

s o lu t io n  lo  t h e  p r o b le m  “o f  th e  f u r t h e r  in d u s t r i a l  d e v e lo p m e n t  o l  a b s o lu te  

d i s t r ib u t io n ,  t h a t  is to  say , a s y s te m  o f  d i s t r ib u t io n  l im i te d  n e i t h e r  by th e  

d i s t a n c e  o f  t h e  c e n t r a l  f a c to r y  f r o m  th e  p o in t  o f  c o n s u m p t io n ,  n o r  by  th e  

n u m b e r  o f  c o n s u m e r s  to  b e  s u p p l i e d ." 31 T h e y  t e r m e d  th e  p r o b le m  " d is ­

t r i b u t i o n ” ; to d a y ,  b e c a u s e  o f  th e  d i s t a n c e  e n v is a g e d ,  w e  w o u ld  t e r m  th e  

p r o b le m  “ t r a n s m is s io n . ” ( O n e  o f  th e  f i r s t  p r o p o s a l s  m a d e  by  G a u la r d  a n d  

G ib b s  w as  to  i l lu m in a te  t h e  S u e z  C a n a l  u s in g  4 0 ,0 0 0  v o lts  f o r  t r a n s m is s io n . )

T o  d e s c r ib e  G a u l a r d  a n d  G ib b s 's  w o rk  a s  th e  in v e n t io n  a n d  d e v e lo p m e n t  

o f  a  n e w  s y s te m  is v a lid  f o r  s e v e ra l  re a s o n s .  F ir s t  o f  a ll, c o n te m p o r a r i e s  

r e f e r r e d  to  a l t e r n a t i n g  c u r r e n t  w ith  t r a n s f o r m e r s  as a  n e w  s y s te m , c a ll in g  

th e  c o m p e t i t io n  b e tw e e n  d .c .  l ig h t in g  a n d  a .c . l ig h t in g  “ th e  b a t t le  o f  th e  

c u r r e n t s , ” o r  “ t h e  b a t t l e  o f  t h e  s y s te m s ."  I n  a d d i t io n ,  G a u la r d  a n d  G ib b s  

a n d  t h e i r  s u c c e s s o r s  in  th e  a .c . f ie ld  h a d  to  in t r o d u c e  d i f f e r e n t  c o m p o n e n t s  

f r o m  th o s e  u s e d  in  th e  d .c .  s y s te m , w ith  th e  m a jo r  e x c e p t io n  o f  t h e  i n c a n ­

d e s c e n t  la m p .  O t h e r  r e a s o n s  f o r  c a te g o r i z in g  d .c .  a n d  a .c . a s  d is t in c t  sy s te m s  

in c lu d e  th e  d e v e l o p m e n t  o f  d i f f e r e n t  th e o r e t i c a l  s t r u c t u r e s  to  a n a ly z e  a n d  

e x p la in  th e m  a n d  t h e  e s t a b l i s h m e n t  o f  s e p a r a t e  e n g in e e r in g - s c h o o l  c o u r s e s  

to  te a c h  th e m .  M o re  im p o r ta n t  f o r  a n  u n d e r s ta n d in g  o f  te c h n o lo g ic a l c h a n g e  

is th e  fa c t ( h a t  th e  h is to ry  o f  th e  in v e n t io n  a n d  d e v e lo p m e n t  o f  G a u la r d  

a n d  G ib b s ’s s y s te m  is a  c a s e  o f  t h e  d y n a m ic  m o v e m e n t  f ro m  o n e  sy s te m  to  

a n o t h e r  a s  a  r e s u l t  o f  a  f law  in  th e  f ir s t  b e in g  c o r r e c te d  by  p r o b le m  i d e n ­

t i f ic a t io n  a n d  a n  in v e n t io n  th a t  b e c a m e  th e  e s s e n t ia l  c o r e  o f  a  n e w  s y s te m .

B e c a u s e  m a n y  in v e n to r s  p e r c e iv e d  th e  r e v e r s e  s a lie n t  in  th e  d i r e c t - c u r ­

r e n t  s y s te m  a n d  b e c a u s e  s o m e  saw  w e a k n e s s e s  in  th e  G a u la r d  a n d  G ib b s  

s y s te m  a n d  i n t r o d u c e d  i m p r o v e m e n ts ,  th e r e  w as in te n s e  l i t ig a tio n  o v e r  th e  

p r io r i ty  o f  in v e n t io n  a n d  p a t e n t s .32 T h e  b a s ic  p a te n t  w as  a  p ro v is io n a l  

s p e c i f ic a t io n  e n t i t l e d  " A  N e w  S y s te m  o f  D is t r ib u t in g  E le c tr ic i ty  l o r  th e  

P r o d u c t io n  o f  L ig h t  a n d  P o w e r"  a n d  d a t e d  13 S e p te m b e r  188 2 . C a u la r d  

a n d  G ib b s  to o k  o u t  r e l a t e d  p a te n t s  in  1884 a n d  188 5 . O n  I I  D e c e m b e r

51 " G a u la rd  a n d  G ib bs System  ol E lectr ical D istrib u tion ."  E ngin eer in g  35 (1883): 205.
” 1*. S tra n g e . " T ra n s fo rm e r  Pa ten t L itigation . I: 1 88 0 -1 89 0 ,"  Papers Presented at the First 

W eekend M ee tin g on the H istory o f  Electrical E ngin eer ing . Birm ing ham , E ng la nd , 1 1 - 1 1 J u ly  197 1  
( L o n d o n : In s titu tio n  o f  E lectr ical E ng in e ers , n .d  ). pp . 8 /I -8 /8 .



9 2 n e t w o r k s  o f  p o w e r

1 8 8 6  S e b a s i ia n  Z ia n i d e  F e r r a n t i ,  a c t in g  f o r  S i r  C o u t t s  L in d s a y  a n d  C o m ­

p a n y  o r  L o n d o n  (se e  p p .  9 7 - 9 8  b e lo w )  p e t i t i o n e d  f o r  t h e  r e v o c a t io n  o f  th e  

o r ig in a l  G a u l a r d  a n d  G ib b s  p a t e n t ,  a l l e g in g  t h a t  i t  la c k e d  n o v e l ty  a n d  u ti l i ty . 

I n  M a rc h  1 8 8 7  G a u l a r d  a n d  G ib b s  c o u n t e r e d  w ith  a n  a c t io n  c la im in g  in ­

f r i n g e m e n t  o f  t h e i r  p a t e n t  b y  F e r r a n t i  a n d  S ir  C o u t t s  L in d s a y  a n d  C o m ­

p a n y .33 T h e  p e t i t io n e r s  a ls o  c la im e d  t h a t  G a u l a r d  a n d  G ib b s ’s c o m p le te  

s p e c i f ic a t io n s  d id  n o t  c o n f o r m  to  th e  p r o v is io n a l  s p e c i f ic a t io n .  I n  A p r i l  

1 8 8 8  t h e  c o u r t  a l lo w e d  G a u l a r d  a n d  G ib b s  to  a m e n d  t h e i r  s p e c i f ic a t io n s .  

T h e n ,  h e a r i n g  t h e  p e t i t io n ,  t h e  j u d g e  d e c l a r e d  t h e  p a t e n t  v o id  b e c a u s e  o f  

th e  in s u f f ic ie n c y  o f  t h e  c o m p le te  a n d  a m e n d e d  s p e c i f ic a t io n s .  G a u l a r d  a n d  

G ib b s  a p p e a l e d  th e  c a s e  to  B r i t a in 's  C o u r t  o f  A p p e a l ,  w h ic h  h e ld  t h a t  th e  

in v e n t io n  w as  u s e f u l  a n d  n o t  a n t i c i p a t e d ,  b u t  t h a t  t h e  p a t e n t  w a s  v o id  

b e c a u s e  a  d i s c r e p a n c y  r e m a i n e d  b e tw e e n  t h e  p r o v i s io n a l  a n d  c o m p le te  

s p e c i f ic a t io n s  a n d  b e c a u s e  th e  a m e n d m e n t  e x t e n d e d  t h e  s c o p e  o f  th e  in ­

v e n t io n .  G a u l a r d  a n d  G ib b s  th e n  p r e s e n t e d  a n  a p p e a l  to  th e  H o u s e  o f  

L o r d s ,  w h e r e  t h r e e  m e m b e r s  h e a r d  t h e i r  c a s e .  T h e  L o r d  C h a n c e l lo r  d id  

n o t  s e e  t h e  n o v e l ty  t h e  C o u r t  o f  A p p e a l  h a d  p e r c e iv e d  in  t h e  c o m b in a t io n  

p r o p o s e d  b y  G a u l a r d  a n d  G ib b s ;  L o r d  F a r r e r  H e r s c h e l l  r u l e d  t h a t  t h e  s ta te  

o f  p u b l ic  k n o w le d g e  w as  s u c h  t h a t  t h e  a l l e g e d  in v e n t i o n  “ w a s  a  m e r e  a d ­

a p t a t i o n  r e q u i r i n g  n o  in v e n t io n  a n d  p o s s e s s e d  o f  n o  n o v e l  f e a t u r e s ” ; a n d  

L o r d  M o r r i s  d e c id e d  t h a t  b y  w i th d r a w in g  t h r o u g h  a m e n d m e n t  t h e i r  c la im  

to  a  s p e c ia l ly  c o n s t r u c te d  a n d  n o v e l  s e c o n d a r y  g e n e r a t o r  ( t r a n s f o r m e r ) ,  

G a u l a r d  a n d  G ib b s  h a d  le f t  H a m le t  o u t  o f  t h e  p la y .  I n  J u l y  1 8 9 0  t h e  a p p e a l  

w a s  d is m is s e d  w ith  c o s ts .34

I n  t h e i r  p e t i t io n  f o r  r e v o c a t io n ,  F e r r a n t i  a n d  h is  a s s o c ia te s  c i te d  a s  p r io r  

p u b l i c a t io n  t h i r t e e n  B r i t i s h  p a te n t s ,  F a r a d a y ’s E x p e r im e n ta l  R e se a rc h  in  E le c ­

tr ic ity ,  p o r t io n s  o f  t h r e e  w o rk s  b y  “ N o a d ,” tw o  a r t i c l e s  in  t h e  T e le g ra p h ic  

J o u r n a l  a n d  E le c tr ic a l R e v ie w  o f  15 A p r i l  1 8 7 9 ,  a n d  C o u n t  d u  M o n c e l’s 

d e s c r ip t io n  o f  th e  J a b l o c h k o f f  s y s te m  in  E x p o s e  d es a p p lic a tio n s  d ’e lec tr ic ite  

( 1 8 7 8 ) .  I n  c i t in g  p r i o r  u s e ,  th e y  w e re  le ss  s p e c i f ic ,  c l a im in g  t h a t  t h e  a l le g e d  

in v e n t io n  w as  c o m m o n ly  u s e d  in  t e l e g r a p h y ;  t h a t  e l e c t r i c i a n s  u s e d  th e  

a l le g e d  in v e n t io n  ( i n d u c t io n  co ils  c a r r y i n g  a l t e r n a t i n g  c u r r e n t )  to  s u p p ly  

lig h t  w h e n  th e y  f o u n d  it  c o n v e n ie n t  a n d  a p p r o p r i a t e ;  a n d  t h a t  J a m e s  E d ­

w a r d  H e n r y  G o r d o n ,  in  M ay  1 8 8 0  a n d  s u b s e q u e n t ly ,  u s e d  t h e  in v e n t io n  

to  s u p p ly  l ig h t  a t  h is  h o m e  in  D o r k in g  a n d  a t  v a r io u s  p la c e s  in  L o n d o n .33 

T h e  r e f e r e n c e  to  u s e  o f  th e  t r a n s f o r m e r  s y s te m  b y  t h e  w e l l -k n o w n  in v e n to r  

a n d  e n g i n e e r  G o r d o n  w as  th e  m o s t  s p e c i f ic  c la im , b u t  h is  in s t a l l a t io n s  w e re  
n o t  d is c u s s e d  in  t h e  lo r d s ’ r u l in g .

1  h e  tw o  p r i o r  p a te n t s  th a t  w e re  c o n s id e r e d  m o s t  i m p o r t a n t  b y  th e  lo rd s  

w e r e  J a b l o c h k o f f s  ( B r i t i s h  P a te n t  n o .  1 ,9 9 6  o f  1 8 8 7 )  a n d  E d w a r d s  a n d  

N o r m a n d y ’s ( B r i t i s h  P a te n t  n o .  4 ,6 1 1  o f  1 8 7 8 ) . T h e  l o r d s  f o u n d ,  h o w e v e r ,  

t h a t  J a b l o c h k o f f s  p a t e n t  d id  n o t  s p e c ify  th a t  h is  t r a n s f o r m e r s  w o u ld  lo w e r , 

o r  s t e p  d o w n ,  th e  e le c t r o m o t iv e  fo r c e  (v o l ta g e ) ;  h e  s im p ly  d id  n o t  e x c lu d e  

th a t  p o s s ib il i ty . E d w a r d s  a n d  N o r m a n d y ’s p a t e n t  g r e a t ly  im p r e s s e d  L o r d  

H e r s c h e l l  b e c a u s e  it d e s c r ib e d  a  t r a n s f o r m e r  t h a t  w o u ld  lo w e r  t h e  t e n s io n

”  G rc a l B rita in , Reports o f  Pa ten t, D esign, a n d  T ra de  M a rk  Cases, vol. 4 . no . 7 (30  A pril 1887). 
p p . 1 89 -91 .

”  Ib id ., vol. 7. n o . 40  (5 N o v em b er 1890). p p . 3 8 2 -8 7  a n d  388.
,s Ib id .. p . 371.



R E V E R S E  S A L I E N T S  A N D  C R I T I C A L  P R O B L E M S

( v o lta g e )  a n d  r a is e  t h e  q u a n t i ty  ( a m p e r a g e )  o f  e le c tr ic i ty .  L o r d  H e r s c h e l l  

r e c o g n iz e d ,  h o w e v e r ,  t h a t  E d w a r d s  a n d  N o r m a n d y  c o n te m p la te d  u s in g  n o t  

a  h ig h - t e n s io n  c i r c u i t  f o r  e x t e n d e d  t r a n s m is s io n  b u t  a  re la t iv e ly  low  o n e  

f o r  d i s t r i b u t i o n  in  a s in g le  b u i ld in g  f r o m  a  s o u r c e  o f  e n e r g y  in  th a t  b u i ld in g .  

M o r e o v e r ,  t h e s e  in v e n to r s  d id  n o t  h a v e  ac c e ss  to  p ra c t ic a l  in c a n d e s c e n t  

la m p s .

T h i s  re v ie w  o f  t h e  le g a l  p ro c e s s  s e rv e s  a s  a  r e m i n d e r  t h a t  p a te n t s  a n d  

le g a l  d e c is io n s  c o n c e r n i n g  th e m  a r e  n o t  th e  s a m e  a s  in v e n t io n s  a n d  i n ­

f o r m e d  ju d g m e n t s  a b o u t  t h e m .  T h e  lo r d s  to o k  a n  a m b iv a le n t  p o s i t io n ,  f o r  

e x a m p le ,  o n  t h e  n o v e l ty  o f  c o m b in a t io n s .  A s L o r d  H e r s c h e l l  s a id  n o n e  to o  

c le a r ly ,

T h e  t r u th  is th a t th e  P a te n te e  was sim ply  ap p ly in g  to  a g r e a te r  d is tan c e  a n d  
w o rk in g  th ro u g h  a g r e a te r  le n g th  o f  w ire th a t w hich h ad  b een  conce ived  by 
o th e r  p eo p le  b e fo re  h im , a n d  if  h e  u sed  an  a lte rn a tin g  c u r re n t o f  h ig h  ten sio n , 
w hich they  d id  n o t, it was sim ply  th a t h e  a p p lied  to  th e  p u rp o s e  w hich he 
w an ted  to  acco m p lish  th e  o rd in a ry  w ell-know n m e an s  o f  p ro d u c in g  th a t resu lt, 
nam ely , u s in g  fo r  lo n g  d is tan ces  a n  a l te rn a tin g  c u r r e n t  o f  h ig h  te n s io n .5*

F u r t h e r m o r e ,  L o r d  H e r s c h e l l  m in im iz e d  th e  s ig n i f ic a n c e  o f  t h e  u s e  o f  

i n c a n d e s c e n t  l a m p s  b y  G a u l a r d  a n d  G ib b s  a n d  n o t  b y  o t h e r s  by  c o m ­

m e n t in g ,  “ I t  w as  o n ly  j u s t  p r e v io u s ly  to  th e  t im e  o f  th e  A p p e l l a n t ’s a l le g e d  

in v e n t io n  t h a t  th e s e  in c a n d e s c e n t  l ig h ts  h a d  c o m e  in to  u s e ,  a n d  it  w as  o n ly  

j u s t  a b o u t  t h a t  t im e  t h e r e f o r e  t h a t  p e o p le  h a d  b e e n  c o n c e r n e d  to  f in d  a 

m e a n s  o f  c o m b in in g  t h e  c a r r y in g  o f  a  c u r r e n t  to  a  c o n s id e r a b le  d is ta n c e  

w h ic h  c o u ld  o n ly  b e  d o n e  a t  h ig h  t e n s io n ,  w ith  a t  th e  s a m e  t im e  u ti l iz in g  

it w h e r e v e r  it w as  w a n te d  a t  lo w  te n s io n ." 37 B e c a u s e  L o r d  H e r s c h e l l ’s p h i ­

lo s o p h y  o f  i n v e n t io n  e x c lu d e d  t h e  d e f in i t io n  o f  p r o b le m s  a n d  th e  c o m b i ­

n a t io n  o f  a v a i la b le  te c h n o lo g y  to  e f f e c t  t h e i r  s o lu t io n ,  o n e  w o n d e r s  w h a t 

h e  d id  c o n s i d e r  to  b e  a n  in v e n t io n .

I n  m a k in g  t h e i r  d e c is io n ,  th e  lo r d s  d id  n o t  w e ig h  h e a v ily  th e  d e m o n ­

s t r a t io n s  o f  t r a n s m is s io n  a n d  d i s t r ib u t io n  m a d e  b y  G a u la r d  a n d  G ib b s  in  

18 8 3  a n d  1 8 8 4 , d e m o n s t r a t i o n s  t h a t  w e re  n o t  m a tc h e d  in  c o m p le x i ty ,  e x ­

t e n t ,  a n d  s u c c e s s  b y  a n y  o t h e r  in v e n to r s  o f  a l t e r n a t i n g - c u r r e n t  t r a n s m is s io n  

s y s te m s  b e f o r e  1 8 8 5 . T h e  f i r s t  o f  G a u la r d  a n d  G ib b s ’s p u b l ic  d e m o n s t r a ­

t io n s  to o k  p la c e  a t  t h e  W e s tm in s te r  A q u a r iu m  e x h ib i t io n  in  A p r i l  188 3 . In  

N o v e m b e r  1 8 8 3  a  s y s te m  w as p la c e d  in to  o p e r a t io n  f o r  th e  M e tr o p o l i ta n  

R a ilw a y  C o m p a n y  u s in g  g e n e r a t o r s  a t  th e  C h a p e l  S t r e e t  w o rk s  a n d  a  m ix  

o f  a r c  a n d  in c a n d e s c e n t  la m p s  a t  u n d e r g r o u n d  s ta t io n s  a t  N o t t in g  H ill 

G a le ,  G o w e r  S t r e e t ,  K in g ’s C ro s s ,  A ld g a te ,  a n d  E d g e w a r e  R o a d .  T h e  s y s te m  

e x t e n d e d  f o r  f i f t e e n  m ile s  a n d  “ s e e m s  to  h a v e  w o rk e d  w ell a c c o r d in g  to  

r e p o r t s  in  t h e  te c h n ic a l  p r e s s . ’’38

L a c k in g  m o n e y  to  p u r c h a s e  n e w  e q u ip m e n t ,  G a u la r d  a n d  G ib b s  m o v e d  

e q u i p m e n t  f r o m  th e  M e t r o p o l i t a n  R a ilw a y  C o m p a n y  to  T u r i n ,  I ta ly , f o r  

a n  in te r n a t i o n a l  e x h ib i t io n  a n d  c o m p e t i t io n  f o r  th e  b e s t  s y s te m  o f  lo n g ­

d i s t a n c e  e le c t r ic a l  t r a n s m is s io n .  W ith  g r e a t  w a te r - p o w e r  s ite s  in  th e  A lp s , 

th e  I ta l ia n s  w e re  s e n s it iv e  to  th e  in a d e q u a c ie s  o f  th e  E d is o n  a n d  o t h e r

“  Ib id .,  p. 386.
17 Ib id .. p. 387.
5* S tra n a c . "S om e T es ts  on  a G au lard  a n d  G ibbs T ra n s fo rm e r ,"  p. 4/1.
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d i r e c t - c u r r e n t ,  lo w - v o l ta g e  s y s te m s  in  t r a n s m i t t i n g  e n e r g y  f r o m  s i te  to  u r ­

b a n  lo a d  c e n te r s .  I n  S e p t e m b e r  1 8 8 4  G a u l a r d  a n d  G ib b s  p la c e d  t h e i r  t r a n s ­

f o r m e r s  o n  a  f if ty -m ile  c i r c u i t  t h a t  l i g h te d  t h e  e x h ib i t io n  b u i ld in g s ,  th e  

T u r i n  r a i lw a y  s t a t io n ,  a n d  s t a t io n s  a l  V e n e r i a  R e a le  a n d  a t  L a n z o ,  a  sm a ll 

v il la g e  in  th e  S a v o y  A lp s .  F o r  th e  T u r i n  in s ta l l a t io n ,  G a u l a r d  a n d  G ib b s  

w e r e  a w a r d e d  th e  g r a n d  p r i z e  o f  1 0 ,0 0 0  f r a n c s .39 P e r m a n e n t  in s ta l la t io n s  

fo l lo w e d  in  1 8 8 5  a n d  1 8 8 6  a t  T o u r s ,  F r a n c e ;  R o m e ,  I ta ly ;  a n d  A s c h e rs le -  

b e n ,  G e r m a n y .  G a u l a r d  a n d  G ib b s ’s b e s t - k n o w n  in s ta l l a t io n  w a s  b e g u n  a t 

G r o s v e n o r  G a l le ry ,  L o n d o n ,  in  M a rc h  1 8 8 5 . '’°

T h e  a d j u d i c a t i n g  lo r d s  n o t  o n ly  d id  n o t  c o n s i d e r  s u c c e s s fu l  d e m o n s t r a ­

t io n s  a n d  in s ta l la t io n s  to  b e  e v id e n c e  o f  a n  E n tw ic k lu n g s fa h ig  (“d e v e lo p m e n t -  

fe a s ib le ”) in v e n t io n  b u t  th e y  f a i le d  to  p o n d e r  t h e  p a r t i c u l a r  p r o b le m s  th a t  

G a u l a r d  a n d  G ib b s  a t t e m p t e d  to  s o lv e  w ith  t h e i r  s y s le m . A m o n g  th e  c o n ­

d i t io n s  G a u l a r d  a n d  G ib b s  to o k  in to  a c c o u n t ,  a n d  t h e  lo r d s  i g n o r e d ,  w e re  

t h e  E le c tr ic  L ig h t in g  A c t o f  1 8 8 2  a n d  t h e  v a r i e d  c h a r a c te r i s t i c s  o f  e x is t in g  

l a m p s .  T h e y  in t e n d e d  lo  u s e  t h e  p u b l ic  s t r e e t s  f o r  t r a n s m is s io n  a n d  d is ­

t r i b u t i o n  f r o m  c e n t r a l  s t a t io n s ,  a n d  t h e r e f o r e  th e y  c o r r e c t ly  a n t i c ip a te d  

th a t  t h e i r  s y s te m  w o u ld  h a v e  to  c o n f o r m  to  t h e  p r o v i s io n s  o f  t h e  1882 

le g is la t io n .  N o n e  o f  t h e  in v e n to r s  w h o s e  p a t e n t s  w e r e  c i te d  a s  a n t i c ip a t in g  

G a u l a r d  a n d  G ib b s ’s h a d  s o lv e d  t h a t  p a r t i c u l a r  c o n t e x t u a l  p r o b le m .

T h e  l i t ig a t io n  w as  e x te n s iv e ,  t h e  c o n t r o v e r s y  in  te c h n ic a l  j o u r n a l s  h e a te d ,  

a n d  t h e  n e g a t iv e  c o u r t  d e c is io n s  w e r e  lik e  t r i a l  v e r d ic t s  f o r  G a u l a r d  a n d  

G ib b s . B r o k e n  by  th e s e  e x p e r i e n c e s ,  G a u l a r d  d ie d  in s a n e  o n  2 6  N o v e m b e r  

1 8 8 8  a t  t h e  S a in te - A n n e  H o s p i t a l  in  P a r is .  B y  t h e n  o t h e r  i n v e n to r s  a n d  

e n g in e e r s ,  w h o  a c k n o w le d g e d  th e  p r io r i ty  o f  G a u l a r d  a n d  G ib b s ’s d e m ­

o n s t r a t i o n s  b u t  s t r e s s e d  t h e i r  o w n  im p r o v e m e n t s ,  w e r e  r a p id ly  in t r o d u c in g  

th e  t r a n s f o r m e r  s y s te m . T h e  e d i t o r  o f  t h e  B r i t i s h  j o u r n a l  T e le g r a p h ic  J o u r n a l  

a n d  E le c tr ic a l  R e v ie w  w r o te  t h a t  t h e  c a r e s  a n d  d i s a p p o i n t m e n t s  o f  t h e  lo n g  

a n d  b i t te r ly  c o n te s te d  p a t e n t  l i t ig a t io n  h a d  a g g r a v a t e d  “a n t e r i o r  t e n d e n ­

c ie s ” a n d  h a s t e n e d  G a u l a r d ’s F inal b r e a k d o w n .41 S e v e ra l  m o n t h s  b e f o r e  h is 

u n t im e ly  d e a t h ,  G a u l a r d  h a d  a p p e a r e d  a t  t h e  E ly s e e  a s k in g  t h e  c o n c ie rg e  

to  c o n d u c t  h im  to  t h e  p r e s i d e n t  o f  F r a n c e ,  f o r  w h o m ,  h e  s a id ,  h e  h a d  a n  

u r g e n t  m e s s a g e .  T h e  m e s s a g e  w a s , “ I a m  G o d  a n d  G o d  d o e s  n o t  w a it .”42 

O n e  F r e n c h  h i s to r i a n  o f  t e c h n o lo g y  d e s c r ib e s  G a u l a r d  a s  a  s u f f e r i n g  in ­

v e n to r  w h o s e  in g e n u i ty  c o s t  h im  n o t  o n ly  h is  m o n e y  b u t  r e a s o n  a n d  life  as 
w e ll.43

G a u l a r d ’s la t e  w as  t r a g ic .  H is  e x p e r i e n c e  a ls o  s u g g e s t s  t h a t  it is f u t i le  fo r  

a n  i n v e n to r ,  a  h i s to r i a n  o f  i n v e n t io n ,  o r  e v e n  t h e  c o u r t s  to  a t t e m p t  to  p ro v e  

w h o  i n v e n te d  a m a c h in e ,  d e v ic e ,  o r  p r o c e s s  s u c h  a s  t h e  s t e a m  e n g in e ,  th e  

t e l e p h o n e ,  o r  th e  t r a n s f o r m e r .  J a m e s  W a l l ,  f o r  in s t a n c e ,  d i d  n o t  in v e n t  th e

,0 Tele.graphic J o u r n a l a n d  Electrical R ev ie w  l.r> (188-1): 3 6 3 -6 4 . F o r d e sc r ip tio n s  o f  installa ­

tions, s e e j .  A. F lem in g , The  A lte rn a tin g  C ur ren t Tr ansfo rm er in Theory  a n d  Practice. 2 vols. (New 
Y ork: V an  N o s tra n d . 1892), 2: 7 5 -7 7 ; a n d  E n g in e er in g  38  (1884): 5 2 9 -3 0 .

•"•S trange. ■T ra n sfo rm e r  Pa ten t L itig a tio n ,"  p. 8/2 .

Telegraphic J o u r n a l a n d  E lectrical Rev ie w .  23  (1888): 620 .
**E lectrical E ng in eer  (L o n d o n ) I (1888): 147.

”  P ie rre  R o usseau . L'H is toire  des techniques el des in ven tiones (Paris : F a y a rd , J958). p. 477. 
R ousseau  d e scrib e s G a u la rd  as " ru in *  a b a n d o n n e . m a lad e  et sa n s Tamille. ii lu t i t r e  e n d e m i*  
a hosp ic e  d c  a lien ćs. e t r  esl d e  jusiesse q u c  I o n  sa uva  se s res tes  d e  la fosse c o m m u n e "  (ibid.).
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s te a m  e n g in e ;  h e  in v e n te d  a  s e p a r a te ly  c o n d e n s in g  s te a m  e n g in e .  A le x ­

a n d e r  G r a h a m  B ell d id  n o t  in v e n t  th e  t e l e p h o n e ;  h e  p u t  to g e t h e r  a  t e l e ­

p h o n e  s y s te m  t h a t  e m b o d ie d  a  p a r t i c u l a r  a p p l i c a t io n  o f  th e  p r in c ip le s  o f  

v a r ia b le  r e s is ta n c e  a n d  in d u c t io n .  A n d  E d is o n  d id  n o t  in v e n t  th e  in c a n ­

d e s c e n t  la m p ;  h is  a c h ie v e m e n t  w as  a n  i n c a n d e s c e n t  l a m p  w ith  a  h ig h -  

re s i s t a n c e  f i l a m e n t .  S im ila r ly ,  L u c ie n  G a u la r d  d id  n o t  in v e n t  th e  t r a n s ­

f o r m e r ;  h e  b u i l t  a  t r a n s m is s io n  a n d  d i s t r ib u t io n  s y s te m  th a t  in c o r p o r a t e d  

t r a n s f o r m e r s  w ith  p r im a r ie s  c o n n e c te d  in  s e r ie s  in  a  h ig h - v o l ta g e ,  a l t e r ­

n a t i n g - c u r r e n t  c i r c u i t ,  a n d  s e c o n d a r i e s  c a p a b le  o f  s u p p ly in g  v a r io u s  c o m ­

b in a t io n s  o f  r e la t iv e ly  lo w  v o l ta g e  a n d  h ig h  c u r r e n t  to  i n c a n d e s c e n t  a n d  

a r c  l a m p s .  E v e n  s u c h  q u a l i f i c a t io n s  s im p l i fy  t h e  n a t u r e  o f  t h e s e  in v e n t io n s ,  

h o w e v e r .  I n  fa c t ,  t h e  in v e n t io n s  w e re  p a r t i c u l a r  s o lu t io n s  to  p a r t i c u la r  

c r i t ic a l  p r o b le m s  d e f i n e d  w i th in  th e  c o n te x t  o f  p la c e ,  t im e ,  a n d  o t h e r  c i r ­

c u m s ta n c e s .  T h e  in v e n to r s  im p r o v e d  o n  t h e i r  e a r ly  in v e n t io n s ,  a n d  o t h e r  

in v e n to r s  a ls o  a d a p i e d  a n d  m o d i f i e d  th e m  to  s u i t  o t h e r  p la c e s ,  t im e s ,  a n d  

c i r c u m s ta n c e s .

G a u l a r d  a n d  G ib b s  m e r i t  a p r o m i n e n t  p la c e  in  h is to r y  b e c a u s e  th e y  in ­

v e n te d ,  d e v e lo p e d ,  a n d  d e m o n s t r a t e d  a s y s te m  t h a t  w as , to  u s e  th e  a p t  

G e r m a n  e x p r e s s io n ,  E n tw ic k lu n g s fa h ig .  O n c e  d e m o n s t r a t e d ,  t h e i r  in v e n t io n  

s t im u la te d  a  s t r e a m  o f  im p r o v e m e n ts .  T h e i r  s y s te m  w as a  c o m b in a t io n  o f  

k n o w n  p r in c ip le s  a n d  d e v ic e s ,  b u t  it w as  a u n i q u e  c o m b in a t io n  t h a t  f u n c ­

t i o n e d  to  so lv e  a  p r o b le m  a n d  c o r r e c t  a  r e v e r s e  s a l ie n t .  N e v e r th e le s s ,  w h e n  

th is  E n tw ic k lu n g s fa h ig  i n v e n t io n  w as  in t r o d u c e d ,  its  p o te n t i a l  w as  q u ic k ly  

s e n s e d ;  in v e n to r s  a n d  e n g i n e e r s  w e r e  a w a r e  o f  th e  flaw  in  t h e  d .c .  sy s te m  

a n d  e a g e r ly  s e t  a b o u t  s o lv in g  t h e  p r o b le m .  T h u s  it p r o v e d  to  b e  d if f ic u l t  

t o  g iv e  G a u l a r d  a n d  G ib b s  c r e d i t  f o r  t h e i r  c o n t r ib u t io n  in  a  c o u r t  o f  law .

A s n o te d ,  t h r e e  in v e n t o r - e n g i n e e r s  a s s o c ia te d  w ith  G a n z  8c C o m p a n y ,  

t h e  p r o m i n e n t  H u n g a r i a n  e l e c t r ic a l  m a n u f a c t u r i n g  f i rm ,  s u b s ta n t ia l ly  im ­

p r o v e d  t h e  d e s ig n  o f  t h e  G a u l a r d  a n d  G ib b s  t r a n s f o r m e r .  A c c o r d in g  to  

G a u la r d ,  t h e  H u n g a r i a n  e n g i n e e r  O t to  T i t u s  B la th y  ( 1 8 6 0 - 1 9 3 9 )  a p ­

p r o a c h e d  h im  a b o u t  h is  t r a n s f o r m e r  s y s te m  a t  th e  T u r i n  e x h ib i t io n .  B la th y  

is s a id  to  h a v e  a p p e a l e d  to  h im  n o t  to  l ic e n s e  t h e  s y s te m  in  A u s t r ia  u n t i l  

B la th y  c o u ld  c o n v in c e  h is  f i r m ,  G a n z  8c C o m p a n y  o f  B u d a p e s t ,  o f  its  v a lu e .'1-1 

B la lh y  a c k n o w le d g e d  t h a t  h e  a n d  a n o t h e r  G a n z  e n g in e e r ,  C h a r l e s  Z ip e r -  

n o w s k i ( 1 8 5 3 - 1 9 4 2 ) ,  d id  s e e  G a u la r d  a t  T u r i n ,  b u t  th a t  a ll th e y  l e a r n e d  

f r o m  h im  w as  h o w  a  t r a n s f o r m e r  s h o u ld  n o t  b e  c o n s t r u c te d .45 G a n z  & 

C o m p a n y  e n g i n e e r s  t h e n  b o u g h t  a  G a u la r d  a n d  G ib b s  t r a n s f o r m e r  a n d  in  

th e  w in te r  o f  1 8 8 4 /8 5  m a d e  tw o  m a jo r  i m p r o v e m e n ts  in  it. B la th y  d e c id e d  

t h a t  a  c lo s e d  c o r e  c o u ld  b e  u s e d  to  p r o v id e  a m o r e  e f f e c t iv e  m a g n e t ic  f ie ld  

th a n  t h e  o p e n  c o re .  M a x  D e r i  ( 1 8 5 4 - 1 9 3 8 ) ,  a ls o  o f  G a n z  8c C o m p a n y ,  a n d  

Z ip e rn o w s k i  r e c o g n iz e d  in e f f e c t iv e  v o lta g e  r e g u la t io n  in  th e  s e c o n d a r y  c i r ­

c u i ts  a s  a r e v e r s e  s a l ie n t  in  th e  G a u la r d  a n d  G ib b s  sy s te m  a n d  c o n n e c te d  

th e  p r im a r ie s  in  p a r a l le l .  B y M ay  1 8 8 5  D e r i ,  B la th y ,  a n d  Z ip e rn o w s k i  h a d  

d e v e lo p e d  t h e i r  s y s te m  a n d  d e m o n s t r a t e d  it  a t  t h e  H u n g a r i a n  N a t io n a l  

E x h ib i t io n  in  B u d a p e s t .  T h e i r  t r a n s f o r m e r  is c o n s id e r e d  by  s o m e  to  h a v e

L cllc r  fro m  G a u la rd  lo  th e  jo u r n a l .  Telegraphic J o u rn a l a n d  Electrical U ev irw  17 (1R85):

■“ L ciie r  f ro m  Dlitlliy to  llie  jo u rn a l, ib id .. p p . 4 6 5 -6 6 .
508.
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F ig u re  I V .7. Th e  D en . Blathy , a n d  

Zipernow ski transform er , 1 8 8 5 . From 
F lem ing.  T h e  A lte rn a tin g  C u r r e n t  

T ra n s f o rm e r , 2: 8 7 .

b e e n  “ t h e  f i r s t  c o m m e r c ia l ,  p r a c t i c a l  t r a n s f o r m e r ." '" 5 F le m in g  d e s c r ib e s  it 

a s  a  m a j o r  i m p r o v e m e n t  u p o n  t h a t  o f  G a u l a r d  a n d  G ib b s .47 (S e e  F ig . I V .7 .)

T h e  in v e n t io n  a n d  d e v e l o p m e n t  o f  t h e  c l o s e d - c o r e ,  p a r a l l e l - c o n n e c te d  

t r a n s f o r m e r  b y  B ld lh y ,  D e r i ,  a n d  Z ip e r n o w s k i  w a s  n o t  f o r t u i t o u s — th e y  a n d  

G a n z  8c C o m p a n y  h a d  b u i l t  u p  a  m o m e n t u m  in  t h e  a l t e r n a t i n g - c u r r e n t  

f ie ld  t h a t  c a r r i e d  t h e m  i n t o  t r a n s f o r m e r  d e v e l o p m e n t  g e n e r a l ly ,  a n d  p a r ­

a l le l  c o n n e c t i o n s  s p e c i f ic a l ly .  I n  1 8 7 8  G a n z  8c C o m p a n y  a s s ig n e d  p a r t  o f  

its  e x te n s iv e  e n g i n e e r i n g  w o r k s  to  t h e  m a n u f a c t u r e  o f  e l e c t r i c  l ig h t in g  

a p p a r a t u s  in  A u s t r i a - H u n g a r y  a n d  b y  1 8 8 3  h a d  m a d e  o v e r  f if ty  in s ta l la ­

t io n s .  I t  o f f e r e d  a n  e n t i r e  s y s te m  c o n s i s t in g  o f  b o t h  a r c  a n d  i n c a n d e s c e n t  

l a m p s ,  g e n e r a t o r s ,  a n d  o t h e r  a c c e s s o r i e s .T h e  f a c t  t h a t  it  a d o p t e d  a l t e r n a t ­

i n g  c u r r e n t  e x c lu s iv e ly  w a s  n o t a b l e  in  t h e  e r a  o f  t h e  E d i s o n  d i r e c t - c u r r e n t  

s y s te m .48 T w o  o f  t h e  e n g i n e e r s  w h o  w o r k e d  o n  t r a n s f o r m e r  d e s ig n  h a d  

p r i o r  e x p e r i e n c e  w ith  a l t e r n a t i n g  c u r r e n t .  Z ip e r n o w s k i ,  f o u n d e r  o f  th e  

e le c t r ic a l  d iv is io n  a t  t h e  G a n z  f a c to r y ,  d e s i g n e d  t h e  c o m p a n y ’s p a t e n t e d  

a l t e r n a t i n g - c u r r e n t  s y s te m . B ld th y ,  t e c h n ic a l  d i r e c t o r  o f  t h e  e l e c t r ic a l  d i ­

v i s io n  a f t e r  1 8 8 3 , a ls o  h e ld  m a n y  a .c .  p a t e n t s .  A l t h o u g h  D e r i  w a s  m o s t 

a c t iv e  in  t h e  s a le s  d iv is io n ,  h e  to o ,  c o n t r i b u t e d  to  t h e  t e c h n ic a l  d e v e lo p m e n t  

o f  t h e  t r a n s f o r m e r .

I n  d e s i g n i n g  v a r io u s  a l t e r n a t i n g - c u r r e n t  in s t a l l a t io n s ,  G a n z  e n g i n e e r s  

u s e d  p a r a l l e l  c i r c u i t s  a n d  c o n s ta n t - v o l t a g e  g e n e r a t o r s . 49 T h i s  e x p e r i e n c e  

u n d o u b t e d l y  in f l u e n c e d  Z ip e r n o w s k i ,  D e r i ,  a n d  B la th y  to  t r y  w o r k in g  th e  

t r a n s f o r m e r  in  p a r a l l e l ,  f o r  s u c h  a n  a r r a n g e m e n t  c a l le d  f o r  a  c o n s ta n t -  

v o l ta g e  g e n e r a t o r .  S in c e  t r a n s f o r m e r s  w i th  p r i m a r i e s  w i r e d  in  p a r a l l e l  a n d  

s u p p l i e d  f r o m  a  c o n s ta n t - v o l t a g e  g e n e r a t o r  w e r e  s e l f - r e g u l a t i n g ,  G a n z  e n ­

g i n e e r s  c o u ld  d i s p e n s e  w ith  t h e  c o m p le x  r e g u l a t o r  G a u l a r d  a n d  G ib b s  h a d  

p la c e d  in  t h e  s e c o n d a r y  c i r c u i t .

T o  u n d e r s t a n d  w h y  G a n z  8c C o m p a n y  s u c c e e d e d  w h e r e  G a u l a r d  a n d  

G ib b s  fa i le d  it is im p o r t a n t  to  n o t e  t h a t  G a n z  8c C o m p a n y  h a d  c u s to m a r i ly  

d e s i g n e d  a n d  m a n u f a c t u r e d  a n  e n t i r e  s y s te m . B e c a u s e  o f  th is ,  it  w a s  n o t 

in c l in e d  to  d e v e l o p  a  c o m p l ic a te d  t r a n s f o r m e r  t h a t  p e r m i t t e d  a d a p ta t io n  

t o  o t h e r  i n v e n t o r s ’ a n d  m a n u f a c t u r e r s ’ c o m p o n e n t s .  T h u s ,  Z ip e rn o w s k i  

a n d  h is  c o l l e a g u e s  d id  n o t  r e s o r t  to  s u c h  in g e n i o u s  e x p e d i e n t s  a s  t h e  o p e n ,  

r e m o v a b le  c o r e  a n d  s e ts  o f  b o b b in s  w ith  c o n n e c t i o n  p e r m u t a t i o n s .  T h e  

G a n z  a p p r o a c h  w a s  m o r e  a n a l o g o u s  to  t h e  s y s te m s  a p p r o a c h  o f  E d is o n .  

B u t  a n o t h e r  m a j o r  e x p l a n a t i o n  f o r  t h e  in g e n i o u s  a n d  c o m p l ic a te d  G a u la r d  

a n d  G ib b s  d e s ig n  a n d  t h e  i n g e n io u s  a n d  r e la t iv e ly  s im p le  G a n z  &  C o m p a n y  

d e s ig n  is t h a t  t h e  E le c t r ic  L i g h t in g  A c t o f  1 8 8 2  d id  n o t  a p p ly  in  t h e  A u s t ro -  

H u n g a r i a n  E m p i r e .  I t  s h o u l d  a ls o  b e  n o t e d  t h a t  b y  1 8 8 5 ,  in  t h e  U n i te d  

K in g d o m  a n d  e l s e w h e r e  in  t h e  i n d u s t r i a l  W e s t ,  l a m p  v o l ta g e s  w e r e  b e in g  

s t a n d a r d i z e d ,  a n d  it w a s  n o  l o n g e r  lik e ly  t h a t  a  f ix e d  v o l ta g e  f r o m  th e  

s u p p l i e r  w o u ld  d ic ta t e  t h e  c a p a c i ty  o f  a  p a r t i c u l a r  m a n u f a c t u r e r ’s la m p s .  

T h e  G a n z  8c C o m p a n y  s y s te m  w a s  w id e ly  a d o p t e d .  B y 1 8 9 0  n e a r ly  s e v e n ty

■"* M alacsy a n d  von  Fu chs. " T ra n s fo r m e r  I n v e n te d  Se ve n ty -five  Y ears  A g o ,"  p. 121.

' TH t Al,,l n m ! in «  C u ,r ' " '  Tr ansform er . p . 86. A b a la n c e d  view a t tr ib u te d  to  C a u la rd  
an d  G ib bs th e  in tro d u c tio n  o f  a  t r a n s fo r m e r  sy stem  th a t c o u ld  be  d e v e lo p e d  in  a  p ractical 
f o n r >{D etnebsf6h,g ) a n d  to  th e  H u n g a r ia n s  th e  ac tu a l in tro d u c tio n  o f  th a t fo rm . L. Sch u le r 
Geschtclile des Tr ansform ato ri, q u o te d  in D e llm a r. S tarks lro m lechn ik  p  84 

“ E n g in eer in g,  35  (1883): 8 0 -8 1  a n d  550 .
,g Ib id .. p p . 5 5 0 -5 1 .
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c e n t r a l  s t a t io n s  o f  v a r io u s  s iz e s  h a d  b e e n  p la c e d  in  o p e r a t i o n  u s in g  th e  

c o m p a n y ’s a l te r n a t in g - c u r r e n t  g e n e ra to r s ,  t r a n s fo r m e r s ,  a n d  c o n tro ls . T h e s e  

s t a t io n s  s u p p l i e d  1 0 0 ,0 0 0  in c a n d e s c e n t  la m p s  a n d  1 ,0 0 0  a r c  l a m p s . '0 B o th  

C a n z  & C o m p a n y  a n d  G a u l a r d  a n d  G ib b s  d i s p la y e d  t h e i r  s y s te m s  a t  th e  

I n v e n t io n s  E x h ib i t io n  in  t h e  s p r i n g  o f  1 8 8 5  a t  S o u th  K e n s in g to n  in  L o n d o n .  

T h e  d is p la y s  d r e w  t h e  a t t e n t i o n  o f  m a n y  e le c t r ic ia n s  a n d  e n g i n e e r s  ( a m o n g  

th e m ,  th e  A m e r ic a n  G e o r g e  W e s t in g h o u s c )  to  a l t e r n a t i n g - c u r r e n t  d i s t r i ­

b u t io n .

O t h e r s  s o o n  j o i n e d  th e  G a n z  & C o m p a n y  e n g i n e e r s  in  th e  r a n k s  o f  th e  

im p r o v e r s  o f  G a u l a r d  a n d  G ib b s 's  s y s te m . I n  L o n d o n  a  t r a in  o f  e v e n ts  w as 

s e t  in to  m o t io n  t h a t  r e s u l t e d  in  a  m o d if ic a t io n  to  th e  s y s te m  G a u l a r d  a n d  

G ib b s  in s ta l le d  in  L o n d o n ’s G r o s v e n o r  G a lle ry .  T h e  o w n e r s  o f  t h e  g a l le ry  

h a d  s id e - s t e p p e d  t h e  r e s t r i c t io n s  o f  th e  E le c tr ic  L ig h t in g  A c t o f  1 8 8 2  by 

s t r i n g i n g  t h e i r  w ire s  a lo n g  r o o f to p s ,  th e r e b y  a v o id in g  t h e  o p e n i n g  o f  th e  

s t r e e t s .  T h e y  th e n  w a n te d  a n  e c o n o m ic a l  m e a n s  o f  t r a n s m i t t i n g  a c ro s s  th e  

r o o f to p s .

T h e  G r o s v e n o r  c e n t r a l  s ta t io n  h a d  u n o r t h o d o x  o r ig in s .  W h e n  th e  tw e n ty -  

s ix th  e a r l  o f  C r a w f o r d ,  J a m e s  L u d o v ic  L in d s a y ,  s e r v e d  a s  B r i t i s h  c o m m is ­

s io n e r  a t  t h e  P a r is  E le c t r ic a l  E x h ib i t io n  o f  1 8 8 2 , h e  f o u n d  th e  d is p la y s  o f  

t h e  n e w  in c a n d e s c e n t  l ig h t— e s p e c ia l ly  t h a t  o f  T h o m a s  A . E d is o n — im ­

p r e s s iv e .  H e  t h e n  p e r s u a d e d  h is  u n c le ,  S i r  C o u t t s  L in d s a y ,  p r o p r i e t o r  o f  

t h e  G r o s v e n o r  A r t  G a l le ry  o n  N e w  B o n d  S t r e e t ,  to  in s ta l l  a  p o r ta b le  g e n ­

e r a t o r ,  t h e  b e t t e r  to  l ig h t  t h e  w o rk s  o f  B u r n e - J o n e s ,  W h is t le r ,  a n d  o t h e r  

c o n t e m p o r a r y  a r t i s t s .  E le c t r ic  l ig h t  w o u ld  n o t  s m o k e  th e  p a in t in g s  a s  d id  

g a s  a n d  b u r n i n g  o ils  a n d  w a x e s .

N e w  a r t  a n d  t e c h n o lo g y  s o o n  c o n v e r g e d .  S i r  C o u t ts  L in d s a y  a n d  C o m ­

p a n y  w a s  f o u n d e d  to  s u p p ly  l ig h t in g  n o t  o n ly  to  th e  g a l le ry  b u t  to  n e i g h ­

b o r i n g  b u s in e s s e s  w h o s e  c u s to m e r s  w e r e  im p r e s s e d  b y  th e  l ig h t in g  o f  th e  

a r t  g a l le ry  a n d  its  “g r e e n e r y  y a l le ry ” w o rk s  o f  a r t . 5 ' T o  m e e t  th e  g ro w in g  

d e m a n d ,  th e  c o m p a n y  t u r n e d  to  G a u la r d  a n d  G ib b s , w h o  in s ta l le d  t h e i r  

t r a n s f o r m e r s  in  s e r i e s  in  a  2 ,5 0 0 -v o l t  c i r c u i t  w ith  S ie m e n s  s in g le -p h a s e  

a l t e r n a t o r s .  A s  t h e  lo a d  in c r e a s e d ,  h o w e v e r ,  t h e  s y s te m  p r o v e d  v ir tu a lly  

u n w o r k a b le .52

T h u s ,  in  1 8 8 6  S i r  C o u t t s  L in d s a y  a n d  C o m p a n y  c a lle d  in  th e  y o u n g  a n d  

b r i g h t  e n g i n e e r  S e b a s t ia n  Z ia n i  d e  F e r r a n t i  (1 8 6 4 —1 9 3 0 ), th e  m a n u f a c t u r e r  

o f  m e te r s  u s e d  b y  t h e  c o m p a n y .  B o r n  in  L iv e rp o o l  to  a n  I ta l ia n  f a t h e r  w h o  

h a d  o n c e  b e e n  g u i t a r i s t  to  L e o p o ld  1 o f  B e lg iu m  a n d  a  m o t h e r  w h o  w as 

th e  d a u g h t e r  o f  a  p o r t r a i t  p a i n t e r ,  F e r r a n t i  w as  a  s t r ik in g  p e r s o n  b o th  

p h y s ic a lly  a n d  in te l le c tu a l ly .53 C o m p a r e d  in  h is  y o u th  to  E d is o n ,  h e  s u b ­

s e q u e n t ly  h a d  a  l o n g  a n d  a c tiv e  c a r e e r  a s  a n  in v e n to r ,  e n g in e e r ,  a n d  le a d in g  

B r i t i s h  e l e c t r ic a l  m a n u f a c t u r e r .  H e  h a d  n o  a d v a n c e d  s c ie n tif ic  o r  e n g i ­

n e e r i n g  t r a i n i n g  b e f o r e  b e g in n in g  w o rk  in  1881 f o r  S ie m e n s  B r o th e r s ,  th e

*° F lem ing , T he  A ltern a tin g  Cu rren t Transform er, p . 121.
“  A. P. T r o t te r ,  "E arly  D ays o f  th e  E lectr ical In d u s try  an d  O th e r  R em in iscences” (typescrip t 

a t th e  lib ra ry  o f  th e  In s titu tio n  o f  E lectr ical E ng in e ers . L o nd on ), p. 586.
“* P arso ns, Early  D ays o f  the Power Station Industry , p. 22.
“  O n  F e rra n ti 's  life see W. L. R and cll, 5. Z. de Ferran tt a n d  H is Influ enc e  upon Electrical 

D evelopm ent (L o n d o n : L o ng m a n s, G re e n , 1948): A rth u r  R id d ing , S. Z. de Ferranti, P ione er o f  
E lectrical Powe r (L o n d o n : Science M u seum . 1964); a n d  G e r tru d e  Ziani d e  F e rra n ti a n d  R ichard  
In ce . Th e  L ife  a n d  Letters o f  Sebastian  Z. de Ferran ti (L o nd on : W illiam s Sc N o rg a te , 1934).
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B r i l i s h  b r a n c h  o f  t h e  G e r m a n  e n t e r p r i s e ,  b u t  a t  t h e  S ie m e n s  w o r k s  a t 

C h a r l t o n ,  n e a r  W o o lw ic h ,  h is  e n th u s ia s m  f o r  t h e  n e w  f ie ld  o f  e le c tr ic a l  

e n g i n e e r i n g  g r e w  w h e n  h e  f o u n d  h im s e l f  s u r r o u n d e d  b y  d y n a m o s ,  a rc  

l ig h ts ,  a n d  o t h e r  a p p a r a t u s .  H e  s o o n  im p r e s s e d  h is  a s s o c ia te s  w ith  h is  m e ­

c h a n ic a l  g e n iu s .
N o t in g  h is  g e n iu s  a n d  s t r ik in g  p e r s o n a l i ty ,  F e r r a n t i ’s la w y e r  a d v is e d  h im  

in  1 8 8 3  to  e s ta b l is h  h im s e l f  a s  a  p r iv a te  m a n u f a c t u r e r  o f  h is  a l t e r n a to r s  

a n d  o t h e r  e q u i p m e n t .  F e r r a n t i  r e s p o n d e d  b y  m a r r y i n g  th e  la w y e r ’s d a u g h ­

t e r  a n d  g a in in g  h is  f a th e r - in - l a w  a s  h is  f in a n c ia l  b a c k e r .  A s  a  b r i g h t  y o u n g  

e n g i n e e r  a n d  t h e  r e s p e c te d  in v e n t o r  o f  a n  a l t e r n a t o r ,  F e r r a n t i  t h u s  d r e w  

t h e  a t t e n t i o n  o f  S i r  C o u t l s  L in d s a y  w h e n  n u m e r o u s  t e c h n ic a l  d if f ic u l t ie s  

a r o s e  a t  t h e  G r o s v e n o r  G a l le ry  s t a t io n .

A p p o i n t e d  c h i e f  e n g i n e e r  o f  S i r  C o u l l s  L in d s a y  a n d  C o m p a n y  in  188 6 , 

F e r r a n t i  fo llo w e d  t h e  p r e c e d e n t  o f  G a n z  8c C o m p a n y  a n d  c h a n g e d  o v e r  to  

t h e  p a r a l l e l  c o n n e c t io n  o f  t h e  G a u l a r d  a n d  G ib b s  t r a n s f o r m e r  p r im a r ie s .  

I n  1 8 8 6 ,  o n  b e h a l f  o f  h is  n e w  e m p lo y e r ,  h e  a ls o  p e t i t i o n e d  f o r  r e v o c a t io n  

o f  t h e  G a u l a r d  a n d  G ib b s  p a te n t s .  G a u l a r d  a n d  G ib b s  h a d  c h a r g e d  fees 

f o r  t h e  u s e  o f  t h e i r  p a t e n t e d  t r a n s f o r m e r  a n d  in  t u r n  t h r e a t e n e d  F e r r a n t i  

a n d  S ir  C o u t t s  L in d s a y  a n d  C o m p a n y  w ith  i n f r i n g e m e n t  p r o c e e d in g s  fo r  

t h e  r e d e s i g n e d  t r a n s f o r m e r .  F e r r a n t i  a ls o  p r u d e n t l y  r e p l a c e d  t h e  S ie m e n s  

a l t e r n a t o r s  w ith  m a c h in e s  o f  h is  o w n  d e s ig n .  I n  s h o r t ,  h e  r e d e s i g n e d  th e  

s t a t io n 's  c o m p o n e n t s  s y s te m a t ic a l ly  (s e e  F ig . IV .8 ) .  T h e  G r o s v e n o r  G a lle ry  

s t a t io n  t h e n  e x p a n d e d  im p re s s iv e ly  u n t i l  in  1 8 8 8  t h e r e  w e re  fiv e  m a c h in e s ,  

f iv e  c i r c u i ts ,  a n d  3 4 ,0 0 0  la m p s  l ig h t in g  a  l a r g e  d i s t r i c t  o f  L o n d o n .  I ts  p e a k  

lo a d  in  1 8 8 8  w as  6 0 0  k w .54 G r o s v e n o r  G a l le ry  w a s  c a l le d  t h e  o n ly  c e n tr a l  

s ta t io n  in  E n g la n d  w o r th y  o f  t h e  n a m e  a n d  t h e  “o n e  e v e r  g r e e n  o as is  

s t a n d i n g  b o ld ly  o u t  in  th e  m id s t  o f  a  d is m a l  w a s te .”55 (S e e  F ig . IV .9 .)

I n  t h e  U n i t e d  S ta te s ,  s till  a n o t h e r  i n v e n t o r  a n d  a n o t h e r  c o m p a n y  im ­

p r o v e d  o n  th e  G a u l a r d  a n d  G ib b s  s y s te m  a t  a b o u t  th e  s a m e  t im e  a s  th e  

D e r i ,  B la th y ,  a n d  Z ip e r n o w s k i  m o d i f i c a t io n s  w e r e  b e in g  d e v e lo p e d  in  H u n ­

g a ry  a n d  t h e  F e r r a n t i  s y s te m  w as b e in g  b u i l t  in  E n g la n d .  T h e  A m e r ic a n ,  

W ill ia m  S ta n le y  ( 1 8 5 8 - 1 9 1 6 ) ,  t h e  H u n g a r i a n s ,  a n d  F e r r a n t i  a ll k n e w  a b o u t  

th e  w o rk  o f  G a u l a r d  a n d  G ib b s ;  i n d e e d ,  th e y  h a d  h a d  in t i m a t e  c o n ta c t  w ith  

it , d e s p i t e  t h e i r  in s is te n c e  th a t  th e y  h a d  l e a r n e d  l i t t le  f r o m  it . P a te n t  ta c tic s  

s u g g e s te d  t h a t  th e y  m a k e  th is  d i s c la im e r .  D e r i ,  B la th y ,  a n d  Z ip e rn o w s k i 

w e n t  s o  f a r  a s  to  say  t h a t  th e y  l e a r n e d  o n ly  h o w  n o t  lo  b u i ld  a  t r a n s f o r m e r ;  

F e r r a n t i  c la im e d  th a t  th e  G a u l a r d  a n d  G ib b s  i n v e n t io n  w a s  n o t  p a te n ta b le ;  

a n d  W ill ia m  S ta n le y  o b s e r v e d  y e a r s  l a t e r  t h a t  a l t h o u g h  th e  w o rk  o f  G a u la rd  

w as  r e m a r k a b l e  in  s h o w in g  a c o m p r e h e n s i v e  k n o w le d g e  o f  th e  law s o f  th e  

i n d u c t io n  co il a n d  r e a c t iv e  e l f e c t s ,  “ it w as  h o p e le s s ly  i l l - f i t te d  to  th e  c o n ­

d i t io n s  i m p o s e d  by  a  g e n e r a l  l ig h t in g  s y s te m .”5'1 A s n o t e d  e a r l i e r ,  B M thy

M C l ip p in g  fro m  E n gin eer in g , 2 A u gu st 1912; a n d  L o n d o n  E le ctr ic  S u p p ly  C o rp .. Lid.. 
A n n u a l Itefiort, 1888.

“ See Electrica l E ng in eer  ( I ^ n d o n )  I (I88H ): 348; q u o ta tio n  f ro m  ib id . 2 (1888): 386.
“ T h o m a s  C  M a rtin 's  u n p u b lis h e d  m a n u sc r ip t " b io g r a p h y  o f  W illiam  S tan le y ” was kindly 

lo a n ed  to  m e by M r. S a m u e l Sass. lib ra ria n  o f  th e  W illiam  S tan ley  L ib rary . G e n e ra l Electric 
C o.. P itis lic ld . Mass. (h e re a fte r  cited  a s M a rtin . "S tan ley  B io g ra p h y ") , l a b o r a to r y  a n d  persona l 

n o te bo ok s s p a n n in g  S tan le y 's  c a re e r  as a p ro fe ss io n a l in v e n to r  (c. 18 82 -1 9 1 0 ). as well as 

c o m p an y  re c o rd s  a n d  p e rso n a l m a ter ia ls , a rc  p a n  o r  th e  W illiam  S tan ley  P a p e rs  o n  file at 
th e  W illiam  S tan ley  L ib rary . K aren  B e lm o re  o r  th e  U n iv ersity  o f  P en nsy lvan ia  is c u rren tly  
w riting  a b io g ra p h y  o f  W illiam  S tan ley  th e  in v e n to r
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F ig u re  IV .8 . F erra n ti's 1 8 8 5  notebook 

sketches fo r  transform ers installed  a t the 
G rasvenor G allery cen tra l sta tion , L ondon. 

Courtesy o f  the F erra n ti Ltd . Arch ives , 
H ollinw ood , E n g la n d .

F igu re  IV . 9 . O verhead  distr ibu tio n system 
(18 8 7 ) fr o m  the G rosvenor G allery cen tral 

station.

j t i v r m n a    ̂ ^
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F ig u re  I V .1 0 . W illia m  S tan ley. From  
C re a tin g  th e  E le ctr ic al A g e, ed. N ilo  

Lin d g re n . a special issue o f  EPR1 

J o u r n a l  4 (1 9 7 9 ):  37 .

d is c u s s e d  l l ie  G a u l a r d  a n d  G ib b s  s y s te m  w ith  G a u l a r d  a t  t h e  T u r i n  e x h i ­

b i t io n ,  a n d  F e r r a n t i  w o r k e d  w ith  t h e  s y s te m  a t  G r o s v e n o r  G a l le ry .  S ta n le y ,  

to o ,  h a d  a  G a u l a r d  a n d  G ib b s  t r a n s f o r m e r  a t  h is  d i s p o s a l  a s  h e  d e v e lo p e d  

h is  o w n  d e s ig n .  T h e  in f o r m a t i o n  in  G a u l a r d  a n d  G ib b s ’s p a t e n t s  a n d  in  

th e  t e c h n ic a l  p e r io d ic a l s  w a s  a v a i la b le  to  a ll.

T h e  G a u l a r d  a n d  G ib b s  d e v ic e  c a m e  in to  S ta n le y ’s h a n d s  t h r o u g h  G e o r g e  

W e s i in g h o u s e ,  w h o  by  1 8 8 4  o w n e d  tw o  p r o s p e r o u s  m a n u f a c t u r i n g  f irm s ,  

th e  W e s i in g h o u s e  A ir  B r a k e  C o m p a n y  a n d  t h e  U n io n  S w itc h  8c S ig n a l  

C o m p a n y  ( m a n u f a c t u r e r  o f  r a i lw a y  e q u i p m e n t ) .  W e s l i n g h o u s e ’s c e n t e r  o f  

o p e r a t i o n s  w as  s t e e l - p r o d u c i n g  P i t t s b u r g h .  H is  b r o t h e r ,  H . H . W e s t in g ­

h o u s e ,  w h o  m a d e  s t e a m  e n g i n e s  to  d r iv e  e le c t r i c  g e n e r a t o r s ,  in t r o d u c e d  

W ill ia m  S ta n le y  to  G e o r g e ,  w h o ,  a f t e r  d e c i d i n g  to  e n t e r  t h e  f ie ld ,  c o n t r a c te d  

w ith  S ta n le y  to  d e v o te  h is  t im e  to  f u r t h e r  d e v e l o p m e n t  o f  a n  e le c t r i c  l ig h t in g  

s y s te m . W e s t in g h o u s e  a ls o  p u r c h a s e d  t h e  in c a n d e s c e n t - l a m p  a n d  g e n e r a t o r  

p a t e n t s  t h a t  S ta n le y  h a d  a s s ig n e d  e a r l i e r  to  t h e  S w a n  I n c a n d e s c e n t  E le c tr ic  

L ig h t  C o m p a n y  o f  B o s to n ,  M a s s a c h u s e t ts .  S e v e r a l  o f  t h e  U n io n  S w itc h  & 

S ig n a l  C o m p a n y  e n g i n e e r s  w e r e  a s s ig n e d  to  e le c t r i c  l i g h t in g  d e v e lo p m e n t  

a s  w e ll .57

S ta n le y ,  a  n a t iv e  o f  B ro o k ly n ,  N e w  Y o r k ,  w a s  t h e  s o n  o f  a  p r o m in e n t  

la w y e r .  T h e  fa m ily  l a t e r  m o v e d  to  E n g le w o o d ,  N e w  J e r s e y ,  w h e r e  S ta n le y  

g r e w  u p .  E n c o u r a g e d  b y  h is  f a t h e r  to  s tu d y  la w , S ta n le y  e n t e r e d  Y ale  

U n iv e r s i ty ,  b u t  le f t  a f t e r  s e v e ra l  m o n th s .  I n  a  n o t e  to  h is  f a t h e r  h e  e x ­

p l a in e d ,  “ H a v e  [ h a d ]  e n o u g h  o f  th i s — a m  g o i n g  to  N e w  Y o r k .”58 B e in g  

i n c l in e d  t o w a r d  m e c h a n ic a l  a n d  s c ie n t i f ic  a c t iv i t ie s ,  S ta n le y  f i r s t  f o u n d  e m ­

p l o y m e n t  w ith  a  N e w  Y o rk  m a n u f a c t u r e r  o f  t e l e g r a p h i c  a p p a r a t u s .  H is  

f a t h e r  s o o n  b e c a m e  r e s ig n e d  to  h is  p r e d i l e c t io n s ,  h o w e v e r ,  a n d  f u n d e d  his  

e n t e r i n g  a  p a r t n e r s h i p  in  t h e  e l e c t r o p l a t i n g  b u s in e s s .  A b o u t  1881  S ta n le y  

a b a n d o n e d  e le c t r o p l a t i n g  to  j o i n  t h e  w e l l -k n o w n  i n v e n t o r  o f  t h e  m a c h in e  

g u n ,  H i r a m  M a x im  ( 1 8 4 0 - 1 9 1 6 ) ,  w h o  a t  t h e  t im e  w a s  e n g a g e d  in  th e  

in v e n t io n ,  d e v e l o p m e n t ,  a n d  m a n u f a c t u r e  o f  e le c t r i c  a r c  a n d  in c a n d e s c e n t  

la m p s  f o r  t h e  U .S . E le c t r ic  L i g h t in g  C o m p a n y  in  N e w  Y o rk  C ity . T h is  

c o m p a n y  w as  E d i s o n ’s m a jo r  c o m p e t i t o r  f o r  t h e  in c a n d e s c e n t  l ig h t in g  m a r ­

k e t  u n t i l  1 8 8 5 , b u t  it  h a d  o n ly  a b o u t  o n e - f i f t h  a s  m a n y  c u s t o m e r s  a s  th e  

E d is o n  e n t e r p r i s e .  O n e  o f  th e  U .S . E le c t r ic  L i g h t in g  C o m p a n y ’s p ro b le m s  

w as  its  f a i l u r e  to  d e v e lo p  a c o h e r e n t  s y s te m . M a x im  c o n c e n t r a t e d  o n  th e  

in c a n d e s c e n t  la m p ,  le a v in g  th e  d e v e lo p m e n t  o f  th e  d .c .  g e n e r a t o r  to  o th e r s .59 

A f t e r  M a x im  le f t  t h e  c o m p a n y  a n d  r e t u r n e d  to  E u r o p e  in  1881 o r  188 2 , 

E d w a r d  W e s to n  ( 1 8 5 0 - 1 9 3 6 )  b e c a m e  c h i e f  e n g i n e e r  f o r  t h e  c o m p a n y ,  a n d  

S ta n le y  w o r k e d  f o r  a  few  m o n t h s  u n d e r  a n o t h e r  o f  t h e  p i o n e e r  in v e n to r s  

a n d  e n g i n e e r s  o f  t h e  i n d u s t r y ,<>n In  1 8 8 2  S ta n le y  w e n t  to  w o r k  f o r  a n o t h e r  

m a n u f a c t u r e r  o f  in c a n d e s c e n t  la m p s ,  t h e  S w a n  E le c t r ic  C o m p a n y  in  B o s ­

t o n ,  a n d  s e v e r a l  o l  h is  in v e n t io n s  w e re  p a t e n t e d  by  t h e  c o m p a n y .  A f te r  a 

y e a r ,  h o w e v e r ,  h e  r e t u r n e d  to  E n g le w o o d ,  N e w  J e r s e y ,  a n d  e s t a b l i s h e d  h is

r D o l,Kla v  W illi(" "  S “" ' b  ^  S hort B iog rap hy  (N ew  Y ork : I I. S. R o b in so n . 1903). pp.
j 9 .  fi'l-G ti; a n d  P asser, Electrical M a n u fa c tu re rs , p . 131. Sec a lso  th e  b io g ra p h ic a l booklc l by 
L a u re n c e  A. H aw k m s, W ill,a m  Sta nley. 1 X 3 8 -1 9 1 6  (N ew  Y ork: N ew c o m en  S oc ie .y . 1951).

s" D ou gla s, Sta nley,  p . 33.

Passer. Electrical M a n u fa ctu re rs , p. 148.

M c G ra w °iliM "iM r'i"7 ,   ̂̂ ° f Grf,‘,ne": A Sh ort Bio gra phy  o f  E d w a rd  W eston  (N ew  Y ork:



F i g u r t I V . i l .  E n try  fr o m  W illiam  

Stanley's notebook, 18  Septem ber 18 8 3 , 
showing work w ith alte rn atin g-curren t 

generator (G) a n d  tran sla tin g  devices (T ) 
fo r  tra nsm ittin g in duc ed currents to 

secondary circuits. Courtesy o f  J .  Church  
a n d  the Sta nley  Library, 

Pittsfield, M ass.
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o w n  la b o r a to r y  to  e x p e r i m e n t  w ith  e le c t r o c h e m is t r y ,  in c a n d e s c e n t  la m p s ,  

a n d  s to r a g e  b a t t e r i e s  (s e e  F ig . IV . 1 1). F ro m  th e r e ,  in  1 8 8 4 , h e  w as  e n t ic e d  

to  G e o r g e  W e s t in g h o u s e ’s c o m p a n y .  S ta n le y ’s h a v in g  w o rk e d  w ith  m o s t  o f  

t h e  l e a d e r s  in  th e  f ie ld  b e f o r e  h e  w as  t h i r ty  in d ic a te s  h o w  s m a ll  a n d  in t im a te  

th e  p i o n e e r  c o m m u n i ty  w as.

S ta n le y  d id  n o t  lo se  h is  s t a tu s  a s  a  p r o f e s s io n a l  in v e n to r  by a s s o c ia tin g  

w ith  W e s t in g h o u s e ,  b u t  W e s l in g h o u s e ’s s u p p o r t  o f  h is  w o rk  w as  c o n t r a c ­

tu a l .  T h e  a g r e e m e n t  th e  tw o  m e n  s ig n e d  o n  5 M a rc h  1884  s p e c i f ie d  th a t  

S ta n le y  w o u ld  a s s ig n  all f u t u r e  in v e n t io n s  f u n d e d  by  W e s t in g h o u s e  to  W e s l ­

in g h o u s e  o n  c o n d i t io n  th a t  W e s lin g h o u s e  w o u ld  m a n u fa c tu r e  a n d  se ll th e m . 

S ta n le y  w as  to  r e c e iv e  o n e - t e n t h  o f  th e  p r o f i t s  a n d  a n  a n n u a l  s a la ry  o f  

$ 5 ,0 0 0 .  R e s p o n s ib i l i ty  f o r  th e  d e v e lo p m e n t  o f  W e s t in g h o u s e ’s e le c t r ic  l ig h t ­

in g  p r o je c t  th u s  fe ll to  S ta n le y .  In  188 5  h e  e s ta b l is h e d  a  fa c to ry  f o r  m a n ­

u f a c t u r i n g  in c a n d e s c e n t  la m p s  o f  h is  d e s ig n ,  a n d  h e  d e s ig n e d  d i r e c t - c u r ­

r e n t  g e n e r a t o r s  to  fu n c t io n  sy s te m a tic a lly  w ith  h is  la m p s .  H e  a ls o  to o k  o u t  

te n  p a te n t s  o n  th e  i n c a n d e s c e n t - l a m p  sy s te m , p lu s  o n e  th a t  w as  t a k e n  o u t  

jo in t ly .
In  th e  s u m m e r  o f  1 8 8 5  G e o r g e  W e s t in g h o u s e  o r d e r e d  s e v e ra l  G a u la r d
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a n d  G ib b s  t r a n s f o r m e r s  a n d  s e c u r e d  a n  o p t i o n  o n  t h e  A m e r ic a n  p a te n t  

r ig h t s ,  w h ic h  h e  la t e r  e x e r c i s e d ,  b u t  t h e r e  a r e  c o n f l i c t in g  a c c o u n t s  a s  to  

w h o  a t  W e s t in g h o u s e  p r o m o t e d  t h e  t r a n s f o r m e r  s y s te m . R e ly in g  o n  th e  

r e m in i s c e n c e s  a n d  c o r r e s p o n d e n c e  o f  o n e  o f  W e s l in g h o u s e ’s e m p lo y e e s  

a n d  p r o te g e s ,  G u id o  P a n ta le o n i ,  H a r o l d  P a s s e r ,  t h e  h i s to r i a n  o f  A m e r ic a n  

e le c tr ic a l m a n u f a c tu r e r s ,  c o n c lu d e s  th a t  G e o r g e  W e s l in g h o u s e  a lo n e  p u s h e d  

t h r o u g h  th e  p ro je c t :  “O p p o s i t i o n  b y  A L L  t h e  e le c t r i c  p a r t  o f  t h e  W e s t in g ­

h o u s e  o r g a n iz a t io n  w as  s u c h  t h a t  it w a s  o n ly  M r .  G e o r g e  W e s l in g h o u s e ’s 

p e r s o n a l  w ill th a t  p u t  it t h r o u g h . " 61 A t W e s l in g h o u s e ’s r e q u e s t ,  P a n ta le o n i  

h a d  s e c u r e d  th e  o p t i o n  o n  t h e  G a u l a r d  a n d  G ib b s  p a t e n t  r ig h t s  a f t e r  d is ­

c u s s in g  t h e  s y s te m  w ith  G a u l a r d  a t  T u r i n ,  h a d  c o n s u l t e d  W e r n e r  S ie m e n s  

a b o u t  it, a n d  h a d  a ls o  s o u g h t  th e  a d v ic e  o f  G a n z  & C o m p a n y .

S ta n le y  h im s e l f  m in im iz e s  t h e  r o le  p la y e d  b y  G e o r g e  W e s l in g h o u s e  in  

p r o m o t i n g  th e  s y s te m , m a i n t a i n i n g  t h a t  W e s l in g h o u s e  w as  a d v is e d  a g a in s t  

th e  a l t e r n a t i n g - c u r r e n t  s y s te m  b y  a  " t r u s t e d  e x p e r t . ” A c c o r d in g  to  S ta n le y ,  

W e s l in g h o u s e ’s c o n t r i b u t i o n  w a s  to  m a k e  c a p i ta l  a v a i la b le  f o r  e x p e r i m e n ­

t a t io n .  b u t  h e  d i d  so  o n  t e r m s  t h a t  w e r e  n o t  f a v o r a b le  to  S ta n le y .  O n ly  

w h e n  W e s t in g h o u s e  saw  S ta n le y ’s s y s te m  in  o p e r a t i o n  d id  h e  d e c id e  to  

e n t e r  t h e  a .c . f ie ld  a c tiv e ly .02 A c c o r d in g  to  T h o m a s  C o m m e r f o r d  M a r t in ,  

b i o g r a p h e r  o f  S ta n le y  a n d  E d is o n ,  S ta n le y  h a d  t h e  g r e a t e s t  d i f f i c u l ty  b r in g ­

i n g  W e s t in g h o u s e  to  a  c l e a r  u n d e r s t a n d i n g  o f  t h e  t r a n s f o r m e r  s y s te m .63 

F u r t h e r m o r e ,  M a r l in  c o n c lu d e s ,  “ F o r  s o m e  r e a s o n ,  W e s l in g h o u s e ,  w h o  

s e e m s  to  h a v e  r e g a r d e d  S ta n le y  a s  r a t h e r  u n s ta b le  a n d  v is io n a ry ,  fu ll o f  

c h im e r ic a l  p ro je c t s ,  a n d  w h o  w as  p r o b a b ly  g u i d e d  b y  in s id e  in f lu e n c e s  n o t 

to o  f r i e n d ly  t o w a r d  th e  i m p e tu o u s ,  s e l f - c e n t e r e d  y o u n g  g e n iu s ,  d e c l in e d  

f la t ly  to  f u r n i s h  S ta n le y  w ith  a n y  m o n e y  to  b u i ld  a n d  t r y  o u t  h is  n ew  

a l t e r n a t i n g  c u r r e n t  s y s te m .”0‘l

T h e  " t r u s t e d  e x p e r t "  a n d  " in s id e  in f l u e n c e ” m e n t i o n e d  b y  S ta n le y  a n d  

M a r t in  w as  p r o b a b ly  P a n la le o n i .  A c c o r d in g  to  H e n r y  M . B y lle sb y , a  p r o m ­

in e n t  p i o n e e r  in  th e  d e v e l o p m e n t  o f  e l e c t r i c  l ig h t  a n d  p o w e r  w h o  a ss is te d  

E d is o n  in  t h e  d e s ig n  o f  th e  P e a r l  S t r e e t  s t a t io n  a n d  w h o  j o i n e d  W e s t in g ­

h o u s e  a t  a b o u t  th e  s a m e  t im e  a s  S ta n le y ,  “ P a n la le o n i  h im s e l f  w h e n  I firs t 

j o i n e d  th e  W e s t in g h o u s e  i n te r e s t s  w as  s c o r n f u l ly  p e s s im is t ic  r e g a r d i n g  S ta n ­

ley  a n d  a ll h is  w o r k ,  a n d  t h e  p o s s ib i l i t ie s  o f  a n y t h i n g  w o r th w h i le  r e s u l t in g  

f r o m  t h e  a l t e r n a t i n g  c u r r e n t .  T h e y  w e r e  w h o lly  a n t i th e t i c a l  c h a r a c te r s ,  a n d  

th e  m o m e n t  th e y  c a m e  in  c o n ta c t  t r o u b l e  a r o s e ,  w h ic h  w as  d e s t r u c t iv e  o f  

a n y  r e s u l t .  03 In  s u m ,  W e s t in g h o u s e  p r o b a b ly  d id  p u s h  th e  d e v e lo p m e n t  

o f  a  t r a n s f o r m e r  s y s te m , b u t  n o t  S ta n le y 's  a p p r o a c h  to  it.

W h e n  B y lle sb y  b e c a m e  g e n e r a l  m a n a g e r  o f  t h e  W e s l in g h o u s e  e le c tr ic a l  

e n t e r p r i s e ,  h e  t r i e d  to  h e lp  h is  f r i e n d  S ta n le y ,  w h o m  h e  sa w  a s  a  t e m p e r ­

a m e n ta l  i n v e n t o r  w h o  d id  h is  b e s t  w o rk  a w a y  f r o m  t h e  r o u t i n e  a n d  d isc i ­

p l in e  o f  in d u s t r y .  H e  s u p p o r t e d  th e  d e c is io n  o f  S ta n le y  a n d  W e s t in g h o u s e

■>(. lllllMaCCIlC(:S Ol V       ̂ ^  M firin rII---- ... x.. . iniiuKum, I1M;#, |
a n d  q u o te d  in  Passer, Electrical M a n u fa ctu re rs , p. |S 2 .

“ W illiam  S tan ley . "A lte rn a tin g  C u r r e n t  D ev e lo p m e n t in A m e ric a"  (P a p e r  re a d  b e lo n  

..
”  2 ' ’  M a n i" -  B io g rn p h y ,"  c f e p .  7 . p . 2

Ib id .. p. 5.
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to  s e p a r a t e — at le a s t p h y s ic a lly . O n  24 D e c e m b e r  1 8 8 5  W c s i i i tg h o u s c  a n d  

S ta n le y  s ig n e d  a n e w  c o n t r a c t .  A c c o r d in g  to  its  t e r m s .  S ta n le y  w o u ld  le av e  

P i t t s b u r g h  to  r e s id e  in  G r e a t  H a r r in g to n ,  M a s s a c h u s e t ts ,  in  th e  l te i  k s h ire s  

h e  h a d  k n o w n  d u r i n g  v a c a t io n s  as a  c h i ld .  F u r t h e r m o r e .  W e s i in g h o i is e  

w o u ld  p u r c h a s e  b a c k  f o r  $ 1 2 ,5 0 0 .  $ 2 5 ,0 0 0  w o r th  o f  s e c u r i t ie s  in  a n ew  

W e s t in g h o u s e  c o m p a n y  in  w h ic h  S ta n le y  h e ld  o n e - t e n t h  o f  th e  s h a r e s ,  th e  

to ta l  v a lu e  o f  w h ic h  w as  $  10 0 ,0 0 0 .  T h e  r e m a in in g  s h a r e s  (v a lu e d  at $ 7 5 ,0 0 0 )  

w e re  to  h e  d e l iv e r e d  fu lly  p a id  to  S ta n le y .  S ta n le y  w as  to  u s e  th e  $ 1 2 ,50(1  

to  o p e r a t e  a  l a b o r a to r y  at ( ’. r e a l  B a r r in g to n ,  l i e  w o u ld  r e c e iv e  a s a la ry  o l 

$ 4 ,0 0 0  a n n u a l ly ,  o r  $ 1 ,0 0 0  less th a n  h e  w as th e n  r e c e iv in g .  W e s i in g h o u s c  

a ls o  a g r e e d  to  c o n t r i b u t e  $ 2 0 0  a  m o n th  to w a rd  g e n e r a l  l a b o r a to r y  e x p e n s e s .  

In  r e t u r n ,  S ta n le y  w as  to  s u b m i t  h is  in v e n t io n s  to  th e  c o m p a n y  fo r  p a te n t in g  

a n d  a c c e p ta n c e .  I f  t h e y  w e r e  n o t ta k e n  u p ,  S ta n le y  c o td d  d is p o s e  o f  th e m  

a s  h e  p le a s e d .Wi

S ta n le y 's  m o v e  lo  h is  o w n  la b o r a to r y  in  G r e a t  B a r r i n g t o n ,  M a s s a c h u s e t ts ,  

m i r r o r e d  T h o m a s  E d i s o n ’s q u e s t  f o r  g r e a t e r  a u to n o m y .  T h e  f r e e d o m  to  

c o n c e p tu a l i z e  a  s y s te m  m a d e  u p  o f  o n e ’s o w n  in v e n te d  c o m p o n e n t s  w o n  

o u t  o v e r  th e  r e s t r i c t io n s  o f  f i t t i n g  o n e 's  in v e n t io n s  in to  th e  c o n c e p tu a l  

f r a m e w o r k  o f  a n o t h e r .  M o r e o v e r ,  th is  h a r m o n io u s  c o o r d in a t io n  o f  c o m ­

p o n e n t s  e l im in a te d  r e v e r s e  s a l ie n ts .  It is i n t e r e s t in g  to  n o te  th a t  S ta n le y ,  

w h o  h a d  b e e n  d e p r e s s e d  a n d  in  p o o r  h e a l th  in  P i t t s b u r g h ,  w as  r e ju v e n a te d  

s o o n  a f t e r  h is  a r r iv a l  in  G r e a t  B a r r i n g t o n .  E a r ly  in  1 8 8 6  h e  a c q u i r e d  an  

a b a n d o n e d  m ill,  r e s t o r e d  a n  o ld  s te a m  e n g in e ,  se t  u p  a  S ie m e n s  a l t e r n a t o r  

lo a n e d  to  h im  by  t h e  W e s t in g h o u s e  c o m p a n y ,  h i r e d  o n e  a s s is ta n t ,  a n d  

p a in s ta k in g ly  b e g a n  d e s i g n i n g  a n d  d e v e lo p in g  n e w  t r a n s f o r m e r s .  11 is t r a n s ­

f o r m e r s  a n d  la m p s  w e re  s o o n  in s ta l le d  in  h o u s e s  a n d  b u s in e s s e s  in  ( h e a t  

B a r r i n g t o n ,  a n d  o n  6  M a r c h  1 8 8 6  th e  s y s te m  b e g a n  to  o p e r a t e  o n  a r e g u la r  

b a s is . H is  a l t e r n a t i n g - c u r r e n t  t r a n s f o r m e r ,  e e n l r a l - s t a t io n  sy s te m  fo r  p u b lic  

s e rv ic e ,  “ t h e  v e ry  f i r s t  in  A m e r ic a  b e y o n d  a ll d i s p u te ,"  u s e d  a 2 5 - h .p .  s te a m  

e n g in e ,  t r a n s f o r m e r s  s u p p ly in g  e i th e r  tw e n ty -f iv e  o r  fifty  in c a n d e s c e n t lam p s, 

a n d  w ire s  s t r u n g  o n  in s u la to r s  a t t a c h e d  to  th e  " g r a n d  o ld  e lm s "  th a t  l in e d  

th e  v il la g e  s t r e e t s . 67 T h e  le n g th  o f  th e  t r a n s m is s io n  c ir c u i t  f r o m  c e n tr a l -  

s la t io n  la b o r a to r y  to  v il la g e  c e n t e r  w as a b o u t  4 .0 0 0  fe e t .  C o n n e c te d  to  it 

w e re  t h i r t e e n  s to r e s ,  tw o  d o c to r s ' o f f ic e s ,  o n e  b a r b e r s h o p ,  th e  te l e p h o n e  

e x c h a n g e ,  a n d  t h e  p o s t  o f f ic e .  I n it ia l ly .  S ta n le y  s t e p p e d  u p  th e  g e n e r a t o r  

o u t p u t  f r o m  5 0 0  to  3 ,0 0 0  v o lts ,  t r a n s m i t t e d  th e  c u r r e n t  to  th e  ( e n t e r  o f  

th e  v il la g e , a n d  t h e n  d i s t r i b u t e d  it t h r o u g h  th e  s t r e e t s  a f t e r  s t e p p in g  it 

d o w n  to  5 0 0  v o lts .

O n e  q u e s t io n  r e m a in s  to  b e  a n s w e r e d :  W h a t d id  S ta n le y  in v e n t  a n d  

d e v e lo p ?  H e  h a d  a c c e s s  to  th e  p a te n t s  a n d  te c h n ic a l  l i t e r a tu r e  c o n c e r n in g  

th e  G a u la r d  a n d  G ib b s  a n d  G a n /. 8c C o m p a n y  s y s te m s . F o llo w in g  th e  wcll-

“  Ib id .. p . 7. P asser lisls la b o ra to ry  siip|>orl as $60(1 a m o n th  an d  im plie s th a t th e  <<imp.niy 

in w hich S tan le y  he ld  o n e -te n th  o f  th e  sh a re s  was th e  W cstinghouso  t.le clrii C om p any  h ir in rd  
on  8 J a n u a r y  1886. T h is , ho w ever, c o n tra d ic ts  Passer's s ta te m en t on  th e  sam e pan«- that 
W c s ting ho usc  receiv ed  all th e  stock in th e  W csling ho use  K le ru  ii C o m pan y  e xcept 2 ,lllll) s lia tes  
(o n c -tc n lh ). w hich w ere  sold  to  seven  busin ess associate s I’asse i. I te r ln r a l M n n u /a ,l in e n .  p 

136.
M a rlin , "S ta n le y  B io g ra p h y .” ; q u o ta tio n  in c hap . 7, p. 8. A d e ca d e  la te t f ra n k lin  I.. Pope, 

a p io n e e r  in th e  field ol e lec tr ica l e n g in e e rin g , was e lec tro cu te d  w hen  he  a cc id enta lly  m ad e  
co n tac t w ith  w ires le ad in g  lo  th e  S tan le y  sy stem  tra n s fo rm e r  in his b asem en t. W oo db ury . 

M easure  o f  G reatness, p. 143.
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F ig u re  I V .12 . T he  W esting hotisr 
tra nsform er.

p u b l ic iz e d  G a n z  d is p la y  a l  t h e  H u n g a r i a n  N a t io n a l  E x h ib i t io n  in  B u d a p e s t  

in  M ay  1 8 8 5 , D e r i ,  B la th y  a n d  Z ip e r n o w s k i  d i s p la y e d  t h e i r  s y s te m  a t  th e  

I n v e n t io n s  E x h ib i t io n  in  L o n d o n  in  J u l y  1 8 8 5 .B8 T h e n ,  in  t h e  fa ll o f  1 8 8 5 , 

R e g in a ld  B e lf ie ld ,  a n  E n g l is h  e l e c t r i c i a n  w h o  h a d  b e e n  in  c h a r g e  o f  a  

d e m o n s t r a t i o n  o f  t h e  G a u l a r d  a n d  G ib b s  s y s te m  a t  t h e  I n v e n t io n s  E x h i ­

b i t io n  in  L o n d o n ,  w as  b r o u g h t  to  P i t t s b u r g h  b y  W e s t in g h o u s e  a n d  e n t e r e d  

h is  e m p lo y  a t  a b o u t  th e  l im e  t h a t  t h e  G a u l a r d  a n d  G ib b s  t r a n s f o r m e r s  

a r r iv e d .  B e lf ie ld  b r o u g h t  w ith  h im  s u b s ta n t i a l  k n o w le d g e  o f  t r a n s f o r m e r  

d e s ig n  a n d  o p e r a t i o n .  D e s p i te  t h e  p r i o r  l i t e r a t u r e  a n d  e x h ib i t io n s ,  h o w e v e r ,  

S ta n le y  f a c e d  t h e  e x t r e m e ly  d e m a n d i n g  c h a l l e n g e  o f  a c tu a l ly  b u i ld in g  t r a n s ­

f o r m e r s  a n d  a  s y s te m  w i th in  w h ic h  th e y  w o u ld  f u n c t i o n .  O n  t h e  th e o r e t ic a l  

le v e l,  S ta n le y  b e l ie v e d  th a t  o n e  o f  h is  p a r t i c u la r ly  i m p o r t a n t  c o n t r ib u t io n s  

w a s  r e c o g n iz in g  th e  e f f e c t iv e n e s s  o f  u s in g  c o u n t e r  e l e c t r o m o t iv e  fo r c e  in  

t h e  t r a n s f o r m e r  to  o b ta in  a  h ig h  d e g r e e  o f  s e l f - r e g u la t io n .

A g a in ,  it  w as  B y lle s b y  w h o  s e n s e d  S ta n le y ’s w o r th  a n d  r e c o g n iz e d  h is  

a c h ie v e m e n ts .  I n  F e b r u a r y  o r  M a r c h  1 8 8 6  h e  v is i te d  t h e  in s ta l la t io n  at 

G r e a t  B a r r i n g t o n ;  o t h e r s  in  P i t t s b u r g h  w o u ld  p a y  S ta n le y  n o  h e e d .  B y lle sb y  

r e p o r t e d  to  V V es tin g h o u se  a n d  o t h e r s  t h a t  t h e  t r a n s f o r m e r s  w e r e  p r o p e r ly  

p r o p o r t i o n e d ,  w ell r e g u l a t e d ,  a n d  t h a t  h e  w a s  “ p r o f o u n d l y  im p r e s s e d . ” 

T h e n ,  a f t e r  m a k in g  a  t h o r o u g h  e x a m i n a t i o n  h im s e l f ,  W e s t in g h o u s e  a g r e e d  

t h a t  th e  a l t e r n a t i n g - c u r r e n t  s y s te m  h a d  “ a r r i v e d . ”69 P e r s u a d e d  t h a t  th e  

s y s te m  w as  m a r k e ta b le ,  W e s t in g h o u s e  t e s t e d  t h e  S ta n le y  s y s te m  m o r e  t h o r ­

o u g h ly  in  P i t t s b u r g h  in  t h e  s u m m e r  o f  1 8 8 6  u s in g  a n  a l t e r n a t o r  d e s ig n e d  

b y  S ta n le y  to  r e p la c e  t h e  S ie m e n s  m o d e l ,  w h ic h  r e g u l a t e d  v o l ta g e  p o o r ly .  

T r a n s m is s io n  r a n  f r o m  t h e  p l a n t  o f  t h e  U n io n  S w itc h  Sc S ig n a l  C o m p a n y  

to  E a s t  L ib e r ty ,  a d i s t a n c e  o f  t h r e e  m ile s . S a t is f ie d  b y  t h e  p e r f o r m a n c e  o f  

th is  p i lo t  s y s te m , W e s t in g h o u s e  b e g a n  c o m m e r c ia l  p r o d u c t i o n  a n d  s h ip p e d  

h is  c o m p a n y ’s f i r s t  c o m m e r c ia l  p l a n t  to  B u f f a lo ,  N e w  Y o rk ,  w h e r e  a  lo ca l 

u t i l i ty  p la c e d  it in  s e rv ic e .  O r d e r s  f o r  tw e n ty - f iv e  a l t e r n a t i n g - c u r r e n t  p la n ts  

fo l lo w e d  w i th in  a  fe w  m o n t h s . 7"

G e o r g e  W e s t in g h o u s e  a n d  h is  e n g i n e e r s  c o n t r i b u t e d  s u b s ta n t i a l ly  to  th e  

d e v e l o p m e n t  o f  a  t r a n s f o r m e r  s y s te m  by  d e s i g n i n g  c o m p o n e n t s  f o r  e c o ­

n o m ic a l  a n d  q u a n t i t y  p r o d u c t i o n .  T o  fa c i l i ta te  m a n u f a c t u r e ,  W e s l in g h o u s e  

p a t e n t e d  th e  d e s ig n  g iv e n  t h e  t r a n s f o r m e r  b y  S ta n le y  (s e e  F ig . I V .1 2 ) .7 ' A 

n o t e d  W e s t in g h o u s e  e le c t r ic a l  e n g i n e e r  a n d  p a t e n t  la w y e r ,  F r a n k l in  L. 

P o p e ,  p e r c e iv e d  th e  e s s e n c e  o f  th e  W e s t in g h o u s e  c o n t r i b u t i o n  w h e n  h e  

w r o te  in  1 8 8 7 , " I saw  th a t  t h e r e  w e re  g r e a t  p o s s ib i l i t ie s  in  t h e  sy s te m  

[ G a u la r d  a n d  G ib b s  sj a l t h o u g h  it w as  n o t  w o r k e d  o u t  p r a c t ic a l ly  a l  a ll—  

n o t  w o r k e d  o u t  a s  w e  w o u ld  w o rk  it  o u t  in  th is  c o u n t r y  b y  a n y  m e a n s —  

a n d  I w as  s o  w e ll s a t i s f ie d  . . .  o f  t h e  p o s s ib le  r e s u l t s  w h ic h  w e  c o u ld  g e t

""H a lac sy  a n d  von Fuchs, T r a n s f o r m e r  I n v e n te d  Sev en ty -fiv e  Y ears  A go "; th e  a u th o rs  
c u e  th e  e x ten siv e  c o n te m p o ra ry  l ite ra tu re  d e sc rib in g  th e  G anz  sy stem .

'M a r t in , “S tan ley  B io g ra p h y ."  c h a p . 7, p . 13.

Passer. Electr ica l M a nufac tu re rs , p. 13 8. In  his a cc ou n t o r  G a u la rd  a n d  G ib bs. S tan le y , and  
w e s l in g h o u se , P asser m is tak en ly  p re se n ts  th e  G a u la rd  a n d  G ib bs syste m  as o n e  w ithout 

v o ltag e-tra n s  fo rm a tio n  charac te r is tics . H e  m ay have  a ssu m e d  th is  b e ca use  th e  G a u la rd  and  

S i d  pr a in3 5 °rm C r "  W eS,i" RhOUSf was w ircd  fo r  ° " e l°  »"*■ P r ' m a l7  IO se condary . 

352 ^  ' a r *CS ^ Cnl1, * e ,*‘l s f 'o n , r >hution to  E lectr ic  P o w er."  Electrical E n g in e er in g  62  (1943):



1 0 5  R E V E R S E  S A L I E N T S  A N D  C R I T I C A L  P R O B L E M S

w h e n  w c p u t  o u r  y o u n g  m e n  o n  it in  th is  c o u n t r y ." 7* A t a b o u t  th e  s a m e  

t im e ,  a  w r i t e r  in  a n  E n g lis h  te c h n ic a l  jo u r n a l  l a m e n te d .  " I t  is n o t  a  v e ry  

c o m p l im e n ta r y  r e f le c t io n  f o r  E u r o p e a n  e le c t r ic ia n s  a n d  c a p i ta l i s t s  th a t  a l ­

t h o u g h  a ll id e a s  a n d  e x p e r im e n ta l  w o rk  n e e d e d  h a v e  c o m e  f r o m  E u r o p e  

. . .  it s h o u ld  b e  r e s e r v e d  f o r  a n  A m e r ic a n  f i rm  lo  ta k e  u p  th e  sy s te m  a n d  

m a k e  it t h e  c o m m e r c ia l  a n d  p r a c t ic a l  s u c c e ss  w h ic h  (h e  W e s t in g h o u s e  C o m ­

p a n y  is n o w  d o i n g . ”73 W c s l in g h o i is e 's  m a n u f a c t u r e  a n d  m a r k e t in g  o f  th e  

t r a n s f o r m e r  s y s te m  w as im p re s s iv e :  by  S e p te m b e r  1887  th e  c o m p a n y  h a d  

in  s e rv ic e  o r  u n d e r  c o n s t r u c t io n  c e n t r a l  s ta t io n s  w ith  a  to ta l  c a p a c i ty  o f  o n e  

h u n d r e d  t h i r t y - f o u r  th o u s a n d  1 6 -c .p . i n c a n d e s c e n t  la m p s ;  by  18‘K) th e r e  

w e re  t h r e e  h u n d r e d  W e s t in g h o u s e  c e n t r a l  s ta t io n s  w ith  a  to ta l  c a p a c ity  o l 

h a l f  a m ill io n  1 6 -c .p . l a m p s .7,1

”  Telegraphic J o u r n a l a n d  Electrical R eview  20 (I8H 7): S49 

”  Ib id ., 21 (1887): 44G.
71 P asser. Electrical M anu fa cturers , p. 149; F irm in g . The A lte rna ting C urrent Transform er, 2:

167.
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C o n flic t  a n d  
R e s o lu t io n

B
y  t h e  e n d  o f  th e  1 8 8 0 s , E d is o n 's  d i r e c i - c u r r e n t  s y s te m  f a c e d  s u b ­

s t a n t ia l  c o m p e t i t io n  f r o m  t h e  m o r e  r e c e n t ly  d e v e l o p e d  a l t e r n a t in g -  

c u r r e n t  s y s te m . T h e  W e s t in g h o u s e  E le c t r ic  C o m p a n y  h a d  i n t r o d u c e d  th e  

t r a n s f o r m e r  in  A m e r ic a ;  G a n z  & C o m p a n y  h a d  m a n y  in s t a l l a t io n s  in  E u ­

r o p e ;  a n d  th e r e  w e re  sm a ll  m a n u f a c t u r e r s  o f  a .c . e q u i p m e n t  w ith  a few 

in s ta l la t io n s  in  B r i ta in .  D u r i n g  t h e  c lo s in g  y e a r s  o f  t h e  e ig h t i e s ,  te c h n ic a l  

j o u r n a l s  a n d  e v e n  th e  p o p u l a r  p r e s s  k e p t  r e a d e r s  i n f o r m e d  o f  “ th e  b a ttle  

o f  th e  c u r r e n t s , "  o r  " th e  b a t t l e  o f  th e  s y s te m s ."  P r o f e s s io n a l  s o c ie tie s  h e ld  

d e b a te s  c o n c e r n in g  th e  m e r i t s  o f  e a c h  s y s te m ,  a n d  e n g i n e e r s  a n d  s ta tio n  

m a n a g e r s  f il le d  th e  t e c h n ic a l  j o u r n a l s  w ith  a r t i c l e s  p r o c la im in g  t h e  te c h n ic a l  

a n d  e c o n o m ic  a d v a n ta g e s  o f  o n e  s y s te m  a s  c o m p a r e d  to  t h e  o t h e r . '  T h e  

d e b a te  c o n t i n u e d  u n t i l  t h e  1 8 9 0 s , w ith  lo w -v o l ta g e  d i r e c t  c u r r e n t  c o m p e t ­

in g  a g a in s t  s in g le - p h a s e  a l t e r n a t i n g  c u r r e n t  f o r  t h e  in c a n d e s c e n t- l ig h t in g  

m a r k e t .

T h e  s in g le - p h a s e  a l t e r n a t i n g - c u r r e n t  s y s te m  o r i g i n a t e d  a s  a  s o lu t io n  to  

a  c r i t ic a l  ( t r a n s m is s io n )  p r o b le m  in  t h e  d i r e c t - c u r r e n t  s y s te m . E n g in e e r s  

a n d  m a n a g e r s  h a d  g r e a t ly  im p r o v e d  t h e  d .c .  s y s te m ,  b u t  th e y  re m a in e d  

s ty m ie d  by  th e  c o s t  o f  t r a n s m is s io n  b e y o n d  a  r a d i u s  o f  s e v e r a l  m ile s . A l ­

t e r n a t i n g  c u r r e n t  p r o v id e d  re la t iv e ly  lo w -c o s t t r a n s m is s io n ,  b u t  th e  s in g le - 

p h a s e  a l t e r n a t i n g - c u r r e n t  s y s te m  a ls o  h a d  a s e r io u s  d r a w b a c k ;  it la c k e d  a 

p ra c t ic a l  m o to r .  S o  h a n d i c a p p e d ,  th e  tw o  s y s te m s  c o m p e t e d  in te n s e ly ,  e s ­

p e c ia lly  d u r i n g  th e  y e a r s  1 8 8 7 - 9 2 .  T h e  “ b a t t l e "  e n d e d  in  t h e  1 8 9 0 s , b u t 

n o t w ith  th e  d e s t r u c t i o n  o f  o n e  s id e  by  th e  o t h e r .  I n s te a d ,  t h e r e  w as a 

n o ta b le  r e s o lu t io n  o f  th e  c o n t r o v e r s y  o n  b o th  th e  t e c h n ic a l  a n d  t h e  o r g a n ­

iz a tio n a l  lev e l. R e s o u r c e f u l  in v e n t io n  a n d  d e v e l o p m e n t  w e r e  n e c e s s a r y  to  

b r in g  it a b o u t .  B e f o r e  a n a ly z in g  t h e  r e s o lu t io n ,  h o w e v e r ,  w e  w ill fo llo w  th e  

c o u r s e  o f  th e  d e b a te ,  f o r  it r e p r e s e n t s  th e  k in d  o f  c o n f l ic t  b e tw e e n  o r  a m o n g  

te c h n o lo g ic a l  s y s te m s  th a t  h a s  o c c u r r e d  t h r o u g h o u t  th e  h is to ry  o f  te c h ­
n o lo g ic a l  c h a n g e .

1 F o r a n  e x te n d e d  d iscussio n  o l d ie  v ario us a d v a n ta g e s  a n d  d isa d v a n ta g e s  o f  th e  tw o c u r ­

r e n ts ,  see th e  sc ries o f  p a p e rs  p r in te d  in Electrical E ng in eer  7 (1888): 1 66 -6 8 , 2 2 0 -2 4 . See also 
F ra n k  L. P ope , " 'F ite  W cslin gh ou se  A lte rn a tin g  System  o f  E lectr ic  L ig h tin g ."  Electrician and  
Electrical E ng in eer  6  (1887): 3 3 2 -4 2 . fo r  th e  w ell-s ta te d  o p in io n s  o f  a n  a d v o ca te  fo r  a lterna tin g  
c u rre n t w ho d ie d  acc id enta lly  in |H 9!i— a victim  o f  th a t c u rre n t .

i o n
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In  s o m e  a r e a s  t h e  c o n f l ic t  w a s  b a s e d  p r im a r i ly  o n  te c h n ic a l  a n d  e c o n o m ic  

f a c to r s .  B e c a u s e  t h e  n e e d s  o f  h e a v i ly  p o p u l a t e d  c it ie s  d i f f e r e d  f r o m  th o s e  

o f  lig h tly  p o p u l a t e d  to w n s  a n d  c ity  s u b u r b s ,  t h e  a d v o c a te s  o f  t h e  c o m p e t in g  

s y s te m s  c o u ld  p o in t  to  c l e a r  te c h n ic a l  a n d  e c o n o m ic  a d v a n ta g e s  f o r  e a c h .  

I n  c ity  c e n te r s ,  h e a v y  p o p u l a t i o n  c o n c e n t r a t i o n  d i m in i s h e d  t h e  n e e d  fo r  

la r g e  s u p p ly  a r e a s  to  o b ta in  a  d iv e r s e  a n d  r e a s o n a b ly  w e ll -b a la n c e d  lo a d .  

I n  t h e  l ig h t ly  p o p u l a t e d  a r e a s ,  e c o n o m ie s  o f  t r a n s m is s io n  g a v e  t h e  a l t e r ­

n a t i n g - c u r r e n t  s a l e s m a n  th e  a d v a n ta g e .  I t  w as  in  in t e r m e d i a t e  s i tu a t io n s  

l h a l  t h e  t e c h n ic a l  a n d  e c o n o m ic  a d v a n ta g e s  o f  t h e  tw o  s y s te m s  w e r e  n o t 

c l e a r - c u t  a n d  t h a t  c o m p e t i t io n  w a s  m o s t  i n te n s e .2

In  t h e  a r e a s  w h e r e  t e c h n ic a l  a n d  e c o n o m ic  c o n s id e r a t io n s  d id  n o t  le a d  

lo  s t r a i g h t f o r w a r d ,  r a t io n a l  d e c is io n s ,  p e r s o n s  s k i l le d  in  o t h e r  m o d e s  o f  

a r g u m e n t  e n t e r e d  t h e  f r a y .  T h e i r  p a r t i c ip a t io n  a n d  t h e i r  i n f lu e n c e  u p o n  

d e c is io n s  a b o u t  te c h n o lo g y  a r e  s ig n if ic a n t  r e m in d e r s  th a t  te c h n o lo g ic a l  c h a n g e  

c a n n o t  b e  u n d e r s t o o d  i f  v ie w e d  o n ly  f r o m  t h e  p e r s p e c t iv e  o f  t h e  d e s ig n in g  

e n g i n e e r  a n d  t h e  c a lc u la t in g  c o s t  a c c o u n ta n t .  S p e c ia l  n o te  s h o u l d  b e  t a k e n  

o f  t h e  w ay  in  w h ic h  p o li t ic a l  p o w e r ,  p a r t i c u la r ly  t h a t  e x e r c i s e d  th r o u g h  

law , w as  b r o u g h t  lo  b e a r  d u r i n g  “ th e  b a t t l e  o f  t h e  s y s te m s .” T h e  d e b a te  

r a g e d  m o s t  f u r io u s ly  in  t h e  U n i te d  S ta le s ,  w h e r e  t h e  u s e  o f  e le c t r ic  l ig h t in g  

w as  m o s t  w id e s p r e a d .  T h e  l e a d in g  p r o ta g o n i s t s  w e re  t h e  W e s t in g h o u s e  a n d  

E d is o n  E le c t r ic  L ig h t  c o m p a n ie s ,  b u t  o t h e r  m a n u f a c t u r e r s ,  in c lu d in g  th e  

f i r m  o f  T h o m s o n - H o u s t o n  w e re  in v o lv e d .  N e i t h e r  G e o r g e  W e s t in g h o u s e  

n o r  T h o m a s  E d i s o n  w a s  a b o v e  e n t e r i n g  th e  f r a c a s ,  e v e n  th o u g h  by  th e  la te  

1 8 8 0 s  E d is o n  w a s  s p e n d i n g  m u c h  o f  h is  t im e  a t t e n d i n g  to  m a t t e r s  o t h e r  

t h a n  t h e  e le c t r ic a l  c o m p a n ie s  h e  h a d  f o u n d e d .  R e v e r b e r a t io n s  o f  th e  s t r u g ­

g le  w e r e  h e a r d  a b r o a d ,  b u t  w e  w ill c o n c e n t r a t e  h e r e  o n  t h e  A m e r ic a n  

s c e n e .3

T h e  E d is o n  in t e r e s t s  f i r s t  r e s o r t e d  to  u n o r t h o d o x  p o li t ic a l  ta c tic s . F o r  

th is ,  th e y  h a d  a  b r o a d e r  r a n g e  o f  p o l i t ic a l  c o n ta c ts  o n  w h ic h  to  ca ll th a n  

d id  t h e  c o m p e t i t io n .  T h e y  a n d  o t h e r  d i r e c t - c u r r e n t  a d v o c a te s  r e a l iz e d  th a t  

t h e i r  f a i lu r e  to  s o lv e  t h e  t r a n s m is s io n  p r o b le m  c a l le d  f o r  a  n o n te c h n ic a l  

c o m p e n s a to r y  r e s p o n s e .  B e f o r e  t h e  f in a l  e x c h a n g e  in  “ t h e  b a t t l e  o f  th e  

c u r r e n t s , ” a n  a t t e m p t  w a s  m a d e  to  c r e a te  p u b l ic  in d ig n a t io n  a g a in s t  a n  

e l e c t r ic a l  s y s te m  t h a t  s u p p o s e d ly  e n d a n g e r e d  l ife . E s s e n tia l ly  th e  e p is o d e  

c o n c e r n e d  o n e  p r iv a te  e n t e r p r i s e ’s e n d e a v o r ,  th r o u g h  p o li t ic a l  p o w e r  a n d  

le g is la t io n ,  to  o u t l a w  t h e  t e c h n o lo g ic a l  a d v a n ta g e  o f  a n o t h e r .  I t  w as  n e i t h e r  

th e  f i r s t  n o r  t h e  la s t  in s ta n c e  o f  s u c h  m a n e u v e r i n g  in  t h e  h i s to r y  o f  t e c h ­

n o lo g y .

In  1 8 8 8  t h e  E d is o n  i n te r e s t s  w e re  n o t  u n h a p p y  to  s e e  a n  u n k n o w n ,  sc lf-

7 T h e  te chn ic a l p e rio d ica ls  ha v e  c a r r ie d  h is to rical essays o n  th e  s tru g g le ; sec especia lly  th e  
o n e  hy L. B. Stillw ell in  th e  fif tie th  a n n iv e rsa ry  issue o f  E lectrical E ng in eer in g  53  (1934), 
"A lte rn a tin g  C u r r e n t  v e rsu s D irect C u r r e n t ."  l- la ro ld  C. P asser. The E lectrical M an ufacturers.  
1 8 7 5 - 1 9 0 0  (C a m b rid g e , M ass.; H a rv a rd  U n iv ersity  Press, 1953), is in fo rm ativ e  on  th e  m a n ­
u fa c tu re rs ' ro le .

’ T h e r e  is s e c o n d a ry  lite ra tu re  a b o u t th e  s tru g g le  in E n g la n d  a n d  E u ro p e . See, fo r  in stance, 
R. A. S. H en n e sse y , Th e Electric Rev o lu tion  (N ew castle  u p o n  T y n e : O rie l, 1971), w hich has a 
c h a p te r  o n  “th e  ba ttle  o f  th e  syste m s" in B rita in ; R. I I. Parson s, The Early  D ays o f  the Power  
Sta tion  In dustry  (C a m b rid g e ; A t th e  U niv ersity  Press, 1940), w hich also has a c h a p te r  so  ti lled ; 
a n d  G e o rg  von S iem en s, H isto ry  o f  the H ouse  o f  Siem ens, tran s . A. F. R o d g e r , 2 vols. (F ric b u rg / 
M u n ich : A lber, 1957), w hich  tre a ts  th e  conflict a n d  its reso lu tio n  in a c h a p te r  e n title d  " T h e  
A lte rn a tin g  C u r r e n t  R evo lu tio n ."
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s ty le d  e le c t r ic ia n  w h o  h a d  o n c e  s o ld  E d is o n  e le c t r ic  p e n s  a p p e a r  w ith  a 

s c h e m e . H a r o ld  B ro w n  f ir s t  a c h ie v e d  p u b l ic  a t t e n t i o n — p e r h a p s  n o to r ie ty  

w o u ld  b e  a b e t t e r  w o r d — w h e n  in  Ju ly  1 8 8 8  a t  C o lu m b ia  C o l le g e ’s S ch o o l 

o f  M in e s  h e  e le c t r o c u te d  a  d o g  d e s c r ib e d  b y  h im  a s  v ic io u s . T h e  a n im a l 

w as  n o t  s im p ly  e le c t r o c u te d ,  h o w e v e r ;  it  w as  f i r s t  s u b je c te d  to  d i r e c t  c u r ­

r e n t s  o f  v a ry in g  v o lta g e s  a n d  t h e n  d i s p a tc h e d  b y  a l t e r n a t i n g  c u r r e n t .  I t  is 

o b v io u s  t h a t  B ro w n  w as  t r y in g  to  p e r s u a d e  h is  a u d i e n c e  t h a t  d i r e c t  c u r r e n t  

w as  re la t iv e ly  s a f e ,  w h ile  a l t e r n a t i n g  c u r r e n t  w as  th e  d e a d ly  c u r r e n t .  I n ­

d e e d ,  B ro w n  s h o w e d  h is  h a n d  n o t  lo n g  a f t e r  th is  d e m o n s t r a t i o n  w h e n  he 

to ld  a n  a u d ie n c e  t h a t  i n c lu d e d  N e w  Y o rk  la w m a k e r s ,  " I t  is  c e r t a in  th a t 

y e s te r d a y ’s w o rk  ( th e  e l e c t r o c u t io n  o f  a  s e c o n d  d o g ]  w ill g e t  a  law  p assed  

by  th e  le g i s l a tu r e  in  t h e  fa ll,  l im i t in g  t h e  v o l ta g e  o f  a l t e r n a t i n g  c u r r e n t s  to 

3 0 0  v o l ts .”4
A  c o n f lu e n c e  o f  c i r c u m s ta n c e s  c o m p l ic a te d  t h e  g r is ly  a f f a i r .  B e c a u s e  th e  

N e w  Y o rk  S ta te  le g i s l a tu r e  w as  s e e k in g  a  m o r e  h u m a n e  m o d e  o f  e x e c u tio n  

t h a n  h a n g in g .  B ro w n  s e iz e d  th e  o p p o r t u n i t y  to  c o m b in e  th e  e f f o r t  to  o u tla w  

h ig h  v o l ta g e s  in  th e  s t r e e t s  w ith  t h e  m o v e  to  u s e  a l t e r n a t i n g  c u r r e n t  fo r 

e l e c t r o c u t io n s  in  th e  p r is o n s .  H e  e x p e c t e d  t h e  a s s o c ia t io n  o f  d e a t h  w ith 

a l t e r n a t i n g  c u r r e n t  to  f a c il i ta te  le g is la t io n .  W ith  t h e  a p p r o v a l  o f  T h o m a s  

E d is o n  a n d  th e  h e lp  o f  h is  l a b o r a to r y  s ta f f ,  i n c lu d in g  A r t h u r  K e n n e lly , 

l a t e r  p r o f e s s o r  o f  e le c t r ic a l  e n g i n e e r i n g  a t  t h e  M a s s a c h u s e t ts  I n s t i tu te  of 

T e c h n o lo g y  a n d  a t  H a r v a r d  U n iv e r s i ty ,  B ro w n  e x e c u t e d  c a lv e s  a n d  h o rse s , 

a n im a ls  t h a t  w e re  l a r g e r  th a n  h u m a n s ,  h e  p o i n t e d  o u t .  A f t e r  th e  N e w  Y ork  

S ta te  le g i s l a tu r e  h e a r d  t e s t im o n y  a b o u t  e l e c t r o c u t io n  f r o m  w itn e s s e s ,  in ­

c lu d in g  T h o m a s  E d is o n ,  it  v o te d  in  f a v o r  o f  th e  m e t h o d .  D e s p i te  th e  d e ­

t e r m i n e d  o p p o s i t io n  o f  W e s l in g h o u s e ,  B ro w n  m a n a g e d  to  a c q u i r e  a  W esi-  

i n g h o u s e  g e n e r a t o r  a n d  p la c e d  it in  N e w  Y o r k ’s A u b u r n  S ta te  P r is o n .  In  

A u g u s t  1 8 9 0 , w ith  B r o w n  p r e s e n t ,  t h e  f ir s t  p e r s o n  w a s  le g a lly  e l e c t ro c u te d .  

T h e n  a  p u b l ic i ty  c a m p a ig n  w as  l a u n c h e d  a s k in g .  D o  y o u  w a n t  th e  e x e c u ­

t i o n e r ’s c u r r e n t  in  y o u r  h o m e  a n d  r u n n i n g  t h r o u g h  y o u r  s t r e e ts ?

B ro w n  a n d  E d is o n  p r o c e e d e d  w ith  th e  s c h e m e  to  o u t l a w  th e  c u r r e n t ,  

b u t  m e t  w ith  f a i lu r e  in  N e w  Y o rk  S la te  a n d  e ls e w h e r e .  I n  o n e  c a s e  b e fo re  

th e  V irg in ia  le g i s l a tu r e ,  th e y  b o th  u r g e d  t h a t  a l t e r n a t i n g  c u r r e n t  b e  lim ite d  

to  2 0 0  v o lts . T h e  le g is la t io n  d id  n o t  p a ss , h o w e v e r ,  b e c a u s e  a  m e m b e r  o l 

t h a t  b o d y  l e a r n e d  t h a t  th e  V i r g in ia n s  w e re  b e in g  u s e d  in  a  c o m p e ti t iv e  

s t r u g g le  b e tw e e n  tw o  " Y a n k e e "  c o r p o r a t io n s .

D e s p i te  c o n f l ic t in g  o p in io n s  a s  to  th e  e f f ic a c y  o f  e le c t r ic i ty  ( in  its  first 

le s t)  a s  a  m e a n s  o f  e x e c u t io n ,  N e w  Y o rk  S la te  r e t a i n e d  th e  sy s te m . E x ­

p r e s s in g  th e  b e l i e f  t h a t  th e  u s e  o l  a  c o m m e r c ia l  g e n e r a t o r  m ig h t  h a v e  b een  

u n f a i r  “ to  a p a r t i c u la r  e le c t r ic a l  f i r m "  ( W e s t in g h o u s e ) ,  t h e  o f f ic ia l  r e p o r t

1 H a ro ld  P. H row n lo  A rth u r  E. K cn nelly , <1 A u g u s t 1888, E d ison  A rch iv es. E dison  National 
H is to ric  S u e . W esi O ra n g e . N .J . F o r a d e .a ile d  a cc o u n t b ased  o n  o r ig in a l so u rce s, see Thom as 

P. H u g h es, H a ro ld  P. D row n a n d  th e  E x e c u tio n e r  s C u r r e n t :  A n In c id e n t in  th e  AC-DC 
C o n tro ve rsy , / / n r a r r f  H istory Rev ie w  32 (1958): M 3 -6 5 . S om e  in v e n to rs  an d  engi­

n e ers . such  as Eliliu  T ho m son , w ere  se ek in g  m e an s o f  e n su rin g  th e  sa fe ly  o f  a lterna ting  

,h C m ' SCC E lihu  T h o m so n  10 T h o m s o n -H o u s io n  E lectric  Co.. 
Phi!rw m !hi I š  m '7  J0 " ” 0 "  P a |,e r* ( ,H  4 /M - l '9 0  8 6 7 -8 7 8 ), L ib rary  o f  th e  A m erican

S t ^ n P« . « „ S 7 ly ^ r h ,la ,,e lp h " ’ P a- ‘ am  i,K le b ,e d  ^ r n a r d  C a rlso n  o f  th e  University 
T h o m so n  ' ' a , , c n , 'o n  th is  le tte r: C a rlso n  is w ritin g  a b io g ra p h y  o f  Elihu
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o f  t h e  e x e c u t io n  d id  r e c o m m e n d  t h a t  a  g e n e r a t o r  b e  sp e c ia lly  c o n s t r u c t e d  

f o r  f u tu r e  u se  in  s u c h  cases . A n  u n o f f ic ia l  r e c o m m e n d a t io n  w as th a t  B ro w n 's  

n a m e  b e  a s s o c ia te d  w ith  e l e c t r ic a l  e x e c u t io n  in  t h e  s a m e  w ay  t h a t  D r . R a m o n  

G u i l lo l in 's  h a d  b e c o m e  a s s o c ia te d  w ith  h is  d e v ic e .  B ro w n 's  n a m e  s o o n  d i s ­

a p p e a r e d  f r o m  th e  n a t i o n ’s n e w s p a p e r s  a n d  p e r io d ic a ls ,  h o w e v e r ,  a n d  t h e r e  

is g o o d  r e a s o n  to  d o u b t  t h a t  h is  a t t e m p t  to  a s s o c ia te  a l t e r n a t i n g  c u r r e n t  

w ith  d e a t h  h a d  a  n o t ic e a b le  e f f e c t  u p o n  th e  o u tc o m e  o f  " t h e  b a t t l e  o f  th e  

c u r r e n t s . ” S ta tis t ic s  s h o w  a  s t e a d y  a n d  r a p id  i n c r e a s e  in  t h e  n u m b e r  o f  

c e n t r a l  s t a t io n s  u s in g  t h e  W e s t in g h o u s e  s y s te m  o f  a l t e r n a t i n g  c u r r e n t  d u r ­

i n g  t h e  p e r i o d  w h e n  B ro w n  w as  m o s t  a c tiv e ,  1 8 8 8 -9 0 .

F r e e  o f  le g a l  s n a r e s ,  t h e  a l t e r n a t i n g - c u r r e n t  s y s te m  g a t h e r e d  m o m e n t u m  

a s  m a n u f a c t u r i n g  a n d  in s ta l l a t io n  i n c r e a s e d ,  b u t  a r o u n d  1 8 9 0  it , t o o ,  e x ­

p e r i e n c e d  r e v e r s e  s a l ie n ts ,  a n d  a  n e w  g e n e r a t i o n  o f  in v e n to r s  a n d  e n g in e e r s  

r e s p o n d e d  by  d e f i n i n g  t h e m  a s  c r i t ic a l  p r o b le m s .  C o m p a r a b le  to  th e  t r a n s ­

m is s io n  p r o b le m  t h a t  h a d  f r u s t r a t e d  t h e  d i r e c t - c u r r e n t  i n v e n to r s ,  t h e  m o s t 

s e r io u s  p r o b le m  f o r  t h e  a l t e r n a t i n g - c u r r e n t  s y s te m  w a s th e  n e e d  f o r  a 

p r a c t ic a l  m o to r .  A n o t h e r  p r o b le m  s te m m e d  f r o m  th e  u s e  o f  h i g h e r  v o l ta g e s  

in  a .c . p r a c t i c e  t h a n  in  d .c .  a n d  t h e  r e s u l t i n g  n e e d  to  in s u la te  a n d  g r o u n d  

c i r c u i ts  to  g u a r d  a g a in s t  in j u r y  a n d  d e a t h  f r o m  e le c t r ic  s h o c k s .  W h ile  “ th e  

b a t t l e  o f  t h e  c u r r e n t s ” w as  b e in g  f o u g h t  in  t h e  n o n te c h n ic a l  a r e n a ,  t h e  n e w  

g e n e r a t i o n  o f  e n g i n e e r s  a n d  in v e n t o r s  w o r k e d  to  so lv e  th e  m o t o r  a n d  s a fe ty  

p r o b le m s .

T h e r e  w a s  c o n t r o v e r s y  o v e r  p r i o r i t y  o f  in v e n t io n  in  t h e  c a s e  o f  th e  a l ­

t e r n a t i n g - c u r r e n t  m o t o r  a s  t h e r e  h a d  b e e n  a b o u t  p r io r i ty  o f  in v e n t io n  o f  

t h e  a .c . t r a n s f o r m e r .  B e c a u s e  t h e  m o t o r  c o n t r o v e r s y ,  lik e  th e  t r a n s f o r m e r  

d e b a te ,  is a n  i m p o r t a n t  i n s t a n c e  o f  n e a r  s im u l t a n e i ty  o f  i n v e n t io n ,  w e  n e e d  

to  e x a m in e  t h e  c i r c u m s ta n c e s  t h a t  s t im u la te d  a  n u m b e r  o f  in v e n to r s  to  

id e n t i f y  t h e  m o t o r  a s  a r e v e r s e  s a l ie n t  a n d  d e f i n e  it a s  a  s e t  o f  c r i t ic a l  

p r o b le m s  f o r  w h ic h  th e y  p r o p o s e d  s o lu t io n s .

I n v e n t iv e  a c tiv ity  c e n t e r e d  o n  t h e  a l t e r n a t i n g - c u r r e n t  m o t o r  in  p a r t  b e ­

c a u s e  a l t e r n a t i n g  c u r r e n t  w as  w e ll p u b l ic iz e d  a n d  a v a i la b le  f o r  e x p e r i m e n ­

t a t io n .  I t s  c h a r a c te r i s t i c s  c o u ld  b e  o b s e r v e d  f i r s t  h a n d .  G a u la r d  a n d  G ib b s ’s 

sy s te m  b e g a n  to  a t t r a c t  a t t e n t i o n  in  1 8 8 3 , a n d  w ith  e a c h  s u c c e s s iv e  y e a r ,  

a l t e r n a t o r s  a n d  t r a n s f o r m e r s  b e c a m e  m o r e  w id e ly  k n o w n ,  te s t e d ,  a n d  u s e d .  

G a l i le o  F e r r a r i s ,  o n e  o f  th e  i n v e n to r s  a s s o c ia te d  w ith  th e  a .c . m o to r ,  b e c a m e  

i n t e r e s t e d  in  a l t e r n a t i n g - c u r r e n t  p h e n o m e n a ,  f o r  in s ta n c e ,  w h e n  h e  a c te d  

as  a  t e c h n ic a l  e v a l u a t o r  o f  t h e  G a u l a r d  a n d  G ib b s  a n d  G a n z  &  C o m p a n y  

t r a n s f o r m e r s . 3 D is p la y s  a t  o t h e r  in t e r n a t i o n a l  e x p o s i t io n s ,  s u c h  a s  th o s e  

u s e d  b y  G a u l a r d  a n d  G ib b s  in  L o n d o n ,  w h ic h  a t t r a c t e d  G e o r g e  W e s tin g -  

h o u s e 's  a t t e n t i o n ,  a ls o  s t im u la te d  c o g i ta t io n  a n d  e x p e r i m e n t a t i o n  r e la te d  

to  a .c . n e e d s  a n d  o p p o r t u n i t i e s .  I n  a d d i t io n ,  m a n u f a c t u r e r s  lo a n e d  o r  g a v e  

a l t e r n a t i n g  e q u i p m e n t  to  e n g i n e e r i n g  s c h o o ls  so  t h a t  f a c u lty  a n d  s tu d e n t s  

m ig h t  u s e  it in  r e s e a r c h  a n d  t h u s  d is c o v e r  its  p o s s ib le  a p p l ic a t io n s .  F.ngi- 

n e e r s  a n d  m a n a g e r s  o f  u t i l i t ie s  u s in g  t h e  n e w  c u r r e n t  b e c a m e  f a m il ia r  w ith  

its  s t r e n g t h s  a n d  w e a k n e s s e s  f ir s t  h a n d .  T h i s  is a  r e m i n d e r  th a t  n e w  te c h ­

1 L u dw ig  G u n m a n , "O n  th e  R otary  M agnetic  Field a n d  M ultip hase  A lte rn a tin g  C u rre n t
D istr ib u tio n ,"  Electr ica l W orld  21 (1893): 276 , q u o te d  o n  pa g e  4 o f  G. Silva. G alileo Eerrans: 
Th e  R o ta tin g  M ag ne tic  Fie ld a n d  the Asy nchronous M o tor, a tra n s la te d  e x ce rp t fro m  th e  o rig ina l
Ita lian  te x t p u b lish ed  in L'Elettrolecnica  3*1 (1 947) ( h e re a fte r  cited  as Silva, Eerrans).
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n o lo g y  m u s i  b e  u s e d  in  o r d e r  to  b e  i m p r o v e d ,  o r  to  p u t  it d i f f e r e n t ly ,  

p o s t in n o v a t io n  i n v e n t io n  a n d  d e v e l o p m e n t  a r e  c o m m o n .  T h e  o r ig in a to r s  

c a n n o t  e n v is a g e  a ll o f  t h e  o p p o r t u n i t i e s  a n d  n e e d s  o f  d iv e r s e - u s e  e n v ir o n ­

m e n ts .

W ith  in c r e a s e d  c o m p e t i t i o n  f r o m  a .c . s y s te m s ,  t h e  d i r e c t - c u r r e n t  u tilities  

a p p r e c i a t e d  t h e  a d v a n t a g e  th e y  h e ld  w ith  t h e i r  p r a c t i c a l  m o t o r  a n d  d e c id e d  

to  p u b l ic iz e  it e v e n  m o r e .  I n  r e s p o n s e ,  t h e  c o m p e t i n g  a .c . f o r c e s  se n se d  

m o r e  s h a r p l y  t h a n  e v e r  t h e  d e s i r a b i l i ty  o f  c o r r e c t i n g  th e  s a l i e n t  w e ak n ess  

o f  t h e i r  s y s te m . N o t io n s  o f  lo a d  m a n a g e m e n t  a n d  a t t e n d a n t  e c o n o m ie s  

b e c a m e  le ss  v a g u e  a s  t h e  1 8 8 0 s  e n d e d ,  a n d  ih is  c la r i f i c a t io n  o f  o p e ra t in g  

e c o n o m ie s  c le a r ly  d e f i n e d  t h e  n e e d  f o r  a  m o t o r  lo  fill o u t  t h e  lo a d  c u rv e . ' 

U ti l i t ie s  m a n a g e r s  a n d  e n g i n e e r s  b e g a n  lo o k in g  b e y o n d  e a r ly  p r o b le m s  ol 

re l ia b i l i ty  a n d  t h e  m a r k e t  f o r  l u x u r y  l ig h t in g  to  a  m o r e  e v e n ly  d is t r ib u te d  

a n d  tw e n t y - f o u r - h o u r  lo a d .

N o t  o n ly  d i d  t h e  u t i l i t ie s  d e f i n e  t h e  n e e d  f o r  a n  a .c . m o to r ,  b u t  th e  

m a n u f a c t u r e r s  w ith  in v e s tm e n ts  in  a .c . l i g h t i n g  s y s te m s — f o r  in  s t a n c e ,  W e s t ­

i n g h o u s e — a ls o  e n c o u r a g e d  in v e n to r s .  I n  t h e  1 8 8 0 s  t h e  i n d e p e n d e n t  in ­

v e n t o r  w a s  s till a n  i m p o r t a n t  f ig u r e ;  h e  h a d  n o t  y e t  b e e n  d i s p la c e d  by  the 

r e s e a r c h - p r o n e  a c a d e m ic s ,  i n d u s t r i a l  s c ie n t is ts ,  a n d  d e v e l o p m e n t  e n g in e e r s  

th e  m a n u f a c t u r e r s  w o u ld  e v e n tu a l ly  h i r e .  S o  t h e s e  i n d e p e n d e n t s  r e ­

s p o n d e d ,  s e n s in g  c o r r e c t ly  t h a t  s u c c e s s fu l  in v e n t i o n  w o u ld  b e  r e w a rd e d  

b e c a u s e  a n  e c o n o m ic  n e e d  h a d  b e e n  p e r c e iv e d .  I n  t h e  la te  e ig h t ie s ,  the 

r e g u l a r  a n n o u n c e m e n t  o f  p a t e n t s  in  n u m e r o u s  te c h n ic a l  a n d  e n g in e e r in g  

p e r io d ic a l s  s u c h  a s  t h e  S c ie n t i f ic  A m e r ic a n  k e p t  t h e  a c u te ly  s e n s i t iv e  in v e n to rs  

a w a r e  o f  o p p o r t u n i t i e s .

A  n u m b e r  o f  m a k e r s  a n d  u s e r s  r e s p o n d e d  to  t h e  n e e d  w ith  n e w  in v e n ­

t io n s ,  b u t  m a n y  i n v e n to r s  a n d  s c ie n t is ts  s im p ly  a n a ly z e d  t h e i r  o ld  d isc o v e r ie s  

a n d  i n v e n t io n s  f r o m  t h e  p e r s p e c t iv e  o f  t h e  n e w ly  p e r c e iv e d  n e e d .  T h e  

r e c o r d s  o f  p a t e n t  l i t ig a t io n  in  th e  c a s e  o f  a .c . m o t o r s  i n c lu d e  n u m e r o u s  

r e f e r e n c e s  to  id e a s  a n d  a p p a r a t u s  th a t  h a d  o b v io u s ly  b e e n  re h a b i l i ta te d  

a f t e r  a  r e v e r s e  s a l i e n t  g a v e  th e m  te c h n ic a l  a n d  e c o n o m ic  v a lu e .  T h e  o r ig in a l  

id e a s  a n d  a p p a r a t u s  h a d  o f t e n  r e s u l t e d  f r o m  s o m e t h i n g ’s b e in g  p o ss ib le  

r a t h e r  t h a n  n e e d e d .  T h e  p e r c e p t i o n  o f  a  r e v e r s e  s a l i e n t  t r a n s f o r m e d  th e  

p la y in g  a n d  c u r io s i ty  in to  c r i t i c a l - p r o b le m  s o lv in g .  A  l o n g  lis t  o f  a n te c e d e n t  

id e a s  p e r t a i n i n g  to  t h e  a .c . m o t o r  a p p e a r e d  a s  in v e n t o r s ,  p a t e n t  law y ers, 

a n d  i n d iv id u a l s  a n d  o r g a n i z a t i o n s  w ith  e c o n o m ic  in t e r e s t s  in  t h e  a .c . sy stem  

b e g a n  t h e i r  p u r p o s e f u l  a t t e m p t s  to  e s ta b l is h  p r io r i ty .

B e c a u s e  t h e  f a c to r s  t h a t  s t i m u la te d  i n te r e s t  in  t h e  d e v e l o p m e n t  o f  a n  a.c. 

m o t o r  w e r e  n u m e r o u s ,  t h e  n u m b e r  o f  in v e n t o r s  w h o  c la im e d  p r io r i ty  a n d  

th e  v a r i a t io n s  in  h i s to r ic a l  a t t r i b u t i o n  w e r e  n u m e r o u s  a s  w ell. P a te n ts  a n d  

p a t e n t  l i t ig a t io n  s h a p e  m e m o r ie s  s o  s t r o n g ly  t h a t  d i s i n t e r e s t e d  a c c o u n ts  

b a s e d  o n  th e m  c a n n o t  b e  a s s u m e d .  F o r  i n s ta n c e ,  p a t e n t  h o l d e r s  m a y  recall 

t h e  s t im u l a t i n g  i n f lu e n c e s  o f  s c ie n t is ts  b u t  n o t  th o s e  o f  o t h e r ,  c o m p e t in g  

p a t e n t  h o ld e r s .  T h e r e  is a ls o  a  n a t io n a l i s t i c  b ia s  to  a c c o u n t s  o f  th e  in v e n tio n  

a n d  i n t r o d u c t i o n  o r  t h e  a .c . m o t o r  s y s te m . I t a l i a n  h i s to r i e s  s t r e s s  (h e  d is ­

c o v e r ie s  o f  G a l i le o  F c r r a r i s  ( 1 8 4 7 - 18 9 7 ) ;  A m e r ic a n  a c c o u n t s  o f t e n  focus

" T h e  te rm  " lo ad  fa c to r .” w hic h  prec ise ly  id e n tif ie d  lo a d -m a n a g e m e n t p ro b lem s , was in ­

t r o d u c e d  by R. E. B. C ro m p to n , in 1891; sec P a rso n s, E a rly  D ays o f  the  P ow er S ta tion  Industry. 
p . 20 8 . Fo r a d iscu ssion  o f  th is  in f lu e n tia l c o n c e p t, see p. 218  below .
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o n  N ik o la  T e s la  ( 1 8 5 6 - 1 9 4 3 )  a n d  th e  W e s t in g h o u s e  e n g i n e e r s  w ith  w h o m  

h e  w o r k e d ;  Y u g o s la v ia n  h i s to r i a n s  r e c a ll  W e s t in g h o u s e ’s a c tiv i t ie s ,  b u t  a s  

a  b a c k d r o p  to  T e s l a ’s h e r o ic  c o n t r ib u t io n s ;  a n d  t h e  G e r m a n s  q u ie t ly  b u t  

c o n f id e n t ly  n o te  t h a t  M ic h a e l  O s ip o w itc h  v o n  D o l iv o -D o b ro w o ls k y  ( 1 8 6 2 — 

1 9 1 9 ) a n d  t h e  G e r m a n  G e n e r a l  E le c t r ic  C o m p a n y  (A E G )  i n t r o d u c e d  th e  

m o t o r  in  th e  f o r m  t h a t  w as  u s e d  m o s t  w id e ly  b y  1 9 0 0 . S w e d is h  h i s to r i a n s  

r e m e m b e r  J o n a s  W e n s t r o m  (1 8 5 5 - 1 8 9 3 ) ,  a n d  th e  S w iss  s t r e s s  t h e  w o rk  o f  

C h a r l e s  E u g e n e  L a n c e lo t  B ro w n  ( 1 8 6 3 - 1 9 2 4 )  o f  B ro w n ,  B o v e r i  8c C o m ­

p a n y .  T h e  F r e n c h  c a ll a t t e n t i o n  to  M a rc e l  D e p r e z  ( 1 8 4 3 - 1 9 1 8 ) ,  w h o  c o n ­

t r i b u t e d  c o n c e p t s  to  t h e  a .c . f ie ld ,  a s  h e  d id  to  so  m a n y  o t h e r  e a r ly  e l e c t r ic a l  

d e v e lo p m e n ts .  O b v io u s ly  t h e  c i r c u m s ta n c e s  t h a t  f o c u s e d  a t t e n t i o n  o n  th e  

n e e d  f o r  a n  a .c . m o t o r  w e r e  t r a n s n a t io n a l .

T o  u n r a v e l  t h e  t a n g le d  s k e in  o f  p r io r i ty  c la im s ,  le t  u s  e s ta b l is h  a  f r a m e ­

w o rk  o f  a n a ly s is .  T h e  c a te g o r i e s  to  b e  a n a ly z e d  w ill b e  d e f i n e d  by  q u e s t io n s .  

F o r  e x a m p le :  W h o  w e r e  t h e  s c ie n t is ts  o r  in v e n to r s  w h o  f i r s t  a r t i c u la t e d  th e  

g e n e r a l  id e a s  u n d e r l y i n g  t h e  in v e n t io n  a n d  p u b l ic iz e d  th e m  t h r o u g h  l e c tu r e  

o r  p u b l i c a t io n ?  W h o  w e re  t h e  i n v e n to r s  w h o  f i r s t  c o n s t r u c t e d  w o rk in g  

m o d e ls ?  W h o  f i r s t  a p p l i e d  s u c c e s s fu l ly  f o r  a  p a t e n t ?  W h a t  p e r s o n s  o r  c o m ­

p a n ie s  in it ia l ly  i n t r o d u c e d  t h e  i n v e n t io n  o n  th e  m a r k e t?  A n d  w h a t  is th e  

p r e c is e  n a t u r e  o f  t h e  i n v e n t io n  t h e  p r io r i ty  o f  w h ic h  is in  q u e s t io n ?  T h e  

a n s w e r s  lo  t h e s e  q u e s t io n s  m u s t  b e  o f f e r e d  w ith  q u a l i f i c a t io n s  a n d  r e s e r ­

v a t io n s .

T a k i n g  t h e  la s t  q u e s t i o n  f i r s t ,  t h e  i n v e n t io n  o f  i n te r e s t  is th e  a l t e r n a t in g -  

c u r r e n t ,  p o ly p h a s e  m o to r .  T o  e s ta b l is h  a  r o t a t i n g  m a g n e t i c  f ie ld  in  its  s t a to r  

w in d in g s ,  t h e  p o ly p h a s e  m o t o r  u s e s  s e v e r a l  o u t - o f - p h a s e ,  o r  p o ly p h a s e ,  

c u r r e n t s .  B y  1 9 0 0  t h e  t h r e e - p h a s e  s y s te m  w as  c o m m o n ,  b u t  th e  tw o -p h a s e  

s y s te m  a ls o  h a d  b e e n  u s e d .  P o ly p h a s e  m o to r s  w e re  o f  s e v e ra l  d e s ig n s ;  th e  

m o s t  c o m m o n  d i s t in c t io n  w a s  b e tw e e n  t h e  in d u c t io n ,  o r  a s y n c h r o n o u s ,  

m o t o r  a n d  t h e  s y n c h r o n o u s  m o to r .  T h e  in d u c t io n  m o to r  f o u n d  w id e  u s e ,  

v a r y in g  in  s iz e  f r o m  t h e  m o t o r  in  a  d e n t i s t 's  d r i l l  t o  th e  p r o p u l s io n  u n i t  o f  

a  b a t t l e s h ip ,  a n d  to d a y  is u s e d  t h r o u g h o u t  t h e  w o r ld .  “T o g e t h e r  w ith  th e  

p e t r o l  e n g i n e ,  it  h a s  b e c o m e  t h e  m o s t  in d i s p e n s a b le  m a c h in e  t h a t  m a n  h a s  

m a d e .”7

T h e  r o t o r  o f  t h e  in d u c t i o n  m o t o r  h a s  c u r r e n t  i n d u c e d  in  its  w in d in g s ,  

o r  c o n d u c t o r s ,  b y  t h e  r o t a t i n g  m a g n e t i c  f ie ld  o f  th e  s t a to r .  T h e  re a c t io n  

b e tw e e n  t h e  in d u c e d  r o t o r  c u r r e n t  a n d  th e  s t a to r 's  m a g n e t ic  f ie ld  d e v e lo p s  

th e  to r q u e  o f  t h e  m o to r .  T h e  s y n c h r o n o u s  m o t o r  h a s  a  s e p a r a t e  s o u r c e  o f  

d i r e c t  c u r r e n t  f o r  t h e  r o t o r ;  a s  in  t h e  c a s e  o f  th e  in d u c t io n  m o to r ,  th e  

r o t a t i n g  m a g n e t i c  f ie ld  o f  th e  s t a t o r  o f  th e  s y n c h r o n o u s  m o t o r  is e s ta b l is h e d  

by  p o ly p h a s e  c u r r e n t s .  T h e  s y n c h r o n o u s  s p e e d  o f  a  p o ly p h a s e  m o t o r  is th e  

s p e e d  o f  th e  r o t a t i n g  m a g n e t i c  f ie ld  in  t h e  s t a to r .  T h i s  s p e e d  v a r ie s  d i r e c t ly  

w ith  th e  f r e q u e n c y  o f  th e  a p p l i e d  v o l ta g e  a n d ,  in v e r s e ly ,  w ith  th e  n u m b e r  

o f  p o le s .  T h e  m a g n e t i c  r e v o lv in g  f ie ld  r u n s  a t  th e  s a m e  s p e e d ,  p o le  fo r  

p o le ,  a s  th e  a l t e r n a t i n g - c u r r e n t  g e n e r a t o r  s u p p ly in g  it. A s o b s e r v e d ,  th e  

in d u c t io n  m o to r 's  r o t o r  r u n s  s l ig h tly  b e h in d  s y n c h r o n o u s  s p e e d ;  th e  s y n ­

c h r o n o u s  m o t o r ’s r o t o r  r u n s  a t  s y n c h r o n o u s  s p e e d ."

7 V on S iem ens. H ouse  o f  Siem ens,  1: 140.
• F o r a d e a r  a n d  e x p e r tly  s im p lified  d e scrip tio n  o f  th e  a lte rn a tin g -c u r re n t m o to r , see U .S.. 

B u re au  o f  N aval P e rso n n e l, Basic Electricity  (N ew  Y ork : D over, 1970). pp . 3 1 7 -3 7 .
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F ig u r e  V . l .  N iko la  Tesla. Courtesy o f  the  

N a tio n a l M u se u m  o f  A m erican  H istory, 
Sm ith so n ia n  In stitu tion , W ash in g to n, D .C .

T h e  m o s t  w id e ly  a c c la im e d  o f  th e  in v e n to r s  o f  th e  a l t e r n a t in g - c u r r e n t  

m o t o r  w a s  N ik o la  T e s la .  T e s la  is b e l t e r  k n o w n  t h a n  th e  o th e r s  n o t  on ly  

b e c a u s e  o f  th e  s u c c e s s  o f  h is  in v e n t io n  b u t  a ls o  b e c a u s e  h is  n a t iv e  c o u n try ,  

Y u g o s la v ia ,  h a s  r ig o r o u s ly  c u l t iv a te d  h is  m e m o r y ;  b e c a u s e  h e  w as a sso c ia ted  

w ith  a  le a d in g  A m e r ic a n  m a n u f a c t u r e r ;  b e c a u s e  h e  w as  g r e a t ly  h o n o re d  

by  h is  c o n t e m p o r a r i e s ;  a n d  b e c a u s e  h e  w as  a  c o lo r f u l ,  d r a m a t i c  p e rs o n a li ty  

w h o  a t t r a c t e d  c o n s id e r a b le  a t t e n t i o n  in  n e w s p a p e r s  a n d  p e r io d ic a ls  a n d  

a b o u t  w h o m  a  n u m b e r  o f  b o o k s  fo r  th e  g e n e r a l  a u d ie n c e  h a v e  b e e n  w ritten .9

N ik o la  T e s la  w as  b o r n  o n  t h e  n o r t h e r n m o s t  c o a s t  o f  D a lm a t ia  in  th e  

v il la g e  o f  S m il ja n ,  L ik a , t h e n  a  p a r t  o f  t h e  A u s t r o - H u n g a r i a n  E m p i r e  a n d  

n o w  a  v il la g e  in  Y u g o s la v ia .  H is  f a t h e r ,  a  S e r b ia n ,  w a s  a  G r e e k  O r th o ­

d o x  p r i e s t ;  h is  m o t h e r  w as  “o f  a  d i s t in g u i s h e d  S e r b ia n  f a m ily . ’’10 B eca u se  

h is  m o t h e r  is r e m e m b e r e d  a s  b e in g  d e s c e n d e d  f r o m  a  l o n g  l in e  o f  in v e n to rs ,  

T e s la  w as  p r o b a b ly  b r o u g h t  u p  in  t h a t  t r a d i t i o n .  H e  s tu d i e d  e n g in e e r in g  

a t  t h e  G r a z  P o ly te c h n ic  in  A u s t r i a  a n d  c o m p le te d  h is  e d u c a t i o n  a t  P ra g u e  

U n iv e r s i ty  a t  th e  a g e  o f  2 3 ,  a t  t h e  t im e  w h e n  a r c  l ig h t i n g  w as  a t t r a c t in g  

m u c h  a t t e n t i o n  a n d  E d is o n  h a d  e m b a r k e d  o n  h is  w e l l -p u b l ic iz e d  q u e s t  for 

in c a n d e s c e n t  l ig h t in g .  T e s la ,  w h o  w a s  n o t  r e t i c e n t  in  a u to b io g r a p h ic a l  m a t ­

t e r s ,  r e c a l l e d  o n  t h e  o c c a s io n  o f  r e c e iv in g  t h e  E d i s o n  M e d a l  in  1 9 1 7  th a t 

a t  t h e  p o ly te c h n ic  s c h o o l,  o n e  o f  th e  f in e s t  in  E u r o p e ,  h e  r o s e  e a c h  m o rn in g  

a t  t h r e e  o ’c lo c k  a n d  w o r k e d  u n t i l  e l e v e n  in  t h e  e v e n i n g  f o r  a n  e n t i r e  y ear 

w i th o u t  a d a y 's  e x c e p t io n .  H is  p r o f e s s o r s  a w a r d e d  h is  w o rk  th e  h ig h e s t 

d i s t in c t io n s .  L a te r ,  h e  d e m o n s t r a t e d  h is  r e m a r k a b l e  s t a m in a  b y  o u t la s t in g  

h is  e m p lo y e r ,  E d is o n ,  d u r i n g  a  n i n e - m o n t h  p e r i o d  w h e n  T e s la  w o rk e d  

f r o m  h a l f - p a s t  t e n  e a c h  m o r n i n g  u n t i l  f iv e  t h e  n e x t .  T e s la  r e c a l le d  th a t 

E d is o n  s a id ,  “ I n e v e r  saw  s u c h  a  th in g ,  y o u  l a k e  th e  c a k e . ’’"

9 B o kJan  Slavko . N ik ola  Tesla u n d  sein IVerA (L e ip z ig A /ie n n a /N e w  Y o rk : D e u tsc h e r  V erlag 

f u r  J u g e n d  u n d  V olk . 1934); T h o m a s  C. M a rtin , Th e  In ve n tio n s, Researches, a n d  W ritings oj 

Niko la  Tesla  (N ew  Y o rk : E le ctr ic al E n g in e e r , 1894): J o h n  J .  O 'N eill, P ro diga l G enius:  The Li ft 

o f  N iko la  Tesla (N ew  Y ork: W a sh b u rn , 1944); A. J .  B e c k h a rd , N ik ola  Tes la, Electrica l Genius 

(L o n d o n : D o bson , 1961); Inez  H u n t a n d  W a n e tta  D ra p e r , L ig h tn in g  in H is  H a n d : The Life 

Story o f  N iko la  Tesla  (D e n v er: Sage B ooks, 1964); H . B. W alte rs , N iko la  Tesla, G ia n t o f  Electricity 

(N ew  Y ork : C ro w ell, 1961); C. J. B e th e n o d , Tesla (B e lg ra d e : S o c ie tt . . . d e  I 'ln s t itu t Nikola 

T e s la , 1938); a n d  M a rg a re t C h e n ey . Testa: M a n  O u t o f  Tim e  (E n g lew o o d  C liffs. N .J.: Prentice- 

H all, 1981). In  1956. th e  c e n te n a ry  o f  T e s la 's  b ir th , a n  in te rn a tio n a l m e e tin g  in  B e lg rad e  was 

th e  occasio n  fo r  p u b lic a tio n  o f  T e s la 's  w orks , as well as  essays a b o u t h im , by  th e  N ikola  Tesla 

M u se u m  o r  B e lg rad e . I am  in d e b te d  to  P ro fe sso r  C a r l C h a m b e rs  o f  th e  U n iv ersity  o f  Penn ­

sy lv ania . a n  in v ited  p a rtic ip a n t in th e  m e etin g , fo r  c a lling  m y a tte n t io n  to  th e  m e eting  and  

its pu b lic a tio n s. A m o n g  th e se  a re  V. P o p o v il, R. H o rv a t. a n d  N . N ik o lil . c o m ps., Niko la  Tesla: 

Lectures, P aten ts, a n d  A rticles  (B e lg ra d e : N ik o la  T es la  M u se u m . 1956): V. P o p o v it, co m p .. Tribute 

to N ik ola Tesla: P resented in Articles, Letters, D ocum ents (B e lg ra d e : N ik o la  T e s la  M use u m . 1956), 

a v o lu m e  th a t in c lu d es  a n  e x ten siv e  b ib lio g ra p h y  o f  b o ok s a n d  a r tic le s ; a n d  N ikola  Tesla 

C en ,enary  ° f th'  B ir th  o f  N iko la  Tesla. I 8 5 6 - I 9 S 6  (B e lg ra d e : N ik o la  T e s la  M useum , 

j  i ?  hC, ' r , a ,U re  ^  ,e c h n ic a l.jo u rn a ls  is e x tensive . M u ch  o r  th is  is n o te d  in J o h n  R a t * *  

a n 1o  4 r  M nl CrSOn’ COmp5 ’ D r m ° la T ' ila :  B iblio gra phy  (P a lo  A lto . C a lif.: R a g usa n . 1979 

lo  Tesla  p  “ N ik ° ' a T eS l“ ’" 9 .  (1 94 4 ). re p r in te d  in  Po p o v it. Tribute

zsijirfis: ̂ int̂ r;:;1
(hereafte r cited as "Personal RecollecdnnO  al’ antl N,k<llit' N,kola T,sl° ' PP



1 1 3  C O N F L I C T  A N D  R E S O L U T I O N

T e s la  l a i e r  in s is te d  it w a s  in  1 8 7 7  t h a t  h e  f i r s t  d e f i n e d  th e  c r i t ic a l  p r o b le m  

w h ic h  r e s u l t e d  in  h is  in v e n t io n  o f  t h e  p o ly p h a s e  s y s te m . A  s t u d e n t  a t  G ra z  

a t  t h a t  l im e ,  h e  w i tn e s s e d  a  p r o f e s s o r  o p e r a t i n g  a  G r a m m e  g e n e r a t o r  a s  a  

d .c .  m o to r .  T h e  s p a r k i n g  f r o m  t h e  g e n e r a t o r ’s b r u s h e s  a n d  c o m m u t a t o r  

w a s  i n te n s e ,  a n d  it  w as  a p p a r e n t  to  a ll t h a t  th e s e  c o m p o n e n t s  w o u ld  so o n  

b u r n  o u t .  T h i s  d e m o n s t r a t i o n  m o t iv a te d  T e s la  to  s e a r c h  f o r  a d e s ig n  th a t  

w o u ld  e l im in a te  th e  b r u s h e s  a n d  c o m m u t a t o r .  ( O t h e r  in v e n to r s  w h o  r e ­

m e m b e r e d  b e in g  s t im u l a t e d  b y  c la s s ro o m  le c tu r e s  o r  d e m o n s t r a t i o n s  to  

m a k e  t h e i r  m a j o r  in v e n t iv e  c o n t r i b u t i o n s  w e re  C h a r le s  H a ll ,  w h o  is o la te d  

a l u m i n u m ,  a n d  R u d o l f  D ie s e l ,  f a t h e r  o f  t h e  d ie s e l  e n g in e .)  I t  is n o t  c le a r  

w h e t h e r  T e s la  t h e n  w a n te d  to  d e v e lo p  a  g e n e r a t o r  o r  a  m o t o r  w i th o u t  a 

c o m m u t a t o r ,  o r  b o th .  F iv e  y e a r s  l a t e r ,  in  1 8 8 2 , a f t e r  p i c t u r i n g  th e  p r o b le m  

a n d  p o s s ib le  s o lu t io n s  in  h is  m in d  m a n y  t im e s ,  th e  f la s h  o f  in s ig h t  c a m e ,  

T e s la  r e c a l l e d ,  a s  h e  r e c i t e d  G o e th e  w h ile  w a lk in g  in  t h e  B u d a p e s t  C ity  

P a rk  w ith  a  f r i e n d .

T e s la ,  w h o  m e m o r iz e d  “e n t i r e  b o o k s "  a n d  c o u ld  s e le c t  “ f r o m  m e m o r y  

w o rd  b y  w o r d ,"  w as  r e m i n d e d  o f  t h e  fo l lo w in g  p a s s a g e : 12 

Sie  r iick t u n d  w eich t, d e r  T a g  ist u b e rleb t,
D o n  eilt sie h in  u n d  fo rd e r t  n eu es  L eben  
O  dass kein  F liig el m ich vom  B o d en  heb t,
I h r  n ach  u n d  im m e r n ach  zu s tre b en !

A ch! zu d e s  G eistes F liigeln  w ird  so  le icht 
K ein  k o rp e r l ic h e r  F lugel sich gese llen .

A t  t h a t  m o m e n t  in  t h e  p a r k ,  T e s l a ’s im a g in a t io n  in d e e d  s o a r e d :  “ I n  a n  

i n s t a n t  I sa w  it a l l ,  a n d  I d r e w  w ith  a  s t ic k  o n  t h e  s a n d  t h e  d ia g r a m s  w h ic h  

w e r e  i l lu s t r a t e d  in  m y  f u n d a m e n t a l  p a te n t s  o f  M ay , 1 8 8 8 .’’13 I n a s m u c h  a s  

f iv e  f u n d a m e n t a l ,  r e l a t e d  p a t e n t s  w e re  is s u e d  to  T e s la  in  M ay  1 8 8 8 . th e  

d e ta i l  o f  h is  in s ig h t  m u s t  h a v e  b e e n  r e m a r k a b le .

F iv e  y e a r s  p a s s e d  f r o m  t h e  m o m e n t  o f  T e s l a ’s b r a i n s t o r m  a n d  h is  a p ­

p l ic a t io n  f o r  t h e  p a te n t s .  T e s la  m a in ta in s  t h a t  t h e  v is io n  o f  th e  m a c h in e s  

w i th o u t  c o m m u t a t o r s  r e m a i n e d  v iv id  a n d  c o m p e l l in g  in  h is  m in d  d u r i n g  

t h a t  t im e .  I n  e s s e n c e ,  h e  w as  s e a r c h i n g  f o r  a n  e n t i r e ly  n e w  s y s te m , f o r  h is  

m o t o r  w o u ld  r e q u i r e  a  s p e c ia l  p o ly p h a s e  g e n e r a t o r .  In  B u d a p e s t ,  w h e r e  

h e  w o r k e d  a s  a n  e l e c t r i c i a n  f o r  th e  A u s t r o - H u n g a r i a n  s l a t e  t e l e p h o n e  sy s ­

t e m ,  h is  d e t e r m i n a t i o n  to  c o n s t r u c t  th e  m o to r  p e r s i s t e d ;  it a ls o  s u rv iv e d  a 

m o v e  in  1 8 8 2  to  P a r is ,  w h e r e  h e  w o r k e d  f o r  th e  F r e n c h  E d is o n  E le c tr ic  

L ig h t  C o m p a n y ,  a  m a n u f a c t u r e r  o f  d i r e c t - c u r r e n t  a p p a r a t u s .  W h ile  in  th e  

e m p lo y  o f  F r e n c h  E d is o n ,  h e  h e lp e d  in s ta l l  c e n t r a l  s ta t io n s ,  o n e  o f  th e m  

in  S t r a s b o u r g ,  w h e r e  h e  w o r k e d  f o r  tw o  y e a rs .  I n  S t r a s b o u r g ,  a c c o r d in g  

to  h is  r e m in is c e n c e s ,  h e  c o n s t r u c t e d  a  m o d e l  o f  h is  m o to r ,  b u t  w as  u n a b le  

to  f in d  a n y o n e  to  f u n d  its  f u r t h e r  d e v e lo p m e n t .  T h e n ,  in  1 8 8 4 , h e  s a i le d  

f o r  A m e r ic a  a n d  in  N e w  Y o r k  f o u n d  e m p lo y m e n t  in  E d i s o n ’s M a c h in e

’’ "P e rso n a l R ecollec tions,"  p. A I9 8 . T h e  passage  is Trom G o eth e 's  Faust, p t.  I, in Goethes 
sSm lliche W erke, 36 vo ls., in tro d u c tio n  by  K arl G o ede ke  (S tu t tg art: G o tta , 18 67 -82 ), 1 0 :44 -45  
(lines 7 1 9 -2 2  a n d  7 3 7 -3 8 ). Loose ly  tra n s la te d  it rea d s: " T h e  su n  sin ks: th e  d a y  is d o n c ./T h e  
heaven ly  o rb  h a s te n s  to  n u r tu r e  life cIsew hcrc./A la s, no  w ings lift m e  fro m  e a r th /T o  str iv e  
a lw ays to  fo llow l/. . . O h . th a t s p ir itu a l w ings so a rin g  so easily /H ad  c o m p an io n s  to  lift m e 
bodily  f ro m  e a r th ."  I am  in d e b te d  to  D r. H o rs t D ae m m ric h  fo r  locating  th is  passage.

”  "P e rso n a l R ecollections," p. A 198.



W o rk s ;  th e r e  h e  w o rk e d  t i re le s s ly ,  b u t  f o r  le ss  t h a n  a  y e a r .  T e s la  r e p o r ts  

t h a t  h e  w as  d i s c o u r a g e d  by  E d is o n 's  o p p o s i t io n  to  a l t e r n a t i n g  c u r r e n t ,  b u t 

E d is o n 's  o p p o s i t io n  m a y  h a v e  b e e n  in d if  f e r e n c e ,  f o r  in  188 4  t h e r e  w as  little  

c o m p e t i t io n  f ro m  a l t e r n a t i n g  c u r r e n t .  F r a n c is  J e h l  r e c a l le d  y e a r s  l a t e r  th a t 

T e s la  d id  te ll o t h e r s  a t  t h e  E d is o n  M a c h in e  W o rk s  o f  h is  e n th u s ia s m  fo r  

a l t e r n a t i n g - c u r r e n t  m o to r s  w i th o u t  c o m m u t a t o r s . M T e s la  t h e n  le f t  E d iso n  

a n d  w ith  s e v e ra l  f in a n c ia l  b a c k e r s  e s t a b l i s h e d  th e  T e s la  E le c t r ic  L ig h t & 

M a n u f a c tu r in g  C o m p a n y  o f  R a h w a y ,  N e w  J e r s e y .  A m o n g  th e  p a te n t  a p ­

p l ic a t io n s  h e  f i le d  f o r  h is  c o m p a n y  in  1 8 8 5  w a s  h is  d e s ig n  f o r  a  c o m m u ta to r  

th a t  w o u ld  p r e v e n t  s p a r k in g ;  h e  a ls o  p a t e n t e d  a n  a r c - l ig h t  g e n e r a to r ,  a 

r e g u l a t o r  f o r  a  g e n e r a t o r ,  a n d  a n  a r c  la m p .  T h i s  e v id e n c e  th a t  T e s la ’s 

c o m m i tm e n t  to  h is  c o n c e p t  w as  s u s ta in e d  is o f  p a r t i c u l a r  i n te r e s t  b ecau se  

s o m e  o f  h is  c o m p e t i to r s  d o u b t e d  t h a t  h e  h a d  th e  id e a  f o r  a n  a .c . sy stem  

w ith  a n  in d u c t io n  m o to r  f iv e  y e a r s  b e f o r e  f i l in g  h is  p a t e n t  a p p l i c a t io n s .14

T e s la 's  a c tiv it ie s  a f t e r  1884 f it t h e  g e n e r a l  p a t t e r n  e s t a b l i s h e d  by  o th e r  

p r o f e s s io n a l  in v e n to r s .  H e  s e t  u p  a  c o m p a n y  b e a r i n g  h is  n a m e ,  o n e  th a t 

w as  b a s e d  o n  h is  e x is t in g  p a te n t s  a n d  h is  id e a s  f o r  f u t u r e  in v e n t io n s .  H e 

c o n c e n t r a t e d  o n  in v e n t io n s  a n d  d e v e lo p m e n ts  f o r  w h ic h  t h e r e  w as  re a d y  

f u n d i n g  a n d  a  lik e ly  m a r k e t .  T h i s  m a y  e x p la in  w h y  h e  p o s t p o n e d  w o rk  on  

th e  p r o b le m  t h a t  w as  o f  g r e a te s t  in t e r e s t  to  h im . T h e  f in a n c ia l  b a c k e r s  o l 

th e  T e s la  E le c tr ic  L ig h t  & M a n u f a c t u r i n g  C o m p a n y  h a d  l i t t le  r e a s o n  to 

in v e s t  in  a n  a l t e r n a t i n g - c u r r e n t  s y s te m  in  1 8 8 5 , f o r  a t  t h a t  t im e  its  u s e  was 

e x p e r im e n ta l  a n d  its  p io n e e r s — e s p e c ia l ly  G a u l a r d  a n d  G ib b s — w e r e  yet 

e x p e r ie n c in g  n u m e r o u s  d i f f ic u l t ie s .  I n  h is  c o n c e n t r a t i o n  o n  t h e  in v e n tio n  

a n d  d e v e lo p m e n t  o f  m a jo r  i m p r o v e m e n ts  in  e x i s t in g  s y s te m s  a n d  o n  the 

s o lu t io n  o f  c r i t ic a l  p r o b le m s  in  e v o lv in g  s y s te m s ,  T e s la  fo l lo w e d  th e  ro a d  

ta k e n  by  c o n t e m p o r a r y  p r o f e s s io n a ls  l ik e  C h a r le s  B r u s h ,  E lm e r  S p e r ry , 

W illia m  S ta n le y ,  E l ih u  T h o m s o n ,  F r a n k  S p r a g u e ,  a n d  S . Z . d e  F e r ra n ti ,  

H e ,  a s  d id  th e y ,  lo o k  t h e  r is k  o f  in v e s t in g  in  a  b r e a k t h r o u g h  in v e n tio n . 

M a n y  re la t iv e ly  u n k n o w n  p ro f e s s io n a l s  h a v e  b e e n  m o r e  c o n s e rv a t iv e ,  c o n ­

c e n t r a t i n g  in s te a d  o n  i n c r e m e n ta l  im p r o v e m e n ts .

T e s l a ’s o p p o r t u n i t y  c a m e  in  1 8 8 7 , a l t h o u g h  d e ta i l e d  i n f o r m a t io n  lo  a u ­

t h o r i ta t iv e ly  d o c u m e n t  th is  c r i t ic a l  y e a r  is l a m e n ta b ly  la c k in g .  B e c a u s e  T e s la  

w as  a n  e x p e r ie n c e d  in v e n to r ,  d a ily  d ia r i e s ,  l a b o r a to r y  n o te b o o k s ,  a n d  re c ­

o r d s  o f  p a te n t  a p p l i c a t io n s  m u s t  h a v e  b e e n  m a d e ,  b u t  lo  d a t e ,  t h e  sch o la r ly  

m o n o g r a p h  t h a t  w o u ld  a u t h e n t i c a t e  h is  c r e a t iv e  a c t iv it ie s  h a s  n o t b e e n  

w r i t t e n .10 T h e r e f o r e ,  T e s l a ’s o w n  s p a r s e  re c o l le c t io n s ,  h is  p a te n t s ,  a n d  a 

m a jo r  te c h n ic a l  p a p e r  c o v e r in g  th e  c r i t ic a l  p e r io d  f r o m  t h e  fa ll o f  1887 to  

th e  s p r i n g  o f  1 8 8 8  c o n s t i tu t e  th e  i n f o r m a t io n  a v a i la b le  to  th e  h is to r ia n .

T esla  p u t s  it s u c c in c tly :  “ E a r ly  in  1 8 8 5  p e o p le  a p p r o a c h e d  m e  w ith  a

1 1 4  n e t t w o r k s  o f  p o w e r

G o rd o n  l- r ted la n d cr , "T esla . K rccm ric  G en iu s."  IE E E  Sp re tn im . J u n e  1972 . p. 26. Fried- 
In iidcr relicsi cm Francis  Jc lil, M enlo  P ark  Rem inucen ces . 3 vols. (D e a rb o rn . M ich.. Edison 
In stitu te , 1937—̂11).

1,1 Silva. Ferrar ii. p p . 19-20 .

For a n  e x am p le  o t  th e  h e lp  th a t d ia ries , n o te bo ok s, a n d  o th e r  c o n te m p o ra ry  records 
give in estab lish in g  th e  h isto ry  o r  in ven tive  activ ity , see T h o m a s  P. H u g h e s . Elm er Sprny- 

n T "  , 7  T r '  (U l,l,im ° rC; T h c  J o l,n s  H o p k in s  Press. 1971). T h e  T es la  M useum  in 

th e  1 ih ra r l"« !  r  ** * ,,a,>C,S'i son ,c  ol w l,irh  have  b e en  m ic ro n im e d  a n d  p lacetl o n  deposit in 

in te rest on  th e  IH H fu "*  "  ,)  t : . I e x a m in e d  th e  m icro film  a n d  fo u n d  littlr  or
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p r o p o s i t io n  to  d e v e lo p  a n  a r c  l ig h t  s y s te m  a n d  to  f o r m  a  c o m p a n y  u n d e r  

m y  n a m e .  I s ig n e d  t h e  c o n t r a c t ,  a n d  a  y e a r  a n d  a  h a l f  l a t e r  I w a s  f r e e  a n d  

in  a  p o s i t io n  to  d e v o te  m y s e l f  to  t h e  p ra c t ic a l  d e v e l o p m e n t  o f  m y  m a jo r  

d i s c o v e ry .  I f o u n d  f in a n c ia l  s u p p o r t e r s ,  a n d  in  A p r i l ,  1 8 8 7 , a  c o m p a n y  w as  

o r g a n iz e d  f o r  t h e  p u r p o s e ,  a n d  w h a t  h a s  fo l lo w e d  s in c e  is w e ll k n o w n ." 17 

I n  a n o t h e r  a c c o u n t ,  h e  d a i e d  t h e  f o r m a t i o n  o f  t h e  s e c o n d  c o m p a n y  a s  A p r i l  

1 8 8 6  a n d  r e f e r r e d  to  t h e  c o n s t r u c t i o n  o f  a  l a b o r a t o r y . 18 H is  f i r s t  tw o  p a te n t s  

o n  t h e  a l t e r n a t i n g - c u r r e n t  m o t o r  w e r e  f i le d  o n  12 O c t o b e r  1 8 8 7 . P a r t  

i n t e r e s t  w as  a s s ig n e d  to  C h a r le s  F. P e c k  o f  E n g le w o o d ,  N e w  J e r s e y ,  w h o  

p r o b a b ly  w as  o n e  o f  t h e  f in a n c ia l  b a c k e r s  o f  w h o m  T e s la  w r o t e . 19 T h r e e  

m o r e  p a te n t s  p e r t a i n i n g  to  t h e  s y s te m  w e re  f i le d  in  N o v e m b e r  a n d  is s u e d  

o n  1 M ay  1 8 8 8 , a n d  tw o  w e re  f i le d  in  D e c e m b e r  a n d  a ls o  is s u e d  o n  1 M a y .20

T h e  p a t e n t s  i s s u e d  o n  1 M a y  1 8 8 8  d e s c r ib e d  a  s y s te m  f o r  t h e  c o n v e r s io n ,  

tr a n s m is s io n ,  a n d  u t i l iz a t io n  o f  e n e r g y .  E s s e n tia l ly  th e  s y s te m  in v o lv e d  a  

g e n e r a t o r  f o r  c o n v e r t i n g  m e c h a n ic a l  to  e l e c t r ic a l  e n e r g y  a n d  a  m o t o r  to  

c o n v e r t  t h e  e le c t r ic a l  e n e r g y  o n c e  a g a in  to  m e c h a n ic a l  p o w e r .  A c c o r d in g  

to  T e s l a ’s p a te n t s ,  t h e  s y s te m  w o u ld  u s e  h ig h  v o l ta g e ,  o r  t e n s io n ,  f o r  t r a n s ­

m is s io n ,  a n d  a  m o t o r  w o u ld  p r o v i d e  u n i f o r m i t y  o f  s p e e d  r e g a r d le s s  o f  lo a d .  

T e s la  d e p i c t e d  th e  r o t a t i n g  m a g n e t i c  f ie ld  a s  “a  p r o g r e s s iv e  s h i f t i n g  o f  th e  

m a g n e t i s m  o r  o f  t h e  ‘l in e s  o f  f o r c e . ’ ”2 ‘ A c c o r d in g  to  e x p e r t  a n a ly s is  o f  t h e  

p a te n t s ,  th e y  c o v e r e d  b o th  t h e  p o ly p h a s e  s y n c h r o n o u s  a n d  th e  a s y n c h r o ­

n o u s ,  o r  in d u c t i o n ,  m o t o r s .22

L ik e  th e  id e a s  o f  m a n y  o t h e r  in v e n to r s ,  T e s l a ’s c o n c e p t s  w e r e  g e o m e t ­

r ic a lly  s y m m e t r i c a l  a n d  lo g ic a lly  o r d e r e d .  H is  id e a l iz e d  im a g e s  s t im u la te d  

h is  c r e a t iv e  e n d e a v o r s .  I f  t h e  im a g e s  d id  n o t  c o in c id e  w ith  re a l i ty ,  h e  e n ­

d e a v o r e d  to  r e o r g a n i z e  t h e  r e a l  s o  t h a t  it w o u ld  a p p r o x i m a t e  h is  id e a l .  T h i s  

a p p r o a c h  r e q u i r e d  in v e n t io n .  F o r  e x a m p le ,  in  t h e  p a p e r  h e  p r e s e n t e d  o n  

16 M ay  1 8 8 8  to  t h e  A m e r ic a n  I n s t i t u t e  o f  E le c t r ic a l  E n g in e e r s ,  h e  d e s c r ib e d  

h o w  g e n e r a t o r s  a n d  m o to r s  w e r e  a n d  h o w  th e y  o u g h t  to  b e . T h e  p o ly p h a s e  

s y s te m  e m b o d i e d  in  t h e  p a t e n t s  i s s u e d  to  h im  o n ly  tw o  w e e k s  e a r l i e r  w as 

“th e  o u g h t  to  b e . ” A s  h e  w r o te  in  h is  p a p e r ,  in  d i r e c t - c u r r e n t  sy s te m s , 

a l t e r n a t i n g  c u r r e n t s  w e r e  in d u c e d  in  t h e  g e n e r a t o r  o n ly  to  b e  c h a n g e d  in to

17 "P e rso n a l R eco llec tio ns,” p. A 199.

10 "A d d re ss  o f  A cc ep tanc e ,"  p. A 106.
10 "E lec tro  M a gn etic  M o to r" : filed  12 O c to b e r  1887; issued  I May 1888 (P a ten t no . 381 ,9 68). 

“E le ctr ic al T ra n sm iss io n  o f  Pow er": filed  12 O c to b e r  1887; issued  1 May 1888  (P a ten t no. 
3 82 .280).

80 "E lec tro  M a g netic  M o to r"  (P a te n t n o . 38 1 ,9 69 ). “ E lectro  M agnetic  M o to r"  (P a ten t no. 

3 8 2 ,27 9 ),a n d  "E lec tr ica l T ra n sm iss io n  o f  P ow e r” (P a ten t no . 38 2 ,281) all w ere  filed 30 N o ­
v e m b er 1887 a n d  issued  1 M ay 1888. " M eth o d  o f  C o n v e rtin g  a n d  D istr ib u tin g  E lectr ic  C u r ­

re n ts "  (P a ten t no . 3 82 .2 82 ) a n d  "System  o f  E lectr ical D istr ibu tio n"  (P a ten t no. 38 1 ,970) w ere 
filed  23  D ec em b er 1887 a n d  is su ed  I M ay 1888. T h e  O c to b e r  a n d  N o v em b er a p p lica tio ns 

have  b e en  ju d g e d  th e  essen tial o nes. See Silva, Ferraris. p. 14. T h e  D ec em ber p a te n ts  re fe r  
to  a r o ta t in g  field in d e p e n d e n t  o f  m o to rs  a n d  to  tra n s fo rm e rs  o f  a k in d  no  o n e  a d o p te d . 
R e m a rk s o f  G . Revcssi, ib id .,  p . 15. T h e  seven  a p p lica tio n s m a d e  by T es la  (th ose  lis ted  in  n.
19 a n d  th o se  lis ted  h e re )  w ere  d e riv e d  by h im  fro m  fo u r  app lica tio ns , th re e  o f  w hich w ere 
d iv id e d  in to  tw o a p p lica tio n s  e ach . I am  in d e b te d  to  D avid  R hecs o f  th e  U n iv ersity  o f  P e n n ­
sy lvania fo r  th is  in fo rm a tio n .

81 P a te n t no . 3 82 ,280 .
98G. R cvessi, "G alileo  F e r ra ris  e  N icola T es la : L 'In v en z io n c  de l m o to re  a s in c ro n o ," M em on e  

delta R . Accadem ia d i Science Letlere a d  A r li  in P ado va  53 (19 3 6 -3 7 ) , q u o te d  in  Silva. F rrm ris . 
p p . 14 -15 .
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F ig u re  V .2 . T a la 's  pa te n t (no. 3 8 1 ,9 6 8 ) 
on the electnc transmission o f  power, 

I  M ay  188 8.

N E T W O R K S  o f  p o w e r

d i r e c t  c u r r e n t s  by  th e  t r o u b le s o m e  c o m m u t a t o r .  A f t e r  d i s t r i b u t i o n  to  m o ­

t o r s ,  t h e s e  d i r e c t  c u r r e n t s  w e re  a g a in  c h a n g e d  b y  a  c o m m u t a t o r  in to  r e ­

v e r s in g  c u r r e n t s  in  th e  m o to r .  T h i s ,  lo  T e s la ,  w as  i l lo g ic a l .  W h y  n o t  use 

a l t e r n a t i n g  c u r r e n t s  t h r o u g h o u t  th e  s y s le m , a n d  t h e r e b y  d i s p e n s e  w ith  th e  

c o m m u t a t o r — “a c o m p l ic a te d  d e v ic e  a n d ,  it m a y  b e  j u s t ly  s a id ,  th e  s o u rce  

o f  m o s t  o f  t h e  t r o u b le s  e x p e r i e n c e d  in  th e  o p e r a t i o n  o f  t h e  m a c h in e s " ? 23

H a v in g  d i s p e n s e d  w ith  th e  c o m m u t a t o r ,  T e s la  t h e n  f a c e d  th e  p r o b le m  

o f  p r o d u c i n g  a  r o ta t io n  o f  t h e  m a g n e t ic  p o le s ,  a n  e f f e c t  p r o d u c e d  in  d .c. 

m o to r s  by  th e  c o m m u ta to r .  H e  p r o c e e d e d  in  h is  p a p e r — a n d  in  h is  p a t ­

e n ts — to  d e s c r ib e  th e  r o t a t i n g  m a g n e t i c  f ie ld  p r o d u c e d  b y  o u t-o f -p h a s e ,  

a l t e r n a t i n g  c u r r e n t s  ( se e  F ig . V .2 ) . U s in g  a  s e r ie s  o f  d i a g r a m s  to  i l lu s tra te  

h is  p o in ts ,  h e  s h o w e d  th a t  a g e n e r a t o r  a r m a t u r e  r e v o lv in g  w i th in  a m a g n e tic  

f ie ld  in d u c e d  w i th in  its  s e g m e n ts  a m a g n e t i c  f ie ld  th e  p o la r i ty  o f  w h ich  

r o ta t e d  a r o u n d  th e  s e g m e n ts .  T h e n ,  T e s la  to ld  h is  a u d ie n c e — a n d  th e  p a t ­

e n t  e x a m i n e r — th e  r o t a t i n g  f ie ld  c a u s e d  th e  s a m e  e f f e c t s  a s  a  r o ta t in g ,  o r  

w h ir l in g ,  m a g n e t .  O n e  s u c h  e f f e c t ,  lo n g  o b s e r v e d  by  e le c t r ic ia n s ,  w as th a t  

a n  i r o n  o r  s te e l  d is c  p la c e d  in  th e  v ic in ity  o f  a r o t a t i n g  p e r m a n e n t  m a g n e t 

w h ir le d  s y m p a th e t ic a l ly ;  th e  s a m e  t h in g  h a p p e n e d  w h e n  a  m e ta ll ic  d isc  was 

b r o u g h t  in to  th e  H eld  o f  a c t io n  o r  th e  r o t a t i n g  e le c t r o m a g n e t .  I n  th e  la t te r  

c a se  a  m a g n e t ic  f ie ld  w as in d u c e d  in  th e  d is c  b y  th e  r o t a t i n g  e le c t ro m a g n e t

”  N ik ola  Tesla, “ A new  System  o f  A lte rn a te  C u r r e n t  M o to rs  a n d  T ra n s fo rm e rs ."  a paper 
rea d  b e fo re  th e  A1EK o n  If. May IHRH a n d  p u b lis h ed  in  A I  E E  Transac tions . 5 (1888): »08-
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a n d  th e  c o n s e q u e n t  r e a c t io n  b e tw e e n  th e  s w ir l in g  m a g n e t is m  o l th e  e le c ­

t r o m a g n e t  a n d  th e  m a g n e t i z e d  d is c  r o ta te d  th e  d isc .

T o  t r a n s m i t  e n e r g y ,  T e s la  r a n  c o n d u c to r s  f r o m  s lip  r in g s  c o n n e c te d  to  

t h e  s e g m e n ts  o f  th e  g e n e r a t o r 's  a r m a t u r e  ( r o t a t i n g  m e m b e r )  to  ( n o n s p a r k ­

in g )  s l ip  r in g s  c o n n e c te d  to  th e  s e g m e n ts  o f  th e  s t a to r  ( s t a t io n a r y  m e m b e r )  

o f  a  m o to r .  T h e  s t a t o r  o f  t h e  m o to r ,  t h e n ,  h a d  w i th in  its  s e g m e n ts  th e  s a m e  

r e v o lv in g  f ie ld  a s  t h e  g e n e r a t o r  a r m a t u r e .  T h e  m o to r  a r m a t u r e  ( r o to r )  

th e n  e x p e r i e n c e d  t h e  i n d u c e d  c u r r e n t  a n d  m a g n e t is m .  B e c a u s e  o f  th e  s l ig h t  

la g  in  p h a s e ,  a  to r q u e  w as  d e v e lo p e d .  T h e  la g  o r  s l ip p a g e  g a v e  th e  m o to r  

a n  a s y n c h r o n o u s  c h a r a c t e r ;  t h e  r o t o r ’s s p e e d  w as  less  th a n  th a t  o f  th e  

r e v o lv in g  m a g n e t i c  f ie ld  o f  th e  s t a to r .  T e s la  a ls o  d e s c r ib e d  a  s y n c h r o n o u s  

m o t o r  t h a t  u s e d  d i r e c t  c u r r e n t  to  p r o d u c e  th e  m a g n e t is m  in  th e  f ie ld .21

T w o  f u n d a m e n t a l  id e a s  w e re  s t r e s s e d  by  T e s la  in  h is  d e s c r ip t io n  o f  a 

p o ly p h a s e  m o t o r  s y s te m — th e  e l im in a t io n  o f  th e  c o m m u t a t o r  a n d  th e  u se  

o f  a  r o t a t i n g  m a g n e t i c  f ie ld .  H o w e v e r ,  G a l i le o  F e r r a r i s  m a y  h a v e  c o n c e iv e d  

o f  t h e  r o t a t i n g  m a g n e t i c  f ie ld  b e f o r e  T e s la  d id .  T h e  c o n t r o v e r s y  a m o n g  

s u p p o r t e r s  o f  t h e  S e r b ia n  T e s la  a n d  th e  I ta l ia n  F e r r a r i s  h a s  n o t  e n d e d  a n d  

is  n o t  lik e ly  to  b e  r e s o lv e d .25 T e s la 's  te s t im o n y  th a t  h e  h a d  th e  id e a  o f  th e  

r e v o lv in g  f ie ld  in  1 8 8 2  is n o t  s u p p o r t e d  b y  d i s in te r e s te d  w i tn e s s e s  o r  by  

c o n t e m p o r a r y  p u b l i c a t io n s ,  a n d  F e r r a r i s ’s c la im  t h a t  h e  d is c o v e r e d  th e  

r o t a t i n g  m a g n e t i c  f ie ld  ( in  1 8 8 5 )  w as  n o t  s u b s ta n t i a t e d  by  l e c tu r e  o r  p u b ­

l ic a t io n  u n t i l  M a r c h  18 8 8 ,26 m o n t h s  a f t e r  T e s la  f i le d  f o r  h is  p a te n ts .

T h e  c i r c u m s ta n c e s  s u r r o u n d i n g  F e r r a r i s ’s d is c o v e ry  a r e  i n t e r e s t in g  a s  a 

c a s e  o f  c o n v e r g in g  s c ie n t i f ic  a n d  te c h n o lo g ic a l  in f lu e n c e s .  A s  is th e  c a se  

w ith  s o  m a n y  i n v e n t io n s ,  F e r r a r i s ,  a  p r o f e s s o r  o f  p h y s ic s  a t  t h e  U n iv e r s i ty  

o f  T u r i n ,  d i s c o v e r e d  t h e  r o t a t i n g  m a g n e t i c  f ie ld  b y  a n a lo g y .  F u r t h e r m o r e ,  

h is  d is c o v e r y  c a m e  f r o m  a c o n v e r g e n c e  in  h is  m in d  o f  te c h n o lo g ic a l  a n d  

sc ie n t i f ic  in f o r m a t i o n .  E x t r a p o l a t i n g  f r o m  h is  e x p e r i m e n t s  w ith  a l t e r n a t in g -  

c u r r e n t  t r a n s f o r m e r s ,  h e  r e a s o n e d  th a t  i f  tw o  s im p le ,  h a r m o n ic ,  e q u a l  

o p t ic a l  m o t io n s  w ith  a  p h a s e  d i f f e r e n c e  o f  o n e - q u a r t e r  p r o d u c e d  c i r c u la r  

m o t io n ,  t h e n  tw o  s im i la r ly  o u l - o f - p h a s e  e le c t r ic  c u r r e n t s  a n d  t h e i r  a c c o m ­

p a n y in g  m a g n e t i c  f ie ld s  w o u ld  p r o d u c e  a  r o t a t i n g  m a g n e t ic  f ie ld .  T h ese  

th o u g h t s  w e r e  p r o b a b ly  s t im u la te d  a s  w ell by  h is  a w a r e n e s s  o f  M a x w e ll’s 

e l e c t r o m a g n e t i c  t h e o r y .27

F e r r a r i s  d id  b u i ld  a n  o p e r a t i n g  m o to r ,  b u t  h e  d id  n o t  b e c o m e  in te r e s te d  

in  p a t e n t i n g  h is  i n v e n t io n  u n t i l  t h e  W e s t in g h o u s e  C o m p a n y  p e r s u a d e d  h im  

to  a l lo w  it t o  t a k e  o u t  a n  A m e r ic a n  p a t e n t  so  t h a t  th e  d is c o v e ry  c o u ld  b e  

m a d e  u s e f u l .  F e r r a r i s ’s c o m p e n s a t io n  f r o m  W e s t in g h o u s e  w as a g if t o f  

$ 1 ,0 0 0 .  E s ta b l is h in g  p a t e n t  p r io r i ty  h e r e  is  c o m p l ic a te d  b e c a u s e  o t h e r  in ­

14 P a te n t n o . 382,2 81  d e scrib e s o n e  m o to r  e lem e n t m ag n etize d  by a .c. c u rr e n t , th e  o th e r

■■element" d ra w n  by d .c . c u rre n t .
9*S ee  S ilva. Ferraris, p. 4 ; a n d  th e  ex ten sive  p ub lic a tion s a b o u t T es la  cited  in n. 9  above.
9* T h e  1885 m od e ls  (d a te d  by F e rra ris )  a re  in th e  Istituto Eleltrotecnico N a iio n a le  in T u r in .

Silva, Ferraris, p. 3. T h e  M arch  le c tu re  was p u b lis h ed : sec G alileo F e rra ris , "K otazin u i e lr i-
iro d in a m ic b e  p ro d  o tic  p e r  m ezzo  d i c o rrc n t i a lte rn a te ,"  A tt i delTAccadrm ta delie S n e n ie  di Torino

23 (1 8 8 7 -8 8 ): 360  ff.
97 See th e  re m a rk s  m a d e  by  R. A rn 6 , a p u p il o f  F c rra ris 's , in  "C o m m e m o raz io n e  so le n nc

d i G alileo  F e r ra ris  . . . ." L'Elettrotecnica  9  (1922): 517 , q u o te d  in Silva, Ferraris, p . 2; a n d
Sylvanus P. T h o m p so n , "G alileo  F e rra ris ,"  The  Electrician  38 (1 897): 49 7 , a lso q u o te d  in Silva.
Ferraris, p . 2.
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F ig u re  V .3 . Three-phase (polyphase) 
transm ission system o f Friedrich 

lla se tw an der:  C  = generator; M = 

motor. From  O ffiz ic llc  Z cim ng  . . . 
F ra n k fu r t am  M ain 1891. p. I I .

v e n to r s  c o n s t r u c te d  m o to r s  a n d  to o k  o u t  p a te n t s  a b o u t  t h e  s a m e  l im e  th a t 

T e s la  a p p l i e d  l o r  h is  p a te n t s  a n d  F e r r a r i s  p u b l i s h e d  h is  d is c o v e ry .  A s  s u g ­

g e s te d  e a r l i e r ,  th e  s im u l t a n e i ty  r e s u l t e d  in  p a r t  f r o m  th e  f a c t  t h a t  in v e n to r s  

a t  th a t  t im e  w e re  e x p e r i m e n t i n g  w ith ,  o r  w e r e  in f o r m e d  a b o u t ,  t h e  a d v a n c e s  

b e in g  m a d e  in  th e  a l t e r n a t i n g - c u r r e n t  s y s te m . T h e y  w e re  f a m il ia r  w ith  th e  

m o s t r e c e n t  im p r o v e m e n ts  in  t r a n s f o r m e r s  a n d  a .c . g e n e r a t o r s ,  a n d  th ey  

saw  f u r t h e r  im p l ic a t io n s  in  th e  n e w  p h e n o m e n a  o b s e r v e d .  T h e y  w e re  like 

e x p lo r e r s  in  a  n e w  la n d  w h o  w itn e s s  p r e v io u s ly  u n o b s e r v e d  e v e n ts  a n d  

d is c o v e r  u n t a p p e d  r e s o u r c e s .  I n  th e  c a s e  o f  i n v e n to r s ,  t h e  n e w  e v e n ts  a n d  

r e s o u r c e s  a r o s e  f r o m  th e  i n v e n t io n s  a n d  d e v e lo p m e n ts  o f  o t h e r  p io n e e rs  

o n  th e  le a d in g  e d g e  o f  t e c h n o lo g y  a n d  s c ie n c e .  T h e s e  p i o n e e r s  in  e le c tr ic a l 

t e c h n o lo g y  w e re  n o t  lo n e ly  in v e n to r s  l a b o r in g  in  in t e l le c tu a l  i s o la tio n .

In  J a n u a r y  1 8 8 7  F r i e d r i c h  A u g u s t  H a s e lw a n d e r ,  a n  e n g i n e e r  in  O ffe n -  

b u r g ,  B a d e n ,  saw  th e  p o s s ib il i ty  o f  s u b s t i tu t in g  s l ip  r in g s  f o r  th e  th re e -  

s e c t io n  c o m m u t a t o r  o f  a  d .c .  T h o m s o n - H o u s t o n  a r m a t u r e  h e  w a s  r e p a i r in g .  

H e  r e a l iz e d  th a t  o n  b o th  m o to r  a n d  g e n e r a t o r ,  s l ip  r in g s  w o u ld  a llo w  th e  

u s e  o f  a l t e r n a t i n g  c u r r e n t  r a t h e r  t h a n  d i r e c t  c u r r e n t .  S u b s e q u e n t ly  h e  a p ­

p l ie d  f o r  a  p a t e n t  o n  b o th  tw o - p h a s e  a n d  th r e e - p h a s e  s y s te m s  w ith  t r a n s ­

f o r m e r s  c a p a b le  o f  h ig h - v o l ta g e  t r a n s m is s io n .  (S e e  F ig . V .3 .)  I n  A u g u s t 

1 8 8 7  h e  s t a r t e d  c o n s t r u c t i n g  a  g e n e r a t o r  w ith  t h r e e - p h a s e  w in d in g s ,  an d  

in  O c t o b e r  1 8 8 7  h e  p u l  it to  w o rk  s u p p ly in g  l ig h ts .  T h e  m a n u f a c tu r in g  

c o m p a n y  o f  W . L a h m e y e r  & C o . o f  F r a n k f o r t  o n  t h e  M a in  to o k  o u t  a 

l ic e n s e  o n  H a s e lw a n d e r ’s p a te n t ,  b u t  it w a s  s u b s e q u e n t ly  d e c la r e d  in v a lid  

w h e n  c h a l l e n g e d  b y  a n o t h e r  m a n u f a c t u r e r ,  A E G  ( G e r m a n  G e n e r a l  E lec ­

t r ic ) .  A n o t h e r  p i o n e e r  in  e le c t r ic a l  te c h n o lo g y ' in  1 8 8 7  w as  th e  A m e r ic a n

C . S. B ra d le y ,  w h o  a p p l i e d  f o r  a  p a t e n t  o n  a  p o ly p h a s e  g e n e r a t o r  a n d  a 

s y n c h r o n o u s  m o to r  o n  8  M a rc h  1 8 8 7 . S u b s e q u e n t ly ,  h o w e v e r ,  th e  c o u rts  

r u le d  t h a t  T e s la  h a d  p r io r i ty  o v e r  th e s e  tw o  i n v e n to r s  b e c a u s e  o f  th e  c o m ­

p le te n e s s  a n d  fu l ln e s s  o f  h is  p a t e n t . ZB

T h e  n a m e s  o f  T e s la ,  F e r r a r i s ,  H a s e lw a n d e r ,  a n d  B ra d le y  d o  n o t  e x h a u s t  

th e  lis t o f  i n v e n to r s  a n d  s c ie n t is ts  w h o  m a d e  p r io r i ty  c la im s  o r  c o n t r ib u t io n s  

to  th e  in v e n t io n  o f  th e  p o ly p h a s e  m o t o r  a n d  th e  r e l a t e d  g e n e r a t o r  a n d  

t r a n s m is s io n  s y s te m .251 I n  r e t r o s p e c t ,  h o w e v e r ,  it a p p e a r s  t h a t  F e r r a r i s  s u b ­

s t a n t i a t e d  h is  c la im  fo r  p r io r i ty  in  d e m o n s t r a t i n g  th e  id e a  u n d e r l y i n g  th e  

in v e n t io n  o f  a  r o i a t in g - m a g n e i i c - f i e ld  s y s te m ;  th a t  T e s la  m a d e  th e  First 

s u c c e s s fu l  p a t e n t  a p p l i c a t io n ;  th a t  F e r r a r i s  f ir s t  p u b l ic ly  a n n o u n c e d  (by 

l e c tu r e )  th e  in v e n t io n  o r  d is c o v e ry ;  a n d  th a t  H a s e lw a n d e r  a n d  B ra d le y  

b u i l t  t h e  f i r s t  f u ll- s c a le  p o ly p h a s e  g e n e r a t o r s .  N e v e r th e le s s ,  th e  d e v e lo p ­

m e n t  o f  a n  e c o n o m ic a l  p o ly p h a s e  s y s te m  c o m p r i s e d  o f  b o th  m o to r  a n d  

g e n e r a t o r  w as  n o t  c a r r i e d  o u t  a lo n e  by  a n y  o f  th e s e  in v e n to r s .  E lec tric a l 

m a n u f a c t u r e r s  w o u ld  ta k e  th e  le a d  in  th a t  e n d e a v o r .

B y 1 9 0 0  th e  l a r g e r  m a n u f a c t u r e r s  h a d  s e t t l e d  o n  a t h r e e - p h a s e  sy stem  

w ith  a n  in d u c t io n  m o to r .  I h e  m a n u f a c t u r e r  m o s t  r e s p o n s ib le  fo r  th e  dc-

n , r  E n,w icM u»R <i'T Starkstrom techm k  in D eu tschland  (B erlin : ET Z  Vcrlag.
I >10). |»|). <>7-69; S iem en s, H o m e  o f S iem ens, t :  122; a n d  A n io n  S chw aig er. "G eschich le  des 
D rch.sirom s, / echm kgrsrhich tr  2 8  ( 1039): 5 3 -5 4

See Silva, F erra tis p p . 10 a n d  26. a n d  S ch w aiger. "G e sc h ich le  d e s D re h s iro m s."  for the 

'  I"1* “ !. • ‘" c lu d l"K Flil,u  T im n s o n .  W. B aity , a n d  M. D cp rez . S y lvanus P. T ho m p so n .
Polyfihase F.lectnc Cu rrents a n d  A lte rn a tin g  C urr en t M otors (L o n d o n : E. Sc F.N . S p o n . 1895) also 
is h e lp fu l. Silva s F e n a , is ,m  im ics a b ib lio g ra p h y  re la te d  to  th e  p r io r ity  q u e stion .
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v e lo p m e n l  o f  th is  s y s te m  in  E u r o p e  ( a n d  p r o b a b ly  in  th e  re s t  o f  t h e  w o r ld )  

w as  t h e  G e r m a n  c o m p a n y  A l lg e m e in e  E le k ir iz i ia ts - G e s e l ls c h a f i .  o f  B e r l in ,  

a n d  t h e  e n g i n e e r  o f  th is  c o m p a n y  w h o  lo o k  t h e  le a d  in  d e v e lo p in g  th e  

sy s te m 's  m o t o r  w as  M ic h a e l  D o l iv o -D o b ro w o ls k y  (1 8 6 2 —1 9 1 9 ). L e a r n in g  o f  

t h e  d is c o v e r ie s  a n d  in v e n t io n s  o f  T e s la  a n d  F e r r a r i s  t h r o u g h  p u b l ic a t io n s .  

D o l iv o - D o b ro w o ls k y  b e g a n  e x p e r i m e n t i n g  w ith  p o ly p h a s e  m a c h in e s .  H e  

d o u b t e d  F e r r a r i s ’s s t a t e m e n t  th a t  th e  p o ly p h a s e  m o to r  c o u ld  o b ta in  a t  b e s t 

o n ly  5 0  p e r c e n t  e f f ic ie n c y ,  a n d  h is  e x p e r i m e n t s  p r o v e d  th a t  h e  w as  r ig h t .  

H e  a ls o  q u e s t i o n e d  T e s la  a n d  W e s t in g h o u s e ’s c h o ic e  o f  a  tw o - p h a s e  s y s te m ;  

th o r o u g h l y  i n v e s t ig a t in g  d i f f e r e n t  p h a s e  s y s te m s  w ith  a n  e x p e r i m e n t a l  m o ­

to r ,  h e  d e c id e d  o n  t h e  th r e e - p h a s e  a r r a n g e m e n t ,  w h ic h  h e  g a v e  th e  n a m e  

n o w  u s e d  in  G e r m a n y ,  D reh s lro m  (“ tu r n i n g ,  o r  r o ta t in g ,  c u r r e n t " ) .  In  a d ­

d i t io n ,  h e  p a t e n t e d  t h e  s im p le s t  a n d  m o s t p ra c t ic a l  i n d u c t io n ,  o r  a s y n ­

c h r o n o u s ,  m o t o r  w ith  a  s h o r t - c i r c u i t e d  r o t o r ,  a  m o to r  t h a t  h a s  b e e n  w id e ly  

u s e d  a n d  c o p ie d .  I t  is i n t e r e s t i n g  to  n o te ,  h o w e v e r ,  t h a t  in  h is  l a t e r  y e a rs  

h e  d e v e lo p e d  a  d i r e c t - c u r r e n t  h ig h - v o l t a g e  t r a n s m is s io n  s y s te m .30

In  th e  U n i t e d  S ta te s ,  t h e  W e s t in g h o u s e  C o m p a n y  in v e s te d  in  th e  d e v e l ­

o p m e n t  o f  t h e  T e s la  p o ly p h a s e  m o t o r  a n d  t r a n s m is s io n  s y s te m . T h i s  is n o t  

s u r p r i s i n g ,  c o n s i d e r i n g  t h a t  t h e  W e s t in g h o u s e  C o m p a n y - T e s l a  r e l a t io n ­

s h ip  w as  m u c h  l ik e  t h a t  b e tw e e n  W e s t in g h o u s e  a n d  W illia m  S ta n le y .  B o th  

s h o w  h o w  m a n u f a c t u r e r s  r e l a t e d  to  i n d e p e n d e n t  in v e n to r s  b e f o r e  c n g i-  

n e e r i n g - a n d - d e v e l o p m e n t  d e p a r t m e n t s  a n d  r e s e a r c h - a n d - d e v e l o p m e n t  

l a b o r a to r i e s  w e r e  o r g a n iz e d .

W e s t in g h o u s e  f i r s t  s e n t  H .  M . B y lle sb y  to  e x a m in e  T e s l a ’s m o t o r  a n d  

p a te n t s  a f t e r  T e s la  r e a d  h is  p a p e r  to  th e  A I E E  in  M ay  1 8 8 8 . A d v is e d  by  

h is  s t a f f  t h a t  t h e  F e r r a r i s  p a t e n t  w o u ld  h a v e  l i t t le  v a lu e ,  G e o r g e  W e s tin g -  

h o u s e  o b ta i n e d  a n  o p t i o n  to  p u r c h a s e  th e  p a te n t s  by  p a y m e n t  o f  $ 2 0 ,0 0 0  

in  c a s h ,  $ 5 0 ,0 0 0  in  n o te s ,  a n d  a  ro y a l ty  o f  $ 2 .5 0  f o r  e a c h  m o t o r  h o r s e p o w e r  

m a n u f a c tu r e d .  M in im u m  ro y a lt ie s  w e re  to  b e  $ 5 ,0 0 0  in  th e  firs t y e a r , $ 1 0 ,0 0 0  

th e  s e c o n d ,  t h e n  $ 1 5 ,0 0 0  e a c h  s u c c e e d in g  y e a r .  W e s t in g h o u s e  p u r c h a s e d  

th e  p a t e n t s  in  J u l y  1 8 8 8 . W h e n  W e s t in g h o u s e  w as  in  d i r e  f in a n c ia l  s t r a i t s  

in  th e  1 8 9 0 s , h o w e v e r ,  T e s la  a g r e e d  to  a c c e p t  a  c a s h  s e t t l e m e n t  o f  $ 2 1 6 ,0 0 0  

in  l ie u  o f  ro y a l t ie s .  B a n k e r s  b e l ie v e d  th a t  th is  w o u ld  p la c e  less s t r a in  o n  

t h e  c o m p a n y .31 Y e a r s  l a t e r ,  T e s la  d id  n o t  c o n s id e r  h is  c o m p e n s a t io n  g e n ­

e r o u s  e n o u g h .  T r y i n g  in  1 9 2 0  to  in te r e s t  E. M . H e r r ,  p r e s i d e n t  o f  W e s t ­

i n g h o u s e ,  in  h is  w ire le s s  p o w e r - l r a n s m is s io n  s y s te m , T e s la  w r o te  th a t  h e  

w as  r e a d y  to  s e ll t h e  s y s te m , p r o v id e d  “ y o u r  c o m p a n y  is w ill in g  to  c o m e  to

30"D oliv o -D ob row o lsk y ,"  in M a n n e r  de r T eehn ik, ctl. C o n ra d  M alschoss (B erlin : V D I. 1925): 

a n d  D c llm a r , Stark slrom techn ik, p p . 7 0 -7 1 . I t is n o t su rp ris in g  lh a l in 1957 a G erm a n  p ro fe s ­
sional associatio n , ih c  V e rb a n d  D eu lsch e r  E lc k tro te c h n ik e r  (V D E) c a te go rize d  D olivo-D o ­
b row olsky  w ith F e rra ris , T e s la , B ra d ley , a n d  H asc lw an d c r  as a n  in v e n to r  o f  th e  th re e -p h a se  
sy stem . T h e  V D E  c o m m ittee , w hich was especia lly  co m m issio ned  to  inv e stiga te  a n d  estab lish  
p rio r ity  in th e  in v e n tio n  o f  th e  sy ste m , also  in c lu d ed  th e  Sw ede  J o n a s  W cnstro m  a n d  th e  
Swiss C h a rle s  E. L. B row n a m o n g  its  in v e n to rs . W en stro m 's  w ork  is d iscussed  in A ke V re the m , 
Jo n a s W enstrom  a n d  the Three-Phase System , S to ck ho lm  P a p e rs  in H is to ry  a n d  Philo sop hy  o f  
T e c h n o lo g y  (S tock ho lm : Royal In s titu te  o f  T ec h n o lo g y , 1980).

51 L e tte r  o f  G . W c s tin gh ou se , q u o te d  in Passer, Electrical M an ufacturers,  p. 278 . T h is  a ccount 
o f  W estin g h o u sc 's  re la tio n sh ip  w ith T es la  is based  011 Passer (ib id ., pp . 278  II.). w ho had  
access to  W e stin gh ou sc  C o. files; a n d  011 C he ney , Tesla, p p . 40 a n d  4 8 -1 9 . C h e n ey  gives th e  
o rig ina l p u rc h a se  p rice  as a bo u t $60 ,0 0 0 , o f  w hich $ 5 ,0 00  was to  l>c p a id  in cash  a n d  150 
sh a re s  o f  stock  p lu s th e  $ 2 .5 0  royalty.
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a n  u n d e r s t a n d i n g  w ith  m e  o n  t e r m s  d e c id e d ly  m o r e  g e n e r o u s  t h a n  th o se  

u n d e r  w h ic h  th e y  a c q u i r e d  m y  s y s te m  o f  p o w e r  t r a n s m is s io n  th i r ty  y ea rs  

ago.*"*2 T e s la  b e l ie v e d  t h a t  t h e  s u c c e s s  o f  W e s t in g h o u s e  E le c tr ic  w as  d u e  

to  h is  in v e n t io n  o f  t h e  p o ly p h a s e  s y s te m .

A s p a r t  o f  th e  a g r e e m e n t  in  1 8 8 8 , T e s la  w o r k e d  in  P i t t s b u r g h  f o r  a  y e a r  

w ith  W e s t in g h o u s e  e n g i n e e r s  to  d e v e lo p  a  m a r k e ta b le  m o t o r  a n d  sy s tem . 

H is  r e l a t io n s  w ith  t h e  W e s l in g h o u s e  s t a f f  w e re  n o t  e n t i r e ly  h a r m o n io u s ,  

h o w e v e r ,  a n d  lik e  S ta n le y ,  h e  s o o n  r e t u r n e d  to  h is  i n d e p e n d e n t  in v e n tiv e  

e n d e a v o r s .  T e s la  l a t e r  r e c a l l e d  t h a t  h e  e n c o u n t e r e d  m u c h  o p p o s i t io n  in  

P i t t s b u r g h ;  o n ly  A lb e r t  S c h m id t  a n d  C h a r l e s  F. S c o t t  h a d  f a i th  in  th e  new  

s y s te m  a n d  a s s is te d  h im .  T e s la  b e l ie v e d ,  h o w e v e r ,  t h a t  G e o r g e  W e s tin g -  

h o u s e ’s c o n f id e n c e  in  h im  n e v e r  w a v e r e d .33

O t h e r  c o m p a n ie s  in  t h e  U n i t e d  S ta le s  a n d  G e r m a n y ,  in c lu d i n g  th e  S ta n ­

ley  E le c tr ic  M a n u f a c tu r in g  C o m p a n y  a n d  t h e  T h o m s o n - H o u s t o n  C o m ­

p a n y ,  c o n t r i b u t e d  lo  th e  d e v e lo p m e n t  o f  th e  p o ly p h a s e  s y s te m .34 I t  is n o ­

t a b le  t h a t  th e  B r i t i s h  s to o d  a s id e .  A s o n e  B r i t i s h  h i s to r i a n  w r ite s ,  “T h e  

p o ly p h a s e  s y s te m  a n d  th e  in d u c t io n  m o t o r  w e r e  d e v e lo p e d  in  t h e  U n ite d  

S la te s  a n d  o n  th e  C o n t i n e n t . ” E n g l is h  e n g i n e e r s  a n d  m a n u f a c t u r e r s  “ look  

n o  p a r t  in  th i s .”35

T h e  i n t r o d u c t io n  o f  th e  p o ly p h a s e  m o t o r  a n d  s y s te m  in  th e  e a r ly  1890s 

a n d  th e  e a r l i e r  in t r o d u c t i o n  o f  th e  t r a n s f o r m e r ,  w h ic h  w a s  s o o n  a d a p te d  

to  p o ly p h a s e  fu n c t io n ,  p e r m i t t e d  th e  a l t e r n a t i n g - c u r r e n t  s y s te m  to  m atch  

t h e  c a p a c i ty  o f  th e  o ld e r ,  d i r e c t - c u r r e n t  s y s te m  in  s u p p ly in g  b o th  p o w er 

a n d  l ig h t .  F u r t h e r m o r e ,  th e  p o ly p h a s e  s y s te m  c o r r e c t e d  t h e  f u n d a m e n ta l  

flaw , o r  r e v e r s e  s a l ie n t ,  o f  d i r e c t  c u r r e n t — its  u n e c o n o m ic a l  t r a n s m is s io n .  

“T h e  b a t t l e  o f  th e  s y s te m s ” w as  n o t  y e t  o v e r ,  h o w e v e r .  E x is t in g  d irec t-  

c u r r e n t  u t i l i t ie s  in  d e n s e ly  p o p u l a t e d  a r e a s  c o n t i n u e d  to  e x p a n d  to  m eei 

lo a d  in c r e a s e s .  T h e i r  u n a m o r t i z e d  in v e s tm e n t  in  d i r e c t  c u r r e n t  w as  so  la rg e  

th a t  it  d i s c o u r a g e d  r e p la c e m e n t  w ith  a  p o ly p h a s e  s y s te m . I f  t h e  u tilities 

s u p p l e m e n t e d  th e  e x i s t in g  d i r e c t - c u r r e n t  s y s le m  w ith  a n  a d d i t io n a l  a n d  

u n c o n n e c te d  p o ly p h a s e  s y s le m , th e y  w o u ld  lo s e  t h e  a d v a n ta g e s  o f  s ca le  of 

a  s in g le  s y s te m . F u r t h e r m o r e ,  G e n e r a l  E le c tr ic ,  S ie m e n s ,  A E G . a n d  the 

s m a l le r  B r i t i s h  e q u i p m e n t  m a n u f a c t u r i n g  c o m p a n ie s  r e m a i n e d  p a rtia lly  

c o m m i t t e d  to  d i r e c t  c u r r e n t  t h r o u g h  c a p i ta l  i n v e s tm e n t s  in  p a te n t s ,  e q u ip ­

m e n t ,  a n d  o p e r a t i n g  fa c il i t ie s  a s  w ell a s  in  e x p e r i e n c e  a n d  e x p e r t i s e .  B ecau se  

o f  t h e i r  e x p e r ie n c e  a n d  e x p e r t i s e ,  E d is o n ,  o t h e r  e n g i n e e r s  a n d  m a n a g e r s ,  

a n d  s k il le d  l a b o r e r s  w e re  b ia s e d  to w a r d  th e  o l d e r  s y s te m . T e c h n ic a l  c h a n g e  

w as  f r u s t r a t e d  by  th e  in s t i tu t io n a l i z a t io n  o f  d i r e c t  c u r r e n t  d u r i n g  th e  p r e ­

v io u s  d e c a d e .  M a n u f a c tu r e r s ,  u t i l i t ie s ,  a n d  c o n s u m e r s  w a i le d  c a u t io u s ly  fo r 

t h e  l in e s  o r  f u t u r e  d e v e lo p m e n t  to  b e  c le a r ly  d e l in e a te d .

B e c a u s e  th e  b a t t l e  o f  t h e  s y s te m s "  h a d  b e c o m e  f a r  m o r e  c o m p lic a te d  

t h a n  a  te c h n ic a l  p r o b le m  a w a i t in g  a s im p le  t e c h n ic a l  s o lu t io n ,  it e n d e d

" T e s l a  to  E. M. H e r r . 19 O c to b e r  1920. T es la  C o llec tion , M ic rofilm . T itle  7229 , Keel 6. 
L ib rary  o f  C o n g re ss. W ash in g to n . D.C.

a , a i r m : ' n ° r  ‘b e  W e stin gh ou se  E le ctr ic al Sc M a n u fa c tu rin g  Co.,
15 A p ril 1922. ib id.

" P h i l ip  L. A lg er a n d  R obert E. A rn o ld . " T h e  H isto ry  o f  In d u c tio n  M o to rs in A m erica."
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w i th o u t  th e  d r a m a t i c  v a n q u i s h in g  o f  o n e  s y s te m  by  th e  o t h e r ,  o r  a  r e v o ­

lu t io n a r y  t r a n s i t io n  f r o m  o n e  p a r a d i g m  to  a n o t h e r .  T h e  c o n f l ic t  w as  r e ­

so lv e d  b y  s y n th e s is ,  b y  a  c o m b in a t io n  o f  c o u p l in g  a n d  m e r g in g .  T h e  c o u ­

p l in g  lo o k  p la c e  o n  t h e  t e c h n ic a l  le v e l;  th e  m e r g in g ,  o n  th e  in s t i tu t io n a l  

le v e l.  T h e  b a t t l e  e n d e d  w ith  a  re la t iv e ly  g e n t l e  t r a n s i t io n  w h e r e b y  th e  o ld e r  

s y s te m  s lo w ly  g a v e  w a y  o v e r  d e c a d e s ,  f i r s t  a s  t h e  n e w  s y s te m  s u p p l e m e n t e d  

it, t h e n  a s  t h e  n e w  r e p la c e d  th e  w o r n - o u t  a n d  o b s o le te .  O n  th e  in s t i tu t io n a l  

le v e l,  v e s te d  i n te r e s t s  w e r e  g r a d u a l ly  t r a n s f e r r e d  in to  a  s ta k e  in  th e  n e w  

s y s te m . T h e  h is to r y  o f  t h e  r e s o lu t io n  o f  " th e  b a t t l e  o f  t h e  c u r r e n t s "  h e lp s  

e x p la in  w h y  e n g in e e r s  a n d  m a n a g e r s  a r g u e  th a t  th e i r  a d ju s tm e n ts  to  c h a n g e  

a r e  m o r e  r e a s o n a b le  t h a n  th o s e  m a d e  in  th e  r e a lm  o f  p o l i t ic a l  a n d  i n t e r ­

n a t io n a l  r e la t io n s .

T e c h n ic a l  r e s o lu t io n  o f  t h e  c o n t r o v e r s y  w as  g r e a t ly  f a c i l i ta te d  b y  c o u ­

p le r s ,  o r  t r a n s d u c e r s .  T h e  m o s t  o b v io u s ly  c o n t r i b u t o r y  o f  th e s e  w a s  th e  

r o ta r y  c o n v e r t e r .  H i s to r i e s  o f  e le c t r ic a l  te c h n o lo g y  r a r e ly  g iv e  th e  d e v ic e  

t h e  p la c e  o f  p r o m i n e n c e  it d e s e r v e s .  B e c a u s e  t h e  r o ta r y  c o n v e r t e r  w as  th e  

so lu t io n  to  a c r i t ic a l  p r o b le m  d e f i n e d  by  a  n u m b e r  o f  in v e n to r s  a n d  e n ­

g in e e r s  w h o  id e n t i f i e d  a  r e v e r s e  s a l ie n t ,  it , to o ,  is a  c a s e  o f  s im u l ta n e i ty  o f  

in v e n tio n .  T h e  re v e r s e  s a lie n t  w as  e c o n o te c h n ic a l— th e  n e e d  to  s u s ta in  v e s ted  

in te r e s t s  in  t h e  o ld  s y s te m  w h ile  m a k in g  th e  t r a n s i t io n  to  th e  n e w .

I n  th e  U n i te d  S ta te s ,  i n v e n t io n  o f  th e  r o ta r y  c o n v e r t e r  is a t t r i b u t e d  to  

C h a r le s  S . B r a d le y .  B r a d le y  h a d  w o r k e d  f o r  E d is o n  a n d  i n v e n te d  a  p o ly ­

p h a s e  g e n e r a t o r  b e f o r e  e s t a b l i s h in g  a f a c to ry  a t  Y o n k e r s ,  N e w  Y o rk ,  e a r ly  

in  t h e  1 8 9 0 s  to  m a n u f a c t u r e  t h e  c o n v e r t e r  h e  in v e n te d  in  1 8 8 8 . G e n e r a l  

E le c tr ic  s o o n  a c q u i r e d  t h e  B r a d le y  p a t e n t  a n d  f a c il i t ie s .30 T h e  W e s t in g ­

h o u s e  E le c t r ic  C o m p a n y  d e v e lo p e d  r o ta r y  c o n v e r te r s  a s  w e ll .37 In  1891 

W ilh e lm  L a h m e y e r  ( 1 8 5 9 - 1 9 0 7 ) ,  in v e n t o r  o f  v a r io u s  d i r e c t - c u r r e n t  m a ­

c h in e s ,  i n t r o d u c e d  a  r o t a r y  c o n v e r t e r  w ith  a  s in g le  a r m a t u r e  f o r  c h a n g in g  

d i r e c t  c u r r e n t  f i r s t  in to  p o ly p h a s e  a n d  t h e n  th e  r e v e r s e .  H a s e lw a n d e r ,  

w h o s e  p o ly p h a s e  s y s te m  L a h m e y e r ’s c o m p a n y  a c q u i r e d ,  a ls o  p a t e n t e d  a 

ro ta r y  c o n v e r t e r .  Z ip e r n o w s k i  a n d  D e r i  o f  G a n z  & C o m p a n y  to o k  o u t  a  

G e r m a n  p a t e n t .  O t h e r  n a m e s  a ls o  a r e  r e c o r d e d  in  th e  h is to r y  o f  t h e  r o ta r y  

c o n v e r t e r .38

S i n g l e - a r m a t u r e  r o t a r y  c o n v e r t e r s  w e r e  u s e d  f o r  o t h e r  a n d  v a r ie d  t r a n s ­

f o r m a t io n s ,  in c l u d i n g  f r e q u e n c y  a n d  p h a s e  c o n v e r s io n .  M o to r - g e n e r a to r s  

a ls o  w e re  u s e d  f o r  c o n v e r s io n ;  t h e  m o to r ,  d r iv e n  by  o n e  k in d  o f  c u r r e n t ,  

d r o v e  a  g e n e r a t o r  t h a t  p r o d u c e d  a n o t h e r  k in d .  T h e  h ig h ly  i m p o r ta n t  a d ­

v a n ta g e  o f  th is  c a p a c i ty  f o r  c o n v e r s io n  w as  t h a t  v a r io u s  o ld  s y s te m s ,  n o t 

o n ly  a .c . a n d  d .c . ,  c o u ld  b e  c o u p le d ,  o r  s y n th e s iz e d ,  w ith  n e w  o n e s .  F o r  

e x a m p le ,  in  a n  e f f o r t  to  s a v e  th e  in v e s tm e n t  o f  u t i l i t ie s  in  s in g le -p h a s e  

a l t e r n a t i n g - c u r r e n t  e q u i p m e n t ,  W e s l in g h o u s e  f ir s t  i n t r o d u c e d  a  tw o -p h a s e  

m o to r ,  b e l ie v in g  t h a t  it  c o u ld  b e  a c c o m m o d a te d  to  th e  s in g le - p h a s e  sy s te m  

m o s t e a s ily . S u b s e q u e n t ly  th e  tw o - p h a s e  m o to r  w as a b a n d o n e d  in  f a v o r  o f

"* Passer, E lectrical M an ufactur ers , p p . 3 0 0 - 3 0 1.
17 B en ja m in  G . L am m c, a n  o u ts ta n d in g  W esling ho usc  in v e n to r  a n d  e n g in e e r , has recalled  

th e  early  d e ca d es  o f  th e  c o m p an y  a n d  his c o n trib u tio n s  to  it in tte njam tn  C arv er  l.am m e, Electrical 
Engin eer: A n  Autobiog raph y  (N ew  Y ork: P u tn am , 1926); c h ap . 6 is al>oul in d u c tio n  m o to rs , 
r o ta ry  c o n v erte rs , a n d  a.c. g e n e ra to rs  tl8H.r> -l90 0 ).

”  D eltm ar. Starkstrom technih, pp . 7 4 -7 6 .
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F ig u re  V .4 . W estinghouse exhibit, 

Chicago, 1 8 9 ) .  From E dw ard  D . Adonis, 
N ia g ara  Pow er: H isto ry  o f  th e  N ia gara  

Falls Pow er C om pan y . 2  i/oh. (N iag ara  
Falls, N .Y .:  N ia gara Falls Power Co., 

19 27 ), 2:  192.

t h e  th r e e - p h a s e  a r r a n g e m e n t ,  b u t ,  a g a in ,  a  c o u p l e r  ( in  th is  c a s e  a  p h a se -  

c o n v e r t e r )  s a v e d  th e  o ld  s y s te m  d u r i n g  t h e  p e r i o d  o f  t r a n s i t io n .

T h e  v a r ie ty  o f  c o u p le r s  o n  th e  m a r k e t  b y  t h e  e a r ly  1 8 9 0 s  s u g g e s te d  th e  

n e e d  f o r  a  u n iv e r s a l  e le c t r ic  s u p p ly  s y s te m , a n d  e v e n  th o u g h  it  is ra re ly  

a c k n o w le d g e d ,  th e  d e f in i t io n  a n d  in t r o d u c t i o n  o f  t h a t  s y s te m  p r o v e d  to  be 

o n e  o f  t h e  m o s t in f lu e n t i a l  in n o v a t io n s  in  t h e  h is to r y  o f  e le c t r ic  l ig h t  a n d  

p o w e r .  T h e  c o n c e p t  oT a u n iv e r s a l  s y s te m  c o m p le te d  t h e  t r a n s i t io n  f ro m  

t h e  e r a  o f  e le c t r ic  l ig h t  to  th e  e r a  o f  e le c t r ic  l ig h t  a n d  p o w e r .  W e s t in g h o u s e  

d i s p la y e d  t h e  s y s te m  a t  th e  C h ic a g o  e x p o s i t io n  o f  1 8 9 3 , a n d  th e  d e s ig n  

( s e e n  in  F ig . V .4 )  c a n  b e  a t t r i b u t e d  to  th e  e n g i n e e r i n g  s t a f f  o f  th a t  c o m ­

p a n y .39 T h e  e s s e n c e  o f  th e  c o n c e p t  w as  a  u n i f i e d  s y s te m  e m b r a c in g ,  o r  

c o u p l in g ,  g e n e r a t o r s  ( s u p p ly )  a n d  lo a d s  o f  v a r y in g  c h a r a c te r i s t i c s  ( d e m a n d ) .  

T h e  s y s te m  w a s  c a p a b le  o f  s u p p ly in g  in c a n d e s c e n t  la m p s ,  a r c  l ig h ts ,  d ire c t-  

c u r r e n t  m o to r s  f o r  b o th  s t a t io n a r y  a n d  t r a c t io n  p u r p o s e s ,  s in g le -p h a s e  

a l t e r n a t i n g - c u r r e n t  m o to r s ,  p o ly p h a s e  m o to r s ,  a n d  e n e r g y  f o r  th e r m o -  

e le c t r ic a l  a n d  e l e c t r o c h e m ic a l  u s e s  f r o m  a  c o m m o n  t r a n s m is s io n  l in e  o r  

r in g  f e d  by  c e n t r a l i z e d ,  l a rg e - s c a le  g e n e r a t o r s .  (S e e  F ig s . V .5 - V .8 .)  I ts  a t ­

t r a c t iv e n e s s  to  th e  o r d e r i n g  a n d  s y s te m a t iz in g  m in d  o f  th e  e n g i n e e r  a n d  

m a n a g e r  c a n  b e s t  b e  c o n v e y e d  by  d e s c r ib in g  t h e  u n s y s te m a t i z e d  a n d  dis-

'" T l i i s  a ccou n t o f  th e  un iversal sy stem  is based  on  th e  "Scott Essays," a c o llec tion  o f  short 
essays w ritte n  by C h a rles  F. Scott in 1938. T h e  c o llec tion  c onsis ts  o f  e ig h t ite m s, eac h  o f  which 
is a b o u t te n  pag es long . Scott, w ho was a W c s tin gh ou se  e n g in e e r  fro m  1888 to  1 9 1 1. Tocuses 

on  th e  in tro d u c tio n  o f  th e  u n iversal sy stem  at N ia gara  Falls , b u t he  also  m a kes so m e general 

o b se rva tion s o n  th e  h is to ry  o f  e lec tr ic  light a n d  p o w er p r io r  to  1895. 1 am  g ra te fu l to  Robert 
Bel field fo r  p ro v id in g  m e w ith  a copy  o f  the se  p a p e rs , w hich he  lo c a te d  in  th e  a rch iv es ol 
th e  N ia g ara  M ohaw k Pow er Co. o f  N ew  Y ork; the se  a rc h iv es  a re  now  b e ing  p ro ce ssed  at th r 
G eo rge  A rc n ts  R esearch  L ib rary  at S yracuse  U n iv ersity  ( h e r e a fte r  c ited  as N ia g ara  Archives).
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o r d e r l y  s t a t e  o f  e le c t r ic  s u p p ly  a i t h e  t im e  o f  th e  in t r o d u c t i o n  o f  th e  u n i ­

v e rs a l  s y s te m  ( a b o u t  1 8 9 3 ) . T h e  B u f f a lo  G e n e r a l  E le c tr ic  C o m p a n y ,  a u ti l i ty  

s u p p ly in g  p a r t  o f  t h e  c ity  f r o m  a  c e n t r a l  s ta t io n  a t  4 0  C o u r t  S t r e e t ,  h a d  in  

t h a t  s ta t io n  s e v e n  s t e a m  e n g in e s  o f  s e v e ra l  m a k e s  a n d  f i f t e e n  g e n e r a t o r s  

o f  s e v e n  d i f f e r e n t  ty p e s  s u p p ly in g  fiv e  d i f f e r e n t  k in d s  o f  c u s to m e r s ,  o r  

lo a d s ,  o n  s e p a r a t e  c i r c u i ts .  F r a g m e n t e d  s u p p ly  m e a n t  t h a t  w h e n  th e  e c o ­

n o m ic a lly  c r i t ic a l  lo a d  f a c to r  w as  low , e c o n o m ie s  o f  s c a le  c o u ld  n o t  b e  

r e a l i z e d .40

T h e  u n iv e r s a l  s y s te m  s h o w n  a t  th e  C h ic a g o  e x p o s i t io n  u s e d  th e  n e w  

p o ly p h a s e  c u r r e n t  f o r  t r a n s m is s io n  a n d  c o u p le r s ,  i n c lu d in g  t r a n s f o r m e r s ,  

to  c o n n e c t  e s t a b l i s h e d  m o d e s  o f  d i s t r ib u t io n  s e r v in g  d i f f e r e n t  lo a d s .  In  th is  

w ay  a u t i l i ty  w o u ld  n o t  h a v e  to  s c r a p  its  e x i s t in g  d i s t r i b u t i o n  c i r c u i ts .  A t 

th e  e x h ib i t io n  a  1 ,0 0 0 -h .p .  g e n e r a t o r  d r o v e  a  tw o - p h a s e  T e s la  in d u c t io n  

m o to r .  T h e  m o t o r  in  t h e  d is p la y  w as  i n t e n d e d  to  r e p r e s e n t  t h e  p r i m e  m o v e r  

o f  th e  u n iv e r s a l  s y s te m . T h e  m o t o r  p o w e r e d  a  tw o - p h a s e  g e n e r a t o r ,  w h ic h  

in  t u r n  s e n t  c u r r e n t  to  s t e p - u p  t r a n s f o r m e r s  f o r  t r a n s m is s io n  a n d  to  s te p -  

d o w n  t r a n s f o r m e r s  a t  d i s t r i b u t i o n  p o in ts .  A t th e s e  p o in t s  a  m o t o r  d r o v e  

a n  a r c - l ig h t  g e n e r a t o r ,  a  r o t a r y  c o n v e r t e r  s u p p l i e d  d i r e c t  c u r r e n t  f o r  s t r e e t ­

c a r  m o to r s ,  i n c a n d e s c e n t  l a m p s  w e re  s u p p l i e d ,  a n d  v a r io u s  m o to r s  w e re  

d r iv e n .  I n v e n t o r s  a n d  e n g i n e e r s  w h o  sa w  o r  r e a d  a b o u t  t h e  d is p la y  q u ic k ly  

g r a s p e d  t h e  s ig n if ic a n c e  o f  t h e  u n iv e r s a l  s y s te m .

O n e  o f  th e  c r e a t o r s  o f  t h e  u n iv e r s a l  e le c t r ic  s u p p ly  s y s te m  d r e w  a n  a n a l ­

o g y  b e tw e e n  it a n d  w a te r - s u p p ly  s y s te m s ,  w h ic h  c o m b in e d  s p r in g s ,  p r iv a te  

w ells , a n d  c i s t e r n s  to  s u p p ly  v a r io u s  ty p e s  o f  c o n s u m e r s ;  t e l e p h o n e  sy s te m s , 

w h ic h  u n i f i e d  t h e  f o r m e r ly  is o la te d  s y s te m s  o f  i n d e p e n d e n t  c o m p a n ie s ;  

a n d  la r g e  r a i lw a y  s y s te m s ,  w h ic h  in t e g r a t e d  s m a l l e r  o n e s  t h a t  h a d  u s e d  

s h o r t  r o a d s  w ith  d i f f e r e n t  t r a c k  g a u g e s .  ( I n  m o r e  r e c e n t  t im e s ,  c o m p u t e r  

n e tw o r k s  w o u ld  b e  c o n s i d e r e d  a n a lo g o u s .)  U t i l i t ie s  s o o n  e m b r a c e d  th e  c o m ­

p e l l in g  e c o n o m ic  a n d  te c h n ic a l  lo g ic  o f  t h e  u n iv e r s a l  s y s te m  (s e e  F ig . V .9 ). 

By 1 9 0 0 , t e c h n ic a l  p e r io d ic a l s  w e re  p u b l i s h in g  a c c o u n ts  o f  u t i l i ty  s y s te m s  

th r o u g h o u t  t h e  w o r ld  th a t  h a d  u s e d  th e  u n iv e r s a l  s y s te m  to  m a k e  th e  

t r a n s i t io n  to  th e  e r a  o f  e le c t r ic  l ig h t  a n d  p o w e r .41 E v e n  e a r l i e r ,  le a d in g  

m a n u f a c t u r e r s  h a d  c o m m i t t e d  th e m s e lv e s  a s  w ell to  th e  n e w  r e s o lu t io n  o f  

“ t h e  b a t t l e  o f  th e  s y s te m s .”

I t  is i m p o r t a n t  to  o b s e r v e ,  h o w e v e r ,  t h a t  th e  s t r u g g le  b e tw e e n  th e  tw o  

sy s te m s  d id  n o t  c o m e  to  a n  e n d  w ith  t h e  d e v e lo p m e n t  o f  a te c h n ic a l  s o ­

lu t io n — c o u p le r s  j o i n i n g  th e  o ld  a n d  n e w ; it  c a m e  w ith  t h e  i n t r o d u c t io n  o f  

in s t i tu t io n a l  in v e n t io n s  t h a t  in  t u r n  r e s o lv e d  th e  c o n f l ic t  o n  th e  o r g a n iz a ­

t io n a l  lev e l (a c o n f l ic t  so  c le a r ly  r e v e a le d  in  th e  e p i s o d e  in v o lv in g  H a r o ld  

B ro w n  a n d  t h e  e l e c t r o c u t i o n e r ’s c u r r e n t ) .  I n  th e  U n i te d  S la te s  t h e  sw in g  

o f  E d is o n  G e n e r a l  E le c tr ic  to  th e  n e w  w ay  s ig n a le d  th e  r e s o lu t io n  o f  th e  

s y s te m s  c o n f l ic t  o n  th e  in s t i tu t io n a l  lev e l. T h e  re a s o n s  f o r  th e  s h i f t  w e re  

c o m p le x .  F o r  o n e  th in g ,  T h o m a s  E d is o n ,  a  b i t t e r  fo e  o f  th e  n e w  c u r r e n t  

w h o  h a d  s u p p o r t e d  e f f o r t s  to  d i s c r e d i t  a n d  o u t la w  it, r e l in q u i s h e d  c o n t r o l  

o f  th e  E d is o n  e n t e r p r i s e s  in  th e  la te  18 8 0 s. In  th e  a b s e n c e  o f  h is  m o n u ­

40C h a rles  F. S con , "VVIiat W as th e  N ia g ara  C e n tra l S tatio n  Plan?" (5 A p ril 1938). N iagara  
A rchives.

41 W . L. R. E m m e t, “ R esults A cco m p lished  in  D istrib u tion  o f  L ig ht a n d  Pow er by A lte rn a tin g  
C u rre n ts ."  Electrical W orld  27 (1896): 5 7 0 -7 2 . 5 9 3 -9 6 .
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F ig u re  V .9 . Resolution a n d  transition  in 
■•the halite o f  the systems": I'ercentage o f  

d n re t curren t (G leic lislrom ). m ixed 
(G cm isclu c), single-phase alternatin g  

current (W cchsc ls lro in ), a n d  polyphase 
c urren t (D re h siro m ) used in  G ermany, 
I.‘IS O -1 9 1 5 . From  R u d o lf  von M il le rs  

article in T ec hn ik ge sch ic llte  2 5  (1 9 3 6 ):  

11 2  Courtesy o f  thc D ivision o f  Electricity, 
N atio na l M useu m  o f  Am erican H istory, 

Sm ith son ia n Institu tion , W ashing ton , D .C ., 
a n d  R u d o lf  von M iller.

m e n ta l  p r e s t ig e  a n d  c o n s e r v a t iv e  i n f lu e n c e ,  E d is o n  G e n e r a l  E le c t r ic ’s d o g ­

m a tic  o p p o s i t io n  to  a l t e r n a t i n g  c u r r e n t  w a n e d .  E d is o n 's  w i th d r a w a l  a lso  

c le a r e d  th e  w ay  fo r  a  m e r g e r  w ith  th e  T h o m s o n - H o u s t o n  C o m p a n y ,  a  r is in g  

m a n u f a c t u r e r  o r  e le c t r ic a l  m a c h in e r y  t h a t  c a r r i e d  a  l in e  o f  b o th  d i r e c t -  a n d  

a l t e r n a t i n g - c u r r e n t  e q u i p m e n t .  A f t e r  t h e  m e r g e r  in  1 8 9 2 , th e  n e w  c o m ­

p a n y .  G e n e r a l  E le c tr ic ,  i n t r o d u c e d  e q u i p m e n t  f o r  p o ly p h a s e  s y s te m s .  A n ­

o t h e r  o r g a n iz a t io n a l  r e s p o n s e  a m o n g  m a n u f a c t u r e r s  c a m e  in  1 8 9 6  in  th e  

f o r m  o f  a  p a t e n t - e x c h a n g e  a g r e e m e n t  b e tw e e n  G e n e r a l  E le c t r ic  a n d  W e s t ­

i n g h o u s e .  T h e  e n g i n e e r s  in  e a c h  c o m p a n y ,  a n d  e s p e c ia l ly  th e  e n g in e e r s  in 

th e  u ti l i t ie s  w h o  b o u g h t  g e n e r a t o r s ,  m o to r s ,  a n d  t r a n s f o r m e r s  f r o m  th e m , 

h a d  f o u n d  th e  p r o s c r ip t io n  o f  o b v io u s  im p r o v e m e n t s  a g g r a v a t in g  a n d  th ey  

w e lc o m e d  th is  f a c i l i ta t io n  o f  r a t io n a l  t e c h n ic a l  e x c h a n g e .

T h e  d e v e lo p m e n t  a n d  i n t r o d u c t i o n  o f  p o ly p h a s e  p o w e r  a ls o  a f f e c te d  

r e la t io n s  a m o n g  G e r m a n  m a n u f a c t u r e r s ,  b u t  in  a  d i f f e r e n t  f a s h io n .  In  1887 

S ie m e n s  Sc  H a ls k e  a n d  th e  G e r m a n  E d is o n  C o m p a n y  ( l a t e r  A E G )  m a d e  an  

a g r e e m e n t  b a s e d  o n  th e  a s s u m p t io n  th a t  A E G  w o u ld  e n g a g e  p r im a r i ly  in  

th e  F in a n c in g  a n d  c o n s t r u c t io n  o f  l a r g e  g e n e r a t i n g  s t a t io n s  a n d  r e la te d  

s y s te m s  a n d  th a t  S ie m e n s  Sc H a ls k e  w o u ld  m a n u f a c t u r e  t h e  e q u i p m e n t  fo r 

th o s e  s ta t io n s .  T h e  a g r e e m e n t  n o  lo n g e r  s u i t e d  A E G , h o w e v e r ,  a f t e r  it 

f o u n d  t h a t  G e r m a n  c it ie s  a n d  to w n s  o f t e n  p r e f e r r e d  to  e s ta b l is h  t h e i r  ow n  

m u n ic ip a l ly  o w n e d  u ti l i t ie s  a n d  a l t e r  it d e v e lo p e d  a  p o ly p h a s e  p o w e r  sy s tem  

d e s ig n e d  p r im a r i ly  by  D o liv o -D o b ro w o ls k y .  F o r e s e e in g  a  s u b s ta n t ia l  b u s i ­

n e s s  in  th e  m a n u f a c t u r e  o f  p o w c r - t r a n s m is s io n  e q u i p m e n t ,  A E G  w a n te d  

lo  b e  f r e e  o f  th e  a g r e e m e n t  in  o r d e r  to  e s ta b l is h  its  o w n  fa c il i t ie s . I n  1894, 

tw o  y e a r s  a f t e r  E d is o n  G e n e r a l  E le c tr ic  jo in e d  w ith  T l i o m s o n - H o u s lo n ,  a 

m e r g e r  th a t  fa c i l i ta te d  th e  m o v e  in to  th e  m a n u f a c t u r e  o f  a l t e r n a t in g - c u r ­

r e n t  e q u i p m e n t ,  A E G  a n d  S ie m e n s  c a n c e le d  t h e i r  a g r e e m e n t  a n d  A EG  

g a in e d  fu ll  f r e e d o m  (w ith  t h e  e x c e p t io n  o f  c a b le s ,  w h ic h  w e r e  le f t  to  S ie ­

m e n s  Sc H a ls k e )  to  d e v e lo p  its  m a n u f a c t u r i n g  p r o g r a m . -l2

In  b o th  th e  U n i t e d  S ta te s  a n d  G e r m a n y  t h c  s to c k  o f  a  n u m b e r  o f  e lec tr ic  

u t i l i t ie s  w as o w n e d  b y  th e  la r g e  m a n u f a c t u r e r s ,  a n d  th e  u ti l i t ie s  d e p e n d e d  

u p o n  t h e  m a n u f a c t u r e r s  f o r  th e  d e s ig n  a n d  d e v e l o p m e n t  o f  e q u ip m e n t .  

1  b u s ,  th e  u t i l i t ie s  a ls o  s o u g h t  in s t i tu t io n a l  a r r a n g e m e n t s  t h a t  w o u ld  facil ­

i t a te  th e  a d o p t io n  o f  th e  m a n u f a c t u r e r s ’ te c h n ic a l  s o lu t io n  to  th e  sy s tem s 

c o n f lic t .  F o r  in s ta n c e ,  t h e  h is to ry  o f  u ti l i t ie s  in  C h ic a g o  re v e a ls  th a t  th e

«  V on S iem ens, H ouse  o f  Siem ens, I: 148; a n d  C o n ra d  M aischoss, “ D ie g e sch ic h lliche  Em- 

w ic k lu ng  d c r  A llg c in rin en  E le k iric ita is -G ejc llsch a fi in d e n  e rs ie n  25  J a h r e n  ih re s  B estehens." 
n e itrdgr  m r  Cesrhichte der 1 echnik u n d  Indu strie  I ( 19 0 9 f»0.

Auflwkng d v  Abgobt ron Q cfdiffrom  , W ethftJfbom  cn d  D reh /trom



1 2 7  C O N F L I C T  A N D  R E S O L U T I O N

o r g a n iz a t io n a l  r e s p o n s e ,  o r  i n v e n t io n ,  t h e r e  w as  m e r g e r .  E a r ly  d i r e c t - c u r ­

r e n t  s t a t io n s  w ith  f r a n c h i s e s  c o v e r in g  s m a ll  c e n t r a l - c i ty  d is t r ic ts  m e r g e d .  

P o ly p h a s e  t r a n s m is s io n  a l lo w e d  f o r  l a r g e - a r e a  s u p p ly ,  s o  th e  a l t e r n a t in g -  

c u r r e n t  u t i l i t ie s  s u p p l y i n g  th e  s u b u r b s  m e r g e d  in to  n e w  o r g a n iz a t io n s  w ith  

t h e  i n t e n t io n  o f  g a in in g  t h e  e n t i r e  u r b a n  m a r k e t .  T h e  s e r ie s  o f  m e r g e r s  

t h a t  o c c u r r e d  in  A m e r ic a  a n d  G e r m a n y ,  a n d  to  a  le s s e r  e x t e n t  in  B r i ta in ,  

a r e  d o c u m e n t e d  in  n u m e r o u s  u ti l i ty  h is to r ie s .43

A g r e e m e n t  a b o u t  te c h n ic a l  s t a n d a r d s  a ls o  c o n t r i b u t e d  to  t h e  r e s o lu t io n  

o f  “ t h e  b a t t l e  o f  th e  s y s te m s ” a n d  th e  e s t a b l i s h m e n t  o f  t h e  p o ly p h a s e ,  o r  

u n iv e r s a l ,  s y s te m . D u r i n g  t h e  p e r io d  f r o m  1 8 8 7  to  1 8 9 2 , w h e n  t h e  s t r u g g le  

w as  in te n s e ,  u t i l i t ie s  a n d  m a n u f a c t u r e r s  c h o s e  d i f f e r e n t  f r e q u e n c ie s .  D e ­

p e n d i n g  u p o n  t h e  p a r t i c u l a r  c h a r a c t e r  o f  s u p p ly  a n d  lo a d ,  d i f f e r e n t  f r e ­

q u e n c ie s  h a d  d i s t in c t  a d v a n ta g e s .  T h e r e f o r e ,  a  g e n e r a l  a g r e e m e n t  a b o u t  

f r e q u e n c y  d id  n o t  c o m e  t h r o u g h  th e  e s ta b l i s h m e n t  o f  o n e  f r e q u e n c y ’s o b ­

v io u s  t e c h n ic a l  s u p e r i o r i t y  o v e r  th e  o t h e r s ;  r a t h e r ,  a  s p i r i t  o f  f le x ib il i ty  a n d  

c o m p r o m is e  a m o n g  t h e  v a r io u s  u t i l i ty  in te r e s t s ,  a n d  e s p e c ia lly  a m o n g  th e  

m a n u f a c t u r e r s ,  w a s  p r im a r i ly  r e s p o n s ib le  f o r  t h e  a g r e e m e n t .  O t h e r  im ­

p o r t a n t  f a c to r s  w e re  p r e c e d e n t  a n d  s u c c e s s fu l  p r a c t i c e — e .g . ,  E d i s o n ’s in ­

t r o d u c t i o n  o f  1 10  a n d  2 2 0  v o lts  f o r  p o w e r  d i s t r ib u t io n  in  t h e  U n i t e d  S ta te s .

45 U tili ty  h is to rie s  vary  g rea tly  in  qu a lity . O u ts ta n d in g  a m o n g  th e m  a re  F o rres t M cD onald . 
Le t There B e  L ig h t:  T he  U tility In d u stry  in  W isconsin, 1 8 8 1 -1 9 5 5  (M ad iso n . W is.: T h e  A m e ric an  

H is to ry  R esearch  C e n te r , 1957), a s tu d y  by a le ad in g  A m e ric an  h is to ria n  w hich tre a ts  W is­

con sin  u tilitie s a n d  p ro v id e s  a n  o verv ie w  o f  u til ity  h is to ry  th a t is a p p lica b le  to  th e  e n tire  

c o u n try ; R a y m o n d  C. M ille r. Kilowa tts a t W ork: A  H isto ry  o f  the D etroit Ed iso n Com pa ny  (Detroit. 

M ich .:  W ayne S ta te  U niv ers ity Press, 1 9 5 7 ) a n d  T he  Force o f  E nergy:  A  Business H isto ry  o f  the Detroit 
Ediso n Com pany  (E ast L ans ing : M ichig an  S ta te  U niv ersity  Press, 1971), tw o scho larly  v o lu m es 

a b o u t tw o u til ity  m a g n a te s  w ho g rea tly  in flu e n c e d  th e  in d u s try , A lex Dow  a n d  W alk er L. 

C isle r; a n d  N ic h o las  B. W a in w rig h l, H isto ry  o f  the Ph ilade lph ia Electric Com pany , 1 8 8 1 -1 9 6 1  

(P h ilad e lp h ia : P h ila d e lp h ia  E lectr ic  C o.. 1961), a n  a cc o un t o f  o n e  o f  A m e ric a 's  la rg e st a n d  
o lde st u tilitie s. A n o verv ie w  o f  u til ity  d e v e lo p m e n t is g iv en  in  Cre atin g the Electric A ge. ed . N ilo  

L in d g rc n , a  sp ecia l issue  o f  E P R 1  J o u r n a l 4 (1 979). H isto rie s  o f  o th e r  u tilitie s in c lu d e  C h a rles  

M. C o lem a n , P .C . a n d  E . o f  C a lifo rn ia : T he  C en te nn ia l Story o f  Paci fic  G as a n d  Electric Com pany, 
1 8 5 2 -1 9 5 2  (N ew  Y ork: M cG raw -H ill.  1952); G le n n  W eav er. T he  H a rtfo rd  Electric L ig h t Com pany  

(H a r tfo r d , C o n n ., 1969); T h o m so n  K in g . Consolidated o f  Baltim ore, 1 8 1 6 -1 9 5 0 :  A H istory o f  

Con solidated G as Electric L ig h t a n d  Power Com pany  o f  Ba ltim o re  (B a ltim o re , 1950); Ja ck  Riley, 
Carolina P ow er Id  L ig h t Co m pany, 1 9 0 8 - 1 9 5 8  (R a leig h . N .C .. 1958), W ade  H . W rig h t. H istory 

o f  the G eorgia Power Co m pany, 1 8 5 5 -1 9 5 6  (A tlan ta , 1957); G eo rg e  B u sh , F uture  B uilders: The  
Story o f  M ichiga n's Consum ers Power Com pany  (N ew  Y ork: M cG raw -H ill,  1973); E d w ard  G. 

N elso n , K P L  in  Kansas: A  H istory o f  the Ka nsa s Power a n d  L ig h t Com pany  (L aw rence , K ans.: 
C e n te r  fo r  R esearch  in  B usiness. U niv ersity  o f  K ansas. 1964); J o h n  D ie rd o r ff , H ow  Edison's 

L a m p  H elpe d  L ig h t the W est (P o r tla n d . O re g ., 1971); T h o m a s  C. W righ t, O tter T a il Power Com pany  

fr o m  Its O rig in thro ugh 1 9 5 4  (F e rg u s  Falls, M inn ., 1955): H ow ard  R. Fussell , A H istory o f  G u lf  
States U tilities Co m pany, 1 9 1 2 -1 9 4 7  (H o u s to n : T e x a s  G u lf  C oast H isto ric al A ssoc., 1967); H e r ­
b e r t W . M ey er. Builders o f  No rthern  Slates Power Com pany  (M inn eap o lis , M in n .: N o rth e rn  S late s 
P ow er C o ., 1972); In d ia n a p o lis  Pow er 8c L ig h t C o .,  E lectr ifying  Indiana po lis  (ln d iana |> o lis , In d ., 
I9 60).

G eo rg  B oll. E nts te liu ng  u n d  E n tw ic hlung  des Verbundbetriebs in tier deutschen E le htriiilatsw irtscha ft 
bis turn europaischen Verbund  (F ra n k fo r t on  th e  M ain : V W EW , 1969), inc lud es in his list o f  
sou rce s m an y  h isto rie s  o f  G e rm a n  utilitie s. T h e  h isto ry  o f  e lec tr ic  su p p ly  in th e  s ta te  o f  B avaria  

is giv en  in  V e rb a n d  B ayerisc h cr  E le k tr izit iitsw erke  E. V.. Ele h lriii ld t in Bayern, 1 9 1 9 -1 9 6 9  
(M u n ich : V B E, 1969). F o r  B ritish  u tilitie s, sec Leslie H a n n a h . Electricity Before Nation alisat ion  
(B a ltim ore : T h e  J o h n s  H o p k in s  U n iv ersity  Press. 1979), w ith  its c ita tio n  o f  n u m e ro u s  utility  
h is to rie s; a n d  P a rso n , Early  Days o f  the Powe r Statio n Industry , w hich p rov id es a cc o un ts  o f  B ritish  
u tilitie s u p  to  a b ou t 1900. O th e r  re fe re n c e s  to  utilitie s d iscussed  th ro u g h o u t th e  book  in h a n d  
a re  p ro v id e d  in th e  fo o tn o te s; see, especia lly . C h a p te rs  V II, V II I . a n d  IX.
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T h e s e  h is to r ic a l  c i r c u m s ta n c e s  a n d  e v e n t s  o u g h t  lo  b e  r e m e m b e r e d  b e c a u s e  

la t e r  g e n e r a t io n s  o f t e n  a s s u m e  t h a t  s t a n d a r d s  n e c e s s a r i ly  r e p r e s e n t  th e  

c le a r  te c h n ic a l  s u p e r i o r i t y  o r  o n e  s y s le m  o v e r  a n o t h e r .

D u r in g  th e  e a r ly  y e a r s  o f  a l t e r n a t i n g  a n d  p o ly p h a s e  c u r r e n t s ,  1 3 3 '/ i ,  125, 

8 3 % ,  6 6 % .  6 0 , 5 0 , 4 0 ,  3 0 ,  a n d  2 5  cy c le s  w e re  u s e d .44 D e s ig n e r s  a n d  e n ­

g in e e r s  c h o s e  th e  f r e q u e n c y  th a t  w as  o p t i m u m  f o r  t h e  p a r t i c u l a r  se t  o f  

c h a r a c te r is t ic s  c r e a te d  b y  th e  c o u p l in g  o f  i n c a n d e s c e n t  la m p s ,  t r a n s f o r m e r s ,  

a r c  l ig h t in g ,  in d u c t io n  m o to r s ,  s y n c h r o n o u s  c o n v e r te r s ,  o r  o t h e r  a p p a r a tu s .  

B e c a u s e  d e s ig n  o f  th is  e q u i p m e n t  w as  c h a n g i n g  r a p id ly ,  h o w e v e r ,  a n  a l ­

r e a d y  c o m p le x  s i tu a t io n  b e c a m e  m o r e  c o m p l ic a te d .  In  A m e r ic a ,  th e  e n ­

g in e e r i n g  s t a f f  o f  th e  W e s t in g h o u s e  C o m p a n y  p la y e d  a  l e a d in g  ro le  in 

d is p e l l in g  th e  d i s o r d e r ;  t h e y  a t t e m p t e d  to  r a t io n a l i z e  p r o d u c t i o n  b y  s t a n d ­

a r d iz in g  f r e q u e n c y .  F r e e d o m  to  d e c id e  o n  a  s t a n d a r d  f r e q u e n c y  w as  c o n ­

s t r a i n e d  by  th e  fac t t h a t  a la r g e  n u m b e r  o f  W e s t in g h o u s e - d e s ig n e d  c e n tr a l  

s ta t io n s  w e re  s u p p ly in g  i n c a n d e s c e n t  la m p s  w ith  6 0  c y c le s , b u t  th e  d ie  was 

n o t  c a s t .  T h e  W e s l in g h o u s e  d e s ig n e r s  a ls o  to o k  in to  a c c o u n t  t h e  s p r e a d  of 

th e  s lo w e r - r p m ,  d i r e c t ly  c o u p le d  ( r a t h e r  t h a n  b e l t - d r iv e n )  g e n e r a t o r s  th a t 

h a d  f i r s t  b e e n  i n t r o d u c e d  in  E u r o p e .  T h e  s lo w e r  g e n e r a t o r ,  o r  a l t e r n a to r ,  

w as  le ss  c o m p le x  w h e n  d e s ig n e d  f o r  lo w e r  f r e q u e n c ie s  s u c h  a s  6 0  cycles 

b e c a u s e  f e w e r  f ie ld  p o le s  w e re  n e e d e d  f o r  th e m  t h a n  f o r  h i g h e r  f re q u e n c ie s  

su c h  a s  1 3 3 %  cy c le s . Y et o t h e r  d e s ig n e r s  a d v o c a te d  a  h ig h  f r e q u e n c y  b e ­

c a u s e  it  r e d u c e d  i n c a n d e s c e n l - l a m p  f l ic k e r in g .  T h e  d e v e l o p m e n t  o f  a  sy n ­

c h r o n o u s  c o n v e r t e r  th a t  o p e r a t e d  w ell a t  6 0  c y c le s  e n c o u r a g e d  s u p p o r te r s  

o f  th is  f r e q u e n c y  b e c a u s e  u t i l i t ie s  c o u ld  c o u p le  e x i s t in g  s in g le - p h a s e  sys ­

te m s ,  d i r e c t - c u r r e n t  s y s te m s ,  a n d  th e  p o ly p h a s e  e x te n s io n s  a n d  t r a n s m is ­

s io n  n e tw o rk s .  T h i s  a b il i ty  to  c o u p le  th e  o ld  w ith  t h e  n e w  le s s e n e d  s u p p o r t  

f o r  4 0  c y c le s , a f r e q u e n c y  th a t  h a d  b e e n  a d v o c a te d  b y  s o m e  b e c a u s e  o f  its 

s u ita b il i ty  fo r  m o to r s  a n d  t r a n s m is s io n .  D e s ig n  o f  u n p r e c e d e n t e d l y  la rg e  

e q u i p m e n t  fo r  a  N ia g a r a  F a lls  in s ta l la t io n  a ls o  s h a p e d  t h e  u l t i m a t e  d e c is io n . 

G e o r g e  F o rb e s ,  c h i e f  c o n s u l t in g  e n g i n e e r  f o r  t h e  N ia g a r a  s i te ,  p ro p o s e d  

16 %  cy c le s , b u t  W e s t in g h o u s e  e n g i n e e r s  t h e n  w a n te d  3 3 %  cy c le s . T h e  

re la t iv e ly  lo w  f r e q u e n c ie s  w e re  w ell s u i t e d  l o r  p o w e r  t r a n s m is s io n .  T h e  

m i d p o in t  o f  th is  p a r t i c u l a r  d i f f e r e n c e  w as  2 5  c y c le s . B y a b o u t  1 9 0 0 , W e s t ­

i n g h o u s e ,  th e  o t h e r  m a n u f a c t u r e r s ,  a n d  th e  u t i l i t ie s  w e re  s e t t l in g  fo r  tw o 

s t a n d a r d s :  2 5  c y c le s  f o r  t r a n s m is s io n  a n d  f o r  l a r g e  m o to r s ,  a n d  6 0  cycle s 

f o r  th e  m o r e  g e n e r a l - p u r p o s e  s y s te m s .  I n t r o d u c t i o n  o f  t h e  h ig h - s p e e d  t u r ­

b in e  a s  p r im e  m o v e r  a c c e le r a te d  th e  t r e n d  to w a r d  6 0  c y c le s  b e c a u s e  g e n ­

e r a t o r s  w ith  f e w e r  p o le s  c o u ld  b e  u s e d  t h a n  w ith  th e  s lo w -m o v in g ,  r e c ip ­

r o c a t in g  s te a m  e n g in e s .  A  W e s t in g h o u s c  e n g i n e e r  w h o  to o k  p a r t  in  th e  

te c h n ic a l  a c tiv ity  s u r r o u n d i n g  th e  f r e q u e n c y  q u e s t io n  to o k  p a in s  to  p o in t 

o u t  th a t  th e  s t r u g g le  to  se t s t a n d a r d s  w as  n o t a c o m p e t i t io n  b e tw e e n  m a n ­

u f a c t u r i n g  in te r e s t s ,  a s  w as  th e  c a s e  w ith  m a n y  is s u e s  d u r i n g  “ th e  b a tt le  o f  

th e  s y s te m s  ; r a t h e r ,  it w as  a n  e f f o r t  by  t e c h n ic a l  p e r s o n s  lo  F ind  a  m e a n s  

lo  r e in f o r c e  a n  a l l - e m b r a c in g ,  g e n e r a l  s y s te m  o f  s u p p ly .  T h e  b a t t le  was 
in d e e d  o v e r .45

In  G e r m a n y  th e  d e c is io n  o n  a s t a n d a r d  f r e q u e n c y  m a y  h a v e  b e e n  less

im o BCcA m m  t ; ' “ ,  he  T ec h n ic a l S tory  ol ih c  F re q u en c ies ."  IE E E  Transactions 37
(1918): 60.

”  Ibi d. .  d.  82.
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d i f f i c u l t  to  r e a c h  b e c a u s e  A E G , s p u r r e d  by  E m il R a th e n a u ,  e n c o u r a g e d  

th e  u s e  o f  th e  s lo w e r - s p e e d ,  d i r e c t ly  c o u p le d  g e n e r a t o r s  f r o m  w h ic h  h ig h  

f r e q u e n c ie s ,  s u c h  a s  1 3 3 '/s  c y c le s , w e re  d i f f i c u l t  to  o b ta in  a n d  b e c a u s e  

s y n c h r o n o u s  c o n v e r t e r s ,  f o r  w h ic h  low  f r e q u e n c ie s ,  s u c h  a s  2 5  c y c le s , w e re  

m o s t  s u i t a b le ,  h a d  n o t  b e e n  w id e ly  a d o p t e d .  T h e  o u tc o m e  in  G e r m a n y  w as 

a  s t a n d a r d  o f  5 0  cy c le s .

T h e  s i tu a t io n  in  B r i ta in  r e m a i n e d  d i s o r d e r ly .  T h e  t e n d e n c y  b e f o r e  W o r ld  

W a r  I w as  to w a r d  v a r i a t io n ,  n o t  s t a n d a r d iz a t io n .  L o n d o n  le d  t h e  t r e n d ;  by 

1 9 1 4 , a t  le a s t  te n  d i f f e r e n t  f r e q u e n c ie s  a n d  a  b e w i ld e r in g  a s s o r tm e n t  o l  

v o l ta g e s  w e r e  in  u s e  in  t h a t  c ity . R e a s o n s  f o r  t h e  v a r ie ty  i n c lu d e d  th e  a b s e n c e  

o f  o l ig o p o ly  in  th e  e le c t r ic a l  m a n u f a c t u r i n g  in d u s t r y  a n d  th e  p r e s t ig e  a n d  

i n f lu e n c e  o f  th e  c o n s u l t in g  e n g i n e e r s .46 O n e  B r i t i s h  m a n u f a c t u r e r  c o m ­

p l a in e d  t h a t  h is  c o m p e t i to r s ,  c o n f i d e n t  t h a t  in d iv id u a l is m ,  n o t  b u s in e s s  

o p p o r t u n i s m ,  c h a r a c t e r i z e d  p r o f e s s io n a l  c o m p e te n c e ,  c a r r i e d  i n d iv id u a l ­

i sm  in  t h e  d e s ig n  o f  e q u i p m e n t  to  a n  e x t r e m e .  H a v in g  a  h ig h ly  • p a r t ic u ­

l a r iz e d  d e s ig n  s e e m e d  to  s h o w  t h a t  th e  m a n u f a c t u r e r  a n d  h is  d e s ig n e r s  

w e r e  “e n g a g e d  in  a  s u p e r i o r  b r a n c h  o f  a p p l i e d  s c ie n c e ,  n o t  in  a n  in d u s t r y ,  

s till le ss  in  a  t r a d e . ”47 R . E . B . C r o m p t o n ,  a  s m a ll  m a n u f a c t u r e r  a n d  le a d in g  

c o n s u l t in g  e n g i n e e r ,  l a m e n t e d  t h a t  th e  c o n s u l t in g  e n g i n e e r s  w ith  t h e i r  d e ­

s ig n  f a d s ;  t h e  m u n ic ip a l  g o v e r n m e n t s  t h a t  e m p lo y e d  th e m  a n d  to o k  p r id e  

in  h a v in g  t h e i r  o w n  id e a s  a b o u t  h o w  “ s w itc h b o a r d s  a n d  o t h e r  p la n t  . . . 

s h o u ld  b e  d o n e ” ; a n d  t h e  s m a ll  m a n u f a c t u r e r s ,  w h o  w e re  c o n te n t  to  h a v e  

a  s m a ll  o r d e r  f o r  i n d iv id u a l  c o m p o n e n t s ,  r e t a r d e d  n o t  o n ly  th e  m o v e  f o r  

s t a n d a r d i z a t i o n  b u t  t h e  o v e ra l l  g r o w th  o f  th e  B r i t i s h  e le c t r ic a l  s u p p ly  in ­

d u s t r y .48 A n  e x c e p t io n  to  th is  r u l e  w as  th e  s y s te m  o f  e le c t r ic  s u p p ly  o n  th e  

n o r t h e a s t e r n  c o a s t  o f  E n g la n d ,  w h e r e  C h a r le s  H .  M e rz ,  c o n s u l t in g  e n g i ­

n e e r ,  w a s  t h e  p r i m a r y  i n f lu e n c e  o n  t h e  d e s ig n  o f  a  r e g io n a l  s y s te m  (see  

p p .  4 4 3 - 6 0  b e lo w ) . M e rz  s t a n d a r d i z e d  4 0  c y c le s  in  th e  r e g io n  c e n t e r e d  

a r o u n d  N e w c a s t le  u p o n  T y n e .  H is  r e a s o n in g  w a s  lo g ic a l  a n d  s y s te m a tic ,  

f o r  h e  lo o k  in to  a c c o u n t  t h e  c h a r a c te r i s t i c s  o f  t h e  r e g io n .  H is  r a t io n a l i ty  

p r o v e d  e x p e n s iv e ,  h o w e v e r ,  w h e n  a f t e r  W o r ld  W a r  1 h is  s y s te m  h a d  to  b e  

i n t e g r a t e d  a t  g r e a t  c o s t  in to  a n  a l l -B r i t i s h  o n e  in  w h ic h  5 0  c y c le s  w as  th e  

s t a n d a r d  f r e q u e n c y .49

A b o u t  t h e  s a m e  t im e  t h a t  U .S . a n d  G e r m a n  u t i l i t ie s  a n d  m a n u f a c t u r e r s  

w e r e  r e o r g a n i z i n g  to  f a c i l i ta te  t h e  in t r o d u c t i o n  o f  th e  u n iv e r s a l  e le c t r ic  

p o w e r  s y s te m  a n d  t h e  a d o p t i o n  o f  s t a n d a r d s ,  a n o t h e r  m a jo r  a d v a n ta g e  o f  

t h e  p o ly p h a s e  s y s te m  w as d e m o n s t r a t e d .  A  d is p la y  o f  p o w e r  t r a n s m is s io n  

a t  th e  I n t e r n a t i o n a l  E le c tr ic a l  E x h ib i t io n  in  F r a n k f o r t  o n  th e  M a in  in  1891 

s h o w e d  n o t  o n ly  t h e  p o te n t i a l  o f  u s in g  d i s t a n t  w a te r - p o w e r  s i te s  to  s u p p ly  

e le c t r ic i ty  to  h e a v ily  p o p u l a t e d  in d u s t r i a l  a r e a s  b u t  a ls o  th e  s u ita b il i ty  o f  

p o ly p h a s e  s y s te m s  f o r  lo n g - d i s t a n c e  p o w e r  t r a n s m is s io n .  T h e  F r a n k f o r t  

e x h ib i t io n  h i g h l ig h te d  th e  p o s s ib il i t ie s  o f  w h a t  c a m e  to  b e  k n o w n  a s  “ p o in l -

4* Sec  C h a p te r  IX  Tor a full d iscu ssio n  o f  B ritish  paro ch ialism .
" A d a m  G . W hy te, Forty Years o f  Electrica l Progress: Th e Story o f  G .E .C . (L o n d o n : B onn, 

1930), p . 20.

"  C ro m p to n 's  te stim o ny , in O ffic ia l R eport: Com m ittee on Electrical Legislation 19 0 1 , IE E E  
Reports a n d  Reso lutions, p p . 36, 43 , 47 : sec also A ld e rm a n  P earso n 's  te stim o ny  b e fo re  th e  
co m m ittee , ib id ., p p . 8 3 -8 4 , 89.

49C h a rle s  II. M crz , " A u to b io g ra p h y ,"  c h a p te r  e n title d  "C o rk ,"  p p . 7 - 9 , M erz  ic  M cLellan 
C o. A rchiv es, A m h crlcy , K illin gw o rlh , n e a r  N ew castle  u p o n  T y n e , E ng la nd .
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F ig u re  V .IO . H onorary (h a in n rn  o f  llir 

F ran kfort exhibition o f 18 9 1 : A dalbert von 
W altenhofrn a n d  Thom as Edison  (lo p): 

M arcel Drl>rrz (cc n lc r) ; Silv a n u s P. 

Thom pson (b o lio m  le ft), a n d  W ern er  win 
Siem ens (Ix )iloni righ t) . Von W altrnho frn  

was professoi o f  electrical technology a t llu  
T c c h n isc h e  H och sc hu le  hi Vienna. 

From  OffizicMe Z eiiu ng  . . . F ra n k fu rt 
am  M ain 1891, p. 82 8 .

to - p o in t "  t r a n s m is s io n ,  a s  d i s t in g u i s h e d  f r o m  t r a n s m is s io n  b y  w ay  o f  n e t ­

w o rk s  o r  r in g s .  T h e  L a u f f e n - t o - F r a n k f o r t  t r a n s m is s io n  l in e ,  175  k m . in  

l e n g th ,  is a n  e x c e l le n t  e x a m p le  o f  p o in t - to - p o in t  t r a n s m is s io n ;  th e  r e g io n a l 

p o w e r  s y s te m s  o f  t h e  1 9 2 0 s  a r e  e x a m p le s  o f  n e tw o r k  o r  r i n g  t r a n s m is s io n  

(se e  C h a p t e r  X I I  b e lo w ) . '0

T h e  F r a n k f o r t  e x h ib i t io n  w as  a s k i rm is h  in  " th e  b a t t l e  o f  th e  sy s te m s .” 

I n  1 8 9 0  th e  c ity  o f  F r a n k f o r t  h a d  to  d e c id e  o n  a  c u r r e n t  f o r  its  m u n ic ip a l  

e le c tr ic a l w o rk s . C o lo g n e 's  c h o ic e  o f  a l t e r n a t in g  c u r r e n t  s h o r t ly  b e fo re  m ad e  

th e  s e le c t io n  m o r e  d i f f i c u l t ,  f o r ,  u n t i l  t h e n ,  n o  l a r g e  G e r m a n  c ity  h a d  o p te d  

f o r  a l t e r n a t i n g  c u r r e n t .  T h e  e l e c t r ic a l  e n g i n e e r s  w h o  w e r e  b r o u g h t  in  as 

c o n s u l t a n t s  c o u ld  n o t  sa v e  th e  m u n ic ip a l  a u t h o r i t i e s  o f  F r a n k f o r t  f ro m  a 

d e c is io n  b y  m a k in g  a  c le a r - c u t  r e c o m m e n d a t i o n  in  th e  fa c e  o f  v ia b le  a l te r ­

n a t iv e s .  T h e  is s u e  a s s u m e d  t h e  p r o p o r t i o n s  o f  a b a t t l e  f o r  t h e  c i ty  o f  F ra n k -

In  a  le c tu re  giv en  at th e  F ra n k fo r t e x h ib itio n , Sy lv an us P. T h o m p s o n  ju d g e d  th e  power 

tran sm ission  d isp lay  a m a jo r  scientific  ev en t o r  th e  c e n tu ry . “ D as n e u e  C e b ie t d e r  Wechsel- 

si t o m e ,"  O ffiz ielle  Z r itu n g  der Inlernn tio nalen  A usstc llu ng  F ra n k fu rt  am  M a in  18 9 1 . p . 788
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F ig u re  V .1 I .  Charles E . L. Brow n. 
Courtesy o f  Bro wn , B o ve n  id  Co., B aden, 

Sw itzer land .

f o r i  a s  it  e n g u l f e d  e n g i n e e r s ,  m a n u f a c t u r e r s ,  a n d  w e l l - in f o r m e d  b u r g h ­

e r s .51 L e o p o ld  S o n n e m a n n ,  a  b a n k e r ,  p o litic ia n , a n d  f o u n d e r  o f  th e  F ra n k fu r te r  

Z e i tu n g ,  t h e n  s u g g e s te d  th a t  t h e  c o n t r o v e r s y  b e  r e s o lv e d  b y  h o ld in g  an  

e l e c t r o te c h n ic a l  e x h ib i t io n  in  w h ic h  t h e  a d v o c a te s  o f  a l t e r n a t i n g  c u r r e n t  

c o u ld  d e m o n s t r a t e  t h e  m o s t  r e c e n t  a d v a n c e s  in  t h e i r  s y s te m s .

A  y o u n g e r  g e n e r a t i o n  o f  e n g i n e e r s  a n d  d e s ig n e r s  c o n t r i b u t e d  s u b s t a n ­

t ia lly  to  th is  e x h ib i t io n .  P r o m i n e n t  a m o n g  th e m  w e re  O s k a r  v o n  M ille r ,  

C h a r l e s  E u g e n e  L a n c e lo t  B ro w n ,  a n d  M ic h a e l  D o liv o -D o b ro w o ls k y .  A  p e r ­

s i s t e n t  v is io n  o f  h a r n e s s i n g  t h e  w a te r  p o w e r  o f  th e  A lp in e  r e g io n  o f  h is 

B a v a r ia n  h o m e l a n d  s t im u la te d  v o n  M ille r ;  B ro w n  b r o u g h t  to  th e  e x h ib i t io n  

th e  m e c h a n ic a l  g e n iu s  o f  t h e  S w iss , w ith  w h o m  h is  f a t h e r ,  a n  E n g l is h  e n ­

g in e e r ,  h a d  s e t t l e d  a n d  w ith  w h o m  h e  h im s e l f  w o r k e d ;  a n d  D o liv o -D o b -  

ro w o ls k y  w as  in te n s e ly  in v o lv e d  in  d e v e lo p in g  p o ly p h a s e  m a c h in e r y .  B e ­

h in d  B r o w n  w as  t h e  S w iss  m e c h a n ic a l - e n g in e e r in g  m a n u f a c t u r i n g  f i rm  o f  

M a s c h in e n f a b r ik  O e r l i k o n ,  a n d  s u p p o r t i n g  D o l iv o -D o b ro w o ls k y  w as  th e  

B e r l in  e le c t r ic a l  m a n u f a c t u r e r  A E G .

I n  1 8 8 2  v o n  M il le r  h a d  h e l p e d  o r g a n iz e  a n  e le c t r ic a l  e x h ib i t io n  in  h is 

b i r th p la c e ,  M u n ic h .  O n  th a t  o c c a s io n ,  h e  s h o w e d  h is  d e t e r m i n a t i o n  to  m a k e  

p o w e r  t r a n s m is s io n  a  r e a l i ty  b y  a r r a n g i n g  f o r  th e  l e a d in g  F r e n c h  e n g in e e r ,  

M a rc e l  D e p r e z  ( 1 8 4 3 - 1 9 1 8 ) ,  to  d e s ig n  a  p o w e r  t r a n s m is s io n  s y s te m  e x ­

t e n d i n g  5 7  k i lo m e te r s  f r o m  t h e  v il la g e  o f  M ie s b a c h ,  a t  th e  fo o t  o f  th e  

B a v a r ia n  A lp s ,  to  t h e  e x h ib i t io n  in  M u n ic h 's  G la s s  P a la c e . In  th e  p a la c e  

i t s e l f  a n  e le c t r ic  m o t o r  p u m p e d  a w a te r f a l l  to  sy m b o liz e  t h e  t r a n s m is s io n  

o f  w a te r  p o w e r .  D e p r e z  u s e d  d i r e c t  c u r r e n t  f o r  t r a n s m is s io n ,  a s  h e  h a d  in  

o t h e r  d e m o n s t r a t i o n s ,  a n d  o r d i n a r y  t e l e g r a p h y  w ire  f o r  th e  h ig h -v o l ta g e  

tr a n s m is s io n  l in e .52 (S e e  F ig s . V .1 2  a n d  V .1 3 .)

V o n  M ille r  lo o k e d  u p o n  in t e r n a t i o n a l  t e c h n ic a l  e x h ib i t io n s  a s  a n  e f f e c t iv e  

m e a n s  o f  i n t r o d u c i n g  n e w  t e c h n o lo g y  to  a  w id e  e n g i n e e r i n g  a n d  b u s in e s s  

a u d ie n c e .  H e  w a n te d  a  d r a m a t i c  n e w  te c h n o lo g y  to  b e  th e  c e n te r p ie c e  o f  

e a c h  e x h ib i t io n .  A t M u n ic h  a n d  F r a n k f o r t  h e  c h o s e  p o w e r  t r a n s m is s io n ;  

w h e n  c o n s u l t e d  a b o u t  t h e  p l a n n i n g  o f  th e  C h ic a g o  E x h ib i t io n  o f  1 8 9 3 , h e  

r e c o m m e n d e d  a s  th e  h i g h l ig h t  o f  t h e  e x h ib i t io n  t h e  e l e c t r i f ic a t io n  o f  a  

lo n g - d i s t a n c e  r a i l r o a d  r u n n i n g  o u t  o f  C h ic a g o .

I n  1 8 9 0  v o n  M il le r ,  w h o  h e a d e d  h is  o w n  c o n s u l t in g  e n g i n e e r i n g  f i rm  in  

M u n ic h  a n d  h a d  b e e n  n a m e d  t e c h n ic a l  d i r e c t o r  o f  t h e  p r o p o s e d  F r a n k f o r t  

e x h ib i t io n ,  c a l le d  a  p l a n n i n g  s e s s io n  to  d is c u s s  th e  lo n g - d is ta n c e  t r a n s m is ­

s io n .  P r e s e n t  a t  t h e  m e e t in g  w e re  r e p r e s e n ta t iv e s  o f  M a s c h in e n f a b r ik  O e r ­

l ik o n ,  w h o s e  d i r e c t o r ,  P. E . H u b e r - W e r d m i i l l e r ,  w as  a n  e n th u s ia s t i c  s u p ­

p o r t e r  o f  th e  p r o je c t ;  A E G , w h o s e  d i r e c t o r ,  E m il  R a th e n a u ,  w as  a  g r a d u a t e  

o f  th e  Z u r ic h  E id g e n d ss isc h e n  P o ly te c h n ik u m  ( te c h n ic a l  h i g h e r  s c h o o l) ,  a s  w as 

H u b e r - W e r d m i i l l e r ;  a n d  a  c e m e n t  w o rk s  a t  L a u f f e n ,  o n  th e  N e c k a r  R iv e r , 

w h e r e  v o n  M ille r  h a d  r e c e n t ly  c o m p le te d  a  h y d r o e le c t r i c  in s ta l la t io n .  T h e  

tw o  m a n u f a c t u r e r s  a g r e e d  to  d e v e lo p  a n d  s u p p ly  p o ly p h a s e  e q u ip m e n t ,

11 V on S iem en s, H ouse o f  Siemens, I: 120.
**O n th e  M un ich  e lec tr ica l e x h ib itio n  o f  1882 a n d  D cp rez  a n d  von M ille r's  pow er t r a n s ­

m is sion d isp lay , see O ffizieller  Ber icht uber die im KonigH chrn G laspalaste zu M iinchen  1 8 8 2  . . . 
Interna tio nale E lektriziU its-Ausstellung, ed . W. von B eetz. O . von M iller, a n d  F.. P Ic iffe r  (M unic h : 
A u to iyp ie  V crlag , 1882).
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F ig u re  V .I 2 .  A rtific ia l M u n ic h  wa terfall 
driven  by power fr o m  M iesbach, 5 7  

kilom eters away. From  O ff iz ie llc r  B erich l 
. . . M iin ch cn  1882. p. 105.

F ig u re  V .I 3 .  D irect-current m otor 
dr iv in g  the p u m p  fo r  waterfall at  the 

M u n ic h  exhibition o f 18 8 2  (M iesbach-to- 
M u n ic h  power transm ission syslem designed 

by M . D eprez). From  O ffiz ie ller B crich i 
. . . M u n c h cn  1882. p. 104 .
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a n d  t h e  c e m e n t  w o r k s  a g r e e d  to  a llo w  its  s u r p l u s  p o w e r  to  b e  t r a n s m i t t e d  

o v e r  th e  1 7 5 -k i lo m e te r  l in e  to  F r a n k f o r t . 53

I n  J a n u a r y  1891 C h a r le s  E . L . B ro w n , w h o  w as  t e c h n ic a l  d i r e c t o r  o f  th e  

e l e c t r ic a l  m a c h in e r y  s e c t io n  o f  M a s c h in e n f a b r ik  O e r l ik o n ,  p r o v id e d  th e  

te c h n ic a l  c o m m is s io n  o f  t h e  F r a n k f o r t  e x h ib i t io n  w ith  e v id e n c e  t h a t  a h ig h -  

v o l ta g e  p o w e r  t r a n s m is s io n  w o u ld  p r o v e  s u c c e s s f u l .  A t  t h e  O e r l ik o n  p la n t  

h e  s e t  u p  a  l a b o r a to r y  le s t  u n i t  to  p r o v e  t h a t  th e  u s e  o f  o i l - in s u la t e d  t r a n s ­

f o r m e r s  s t e p p e d  u p  v o l ta g e  to  4 0 ,0 0 0  v o lts ,  t h a t  h is  t r a n s m is s io n  l in e  in ­

s u l a to r s  c o u ld  f u n c t io n  w ith  v o l ta g e  o f  s u c h  e x t r a o r d i n a r y  in te n s i ty ,  a n d  

t h a t  s t e p p e d - d o w n  t r a n s f o r m e r s  r e d u c e d  th e  v o l ta g e  to  d i s t r i b u t i o n  lev e l 

( s e e  F ig . V . l 5 ). T h e  p o s s ib il i ty  o f  in s u la t in g  t h e  t r a n s f o r m e r s  a n d  t r a n s ­

m is s io n  l in e  h a d  b e e n  in  s e r io u s  d o u b t .  T h e  e x p e r i m e n t  w a s  u n u s u a l  in  

th a t  it i n c o r p o r a t e d  b o th  a  s t e p - u p  t r a n s f o r m e r  w ith  a  lo w -v o lta g e  g e n e r a t o r  

a n d  o i l - b a th  i n s u la t io n ,  a n  id e a  th a t  h a d  b e e n  t r i e d  e a r l i e r  w ith  t r a n s m is s io n  

c a b le .  D e s p i te  t h e  s u c c e s s  o f  t h e  la b o r a to r y  te s t ,  h o w e v e r ,  t h e r e  w as  still 

d o u b t  a b o u t  t h e  e f f ic ie n c y  o f  a lo n g - d i s t a n c e  t r a n s m is s io n .54

T h e  fu ll- s c a le  L a u f f e n - t o - F r a n k f o r t  t r a n s m is s io n  s y s te m  f o r  t h e  e x h ib i ­

t io n  in c o r p o r a t e d  a n  in t e r n a t i o n a l  a r r a y  o f  m a c h in e r y  (s e e  F ig s . V .1 4 -  

V .1 7 ) . A l L a u f f e n ,  t h e  c e m e n t  f a c to r y  t u r n e d  o v e r  to  t h e  p l a n n e r s  a  3 0 0 -  

h .p .  w a te r  t u r b i n e ;  A E G  s u p p l i e d  a  s w i tc h b o a r d  a n d  tw o  s t e p - u p  t r a n s ­

f o r m e r s ;  a n d  M a s c h in e n f a b r ik  O e r l ik o n  f u r n i s h e d  t h e  th i r d  t r a n s f o r m e r ,  

in s u la t e d  in  a n  o il b a th ,  a n d  a  t h r e e - p h a s e  g e n e r a t o r .  F in a n c ia l  s u p p o r t  

f o r  t h e  e r e c t io n  o f  t h e  1 7 5 - k i lo m e te r  t r a n s m is s io n  l in e  a n d  r ig h t  o f  w ay  

f o r  t h e  l in e  w as  p r o v i d e d  b y  t h e  im p e r ia l  a n d  lo c a l g o v e r n m e n ts .  A t F r a n k ­

f o r t ,  M a s c h in e n f a b r ik  O e r l ik o n  s u p p l i e d  o n e  t r a n s f o r m e r  a n d  A E G  p r o ­

v id e d  tw o . A E G  a ls o  b u i l t  a  l a r g e  a d v e r t i s in g  s ig n  w ith  1 ,0 0 0  in c a n d e s c e n t  

la m p s  a n d  a  w a te r f a l l  p o w e r e d  b y  a  p u m p  w ith  a  n e w  A E G  p o ly p h a s e  

m o to r .  P o w e r  f r o m  L a u f f e n  lit  t h e  l a m p s  a n d  d r o v e  t h e  w a te r f a l l .55 (S ee  

F ig s . V .1 8 ,  V .2 4 ,  a n d  V .2 5 .)

T h e  t r a n s m is s io n  s y s te m  w as n o t  o p e r a t iv e  u n t i l  2 4  A u g u s t  1 8 9 1 , s h o r t ly  

b e f o r e  t h e  e x h ib i t io n  e n d e d .  O n  t h a t  d a t e  th e  b r i l l ia n t  l ig h t in g  d is p la y  w as 

i l lu m in a te d  a n d  t h e  w a te r f a l l  b e g a n  to  flo w . L e a d in g  e le c t r ic ia n s  v ie w e d  

th e  in s t a l l a t io n  a n d  m a d e  c r i t ic a l  a n a ly s e s  o f  its  p e r f o r m a n c e .  T h e  t r a n s ­

m is s io n  e f f ic ie n c y  s u r p r i s e d  c r i t ic s ,  f o r  th e y  h a d  e x p e c te d  5 0  p e r c e n t  lo sse s . 

T r a n s m i t t i n g  1 9 0  h .p .  a t  a b o u t  2 5 ,0 0 0  v o lts ,  t h e  e f f ic ie n c y  m e a s u r e d  f ro m

15 Besch re ibun g u n d  D arsle llu ng  Ele ktrischer W erke welc hf nach den Projekten u n d  U n ter Le itu ng  
des Technischen B ur eaus O skar von  M il le r  (M u n ic h . 1 8 98 -99 ). T h is  p ub lic atio n  by von M iller's 

c o n su ltin g  e n g in e e rin g  Firm w as k in d ly  lo a n ed  to  m e by O sk a r  von  M ille r's  son  a n d  successor 
as h e a d  o f  th e  f irm , R u d o lf  von  M ille r. I have  d ra w n  o n  th e  c h a p te r  on  th e  F ra n k fo rt ex h ib ition  

o f  1891. A lso in fo rm a tiv e  o n  th e  e x h ib itio n  is W allh e r  von M iller. O skar  von  M ille r Naeh  
E ige nen  A u fz ri ch n u n g e n , R eden u n d  B rie frn  (M un ich : B ru c k m an n , 1932), pp . 55 ff.

54 B. A. B c h re n d 's  " T h e  D eb t o f  E le ctr ic al E n g in e e rin g  to  C. E. L. B row n" (re p rin t f ro n t 
Electrical W or ld  a n d  En gineer , 16 N o v em b er 1901-1  M arch  1902) was k ind ly  su p p lied  by F. 
T h o m a s  o f  B row n . B overi Sc C o .. L td . (B BC ), B a den , Sw itzerland .

55 "D ie  L a u f fc n c r  K ra f tiib e rtra g u n g ,"  O ffiz ielte  Ze itu n g  . . . F ra n k fu rt am  M a in  1 891 , p. 825; 
K arl E. M illlc r, " 5 0 J a h r c  D rc h s tro m -K ra ftu b e r tra g u n g ,"  O erlikon Bu lle tin , no. 231 (M ay-Junc  
1941), p p . 1 4 37 -43 , a n d  n o . 232  (Ju ly -A u gu s t 1941), p p . 14 45 -52 ; W illiam  B overi, " 7 5 J a h r e  
W e c hsc lsL rom -K ra fliib c rira gu ng : L a u ffc n /N c c k a r-F ra n k fu rl/M a in ,"  BB C-Nachrichten,  Scp- 
le m b e r-O c to b e r  1966, p p . 5 2 3 -2 5 ; M ans H a p p o ld l a n d  K arl M erz . "D ie E n tw ic k lu ng  d e r  
G e n e ra to rc n  sc il d c r  E n e rg ie u b e r tra g u n g  L a u f fe n -F ra n k fu r t,"  ibid ..  p p . 5 2 6 - 3 1; K arl Schlos- 
se r, "M ark ste in c  d c s T ra n s fo rm a to re n b a u e s ,"  ib id ..  p p . 5 3 4 -3 9 ; a n d  H einz  M ors, K arlh e in z  
M crzig, a n d  Jo a c h im  U fe rm a n n , "H o c h sp a n n u n g s-F re ile itu n g e n ,"  ib id .,  p p . 5 6 3 -6 4 .
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A L L G EM  EI N E 

EL EK T R I C I T A T S-

1 1 !

MITFEN-FR ANK rURT

F ig u re  V .I 4 .  O il-fil led, three-phase  
tra nsform er used in the L au ffen -to -  

F ran kfort transm ission system. From  

O fFtzielle Z e i tu n g  . . . F r a n k fu r t  am  
M ain  1891, p. 10 4 5 .

F ig u re  V .1 5 . M ode l designed by Charles E . L  Brown  fo r  tes ting altern a ting -curren t transm ission 

system (Ja nu ary  18 9 1 ):  G enerator  (ce n te r) ; two oil-m su la ted  transform ers ( le ft) ; a n d  m otor (n g h t)  

which drove the generator. Courtesy o f  Brow n, B overi 6f Co., B aden , Switzerland.

Allgemeine Eleklricitals- Gesellschaft,

B E R U1 fi

Z -h  i"

D R E H ST R O M - M OT OR

F ig u re  V .I 6 .  Three-phase motor designed 

by D ohva-D ohrownlshy Ithe type used in the 
I jsuffe n- to -F ra nk fo rt transm ission system). 
From  O ffiz ie lle  Z eitun g  . . . F ra n k fu r t 

am  M ain  1891. p. 97 1.

Fig u re  V .l  7. Three-phase generator (designed by Charles E . L. B ro wn  o f  the M asch tn enfabr ih  

O erlihon) dr iv en  by water turbines a t L a u ffe n . From  O ffiz ic lle  Z e itu n g  . . . F r a n k fu r t a m  M ain 
1891 , p. 599

th e  L a u f f e n  t u r b i n e  to  th e  lo w -v o lta g e  s id e  o f  t h e  t r a n s f o r m e r s  in  F ra n k fo r t  

w as  7 4 .5  p e r c e n t .  A t 7 8  h .p .  th e  e f f ic ie n c y  w as  6 8 .5  p e r c e n t .  N o t  o n ly  did  

th is  d is p la y  p r o m is e  p r a c t ic a l  a p p l i c a t io n  f o r  lo n g - d i s t a n c e  o r  p o in t - to - p o in t  

t r a n s m is s io n  ( f r o m  a m o u n ta in  w a te r f a l l ,  f o r  e x a m p le ,  to  a n  in d u s t r i a l  city 

o n  th e  lo w la n d  p la in ) ,  b u t  th e  t r a n s m is s io n  s y s te m , w o r k in g  w ith  th re e -
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F ig u re  V .I 8 .  Powe r transm ission, 
L a u ffe n  to Fra nkfor t:  W ater fa ll a n d  

incandescent lam ps at F ra nk fo rt powered by 

n a tu ra l waterfall 1 75 kilom eters away. 

From  O ffiz ie lle  Z e i iu n g  . . . F ra n k fu r t 
am  M ain  1891, p. 8 2 8 .

F ig u re  V .1 9 . Logo o f  the offic ia l 
periodical o f  the F ra nk fo rt exhibition o f 

1891 . From  O ff iz id le  Z e iiu ng  . . . 
F ra n k fu r t am  M ain  1891, p. I .

p h a s e  c u r r e n t ,  a ls o  c o n t r i b u t e d  g r e a t ly  to  th e  e s ta b l i s h m e n t  o f  th is  sy s te m  

a s  s t a n d a r d  in s te a d  o f  t h e  tw o - p h a s e  s y s te m  t h a t  w as  b e in g  t r i e d  b y  W e s t-  

i n g h o u s e  in  th e  U n i t e d  S la te s  a n d  b y  o t h e r  m a n u f a c t u r e r s  a b r o a d .  O il 

e m e r g e d  a s  a  p r a c t ic a l  in s u la to r .  O n ly  th e  w o r k in g  f r e q u e n c y  o f  4 0  cy c le s  

w as  n o t  a d o p t e d .  E n g in e e r s  a n d  d e s ig n e r s  t h r o u g h o u t  th e  w o r ld  lo o k e d  

u p o n  t h e  F r a n k f o r t  e x h ib i t io n  a s  j u s t i f i c a t io n  f o r  f u r t h e r  t r a n s m is s io n  v e n ­

tu r e s ,  i n c lu d in g  a  N ia g a r a  F a lls  p ro je c t .

B e g in n in g  in  1 8 8 9 , d e c is io n  m a k in g  o v e r  a  f o u r - y e a r  p e r io d  in  c o n n e c ­

t io n  w ith  a  N ia g a r a  p r o je c t  r e f l e c te d  t h e  c o m p le x i ty ,  t h e  c o n f r o n ta t io n s ,  

a n d  th e  u l t im a te  r e s o lu t io n  o f  “ ih e  b a t t l e  o f  th e  s y s te m s ."  T h e  c e n t r a l
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F ig u re  V .2 I .  Electrical engineers a n d  m anagers a t the exhibition. Courtesy o f  R u d o lf

; von  M iller .

J r 'c'
F ig u re  V .2 0 . Celebrating  the ope nin g o f  the exhibition: "O u t o f  darkness into  light. " 
From  O ffiz ie lle  Z e itu ng  . . . F ra n k fu r t a m  M ain  1 8 91 ,/) . 101.

Elek t ro technische Fabrik
J . E i n s t e i n  &  C ie.

MUnchen.

rM'r,Kh,f

- t *..

•■.i i

F ig u re  V .2 2 . A dvertisem ent fo r  electrical 
m a nufa c tu ring company owned by Albert 
Eins tein 's uncle. From  O ffiz ie lle  Z citu ng  

• F ra n k fu r t am  M ain 1891, p. 166 .

5 I !>•

electricity m n s i i n ^ d  w n ln ! a "  <lcr' ct“n,er) PoweT,d by
69fi L-aujjen. t r o m  O m z ie lle  Z e i tu n g  . . . F r a n k fu r t  am  M ain  1891, p.
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F ig u re  V .2 4 . Sc en ts a lo n g  the route o f  the La uf fen- lo - 

F ra nk fo rt tra nsm ission line , 1 8 9 1 . From  O ffiz ie lle  Z r itu n g  
. . . F ra n k fu r t am  M ain  1891, p. 30 .

F ig u re  V .2 5 . R o u te  o f  the La u ffe n -to -F ra n kfu rt  
transm ission line. From  O ffiz ie lle  Z e i tu n g  . . . F ra n k fu r t 
am  M ain  1891. p. 32 .

c h a r a c te r s  r e m a i n e d  th e  s a m e  in  s e v e ra l  in s ta n c e s ,  f o r  T h o m a s  E d is o n  a n d  

G e o r g e  W e s l in g h o u s e  w e re  in v o lv e d ,  t h e  f ir s t  a s  a  c o n s u l t a n t  a n d  th e  s e c o n d  

a s  a  m a n u f a c t u r e r ,  a n d  C h a r le s  B r o w n  o f  S w itz e r la n d  w as  c o n s u l te d  fo r  

h is  e x p e r t i s e .  T h e  p la n  to  h a r n e s s  th e  p o w e r  o f  N ia g a ra  F a lls  h a d  a lo n g  

h is to ry ,  b u t  it  l o o k  w e l l -d e f in e d  o rg a n iz a t io n a l  f o r m  a n d  a c q u i r e d  m o ­

m e n tu m  w h e n  f in a n c ie r s ,  i n c lu d in g  J .  P. M o r g a n ,  f o r m e d  th e  C a ta r a c t  

C o n s t r u c t io n  C o m p a n y  in  1 8 8 9  to  d e v e lo p  a c o h e r e n t  s c h e m e  fo r  la rg e -  

sc a le  u t i l iz a t io n  in s te a d  o f  n u m e r o u s  sm a ll  w a te r -w h e e l  m ills . A t th e  s ta r t ,  

th e  c o m p a n y  c o n s id e r e d  u s in g  w a te r  tu r b in e s  to  d i s c h a r g e  th e  w a te r  in to  

a  c e n t r a l  tu n n e l  t h a t  w o u ld  e m p ty  in to  th e  N ia g a ra  R iv e r  b e lo w  th e  fa lls , 

th e r e b y  p r o v id in g  a  d r o p ,  o r  h e a d ,  b e lo w  th e  lev e l o f  th e  s u r f a c e  c a n a ls  

th a t  d iv e r t e d  w a te r  to  th e  tu r b in e s  f r o m  th e  N ia g a ra  R iv e r  a b o v e  th e  fa lls . 

T h e  c o m p a n y  w as  a ls o  in te r e s te d  in  t r a n s m i t t in g  p o w e r  to  B u f f a lo ,  a  m a n ­

u f a c tu r in g  c ity  tw e n ty  m ile s  d i s t a n t ,  a n d  c o n s id e r e d  m e c h a n ic a l  a s  w ell as
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INTERMEDIATE OISTANC.E TRANSMISSION

& DISTANCE TRANSMISSION

F ig u re  V .2 6 . U n iversal system o f  powe r distr ibu tio n a n d  transm ission, N iaga ra  Falls Powi 

E lectrical H an d b o o k  (1 9 0 4 ),  p . 78.

F ig u re  V .2 7 . The N ia g a ra  (universal) ^

system: D iagram  o f  circuits. From Ad am s, Nia g a r a  f a l l s
N ia g ara  Pow er, 2 : 2 5 0 . l'OWEB c o

3. From  A IE E ,  T h e  N ia g a ra  Fa lls
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p n e u m a t ic  l in k a g e s  to  a c c o m p lis h  th is . W ith in  a y e a r ,  th e  c o m p a n y  w as 

l e a n in g  to w a r d  th e  d e v e l o p m e n t  o f  o n e  o r  tw o  e le c t r ic  p o w e r  s ta t io n s  th a t  

w o u ld  u s e  t h e  d i s c h a r g e  t u n n e l ,  b u t  th a t ,  in  c o n t r a s t  to  th e  n u m e r o u s  in ta k e  

c a n a ls  a n d  t u r b in e s  e n v i s a g e d  e a r l i e r ,  w o u ld  n e e d  o n ly  o n e  s u r f a c e  c a n a l .  

T h e  s u c c e s s  o f  th e  F r a n k f o r t  t r a n s m is s io n  in  1891 h e lp e d  p e r s u a d e  th e  

e n g i n e e r s  to  s u p p o r t  e le c t r ic  t r a n s m is s io n  to  B u f f a lo .  P la n s  f r o m  th e  W e s t ­

i n g h o u s e  C o m p a n y  l o r  a  tw o - p h a s e  s y s te m , t o g e t h e r  w ith  th e  a d v o c a c y  o f  

a  p o ly p h a s e  s y s te m  b y  P r o f e s s o r  G e o r g e  F o rb e s  o f  E n g la n d ,  c h i e f  e le c t r ic a l  

c o n s u l t a n t ,  c a r r i e d  t h e  d a y  f o r  p o ly p h a s e  g e n e r a t i o n  a n d  t r a n s m is s io n .

T h e  W e s i in g h o u s e  p la n  w as  a r e f i n e m e n t  o f  th e  C h ic a g o  id e a  ( s e e  F igs. 

V .2 6  a n d  V .2 7 ). I t  i n v o lv e d  lo n g - d i s t a n c e ,  h ig h - v o l ta g e  t r a n s m is s io n  to  

B u f f a lo .  T h e  W e s i in g h o u s e  e n g i n e e r s  w h o  e n g a g e d  in  th e  in v e n t io n  a n d  

d e v e l o p m e n t  o f  th e  u n iv e r s a l  s y s te m  a t  N ia g a r a  i n c lu d e d  C h a r le s  F. S c o tt ,  

w h o  by  in v e n t in g  a  c o u p l e r  in  th e  f o r m  o f  a  t r a n s f o r m e r  c o n n e c t io n  m a d e  

p o s s ib le  th e  tw o - p h a s e  to  t h r e e - p h a s e  c o n v e r s io n ;  O l iv e r  B. S h a l l e n b e r g e r ,  

w h o  d e v e lo p e d  a n  i m p r o v e d  i n d u c t io n  m e te r ;  B e n ja m in  L a m m e ,  w h o  im ­

p r o v e d  t h e  m a g n e t i c  c i r c u i t r y  o f  t h e  s y s te m ’s g e n e r a t o r s  a n d  m o to r s ;  A lb e r t  

S c h m id ,  w h o  c o n t r i b u t e d  m e c h a n ic a l  im p r o v e m e n ts ;  a n d  a  g r o u p  o f  e n ­

g in e e r s  h e a d e d  by  L ew is  B . S tillw e ll,  c h i e f  e le c t r ic a l  e n g i n e e r  a t  W e s t in g ­

h o u s e .56 I n d ic a t iv e  o f  t h e  c h a n g e  t h a t  w as  ta k in g  p la c e  in  th e  m o d e  o f  

in v e n t io n  a n d  d e v e l o p m e n t  is th e  n e e d  to  id e n t i f y  g r o u p s  r a t h e r  th a n  

in d iv id u a l s  a s  t h e  s o u r c e s  o f  in v e n t io n .

T h e  N ia g a r a  p o w e r  s t a t io n  w e n t  in to  s e rv ic e  in  A u g u s t  1 8 9 5 . W e s t in g ­

h o u s e  b u i l t  t h e  f i r s t  tw o  g e n e r a t o r s  ( tw o -p h a s e ) ,  th e  s w i tc h g e a r ,  a n d  a u x ­

il ia ry  p o w e r - h o u s e  e q u i p m e n t ;  G e n e r a l  E le c tr ic  c o n s t r u c te d  th e  t r a n s ­

f o r m e r s ,  th e  t r a n s m is s io n  l in e  to  B u f f a lo  ( t h r e e - p h a s e ) ,  a n d  th e  s u b s ta t io n  

t h e r e .  T h e  t r a n s f o r m e r  c o n n e c t io n  i n v e n te d  by  C h a r le s  S c o tt  p e r m i t t e d  

t h e  c o u p l in g  o f  th e  tw o -  a n d  th r e e - p h a s e  c u r r e n t s .  T r a n s m is s io n  b e g a n  in  

1 8 9 6 , b u t  c o n s u m p t i o n  a t t h e  r a p id ly  e x p a n d i n g  in d u s t r i a l  c o m p le x  u s in g  

th e  u n iv e r s a l  s y s te m  a t  N ia g a r a  e x c e e d e d  th e  p o w e r  t r a n s m is s io n  to  B u f ­

f a lo .57

“  R obert U clfield , " T h e  N in gara  System : T h e  E volu tion  o f  a n  E lectric  Pow er C o m plex  at 
N ia gara  Falls. I 8 8 3 -I8 9 G .” IE E E  Proceedings 64 (I97G ): 1349. H clficld 's  Ph.D . d isse r ta tio n . 
"T h e  N ia gara  F ro n tie r : T h e  E volu tion  o f  E lectric  Pow er System s in New  Y ork  a n d  O n ta rio , 
1 8 8 0 -1 93 3"  (U n iv ersity  o f  P e nn sylv ania , 1980), is an  in -d ep th  s tudy  o f  th e  N iag ara  system .

•”  See B clf te ld . " T h e  N ia g ara  System " a n d  " T h e  N iag ara  F ro n tie r ."  See also H a ro ld  S h a rlin , 
" T h e  First N ia gara  Falls Pow er P ro je ct."  Business H istory H eview  33 (1961): 5 9 -7 4 ; a n d  Passer. 
Electrical M an ufactur ers , pp . 2 8 2 -9 5 .
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T e c h n o lo g ic a l 
M o m e n tu m

F
r a n k f o r t  in  1 8 9 1 , C h ic a g o  in  1 8 9 3 , a n d  N ia g a r a  in  1 8 9 5  w e re  s u b ­

s ta n c e  a n d  s y m b o l.  D e m o n s t r a t in g  th e  t e c h n ic a l  p r a c t ic a l i ty  o f  th e  

p o ly p h a s e  u n iv e r s a l  e le c t r ic  s u p p ly  s y s te m , th e y  s t im u la te d  e n th u s ia s m  fo r  

t h e  n e w  te c h n o lo g y .  M o r e o v e r ,  it w as  n o t  b y  c h a n c e  t h a t  e n t r e p r e n e u r s  

c h o s e  to  d is p la y  th e  n e w  te c h n o lo g y  d r a m a t i c a l ly  a t  s u c h  w o r ld  e x h ib i t io n s .  

N o r  is it  s u r p r i s i n g  th a t  th e  in s ta l la t io n  a t t h e  a w e - in s p i r in g  s i te  o f  N ia g a ra  

F a lls  a t t r a c t e d  u n u s u a l  a t t e n t io n .

D u r in g  th e  1 8 9 0 s  th e  p o ly p h a s e  s y s te m  g a t h e r e d  m o m e n t u m .  B e c a u s e  

it e n c o m p a s s e d  t h e  o ld  c o n t e n d e r s  in  “ t h e  b a t t l e  o f  t h e  s y s te m s ” (d ire c t  

c u r r e n t  v e r s u s  s in g le - p h a s e  a l t e r n a t i n g  c u r r e n t ) ,  t h e  n e w  s y s te m  g a in e d  

w id e s p r e a d  s u p p o r t  f r o m  m e n  a n d  i n s t i tu t io n s  in  t h e  r a p id ly  g r o w in g  f ie ld  

o f  e le c t r ic a l  e n g i n e e r i n g ,  s c ie n c e ,  a n d  in d u s t r y .  A s u p p o r t i v e  c o n te x t ,  o r  

c u l t u r e ,  f o r m e d  r a p id ly .  M e n  a n d  i n s t i tu t io n s  d e v e lo p e d  c h a r a c te r i s t i c s  th a t  

s u i t e d  th e m  to  th e  c h a r a c te r i s t i c s  o f  th e  t e c h n o lo g y .  A n d  th e  sy s te m a tic  

in te r a c t io n  o f  m e n ,  id e a s ,  a n d  in s t i tu t io n s ,  b o th  t e c h n ic a l  a n d  n o n te c h n ic a l ,  

le d  to  th e  d e v e lo p m e n t  o f  a s u p e r s y s te m — a s o c io te c h n ic a l  o n e — w ith  m ass  

m o v e m e n t  a n d  d i r e c t io n .  A n  a p t  m e t a p h o r  f o r  th is  m o v e m e n t  is " m o m e n ­

t u m .” S o  r e i n f o r c e d  by  a  c u l tu r a l  c o n te x t ,  a n d  i n te r a c t in g  in  a  s y s te m a tic  

w ay  w ith  th e  e le m e n t s  o f  th a t  c o n te x t ,  th e  u n iv e r s a l  s y s te m , lik e  h ig h -  

m o m e n t u m  m a i l e r ,  t e n d e d  in  t im e  to  re s is t  c h a n g e s  in  th e  d i r e c t io n  o f  

d e v e lo p m e n t .  D e v e lo p m e n t  p r o c e e d e d  a lo n g  l in e s  t h a t  c o u ld  b e  e x t r a p o ­

la te d .  T h e  u n iv e r s a l  s y s te m  g a t h e r e d  a c o n s e r v a t iv e  m o m e n tu m .  I ts  g ro w th  

g e n e r a l ly  w as  s te a d y ,  a n d  c h a n g e  b e c a m e  a  d iv e r s i f ic a t io n  o f  f u n c t io n .

1 h e  m o m e n t u m  in it ia l ly  c a m e  m o s tly  f r o m  a n  a g g r e g a t e  o f  m a n u f a c ­

t u r e r s  w h o  in v e s te d  h e a v ily  in  r e s o u r c e s ,  la b o r ,  a n d  m a n u f a c t u r i n g  p la n ts  

in  o r d e r  to  p r o d u c e  th e  m a c h in e r y ,  d e v ic e s ,  a n d  a p p a r a t u s  r e q u i r e d  by  th e  

n e w  s y s te m ;  l a te r ,  e d u c a t io n a l  in s t i tu t io n s  t a u g h t  th e  s c ie n c e  a n d  p ra c tic e  

o f  t h e  n e w  te c h n o lo g y ;  th e n  r e s e a r c h  in s t i tu t io n s  w e re  f o u n d e d  lo  so lv e  its 

c r i t ic a l  p r o b le m s ;  a n d  a ll th e  w h ile  a g r o w in g  n u m b e r  o f  e n g in e e r s ,  sk illed  

la b o r e r s ,  a p p l i e r s  o f  sc ie n c e ,  m a n a g e r s ,  a n d  o t h e r  p e r s o n s  in v e s te d  th e i r  

e x p e r ie n c e  a n d  c o m p e te n c e  in  th e  n e w  p o ly p h a s e  u n iv e r s a l  sy s te m .

I h e  p o ly p h a s e  u n iv e r s a l  s y s te m  g a in e d  m o m e n t u m  in  p a r t  b e c a u s e  o l 

th e  c o m m i tm e n t  m a d e  by  a n e w  g e n e r a t i o n  o f  in v e n to r s  a n d  e n g in e e r s .  

T h e  f i r s t  tw o  d e c a d e s  o f  e le c t r ic  l ig h t  a n d  p o w e r  s u p p ly  w i tn e s s e d  se v e ra l  
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w a v e s  o f  p io n e e r s :  f i r s t  t h e  d i r e c t - c u r r e n t  m e n  le d  by  E d is o n ;  th e n  th e  

s in g le - p h a s e  a l t e r n a t i n g - c u r r e n t  g r o u p ,  in c lu d in g  L u c ie n  G a u l a r d  a n d  S. 

Z. d e  F e r r a n t i ;  a n d  f in a lly  t h e  d e v e lo p e r s  o f  p o ly p h a s e  c u r r e n t ,  a m o n g  

th e m  N ik o la  T e s la  a n d  M ic h a e l  D o liv o -D o b ro w o ls k y .  E d is o n  d id  n o t  m a k e  

th e  t r a n s i t io n  f r o m  d i r e c t  c u r r e n t  to  o t h e r  f o r m s .  I n  fa c t ,  h is  s t u b b o r n  

r e s is ta n c e  i n te n s i f i e d  “ t h e  b a t t l e  o f  t h e  s y s te m s ."  M o r e o v e r ,  E d is o n  d e c id e d  

n o t  to  e x e r c i s e  h is  o p t i o n  o n  t h e  a .c . sy s te m  o f  G a n z  8c C o m p a n y ,  a  sy s te m  

h is  c o m p a n y  c o u ld  h a v e  u s e d  to  c o m p e te  e f f e c t iv e ly  a g a in s t  W e s t in g h o u s e .  

A f t e r  1 8 9 0  h e  e n t e r e d  in to  in v e n t iv e  e n t e r p r i s e s  th a t  w e re  o n ly  r e m o te ly  

r e l a t e d  to  e le c t r ic  l ig h t  a n d  p o w e r .  G a u l a r d  w as  u n a b le  to  m o d ify  h is  s ta n c e  

s u c c e s s fu lly ,  a n d  h e  sa w  o t h e r s  g r e a t ly  i m p r o v e  u p o n  h is  s y s te m  b e f o r e  h is 

u n t im e ly  d e a t h .  T e s la ,  a f t e r  h is  b r e a k t h r o u g h  in to  p o ly p h a s e  p o w e r ,  e m ­

b a r k e d  o n  d is c o v e r ie s  in  e v e n  m o r e  e s o te r ic  f ie ld s ,  s u c h  a s  w ire le s s  p o w e r  

tr a n s m is s io n  a n d  c o m m u n ic a t io n .  A  n o ta b le  e x c e p t io n  to  th e s e  p i o n e e r s ' 

in f le x ib i l i ty  w as  t h e  d o g g e d  d e t e r m i n a t i o n  o f  E lih u  T h o m s o n  to  m a in ta in  

a  p o s i t io n  o f  l e a d e r s h i p  t h r o u g h o u t  th e  r a p id  f l u c tu a t io n s  t h a t  h i t  e le c t r ic  

l ig h t  a n d  p o w e r .  T h o m s o n  (1 8 5 3 - 1 9 3 7 ) ,  w h o  w as  b o r n  in  E n g la n d  b u t  

F ig u re  v i . l .  E tih u Thom son, c. 1 885 . g re w  u p  in  P h i l a d e lp h ia ,  P e n n s y lv a n ia ,  s p a n n e d  th e  e le c t r ic  p o w e r  s p e c -

Courtrsy o f  the E lih u  Thom son Papers, t r u m  f r o m  h is  e a r ly  c o n c e n t r a t i o n  o n  a r c  l ig h ts ,  t h r o u g h  d i r e c t - c u r r e n t

A m en ca n  P hilosophical Society, in c a n d e s c e n t  l ig h t in g ,  in to  a l t e r n a t i n g  a n d  p o ly p h a s e  s y s te m s .  T h o m s o n
Phila de lph ia, Pa. nQ t Q n jy m a (j e  n e c e s s a r y t r a n s i t io n s  b u t  h e  m o v e d  f r o m  t h e  s t a tu s  o f  

i n d e p e n d e n t  i n v e n t o r  to  t h a t  o f  s c ie n t i f ic  c o n s u l t a n t .  A f t e r  h is  c o m p a n y ,  

T h o m s o n - H o u s t o n ,  m e r g e d  w ith  E d is o n  G e n e r a l  E le c tr ic  lo  f o r m  G e n e r a l  

E le c tr ic  in  1 8 9 2 , h e  a s s u m e d  th e  p o s i t io n  o f  s e n io r  i n d u s t r i a l  s c ie n t is t  a n d  

a d v i s e r  in  r e s e a r c h  a n d  d e v e l o p m e n t  f o r  t h e  n e w  f irm .

T h o m s o n  w a s  o n e  o f  a s m a ll  g r o u p  o f  m o s tly  y o u n g  m e n  o f  v a r io u s  

n a tio n a li t ie s  w h o  h e lp e d  b r in g  a b o u t  th e  sh if t  to  p o ly p h a s e ,  th e  e v e n t  “w h ich  

u s h e r e d  in  a  n e w  e c o n o m ic  e p o c h .” ' T h e s e  y o u n g  in v e n to r s  a n d  e le c t r ic a l  

e n g i n e e r s  d i f f e r e d  f r o m  m o s t o f  t h e i r  p r e d e c e s s o r s  in  lh a l  t h e i r  s c ie n tif ic  

o r  e n g i n e e r i n g  t r a i n i n g  i n c lu d e d  m a th e m a t ic s ,  a n  e x t r e m e ly  im p o r t a n t  

c o m p e te n c e  f o r  th o s e  w is h in g  to  a n a ly z e  p o ly p h a s e  s y s te m s .  P h i l a d e lp h ia 's  

C e n t r a l  H ig h  S c h o o l ,  w h e r e  T h o m s o n  t a u g h t ,  o f f e r e d  a d v a n c e d  te c h n ic a l  

a n d  s c ie n t i f ic  c o u r s e s  th a t  w e r e  n o t  a l t o g e t h e r  d i f f e r e n t  f r o m  t h e  c o u r s e s  

g iv e n  in  th e  T e c h n isc h e n  H o c h sc h u le n  (“ te c h n ic a l  h i g h e r  s c h o o ls ” ) in  C e n t r a l  

E u r o p e .  T e s la  t r a i n e d  a t  t h e  T e c h n isc h e n  H o c h sc h u le  in  G r a z  a n d  a t  th e  

U n iv e r s i ty  o f  Z u r ic h .  M ic h a e l  D o liv o -D o b ro w o ls k y  a t t e n d e d  a  T e c h n is c h e  

H o c h sc h u le  in  G e r m a n y  ( D a r m s ta d t ) ,  a s  w as  c o m m o n  f o r  R u s s ia n - b o r n  a s ­

p i r a n t s  to  c a r e e r s  in  s c ie n c e  a n d  e n g in e e r in g .

F o llo w in g  c lo s e  b e h i n d  T e s la  a n d  D o l iv o -D o b ro w o ls k y  w as  a  g r o u p  o f  

e le c t r ic a l  in v e n to r s  a n d  e n g i n e e r s  w h o  n o t  o n ly  a t t e n d e d  in s t i tu t io n s  o f  

h i g h e r  l e a r n i n g  b u t  a ls o  h a d  t h e  o p p o r t u n i t y  to  la k e  c o u r s e s  in  e le c tr ic a l  

e n g in e e r in g .  S o  t r a i n e d ,  th e s e  m e n  lo o k  p a r t  in  th e  r a p id  p ro f e s s io n a l i ­

z a t io n  o f  th e  f ie ld  o f  e le c t r ic a l  e n g i n e e r i n g ,  a n d  e x p a n d i n g  e le c tr ic a l  e n ­

g in e e r i n g  e d u c a t io n  a n d  p r o f e s s io n a l iz a t io n  g r e a t ly  r e in f o r c e d  th e  c o m -

1 G eo rg  von S iem en s. H istory o f  the H ouse  o f  Siem ens, tran s . A. F. R o dg e r . 2 vols. (F re ib u rg / 
M unic h : A lber, 1957), I: 114. B io g ra ph ies  o f  th e  le ad ing  e lectr ical e n g in e e rs  o f  th e  early  
g e n e ra tio n s  a rc  id e n tif ie d  in T h o m a s  j. H ig gin s, "A B io g raph ica l B ib liog rap hy  o f  E lectr ical 
E n g in e ers  a n d  E lc ctrop hy sic is ts ,” Technology a n d  Culture  2 (1961): 2 8 -3 2 , l4 6 -6 .r>. See also 
idem , "A C lassified  B ib liog rap hy  o f  P ublica tions on  th e  H is to ry  a n d  D evelop m en t o f  E lectr ical 
E n g in e erin g  a n d  F.lecirophysirs."  B ulle tin  o f  Bibliography 20, nos. 3 -7  (1 9 50 -5 2 ).
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m itm e n l  lo , a n d  m o m e n t u m  o f ,  t h e  s y s te m  o f  p o w e r  a n d  l ig h t  t h a t  h a d  

b e e n  u s h e r e d  in  b y  t h e  p i o n e e r s  d u r i n g  th e  1 8 9 0 s . C o u r s e s  in  th e  T ech -  

n u c h e n  H o c h s c h u le n  a n d  in  c o l le g e s  o f  e n g i n e e r i n g  w e re  o r g a n iz e d  o n  th e  

b a s is  o f  t h e  k n o w le d g e  a n d  e x p e r i e n c e s  o f  t h e  p io n e e r s ,  a n d  te c h n ic a l  

j o u r n a l s  a n d  m e e t in g s  s p r e a d  in f o r m a t i o n  a n d  a t t i t u d e s ,  t h e r e b y  c o n s o l i ­

d a t i n g  th e  p r e d o m i n a n t  t r e n d s  in  p r a c t ic e .

T h e  t r a i n i n g  a n d  e d u c a t i o n  o f  t h e  e le c t r ic a l  t e c h n ic ia n s ,  e n g in e e r s ,  a n d  

s c ie n t is ts  w h o  f i l le d  t h e  in c r e a s in g  n u m b e r  o f  p o s i t io n s  o f f e r e d  b y  e le c tr ic a l  

u ti l i t ie s  a n d  m a n u f a c t u r e r s  o c c u r r e d  o n  m a n y  le v e ls  a n d  in  m a n y  w ays 

d u r i n g  th e  f i r s t  tw o  d e c a d e s  o f  e le c t r ic  l ig h t  a n d  p o w e r .  I n  G e r m a n y ,  

E n g la n d ,  a n d  t h e  U n i te d  S ta te s ,  t h e  s o u r c e s  o f  th is  t r a i n i n g  i n c lu d e d  a p ­

p r e n t i c e s h i p  p r o g r a m s ,  t e c h n ic a l  a n d  t r a d e  s c h o o ls ,  a n d  s e c o n d a r y  sc h o o ls  

w ith  t e c h n ic a l  p r o g r a m s .  G e r m a n y ’s r a p i d  in d u s t r i a l i z a t io n  in  t h e  la te  n in e ­

t e e n t h  c e n t u r y ,  i n c lu d in g  t h e  im p r e s s iv e  r is e  o f  its  e le c t r ic a l  i n d u s t r y ,  h a s  

b e e n  a t t r i b u t e d  in  p a r t  lo  t h e  G e r m a n  s y s te m  o f  s e c o n d a r y ,  t r a d e ,  a n d  

te c h n ic a l  e d u c a t i o n  o u t s id e  o f  in s t i tu t io n s  o f  h i g h e r  l e a r n i n g .2 E sp e c ia lly  

in  G e r m a n y ,  e l e c t r ic a l  m a n u f a c t u r e r s  e s t a b l i s h e d  s iz a b le  a p p r e n t i c e s h ip  

p r o g r a m s  to  t r a i n  s k il le d  w o r k m e n ,  s o m e  o f  w h o m  b e c a m e  f o r e m e n  a n d  

p l a n t  s u p e r i n t e n d e n t s .  A f te r  t h e  m a n u f a c t u r e r s  b e g a n  d e s ig n in g  a n d  p r o ­

d u c i n g  h ig h ly  c o m p le x  p o ly p h a s e  g e n e r a t o r s ,  m o to r s ,  a n d  t r a n s f o r m e r s ,  

th e y  a ls o  o f f e r e d  p r a c t ic a l  t r a i n i n g  f o r  g r a d u a t e s  o f  e n g i n e e r i n g  sc h o o ls , 

m a n y  o f  w h o m  w e re  t h o u g h t  b y  m a n u f a c t u r e r s  to  b e  o v e r e x p o s e d  to  i r ­

r e l e v a n t  th e o r y .  C o o p e r a t iv e  p r o g r a m s  r e q u i r i n g  p a r t i c i p a t i o n  in  t h e  c la s s ­

r o o m  a n d  in  t h e  w o r k p la c e  s p r e a d  t h r o u g h o u t  t h e  U n i t e d  S ta te s  a f t e r  1900 .

S u c h  v a r i e d  m o d e s  o f  t r a i n i n g  n o tw i t h s t a n d i n g ,  a t t e n t i o n  h e r e  w ill b e  

l im i te d  to  s e v e r a l  l e a d in g  d e g r e e -  o r  d ip l o m a - g r a n t i n g  t h r e e -  o r  f o u r - y e a r  

e n g i n e e r i n g  c o l le g e s  in  th e  U n i te d  S ta te s  a n d  E n g la n d  a n d  to  th e  l e a d in g  

T e c h n isc h e n  H o c h s c h u le n  in  G e r m a n y .  T h o s e  s e le c te d  w e r e  a m o n g  t h e  f irs t 

t o  o f f e r  c o u r s e s  in  e le c t r ic a l  e n g i n e e r i n g ,  to  o r g a n iz e  s e ts  o f  c o u r s e s  c o n ­

s t i t u t i n g  p r o g r a m s  in  e le c t r ic a l  e n g i n e e r i n g ,  o r  to  e s ta b l is h  d e p a r t m e n t s  o f  

e l e c t r ic a l  e n g i n e e r i n g .  S p e c ia l  a t t e n t i o n  w ill b e  p a id  to  t h e  w ay  e n g i n e e r i n g  

in s t i tu t io n s  f o r m e d  a  b r i d g e  b e tw e e n  p h y s ic s  a n d  t h e  p r a c t i c e  o f  e n g i ­

n e e r in g .  C o n c e n t r a t i o n ,  t h e r e f o r e ,  w il l b e  o n  t h e  e a r ly  e n g i n e e r i n g  p r o ­

f e s s o r s  a s  c o n t r i b u t o r s  lo  t h e  s c ie n c e  o f  e le c t r ic a l  e n g i n e e r i n g .  T h e  t e r m  

" a p p l i e d  s c ie n c e ” w ill b e  a v o id e d  b e c a u s e  it s u g g e s ts  a  o n e -w a y  r e la t io n s h ip  

f r o m  f u n d a m e n t a l  s c ie n c e  to  p r a c t ic a l  a p p l i c a t io n ;  in s t e a d ,  “s c ie n c e  o f  e le c ­

t r ic a l  e n g i n e e r i n g ” w ill h e  u s e d  a s  a  b r o a d e r  r e f e r e n c e  to  o r g a n iz e d ,  q u a n ­

t i f ie d ,  a n d  g e n e r a l i z e d  in f o r m a t i o n ,  o r  e x p e r i e n c e  d e r iv e d  f r o m  p ra c t ic e .

D u r i n g  t h e  t r a n s i t io n  f r o m  d i r e c t  to  p o ly p h a s e  c u r r e n t ,  t h e  n u m b e r  o f  

i n s t i tu t io n s  o f  h i g h e r  l e a r n i n g  g r a n t i n g  e n g i n e e r i n g  d e g r e e s  o r  d ip lo m a s  

c o n t i n u e d  lo  g ro w . T h e  n u m b e r  o f  c o u r s e s ,  p r o g r a m s ,  a n d  d e p a r t m e n t s  

in  e le c t r ic a l  e n g i n e e r i n g  in c r e a s e d  e v e n  m o r e  im p re s s iv e ly .  D u r in g  th e  

fo r m a t iv e  y e a r s  o f  th e  e l e c t r ic a l  i n d u s t r y ,  t h e  e x i s t e n c e  o f  a  s u b s ta n t ia l  

n u m b e r  o f  e n g i n e e r i n g  in s t i tu t io n s  in f lu e n c e d  t h e  g r o w th  o f  t h e  in d u s t r y ,  

a n d  t h e  r i s e  o f  t h e  in d u s t r y  s h a p e d  e le c t r i c a l - e n g in e e r in g  in s t i tu t io n s .  O n e  

r e s u l t  o f  th is  i n t e r a c t io n  w as  th e  s c ie n t i f ic  c h a r a c t e r  o f  e le c t r ic a l  e n g i n e e r ­

in g .  I n  c o n t r a s t ,  c iv il a n d  m e c h a n ic a l  e n g i n e e r i n g  d e v e lo p e d  b e f o r e  e n g i-

'  W illiam  H . D aw son. The E vo lu tio n o f  M o d em  G erm a ny  (N ew  Y ork: S c rib n er 's , 1914). See 
especia lly  his  d iscussio n  o f  d ie  ic rh n ira l schools  in S a x on y  (p p . 9 9 . 135).
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n e e r i n g  e d u c a t io n  w as  c o n s id e r e d  a  s iu e  q u a  n o n  f o r  th e  p r o f e s s io n a l ,  a n d  

t h e i r  c a s t  w as  less s c ie n tif ic .

W h e n  th e  P e a r l  S t r e e t  s ta t io n  o p e n e d  in  N ew  Y o rk  in  1 8 8 2 , a b o u t  s e v e n ty  

U .S . in s t i tu t io n s  o f f e r e d  a  p r o f e s s io n a l  e d u c a t io n  in  e n g i n e e r i n g . * M a n y  

o f  th e s e  h a d  b e e n  f o u n d e d  w ith  f u n d s  p r o v id e d  by  la n d  g r a n t s  m a d e  u n d e r  

th e  M o r r i l l  A c t o f  1 8 6 2 , a c c o r d in g  to  w h ic h  e a c h  s ta te  th a t  e n d o w e d  a g ­

r i c u l tu r a l  a n d  m e c h a n ic a l  c o lle g e s  w o u ld  b e  g iv e n  3 0 ,0 0 0  a c r e s  o f  p u b l ic  

la n d  f o r  e a c h  c o n g r e s s io n a l  d is t r ic t .  N o n e  h a d  c o u r s e s  in  e le c t r ic a l  e n g i ­

n e e r in g ,  b u t  a  n u m b e r  in c lu d e d  l e c tu r e s  o n  e le c tr ic i ty  in  t h e i r  p h y s ic s  

c o u r s e s .  B y  1 8 9 9 , th e  n u m b e r  o f  th e s e  in s t i tu t io n s  w as  e i g h ty - n in e ,  a n d  9 8  

p e r c e n t  o f  t h e m  o f f e r e d  a  f o u r - y e a r  c o u r s e  in  e n g in e e r in g .  F o r ty - n in e  h a d  

c o u r s e s  in  e le c t r ic a l  e n g in e e r i n g ;  s ix ty -s e v e n  t a u g h t  civ il e n g i n e e r i n g ;  a n d  

s ix ty -o n e  o f f e r e d  m e c h a n ic a l  e n g in e e r in g .  I t s h o u ld  b e  n o te d ,  h o w e v e r ,  

t h a t  s t u d e n t s  c o u ld  a ls o  p r e p a r e  fo r  w o rk  in  th e  e le c t r ic a l  in d u s t r y  by  

s tu d y in g  m e c h a n ic a l  e n g i n e e r i n g .  I n  th e  U n i te d  S ta le s  in  1 8 9 9  t h e r e  w e re  

2 ,3 9 7  s t u d e n t s  e n r o l l e d  in  e le c t r ic a l  e n g i n e e r i n g  p r o g r a m s  a n d  t h e r e  w e re  

3 7 0  g r a d u a t e s  o f  th e s e  p r o g r a m s .  F o r  m e c h a n ic a l  e n g i n e e r i n g  th e  f ig u r e s  

w e re  3 ,2 9 3  s t u d e n t s  a n d  4 8 0  g r a d u a t e s ;  f o r  c iv il e n g i n e e r i n g ,  2 ,6 6 7  s t u ­

d e n t s  a n d  4 1 9  g r a d u a t e s . 4

I n  G e r m a n y  a f t e r  1 8 6 0  s e v e ra l  te c h n ic a l  s c h o o ls  w e re  g iv e n  th e  s t a tu s  o f  

in s t i tu t io n s  o f  h i g h e r  l e a r n in g .  T h e y  w e re  c h a r a c te r i z e d  a s  u n iv e r s i t ie s  th a t  

w o u ld  p r e p a r e  s t u d e n t s  f o r  in d u s t r i a l  c a r e e r s .  T h e s e  in s t i tu t io n s  o f f e r e d  

s tu d e n t s  a  c o u r s e  o f  s tu d y  t h a t  w as  m o r e  a d v a n c e d  th a n  th e  c u r r i c u la  o f  

U .S . e n g i n e e r i n g  s c h o o ls .  T h e  in s t i tu t io n s  th a t  re c e iv e d  th e  T e c h n is c h e  

H o c h s c h u le (T H )  c o n s t i tu t io n  w e re  K a r ls ru h e  (in  1865), M u n ic h  (1 8 6 8 ), A a c h e n  

(1 8 7 0 ) ,  D r e s d e n  (1 8 7 1 ) ,  B ru n s w ic k  (1 8 7 7 ) , B e r l i n - C h a r lo t t e n b u r g  (1 8 7 9 ) , 

a n d  H a n n o v e r  ( 1 8 8 0 ) .5 T h e i r  o r g a n iz a t io n  a n d  c u r r i c u la  w e re  s u b s ta n t ia l ly  

in f lu e n c e d  b y  F r a n z  G r a s h o f  ( 1 8 2 6 - 1 8 9 3 ) ,  a  le a d in g  e n g i n e e r i n g  p r o f e s s o r  

w h o  c a lle d  f o r  a  g r o u n d i n g  o f  t h e  e n g i n e e r  in  th e  f u n d a m e n ta l s  o f  s c ie n c e .6 

F r a n z  R e u le a u x  ( 1 8 2 9 - 1 9 0 5 ) ,  a n o t h e r  o f  G e r m a n y ’s p i o n e e r in g  e n g i n e e r ­

i n g  e d u c a to r s ,  a ls o  s t im u la te d  th e  d e v e lo p m e n t  o f  h ig h e r  te c h n ic a l  e d u ­

c a t io n  w ith  a n  e m p h a s i s  o n  th e  s c ie n c e s  by  p o in t in g  o u t  th e  s u p e r io r i ty  o f  

A m e r ic a ’s in d u s t r i a l  d is p la y s  a t  t h e  P h i l a d e lp h ia  e x h ib i t io n  o f  1 8 7 6 .7 T h e  

G e r m a n s  lo o k e d  u p o n  e d u c a t io n  a s  a  m e a n s  o f  b o r r o w in g  te c h n o lo g y  f r o m  

o t h e r  n a t io n s  a n d  a d v a n c in g  b e y o n d  it; th e y  a ls o  r e c o g n iz e d  th a t  e le c tr ic a l  

e n g i n e e r i n g  w as  p a r t i c u la r ly  w e ll- s u ite d  to  a  s c ie n tif ic  e m p h a s is .

I n  E n g la n d ,  c o n c e r n  a m o n g  m a n u f a c tu r e r s  a n d  e n g in e e r s  a b o u t  th e  s ta te

’ T h is  n u m b e r  w as d e riv e d  fro m  statist ics giv in g  th e  n u m b e r  as e ig h ty -n ine  in 1899 an d  
id e n tify in g  it as a n  in crease  o f  21 p e rc en t o ve r th a t fo r 1878. I am  in d e b ted  to  R ob ert Belfield 
fo r  calling  m y a tte n t io n  to  statist ics on  e n g in e e rin g  edu ca tio n . H is sou rce s w ere I. O . B aker, 
" E n g in e e rin g  E d uca tion  in th e  U n ite d  S late s at th e  E nd o f  th e  C e n tu ry ,"  Science, 2 N ov em ber 
1900, pp . 6 6 6 -7 4 ; a n d  C h a rles  R. M ann. A S tu dy  o f  Eng in eer in g Educa tion  (N ew  Y ork : Jo in t 
C o m m itte e  o n  E n g in e erin g  E du ca tion  o f  th e  N atio nal E n g in e erin g  Societies, 1918). csp . p p . 

18-24.
4 B a ker, " E n g in e e rin g  E d uca tion ,"  p. 668.
’ W ilhelm  T r c u c , "D ie G cschic h lc  d cs T cc h n ise h cn  U n tr rr ic h ls ,"  in Festschrift m r  1 2 J- 

J ah rfeier  der Technischen  / lochschule H an nove r, 1 8 ) 1 -1 9 5 6  (H a n n o v er, I9.ri6), p. 60.

* E. G ra sh o f, " U b c r d ie  O rg a n isa tio n  an  po ly lech n isch cn  S rh u lc n  z u g ru n d e  le g en d e  I’rin- 
z ip ien ."  Zeitschrift Verein D eulscher Ingenieu re, 1864, p. 591.

’ F rie d rich  K lem m , A H istory o f  W estern Technology, tran s . D. W. S in ger (C a m bridg e . Mass.: 

M .I .T . Press. 1959). pp . 326. 339.
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o f  t e c h n ic a l  e d u c a t i o n  w a s  w id e s p r e a d  d u r i n g  t h e  s e c o n d  h a l f  o f  th e  n in e ­

t e e n t h  c e n t u r y ,  e s p e c ia lly  a f t e r  1 8 8 0 . T h e  c o n v e n in g  o f  s e v e r a l  p a r l i a m e n ­

ta r y  c o m m i t t e e s  to  c o n s id e r  t h e  s t a l e  o f  t e c h n ic a l  e d u c a t i o n  in  B r i t a in  r e ­

v e a le d  th is  c o n c e r n .8 T h e  im p r e s s iv e  in d u s t r i a l  c o m p e t i t io n  a m o n g  f o r e ig n  

e x h ib i to r s  a t  L o n d o n ’s G r e a t  E x h ib i t io n  in  185 1  w as  a  m a j o r  s t im u lu s  o f  

a c tiv i ty  a im e d  a t  i m p r o v in g  B r i t a i n ’s s i tu a t io n .

G e n e r a l  c o n c e r n  a b o u t  t h e  e r o s io n  o f  B r i t a i n ’s i n d u s t r i a l  l e a d e r s h i p  in  

th e  la te  n i n e t e e n t h  c e n t u r y  le d  to  a  n u m b e r  o f  e f f o r t s  to  im p r o v e  th e  

c o u n t r y ’s s y s te m  o f  t e c h n ic a l  a n d  e n g i n e e r i n g  e d u c a t io n .  I n  1 8 7 8  th e  h is ­

t o r ic  l iv e ry  c o m p a n ie s ,  o r  g u i ld s ,  e s t a b l i s h e d  t h e  C ity  a n d  G u i ld s  o f  L o n d o n  

I n s t i t u t e  f o r  th e  A d v a n c e m e n t  o f  T e c h n ic a l  E d u c a t io n .  T h e  in s t i tu te  u s e d  

s u b s id ie s  a n d  its  c o n s id e r a b le  in f lu e n c e  lo  p r o m o t e  t e c h n ic a l  e d u c a t io n  

t h r o u g h o u t  th e  c o u n t r y .  I n  L o n d o n  t h e  in s t i t u t e - s u p p o r t e d  F in s b u r y  T e c h ­

n ic a l  C o l le g e  o p e n e d  in  1 8 8 3 , a n d  in  1 8 8 4  th e  i n s t i tu t e  c o n t r i b u t e d  to  th e  

o p e n i n g  o f  t h e  C e n t r a l  I n s t i tu t io n  in  S o u th  K e n s in g to n .9 F in s b u r y  C o lle g e  

w o u ld  t r a i n  th o s e  d e s i r in g  a n  in t e r m e d i a t e  p o s t ,  i n c lu d i n g  t h a t  o f  f o r e m a n ,  

in  in d u s t r y  a n d  th o s e  p r e p a r i n g  f o r  th e  a d v a n c e d  c o u r s e s  o f f e r e d  a t  e n ­

g i n e e r i n g  c o l le g e s  s u c h  a s  U n iv e r s i ty  C o l le g e  a n d  K in g ’s C o l le g e  o f  th e  

U n iv e r s i ty  o f  L o n d o n .  I n  1 9 0 7 , a f t e r  s e v e r a l  r e o r g a n iz a t io n s ,  t h e  C e n t r a l  

I n s t i t u t i o n  a c h ie v e d  u n iv e r s i ty  s t a tu s  a s  p a r t  o f  t h e  I m p e r ia l  C o l le g e  o f  

S c ie n c e  a n d  T e c h n o lo g y  o f  th e  U n iv e r s i ty  o f  L o n d o n . 10 O t h e r  c e n te r s  o f  

h i g h e r  t e c h n ic a l  s tu d y  in  B r i t a in  in  t h e  1 8 8 0 s  in c l u d e d  M a n c h e s te r ,  B ir ­

m i n g h a m ,  L iv e rp o o l ,  L e e d s ,  B r a d f o r d ,  a n d  G la s g o w , a s  w ell a s  t h e  e n g i ­

n e e r i n g  f a c il i t ie s  a n d  c o u r s e s  a t  C a m b r i d g e  U n iv e r s i ty .

T h e s e  U .S .,  B r i t i s h ,  a n d  G e r m a n  i n s t i tu t io n s  o f  h i g h e r  t e c h n ic a l  e d u ­

c a t io n  r e s p o n d e d  to  th e  r is e  o f  t h e  e le c t r ic  s u p p ly  in d u s t r y  in  v a r io u s  w ays, 

a n d  h e r e  t h e  t r e n d s  a m o n g  th e m  c a n  b e  d e t e c t e d  b y  c o n s i d e r i n g  th e  r e ­

s p o n s e s  o f  s e v e ra l :  t h e  M a s s a c h u s e t ts  I n s t i t u t e  o f  T e c h n o l o g y  a n d  C o rn e l l  

U n iv e r s i ty  in  th e  U n i t e d  S ta te s ,  t h e  C e n t r a l  I n s t i t u t i o n  in  L o n d o n ,  a n d  th e  

T e c h n isc h e n  H o d is c h u le n  a t  D a r m s ta d t  a n d  B e r l in  in  G e r m a n y .  I n  e a c h  c a se  

s e v e ra l  q u e s t io n s  w ill b e  r a i s e d :  W h e n  w a s  e le c t r ic a l  e n g i n e e r i n g  i n t r o d u c e d  

in to  t h e  i n s t i t u t i o n ’s c u r r i c u l u m ?  W h e n  w as  a  s e p a r a t e  d e p a r t m e n t  o f  e le c ­

tr ic a l  e n g i n e e r i n g  e s ta b l i s h e d ?  W h a t  c o n s t i t u t e d  th e  e d u c a t i o n a l  a n d  p r a c ­

tic a l b a c k g r o u n d  o f  th e  e l e c t r ic a l  e n g i n e e r i n g  f a c u l ty ,  a n d  in  w h a t  r e s e a r c h  

a n d  c o n s u l t i n g  a c tiv i t ie s  w e r e  f a c u l ty  m e m b e r s  e n g a g e d ?  H o w  d id  th e  c u r ­

r ic u la  r e f l e c t  t h e  t r a n s i t i o n  to ,  a n d  t h e r e b y  t h e  m o m e n t u m  o f ,  th e  p o ly ­

p h a s e ,  u n iv e r s a l  s y s te m  a n d  l o n g - d i s t a n c e  t r a n s m is s io n ?

In  G e r m a n y ,  W e r n e r  v o n  S ie m e n s ,  a n  i n f lu e n t i a l  f i g u r e  in  t h e  e n g i ­

n e e r i n g  a n d  s c ie n c e  c o m m u n i ty ,  s t im u la te d  t h e  e s t a b l i s h m e n t  o f  p r o f e s ­

s o r s h ip s  o f  e le c t r ic a l  e n g i n e e r i n g .  H e  r e a l iz e d  t h a t  t h e  n e e d  f o r  y o u n g  

e le c t r ic ia n s  g r o u n d e d  in  s c ie n c e  w o u ld  e x c e e d  t h e  n u m b e r  f o r th c o m in g

S ee, Tor e x a m p le , ( . re a l  B rita in . P a rlia m en t, I lo u se  o f  C o m m o n s . Sessiona l Papers: Second 
Repor t o f  the Ro ya l Comm issioners on Technical Instruc tion. 3 vols. (L o n d o n : H M SO . 1884), I:

(\lnZTwd)h' 'mprnnt and IWI",0lnW: A Sho" / / u , o r v  °f,he lmPenal Col,egt
W illiam  W ick e n d en . A Com parative S tu dy  o f  En g in eer in g  Ed uca tion  in the U nite d  States an d  

E u ro p e  Socie ty  fo r  th e  P ro m o tio n  o r  E n g in e e rin g  E d u ca tio n , B ulletin  no . 16 (L an c aste r . Pa.: 

16 C n c a s ,e r  reS5, 1829), p . 38: Centenary o f  the Im perial College o f  Science a n d  Technology, p-
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F ig ur e  V I .2 .  Charles Cross. Courtesy oj 
the M .I.T . M u se u m  a n d  H istorica l 

Collections, Cam bridge. M ass.

f r o m  r e la te d  f ie ld s  o r  f r o m  i n f o r m a l  e d u c a t io n .  S p e a k in g  in  D e c e m b e r

1881 b e f o r e  G e r m a n y ’s E le k t r o te c h n i s c h e  V e r e in  (S o c ie ty  o f  E le c tr ic a l  E n ­

g i n e e r in g ) ,  v o n  S ie m e n s  c a l le d  f o r  th e  e s t a b l i s h m e n t  o f  a  c h a i r  o f  e le c t r ic a l  

e n g i n e e r i n g  in  a ll T H s  in  o r d e r  to  f a m il ia r iz e  y o u n g  m e n  w ith  t h e  t h e o r y  

a n d  p r a c t i c e  o f  e le c t r ic a l  e n g i n e e r i n g . 11 S o  m o v e d ,  t h e  T e c h n isc h e  H o c h sc h u le  

in  D a r m s t a d t  a p p o i n t e d  E r a s m u s  K i t t le r  ( 1 8 5 2 - 1 9 2 9 )  th e  f i r s t  p r o f e s s o r  

o f  e l e c t r ic a l  e n g i n e e r i n g  in  G e r m a n y ,  a n d  h e ,  in  t u r n ,  e s t a b l is h e d  t h e  f i r s t  

d e p a r t m e n t  o f  e l e c t r ic a l  e n g in e e r in g .  H e  c a m e  to  th e  D a r m s ta d t  T H  in

1 8 8 2  a f t e r  s e r v in g  a s  a n  i n s t r u c t o r  in  p h y s ic s  a t  t h e  M u n ic h  T H .  T h e r e  

w e r e  o n ly  137 s t u d e n t s  e n r o l l e d  a t  th e  la n g u i s h in g  D a r m s ta d t  T H  in  1 8 8 2 , 

b u t  w i th in  s e v e ra l  y e a r s  K i t l l e r ’s e le c t r ic a l  e n g i n e e r i n g  p r o g r a m  w as i n t e r ­

n a t io n a l ly  r e n o w n e d  a n d  h a d  t u r n e d  o u t  a  la r g e  n u m b e r  o f  G e r m a n y ’s 

le a d in g  e le c t r ic a l  e n g in e e r s ,  a m o n g  th e m  D o l iv o -D o b ro w o ls k y .12

I n  1 8 8 2 , a t  th e  B e r l in - G h a r lo t t e n b u r g  T H ,  A d o l f  S la b y  ( 1 8 4 9 - 1 9 1 3 )  in ­

a u g u r a t e d  a  tw o - h o u r  c o u r s e  in  e le c t r ic a l  m a c h in e r y .  I n  1 8 8 3 , a ls o  a t  th e  

B e r l in  T H ,  W e r n e r  v o n  S ie m e n s  e s ta b l is h e d  t h e  f ir s t  c h a i r  o f  m a c h in e  

c o n s t r u c t io n  a n d  e le c t r ic a l  e n g i n e e r i n g  (a  p o s i t io n  h e ld  b y  S la b y ) . W h e n  

th e  B e r l in  T H  m o v e d  in  1 8 8 4  in to  im p re s s iv e  n e w  b u i ld in g s  o n  g r o u n d  

p r o v id e d  by  K a is e r  W ilh e lm  I, th e  f a c u lty  e s ta b l is h e d  a n  e le c t r ic a l  la b o ­

r a to r y ,  a f t e r  w h ic h  t h e  s tu d y  o f  e le c t r ic a l  e n g i n e e r i n g  e x p a n d e d  r a p id ly ;  

by  1 8 9 2 , e ig h ty  s t u d e n t s  w e r e  e n g a g e d  in  l a b o r a to r y  w o r k  th e r e .  E le c tr ic a l  

e n g i n e e r i n g  w as  n o t ,  h o w e v e r ,  a  s e p a r a te  d e p a r t m e n t  a t  B e r l in  a s  it  w as  a t  

D a r m s ta d t ;  it  w as  p a r t  o f  th e  m e c h a n ic a l  e n g i n e e r i n g  c u r r i c u lu m .  U n l ik e  

o t h e r  e a r ly  G e r m a n  e le c t r ic a l  e n g i n e e r i n g  p ro f e s s o r s ,  S la b y  h a d  a  b a c k ­

g r o u n d  in  m e c h a n ic a l  e n g i n e e r i n g  r a t h e r  th a n  p h y s ic s .13 F ro m  1 8 9 5  u n t i l  

19 0 5  G is b e r t  K a p p  (1 8 5 2 - 1 9 2 2 ) ,  a  p i o n e e r  in  t h e  s c ie n t i f ic  a n a ly s is  o f  

e le c t r ic a l  m a c h in e r y ,  t a u g h t  e le c t r ic a l  e n g i n e e r i n g  a t  B e r l in .  T h e  p r e s e n c e  

o f  t h e  tw o  m a jo r  m a n u f a c t u r e r s  o f  G e r m a n  e le c t r ic a l  m a c h in e r y  (S ie m e n s  

a n d  A E G ) in  B e r l in  p r o b a b ly  s t im u la te d  th e  e m p h a s is  o n  m a c h in e r y ,  o r  

m e c h a n ic a l  e n g i n e e r i n g ,  c o u r s e s . '4

T h e  M a s s a c h u s e t ts  I n s t i tu te  o f  T e c h n o lo g y  e s ta b l is h e d  th e  f ir s t  f o u r -  

y e a r  c o u r s e  in  e le c t r ic a l  e n g i n e e r i n g  in  A m e r ic a  in  1 8 8 2 . I ts  a c t io n  w as 

b a s e d  o n  t h e  b e l i e f  t h a t  th e  r a p id ly  in c r e a s in g  d e v e lo p m e n t  “o f  t h e  v a r io u s  

b r a n c h e s  o f  e le c t r ic a l  e n g in e e r in g ,  a n d  th e  c o n s e q u e n t  d e m a n d  f o r  p e r s o n s  

c o n v e r s a n t  w ith  th e  t h e o r y  a n d  a p p l ic a t io n s  o f  e le c t r ic i ty ,” 15 c a lle d  f o r  a n  

a c a d e m ic  r e s p o n s e .  In it ia l ly  th e  c o u r s e  r e f le c te d  th e  in t e r e s t  o f  its  p la n n e r s  

in  th e  b e l t e r - e s ta b l i s h e d  f ie ld  o f  e le c tr ic a l  c o m m u n ic a t io n s ,  b u t  e m p h a s is  

e v e n tu a l ly  s h i f t e d  to  l ig h t  a n d  p o w e r .  A d m in is t r a t iv e ly ,  th e  c o u r s e  w as  p a r t  

o f  t h e  p h y s ic s  c u r r i c u l u m ,  a n d  P ro f e s s o r  C h a r le s  C ro s s  (1 8 4 8 - 1 9 2 1 ) ,  h e a d  

o f  th e  p h y s ic s  d e p a r t m e n t ,  p l a n n e d  a n d  d i r e c te d  it.  A  s e p a r a te  d e p a r t m e n t

11 G eo rg  D ctlm ar. D ie E ntw ic k lu ng  der Starhstrom technik  in D eu tschland  (B erlin : E T Z  V erlag , 

1940), p p . 2 7 9 -8 0 .
'* V on Siem en s. H ouse o f  Siem ens, 1: 116.
"  Chronik der Kbniglichen Technischen H ochschule iu Berlin . 1 7 9 9 -1 8 9 9  (B erlin , 1899). p. 187.
M R olf S o n n e m a n n , “W isscnschafllich -tcchn ischer F o rtsc h rilt, In g en ic u ra u sb ild u n g  u n d  

M on o p o lin lc rcsse  im  Spiege l d e r  FJck tro tcch n isch en  Z c ilschrif l,  1880 -19 00 ,"  N T M -S ch rifte n r.  
Gesch., Technik , M ed . (L eipzig ) 11 (1974): I, 67. O th e r  early  d e v e lo p m e n ts  in e lectr ical e n g i ­
n e e r in g  e d u ca tio n  in G erm a n y  in c lud ed  a p ro fe sso rsh ip  at the  M unich  7 7 / h e ld  hy W. von 
Beetz (1 8 2 2 -1 8 8 6 ) a n d  le ctu re s given by W. D ie trich  at S tu ttg a rt Ircg in n in g  in 1882. W ilhelm  
K o h lrau sch  (1 8 5 5 -1 9 3 6 ) estab lished  a p ro g ra m  at th e  H an n o v e r 77 / in 1884.

"  Electrical R eview  12 (1883): iii.
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F ig u re  V I .4 . S i/u an us P. Thom pson. 
Courtesy o f  the In stitu tion  o f  Electrical 

Engine ers , London.

o f  e l e c t r ic a l  e n g i n e e r i n g  w as  e s t a b l i s h e d  in  1 9 0 2 , w ith  L o u is  D u n c a n  ( 1 8 6 2 -  

1 9 1 6 ) a s  c h a i r m a n .  In  1 9 0 7  D u g a ld  C . J a c k s o n  (1 8 6 5 - 1 9 5 1 ) ,  h e a d  o f  th e  

e le c t r ic a l  e n g i n e e r i n g  d e p a r t m e n t  a t  th e  U n iv e r s i ty  o f  W is c o n s in ,  m o v e d  

to  M .I .T .  to  r e p la c e  D u n c a n .  S ix  s t u d e n t s  h a d  e n r o l l e d  in  M . I .T . ’s f o u r -  

y e a r  c o u r s e  a t  t h e  o u t s e t ,  a n d  t h e  c a ta lo g  o f  t h e  in s t i tu t e  s u g g e s te d  a  m o d e s t  

o u t la y  f o r  s p e c ia l  la b o r a to r y  e q u i p m e n t .  I n  t h e  1 8 9 0 s , h o w e v e r ,  e n r o l lm e n t  

in  e le c tr ic a l e n g in e e r in g  ro s e  to  m a tc h  th a t  in  civil a n d  m e c h a n ic a l  e n g in e e r in g ,  

a n d  tw o  y e a r s  a f t e r  J a c k s o n ’s a r r iv a l ,  t h e  d e p a r t m e n t  h a d  2 0 0  fu ll- t im e  

s t u d e n t s . " ’
In  1 8 8 3  C o r n e l l  U n iv e r s i ty  a n n o u n c e d  a  p r o g r a m  in  e le c t r ic a l  e n g i ­

n e e r i n g  h e a d e d  b y  W ill ia m  A . A n th o n y  (1 8 3 5 - 1 9 0 8 ) ,  a  p r o f e s s o r  o f  p h y s ic s . 

By 1 8 8 5  C o r n e l l  w as  o f f e r i n g  a  f o u r - y e a r  u n d e r g r a d u a t e  p r o g r a m  a n d  a 

o n e - y e a r  g r a d u a t e  p r o g r a m  in  e le c t r ic a l  e n g i n e e r i n g .  I n  1 8 8 7  P r o f e s s o r  E. 

P. R o b e r ts  r e c e iv e d  a n  a p p o i n t m e n t  to  le a c h  e le c t r ic a l  e n g i n e e r i n g  a n d  

b e c a m e  C o r n e l l 's  f ir s t  f u l l - t im e  f a c u l ty  m e m b e r  in  e le c t r ic a l  e n g in e e r in g .  

P r o f e s s o r  H a r r i s  J. R y a n  ( 1 8 6 6 - 1 9 3 4 )  s u c c e e d e d  R o b e r ts  in  1 8 8 9 . B y 1905  

t h e  d e p a r t m e n t  w a s  o f f e r i n g  e le v e n  c o u r s e s  a n d  w as  s t a f f e d  b y  o n e  p r o ­

f e s s o r ,  o n e  a s s is ta n t  p r o f e s s o r ,  a n d  o n e  i n s t r u c t o r . 17

T h e  C e n tr a l  I n s t i tu t io n  o f  th e  C ity  a n d  G u i ld s  o f  L o n d o n  In s t i tu te  o p e n e d  

in  1 8 8 4  o f f e r i n g  c o u r s e s  in  e l e c t r ic a l  e n g i n e e r i n g  t a u g h t  b y  W ill ia m  E. 

A y r to n  ( 1 8 4 7 - 1 9 0 8 ) ,  a  l e a d in g  e le c t r ic a l  e n g i n e e r i n g  s c ie n t is t  a n d  h e a d  o f 

th e  p h y s ic s  d e p a r t m e n t .  A y r to n  h a d  lo u r e d  G e r m a n y  in v e s t ig a t in g  its  e le c ­

t r i c a l - e n g i n e e r i n g  fa c il i t ie s  b e f o r e  e s t a b l i s h in g  t h e  c u r r i c u l u m  a t  t h e  C e n t r a l  

I n s t i t u t i o n . 18 T h e  c o u r s e s  o f f e r e d  w i th in  t h e  p h y s ic s  d e p a r t m e n t  e x te n d e d  

o v e r  t h r e e  y e a rs .  I n  1 8 9 9 , by  w ay  o f  i d e n t i f y in g  e le c t r ic a l  e n g i n e e r i n g  as 

its  m a jo r  in t e r e s t ,  t h e  d e p a r t m e n t  c h a n g e d  its  n a m e  to  e le c t r ic a l  e n g i n e e r ­

in g .  T h e  n e w  d e s ig n a t io n  r e f l e c te d  th e  p h i lo s o p h y  e x p r e s s e d  b y  t h e  P r in c e  

o f  W a le s  a t  t h e  s c h o o l 's  o p c n in g - d a y  c e r e m o n ie s  in  1 8 8 4 : “T h e  a l t e r e d  

c o n d i t io n s  o f  a p p r e n t i c e s h i p ,  a n d  t h e  a lm o s t  g e n e r a l  s u b s t i tu t io n  o f  m a ­

c h in e  f o r  h a n d  l a b o u r  h a v e  m a d e  th e  le a c h in g  o f  s c ie n c e ,  in  its  a p p l ic a t io n  

to  p r o d u c t iv e  i n d u s t r y ,  . . . n e c e s s a r y ." " ’

E le c tr ic a l  e n g i n e e r i n g  w as  a ls o  n u r t u r e d  in  L o n d o n  b y  S y lv a n u s  P. 

T h o m p s o n  ( 1 8 5 1 - 1 9 1 6 ) ,  a u t h o r  o f  w id e ly  i n f lu e n t i a l  e le c t r ic a l  e n g in e e r in g  

te x ts  a n d  p r in c ip a l  o f  F in s b u r y  T e c h n ic a l  C o l le g e  f o r  m a n y  y e a rs .  J o h n  

H o p k in s o n  ( 1 8 4 9 - 1 8 9 8 ) ,  a  d e v e l o p e r  o f  e n g i n e e r i n g  t h e o r y  a n d  a  c o n ­

s u l t a n t  to  t h e  E d is o n  i n te r e s t s  in  E n g la n d ,  w as  th e  F irst i n c u m b e n t  o f  th e  

c h a i r  o f  e l e c t r ic a l  e n g i n e e r i n g  a t  K in g ’s C o l le g e  ( 1 8 9 0 )  a n d  tw ic e  s e r v e d  as 

p r e s i d e n t  o f  th e  I n s t i tu t io n  o f  E le c tr ic a l  E n g in e e r s .  H e  h a d  s tu d ie d  e n g i ­

n e e r i n g  a t  O w e n s  C o l le g e  in  M a n c h e s te r  a n d  h a d  c o n t i n u e d  a t T r in i ty  

C o l le g e ,  C a m b r id g e ,  in  m a th e m a t ic s  a f t e r  w in n in g  a m a th e m a t i c s  fe llo w -

" R e p o rt o f  th e  V is it ing C o m m itte e  A ssig ned  to  th e  E lectr ical E n g in e e rin g  D ep a rtm en t 
27  I 'c h rtta ry  1921!, in "C.E I rans. 1 91 5 -1 9 2 3 , M IT ,"  E lih u  T h o m s o n  P a p e rs , L ib rary  ol th e  

A m e ric an  Philo so ph ical Socie ty , P h ilad e lp h ia . Pa. I am  in d e b te d  to  B e rn a rd  C a rlso n  o f  th e  
U n iv ersity  o f  Penn sy lv an ia  lo r  calling  m y a tte n t io n  to  th is  a n d  o th e r  item s at th e  A PS A rchives.

17 W ate rm an  T . H ew e d . C ornell U niversity: A Ih s to iy . A vols. (N ew  Y ork . 1905), 2: 3 1 5 -17 ; 

Electrical W orld  5  ( IHH5): 15*1. O th e r  e arly  d e p a r tm e n ts  o f  e lec tr ica l e n g in e e rin g  in  th e  U nited  
S tates  w ere  located  at th e  U n iv ersity  o f  M issouri (1885) a n d  th e  U n iv ersity  o f  W isconsin

(1891). I’red e rick  E T e r m a n . "A  U riel H isto ry  o l E lectr ical E n g in e e rin g  E d u ca tio n ,"  IE EE  
Proceedings 51 (1976): M 0 |.

C en tenary o f  The  Im p erial College «/ Science a n d  Technology, p. 15.
Ib id ..  p. 37. 87 1
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F ig u re  V I. S . Jo h n  H op kinso n a n d  
itudenb  at K in g's College, L ond on . From  

Creig, J o h n  H o p k in so n , p. 15.

s h ip .  F o c u s in g  o n  e l e c t r ic a l  s c ie n c e  a n d  g e n e r a t o r  d e s ig n ,  h is  p u b l ic a t io n s  

in  th e  e a r ly  1 8 8 0 s  e s ta b l is h e d  h im  a s  a  le a d in g  e le c tr ic a l  e n g i n e e r i n g  sc i ­

e n t i s t .  H e  b e c a m e  a  F e ilo w  o f  th e  R o y a l S o c ie ty  in  1877 .

T h e  c h a r a c t e r  o f  th e  p r o f e s s o r s  w h o  s t a f f e d  th e  n e w  d e p a r t m e n t s  a n d  

ta u g h t  th e  e le c t r ic a l  e n g i n e e r i n g  c o u r s e s  in  E n g la n d .  G e r m a n y ,  a n d  th e  

U n i te d  S ta te s  in f lu e n c e d  th e  f ie ld  b o th  in  th e o r y  a n d  in  p r a c t ic e .  A  c o m m o n  

c h a ra c te r i s t i c  o f  t h e  f o u n d e r s  o f  e le c tr ic a l  e n g in e e r in g  c o u r s e s ,  ju d g i n g  

f r o m  t h e  a b o v e  s a m p le ,  w as  t h e i r  s tu d y  o r  p h y s ic s , w h ic h  h e lp s  e x p la in  th e  

s c ie n tif ic  b e n t  o f  t h e  c o u r s e s .  T h e  p r i o r  in c lu s io n  o f  e le c t r ic a l  s c ie n c e  in  

p h y s ic s  c o u r s e s  s u g g e s ts  w h y  p h y s ic s  p r o f e s s o r s  a s s o c ia te d  w ith  e n g in e e r in g  

p r o g r a m s  e s ta b l is h e d  e le c t r ic a l  e n g i n e e r i n g  c o u r s e s .  C h a r le s  R. G ro s s  o f  

M .I .T . ,  f o r  in s ta n c e ,  g r a d u a t e d  f ro m  M .I .T .  in  1 8 7 0  a n d  r e m a in e d  th e r e  

to  b e c o m e  h e a d  o f  th e  p h y s ic s  d e p a r t m e n t  in  1 8 7 6 . H e  n o t  o n ly  c r e a te d  

th e  f o u r - y e a r  c o u r s e  in  e le c tr ic a l  e n g in e e r in g  b u t  a ls o  d id  p r iv a te  c o n s u l t in g  

w o rk  a n d  p u b l i s h e d  p a p e r s  o n  a c o u s tic s  a n d  t e le p h o n y .  C ro s s  a ls o  s e rv e d  

as v ic e -p re s id e n t o f  th e  A m e r ic a n  In s t i tu te  o r  E lec trica l E n g in e e r in g  (A IE E ).

W ill ia m  A . A n th o n y ,  a n o t h e r  o f  th e  f irs t g e n e r a t io n  o f  p r o f e s s o r s  to  

c u l t iv a te  e le c t r ic a l  e n g i n e e r i n g  p r o g r a m s ,  h e ld  th e  c h a i r  in  p h y s ic s  a t C o r ­

n e ll U n iv e r s i ty  f r o m  1 8 7 2  to  1 887  b e f o r e  o r g a n iz in g  a  f o u r - y e a r  c o u r s e  in  

e le c t r ic a l  e n g i n e e r i n g  th e r e .  E a r l i e r  h e  ta u g h t  m e c h a n ic s  a n d  p h y s ic s  at 

Io w a  S la te  U n iv e r s i ty  a n d  in  s e c o n d a ry  s c h o o ls . H e  h e ld  a d o c to r a te  f ro m  

th e  Y a le  S c ie n tif ic  S c h o o l (1 8 5 6 ) , w h e r e  lie  w as firs t in  h is  c la ss , a n d  s h o r t ly  

a f t e r  g r a d u a t i o n  h e  w o rk e d  a s  a m e c h a n ic a l  e n g i n e e r  in  a c o t to n - m a c h in e i  y 

p la n t .  H e  le f t C o r n e l l  to  d o  c o n s u l t in g  w o rk  a n d  n ig h t  t e a c h in g  at C o o p e r  

U n io n .  T h r e e  y e a rs  la t e r  h e  b e c a m e  p r e s id e n t  o f  th e  A IE E . A m o n g  h is  

p u b l ic a t io n s  w e re  s e v e ra l  te x tb o o k s .

L o u is  D u n c a n ,  w h o  h e a d e d  M .I .T . 's  e le c tr ic a l  e n g in e e r in g  p r o g r a m  a l t e r  

C ro s s ,  a ls o  h a d  a b a c k g r o u n d  in  p h y sic s . A n  18 8 5  g r a d u a t e  o f  tb e  U .S . 

N a v a l A c a d e m y , D u n c a n  w as s e n t  by  th e  n a v y  a l t e r  se v e ra l  y e a r s ' s e rv ic e
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F ig u re  V I .6. W illiam  A . An th ony .

Zourlesy o f  the Cornell U n iversity  Archives, 

Ithaca , N .Y .

F ig u re  V I .7 . Louis D un ca n . Courtesy o f  
the M .I .T . M us eu m  a n d  H istorica l 

Collections, Cam bridge , M ass.

to  J o h n s  H o p k in s  U n iv e r s i ty  to  d o  g r a d u a t e  w o rk  in  p h y s ic s  a n d  e le c tr ic i ty  

u n d e r  p h y s ic s  p r o f e s s o r  H e n r y  A . R o w la n d .  A t H o p k in s ,  D u n c a n  h e lp e d  

e s ta b l is h  th e  u n i t  o f  e l e c t r ic a l  r e s is ta n c e  f o r  th e  U .S . g o v e r n m e n t .  A f te r  

r e c e iv in g  h is  P h .D . in  1 8 8 7 , h e  r e s ig n e d  h is  c o m m is s io n  to  t e a c h  in  a  H o p ­

k in s  p r o g r a m  in  a p p l i e d  e le c t r ic i ty  t h a t  h a d  b e e n  e s ta b l i s h e d  in  1 8 8 6 . D u n ­

c a n  h a d  m a jo r  c o n t r a c t s  a s  a  c o n s u l t a n t ,  i n c lu d in g  w o r k  o n  th e  W a s h in g to n ,

D .C ., u n d e r g r o u n d  t ro l le y  s y s te m  a n d ,  in  1 8 8 6 , th e  f i r s t  e l e c t r i f ic a t io n  o f  

a  p o r t i o n  o f  a  m a in - l in e  r a i l r o a d ,  t h e  B a l t im o r e  t u n n e l  o f  t h e  B a l t im o r e  & 

O h io  R a i l ro a d .  H e  a ls o  p la y e d  a  l e a d in g  r o le  in  t h e  e l e c t r i f i c a t io n  o f  th e  

T h ir d  A v e n u e  e l e v a te d  r a i l r o a d  in  N e w  Y o rk  C ity  (1 8 9 7 - 1 9 0 1 ) .  H is  a p ­

p o i n t m e n t  a s  c h a i r m a n  o f  t h e  n e w  e le c t r ic a l  e n g i n e e r i n g  d e p a r t m e n t  a t 

M .I .T .  f r o m  1 9 0 2  to  1 9 0 7  w as  c h a r a c t e r i z e d  a s  u n f o r t u n a t e  b e c a u s e  o f  h is  

p r e o c c u p a t i o n  w ith  c o n s u l t in g  w o r k .20 A m o n g  h is  c o n s u l t in g  a s s o c ia te s  w as 

F r a n k  J .  S p r a g u e .  D u n c a n  w as  e le c te d  p r e s i d e n t  o f  th e  A I E E  in  1 8 9 5 . H e  

w r o te  n u m e r o u s  r e s e a r c h  p a p e r s . 21

S o o n  a  s e c o n d  g e n e r a t i o n  to o k  o v e r  t h e  A m e r ic a n  p r o g r a m s .  D u g a ld  C . 

J a c k s o n  a n d  H a r r i s  J .  R y a n  o f  th e  s e c o n d  w a v e  h a d  r e m a r k a b ly  s im i la r  

c a r e e r s .  B o th  w e re  b o r n  in  P e n n s y lv a n ia  a n d  b o th  s t u d i e d  e le c t r ic a l  s c ie n c e  

a n d  te c h n o lo g y  a t  C o r n e l l  u n d e r  W ill ia m  A . A n th o n y .  J a c k s o n  lo o k  th e  

p o s t g r a d u a t e  c o u r s e  in  1 8 8 5 - 8 7  a n d  R y a n  w o r k e d  a s  a  r e s e a r c h  a s s is ta n t  

to  A n th o n y .  T o g e t h e r ,  in  1 8 8 7 , t h e  n e w  g r a d u a t e s  e s t a b l i s h e d  a n  e n g i ­

n e e r i n g  f i r m  in  L in c o ln ,  N e b r a s k a ,  b u t  a f t e r  a  y e a r  R y a n  r e t u r n e d  to  C o r ­

n e l l  to  te a c h  a n d  J a c k s o n  b e c a m e  a n  e n g i n e e r  f o r  t h e  S p r a g u e  E le c tr ic  

R a ilw a y  & M o to r  C o m p a n y  a n d  t h e n  a  d i s t r i c t  e n g i n e e r  in  C h ic a g o  fo r  th e  

E d is o n  m a n u f a c t u r i n g  in te r e s t s .  J a c k s o n  w a s  c a l le d  to  t h e  U n iv e r s i ty  o f  

W is c o n s in  in  1891 a n d  e s t a b l i s h e d  th e  e le c t r ic a l  e n g i n e e r i n g  d e p a r t m e n t  

t h e r e ;  R y a n  w as  h e a d  o f  e l e c t r ic a l  e n g i n e e r i n g  a t  C o r n e l l  f r o m  1 8 9 5  to  

1 9 0 5 . B o th  w r o te  b a s ic  te x ts ;  J a c k s o n ,  A lte r n a t in g  C u r r e n ts  a n d  A l te r n a t in g  

M a c h in e r y  (1 8 9 6 ) ;  R y a n ,  E le c tr ic a l M a c h in e r y  ( 1 9 0 3 ) .

In  1 9 0 5  R y a n  b e c a m e  c h a i r m a n  o f  t h e  e le c t r ic a l  e n g i n e e r i n g  d e p a r t m e n t  

a t  S t a n f o r d  U n iv e r s i ty ;  in  1 9 0 7  J a c k s o n  a s s u m e d  th a t  p o s i t io n  a t  M .I .T .  

R y a n  d id  a p p l i e d  r e s e a r c h  a s  h e a d  o f  th e  h ig h - v o l t a g e  l a b o r a to r y  a t  S ta n ­

fo r d ,  w h ic h  w as  la t e r  n a m e d  f o r  h im .  W h ile  h e  w as  a p r o f e s s o r  a t  M .I .T . ,  

J a c k s o n  h e a d e d  J a c k s o n  &  M o r e la n d ,  a  B o s to n  c o n s u l t in g  e n g i n e e r i n g  f irm . 

R y a n  a ls o  w as  a c t iv e  a s  a  c o n s u l t a n t ,  s e r v in g ,  a m o n g  o t h e r  c l ie n ts ,  t h e  L os 

A n g e le s  p o w e r  b u r e a u .  J a c k s o n  w a s  p r e s i d e n t  o f  t h e  A I E E  in  1 9 0 7 ; R y a n , 

in  1 9 2 3 . D u g a ld  J a c k s o n  a ls o  s e r v e d  a s  p r e s i d e n t  o f  th e  S o c ie ty  f o r  th e  

P r o m o t io n  o f  E n g i n e e r i n g  E d u c a t io n  in  1 9 0 5 . D u r in g  W o r ld  W a r  I ,  J a c k s o n  

s u p e r v i s e d  t h e  p ro v is io n  o f  p o w e r  lo  A m e r ic a n  f o r c e s  in  F r a n c e  a n d  R y a n  

h e a d e d  a  l a b o r a to r y  p ro je c t  o n  s u b m a r i n e  d e te c t io n .

In  G e r m a n y ,  E r a s m u s  Kit t ie r  ( o f  th e  f ir s t  w a v e )  h a d  th e  b a c k g r o u n d  in  

p h y s ic s .  H e  h a d  a d o c t o r a t e  in  p h y s ic s  a n d  w as  a  l e c t u r e r  in  p h y s ic s  a t  th e  

M u n ic h  7 7 /  b e f o r e  m o v in g  to  D a r m s ta d t .  A t D a r m s ta d t ,  h o w e v e r ,  h e  a r ­

r a n g e d  f o r  e le c t r ic a l  te c h n o lo g y  a n d  s c ie n c e  to  b e  o f f e r e d  in  a n  i n d e p e n d e n t  

d e p a r t m e n t  r a t h e r  th a n  u n d e r  t h e  j u r i s d i c t i o n  o f  p h y s ic s . H is  c o n f id e n c e

“" S a m u e l P re sco tt, W he n  M  I T. Wa.x - Boston Tech ."  1 8 6 1 -1 9 1 6  (C a m b rid g e . M ass.; M .I.T . 
Press, I9!i<l). B

I a m  in d e b te d  to  R obert R o se n b e rg  o f  T h e  Jo hn s H o p k in s  U niv ersity  fo r  in fo rm atio n  
o n  elec trica l e n g in e e rin g  e d u c a tio n  at I to n k in s .

n e t w o r k s  o f  p o w e r
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F ig ur e  V I .8 . D. C. Jackso n. Courtesy o f  

the M .I .T . M u se u m  a n d  H isto rical  
Collections, Cam bridge, M ass.

F ig u re  V I.9 . Pro fessor a n d  M rs. H arr is  
J . Ryan . Courtesy o f  the Corne ll U n iversity  

Arch ives , Ithaca, N .Y .

in  th e  f u t u r e  o f  t h e  s u b je c t  m a y  h a v e  b e e n  s t im u la te d  by  th e  M u n ic h  

e le c t r ic a l  e x h ib i t io n  o f  1 8 8 2 , w h ic h  h e  s e rv e d  a s  a  s e c tio n  j u d g e .  T h e  e x ­

h ib i t io n  g e n e r a t e d  t h e  i n t e r e s t  o f  th e  g r a n d  d u k e  o f  H e s s e n ,  h e a d  o f  th e  

p ro v in c e ,  w h o  g a v e  h is  s u p p o r t  to  K i t t le r  a n d  th e  s u b je c t .22 K i t t le r 's  p r o ­

g r a m  o f  s tu d y  s e r v e d  a s  a  m o d e l  f o r  o th e r s  in  G e r m a n y .  I t  in v o lv e d  e ig h t  

s e m e s te r s  o f  n a t u r a l  s c ie n c e ,  m a th e m a t ic s ,  th e o r e t i c a l  a n d  a p p l i e d  m e ­

c h a n ic s ,  e c o n o m ic s ,  a n d  th e  s c ie n c e  a n d  p r a c t ic e  o f  e le c t r ic a l  e n g in e e r in g .  

H e  i n t r o d u c e d  a  f in a l ,  c o m p r e h e n s iv e  e x a m in a t io n  (A b g a n g s e x a m e n , l a te r  

th e  D ip lo m p r i i fu n g )  a s  w ell a s  a  q u a l i f ic a t io n  r e q u i r e m e n t  (P r i i fu n g s o r d n u n g ) 

t h a t  w as  to  fo llo w  a t  le a s t  a  y e a r  o f  p r a c t ic a l  e x p e r ie n c e .

K i t t le r  s t r e s s e d  th e  n e e d  f o r  p r a c t ic a l  e x p e r i e n c e  to  c o m p le m e n t  th e o r y .  

H e  w as a  c o n s u l t a n t  o n  n u m e r o u s  p ro je c ts ,  in c lu d in g  tw e lv e  la r g e  c e n tr a l  

s t a t io n s  a n d  m a n y  is o la te d  p la n ts  f o r  in d u s t r y ,  c o m m e rc e ,  a n d  p u b l ic  f a ­

c ilitie s . H e  a s s u m e d  r e s p o n s ib i l i ty  f o r  e n t i r e  p ro je c ts ,  a d m i r e r s  r e p o r t e d ,  

f r o m  t h e  p l a n n in g  s ta g e s  to  s u c c e s s fu l  o p e r a t io n .  M a n y  o f  h is  s tu d e n t s  

a t t r i b u t e d  t h e i r  su c c e s s  to  h is  e m p h a s is  o n  a  th o r o u g h  g r o u n d i n g  in  th e  

p r a c t ic e ,  a s  w ell a s  t h e  s c ie n c e ,  o f  e n g in e e r in g .23 K it t le r  w as a ls o  th e  a u t h o r  

o f  a  w id e ly  u s e d  th r e e - v o lu m e  te x t ,  H a n d b u c h  d e r  E le k tro te c h n ik  (2 n d  e d .,  

1 8 9 2 ).
A d o l f  S la b y  a n d  G is b e r t  K a p p ,  w h o  d e v e lo p e d  th e  p r o g r a m  in  e le c t r o n -

B. . . .  , _ ical e n g i n e e r i n g  a t  th e  B e r l in - C h a r lo t t e n b e r g  7 7 / ,  d i f f e r e d  f ro m  K itt le r
F ig u re  V I. 1 0 . Era sm us Kiltler. From  . . . . .  -  l  i > i j  r  i l  ■ - •
O ffiz ie lle  Z c iiu ng  . . .  F r a n k ru n  am  a n d  l h e i r  U  S - P e e r s  m  t h a l  lh e  b a c k g r o u n d  o f  b o th  w as m e c h a n ic a l  e n -

M ain 18 91, p. io ) .  g in e e r in g  r a t h e r  t h a n  p h y s ic s . T h i s  e m p h a s is  o n  m a c h in e  t h e o r y  a n d  d e s ig n

"  D eitm ar, Starkstrom lechnik, pp . 2 7 9 -8 0 .
” R. W ern er . "7.u K ittlers 70. G c b u ru ta g ,"  Elektrotrchnische Z n tsc h n ft  43 (1922): 8 6 5 -6 6 .
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a l  th e  B e r l in  s c h o o l  r e s u l t e d  in  p a r t  f r o m  t h e  in f lu e n c e  o f  W e r n e r  v o n  

S ie m e n s ,  w h o  a s  a  m a n u f a c t u r e r  w a s  in t e r e s t e d  in  m a c h in e  d e s ig n ,  e s p e ­

c ia lly  t h a t  o f  g e n e r a t o r s  a n d  m o to r s .  W h e n  S la b y ’s in te r e s i  t u r n e d  to  e le c ­

t r ic a l  c o m m u n ic a t io n s ,  a  H eld  in  w h ic h  h e  p u b l i s h e d  a  p i o n e e r i n g  te x t ,  D ie  

F u n h e n te le g r a p h ie  ( 1 8 9 7 ) ,  a n d  in  w h ic h  h e  t o o k  o u t  m a jo r  p a te n t s ,  h e  b r o u g h t  

G is b e r t  K a p p ,  a n o t h e r  e le c t r ic a l  e n g i n e e r  w ith  a  m e c h a n ic a l  b a c k g r o u n d ,  

to  th e  B e r l in  777 f a c u lty .  K a p p  h a d  h a d  e x te n s iv e  e x p e r ie n c e  in  E n g la n d  

in  th e  d e s ig n  o f  e le c t r ic a l  m a c h in e r y  a n d  e l e c t r ic a l  c e n t r a l  s ta t io n s .  A  le a d ­

i n g  a d v o c a te  o f  p o ly p h a s e  t r a n s m is s io n  a n d  p o w e r  s y s te m s ,  K a p p ’s b o o k s  

a n d  a r t ic le s  o n  e le c t r ic a l  m a c h in e r y  a n d  t r a n s m is s io n  w e re  a u th o r i t a t iv e  

g u id e s  to  t h e  s c ie n c e  o f  e le c t r ic a l  e n g i n e e r i n g .  K a p p  a ls o  s e r v e d  a s  firs t 

s e c r e ta r y  o f  th e  V e r b a n d  D e u l s c h e r  E le k t r o t e c h n i k e r  (A s s o c ia t io n  o f  G e r ­

m a n  E le c tr ic a l  E n g in e e r s ) .  In  1 9 0 5  h e  g a v e  u p  h is  f a c u l ty  p o s i t io n  in  B e r lin  

a n d  r e t u r n e d  lo  E n g la n d ,  w h e r e  h e  b e c a m e  p r o f e s s o r  o f  e le c t r ic a l  e n g i ­

n e e r i n g  a t  t h e  U n iv e r s i ty  o f  B i r m in g h a m  a n d  e v e n tu a l ly  p r e s i d e n t  o f  B rit-  

the Siem ens M use um . Siem ens A G , a j n -s  i n s t i t u t i o n  o f  E le c tr ic a l  E n g in e e r s .24

E n g la n d 's  W ill ia m  E. A y r to n ,  w h o  t a u g h t  e l e c t r ic a l  e n g i n e e r i n g  a t  th e  

C e n tr a l  I n s t i tu t io n  in  L o n d o n ,  h a d  a  n o ta b ly  d iv e r s e  b a c k g r o u n d .  H e  p a ssed  

t h e  f i r s t  B .A . e x a m in a t io n  o f  t h e  U n iv e r s i ty  o f  L o n d o n  in  1 8 6 7  w ith  h o n o r s  

in  m a th e m a t i c s .  H e  l a t e r  s tu d i e d  e le c t r ic i ty  u n d e r  S i r  W ill ia m  T h o m s o n  

( L o r d  K e lv in )  a t  G la s g o w . F r o m  1 8 7 3  to  1 8 7 8  h e  h e ld  t h e  p r o f e s s o r i a l  c h a i r  

in  p h y s ic s  a n d  t e l e g r a p h y  a l  th e  I m p e r i a l  E n g i n e e r i n g  C o l le g e  in  T o k y o ,  

w h ic h  a t  t h a t  t im e  w a s  th e  l a r g e s t  t e c h n ic a l  u n iv e r s i ty  in  th e  w o r ld .  I n  1 8 7 9  

A y r to n  r e t u r n e d  to  L o n d o n  lo  b e c o m e  a p r o f e s s o r  a t  t h e  r e c e n t ly  f o u n d e d  

C ity  a n d  G u i ld s  I n s t i tu t e .  F r o m  1881 to  1 8 8 4  h e  w a s  p r o f e s s o r  o f  a p p l i e d  

p h y s ic s  a t  t h e  i n s t i t u t e ’s F in s b u r y  T e c h n ic a l  C o l le g e .  N e x t  h e  b e c a m e  h e a d  

o f  th e  p h y s ic s  d e p a r t m e n t  a n d  p r o f e s s o r  o f  e le c t r ic a l  e n g i n e e r i n g  a t  th e  

C i t y - a n d - G u i ld s - s u p p o r le d  C e n t r a l  I n s t i tu t io n .

A y r to n ,  lik e  h is  p e e r s  in  G e r m a n y  a n d  t h e  U n i t e d  S la te s ,  h a d  e x te n s iv e  

p r a c t ic a l  e x p e r t i s e .  B e f o r e  m o v in g  to  T o k y o ,  h e  w o r k e d  f o r  t h e  I n d ia n  

t e l e g r a p h  s e rv ic e .  In  E n g la n d  h e  s e r v e d  a s  a  c o n s u l t a n t  lo  t h e  g o v e r n m e n t  

o n  e le c t r ic a l  e q u i p m e n t  f o r  t h e  n a v y  a n d  a d v is e d  p r iv a te  c o m p a n ie s  a s  w ell. 

H is  a p p l i e d  r e s e a r c h  in c lu d e d  w o rk  o n  t r a n s f o r m e r s ,  p o w e r  t r a n s m is s io n ,  

a n d  m e a s u r i n g  d e v ic e s .  A y r to n  p u b l i s h e d  n u m e r o u s  p a p e r s  a n d  a  w id e ly  

u s e d  te x t ,  P ra c t ic a l  E le c tr ic ity  (1 8 8 7 ) .  In  1 8 9 2 , h e  w as  e l e c te d  p r e s i d e n t  o f  

th e  I n s t i t u t i o n  o f  E le c tr ic a l  E n g in e e r s .  A y r t o n ’s w ife , H e r l h a ,  a ls o  w as a  

s c ie n t is t  a n d  e n g i n e e r  o f  r e p u t a t i o n .  J o h n  P e r r y ,  A y r t o n ’s d e p a r t m e n t a l  

c o l l e a g u e  a t  C e n t r a l  I n s t i t u t i o n ,  c o l l a b o r a te d  w ith  h im  in  p r a c t ic a l  r e s e a r c h  
a s  w ell a s  in  te a c h in g .

F o r  t h e  m o s t  p a r t ,  t h e n ,  it w a s  p h y s ic is ts  w h o  o r g a n iz e d  th e  e a r ly  e le c tr ic a l  

e n g i n e e r i n g  c o u r s e s  a n d  d e p a r t m e n t s ,  a n d  s o o n  g r a d u a t e s  o f  th e s e  d e ­

p a r t m e n t s  w e re  l e a c h in g  in  th e m .  J u d g i n g  f r o m  t h e  c a r e e r s  o f  th e s e  s e c o n d -  

g e n e r a t i o n  s c ie n t i s t - c n g in e e r s ,  th e y  p la c e d  c o n s id e r a b le  e m p h a s i s  o n  p r a c ­

t ic a l e x p e r i e n c e  a s  w ell a s  th e  s c ie n c e  o f  e le c t r ic a l  e n g i n e e r i n g  in  th e i r  

a c a d e m ic  a n d  c o n s u l t in g  a c tiv it ie s .  T h u s  th e y  fa c e d  in  p r a c t i c e  t h e  c h a l le n g e  

o f  th e  t r a n s i t io n  f r o m  d i r e c t  c u r r e n t  to  t h e  p o ly p h a s e ,  u n iv e r s a l  sy s te m .

M W ed d in g . "A d o lf  Slaby ," ib id . 34 (1913): 4 2 9 -3 0 ; B. A. B e h rc n d , "G isb ert K ap p  Dies al 
H is  H o m e ,"  Electrical W orld  80  (1922): 4 9 9 ; D. G . T u c k e r . G isbert K ap p. I 8 J 2 - 1 9 2 2  (B ir ­
m in g h a m : U niv ersity  o f  B irm in g h a m . 19731.

F ig u re  V I .1 2. G isberl K npp. Courtesy oj 

the Siem ens M us eu m , Siem ens A G , 

M unieh .
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T h i s  t r a n s i t io n ,  a s  h a s  b e e n  s e e n ,  f u n d a m e n ta l ly  a l t e r e d  p ra c t ic a l  e n d e a v o r s  

a n d  i n t r o d u c e d  n e w  p r o b le m s  f o r  th o s e  w h o  w e r e  d e v e lo p in g  a  s c ie n c e  o f  

e le c tr ic a l e n g in e e r in g .  T h e  n a tu r e  o f  th e  re s p o n s e  c a n  b e  s e e n  in  th e  c h a n g e s  

m a d e  in  e l e c t r ic a l  e n g i n e e r i n g  c u r r i c u la  b e tw e e n  th e  e a r ly  1 8 8 0 s  a n d  th e  

t u r n  o f  th e  c e n t u r y .25

In  1 8 8 4 , d u r i n g  th e  d i r e c t - c u r r e n t  e n ,  M . I .T . ’s d e s c r ip t io n  o f  its  f o u r -  

y e a r  c o u r s e  in  e l e c t r ic a l  e n g i n e e r i n g  r e a d :

T h o ro u g h  in s tru c tio n  is g iv en in th e  th e o ry  o f  e lectric ity . A lso  an  e x te n d e d  
c o u rse  o f  le c tu re s  is d ev o ted  to  th e  co n sid e ra tio n  o f  th e  vario u s te chn ica l 
ap p lica tio n s  o f  e lectric ity  to  lan d  a n d  su b m a rin e  te leg rap h y , th e  te le p h o n e , 
e le c tric  lig h tin g , a n d  th e  electrical tran sm iss io n  o f  pow er. In s tru c tio n  is g iven  by 

le c tu re s  a n d  lab o ra to ry  exerc ises u p o n  th e  processes o f  p h o to m e try , especia lly  as 
a p p lie d  to  th e  m e a su re m e n t o f  e lec tric  lig hts. A d v an ced  in s tru c tio n  in electrical 
m ea su re m e n ts , in c lu d in g  w ork  with d y n am o -e lec tric  m ach in e ry , to g e th e r  w ith  a 
co u rse  in th e  e lectrical te s tin g  o f  te le g ra p h  lines is p ro v id e d . T h e  sub jects o f  
c o n s tru c tio n , spec ifica tions, a n d  co n trac ts  also receive a t te n tio n .26

T h i s  s u m m a r y  r e f le c ts  th e  p h y s ic is t ’s v iew  o f  t e c h n o lo g y  a s  th e  a p p l i c a t io n  

o f  s c ie n c e .  I t  a ls o  in d ic a te s  a n  e n d u r i n g  i n te r e s t  in  te l e g r a p h y ,  a  s u b je c t  

t h a t  h a d  e n g a g e d  te a c h e r s  o f  p h y s ic s  f o r  y e a r s  a n d  th a t  w o u ld  m e t a m o r ­

p h o s e  to  d o m i n a t e  t h e  c u r r i c u l u m  a g a in  a h a l f - c e n tu r y  l a t e r  w h e n  w ire le s s  

a n d  e le c tro n ic  c o m m u n ic a t io n s  e v o lv ed . T h e  e le c tr ic a l t ra n s m is s io n  o f  p o w e r  

r e f e r s  n o t  lo  lo n g - d i s t a n c e  t r a n s m is s io n  in  c o n t r a s t  to  c e n t r a l - s i a t io n  d i s ­

t r ib u t io n ,  b u t  to  t h e  g e n e r a l  s tu d y  o f  e le c t r ic i ty  a s  a  s u b s t i tu te  f o r  m e ­

c h a n ic a l  p o w e r  t r a n s m is s io n .

F if te e n  y e a r s  l a t e r ,  t h e  a n n u a l  M .I .T .  c a ta lo g  s till c o n ta in e d  m u c h  o f  th e  

w o r d in g  o f  t h e  e a r l i e r  d e s c r ip t io n ,  a  f a c t  t h a t  p e r h a p s  r e f le c ts  th e  p r o ­

p e n s i ty  o f  f a c u l ty  m e m b e r s  to  a s s ig n  lo w  p r io r i ty  to  c a ta lo g  c o p y .  S e v e ra l  

g e n e r a l  s t a t e m e n t s  in  th e  1 8 9 9  d e s c r ip t io n ,  h o w e v e r ,  m a n i f e s t e d  th e  r e v ­

o lu t io n  t h a t  h a d  t a k e n  p la c e  in  th e  f ie ld .  “ U til iz a tio n  o f  p o w e r ” h a d  b e e n  

a d d e d ,  a n d  t h e  s u b je c t  m a t t e r  o f  th e  n e w  a n d  e x t e n d e d  s e r ie s  o f  p ra c t ic a l  

l e c tu r e s  i n c lu d e d  a l t e r n a t i n g - c u r r e n t  g e n e r a to r s ,  m o to r s ,  a n d  t r a n s ­

f o r m e r s .  A m o n g  th e  p r a c t i c in g  e n g in e e r s  l is te d  a s  g u e s t  l e c tu r e r s  w e re  

L o u is  B e ll (o n  th e  t r a n s m is s io n  o f  p o w e r )  a n d  J o h n  B lo o d  (o n  th e  d e s ig n  

o f  a l t e r n a t i n g - c u r r e n t  m a c h in e ry ) .  T h e  m o s t s u b s ta n t ia l  a d d i t io n  to  th e  

d e s c r ip t io n  w as  a tw o - p a g e  l i s t in g  o f  th e  e q u i p m e n t  u s e d  in  t h e  l a b o r a to r y  

o f  e le c t r ic a l  e n g in e e r in g ,  m o s t o f  it f o r  a l t e r n a t i n g  a n d  p o ly p h a s e  l ig h t  a n d  

p o w e r  s y s te m s .27 B e c a u s e  th e  f i r s t  y e a r  o f  th e  M .I .T .  c u r r i c u l u m  w as  th e

*’ For f u r th e r  c o m p ariso n  o f  th e  c u rr ic u la  in U.S. e n g in e e rin g  schools , see F rancis  C. 
C ald w ell, "A C o m p ara tiv e  S tu dy  o f  th e  Electr ical E n g in e erin g  C o u rse  G iv en  a t th e  D iffe re n t 
In s titu t io n s ,” Proceedings o f  the Society fo r  the Prom otion 0/  E ng in eer in g E ducation  7 (1899): 128. 
P ro fesso r  C aldw ell o f  O h io  S tate  U n iv ersity  drew  con clu sion s fro n t a  close  stu d y  o f  th e  c o u rse s 
o f  stu d y  in e ig h te e n  le ad in g  A m e ric an  technic al un iv ersitie s.

F o r th c  un ive rs ity  a n d  co llege cata lo gs a n d  bu lle tin s  o n  w hich th e  p rese n t analy sis is b ased ,
I am  in d e b te d  to  M rs. J e a n n e  P in g re c , arch iv is t o f  th e  Im p eria l C ollege  o f  Science an d  
T ech n o lo g y . L o n d o n : th e  arch iv is t o f  th e  I le ssischc L and e s u n d  H ochsc h u lb ib lio the k  D arm ­
s ta d t; M r. J .  E. Bocll, d ire c to r  o f  arch iv es. U niv ers ity  o f  W isconsin : M rs. Fa ith  M. T ow le , 
a ssis ta n t re fe re n c e  lib ra ria n  at M .I .T .; th e  re fe re n c e  lib ra ria n  at C o rne ll U niv ersity ; a n d  Mr. 
J .  Louis  K uethe  o r  T h e  J o h n s  H o p k ins U niv ers ity  lib rary .

n M . l . r .  A n n u a l Catalogue. 1 8 8 4 -1 8 8 5 .  pp . 4 3 -M .

27 Ib id ., 1 8 9 9 -1 9 0 0 . pp . 8 9 -9 0 .



152 N E T W O R K S  O F  P O W E R

T a i i i .f. V I. I. M .I .T . 's  El ec t r ic a l  En g in eer in g  Co u r se o f  St u d y . 1 8 8 4-1 88 5

First Term

Physical L a b o ra to ry : E le ctr ic al T e s tin g , a n d  
C o n s tru c tio n  o f  In s tru m e n ts  

T e s tin g  o f  T e le g r a p h  L in es, D yn am o  M a ­
c h in es, etc .

Technical A p p lic a tio n s  o f  E le ctr ic ity  to  T e l ­
e g ra p h . T e le p h o n e , E le ctr ic  L ig h ting , 
e tc .: L ec tu res  

M echan ica l E n g in e e r in g  
Mecli. E n g in e e r in g  L ab o ra to ry  
A p p lie d  M echanic s , T h e rm o d y n a m ic s , H y ­

d ra u lic s . e tc .

Se cond Term  

Physical R esearch
T ec h n ic a l A p p lic a tio n s o f  E lectr ic ity 
A d v an c ed  Physics. M em oirs , etc. 
D iffe re n tia l E q u a tio n s 
T h e o ry  o f  P ro bab ilities  
M e th od  o f  L east S q u a res  
C a lc u lu s o f  V aria tio n s 
M echan ica l E n g in e e r in g  
M cclt. E n g in e e r in g  L a b o ra to ry

N o te : T h e  s tu d e n t is ad v ised  to  ta k e  A dv an c ed  G e rm a n .

S o u rc e : M .I .T . A n n u a l Catalo gue, 1 8 8 4 —1 8 8 5 , p. 28.

s a m e  f o r  a ll s t u d e n t s ,  a n d  b e c a u s e  in  th e  n e x t  tw o  y e a r s ,  b o th  in  1 8 8 4 -8 5  

a n d  1 8 9 9 - 1 9 0 0 ,  s t u d e n t s  c o n c e n t r a t e d  o n  p h y s ic s ,  m a th e m a t i c s ,  a n d  m e ­

c h a n ic a l  e n g i n e e r i n g ,  th e  f o u r t h - y e a r  c o u r s e s  b e s t  s h o w  t h e  s t a t e  o f  e le c ­

t r ic a l  t e c h n o lo g y  a n d  s c ie n c e  f r o m  t h e  p e r s p e c t iv e  o f  t h e  f a c u lty .  A c o m ­

p a r i s o n  o f  t h e  tw o  c a ta lo g s  r e v e a ls  a n  im p r e s s iv e  in c r e a s e  in  c o m p le x i ty  

a n d  r i c h n e s s  w i th in  a  d e c a d e  a n d  a h a l f  (s e e  T a b le s  V I . 1 a n d  V I .2 ).

I n  1 8 8 5  C o r n e l l  U n iv e r s i ty ’s S ib le y  C o l le g e  o f  M e c h a n ic a l  E n g in e e r in g  

a n d  t h e  M e c h a n ic a l  A r ts  o f f e r e d  a n  e le c t r ic a l  e n g i n e e r i n g  p r o g r a m  th a t  

w as  n e a r ly  id e n t ic a l  to  its  m e c h a n ic a l  e n g i n e e r i n g  c u r r i c u l u m  f o r  th e  f r e s h ­

m a n ,  s o p h o m o r e ,  a n d  j u n i o r  y e a r s ;  i n c lu d e d  in  th is  p r o g r a m  w e r e  “d r a w ­

in g ,  m a th e m a t ic s ,  m e c h a n ic s ,  m e c h a n i s m ,  m a c h in e  d e s ig n ,  t h e  e l e m e n ta r y  

s tu d y  o f  p h y s ic s ,  a n d  p r e l im in a r y  p r a c t i c e  in  t h e  u s e  o f  e le c t r ic a l  a n d  o t h e r  

i n s t r u m e n t s . ”2H T h e  w o rk  in  th e  s e n io r  y e a r  in  e le c t r ic a l  e n g i n e e r i n g  d i f ­

f e r e d  f r o m  t h a t  in  m e c h a n ic a l  e n g i n e e r i n g  o n ly  in  th e  s p r i n g  t e r m ,  w h e n  

t r a i n i n g  in  t h e  t e s t in g ,  c o n s t r u c t io n ,  a n d  m a i n t e n a n c e  o f  e le c t r ic  l ig h t in g  

a n d  t e l e g r a p h  s y s te m s  w as  o f f e r e d .  S ib le y  C o l le g e  a ls o  o f f e r e d  a  o n e - y e a r  

p r o g r a m  o f  g r a d u a t e  s tu d y  in  e l e c t r ic a l  e n g i n e e r i n g  c o m p r i s e d  o f  c o u r s e s  

in  e l e c t r ic a l  m a c h in e r y  a n d  p la n ts .

B y 1 9 0 0  W ill ia m  A n th o n y  w as  n o  l o n g e r  a t C o r n e l l ,  a n d  th e  e le c tr ic a l  

e n g i n e e r i n g  d e p a r t m e n t  h a d  b e c o m e  c lo se ly  a s s o c ia te d  w ith  m e c h a n ic a l  

e n g i n e e r i n g .  A s t u d e n t ’s c o u r s e  o f  s tu d y  w as  t h e  s a m e  d u r i n g  h is  f ir s t  th r e e  

y e a r s  r e g a r d le s s  o l  h is  i n t e n t io n  to  c o n c e n t r a t e  in  m e c h a n ic a l  o r  e le c tr ic a l  

e n g i n e e r i n g .  I n  h is  f o u r t h  y e a r  h e  c o u ld  c h o o s e  s p e c ia l  w o r k  in  e le c tr ic a l  

e n g i n e e r i n g ,  b u t  h is  d e g r e e  w a s  in  m e c h a n ic a l  e n g i n e e r i n g ;  a  s ta t e m e n t  

w as  m a d e  in  t h e  d ip lo m a  to  t h e  e f f e c t  th a t  h e  h a d  e le c te d  to  d o  w o rk  in  

t h e  e le c t r ic a l  e n g i n e e r i n g  d e p a r t m e n t . 2"

T h e  D e p a r t m e n t  o f  L ig h t  a n d  P o w e r ,  in  w h ic h  th e  d e p a r t m e n t s  o f  m e ­

c h a n ic a l  e n g i n e e r i n g  a n d  e le c t r ic a l  e n g i n e e r i n g  w e r e  a s s o c ia te d ,  a s s e r te d  

t h e  b u s in e s s  c h a r a c t e r  o l  C o r n e l l ’s p r o g r a m .  T h is e m p h a s i s  h a r m o n iz e d  

w ith  C o r n e l l  s s t a tu s  a s  a l a n d - g r a n l  in s t i tu t io n  d e d i c a t e d  to  in d u s t r i a l  a n d  

a g r i c u l t u r a l  e d u c a t io n .  T h e  D e p a r t m e n t  o f  L ig h t a n d  P o w e r  in s is te d  th a t

’* C o rn e ll U n iversity , Register, 1 8 8 5 -8 6  p  107
’" Ib id . .  1 9 0 0 -1 9 0 1 , p. 832.
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T a bl e VI.2 . M .I.T.'s El e c t r i c a l  En g in eer in g  Cou rse o f  St u d y . 1899- 1900

Fourth Year

F irs t Term Second  Term

T echnic al A p p lic ation s o f  E le ctr ic ity  to  T e le p h o n y . E lectric T ec hn ic a l A p p lication s o f  E lectric ity; E lectr ic  M oto rs;
L ighting . E lectr ical G e n e ra tio n  o f  Pow er, A lte rn a tin g  C u rre n t M achin es 400 . I l f
R ailroad  S ignals , e tc . 400 . 403 T ran sm issio n  a n d  D istribu tio n  o f  E nerg y 11/

M eth ods o f  D y nam o  T e s tin g  ( lec tu res) 402 M etho ds o f  D ynam o T e s tin g  (lec tu res) 402
G enera l E lectr ical T e s tin g 405 Prin c ip le s o f  D ynam o D esign I l f
Electrical E n g in e e rin g  L a b o ra to ry ; T e s tin g  o f  D ynam os. T e le p h o n e  E n g in e erin g I l f

Electric  L am p s, etc. 420 Electr ical E n g in e erin g  L abo ra to ry ; M e asu rem en ts
Electrical M e asu rin g  I n s tru m e n ts  a n d  M e th o d s ( lec tu res) 406 o f  D ynam o Electr ic  M ach inery . Specia l M e th od s 42f
T h eo ry  o f  P eriod ic  C u r r e n ts 404 T h e o ry  o f  P e rio d ic  C u rre n ts 4(M
Photom etry 392 D iscussion o f  th e  P recis ion M e asu rem en ts 42?
Steam  E n g in e erin g 540 E n g in e erin g  L ab o ra to ry 54!
Dynam ics o f  M ach in es 543 E conom ics o f  C o rp o ra tio n s 261
H ydraulics 471 T hes is
E n g ine ering  L ab o ra to ry 545
S tre n g th  o f  M ateria ls ; Fric tion 86
M eth od  o f  L east S q u a re s 57

N oie : S tu d e n u  h a v in g  th e  req u is ite  p r e p a ra tio n  a n d  ability  m ay p u rsu e  m o re  a d van c ed  c ou rse s in th e  m a them atica l th e o ry  o f e le c i r ir ii )  
an d  o th e r  sub je cts. W ith  th is  e n d  in view, c o m p e te n t s tu d e n ts  m ay ta k e  F o u rie r 's  Serie s a n d  allied to p ic s, a lso E nerge tics  a n d  E le ctro  
C hem is try , as e x tra  s tu d ies .

Source: M .I .T . A n n u a l Cata logu e, 1 8 9 9 -1 9 0 0 ,  p. 41.

its  m e th o d s ,  lik e  th o s e  o f  th e  S ib le y  C o lle g e  o f  E n g in e e r in g  a s  a w h o le , 

w e re ,  “a s  f a r  a s  p r a c t ic a b le ,  th o s e  o f  th e  b u s in e s s  e s ta b l is h m e n t  o r  e n g i n e e r ’s 

o f f ic e ,  a n d  a d m is s io n  a n d  d i s c h a r g e  will b e  g o v e r n e d  a s  f a r  a s  p o s s ib le  by 

b u s in e s s  r u le s . ”30 U n l ik e  M .I .T . ,  w h ic h  r e q u i r e d  l ib e r a l - a r ts  c o u r s e s  o f  its  

u n d e r g r a d u a t e s  in  e n g in e e r in g .  S ib le y  C o lle g e  a s s u m e d  th a t  s tu d e n t s  h a d  

c o m p le te d  t h e i r  g e n e r a l  a c a d e m ic  e d u c a t io n  b e f o r e  e n t e r i n g  its  f o u r - y e a r  

p r o g r a m ,  a n d  t h e r e f o r e  it o r g a n iz e d  its  e n t i r e  c o u r s e  o f  s tu d y  so le ly  to  

m e e t  th e  d e m a n d s  o f  th e  e n g i n e e r i n g  p ro fe s s io n .  T h e  r e s u l t  w as  a m ix  o f  

m a th e m a t ic s ,  p h y s ic a l  s c ie n c e ,  a n d  s h o p w o r k  c o u r s e s  d u r i n g  th e  firs t th r e e  

y e a rs .

T h e  e le c t r ic a l  e n g i n e e r i n g  c o u r s e s  th e  s tu d e n t s  w e re  r e q u i r e d  to  ta k e  in  

t h e i r  f o u r t h  y e a r  in  th is  b u s in e s s - o r i e n te d  e n g in e e r in g  e n v i r o n m e n t  d e a lt  

w ith  th e  d e s ig n  a n d  c o n s t r u c t io n  o f  e le c tr ic a l  m a c h in e ry ,  th e  d is t r ib u t io n  

o f  e le c t r ic  l ig h t  a n d  th e  e le c t r ic a l  tr a n s m is s io n  o f  p o w e r ,  a s  w ell as th e  

c o n s t r u c t io n  a n d  m a in te n a n c e  o f  e le c tr ic  l ig h t in g  a n d  p o w e r  p la n ts .  R e ­

q u i r e d  c o u r s e s  in  p h y s ic s  g a v e  s p e c ia l  a t t e n t io n  to  th e  n e e d s  o f  “ th e  p ra c tic a l  

e le c t r i c i a n .” T h e  e le c tr ic a l  e n g in e e r in g  l a b o r a to r ie s  a t C o r n e l l ,  lik e  th e  o n e  

a t  M .I .T . ,  w e re  e q u i p p e d  w ith  a l t e r n a t in g  a n d  p o ly p h a s e  m a c h in e ry .  In  

th e  f o u r t h  y e a r  o f  s tu d y  s tu d e n t s  w e re  e n c o u r a g e d  to  s h o w  a c a p a c ity  fo r  

" in te l l ig e n t  s tu d y  o f  sp e c ia l  o r  o r ig in a l  p r o b le m s ” by w r i t in g  a  th e s is  r e p ­

r e s e n t in g  s p e c ia l  in v e s t ig a t io n ,  p r e f e r a b ly  b o th  th e o re t ic a l  a n d  e x p e r i m e n ­

t a l .31 P r o f e s s o r  R y a n ,  w h o , p o ss ib ly  in  a c c o r d a n c e  w ith  th e  b u s in e s s  e n v i ­

r o n m e n t  o f  th e  c o lle g e , w as id e n t i f ie d  as “c o n s u l t in g  e n g in e e r ,"  o f f e r e d  a  

tw o - s e m e s te r  c o u r s e  in  e le c tr ic a l  e n g in e e r in g  to  f o u r th - y e a r  s tu d e n t s .  R y an  

a ls o  t a u g h t  c o u r s e s  o n  “ th e  f in a n c e  o f  th e  p r o d u c t io n  a n d  u ti l iz a tio n  o f  

e le c tr ic a l  e n e r g y "  a n d  “a h is to ry  o f  th e  d e v e lo p m e n t  o f  e le c tr ic a l  e n g i-

*> Ib id ..  p. 330. 
Ib id .. p . 345.
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n e e r i n g . ” ( T o  o f f e r  a  h is to r y  o f  a  f ie ld  t h a t  w a s  s o  y o u n g  w as  r e m a r k a b le .)  

F o r  g r a d u a t e  s t u d e n t s  t h e r e  w a s  R y a n 's  y e a r - lo n g  c o u r s e  in  e le c t r ic a l  e n ­

g i n e e r in g .  H e n r y  N o r r i s ,  w h o  h e ld  a  d e g r e e  in  m e c h a n ic a l  e n g in e e r in g  

a n d  w as  l is te d  a s  “e le c t r i c i a n , ” a n d  a  “ M r. H o x ie ” a ls o  t a u g h t  e le c tr ic a l  

e n g i n e e r i n g  c o u r s e s ;  in  a d d i t i o n ,  N o r r i s  t a u g h t  a  g r a d u a t e  c o u r s e  o n  e le c ­

t r ic  ra i lw a y s .

B e c a u s e  o f  t h e  s lo w  g r o w th  o f  e le c t r ic  p o w e r  s y s te m s  d u r i n g  t h e  1 8 9 0 s  

in  L o n d o n  b y  c o m p a r i s o n  w ith  C h ic a g o  a n d  B e r l in ,  a n d  b e c a u s e  o f  th e  

f a i lu r e  o f  p o ly p h a s e  p o w e r  s y s te m s  lo  t a k e  h o ld  in  E n g la n d  b e f o r e  1 9 0 0 , 

it is i n t e r e s t i n g  to  c o m p a r e  t h e  e le c t r ic a l  e n g i n e e r i n g  c u r r i c u l u m  a t  L o n ­

d o n ’s C ity  a n d  G u i ld s  C e n t r a l  T e c h n ic a l  C o l le g e  w ith  t h e  p r o g r a m s  o f f e r e d  

a t  M .I .T .  a n d  C o r n e l l .  I t  s h o u ld  b e  r e c a l le d  th a t  th e  C e n t r a l  I n s t i tu t io n ,  

w h o s e  n a m e  w as c h a n g e d  lo  C e n t r a l  T e c h n ic a l  C o lle g e  in  1 8 9 3 , w as  fo u n d e d  

by  t h e  C ity  a n d  G u i ld s  o f  L o n d o n  I n s t i t u t e  lo  p r o m o t e  t e c h n ic a l  e d u c a t io n  

in  L o n d o n  a n d  t h r o u g h o u t  th e  c o u n t r y .  T o w a r d  th a t  e n d ,  t h e  C e n t r a l  

T e c h n ic a l  C o l le g e  c o n d u c t e d  o r d i n a r y  a s  w ell a s  h o n o r s  e x a m in a t io n s  in  

e le c t r ic a l  e n g i n e e r i n g .  S t u d e n t s  p r e p a r e d  f o r  t h e s e  n o t  o n ly  a t  t h e  C e n t r a l  

T e c h n ic a l  C o l le g e  b u t  a t  o t h e r  t e c h n ic a l  i n s t i tu t io n s  t h r o u g h o u t  B r i ta in .  

C e r t i f i c a t io n  o f  th e  s u c c e s s f u l  c o m p le t io n  o f  t h e  e x a m i n a t i o n s  w a s  c o m ­

p a r a b l e  to  a  d ip l o m a  in  e n g i n e e r i n g  in  t h e  U n i te d  S ta te s .  P a s s in g  th e  e x ­

a m in a t i o n s  w as  a ls o  c o n s id e r e d  e q u iv a le n t  to  t h e  s t a tu s  o b t a i n e d  a f t e r  c o m ­

p l e t in g  t h e  s e v e n - y e a r  a p p r e n t i c e s h i p  t h a t  t r a d i t io n a l ly  q u a l i f i e d  o n e  fo r  

a d m is s io n  to  a c r a f t  g u i ld .

A y r to n ,  w h o  w as  o n e  o f  t h e  f i r s t  tw o  p r o f e s s o r s  a p p o i n t e d  by  C ity  a n d  

G u i ld s  I n s t i t u t e  a n d  w h o  w as  b r ie f ly  a s s o c ia te d  w ith  F in s b u r y  T e c h n ic a l  

C o l le g e  b e f o r e  b e c o m in g  o n e  o f  f o u r  p r o f e s s o r s  a t  t h e  C e n t r a l  I n s t i tu t io n  

in  1 8 8 4 , p r e s i d e d  o v e r  th e  i n s t i tu t io n 's  p r o g r a m  in  e le c t r ic a l  e n g in e e r in g  

f r o m  1 8 8 4  to  1 9 0 8 . H e  o r g a n iz e d  t h e  e le c t r ic a l  l a b o r a to r i e s ,  g a v e  r e la te d  

le c tu r e s ,  a n d  a d m i n i s t e r e d  a s m a l l  d e p a r t m e n t  (a l  f ir s t  t h r e e ,  b u t  by  1 8 9 9  

s e v e n  p e r s o n s ) .  H e  a ls o  a d m i n i s t e r e d  th e  e le c t r ic a l  e n g i n e e r i n g  e x a m in a ­

t io n s  c o n d u c t e d  b y  h is  in s t i tu t io n .  A s  e a r ly  a s  1 8 8 6 , 151 c a n d id a te s  f ro m  

v a r io u s  p a r t s  o f  B r i t a in  p r e s e n t e d  th e m s e lv e s  f o r  o n e  o f  t h e  tw o  e x a m i ­

n a t io n s  in  e le c t r ic a l  e n g i n e e r i n g . 112 I n  1 8 8 5  t h e  h o n o r s - g r a d e  e x a m in a t io n  

i n c lu d e d  o n e  q u e s t io n  c a l l in g  f o r  t h e  d e s c r ip t io n  o f  a n  a l t e r n a t i n g - c u r r e n t  

m o t o r  a n d  a n o t h e r  a s k in g  h o w  tw o  a l t e r n a t i n g - c u r r e n t  g e n e r a t o r s  m ig h t 

b e  r u n  in  p a r a l l e l ,  o r  s e r ie s  (“c o u p le d  u p " ) ,  a n  a r r a n g e m e n t  th a t  h a d  n o t 

y e t  b e e n  w id e ly  i n t r o d u c e d  in  p r a c t i c e / 111

In  1 8 8 5  A y r to n  w a s  a s s is te d  by  a  la b o r a to r y  a s s o c ia te ,  T .  M a th e r ,  w h o  

b e c a m e  d e p a r t m e n t  h e a d  in  1 9 1 0 , a n d  a  w o r k s h o p  i n s t r u c to r .  T o g e t h e r  

th e y  p r o v id e d  a th r e e - y e a r  p r o g r a m  in  w h a t w as  t h e n  c a l le d  th e  p h y s ic a l 

d e p a r t m e n t ,  a p r o g r a m  t h a t  lo c u s e d  o n  e l e c t r ic a l  e n g i n e e r i n g ,  h u t  th a t  a lso  

p r o m is e d ,  a c c o r d in g  to  d e p a r t m e n t  d e s c r ip t io n ,  to  o r g a n iz e  c o u r s e s  in  o p ­

t ic a l i n s t r u m e n t  m a k in g  a n d  p r o b le m s  o f  h e a l  a n d  v e n t i la t io n .

In  1 8 9 9  th e  t h r e e - y e a r  c o u r s e  r e m a i n e d  e s s e n t ia l ly  m a th e m a t i c s ,  c h e m ­

is try ,  p h y s ic s ,  m e c h a n ic s ,  a n d  e le c t r ic a l  e n g i n e e r i n g  l a b o r a to r i e s  a n d  r e la te d  

le c tu r e s .  C e n t r a l  I e c h n ic a l  C o l le g e  e m p h a s iz e d  la b o r a to r y  w o rk  to  th e  

p o in t  t h a t  " in s t r u c t io n  is g iv e n  la rg e ly  by  t u i t io n  in  t h e  l a b o r a to r i e s ,  th e

' ‘ Telegrap hic  J o u r n a l a n d  E lectrical Rev ie w  l ‘J ( IH 8 li) : 120. 170, 240.
”  F o r a c opy  o f  ilic  e x a m in a tio n  fo r  il ic  y ear, sec ib id . Mi I I8B5): 511 .
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le c tu r e s  b e in g  r a t h e r  f o r  th e  p u r p o s e  o f  a id in g  th e  S tu d e n t s  in  t h e i r  la b ­

o r a t o r y  p r a c t ic e  th a n  o f  f o r m in g  a  d is t in c t  c o u r s e  by  th e m s e lv e s .”3'' L a b ­

o r a t o r y  w o rk  in  t h e  f i r s t  y e a r  c o n s is te d  o f  q u a n t i t a t iv e  e x p e r i m e n t s  th a t  

w e re  a r r a n g e d  to  v e r ify  th e  law s o f  p h y s ic s ; th e  s e c o n d - y e a r  l a b o r a to r y  

p r e p a r e d  th e  s t u d e n t s  to  c a r r y  o u t  o r ig in a l ,  i n d e p e n d e n t  in v e s t ig a t io n s .  

D u r i n g  t h e  t h i r d  y e a r ,  s tu d e n t s  w e re  e x p e c te d  to  s p e n d  m u c h  o f  t h e i r  t im e  

o n  o r ig in a l  r e s e a r c h  p r o je c t s .35 A y r to n ’s l e c tu r e s  a n d  r e la t e d  l a b o r a to r y  

w o rk  in c lu d e d  a  la r g e  u n i t  d e a l in g  w ith  a l t e r n a t in g  a n d  p o ly p h a s e  sy s te m s . 

H is  l e c tu r e s  a ls o  e x p la in e d  lo a d  c u r v e  a n d  o t h e r  a s p e c ts  o f  th e  e c o n o m ic s  

o f  e l e c t r ic a l  e n g i n e e r i n g .  L a n g u a g e s ,  th e  so c ia l s c ie n c e s , a n d  th e  h u m a n i t i e s  

w e r e  e x c lu d e d  f r o m  th e  c u r r i c u lu m .

j u d g i n g  by  th e s e  c o u r s e  a n d  l a b o r a to r y  d e s c r ip t io n s  a n d  by  t h e  q u a l i ty  

o f  t h e  f a c u lty ,  t h e  B r i t i s h  s t u d e n t  w as  re c e iv in g  a n  e d u c a t io n  in  e le c t r ic a l  

s c ie n c e  a n d  t e c h n o lo g y  t h a t  e q u a le d  th e  o f f e r in g s  a t  M .I .T .  a n d  C o r n e l l .  

T h i s  s e e m s  to  h a v e  b e e n  th e  c a s e  d e s p i t e  th e  re la t iv e ly  s lo w  d e v e lo p m e n t  

o f  e le c t r ic a l  s u p p ly ,  e s p e c ia l ly  e le c t r ic  p o w e r  s y s te m s ,  in  E n g la n d .  A p a r t i a l  

e x p la n a t io n  f o r  th is  s e e m in g  p a r a d o x  m ig h t  b e  th a t  th e  b a c k w a r d n e s s  o f  

B r i t a in 's  e le c t r ic  s u p p ly  i n d u s t r y  w as  q u a n t i t a t iv e ,  n o t  q u a l i ta t iv e .  G e r m a n y  

a n d  t h e  U n i t e d  S ta te s  h a d  m o r e  c e n t r a l - s t a t io n ,  d i s t r ib u t io n ,  a n d  t r a n s ­

m is s io n  s y s te m s ,  b u t  th o s e  t h a t  e x is te d  in  E n g la n d  p r o v id e d  a m p l e  e x p e ­

r ie n c e  f o r  t h e  c o u n t r y ’s e le c t r ic a l  e n g i n e e r i n g  fa c u lty  a n d  s tu d e n t s .  I f  t r u e ,  

th is  e x p la n a t io n  ra is e s  s e r io u s  d o u b t s  a b o u t  th e  v a lu e  o f  th e  p a r l i a m e n ta r y  

h e a r in g s  t h a t  w e re  h e ld  to  in v e s t ig a te  te c h n ic a l  e d u c a t io n  a s  a  c a u s e  o f  th e  

s lo w in g  p a c e  o f  B r i t i s h  in d u s t r i a l i z a t io n .

T h e  p r o g r a m  e s ta b l i s h e d  by  K i t t le r  in  G e r m a n y  in  188 4 —8 5  w as  th e  s a m e  

th e  f i r s t  tw o  y e a r s  a s  f o r  a ll D a r m s ta d t  T H  s tu d e n t s .  E le c tr ic a l  s c ie n c e  a n d  

p r a c t ic e  w e re  s t r e s s e d  in  t h e  t h i r d  a n d  f o u r t h  y e a rs . C o m p a r i s o n  o f  th e  

c u r r i c u la  f o r  s t u d e n t s  e n t e r i n g  M .I .T .  a n d  D a r m s ta d t  in  th e  a c a d e m ic  y e a r  

1 8 8 4 - 8 5  r e v e a ls  t h a t  th e  G e r m a n  s t u d e n t s  w e re  a lm o s t  a  y e a r  m o r e  a d ­

v a n c e d  th a n  M .I .T .  s tu d e n t s .  M a th e m a t ic s  c o u r s e s ,  e s p e c ia lly  a n a ly t ic a l  a n d  

d e s c r ip t iv e  g e o m e t r y  a n d  d i f f e r e n t i a l  a n d  in te g r a l  c a lc u lu s ,  w e re  t a k e n  th e  

f ir s t  y e a r  a t  D a r m s ta d t  a n d  th e  s e c o n d  y e a r  a t  M .I .T .  T h e  G e r m a n  s t u d e n t s  

lo o k  g e n e r a l  p h y s ic s  t h e  f ir s t  y e a r  a n d  p h y s ic s  la b o r a to r y  th e  s e c o n d ;  M .I .T .  

fo llo w e d  th is  s e q u e n c e  in  th e  s e c o n d  a n d  t h i r d  y e a rs .  A s  n o te d ,  M .I .T .  

s tu d e n t s  c o n c e n t r a t e d  o n  e le c t r ic a l  e n g i n e e r i n g  in  t h e i r  f o u r t h  y e a r ;  D a r m ­

s t a d t  s t u d e n t s  b e g a n  th is  s p e c ia l iz a t io n  in  t h e i r  th i r d  y e a r .36 A s o f  1 8 8 4 — 

8 5 , D a r m s ta d t  s t u d e n t s  w e re  r e q u i r e d  to  ta k e  p o li t ic a l  e c o n o m y  in  th e i r  

t h i r d  a n d  f o u r t h  y e a r s ;  th e y  c o u ld  e le c t  h is to ry  o f  l i t e r a t u r e  a n d  fo r e ig n  

la n g u a g e s .  T h i s  c o m p a r i s o n  w ith  M .I .T .  s u p p o r t s  th e  g e n e r a l i z a t io n  th a t  

G e r m a n  s t u d e n t s  e n t e r e d  in s t i tu t io n s  o f  h i g h e r  l e a r n in g  a t  le a s t o n e  y e a r  

m o r e  a d v a n c e d  in  t h e i r  s tu d ie s  th a n  U .S . s t u d e n t s  a n d  th a t  a  g r a d u a t e  o f  

f o u r  y e a r s  o f  s tu d y  a t  a  T e c h n isc h e n  H o c h sc h u le  h a d  th e  e q u iv a le n t  o f  a 

m a s t e r ’s d e g r e e  in  th e  U n i te d  S ta te s .37

O f  th e  c u r r i c u la  c o n s id e r e d  h e r e ,  th e  d e v e lo p m e n t  o f  th e  c o u r s e  o f  s tu d y

" C e n t r a l  Technical College. Session 1 8 9 9 -1 9 0 0 . Program m e, p . 20.

Ib id .,  p . 23.
M Program m  der G rosslierwglich U esstchen Technischen H ochschule  zu D arm stadt f .d . Stud ien jahr  

1 8 8 4 -8 5 .  p p . 5 7 -5 8 .
”  W ick c n d rn , A Com parative Study  o f  E ngineering E ducation, pp . 2<t8-4‘).
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a t  D a r m s ta d t  f r o m  t h e  e a r ly  1 8 8 0 s  to  1 9 0 0  w as  t h e  m o s t  im p re s s iv e .  By 

1 9 0 0 , D a r m s t a d t ’s b a s ic  e le c t r ic a l  e n g i n e e r i n g  c o u r s e s  w e r e  t a u g h t  in  th e  

f i r s t  a n d  s e c o n d  y e a r s  r a t h e r  t h a n  in  th e  t h i r d  y e a r  a s  f o r m e r ly .  A s a  r e s u l t ,  

th e  th i r d  a n d  f o u r t h  y e a r s  in c l u d e d  m o r e  s p e c ia l iz e d  c o u r s e s  s u c h  a s  p o w e r  

tr a n s m is s io n  s y s te m s ,  w a te r - p o w e r  te c h n o lo g y ,  a n d  t h e  d e s ig n  a n d  c o n ­

s t r u c t io n  o f  c e n t r a l  s t a t io n s .  K i l l l e r  l im i te d  h is  t e a c h in g  in  th e  t h i r d  a n d  

f o u r t h  y e a r s  to  t h e  g e n e r a l  c o u r s e  o n  e le c t r ic a l  e n g i n e e r i n g  a n d  t h e  P ra k -  

t ik u m , o r  “ p r a c t ic a l  t r a i n i n g , ” f o r  e x a m in a t io n .

I n  a d d i t i o n  to  te a c h in g ,  c o n s u l t in g ,  a n d  c u r r i c u l u m - p l a n n i n g ,  a c a d e m ic s  

e n g a g e d  in  r e s e a r c h .  T h e y  o f t e n  d e s ig n e d  t h e i r  e x p e r i m e n t s  to  p r o b e  th e  

r e v e r s e  s a l ie n ts  o f  th e  e v o lv in g  p o w e r  s y s te m s  a n d  to  g a in  in f o r m a t i o n  a n d  

th e o r y  c o n d u c iv e  to  t h e  d e f i n i t i o n  a n d  s o lu t io n  o f  c r i t ic a l  p r o b le m s .  S in c e  

r e s e a r c h  o c c a s io n a l ly  in v o lv e d  g r a d u a t e  s tu d e n t s ,  it  d e p e n d e d  to  s o m e  e x ­

t e n t  o n  g r a d u a t e  e d u c a t i o n ,  b u t  le ss  so  th a n  in  r e c e n t  d e c a d e s .  O f  th e  

in s t i tu t io n s  c o n s i d e r e d  h e r e ,  o n ly  C o r n e l l  U n iv e r s i ty  l is te d  g r a d u a t e  c o u r s e s  

w ith  th o s e  f o r  u n d e r g r a d u a t e s .  I n  t h e  U n i t e d  S ta te s  b e f o r e  W o r ld  W a r  I, 

t h e  g e n e r a l  a l t i t u d e  w as  t h a t  p r a c t ic a l  e x p e r i e n c e ,  w ith  l a r g e  m a n u f a c t u r e r s  

s u c h  a s  G e n e r a l  E le c tr ic  o r  W e s l in g h o u s e  o r  w ith  a  u t i l i ty ,  w as  s u p e r i o r  to  

s tu d y  b e y o n d  th e  b a c h e lo r ’s d e g r e e .  M a n y  e m p lo y e r s  v iew e d  g r a d u a te  s tu d y  

a s  a  w a s te  o f  t im e  “ h a n g i n g  a r o u n d  c o l l e g e ” a n d  a s  a  m e a n s  o f  a v o id in g  

f a c in g  u p  to  th e  r e a l  w o r ld .39 T h e  s p e c ia l  p r o g r a m s  i n i t i a t e d  b y  th e  la rg e  

m a n u f a c t u r e r s  d u r i n g  th e  d e c a d e  b e f o r e  W o r ld  W a r  I le s s e n e d  i n te r e s t  in  

p r o m o t i n g  g r a d u a t e  s tu d ie s .  T h e r e  w as  l i t t le  “ h a n g i n g  a r o u n d . "  I n  e le c ­

t r ic a l  e n g i n e e r i n g  d u r i n g  t h e  p e r io d  1 9 0 0 - 1 9 0 9 ,  M . l .T .  a w a r d e d  o n ly  six 

m a s t e r ’s d e g r e e s  a n d  n o  d o c to r a l  d e g r e e s ;  t h e  f ig u r e s  f o r  C o r n e l l  w e re  

f o u r t e e n  m a s te r 's  d e g r e e s  a n d  tw o  d o c t o r a t e s .40

In  G e r m a n y  th e  g r a d u a t e  o f  a  f o u r - y e a r  T H  p r o g r a m  w a s  a t  le a s t  a  y e a r  

a h e a d  o f  g r a d u a t e s  f r o m  a n  A m e r ic a n  u n iv e r s i ty  a n d  t h e r e f o r e  h a d  e a r n e d  

t h e  e q u iv a le n t  o f  a  m a s t e r ’s d e g r e e .  T h u s ,  t h e  P r u f i tn g s o r d n u n g ,  o r  “q u a l ­

i f ic a t io n  r e q u i r e m e n t , ” o f f e r e d  b y  K i t t le r  a n d  in  p r o g r a m s  m o d e le d  o n  h is 

w a s  m o r e  a d v a n c e d  t h a n  th e  m a s te r 's  p r o g r a m  in  t h e  U n i te d  S la te s .  T h e  

T H s in  G e r m a n y  d id  n o t  w in  t h e  j e a lo u s ly  g u a r d e d  p r iv i le g e  o f  a w a r d in g  

d o c to r a l  d e g r e e s ,  h o w e v e r ,  u n t i l  1 8 9 9 , w h e n  K a is e r  W ilh e lm  I p e r s u a d e d  

t h e  u n iv e r s i t i e s  to  a c c e p t  t h e  T e c h n isc h e n  H o c fis c h u te n  a m o n g  t h e  e le c t .  In  

E n g la n d ,  p r o f e s s io n a l  e n g i n e e r i n g  s o c ie t ie s  e s t a b l i s h e d  t h e i r  p r e r o g a t iv e  

in  r e c o g n iz in g  t h e  h ig h ly  q u a l i f i e d  e n g i n e e r  b y  a w a r d in g  h im  m e m b e r s h ip  

a f t e r  e x a m in a t io n .  T h e  s t r i n g  o f  l e t t e r s  s ig n i f y in g  m e m b e r s h i p  t h e r e f o r e  

s ig n if ie d  e x p e r i e n c e  a n d  a d v a n c e d  l e a r n in g .

D e s p i te  t h e  p a u c i ty  o f  g r a d u a t e  p r o g r a m s  a n d  r e s e a r c h  a s s is ta n ts  in  e le c ­

t r ic a l  e n g i n e e r i n g  b e f o r e  W o r ld  W a r  I, t h e  a c a d e m ic s  c o n d u c t e d  r e s e a r c h  

a n d  p u b l i s h e d  t h e i r  r e s u l ts .  T h e y  c h o s e  r e s e a r c h  p r o b le m s  r e l a te d  to  e v o lv ­

i n g  l ig h t  a n d  p o w e r  s y s te m s .  T h e i r  a p p r o a c h  w a s  s c ie n t i f ic ,  i f  by  " s c ie n tif ic "  

o n e  m e a n s  u s in g  a n d  a t t e m p t i n g  to  f o r m u l a t e  g e n e r a l  s t a t e m e n t s  o r  law s; 

r e s o r t i n g  to  m a th e m a t ic s  a s  a n  a n a ly t ic a l  to o l  a n d  l a n g u a g e ;  f o r m u la t in g  

h y p o th e s e s ;  a n d  d e s i g n i n g  e x p e r i m e n t s  in  t h e  la b o r a to r y  o r  in  n a t u r e  to

Program m  drr  G rasshm oglic h  H rssischrn Tr ch m srhrn  llo rh sc h u lr  lu D arm stadt f.d .  Studirnjahr 
1900- 1901.  p p . 6-1-65.

’" T e r m a n ,  "H is to ry  o f  E le ctr ic al E n g in e e r in g  E d u ca tio n ."  p. 1-102.
40 Ib id .. n . 1409 1
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te s t  t h e s e  th e o r ie s .  N o t  o n ly  w as  t h e i r  r e s e a r c h  m e th o d o lo g y  s c ie n tif ic ,  b u t  

t h e i r  a c a d e m ic  c r e d e n t i a l s  in  s o m e  in s ta n c e s  w e re  c o m p a r a b le  to  th o s e  o f  

r e s e a r c h  s c ie n tis ts .  B e c a u s e  o f  th is  c o m m o n  m e th o d o lo g y  a n d  s h a r e d  e d ­

u c a t io n a l  e x p e r ie n c e ,  th e  a c a d e m ic  e le c tr ic a l  e n g in e e r s  c a n  b e  c a lle d  e n ­

g i n e e r i n g  s c ie n tis ts  a n d  t h e i r  w o rk  th e  s c ie n c e  o f  e n g in e e r in g .  T h e  a c a ­

d e m ic s  o f t e n  c a r r i e d  o n  t h e i r  r e s e a r c h  in  th e  u n iv e r s i t ie s  a n d  e n g in e e r in g  

c o lle g e s ,  b u t  th e y  a ls o  d id  it a s  c o n s u l t a n t s  to  in d u s t r y ,  b o th  in  th e  p la n t  

a n d  in  th e  f ie ld .  A f te r  1 9 0 0  m o r e  e n g in e e r in g  a n d  n a tu r a l  s c ie n tis ts  f o u n d  

a  c o n g e n ia l  re s e a r c h  e n v ir o n m e n t  in  th e  in d u s tr ia l  la b o ra to r ie s  o f  th e  U n ite d  

S ta le s  a n d  G e r m a n y .

T h e  a c a d e m ic  e n g i n e e r i n g  s c ie n tis ts  c h o s e  t h e i r  r e s e a r c h  p r o je c ts  in  th e  

c o n te x t  o f  r e v e r s e  s a l ie n ts ,  n o t  in  r e s p o n s e  to  a n  e v o lv in g  p u r e - s c ie n c e  

p a r a d ig m .  F ro m  a b o u t  1 8 9 0  u n t i l  W o r ld  W a r  I, r e v e r s e  s a lie n ts  a r o s e  in  

th e  u n iv e r s a l  u r b a n  s y s te m  a n d  in  p o i n t - to - p o in t  h ig h -v o l ta g e  t r a n s m is s io n ,  

d e v e lo p m e n ts  t h a t  f o llo w e d  u p o n  th e  r e s o lu t io n  o f  “ th e  b a t t l e  o f  th e  sy s ­

t e m s ” a n d  th e  in t r o d u c t i o n  o f  p o ly p h a s e  s y s te m s . E le c tr ic a l  e n g in e e r s  w h o  

e s ta b l is h e d  th e  e a r l ie s t  e le c t r ic a l  e n g in e e r in g  p r o g r a m s  p u b l i s h e d  e a r ly  in  

th e i r  c a r e e r s .  T h e y ,  to o ,  fo c u s e d  o n  p r o b le m s  r e la te d  to  th e  m a in  l in e  o f  

d e v e lo p m e n t  a n d  th e r e b y  c o n t r i b u t e d  to  th e  m o u n t in g  m o m e n tu m .  T h e y  

d id  n o t  m a k e  b r e a k t h r o u g h  in v e n t io n s  lik e  th o s e  o f  th e  in d e p e n d e n t  in ­

v e n to r s ,  b u t  th e y  w o rk e d  o n  c r i t ic a l  p r o b le m s  th a t ,  w h e n  so lv e d ,  a l lo w e d  

f u r t h e r  d e v e lo p m e n t  o f  u r b a n  sy s te m s  a n d  p o in t - to - p o in t  t r a n s m is s io n .  

A f te r  th e  f o u n d i n g  o f  th e  A m e r ic a n  I n s t i tu te  o f  E le c tr ic a l  E n g in e e r s  in  

1 8 8 4 , th e y  o f t e n  u s e d  its  p r in c ip a l  o r g a n ,  th e  A I E E  T ra n sa c tio n s ,  a s  t h e i r  

m e d iu m  o f  p u b l ic a t io n .

L o u is  D u n c a n ,  w h o  t a u g h t  a t  b o th  T h e  J o h n s  H o p k in s  U n iv e r s i ty  a n d  

M .I .T . ,  p u b l i s h e d  a n  a r t ic le  in  t h e  T ra n sa c tio n s  in  1 8 8 7  o n  th e  im p r o v e m e n t  

o f  a l t e r n a t i n g - c u r r e n t  m o to r s ,  o n e  o f  th e  c r i t ic a l  p r o b le m s  o f  th e  d e c a d e .  

T w o  y e a r s  l a te r ,  h e  p u b l i s h e d  a p a p e r  a b o u t  c o n d u c t in g  e f f ic ie n c y  te s ts  o f  

a .c . a p p a r a t u s  in  u r b a n  c e n t r a l  s ta t io n s .  A t th is  e a r ly  d a te ,  D u n c a n  s t r e s s e d  

th e  t e c h n ic a l  a n d  e c o n o m ic  s ig n i f ic a n c e  o f  th e  lo a d  d ia g r a m .  T w o m o r e  

a r t ic le s  o n  a .c . s y s te m s  fo llo w e d  in  189 2  a n d  1 8 9 4 , w h e n  h e  d i r e c te d  h is  

a t t e n t io n  to  th e  c r i t ic a l  p r o b le m  o f  p o ly p h a s e  m o to r s .1,1 D u g a ld  C . J a c k s o n ,  

w h o  s u c c e e d e d  D u n c a n  a t  M .I .T . ,  a ls o  p u b l is h e d  e a r ly  a n d  o f t e n .  H e , lo o , 

c o n c e n t r a t e d  o n  c r i t ic a l  p r o b le m s  a s s o c ia te d  w ith  th e  d e v e lo p m e n t  o f  a l ­

t e r n a t i n g  a n d  p o ly p h a s e  s y s te m s . F u r t h e r m o r e ,  J a c k s o n  d i r e c te d  h is  a t t e n ­

t io n  to  e le c t r ic a l  e n g i n e e r i n g  e d u c a t io n .112

41 Louis  D un ca n , “A lic rn a lin g  C u rre n l E lectric  M oto rs."  A IE E  Transactions 5 (1 8 87 -88 ): 
2 1 1 -3 5 ; id e m . "Som e T es ts  on  th e  Effic iency o f  A lte rn a tin g  C u rre n t A p p a ra tu s ."  ib id . 7 
(18 8 9 -9 0 ): 10 9 -2 7 ; idem . "N o te  on  Som e E xp erim e n ts  with  A lte rn a tin g  C u rre n ts ."  ib id . 9

(1892): 1 79 -91 ; a n d  L. D u ncan . S. I I. B row n, W. P. A n d erso n , an d  S. Q . I laycs, "E x |> crim ents  
o n  T w o-P ltasc  M oto rs,"  ib id . I I  ( 189'1): C I7 -3 8 . I am  in d e b ted  lo  R o bert B ellield  Tor bis 
ex ten siv e  a n d  d e ta iled  se arch  for. a n d  categ o riza tio n  of. the  academ ics w ho p u b lish ed  in th e  

A IE E  Transactions f ro m  1887 lo  1904.
4* D. C. Ja ck so n  a n d  R. J .  O ch sn c r . "A lic rn a lin g  C u rre n ts  an d  Fuses," A IE E  Transactions 

I I (1894): 4 3 0 -4 0 ; D. C. Ja ckson  a n d  S. B. F o rtc n b au g h , "Som e O bserv a tio ns on  a Direct- 
C o n n e c ted  300  K.W. Monocyclic A lte rn a to r ."  ibid. 12 (1895): 3 5 0 -5 7 ; D. C. Ja ck so n , "T h e  
C o m m u ta ted  C u rre n t W ave o f  a C om po site  W ound A lte rn a to r ,"  ibid. 15 (1899): 4 0 3 -8 ; idem , 
“T h e  T ec hn ic a l E du ca tio n  o f  th e  E lectrical E ng in eer,"  ibid. 9  (1892): 4 7 6 -9 9 ; a n d  idem , " The 
T ypic al C ollege  C ou rse s D ealing with  th e  Professio nal an d  T h eo re tica l Phases o f  E lectrical 

E n g in e erin g ."  ib id . 22 (1903).
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H a r r i s  J .  R y a n  o f  C o r n e l l ,  a n o t h e r  o f  th e  s e c o n d  w a v e  o f  e le c t r ic a l  e n ­

g in e e r i n g  a c a d e m ic s ,  w r o te  a n  a r t i c l e  o n  t r a n s f o r m e r s  f o r  t h e  T ra n sa c tio n s  

in  1 8 8 9  a n d  a ls o  r e p o r t e d  o n  a l t e r n a t i n g - c u r r e n t  a p p a r a t u s .  I n  1 8 9 9  h e  

p u b l i s h e d  in  t h e  s a m e  j o u r n a l  a n  a r t ic le  o n  t h e  w a v e  f o r m  o f  a l t e r n a t in g  

c u r r e n t s .  I n  1 9 0 3  h e  w r o te  a b o u t  a  c a lh o d e - r a y  a l t e r n a t i n g - c u r r e n t  w ave  

in d ic a to r ,  a n  im p o r t a n t  i n s t r u m e n t  f o r  a n a ly s is  o f  p r o b le m s  a r i s in g  in  h ig h -  

v o l ta g e  t r a n s m is s io n .  R y a n ’s 1 9 0 5  a r t ic le ,  “T h e  C o n d u c t iv i ty  o f  th e  A t ­

m o s p h e r e  a t  H ig h  V o l ta g e s ,"  a ls o  p e r t a i n e d  to  h ig h - v o l ta g e  t r a n s m is s io n .43

B e c a u s e  R y a n  t a u g h t  in  a  m a jo r  e l e c t r ic a l  e n g i n e e r i n g  d e p a r t m e n t  a n d  

e n g i n e e r i n g  c o l le g e  a n d  w as  in f lu e n t i a l  in  th e  f ie ld ,  h is  e a r ly  a n d  p e r s i s t e n t  

r e s e a r c h  p e r t a i n i n g  to  th e  c r i t ic a l  p r o b le m s  o f  h ig h - v o l ta g e  t r a n s m is s io n  

p r o v id e  in s ig h t  in to  th e  c h a r a c t e r  o f  a d v a n c e d  a c a d e m ic  r e s e a r c h  in  e le c ­

t r ic a l  e n g i n e e r i n g  b e f o r e  W o r ld  W a r  I .44 W h ile  s t u d y in g  a t  C o r n e l l  u n d e r  

A n th o n y ,  R y a n  f ir s t  b e c a m e  i n te r e s te d  in  w h a t  w o u ld  b e c o m e  h is  c h ie f  

f o c u s — th e  s tu d y  o f  h ig h - v o l ta g e  p h e n o m e n a .  T h e  c i r c u m s ta n c e s  o f  h is  

e a r ly  c o m m i tm e n t  in v o lv e d  a  v isit a r r a n g e d  b y  A n th o n y  in  a b o u t  1 8 8 6  to  

th e  w o rk s  o f  F r a n k  S p r a g u e ,  p i o n e e r  in  e le c t r ic  t r a c t io n  a n d  m o to r s .  

S p r a g u e ’s r e m a r k s  a b o u t  e le c t r ic  p o w e r  t r a n s m is s io n  “s t a r t e d  m e  o u t  in  life  

w ith  a n e v e r - e n d i n g  e n th u s ia s m  f o r  t h e  s tu d y  o f  h ig h  v o l ta g e  p h e n o m e n a ,” 

R y a n  r e c a l l e d .45 T h e  f a c t  t h a t  h e  w as  a w a r d e d  t h e  E d is o n  M e d a l  o f  th e  

A I E E  in  1 9 2 5  “ f o r  h is  c o n t r i b u t i o n s  to  t h e  s c ie n c e  a n d  th e  a r t  o f  h ig h -  

te n s io n  t r a n s m is s io n  o f  p o w e r ” s u g g e s ts  th a t  h is  s e l f - a n a ly s is  w as  s o u n d .46

T h e  b ib l io g r a p h y  o f  h is  n u m e r o u s  t e c h n ic a l  a r t ic le s  in  v a r io u s  j o u r n a l s  

sh o w s  t h a t  a f t e r  p u b l i s h in g  th i r ty - s e v e n  a r t ic le s  o n  d iv e r s e  s u b je c ts  (b u t 

w ith  a t e n d e n c y  to w a r d  a l t e r n a t i n g - c u r r e n t  p r o b le m s )  h e  t u r n e d  in  1903 

o r  1 9 0 4  to  h ig h  v o lta g e s  a n d  t r a n s m is s io n s  a n d  t h a t  h is  a t t e n t i o n  r e m a in e d  

fo c u s e d  o n  th is  s u b je c t  u n t i l  h is  la s t a r t ic le ,  w h ic h  a p p e a r e d  in  1 9 2 5 . O f  

th e  f o r ty - f o u r  a r t ic le s  p u b l i s h e d  b y  R y a n  a f t e r  1 9 0 3 , a ll b u t  te n  a r e  id e n ­

t i f ia b le  by  t i t le  a s  d e a l in g  w ith  h ig h - v o l ta g e  a n d  t r a n s m is s io n  p r o b le m s .47

R y a n ’s m a jo r  p a p e r  o n  h ig h - v o l t a g e  p r o b le m s  w as  p u b l i s h e d  in  1905 

a f t e r  b e in g  r e a d  b e f o r e  th e  A I E E  o n  2 6  F e b r u a r y  1 9 0 4 .48 “T h e  f u n d a ­

m e n ta l s  s e t  f o r t h  in  th is  p a p e r  w e r e  a d is t in c t  c o n t r i b u t i o n  to  e le c tr ic a l  

s c ie n c e . ’’49 C h a r l e s  F. S c o tt ,  a p i o n e e r  in  t h e  w o r k in g  o u t  o f  th e  u n iv e rs a l  

s y s te m  a n d  in  t r a n s m is s io n ,  s a id :  “T h e  p a p e r  w e  h a v e  j u s t  h e a r d  r e a d  is a 

r e m a r k a b le  o n e ,  a n d  w ill p r o b a b ly  b e  c o n s id e r e d  u n iq u e  a m o n g  th e  p a p e r s  

p r e s e n t e d  to  o u r  In s titu te .' '™  S u c h  a t t e n t i o n  a n d  h ig h  p r a i s e  a r e  n o t  s u r -

”  H a rr is  J .  R yan 's a rtic le s  in c lu d ed  " T ra n s fo rm e rs ."  ib id . 7 (1 8 8 9 -9 0 ): 1 -2 9 : "Som e Ex ­

p e r im e n ts  u p o n  A lte rn a tin g  C u r r e n t  A p p a ra tu s ."  ib id ..  pp . 3 2 4 -6 5 ; " T h e  D eterm in a tio n  o f 
W ave F o rm  of A lte rn a tin g  C u r r e n ts  w itho u t a C on tac t M a ker,"  ib id . 1 6 (1 89 9 ): 3 4 5 -6 0 : T  he 

C a th o d e  Ray A lte rn a tin g -C u rre n t W ave In d ic a to r ,"  ib id . 22  (1903): 593  ff.: a n d  T h e  C on ­
du c tiv ity  o r  th e  A tm o sp h e re  at H ig h  V o ltag es."  ib id . 23  (1904): 101-34 .

4,1 O n  R y a n s  rese arch  sec W. F. D u ra n d 's  m e m o ir  " H a rris  Josep h  Ryan . 1 86 6 -19 34 ,"  in 

N atio nal A cadem y o f  Sciences. Bio gra ph ical M em oirs, vol. 19 (W a sh in g to n . D .C .. 1938). pp. 
2 8 5 -3 0 6  (h e re a fte r  c ited  as "R y an ,"  Biog rap hic al M em oirs).

44 Ib id ..  p . 287.

4r’ Ib id .. p. 299 .

4’ I have relied  o n  th e  Ryan b ib lio g ra p h y  a p p e n d e d  to  D u ra n d 's  m e m o ir  as th e  basis for 
my analysis. Ib id .. p p . 3 0 2 -6 .

4" R yan, "High V oltages."

'" " R y a n ,"  Biograph ica l M em oirs, 19: 294.

40 D iscussion o f  R yan 's 1904 p a p e r . M E E  Transactions  23 f 19041: 135.
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p r is in g ,  h o w e v e r ,  f o r  by  u s in g  a  s c ie n t i f ic  m e th o d .  R y a n  h a d  s o lv e d  .1 c r i t ic a l  

p r o b le m  d e f i n e d  by  S c o tt  in  e x p e r i m e n t s  f o r  th e  W e s t in g h o u s e  C o m p a n y — 

a  p ro b le m  th a t  h a d  cas t s e r io u s  d o u b t  o n  th e  p o ss ib ility  o f  e x c e e d in g  1 0 ,0 0 0 -

5 0 ,0 0 0  v o lts  in  lo n g - d i s t a n c e  p o w e r  t r a n s m i s s i o n / ’1

R y a n  h a d  b e e n  a t t r a c t e d  to  th e  p r o b le m  by  S c o t t ’s 1 8 9 9  a r t ic le  d e s c r ib in g  

p o w e r  lo s se s  in  h ig h - v o l ta g e  t r a n s m is s io n  l in e s  d u e  to  th e  c o r o n a  e f f e c t / ’* 

H e  d e f i n e d  m o r e  p r e c is e ly  th e  v a r ia b le s  a f f e c t in g  th e  o n s e t  o l  c o r o n a  a n d  

t h e  a t t e n d a n t  lo ss  b e tw e e n  l in e s . A f te r  e x p e r i m e n t a t i o n  a n d  a n a ly s is ,  h e  

f o r m u l a t e d  a n  e q u a t i o n  e x p r e s s in g  th e  r e l a t io n  b e tw e e n  th e  c r i t ic a l ,  c o r o n a -  

c a u s in g  v o l ta g e ,  c o n d u c t o r  s iz e s , a n d  t h e i r  s e p a r a t io n .  H e  a ls o  s o u g h t  th e  

v a lu e  o f  t h e  r u p t u r i n g  e le c t r ic  f ie ld  a n d  th e  d i s t a n c e  f r o m  th e  s u r f a c e  o l 

th e  c o n d u c t o r  a t  w h ic h  r u p t u r e  o c c u r r e d .

T h i s  is n o t  t h e  p la c e  to  d is c u s s  th e  e q u a t io n ,  its  v a r ia b le s  a n d  c o n s ta n ts ,  

f o r  R y a n  h a s  d o n e  t h a t  w ith  a d m i r a b l e  c la r i ty  in  h is  p a p e r ,  b u t  th e  n a tu r e  

o f  R y a n ’s s ty le  o f  r e s e a r c h  m e r i t s  a t t e n t i o n .  H is  m e th o d  w as  s c ie n t i f ic ;  his 

h y p o th e s i s  c a n  b e  s u m m a r iz e d .  A c c e p t in g  e le c t r ic - f ie ld  th e o r y ,  l ie  a s s u m e d  

l h a l  a n  e le c t r ic  f o r c e  a p p l i e d  lo  t h e  t e r m in a l  fa c e s  o f  a d ie le c t r ic  p r o d u c e d  

a  “d i s to r t i o n  o f  t h e  a to m ic  s t r u c t u r e  o f  th e  d ie le c t r ic ."  B e c a u s e  h ig h - v o l ta g e  

t r a n s m is s io n  l in e s  in  p ro x im i ty  w e re  s e p a r a t e d  by  a d ie le c t r ic  ( a t m o s p h e r e ) ,  

t h e  e le c t r ic  f o r c e  o f  t h e  h ig h  v o l ta g e  d i s t o r t e d  th e  e le c t r ic  f ie ld  in  th e  

a t m o s p h e r e .  C o r o n a ,  a  v is ib le  e f f e c t  d e s c r ib e d  e a r l i e r  by  S c o tt  (se e  p . 1G2 

b e lo w ) ,53 a n d  p o w e r  lo s s  f in a l ly  o c c u r r e d ,  R y a n  b e l ie v e d ,  w h e n  th e  d ie le c t r ic  

w a s  r u p t u r e d  b y  t h e  f o r c e  o f  t h e  h ig h - v o l ta g e  a n d  h ig h - d i s p la c e m e n t  c u r ­

r e n t .  W h e n  r u p t u r e  c a m e  a t t h e  c r i t ic a l  v o lta g e ,  o r d i n a r y  c o n d u c t io n  c u r ­

r e n t  in  th e  d ie l e c t r i c  a n d  c o r o n a  b r o u g h t  s u b s ta n t ia l  r e a l - p o w e r  lo ss  f ro m  

t h e  l in e s  b e c a u s e  t h e  r e s i s t a n c e  o f  th e  c o n d u c t in g  z o n e  p r o d u c e d  a la g  in  

t h e  c h a r g i n g  c u r r e n t ,  t h e r e b y  g iv in g  it a  p o w e r  c o m p o n e n t  in  p h a s e  w ith  

t h e  v o lta g e .  R y a n  h y p o th e s iz e d  t h a t  th e  c r i t ic a l ,  c o r o n a - c a u s in g  v o l ta g e  w as 

a  fu n c t io n  o f  t r a n s m is s io n - l in e  d i a m e t e r  a n d  s p a c in g ,  f o r  th e s e  d e t e r m i n e d  

th e  c h a r a c te r i s t i c s  o f  t h e  d ie le c t r ic .  I n  h is  p r e l im in a r y  s t a t e m e n t  o f  th e o r y  

a n d  h y p o th e s i s  o f  c a p a c i t a n c e  r e a c t io n s ,  R y a n  c i te d  th e  p r i o r  r e s e a r c h  o f  

C h a r le s  P. S te in m e tz ,  J .  J .  T h o m s o n ,  a n d  o t h e r s . 5,1

R y a n  u s e d  th e  e x p e r i m e n t a l  o b s e r v a t io n s  o f  S c o tt ,  b u t  it b e c a m e  e v id e n t  

t h a t  h e  n e e d e d ,  in  a d d i t io n ,  to  p la n  a n d  d e s ig n  a s e r ie s  o f  e x p e r i m e n t s  to  

o b ta in  t h e  d a t a  n e c e s s a ry  to  w r i te  th e  f o r m u la s  e x p r e s s in g  th e  r e la t io n  o f  

th e  f a c to r s  c o n d i t i o n i n g  th e  s t a r t  o f  a tm o s p h e r i c  lo ss  a n d  c o r o n a .  In  th e  

s p r i n g  o f  1 9 0 3  R y a n  se t  u p  th e  e x p e r i m e n t a l  a p p a r a t u s  w ith  th e  h e lp  o f  

h is  s t u d e n t s .  H e  s u s p e n d e d  th e  w ire ,  o r  c o n d u c to r ,  th a t  s im u la te d  th e  

t r a n s m is s io n  l in e  a t  t h e  c e n t e r  o f  a  m e ta ll ic  lu b e .  T h e  e le c t r ic  f ie ld  w as  to  

b e  e s ta b l i s h e d  b e tw e e n  w ire  a n d  tu b e .  T h e  tu b e  a lso  fa c i l i ta te d  c o n t r o l  o f  

t e m p e r a t u r e  a n d  a t m o s p h e r i c  c o n d i t io n s .  H a v in g  a l r e a d y  e s ta b l is h e d  th e  

v a lu e  o f  c a th o d e - r a y  in d ic a to r s  f o r  o b s e r v in g  a l t e r n a t i n g  c u r r e n t s ,  h e  u s e d

*' "R y a n ."  B iog rap hic al M em oirs, 19: 2!)3. In  his m e m o ir  on  Ry:in, D u ra n d  e x p re ssed  d ie  
be lie f  tlia l S c on 's  w ork  casl se rio us d o u b l o n  d ie  use  o f  voltages above 40,0 00 .

' ’ C h a rles  F. S cott, "H ig h -V o ltag e  Pow er T ran sm iss io n ,"  A !E E  tran sa ctio ns  15 (1 800): 531. 
*" C h a rles  P. S le in in c lz  b a d  u sed  th e  te rm  " co ro n a ” in an  1803 p a p e t on  h ig h -v o ltag e  

d isc h arg e  (ib id . 10 (1 893): 85 ). See R yan. "H ig h  V o lta ges.” p. 104.
" R y a n ,  " H ig h  V oltages," pp . 105-8 .
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a n  o s c il lo s c o p e  in  th is  e x p e r i m e n t . 53 H e  a ls o  p la c e d  o u t s id e  a n d  a lo n g s id e  

t h e  lu b e  a  b r a s s  r o d  in  o r d e r  to  o b s e r v e  d i f f e r e n c e s  o n  th e  o sc il lo s c o p e  

b e tw e e n  th e  c h a r g i n g  c u r r e n t  f o r  w ire  a n d  tu h e  a n d  th e  c h a r g in g  c u r r e n t  

b e tw e e n  tu b e  a n d  b r a s s  r o d .  H e  a s s u m e d  n o  a tm o s p h e r ic  d i s c h a r g e  w o u ld  

o c c u r  b e tw e e n  th e  lu b e  a n d  r o d .  S w itc h e s  a l lo w e d  h im ,  f o r  c o m p a r i s o n ,  to  

a l t e r n a t e  th e  w ir e  a n d  th e  r o d  in  th e  h ig h - v o l t a g e  c i r c u i t .  T h u s  h e  e s ta b ­

l is h e d  h is  r e f e r e n c e .  H is  a p p a r a t u s  a ls o  in c lu d e d  h ig h - v o l ta g e  a n d  v o lta g e -  

a d j u s t in g  t r a n s f o r m e r s  a n d  a  p h a s e - a d ju s t in g  i n d u c t io n  m o to r .

R y a n  a n d  h is  a s s is ta n ts  w a tc h e d  a s  th e  c h a r g i n g  c u r r e n t  f r o m  w ire  to  

t u b e  r e m a in e d  th e  s a m e  a s  th a t  f r o m  th e  r o d  to  t h e  tu b e  a s  t h e  v o l ta g e  w as 

in c r e a s e d .  T h e n ,  a t th e  c r i t ic a l  p o in t  in  th e  v o l ta g e  r is e ,  th e  a n t ic ip a te d  

h u m p  in  th e  d is p la y  o f  t h e  c u r r e n t  c h a r g i n g  th e  w ir e  o c c u r r e d ;  n o  c o m ­

p a r a b le  e v e n t  w as  s e e n  in  th e  o t h e r  c h a r g i n g  c u r r e n t .  I f  t h e  ro o m  w as 

d a r k e n e d ,  th e  c o r o n a  a p p e a r e d  a t  t h e  s a m e  in s ta n t .  T h e  d e s ig n  w o rk e d ,  

a n d  t h e  e x p e r i m e n t e r s  t u r n e d  to  c o l le c t in g  d a t a  o n  d i f f e r e n t  d i a m e t e r  w ire s  

a n d  o t h e r  f a c to r s  a f f e c t in g  c o r o n a .  T h e  o b je c t iv e  w as  n o t  o b s c u r e ;  R y an  

w a n te d  to  s u p p ly  e n g i n e e r s  a n d  m a n u f a c t u r e r s  w ith  ta b le s  (c a lc u la te d  by 

m e a n s  o f  h is  e q u a t io n )  t h a t  s h o w e d  w h a t d i a m e t e r  o f  l in e  c o n d u c t o r  a n d  

w h a t s p a c in g  h a d  to  b e  u s e d  to  a v o id  lo ss  b e tw e e n  c o n d u c t io n  l in e s  o n  

w h ic h  s p e c i f ie d  v o l ta g e s  w e re  to  b e  t r a n s m i t t e d . 56 H e  w as  i n te r e s te d  n o t 

o n ly  in  t h e  h ig h e s t  v o l ta g e  th e n  b e in g  u s e d  c o m m e r c ia l ly  b u t  a ls o  in  th o s e  

th a t  c o u ld  b e  r e a s o n a b ly  a n t i c ip a te d  in  th e  n e a r  f u t u r e .  R y a n ’s re s e a r c h  

a n d  h is  r e s u l ts  d e a l t  w ith  c o n t e m p o r a r y  p r o b le m s  o f  h ig h - v o l t a g e  e n g i ­

n e e r in g ;  th e y  a ls o  r e a c h e d  in to  th e  f u t u r e . 57

A c a d e m ic s  lik e  R y a n  d id  r e s e a r c h  in  th e  e n g i n e e r i n g  s c h o o ls  a n d  th e  

u n iv e r s i t ie s ,  b u t  th e  m o s t  a c tiv e  r e s e a r c h  s i te  in c r e a s in g ly  b e c a m e  th e  e le c ­

t r ic a l  m a n u f a c t u r i n g  c o m p a n y .  A f t e r  1 9 0 0  t h e  la r g e  e le c t r ic a l  m a n u f a c ­

t u r e r s  e s ta b l is h e d  r e s e a r c h - a n d - d e v e l o p m e n t  l a b o r a to r i e s ,  b u t  u n t i l  th e n  

th e  e n g i n e e r i n g  d e p a r t m e n t s  o f  m a n u f a c t u r i n g  c o m p a n ie s  w e re  r e s p o n ­

s ib le  f o r  in v e n t io n  a n d  d e v e lo p m e n t .  T h e  e n g i n e e r i n g  d e p a r t m e n t s  th e r e ­

f o r e  d o m i n a t e d  r e s e a r c h  a n d  d e v e lo p m e n t  d u r i n g  th e  in te r v a l  a f t e r  th e  

a p o g e e  o f  E d is o n  a n d  th e  i n d e p e n d e n t  in v e n to r s  a n d  b e f o r e  th e  e s ta b l is h ­

m e n t  o f  th e  m a jo r  i n d u s t r i a l  r e s e a r c h  l a b o r a to r i e s .  G e n e r a l  h is to r ie s  o f  

t e c h n o lo g y  a n d  s c ie n c e  l e n d  to  ig n o r e  th e  i m p o r t a n t  r o le  o f  t h e  e n g in e e r in g  

d e p a r t m e n t s  d u r i n g  th e  fo r m a t iv e  y e a r s  o f  th e  e l e c t r ic a l  i n d u s t r y .58

"  R yan p io n e e re d  in A m erica  in d ie  use o f  th e  o scillo scope as a re se a rc h  too l fo r th e  study 
o f  a lte rn a tin g -c u r re n t p h e n o m e n a . Sec "R y an ."  B io gra ph ical M em oirs , pp . 2 0 2 -3 : a n d  Ryan. 

" T h e  C a th o d e  Ray A lte rn a tin g  C u rre n t W ave In d ic a to r ,"  p p . 53!) ff.
'‘" R y a n , "H ig h  V o ltages."  p . 127.

”  Sec re m a rk s  o f  C h a rle s  F. Scott in d iscu ssio n  o f  R yan 's "H ig h  V o ltages."  A IE E  Transactions 
23 (1904): 135.

'* H aro ld  Passer, The  E lectrical M a n u fa ctur ers . 1 8 7 5 - 1 9 0 0  (C a m b rid g e , M ass.: H a rv a rd  U ni­
vers ity  Press, 1953), de scrib e s th e  p ro b le m  so lv ing  tb a t was d o n e  by th e  e n g in e e rin g  sta ffs  of 
le ad in g  A m erican  m a n u fa c tu re rs , especia lly  G e n e ra l E lectr ic  a n d  W esling bo use . T h e  th ird  

p a rt o f  his book  d e als  w ith  th e  in ve n tio n  a n d  d e v e lo p m e n t a ssociate d  w ith  th e  rise  o f  electric  

trac tio n  a n d  a lte rn a tin g -  a n d  p o ly p h a se -c u rre n t e q u ip m e n t (pp . 2 1 1 -3 4 5 ). A rth u r  A. Bright. 
J r . ,  'I lie E lecln c-L am /i Industry : Tec hnological C han ge  a n d  Econom ic D evelopm ent fr o m  1 8 0 0  to 1947  

(N ew  Y ork : M acm illan , 1949), te lls  o f  rese arch , in v e n tio n , a n d  d e v e lo p m e n ts  w ith in  the 
in d u s try  no t on ly  in th e  U n ite d  S lates  b u t in E ng la nd  a n d  E u ro p e  as well. H is s tu dy  also 

show s th a t m a n u fa c tu re rs  p re s id e d  ov er rese arch  a n d  d e v e lo p m e n t a f te r  1890. V on Siem ens. 
H ouse o f  Siem ens, d iscusses light an d  p o w er system s re se a rc h  a n d  d e v e lo p m e n t at S iem ens &
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T h e r e  a r e  c o u n t l e s s  e x a m p le s  o f  c r i t ic a l  p r o b le m s  b e in g  so lv e d  b y - m a n ­

u f a c t u r e r s ' e n g in e e r s .  N o te  h a s  b e e n  ta k e n  o f  th e  d e v e lo p m e n t  o f  t r a n s ­

f o r m e r s  a n d  m o to r s  a t  W e s l in g h o u s e  in  th e  U n i t e d  S ta te s  a n d  A E G  in  

G e r m a n y ,  a n d  o f  r o t a r y  c o n v e r t e r s  a t  b o th  W e s i in g h o u s e  a n d  G e n e r a l  

E le c tr ic .  M a n u f a c t u r e r s  a ls o  f o c u s e d  o n  th e  p r o b le m s  o f  t r a n s m is s io n .  C o n ­

c e iv a b ly  th e  u t i l i t ie s  m ig h t  h a v e  t a k e n  r e s p o n s ib i l i ty  fo r  r e s e a r c h  a n d  d e ­

v e lo p m e n t .  N e v e r th e le s s ,  a f t e r  t h e  i n d e p e n d e n t  in v e n to r s  a n d  a lo n g  w ith  

t h e  a c a d e m ic s ,  e q u i p m e n t  m a n u f a c t u r e r s  s u c h  a s  W e s t in g h o u s e  to o k  th e  

in i t ia t iv e  in  s o lv in g  t h e  s a l i e n t  c r i t ic a l  p r o b le m s .  A s  a  r e s u l t ,  s o lu t io n s  in  

t h e  f o r m  o f  n e w  e q u i p m e n t  t e n d e d  to  b e  s t a n d a r d i z e d  in  th e  U n i t e d  S ta te s  

a n d  G e r m a n y ,  w h e r e  t h e  m a n u f a c t u r i n g  c o m p a n ie s  w e re  la r g e  a n d  in f l u ­

e n t i a l .  I n  c o n t r a s t ,  in  B r i t a in  th e  c o n s u l t in g  e n g i n e e r s  a n d  u t i l i t ie s  s p e c i f ie d  

c h a r a c te r i s t i c s ,  a n d  a  c o n f u s in g  v a r ie ty  r e s u l t e d .

I n  t h e  U n i te d  S ta le s  o n e  e x a m p le  o f  c o m p a n y  e n g in e e r s  s o lv in g  p r o b le m s  

in v o lv e s  W e s t in g h o u s e  a n d  tw o  o f  i ts  e n g in e e r s ,  C h a r l e s  F. S c o tt  a n d  R a lp h  

M e r s h o n .  T h e i r  e x p e r i m e n t a t i o n  a n d  f ie ld  w o rk  s t im u la te d  th e  la b o r a to r y  

r e s e a r c h  o f  H a r r i s  R y a n .  S c o t t ,  w h o  w as  b o r n  in  A th e n s ,  O h io ,  in  186-1, 

a t t e n d e d  O h io  U n iv e r s i ty  a n d  t h e n  r e c e iv e d  a b a c h e lo r 's  d e g r e e  f r o m  O h io  

S ta le  U n iv e r s i ty .  I n  18 8 6  a n d  1 8 8 7  h e  d id  a d v a n c e d  w o rk  in  p h y s ic s ,  m a t h ­

e m a t ic s ,  a n d  c h e m is t r y  a t  T h e  J o h n s  H o p k in s  U n iv e r s i ty .  In  1 8 8 8  h e  b e g a n  

w o r k in g  f o r  t h e  W e s t in g h o u s e  E le c tr ic  8c M a n u f a c t u r i n g  C o m p a n y ,  w h e r e  

b e  b e c a m e  a s s is ta n t  e l e c t r i c i a n  in  1 8 9 1 , e le c t r ic ia n  in  1 8 9 3 , a n d  c h i e f  e le c ­

t r ic ia n  in  1 8 9 6 . B e s id e s  t a k in g  a  le a d  in  a r t i c u la t in g  th e  u n iv e r s a l  e le c t r ic  

p o w e r  s y s te m , h e  in v e n te d  t h e  S c o tt  c o n n e c t io n  in  1 8 9 4 , w h ic h  w as  u s e d  

b e tw e e n  th e  N ia g a r a  p o w e r  p la n t  a n d  th e  t r a n s m is s io n  l in e  to  B u f f a lo .  T h e  

S c o t t  c o n n e c t io n  “T - c o n n e c t e d "  tw o  t r a n s f o r m e r s  to  c h a n g e  tw o - p h a s e  c u r ­

r e n t  to  t h e  t h r e e - p h a s e  a r r a n g e m e n t  a n d  w as  w id e ly  u s e d .59 I n  1911 S co tt 

a c c e p te d  t h e  p r o f e s s o r s h i p  o f  e l e c t r ic a l  e n g i n e e r i n g  a t  th e  S h e f f ie ld  S c i ­

e n t i f ic  S c h o o l ,  Y a le  U n iv e r s i ty ,  w h e r e  h e  s e r v e d  a s  d e p a r t m e n t  h e a d  u n ti l  

h is  r e t i r e m e n t  in  1 9 3 3 . R a lp h  M e r s h o n ,  h is  a s s o c ia te ,  w as  b o r n  in  Z a n e s v il le , 

O h io ,  a n d  r e c e iv e d  a  d e g r e e  in  m e c h a n ic a l  e n g i n e e r i n g  in  1 8 9 0 , a ls o  f ro m  

O h io  S ta te  U n iv e r s i ty .  J o i n i n g  th e  W e s t in g h o u s e  C o m p a n y  in  1 8 9 1 , h e  

d e s ig n e d  t h e  t r a n s f o r m e r s  t h e  c o m p a n y  d is p la y e d  a t  th e  C h ic a g o  e x p o s i t io n

H alske  a n d  in c lu d es  d a la  on  o th e r  G e rm a n  m a n u fa c tu re rs . S ig frid  von W eih e r  a n d  H e rb e rt 
G o eizc le r , Th e  Siem en s Com pany: Its H istorical R ole in  the Progress o f  Electrica l E n g in eer in g  (B erlin  

a n d  M u n ic h : S iem e ns, 1972), su rv ey  in v e n tio n s a n d  in n o v a tio n  w ith in  a c o m p an y  se lling . 

T h e r e  a re  no  s tu d ie s  c o m p a ra b le  to  P asser’s Electrical M anufa cturers  o r  B rig h t's  Electn c-L am p  
In dustry  as fa r  as th e  B ritish  m a n u fa c tu re rs  a re  c o n c e rn e d . I. C. K. B yatl, The  British Electrical 

Indu stry, 1 8 7 5 - 1 9 1 4  (O x fo rd : C la re n d o n  Press, 1979), s tresses econ om ic  ra th e r  th a n  te c h ­
no lo g ic al d e v e lo p m e n ts ; L o rd  H in to n  o f  B an ksid e . H eavy  C urrent Electricity in the U nited  K in g ­

dom : H isto ry  a n d  D evelopm en t (O x fo rd : P c rg a m o n  Press, 1979). o ffe rs  an  in sigh tfu l b u t rela tively  

sh o r t su rvey  o f  B rita in 's  e lec trica l su p p ly  a n d  m a n u fa c tu rin g  in d u s trie s ; a n d  Leslie H a n n a h . 
Electricity Before N at ion alisat ion  (B a ltim o re : T h e  J o h n s  H o p k in s U n iv ersity  Press. 1979). c o n ­
c e n tra te s  on  B rita in 's  su p p ly  in d u s try , stre ssing  b usin ess, eco no m ic , a n d  po litical d e v e lo p m e n ts  

ra th e r  th a n  rese arch  a n d  d e v e lo p m e n t.
E n g in e e rin g  d e p a r tm e n ts  in  o th e r  m a n u fa c tu rin g  in d u s trie s  also u n d e rw e n t th e  tran s itio n  

fro m  th e  e ra  o f  th e  in d e p e n d e n t, p ro fe ssio na l in v e n to r  to  tha t o f  th e  in d u s tria l rese arch  
la b o ra to ry . S ee, fo r  e x am p le , Lillian H o d d e so n , " T h e  E m e rg e n ce  o f  Basic R esearch  in the  
Bell T e le p h o n e  S ystem , 1 8 7 5 -1 9 1 5 ,” Technology a n d  C ulture  22  (1 9 8 1 ):!> 12 —44.

“ J a m e s  E. B ritta in , ed .. T u r n in g  Po ints in American Electrical History (N ew  Y ork : IEEF. Press. 
1976). p p . 13 1 -3 4 .
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in  1 8 9 3 . H e  a ls o  d e s ig n e d  r o ta r y  c o n v e r te r s ,  a n o t h e r  o f  t h e  m a jo r  sy s te m  

c o u p le r s .  B o th  b e c a m e  p r e s i d e n t  o f  th e  A I E E ,  S c o tt  in  1 9 0 2 , M e r s h o n  in  

19 12.00
A f te r  o b s e r v in g  t r a n s m is s io n - l in e  p h e n o m e n a  o n  W e s t in g h o u s e  e x p e r ­

im e n ta l  lin e s ,  S c o tt  s u s p e c te d  e n e r g y  lo ss . M e d e s c r ib e d  th e m  v iv id ly :

T h e  w ires b eg an  to  g iv e a h issing  o r  c rack lin g  so u n d  a n d  in th e  d a rk  b eg an  to  
a p p e a r  lu m in o u s  at a little  below  20 ,0 0 0  volts. As th e  vo ltage was in c re a sed  th e  

so u n d  b ecam e m o re  a n d  m o re  in ten se , th e  w ires v ib ra ted  a n d  b ecam e m o re  an d  

m o re  lu m in o u s , u n til at th e  h ig h e r  vo ltages th ey  w ere s u r ro u n d e d  by a  co a lin g  
o f  soft b lu e  light m an y  tim es th e  d ia m e te r  o f  th e  w ire. O fte n  th e re  w ere b r ig h t 

po in ts a lo n g  th e  w ire, p ro b ab ly  c o r re s p o n d in g  to  hits o f  d u s t o r  ro u g h  p laces 

re sem b lin g  p o in ts  on  th e  w ire .61

S c o tt  a n d  o t h e r s  s u s p e c te d  th a t  th is  d r a m a t i c  p h e n o m e n o n  w a s  a c c o m ­

p a n ie d  b y  s u b s ta n t i a l  e n e r g y  lo ss . L a te r ,  w h e n  R y a n  in v e s t ig a te d  it, th e  

e f f e c t  w as  c o m m o n ly  n a m e d  c o r o n a ;  f o r  t h e  l im e  b e in g ,  S c o t t  s im p ly  id e n ­

t i f ie d  it by  its  m o s t  u n w a n t e d  e f f e c t— “ lo ss  b e tw e e n  t h e  l in e s ."

T h e s e  e a r ly  o b s e r v a t io n s  le d  S c o t t  a n d  o t h e r  W e s t in g h o u s e  e n g i n e e r s  in  

18 9 4  to  t u r n  f o r  f ie ld  o b s e r v a t io n s  to  t h e  p i o n e e r i n g  T e l l u r i d e ,  C o lo r a d o ,  

t r a n s m is s io n  l in e  t h a t  h a d  b e e n  p la c e d  in  o p e r a t i o n  in  1891 b y  W e s tin g -  

h o u s e  a n d  t h e  S a n  M ig u e l  C o ld  M in in g  C o m p a n y .  B e c a u s e  o f  th e  p r o h i b ­

i tiv e  c o s t  o f  t r a n s p o r t i n g  c o a l  in  th e  m o u n t a i n s  a n d  th e  s c a r c i ty  o f  w o o d  at 

its  h ig h  e le v a t io n ,  t h e  m in in g  c o m p a n y  h a d  d e s p e r a te ly  s o u g h t  to  d r a w  

e le c t r ic  p o w e r  f r o m  a  w a te r - p o w e r  s i te  m o r e  t h a n  tw o  m ile s  a w a y . T h e  

fa c ility  h a s  b e e n  c a lle d  th e  f i r s t  la r g e  a l t e r n a t i n g - c u r r e n t  p o w e r  t r a n s m is ­

s io n  l in e  in  A m e r ic a .02 I t  w as  a n g le  p h a s e ,  h o w e v e r ,  w ith  a  s y n c h r o n o u s ,  

r a t h e r  th a n  a n  in d u c t io n ,  m o to r .

In  p r e p a r a t io n  f o r  th e i r  w o rk  a t T e l lu r id e ,  S c o tt  a n d  W e s t in g h o u s e  s h ip p e d  

r e c e n t ly  d e v e lo p e d  h ig h - v o l ta g e ,  h ig h - c a p a c i ty  t r a n s f o r m e r s  to  C o lo ra d o .  

O n e  o f  th e s e  w a s  d e s ig n e d  fo r  th e  u n u s u a l ly  h ig h  o u t p u t  o f  2 0 0  kw  a n d  

c o u ld  b e  s t e p p e d  u p  to  a s  m u c h  a s  6 0 ,0 0 0  v o lts  f o r  t r a n s m is s io n .  T w o  

g e n e r a t o r s  a n d  s e v e ra l  in t e r c h a n g e a b l e  a r m a t u r e s  a ls o  w e re  a v a ila b le  a t 

T e l l u r i d e .  T h e s e  p r o v id e d  d i f f e r e n t  f r e q u e n c ie s  a n d  w a v e - fo rm  o u tp u t s .  

S c o t t ’s p r im a r y  i n te r e s t  w as  to  o b s e r v e  lo sse s  “ b e tw e e n  l in e s "  a s  t h e  v o lta g e  

lev e l w as  v a r ie d  u n d e r  d i f f e r e n t  c l im a t ic ,  lo a d ,  f r e q u e n c y ,  w a v e - f o rm ,  a n d  

s p a c in g  c o n d i t io n s .

U lt im a te ly ,  th e  r e s u l t s  o f  S c o tt  a n d  M e r s h o n ’s o b s e r v a t io n s  a n d  a n a ly s is  

w e r e  p r e s e n t e d  in  a  s e t  o f  t a b le s ,  a f o r m  o f  c o m m u n ic a t io n  t h a t  w as  r e a d ily  

u n d e r s t o o d  a n d  a p p r e c i a t e d  b y  w o r k in g  e n g i n e e r s  d e s ig n in g  t r a n s m is s io n  

lin e s .  I h e  r e s e a r c h  le d  S c o tt  a n d  M e r s h o n  to  c o n c lu d e  th a t  v a r y in g  th e  

f r e q u e n c ie s  a n d  w a v e  f o r m s  h a d  l i t t le  e f f e c t  o n  v e ry  h ig h  v o l ta g e  t r a n s ­

m is s io n  a n d ,  s u r p r i s in g ly ,  th a t  d i f f e r e n t  w e a th e r  c o n d i t io n s  a ls o  h a d  r e l ­

a t iv e ly  l i t t le  im p a c t .  P r e c ip i t a t io n  in c r e a s e d  e n e r g y  lo sse s , b u t  t h e  in c r e a s e

'“’T h e  M c rsh o n  P a p e rs  a re  in th e  M c rsh o n  A rc h iv es al O h io  S la te  U n iversity . C olum bus. 
O h io . F or a b io g rap h ica l sk e tch  a n d  his  p u b lis h ed  essays, see E d ith  C o ck in s. R a lp h  D . M ershon. 

2 vols. (C o lu m bu s : O h io  S tate  U n iversity , 10f>6). T h e  Scott P a p e rs  a re  al th e  Yale U niversity  
L ib rary , N ew  H ave n . C o n n .

Scott, " H ig h -V o ltag e  Pow er T ra n sm iss io n ."  p. 536.
”  Ib id ., p p . 5 3 1 -3 2 . F o r a h is to ry  o f  th e  T c l lu r id c  in sta lla tio n , sec C h a r le s  C. B ritto n . "An 

Early  E lectr ic  Pow er Facility in C o lo ra d o ,"  Colorado M ag a zin e  49  (1972): 1 8 6 -9 5 .
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w as s m a ll .  W h a l  d id  p r o v e  in te r e s t i n g  to  th e m  w as  th e  h ig h  le v e l o f  lo ss  

th a t  o c c u r r e d  b e tw e e n  l in e s  o n c e  th e  c r i t ic a l ,  c o r o n a - c a u s in g  v o l ta g e  h a d  

b e e n  r e a c h e d .  T h e  m e a s u r e m e n t s  le d  S c o tt  to  th e  g e n e r a l  c o n c lu s io n  th a t  

th e  lo s se s  b e tw e e n  t r a n s m is s io n  l in e s  w e r e  e c o n o m ic a l ly  a c c e p ta b le  b e lo w

4 5 ,0 0 0  v o lts ,  b u t  in c r e a s e d  r a p id ly  w h e n  “ a b o u t  5 0 ,0 0 0  v o lts "  w as  e x ­

c e e d e d .63 T h e y  h a d  c le a r ly  i d e n t i f i e d  a  r e v e r s e  s a l ie n t  in  t h e  a d v a n c in g  

f r o n t  o f  h ig h - v o l t a g e  t r a n s m is s io n ;  t h e i r  r e s p o n s e  w as  to  r e c o m m e n d  l im ­

i ta t io n s  u n t i l  t h e  p r o b le m  w as s o lv e d .

M a n u f a c tu r e r s  e n h a n c e d  th e  in v e n t io n -a n d -d e v e lo p m e n t  c a p a c ity  o f  th e i r  

e n g i n e e r i n g  d e p a r t m e n t s  b y  h i r i n g  y o u n g  m e n  s u c h  a s  S c o tt  a n d  M e r s h o n  

( g r a d u a t e s  o f  th e  n e w  e le c t r ic a l  e n g i n e e r i n g  p r o g r a m s )  a n d  by  e n t e r i n g  

in to  m e r g e r  a n d  a c q u i s i t io n s  a g r e e m e n t s .  E c o n o m ic  h i s to r i a n s  s t r e s s  th e  

e c o n o m ic  i m p o r t a n c e  o f  t h e  n u m e r o u s  c o m p a n y  m e r g e r s  t h a t  o c c u r r e d  

d u r i n g  th e  c lo s in g  d e c a d e s  o f  th e  n i n e t e e n t h  c e n t u r y ;  th e y  d o  n o t ,  h o w e v e r ,  

s u f f ic ie n t ly  e m p h a s iz e  t h e  t e c h n o lo g ic a l  c o n s e q u e n c e s  o f  m e r g e r s  a n d  a c ­

q u is i t io n s ,  p a r t i c u la r ly  in  th e  e l e c t r ic a l  in d u s t r y .  T h e  c o m p a n ie s  a c q u i r e d  

o f t e n  b r o u g h t  lo  t h e  m e r g e r  t h e  m e n ,  m a te r i a l ,  a n d  id e a s  t h a t  w e r e  n e e d e d  

to  r e c t i f y  i n a d e q u a c ie s  in  th e  a c q u i r in g  c o m p a n y ’s s y s te m  o f  p r o d u c t i o n  

a n d  p r o d u c t s .  T h e  m e r g e r  o f  E d is o n  G e n e r a l  E le c tr ic  a n d  T h o m s o n - H o u s -  

to n  in  1 8 9 2  r e s u l t e d  p r im a r i ly  f r o m  th e  fa c t  t h a t  th e  p a t e n t  h o ld in g s  o f  

th e  c o m p a n ie s  w e re  c o m p le m e n ta r y .64 E d is o n  G e n e ra l  E lec tr ic  h e ld  a  s t r o n g  

p o s i t io n  in  u r b a n  d .c .  s t a t io n s ,  d .c .  p o w e r  t r a n s m is s io n ,  a n d  s t r e e t  ra ilw a y s ; 

T h o m s o n - H o u s t o n ’s s t r e n g t h  lay  in  a r c  l ig h t in g  a n d  a l t e r n a t i n g  c u r r e n t s . 65

T h e  m e r g e r s  w e r e  a  w a y  o f  a c q u i r i n g  th e  s e rv ic e s  o f  in v e n to r s  a n d  e n ­

g in e e r s  a s  w ell a s  t h e i r  p a te n t s .  I n  s o m e  in s ta n c e s ,  a n  e n g i n e e r  o r  in v e n to r  

w ith  t h e  a c q u i r e d  c o m p a n y  b e c a m e  a  s a la r i e d  m e m b e r  o f  th e  e n g i n e e r i n g  

d e p a r t m e n t  o f  t h e  a c q u i r i n g  c o m p a n y .  I n  o t h e r  c a se s , th e  a c q u i r i n g  c o m ­

p a n y  o b ta i n e d  t h e  r i g h t  to  p a t e n t  t h e  f u t u r e  in v e n t io n s  o f  a n  in v e n t o r  o r  

e n g i n e e r  in  a  s p e c i f i e d  a r e a .  T h e  i n v e n t o r  a s s u m e d  t h e  s t a tu s  o f  c o n s u l t a n t  

v is-ž -v is  t h e  c o m p a n y .  I n  1 8 8 8  C h a r le s  J .  V a n  D e p o e le  ( 1 8 4 6 - 1 8 9 2 ) ,  o n e  

o f  t h e  p i o n e e r i n g  in v e n t o r s  o f  e le c t r ic  s t r e e tc a r s ,  j o i n e d  th e  e le c t r ic  ra i lw a y  

d e p a r t m e n t  o f  T h o m s o n - H o u s t o n  a f t e r  h is  c o m p a n y  w as  b o u g h t .  T h e  c o m ­

p a n y  a n d  p a t e n t s  o f  E lm e r  S p e r r y ,  w h o  in v e n te d  s e v e r a l  im p r o v e d  e le c t r ic  

s t r e e t c a r  c o m p o n e n t s  a n d  e le c t r ic  m in in g  m a c h in e r y ,  w e re  p u r c h a s e d  by  

T h o m s o n - H o u s t o n .  S p e r r y  a g r e e d  to  a c t  a s  a  c o n s u l t a n t  lo  T h o m s o n - H o u s ­

t o n  f o r  tw o  y e a r s  a t  a n  a n n u a l  s a la r y  o f  $ 5 ,0 0 0  to  d e v e lo p  th is  e q u ip m e n t .  

I n  1 8 9 5  S p e r r y  m a d e  a  s im i la r  a r r a n g e m e n t  w ith  G e n e r a l  E le c tr ic ,  a g r e e in g  

to  t u r n  o v e r  a p p l i c a t io n s ,  p a te n t s ,  a n d  f u t u r e  p a te n t s  o n  th e  e le c t r ic  s t r e e t ­

c a r  b r a k e  a n d  to  a c t  a s  a  c o n s u l t a n t  in  d e v e lo p in g  th e  p a t e n t e d  in v e n t io n s .66

In  1 8 9 3 , w h e n  G e n e r a l  E le c tr ic  a c q u i r e d  th e  f i rm  o f  E ic k e m e y e r  8c O s -  

t e r h e l d  o f  Y o n k e r s ,  N e w  Y o rk ,  it a ls o  o b ta in e d  th e  s e rv ic e s  o f  a  y o u n g  

e le c t r ic a l  e n g i n e e r  a n d  m a th e m a t i c ia n  w h o s e  c a r e e r  w o u ld  b e  in e x t r ic a b ly  

l in k e d  w ith  th e  h is to r y  o f  G e n e r a l  E le c tr ic .  In  1 8 8 9  C h a r le s  P r o te u s  S te in -

“ S colt, " H ig h -V o ltag e  Pow er T ra n sm iss io n ,"  pp . 543 a n d  556.
“  Passer, E lectrical M an ufactur ers , p. 3 2 1.

“  Ib id ., p . 325.

“ T h o m a s  P. H u g h es , E lm er Sperry, Inve ntor a n ti E ng in eer  (B a ltim o re : T h e  |o h n s  H o pk in s 
P ress, 1971), p p . 7 1 -7 4 .
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F ig u re  V I. 13. Charles Ste inm elz  a nd  
Thom as F.tluon. Courtesy o f  the Sa m uel 

In su ll  Archives. Loyola U niversity.

Chicago, III.

m e t7. ( 1 8 6 5 - 1 9 2 3 ) ,  a  r e c e n t  im m ig r a n t  f r o m  B r e s la u ,  G e r m a n y ,  h a d  fo u n d  

w o rk  a s  a  d r a f t s m a n  a t  th e  Y o n k e r s  c o m p a n y ,  w h ic h  m a n u f a c t u r e d  h a t-  

m a k in g  m a c h in e r y  a n d  e le c t r ic  m o to r s .  R e a liz in g  t h a t  S te in m e tz  c o u ld  so lve 

c o m p le x  d e s ig n  p r o b le m s  b e c a u s e  o f  h is  a d v a n c e d  e d u c a t io n  in  m a th e ­

m a tic s  a n d  m e c h a n ic a l  e n g i n e e r i n g  in  G e r m a n y  a n d  S w itz e r la n d ,  R u d o lf  

E ic k e m e y e r ,  a ls o  a  G e r m a n  i m m ig r a n t ,  a s s ig n e d  S te in m e tz  t h e  ta s k  o f  d e ­

v e lo p in g  a n  a l t e r n a t i n g - c u r r e n t  m o to r .  W o r k in g  in  a  s m a ll  l a b o r a to r y  a t ­

t a c h e d  to  E ic k e m e y c r ’s f a c to ry ,  S le in m e tz  d e r iv e d  e q u a t io n s  fo r  a n a ly z in g  

m a g n e t i c  h y s te r e s is  a n d  e d d y  c u r r e n t s ,  tw o  c r i t ic a l  c a u s e s  o f  in e f f ic ie n c y  

in  e l e c t r ic a l  m a c h in e r y .  H e  p u b l i s h e d  h is  in v e s t ig a t io n s  a n d  c o n c lu s io n s  in  

1 8 9 0  a n d  1 8 9 2  in  th e  E le c tr ic a l E n g in e e r .  I n  1 8 9 3  h e  p r e s e n t e d  a  m a jo r  

p a p e r  o n  th e  a p p l i c a t io n  o f  t h e  a lg e b r a  o f  c o m p le x  n u m b e r s  to  th e  an a ly s is  

o f  a l t e r n a t i n g - c u r r e n t  c ir c u i ts .  M is a p p l i c a t io n  o f  m a th e m a t i c s  to  so lv in g  

a l t e r n a t i n g - c u r r e n t - m a c h i n e r y  a n d  c i r c u i t r y  p r o b le m s  w as  e s p e c ia lly  in ­

s t r u c t iv e  f o r  e n g i n e e r s  b e c a u s e  h e  p r e s e n t e d  h is  r e s u l t s  in  a  c o n g e n ia l  

f o r m a l .1*7 A f te r  jo in in g  G e n e r a l  E le c tr ic ,  S te in m e tz  b e c a m e  a  m e m b e r  of 

th e  c o m p a n y 's  c a lc u la t in g  d e p a r t m e n t ;  h e  w o u ld  r e m a in  w ith  G E  u n t i l  his 

d e a th .  I n  th e  e y e s  o f  m a n y  A m e r ic a n  e n g in e e r s ,  h e  b e c a m e  t h e  sy m b o l of 

s u c c e s s fu l  s c ie n t i f ic  e n g i n e e r i n g  r e s e a r c h  a n d  d e v e lo p m e n t .  L o n g - d is ta n c e  

p o w e r  t r a n s m is s io n  w as  o n e  o f  th e  r e s e a r c h  p r o b le m s  o n  w h ic h  h e ,  like 

S c o tt .  R y a n ,  M e r s h o n ,  a n d  o th e r s ,  c o n c e n t r a t e d  f o r  y e a rs .

S te in m e tz  h a d  c o m p le te d  h is  d o c to r a l  d i s s e r t a t io n  in  m a th e m a t ic s  a t  th e  

U n iv e r s i ty  o f  B re s la u ,  b u t  f e a r in g  a r r e s t  b e c a u s e  o f  h is  p a r t i c ip a t io n  in  th e  

so c ia l is t  s t u d e n t  m o v e m e n t  t h e r e ,  h e  h a d  e m i g r a t e d  to  S w itz e r la n d .  In  

Z u r ic h  h e  s tu d ie d  m e c h a n ic a l  e n g i n e e r i n g  a t th e  P o ly te c h n ic  S c h o o l,  o n e  

o f  th e  w o r ld ’s o u t s t a n d i n g  e n g i n e e r i n g  in s t i tu t io n s .  T h u s  h e  b r o u g h t  w ith  

h im  to  A m e r ic a  th e  p r e s t ig e  a s s o c ia te d  w ith  a  C e n t r a l  E u r o p e a n  e d u c a t io n .  

It s h o u ld  b e  r e c a l le d ,  h o w e v e r ,  th a t  A m e r ic a n  a c a d e m ic s  a n d  in d u s t r ia l  

e n g i n e e r s  a ls o  w e re  m o v in g  b e y o n d  e m p i r i c a l  s tu d ie s  a n d  t a k in g  a m a th ­

e m a t ic a l  a n d  s c ie n tif ic  a p p r o a c h  to  s o lv in g  c r i t ic a l  e n g i n e e r i n g  p ro b le m s .  

M o r e o v e r ,  in  E u r o p e ,  a c a d e m ic  e n g i n e e r s  a n d  e n g i n e e r s  e m p lo y e d  by  in ­

d u s t r y  w e re  c a r r y in g  o n  r e s e a r c h  c o m p a r a b le  to  th a t  b e in g  d o n e  in  A m e r ic a . 

E d u c a te d  in  h is  m u c h - e m u la te d  d e p a r t m e n t  a t  D a r m s ta d t ,  K i t t l e r ’s s tu d e n t s  

e n h a n c e d  th e  r c s e a r c h - a n d - d e v e lo p in e n t  c a p a c i ty  o f  G e r m a n y ’s e le c tr ic a l  
m a n u f a c t u r i n g  c o m p a n ie s .

B y 1 9 0 0  th e  c a p a c i ty  o f  s c ie n tif ic a l ly  t r a i n e d  e n g i n e e r s  a n d  o f  a c a d e m ic s  

w ith  b a c k g r o u n d s  in  th e  n a t u r a l  sc ie n c e s  to  s o lv e  th e  te c h n ic a l  p r o b le m s  

o f  th e  e x p a n d i n g  e le c t r ic  s u p p ly  s y s te m s  h a d  b e e n  a m p ly  d e m o n s t r a t e d  

a n d  s o m e  l e a d e r s  in  t h e  f ie ld  r e s o lv e d  to  d e v e lo p  a n  o r g a n iz a t io n a l  fo rm  

th a t  w as e s p e c ia l ly  w ell s u i t e d  to  t h e  p ro b le m - s o lv in g  s ty le  o f  th e  r e s e a r c h  

e n g in e e r s  a n d  in d u s t r i a l  s c ie n tis ts .  T h e  in d u s t r i a l  r e s e a r c h  la b o r a to r y  w as 

w ell k n o w n  in  th e  c h e m ic a l  in d u s t r y ,  e s p e c ia l ly  in  G e r m a n y ,  b u l  le a d e r s  o f  

th e  e le c t r ic a l  in d u s t r y  saw  th e  n e e d  a n d  o p p o r t u n i t y  to  a d a p t  th e  f o rm  fo r  

t h e i r  in v e n t io n ,  r e s e a r c h ,  a n d  d e v e lo p m e n t  f u n c t io n s .

A n  im m e d ia te  r e a s o n  fo r  f o r m in g  a  r e s e a r c h  l a b o r a to r y  a t  G e n e r a l  E lec ­

t r ic  w as  th e  r e a l iz a t io n  th a i  r e s e a r c h  e n g i n e e r s  w e re  p r e o c c u p ie d  w ith  ro u -

i I " ' ? " ' , "  U r' ' ,i lln ' "(;l,i,r l,’s I’fo lc u s  S le inm clz ,"  in D ictionary o f  A m erican  Biography, ed
J o h n  A. (» arra iy  (N ew  Y ork : H a rp e r  & Row . 1974). p p . I <)3.r>-36. See also  |o h n  W. H am m on d .
Cliailes I  rotews S te nw ie li:  A Bio graphy (N ew  Y o rk /t.o iu lo n : t he  C e n lu rv  C o.. 19*24).
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F ig u re  V I. I d .  Firs t home o f  the G E  
Research Laboratory, Schenectady, N .Y . 

Courtesy o f  the G en eral Electric Co..

Schenectady, N .Y .

t in e  p r o b le m - s o lv in g  (s e e  F ig . V I .  14). T h e  s t a t io n a r y  p o w e r  a n d  tr a c t io n  

b u s in e s s  w as  e x p a n d i n g  r a p id ly ,  a n d  th e  p r o b le m s  o f  d e s ig n in g  im p r o v e ­

m e n t s  in  e x i s t in g  g e n e r a t o r s ,  m o to r s ,  t r a n s f o r m e r s ,  a n d  o t h e r  m a c h in e r y  

lo o k  a n  in c r e a s in g ly  la r g e  s h a r e  o f  t h e  e n g i n e e r s ’ t im e .  M e n  w h o  h a d  c o m e  

to  G E ’s e n g i n e e r i n g  d e p a r t m e n t  w ith  a  h is to r y  o f  in v e n t io n  o r  w ith  a s p i ­

r a t io n s  to  in v e n t  f o u n d  th e m s e lv e s  b u r d e n e d  by  r o u t in e .  C h a r le s  S te in -  

m e tz 's  w o rk  in  t h e  1 8 9 0 s  in v o lv e d  m o r e  t r o u b le s h o o t in g  th a n  s c ie n tif ic  

r e s e a r c h .68 E d w in  W . R ic e , v i c e - p r e s id e n t  o f  G e n e r a l  E le c tr ic ,  o b s e r v e d  in  

1 9 0 2 : “ A l th o u g h  o u r  e n g i n e e r s  h a v e  a lw a y s  b e e n  l ib e r a lly  s u p p l i e d  w ith  

e v e ry  fa c ility  f o r  t h e  d e v e l o p m e n t  o f  n e w  a n d  o r ig in a l  d e s ig n s  a n d  im ­

p r o v e m e n ts  o f  e x i s t in g  s t a n d a r d s ,  it h a s  b e e n  d e e m e d  w ise  d u r i n g  th e  p a s t  

y e a r  to  e s ta b l is h  a  la b o r a to r y  to  b e  d e v o te d  e x c lu s iv e ly  to  o r ig in a l  r e s e a r c h .  

I t  is h o p e d  b y  th is  m e a n s  t h a t  m a n y  p r o f i t a b le  f ie ld s  m a y  b e  d i s c o v e r e d ." 69 

D e s ig n s  a n d  s t a n d a r d s  w e re  n o t  th e  s a m e  a s  “d is c o v e ry ,"  s o  R ice  w as  a n ­

n o u n c i n g  th e  b i r t h  o f  th e  G e n e r a l  E le c tr ic  R e s e a rc h  L a b o r a to r y ,  a n  in s t i ­

t u t i o n  w h ic h  w as  g e n e r a l ly  c o n s id e r e d  a l a n d m a r k  e s ta b l i s h m e n t  in  th e  

h is to ry  o f  in d u s t r i a l  r e s e a r c h .

“ G eo rg e  W ise, "A N ew  Role fo r  P ro fess io nal Scien tists in In d u s try : In d u s tr ia l R esearch  
at G e n e ra l E lectr ic , 1 90 0 -1 9 1 6 ,"  Technology a n d  Cu lture  21 (1980): 412 . T h is  is a pe rc ep tiv e  
a cc o un t o f  th e  o r ig in s  o r  th e  G E  R esearch  L ab o ra to ry  a n d  o f  th e  new  d e fin itio n  o f  ro le  fo r 
sc ien tis ts  th a t it in stitu tio n a liz ed . W ise u se d  sou rce s a l G en e ra l E lectric  a n d  e lsew he re  th a t 
w ere  n o t availab le  to  e a r lie r  h is to ria n s. A lso va lu able  is K endall B irr. P ion eer ing  in In du strial  
Research: T h e  Story o f  the G en eral Electric Research Laboratory (W ash in g ton , D.C.: Public A ffa irs  
Press, 1957). B irr  w as o n e  o f  th e  Brst p ro fe ssion a l h is to ria n s to  w rite  a bo u t in d u s tria l rese arch . 
L a u re n c e  A. H aw k in s, a n  ex ec u tiv e  e n g in e e r  o f  th e  G E la bo ra to ry , a lso c o n tr ib u te d  w ith  his 
A dventu res into  the U nkn ow n  (N ew  Y ork: M orrow . 1950). T h e  rise  o f  th e  physics p ro fessio n  
an d  its g row in g  in te re s t in a p p lied  rese arch  is p laced  in b ro ad  p ersp ective  by D aniel J .  K evles 
in The  Physicists (N ew  Y o rk : K n o p f. 1978).

“ G e n e ra l E le ctr ic  C o.. A n n u a l Repo rt fo r  19 0 2  (N ew  Y ork . 1903). p. 13. q u o le d  in  W ise. 
"A N ew  Role fo r  P ro fess ion al S c ie n tists."  p. 408.



1 0 0  n e t w o r k s  o f  p o w e r

F ig u re  V I .15. N e n u l lam p. From  50 

J a h re  E lc c tro tc ch n is ch e r  V erein , ed. 
H a m  Gorges (B erlin : E T V . 1 92 9) , 

p. 22 7 .

G e n e r a l  E le c tr ic  a ls o  f o u n d e d  th e  l a b o r a to r y  in  r e s p o n s e  to  a te c h n ic a l  

c h a l le n g e  f ro m  E u r o p e .  A f te r  a lm o s t tw o  d e c a d e s  o f  c o n c e n t r a t in g  o n  

in v e n t io n s  in  p o w e r ,  d i s t r ib u t io n ,  a n d  t r a n s m is s io n  s y s te m s ,  G E  d is c o v e re d  

t h a t  s o m e  ty p e s  o f  E u r o p e a n - i n v e n t e d  i n c a n d e s c e n t  la m p s  w e re  t h r e a te n in g  

to  d is p la c e  th e  c a r b o n - f i l a m e n l  b u lb  i n v e n te d  y e a r s  e a r l i e r  by  T h o m a s  

E d is o n .  T h e  m e c h a n ic a l  a n d  e le c t r ic a l  e n g i n e e r s  a n d  in v e n to r s  in  G E ’s 

e n g i n e e r i n g  d e p a r t m e n t  h a d  t h e  c a p a c i ty  to  r e a c t  to  c o m p e t i t o r s ’ im p r o v e ­

m e n t s  in  m a c h in e r y ,  b u t  th e  n e w  i n c a n d e s c e n t  la m p s  f r o m  E u r o p e  w e re  

th e  in v e n t io n  o f  h ig h ly  e d u c a te d  c h e m is ts .  T h e  c o m b in a t io n  o f  a ro u t in e -  

b u r d e n e d  e n g i n e e r i n g  d e p a r t m e n t  a n d  th e  n e e d  fo r  r e s e a r c h  c h e m is ts  

p r o v o k e d  th e  d e c is io n  by  G E  le a d e r s  E d w in  R ice , C h a r le s  S te in m e tz ,  A lb e r t  

G . D av is  (a  G E  p a t e n t  a t to r n e y ) ,  a n d  E lih u  T h o m s o n  ( in v e n to r  a n d  f o u n d e r  

o f  T h o m s o n - H o u s t o n )  to  r e c o m m e n d  to  G E ’s p r e s i d e n t ,  C h a r l e s  C o ff in ,  

t h e  e s t a b l i s h m e n t  o f  a r e s e a r c h  l a b o r a to r y .  C o f f in  c o n c u r r e d . 70

A n o t h e r  r e a s o n  G e n e r a l  E le c tr ic  w a rn e d  a  r e s e a r c h  la b o r a to r y  w as its 

a w a r e n e s s  o f  t h e  im p o r ta n c e  o f  p a te n t s  in  s e c u r in g  m a r k e t  a d v a n ta g e s .  

T h i s  h a d  b e e n  s h a r p ly  im p r e s s e d  u p o n  th e  c o m p a n y  b y  th e  e x p i r a t io n  o l 

m a jo r  c a r b o n - f i l a m e n l  p a te n t s .  G E  fa c e d  th e  a l t e r n a t iv e  o f  e i t h e r  b u y in g  

th e  p a te n t s  o f  o u t s id e  i n v e n to r s  o r  c o m p a n ie s  o r  in v e n t in g  a n d  a p p ly in g  

f o r  its  o w n . T h e  r e s e a r c h  l a b o r a to r y  w as  e x p e c te d  to  p r o v id e  t h e  c o m p a n y  

w ith  th a t  o p t io n  a n d  th e  a b il i ty  to  n e g o t i a t e  w ith  o u t s id e  p a te n t  h o ld e r s  

m o r e  e f f e c t iv e ly ;  f o r  in s ta n c e ,  th e  c o m p a n y  c o u ld  w i th d r a w  f r o m  n e g o t i ­

a t io n s  a n d  s e a r c h  f o r  w ay s  o f  “ i n v e n t in g  a r o u n d ” th e  c o m p e t in g  p a te n t  if 

t h e  p r i c e  f o r  p a t e n t  l ic e n s e  w as lo o  h ig h .  T h e s e  c o n s id e r a t io n s  e x p la in  w hy  

G E ’s p a t e n t  a t t o r n e y  r e c o m m e n d e d  th e  e s ta b l i s h m e n t  o f  a  r e s e a r c h  la b o ­

r a to r y .

T h e  m a r k e t  c o m p e t i t io n  w as  fo r th c o m in g .  In  th e  fa ll o f  1 9 0 0  S te in m e tz  

w ro te  to  E d w in  R ice , a l e r t in g  h im  to  th e  c h a l l e n g e  f r o m  th e  N e r n s t  la m p . 

W a l th e r  N e r n s l  ( 1 8 6 4 - 1 9 4 1 ) ,  a  p r o f e s s o r  o f  e l e c t r o c h e m is t r y  a t  th e  U n i ­

v e rs i ty  o f  G o t t in g e n  a n d  a f o u n d e r  o f  th e  s c ie n c e  o f  p h y s ic a l  c h e m is t ry ,  

h a d  p a t e n t e d  h is  la m p  in  1 8 9 9 . T h e  la m p  h a d  a f i la m e n t  o f  r e f r a c to r y  

m e ta ll ic  o x id e s  (se e  F ig . V I. 15). O p e r a t i n g  a t h i g h e r  t e m p e r a t u r e  th a n  th e  

c a r b o n - f i l a m e n l  la m p ,  th e  N e r n s t  la m p  w as  m o r e  e f f i c i e n t  a n d  e c o n o m ic a l .  

1  h e  N e r n s l  l a m p  co s t f o u r  to  fiv e  l im e s  m o r e  t h a n  th e  im p r o v e d  c a rb o n -  

f i la m e n t  la m p ,  b u t  th is  h i g h e r  f ir s t  co s t w as o f f s e t  b y  lo w e r  o p e r a t i n g  co s ts , 

e s p e c ia lly  in  E u r o p e ,  w h e r e  e le c t r ic i ty  p r ic e s  w e re  h ig h e r .  T h e  N e r n s l  la m p s  

w e re  w id e ly  u s e d  in  E u r o p e  d u r i n g  th e  f irs t d e c a d e  o f  th e  tw e n t i e th  c e n tu ry .  

T h e  A l lg e m c in e  E le k tr iz i ta ls -G e s e l ls c h a f t  h a d  p a te n t  r ig h t s  in  G e rm a n y  

a n d  p r o d u c e d  a b o u t  7 ,5 0 0 ,0 0 0  o f  th e m  b e f o r e  1 9 0 7 . T h e  W e s t in g h o u s e  

C o m p a n y  th e n  o b ta in e d  r ig h t s  in  th e  U n i te d  S ta te s ,  ( h e r e b y  c a u s in g  a d ­
d i t io n a l  c o n c e r n  a t  G E .71

E v e n  m o r e  p ro v o c a t iv e  w as  th e  r e s e a r c h  u n d e r  w ay  a t  S ie m e n s  &  H a lsk e , 

th e  G e r m a n  e le c t r ic a l  m a n u f a c t u r e r .  W ilh e lm  v o n  S ie m e n s  ( 1 8 5 5 -1 9 1 9 ) ,  

w h o  s u c c e e d e d  h is  f a th e r ,  th e  f o u n d e r ,  a s  h e a d  o f  th e  c o m p a n y ,  to o k  a 

k e e n  i n te r e s t  in  f in d in g  a m e ta ll ic  f i la m e n t  to  r e p la c e  t h e  c a r b o n  o n e .  H e  

a s s ig n e d  th e  ta s k  to  W e r n e r  v o n  B o l to n  ( 1 8 6 8 - 1 9 1 2 ) ,  a  y o u n g  s c ie n t is t  w h o  

h a d  s tu d ie d  a t L e ip z ig  u n d e r  W ilh e lm  O s tw a ld  ( 1 8 5 3 - 1 9 3 2 ) ,  a  p io n e e r ,

,0 W ise, A N ew  R ole feir Pro fess io nal S c ie n tists."  p. -114 .
B rig h t, l£ tf ftr it -i .a m p  Industry, p p . 17 2-73 .
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F ig u re  V I .16 . W erner  von  Bo lton. 
Courtesy o f  the Siem ens M useum , Siem ens 

A G , M u n ich .

F ig u re  V I .17 . A dvertisem ent fo r  the 
tan ta lu m -filam en t tam p. Courtesy o f  the 

Siem ens M use um , Siem ens A G , M u n ich .

SIEMENS <S HALSKE

O l .()H LA M PE NWE R K

v* I

. *

„T an tallam p e"
h u m e l e k t r i s c h e  O lu h la m p e

F ig u re  V I .1 8 . M a k in g  ta nta lu m  
filaments at the Siem ens Co., B er lin , 1906 . 

Courtesy o f  the Siem ens M us eu m , Siem ens 

A G , M u n ich .
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F ig u re  VI. 19. O sm ium -fila m ent lam  

From  50  J a h r e  E le c tro te ch n isch t 

V ere in , p . 22.

F ig u re  V I .2 0 . C ar l A u er  von Welsbach. 
Courtesy o f  tlir Siem ens M use um . Siem ens 

A G . M u n ich .

lik e  N c r n s i ,  in  p h y s ic a l  c h e m is t r y .  V o n  S ie m e n s  p r o v id e d  v o n  B o lto n  sp a c e  

in  th e  c o m p a n y ’s la b o r a to r y  in  B e r l in -M o a b i t ,  w h e r e  h e  c o n c e n t r a t e d  o n  

th e  p o s s ib il i t ie s  o f  t a n ta lu m .  T h e  m a jo r  p r o b le m  w as  to  o b ta in  a  p u r e  a n d  

m a l le a b le  t a n ta lu m ,  w h ic h  B o l to n  s u c c e e d e d  in  d o i n g  b y  u s in g  a n  e le c tr ic  

a r c  f u r n a c e .  I n  1 9 0 2  th e  s c ie n t is t  a n d  h is  a s s is ta n ts  a n n o u n c e d  t h e i r  su ccess  

to  W ilh e lm  v o n  S ie m e n s ,  a n d  p a t e n t e d  i m p r o v e m e n ts  in  d e s ig n  a n d  p r o ­

d u c t io n  m e th o d s  fo llo w e d .  A f te r  1 9 0 5  th e  c o m p a n y  s u c c e s s fu lly  m a r k e te d  

th e  t a n ta lu m  la m p .  (S e e  F ig s . V I . 17 a n d  V I . 18.)

C o m p e t in g  n o t  o n ly  a g a in s t  th e  N e r n s t  a n d  t a n t a l u m  la m p s  b u t  a lso  

a g a in s t  a  w id e ly  u s e d  o s m iu m - f i l a m e n t  l a m p  (F ig . V I .  19) i n v e n te d  by  th e  

A u s t r i a n  C a r l  A u e r  v o n  W e ls b a c h  ( 1 8 5 8 - 1 9 2 9 ) ,72 w h o  h a d  b e e n  t r a in e d  

by  R o b e r t  B u n s e n  a t  th e  U n iv e r s i ty  o f  H e id e lb e r g ,  th e  G E  la b o r a to r y  s tro v e  

to  in v e n t  a n d  d e v e lo p  im p r o v e d  a n d  n e w  f i la m e n ts .  C h a l l e n g e d  b y  in v e n -  

t o r - s c ie n t is ts  w h o  h a d  b e e n  t r a i n e d  in  C e r m a n y  in  p h y s ic a l  c h e m is t ry ,  a 

f ie ld  in  w h ic h  C e r m a n y  e x c e l le d ,  it is n o t  s u r p r i s i n g  t h a t  G E  b r o u g h t  to 

its  la b o r a to r y  r e s e a r c h  c h e m is ts  w h o  h e ld  t h e  G e r m a n  d o c t o r a t e .  W illis  R. 

W h i tn e y  ( 1 8 6 8 - 1 9 5 8 ) ,  t h e  f i r s t  la b o r a to r y  h e a d ,  h a d  a  d o c t o r a t e  f r o m  th e  

U n iv e r s i ty  o f  L e ip z ig ,  w h e r e  h e ,  lik e  W e r n e r  v o n  B o l to n ,  s tu d ie d  u n d e r  

O s tw a ld ;  W ill ia m  D . C o o l id g e  (1 8 7 3 - 1 9 7 5 ) ,  w h o  b e c a m e  t h e  f i r s t  a s s is ta n t  

d i r e c t o r  o f  th e  l a b o r a to r y ,  a ls o  w a s  a  p h y s ic a l  c h e m is t  w h o  r e c e iv e d  his 

P h .D . f r o m  L e ip z ig ;  a n d  I r v in g  L a n g m u i r  ( 1 8 8 1 - 1 9 5 7 ) ,  t h e  t h i r d  m e m b e r  

o f  t h e  t r i u m v i r a t e  t h a t  d o m i n a t e d  th e  G E  la b o r a to r y  in  its  e a r ly  y e a r s ,  h e ld  

a  d o c to r a l  d e g r e e  f r o m  t h e  U n iv e r s i ty  o f  G o t t i n g e n ,  w h e r e  h e  s tu d i e d  u n d e r  

N e r n s t .  W h i tn e y  a n d  C o o l id g e  t a u g h t  a t  M . I .T .  b e f o r e  g o in g  to  G E ; L a n g ­

m u i r  w as  a n  i n s t r u c t o r  a t  S te v e n s  I n s t i t u t e  o f  T e c h n o lo g y .  G e n e r a l  E lec tr ic  

r e s p o n d e d  lo  th e  im p a c t  o f  G e r m a n  e x c e l le n c e  in  c h e m is t r y  a t  le a s t  a d e c a d e  

b e f o r e  W o r ld  W a r  I a n d  th e  e m b a r g o  o f  G e r m a n  c h e m ic a l  i m p o r t s  m a d e  

th e  fac t d r a m a t i c a l ly  c le a r .  (S e e  F ig . V I .2 2 .)

S c ie n tis ts  a t th e  G E  l a b o r a to r y  s o o n  d e v e lo p e d  n e w  f i la m e n ts .  W h itn e y ,  

u s in g  a h e a t - t r e a t m e n i  p r o c e s s  in  a n  e le c t r i c - r e s i s t a n c e  f u r n a c e  o f  h is  o w n  

d e s ig n ,  d r o v e  o f f  im p u r i t i e s  f r o m  th e  c a r b o n  f i l a m e n t  a n d  g a v e  it a  h a r d e r  

g r a p h i t e  c o a t in g .  B y  190 4  th is  b r o u g h t  th e  g r e a te s t  im p r o v e m e n t  in  th e  

c a r b o n  i n c a n d e s c e n t  l a m p  s in c e  1 8 8 4 . T h e  c o m p a n y  m a n u f a c t u r e d  th e  n e w  

la m p  u n d e r  th e  n a m e  o f  G E M  ( G e n e r a l  E le c tr ic  M e ta liz e d ) .  C o o l id g e  in ­

v e n te d  a n d  p a t e n t e d  m e th o d s  f o r  m a k in g  d u c t i l e  m o ly b d e n u m  a n d  tu n g ­

s te n .  I n  1 9 1 0 , $ 5 4 ,0 0 0 ,  o r  o n e - t h i r d  o f  t h e  to ta l  e x p e n d i t u r e s  o f  th e  G E  

l a b o r a to r y ,  w e n t  to  t h e  d e v e lo p m e n t  o f  th e  p ro c e s s ,  a n d  s u b s ta n t i a l  a m o u n ts  

w e re  s p e n t  a n n u a l ly  f r o m  1 9 0 6  to  1 9 1 1 . B e f o r e  C o o l id g e ‘s s u c c e s s fu l  p a te n t  

a p p l i c a t io n  in  1 9 1 2 , G E  b o u g h t  th e  t u n g s te n - f i l a m e n t  p a te n t s  o f  o u ts id e  

c o m p a n ie s  a n d  i n v e n to r s ,  p a y in g  o u t  $ 4 9 0 ,0 0 0  in  1 9 0 9  a lo n e .73 W h e n  G E  

a t t e m p t e d  to  u s e  its  tu n g s t e n  p a t e n t  in  E u r o p e ,  th e  S ie m e n s  8c H a lsk e  

C o m p a n y ,  A E G , a n d  th e  A u e r  G e s e l ls c h a f l  p e r s u a d e d  G E  th a t  th e y  h a d  

c o n f l ic t in g  p a te n t s  a n d  p r io r i t i e s .  ( A u e r  h e ld  th e  p a te n t s  o f  C a r l  A u e r  v on

77 In  1891 C arl A u er von W clsbarli h a d  g rca ily  e n h a n c e d  th e  co m p etitiv e n ess o f  gaslight 
w ith his  in v e n tio n  o f  th e  W rlsbac h  m a n tel. H is c o m p an y . O s te rre ich is ch e  G asgliih lich t und  

E le k trizila tsg csc llsch aft, successlu lly  m a rk e te d  b o th  h is  m a n te l a n d  his  o sm ium  la m p  in G er ­
m any  d e sp ite  th e  s tre n g th  o r  A E G  a n d  S iem ens. H an s-Jo a ch iin  B ra u n , "G as o d e r  E lekirizilat?  

Z u r K o n k u rre n z  zw cie r B e lc iich tu iig ssy sicm e. 1 8 8 0 -1 9 1 4 ,"  Trchn ikgesrhirhle  47 (1980): I I -

”  V on Siem ens, H ouse  o f  Siem ens I • 9 tin _ o i
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F ig u re  V I .2 1 . I rv in g  L a n g m u ir s  

laboratory. 1 9 1 2 . Schenectady. N .Y .  
Courtesy o f  the G eneral Electric Co., 

Schenectady. N .Y .

F ig u re  V I .2 2 . First perm anen t hom e o f  
the G E  Research Laboratory, Schenectady, 
N .Y . Courtesy o f  the G ene ral Electric Co., 

Schenectady, N .Y .

W e ls b a c h .)  G e n e r a l  E le c tr ic  a n d  th e  th r e e  G e r m a n  c o m p a n ie s  th e n  a g r e e d  

to  s h a r e  r ig h t s  in  t h e  u s e  o f  th e  C o o l id g e  a n d  S ie m e n s  p a te n t s  c o v e r in g  

th e  m a n u f a c t u r e  o f  tu n g s ie n - f i l a m e n t  la m p s .
T h e  G e n e r a l  E le c tr ic  R e s e a rc h  L a b o r a to r y  n o t  o n ly  s e p a r a te d  in v e n t io n  

a n d  r e s e a r c h  f r o m  e v e ry d a y  p r o d u c t io n  p r o b le m s  a n d  m in o r  sy s te m  im ­

p r o v e m e n ts  b u t  it o f f e r e d  s c ie n t is ts  a l t e r n a t iv e  ro le s  t o  t h o s e  o f  th e  a c a d e m ic  

a n d  c o n s u l t a n t .  In  t h e  l a b o r a to r y ,  p e r s o n s  w ith  in v e n t iv e  in s t in c ts  h a d  a c ce ss  

to  fa c ilitie s  f o r  r e s e a r c h  a n d  in v e n t io n  w i th o u t  th e  a t t e n d a n t  r e s p o n s ib i l i t ie s  

f o r  d e v e lo p in g  a n d  m a r k e t in g  th e  in v e n t io n s .  F u r t h e r m o r e ,  W h i tn e y  e n ­

g e n d e r e d  a n  a t m o s p h e r e  t h a t  w as f o u n d  c o n g e n ia l  by  P h .D . sc ie n tis ts :



F ig u re  V I .2 3 . E ar ly  laboratory 

colloquium  a t the G E Research Laboratory:

W illis W h itney  ( fo u r th  fro m  righ t);
W illiam  Coohdge (fa r righ t) . Courtesy o f  

the G ene ral Electric Co., Schenectady. N .Y .

1 7 0  N E T W O R K S  O F  P O W E R

F ig u re  V I .2 4 . S ta f f  at the G E  Research 
lab ora to ry, c. 1 91 2: W illis W hitney  ( th ird  

fro m  le ft); I rv in g  L a n g m u ir  (fa r  righ t). 
Courtesy o f  the G m r r a l Electric Co..

Schenectady, N . Y.

w e e k ly  c o l lo q u ia ,  p u b l i c a t io n  o f  s c ie n t i f ic  p a p e r s ,  a n d  e n c o u r a g e m e n t  to  

a c q u i r e  a  g r e a t e r  f u n d a m e n t a l  u n d e r s t a n d i n g  o f  te c h n o lo g ic a l  p h e n o m ­

e n a . 7"1 (S e e  F ig s . V I .2 3  a n d  V I .2 4 .)  P a r a d o x ic a l ly ,  t h e  p r o f e s s io n a l  s c ie n tis ts  

w e re  a s s u m in g  th e  r o le  o f  th e  i n d e p e n d e n t  in v e n to r s ,  w h o s e  e m p ir ic a l  a n d  

c o m m e r c ia l  s ty le  so  m a n y  o f  th e m  d i s d a in e d .

W h ile  G E  d i s t a n c e d  its  r e s e a r c h e r s  f r o m  c o m m e r c ia l  a c tiv it ie s ,  it lo o k e d  

u p o n  t h e i r  p a te n t s  a s  c o m m e r c ia l  p r o p e r t y .  S c ie n tis ts  w e re  e n c o u r a g e d  to  

d o  w o rk  o f  t h e  h ig h e s t  q u a l i ty  a n d  to  in v e s t ig a te  r e l e v a n t  f u n d a m e n ta l  

p r o b le m s ,  b u t  p a te n t  r ig h t s  b e lo n g e d  to  th e  c o m p a n y .  A s W h itn e y  sa id  

c a te g o r ic a l ly  in  1 9 0 9 , “ W h a te v e r  i n v e n t io n  r e s u l ts  f r o m  h is  [ th e  l a b o ra to ry  

s t a f f  m e m b e r ’s] w o rk  b e c o m e s  th e  p r o p e r t y  o f  th e  c o m p a n y .  I b e lie v e  th a t  

n o  o t h e r  w ay  is  p r a c t i c a b le .”75 S o  m u c h  f o r  th e  m y th  t h a t  th e  l a b o r a to r y  

w as  i n s u la te d  f r o m  e c o n o m ic  c o n c e r n s .

T h e  G e n e r a l  E le c tr ic  R e s e a rc h  L a b o r a to r y  w as  n o t  t h e  s o le  s i te  f o r  in ­

v e n t io n  a n d  r e s e a r c h  a t G E , h o w e v e r .  T h e  c o m p a n y  h a d  a  r a n g e  o f  p ro b -

74 W ise, "A N ew  R ule fo r Pro fess io nal S c ie n tists."  p. 426.
7'W ill is  R. W hitn ey . " O rg a n iz a tio n  o f  In d u s tr ia l R esearch , " J o u r n a l o f  the Am erican  Chemical 

Society 32  (1 910): 74. cited  in W ise, "A New  Role fo r P ro fess io nal .Scientists." p. 422.
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le m s  lo  so lv e — t h e o r e t i c a l ,  d e s ig n ,  a n d  o p e r a t io n a l .  O t h e r  G E  la b o r a to r i e s  

f o c u s e d  o n  p r o b le m s  o u t s id e  t h e  R e s e a r c h  L a b o r a to r y 's  s p e c ia l  c o m p e te n c e .  

T h e  R e s e a rc h  L a b o r a t o r y ’s w o rk  r a n g e d  w id e ly , h o w e v e r ,  f r o m  m a n u f a c ­

t u r i n g  tu n g s t e n  X -ra y  ta r g e t s  to  f u n d a m e n t a l  s tu d ie s  o f  th e  s t r u c t u r e  o f  

m a t t e r .  A f t e r  1 9 1 0 , f o r  in s t a n c e ,  L a n g m u i r  w o r k e d  o n  g a s - f i l le d  in c a n ­

d e s c e n t  l a m p s  a n d  e l e c t r o n ic  v a c u u m  tu b e s .  O t h e r s  a t  t h e  la b o r a to r y  c o n ­

c e n t r a t e d  o n  e a r ly  r a d i o  p r o b le m s ,  X -ra y  r a d io g r a p h y ,  in s u la t io n ,  a n d  m a ­

t e r ia ls  s c ie n c e ,  o r  m e t a l l u r g y .76 M u c h  w as  le f t  lo  o th e r s ,  h o w e v e r ,  e s p e c ia l ly  

in  r e l a t io n s h ip  to  t h e  in v e n t io n ,  d e v e lo p m e n t ,  a n d  d e s ig n  o f  g e n e r a t o r s ,  

t r a n s f o r m e r s ,  m o to r s ,  a n d  t r a n s m is s io n  s y s te m s .  In  L y n n ,  M a s s a c h u s e t ts ,  

b e f o r e  W o r ld  W a r  I, t h e r e  w as  a  r e s e a r c h  fa c ility  f o r  E lih u  T h o m s o n  a n d  

a  l a b o r a to r y  c o n c e n t r a t i n g  o n  a r c  l a m p s .  I n  S c h e n e c ta d y ,  N e w  Y o rk ,  t h e r e  

w e r e  o t h e r  l a b o r a to r i e s  in  a d d i t i o n  to  t h e  R e s e a r c h  L a b o r a to r y :  th e  G e n e r a l  

E n g i n e e r i n g  L a b o r a t o r y  ( g e n e r a l  d e v e l o p m e n t  w o rk ) ;  th e  I n s u la t io n s  L a b ­

o r a to r y ;  t h e  I l l u m i n a t i n g  L a b o r a to r y ;  a n d  th e  D e p a r t m e n t  o f  C o n s u l t in g  

E n g in e e r in g .  G e n e r a l  E le c t r ic  a ls o  h a d  r e s e a r c h - a n d - d e v e l o p m e n t  fa c ilitie s  

in  E r ie ,  P e n n s y lv a n ia ;  H a r r i s o n ,  N e w  J e r s e y ;  C le v e la n d ,  O h io ;  a n d  P i t t s ­

f ie ld ,  M a s s a c h u s e t ts .  B y  1 9 1 8  G e n e r a l  E le c tr ic  h a d  tw e lv e  l a b o r a to r i e s ,  th e  

l a r g e s t  o f  w h ic h  w as  t h e  R e s e a rc h  L a b o r a to r y ,  j u d g i n g  b y  th e  r e c o r d  o f  its  

e x p e n d i t u r e s . 77

T h e  c o n s u l t in g  e n g i n e e r i n g  d e p a r t m e n t  w as  S te in m e tz ’s b r a in c h i ld .  H e  

h a d  d e c l in e d  : h e  o p p o r t u n i t y  to  h e a d  th e  R e s e a rc h  L a b o r a to r y ,  p e r h a p s  

b e c a u s e  h e  a n d  o t h e r s  b e l ie v e d  h im  to  b e  to o  in d iv id u a l is t ic  f o r  m a jo r  

a d m in i s t r a t iv e  r e s p o n s ib i l i t ie s .  H e  m a y  h a v e  c o n s id e r e d  h im s e l f  m o r e  a n  

e n g i n e e r  th a n  a  r e s e a r c h  s c ie n t i s t .78 A s d e s c r ib e d  in  1 9 1 2 , th e  c o n s u l t in g  

e n g in e e r in g  d e p a r t m e n t  s h o u ld  h a v e  a p p e a le d  to  e n g in e e r - in v e n to r s ,  m u c h  

as th e  R e s e a r c h  L a b o r a to r y  w as  i n t e n d e d  lo  a t t r a c t  a n d  h o ld  s c ie n tis ts  w ith  

i n v e n t iv e  t a l e n t .  S te in m e tz  w r o te  th a t  h is  d e p a r t m e n t  w as  to  a d v is e  o t h e r  

G E  d e p a r t m e n t s  a b o u t  u n u s u a l  p h e n o m e n a ,  d e s ig n  r e q u i r e m e n t s ,  o r  t r o u ­

b le s  it e n c o u n t e r e d .  T h e  d e p a r t m e n t  w o u ld  a ls o  a d v is e  c u s to m e r s  a n d  w o rk  

o n  p r o b le m s  o f  g e n e r a l  in t e r e s t  to  t h e  e le c t r ic a l  e n g i n e e r i n g  p ro fe s s io n .  

S te in m e lz  w a n te d  e a c h  m e m b e r  o f  h is  d e p a r t m e n t  to  c h o o s e  h is  o w n  w o rk , 

a n d  h e  e m p h a s iz e d  t h a t  s u c h  a  d iv e r s i ty  o f  a c tiv it ie s  r e q u i r e d  a n  o r g a n i ­

z a t io n  d i f f e r e n t  f r o m  t h e  " a u to c r a t i c ” s y s te m  e m p lo y e d  by  t r a d i t io n a l  e n ­

g i n e e r i n g  d e p a r t m e n t s . 79 A m o n g  th e  p r o b le m s  S te in m e tz  j u d g e d  to  b e  o f  

g e n e r a l  i n te r e s t  to  th e  e l e c t r ic a l  e n g i n e e r i n g  p r o f e s s io n  a n d  to  G e n e r a l  

E le c tr ic  w e r e  h ig h - v o l ta g e  t r a n s m is s io n ,  i n c lu d in g  th e  c o r o n a  e f f e c t  a n d  

in s ta b il i ty .  A  lo ss  o f  p o w e r  in  1 9 1 9  in  th e  C h ic a g o  s y s te m  o f  C o m m o n w e a l th  

E d is o n  w as  t h e  ty p e  o f  c u s t o m e r  p r o b le m  to  w h ic h  h e  r e s p o n d e d .80 S te in -  

m e tz  m o d e le d  t h e  s y s te m  w ith  c i r c u i t  e q u a t io n s  in  o r d e r  to  lo c a le  th e  

p r o b le m .

7“ B irr , P ion eer ing  in In d u stria l Research, pp . 41, 45. 4 7 -4 8 .
77 Ib id .,  p p . 8 2 -8 3 .
7" Ja m c s  E. B ritta in , "C . P. S tc in m ctz  a n d  E. F. A le x an d c rso n : C re ative  E n g in e erin g  in a 

C o rp o ra te  S e lling ,"  I E E E  Proceedings 64 (1976): 1414.

70 Ib id .
" "C h a rle s  P. S tc in in e tz , "Sonic  P rob lem s o f  H igh -V o ltag e  T ran sm issio n s,"  A IE E  Transa c ­

tions 31 (1 912): 1 67 -73 ; idem , "In stab ility  o f  E lectric  C ircu its ."  ib id . 32  (1913): 2 0 0 5 -2 1 . For 
a n  e x am p le  o f  how  S lc in m etz  r e sp o n d e d  lo  a c u sto m e r p ro b lem , see his a rtic le  ab ou t a |h>wci 
loss in th e  C o m m o n w ea lth  Edison  system  in C h icago  on  18 S e p te m b er 1919. "Pow er C o n tro l 
a n d  S tab il ity  o f  E lectr ic  G en e ra tin g  S tatio ns,"  ib id. 39 (1920): 1215-70 .
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T h e  im p re s s iv e  d e v e l o p m e n t  o f  m e ta l l ic  f i la m e n ts  in  G e r m a n y  n o tw i th ­

s t a n d in g ,  th e  h e a d  o f  S ie m e n s  &  H a ls k e  in  1911 v ie w e d  A m e r ic a n  r e s e a r c h  

a c h ie v e m e n ts  in  th e  e l e c t r ic a l  in d u s t r y  w ith  e n v y .  W ilh e lm  v o n  S ie m e n s  

n o te d  lh a l  a s  a  c o u n t r y  o f  th i n k e r s  a n d  s c ie n t i f ic  r e s e a r c h e r s ,  G e r m a n y  h a d  

r is e n  to  f i r s t  r a n k  a s  a n  i n d u s t r i a l  p o w e r ,  b u t  t h a t  A m e r ic a ’s p r iv a te  e n ­

t e r p r i s e  s y s te m  c u l t iv a te d  a n  u n i n t e r r u p t e d  s t r e a m  o f  im p re s s iv e  r e s e a r c h  

r e s u l ts .  V o n  S ie m e n s  a c k n o w le d g e d  th e  ro le  in  G e r m a n y  o f  th e  u n iv e r s i t ie s ,  

th e  T e c h n isc h e n  U o c h s c h u le n ,  a n d  th e  n e w ly  e s t a b l is h e d  K a is e r  W ilh e lm  G e- 

s e l ls c h a f t ,  b u t  f e a r e d  l h a l  h is  c o u n t r y  w o u ld  fa ll b e h i n d  u n le s s  o t h e r  m e a s ­

u r e s  w e re  ta k e n  a n d  in s t i tu t io n s  f o u n d e d . " 1

S ie m e n s  & H a ls k e  h a d  a  t r a d i t i o n  o f  la b o r a to r y  r e s e a r c h ,  b u t  th e s e  a c ­

tiv i t ie s  r e m a i n e d  d i s p e r s e d  a m o n g  th e  c o m p a n y ’s v a r io u s  w o r k s ,  o r  p la n ts ,  

u n t i l  1 9 2 0 , w h e n  a  c e n t r a l  la b o r a to r y  w as  e s ta b l is h e d .  R e s e a rc h  th e r e ,  as 

a t  th e  G e n e r a l  E le c tr ic  R e s e a rc h  L a b o r a to r y ,  w as  i n t e n d e d  to  b e  le ss  tie d  

to  p r o d u c t i o n  a n d  r o u t i n e  im p r o v e m e n ts  t h a n  w as  t h e  c a s e  in  th e  o t h e r  

l a b o r a to r i e s .  A t f i r s t ,  t h e  c e n t r a l  la b o r a to r y  w as  c a lle d  t h e  P h y s ic a l  C h e m ­

is try  L a b o r a to r y ,  b u t  t h e n  th e  c o m p a n y  c h a n g e d  t h e  n a m e  lo  th e  R e s e a rc h  

L a b o r a to r y  o f  th e  S ie m e n s  & H a ls k e  C o m p a n y .  D r .  H a n s G e r d i c n ,  f o r m e r ly  

a  l e c t u r e r  a t  G o t t in g e n  U n iv e r s i ty ,  b e c a m e  d i r e c t o r  o f  t h e  c e n t r a l  l a b o r a ­

to ry .  b u t  b e c a u s e  th e  m a n a g e r s  o f  th e  d i f f e r e n t  w o rk s  p r e f e r r e d  to  m a in ta in  

t h e i r  s p e c ia l iz e d  l a b o r a to r i e s ,  h e  h a d  a d i f f i c u l t  t im e  c e n t r a l i z in g  th e  ba s ic  

r e s e a r c h .  T o  c o o r d i n a t e  th e  v a r io u s  r e s e a r c h  c e n te r s ,  t h e  c o m p a n y  in  191 9  

n a m e d  D . H a r r i e s  to  h e a d  a c e n t r a l  o f f ic e  f o r  s c ie n t i f ic  a n d  te c h n ic a l  r e ­

s e a r c h  (Z e n t r a l s t e l l e  f i i r  W is s e n s c h a f t l i c h - T e c h n i s c h e  F o r s c h u n g s a r b e i -  

t e n ) .82

R e s e a rc h  la b o r a to r i e s  p r o v id e d  in s t i tu t io n a l  s t r u c t u r e s  t h a t  s u p p o r t e d  

a n d  in c r e a s e d  th e  m o m e n t u m  o f  th e  e v o lv in g  e le c t r ic a l  s u p p ly  sy s tem s . 

F u r t h e r  r e i n f o r c e m e n t  a r o s e  f r o m  t h e  g r o w th  o f  p r o f e s s io n a l  s o c ie tie s  w ith  

t h e i r  p e r io d ic a ls ,  a n n u a l  m e e t in g s ,  a n d  e n c o u r a g e m e n t  o f  p r o f e s s io n a l  e d ­

u c a t io n .  T h e  p r o f e s s io n a l  s o c ie t ie s ,  lik e  th e  m a n u f a c t u r e r s  a n d  t h e i r  la b ­

o r a to r i e s ,  d i r e c t e d  t h e  a t t e n t i o n  o f  s c ie n t is ts  a n d  e n g i n e e r s  lo  th e  p ro b le m s  

o f  g e n e r a l  u r b a n  s y s te m s  a n d  h ig h - v o l ta g e  t r a n s m is s io n .

P a r a d o x ic a l ly ,  c o n s id e r in g  th e  s u b s e q u e n t  h is to ry  o f  t h e  o r g a n iz a t io n ,  

th e  A m e r ic a n  I n s t i t u t e  o f  E le c tr ic a l  E n g in e e r s  w a s  e s t a b l i s h e d  in  1884  by 

m e n  p r im a r i ly  c o n c e r n e d  w ith  te l e g r a p h y .  B y 1 9 0 0  th e  in s t i tu te 's  e m p h a s is  

h a d  s h i f t e d  to  w h a t  t h e  G e r m a n s  a p t ly  n a m e d  S la rk s tro m  (“ h e a v y  c u r r e n t ’ ), 

in  c o n t r a s t  to  S w a c h s tro m  (“ l ig h t  c u r r e n t " ) .  H e a v y  c u r r e n t  in v o lv e d  lig h t 

a n d  p o w e r ;  l ig h t  c u r r e n t  w as  u s e d  e s s e n t ia l ly  in  t e l e g r a p h  c o m m u n ic a t io n s  

b e f o r e  th e  w ire le s s  a s s u m e d  i m p o r ta n c e  a b o u t  1 9 0 0 . O f  th e  tw e n ty - f iv e  

m e n  w h o  s ig n e d  t h e  ca ll Tor f o r m a t io n  o f  a  n a t io n a l  e le c t r ic a l  so c ie ty , 

t w e n ty - o n e  w e re  t e l e g r a p h  in v e n to r s  o r  m a n u f a c t u r e r s  o r  w e re  g e n e ra l ly  

c la s s if ie d  a s  b e in g  in  th e  “ t e l e g r a p h  b u s in e s s .”H:I T h e  f i r s t  p r e s i d e n t  o f  th e  

A I E E  w as  N o r v in  G r e e n ,  p r e s id e n t  o f  th e  W e s te r n  U n io n  T e l e g r a p h  C o m ­

1 K erd in nnd  r re n d c lc n b u r g ,  Au.\ tier C.esrhirhte tier F n n rh u n g  tm  H a u sr  Siem ens (D iisse ld orl: 
VDI. 1975), p. 45.

^ r _ ^ g ° n ^ 'c ,,lc n s ' H n tu e  of Siem ens, 2: 3 5 -3 6 ; T re n d e le n b u r g . Cesehichte der F o n rh u n g . pp-

" 'D o n a ld  M cN irn l, " te l e g r a p h  M en l- 'o iin ders o l (he A .I.K .E ..” Electrical En g in eerin g  53 
(M ay 1934): 675.
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p a n y .  O t h e r s  a m o n g  th e  e a r ly  o f f ic e r s  o f  t h e  in s t i tu te  w e re  W e s te r n  U n io n  

m a n a g e r s  o r  e x e c u t iv e s . ,H

T h e  A 1 E E  s o o n  a c h ie v e d  r e c o g n i t io n  a s  th e  p ro f e s s io n a l  o r g a n iz a t io n  o l 

U .S . e le c t r ic a l  e n g in e e r s .  E le c tr ic a l  i n v e n to r s  a n d  m a n u f a c t u r e r s  h e ld  th e  

o f f ic e  o f  p r e s i d e n t  d u r i n g  t h e  in s t i tu te 's  f i r s t  d e c a d e ,  h u t  e le c t r ic a l  e n g i ­

n e e r s  o r  t e a c h e r s  o f  e l e c t r ic a l  e n g i n e e r i n g  d o m i n a t e d  th e  o f f ic e  d u r i n g  its 

s e c o n d  d e c a d e .  O f  t h e  e ig h t  p r e s i d e n t s  w h o  s e r v e d  d u r i n g  th e  s e c o n d  

d e c a d e ,  E d w in  J .  H o u s to n  ( 1 8 9 3 - 1 8 9 5 )  t a u g h t  a t  C e n t r a l  H ig h  S c h o o l in  

P h i l a d e lp h ia ,  P e n n s y lv a n ia ;  L o u is  D u n c a n  (1 8 9 5 - 1 8 9 7 )  ( a u g h t  e le c t r ic a l  

e n g i n e e r i n g  a t  M . l .T . ; F r a n c is  C r o c k e r  ( 1 8 9 7 - 1 8 9 8 )  r e c e iv e d  a P h .D . in  

e l e c t r ic a l  e n g i n e e r i n g  f r o m  C o lu m b ia  U n iv e r s i ty  b e f o r e  t e a c h in g  th e r e ;  

A r t h u r  E. K e n n e l ly  ( 1 8 9 8 - 1 9 0 0 )  w as  a p p o i n t e d  p r o f e s s o r  o f  e le c t r ic a l  e n ­

g i n e e r i n g  a t  H a r v a r d  U n iv e r s i ty  tw o  y e a r s  a f t e r  s e r v in g  a s  A I E E  p r e s id e n t ;  

C a r l  H e r i n g  ( 1 9 0 0 - 1 9 0 1 )  w as  a p r o f e s s o r  a t  th e  U n iv e r s i ty  o f  P e n n s y lv a n ia  

a n d  s tu d i e d  a t  D a r m s ta d t  u n d e r  K i t t le r ;  C h a r l e s  S te in m e tz  ( 1 9 0 1 - 1 9 0 2 )  

h e ld  a  p r o f e s s o r ia l  p o s i t io n  a t  U n io n  C o l le g e  in  S c h e n e c ta d y ,  N ew  Y o rk , 

w h ile  a  G E  e n g i n e e r ;  a n d  C h a r l e s  S c o tt  ( 1 9 0 2 - 1 9 0 3 )  to o k  p o s tg r a d u a te  

c o u r s e s  a t  T h e  J o h n s  H o p k in s  U n iv e r s i ty  a n d  l a t e r  b e c a m e  a  p r o f e s s o r  of 

e l e c t r ic a l  e n g i n e e r i n g  a t  Y a le  a f t e r  s e r v in g  a s  A IE E  p r e s id e n t .  A s a g r o u p ,  

th e s e  m e n  b r i d g e d  t h e  a c a d e m ic  a n d  p ra c t ic a l  w o r ld s .85

T h e  p u b l i c a t io n  o f  p a p e r s  in  th e  in s t i tu t e 's  T r a n sa c tio n s  e n h a n c e d  th e  

f o r m a t io n  o f  a  c o m m u n i ty  o f  d i s c o u r s e  c e n t e r e d  o n  c r i t ic a l  p r o b le m s .  A 

c la s s if ic a tio n  o f  A I E E  p a p e r s  f o r  t h e  y e a r s  1 8 8 4 - 1 8 9 9  s h o w s  th a t  th e  s u b ­

j e c t s  m o s t  f r e q u e n t l y  d is c u s s e d  w e re  a l t e r n a t i n g - c u r r e n t  p ra c t ic e ,  t r a c t io n ,  

d y n a m o s ,  m o to r s ,  a n d  i n c a n d e s c e n t  l ig h t in g .  T h i s  c o n c e n t r a t io n  a c c o rd s  

w ell w ith  t h e  f o c u s  o f  p r o b le m - s o lv in g  f o u n d  d u r i n g  th e  p e r io d  o f  " th e  

b a t t le  o f  t h e  s y s te m s ” a n d  its  r e s o lu t io n .  O n ly  th r e e  p a p e r s  d e a l t  e x p lic itly  

w ith  p o ly p h a s e  s y s te m s  (a s  c o m p a r e d  to  f if ty - tw o  o n  a l t e r n a t i n g - c u r r e n t  

p r a c t ic e ) ,  b u t ,  a s  n o t e d ,  t h e  g e n e r a l  r u b r i c  " a l t e r n a t in g  c u r r e n t "  in c lu d e d  

s in g le - p h a s e  a n d  p o ly p h a s e  s y s te m s .86

O t h e r  p e r io d ic a l s  c o n t r i b u t e d  to  th e  id e n t i f ic a t io n  o f  p r o b le m  a r e a s  fo r  

e le c t r ic a l  e n g in e e r s .  T h e  l e a d in g  t r a d e ,  a s  c o n t r a s te d  w ith  p r o fe s s io n a l  

so c ie ty , j o u r n a l  w as  E le c tr ic a l W o rld . T h e  f o r e b e a r  o f  th is  j o u r n a l ,  T h e  O p ­

era to r ,  w a s  f o u n d e d  in  1 8 7 4  a n d  w as  p u b l i s h e d  f o r  te l e g r a p h e r s .  R e f le c tin g  

th e  s a m e  c h a n g e s  a s  o c c u r r e d  in  t h e  c h a r a c t e r  o f  th e  A I E E  l e a d e r s h ip .  T h e  

O p e ra to r  b r o a d e n e d  its  p u r v ie w  in  1 8 8 3  to  in c lu d e  e le c t r ic  l ig h t in g  a n d  

c h a n g e d  its  n a m e  to  T h e  O p e ra to r  a n d  E le c tr ic a l W o rld . J a m e s  H . M c G ra w . 

p u b l i s h e r  o f  a  r iv a l  j o u r n a l ,  t h e  A m e r ic a n  E le c tr ic ia n ,  b o u g h t  o u t  T h e  O p e ra to r  

a n d  E le c tr ic a l W o r ld  a n d  a n o t h e r  j o u r n a l ,  t h e  E le c tr ic a l E n g in e e r ,  a n d  by 1906  

h a d  c o m b in e d  th e m  u n d e r  t h e  t i t le  E le c tr ic a l W o rld . T h e  M c G ra w  P u b l is h in g  

C o m p a n y  a ls o  o w n e d  th e  S tre e t R a i lw a y  J o u r n a l .  B e s id e s  M c G ra w 's  p u b li-

M A. M iclial M cM ahon, " C o rp o ra te  T ec h n o lo g y : T h e  Social O rig in s o l th e  A m erican  I n ­
s titu te  o r  E lectr ical E n g in e ers ."  IE E E  Proceedings 64 (1976): 1385.

" '" G re a t  N am es b e h in d  th e  In s titu te ."  Electrical E ng in eer in g  53 (1934): 7 8 6 -8 2 5 .
" "C h a rle s  F. Scott, " T h e  In s titu te 's  First H alf  C e n tu ry ."  ib id .,  p. 666. I have assu m ed  llinl 

th e  lis ting  "A .I .E .E . P a p e rs— 1 88 4-99  a n d  1 9 29 -3 3"  re fe rs  to  p a p e rs  p u b lish ed  in th e  A IE E  
Transactions. T h e  secon d  c a te go ry  o n  th e  list, "m iscellaneous a n d  th e o ry ,"  is loo  inclusive an d  
vague  to  be ra n k e d  w ith  th e  o th e rs . R obert D elfield . w ho a naly zed  issurs o l th e  A IE E  Tr a n s ­

actions d a tin g  fro m  1887 to  1904, fo u n d  d iscussio n  o l |M>lyphase p ro b lem s in m any o f  th ese
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c a l io n s ,  t h e r e  w e re  n u m e r o u s  o t h e r  t r a d e  j o u r n a l s  in  th e  e le c t r ic a l  f ie ld  by

1 9 0 0 . O t h e r  p r o f e s s io n a l  s o c ie t ie s ,  s u c h  a s  t h e  N a t io n a l  E le c tr ic  L ig h t  A s ­

s o c ia t io n ,  w h ic h  o r g a n iz e d  u t i l i ty  e n g i n e e r s  a n d  m a n a g e r s  a n d  w as  th e  

o r g a n iz a t io n  o f  E d is o n  l ig h t  a n d  p o w e r  c o m p a n ie s ,  a ls o  h e ld  m e e t in g s  a n d  

p u b l i s h e d  p a p e r s .  T h e  p r e f e r r e d  j o u r n a l  f o r  s c h o la r ly  p a p e r s  d e a l in g  w ith  

m a t t e r s  n e w  a n d  o u t s t a n d i n g ,  h o w e v e r ,  r e m a in e d  th e  A I E E  T ra n sa c tio n s  

b e c a u s e  o f  its  p r o f e s s io n a l  p r e s t i g e .87

In  B r i ta in ,  th e  p r o f e s s io n a l  s o c ie ty  f o r  e le c t r ic ia n s  a n d  e le c t r ic a l  e n g i ­

n e e r s  h a d  e a r l i e r  o r ig in s  t h a n  th e  A IE E . I n  M ay  1871 a  g r o u p  o f  m e n  

a s s o c ia te d  w ith  t e l e g r a p h y  m e t  in  L o n d o n  a n d  f o u n d e d  th e  S o c ie ty  o f  

T e l e g r a p h  E n g in e e r s .  W ith  th e  i n c r e a s e  in  i n te r e s t  in  e le c t r ic  l ig h t in g ,  

h o w e v e r ,  th e  s o c ie ty  in  1 8 8 0  a d d e d  “a n d  o f  E le c t r ic ia n s ” to  its  n a m e ,  a n d  

in  1 8 8 9  c h a n g e d  th e  n a m e  to  I n s t i tu t io n  o f  E le c tr ic a l  E n g in e e r s  ( IE E ) .  It 

w as  r e c o g n iz e d  a s  th e  p r o f e s s io n a l  s o c ie ty  f o r  B r i t i s h  e l e c t r ic a l  e n g in e e r s .  

P r o f e s s o r  W ill ia m  A y r to n  o f  th e  C i t y - a n d - G u i ld s - s p o n s o r e d  C e n t r a l  I n s t i ­

t u t io n ,  S o u th  K e n s in g to n ,  e d i t e d  th e  1 E E  J o u r n a l .

A s in  t h e  U n i t e d  S la te s ,  t h e  la te s t  n e w s  in  th e  f ie ld  w as  s u p p l i e d  in  p a r t  

by  t r a d e  j o u r n a l s .  A m o n g  th e s e  w e re  T h e  E le c tr ic ia n , f o u n d e d  in  1 8 7 8 ; th e  

T e le g r a p h ic  J o u r n a l  a n d  E le c tr ic a l R e v ie w , e s t a b l i s h e d  in  1 8 7 2 ; t h e  E le c tr ic a l  

E n g in e e r  ( L o n d o n ) ,  b e g u n  in  1 8 8 2 ; a n d  L ig h t in g  ( la t e r  T h e  E le c tr ic a l T im e s) , 

w h ic h  f i r s t  a p p e a r e d  in  1 8 9 1 . G e n e r a l  p u b l i c a t io n s  s u c h  a s  T h e  E n g in e e r  

a n d  E n g in e e r in g ,  w h ic h  w e re  f o u n d e d  in  1 8 5 6  a n d  1 8 6 6  r e s p e c t iv e ly  a n d  

e n jo y e d  a n  in t e r n a t i o n a l  r e p u t a t i o n ,  a ls o  r e p o r t e d  d e v e lo p m e n ts  in  e le c ­

t r ic a l  e n g i n e e r i n g . 88

In  B e r l in  in  1 8 7 9  a  g r o u p  o r g a n iz e d  b y  P o s tm a s te r  G e n e r a l  H e in r ic h  

v o n  S te p h a n  a n d  s t im u la te d  by  th e  s u p p o r t  o f  W e r n e r  v o n  S ie m e n s  f o u n d e d  

t h e  E l e k t r o te c h n i s c h e r  V e r e in  zu  B e r l in ,  w h ic h ,  b e g i n n i n g  in  1 8 8 0 , p u b ­

l i s h e d  a p e r io d ic a l  e n t i t l e d  E le k tro te c h n isc h e  Z e its c h r ift . A n o t h e r  e a r ly  p e r i ­

o d ic a l ,  t h e  Z e its c h r if t  f i i r  a n g e w a n d te  E le k tr iz ila ts le h re  ( 1 8 8 0 ) ,  la t e r  r e n a m e d  

C e n tra lh la tt  f u r  E le k tr o le c h n ik  (1 8 8 3 ) ,  m e r g e d  w ith  th e  E le k tro te c h n isc h e  Z e it ­

s c h r ift  in  1 8 8 9  to  b e c o m e  t h e  l e a d in g  p r o f e s s io n a l  j o u r n a l  in  th e  f ie ld . 

A m o n g  o t h e r  G e r m a n  p r o f e s s io n a l  e le c t r ic a l  e n g i n e e r i n g  s o c ie tie s  w as th e  

E l e k t r o te c h n i s c h e  G e s e l ls c h a f t  f o u n d e d  in  F r a n k f o r t  o n  t h e  M a in .  I n  1893 

t h e  V e r b a n d  D e u t s c h e r  E l e k t r o t e c h n i k e r  w as  f o r m e d  t h r o u g h  a  m e r g e r  o f  

lo ca l e l e c t r ic a l  s o c ie t ie s ,  t h e r e b y  e s t a b l i s h in g  a  n a t io n a l  s o c ie ty .89

"7 Scoti, “T h e  In s titu te 's  First H alf C e n tu ry ,"  p . 667.

F o r th is  a cc ou n t o l th e  In s titu t io n  ol E lectr ical E n g in e ers , I h av e  d raw n  u p o n  Percy 
D u n sh c a lh . A H istory o f  E lectrical Power E ng in eer in g  (C a m b rid g e . M ass.: M .I .T . Press, 1962). 

p p . 3 1 9 -3 2 . T h e  a u th o ri ta t iv e  w ork  is Rollo A p p le y a rd . H istory o f  the In stitu tion  o f  Electrical 
Engine ers , 1 8 7 1 -1 9 3 1  ( la m d o n : In s titu t io n  o r  E lectr ical E n g in e ers . 1939).

m  O e ttm ar, Stark strom technih, p p . 2 H 7 -9 I; a n d  S igw art R u p p e l, c d „  Elektrotechnische Gesell ­

schaft I-ran k fu r l ,  1 8 8 1 - 1 9 3 1 : (ieschichtstafeln Her Elektiatechnih  (F ra n k fo r t o n  th e  M ain : F.lektro- 
tc ch n ische  C esc llsch aft, 1931?).
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B e r lin : T h e  
C o o r d in a t io n  
o f  T e c h n o lo g y  
a n d  P o lit ic s

D
u r i n g  t h e  l a i e - e ig h te e m h ,  n i n e t e e n t h ,  a n d  e a r ly  tw e n t i e th  c e n tu r ie s ,  

tw o  w a v e s  o f  in d u s t r i a l i z a t io n  s w e p t o v e r  th e  W e s te r n  w o r ld .  T h e  

f ir s t ,  c o m m o n ly  k n o w n  a s  th e  I n d u s t r i a l  R e v o lu t io n ,  im p re s s iv e ly  t r a n s ­

f o r m e d  r e g io n s  o f  E n g la n d  a n d  S c o t la n d ;  th e  s e c o n d ,  o c c a s io n a lly  c a lle d  

th e  S e c o n d  I n d u s t r i a l  R e v o lu t io n ,  c h a n g e d  n e w ly  u n i t e d  G e r m a n y  a n d  th e  

U n i t e d  S ta te s .  T h e  1 8 7 0 s  a r e  o f t e n  c i te d  a s  th e  d e c a d e  o f  t r a n s i t io n  f ro m  

th e  f i r s t  to  t h e  s e c o n d  in d u s t r i a l i z a t io n  p h a s e .  T h e  B r it is h  I n d u s t r i a l  R e v ­

o lu t io n  is u s u a l ly  a s s o c ia te d  w ith  a  s y s le m  o f  p r o d u c t i o n  a n d  t r a n s p o r t a t i o n  

th a t  w as h e a v ily  d e p e n d e n t  o n  c o a l,  s te a m ,  a n d  i r o n ;  th e  r a p id  i n d u s t r i a l ­

i z a t io n  o f  G e r m a n y  a n d  t h e  U n i te d  S ta te s  in v o lv e d  th e s e  c o m p o n e n t s ,  h u t 

s te e l ,  e le c t r ic i ty ,  a n d  m a n - m a d e  c h e m ic a ls ,  b o th  o rg a n ic  a n d  in o rg a n ic ,  

w e r e  la y e r e d  o n  th e  e a r l i e r  te c h n o lo g ie s  a s  w ell. T h e  s e c o n d  e r a  o f  r a p id  

i n d u s t r i a l i z a t io n  is n o t  a s  w ell u n d e r s t o o d  o r  d e f in e d  a s  th e  f ir s t ,  b u t  w h e n  

f u t u r e  h i s to r i a n s  p r o b e  its  p h e n o m e n a  a n d  s t r u c t u r e ,  e le c t r ic  p o w e r — e s ­

p e c ia lly  h ig h - v o l t a g e  t r a n s m is s io n  a n d  th e  u n iv e r s a l  s y s te m  o f  e le c t r ic  l ig h t 

a n d  p o w e r  m a d e  k n o w n  to  th e  w o r ld  a t  F r a n k f o r t  a n d  N ia g a ra  F a lls— will 

f ig u r e  in t r i c a te ly  a n d  p r o m in e n t ly  in  t h e i r  i n t e r p r e t a t i o n s  a n d  p r e s e n t a ­

t io n s .  J u s t  a s  M a n c h e s te r ,  B i r m in g h a m ,  a n d  o t h e r  B r i t i s h  c it ie s  w e re  th e  

c e n te r s  o f  th e  f ir s t  w a v e  o f  in d u s t r i a l i z a t io n ,  c e r t a in  c itie s  will b e  c le a r ly  

id e n t i f i e d  a s  t h e  s i te s  o f  t h e  s e c o n d .  A m o n g  th e  u r b a n  c e n te r s  o f  th e  s e c o n d  

w a v e  will s u r e ly  b e  C h ic a g o  a n d  B e r l in ;  a m o n g  th e  c itie s  b y -p a s s e d  w ill b e  

L o n d o n .  C o n s id e r a t io n  o f  th e  e l e c t r i f ic a t io n  o f  th e  f ir s t  tw o  b e f o r e  1915  

a n d  th e  l a g g a r d  d e v e lo p m e n t  o f  t h e  t h i r d  will p r o v id e  s o m e  u n d e r s t a n d i n g  

o f  u r b a n  i n d u s t r i a l i z a t io n  in  th e  m o d e r n  e r a .

D u r in g  t h e  f o u r  d e c a d e s  b e tw e e n  th e  f o u n d i n g  o f  th e  G e r m a n  e m p i r e  

a n d  th e  o u t b r e a k  o f  W o r ld  W a r  I, B e r l in ,  th e  e m p i r e ’s c a p i ta l ,  w as a d y ­

n a m ic  u r b a n  c e n te r .  It b e c a m e  th e  le a d in g  in d u s t r i a l  a n d  c o m m e rc ia l  c ity  

o n  th e  C o n t i n e n t ,  a n d  in  w e a l th  a n d  p o p u la t io n  r a n k e d  b e h in d  o n ly  L o n ­

d o n  a n d  P a r is .  W ith  r e g a r d  to  a d m in i s t r a t io n  a n d  o r g a n iz a t io n ,  c o n te m ­

p o r a r i e s  n a m e d  it th e  m o d e l  c ity  o f  E u r o p e  a n d  p r a is e d  its  c i t iz e n s  fo r  th e  

r e m a r k a b le  b u r s t  o f  e n e r g y  th a t  t r a n s f o r m e d  a p ro v in c ia l  c a p i ta l  o f  P ru s s ia  

in to  a c o s m o p o l i ta n  c ity  o r  i n t e r n a t io n a l  e m i n e n c e .1 T h e  m u n ic ip a l  a u -

1 A. S hadw cll. Indu strial  E ff ia rn cy , 2 vols. (L o n d o n : L o ng m a n s. I90fi), I: 159-fiO; a nd  
S ig frid  von W cilier. llrrlin s W rg  iu r  E lfk lrop alu : T rrhiu k u n d  Ind us tn rg r\ch irh tr  an drr Sprrr  
(B erlin : S iap p , 1971). p p . 8 3 -1 3 1 .
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i h o r i ly  w as  w id e ly  j u d g e d  t h e  u l t im a te  in  e n l i g h t e n e d ,  e f f i c i e n t ,  a n d  so c ia lly  

p u r p o s e f u l  g o v e r n m e n t  in  a  p r o g r e s s iv e  e r a  t h a t  lo o k e d  to  its  c itie s  as 

s t a n d a r d - b e a r e r s  in  a n  u r b a n i z i n g  a n d  in d u s t r i a l i z in g  c iv il iz a tio n .  O n  th e  

C o n t in e n t ,  a n d  e sp e c ia lly  in  G e r m a n y ,  a  c ity  w as “id e a liz e d  as a  g r e a t  fam ily ,” 

o r g a n iz e d  f o r  e c o n o m ic ,  p o li t ic a l ,  a n d  so c ia l e n d s  a n d  its  g o v e r n m e n t  w as 

s e e n  a s  th e  m e a n s  f o r  o b t a i n i n g  th e s e  e n d s .2 A m o n g  t h e  m e a n s  w e re  p u b lic  

u t i l i t ie s ,  i n c lu d in g  t r a n s p o r t a t i o n ,  w a te r  a n d  g a s ,  w a s te  d is p o s a l ,  a n d  l ig h t ­

in g .  B y W o r ld  W a r  I, a  h a l lm a r k  o f  th e  m o d e r n  p r o g r e s s iv e  c ity  w as  c u l ­

t iv a t io n  o f  a  n e w  a n d  s u b t l e  f o r m  o f  l ig h t  a n d  p o w e r — e le c tr ic i ty .  B e r l in  

w as n o t  f o u n d  la c k in g .

B e c a u s e  th e  c ity  g o v e r n m e n t  in  B e r l in  so  e f f e c t iv e ly  r e g u l a t e d  th e  p r iv a te  

u ti l i ty  t h a t  p r o v id e d  th e  m e t r o p o l i s  w ith  l ig h t  a n d  p o w e r ,  a n d  b e c a u s e  th e  

h is to ry  o f  t e c h n o lo g ic a l  c h a n g e  in  t h e  c ity  c a n n o t  b e  u n d e r s t o o d  w i th o u t  

ta k in g  t h e  r e g u la to r y  a c t iv it ie s  o f  t h e  g o v e r n m e n t  in to  a c c o u n t ,  a  b r ie f  

d e s c r ip t io n  o f  t h e  g o v e r n m e n t ’s s t r u c t u r e  a n d  fu n c t io n s  is n e e d e d .  I n  1881 

B e r l in  b e c a m e  a n  a d m in i s t r a t iv e  a r e a  d i s t in c t  f r o m  th e  P ru s s ia n  p ro v in c e  

o f  B r a n d e n b u r g ,  a n d  s u b s e q u e n t ly  t h e  c iv il g o v e r n m e n t  o f  B e r l in  w as  o r ­

g a n iz e d  in to  tw o  m a jo r  d iv is io n s ,  t h e  M a g is tr a l  a n d  th e  S ta d tv e ro rd n e le n v e r -  

s a m m lu n g  (“c o m m o n  c o u n c i l" ) .  T h e  M a g is tr a t  c o n s is te d  o f  a n  O b erb u rg er-  

m etster  (“c h ie f  m a y o r ”), a  B iirg erm eiste r  ( " m a y o r”), a n d  a  S ta d tra t (“c ity  c o u n c il”) 

o f  t h i r ty - tw o  m e m b e r s ,  f i f t e e n  o f  w h o m  w e re  p a id  a d m i n i s t r a t o r s  a n d  s e v ­

e n t e e n  o f  w h o m  s e r v e d  w i th o u t  p a y .  T h e  144  m e m b e r s  o f  t h e  S ta d tv e ro rd -  

n e te n v e r s a m m lu n g  w e re  c h o s e n  by  m a n h o o d  s u f f r a g e .  F o r  g e n e r a l  d e c is io n s ,  

th e  M a g is tr a t  a n d  S ta d tv e r o r d n e te n v e r s a m m lu n g  m e t  in  c o m m o n  a n d  s o m e ­

t im e s  n a m e d  c o m m i t t e e s  t h a t  w e re  r e p r e s e n t a t i v e  o f  t h e  w h o le .  T h e s e  

c o m m i t t e e s  h a d  j u r i s d i c t i o n  o v e r  p u b l ic  s e rv ic e s  s u c h  a s  w a te r  s u p p ly ,  th e  

l ig h t in g  a n d  c l e a n in g  o f  th e  s t r e e t s ,  a n d  d r a i n a g e .  D e ta i le d  c o n t r a c tu a l  

a r r a n g e m e n t s  w ith  th e  p r iv a te  c o m p a n y  s u p p ly in g  B e r l in  w ith  e le c t r ic  l ig h t  

a n d  p o w e r  w e re  e x e c u te d  by  t h e  M a g is tr a t .

N o t  o n ly  w as  B e r l in  p r o g r e s s iv e  b u t  it w a s  in d u s t r i a l .  A s  in  C h ic a g o ,  th is  

fa c t d e e p ly  a f f e c te d  th e  c i ty ’s e le c t r ic  u t i l i ty .  L o n d o n  a n d  o t h e r  E u r o p e a n  

c a p i ta ls  h a d  b e c o m e  w o r ld  c e n te r s  e a r l i e r ,  w h e n  c it ie s  w e re  th e  fo c u s  o f  

g o v e r n m e n t ,  c o m m e r c e ,  a n d  r e l ig io u s  a c tiv i t ie s .  B e r l in ’s f o r m a t iv e  y e a rs  as 

a  n a t io n a l  c a p i ta l  c o in c id e d  w ith  G e r m a n y ’s r a p i d  in d u s t r i a l i z a t io n  a n d  r ise  

to  t e c h n o lo g ic a l  p r e e m i n e n c e  fo l lo w in g  t h e  F r a n c o - P r u s s ia n  W a r  a n d  th e  

c o u n t r y ’s u n i f i c a t io n .  B e r l in ,  m o r e  t h a n  V ie n n a ,  P a r is ,  o r  L o n d o n ,  w as 

s h a p e d  by  i n d u s t r i a l  im p e r a t iv e s  a n d  t e c h n o lo g ic a l  o p p o r t u n i t i e s .  B y  1900  

th e  q u a i n t  tw o - s to ry  h o u s e s  so  c h a r a c te r i s t i c  o f  P r u s s ia n  B e r l in  h a d  g iv e n  

w ay  lo  b u s in e s s  b lo c k s  t h a t  h o u s e d  n o t  o n ly  c o m m e r c ia l  e n t e r p r i s e s  b u t  th e  

h e a d q u a r t e r s  o f  th e  i n d u s t r i a l  c o r p o r a t i o n s  a n d  f in a n c ia l  in s t i tu t io n s  ( in ­

c lu d in g  t h e  R e ic h s b a n k ,  D e u t s c h e  B a n k ,  D is k o n to  G e s e l ls c h a f t ,  a n d  J a c o b  

L a n d a u )  t h a t  s e r v e d  th e m .  T h e  a d m in i s t r a t iv e  b o u n d a r i e s  o f  “o ld  B e r lin ."  

w ith  a p o p u la t io n  o f  a b o u t  tw o  m il l io n ,  r e m a i n e d  a s  th e y  h a d  b e e n  s in c e  

1 8 6 0 , e n c o m p a s s in g  o n ly  a b o u t  tw e n ty - n in e  s q u a r e  m ile s — six  m ile s  a c ro ss  

a n d  a b o u t  liv e  a n d  a h a l f  m ile s  f r o m  n o r t h  to  s o u th .  I n d u s t r y ,  h o w e v e r , 

m u s h r o o m e d  in  s o - c a lle d  “ g r e a t e r  B e r l in ,"  r a d i a t i n g  te n  m ile s  f r o m  city

* F ra n k  S. H o ffm a n . "M u n ic ip al A ctiv itie s in G e rm a n y ,"  O utlook 58  (1 898): 1063. I am  
in d e b te d  lo  A lan  S te in e r  fo r  calling  my a tte n t io n  to  th e  H o ffm a n  a rtic le  a n d  to  sou rce s about 
B e r lin s  tra n s p o rta tio n  system s.
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c e n te r .  M o re  t h a n  5 0  p e r c e n t  o f  th e  w o r k in g  p o p u la t io n  o f  o ld  B e r l in  w as 

e m p lo y e d  b y  i n d u s t r y ,  a n d  t h e  p e r c e n t a g e  in  g r e a t e r  B e r l in ,  w ith  a p o p ­

u l a t io n  a r o u n d  t h r e e  m il l io n ,  in c r e a s e d  a s  n e w  in d u s t r i e s  a n d  fa c to r ie s  

f o u n d  g r o u n d  t h e r e .  B e r l in  m a n u f a c t u r e d  w o o l, w o rk e d  i r o n  a n d  s te e l ,  

t u r n e d  o u t  h e a v y  m a c h in e r y  ( in c lu d in g  s te a m  e n g in e s  a n d  lo c o m o tiv e s ) ,  

p r o d u c e d  s e w in g  m a c h in e s  a n d  b ic y c le s , o r g a n iz e d  c h e m ic a l  p r o c e s s e s ,  a n d  

d e s ig n e d  a n d  a s s e m b le d  h e a v y  a n d  l ig h t  e l e c t r ic a l  e q u i p m e n t  f o r  G e r m a n y  

a n d  th e  r e s t  o f  t h e  w o r ld .  W h e n  b u r g e o n i n g  i n d u s t r y  w i th in  t h e  c ity  t h r e a t ­

e n e d  to  d e m e a n  th e  a r c h i t e c t u r e  a n d  th e  e n v i r o n m e n t ,  t h e  m u n ic ip a l  a u ­

t h o r i t i e s  c o n s t r u c t e d  a g r e a t  c a n a l  s o u th  o f  th e  c ity  to  c o n n e c t  th e  S p r e e  

a n d  H a v e l  r iv e r s  a n d  p r o v id e  a  t r a n s p o r t  a r t e r y  t h a t  w o u ld  d r a w  in d u s t r y  

a w a y  f r o m  c ity  c e n te r .

B e r l in  w a s  n o t  o n ly  a n  in d u s t r i a l  c ity  b u t  o n e  w h o s e  in d u s t r y  w a s  n o ta b ly  

e le c t r ic a l .  T w o  o f  t h e  w o r l d ’s l e a d in g  m a n u f a c t u r e r s  o f  e le c t r ic a l  m a c h in ­

e ry ,  S ie m e n s  8c H a ls k e  a n d  A l lg e m e in e  E le k tr iz i la ts -G e s e l ls c h a f t  (A E G ), 

h a d  c e n t r a l  o f f ic e s  a n d  f a c to r i e s  in  B e r l in  a n d  its  im m e d ia te  s u r r o u n d i n g s .  

A b o u t  5 0  p e r c e n t  o f  th e  p e r s o n n e l  o f  G e r m a n y ’s e l e c t r ic a l  in d u s t r y  w o rk e d  

t h e r e  u n t i l  W o r ld  W a r  I I .  W ith  g o o d  r e a s o n ,  th e n ,  it  h a s  b e e n  c a lle d  th e  

E le k tro p o lis .3 T h i s  b u r g e o n i n g  i n d u s t r y  h e lp e d  m a in ta in  t h e  v ita l i ty  o f  B e r ­

l i n ’s— a n d  G e r m a n y ’s— e c o n o m y  d u r i n g  p e r io d s  o f  m ild  r e c e s s io n  in  th e  

t h r e e  d e c a d e s  p r e c e d i n g  W o r ld  W a r  I. S ie m e n s  8c H a l s k e ’s a n d  A E G ’s 

p r e s e n c e  a ls o  f u r t h e r e d  t h e  e le c t r i f i c a t io n  o f  i n d u s t r y  a n d  t r a n s p o r t a t i o n  

in  B e r l in .  T h e  h i s to r i e s  o f  b o th  c o m p a n ie s  in v o lv e d  a t  o n e  t im e  o r  a n o t h e r  

n o t  o n ly  e le c t r ic a l  m a n u f a c t u r i n g  b u t  a ls o  e le c t r ic a l  s u p p ly  in  th e  c ity . I n  

1 8 8 3  S ie m e n s  8c H a ls k e  w as  p a r ty  to  th e  f o u n d i n g  o f  D e u ts c h e  E d is o n  

G e s e l ls c h a f t ,  w h ic h  in  t im e  m e t a m o r p h o s e d  in to  A E G , w h ic h  in  t u r n ,  in  

1 8 8 7 , f o u n d e d  t h e  B e r l i n e r  E le k tr ic i ta ts - W e r k e  ( se e  p p .  6 8 - 7 7  a b o v e ) .

T h e  f o u n d e r  o f  S ie m e n s  8c H a ls k e ,  W e r n e r  v o n  S ie m e n s  (1 8 1 6 - 1 8 9 2 ) ,  

h is  a s s o c ia te s ,  a n d  t h e  c o m p a n y  s t im u la te d  a n  e th ic  o f  s c ie n c e  a n d  p r o f e s ­

s io n a l iz a t io n  a s  w e ll a s  in v e n t io n  a n d  i n d u s t r y  in  B e r l in .4 In  1 8 7 9  v o n  

S ie m e n s  w a s  i n s t r u m e n t a l  in  th e  e s t a b l i s h m e n t  o f  th e  B e r l in  E le k t ro te c h -  

n i s c h e r  V e r e in  (E le c t r o te c h n ic a l  A s s o c ia tio n ) ,  w h ic h  in  tu r n ,  in  1 8 9 4 , s t im ­

u la t e d  t h e  f o u n d i n g  o f  t h e  V e r b a n d  D e u t s c h e r  E le k t r o te c h n ik e r  ( la t e r  th e  

le a d in g  p r o f e s s io n a l  o r g a n iz a t io n  f o r  th e  f ie ld  in  a ll o f  G e r m a n y ) .  V o n  

S ie m e n s  a ls o  u r g e d  t h e  g o v e r n m e n t  to  e s ta b l is h  in  B e r l in  a n  in s t i tu te  d e ­

5 See von  W cih c r, Berlins  W e g z u r  Elektropolis. O n  A E G  in B erlin , sec 75 Ja h re  A E G , a  bookle t 

p u b lish ed  by th e  firm  in 1958, especia lly  p p . 2 9 -3 0 . O n  th e  B erlin  e lec tr ica l in d u stry  a fie r  
W o rld  W ar I, sec P e te r  C zada , D ie B er lin er  Ele htroindustrie in der W eim arrr Zeit (B erlin : C ol­
lo q u iu m , 1969).

'  B io g ra p h ies oC W e rn e r  von S iem e ns a n d  h isto ries  o f  S iem en s & H alske  a re  n u m e ro u s , 
d u e  in p a rt to  th e  ex iste n ce  o f  th e  co m p an y 's  a rc h ives in M unic h . A m o ng  th e  w orks a re  
W ern e r  von S iem en s, In ve n to r a n d  E n trepreneur: Recollections o f  W erne r von Siem ens (1892: 
re p r in te d  e d ., L o n d o n : L u n d  H u m p h r ie s , I960): G eo rg  von S iem ens. H istory o f  the H ouse o f  
Siem ens, 2 vols. (F re ib u rg /M u n ich : A lb c r, 1957); J u r g e n  K ocka, U ntem ehm en sv en va ltu ng  u nd  
Angestelltenschafl; am  Beispiet Siem ens 1 8 4 7 -1 9 1 4 :  Z u r  Verlialtnis von Ka pitalism us u n d  Biirokratie  
in der deutschen Industria lisieru ng  (S tu t tg a rt: K le li, I9G9); S ig frid  von  W eiher. W erne r von Sie ­

mens: E in  Leben f u r  W issenschaft, Technih u n d  W irtscha ft (G o tting e n : M u stc rsch in id l. 1970); an d  
Sig frid  von  W cih c r  an d  H e rb e r t G oetze lc r , The Siem ens Com pany: Its H istorical Ro le in the Progress 
o f  E lectrical E n gineer in g  (B erlin  a n d  M un ich : S iem ens, 1972). Sec also J u r g e n  K ocka, "S ie m ens 
u n d  d e r  A uflia llsam c  A ufs licg  d e r  A EG ," Trad ition  17 (1972): 125 -4 2 : a n d , p r im a rily  fo r  
la te r  d e v e lo p m e n ts , C zad a , D ie B erlin er Elehtroindustrie.
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v o te d  to  b a s ic  r e s e a r c h .  I n  1 8 8 3 , in  a n  a p p e a l  to  th e  P ru s s ia n  g o v e r n m e n t ,  

h e  w ro te ,  “ R e s e a rc h  is t h e  f i r m  f o u n d a t io n  o f  te c h n o lo g ic a l  p r o g r e s s ;  a 

c o u n t r y 's  i n d u s t r y  h a s  n o  h o p e  o f  a t t a in in g  a n  i n te r n a t io n a l ,  le a d in g  p o ­

s i t io n  a n d  s u s ta in in g  i t s e l f  u n le s s  it is in  th e  f o r e f r o n t  o f  s c ie n t i f ic  r e s e a r c h ." '  

S ie m e n s  o f f e r e d  to  f in a n c e  th e  b u i ld in g  o f  s u c h  a n  in s t i tu t e  w ith  f u n d s  

th a t  h a d  b e e n  le f t  to  h im  in  t h e  e s t a t e  o f  h is  b r o t h e r ,  W ill ia m . T h e  G e rm a n  

R e ic h s ta g  e v e n tu a l ly  a c c e p te d  a  m o d i f i c a t io n  o f  S ie m e n s ’s p r o p o s a l  a n d  

e s t a b l i s h e d  th e  P h y s ik a l is c h - T e c h n is c h e  R e ic h s a n s ta l t  ( I m p e r ia l  P h y sica l- 

T e c h n ic a l  I n s t i tu t e ) ,  o f  w h ic h  H e r m a n n  v o n  H e lm h o l t z  ( 1 8 2 1 - 1 8 9 4 ) ,  th e n  

G e r m a n y ’s l e a d in g  p h y s ic is t ,  b e c a m e  th e  f i r s t  p r e s i d e n t  in  1 8 8 7 . B es id e s  

t h e s e  c o n t r i b u t i o n s  to  t h e  s c ie n t i f ic  life  a n d  in te l le c tu a l  s p i r i t  o f  B e r lin , 

W e r n e r  v o n  S ie m e n s  w as  r e s p o n s ib le  f o r  th e  in s ta l la t io n  o f  c h a i r s  in  th e  

n e w  f ie ld  o f  e le c t r ic a l  e n g i n e e r i n g  a t  G e r m a n  T e c h n u c h e n  H o c h sc h u le n  (see 

p p .  14 4 —4 5  a b o v e ) .0 T h e s e  in s t i tu t io n s ,  t h e i r  e n g in e e r s ,  a n d  t h e i r  sc ie n tis ts  

h e l p e d  e n s u r e  th a t  te c h n o lo g y  in  g e n e r a l ,  a n d  s u c h  a d v a n c e d  f ie ld s  as 

e l e c t r ic a l  e n g i n e e r i n g  s p e c if ic a lly ,  w o u ld  f lo u r i s h  in  B e r l in .

By 1 9 0 0  B e r l in 's  A l lg e m e in e  E le k t r iz i ia is -G e s e l ls c h a f i  w as  a  l a r g e r  m a n ­

u f a c t u r e r  o f  e l e c t r ic a l  m a c h in e r y  a n d  a p p a r a t u s  th a n  S ie m e n s  &  H a lsk e . 

I t  h a d  1 7 ,3 0 0  e m p lo y e e s ,  w h ile  S ie m e n s  h a d  1 3 ,6 0 0 ; it h a d  6 0  m ill io n  m a rk s  

in  s h a r e  c a p i ta l ,  w h ile  S ie m e n s  ( in c lu d in g  its  f o r e ig n  s u b s id ia r ie s )  h a d  5 4 .5  

m i l l io n .7 W h e n  f o u n d e d  in  1 8 8 7 , A E G  w a s  p r im a r i ly  a  f in a n c ie r  a n d  o p ­

e r a t o r  o f  e le c t r ic a l  u t i l i t ie s  a n d  a m a k e r  o f  i n c a n d e s c e n t  l a m p s .  I n  c o n tr a s t ,  

S ie m e n s  w as  a  m a n u f a c t u r e r  o f  e q u i p m e n t .  W ith in  a  d e c a d e ,  h o w e v e r ,  A E G  

h a d  e x p a n d e d  its  m a n u f a c t u r i n g  to  i n c lu d e  p o w e r  e q u i p m e n t  a n d  h a d  

i n t r o d u c e d  a l in e  o f  p o ly p h a s e  m a c h in e r y .  T h e  c o m p a n y  c o n t in u e d  to  

f in a n c e  a n d  b u i ld  c e n t r a l  p o w e r  s t a t io n s  a n d  d u r i n g  t h e  1 8 9 0 s  b e c a m e  

e s p e c ia lly  a c tiv e  in  t h e  c o n s t r u c t io n  o f  e le c t r ic  s t r e e t c a r  s y s te m s .  I t  a c q u ir e d  

th e  r ig h t s  to  th e  d e s ig n s  o f  F r a n k  S p r a g u e ,  th e  A m e r ic a n  p i o n e e r  in  e le c tr ic  

t r a c t io n .  T h e  c o m p a n y  fo llo w e d  a  p o lic y  o f  f in a n c in g  its  c u s to m e r s ,  w h e th e r  

th e y  w e re  h o r s e c a r  c o m p a n ie s  c o n v e r t in g  to  e le c t r ic i ty  o r  c o m p a n ie s  w ith  

n e w  f r a n c h is e s .  I n  c o o p e r a t i o n  w ith  b a n k s  in  B e r l in  a n d  e ls e w h e r e ,  it a lso  

f in a n c e d  a n d  c o n s t r u c t e d  p o w e r  p la n t s  f o r  e le c t r ic  s u p p ly  u t i l i t ie s  a n d  

in d u s t r i a l  fa c il i t ie s  th a t  u s e d  h e a v y - p o w e r  e q u i p m e n t .  In  1 8 8 8 , f o r  e x a m p le ,  

w ith  t h e  h e lp  o f  s e v e r a l  b a n k s .  A E G  e s ta b l i s h e d  A lu m i n u m - l n d u s t r i e  A .G . 

in  N e u h a u s e n ,  S w itz e r la n d .  B y 1 9 0 0  A E G  h a d  e s ta b l i s h e d  2 4 8  p o w e r  p la n ts  

w ith  a to ta l  c a p a c i ty  o f  2 1 0 ,0 0 0  h . p . 8 A E G  a ls o  g r e w  b y  a m a lg a m a t io n ,  th e  

e s t a b l i s h m e n t  o l  In te re s se n g e m e in sc h a ft  ( a d  h o c  c o m m o n - in te r e s t  o r g a n iz a ­

t io n s ) ,  a n d  c a r t e l  ( p r i c e - c o n t r o l )  a r r a n g e m e n t s .  W ith  th e  U n io n  E le k tr iz i-

5 Q u o te d  in S ig fr id  von  W cih e r, W erner  vo n Siem ens: A L ife  in the Service o f  Science. Technology 

a n d  In dus try  (1970; Eng. tra n s .. C o u in g e n : M usic rschn>id l. 1975), p. 73.
0 V on S iem ens, H ouse o f Siem ens, 1:115.

’ If, ho w eve r, th e  7 ,4 00  e m p lo yee s o f  S c lm c k erl Sc Co. a rc  in c lu d ed , th e n  th e  Siem ens- 

c o n tro lled  e n te rp r is e  was la rg e r . In 1903 S iem e ns Sc l la lsk c  a n d  S c lu ic k ert Sc C o. o f  N iirn berg  
estab lished  a b o ld in g  c o m p an y , S icm rn s-S c h u ck e rlw erk e . T h e  new  e n tity  o p e ra te d  th e  electric  

p o w er e q u ip m e n t m a n u fa c tu rin g  facilit ies o f  th e  tw o co m p an ie s. T h e  sh a re h o ld in g , m a n ­

a g e m e n t, a n d  p ro fi ts  o l S iem e n s-S c h u ck e rtw c rk e  w ere w eig h ted  sligh tly  in  favo r o f  Siem ens 
Sc H alske. S iem en s Sc I ta lske  he ld  45 .0 5  m il lion  m a rk s o f  th e  h o ld in g  c o m p a n y ’s capital; 
S c lu ick ert, 44 .9 5  m il lion . V on S iem ens. H ouse  o f Siem ens. 1:192, 196.

" C o n r a d  M aischoss, "D ie g c sc h ith ilic h c  E n iw ick lu ng  d e r  A llge m cinen  Eleklriciiats -C e- 
sellschaft in d e n  c rs tc n  25  Ja h rc n  iln e s  B c s tc h en s .” fleitrage  cur G eschichte der Tecknik und  
Industr ie  I (1909): 62.
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t a is -G c s e l ls c h a f t  ( f o u n d e d  b y  L u d w ig  L o e w e  a n d  T h o m s o n - H o u s t o n  I n ­

t e r n a t io n a l ) .  A E G  f o r m e d  a n  In te r e s x e n g r m e im c h a f t  th a t  d iv id e d  th e  m a rk e t  

a n d  p r o f i t s  in  th e  e le c t r ic  s t r e e t c a r  f ie ld ,  w h e r e  U n io n  h a d  a f i rm  p o s i t io n .  

I n  1 9 0 3  E m il K a th e n a u ,  t h e  f o u n d e r  o f  A E G , r e a c h e d  a n  a g r e e m e n t  w ith  

G e n e r a l  E le c tr ic  in  A m e r ic a  to  d iv id e  t h e i r  w o r ld  m a r k e t s :  A E G  w o u ld  

c o n t i n u e  to  b e  p r e e m i n e n t  in  E u r o p e ;  G E , in  N o r th  A m e r ic a .  A E G  a n d  

G E  a ls o  a g r e e d  to  c o o p e r a t e  in  th e  d e v e lo p m e n t  o f  t h e  R ie d le r - S tu m p l  a n d  

C u r t i s  s t e a m - t u r b i n e  p a te n t s  w h e n  s te a m  tu r b i n e s  b e g a n  d is p la c in g  r e c ip ­

r o c a t in g  s te a m  e n g in e s  in  p o w e r  s ta t io n s .  A E G  f u r t h e r  s t r e n g t h e n e d  its 

p o s i t io n  in  th e  t u r b i n e  f ie ld  b y  e x c h a n g i n g  s to c k  w ith  th e  S w iss e le c t r ic a l  

m a n u f a c t u r i n g  f i r m  B ro w n ,  B o v e r i  & C o m p a n y ,  w h ic h  h e ld  r ig h ts  to  m a n ­

u f a c t u r e  th e  P a r s o n s  t u r b i n e . n

A E G ’s in f lu e n c e  a m o n g  G e r m a n  u ti l i t ie s  t h r o u g h  s to c k  o w n e r s h ip  w as 

e x te n s iv e .  B e c a u s e  t h e  c o n t r o l  w as  th a t  o f  a s u p p l i e r  o v e r  its  m a r k e t ,  th e  

r e l a t io n s h ip  r e s e m b le d  v e r t ic a l  in t e g r a t i o n .  I n  191 1 A E G  o w n e d  s o m e  p a r i  

o f  1 14 p u b l ic  p o w e r  p la n t s  (E le k tr iz ita tsw e rk e ) ,  a n d  th e s e  s u p p l i e d  3 1 p e rc e m  

o f  th e  c o n n e c te d  e le c t r i c  lo a d  in  G e r m a n y .  S ie m e n s - S c h u c k e r i  o w n e d  a 

p a r t  o f  8 0  p o w e r  p la n t s ,  a n d  th e s e  s u p p l i e d  6 .3  p e r c e n t  o f  t h e  c o n n e c te d  

lo a d .  T h e  tw o  m a n u f a c t u r e r s  h e ld  a d i s p r o p o r t i o n a t e  in te r e s i  in  th e  r e l ­

a tiv e ly  few  la rg e - c a p a c i ty  p la n t s  r a t h e r  th a n  in  th e  la r g e  n u m b e r  o f  sm a ll 

o n e s .  P o w e r  p la n t s  w ith  a c a p a c i ty  o f  m o r e  th a n  1 0 ,0 0 0  kw . s u p p l i e d  3 4 .6  

p e r c e n t  o f  t h e  c o n n e c t e d  lo a d ,  a n d  th e  tw o  m a n u f a c t u r e r s  o w n e d  a n  in ­

t e r e s t  in  th e  tw e lv e  o f  th e s e  t h a t  s u p p l i e d  2 6 .4  p e r c e n t  o f  th e  l o a d ." ’ M u c h  

o f  t h e  c a p a c i ty  o f  t h e  c e n t r a l  s t a t io n s  in  w h ic h  A E G  h a d  in v e s te d  w as lo c a te d  

in  B e r l in  o r  its  s u b u r b s  a n d  w as  o p e r a t e d  by  th e  A E G  s u b s id ia ry ,  th e  

B e r l in e r  E le k t r i c i t a t s - W e r k e  (B E W ).

C o n s id e r in g  t h e  in v e s tm e n t  n e tw o r k  a n d  A E G ’s p iv o ta l  r o le  in  it. ii is 

n o t  s u r p r i s i n g  t h a t  E m il R a t h e n a u ,  th e  c o m p a n y 's  f o u n d e r ,  w as k n o w n  in  

G e r m a n y  a s  t h e  i n v e n t o r  o f  t h e  p r in c ip le  o f  m a r k e t  c r e a t io n  t h r o u g h  in ­

v e s tm e n t  f in a n c in g .  R a t h e n a u  a ls o  f o u n d e d  a n d  p r e s id e d  o v e r  th e  B e r l in e r  

E le k t r ic i ta ts - W e r k e  u n t i l  h is  d e a t h . "  L ik e  th a t  o f  W e r n e r  v o n  S ie m e n s .  

R a lh e n a u 's  n a m e  lo o m s  l a r g e  in  th e  h is to ry  o f  th e  e le c t r ic a l  in d u s t r y  in  

G e r m a n y  a n d  a ls o  in  t h e  e s t a b l i s h m e n t  o f  B e r l in  a s  its  E le k tro p a lis ,  b u t  w h ile  

v o n  S ie m e n s  c a m e  to  r e p r e s e n t  in v e n t io n ,  e n g in e e r in g ,  a n d  in d u s t r i a l  sc i ­

e n c e ,  R a t h e n a u  s to o d  f o r  t h e  p o w e r f u l  a n d  w id e ly  in f lu e n t i a l  i n t e r a c t io n  

o f  i n v e s tm e n t  c a p i ta l ,  i n d u s t r i a l  e n t e r p r i s e ,  a n d  h ig h ly  o r g a n iz e d  m a r k e t ­

in g .  H is  s o n ,  W a l th e r  ( 1 8 6 7 - 1 9 2 2 ) ,  s u c c e e d e d  h im  a s  h e a d  o f  A E G  in  1915 

a n d  w e n t  o n  to  d is p la y  o r g a n iz a t io n a l  a b il i t ie s  o n  a n  e v e n  g r e a t e r  s ta g e  

t h a n  h a d  h is  f a th e r .  D u r i n g  W o r ld  W a r  I, W a l th e r  d i r e c te d  th e  a l lo c a tio n  

o f  G e r m a n y ’s r e s o u r c e s ,  a n d  s h o r t ly  t h e r e a f t e r  h e  s e rv e d  as m in i s t e r  o f  

r e c o n s t r u c t io n  (1 9 2 1 )  a n d  f o r e ig n  m in i s t e r  ( 1 9 2 2 ) . H e  w as  a s s a s s in a te d  by 

n a t io n a l is t ic  a n d  a n t i -S e m it ic  fa n a t ic s  w h o  o p p o s e d ,  a m o n g  o t h e r  th in g s ,

0 Ib id .,  pp . 6 4 -6 5 .

10 llc lg a  N u ssb a u m , " V c rsu ch c  z u r  reichsgeselz lichen  R cg clu ng  t i n  d c u is r h rn  F.lrk tri/i-  
la tsw irlsc hafl u n d  zu ili rc r  U b ciT u liru n g  in R c ic h srig en tu m , 1909 bis 1914," /n hrh ur h  f in  
W irLschaftsgesclnclite (B e rlin . 1968). p i. 3. p p . 137-38 .

"  See p p . 6 6 - 7 8  a bove  fo r  a d iscussio n  o f  R a th e n au  a n d  th e  fo u n d in g  o f  AFC- a n d  BEW . 
B iog ra ph ies  o f  Emil R a lh c n a u  in c lu d e  A. R icd le r, lim il  R athenau  u n d  das W erden drr  Cross 
urirlschaft (B erlin : S p r in g e r , 1916), a n d  Felix  P in n er . F.mrl R athenau  u n d  das elehtnsrhe Zeitalter 
(Ix tipzig: A k ad c m isc hc  V erla gsgcsc lls rha fi, 1918).
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F ig u re  V I I . I .  H eadquarters o f  Ber liner  
E le ctnn ln ls -W erk e  a n d  Allgem eine  

E lektr iiitdts-Cesellschaft, Ber lin , 1 891 . 
From  O rfiz ic llc  Z c iu in g  . . . F ra n k fu r t 

am  M ain  1 8 9 1. p. 16 ) .

h is  d e s i r e  to  fu lf i l l  t h e  r e p a r a t i o n s  t e r m s  o f  t h e  p e a c e  s e t t l e m e n t .  W a l th e r ,  

w h o  w as  p a s s io n a te ly  c o m m i t t e d  to  p h i lo s o p h y  a n d  t h e  a r t s ,  p r o b a b ly  e n ­

c o u r a g e d  h is  f a t h e r  to  a p p o i n t  t h e  f a m o u s  a r c h i t e c t  P e te r  B e h r e n s  (1 8 6 8 — 

1 9 4 0 ) as a r t  a n d  a r c h i t e c t u r a l  a d v i s e r  to  A E G . B e h r e n s  d e s ig n e d  t h e  f a m o u s  

1 9 0 9  A E G  t u r b i n e  f a c to ry  in  B e r l in .  H e  a ls o  d e s ig n e d  v a r io u s  e le c tr ic a l  

a p p l i a n c e s  m a n u f a c t u r e d  by th e  c o m p a n y .12

N o  a c c o u n t  o f  th e  B e r l in  e n v i r o n m e n t  in  w h ic h  th e  R a th e n a u s  n u r t u r e d  

A E G  a n d  B E W  w o u ld  b e  a d e q u a t e  w i th o u t  d u e  e m p h a s i s  o n  t h e  ro le  o f  

th e  in v e s tm e n t  b a n k s  (K r e d itb a n k e n )  t h e r e .  C o n s id e r a t io n  o f  th e s e  a n d  th e i r  

r e l a t io n s h ip  w ith  th e  e le c t r ic a l  i n d u s t r y  fo c u s e s  a t t e n t i o n  o n  G e o r g  v o n  

S ie m e n s .  A  c o u s in  o f  W e r n e r ’s, G e o r g  ro s e  t h r o u g h  th e  r a n k s  to  b e c o m e  

a  h e a d  o f  th e  D e u ts c h e  B a n k  in  B e r l in  a f t e r  h a v in g  w o r k e d  f o r  S ie m e n s  

8c H a ls k e .  T h e  D e u ts c h e  B a n k  w a s  o n e  o f  t h e  l e a d in g  K r e d itb a n k e n ,  w h ic h  

w e re ,  in  e f f e c t ,  a  c o m b in a t io n  o f  c o m m e r c ia l  a n d  in v e s tm e n t  b a n k s ,  b a n k s  

t h a t  h a v e  b e e n  c h a r a c te r i z e d  by  m a n y  h i s to r i a n s  a s  t h e  c e n te r s  o f  g r e a t  

i n d u s t r i a l  in f lu e n c e — a lm o s t  c o n t r o l— d u r i n g  th e  r a p i d  in d u s t r i a l i z a t io n  o f  

G e r m a n y  a f t e r  1 8 7 1 .1:1 G e o r g  v o n  S ie m e n s  a d v is e d  a n d  a s s is te d  in  th e  

f in a n c in g  o f  b o th  S ie m e n s  8c H a ls k e  a n d  R a th e n a u 's  e n t e r p r i s e s  u n t i l  A E G

'* Rooks a n d  a rticles  a b o u t a n d  by  W a lih c r  R a lh c n a u  a rc  n u m e ro u s , b u t m ost focus o n  his 
po litical views, eco no m ic  a n d  social ph ilo so p h y , a n d  a esth e tic  in te rests . H e rm a n n  Brinck- 
m cy cr, D ie Ra th enaus (M u n ic h : W ie la n d , 1922), d o e s d irec t a tte n t io n  to  his  A EG  association.

15 H u g h  N ett b u rg e r , " T h e  In d u s tr ia l Politics o f  th e  KredtlbanJlen. 18 80 -1 9 1 4 ."  Business H is ­

tory Rev ie w  51 (1 977): I90--207. c ha lle ng es th e  a rg u m e n t th a t th e  ba nk s d o m in a te d  th e  bank- 

in d u s try  re la tio n sh ip  in G erm a n y , a thesis  ad v an c ed  by R u d o lf  H ilfe rd in g , D as F m a n ik a p ita l 
(V ienn a : V crlag  d c r  W ein e r V o lk sb u c h h a n d lu n g , 1923), a n d  o th e rs . N e u b u rg e r  sees th e  
re la tio n sh ip  as o n e  a m o n g  n e g o tia tin g , a u to n o m o u s  po w ers. T h is  view is a lso  a d v an c ed  in 
K ocka, U nte m ehm en sv erw allu ng . p . 431.
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b e c a m e  a  s t r o n g  m a n u f a c t u r i n g  c o m p e t i t o r  o f  th e  S ie m e n s  f i rm .  In  1 8 9 6  

G e o r g  r e s ig n e d  h is  c h a i r m a n s h i p  o f  th e  b o a r d  o f  A E G  w h e n  h is  p la n ,  w h ic h  

w as  f o r  A E G  to  f u n c t io n  p r im a r i ly  a s  a  f in a n c e r  o f  u t i l i t ie s  a n d  p o w e r  

p la n t s  a n d  S ie m e n s  a s  a  m a n u f a c t u r e r ,  w as  o b v io u s ly  n o  l o n g e r  v ia b le . 

G e o r g  v o n  S ie m e n s  h a d  g r e a t  r e s p e c t  f o r  R a th e n a u ,  b e l ie v in g  h im  to  b e  

t h e  b e s t  f in a n c ia l  a n d  c o m m e r c ia l  h e a d  in  th e  i n d u s t r y ,  b u t  A E G ’s m a n a g e r s  

b e lie v e d  t h a t  G e o r g ,  b e c a u s e  o f  h is  re la t iv e s ,  w as  to o  d e e p ly  in v o lv e d  in  a 

c o n f l i c t - o f - in te r e s t  s i tu a t io n .  F o r  h is  p a r t ,  G e o r g  t h o u g h t  t h a t  R a th e n a u  

w as  o v e r e x t e n d e d  a s  f in a n c ie r ,  m a n u f a c t u r e r ,  a n d  o p e r a t o r  o f  e le c t r ic a l  

u t i l i t ie s .  A E G  m a d e  a  p r o f i t  f r o m  s e ll in g  h e a v y  m a c h in e r y ,  s e l l in g  th e  u t i l i ty  

s h a r e s  it lo o k  in  p a y m e n t  f o r  t h e  e q u i p m e n t ,  a n d  th e n  f r o m  o p e r a t i n g  

s o m e  o f  th e  u ti l i t ie s .  A l th o u g h  G e o r g  v o n  S ie m e n s ,  w ith  h is  G e r m a n  s e n s e  

o f  o r d e r  a n d  c o o p e r a t io n ,  w as  f r u s t r a t e d  in  h is  a t t e m p t  to  b a la n c e  th e  

a c tiv it ie s  o f  th e  tw o  le a d in g  m a n u f a c t u r e r s ,  h e  w as  a b le  to  b r i n g  a b o u t  th e  

t r a n s f o r m a t i o n  o f  S ie m e n s  8c H a ls k e  f r o m  a n o n s h a r e ,  f a m ily -o w n e d  e n ­

t e r p r i s e  to  a  s to c k  c o m p a n y  w h o s e  s h a r e s  w e re  o w n e d  by  th e  fa m ily . T h i s  

m a d e  i t  p o s s ib le  f o r  b a n k s  s u c h  a s  th e  D e u ts c h e  B a n k ,  w h ic h  m a d e  lo a n s  

to  S ie m e n s  8c H a ls k e ,  to  p la c e  m e m b e r s  o n  th e  b o a r d  o f  d i r e c to r s  (A u f - 

s ic h s tra t) o f  t h e  s h a r e  c o m p a n y .14

M o tiv a te d  b y  in d u s t r i a l  n e e d s  a n d  th e  d e s i r e  to  se iz e  te c h n o lo g ic a l  o p ­

p o r tu n i t i e s ,  B e r l in  d e v e lo p e d  a n  e x e m p la r y  t r a n s p o r t a t i o n  s y s te m . A s w as 

th e  c a s e  in  C h ic a g o ,  B e r l i n ’s e le c t r ic  u ti l i ty  s u p p l i e d  th e  p o w e r  w h e n  m u c h  

o f  th e  c i ty ’s t r a n s p o r t a t i o n  s y s te m  w as e le c t r i f i e d .  E a r l ie r ,  t h e  P ru s s ia n  s ta te  

b e c a m e  in v o lv e d  in  t h e  p l a n n i n g  a n d  f u n d i n g  o f  a  t r a n s i t  s y s te m  in  o r d e r  

to  fac ilita te  m ili ta ry  m o b il iz a tio n  by ra ilw ay . T h e  lo c a d o n  o f  in d u s t ry ,  w o rk e r  

s e t t l e m e n t s ,  a n d  m id d le - c la s s  s u b u r b a n  n e ig h b o r h o o d s ,  a s  w ell a s  m i li ta ry  

c o n s id e r a t io n s ,  s h a p e d  t h e  s t r u c t u r e  o f  th e  s t a l e ’s t r a n s p o r t a t i o n  n e tw o rk .  

B e r l in ,  l ik e  L o n d o n  a n d  P a r is ,  w as  a  ra i lw a y  n o d a l  p o in t ;  tw e lv e  m a in  lin e s  

c o n v e r g e d  o n  it. C o n c e r n e d ,  a s  L o n d o n  h a d  b e e n ,  t h a t  a d d i t io n a l  m a in ­

l in e  ra i lw a y  s t a t io n s  in  c e n t e r  c ity  w o u ld  m a r  a n d  c o n g e s t ,  B e r l in  r in g e d  

i t s e l f  w ith  m a in - l in e  s ta t io n s .  T h e s e  w e re  c o n n e c te d  b y  a  R in g b a h n  (“ r in g  

r a i l r o a d ” ), w h ic h  o p e n e d  in  s e c t io n s  b e g in n in g  in  1 8 7 2  a n d  w h ic h , a f t e r  

1 8 8 2 , f e d  in to  t h e  S ta d tb a h n  (“c ity  ra i lw a y ”) th a t  e x te n d e d  a c r o s s  B e r lin  

f r o m  e a s t  to  w e s t.  C o n n e c t in g  w ith  t h e  S ta d tb a h n ,  s t r e e tc a r  l in e s  h o n e y ­

c o m b e d  th e  c ity . T h e  e le v a te d  p o r t io n  o f  th e  S ta d tb a h n  w as c a r r i e d  a b o u t  

tw e n ty  f e e l  a b o v e  t h e  s t r e e t s ,  a n d  its  s t a t io n s  a r e  r ic h  in  h is to r ic a l  c o n n o ­

ta t io n s — F r ie d r i c h s t r a s s e ,  Z o o lo g is c h e r  G a r te n ,  a n d  A le x a n d e r p la tz .  D e ­

s p i te  b o th  t h e  e x c e l le n c e  a n d  t h e  o r ig in a l  e x c e s s  c a p a c ity  o f  th e  S ta d tb a h n ,  

a s  w ell a s  t h e  e x te n s io n s  o f  t h e  s t r e e t c a r  l in e s , in c r e a s e d  d e m a n d  a n d  g r o w ­

in g  c o n g e s t io n  le d  in  1 8 9 6  to  th e  s t a r t  o f  c o n s t r u c t io n  o f  a n  e le v a te d  a n d  

s u b w a y  s y s te m  a c r o s s  c e n t e r  c ity , m o s tly  to  th e  s o u th  o f  t h e  S ta d tb a h n .  T h e  

c ity  d e m a n d e d  t h a t  t h e  s y s te m  g o  u n d e r g r o u n d  in  th e  w e s te rn  s e c tio n  to  

e l im in a te  n o is e  a n d  t r a f f i c  in  th e  c h o ic e  r e s id e n t ia l  a r e a s  in  th e  v ic in ity  o f  

C h a r l o t i e n b u r g .  E a r l i e r  th e  c ity  in s is te d  th a t  e le c t r ic  s t r e e tc a r s  r u n  o f f  

s to r a g e  b a t t e r i e s  in  c e n t e r  c ity  to  a v o id  u n s ig h t ly  a n d  d a n g e r o u s  o v e r h e a d  

p o w e r  l in e s . B e c a u s e  o f  te c h n ic a l  p r o b le m s  w ith  s to r a g e  b a t te r ie s ,  h o w e v e r ,  

th e  r e q u i r e m e n t  w a s  s u b s e q u e n t ly  e a s e d .  A t th e  tu r n  o f  th e  c e n tu r y  th e

14 V on Siem ens, H ouse  o f  S ie m n u ,  I: 1 48-49 , 154-58 .
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U .S . c o n s u l  g e n e r a l  in  B e r l in  a t t e s t e d  lo  th e  a r t i s t ic  b e a u ty ,  th e  a r c h i t e c tu r a l  

c h a r m ,  th e  f i tn e s s ,  a n d  t h e  g e n e r a l  e x c e l le n c e  o f  th e  B e r l in  s y s te m s  o f  m ass  

t r a n s i t . 15

A s in  o t h e r  in d u s t r i a l i z in g  c i t ie s , e le c t r ic  l ig h t  a n d  p o w e r  h e lp e d  s h a p e  

B e r l in ’s a r c h i t e c t u r e ;  d e e p ly  in f lu e n c e d  th e  d e s ig n  o f  its  f a c to r ie s ,  a n d  

w o rk s h o p s ,  a n d  c h e m ic a l  p la n t s ;  s t im u la te d  in d u s t r i a l  g r o w th ;  d e t e r m i n e d  

th e  lo c a t io n  o f  t h e  c i ty ’s t r a n s p o r t a t i o n  s y s te m s ; p r o v id e d  t e l e p h o n e  a n d  

t e l e g r a p h  c o m m u n ic a t io n ;  a n d ,  w h e n  s u b s t i tu te d  f o r  s te a m  p o w e r ,  le s s e n e d  

n o is e  a n d  d i r t .  I n  s h o r t ,  e l e c t r i f ic a t io n  a f f e c te d  t h e  w ay  in  w h ic h  w o rk e r s  

l a b o r e d ,  m a n a g e m e n t  o r g a n i z e d ,  a n d  B e r l in e r s  l iv e d . B e c a u s e  o f  th is ,  th e  

p r iv a te  c o m p a n y  t h a t  s u p p l i e d  m o s t o f  th e  e le c t r ic  l ig h t  a n d  p o w e r  fo r  

B e r l in  u n t i l  1 9 1 5 , a n d  th e  m u n ic ip a l  g o v e r n m e n t  t h a t  r e g u la le d  e le c tr ic a l  

s u p p ly ,  s h a p e d  t h e  h is to r y  o f  B e r lin .

O n  th e  e v e  o f  W o r ld  W a r  I, t h e  B e r l in e r  E le k lr ic i ta ts - W e r k e  (B E W ) 

r a n k e d  a s  o n e  o f  t h e  w o r ld ’s l e a d in g  e le c t r ic  s u p p ly  u ti l i t ie s .  E n g in e e r s  a n d  

m a n a g e r s  lo o k e d  to  it, a lo n g  w ith  th e  C o m m o n w e a l th  E d is o n  C o m p a n y  o f 

C h ic a g o ,  a s  p a c e s e t t e r s  in  th e  e s ta b l i s h m e n t  o f  w o r ld  s t a n d a r d s ,  b o th  t e c h ­

n ic a l a n d  c o m m e r c ia l ,  f o r  th e  e le c t r ic  s u p p ly  in d u s t r y .  T h e  c ity  e n g in e e r s  

o f  M e lb o u r n e .  A u s t r a l ia ,  i n c lu d e d  B e r l in  a n d  B E W  o n  t h e i r  w o r ld  to u r  in  

1 9 1 2 , o b s e r v in g  t h a t  " o n  th e  C o n t i n e n t  o n e  n a tu r a l ly  v is its  B e r l in ,  b e in g  

e le c t r ic a l ly  th e  m o s t  im p o r t a n t  c ity , n o t  o n ly  f r o m  a n  e le c t r ic  s u p p ly  p o in t  

o f  v ie w , b u t  o n  a c c o u n t  o f  t h e  f a c t  t h a t  th e  tw o  m o s t p o w e r f u l  e le c tr ic a l  

m a n u f a c t u r i n g  c o n c e r n s  in  E u r o p e  h a v e  t h e i r  f a c to r ie s  h e r e . ” 16 I n  1913 

G e o r g  K l i n g e n b e r g ,  h e a d  o f  A E G ’s p o w e r - p la n t  d iv is io n ,  b r o u g h t  th e  d e ­

ta i ls  o f  B e r l in ’s e le c t r ic  s u p p ly  s y s te m  to  th e  a t t e n t i o n  o f  t h e  te c h n ic a l  w o r ld  

in  h is  a n a ly s is  o f  th e  u t i l i t ie s  in  th e  G e r m a n  c a p i ta l ,  C h ic a g o ,  a n d  L o n d o n . 17 

S a m u e l  I n s u l l  o f  C o m m o n w e a l th  E d is o n  in c lu d e d  th e  B e r l in  s y s te m  in  his  

c o m p a r i s o n s  o f  th e  t e c h n ic a l  a n d  e c o n o m ic  c h a r a c te r i s t i c s  o f  le a d in g  u t i l ­

i t ie s . I n  G e r m a n y ,  B E W  w as th e  la r g e s t  o f  t h e  u r b a n  u t i l i t ie s .

T h o s e  w h o  c o m p a r e d  th e  s la te  o f  e l e c t r i f i c a t io n  in  v a r io u s  c i t ie s  f o u n d  

t h a t  B e r l in  h a d  lit t h e  s t r e e t s  o f  th e  m e t r o p o l i s  b e a u t i f u l ly ,  in  p a r t  w ith  a rc  

l ig h t in g  f r o m  B E W  a n d  in  p a r t  w ith  g a s l ig h t  f r o m  t h e  c i ty -o w n e d  p la n t .  

T h e  d e le g a t io n  o f  e n g i n e e r s  f r o m  M e l lx m r n e  w a x e d  e lo q u e n t .  B e r l in ’s 

s t r e e t s ,  t h e y  s a id ,  w e re  a m o n g  th e  f in e s t  in  t h e  w o r ld — w id e ,  s m o o th ,  a n d  

c le a n .  N o w h e r e  e ls e  w as  t h e r e  a t h o r o u g h f a r e  m o r e  b e a u t i f u l  t h a n  U n te r  

d e n  L in d e n  a s  it  s t r e t c h e d  t h r o u g h  th e  h e a r t  o f  t h e  c ity  a n d  in to  th e  

T ie rg a r te n .  I ts  l i g h t in g  w as  s u p p l i e d  by  n e w ly  i n t r o d u c e d  f la m e - a r c  la m p s . 

T h e  s t r e e t  w as  so  s m o o th  th a t  “a c o n s id e r a b le  p r o p o r t i o n  o f  t h e  y o u th ,  

m a le  a n d  fe m a le ,  d u r i n g  t h e i r  le is u r e ,  d i s p o r t  th e m s e lv e s  o n  r o l l e r  sk a te s , 

i n c u r r i n g  th e r e b y  s o m e  c o n s id e r a b le  r is k  f r o m  th e  r a p id  a u to m o b i l e s  th a t  

a b o u n d  e v e r y w h e r e ."  T h e  l e a d in g  th o r o u g h f a r e s ,  w ith  o r  w i th o u t  s k a te r s ,  

h a d  a r c  l ig h ts ,  a n d  o t h e r  s t r e e t s  h a d  e x c e l le n t  g a s l ig h t i n g .18

13 F ra nk  I I. M ason , " T ra n s p o rta tio n  P rob le m s a n d  P ro g ress  in G erm a n y ."  U .S. Consular 
Reports, no. 273 (Ju n e  1903), p. 176; id e m . "N ew  E lectr ic  U n d e r g r o u n d  a n d  E levated  Railway 

at B e rlin ,"  A dv anre  Sheets o f  U .S. Co nsu la r Reports, 29  M arch  1902, p. 7.
lr>City o f  M e lb o u rn e , City E le ctnc al E ng in eers' Notes on T o u r A bro ad  (M elb o u rn e . A ustralia . 

1912), p. 13.

-lOt)7 t i e 0 r * Klin,?C,,,,CrK• "t l c c l , i t i l> S u pp ly  in U r g e  C ities,"  The  Electrician 72 (1913): 3 9 8 -

'" C ily  o f  M e lb o u rn e , E ngineers ' Notes, p. 38.
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A s e a r ly  a s  1 8 9 0  B e r l in ’s u ti l i ty  w as  s u p e r i o r ,  in  m a n y  p a r t i c u la r s ,  to  th a t  

in  N e w  Y o rk ,  th e  c ity  w h e r e  E d is o n  h a d  i n a u g u r a t e d  c e n t r a l - s t a t io n  e le c t r ic  

l ig h t in g .  J o h n  B e g g s ,  v ic e - p r e s id e n t  o f  th e  E d is o n  E le c tr ic  I l lu m in a t in g  

C o m p a n y  o f  N e w  Y o rk ,  p a id  a  p r o f e s s io n a l  v is it to  K a th e n a u 's  B e r l in  f a ­

c i l itie s  in  th e  s p r i n g  o f  1 8 9 0 , a n d  h is  r e p o r t s  g lo w e d  w ith  a d m i r a t io n .  In  

h is  e s t im a t io n — a n d  h e  h a d  in s p e c te d  s ta t io n s  in  A m e r ic a  a n d  E u r o p e —  

B e r l in ’s c e n t r a l  s t a t io n s  h a d  “a t t a in e d  th e  g r e a te s t  d e g r e e  o f  p e r f e c t io n  

r e a c h e d  u p  to  t h e  p r e s e n t  t im e ."  H e  f o u n d  th e m ,  “a r c h i t e c tu r a l ly ,  m e ­

c h a n ic a l ly  a n d  e le c t r ic a l ly  c o n s id e r e d ,  m o d e ls  o f  n e a tn e s s ,  e f f ic ie n c y ,  r e l i ­

a b i l i ty ,  e c o n o m y  a n d  p e r m a n e n c y . ’’10

T h e  h is to r y  o f  c e n t r a l - s t a t io n  s u p p ly  in  B e r l in  b e f o r e  t h e  e s t a b l i s h m e n t  

o f  A E G  o r  B E W , its  fu l ly  o w n e d  s u b s id ia r y ,  h a s  a l r e a d y  b e e n  to ld  (se c  p p .  

6 6 - 7 6  a b o v e ) .  I n  1 8 8 4  D e u ts c h e  E d is o n  G e s e l ls c h a f t  (D E C ) ,  th e  R a th e n a u  

c o m p a n y  th a t  h e ld  E d is o n  p a te n t s ,  e s ta b l is h e d  th e  S ta d t is c h e  E le k tr i / . i ta ts -  

W e r k e  (S tE W ) to  ta k e  o v e r  th e  s u p p ly  f r a n c h i s e  th a t  h a d  b e e n  g iv e n  to  

D E C  b y  t h e  c i ty  o f  B e r l in .  T h e  n e w  c o m p a n y  b u i l t  c e n t r a l  s ta t io n s  in  B e r lin  

o n  M a r k g r a f e n s t r a s s e  a n d  M a u e r s t r a s s e ,  o p e n i n g  th e m  in  1 8 8 5  a n d  1 8 8 6  

re s p e c t iv e ly .  I n  1 8 8 7  S lE W ’s n a m e  w as  c h a n g e d  to  B e r l i n e r  E lec t ric itiiis - 

W e rk e ,  a n d  R a l h e n a u  f o u n d e d  A E G . A E G  t h e n  to o k  o v e r  th e  m a n a g e m e n t  

o f  B E W , lo c a te d  t h e  B E W  o f f ic e s  in  th e  s a m e  b u i ld in g  w ith  its  o w n  o n  

S c h le g e ls t r a s s e ,  a n d  f o r m e d  a  c o m m o n  m a n a g e m e n t ,  o r  e x e c u t iv e ,  b o a r d  

( V o rs ta n d ) c o n s i s t in g  o f  R a t h e n a u ,  O s k a r  v o n  M ille r ,  a n d  F e lix  D e u ts c h .

T h e  to n e  o f  t h e  a n n u a l  r e p o r t  o f  th e  B e r l in e r  E le k ir ic i ta ts -W e rk e  w as 

s a n g u in e  f o r  a  y e a r  a n d  a  h a l f  a f t e r  th is  r e o r g a n iz a t io n .  T h e  l ig h t in g  o f  

U n t e r  d e n  L in d e n ,  th e  b r o a d  t h o r o u g h f a r e  f r o m  P a r i s e r  P la tz  to  S p a n -  

d a u e r s t r a s s e ,  w a s  g r e e t e d  “ [b y ] th e  c i t iz e n s  o f  B e r l in  a n d  b y  th e  e n t i r e  

e le c t r ic a l  in d u s t r y  w ith  j o y . ” 20 T h e  r a p id  in c r e a s e  in  d e m a n d  e m b o ld e n e d  

th e  c o m p a n y ’s d i r e c t o r s  to  in s ta l l  c a p a c i ty  b e y o n d  th e  lo a d  th a t  c o u ld  b e  

im m e d ia te ly  c o n n e c te d .  T h e y  w e r e  n o t  c o n c e r n e d  t h a t  c a p a c i ty  w o u ld  s t a n d  

id le ;  t h e  d e m o n s t r a t e d  “ p r e f e r e n c e  o f  th e  p u b l ic  f o r  e le c t r ic  l ig h t ,  e sp e c ia l ly  

th e  liv e ly  n ig h t l i f e  o f  t h e  c ity , t h e  e r e c t io n  o f  n u m e r o u s  n e w  b u i ld in g s  a n d  

th e  r i s in g  l iv in g  s t a n d a r d s  o f  th e  c i ty "  a s s u r e d  th e m  th a t  th e  s y s te m ’s lo a d  

w o u ld  s o o n  a g a in  r e a c h  t h e  l im its  o f  c a p a c i ty .21

B E W  s o o n  r a n k e d  a s  t h e  l a r g e s t  o f  t h e  G e r m a n  u ti l i t ie s .  T h e  f ir s t  a n n u a l  

s ta t is t ic s  p u b l i s h e d  in  th e  1 8 9 5  E le k tro te c h n isc h e  Z e its c h r ift , G e i m a n y ’s m o s t 

a u t h o r i t a t iv e  j o u r n a l  in  t h e  f ie ld ,  s h o w e d  th e  B e r l in  u t i l i ty  r a n k in g  w ell 

a h e a d  o f  its  c lo s e s t  r iv a ls ,  H a m b u r g ,  F r a n k f o r t  o n  th e  M a in , a n d  M u n ic h .  

A t th a t  l im e  B E W  h a d  f o u r  c e n t r a l  s ta t io n s ;  a ll s u p p l i e d  d i r e c t  c u r r e n t ,  

a n d  th e y  h a d  a  to ta l  g e n e r a t i n g  c a p a c i ty  o f  a b o u t  9 ,9 0 0  kw . T h e  m u n ic ip a l  

w o rk s  in  H a m b u r g  h a d  a  c a p a c i ty  o f  a b o u t  2 ,4 0 0  kw . A  d e c a d e  la te r ,  B E W , 

w ith  a c a p a c i ty  o f  8 5 ,1 0 0  k w ., c o n t in u e d  to  o u tp a c e  o t h e r  u r b a n  u ti litie s . 

T h e  H a m b u r g e r  E le k tr ic i ta ts w e r k e  f o llo w e d  w ith  2 5 ,4 0 0  kw . In  1 9 1 3 , o n

'® Jolin Beggs lo  B o a rd  o f  D irec to rs  o f  EEI C o.. N ew  Y ork , 8 A pril 1890, p u b lish ed  in 
Payson J o n e s , A P ower H istory o f  the Consolidated Edison System. 1 8 7 8 -1 9 0 0  (N ew  Y ork : C o n ­
so lida te d  E dison  C o., 1940), p . 331.

,0 B e rlin er  E lc k lr icil iils -W erkc, Sechster G eschaftsbericht der Actirn-G esellschaft H erhner Eleklri- 
cilAts-W  erke be lre ffenddas G esehdflsjahr vom I . J a n u a r  1 8 8 7  bis J O .J u m  1 8 8 8  (B erlin : BEW , 1888), 
p. I.

”  Ibid.. p. 2.
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th e  e v e  o f  W o r ld  W a r  I ,  B E W  w as still  a h e a d ,  w ith  a  c a p a c i ty  o f  1 9 2 ,7 0 0  

k w ., c o m p a r e d  to  t h e  H a m b u r g  u t i l i ty ’s 4 4 ,3 0 0  k w .22

B e r l in ,  t h e n ,  w as  a n  in d u s t r i a l i z in g ,  w e l l - o r d e r e d  c a p i ta l  th a t  s u s ta in e d  

th e  d e v e lo p m e n t  o f  m o d e r n  t e c h n o lo g y ,  e s p e c ia lly  e le c t r ic a l  t e c h n o lo g y .  

B E W  u s e d  th e  m o s t  a d v a n c e d  l ig h t  a n d  p o w e r  e q u i p m e n t  a n d  p r e s id e d  

o v e r  th e  in t r o d u c t i o n  o f  th e  g e n e r a l  u r b a n  s y s te m  th a t  h a d  b e e n  in v e n te d  

a n d  d e v e lo p e d  d u r i n g  “ t h e  b a t t l e  o f  t h e  s y s te m s ."  A E G  o w n e d  B E W  a n d  

u s e d  i t  a s  a  s i te  f o r  f u ll- s c a le  t e s t in g  o f  n e w  te c h n o lo g y .  B e s id e s  A E G  

e n g i n e e r s  a n d  m a n a g e r s ,  t h e  e x p e r t s  a t S ie m e n s  8c H a ls k e ,  b y  v i r tu e  o f  

t h e i r  p r e s e n c e  in  B e r l in ,  s t im u la te d  B E W  to  e x c e l .  T h e  C h a r l o t t e n b u r g  

T e c h n isc h e  H o c h sc h u le  a n d  th e  U n iv e r s i ty  o f  B e r l in  a ls o  e n h a n c e d  th e  s p i r i t  

o f  a c h ie v e m e n t .  T h e  m u n ic ip a l  g o v e r n m e n t  w as  n o t ,  h o w e v e r ,  o v e ra w e d  

b y  th e  t e c h n ic a l ,  m a n a g e r ia l ,  s c ie n tif ic ,  a n d  f in a n c ia l  p o w e r  o f  its  p r iv a te  

u ti l i ty .  B e r l in ’s o f f ic ia ls  d r e w  u p o n  th e  p r o u d  t r a d i t i o n  o f  th e  P r u s s ia n  civ il 

s e rv ic e ,  d e m a n d i n g  a n d  r e c e iv in g  th e  s a m e  r e s p e c t  a n d  a u t h o r i t y  th a t  p u b lic  

o f f ic ia ls  o f  th e  s t a t e  a n d  n a t io n a l  g o v e r n m e n t s  re c e iv e d .  T h e  s t r o n g  B e r lin  

g o v e r n m e n t  s t r o v e  to  d i r e c t  a n d  r e g u l a t e  its  p u b l ic  u ti l i t ie s ,  in c lu d in g  e le c ­

t r ic i ty ,  in  o r d e r  to  f u lf i l l  its  h ig h  s t a n d a r d s  a n d  lo  s a tis fy  th e  m o r e  b ro a d ly  

e n f r a n c h i s e d  e l e c t o r a t e ’s in c r e a s in g  d e m a n d  f o r  p u b l ic  s e rv ic e s .  A lw ay s  in  

t h e  b a c k g r o u n d ,  in  a n  e r a  o f  s p r e a d i n g  m u n ic ip a l  s o c ia lis m , o r  m u n ic ip a l  

o w n e r s h ip  o f  u t i l i t ie s ,  w as  t h e  p o s s ib il i ty  t h a t  so c ia lis ts  a n d  t h e i r  a l l ie s  in  

t h e  S ta d tv e r o r d n e te n v e r s a m m lu n g  w o u ld  la k e  o v e r  th e  u ti l i ty  w h e n  its  f r a n ­

c h is e  e x p i r e d .  T h e  s o c ia lis ts  a r g u e d  t h a t  g o v e r n m e n t  o w n e r s h ip  w o u ld  

b r i n g  s e r v ic e  t h a t  w as  m o r e  r e s p o n s iv e  to  t h e  e le c to r a te  t h a n  t h a t  p r o v id e d  

by  t h e  p r iv a te  u t i l i ty .  U n t i l  s u c h  a n  e v e n tu a l i ty ,  h o w e v e r ,  t h e  c ity  w as  d e ­

t e r m i n e d  to  ta x  t h e  r e v e n u e s  o f  th e  u ti l i ty  in  o r d e r  to  m e e t  th e  in c r e a s in g  

c o s t  o f  so c ia l w e lf a r e .

B e r l in  b e f o r e  W o r ld  W a r  I, t h e r e f o r e ,  is a n  e x c e l le n t  s e t t in g  f o r  a s tu d y  

o f  t h e  in t e r a c t io n s  o f  a n  e f f e c t iv e ,  i n f o r m e d ,  a n d  s t r o n g  r e g u la to r y  a u ­

t h o r i ty  w ith  a  w e l l - m a n a g e d ,  w e l l - l in a n c e d ,  a n d  te c h n o lo g ic a l ly  a d v a n c e d  

p r iv a te  e n t e r p r i s e  s u p p o r t e d  by  v a r io u s  f in a n c ia l  a n d  b a n k i n g  in te r e s ts .  

T h e  v a r io u s  c o n t r a c t s  n e g o t i a t e d  b e tw e e n  th e  c ity  a n d  th e  u ti l i ty  m a n if e s t  

n o t  o n ly  th e  c i ty ’s d e t e r m i n a t i o n  to  s h a r e  in  th e  r e v e n u e s  o f  th e  p r iv a te  

c o m p a n y  b u t  a ls o  t h e  k in d  a n d  e x t e n t  o f  s e rv ic e s  th e  m u n ic ip a l i ty  b e lie v e d  

its  c o n s u m e r s — w h e t h e r  h o u s e h o ld ,  c o m m e r c ia l ,  t r a c t io n ,  o r  in d u s t r i a l—  

s h o u ld  h a v e .  In  a d d i t i o n  to  t h e  p r o f i t  d r iv e ,  th e  c o n t r a c t s  r e f l e c t  th e  u t i l i ty ’s 

d e c is io n s  a b o u t  w h a t  w as , o r  w as  to  b e , te c h n ic a l ly  f e a s ib le .  F in a lly , th e  

a r r a n g e m e n t s  m a d e  b e tw e e n  t h e  tw o  p a r l i e s  m a n i f e s t  t h e  te c h n ic a l  s ty le  o f  

a  l a rg e - s c a le ,  c a p i t a l - in te n s iv e ,  s c ie n c e -b a s e d  e n t e r p r i s e .  A s  in  E n g la n d ,  

r e g u la to r y  le g is la t io n  c o u ld  h a v e  r e t a r d e d  t e c h n o lo g ic a l  c h a n g e  b y  im p o s ­

i n g  c o n d i t io n s  t h a t  r e f l e c te d  a n  o u t m o d e d  s l a t e  o f  te c h n o lo g y  o r  by  im ­

p o s in g  l im its  to  g r o w th ,  b u t  in  B e r l in  th is  w a s  n o t  th e  c a se . A s  in  C h ic a g o ,  

p o l i t ic ia n s  c o u ld  h a v e  b e e n  so  p l i a n t  a s  to  h a v e  li t t le  e f f e c t  o n  th e  u tility , 

b u t ,  a g a in ,  th is  w as  n o t  t r u e  in  B e r l in .  B e r l in  m a n a g e d  to  c o o r d i n a t e  te c h ­

n ic a l a n d  p o l i t ic a l  p o w e r  a n d  c r e a te  a  w o r k in g  p o li t ic a l  e c o n o m y .

" T h e s e  sta tistics a rc  ta k en  fro m  E le ktro tec h m ch r Z.eitschrift 16 (IH 95): 2 2 3 -2 6 ; 26  (1905): 
24; a n d  34 (1913): 1450. N u m b e rs  have  b e en  ro u n d e d  o f f  to  th e  n e ares t 100 kw. In  th e  
sta tistics fo r  1913, D iisscldoiT -K cisholz  a n d  G le iw itz  ra n k  a h e a d  o f  H a m b u rg , b u t these  are  
a ssu m e d  to  he  a re a  su p p ly  s ta tion s ra th e r  th a n  u rb a n  utilitie s.
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T h e  f ir s t  c o n t r a c tu a l  a g r e e m e n t  w as  r e a c h e d  in  1884  b e tw e e n  th e  c ity  

a n d  D e u t s c h e  E d is o n  G e s e l ls c h a f t  a n d  i n c o r p o r a te d  e s s e n t ia l  c a te g o r ie s  

f o u n d  in  la t e r  a g r e e m e n t s .  B e r l in  r e q u i r e d  a n  in c o m e  f r o m  th e  u ti l i ty ,  a n d  

th e  c o n t r a c t  s p e c i f ie d  th a t  10 p e r c e n t  o f  th e  u t i l i ty 's  g ro s s  in c o m e  a n d  2 5  

p e r c e n t  o f  its  a n n u a l  n e t  p r o f i t  w o u ld  g o  to  th e  c ity . T h e s e  p e r c e n ta g e s  

w e r e  c a lc u la te d  a f t e r  a  d iv id e n d  o f  6  p e r c e n t  o n  s h a r e  c a p i ta l  w as  d e c la r e d  

a n d  d e d u c t e d .  I n  a d d i t i o n ,  th e  c ity  w o u ld  r e g u la te  r a t e s  b y  r e q u i r i n g  M a g ­

is tr a l  a p p r o v a l  o f  p r i c e s  f o r  e le c t r ic i ty  s u p p l i e d  to  c u s to m e r s .  B e c a u s e  th e  

c ity  w a n te d  t h e  e x c i t in g  n e w  lig h t  f o r  its  s t r e e t s  a n d  p u b l ic  b u i ld in g s ,  th e  

p r ic e  f o r  th is  s e r v ic e  w as  s p e c i f ie d .  T h e  u ti l i ty  w as  r e q u i r e d  to  s u p p ly  a n y  

c u s to m e r s  w h o  a g r e e d  to  la k e  s e rv ic e  f o r  t h r e e  y e a rs .

T h e  w o r d in g  o n  c o m p u ls o r y  p u r c h a s e  a n d  t h e  d u r a t i o n  o f  t h e  f r a n c h i s e  

c a u s e d  d e b a t e  a n d  c r e a t e d  p r o b le m s .  T h e  B e r l in  n e g o t i a to r s  u n d o u b t e d l y  

re c a l le d  t h e  c o n f u s i n g  a n d  g e n e r a l ly  n e g a t iv e  im p a c t  o f  th e  c o m p u ls o r y -  

p u r c h a s e  c la u s e  e n a c te d  b y  t h e  B r i t i s h  P a r l i a m e n t  in  1 8 8 2 . A c c o r d in g  to  

th e  B e r l in -D E G  a g r e e m e n t ,  t h e  f r a n c h i s e  w as  i n t e n d e d  to  e x t e n d  f o r  th i r ty  

y e a rs ,  b u t  u p o n  tw o  y e a r s ’ n o t ic e  a f t e r  1 O c t o b e r  1 8 9 5  th e  c ity  w o u ld  b e  

a b le  to  d e m a n d  p u r c h a s e  a t  t h e  la x  v a lu e .  I f  t h e  c ity  r a is e d  th e  ta x e s  o n  

th e  u t i l i ty ,  t h e  p u r c h a s e  p r i c e  f o r  th e  c ity  th e n  in c r e a s e d  (a  s u b t l e  c o n tro l ) .  

T h e  a g r e e m e n t  s p e c i f i e d  a s  w ell t h a t  th e  u ti l i ty  h a d  to  s e t  a s id e  2 p e r c e n t  

o f  its  g ro s s  in c o m e  y e a r ly  u n t i l  it  h a d  a  d e p r e c ia t io n  a n d  r e p la c e m e n t  fu n d  

a m o u n t in g  to  2 0  p e r c e n t  o f  th e  s h a r e  c a p ita l.  T h is  p ro v is io n  g u a r d e d  ag a in s t 

a  p r iv a te  c o n c e r n ’s r u n n i n g  d o w n  its  p l a n t  b e f o r e  th e  t im e  o f  c o m p u ls o r y  

p u r c h a s e .

A n  in t e r e s t i n g  a r t i c l e  in  t h e  1 8 8 4  c o n t r a c t  p r o v id e d  th a t  th e  c ity  w o u ld  

h a v e  lo  p a y  1 5 0  p e r c e n t  o f  th e  a p p r a i s e d  v a lu e  i f  th e  u ti l i ty  w as  ta k e n  o v e r  

a f t e r  f i f t e e n  y e a r s ,  a n d  3 .3 3  p e r c e n t  m o r e  f o r  e a c h  y e a r  less th a n  t h e  f i f te e n .  

F o r  e a c h  y e a r  in  e x c e s s  o f  f i f t e e n ,  th e  p r ic e  w o u ld  b e  r e d u c e d  by 3 .7 5  

p e r c e n t .  T h e  i n t e n t  w as  to  c o m p e n s a te  t h e  o w n e r s  fo r  to o  s h o r t  a  p e r io d  

in  w h ic h  to  o b ta in  a  r e t u r n  o n  t h e i r  in v e s tm e n t .  T h e  e f f e c t  w as  t h a t  a f t e r  

tw e n ty - e ig h t  y e a r s  B e r l in  c o u ld  p u r c h a s e  th e  u ti l i ty  w i th o u t  p a y in g  a  p r e ­

m iu m .23

W h a t  d id  t h e  p r iv a te  c o m p a n y  re c e iv e ?  I n  e s s e n c e ,  th e  c ity  c o n c e d e d  a 

m o n o p o ly  o n  a n  in n e r - c i ty  a r e a  w ith  a  r a d iu s ,  c e n te r e d  o n  th e  W e r d e r s c h  

M a r k e t ,  o f  a b o u t  h a l f  a  m ile . T h e  a r e a  m a tc h e d  th e  e c o n o m ic a l  d i s t r ib u t io n  

a r e a  o f  t h e  e a r ly  d .c .  p la n t  a t  t h e  P e a r l  S t r e e t  s ta t io n  in  N e w  Y o rk . I n  th is  

a r e a  t h e  u t i l i ty  c o u ld  lay  c o n d u c t o r s  u n d e r  th e  s t r e e t ,  th u s  a ls o  fo llo w in g  

th e  P e a r l  S t r e e t  p r e c e d e n t .  C o n s id e r in g  th e  s ta le  o f  th e  te c h n o lo g y ,  th e  

a r e a  w as  a p p r o p r i a t e .  T e c h n ic a l  c h a n g e  w o u ld  s o o n  e x t e n d  th e  r a n g e  o f  

d i s t r ib u t io n ,  h o w e v e r ,  a n d  th e n  th e  c o m p a n y  w o u ld  w a n t  th e  f r a n c h is e  

e x te n d e d .

B e f o r e  th e  tw o  s id e s  r e a c h e d  a n  a g r e e m e n t ,  th e  S ta d tv e ro rd n e te n v e r -  

s a m m lu n g  e n g a g e d  in  h e a te d  d e b a te .  T o  s o m e  m e m b e r s ,  th e  g r a n t i n g  o f  a  

m o n o p o ly  to  a  p r iv a te  e n t e r p r i s e  w as a  b lo w  s t r u c k  a g a in s t  p ro g r e s s iv e  

m u n ic ip a l  p r a c t ic e .  O t h e r s  f o u n d  it h a r d  to  b e lie v e  th a t  th e  c ity  w o u ld  

c o n s id e r  c u l t iv a t in g  a n  e le c t r ic  l ig h t in g  sy s te m  in  p r iv a te  h a n d s  w h ile  it

”  H u g o  M eyer, "M un ic ipal O w n e rsh ip  in G erm a n y , “J o u rn a l o f  P olitical Economy  14 (1906): 
563; R ob ert C. B rooks, "M u n ic ip aliza tio n  o f  th e  B erlin  Electr ic  W orks,"  Q uarterly J o u rn a l o f  
Economic) 30  (1916): 192.
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o w n e d  a n  o p e r a t i n g  g a s l ig h t in g  p l a n t  in  w h ic h  it h a d  in v e s te d  h e a v ily . T h e  

p e r s u a s iv e  a r g u m e n t  in  f a v o r  o f  t h e  c o n t r a c t  w as  th e  s a m e  a s  t h a t  u s e d  in  

E n g la n d :  b e c a u s e  e le c t r i c  l ig h t in g  w as  a  n e w , u n p r o v e n  t e c h n o lo g y ,  p r iv a te  

e n t e r p r i s e  s h o u ld  ta k e  t h e  r is k s , a n d  th e  f r a n c h i s e - g r a n t i n g  g o v e r n m e n t  

s h o u ld  s h a r e  th e  in c o m e  a n d  lo o k  f o r w a r d  to  c o m p u ls o r y  p u r c h a s e  a f t e r  

t h e  u t i l i ty  h a d  b e e n  t r i e d  a n d  p r o v e n .  T a x p a y e r s ’ m o n e y  w as  n o t— it w as 

t h o u g h t  t h e n — to  b e  in v e s te d  in  te c h n ic a l  i n n o v a t io n s  o f  a  c o m m e r c ia l  k in d .  

In  l im e  a la r g e  m a jo r i ty  o f  t h e  c o m m o n  c o u n c i l  a c c e p te d  t h e  B e r l in -D E G  

a g r e e m e n t .  A c c o r d in g  to  t h e  e n th u s ia s t i c  e n d o r s e m e n t  o f  o n e  B e r l in  n e w s ­

p a p e r ,  “ N o th i n g  c h a r a c te r i z e s  th e  s ig n i f ic a n c e  o f  a  n e w  c r e a t io n  b e l t e r  th a n  

t h a t  a t  t h e  m o m e n t  o f  b i r t h  it is  r e c o g n iz e d  a s  a  c o m m o n  g o o d  f o r  a l l .” 

O t h e r  c i t ie s  a n d  u t i l i t ie s  t h r o u g h o u t  G e r m a n y  p a t t e r n e d  t h e i r  r e l a t io n s h ip s  

o n  t h e  B e r l in  a r r a n g e m e n t . 24

In  l a t e r  y e a r s  B E W  n e g o t i a t e d  c o n t r a c tu a l  re v is io n s  a s  B e r l in e r s  o u t s id e  

th e  o r ig in a l  m o n o p o ly  z o n e  s o u g h t  s e rv ic e .  R e q u e s ts  f o r  e x te n s io n  o f  se rv ic e  

b r o u g h t  a  r e s p o n s e  f r o m  th e  m u n ic ip a l  a u t h o r i t i e s .  T h e  f r a n c h i s e  se rv ic e  

a r e a  w a s  e x t e n d e d  to  p r o v id e  a  lo a d  f o r  th e  d i r e c t - c u r r e n t  s ta t io n s  o n  

M a r k g r a f e n s t r a s s e  a n d  M a u e r s t r a s s e  a n d  f o r  t h e  S p a n d a u e r s t r a s s e  s ta t io n ,  

w h ic h  o p e n e d  in  1 8 8 9 . I n  1 8 9 0 , h o w e v e r ,  t h e  M a g is tr a t  r e f u s e d  to  a llo w  

e x p a n s io n  o f  B E W ’s fa c il i t ie s  b e y o n d  t h e  t h r e e  c e n t r a l  s ta t io n s  a l r e a d y  in  

o p e r a t i o n  a n d  a n o t h e r  u n d e r  c o n s t r u c t io n  ( S c h i f f b a u e r d a m m ) .  F u r t h e r ­

m o r e ,  t h e  c ity  l im i te d  e x p a n s io n  o f  B E W ’s to ta l  p la n t  c a p a c i ty  to  2 8 ,0 0 0  

h .p .  T h i s  w as  p r o b a b ly  d o n e  to  p r o t e c t  t h e  l ig h t in g  m a r k e t  o f  t h e  c ity - 

o w n e d  g a s w o rk s .  T h e  r a p id ly  in c r e a s in g  d e m a n d  f o r  e le c t r ic i ty ,  h o w e v e r ,  

s o o n  b r o u g h t  s t r o n g  p r e s s u r e  a g a in s t  th e s e  c o n s t r a in t s .  W ith in  t h e  t e r r i to r y  

o f  s u p p ly ,  B E W  m a d e  a d ju s t m e n t s  b y  t h ic k e n in g  its  n e tw o r k  o f  d i s t r ib u t io n  

lin e s  a n d ,  w h e n  t h e  d i s t a n c e s  o f  t r a n s m is s io n  e x c e e d e d  g o o d  d .c .  p r a c t ic e ,  

by  b u i ld in g  s t o r a g e - b a t t e r y  s u b s ta t io n s  t h a t  c o u ld  b e  c h a r g e d  f r o m  th e  

c e n t r a l - s t a t io n  g e n e r a t o r s  d u r i n g  t h e  lo w - lo a d  d a y l ig h t  h o u r s  a n d  th e n  b e  

u s e d  to  s u p p l e m e n t  t h e  s u p p ly  d u r i n g  th e  h e a v y - lo a d  e v e n in g  h o u r s .  B u t 

th e  m o r a t o r i u m  o n  th e  b u i ld in g  o f  c e n t r a l  s t a t io n s  a n d  t h e  l im its  o n  p la n t  

c a p a c i ty  f r u s t r a t e d  th e  d r iv e  o f  B E W ’s m a n a g e r s  a n d  e n g i n e e r s  to  e n h a n c e  

th e  d e v e l o p m e n t  o f  e le c t r ic  l ig h t  a n d  p o w e r .

T h e  d e m o n s t r a t i o n  o f  a u n iv e r s a l  s u p p ly  s y s te m  a t  th e  C h ic a g o  e x p o s i t io n  

in  1 8 9 3  a n d  o f  th e  te c h n o lo g y  o f  h ig h - v o l t a g e  p o w e r  t r a n s m is s io n  a t  L a u f -  

f e n - F r a n k f o r t  in  1891 m a d e  o b s o le te — f r o m  t h e  v ie w p o in t  o f  B E W ’s e n ­

g in e e r s — t h e  1 884  c o n t r a c t  b e tw e e n  th e  c ity  o f  B e r l in  a n d  B E W . I n  1896 . 

p o ly p h a s e  e q u i p m e n t  w as  i n t r o d u c e d  a t a  n e w  c e n t r a l  s t a t io n  o n  S c h if f ­

b a u e r d a m m  (F ig . V I I . 3 ). A t th e  c e n t r a l  s ta t io n  o n  M a r k g r a f e n s t r a s s e ,  e n ­

g in e e r s  in s ta l le d  t r a n s f o r m e r s  a n d  c o n v e r te r s  to  c h a n g e  3 ,0 0 0 -v o l t  p o ly ­

p h a s e  c u r r e n t  f r o m  S c h i f f b a u e r d a m m  in to  2 2 0 - v o lt  d i r e c t  c u r r e n t  f o r  

d is t r ib u t io n .  T h e  t r a n s f o r m a t io n  o f  th e  M a r k g ra f e n s l r a s s e  s ta t io n — th e  first 

c e n t r a l  s ta t io n  in  G e r m a n y — in to  a  s u b s ta t io n  w as  in d ic a t iv e  o f  t h e  s h i f t  to  

th e  u n iv e r s a l  s y s te m . T h e  n e w  te c h n o lo g y  c h a l l e n g e d  o ld  le g is la t io n ,  a n d  

th e  c o n t r a d ic t io n  b e tw e e n  te c h n o lo g y  a n d  le g is la t io n  s h a r p e n e d  f u r t h e r  as

C o n ra d  M atschoss, " G e sc h ich ilirh e  E n lw ick lu ng  d e r  B e r lin e r  E lek iricila is -W erke  von 
ih r c r  B e g ru n d u n g  bis z u r  U b e rn a l im e  d u r r l i  d ie  S la d t,"  Beitrag e  zur Geschichte der Technik und  
In du str ie  7 (1916): H; C o n ra d  M atsclioss el al.. 5 0  J a h re  Berliner Elektruitdtsw erke. 1 8 8 4 -1 9 3 4  
(B e rlin : V D I V erla g , n .d .) , p . 12.
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F ig u re  V l l .3 .  h in t  polyphase generator 
in B erlin. Sclnffbau erdam m  central station. 
IS 9 6  Courtesy o f Ber lin er  K ra ft- u n d  Licht 

A C  (form erly H E W ).

th e  c e n l r a l - s i a l io n  m a n a g e r s  in  B e r l in  s o u g h t  to  s u p p ly  th e  r e c e n t ly  e le c ­

t r i f i e d  u r b a n  t r a n s i t  s y s te m  w ith  p o w e r .  BF.VV w a n te d  to  b u i ld  a large- 

p o ly p h a s e  s ta t io n  o u t s id e  c ity  c e n t e r  in  o r d e r  to  s a tis fy  th e  d e m a n d  n o t 

o n ly  f o r  l ig h t in g  b u t  f o r  s t a t io n a r y  a n d  t r a c t io n  p o w e r .  T h e  u t i l i ty ’s g o a l 

r e f l e c te d  th e  in te r e s t  o f  A E G , th e  m a n u f a c t u r e r - o w n e r .  in  i n t r o d u c in g  th e  

n e w  p o ly p h a s e  e q u i p m e n t  its  e n g i n e e r  M ic h a e l  D o liv o -D o b ro w o ls k y  h a d  

d e v e lo p e d .  E m il R a th e n a u  c o n s id e r e d  b u i ld in g  a “g ig a n t ic  c e n t r a l  s ta t io n "  

o n  th e  S p r e e  R iv e r  a b o u t  te n  m ile s  f ro m  th e  c ity  w h e r e  re a l  e s ta te  w as 

c h e a p e r ,  c o o l in g  w a te r  w as  a v a ila b le ,  a n d  c o a l  d e l iv e r y  a n d  a s h  r e m o v a l 

w e re  e a s ie r .  T h e  s ta t io n  w o u ld  s u p p ly  B e r l in  by u s in g  th r e e - p h a s e  t r a n s ­

m is s io n  lo  r e a c h  s u b s ta t io n s  a n d  th e  c e n te r - c i ty  d i s t r ib u t io n  s y s te m . '" ’ 

B E W ’s n e g o t i a t io n s  w ith  th e  m u n ic ip a l i ty  to  o b ta in  th e  r ig h t s  to  fu lf ill 

t h e s e  te c h n ic a l  p o s s ib il i t ie s  w e re  d r a w n  o u t  a n d  d i f f ic u l t .  D isc u ss io n  e x ­

t e n d e d  f r o m  th e  s u m m e r  o f  189 7  u n t i l  th e  e n d  o f  189 8 . B e s id e s  th e  u t i l i ty ’s 

d e t e r m i n a t i o n  to  e x p a n d  b y  fu l f i l l in g  te c h n ic a l  p o ss ib il i t ie s  a n d  to  o b ta in  

p r o f i t s  f r o m  r e la te d  e c o n o m ie s ,  t h e r e  w as  th e  u n d e r ly in g  is s u e  o f  p r iv a te  

v e r s u s  p u b lic  o w n e r s h ip ,  w h ic h  th e  S o c ia l D e m o c ra ts  in  th e  c ity  g o v e r n m e n t  

k e p t  a liv e , a n d  th e  r e l a t e d  p r a c t ic a l  q u e s t io n  o f  w h e n  th e  c ity  s h o u ld  e x ­

e r c is e  th e  p o w e r  o f  p u r c h a s e .  B E W  w a n te d  a c le a r  a n d  p r e c is e  u n d e r s t a n d ­

i n g  a b o u t  th e  p u r c h a s e  o p t io n  so  th a t  it c o u ld  p la n  its e x p a n s io n  a n d

“ " T h e  H is to ry  o f  r  G re a t E lectr ical C om pan y ,"  Electrical Rev iew  37 (IH'JS): 627.
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e s ta b l is h  p r o f i t a b le  r a le s .  O n  t h e  o t h e r  h a n d ,  th e  m a jo r i ty  o f  th e  M a g is tr a t  

a n d  S ta d tv e r o r d n e le n v e r s a m m lu n g  w a n te d  th e  u t i l i ty  lo  f lo u r i s h  so  t h a t  c o n ­

s u m e r  n e e d s  w o u ld  b e  m e t  a n d  t h e  u t i l i ty  w o u ld  b e  s o u n d  w h e n  ta k e n  

o v e r .  T h e  s i tu a t io n  c a l le d  f o r  c o n s t r u c t iv e  n e g o t i a t io n  r a t h e r  th a n  a d v e r s a r y  

c o n f r o n t a t i o n .

T h e  r a p id  i n c r e a s e  in  e le c t r ic  s t r e e t  ra i lw a y  lo a d  a f t e r  1 8 9 6  p o s e d  a  m a jo r  

is s u e  f o r  n e g o t i a t io n .  I n  1 8 7 9  W e r n e r  v o n  S ie m e n s  h a d  d i s p la y e d  a n  e le c t r ic  

lo c o m o tiv e  a t  a  B e r l in  t r a d e  f a i r ,  b u t  th e  i m p o r ta n c e  o f  t h is  m o d e  o f  t r a n s ­

p o r t a t i o n  d id  n o t  b e c o m e  c le a r  u n t i l  t h e  1 8 9 0 s . I n  1 894  th e  p o w e r  lo a d  

( t r a c t io n  a n d  s t a t io n a r y )  o n  B E W  w as o n ly  o n e - t e n t h  o f  th e  to ta l ;  in  1 9 0 0  

th e  t r a c t io n  lo a d  m a tc h e d  th e  c o m b in a t io n  o f  s t a t io n a r y  p o w e r  a n d  l ig h t  

lo a d .  T h e  c ity  w a n te d  t h e  r a l e  f o r  t r a c t io n  p o w e r  lo  b e  lo w  in  o r d e r  to  

fa c i l i ta te  t h e  t r a n s p o r t a t i o n  o f  lo w e r - in c o m e  g r o u p s ,  e s p e c ia lly  th e  in c r e a s ­

i n g  n u m b e r  o f  i n d u s t r i a l  w o r k e r s .  T h e  u t i l i ty  w a n te d  lo  in c r e a s e  th e  p o w e r  

lo a d  in  o r d e r  lo  u t i l iz e  e n l a r g e d  p la n t  c a p a c i ty  m o r e  fu lly , im p r o v e  th e  

lo a d  f a c to r ,  a n d  lo w e r  u n i t  c a p i ta l  c o s ts . T h e  tw o  p a r l i e s  f in a lly  a g r e e d  th a t  

a ll e l e c t r i c - s t r e e tc a r  f r a n c h i s e s  g r a n t e d  by  th e  c ity  w o u ld  r e q u i r e  t h a t  th e  

e n f r a n c h i s e d  e n t e r p r i s e  la k e  e le c t r ic i ty  f r o m  B E W . In  r e t u r n ,  t h e  u ti l i ty  

a g r e e d  n o t  to  e x c e e d  c h a r g e s  o f  10 p f g . /k w h .  f o r  th e  e l e c t r i c - s t r e e tc a r  p o w e r  

s u p p ly ;  th is  w a s  s u b s ta n t ia l ly  lo w e r  t h a n  th e  16 p f g ./k w h .  t h a t  h a d  b e e n  

c h a r g e d  s in c e  1 8 9 4  fo r  p o w e r  c u r r e n t ,  a  r a t e  w h ic h  h a d  s c a rc e ly  e x c e e d e d  

c o s ts . T h e  c o m p a n y  to o k  t h e  r is k  t h a t  e c o n o m y  o f  sc a le  a n d  im p r o v e d  lo a d  

f a c to r  w o u ld  lo w e r  c o s ts  b e lo w  th e  p r ic e .  E a c h  f iv e  y e a r s  th e  p r ic e  w as  to  

b e  r e n e g o t i a t e d ,  b u t  it  w a s  n o t  to  b e  h i g h e r  t h a n  t h a t  c h a r g e d  by  t h e  t h r e e  

la r g e s t  G e r m a n  c it ie s  t h a t  s u p p l i e d  c u r r e n t  f o r  e le c t r ic  t r a c t io n  f r o m  s te a m -  

g e n e r a t i n g  p la n ts .

O n  th e  is s u e  o f  th e  a r e a  o f  B E W ’s s u p p ly  m o n o p o ly  a n d  th e  d u r a t i o n  

o f  its  t e n u r e  b e f o r e  c o m p u ls o r y  p u r c h a s e  w as  p o s s ib le ,  th e  1 8 9 9  c o n t r a c t  

p r o v id e d  a  m o n o p o ly  f o r  a ll o f  B e r l in  a n d  s p e c i f ie d  t h a t  th e  c o m p u ls o r y -  

p u r c h a s e  o p t i o n  c o u ld  n o t  b e  e x e r c i s e d  b e f o r e  1 9 1 5 . T h e  c e il in g s  p la c e d  

o n  g e n e r a t i n g  c a p a c i ty  w e re  r a is e d  b u t  n o t  e l im in a te d  in  1 8 9 9 , a g a in  s u g ­

g e s t in g  a  r e lu c ta n c e  o n  th e  p a r t  o f  v a r io u s  in t e r e s t s  r e p r e s e n t e d  in  th e  c ity  

g o v e r n m e n t  to  s e e  e le c t r ic  l ig h t  a n d  p o w e r  r a p id ly  d is p la c e  g a s  l ig h t in g .  

T h e  a g r e e m e n t  o f  1 8 9 9  s t a t e d  th a t  c a p a c i ty  in s id e  B e r l in  s h o u ld  b e  l im i te d  

to  4 2 ,5 0 0  k w . a n d  t h a t  p o w e r  fo r  th e  c ity  o r i g i n a t i n g  o u t s id e  B e r l in  s h o u ld  

n o t  e x c e e d  3 7 ,0 0 0  kw . T h i s  p r o v id e d  l o r  th e  h ig h - v o l ta g e  p o ly p h a s e  c a ­

p a c ity  B E W  w a n te d  o u t s id e  t h e  c ity  a n d  a t  th e  s a m e  t im e  a s s u r e d  c o m ­

p u l s o r y  p u r c h a s e  o f  th e s e  f a c il i t ie s  a lo n g  w ith  th o s e  in  t h e  c ity  ( se e  F ig . 

V I 1 .4). T h e  c o n t r a c t  a ls o  s p e c i f i e d  t h a t  a ll e le c t r ic  g e n e r a t i n g  p la n t s  a n d  

s u p p ly  f r a n c h i s e s  h e ld  by  A E G  a s  w e ll a s  B E W  w ith in  a  r a d iu s  o f  3 0  k il ­

o m e te r s  f r o m  t h e  c e n t e r  o f  B e r l in  w o u ld  b e  s u b je c t  to  p u r c h a s e  in  1 9 1 5 . 

B y m e a n s  o f  th is  u n d e r s t a n d i n g ,  t h e  tw o  p a r t i e s  a v o id e d  t h e  p o s s ib le  d i ­

l e m m a  o f  th e  p r iv a te  e n t e r p r i s e  e x t e n d i n g  its  fa c il i t ie s  b e y o n d  th e  p o li t ic a l  

j u r i s d i c t i o n  o f  t h e  g o v e r n m e n t  a u t h o r i t y  h o ld in g  a  p u r c h a s e  o p t i o n — a 

c h r o n ic  p r o b le m  in  L o n d o n  b e f o r e  W o r ld  W a r  I.

I n c r e a s in g ly  b u r d e n e d  by  e x p e n d i t u r e s  f o r  c ity  s e rv ic e s ,  B e r l in  to o k  a d ­

v a n ta g e  o f  th e  r e n e g o t i a t io n  o f  t h e  c o n t r a c t  lo  ra is e  its  s h a r e  o f  B E W 's  

in c o m e . B e r l in  c o n t i n u e d  to  ta k e  10 p e r c e n t  o f  t h e  g ro s s  in c o m e ,  b u t  d o u ­

b le d  its  s h a r e  o f  th e  c o m p a n y ’s p r o f i t s .  T h e  1 8 9 9  c o n t r a c t  s p e c i f ie d  th a t  

t h e  m u n ic ip a l i ty  w o u ld  re c e iv e  5 0  p e r c e n t  o f  t h e  n e t  p r o f i t s  a f t e r  a  6  p e r c e n t
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F ig u re  V11.4. B E W  polyphase system. 
1 90 0 : Central stations (A ): motor- 

generator conversion substations (O); a nd  

the city limits o f  Ber lin  From

M atschoss et a!.. 50 J a h rc .  p. 127.

d i v i d e n d  o n  s t o c k  s h a r e s  h a d  b e e n  d e c l a r e d  a n d  d e d u c t e d . 1’ 1’ ( I n  19 1 1- 12  

t h e  t o t a l  i n c o m e  o f  t h e  c i t y  f r o m  B E W  w a s 7  m i l l i o n  m a r k s . )

T h e  c i t y  a l so  s p e c i f i e d  t h a t  w h e n  p r o f i t s  (R e in g e w in n )  e x c e e d e d  12 .9  

p e r c e n t  o f  t h e  s h a r e  c a p i t a l ,  c u s t o m e r  r a l e s  w o u l d  b e  r e d u c e d  b y  u p  t o  10  

p e r c e n t .  B y  19 13  ( a y e a r  f o r  w h i c h  c o m p a r a t i v e  r a t e s  w i t h  o l h c i  m a j o r  

w o r l d  c i t i e s  a r e  a v a i l a b l e )  B E W .  w i t h  c i t y  a p p r o v a l ,  c h a r g e d  ' 10  p f g . / k w h .  

f o r  l i g h t i n g ,  w i t h  d i s c o u n t s  b a se d  o n  t h e  a n n u a l  b i l l  f o r  c u r r e n t :  10  p i g . /  

k w h .  f o r  n i g h t  s e r v i c e  a n d  a d v e r t i s i n g ;  a n d  1 1 p l g . / k w h .  f o r  p o w e r .  ( T h e r e  

w a s n o  c h a r g e  f o r  m e t e r s. ) - ’ 7

D i f f e r e n t i a l  r a t e s  f a v o r i n g  i n d u s t r i a l  c o n s u m e r s ,  b o t h  t r a c t i o n  a n d  s t a ­

t i o n a r y ,  k e p t  l i g h t  a  l u x u r y  f o r  p r i v a t e  c o n s u m e r s  b u t  s p u r r e d  i n d u s t r i a l ­

i z a t i o n .  I n  19 14  o n l y  6 . 6  p e r c e n t  o f  B e r l i n  h o u s e h o l d s  w e r e  c o n n e c t e d  f o r  

e l e c t r i c i t y  s u p p l y ;  o n l y  i n  19 2 7  d i d  t h e  n u m b e r  r e a c h  5 0  p e r c e n t  ( se e  f  i g .

V I I . 5 ) . 28 A s  o b s e r v e d ,  t h e  s h a r e  o f  l i g h t  i n  t h e  t o t a l  l o a d  d r o p p e d  s h a r p l y  

a f t e r  18 9 4 ,  a n d  t h e  t r a c t i o n  l o a d  f a r  s u r p a s s e d  t h e  l i g h t  l o a d  at  t h e  t u r n  

o f  t h e  c e n t u r y .  T h e  m o st  n o t a b l e  c h a n g e  i n  t h e  l o a d  m i x  a l t e r  19 0 0  w as 

t h e  s t e a d y  i n c r e a s e  i n  s t a t i o n a r y  p o w e r  l o a d  ( se e  F i g .  V I I . 6 ) .  I n  19 0 0  B F .W

m S a tin g s  H orsen ja h rb u c h . 1 9 0 0 /1 9 0 1 . p.  I tIDO: 1901/1 {102. |>|>. ll7 ( i- 7 7 .
''',  T h e  C o u n ty  o f  L o n d o n  Electr ic  Su pp ly  C o.. L td .. Public Inqu iry  H eld by the E le itn rity  

Comm issioners in Connection with Application  fo r  Consent [o r the Erection o f  a / ’o w n  Station at /lathing  
O ctober 6, 7, S. 9. 192 0 : Jus tific a tion  o f  Evidence ( liv en  by M r. Charles II.  M e n .  ;ipp. .1. "Lie« tu t itv 
S u pp ly  in G re a t C ities T h ro u g h o u t  th e  W orld "  (item  in M rrz  & M rl.e llan  Co. A rt hives. 
A m hcrley . K illin g w o rlh , n e a r  N ew castle  u p o n  Tyne, E ng lan d ). The in fo rm atio n  o n  Berlin is 

lo r  th e  years 191 1 -13; see p. 258 below  fo r a com p ariso n  o f  ta les  fo r B erlin  a n d  o th r i  t ines. 
A n o th e r  so u rce , C ity o f  M elb o u rn e . E ngine ers ' Notes, p. 13, re p o r te d  th e  n u in ic ip a lity 's incom e 
f ro m  BEW  rev e n u es  in 1910-11 as £ 174 ,000 . T h e  c ity 's sh a re  o f  th e  util ity 's  incom e co m b in ed  
w ith  its sh a re  o f  th e  p ro fits  to ta le d  37 pe rc en t o f  BE W 's g ross in com e. W. E ellenherg , "D ie  
E n lw ic ld ung  d e r  S ta rk s tro m  Icchnik  in D eu tsch lan d  u n d  in (let V erein ig ten  S taa ten  von 
N o rd a m c rik a ,"  Elehlrotechnische Zeilsclinfl  30 (1909): I 199.

M atschoss el nl.. W  Ja hre . p. 50.
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F ig u re  V II.  S.  Increase in electricity 
consum ption in Ber lin : Percentage a f  

Ber lin households connected  (tab le  le ft): 

increase in kilowatt-hours consum ed per 
capita (g ra p h  rig h t). From  M atschoss el 

at..  50  J a h re ,  p. 56.

F ig u re  V II .6 . D evelopm ent o f various 
loads. B E W : L ig h t a n d  pow er  (L icht un d  

K raft): electric traction  (B a h n en ); a n d  

hig li-voltage transm ission 
(H o rh sp a n n u n g ). From  M atschoss et a!., 

50 J a h re .  p  8 9

s u p p l i e d  5 2 , 0 14 , 6 12  k w h .  C o n n e c t e d  t o  t h e  B e r l i n  n e t w o r k  b y  t h e  e n d  o l  

f i sc a l  y e a r  18 9 9 / 19 0 0  w e r e  4 ,9 6 4  m o t o r s ,  3 0 3 , 3 0 4  i n c a n d e sc e n t  l a m p s,  12 , 3 9 6  

a r c  l a m p s ,  a n d  6 7 6  m i sc e l l a n e o u s  a p p a r a l u s .  T h e  t o t a l  c o n n e c t e d  l o a d  w a s 

3 6 . 3 5 0  k w . I n  a d d i t i o n ,  t h e  s t r e e t c a r  l o a d  a m o u n t e d  t o  8 ,0 0 0  h . p .  O f  t h e  

t o t a l  c o n s u m p t i o n ,  i n  c o n t r a s t  t o  c o n n e c t e d  l o a d ,  l i g h t  a m o u n t e d  t o  2 8  

p e r c e n t ;  s t a t i o n a r y  m o t o r  p o w e r ,  2 4  p e r c e n t ;  a n d  s t r e e t c a r ,  o r  t r a c t i o n  

p o w e r ,  4 8  p e r c e n t . - I n  19 0 0  t h e  c o n n e c t e d  s t a t i o n a r y  p o w e r  l o a d  s u r p a s s e d

I 1 901 119 02.  p. I 176. T h e s e  sta tistics re f e r  to  th e  b usin ess year
I Ju l y  1899 to  30  Ju n e  1900.
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T a bl e V I I .1. Mo t o r  Lo ad  o f  Ber l in er  El ek t r ic i t At s- Wer k e in  Ber l in  C l a ssi f ied  

Ac c o r d in g  t o  Use, 1914

Loa d No. o f  M otors Kw

M etal W ork ing 7,023 24.155
E le vato rs 4 .940 28 .9 39
W oo dw o rk in g 3 .816 11.464
Presses 3 .7 49 8.9 97
V en tila to rs 3 .2 97 1.240
M eat P ackin g 1.724 5.287
Sew in g  M achin es 1.638 1,280
W ash in g  M achin es 1.026 1.947
P u m p s 880 5.8 13
P a p e r Mills 698 1,831
C lo th  C u llin g 63 0 390
L e a th e r  W ork ing 571 1.615
G rin d in g  a n d  P o lish in g 493 1.381
D ou gh  a n d  B u t te r  M achin es 400 1,881
S tirrin g , M ix ing , a n d  G rin d in g 395 2.154
S p in n in g 274 558
D yn am o  D rive 188 2.743
C offee  M akin g 156 273
T o b ac co  M a n u fa c tu rin g 146 393
Mat P ressin g 53 1 13
V ario us 4 .6 86 14.030

T o ta l 36.783 116.484

So urc e : B e r lin e r  E le ctric ila ts-W e rk e , G escha ftsbrric h l. . . 1 9 1 4 /1 5 , p p . 1 0 - 1 1.

th e  c o n n e c te d  l ig h t  lo a d  f o r  th e  f ir s t  l im e .  (A s n o te d ,  t r a c t io n  lo a d  a b o u t  

m a tc h e d  th e  c o m b in a t io n  o f  s t a t io n a r y  p o w e r  lo a d  a n d  l ig h t in g  lo a d .)  F ro m  

t h a t  p o in t  o n ,  B E W  w as p r im a r i ly  a p o w e r  c o m p a n y .  B y 1 9 0 7  th e  t r a c t io n  

a n d  s t a t io n a r y  p o w e r  lo a d s  w e r e  a b o u t  e q u a l .  A f te r  1 9 1 0 , w h e n  B E W  b e g a n  

s u p p ly in g  i n d u s t r i a l  c o n s u m e r s  by  m e a n s  o f  1 0 0 -h .p .  m o to r s  d i r e c t ly  f ro m  

a  h ig h - v o l ta g e  n e tw o r k  r a t h e r  t h a n  f r o m  th e  r e g u l a r  2 2 0 -v o lt  s y s te m , th e  

s t a t io n a r y  p o w e r  lo a d  s u r p a s s e d  th e  t r a c t io n  lo a d  a n d  c o n t i n u e d  to  g ro w  

l a r g e r .  B E W  p r o m o t e d  in  fa c to r ie s  t h e  i n t r o d u c t io n  o f  e le c t r ic  m o to r s  to  

r e p la c e  s te a m  e n g in e s  w ith  b e l l - i r a n s m is s io n  s y s te m s  by  r e n t i n g  m o to r s  at 

a  m o d e s t  c o s t  a n d  a l lo w in g  t h e i r  r e t u r n  o r  p u r c h a s e  a f t e r  t h o r o u g h  te s t in g  

a n d  e v a lu a t io n .  T h e  c lo se  c o o r d in a t io n  b e tw e e n  A E G , tb e  m a n u f a c t u r e r  

o f  th e s e  m o to r s ,  a n d  B E W  f u r t h e r e d  th e  e le c t r i f ic a t io n  a n d  i n d u s t r i a l i z a ­

t io n  p r o c e s s .3" (S e e  T a b le  V I 1.1 .)

F u r t h e r  b r e a k d o w n  o f  th e  lo a d  a c c o r d in g  to  ty p e  o f  c o n s u m e r  th ro w s  

l ig h t  o n  t h e  n a t u r e  o f  in d u s t r i a l i z a t io n  in  B e r l in .  In  1 9 1 0 -1 1  th e  to ta l  

o u t p u t  o f  B E W , in c lu d in g  e n e r g y  u s e d  in  its  o w n  c e n t r a l  s ta t io n s ,  a m o u n te d  

to  1 9 8 ,0 3 1 ,7 4 3  k w h . T h e  to ta l  w as  c a te g o r iz e d  a s  fo llo w s: l ig h t in g ,  2 6  

p e r c e n t ;  p o w e r ,  3 7  p e r c e n t ;  t r a c t io n ,  3 2  p e r c e n t ;  a n d  h ig h -v o l ta g e  s u p p ly  

( p r o b a b ly  s t a t io n a r y  p o w e r ) ,  5 p e r c e n t .  I n  c o n t r a s t  to  th e  o u t p u t ,  th e  c o n ­

n e c te d  lo a d  w as  2 0 6 ,7 2 6  k w ., 3 9  p e r c e n t  o f  w h ic h  w as  in  l ig h t in g ,  54  p e r c e n t  

in  p o w e r  a n d  h e a l in g  (m o s tly  s ta t io n a r y  a n d  t r a c t io n  p o w e r ) ,  a n d  6  p e r c e n t  

in  h ig h -v o l ta g e  s u p p ly .31 In  1911 th e  c o n n e c te d  lo a d  fo r  a ll G e r m a n  c e n tr a l  

s ta t io n s  w as  3 8  p e r c e n t  l ig h t in g  ( in c a n d e s c e n t  a n d  a rc )  a n d  6 0  p e r c e n t

, 0 M atschoss. "B e rlin e r  E le k tricila ts -W crkc,"  pp . 2 0 -2 1 .
31 C ity  o f  M e lbo u rne , E n g tn tm '  N ot ts , p. 13. K ling enb crg , "E lectr ic ity  Sup p ly  in l .a rg e  

C ities,"  p. 398 , lisls B E W s 1910-11 o u tp u t as 192.100 ,000  kw h.



F ig ur e  V II .7 . B E W  load curve t on days 
o f  highest load  (H oclis tlasl) . From  
M atschoss el al.,  50  J a h rc , p. 71.
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p o w e r  a n d  h e a l i n g  ( s t a t io n a r y ,  4 3  p e r c e n t ;  t r a c t io n ,  15 p e r c e n t ;  a n d  h e a t ,  

2  p e r c e n t ) . 12 T h e  c o r r e la t io n  b e tw e e n  B e r l in  a n d  th e  r e s t  o f  G e r m a n y ,  

u r b a n  a n d  r u r a l ,  in  lo a d  m ix  is p a r t ia l ly  e x p l a i n e d  by  t h e  fa c t  th a t  w h ile  

B e r l in  h a d  a b o u t  8  p e r c e n t  o f  th e  to ta l  c o n n e c te d  lo a d  o n  c e n t r a l  s ta t io n s  

in  G e r m a n y ,  o t h e r  l a r g e  c i t ie s  a ls o  h a d  s u b s ta n t i a l  s h a r e s .  L ik e  B e r l in ,  th e  

la r g e  c i t ie s  w e r e  i n d u s t r i a l i z in g  a n d  p r o v id in g  m a s s  t r a n s i t .  T h e  t r a c t io n  

s h a r e  o f  th e  to ta l  p o w e r  lo a d ,  h o w e v e r ,  w as  m u c h  h i g h e r  in  B e r l in  th a n  in  

th e  r e s t  o f  G e r m a n y .

B y W o r ld  W a r  I, BF.W  h a d  c r e a te d  a  u n iv e r s a l  s u p p ly  s y s te m  o f  th e  k in d  

f o u n d  in  C h ic a g o ,  a s y s te m  (h a t  w as  s till n o ta b ly  a b s e n t  in  L o n d o n .  B E W  

h a d  ta k e n  th e  in it ia l  s t e p  to w a r d  e s ta b l i s h in g  s u c h  a  s y s te m  in  1 8 9 6  w ith  

th e  i n a u g u r a t i o n  o f  p o ly p h a s e  s u p p ly  at th e  S c h i f f b a u e r d a m m  c e n t r a l  s ta ­

tio n .  I ts  m a jo r  m o v e  w as  m a d e  in  1 8 9 9  (a l  th e  t im e  o f  its  n e w  c o n t r a c t  w ith  

B e r l in )  w ith  t h e  t a k e o v e r  o f  th e  O b e r s p r c e  p o w e r  s ta t io n  f r o m  A E G  (see  

F ig . V I I . 8 ). T h i s  w as  a la r g e  s t a t io n  lo c a te d  o u t s id e  B e r l in .  A E G  h a d  p u t  

O b e r s p r e e  in to  s e rv ic e  in  1 8 9 7 , b e f o r e  B E W  w as a u t h o r i z e d  by  th e  c ity  to  

o p e r a t e  p o w e r  p la n t s  o u t s id e  t h e  c ity . W ith  a n  in it ia l  c a p a c i ty  o f  1 ,0 0 0  kw ., 

th e  p o w e r  p la n t  h a d  th e  a d v a n ta g e s  o f  lo w e r-c o s t  r e a l  e s ta te ,  a v a ila b le  

c o o lin g  w a te r , a n d  e a s ie r  co a l a n d  a sh  h a n d l in g .  O b e r s p r e c  w as a lso  e q u ip p e d  

fo r  p o w e r  t r a n s m is s io n  to  w e s te r n  B e r l in  a n d  t h e  c i ty ’s w e s te r n  s u b u r b s  a l 

6  k v ., b u t  b e f o r e  1 8 9 9  t h e  p la n t  s u p p l i e d  in d u s t r y  in  th e  im m e d ia te  v ic in ity , 

in c lu d in g  a n  A E G  c a b l e - m a n u f a c t u r i n g  p la n t  (se e  F ig . V I I . 8 , p . 193 ). A f te r

,w G eo rg  D ettm ar, "D ie Sinlist ik  d c r  E lc k iriz ita tsw c rke  in D eu tsch la n d  n a ch  d c m  S tan de  
voin  I A pril 1915," Elektrolerhn isrhr Z n tsc h ri fl  34 <1913): 14 47 -50 .
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F ig u re  V II .8 . The  polyphase central station at O berspree (left)  a n d  the A E G  Cable W orks, its prim ary  load (rig h t), 1897. From M atschoss el at.. 50  

J a h re , p. 30 .

c a p a c i ty  r e s t r i c t io n s  o n  B E W  w e re  e l im in a te d  in  1 907  by  a  r e v is io n  o l th e  

1 8 9 9  c o n t r a c t ,  B E W  in c r e a s e d  th e  c a p a c i ty  o f  th e  O b e r s p r e e  p la n t ,  in s ta l l ­

i n g  5 2 ,0 0 0  kw . by  191 2 .

A s th e  lo a d  w i th in  th e  a r e a  o f  th e  c ity  a l r e a d y  s u p p l i e d  w ith  tw o -w ire , 

1 1 0 -v o lt c u r r e n t  s te a d i ly  in c r e a s e d ,  B E W  d e c id e d  ( in  18 9 9 ) to  e n la r g e  th e  

c a p a c i ty  o f  its  d i s t r ib u t io n  sy s te m  by  r a is in g  th e  v o lta g e  to  th e  c o n s u m e r  

f r o m  I 10 to  2 2 0 .  B E W  w as th e  f ir s t  u t i l i ty  in  G e r m a n y  to  m o v e  to  th e  2 2 0 -  

v o lt s y s te m , a n d  it s e t  a  p r e c e d e n t  th a t  s p r e a d  t h r o u g h o u t  th e  c o u n t r y ,  

m u c h  o f  th e  C o n t in e n t ,  a n d  to  E n g la n d .  ( T h e  U n i te d  S ta te s  s ta y e d  w ith  

th e  110  s y s te m .)  W ith  th e  c h a n g e ,  B E W  a s s u m e d  th e  c o s t o f  c o n v e r t in g  

c o n s u m e r s ' a p p l i a n c e s  a n d  m o to r s  to  th e  h ig h e r  v o lta g e . T h e  c o n s e q u e n t  

lo w e r in g  oT d i s t r ib u t io n  c o s ts  b e c a u s e  o f  m o r e  e c o n o m ic a l  d i s t r ib u t io n  (less 

c o p p e r )  w o u ld  c o m p e n s a te  th e  c o m p a n y .  D e v e lo p m e n t  o f  a m e ta ll ic  in - 

c a n d e s c e n t - l a m p  f i la m e n t  c a p a b le  o f  w i th s ta n d in g  th e  h ig h e r  v o lta g e  m a d e  

t h e  c h a n g e o v e r  p o s s ib le . '’'’

T h e  m c ta l l ic - f i la m e n i  la m p  in t r o d u c e d  in  B e r l in  in  1 9 0 6  u s e d  o n ly  o n e  

w a ll f o r  e a c h  c a n d le  p o w e r  o f  i l lu m in a t io n  a n d  a b o u t  o n e - th i r d  th e  e n e r g y  

o f  th e  c a r b o n  f i la m e n t .  T h e  a t t e n d a n t  r e d u c t io n  in  th e  co st o f  l ig h t in g

”  M .nschoss, " B e rlin er  E lc k iriciiiitv W crk c ."  p. 19.
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F ig u re  V II .9 . Polyphase supply  system. 

B F.W . 19 1 5 :  A  = central stations; O  = 
c urren t conversion (motor-grnerators); -

m a d e  th e  i n c a n d e s c e n t  l a m p  a t t r a c t iv e  to  a n  e v e n  l a r g e r  s e g m e n t  o f  th e  

p o p u la t io n  t h a t  h a d  f o r m e r ly  u s e d  g a s l ig h t . 'w S e v e ra l  y e a r s  e a r l i e r  B E W  

h a d  r e a c h e d  o u t  f o r  lo w e r - in c o m e  c u s to m e r s  a f t e r  h e in g  s h a r p ly  c h a l l e n g e d  

by  th e  lo w e r  r a l e s  o f  s m a ll  i s o la te d  s ta t io n s  o p e r a t e d  by  th e  o w n e r s  o f  l a rg e  

a p a r t m e n t  a n d  o f f ic e  b u i ld in g s  f o r  t h e i r  o w n  a n d  t h e i r  t e n a n t s ' u s e .  I h e s e  

“ b lo c k  s ta t io n s "  w e re  a b le  to  o f f e r  lo w e r  r a te s  b e c a u s e  th e y  d id  n o t  u s e  th e  

s t r e e t s  f o r  d i s t r ib u t io n ,  n e e d e d  n o  r e v e n u e - s h a r i n g  f r a n c h is e  f r o m  th e  c ity , 

a n d  c o n c e n t r a t e d  o n  h ig h - lo u d  d is t r ic ts .  T o  m e e t  th e  c h a l le n g e .  B E W  h a d  

lo w e re d  its  g e n e r a l  l ig h t in g  r a t e s  in  J a n u a r y  1904  to  4 0  p fg ./k w h . ,  a r e ­

d u c t io n  o f  2 5  p e r c e n t .  I n s t e a d  o f  a n  in c r e a s e  in  d e m a n d ,  h o w e v e r ,  B E W  

e x p e r ie n c e d  a  s h a r p  d o w n w a r d  m o v e m e n t  in  c o n s u m p t io n  d u r i n g  th e  w in-

M aischoss cl n l., 5 0  Jah re , p . 38; I Ian s-Joa ch im  B ra u n . "G as o d e r  E lc k ir iziia i?  £ u r  Kon- 

k u r re n z  zw eie r Itclcuc lm inR ssy sicn ie , I8 8 0 - I ! )M ."  Technikgeschichle 4 7  ( I9 8 0 ) :I S - I 4 .



F ig u re  V II.  10 . Com pa rative su e  o f 
reciprocating steam  eng ine  w ith generator  

(bo ttom ) an il steam  turb in e w ith generator  
(lop). From  M abchoss el at..  50  ja lirc . p.

1)2.
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t e r  o f  1 9 0 8 /9 . T h i s  r e s u l t e d  in  p a r t  f r o m  th e  in t r o d u c t io n  o f  th e  m o te  

e f f ic ie n t  m e ta l l ic - f i la m e n t  la m p ,  b u t  it a ls o  fo llo w e d  th e  g o v e r n m e n t 's  l im ­

it in g  s h o p  h o u r s  to  e ig h t ,  t h e  m o r e  e f f ic ie n t  u se  o f  e le c tr ic i ty  by  s t r e e tc a r s ,  

a n d  th e  c i ty -o w n e d  g a s  p la n t 's  r e d u c t io n  in  ra te s .  B E W  c o u n t e r e d  w ith  

f u r t h e r  r a t e  c h a n g e s ,  e s p e c ia lly  th o s e  th a t  e n c o u r a g e d  th e  la r g e  p o w e r  

u s e r s .3ft T h e  e n t i c e m e n t  o f  h e a v y  p o w e r  c o n s u m e r s  w as a  r e s p o n s e  to  th e  

e n d e m ic  p r o b le m  o f  th e  is o la te d  p la n t  f r o m  w h ic h  la rg e  in d u s t r i a l  c o n ­

s u m e r s  s u p p l i e d  t h e i r  o w n  n e e d s .  A s th e  g r a p h s  o f  B E W  o u t p u t  sh o w , th e  

t r e n d  w as  a g a in  s te e p ly  u p w a r d  in  1 9 0 9 . (S ee  F ig . V II .f t . )  I s o la te d  p la n ts  

s u p p ly in g  in d iv id u a l  in d u s t r i e s  c o n t in u e d  to  o f f e r  s u b s ta n t ia l  c o m p e t i t io n ,  

h o w e v e r ;  in  1 9 1 3  it  w as  e s t im a te d  th a t  i s o la te d  p la n ts  a n d  “ b lo c k  s ta t io n s "  

s u p p l i e d  a b o u t  4 0  m ill io n  k w h .,  o r  th e  e q u iv a le n t  o f  a lm o s t o n e - l l f th  o l 

th e  e n e r g y  s o ld  by  B E W .:,(>

B E W  c o n t i n u e d  to  b u i ld  a  g e n e r a l i z e d  sy s te m  by  i n t r o d u c in g  s te a m  t u r ­

b in e s  b e g in n in g  in  1 9 0 2  ( se e  F ig . V I I .  10). T h e  e a r ly  h is to ry  o f  t u r b in e  u se  

b y  B E W  s h o w s  th e  c lo s e  r e l a t io n s h ip  o f  A E G  as m a n u f a c t u r e r  a n d  H E W  

as fu ll- s c a le  te s t in g  g r o u n d .  A E G  e n t e r e d  th e  t u r b i n e  f ie ld  s o o n  a f t e r  e a r ly  

in s ta l la t io n s  o f  P a r s o n s  tu r b o g e n e r a t o r s  in  E n g la n d  a n d  P a r s o n s - ty p e  t u r ­

b in e s  b u i l t  by  B ro w n , B o v e r i  &  G o . o f  B a d e n /M a n n h e im ,  a s u b s id ia r y  o f  

th e  S w iss  f i rm ,  in  E lb e r f e ld .  G e r m a n y ,  p r o v id e d  s t r o n g  in d ic a t io n s  o f  th e  

i n v e n t io n ’s p r a c t ic a l i ty  a n d  p o te n t i a l  im p r o v e m e n ts .  A E G  m a d e  a  fa lse  s ta r t  

by  a t t e m p t i n g  lo  d e v e lo p  th e  R ie d le r - S tu m p f  d e s ig n .  T h e  R ie d lc r - S tu m p f  

t u r b i n e  w as  a n  a d a p t a t i o n  o f  th e  b a s ic  c o n s ta n l - p r c s s u r c  d e s ig n  in t r o d u c e d  

b y  th e  S w e d is h  in v e n to r  C a r l  G . P. d e  L av a l in  1883 . By m e a n s  o f  la rg e  

c ro s s - s e c tio n a l  t u r b i n e  b la d e s  a n d  th e  r e o r d e r i n g  o f  a d d i t io n a l  s te a m  n o z ­

z les , A E G  h o p e d  to  h o ld  th e  s p e e d  o f  r o ta t io n  to  p ra c tic a l  lim its . T h e  firs t 

l a r g e  t u r b i n e  o f  th is  d e s ig n  w as  in s ta l le d  in  190 2  in  B E W 's  M o a b it p o w e r  

s ta t io n  (see  F igs. V I I . I I  a n d  V I I . 12). A t its  m a x im u m  s p e e d ,  3 ,8 0 0  rp m ,

”  M ulschoss cl a l., J 0  Ja hre . p p . 37 -3 8 .
K lin gen lie rg , "E lectr ic ity  Su p p ly  in I j i g c  C ities.” pp . 39 8 -9 9 .
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1 h e  R ic d le r - S tu m p f  t u r b i n e  p r o d u c e d  2 ,0 0 0  h .p .,  b u t  AFX', d e c id e d  th a t  

l a r g e r  m o d e ls  w o u ld  h a v e  s ta b il i ty  p r o b le m s  a n d  b e  p ro h ib i t iv e ly  e x p e n s iv e  

to  in s ta l l ,  so  it a b a n d o n e d  th e  d e s ig n .

A E G  t h e n  m a d e  a n  a g r e e m e n t  w ith  th e  G e n e r a l  E le c tr ic  C o m p a n y  o( 

A m e r ic a  to  u s e  th e  C u r t i s  d e s ig n  th a t  G E  h a d  d e v e lo p e d  a n d  p a te n te d .  

T h e  m a n u f a c t u r e r s  a ls o  a g r e e d  to  e x c h a n g e  d e v e lo p m e n t  a n d  o p e r a t io n a l  

e x p e r ie n c e  a s  th e y  w o r k e d  o n  th e  tu r b in e .  F ro m  1904 u n t i l  1 917  a ll BF.W  

tu r b i n e s  e x c e p t  o n e  w e re  o f  th e  C u r t i s  ty p e .  T h e  e x c e p t io n  a r o s e  w h e n  

A E G  w as  u n a b le  to  s u p p ly  w i th in  a s h o r t  t im e  a  C u r t i s  t u r b i n e  w h e n  BF.YVs 

lo a d  d e m a n d  s u d d e n ly  in c r e a s e d  s h a r p ly  in  190 5 . T h e  u ti l i ty  t h e r e f o r e  

p la c e d  a B ro w n -B o v e r i -b u i l l  1’a r s o n s  ty p e  o f  tu r b i n e  o f  5 .8 0 0 -k w . c a p a c ity  

i n to  o p e r a t i o n  a t O b e r s p r e e .  M o re  t u r b in e s  w e re  in s ta l le d  a t O b e r s p r e e ,  

b u t  B E W ’s f ir s t  a l l - tu r b in e  s t a t io n — a s ta t io n  c o m p a r a b le  to  th e  F isk  S tr e e t  

s ta t io n  o p e n e d  in  1 9 0 3  in  C h ic a g o — w as R u m m e ls b u r g ,  w h ic h  b e g a n  o p ­

e r a t i n g  in  N o v e m b e r  1 9 0 7  w ith  a 1 3 ,5 0 0 -k w . c a p a c ity .  F u r t h e r  e v id e n c e  

th a t  th e  p o s t - E d is o n  e r a  h a d  a r r iv e d  w as  th e  c o m p le te  c o n v e r s io n ,  in  th e  

s a m e  y e a r ,  o f  th e  o r ig in a l  M a r k g r a f e n s t r a s s e  d i r e c t - c u r r e n t  s ta t io n  to  a 

s u b s ta t io n .37

By th e  e v e  o f  W o r ld  W a r  I— a n d  th e  t a k e o v e r  o f  th e  u ti l i ty  by  B e r lin  in  

1 9 1 5 — B E W  h a d  a c q u i r e d  s a l ie n t  c h a r a c te r is t ic s  t h a t  d e f i n e  le a d in g  u r b a n  

s y s te m s  e v e n  to d a y .  I ts  s u p p ly  a r e a  s p r e a d  b e y o n d  th e  5 - k i lo m e te r  r a d iu s  

o f  o ld  B e r l in  o u t  to  th e  3 0 -k i lo m e te r  r a d iu s  s p e c i f ie d  in  th e  1 8 9 9  c o n tr a c t .  

D ra w in g  h e a v ily  o n  th e  O b e r s p r e e  p la n t ,  B E W  s u p p l i e d  a b o u t  a  h u n d r e d  

sm a ll  d is t r ic ts ,  o r  lo c a l a u th o r i t i e s ,  m o s tly  to  th e  e a s t ,  s o u th ,  a n d  n o r t h  o f  

B e r l in  ( se e  F ig . V I I .  13). T h i s  s u b u r b a n  r e g io n  h a d  a  p o p u la t io n  o f  a b o u t  

2 .5  m ill io n  ( c o m p a r e d  to  th e  2 m ill io n  w ith in  o ld  B e r lin ) .  By 1 915  B F W  

h a d  tw o  o t h e r  p o ly p h a s e  p la n t s  (M o a b it  a n d  R u m m e ls b u r g )  a n d  th r e e  

in n e r - c i ty  p la n t s  ( M a u e r s t r a s s e ,  S p a n d a u e r ,  a n d  S c h i f f b a u e r d a m m ) .  T h ese  

s ix  p la n t s  h a d  a  c o m b in e d  c a p a c i ty  o f  1 5 5 ,0 0 0  kw . T h e r e  w e re  tw e n ty - f o u r  

s u b s ta t io n s  ( tw e lv e  w i th in  th e  c ity )  f o r  th e  c o n v e r s io n  o f  p o ly p h a s e  c u r r e n t  

to  d i r e c t  c u r r e n t  a n d  f o r  t r a n s f o r m a t i o n  o f  v o lta g e .  T r a n s m is s io n  a n d  

d i s t r ib u t io n  c a b le  e x t e n d e d  7 .7 4 0  k i lo m e te r s .  W ith in  th e  c ity , g e n e r a l  d i s ­

t r i b u t io n  w a s  a lm o s t  e n t i r e ly  4 4 0 /2 2 0 -v o lt  d i r e c t  c u r r e n t  f o r  th e  l ig h t in g  

a n d  s m a l l -p o w e r  c o n s u m e r s .  A lso  a v a ila b le  in  th is  a r e a  w e re  5 5 0 -6 0 0 -v o lt  

d i r e c t  c u r r e n t  f o r  t r a c t io n  a n d  6 -k v . p o ly p h a s e  c u r r e n t  f o r  h e a v y  s t a t io n a i  y- 

p o w e r  u s e r s .  A f te r  1904  th e  lev e l o f  t r a n s m is s io n  v o lta g e  w-as r a is e d .  O b ­

e r s p r e e  a n d  M o a b it  s u p p l i e d  d is ta n t  s u b s ta t io n s  w ith  10-kv. tr a n s m is s io n ,  

a n d  in  1911 B E W  p i o n e e r e d  o n  th e  C o n t in e n t  by  c o n s t r u c t in g  a 3 0 -k v . 

r in g  s u p p ly  fo r  B e r l in ’s n o r t h e r n  a n d  s o u t h e r n  s u b u r b s .  'T h e  in c r e a s e  in 

v o l ta g e  n e c e s s i ta te d  th e  in t r o d u c t io n  o f  o il-c o o le d  sw itc h e s  in to  th e  sy s ­

t e m .38

G e o r g  K l in g c n b e r g ,  th e  e n g i n e e r i n g  h e a d  o f  A E C ’s p o w e r  p la n t  d e s ig n  

a n d  c o n s t r u c t io n  d iv is io n ,  a n  e n g i n e e r  o r  in t e r n a t io n a l  r e p u ta t io n  a n d  a u ­

t h o r  o f  d e f in i t iv e  w o rk s  o n  p o w e r - p la n t  d e s ig n  a n d  o p e r a t io n ,  d e s c r ib e d  

a n d  a n a ly z e d  B E W  a r o u n d  1 9 I 3 .3” C o m p a r in g  th e  B e r l in  u ti l i ty  w ith  th o s e  

in  C h ic a g o  a n d  L o n d o n ,  h e  r o u n d  th a t  th e  c a p i ta l  co s t o f  th e  p o w e r  s ta t io n s

”  M atschoss et ul.. 50 Jahre , pp . 133—D. 2 18 -1 9 .
“ Ib id ., p p . 43 . 1 65-70 .
“  K lin ge nb erg , "E lectr ic ity  Su pp ly  in L arg e  C ities,” p p . 3 9 8 - 4 0 1.
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a n d  t h e  c a p i ta l  c o s t  o f  th e  d i s t r i b u t i o n  s y s te m  p e r  in s ta l le d  k ilo w a tt  w e re  

lo w e s t in  B e r l in .  B e r l in ’s p e r - c a p i t a  c o n s u m p t i o n  o f  c u r r e n t  w as  h i g h e r  

t h a n  L o n d o n ’s a n d  lo w e r  th a n  C h ic a g o 's ,  b u t  th e  c o m p a r i s o n  d id  n o t  ta k e  

in to  a c c o u n t  b lo c k  a n d  is o la te d  s t a t io n s ,  o f  w h ic h  th e r e  w e r e  a n  u n u s u a l ly  

l a r g e  n u m b e r  in  B e r l in .  K l in g e n b e r g  a ls o  n o te d  th a t  B e r l in  h a d  th e  m o s t 

e v e n ly  b a la n c e d  l ig h t in g ,  t r a c t io n ,  a n d  s t a t io n a r y - m o t o r  lo a d s .  B e r l in ’s lo a d  

f a c to r ,  t h e  h ig h ly  s ig n if ic a n t  in d ic a to r ,  w as  h i g h e r  t h a n  L o n d o n ’s a n d  lo w e r  

t h a n  C h ic a g o ’s. E x a m in in g  th e  c o s t  c h a r a c te r i s t i c s  o f  th e  t h r e e  sy s te m s , 

K l in g e n b e r g  o b s e r v e d  th a t  t h e  B e r l in  u t i l i ty 's  o p e r a t i n g  c o s ts  w e re  th e  

lo w e s t ,  a n d  h e  c o n c lu d e d  t h a t  th is  r e s u l t e d  f r o m  lo w e r  w a g e s  a n d  lo w e r  

fu e l  c o n s u m p t i o n  p e r  k i lo w a t t - h o u r  o f  o u t p u t .  E c o n o m y  in  th e  c o n s u m p ­

t io n  o f  c o a l  w as  c o u n t e r b a l a n c e d ,  h o w e v e r ,  b y  th e  h i g h e r  p r ic e  o f  co a l in  

B e r l in  c o m p a r e d  to  C h ic a g o  a n d  L o n d o n .  T h e  to ta l  c o s t p e r  k i lo w a t t - h o u r ,  

t h e n ,  w as  h i g h e r  in  B e r l in  t h a n  in  C h ic a g o .  N o t o n ly  w as  th e  p r ic e  o f  c o a l 

h i g h e r  t h e r e ,  b u t  t h e  B e r l in  g o v e r n m e n t  to o k  a  l a r g e  s h a r e  o f  B E W ’s 

r e v e n u e s .  (S e e  F ig . I X .9 , p . 2 5 8  b e lo w , f o r  a  d e ta i l e d  c o m p a r i s o n  o f  th e  

th r e e  c i t ie s ’ u t i l i t ie s .)

In  v iew  o l  th e  l a r g e  r e v e n u e s  t h e  c ity  d e r iv e d  f r o m  B E W , s o m e  c o n te m ­

p o r a r i e s  e x p r e s s e d  s u r p r i s e  th a t  B e r l in  w o u ld  s e r io u s ly  c o n s id e r  e x e rc is in g  

its  c o n t r a c tu a l  l i g h t  to  ta k e  o v e r  B E W  in  1 9 1 5 . T h e  S o c ia l D e m o c r a ts  in  

t h e  c o m m o n  c o u n c i l  a d v o c a te d  m u n ic ip a l  o w n e r s h ip  f o r  id e o lo g ic a l  a s  w ell 

as  e c o n o m ic  r e a s o n s .  T h e  u t i l i ty  c o u ld  b e  m o r e  e a s ily  d i r e c te d  to w a r d  th e  

fu l f i l lm e n t  o f  v a r io u s  s o c ia l o b je c t iv e s  i f  it w a s  o w n e d  a n d  o p e r a t e d  by  th e  

c ity , th e y  a r g u e d .  R a te s ,  f o r  e x a m p le ,  c o u ld  b e  a d ju s te d  to  f a v o r  lo w e r-  

i n c o m e  g r o u p s .  In  a d d i t i o n ,  t h e  s o c ia lis ts  a r g u e d ,  p r o f i t s  t a k e n  by  th e
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F ig ur e  V I I .14. G eorg Kling enberg, an  

A E G  engineer noted fo r  centra l-statw n  
designs. Courtesy o f  Ber lin er K ra ft-u n d  

L ith t A G  (form erly B E W ).

p r iv a te  o w n e r s ,  e s p e c ia lly  A E G , s h o u ld  c o m e  to  th e  c ity . B y 1 9 1 5 , th o s e  

w h o  f a v o r e d  th e  t a k e o v e r  b e l ie v e d  th a t  s in c e  th e  p e r io d  o f  h ig h  f in a n c ia l  

r is k  h a d  p a s s e d ,  it w as  a p p r o p r i a t e  fo r  th e  u ti l i ty  to  b e  g o v e r n m e n t  o w n e d  

a n d  m a n a g e d ,  a s  w e r e  o t h e r ,  o l d e r  u t i l i t ie s  s u c h  a s  g a s . T h e y  a ls o  b e lie v e d  

th a t  fu l l  g o v e r n m e n t  c o n t r o l  o f  t h e  c i ty ’s e le c t r ic  p o w e r  s u p p ly  w o u ld  b r in g  

in c r e a s e d  c o n t r o l  o f  th e  c i ty 's  in d u s t r i a l  d e v e lo p m e n t .

E m p o w e r e d  by  c o n t r a c t  to  p u r c h a s e  th e  u ti l i ty  in  O c to b e r  1 9 1 5  i f  n o tic e  

o f  in t e n t  w as g iv e n  tw o  y e a r s  in  a d v a n c e ,  th e  c ity  b e g a n  n e g o t i a t in g  w iih  

B E W  in  1911 th e  q u e s t io n  o f  e x te n d in g  th e  c o n tr a c t  o r  p u r c h a s i n g  th e  

u ti l i ty .  T h e  p r in c ip a l  p o in ts  a t is s u e  w e re  r a te s  a n d  th e  r e l a t io n s h ip  b e tw e e n  

B E W  a n d  A E G . T h e  c ity  w a n te d  lo w e r  r a te s  ( f o r  w h ic h  t h e r e  w as  p r e c e d e n t  

in  G e r m a n y )  a n d  le ss  A E G  in f lu e n c e .  H a v in g  lo w e re d  its  r a te s  c o n s is te n t ly  

o v e r  th e  p a s t  t h i r ty  y e a r s ,  B E W  a r g u e d  th a t  f u r t h e r  r e d u c t io n  w as  i m p o s ­

s ib le  u n le s s  c o s ts  w e re  s u b s ta n t ia l ly  lo w e re d .  I f ,  B E W  in s is te d ,  th e  c ity  

a l lo w e d  it to  ta k e  a d v a n ta g e  o f  a d v a n c e d  t r a n s m is s io n  a n d  g e n e r a t i o n  t e c h ­

n o lo g y  by  c o n s t r u c t in g  a  la r g e  m i n e - m o u th  p o w e r  p la n t  a t  t h e  B i t tc r f e ld  

l ig n i te  f ie ld s  a lm o s t  e ig h ty  m ile s  f r o m  B e r l in ,  lo w e r  c o s ts  w o u ld  fo llo w .

T h e  im p e r ia l  G e r m a n  g o v e r n m e n t ,  h o w e v e r ,  f r u s t r a t e d  B E W 's  p la n s  fo r  

a  B i t t e r f e ld  p o w e r  p la n t .  It s e iz e d  th e  l ig n i te  d e p o s i t s  to  e x p lo i t  t h e m  f o r  

c r i t ic a l  w a r t im e  n e e d s  a n d  t h e n ,  in  1 9 1 6 , s u p p o r t e d  th e  c o n s t r u c t io n  o f  th e  

G o lp a - Z s c h o rn e w itz  p o w e r  p la n t  th e r e  (see  p p .  2 8 8 - 8 9  b e lo w ). D e p r iv e d  

o f  t h e  c o s t - r e d u c in g  t e c h n o lo g y ,  B E W  a g r e e d  o n ly  to  a n  e x te n s io n  o f  th e  

e x is t in g  f r a n c h i s e — a n d  th e  e x is t in g  o r  s l ig h tly  m o d if ie d  r a t e  s t r u c t u r e  fo r  

th e  n e x t  s ix  y e a rs .  L e d  b y  a n  O b erb iirg erm e is le r  w h o  f a v o r e d  m u n ic ip a l  o w n ­

e r s h ip ,  a  S la d tv e r o r d n e te n v e r s a m m lu n g  d o m i n a t e d  by  s o c ia lis ts  a n d  t h e i r  a llie s , 

a n d  a  M a g is tr a l  t h a t  h a d  c o m e  to  a g r e e  w ith  th e  c o m m o n  c o u n c i l ,  tlu* c ity  

th e n  p u r c h a s e d  t h e  B e r l in e r  E le k tr ic i ta ts -W e rk e  a n d  to o k  o v e r  m a n a g e ­

m e n t  o f  t h e  u ti l i ty  in  O c to b e r  191 5 .

L ik e  th e  g e n e r a l  c o n t r a c tu a l  a r r a n g e m e n t s  b e tw e e n  th e  c ity  a n d  th e  u t i l ­

ity , t h e  s p e c if ic  p ro v is io n s  fo r  p u r c h a s e  w e r e  c o m p le x  a n d  in g e n io u s .  B e ­

f o r e  th e  r e n e g o t i a t io n  o f  th e  c o n t r a c t  in  1 8 9 9 , th e  c ity  h a d  h a d  th e  r ig h t  

lo  p u r c h a s e  B E W  a t  th e  ta x  v a lu e  d e t e r m i n e d  by  tw o  e x p e r t s ,  o n e  a p p o in te d  

by  th e  c ity  a n d  th e  o t h e r  n a m e d  by  th e  u ti l i ty . T h e y  w e re  to  “a p p r a i s e  th e  

p r o p e r t i e s  a s  a n  i n t e r d e p e n d e n t  w h o le  a c c o r d in g  to  c o m m e rc ia l  p r in c i ­

p le s .”40 In  1 8 9 9 , t h e  p a r t i e s  h a d  a g r e e d  th a t  th e  p la n t  a n d  re a l  e s t a t e  w o u ld  

in s te a d  b e  p u r c h a s e d  a c c o r d in g  lo  b o o k  v a lu e . S u b s e q u e n t  a n a ly s is  s h o w e d  

th a t  th e  b o o k  v a lu e  ( o r ig in a l  c o s t)  o f  th e  u t i l i ty ’s r e a l  e s ta te  w as 4 ,1 9 5 ,0 0 0  

m a r k s  lo w e r  t h a n  th e  a p p r a i s e d  v a lu e  in  1 9 1 5 , b u t  th a t  th e  b o o k  v a lu e  o f  

th e  p la n t  w as  1 ,7 0 0 ,0 0 0  m a r k s  h ig h e r  th a n  th e  a p p r a i s e d  v a lu e  in  1915 . 

T h e  b o o k -v a lu e  p u r c h a s e  p r ic e  o f  p la n t  a n d  r e a l  e s ta te  in  1 9 1 5  w as, t h e r e ­

f o r e ,  2 ,4 9 5 ,0 0 0  m a r k s  lo w e r  th a n  th e  a p p r a i s e d  v a lu e . T h e  c ity  c o u n c il  

v o te d  lo  p u r c h a s e  B E W  fo r  130  m ill io n  m a rk s ;  th e  e x a c t  s a le  p r ic e  w as

1 3 2 ,4 0 0 ,0 0 0  m a r k s .41

J u d g i n g  by  its  u n w il l in g n e s s  lo  n e g o t ia te  p u r p o s e f u l ly  a f t e r  th e  c o lla p s e  

o f  th e  m i n e - m o u lh  p o w e r - p la n t  p r o p o s a l ,  A E G  m a y  n o t h a v e  b e e n  r e lu c ta n t  

lo  se ll B E W  in  191 5 . T h e  sa le  p r o v id e d  A E G  w ith  s u b s ta n t ia l  c a p i ta l  f o r  

n e w  in v e s tm e n ts ;  m o r e o v e r ,  th e  y e a rs  o f  B E W  o w n e r s h ip  h a d  b r o u g h t

’"B roo k* . “B erlin  E lectric  W orks,"  p. 192.

”  Ib itl. , pp . 188, 193; Matsclm** el a l.. JO Jahre. p. 223.
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“c |u ite  a c c e p ta b le  d iv id e n d s  to  s h a r e h o l d e r s "  a n d  h a d  p r o v e d  “ a v e r i ta b le  

g o ld  m in e  to  t h e  h o ld in g  c o m p a n y  (A E G ) ." '12

In  A m e r ic a ,  u t i l i ty  m a n a g e r s ,  w h o  o f t e n  f o u n d  th e m s e lv e s  in  a n  a d v e r ­

s a ry .  e v e n  h o s t i le ,  r e l a t io n s h ip  w ith  g o v e r n m e n t ,  m a y  h a v e  b e e n  s u r p r i s e d  

to  l e a r n  th a t  l e a d in g  e x e c u t iv e s  f r o m  th e  p r iv a te  G e r m a n  c o m p a n y  w e re  

ta k in g  j o b s  in  t h e  m u n ic ip a l ly  o w n e d  p la n t .  T h e  n e w ly  n a m e d  S ta d t is c h e  

E le k tr i z i l a t s - W e r k e  B e r l in  (S lE W ) w as  d e t e r m i n e d  to  h a v e  th e  b e s t  m a n ­

a g e r i a l  a n d  te c h n ic a l  t a l e n t  a v a i la b le  a n d  w as  w il l in g  “ to  p a y  a c c o r d in g ly . ’"1'’ 

M e m b e r s  o f  t h e  V o r s ta n d  (“ e x e c u t iv e  c o m m i t t e e " )  w e re  to  re c e iv e  a  g u a r ­

a n t e e d  s a la ry  o f  1 5 ,0 0 0  m a r k s  a s  w ell a s  i n c r e m e n t  a c c o r d in g  lo  n e t  in c o m e , 

so  lo n g  a s  th e  to ta l  d id  n o t  e x c e e d  3 9 ,0 0 0  m a rk s .  D r . H e r m a n  P a s s a v a n t 

f r o m  B E W ’s V o r s ta n d  b e c a m e  a m e m b e r  o f  S lE W ’s V o rs ta n d . G u s ta v  W ilk e n s , 

w h o  h a d  b e e n  a d e p u t y  m e m b e r  o f  th e  o ld  V o rs ta n d ,  h e ld  th e  s a m e  p o s i t io n  

in  t h e  n e w  c o m m i t t e e .  E m a r  W ik a n d e r ,  a m a n a g e r  a t  B E W , b e c a m e  a 

m e m b e r  o f  S lE W ’s V o r s ta n d  a n d  t e c h n ic a l  d i r e c t o r  o f  th e  p la n t . ’1'1 O n  18 

A p r i l  1 9 1 5  th e  B e r l in  c o m m o n  c o u n c i l  v o te d  to  p u r c h a s e  B E W , a n d  o n  1 

O c t o b e r  1 9 1 5  th e  u t i l i ty  p a s s e d  in to  n e w  o w n e r s h ip .  E m il R a th e n a u  d ie d  

o n  2 0  J u n e  o f  t h a t  y e a r .

17 B rooks, "B e rlin  F .lrn rii W ot In," pp . 190, 191-92 . 
n  Ib id .. p. 193.
"  M iilichoss PI a l.. 50  Ialirr , p p . 14, 95
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C h ic a g o : T h e  
D o m in a n c e  
o f  T e c h n o lo g y

T
HE e a r ly  h is to r y  o f  m a n y  u ti l i t ie s  is to ld  in  t e r m s  o f  c o lle c tiv e  e n t e r p r i s e  

a n d  o r g a n iz a t io n .  I n  th o s e  in s ta n c e s ,  n o  in d iv id u a l  s e rv e s  w ell a s  th e  

fo c u s  o r  c e n t e r  a b o u t  w h ic h  to  s t r u c t u r e  s u c h  a n  a c c o u n t .  C h ic a g o ,  h o w e v e r ,  

o f f e r s  a n  e x c e p t io n .  T h e  h is to ry  o f  t h e  C o m m o n w e a l th  E d is o n  C o m p a n y ,  

th e  u ti l i ty  th a t  c a m e  to  d o m i n a t e  e le c t r ic  s u p p ly  in  “ th e  w in d y  c ity ,"  c a n  h e  

o r g a n iz e d  m o s t  e f f e c t iv e ly  a r o u n d  th e  p e r s o n  o f  S a m u e l  I n s u l l  ( 1 8 5 9 -  

1 9 3 8 ). P r e s e n t in g  th e  h is to r y  o f  e le c t r ic  s u p p ly  in  C h ic a g o  in  th is  m a n n e r  

d o e s  n o t  m e a n  t h a t  I n s u l l  w as  a  g r e a t  m a n  w h o s e  a c t io n s  m a d e  h is to ry ;  it 

m e a n s  th a t  h e  w as  t h e  p iv o ta l  f ig u r e  d u r i n g  f o u r  d e c a d e s  o f t h e  c o m p a n y 's  

h is to ry .  A  lo o k  a t  t h e  e le c t r ic  s u p p ly  in d u s t r y  in  C h ic a g o  th r o u g h  h is  ey e s  

p r o v id e s  a n  e n c o m p a s s in g  v iew . F u r t h e r m o r e ,  I n s u l l  w as  a m a s te r  o f  p u b lic  

re la t io n s ,  a n d  h is  s p e e c h e s ,  a d d r e s s e s ,  a n d  p a p e r s  a r e  in f o r m e d  s o u r c e s  o f  

th e  c o m p a n y 's  h is to ry .

B y W o r ld  W a r  I, C h ic a g o  w as  a  c r e a t u r e  o f  th e  i n d u s t r i a l  a g e ,  in  c o n t r a s t  

to  B e r l in  a n d  L o n d o n ,  th e  tw o  c itie s  w ith  w h ic h  it w ill b e  c o m p a r e d .  B e r l in 's  

lo n g  h is to ry  a s  a  c a p i ta l  c ity , a s  w ell a s  t h e  s t r o n g  P ru s s ia n  t r a d i t io n s ,  se t 

th e  s ta g e  f o r  t h e  r e m a r k a b le  t r a n s i t io n  th e  c ity  u n d e r w e n t  d u r i n g  th e  p e r io d  

o f  r a p id  i n d u s t r i a l i z a t io n  in  C e r m a n y .  L o n d o n  b o r e  th e  m a r k s  o f  m o d e r n  

in d u s t r i a l  in f lu e n c e s ,  b u t  its  s h a p e  a n d  s u b s ta n c e  r e f le c te d  a  lo n g  p r e i n ­

d u s t r i a l  e x p e r i e n c e .  C h ic a g o ,  h o w e v e r ,  w as  p lia b le  a n d  o p e n  to  in f lu e n c e s ,  

a n d  so  t r a n s p o r t a t i o n ,  i n d u s t r y ,  a n d  e le c t r ic  p o w e r ,  th e  p r im a r y  c o m p o ­

n e n t s  o f  i n d u s t r i a l i z a t io n ,  i n te r a c te d  a n d  d e v e lo p e d  t h e r e  r e la t iv e ly  f r e e  o f  

c o n s e rv a t iv e ,  o r  t r a d i t io n a l ,  c o n s t r a in t s .  T h e  e le c t r ic  s u p p ly  in d u s t r y  in  

C h ic a g o  d id  n o t  fa c e  th e  c h a l le n g e s  p o s e d  by  th e  fo rc e s  o f  p a r o c h ia l is m  in  

L o n d o n  o r  th e  s t ro n g -w il le d ,  r a t io n a l  g o v e r n m e n t  o f  B e r lin .

R a i l ro a d s  s t im u la te d  th e  f ir s t  g r e a t  w av e  o f  p h y s ic a l ,  e c o n o m ic ,  a n d  so c ia l 

g r o w th  in  C h ic a g o .  B y  1 9 0 5 , a b o u t  14 p e r c e n t  o f  th e  w o r ld 's  ra i lw a y  m ile a g e  

p a s s e d  th r o u g h  C h ic a g o ,  a n d  th e  c ity  w as  th e  a c k n o w le d g e d  ra ilw a y  c e n te r  

o f  th e  U n i te d  S ta te s .  T h e  M id w e s t , th e  n a t io n 's  g r e a t  a g r i c u l tu r a l  re g io n ,  

t r a n s p o r t e d  its  g o o d s  by  r a i l r o a d  a n d  by L a k e  M ic h ig a n  f r o m  C h ic a g o  to  

th e  o t h e r  g r e a t  c it ie s  o f  th e  U n i te d  S ta te s ,  a n d  f r o m  t h e i r  p o r t s  to  m a n y  

o t h e r  p a r t s  o f  th e  w o r ld .  M o v e m e n t  w ith in  th e  c ity  w as fa c i l i ta te d  by a n  

e le v a te d  ra i lw a y  a n d  by s t r e e tc a r s ,  a n  e x te n s iv e  sy s te m  th a t  w as la rg e ly  

e le c t r i f ie d  b e f o r e  W o r ld  W a r  I. M a n y  o f  C h ic a g o 's  c i t iz e n s , h o w e v e r ,  c o n -
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s id e r c d  t h e  s y s te m  i n a d e q u a t e  a n d  its  m a n a g e m e n t  r i d d le d  w ith  c o r r u p t i o n ,  

a n d  th is  a t t i t u d e  le d  to  m a n y  r e f o r m  e f f o r t s ,  i n c lu d in g  e n d e a v o r s  to  e s ­

ta b lis h  m u n ic ip a l  r a t h e r  t h a n  p r iv a te  o w n e r s h ip  o f  th e  t r a n s p o r t a t i o n  n e t ­

w o rk .  T h u s  C o m m o n w e a l th  E d is o n  b e c a m e  d e e p ly  in v o lv e d  in  p o li t ic s  as 

it s o u g h t  to  p o w e r  t h e  s y s te m .

T h e  in c r e a s e  in  C h ic a g o ’s p o p u l a t i o n  a t  th e  e n d  o f  t h e  n i n e t e e n t h  c e n tu r y  

w as  im p re s s iv e ,  e v e n  by  t h e  e le v a te d  s t a n d a r d s  o f  u r b a n  g r o w th  in  th e  

U n i te d  S la te s .  F r o m  1 8 9 0  to  1 9 1 0 , t h e  f o r m a t iv e  y e a r s  o f  th e  e le c t r ic  l ig h t  

a n d  p o w e r  i n d u s t r y ,  C h ic a g o ’s p o p u l a t i o n  in c r e a s e d  b y  5 9 9 ,0 0 0 ;  th e  g ro w th  

d u r i n g  th e s e  tw o  d e c a d e s  w as  t h e  l a r g e s t  in  th e  c i ty ’s h is to ry .  T h e  v a lu e  o f  

p r o d u c t s  m a n u f a c t u r e d  in  C h ic a g o  in  th e  f i r s t  d e c a d e  o f  th e  tw e n t ie th  

c e n tu r y  w as  s e c o n d  o n ly  to  t h e  v a lu e  o f  p r o d u c t s  m a d e  in  N e w  Y o rk  C ity . 

S l a u g h t e r i n g  a n d  m e a t  p a c k in g  w as  th e  c i ty 's  l e a d in g  in d u s t r y ,  b u t  f o u n ­

d r i e s ,  m a c h in e  s h o p s ,  a n d  o t h e r  p r o d u c e r s  o f  i r o n  a n d  s te e l  p r o d u c t s  o p ­

e r a t e d  o n  a  la r g e  s c a le  a n d  w e re  n u m e r o u s .  T h e r e  w e r e  c o u n t le s s  o p p o r ­

tu n i t i e s  f o r  a  u t i l i ty  s e e k in g  to  e le c t r i f y  i n d u s t r i a l  o p e r a t i o n s  a n d  to  in c lu d e  
F ig u re  Sa m u el in su lt.  18 9 5 . t |1en i jn  a  Sy S t e m  Gf  c e n i r a l - s t a i io n  s e rv ic e .
(.ourtesy o f  Com m onwealth Ediso n Co.. , r  i re- • r

Chicago, il l .  U n lik e  B e r l in ,  C h ic a g o  w as  n o t  k n o w n  f o r  t h e  e f f ic ie n c y  a n d  h o n e s ty  o f  

its  g o v e r n m e n t .  B u t  v e n a l ,  p l ia b le  p o l i t ic ia n s  a n d  i l l - d e f in e d  p o li t ic a l  in s t i ­

t u t io n s  d id  n o t  a u to m a t ic a l ly  f r u s t r a t e  th e  g r o w th  o f  p u b l ic  e le c t r ic  s u p p ly .  

In  th e  f i r s t  d e c a d e  o f  th is  c e n t u r y ,  C h ic a g o  w as  s u b s u m e d  u n d e r  t h e  a n ­

t i q u a t e d  g e n e r a l  c h a r t e r  o f  t h e  s t a t e  o f  I l l in o is ,  a  c h a r t e r  th e  c ity  h a d  

a c c e p te d  in  1 8 7 5 . S u b s e q u e n t ly ,  t h e  c ity  g r e w  d r a m a t ic a l ly  a n d  fa c e d  n e w  

p r o b le m s  to  w h ic h  th e  c h a r i e r  d id  n o t  s p e a k .  A c ity  c o u n c i l  a n d  m a y o r  

s h a r e d  p o w e r ,  b u t  t h e i r  in f lu e n c e  a n d  e f f e c t iv e n e s s  w e r e  h a m p e r e d  b y  th e  

c o n f l i c t in g  a n d  c o n t r a d i c t o r y  p o w e r s  s till e x e r c i s e d  b y  s ta te  a n d  c o u n ty  

a u t h o r i t i e s  a n d  by  th e  s u r v iv in g  a u to n o m y  o f  t o w n s h ip s  t h a t  h a d  b e e n  

a b s o r b e d  b y  th e  c ity  in  its  g r o w th .  T h e  p o w e r  o f  t h e  c ity  to  la x  w as  c o n ­

s t r a in e d  by  s l a t e  law , a n d  c ity  s e rv ic e s  s u f f e r e d .  M a jo r  e x c e p t io n s  w e r e  th e  

w a te r - s u p p ly  s y s te m  a n d  th e  g r e a t  d r a i n a g e  c a n a l ,  w h ic h  h a d  b e e n  c o n ­

s t r u c te d  b e tw e e n  1 8 9 2  a n d  1 9 0 0  to  p r o v id e  f o r  s e w a g e  d is p o s a l  w i th o u t  

p o l lu t io n  o f  L a k e  M ic h ig a n .  O n  th e  o t h e r  h a n d ,  th e  t r a n s i t  s y s te m , th o u g h  

c o n s o l id a te d  a n d  e l e c t r i f i e d ,  w as  in  th e  h a n d s  o r  p r iv a te  o w n e r s  a n d  s u b je c t  

to  (h e  in f lu e n c e  o f  c o r r u p t i b l e  p o l i t ic ia n s .  T h e  c ity  h a d  e r e c te d  a n  e le c tr ic -  

l i g h t in g  p la n t  in  1 8 8 7 , b u t  b y  1 9 0 0  th e  e le c t r ic  s u p p ly  s y s te m  a ls o  w as  fo r  

th e  m o s t  p a r t  p r iv a te ly  o w n e d .

In  1 8 9 2 , b lu s te r y ,  v ig o r o u s  C h ic a g o  b e c a m e  t h e  h o m e  o f  S a m u e l  I n s u ll ,  

a m a n a g e r • - e n t r e p r e n e u r  o f  in c o m p a r a b le  v i ta l i ty . ' W h e n  In s u l l  le f t  th e  

n e w ly  f o r m e d  G e n e r a l  E le c t r ic  C o m p a n y  to  a s s u m e  th e  p r e s id e n c y  o f  th e  

C h ic a g o  E d is o n  C o m p a n y  ( a f t e r  1 9 0 7  th e  C o m m o n w e a l th  E d is o n  C o m ­

p a n y ) ,  h e  g a v e  l ip  th e  v ic e - p r e s id e n c y  o f  a  $ 5 0  m ill io n  c o r p o r a t i o n  to  

b e c o m e  th e  h e a d  o f  a n  $ 8 8 5 ,0 0 0  o n e .  H e  a ls o  le f t th e  e le c t r ic a l  m a n u f a c ­

t u r i n g  b u s in e s s  to  e n t e r  th e  u ti l i t ie s  f ie ld .  I n s u l l  h a d  r e c o m m e n d e d  h im s e l f  

f o r  th e  n e w  p o s i t io n  a l t e r  b e in g  a s k e d  by  th e  C h ic a g o  c o n c e r n  f o r  s u g ­

g e s t io n s .  H e  h a d  re a l iz e d  th a t  G e n e r a l  E le c tr ic ,  th e  c o m p a n y  f o r m e d  f ro m  

th e  m e r g e r  o f  E d is o n  G e n e r a l  E le c tr ic ,  in  w h ic h  h e  h a d  p la y e d  s u c h  a

T h is  a c ro u m  o l In su lt a n d  C o m m o n w ea lth  F.dison is d raw n  in pa ri fro m  T h o m a s  P. 

H u g h es , " T h e  F lc r l i iflc alion  o f  A m e rira : T h e  System  B u ild ers ."  Technology a n d  Culture  20  
(197!)): 1 24 -til
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p r o m in e n t  r o le  a s  h e a d  o f  sa le s  a n d  m a n u f a c tu r in g .  a n d  T h o m s o n - i l o u s -  

to n ,  th e  c o m p a n y  le d  by  th e  im p r e s s iv e  C h a r l e s  C o  M in , w o u ld  b e  d o m in a te d  

by T h o m s o n - H o u s i o n  m e n .2 In s u l l ,  w h o  w as th i r ty - tw o  y e a rs  o ld .  a c c u s ­

to m e d  to  e x e r c is in g  a u th o r i ty ,  a n d  in s p i r e d  by E d is o n 's  d r iv e  to  c rea te - a n d  

c o n s t r u c t ,  w as r e a d y  to  b u i ld  h is  o w n  s y s te m .

C h ic a g o  E d is o n 's  a c c e p ta n c e  o f  I n s t i l l s  n o m in a t io n  is e a s ily  u n d e r s to o d ,  

f o r  I n s u l l ,  d e s p i t e  h is  y o u th ,  h a d  a n  im p re s s iv e  r e p u t a t i o n  in  th e  e le c i r i i  

l i g h t in g  H eld . In  1 8 8 0  h e  h a d  e m ig r a te d  f ro m  E n g la n d  to  A m e r ic a  it 

b e c o m e  E d i s o n ’s p e r s o n a l  s e c r e ta r y .  E d is o n 's  in it ia l  im p r e s s io n  o f  h im  was 

n o t p o s i t iv e — In s u l l  w as  y o u n g ,  w e ig h e d  I 17 p o u n d s ,  a n d  h a d  b e e n  seas ick  

fo r  e ig h t  su c c e s s iv e  d a y s .  S o o n ,  h o w e v e r ,  E d is o n  u n d e r s t o o d  w h y  E d w a rd  

I I .  J o h n s o n  h a d  r e c o m m e n d e d  th e  y o u n g  m a n  w h o  h a d  w o rk e d  a s  p r iv a te  

s e c r e ta r y  f o r  E d is o n 's  L o n d o n  r e p r e s e n ta t iv e :  I n s u ll  w as k n o w le d g e a b le ,  

i n te l l ig e n t ,  a m b i t io u s ,  a n d  b o ld .  O n ly  h o u r s  a f t e r  m e e t in g  E d is o n ,  In su ll  

s u g g e s te d  a  w ay  to  r a is e  th e  a d d i t io n a l  $ 1 5 0 ,0 0 0  n e e d e d  to  e s ta b l is h  c o m ­

p a n ie s  to  m a n u f a c t u r e  c o m p o n e n t s  f o r  th e  e le c t r ic  l ig h t in g  s y s te m  b e in g  

b u ilt a t th e  P e a rl S t r e e t  s ta t io n  a n d  so o n  to  lie e re c te d  e ls e w h e re  in  A m e r ic a .' '

I n s u l l  w as o f  g r e a t  v a lu e  to  E d is o n ,  b u t  E d i s o n ’s in f lu e n c e  o n  In s u ll  w as 

o f  g r e a t e r  c o n s e q u e n c e .  B e tw e e n  1 8 8 0  a n d  1 8 9 2 , I n s u ll  w as  th e  in v e n to r 's  

s e c r e ta r y  a n d  p e r s o n a l  r e p r e s e n ta t iv e  a n d  th e n  b e c a m e  m a n a g e r  o l th e  

E d is o n  G e n e r a l  E le c t r ic  p la n t  a t  S c h e n e c ta d y .  T h e s e  w e re  fo r m a t iv e  y e a rs  

fo r  th e  e le c t r ic  l ig h t  a n d  p o w e r  in d u s t r y  a n d  f o r  I n s u ll .  H e  w as  in  a t th e  

s t a r t  w h e n  E d is o n  p r e s id e d  o v e r  th e  c o n s t r u c t io n  a n d  e a r ly  o p e r a t i o n  o f  

N e w  Y o r k ’s P e a r l  S t r e e t  s ta t io n ;  h e  to o k  p a r t  in  th e  e s ta b l is h m e n t  o f  th e  

m a n u f a c t u r i n g  fa c il i t ie s  th a t  u l t im a te ly  b e c a m e  G e n e r a l  E le c tr ic ;  h e  p a r ­

t i c ip a te d  in  n u m e r o u s  c o n f e r e n c e s  in v o lv in g  in v e n to r s ,  e n g in e e r s ,  e n t r e ­

p r e n e u r s ,  m e c h a n ic s ,  f in a n c ie r s ,  m a n a g e r s ,  e le c t r ic ia n s ,  a n d  o th e r s  w h o  

s h a p e d  th e  e a r ly  h is to r y  o f  th e  e le c t r ic a l  in d u s t r y ,  b o th  u ti l i ty  a n d  m a n u ­

f a c tu r in g .  In  s h o r t ,  h e  s tu d ie d  in  th e  E d is o n  s c h o o l,  a b s o r b in g  its  c r e a t iv e ,  

p r o b le m -s o lv in g ,  in c lu s iv e ,  s y s te m a tic ,  in n o v a t iv e ,  a n d  e x p a n s io n is t  a p ­

p r o a c h .  H e  k n e w  its  g r a d u a t e s ,  w h o  s p r e a d  f a r  a n d  w id e  to  ta k e  p a r t  in  

th e  g r o w th  o f  t h e  i n d u s t r y .  F u r t h e r m o r e ,  as a  l e a d in g  m e m b e r  o f  th e  s c h o o l, 

In s u l l  w as  v e ry  c lo se  to  th e  m a s te r .  I n s u l l  l a t e r  sa id :  “ (E d is o n )  g r o u n d e d  

m e  in  th e  f u n d a m e n ta l s .  . . .  n o  o n e  c o u ld  h a v e  h a d  a m o r e  c o n s id e r a te  

a n d  f a s c in a t in g  t e a c h e r .  I n s u l l  n e v e r  t i r e d  o f  c h a r a c te r i z in g  E d is o n  as th e  

g r e a te s t  m a n  h e  h a d  e v e r  k n o w n  a n d  th e  o n e  w h o  h a d  th e  s t r o n g e s t  in ­

f lu e n c e  o n  h is  c h a r a c te r .

Y e a rs  la te r ,  in  1 9 3 4 , w h e n  S a m u e l  In s u ll  w e n t o n  t r ia l  f o r  u s in g  (h e  m a ils  

to  d e f r a u d  in  c o n n e c t io n  w ith  h is  b a n k r u p t  h o ld in g  c o m p a n y ,  h is  d e f e n s e  

w as  e s s e n tia l ly  th a t  h e ,  lik e  E d is o n ,  w as a c re a t iv e  m a n  a n d  o n e  g r e a t ly  

i n t e r e s t e d  in  m a n a g in g  p r o d u c t iv e  te c h n o lo g y ;  h e  d e n ie d  th a t  h e  w as a 

p r e d a t o r y  h o ld in g - c o m p a n y  ty c o o n .  H is  s o n ,  S a m u e l  In s u l l ,  J r .,  r e c a lls  th a t  

a f t e r  th e  g o v e r n m e n t  p r o s e c u to r  h e a r d  th e  d e f e n s e ,  h e  sa id  p r iv a te ly  to

* Fo rrest M cD onald , /ru n // (C hicago: U niv ers ity  o f  C hicago  I’rcss. MHi’2), pp . f>0-.r>'2.
’ B u rto n  Y. B erry , "M r. S am uel Insu ll"  ( typescrip t) , pp. 3 3 -3 4 , Sam uel Instill P apers . Loyola 

U niv ers ity , C h icag o , III. T h e s e  p a p e rs  w ere used  try k in d  perm issio n  ol' Sam uel Instill , 11.. 
a n d  a re  h e re a f te r  c iled  as Instill P apers. I w ould  like to  th a n k  Ja n e t lla ld e r  lo t h e r  he lp  m 

so rtin g  th ro u g h  th e  collection.
‘ Sam uel Insu ll, "M em oirs  o f  Sam uel Instill"  (ty pescrip t w ritten  in I‘l34-3 .r»), p  37, Instill 

Papers .
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t h e  s o n ,  “S a y , y o u  fe llo w s  w e re  l e g i t im a te  b u s in e s s m e n ." 5 S a m u e l  I n s u ll  

w a s  a c q u i t t e d ,  b u t  h e  w as  e x h a u s t e d ;  th e  im m e n s e  s y s te m  o f  u t i l i t ie s  h e  

h a d  b u i l t  u p  lay  f r a c t u r e d ,  n e v e r  lo  b e  in  h is  h a n d s  a g a in .  H is to ry  h a s  n o t  

d e a l t  g e n e r o u s ly  w ith  I n s u l t ;  t h e  d i s a s t r o u s  c l im a x  o f  h is  c a r e e r  b u r n e d  

i t s e l f  i n to  th e  p u b l ic 's  m e m o r y .  F o r  n e w s p a p e r m e n ,  p o l i t ic ia n s ,  a n d  f o r m e r  

c o m p e t i to r s ,  in s u l l  w as  a  D e p r e s s io n  s c a p e g o a t ;  th e  d e c a d e s  o f  c o m p le x  

s y s te m - b u i ld in g  w e r e  e a s i e r  to  ig n o r e  o r  f o r g e t— th e y  in v o lv e d  d i f f ic u l t  

c o n c e p t s ,  e s o te r i c  t e c h n o lo g y ,  u n c o m m o n  e c o n o m ic s ,  a n d  s o p h is t ic a te d  

m a n a g e m e n t .

T h e  c r e a t io n  o f  a n  a l l - e m b r a c in g  s y s te m  o f  e le c t r ic  l ig h t  a n d  p o w e r  fo r  

C h ic a g o  w as  I n s u l l ’s p r i m e  o b je c t iv e  f o r  a lm o s t  tw o  d e c a d e s .  I n  th e  e n d  h e  

r e a c h e d  o u t  b e y o n d  t h e  c ity  a n d  i n t e r c o n n e c t e d  t h e  C h ic a g o  s y s te m  w ith  

s u b u r b a n  c o m p a n ie s  a n d  t h e n  l in k e d  th e s e  w ith  n e i g h b o r i n g  m u n ic ip a l i t ie s .  

T h e  s c o p e  o f  th e  s y s te m  b e c a m e  r e g io n a l .  T h e  h is to r y  o f  t h e  P u b lic  S e rv ic e  

C o r p o r a t i o n  o f  I l l in o is  (a  r e g io n a l  s y s te m )  a n d  o f  I n s u l l ’s  M id d le  W e s t  

U til i t ie s  C o m p a n y  (a  h o l d in g  c o m p a n y  o n  a  n a t io n a l  s c a le )  a r e  im p o r t a n t  

c h a p t e r s  in  t h e  l ife  o f  I n s u l l  a n d  t h e  h i s to r y  o f  e le c t r ic  l ig h t  a n d  p o w e r .6 

A n  a c c o u n t  o f  t h e  C h ic a g o  s y s te m  a lo n e ,  h o w e v e r ,  re v e a ls  th e  p o w e r f u l  

a n d  e f f e c t iv e  c o n c e p tu a l  s y n th e s is  o f  t e c h n o lo g y  a n d  e c o n o m ic s  t h a t  g u id e d  

I n s u l l  a n d  h is  a s s o c ia te s  a s  th e y  k n i t  t o g e t h e r  a n d  m a n a g e d  th e  C h ic a g o  

s y s te m — c o n s i d e r e d  b y  m a n y  a s  e a r ly  a s  1 9 1 0  to  b e  t h e  w o r ld ’s g r e a te s t .

W h e n  In s u l l  a r r i v e d ,  t h e  C h ic a g o  E d is o n  C o m p a n y  w a s  b u t  o n e  o f  m o r e  

th a n  tw e n ty  s m a ll  e l e c t r i c - l ig h t in g  u ti l i t ie s .  W ith in  tw o  d e c a d e s ,  I n s u l l  a n d  

h is  a s s o c ia te s  h a d  c r e a t e d  a  m o n o p o l is t ic ,  m a s s - p r o d u c in g ,  t e c h n o lo g ic a l ly  

e f f i c i e n t ,  a n d  e c o n o m ic a l ly  o p e r a t e d  c o m p a n y  f o r  a ll o f  C h ic a g o .7 In s u ll  

b e c a m e  a  s p o k e s m e n  f o r  t h e  u t i l i t ie s  i n d u s t r y ,  a n d  h is  c o m p a n y  w as  a 

p a c e s e t t e r  in  b o th  te c h n o lo g ic a l  a n d  m a n a g e m e n t  p o lic y . (S e e  F ig . V I I I . 2 .)  

T h e  s y s te m  a n d  t h e  w ay  in  w h ic h  it w as  c r e a t e d  b e c a m e  m o d e ls  f o r  o t h e r  

u r b a n  u t i l i t ie s .  F o r  th e  h i s to r i a n ,  it w as  b o th  t h e  l e a d in g  e d g e  a n d  a r e p ­

r e s e n ta t iv e  c a s e  o f  th e  w a v e s  o f  d e v e lo p m e n t  t h a t  f o llo w e d .

U n d e r  I n s u l t 's  d i r e c t io n ,  h is  c o m p a n y  lo o k  t h e  le a d  a m o n g  u ti l i t ie s  in  

te c h n o lo g ic a l  in n o v a t io n .  T h e  g r o w th  o f  t h e  C h ic a g o  s y s te m  c a n n o t  b e  

e x p la in e d  w i th o u t  ta k in g  in to  a c c o u n t  th i s  t e c h n o lo g ic a l  c o m p o n e n t .  N e i ­

t h e r ,  h o w e v e r ,  c a n  t h e  e v o lu t io n  o f  th e  s y s te m  b e  e x p la in e d  w i th o u t  c o n ­

s id e r i n g  th e  p o li t ic a l  s i tu a t io n  in  C h ic a g o  a n d  th e  s ta te  o f  I l l in o is  a n d  th e  

r o le  In s u l l  p la y e d  in  th is  p a r t i c u l a r  s c e n e .  I n s u l l  d id  n o t  s im p ly  m a n ip u la te  

p o l i t ic ia n s  a n d  p o li t ic a l  f o r c e s ;  th e  e n t i r e  s i tu a t io n  w as  r i p e  f o r  m a n i p u ­

la t io n .  A t a b o u t  t h e  s a m e  l im e ,  a n o t h e r  e n t r e p r e n e u r  o f  e le c t r ic a l  s u p p ly ,  

C h a r l e s  M e rz ,  f o u n d  L o n d o n  to  b e  a r e m a r k a b ly  d i f f e r e n t  p r o b le m  (see  

p p .  2 4 9 - 5 4  b e lo w ) .T h e  d e v e lo p m e n ts  in  L o n d o n  a n d  C h ic a g o  d i r e c t  a t ­

t e n t io n  n o t  o n ly  to  th e  tw o  m e n  b u t  to  t h e i r  s i tu a t io n s .

In s u l l ,  o f  C h ic a g o  E d is o n ,  a n d  M e rz ,  o f  th e  N e w c a s tle  u p o n  T y n e  E le c tr ic

* M cD on ald . In u tl l , p. 331.

0 H is to rical ske tch e s o f  th e  M id d le  W est U tili ties C o. can  be fo u n d  in th e  c o m p an y 's  a n n u a l 

re p o r ts  o n  file  in  th e  In su ll P a p e rs  (see espec ia lly  " R e p o rt . . .  fo r  th e  Fiscal Y ear E nd in g  
D ec em b er 31 , 1926"). See also "P re se n ta tio n  o f  Public  Serv ice  C o m p a n y  o f  N o rth e rn  Illinois 

in C o m p e ti tio n  Tor th e  C h a rle s  A. C o ffin  P rize A w ard  A pril 1st 1924," In su ll P apers.
7 1-1. A. S e y m o u r. "H is to ry  o f  C o m m o n w ea lth  E d iso n  C o m p an y ."  (typ escrip t c o m p le ted  in 

1935), p . 200 , C o m m o n w ea lth  E d ison  C o. A rch iv es. C h ica g o . III. I a m  g ra te fu l to  H elen  P. 
T h o m p so n , lib ra ria n , fo r  h e lp  in u sin g  th e  a rc h iv es a n d  th e  lib ra ry .
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F ig ur e  V l l l .2 .  Prom in ent electrical ind ustry executives, 18 9 7 : Sam uel In su lt  (second  row , c ig h lh  fro m  le ft): J o h n  K nir si . G ene ral F .lcctnc Co 
(second row, th ird  fro m  le ft); Charles Batchelor (second  row , seven th  fro m  le ft): Louts Ferguson, Chicago Edison Co. (second  row , n in th  
from  left); J . W . Lieb. Ediso n Electric I llum in a ting  Co . N  Y. ( th ird  row , th ird  fro m  le ft): a n d  T  C  M a rt in , editor o f  E lectr ical W orld  (fo u r th  
row, seventh  fro m  left). From  the author's pr ivate collection.

S u p p ly  C o m p a n y ,  w e re  g o o d  f r i e n d s  a n d  p r o f e s s io n a l  a s s o c ia te s . B o th  

d i s p la y e d  a n  im p re s s iv e  d r iv e  to  b u i ld  s y s te m s . B o th ,  lik e  E d is o n ,  w e re  

h e d g e h o g s .  W ith in  th e  s p e c t r u m  o f  e n t r e p r e n e u r i a l  ta le n ts  e x t e n d in g  f ro m  

e n g i n e e r i n g  to  m a n a g e m e n t ,  M e rz  w o u ld  b e  p la c e d  to w a r d  th e  e n g in e e r in g  

e n d ,  b u t  th e  a b i l i t ie s  o f  b o th  m e n  r a n g e d  f r o m  e n g i n e e r i n g  to  m a n a g e m e n t  

a n d  to  p o li t ic s  a n d  f in a n c e  a s  w ell. Y e t M e rz  w as  f r u s t r a t e d  by  p o litic a l 

p o w e r  in  h is  e f f o r t s  to  b r i n g  a  u n i f i e d  e le c tr ic a l  s y s te m  to  L o n d o n ,  w h ile  

In s u ll  u s e d  p o li t ic s  to  c r e a te  a  s y s te m  in  C h ic a g o  th a t  th e  u t i l i t ie s  w o r ld  

e n v ie d .

In  L o n d o n  d u r i n g  th e  d e c a d e s  b e f o r e  W o r ld  W a r  I, M e rz  a n d  h is  a s ­

s o c ia te s  f o u n d  th e m s e lv e s  c o n f r o n t e d  by  th e  e f f e c t iv e  re s is ta n c e  o f  p r o ­

p o n e n t s  o f  lo ca l g o v e r n m e n t  a n d  th e  fo e s  o f  p r iv a te  o w n e r s h ip  ( se e  p p .  

2 5 3 - 5 4  b e lo w ). I n  C h ic a g o ,  I n s u l l  l e a r n e d  h o w  to  d e a l  w ith  th e  lo ca l p o l ­

i t ic ia n s  a n d  e v e n tu a l ly  o r g a n iz e d ' r e p r e s e n ta t iv e s  o f  th e  s ta te  g o v e r n m e n t  

in  s u p p o r t  o f  h is  sy s te m  b u i ld in g .  In  a d d i t io n ,  h e  h e ld  th e  a d v o c a te s  o f  

p u b lic  o w n e r s h ip  a t  b ay  w ith  a  s te a d y  b a r r a g e  o f  p u b lic i ty . In  L o n d o n ,  th e  

p o l i t ic ia n s  w e re  n o t  re c e p t iv e  to  M e rz 's  p la n s ;  in  C h ic a g o  a n d  I ll in o is , p o l ­

itics  b e c a m e  a  p a r t  o f  I n s u l l ’s s y s te m . F o r r e s t  M c D o n a ld ,  In s u l l 's  b io g r a ­

p h e r ,  b e lie v e s  t h a t  I n s u l l  w as  fo r  a b o u t  th i r ty - f iv e  y e a rs  th e  m o s t p o w e r fu l  

p o litic a l o p e r a t o r  o n  th e  A m e r ic a n  b u s in e s s  s c e n e ."

" M cD oiuik l, Insu lt,  p. 82. My d iscussio n  o f  Insu ll in politics is based  on  M cD onald 's  b i­

o g rap h y .
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C h ic a g o ’s p o l i t ic ia n s ,  e s p e c ia lly  th o s e  o n  th e  c ity  c o u n c i l ,  e x p lo i t e d  th e  

f r a n c h i s e - g r a n l i n g  p o w e r  o f  g o v e r n m e n t .  A n  o u t s t a n d i n g  e x a m p le  o f  th e  

i n g e n io u s  w ay  in  w h ic h  th e y  o b t a i n e d  w e a l th  f r o m  p o li t ic a l  p o w e r  w i th o u t  

h a v in g  lo  s te a l  p u b l ic  m o n e y  is th e  O g d e n  G a s  C o m p a n y  c a s e . I n s u l l  l e a r n e d  

m u c h  f r o m  o b s e r v in g  t h e i r  m a n e u v e r s .  I n  1 8 9 5  a  g r o u p  o f  p o l i t ic ia n s  th a t  

la t e r  b e c a m e  k n o w n  a s  t h e  O g d e n  G a s  C r o w d  h e lp e d  p a s s  a n  o r d in a n c e  

t h a t  g r a n t e d  a  l o n g - te r m  f r a n c h i s e  lo  th e  O g d e n  G a s  C o m p a n y ,  a n  e n t e r ­

p r i s e  th e y  h a d  f o u n d e d  a n d  in  w h ic h  th e y  h e ld  a  la r g e  b lo c k  o f  s to c k .  T h e  

a l r e a d y  e x i s t in g  g a s  c o m p a n y ,  th e  P e o p le s  G a s  L ig h t  8c C o k e  C o m p a n y ,  

e n v ie d  t h e  f r a n c h i s e  h o l d e r s  a n d  r e g r e t t e d  t h e  c o m p e t i t io n  th e  n e w  c o m ­

p a n y  c o u ld  o f f e r .  S o  t h e  O g d e n  G a s  C r o w d  s o ld  t h e  f r a n c h i s e  to  th e  P e o p le s  

C o m p a n y  f o r  o v e r  $ 7  m i l l io n  a n d  s e v e ra l  p o l i t ic ia n s  m a d e  a n  in d iv id u a l  

p r o f i t  o f  a lm o s t  tw o - th i r d s  o f  a  m ill io n  d o l l a r s .  T h e r e  w e re  o t h e r  v a r ia t io n s  

o n  t h e  f r a n c h i s e  th e m e ,  a s  I n s u l l ,  h e a d  o f  C h ic a g o  E d is o n ,  w o u ld  le a r n .9

I n s u l l  a ls o  to o k  n o te  o f  h o w  C h a r le s  T y s o n  Y e rk e s ,  C h ic a g o ’s l e a d in g  

t r a n s p o r t a t i o n - u t i l i t i e s  m a g n a te ,  s u r v iv e d ,  e v e n  f lo u r i s h e d ,  in  C h ic a g o .  By 

1 8 9 7  Y e rk e s ,  a ls o  a  s y s te m  b u i ld e r ,  h a d  f o r g e d  a  u n i f i e d  a n d  e l e c t r i f ie d  

u r b a n  t r a n s p o r t a t i o n  s y s te m . T o  d o  th is  h e  h a d  b e e n  f o r c e d  r e g u la r ly  to  

b r ib e  m e m b e r s  o f  th e  c ity  c o u n c i l  to  e x t e n d  th e  m a n y  s h o r t - t e r m  f r a n c h is e s  

h e  a c q u i r e d  in  b u i ld in g  h is  t r a n s p o r t a t i o n  n e tw o r k .  B e c a u s e  it w as  d i f f ic u l t  

to  o b ta in  lo n g - te r m  lo a n s  o r  lo  m a r k e t  lo n g - t e r m  b o n d s  w ith  s h o r t - l iv e d  

f r a n c h i s e s ,  a n d  b e c a u s e  t h e  b r ib e s  w e re  u n e n d i n g ,  Y e rk e s  in  1 8 9 7  m a d e  a 

b o ld  a n d  r a t io n a l  m o v e .  H e  a r r a n g e d  f o r  t h e  in t r o d u c t i o n  in  th e  s ta te  

l e g i s l a tu r e  o f  a  s e t  o f  b ills  to  e x t e n d  a ll s t r e e t c a r  a n d  e le v a te d  ra i lw a y  

f r a n c h i s e s  in  th e  s t a t e  o f  I l l in o is  f o r  f if ty  y e a r s ,  r e q u i r e  c o m p a n ie s  to  p a y  

t h e  c i t ie s  th e y  s e r v e d  a n  in it ia l  fe e  a n d  a n  a n n u a l  p e r c e n t a g e  o f  g ro s s  

r e v e n u e s ,  a n d  r e m o v e  c o n t r o l  o f  th e  t r a n s p o r t a t i o n  c o m p a n ie s  f r o m  c ity  

c o u n c i ls  a n d  p la c e  r e g u la t io n  in  t h e  h a n d s  o f  a  s t a t e  c o m m is s io n .  S h if t in g  

r e s p o n s ib i l i ty  lo  t h e  s t a t e  le v e l m ig h t  r e d u c e  c o r r u p t i o n ;  it  w o u ld  s u re ly  

e x t e n d  th e  j u r i s d i c t i o n  oT th e  r e g u la to r y  a u t h o r i t y  to  a c c o r d  w ith  th e  e x ­

p a n d i n g  t r a n s p o r t a t i o n  n e tw o rk s .  T h e  b ills  d id  n o t  p a s s , b u t  th e  le g is la to r s  

d id  a u t h o r i z e  c ity  c o u n c i ls  to  is s u e  f i f ty -y e a r  f r a n c h is e s .

In s u l l  g o t  a  ta s te  o f  th e  c ity  c o u n c i l 's  f r a n c h i s e  e n t e r p r i s e  s o o n  t h e r e a f t e r .  

M e m b e r s  o f  th e  C h ic a g o  C ity  C o u n c i l  a s k e d  h o w  m u c h  h e  w o u ld  p a y  to  

b lo c k  th e  g r a n t i n g  o f  a f i f ty -y e a r  f r a n c h i s e  to  a  r iv a l  c o m p a n y .  F o llo w in g  

t h e  O g d e n  G a s  C r o w d  p a t t e r n ,  th e  c o u n c i l  v o te d  a  f r a n c h i s e  to  t h e  C o m ­

m o n w e a l th  E le c t r ic  C o m p a n y ,  w h ic h  h a d  b e e n  e s t a b l i s h e d  to  h o ld  th e  f r a n ­

c h is e .  I n s u l l  d id  n o t  y ie ld ,  h o w e v e r ,  so  m e m b e r s  o f  th e  c o u n c i l  a n d  th e i r  

f r i e n d s  w e n t  a h e a d  w ith  p la n s  to  t r a n s f o r m  t h e  d u m m y  c o m p a n y  in to  a n  

o p e r a t i n g  c o m p e t i to r .  T h e n  th e y  l e a r n e d  w h y  I n s u l l  h a d  s to o d  h is  g r o u n d :  

h e  h e ld  e x c lu s iv e  r ig h t s  f r o m  e v e r y  A m e r ic a n  m a n u f a c t u r e r  to  b u y  e le c ­

t r ic a l  e q u i p m e n t  f o r  C h ic a g o .  S o  d a u n t e d ,  th e  c r e a to r s  a n d  o w n e r s  o f  

C o m m o n w e a l th  E le c tr ic  s o ld  th e  v a lu a b le  f i f ty -y e a r  f r a n c h i s e  a n d  th e  c o m ­

p a n y  to  C h ic a g o  E d is o n  Tor $ 5 0 ,0 0 0 .111

I n s u l l  a n d  l ik e - m in d e d  u ti l i t ie s  m e n  w e re  to  s u c c e e d  w h e r e  Y e rk e s  h a d  

f a i le d ;  th e y  w o u ld  b r in g  a b o u t  th e  t r a n s f e r  o f  r e g u la to r y  p o w e r s  to  th e  

s ta te . In s u ll  f irs t m u s te r e d  th e  s u p p o r t  o f  le a d in g  u tilitie s  e x e c u tiv e s  t h r o u g h

* Ib id .,  p . 83.

,u Ib id .,  p p . 8 8 -8 9 .
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i h e  N a t io n a l  E le c tr ic  L ig h t A ss o c ia tio n  (N E L A ),  a  t r a d e  o r g a n iz a t io n .  In  

h is  N E L A  p r e s id e n t i a l  a d d r e s s  in  1 8 9 8 , h e  c a lle d  fo r  s ta te  r e g u la t io n  o f  

r a le s  a n d  s e rv ic e ;  h e  a ls o  a d v o c a te d  th a t  m u n ic ip a l i t ie s  b e  e m p o w e r e d  to  

p u r c h a s e ,  a t  c o s t  m in u s  d e p r e c ia t io n ,  th e  p la n t  o f  a n y  u ti l i ty  th a t  f a i le d  to  

r e n d e r  s a t is f a c to ry  s e rv ic e .  O n  th is  o c c a s io n  a n d  t h r o u g h o u t  m o s t  o f  h is  

c a r e e r ,  I n s u l l  s h o w e d  h is  r e s p e c t  f o r  th e  p u b lic  s e rv ic e  r e s p o n s ib i l i t ie s  o f  

t h e  u ti l i t ie s ,  a n d  h e  le t t h e  p u b l ic  k n o w  o f  h is  c o n c e r n .  H e  w as  a p io n e e r  

in  u ti l i ty  p u b l ic  re la t io n s .  A l th o u g h  th e  N E L A  m e m b e r s h ip  w as  n o t r e a d y  

f o r  I n s u l l 's  p o lic y  in  1 8 9 8  a n d  r e le g a te d  th e  p r o p o s a l  to  a c o m m i t t e e ,  w ith in  

a  d e c a d e  it re a l iz e d  th a t  s ta te  r e g u la t io n  w o u ld  b o th  fa c i l i ta te  e x p a n s io n  

a n d  c o u n t e r  th e  r i s in g  t id e  o f  m u n ic ip a l  o w n e r s h ip .  A  n e w  N E L A  P u b lic  

P o licy  C o m m i t t e e  s u b m i t t e d  a s t r o n g  r e p o r t  f a v o r in g  s ta te  r e g u la t io n  a n d  

th e  m e m b e r s h ip  e n d o r s e d  it. In  1 9 0 7 , w h e n  th e  m u n ic ip a l - b o n d  m a r k e t  

c o n t r a c te d  s e v e re ly  a n d  m u n ic ip a l  o w n e r s h ip  th e r e f o r e  b e c a m e  less a t ­

t r a c t iv e ,  its  p r o p o n e n t s  jo i n e d  th e  ca ll f o r  s ta te  r e g u la t io n  a s  a  r e f o r m .  T h e  

N a t io n a l  C iv ic  F e d e r a t io n  ( in  w h ic h  In s u ll  p la y e d  a n  i m p o r t a n t  r o le  as 

m e m b e r  o f  th e  e x e c u t iv e  c o m m i t t e e  m a d e  u p  o f  b u s in e s s  a n d  l a b o r  le a d e r s  

a n d  p u b l ic  r e p r e s e n ta t iv e s )  a ls o  d e c id e d  th a t  s ta te  r e g u la t io n  o f  p u b lic  

u t i l i t ie s  w as a n  im p o r t a n t  s t e p  in  its  e f f o r t  to  b r in g  a b o u t  u r b a n  r e f o r m  

t h r o u g h o u t  th e  n a t io n .  I ts  r e p o r t  o f  1 9 0 7 , w h ic h  c o in c id e d  w ith  In s u l l 's  

a n d  N E L A ’s v iew s, p r o v id e d  th e  b a s is  f o r  m o s t r e g u la to r y  law s, in c lu d in g  

th o s e  th a t  g o v e r n e d  th e  p i o n e e r in g  r e g u la to r y  c o m m is s io n s  e s ta b l is h e d  in  

W is c o n s in ,  M a s s a c h u s e t ts ,  a n d  N e w  Y o rk  in  190 7 . I ro n ic a l ly ,  b e c a u s e  o f  

c o m p le x i t ie s  in  I l l in o is  law , e s p e c ia lly  in  th e  F ield  o f  t r a n s p o r t a t i o n  u ti l i t ie s ,  

In s u l l 's  s ta te  d id  n o t  e s ta b l is h  a  s t a t e  r e g u la to r y  c o m m is s io n  u n t i l  1 9 1 4 ."

W h e n  th e  e f f e c t iv e n e s s  o f  L o n d o n ’s lo ca l a u th o r i t i e s  in  r e s is t in g  th e  t r a n ­

s c e n d e n c e  o f  t h e i r  a u t h o r i t y  is re c a l le d ,  it s e e m s  r e m a r k a b le  th a t  I n s u l l  a n d  

o th e r s  e n c o u n t e r e d  re la t iv e ly  in e f f e c tu a l  r e s is ta n c e  in  C h ic a g o  a s r e g u la to r y  

j u r i s d ic t io n  w as  m o v e d  u p  to  th e  s ta te  lev e l. T h e r e  w as , h o w e v e r ,  a d e la y e d  

r e a c t io n .  A lm o s t s im u l t a n e o u s ly  w ith  t h e  e s ta b l is h m e n t  o f  th e  I ll in o is  P u b lic  

U til i ty  C o m m is s io n  in  1 9 1 4 , a  m o v e m e n t  c a lle d  “ H o m e  R u le ” w as  l a u n c h e d  

in  C h ic a g o  to  r e t u r n  ju r is d ic t io n  to  th e  m u n ic ip a l  g o v e r n m e n t .  T h e  s t r e n g th  

o f  th is  m o v e m e n t  w as  r e in f o r c e d  in  th e  n e x t  few  y e a rs  by  a  c o m p le x  a l l ia n c e  

o f  C h ic a g o  p o l i t ic ia n s  w h o  w e re  a c u te ly  a w a re  o f  t h e i r  lo ss  o f  in f lu e n c e ;  

b y  c r i t ic s  o f  p r o f i t m a k i n g  f r o m  d e f e n s e  e x p e n d i tu r e s ,  e s p e c ia lly  by  p u b lic  

u t i l i t ie s ;  a n d  by  a d v o c a te s  o f  g o v e r n m e n t  o w n e r s h ip .  T h e  m o v e m e n t  to o k  

o n  a  m id w e s te r n  c h a r a c t e r  a s  P ro g re s s iv e  le a d e r s  lik e  R o b e r t  L a F o lle t te  

o f  W is c o n s in ,  W illia m  B o ra h  o f  I d a h o ,  B u r to n  W h e e le r  o f  M o n ta n a ,  a n d  

G e o r g e  N o r r i s  o f  N e b r a s k a  t u r n e d  a g a in s t  w a r  p r o f i t e e r s  a n d ,  by  191 9 , 

e s p e c ia l ly  th e  p u b l ic  u t i l i t ie s . (A s in  E n g la n d ,  a d v o c a te s  o f  lo ca l a n d  c e n t r a l  

g o v e r n m e n t  o w n e r s h ip  c o m b in e d  a g a in s t  th e  e x p a n d in g ,  p r iv a te ly  o w n e d  

u ti l i ty  sy s te m .)

D u r in g  W o r ld  W a r  I, I n s u ll  h e a d e d  th e  S ta te  C o u n c i l  o f  D e fe n s e  in  

I l l in o is  a n d  w as  e sp e c ia lly  a c tiv e  in  m o b il iz in g  p u b lic  o p in io n  in  th e  w a r  

e f f o r t .  A f te r  th e  w a r ,  w ith  u ti l i t ie s , n o t th e  U n i te d  S ta te s ,  u n d e r  a t ta c k ,  h e  

u s e d  th is  p u b l ic  r e l a l i o n s - p r o p a g a n d a  o r g a n iz a t io n  a s  a m o d e l  l o r  th e  

I l l in o is  P u b lic  U tility  I n f o r m a t io n  C o m m it te e .  O t h e r  u t i l i t ie s  a n d  N F.L A  
fo llo w e d  h is  le a d ,  a n d  s p e e c h e s  a n d  p u b l ic a t io n s  p o u r e d  f o r th .  "B y  th e

" I b i d . ,  pp . I 13-1 <1. 117, 121. 17 7 -78 .
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m id - lw e n t ie s ,  h a l i n g  u t i l i t ie s  w as , in  C h ic a g o ,  a s  r a r e  a s  h a t in g  m o t h e r  a n d  

th e  f la g .” 12 T h e  t h r e a t  o f  “ H o m e  R u le "  h a d  p a s s e d .

R e le g a t in g  p o li t ic a l  a u t h o r i t y  lo  th e  s u b s e r v ie n t  p o s i t io n  d e e m e d  a p p r o ­

p r i a t e  b y  A m e r ic a n  e n t r e p r e n e u r s ,  I n s u l l  p r o c e e d e d  w ith  th e  f u l f i l lm e n t  

o f  h is  p r im a r y  o b je c t iv e s ,  w h ic h  w e re  in  th e  te c h n ic a l  a n d  e c o n o m ic  re a lm s .  

W ith in  tw o  y e a r s  o f  h is  a r r iv a l  in  C h ic a g o ,  I n s u l l  d e m o n s t r a t e d  th e  b o ld n e s s  

o f  h is  i n t e n t io n s  b y  r a i s in g  f u n d s  to  b u i ld  th e  H a r r i s o n  S t r e e t  c e n t r a l  s ta t io n  

d u r i n g  a  y e a r  o f  f in a n c ia l  p a n ic .  T h i s  g e n e r a t i n g  sL a lion  b e c a m e  k n o w n  

f o r  its  a d v a n c e d  e n g i n e e r i n g  a n d  r a p i d  g r o w th  d u r i n g  its  f i r s t  d e c a d e  o f  

o p e r a t i o n .  G iv e n  h is  t h o r o u g h  e x p o s u r e  to  t h e  t e c h n o lo g y  o f  e le c t r ic  l ig h t  

a n d  p o w e r  w h ile  h e  w as  w ith  E d is o n  a n d  h is  c o m p a n ie s ,  I n s u l l  lo o k  f a r  

m o r e  t h a n  a n  a b s t r a c t  m a n a g e r i a l  i n t e r e s t  in  t h e  w ay  th e  H a r r i s o n  S tr e e t  

s t a t io n  w as  e q u i p p e d .  O p e n i n g  in  1894  w ith  4 0 0 -k w . d i r e c t - c u r r e n t  g e n ­

e r a t o r s  to ta l in g  2 ,4 0 0  kw . a n d  d r iv e n  in  p a i r s  by  h ig h ly  e f f i c i e n t  1 ,2 5 0 -h .p .  

c o n d e n s in g ,  r e c ip r o c a t in g  s te a m  e n g in e s ,  t h e  s ta t io n  e x p a n d e d  w i th in  a 

d e c a d e  to  a  to ta l  c a p a c i ty  o f  1 6 ,2 0 0  kw . g e n e r a t e d  by  3 ,5 0 0 -k w  u n i ts .  L o ­

c a t e d  o n  n a v ig a b le  w a te r ,  it  h a d  e a s y  a c c e ss  to  c o a l  a n d  c o o l in g  w a te r .  

M o re o v e r ,  a s  its  c a p a c ity  in c re a s e d ,  a  la r g e r  a n d  m o r e  d iv e rs e  m a rk e t  ev o lv ed . 

O n  th e  b u s in e s s  le v e l,  C h ic a g o  E d is o n  a c q u i r e d  tw e n ty  C h ic a g o  u t i l i t ie s  

a n d  t h e i r  m a r k e t  a r e a s .  T h e  c u lm in a t io n  o f  th e  e x p a n s io n  w a s  its  f o r m a l  

m e r g e r  w ith  C o m m o n w e a l th  E le c tr ic  to  f o r m  C o m m o n w e a l th  E d is o n  in

1 9 0 7 . ( T h e  tw o  c o m p a n ie s  h a d  b e e n  jo in t ly  m a n a g e d  f o r  s o m e  y e a r s . ) ,!l

In  p r e s i d i n g  o v e r  th e  g r o w th  o f  t h e  C h ic a g o  s y s te m , In s u l l  d e m o n s t r a t e d  

h o w  th e  n e w  te c h n o lo g y  c o u ld  b e  c o u p le d  to  t h e  o ld  in  t h e  u n iv e r s a l  s u p p ly  

s y s te m . A s t h e  sm a ll  a n d  in e f f ic ie n t  c o m p a n ie s  w e r e  a b s o r b e d ,  t h e i r  g e n ­

e r a t i n g  p la n t s  w e re  u s e d  f o r  a t im e .  A f te r  1 8 9 6  a n d  t h e  in t r o d u c t i o n  o f  

p o ly p h a s e  c u r r e n t ,  h o w e v e r ,  o b s o le te  g e n e r a t i n g  s ta t io n s  w e re  t r a n s f o r m e d  

in to  s u b s ta t io n s .  I n s u l l  b e l ie v e d  t h a t  a f t e r  S e b a s t ia n  Z. d e  F e r r a n t i ,  h e  w as 

th e  f i r s t  to  t r a n s f o r m  in e f f i c i e n t  s t a t io n s  in to  s u b s ta t io n s .  ( T h e  v e ry  p r e f ix  

“ s u b - ” in d ic a te d  th e  e m e r g i n g  h i e r a r c h ic a l  s y s te m .)  F e r r a n t i ,  t h e  fo r w a r d -  

lo o k in g  B r i t i s h  e n g i n e e r  a n d  e n t r e p r e n e u r ,  h a d  c o n v e r t e d  th e  sm a ll  G ro s -  

v e n o r  G a l le ry  s t a t io n  in to  a t r a n s f o r m e r  s u b s ta t io n  fo r  th e  m a m m o th  D e p t ­

f o r d  g e n e r a t i n g  p la n t  a c ro s s  th e  T h a m e s .1-1 L ik e  F e r r a n t i ,  I n s u l l  a n d  h is 

a s s o c ia te s  n o t  o n ly  u t i l iz e d  p o ly p h a s e  c u r r e n t ,  t r a n s f o r m e r s ,  a n d  h ig h - v o l t ­

a g e  d i s t r i b u t i o n  l in e s  b u t  a ls o  e m p lo y e d  th e  n e w ly  in v e n te d  r o ta r y  c o n ­

v e r t e r .  (S e e  p p .  1 2 1 - 2 2  a b o v e .)

T h e  r o ta r y  c o n v e r t e r  p r o v e d  to  b e  a n  e f f e c t iv e  to o l  in  th e  h a n d s  o f  th e  

C h ic a g o  e le c t r ic a l  e n g i n e e r s  a n d  m a n a g e r s  w h o  w e re  in te n t  u p o n  g r o w th .  

A f r u s t r a t i o n  f o r  th e m  h a d  b e e n  t h e  c o m b in e d  h e a v y  in v e s tm e n t  in  d o w n ­

to w n  d i r e c t - c u r r e n t  s t a t io n s  o f  th e  E d is o n  ty p e  a n d  is o la te d  s u b u r b a n  a l ­

t e r n a t i n g - c u r r e n t  s ta t io n s .  K n o w in g  th a t  e c o n o m ie s  o f  sc a le  w o u ld  r e s u l t  

w h e t h e r  o n e  m e a s u r e d  g e n e r a t o r  c a p a c i ty  o r  a r e a  o f  d is t r ic t  s e r v e d ,  th e y  

i n t r o d u c e d  t h e  c o n v e r t e r  lo  c o u p le  th e  a .c . a n d  d .c .  s y s te m s  a t  t h e i r  i n t e r ­

fa c e , t h u s  i n t e g r a t i n g  th e  o ld  a n d  th e  n e w  a n d  b u i ld in g  a u n iv e r s a l  s y s te m .

A t th e  C h ic a g o  e x p o s i t io n  in  1 8 9 3  a  r o ta r y  c o n v e r t e r  w as  e x h ib i t e d  by

'* Ib id .. p . 185.

■’ C o m m o n w ea lth  E d iso n  C o m p an y "  (ty pescrip t p r e p a re d  c. 1934 fo r  S a m u e l Insu ll p r io r  
to  his fed e ra l tr ia l), pp . 2 - 3 .  In su ll P a p ers .

" A r t h u r  R id d in g . S  7. tie Ferran ti. P ioneer ol F .lerlnr Power (L o n d o n : IIM S O . 1964).



2 0 9 C H I C A G O :  T H E  D O M I N A N C E  O F  T E C H N O L O G Y

t h e  W e s i in g h o u s e  C o r p o r a t i o n .  I n s u l l  a n d  h is  c h i e f  e n g i n e e r .  L o u is  F e r ­

g u s o n ,  b e lie v e d  t h a t  th e y  w e re  t h e  f i r s t  to  o r d e r  th e  n e w  in v e n t io n  (in  M ay  

18 9 6 )  b u t  a c k n o w le d g e d  th a t  B o s to n  E d is o n  h a d  u s e d  it f ir s t .  I n  th e  c a se  

o f  C h ic a g o  E d is o n ,  F e r g u s o n  a n d  I n s u l l  f ir s t  s h u t  d o w n  a n  in e f f ic ie n t  d .c . 

s ta t io n  o n  W a b a s h  A v e n u e ,  in s ta l le d  a  r e v e r s e d  r o ta r y  c o n v e r t e r  a t th e  

H a r r i s o n  S t r e e t  s ta t io n  ( d i r e c t  c u r r e n t  f r o m  th e  g e n e r a t o r s  w as  c h a n g e d  

in to  a l t e r n a t i n g  c u r r e n t ) ,  a n d  s e n t  th e  h ig h - v o l ta g e  a l t e r n a t i n g  c u r r e n t  o v e r  

t h e  t r a n s m is s io n  l in e  t h r e e  m ile s  to  th e  f o r m e r  g e n e r a t i n g  s ta t io n ,  now- 

c o n v e r t e d  in to  a  s u b s ta t io n ,  w h e r e  a  r o ta r y  c o n v e r te r  c h a n g e d  a l t e r n a t i n g  

c u r r e n t  to  d i r e c t  c u r r e n t  f o r  u s e  by  c o n s u m e r s  in  th e  d i s t r i c t . 15 T h i s  w as 

a  v a r ia t io n  o n  th e  u s u a l  p a t t e r n  o f  c o n v e r s io n .

B y  1 9 0 0  In s u l l ,  w h o  u s u a l ly  d e p e n d e d  o n  G e n e r a l  E le c tr ic  f o r  e le c t r ic a l  

e q u ip m e n t ,  h a d  th e  ro ta ry  c o n v e r te r ,  th e  f r e q u e n c y  c h a n g e r ,  a n d ,  o f  c o u rs e ,  

th e  t r a n s f o r m e r .  S c h o o le d  by  E d is o n ,  I n s u l l  n e v e r  lo s t h is  s e n s it iv ity  to  

te c h n o lo g ic a l  d e v e lo p m e n ts ;  h is  e c o n o m ic  a n d  b u s in e s s  a c u m e n  a llo w e d  

h im  to  g r a s p  q u ic k ly  h o w  to  e x p lo i t  th e m .  A t h is  s id e  w e re  L o u is  F e r g u s o n ,  

h is  c h i e f  e n g i n e e r ,  w h o  w as  r e c o g n iz e d  a s  a  l e a d e r  b y  h is  p e e r s ,  a n d  F ra n k  

S a r g e n t ,  a  c o n s u l t in g  e n g i n e e r  w h o s e  r e p u t a t i o n  a s  a  p o w e r - p la n t  d e s ig n e r  

g r e w  r a p id ly  a s  h e  b e c a m e  p r im a r y  c o n s u l t a n t  to  C h ic a g o  E d is o n  (s e e  F ig . 

V I I I . 3 ) . 16

In s u l l  n o t  o n ly  s p r e a d  h is  d i s t r ib u t io n  s y s te m  b u t  h e  in c r e a s e d  th e  s ca le  

o f  th e  g e n e r a t i n g  u n i t s  w i th in  t h e  s y s te m . A s in  th e  c a s e  o f  h is  c o u p l in g  o f  

th e  o ld  a n d  n e w  te c h n o lo g ie s ,  h e  w as m o t iv a te d  by  a  h ig h ly  d e v e lo p e d  

e c o n o m ic  s e n s e  a n d  a n  a p t i t u d e  f o r  id e n t i f y in g  t h e  te c h n o lo g y  o f  th e  f u tu r e .  

O n e  h is to r ic  t e c h n o lo g ic a l  a c h ie v e m e n t  o f  w h ic h  h e  w as im m e n s e ly  p r o u d  

w as  th e  F isk  S t r e e t  s t a t io n ,  w h ic h  o p e n e d  in  1 9 0 3  (see  F igs. V I1 1 .4 a n d  

V I1 1.5). H is  c o n t r o v e r s i a l  d e c is io n  to  b u i ld  th e  s ta t io n  fo llo w e d  f r o m  th e  

re a l iz a t io n  th a t  l a r g e  g e n e r a t i n g  u n i ts  w e re  m o r e  e f f ic ie n t  t h a n  sm a ll  o n e s .  

A lso  in f lu e n c in g  h im  w as  th e  r e a l iz a t io n  th a t  r e c ip r o c a t in g  s te a m  e n g in e s  

w ith  m o r e  th a n  a  5 ,0 0 0 -h .p .  c a p a c i ty  ( th e  lim it  o f  t h e  u n i t  r e c e n t ly  in s ta l le d  

in  t h e  H a r r i s o n  S t r e e t  s ta t io n )  w o u ld  b e  im p ra c t ic a l  b e c a u s e  o f  t h e i r  s iz e .17 

A d h e r i n g  to  h is  o b je c t iv e  o f  a m a s s in g  p r o d u c t io n  in  la rg e  u n i ts ,  h e  tu r n e d  

to  th e  s te a m  t u r b i n e ,  w h ic h  w as  w in n in g  p r a is e  in  E u r o p e  f o r  its  re la t iv e ly  

sm a ll  s iz e , s im p lic i ty  o f  m e c h a n is m ,  a n d  m o d e r a te  f i r s t  c o s t.  I n  th is  d e c is io n ,  

a s  in  m a n y  o t h e r s ,  I n s u l l  d e m o n s t r a t e d  h is  a w a re n e s s  o f  E u r o p e a n  t e c h ­

n o lo g ic a l  d e v e lo p m e n ts  a n d  h is  in c l in a t io n  to  t r a n s f e r  a n d  a d a p t  t e c h n o l ­

o g y .18

H a v in g  s e e n  s te a m  tu r b in e s  in  a  c e n t r a l  s ta t io n  in  G e r m a n y ,  I n s u ll  s e n t  

F e r g u s o n  a n d  S a r g e n t  to  E u r o p e  e a r ly  in  th e  s u m m e r  o f  1901 to  in s p e c t

' ‘ S e y m o u r, "H islo ry  o f  C o m m o n w ea lth  E d ison ,"  p p . 3 0 8 -9 . In  a  p a p e r  p re se n te d  at th e  

O rg a n iz a tio n  o f  A m e ric an  H is to r ia n s 'S ev e n ty -fifth  A n n u al M eeting , Ph ilad e lph ia , Pa., I A pril 
1982, H aro ld  Platt d is cussed  In s u lts  su pp ly -side  m a rk e tin g  te chn iq ue s, stressin g  Insu lt 's a p ­
p rec ia tio n  o f  th e  eco no m ic  im p o r ta n c e  a n d  use  o f  th e  W rig h t D em an d  M eter a n d  th e  ro ta ry  
c o n v erte r . Sec H aro ld  L. Platt . “Sa m  In su ll a n d  th e  E le ctr if ic ation  o f  C hicago , 18 8 0 - 1925."

'" O n  S a rg e n t sec S a rg en t 8c L un dy , Th e  S arg ent (đ  Lu n d y  Story: Seven ty  Years o f  Engineer in g  
Service  (C hic ago: S a rg e n t 8c L u n d y  1961).

”  Se y m o u r. "H isto ry  o f  C o m m on w ea lth  E d ison ."  p. 319.

'" W h e n  trave ling  in E u ro p e  as a y ou ng  m an , S am uel Insu ll, J r . ,  inv e stiga te d  te chnolo gica l 
d e v e lo p m e n ts  th e re  at his  fa th e r 's  req ue st. H e la te r  c o n firm e d  th a t his fa th e r  ha d  pa id  close 
a tte n t io n  to  E u ro p e a n  techno lo g ica l d e v e lo p m e n ts  ( in te rv iew  with Sam uel Insu ll, J r . ,  C hicago . 
14 A ukusi 1975).
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F ig u re  V III . 3. O ffices o f  (he consulting  
engineerin g f ir m  Sa rg en t Id  l.undy . 

Fre denek  Sarg en t, consu lta nt to Sam ue l 

l iu u l l  (left) ; /Iyres Lu n d y  (sea le d  al 
desk). Courtesy o f  Sa rg en t id  l.u n ry  

F.ngineers, Chicago, III.

F ig u re  V III .4 . Fish Street station, 
Chicago, under construction. 19 03 . From  

Sargent id  Lu nd y , T h e  S a rg e n i 8c 

L u n d y  S lo ry , p. 13.

F ig ure  V I1 I.5 . Fisk Street station. From 
S a ig e n l id  Lundy , T h e  S a rg en l 8c 

L u n dy  S to ry , p  22 .

,.J F

Us
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t u r b i n e  in s ta l la t io n s .  I n  E n g la n d ,  C h a r le s  P a r s o n s  h a d  in t r o d u c e d  th e  s te a m  

t u r b i n e  a s  a g e n e r a t o r  d r iv e  in  1 8 8 4 . T h e r e  w e re  sm a ll s t e a m - tu r b in e  in ­

s ta l la t io n s  th e r e ,  a n d  in  1 9 0 0  a  m a jo r  c e n t r a l - s t a t io n  in s ta l la t io n  w as c o m ­

p le t e d  in  E lb e r f e ld ,  G e r m a n y .19 D e v e lo p m e n t  o f  t h e  s te a m  t u r b i n e  b r o u g h t  

a  m a r k e d  d e c r e a s e  in  w e ig h t p e r  h o r s e p o w e r  a s  c o m p a r e d  to  th e  r e c ip ­

r o c a t in g  e n g in e .  I f  I n s u l l  h a d  b e e n  c o n te n t  to  tr y  a  1 ,0 0 0 -k w . u n i t ,  t h e r e  

w o u ld  h a v e  b e e n  l i t t le  c o n t r o v e r s y  a b o u t  th e  d e c is io n ;  th e  t u r b in e s  at E l ­

b e r f e ld  w e re  1 ,0 0 0 -k w . u n i ts ,  a n d  th e  H a r t f o r d  E le c tr ic  C o m p a n y  in  A m e r ­

ic a  h a d  o r d e r e d  a  1 ,5 0 0 -k w . t u r b o g e n e r a t o r  f ro m  W c s t in g h o n s e  in  1 9 0 0 .-"  

C o m m i t t e d  to  siz e  a n d  e f f ic ie n c y ,  h o w e v e r ,  In s u ll  w a n te d  5 ,0 0 0 -k w . u n i ts  

f o r  th e  F isk  S t r e e t  s ta t io n .

In  E u r o p e ,  F e r g u s o n ’s a n d  S a r g e n t ’s e n th u s ia s m  fo r  tu r b i n e s  in c r e a s e d .  

S u c c e s s fu l  in s ta l la t io n s  o f  w a te r  t u r b in e s  a ls o  e n c o u r a g e d  th e m .  T h e y  saw  

th e  M ila n  E d is o n  C o m p a n y ’s w a te r - p o w e r  s ta t io n  at P a d e r n o ,  w ith  its  s e v e n  

2 ,0 0 0 - h .p .  t u r b in e s ;  th e  c o m p a n y ’s c h i e f  e n g i n e e r  i n f o r m e d  th e m  th a t  th e  

tu r b i n e s  h a d  b e e n  so  s u c c e s s f u l  th a t  h e  h a d  o r d e r e d  tw o  s te a m  t u r b in e s  

r a t e d  a t  4 ,0 0 0  h .p .  e a c h .  G re a t ly  s t im u la te d ,  F e r g u s o n  a n d  S a r g e n t  th e n  

v is i te d  th e  w o rk s  o f  B ro w n ,  B o v e r i  & C o m p a n y  in  B a d e n ,  S w itz e r la n d ,  

w h e r e  th e  l a r g e r  M ila n  E d is o n  tu r b i n e s  w o u ld  b e  b u il t .  T h e r e  th e y  a lso  

l e a r n e d  o f  a n  o r d e r  f r o m  F r a n k f o r t ,  G e r m a n y ,  f o r  a 4 ,0 0 0 -h .p .  t u r b o ­

g e n e r a t o r ;  th e y  w e re  c o n v in c e d  th a t  E u r o p e  “ w as  l e n d i n g  v e ry  d e f in i te ly  

to  th e  t u r b o g e n e r a t o r  u n i t . " 21

B ack  in  th e  S ta te s ,  C h a r l e s  C o f f in ,  p r e s i d e n t  o f  G e n e r a l  E le c tr ic , w as 

in te r e s t e d  in  s u p p ly in g  C h ic a g o  E d is o n  w ith  a  s m a ll ,  1 ,0 0 0 -k w . tu r b o g e n ­

e r a t o r ,  b u t  h e  w o u ld  o f f e r  n o n e  o f  th e  c u s to m a r y  g u a r a n t e e s  f o r  l a r g e r  

u n i ts ,  c e r t a in ly  n o t  th e  5 ,0 0 0 -k w . u n i t  I n s u l l  h a d  in  m in d .  I n s u l l  p e r s is te d ,  

h a v in g  d e c id e d  to  g o  a h e a d  a n d  “b o r e  w ith  a  b ig  a u g e r "  r a t h e r  th a n  live 

“ f ro m  h a n d  to  m o u t h "  by  a d d i n g  a  sm a ll  tu r b i n e  to  a r e c ip r o c a t in g - e n g in e  

s t a t io n .22 T h e  c o m p r o m is e  r e a c h e d  w as  th a t  G e n e r a l  E le c tr ic  w o u ld  ta k e  

t h e  m a n u f a c t u r i n g  r is k  a n d  C h ic a g o  E d is o n  w o u ld  a s s u m e  th e  e x p e n s e  o f  

th e  in s ta l la t io n  w h e t h e r  it s u c c e e d e d  o r  f a i le d .  ( F o r  e x a m p le ,  th e  b u i ld in g  

w o u ld  h a v e  to  b e  r e m o d e le d  e x te n s iv e ly  i f  t h e  t u r b in e  p r o v e d  u n s a t is f a c ­

to ry .)  I n s u l l  p la c e d  h is  o r d e r  f o r  th e  5 .0 0 0 -k w . tu r b i n e  o n  2 8  D e c e m b e r  

1901 a n d  th e  u n i t  w e n t in to  s e rv ic e  o n  2 O c to b e r  1 9 0 3  ( se e  F ig . V I 1 1.6). 

T h r e e  m o r e  5 ,0 0 0 -k w . u n i t s  f o l lo w e d  by  1 9 0 5 , b u t  th e s e  w e re  th e n  r e p la c e d  

by  1 2 ,0 0 0 -k w . u n i ts .  B y 1911 th e r e  w e r e  te n  1 2 ,0 0 0 -k w . u n i ts  a t th e  F isk  

S t r e e t  s t a t io n .23

In s u l l  a n d  o t h e r  E d is o n  o f f ic ia ls  c e le b r a te d  t h e i r  p io n e e r in g  d e c is io n .

' “ A rn o ld  T.  G ross. "Zei l l ard zu r E n tw ic k lu ng  tie r  E lc k triz ila lsv erso rg un g ,"  Techmkge- 
schichte 25 (1936): 131; R. H. Parso ns. The E arly Days o f  the Power S tation Indu stry  (C am b rid ge: 
Al th e  U n iv ersity  I 'rcss, 1940). p p . 170 IT. O n  th e  in tro d u c tio n  o lT lie  ste am  tu rb in e  in m i t r a l  
sta tion s, see also K urt M nucl, "Die  B e d e u tu n g  d e r  D a n ip rtu rb in e  f in  d ie  Entw ic k lu ng  ( In  
e lck tr isc b cn  F .n crg icc rzc u g u n g ."  Teehnikgeschichte  42 (1975); 2 2 9 -4 2 .

'" T h e  M art fo rd  Electr ic  L.igltt Co. in stalled  a sing le  1,500-kw. ste am  tu rb in e  in its ex is ting  
Pearl S treet p la n t in 1901. T h is  W esting ho usc-P a rson s tu rb in e  was the  first built in A m erica 
fo r a utility . See G le n n  W eaver, The 11 art fo u l Electric Ligh t Com pany  (H a r tfo rd . C o nn ., 1969), 

p. H7.
71 C o m m o nw ea lth  E dison  C o., Edison H ou nd  Table. N o vem ber 1928, p. 2.

77 Ib id .. p. I I .
71 C o m m o nw ea lth  Edison  C o.. Prin c ip a l G en erating Stations a n d  Transm ission System  (Chicago: 

C EC . 191 I), p p . 3. 16.
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F ig u re  V l l l .6 .  Fisk Street station: First 

5,000-kui. turb in e u n it  ( fo re g ro u n d ) , the 
largest steam  turb in e in existence in 1903 . 
From S a rg en t Of L u n d y , T h e  S a rg e n t 8c 

L u n d y  S to ry , p. 14.

b u t  I n s u l l  l a t e r  a d m i t t e d  t h a t  t h e  f i r s t  s t e a m  tu r b i n e s  w e re  n o t  e c o n o m ic a l  

to  o p e r a t e ,  p e r h a p s  n o t  a s  e c o n o m ic a l  a s  t h e  r e c i p r o c a t i n g  e n g in e s .  “ I th in k  

it w as  t h e  f o u r t h  t u r b i n e , ” h e  r e c a l l e d ,  “ t h a t  w a s  a  r e a l ly  e f f i c i e n t  t u r b i n e . ”2,1 

H o w e v e r ,  t h e  lo w  f i r s t  c o s t  a n d  l a b o r  s a v in g s  o f  t h e  u n i t  o f f s e t  o p e r a t i n g  

p r o b le m s .  T h e  in s ta l l a t io n  a ls o  h e l p e d  in t r o d u c e  t h e  t u r b i n e  to  A m e r ic a ;  

w i th in  a  y e a r  a f t e r  th e  F isk  S t r e e t  s t a t io n  b e g a n  o p e r a t i n g .  G e n e r a l  E le c tr ic  

a n d  W e s t in g h o u s e  r e c e iv e d  o r d e r s  f o r  a  to ta l  o f  5 4 0 ,0 0 0  kw . o f  t u r b o ­

g e n e r a t o r  c a p a c i ty .  F e r g u s o n  c o n s i d e r e d  I n s u l l 's  i n t r o d u c t i o n  o f  t h e  la rg e  

t u r b i n e  d a r i n g ,  d e s p i t e  t h e  E u r o p e a n  p r e c e d e n t .  " E u r o p e a n  c o n d i t io n s ,"  

h e  r e m a r k e d ,  “ i n d iv id u a l i z e d  ( th e ]  d e s ig n  o f  e a c h  m a c h in e ,  th e  c a r e f u l  

c o d d l i n g  o f  n e w  d e v ic e s  a n d  t h e  i n f in i t e  p a in s  a n d  c o m p l ic a t io n  w h ic h  is 

o f  t h e  n a t u r e  o f  E u r o p e a n  e n g i n e e r i n g  g a v e  a n  u t t e r ly  d i f f e r e n t  e n v i r o n ­

m e n t  f r o m  A m e r ic a n  c o n d i t i o n s ." 25

A lo o k  a t  C o m m o n w e a l th  E d is o n  a b o u t  1 9 1 0  s h o w s  h o w  th e  H a r r i s o n  

S t r e e t ,  F isk  S t r e e t ,  a n d  o t h e r  c o m p o n e n t s  h a d  b e e n  s h a p e d  in to  a  u n iv e r s a l  

s y s te m  ( s e e  F ig . 1 .1 , p . 3 ). I n  a d d i t i o n  to  t h e  c e n t r a l  g e n e r a t i n g  s ta t io n s ,  

t h e r e  w e r e  s ix ty - s e v e n  s u b s ta t io n s  in  th e  C h ic a g o  s y s te m ;  s o m e  w e re  c o n ­

v e r t e d ,  o b s o le te  g e n e r a t i n g  s t a t io n s ,  b u t  o t h e r s  h a d  b e e n  sp e c ia lly  b u i l t  as 

s u b s ta t io n s .  I n  1 9 1 0  F isk  S t r e e t  r e m a i n e d  t h e  l a r g e s t  o f  th e  g e n e r a t i n g  

s t a t io n s ,  b u t  j u s t  a c ro s s  a  s l ip  o f  t h e  C h ic a g o  R iv e r  s to o d  t h e  Q u a r r y  S t r e e t  

s t a t io n ,  w h ic h  b e g a n  o p e r a t i n g  in  1 9 0 8  a n d  b y  1 9 1 0  h a d  s ix  1 4 ,0 0 0 -k w . 

t u r b o g e n e r a t o r s .  F r e q u e n c ie s  a n d  v o l ta g e s  w e re  m a n i p u l a t e d  w ith  in g e ­

n u i ty .  A ll o f  t h e  F isk  S t r e e t  u n i t s  g e n e r a t e d  t h r e e - p h a s e  a l t e r n a t i n g  c u r r e n t  

a t  9 ,0 0 0  v o lts  a n d  2 5  c y c le s , b u t  t h r e e  5 ,0 0 0 -k w .- c a p a c i ty  t r a n s f o r m e r s  

r a i s e d  t h e  o u t p u t  o f  t h r e e  o f  th e  g e n e r a t o r s  to  2 0 ,0 0 0  v o lts .  T h e  h ig h e r -  

v o l ta g e  c u r r e n t  w as  f o r  t r a n s m is s io n  to  th e  m o r e  d i s t a n t  s u b s ta t io n s .  In  th e

u  Edison R o u n d  Table, N o v em b er 1928, u . 12.
”  Ib id .. u . 3.
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Q u a r r y  S t r e e t  s t a t io n  f o u r  o f  th e  g e n e r a t o r s  w o r k e d  a t  9 ,0 0 0  v o lts  a n d  2 5  

c y c le s , w h ic h  f a c i l i ta te d  th e  i n t e r c h a n g e  o r  c u r r e n t  w ith  F isk , b u t  tw o  o t h e r  

g e n e r a t o r s  p r o d u c e d  c u r r e n t  a t 1 2 ,0 0 0  v o lts  a n d  6 0  cy c le s . T h e  Q u a r r y  

S t r e e t  s t a t io n  a ls o  u s e d  f r e q u e n c y  c h a n g e r s  to  c o n v e r t  2 5 -c y c le  c u r r e n t  f o r  

t h e  6 0 -c y c le  lo a d .  T h e  s y s te m 's  s u b s ta t io n s  r e c e iv e d  c u r r e n t  by  d i r e c t  lin e  

f ro m  th e  F isk , Q u a r r y ,  a n d  H a r r i s o n  S t r e e t  s ta t io n s .

T h e  c o m b in a t io n  o f  t e c h n o lo g ie s  m a d e  p o s s ib le  th e  s u p p ly  o f  in c a n d e s -  

c e n t - l ig lu  lo a d ,  s t a t i o n a r y - m o t o r  lo a d ,  a n d  s t r e e tc a r / e l e v a te d  r a i l r o a d  lo a d .  

T r a n s f o r m e r  s u b s ta t io n s  r e d u c e d  t h e  2 5 -c y c le  c u r r e n t  to  u s a b le  v o lta g e s  

fo r  t h e  l a r g e  m o to r s  o f  i n d u s t r i a l  e n t e r p r i s e s ;  r o ta r y  c o n v e r t e r  s u b s ta t io n s  

r e c e iv e d  v e ry  h ig h  v o l ta g e ,  a l t e r n a t i n g ,  p o ly p h a s e  c u r r e n t  d i r e c t  f r o m  F isk  

o r  Q u a r r y  a n d  t r a n s f o r m e d  it i n to  d i r e c t  c u r r e n t  a t  th e  6 0 0  v o lts  n e e d e d  

b y  th e  s t r e e t c a r s  a n d  t h e  e le v a te d  r a i lw a y ; a n d  t h e  1 2 ,0 0 0 -v o lt ,  6 0 -c y c le  

c u r r e n t  w a s  t r a n s f o r m e d  in  s u b s ta t io n s  in to  th e  lo w  v o l ta g e s  u s e d  by  in - 

c a n d e s c e n t - l ig h t  c o n s u m e r s .  S in c e  l a r g e - c a p a c i ty  l ie  l in e s  c o n n e c te d  F isk  

a n d  Q u a r r y ,  t h e  s t a t io n s  a s s is te d  e a c h  o t h e r  in  h a n d l i n g  th e  v a r y in g  p e a k  

a n d  lo w  lo a d s .  T h e  s in g le  C h ic a g o  s y s te m  w a s  im p re s s iv e .  I ts  to ta l  g e n e r ­

a t in g  c a p a c i ty  w as  2 1 9 ,6 0 0  k w .; its  h ig h - v o l t a g e  t r a n s m is s io n  l in e s  e x t e n d e d  

fo r  5 2 5  m ile s ;  a n d  its  lo w -v o lta g e  d i s t r i b u t i o n  s y s te m  (m o s tly  u n d e r g r o u n d )  

s p r e a d  to  a ll p a r t s  o f  t h e  g r o w in g  m e t r o p o l i s .20

N o  d e s c r i p t i o n  o f  th e  te c h n o lo g y  o f  t h e  u n iv e r s a l  e le c t r ic  s u p p ly  sy s te m  

a r o u n d  1 9 1 0  w o u ld  b e  c o m p le te  w i th o u t  c o n s id e r a t io n  o f  th e  lo a d  d is ­

p a t c h e r ,  f o r  h e  f u n c t io n e d  a s  t h e  c o n t r o l  c e n t e r  o f  t h e  s y s te m . A f te r  h is  

r o le  w as  d e f i n e d ,  t h e  s y s te m  c o n c e p t  w a s  c o n s c io u s ly  a n d  o p e r a t io n a l ly  

a r t i c u la te d .  T h e  lo a d  d i s p a t c h e r ’s o f f ic e  a t  C o m m o n w e a l th  E d is o n  d a te d  

b a c k  to  1 9 0 3 . A c c o r d in g  to  a  c o m p a n y  p u b l i c a t io n  o f  t h a t  y e a r ,  “ ( T h e |  

s y s te m  h a d  a s s u m e d  s u f f ic ie n t ly  d e f i n i t e  p r o p o r t i o n s  to  c a ll f o r  th e  o r g a n ­

iz a t io n  o f  a n  o p e r a t i n g  o f f ic e  p r e p a r e d  to  h a n d l e  a t  a ll t im e s  th e  s te a d ily  

i n c r e a s in g  in t r ic a c y  o f  d e ta i l  c o n n e c t e d  w ith  t h e  o p e r a t i o n  o f  a  c e n tr a l iz e d  

s y s te m  o f  e le c t r ic a l  s u p p ly ."  In  o t h e r  w o rd s ,  th e  s y s te m  c o u ld  b e  o p e r a t e d  

a s  a  “c o h e r e n t  w h o le . ’’27

A p r i m a r y  r e s p o n s ib i l i ty  o f  th e  lo a d  d i s p a t c h e r  w as  to  r u n  th e  F isk  a n d  

Q u a r r y  S t r e e t  s t a t io n s  in  t a n d e m ,  o r  p a r a l l e l ,  so  t h a t  e a c h  w o u ld  c a r r y  a 

r e a s o n a b le  s h a r e  o f  th e  v a r y in g  s y s te m  lo a d .  A lso , w h e n  g e n e r a t o r s  in  o n e  

o f  t h e  s t a t io n s  f a i le d  o r  h a d  to  b e  la k c n  o f f  lo a d  l o r  r e p a i r ,  it w as  th e  lo a d  

d i s p a t c h e r ’s r e s p o n s ib i l i ty  to  lo c a te  th e  c o m b in a t io n  o f  g e n e r a t o r s  a n d  s u b ­

s t a t io n s  to  c a r r y  t h e  lo a d  in  th e  in t e r im .  ( T h e r e  w e re  s to r a g e  b a t t e r i e s  in  

s o m e  o f  t h e  s u b s ta t io n s  a n d  th e s e  fa c i l i ta te d  th e  m e e t in g  o f  p e a k s  u n d e r  

u s u a l  a n d  u n u s u a l  c o n d i t io n s .)  T h e  lo a d  d i s p a t c h e r  w as  n o t  o n ly  a t r o u ­

b l e s h o o te r  b u t  s o m e th in g  o f  a h i s to r i a n .  A t h is  d is p o s a l  w e re  lo a d  c u r v e s ,  

o r  g r a p h i c  r e c o r d s ,  o f  t h e  v a r y in g  o u t p u t  f r o m  d i f f e r e n t  p a r t s  o r  th e  s y s te m  

fo r  e a c h  h o u r  a n d  e a c h  d a y  d u r i n g  p a s t  y e a rs .  By a n a ly z in g  th e s e ,  th e  

d i s p a t c h e r  a n t i c ip a te d  lo a d s  r e s u l t in g  f r o m  t h e  s o c ia l c u s to m s  a n d  in d u s t r i a l  

r o u t in e s  o l  C h ic a g o ’s p o p u la t io n .  ( T h e  lo a d  d i s p a t c h e r  e v e n  k n e w  w h e n

I"1 C o m m o n w ea lth  E dison  C o., P rinc ip a l C e ne ra tm g  Statio ns,  p p . 2 1 -2 2 .
'i7 N atio nal E lectric  L ight A ssoc., C o m m o n w ea lth  E dison  Sec tio n , ro m p .. H ow Com m onwealth 

Edison  W orks  (C hic ago: N E I.A , H IM ), p . 62. T h e  fo llow in g  section  o n  th e  lo ad  d is p a tc h e r  is 
hascd  o n  d ie  essay by R. 1). K en ne dy . “O p c ra i in g  D e p a rtm e n t: L oad  D ispa tch ing  o f  O ld , an d  
o f  T o d a y ,” ib id .. p p . 6 2 -6 6 .
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F ig u re  V I I I .10. G enrrating -sla tion  
operating chart. 19 14 . From  N ationa l 

Electric L ig ht Assoc.. I low  

C o m m o nw ea lth  E dison  W ork s,/). 131.

p e o p le  le f l  w o rk  e a r ly  o n  C h r i s tm a s  E v e , f o r  th e  i n d u s i r i a l .  s t a t io n .n v -  

m o to r  lo a d  d r o p p e d  a n d  th a t  o f  th e  s t r e e tc a r  a n d  e le v a te d  ra i lw a y  ro s e .)  

H e  a ls o  k n e w  th a t  C h ic a g o  o b s e r v e d  th e  S a b b a th ,  a n d  h e  p la n n e d  sy s le m  

o p e r a t io n s  a c c o r d in g ly  ( se e  F ig . V I I I .  I 1).

T h e  lo a d  d i s p a t c h e r ’s o p e r a t i n g  b o a r d  p ro v id e d  a g r a p h ic  m o d e l  o l  th e  

sy s te m  Tor i n f o r m a t io n  a n d  c o n t r o l .  It s h o w e d  a ll g e n e r a t i n g  u n i ts ,  th e  

f r e q u e n c y  c h a n g e r s ,  th e  t r a n s f o r m e r s ,  a n d  th e  la y o u t o f  th e  h ig h -v o l ta g e  

tra n s m is s io n  lin e s  a n d  d ie  lo w -v o ltag e  d is tr ib u tio n  sy s tem . In d ic a to r s  sh o w e d  

th e  c o n d i t io n  o f  a ll sw itc h e s . M e a s u r in g  i n s t r u m e n ts  g a v e  c o n t in u o u s  r e a d ­

in g s  o f  th e  o u t p u t  a n d  lo a d  in  v a r io u s  p a i l s  o f  th e  sy s te m . O f  c r i t ic a l  

i m p o r ta n c e  lo  (h e  lo a d  d i s p a tc h e r  w as  th e  d i r e c t - c o n n e c te d  te l e p h o n e  sy s ­

l e m  th a t  p r o v id e d  c o n t r o l  o v e r  a ll g e n e r a t i n g  u n i ts  a n d  s w itc h e s . T h e  c o m ­

p le x  c o n t r o l  p r o b le m s  o f  th e  s y s te m  in v o lv e d  a  n u m b e r  o f  s im u l ta n e o u s  

v a r ia b le s ,  a n d  th u s  it is n o t  s u r p r i s i n g  th a t  e a r ly  a n a lo g  c o m p u t e r s — n e t ­

w o rk  a n d  d i f f e r e n t i a l  a n a ly z e r s — w e re  u s e d  s e v e ra l  d e c a d e s  la t e r  to  so lv e  

s o m e  o f  th e  lo a d  d i s p a t c h e r ’s p ro b le m s .

In  its te c h n o lo g y  a n d  o r g a n iz a t io n ,  th e  C h ic a g o  s y s te m  r e p r e s e n t e d  a 

s y n th e s is  o f  th e  id e a s  a n d  ac tiv i t ie s  o f  i n n u m e r a b le  in v e n to r s ,  e n g in e e r s ,  

e n t r e p r e n e u r s ,  m a n u f a c tu r e r s ,  a n d  m a n a g e r s  f ro m  a ll p a r t s  o f  th e  w o r ld .  

I n s u ll  d id  n o t  in v e n t  th e  C h ic a g o  sy s le m  in  th e  s e n s e  th a t  E d is o n  in v e n te d



2 1 0 n e t w o r k s  o f  p o w e r

F ig u re  V l l l . l l .  Incidents in the routine 
o f  loa d disp atching . 1 91 4. From  N a tio n a l 

Electric L ig ht Assoc.. Mow 

C o m m o n w ea lth  td i s o n  W o rk s ./;. 61.

\

t h e  P e a r l  S t r e e t  s y s te m . E d is o n  a c q u i r e d  p a t e n t s  o n  th e  e s s e n t ia l  c o m p o ­

n e n t s  o f  h is  s y s te m , a n d  th e  o r g a n iz in g  c o n c e p t  o f  th e  s y s te m  w as c le a r ly  

h is . I n s u l l ,  o n  t h e  o t h e r  h a n d ,  w as  n o t  a  p r o f e s s io n a l  i n v e n to r  o r  a n  e n ­

g in e e r .  H e  w as , h o w e v e r ,  a  s y s te m s  c o n c e p tu a l i z e r  c o m p a r a b le  to  E d is o n ,  

t h o u g h  o n  a  h ig h ly  a b s t r a c t  le v e l.  E d is o n  w as  d e e p ly  a w a r e  o f  th e  i n t e r ­

w o v e n  f a b r ic  o f  e c o n o m ic s  a n d  te c h n o lo g y ,  b u t  w a s  re la t iv e ly  n a iv e  a b o u t  

th e  lo n g - te r m  e c o n o m ic  a n d  s o c ia l  f a c to r s  t h a t  m a d e  u p  t h e  e n v i r o n m e n t  

w i th in  w h ic h  h is  s y s te m  f u n c t io n e d .  O t h e r s ,  lik e  G r o s v e n o r  L o w re y ,  a d v is e d  

h im  o n  s u c h  m a t t e r s  a s  th e  e x p a n s io n  o f  c o n s u m e r  a n d  m o n e y  m a rk e ts .  

F u r t h e r m o r e ,  E d is o n  d id  n o t  a r t i c u la te  h is  t e c h n o lo g ic a l  a n d  e c o n o m ic  

c o n c e p t s  s u f f i c i e n t ly  to  e n a b le  a l a r g e  o r g a n iz a t io n  to  m a k e  d e c is io n s  a n d  

c a r r y  o u t  p o lic ie s  w i th o u t  h is  i m m e d ia te  s u p e r v i s io n .

I n s u l l ,  b y  c o n t r a s t ,  a n a ly z e d  a n d  a r t i c u l a t e d  c o n c e p t s  th a t  c o u ld  a n d  d id  

g u id e  p o lic ie s  n o t  o n ly  f o r  t h e  C h ic a g o  s y s te m  b u t  f o r  o t h e r  u t i l i t ie s  a s  w ell. 

H is  c o n c e p tu a l  s y n th e s is  in v o lv e d  so c ia l  a n d  m a r k e t  n e e d s ,  f in a n c ia l  t r e n d s ,  

e c o n o m ic  p r in c ip le s ,  t e c h n o lo g ic a l  i n n o v a t io n s ,  e n g i n e e r i n g  d e s ig n ,  a n d  

m a n a g e r i a l  t e c h n iq u e s .  I n s u l l  d is c u s s e d  h is  c o n c e p t s ,  p o lic ie s ,  a n d  e x p e ­

r ie n c e s  in  a d d r e s s e s  to  u t i l i t ie s  g r o u p s  a n d  t h e  p u b l ic .28 T h e  s p e e c h e s  d a t in g  

f r o m  a r o u n d  1 9 1 0  a r e  e s p e c ia l ly  in f o r m a t iv e  a n d  i m p o r t a n t  b e c a u s e  th e y  

w e re  g iv e n  a f t e r  h e  h a d  h a d  t im e  to  r e f le c t  o n  th e  fo r m a t iv e  y e a r s  in  C h ic a g o  

a n d  w h ile  h e  w as  p r e s i d i n g  o v e r  th e  d e v e l o p m e n t  o f  a  la r g e  a n d  c o m p le x  

e n t e r p r i s e .  F r o m  t h e  s t a r t ,  I n s u l l  w as  c o m m i t t e d  b y  p o lic y  to  la r g e  u n i ts —  

g e n e r a t o r s ,  s te a m  e n g in e s ,  t r a n s f o r m e r s ,  a n d  o t h e r s .  In  o r d e r  to  u s e  la rg e ,  

e f f i c i e n t  u n i ts ,  h e  a m a s s e d  p r o d u c t i o n  a n d  d i s t r ib u t io n  fa c il i t ie s  in to  th e

v" Sam uel In su ll. C entral-Sta lion Electric Se ndee:  Its Com m ercial D m elo pm en t a n d  Econom ic S ig ­

nifica nce as Se t Forth in the I’uhlic Addresses ( I N 9 7 - I 9 I 4 )  o f  Sa m u el liu u l l .  ed . W illiam  F.. Keily 
(C h icag o : Priv ate ly  p r in te d . 1915): id e m . P ublic  U tilities in  M odern Life:  Selected Speeches. 1 9 1 4 -  
1 9 2 ) ,  cd . W illiam  F. Kcily (C h icago : P riv ate ly  p r in te d . 192-1).
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la r g e  g e n e r a t i n g  s ta t io n s  a t  H a r r i s o n ,  F isk , a n d  Q u a r r y  s t r e e ts .  H e  a lso  

a d h e r e d  to  th e  p r in c ip le  o f  low  r a te s  to  in c r e a s e  c o n s u m p t io n  a n d  o f  a 

t a r i f f  s t r u c t u r e  d i f f e r e n t i a t e d  a c c o r d in g  to  th e  p a t t e r n  o f  c u s to m e r  d e ­

m a n d .  I n s u l l  a ls o  c o n s is te n t ly  s o u g h t  to  i m p r o v e  th e  d iv e r s i ty  o f  lo a d  a n d  

lo a d  f a c to r  by  m e a n s  o f  c a r e f u l ly  p la n n e d  s a le s  a n d  lo a d  m a n a g e m e n t .  In  

o r d e r  to  r e d u c e  th e  c o s t  oT b o r r o w in g  m o n e y  a n d  th e r e b y  t h e  u n i t  c o s t o l  

o u t p u t ,  w h ic h  in c lu d e d  in te r e s t  p a id  o n  c a p i ta l  in v e s te d ,  h e  s o u g h t  a  r e g u la r  

r e t u r n  o n  h is  in v e s tm e n ts ;  in  th is  w ay  h e  h o p e d  to  e s ta b l is h  a  h ig h ly  f a ­

v o r a b le  m a r k e t  f o r  h is  c o m p a n y 's  s to c k s , b o n d s ,  a n d  d e b e n t u r e s .  H is  c o n ­

c e p ts  w e re  i n t e r r e l a t e d .  B y m e a n s  o f  a m a s s - p r o d u c in g  m o n o p o ly  h e  c o u ld  

s u p p ly  a  d iv e r s e  lo a d  b r o a d ly  b a s e d  o n  lo w , d i f f e r e n t i a t e d  r a le s  a n d  o b ta in  

a  f a i r  r e t u r n  f r o m  e f f ic ie n t  p r o d u c t i o n  a n d  m a x im u m  u ti l iz a t io n  o f  c a p i ta l  

b o r r o w e d  a t  r e a s o n a b le  r a te s  o f  in t e r e s t .  I n s u l t 's  p u r s u i t  o f  h is  p o lic ie s  w as 

fa c i l i ta te d  by h is  c o m p a n y 's  s u p e r b  s ta t is t ic s  d e p a r t m e n t ,  w h ic h  k e p t  h im  

in f o r m e d  o f  o u t p u t ,  p e r f o r m a n c e ,  c o s ts , a n d  o t h e r  v a r ia b le s  in  h is  b u s in e s s  

a n d  te c h n o lo g ic a l  sy s te m .

T h e  w ay  In s u l t 's  u t i l i ty  m a n a g e d  C h ic a g o ’s p o w e r  lo a d  d e s e r v e s  sp e c ia l  

a t t e n t io n .  I t  is c o m p a r a b le  to  th e  h is to r ic  m a n a g e r i a l  c o n t r ib u t io n s  m a d e  

by  ra i lw a y  m e n  in  th e  n i n e t e e n t h  c e n t u r y  a n d  is a s  in te r e s t in g  a s  th e  w id e ly  

p u b lic iz e d  m a n a g e r i a l  c o n c e p t s  a n d  p o lic ie s  o f  J o h n  D . R o c k e fe l le r  a n d  

H e n r y  F o rd .  I n s u l l  e x p la in e d  h is  m e th o d  o n  m a n y  o c c a s io n s ,  b u t  n e v e r  

m o r e  c le a r ly  a n d  g r a p h ic a l ly  th a n  in  a  191 4  a d d r e s s .2y H e  b e g a n  by  e x ­

p la in in g  d iv e r s i ty  o f  d e m a n d .  R e f e r r in g  to  d a t a  o n  a  b lo c k  o f  a p a r t m e n t  

b u i ld in g s  in  C h ic a g o ,  h e  d e f i n e d  th e  c r i t ic a l  i te m s  a s  th e  “c u s to m e r s ’ s e p ­

a r a t e  m a x im a "  (9 2  k w .) a n d  th e  “ m a x im u m  a t  t r a n s f o r m e r s "  (2 9  k w .). T h e  

fir s t  a m o u n t  w as  s im p ly  th e  s u m  o f  th e  in d iv id u a l  a n n u a l  m a x im u m  d e ­

m a n d s  o f  th e  193  c u s to m e r s  in  th e  a p a r t m e n t  b lo c k . B e c a u s e  o f  t h e  v a r ie d  

h a b its  a n d  a c tiv i t ie s  o f  th e  c u s to m e r s ,  t h e  m a x im u m  d e m a n d  o f  e a c h  o c ­

c u r r e d  a t  a  d i f f e r e n t  t im e  d u r i n g  th e  y e a r .  T h e r e f o r e ,  th e  m a x im u m  s i ­

m u l t a n e o u s  d e m a n d  m e a s u r e d  a t  th e  t r a n s f o r m e r s  s u p p ly in g  th e  a p a r t ­

m e n t  b lo c k  w as  o n ly  2 9  kw . A  d iv e r s i ty  f a c to r  o f  2 .3  w as  a r r iv e d  a t  by 

d iv id in g  th e  s e p a r a t e  c o n s u m e r  m a x im a  by  th e  m a x im u m  a t  th e  t r a n s ­

f o r m e r s  (see  F ig . V I 1 1 .12).

C i t in g  e le v e n  d i f f e r e n t  c la s se s  o f  c o n s u m e r s ,  I n s u l l  e x p la in e d  t h e  a d ­

v a n ta g e s  o f  a  d iv e r s i f ie d  lo a d .  I f  t h e  m a x im u m  d e m a n d  o f  e a c h  h a d  o c ­

c u r r e d  s im u l ta n e o u s ly ,  C o m m o n w e a l th  E d is o n ’s p e a k  lo a d  f ro m  th e s e  c u s ­

to m e r s  w o u ld  h a v e  b e e n  2 6 ,6 4 0  kw . A s a  m a t t e r  o f  fa c t,  o n  th e  d a y  th e  

u ti l i ty  c a r r i e d  its  m a x im u m  lo a d  in  1914 (6  J a n u a r y ) ,  th e  e le v e n  c u s to m e r  

c a te g o r ie s  m a d e  a s im u l t a n e o u s  d e m a n d  o f  o n ly  9 ,7 7 0  kw . In s u l t 's  g r a p h ic s  

s h o w e d  th e  m a x im u m  d e m a n d  m a d e  by  e a c h  c lass  o f  c u s to m e r  d u r i n g  th e  

w in te r  o f  1 9 1 3 /1 4 ; th e  s h a d e d  p o r t io n  o f  e a c h  c o lu m n  r e p r e s e n t e d  th e  

d e m a n d  m a d e  o n  6  J a n u a r y  1 9 1 4 , in d ic a t in g  th e r e b y  th e  r e s p o n s ib i l i ty —  

o r  lack  o f  it— o f  e a c h  c la ss  o f  c u s to m e r  f o r  th e  u t i l i ty ’s bete n o ire , th e  a n n u a l  

p e a k  lo a d .  I n s u l l  e n jo y e d  e x p a n d i n g  o n  h is  th e m e ,  d e s c r ib in g  th e  v a r io u s  

c h a ra c te r is t ic s  o f  e a c h  c u s to m e r  o r  c la ss  o f  c u s to m e r ,  a n d  e x p la in in g  h o w  

th e s e  c o u ld  b e  a n a ly z e d  a n d  c o m b in e d  to  a c h ie v e  e c o n o m ie s  o f  sca le . F o r  

in s ta n c e ,  th e  p r o f i le  f o r  ic e  m a n u f a c tu r e r s  w as o p t im a l  b e c a u s e  t h e i r  lev e l

*"Sam uel Insu lt, "C cn lm lizn iio n  o f  E nergy  Sup p ly ."  in Centra l-Stnlion Electric Service, pp. 
<145-75.
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F ig u re  V I I I .13 . Chicago load on the Com m onwealth Ed iso n system, 3 J a n u a ry  
1 91 2:  D iversity fa c to r adva ntage. 7 2 ,2 6 0  kw . From  Insu lt, C e n tra l-S ta tio n  
E lectric  Serv ice , p. 2 6 7 .

o f  a c tiv ity  w as  lo w  o n  c o ld  J a n u a r y  d a y s  w h e n  C o m m o n w e a l th  E d i s o n ’s 

c a p a c i ty  w as  s t r a i n e d  by  t h e  h e a v ie s t  lo a d s  o f  t h e  y e a r .  T h e  b r i c k y a r d s  a n d  

q u a r r i e s  a ls o  fit in  w ell w ith  I n s u l l s  s c h e m e  o f  th in g s ,  f o r  “ f r o s t  i n t e r f e r e s  

™ (S e e  F ig . V I 1 1 .14.) I f  it h a d  n o t  b e e n  f o r  t h e  c o m p le x  

;a ih e r in g  t e c h n iq u e s  o f  C o m m o n w e a l th  E d is o n  

5 o f  th e  c o m p a n y ’s s ta t i s t ic s  d e p a r t m e n t .  I n s u ll  

"  a to r s  th a t  a l lo w e d  h im  to  e x p lo i t  d iv e r s i ty  a n d

C lo se ly  r e l a t e d  to  th e  c o n c e p t  o f  d iv e r s i ty  w as  lo a d  f a c to r .  E a r ly  in  h is  

m a n a g e r ,  I n s u l l  r e c o g n iz e d  th e  lo a d  f a c to r  as 

} p r in c ip le  in  c e n l r a l - s t a t io n  e c o n o m y .31 T h e  

, b u t  h e  r e le n t le s s ly  p u r s u e d  th e  p o lic ie s  th a t  

I f a c to r  is t h e  r a t io  o f  th e  a v e r a g e  lo a d  to  th e  m a x -  

t . g r o u p  o f  c u s to m e r s ,  o r  t h e  e n t i r e  s y s te m  d u r i n g

I f a c to r  to  b e  t h e  p a r a m o u n t  e c o n o m ic  p r in c ip le  o f  

it o t h e r s  h a d  d e f i n e d  it f o r  e le c t r ic a l  e n g in e e r s ,  

t a n a g e r s ,  e a r l i e r .  T h e  t e r m  m a y  h a v e  b e e n  in - 

J  in  189 1  by  C o lo n e l  R . E. C r o m p t o n ,  o n e  o f  th e  p io n e e r s  o f  B r it is h

r u t  (if th e  C e n tra l S ta tio n ,"  in C entral-Sln lion Electric Service,
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F ig u re  V I I I .1 4. D iversity o f  large 
customers, Chicago. From Insu ll,  C c n lra l-  

S iaiion  Electr ic  Serv ice, p. 45 0.

e le c t r ic a l  e n g i n e e r i n g  (se e  p . 5 8  a b o v e ) .32 E v e n  b e f o r e  it  w as  d e f in e d ,  

E d is o n  a n d  o t h e r s  w h o  w e re  c o n c e r n e d  a b o u t  th e  e c o n o m ic s  o f  e le c t r ic  

s u p p ly  re a l iz e d  t h a t  r e g u la r i ty  o f  lo a d  a n d  m a x im u m  p ra c t ic a l  u t i l iz a t io n  

o f  g e n e r a t i n g  c a p a c i ty  w e re  th e  d o m i n a n t  c o m m e r c ia l  a s p e c ts  o f  c e n t r a l -  

s ta t io n  s u p p ly .  L o n g  b e f o r e  t h e  r is e  o f  e le c t r ic  s u p p ly ,  m a n a g e r s  in  o t h e r  

f ie ld s , s u c h  a s  r a i l r o a d  o p e r a t i o n ,  a ls o  re a l iz e d  th e  im p o r ta n c e  o f  u ti l iz in g  

c a p i ta l  ( p la n t  a n d  r e la te d  fa c ilitie s )  fu lly  in  o r d e r  to  o b ta in  a m a x im u m  

r e t u r n  o n  i n v e s tm e n t .  A s  a r t i c u la t e d  so  w ell by  e le c t r ic a l  e n g in e e r s  a n d  

m a n a g e r s ,  th e  r e a s o n  lo a d  f a c to r  w as  c r i t ic a l  f o r  e le c t r ic  s u p p ly  is th a t  

e le c t r ic i ty  c a n n o t  r e a d i ly  b e  s to r e d ;  it  m u s t  b e  u s e d  w h e n  g e n e r a t e d .  ( S to r ­

a g e  b a t t e r i e s  a n d  p u m p - s t o r a g e  fa c il i t ie s  a r e  e x c e p t io n s  to  th e  ru le .)  B e ­

c a u s e  e le c t r ic i ty  c a n n o t  b e  s to r e d ,  g e n e r a t i n g  c a p a c i ty  c a n n o i  b e  u s e d  to  

p r o d u c e  p o w e r  f o r  s to r a g e  w h e n  d e m a n d  is o f f ,  say , in  s h o e  o r  se w in g -  

m a c h in e  m a n u f a c t u r e .

T o  r a is e  th e  lo a d  f a c to r ,  I n s u l l  s o u g h t  c u s to m e r s  w h o s e  lo a d  c u rv e s  la c k e d  

h ig h  p e a k s  a n d  lo w  v a lley s . H e  a ls o  w a n te d  ty p e s  o f  c u s to m e r s  w h o s e  

c o m b in e d  lo a d  c u r v e s  w e re  d iv e r s e  a n d  c o m b in e d  w ell. (H e  r e c o g n iz e d  th e  

r e l a t io n s h ip  b e tw e e n  d iv e r s i ty  a n d  lo a d  f a c to r .)  T o  h a v e  h a d  s e v e ra l  c la s se s  

o f  c u s to m e r s  w ith  g o o d  in d iv id u a l  lo a d  c u rv e s  b u t  s im u l t a n e o u s  p e a k  d e ­

m a n d s  w o u ld  h a v e  r e s u l t e d  in  a  p o o r  sy s te m  lo a d  f a c to r  d e s p i t e  th e  g o o d  

c h a r a c te r is t ic s  o f  th e  in d iv id u a l  lo a d s .  T h r o u g h  lo a d  m a n a g e m e n t  a n d  

p la n n e d  s a le s  o f  m a c h in e r y  a n d  a p p l ia n c e s  th a t  w o u ld  im p r o v e  th e  lo a d ,  

C o m m o n w e a l th  E d is o n  im p r o v e d  th e  lo a d  f a c to r  f r o m  y e a r  to  y e a r .  A s a 

re s u l t ,  t h e  c o s t p e r  k ilo w a tt  r e s u l t in g  f r o m  f ix e d ,  o r  in v e s tm e n t ,  c h a r g e s  

fe ll, w h ic h  g r e a t ly  p le a s e d  In s u ll .  H e  id e n t i f i e d  in te r e s t  o n  in v e s tm e n t  as 

th e  “ m o s t im p o r t a n t  f a c to r  in  c o s t in  a n y  p u b lic  s e rv ic e  b u s in e s s .”33
In s u l l  la t e r  re c a l le d  th a t  h e  b e c a m e  a w a re  o f  th e  im p o r ta n c e  a n d  c o m ­

p le x i ty  o f  th e  lo a d  f a c to r  w h e n  h e  f i r s t  m e t A r t h u r  W r ig h t ,  m a n a g e r  o f  a

”  Parson s, Early  Days o f  the Power Statio n Industry , p p . 2 0 8 -9 .
”  Insu ll, "D e velo pm en t o f  th e  C e n tra l S tation ,"  p. 29.
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sm a ll  m u n ic ip a l  s t a t io n  in  B r i g h t o n ,  E n g la n d .  W r ig h t  a ls o  in f o r m e d  h im  

o f  t h e  c r i t ic a l  r e l a t i o n s h i p  b e tw e e n  m e t e r i n g  a n d  lo a d  f a c to r .  " W e  h a d  to  

g o  to  E u r o p e , ” I n s u l l  n o t e d ,  “ to  l e a r n  s o m e t h i n g  a b o u t  t h e  p r in c ip le s  u n d e r ­

ly in g  t h e  s a le  o f  t h e  p r o d u c t . ”3'1 V a c a t io n in g  in  E n g la n d  d u r i n g  t h e  C h r i s t ­

m a s  s e a s o n  o f  1 8 9 4 , I n s u l l  f i r s t  e n c o u n t e r e d  t h e  r e s u l t s  o f  W r ig h t ’s s y s te m  

o f  m e te r in g .  I n  B r i g h t o n ,  I n s u l l  n o t i c e d  t h a t  s m a ll  s h o p s  b u r n e d  e le c t r ic  

l ig h t  a s  th o u g h  i n d i f f e r e n t  to  t h e  a m o u n t  th e y  c o n s u m e d .  U p o n  in q u ir y  

h e  f o u n d  t h a t  W r ig h t  h a d  d e v e lo p e d  a n  in g e n io u s  m e t e r i n g  s y s te m  th a t  

m e a s u r e d  n o t  o n ly  a c tu a l  u s e  b u t  a ls o  t h e  e x t e n t  to  w h ic h  e a c h  c u s to m e r  

u s e d  h is  in s ta l le d  c a p a c i ty .  S o  m e t e r e d ,  t h e  c u s t o m e r  p a id  a c h a r g e  th a t  

w as  f a i r  a n d  e c o n o m ic a l .  H is  b ill r e f l e c te d  h is  s h a r e  o f  th e  c e n t r a l  s t a t io n ’s 

f ix e d  c o s ts  t h a t  r e s u l t e d  f r o m  t h e  g e n e r a t i n g  c a p a c i ty  th e  c e n t r a l  s ta t io n  

h a d  in s ta l le d  in  o r d e r  to  c a r r y  h is  p e a k  lo a d ;  t h e  b ill a ls o  m i r r o r e d  h is  

s h a r e  o f  o p e r a t i n g  c o s ts ,  w h ic h  v a r i e d  w ith  th e  a m o u n t  o f  e le c t r ic i ty  h e  

c o n s u m e d .  A  c u s t o m e r  w ith  m a n y  s e ld o m - u s e d  e le c t r ic  l a m p s  p a id  m o r e  

t h a n  o n e  w h o  h a d  t h e  s a m e  n u m b e r  o f  la m p s  in s ta l le d  a n d  u s e d  th e m  

o f t e n — u n le s s  t h e  r a t e  h e  w a s  c h a r g e d  r e f l e c te d  t h e  in s ta l le d  lo a d  a s  w ell 

as  u s e .  I n  e s s e n c e ,  W r i g h t ’s m e t e r i n g  s y s te m  to o k  in to  a c c o u n t  th e  c u s to m ­

e r ’s lo a d  f a c to r .  I n s u l l  a c k n o w le d g e d  t h a t  B o s to n  E d is o n  C o m p a n y  m a y  

h a v e  c o n s i d e r e d  a d o p t i n g  th e  W r ig h t  s y s te m  b e f o r e  C o m m o n w e a l th  E d is o n  

d i d ,  b u t  h e  a s s e r t e d  t h a t  it w as  h is  c o m p a n y  t h a t  d e v e lo p e d  a n d  p r o m o t e d  

t h e  s y s te m  in  t h e  U n i te d  S ta te s  u n t i l  it b e c a m e  a  w id e ly  u s e d  b a s is  o f  

c h a r g i n g  f o r  e n e r g y . 35

T h e  u s e f u ln e s s  o f  t h e  lo a d  f a c to r  a n d  r e l a t e d  lo a d  c u r v e s  a s  g u id e s  to  

u t i l i ty  p o lic y  m a k i n g  w as  g r e a t ly  e n h a n c e d  b y  t h e  i n t r o d u c t i o n  o f  th e  u n i ­

v e r s a l  s u p p ly  s y s te m  in  C h ic a g o  a n d  e l s e w h e r e .  A s n o t e d ,  t h e  u n iv e r s a l  

sy s te m  p r o v i d e d  f o r  lo a d  d iv e r s i ty ,  so  b y  i n s p e c t in g  lo a d  c u r v e s  a n d  a n a ­

l y z in g  th e  lo a d  f a c to r ,  a  m a n a g e r  l ik e  I n s u l l  c o u ld  s e e  w h e r e  h is  u t i l i ty ’s 

lo a d  c u r v e  n e e d e d  to  b e  r a i s e d  a n d  c o u ld  c u l t iv a te  th e  a p p r o p r i a t e  lo a d ,  

o r  c u s t o m e r s  ( se e  F ig . V I1 1 .1 5). O n e  e a r ly  d i s c u s s io n  o f  lo a d  f a c to r  w as  

su c c in c t  a n d  d i r e c t ;

“L oad  fa c to r” is th e  c o n v en ien t te rm  w hich has b e en  in tro d u c e d  to  ex p re ss  

th is  p e rc e n ta g e , a n d  a  load  fac to r  o f  40%  is ra re ;  20%  is m o re  like th e  av e rag e  

resu lts . T a k e  fo r in s tan ce  a lo ad  fac to r  o f  25% , w ith  a sta tio n  w hich  pays 6%  
d iv id en d s . T h is  m ean s , th a t w ith o n e  q u a r te r  its g re a te s t possib le  o u tp u t, 

th e  in v es tm en t is e a rn in g  th e  w hole o f  its in te re s t in  a d d itio n  to  th e  ru n n in g  
e x p en ses  a n d  d e p re c ia tio n , d u e  to  th e  ac tu a l o u tp u t.  C o n seq u en tly , if  a d d itio n a l 

lo ad  can  be a d d e d  to  th e  sam e p la n t, an y  excess oT in co m e fro m  it, o v e r  th e  
e n tire  r u n n in g  e x p e n se  a n d  d e p re c ia t io n  d u e  to  it, is so m u ch  n e t p ro f it.  F o r 
specia l serv ices lim ited  to  th e  slack h o u rs , th e  sta tio n  can  p ro fitab ly  m ak e  specia l 
p rices. W ith  th e  load  c u rv e  b e fo re  his eyes, sh o w in g  p la in ly  a n d  de fin ite ly  th e  
ho llow s to  b e  filled  u p  a n d  th e  low levels to  be ra ised , th e  m a n a g e r  can  best 
ap p ly  his  local k n o w led g e  o f  his  cu s to m e rs  a n d  possib le  c u s to m ers , to  d ev isin g  
p lan s  fo r m e e tin g  th e ir  n eed s  w ith o u t in c rea s in g  his  p lan t— p lan s  in c rea s in g  his 

c u s to m ers  o r  th e ir  p ro fits , a n d  sh o w in g  to  his  ow n sa tisfac tion  o n  his a n n u a l 
b a lan ce  sh e e t .’®

3,1 Sa m u e l In su ll, “S te p p in g  S ton es o f  C e n tra l-S ta t io n  D e ve lo pm e n t th r o u g h  T h r e e  D ec ­
a d es,"  in Cen tra l-S ta tion Electric Service, p . 3 5 1.

’’ O n  th e  a d o p tio n  o f  W rig h t’s in e le r  sy ste m , see In su ll. “ M e m o irs ,"  pp . 8 8 - 8 9 ;  Se y m o u r. 
"H is to ry  o f  C o m m o n w ea lth  E d iso n ,"  p p . 2 7 8 -7 9 .

30Ca na d ia n  Electrical News, D ec em b er 1894. p. 168.
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F ig u re  V I I I . I 5 .  L oa d  dia gram s. 
Com m onwealth Ediso n Co., 1 9 0 7 -8 . From  

In sull, C e n tra l-S ta lio n  E lecir ic  Serv ice, 
/>. 56.

N o t o n ly  c o u ld  s t a t io n  m a n a g e r s  p lo t  b u s in e s s  s t r a t e g y  u s in g  th e  lo a d  fa c to r , 

b u t  m a n u f a c t u r e r s  c o u ld  a s  w e ll. T h e y  c o u ld  a n t i c ip a te  th e  k in d s  o f  m a ­

c h in e s  a n d  a p p l i a n c e s  th e  u t i l i ty  m a n a g e r  w o u ld  w a n t to  h a v e  a v a ila b le  fo r  

th o s e  c u s to m e r s  w h o  w o u ld  im p r o v e  th e  lo a d  fa c to r .  F o r  in s ta n c e ,  in  th e  

1 9 2 0 s , h o u s e h o ld  a p p l i a n c e s  w e re  p u s h e d  by  m a n u f a c t u r e r s  a n d  u ti l i t ie s . 

B e f o r e  W o r ld  W a r  I, I n s u l l  a n d  o t h e r s  w e re  c u l t iv a t in g  th e  t r a c t io n  ( s t r e e t ­

c a r ,  e le v a te d  r a i lw a y ,  s u b w a y ,  a n d  in t e r u r b a n  lin e s )  a n d  in d u s t r i a l ,  o r  s t a ­

t io n a r y - m o to r ,  lo a d s .  T h e  m a n u f a c t u r e  o f  e q u i p m e n t  in  th e s e  a r e a s  w as 

c o r r e s p o n d in g ly  b r is k .

T h e  r e m a r k a b ly  la r g e  t r a c t io n  lo a d  c u l t iv a te d  by  C o m m o n w e a l th  E d is o n  

r e f le c ts  t h e  m a n a g e m e n t  s t r a t e g y  a d o p t e d  b y  In s u l l  a n d  h is  a s s o c ia te s  in

1 9 0 1 . B y 1 9 0 8 , a  y e a r  f o r  w h ic h  s ta t is t ic s  a r e  a v a ila b le ,  th e  c o m p a n y ’s 

t r a c t io n  lo a d  w as  6 5  p e r c e n t  o f  its  sa le s . F o r  s e v e r a l  y e a rs  th is  p e r c e n ta g e  

in c r e a s e d  s l ig h tly  a n d  b e g a n  to  d e c l in e  o n ly  a t  th e  o u t b r e a k  o f  W o r ld  W a r  

I a s  th e  p e r c e n ta g e  f o r  la r g e  p o w e r  u s e r s  s w u n g  r a p id ly  u p w a r d .  (S e e  F ig .

V I1 1 .8 , p . 2 13 .) T h e  d i s p r o p o r t io n a te ly  la r g e  t r a c t io n  lo a d  fo llo w e d  f ro m  

C o m m o n w e a l th  E d is o n ’s d e c is io n  lo  la k e  a d v a n ta g e  o f  a n  o p p o r t u n i t y  c r e ­

a t e d  by  th e  d e p a r t u r e  f r o m  C h ic a g o  o f  C h a r le s  T .  Y e rk e s ,  t h e  t r a n s p o r ­

t a t io n  m a g n a te ,  in  1 9 0 1 . W ith  Y e rk e s  n o  lo n g e r  in  th e  p ic tu r e ,  s t r e e tc a r  

a n d  e le v a te d  ra i lw a y  o p e r a t o r s  w e re  f r e e  lo  m a k e  c h o ic e s . I n  th e  p a s t ,  th e y  

h a d  c o n s t ru c te d  a n d  o p e r a te d  th e i r  o w n  p o w e r  p la n ts  b e c a u s e  Y e rk e s  w a n te d  

th e  t r a n s p o r t a t i o n  c o m p a n ie s  h e  c o n t r o l l e d  to  b u y  e le c t r ic  g e n e r a t i n g  

e q u i p m e n t  f r o m  th e  m a n u f a c t u r e r s  h e  c o n t r o l l e d .  ( I n s u l l  d id  n o t  h a v e
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e x c lu s iv e  r ig lu s  in  C h ic a g o  f o r  t r a c t io n  e q u i p m e n t  a s  h e  d id  f o r  p o w e r  

e q u ip m e n t .) - 17

D ra w in g  u p o n  th e  c a p a c i ty  o f  h is  s t a f f  to  m a k e  s ta t i s t ic a l  a n a ly s e s ,  I n s u ll  

h a d  d a t a  p r e p a r e d  s h o w in g  t h a t  t h e  t r a n s p o r t a t i o n  c o m p a n ie s  c o u ld  b u y  

p o w e r  m o r e  in e x p e n s iv e ly  f r o m  h is  c o m p a n y  th a n  f r o m  t h e i r  o w n  is o la te d  

p la n ts .  H is  a d v a n t a g e  w a s  t h a t  C o m m o n w e a l th  E d is o n  c o u ld  e x p lo i t  d i ­

v e rs i ty  o f  lo a d  m o r e  e f f e c t iv e ly  t h a n  c o u ld  i s o la te d  p la n t s ,  w ith  t h e i r  c o n ­

c e n t r a t i o n  o n  o n e  ty p e  o f  lo a d .  T o  p u l  it d i f f e r e n t l y ,  I n s u l l  re a l iz e d  th a t  

a n  i n c r e a s e d  t r a c t io n  lo a d  w o u ld  im p r o v e  h is  c o m p a n y ’s lo a d  f a c to r  a n d  

th e r e b y  r e d u c e  t h e  u n i t  c o s t  o f  p o w e r  p r o d u c e d .  H is  a n a ly s is  o f  lo a d  c u rv e s  

re v e a le d  t h a t  t h e  l ig h t in g ,  s t a t i o n a r y - m o t o r ,  a n d  t r a c t io n  lo a d s  p e a k e d  a t  

d i f f e r e n t  l im e s  d u r i n g  th e  a v e r a g e  t w e n t y - f o u r - h o u r  p e r i o d  a n d  t h a t  t h e r e ­

f o r e  th e  g e n e r a l - p u r p o s e  u t i l i ty  c o u ld  la k e  o n  a t r a c t io n  lo a d  w i th o u t  in ­

c r e a s in g  its  g e n e r a t i n g  c a p a c i ty  to  t h e  s a m e  e x t e n t .  T h e  t r a c t io n  lo a d  w o u ld  

c o n s u m e  s o m e  o f  t h e  u n u s e d  s t a t io n a r y - p o w e r  a n d  l i g h t - g e n e r a t in g  c a ­

p a c ity  t h a t  w a s  a v a i la b le  d u r i n g  t h e  e a r ly  m o r n i n g  a n d  e v e n in g  r u s h  h o u r s .  

S im ila r ly ,  t h e  l ig h t in g  a n d  s t a t io n a r y - p o w e r  c u s to m e r s  w o u ld  u s e  s o m e  o f  

th e  n e w ly  in s ta l le d  c a p a c i ty  w h e n  t h e  t r a c t io n  lo a d  d e c r e a s e d .

I n s u l t 's  c o m p a n y  o b ta in e d  its  f i r s t  m a jo r  t r a n s p o r t a t i o n  c o n t r a c t  in  1902  

f r o m  t h e  L a k e  S t r e e t  E le v a te d  R a i l r o a d  a n d  w i th in  a  re la t iv e ly  s h o r t  t im e  

h a d  s ig n e d  c o n t r a c t s  w ith  a ll e le v a te d  r a i lw a y  a n d  s u r f a c e  s t r e e t c a r  c o m ­

p a n ie s  in  th e  c i ty .38 T o  o b ta in  th e s e  c o n t r a c t s ,  I n s u l l  a n d  h is  s a le s m e n  

n e g o t i a t e d  e s p e c ia l ly  lo w  r a te s  w ith  t h e i r  l a r g e  c u s to m e r s .  I n  a b o u t  191 0  

C o m m o n w e a l th  E d i s o n ’s t r a c t io n  r a te s  r a n g e d  f r o m  le s s  t h a n  a  c e n t  p e r  

k i lo w a t t - h o u r  d o w n  to  f o u r - t e n t h s  o f  a  c e n t .  T h e s e  r a te s  d i f f e r e d  f ro m  

th o s e  f o r  r e la t iv e ly  s m a ll  c o m m e r c ia l  a n d  r e s id e n t i a l  c u s to m e r s ,  to  w h o m  

a u n i f o r m  r a te  s c h e d u le  w as  a p p l i e d .  R e g u la r ly  r e d u c e d ,  th e s e  u n i f o r m  

r a te s  d r o p p e d  f r o m  tw e n ty  c e n ts  p e r  k i lo w a t t - h o u r  in  1 8 9 2  to  te n  c e n ts  in

1 9 0 8 . ( T h e  a v e r a g e  r a t e  f o r  a ll c la s s e s  o f  c u s to m e r s  d r o p p e d  f r o m  tw e n ty  

c e n ts  p e r  k i lo w a t t - h o u r  in  1 8 9 2  to  tw o  a n d  a  h a l f  c e n t s  in  1 9 0 1.)39 T h e  

c o m p a n y ’s s m a ll  c u s to m e r s  m a y  h a v e  c o m p la in e d  t h a t  th e y  w e r e  s u b s id iz in g  

th e  lo w  r a te s  f o r  t h e  t r a c t io n  c o m p a n ie s ,  b u t  C o m m o n w e a l th  E d is o n  w o u ld  

m o s t  lik e ly  h a v e  a r g u e d  th a t  th e  c o s t o f  e le c t r ic i ty  in  C h ic a g o  f o r  a ll c u s ­

t o m e r s  w as  b e lo w  t h a t  in  m o s t  o t h e r  l a r g e  c i t ie s , a n d  th a t  f u r t h e r m o r e ,  th e  

p r e c is e  c o s t in g  o f  s e r v ic e  w as  a b o o k k e e p in g  d e c is io n .

I n s u l l ’s in n o v a t iv e  d e c is io n  in  1901 to  i n t r o d u c e  5 ,0 0 0 -k w . tu r b i n e s  in  

th e  F isk  S t r e e t  s t a t io n  a n d  h is  d e c is io n  to  se ll e le c t r ic i ty  o n  a  la r g e  sc a le  to  

th e  t r a n s p o r t a t i o n  c o m p a n ie s  w as  in t e r r e l a t e d .  H is  a n t i c ip a t io n  o f  th e  la rg e -  

c a p a c i ty  p o w e r  u n i t s  a n d  o f  lo w e r  g e n e r a t i o n  c o s ts  f u e le d  h is  c o m p a n y ’s 

d r iv e  f o r  t h e  l a r g e  c u s to m e r s .  A t t h e  s a m e  l im e ,  c a r e  a n d  f o r e s ig h t  w e r e  

e x e r c is e d  to  a v o id  s c h e d u l i n g  n e w  d e m a n d  b e f o r e  a d d i t io n a l  c a p a c i ty —  

e s p e c ia lly  t h e  n e w  t u r b i n e s — h a d  b e e n  in s ta l le d  a n d  s a t i s f a c to r i ly  t e s te d .  I n  

th e  c a s e  o f  e le c t r ic  u t i l i t ie s ,  s a le s  p r e s s u r e — o r  t h e  la c k  o f  it— s ig n a ls  id le  

c a p a c i ty  o r  t h r e a t e n e d  o v e r lo a d .

37 M cD on ald , In su ll , p p . 9 6 -9 7 .
3" N o tes p re p a re d  o n  8 May 1926  by W illiam  E. Keily fo r  a sp e ec h  d e liv e re d  by B. E. S un ny  

at th e  F ra n k lin  In s titu te  in P h ilad e lp h ia  o n  th e  occasio n  o f  th e  u n v e ilin g  o f  a  p o r tra it o f  
Sa m u e l In su ll. p. 6 , In su ll P a p e rs . Keily e d ite d  In s u l ts  tw o bo ok s o f  spe ec h es. Crnlral-S talion  
Electric Service  a n d  P ublic  U tilities in  M o d e m  Life.

3” M c D o na ld . In su lt,  p . 104.
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M a n y  b u s in e s s m e n  c o n s id e r e d  th e  r a p id ly  in c r e a s in g  t r a c t io n  lo a d  to  be 

th e  im p o r ta n t  m a r k e t  l o r  e le c tr ic i ty .  T h e  o r ig in a l  n a m e s  o l  m a in  e le t t r i t  

u t i l i t ie s  in c lu d e d  th e  w o rd  " ra i lw a y ."  A l t e r  1 9 1 0  In s ti l l  saw  th e  d a n g e r  o l 

t h e i r  m y o p ic  c o n c e n t r a t io n  o n  t r a c t io n ,  a n d  th e  k i lo w a t t - h o u r  s a le s  o f  C o m ­

m o n w e a l th  E d is o n  b e g a n  to  in c lu d e  a n  in c r e a s in g  p e r c e n t a g e  o l s a le s  to 

la r g e  i n d u s t r i a l  c u s to m e r s  w ith  w h o m  s p e c ia l  c o n t r a c t s  a n d  r a te s  w e re  n e ­

g o t ia te d .  A  d i s p r o p o r t i o n a t e  t r a c t io n  lo a d  v io la te d  I n s t i l l s  c o m m i tm e n t  to  

d iv e r s i ty .  B y 1 9 2 5  th e  c o m p a n y ’s la rg e  s t a t io n a r y - p o w e r  a n d  l ig h t in g  lo a d s  

a m o u n t e d  to  4 0  p e r c e n t  o f  th e  to ta l ,  t h e  t r a c t io n  lo a d  o n ly  3 2  p e r c e n t :  in  

1 9 2 9  th e  f ig u r e s  w e re  4 7  p e r c e n t  lo r  th e  la rg e  l ig h t  a n d  p o w e r  c u s to m e r s  

a n d  2 5  p e r c e n t  f o r  t r a c t io n . '’0

In s u l l  w as d e t e r m i n e d  to  r e p la c e  a ll o f  C h ic a g o ’s is o la te d  p o w e r  p la n ts ,  

b o th  t r a c t io n  a n d  s t a t io n a r y ,  w ith  h is  sy s te m . In  M ay  1 9 0 8  th e  E le c tr ic a l 

W o r ld  a r id  E n g in e e r  r e p o r t e d  th a t  “a l th o u g h  is o la te d  p la n t s  a r e  still n u m e r ­

o u s  in  C h ic a g o ,  th e y  w e re  n e v e r  s o  h a r d  p r e s s e d  by c e n t r a l  s ta t io n  s e rv ic e  

a s  n o w . . . . T h e  C o m m o n w e a l th  E d is o n  C o m p a n y  h a s  a m o n g  its  c u s to m e r s  

e s t a b l i s h m e n ts  f o r m e r ly  r u n  by  s o m e  o f  th e  la rg e s t  is o la te d  p la n t s  in  th e  

city . . . . T h e  m a n u f a c t u r i n g  d is t r ic ts  a ls o  h a v e  b e e n  in v a d e d  a n d  a l l-d a y  

m o to r  lo a d  s e c u r e d . ”'"  T h e  E le c tr ic a l R e v ie w  a n d  W e ste rn  E le c tr ic ia n  c o n ­

f i r m e d  th e  t r e n d ,  n o t in g  th a t  in  a d d i t io n  to  th e  g r e a t  g r o w th  in  t r a c t io n  

lo a d  th e r e  w as  a n  i n c r e a s e  in  s t a t io n a r y - m o to r  lo a d ,  in c lu d in g  a n u m b e r  

o f  s m a l le r  f a c to r ie s  a n d  s h o p s  a n d  “a la rg e  n u m b e r  o f  g r e a t  m a n u f a c t u r i n g  

a n d  i n d u s t r i a l  p l a n t s ." ' '2 T e s t i f y in g  b e f o r e  th e  L o n d o n  C o u n ty  C o u n c i l  m  

1 9 1 4 , I n s u l l  b o a s te d :  " N o w  w e d o  a b ig  in d u s t r i a l  b u s in e s s .  W e  h a v e  six  

c u s to m e r s  w h o  b u y  f r o m  u s  1 0 0 ,0 0 0 ,0 0 0  u n i ts  a y e a r ." -13 T h i s  a m o u n te d  

to  a b o u t  o n e - t e n t h  o f  th e  to ta l  p o w e r  g e n e r a t e d  by  C o m m o n w e a l th  E d is o n  

in  1 9 1 3 . I n s u l l  a ls o  to ld  th e  L o n d o n  C o u n ty  C o u n c i l  th a t  h is  c o m p a n y ,  in 

s p e n d i n g  th e  e q u iv a le n t  o f  £ 1 0 0 .0 0 0  a n n u a l ly  to  g e t  n e w  b u s in e s s ,  m a tc h e d  

th e  a m o u n t  s p e n t  to w a r d  th is  e n d  by  a ll th e  u t i l i t ie s  in  G r e a t  B r i ta in  a n d  

I r e l a n d .  ( O p p o n e n t s  o f  m u n ic ip a l ly  o w n e d  c o m p a n ie s  in  B r i ta in  a ls o  c r i t ­

ic iz e d  t h e i r  p o o r  sa le s  e f f o r t . )

I n  1 9 0 9  th e  C o m m o n w e a l th  E d is o n  C o m p a n y  o p e n e d  a n  " E le c tr ic  S h o p "  

in  d o w n to w n  C h ic a g o .  T h e  g r o u n d  f lo o r  e m p h a s iz e d  d o m e s t ic  a p p l ia n c e s :  

th e  f lo o r  b e lo w , a n  “ I n d u s t r i a l  P o w e r  R o o m "  w ith  a w id e  v a r ie ty  o f  m o to r -  

d r iv e n  m a c h in e s ,  i n c lu d in g  la th e s ,  d r i l ls ,  p u n c h e s ,  a n d  so  o n . ”  C ity  e n g i ­

n e e r s  f ro m  M e lb o u r n e ,  A u s t r a l ia ,  w h o  s lo p p e d  in  C h ic a g o  o n  t h e i r  to u r  

o f  e le c t r ic  s u p p ly  b u s in e s s e s  a n d  te c h n o lo g y  c e n te r s  in  N o r th  A m e r ic a  a n d  

E i iro p c ,  f o u n d  th e  “ E lec tric  S h o p "  a  r e m a rk a b ly  e ffe c tiv e  m a rk e t in g  s c h e m e . 

T h e y  d id  n o t  f in d  th a t  in d iv id u a l  C h ic a g o a n s  o r  A m e r ic a n s  " h u s t l e d "  n o -

“ Statistics fro m  a set o f  tab les a n d  g ra p h s  in th e  In su lt P a p e rs  labeled  "used  in fede ra l 
m a teria l" ; sec especia lly  p p . 7 a n d  7A. I ha ve a ssu m e d  th a t th e  f ig u res lalx-led "ra ilw ay" 
in c lu de  all types o f  tr ac tio n  load.

31 “T h e  System s a n d  O p e ra t in g  P ractice o f  th e  C o m m o nw ea lth  Edison  C om p any  ol C h i ­
cago ,"  Electrica l W orld a n d  E ng in eer  Dl (1908); 1023.

37 F. B. B e rn h a rd t,  "N ew  F e a tu re s  o f  C e n tra l S tation  Service in C hicago ," Electrical llem ew  
an d  W estern Electrician  54 (1909): 975.

“ T es tim o n y  o f  S am u el Instill . 23  J a n u a r y  1914. in L o n do n  C o un ty  C ouncil. Special Co m ­

mittee on London Electricity Supply. 1 9 1 3 -1 4  (p rivate ly  p rin te d  p a p e r  on  tile in th e  M ctv  Sc 
M cLcllan C o. A rchives, A m bcrly , K illingw orlh , n e a r  N ew castle u|x>n T y n e . E n g la n d ), p. 7.

33 "T h e  C h icag o  'E lec tr ic  S h o p .' " Electrical W orld a n d  E ngineer  53 (1909): 0 8 4 -8 9 .
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l ic e a b ly  m o r e  th a n  in d iv id u a l s  e l s e w h e r e  in  th e  w o r ld ;  w h a i  im p r e s s e d  th e m  

w as  t h e  o r g a n iz e d  “ h u s t l i n g ” th e y  o b s e r v e d .  (“O f  in d iv id u a l  h u s t l e  little  

w as  to  b e  s e e n ,  b u t  o f  e f f i c i e n t  o r g a n i s a t i o n  t h e r e  w as  a  g r e a t  d e a l . ” )45 T h e y  

w e re  a ls o  im p r e s s e d  b y  C o m m o n w e a l th  E d i s o n ’s c o n t r a c t  a g e n t ,  w h o  w as  

g e n e r a l ly  r e s p o n s ib le  f o r  s a le s  a n d  w h o  e m p lo y e d  fiv e  a s s is ta n ts  a t  $ 3 ,0 0 0  

a n n u a l ly ,  o n e  o f  w h o m  c o n c e n t r a t e d  e n t i r e ly  o n  s a le s  to  v e ry  la r g e  c o n ­

s u m e r s  w ith  is o la te d  p la n t s .  T h e y  a ls o  to o k  n o te  o f  th e  c o m p a n y ’s 125 

s a le s m e n ,  o r  s o l ic i to r s ,  w h o  d id  c a n v a s s in g  f o r  a n  a n n u a l  w a g e  o f  $ 1 ,0 0 0  

p lu s  c o m m is s io n s .  T h i s  s a le s  m a c h in e r y  im p r e s s e d  th e  A u s t r a l i a n s .46

C o m m o n w e a l th  E d is o n  a ls o  m a d e  g o o d  u s e  o f  n e w s p a p e r  a n d  p e r io d ic a l  

a d v e r t i s in g  a n d  p u b l ic i ty .  I t  p u b l i s h e d  t h e  n a m e s  o f  t h e  la r g e  in d u s t r i a l  

c u s to m e r s  it i n c o r p o r a t e d  in to  its  s y s te m  a n d  r a n  n e w s p a p e r  a d v e r t i s e m e n t s  

a p p e a l i n g  to  “ M r . P r iv a te  P la n t  O w n e r . ”47 B e g in n in g  in  J a n u a r y  1 9 1 2 , a  

le a d in g  t r a d e  p e r io d ic a l ,  t h e  E le c tr ic a l R e v ie w  a n d  W e s te rn  E le c tr ic ia n ,  c a r r i e d  

a s e r ie s  o f  a r t ic le s  o n  t h e  i n t r o d u c t i o n  o f  s t a t io n a r y  p o w e r  in  i n d u s t r y .  

B e tw e e n  2 0  J a n u a r y  1 9 1 2  a n d  7 F e b r u a r y  1 9 1 4 , t h i r t y - f o u r  m a jo r  a r t ic le s  

a p p e a r e d ,  a n d  h a l f  o f  t h e s e  d e a l t  s p e c i f ic a l ly  w ith  C h ic a g o  i n d u s t r i e s ,  n in e  

o f  w h ic h  w e r e  i d e n t i f i e d  a s  b e in g  s u p p l i e d  b y  C o m m o n w e a l th  E d is o n .  M a n y  

o f  t h e s e  a r t ic le s  p r o b a b ly  o r i g i n a t e d  w ith  C o m m o n w e a l th  E d is o n ,  a  p r a c t ic e  

t h a t  w as  n o t  u n u s u a l  a m o n g  t r a d e  j o u r n a l s . 48

B y p r o v i d i n g  i n e x p e n s iv e  a n d  c o n v e n i e n t  p o w e r ,  b o th  s t a t io n a r y  a n d  

t r a c t io n ,  C o m m o n w e a l th  E d is o n  e n h a n c e d  C h ic a g o ’s a t t r a c t iv e n e s s  to  in ­

d u s t r y .  A s  I n s u l l  s a id  in  o n e  o f  h is  m a n y  a d d r e s s e s ,  C h ic a g o ’s g r e a tn e s s  

d e p e n d e d  o n  o u t s t a n d i n g  le a d e r s  a n d  m a te r i a l  a d v a n ta g e s ,  a n d  a m o n g  th e  

l a t t e r  “ t h e  p o s s ib il i ty  o f  p r o c u r i n g  c h e a p  e le c t r i c  p o w e r  is m o s t  i m p o r ­

t a n t . " 49 T h a t  h e  m a d e  th is  e x t r a v a g a n t  c la im  f o r  e le c t r i f i c a t io n  a s  e a r ly  as

1’ C ity  o f  M e lb o u rn e . Cily Electr ical E n g in eers’ Notes on T o u r  A bro ad  (M elb o u rn e , A ustralia . 

19 12), p. 26.
'"i Ib id .. p. 27.

17“ E lcctr ic  S erv ice  in C h ica g o ."  Electr ical W or ld  a n d  E ng in e er  61 ( 19 13): 1144.

1BT h e  fo llo w in g  in d u s tr ia l c u s to m e rs  w ere  lis ted  in  th e se  a rtic le s  as ta k in g  po w er fro m  

C o m m o n w ea lth  E d ison : H a f n e r  F u r n i tu re . P a lm e r H o u se  L a u n d ry , E m p ire  M a ttress  C o.. 

C a rd e n  C ity  S a n d  C o .. B u n te  B ros..  R o b e rts  Sash  8c D o o r C o., D an iel B u rk h a rts m e ic r  C o o p ­

e ra g e  C o ., A. O . F isher  C o .. M o ra n d  B ros.,  Im p e r ia l L e a th e r  M a n u fa c tu rin g  C o ., a n d  E. B. 
M ille r 8c Co.

L is ted  as C o m m o n w e a lth  E d iso n  c u s to m e rs  in "E lec tric  Serv ice  in C h ica g o ."  E lectrical W orld  

a n d  E ng in eer  61 ( 19 13): I 137—15. w ere  L. W olff  M a n u fa c tu rin g  Co. (p lu m b e rs ’ sup p lies). 
C ra n e  Co. (p ip es , va lves, fillin gs), J o s e p h  T . R yerson  8c S o n , A jax F o rg e  C o .. U n io n  D ro p  

F o rge  C o ., V ie rlin g  S tee l W o rk s. F e d e ra l E n g ra v in g  8c C o lo rty p e  C o ., O sca r  H c in e m a n  Co. 

(silk m a n u fa c tu re rs ) , a n d  H u g o  D tiB ro rk  8c C o. ( m a k e r  o f  sh ir tw ais ts ).
In  a d d itio n , "E lec tric  Serv ice  in C h ica ge  S u b u rb s ."  ib id ., p p . 12 4 3 -5 4 . lis ted  th e  follow ing 

as th e  c o m p an y 's  c u s to m e rs : A m e ric an  B ra ke  S h o e  F o u n d ry , M elro se  P ark ; Bliss 8c L au gh lin , 

H arvey ; C h ica g o  H a rd w a re  F o u n d ry  C o .. N o rth  C h ica g o  (esi. in C h ica g o  a re a  1902. b u t 
a c c o rd in g  to  M oody's Industr ia ls . 1912); E d g a r  A llen  A m e ric an  M a n g an e se  S teel C o ., C hicago  

H eig h ts; F ra n k lin  P a rk  F o u n d ry  C o .. F ra n k lin  P a rk ; K in g  8c A n d re w s  C o ., C h icago  H eigh ts; 

T h e  B ud a  C o ., H arv ey ; C e n tra l L oco m o tive  8c C a r  W orks. C h ica go  H eigh ts; C yc lo ne  Fence 
C o., N o rth  C h ica g o ; Fo rsy th  Bros. C o ., N o rth  C h ica g o ; V ic to r C h e m ic a l C o., C h icago  H eigh ts; 

U n ite d  C a r  C o ., C h ica g o  H eig h ts ; V u lc an  Louisvil le  S m ellin g  C o .. N o rth  C h icago ; A cm e 

B rick C o.. C h ica g o  F lcig h ts; W h itea cre  F ire  p ro o fin g  C o .. C h ica g o  H eig h ts; a n d  D ole sc  8c 
S h e p a rd , H o d g ek in s.

I a m  in d e b te d  to  B a rb a ra  K im m e lm a n  o f  th e  U n ive rsity  o f  P enn sy lv an ia  fo r  th is  co m p ila tion .
'M r. In su ll o n  th e  Sale  o f  E lectr ic  E n erg y  in C h ica go ,"  Electrical W or ld  a n d  E ng in eer  54 

(1 909): 1024.



225 C H I C A G O : T H E  D O M I N A N C E  O F  T E C I I N O L f X I Y

1 9 0 9  is n o ta b le ,  e v e n  th o u g h  h e  m a d e  it b e f o r e  a n  a u d ie n c e  as s y m p a th e t ic  

a s  th e  E le c tr ic  ( T u b  o f  C h ic a g o .  C h e a p  e le c t r ic  p o w e r  a t t r a c te d  in d u s t r y  to 

th e  c ity  in  (h e  w ay  th a t  n a tu r a l  r e s o u r c e s  d r e w  in d u s t r y  to  th e  c o u n t r y s id e .  

A f te r  th e  e x p lo i t a t io n  o f  N ia g a ra  F a lls , m a n y  o f  I n s u l l s  c o n te m p o r a r i e s  

n a tu r a l ly  a s s u m e d  th a t  w a te r  p o w e r  w o u ld  b e c o m e  th e  fo c u s  o f  a c lu s te i  

o f  in d u s t r i e s .  H o w e v e r ,  th e  c o m b in a t io n  o f  a l a rg e ,  c o n c e n t r a t e d  m a r k e t  

a n d  c h e a p  e le c t r ic i ty  in  th e  n a t io n 's  la r g e  c it ie s  h a d  a m o r e  p o w e r f u l ,  il 

less d r a m a t ic ,  a t t r a c t io n  l o r  in d u s t r y .50 T h is  t r e n d  w as ir o n ic  in  th a t  so m e  

v is io n a r ie s ,  in c lu d in g  P e te r  K r o p o tk in  in  1 8 9 9  a n d  F .b c n e z e r  H o w a r d  in 

1 9 0 2 , h a d  p r e d ic te d  (h a t  t r a n s m is s io n  o f  e le c t r ic  p o w e r  w o u ld  d i s p e r s e  th e  

p o p u la t io n  a c ro s s  th e  g r e e n  c o u n t r y s id e .51

B y e q u i p p i n g  p r o d u c t i o n  a n d  d i s t r ib u t io n  fa c ilitie s  w ith  la rg e ,  h ig h -e f -  

f ic ie n c y  u n i ts ,  i n c r e a s in g  th e  C h ic a g o  s y s te m ’s d iv e r s i ty  a n d  lo a d  fa c to rs , 

a n d  a d o p t i n g  a m e t e r i n g  s y s te m  th a t  r e f le c te d  th e  p r in c ip le  o f l o a d  f a c to r ,  

I n s u l l  a r t i c u la te d ,  c la r i f ie d ,  a n d  s y n th e s iz e d  m a n y  te c h n o lo g ic a l  a n d  e c o ­

n o m ic  p r in c ip le s  d u r i n g  h is  f i r s t  tw o  d e c a d e s  a t C o m m o n w e a l th  E d is o n .  

M o r e o v e r ,  by  1 9 1 4  h is  c o n c e p ts  h a d  b r o u g h t  a n  o r d e r  th a t  e m b r a c e d  e v e n  

m o r e  c o m p le x  a n d  a b s t r a c t  v a r ia b le s .  F o r  e x a m p le ,  h e  e x p l ic a te d  th e  r e ­

l a t io n s h ip  b e tw e e n  k i lo w a t t - h o u r s  s o ld  p e r  c a p i ta ,  a  u t i l i ty 's  in c o m e  p e r  

k i lo w a t t - h o u r  s o ld ,  a n d  a  s y s te m 's  a n n u a l  lo a d  f a c to r .  F o r  p u r p o s e s  o l 

c o m p a r i s o n  h e  c h o s e  th e  m u n ic ip a l  u t i l i t ie s  o f  la r g e  A m e r ic a n  c itie s . B e r lin ,  

a n d  L o n d o n .  ( I n s u l l ,  w h o  h a d  c lo se  c o n ta c ts  a b r o a d ,  o f t e n  c o m p a r e d  c o n ­

d i t io n s  in  A m e r ic a  w ith  th o s e  in  E n g la n d  a n d  G e r m a n y .)  A c c o r d in g  to  h is 

a n a ly s is , a s  t h e  in c o m e  p e r  k i lo w a t t - h o u r  fe ll, t h e  o u t p u t  p e r  c a p i ta  in ­

c r e a s e d ;  c o r r e s p o n d in g ly ,  a s  th e  in c o m e  p e r  k i lo w a t t - h o u r  d e c r e a s e d  a n d  

th e  o u t p u t  p e r  c a p i t a  in c r e a s e d ,  th e  lo a d  f a c to r  in c r e a s e d .  O f  th e  sy s te m s  

In s u l l  a n a ly z e d ,  t h e  o n e  a t  N ia g a r a  F a lls  h a d  th e  h ig h e s t  o u t p u t  p e r  c a p ita ,  

th e  lo w e s t in c o m e  p e r  k i lo w a t t - h o u r ,  a n d  th e  b e s t  lo a d  f a c to r ;  L o n d o n  h a d  

th e  p o o r e s t .  C h e a p  h y d r o e le c t r i c  p o w e r  a n d  a w id e  a r e a  o f  t r a n s m is s io n  

e x p la in e d  th e  d a ta  o n  N ia g a r a ;  L o n d o n  h a d  d i s p e r s e d ,  sm a ll g e n e r a t in g  

s ta t io n s  a n d  a re la t iv e ly  sm a ll  i n d u s t r i a l  ( o r  m o to r )  lo a d ,  a m o n g ,  f ro m  

I n s u l l 's  p o in t  o f  v iew , o t h e r  p r o b le m s .  I n s u ll  t o o k  s a t i s f a c t io n  in  p o in t in g  

o u t  th a t  d e s p i t e  its  d e p e n d e n c e  o n  th e r m a l  p la n ts ,  C h ic a g o  c o m p a r e d  fa ­

v o ra b ly  w ith  N ia g a ra  a n d  S a n  F ran c isco , w h ich  u tiliz ed  h y d ro e le c tr ic  |jo w c r .5a 

(S e e  F ig . IX . 10, p . 2 5 9 .)

In s u l l  u s u a lly  h a d  a t  h is  f in g e r t ip s  a n  im p re s s iv e  a r r a y  o f  s ta t is t ic a l  d a ta .  

B e s id e s  w h a t h a s  b e e n  n o te d ,  h e  c o u ld  c i te  f o r  C o m m o n w e a l th  E d is o n —  

a n d  o f t e n  f o r  o t h e r  u t i l i t ie s — to ta l  c a p i ta l iz a t io n  y e a r  by  y e a r  (g ro w th  w as 

s te a d y  u n t i l  1 9 3 0 ); th e  n u m b e r  o f  th e  c o m p a n y ’s c u s to m e r s  a n d  th e  size  

o f  C h ic a g o ’s p o p u la t io n  ( th e  f o r m e r  in c r e a s in g  m o r e  r a p id ly  th a n  th e  la t te r ,  

a g a in  u n t i l  1 9 3 0 ); th e  g ro s s  o p e r a t i n g  r e v e n u e  a n d  to ta l  o p e r a t i n g  e x p e n s e s  

o f  th e  c o m p a n y ;  its to ta l  p a y ro l l :  th e  c o n n e c te d  lo a d  by  c lass  o f  c o n s u m e r

’" A f te r  I8 60  th e  availability  o f  steam  pow er ill th e  u rb a n  c en te rs  o f  ilic  U n ite d  S tate s d rew  
in d u s try  away fro m  th e  cou n try s id e  w ith its waler-|Ktwcr sites, in to  the  u rb a n  re n te rs  lo cated  
at th e  c ro ssroa ds o f  tra n s p o rta tio n  sy stem s. Louis H u n te r , W aterpower: A  H istory of In dustr ia l 
ra w e r  in the U nited Stales, 1 7 8 0 -1 9 3 0  (C harlo ttesv ille : U nivers ity  I’ress ol V irg in ia . 1979). pp. 

<185-90.
”  le w is  M u n tfo rd , The  City in H istory (New  Y ork : H a rc o u n , B race &• W orld , 1961), pp. 

5 14 -2 4 .
’'I n s u l l .  "C e n tra liz a tio n ."  pp . 46 1 -6 3 .
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(e s p e c ia lly  a  b r e a k d o w n  in to  l ig h t ,  s t a t io n a r y  p o w e r ,  a n d  ra i lw a y ) ;  ta x e s ;  

a n d  i n te r e s t  c h a r g e s  (se e  F ig s . V I I I . 8  a n d  V I I I . 9 , p . 2 1 3 ) .

In s u l l ’s b l e n d  o f  t e c h n o lo g y ,  f in a n c e ,  m a n a g e m e n t ,  a n d  e n t r e p r e n e u r i a l  

d r iv e  w as  by  n o  m e a n s  e x h a u s t e d  in  t h e  m a s s  p r o d u c t i o n  o f  c h e a p  e le c t r ic i ty  

f o r  C h ic a g o .  A s e a r ly  a s  1 9 1 0  I n s u l l  a p p l i e d  h is  c o n c e p t s ,  t e c h n o lo g y ,  a n d  

m a n a g e r ia l  te c h n iq u e s  to  sm a ll- to w n  a n d  r u r a l  e le c tr if ic a tio n  in  L a k e  C o u n ty ,  

I l l in o is .  H is  b i o g r a p h e r ,  F o r r e s t  M c D o n a ld ,  b e l ie v e s  t h a t  “ th e  L a k e  C o u n ty  

e x p e r i m e n t  w a s  t h e  f i r s t  d e m o n s t r a t i o n  a n y w h e r e  t h a t  s y s te m a t iz e d  e le c t r ic  

se rv ic e  w as  e c o n o m ic a l ly  a n d  te c h n ic a l ly  p o s s ib le  in  la r g e  a r e a s ,  r u r a l  as 

w ell a s  u r b a n .  T h e  n e w s  o f  it  e x p l o d e d  u p o n  t h e  in d u s t r y . ” ' 3 T o  fu lf i l l  h is  

c o n c e p t  o f  a n  i n t e g r a t e d ,  c e n t r a l ly  s u p p l i e d  s y s te m , In s u l l  a c q u i r e d  is o la te d  

u t i l i t ie s  s e r v in g  s m a ll  to w n s  a n d  I h e i r  v ic in it ie s , s h u t  d o w n  t h e i r  in e f f ic ie n t  

g e n e r a t i n g  p la n t s ,  e r e c t e d  s u b s ta t io n s ,  a n d  s u p p l i e d  e le c t r ic i ty  f r o m  a few  

la r g e  g e n e r a t i n g  p la n t s  b y  m e a n s  o f  t r a n s m is s io n  lin e s .  B y 1911 h e  h a d  

o r g a n i z e d  t h e  e n t i r e  L a k e  C o u n t y  e n t e r p r i s e  in to  th e  P u b lic  S e rv ic e  C o m ­

p a n y  o f  N o r t h e r n  I l l in o is .  B y  1 9 2 3  t h e  c o m p a n y  w as  s u p p ly in g  a  t e r r i to r y  

o f  6 ,0 0 0  s q u a r e  m ile s  a n d  195  c o m m u n i t i e s .  I n  th e  p r o c e s s  f i f ty - f iv e  m u ­

n ic ip a l  o r  p r iv a te ly  o w n e d  e le c t r ic a l  p la n t s  w e r e  s h u t  d o w n  o r  d is m a n t le d  

a n d  r e p la c e d  b y  s u b s ta t io n s  a n d  8 7 5  m ile s  o f  h ig h - t e n s io n  t r a n s m is s io n  

l in e s  f r o m  f o u r  la r g e ,  e f f i c i e n t  c e n t r a l  s t a t i o n s .54

A f t e r  s u c c e s s f u l ly  i n t e r c o n n e c t i n g  t h e  c e n t r a l  s t a t io n s  o f  a  C h ic a g o  u ti l i ty , 

a n d  i n t e r c o n n e c t i n g  L a k e  C o u n ty  u t i l i t ie s  p h y s ic a lly  b y  h ig h - v o l ta g e  t r a n s ­

m is s io n  l in e s  a n d  t h e n  o r g a n iz a t io n a l ly  b y  m e r g e r  o r  a c q u is i t io n ,  I n s u l l  

c o n t i n u e d  to  e x p a n d  by  m e a n s  o f  t h e  h o ld in g - c o m p a n y  s t r u c t u r e .  B y  th e  

m id - tw e n t ie s ,  w h e n  h o l d i n g  c o m p a n ie s  w e r e  f lo u r i s h i n g  in  t h e  A m e r ic a n  

u ti l i t ie s  f ie ld ,  I n s u l l  o p e r a t e d  o n e  o f  th e  la r g e s t ,  t h e  M id d le  W e s t U ti l i t ie s  

C o m p a n y ,  w h ic h  h a d  s u b s id ia r i e s  in  n i n e t e e n  s ta te s .  T h i s  c o m p a n y  s u p p l i e d  

8  p e r c e n t  o f  t h e  c o m m e r c ia l  to ta l  o f  k i lo w a t t - h o u r s  f o r  t h e  U n i te d  S la te s .55
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L o n d o n : 
T h e  P r im a c y  
o f  P o lit ic s

C
o m p a r e d  to  C h ic a g o  a n d  B e r l in ,  L o n d o n  w as a b a c k w a rd  m e tro p o l is  

in  th e  e a r ly  tw e n t i e th  c e n tu r y .  E le c tr ic  p o w e r  w as b e lie v e d  to  b e  th e  

h a l lm a r k  o f  p r o g r e s s  in  e n l i g h t e n e d  c itie s  lik e  C h ic a g o  a n d  B e r lin ,  a n d  

L o n d o n  h a d  n o ta b ly  l i t t le  o f  it . F u r t h e r m o r e ,  L o n d o n ’s e le c t r ic a l  s u p p ly  

in d u s t r y  w as  d i s o r d e r e d  a n d  s m a ll- s c a le  in  a t im e  o f  r a t io n a l iz a t io n  a n d  

m a s s  p r o d u c t i o n .  C h ic a g o  a n d  B e r l in  e a c h  h a d  a c e n tr a l i z e d  l ig h t  a n d  p o w e r  

s y s te m  s u p p ly in g  t h e  e n t i r e  c ity  f r o m  a  h a n d f u l  o f  m o d e r n  p o w e r  s ta t io n s :  

G r e a t e r  L o n d o n  h a d  s ix ty - f iv e  e le c t r ic a l  u ti l i t ie s ,  s e v e n ty  g e n e r a t i n g  s ta t io n s  

a v e r a g in g  o n ly  5 .2 8 5  kw . in  c a p a c ity ,  f o r ty - n in e  d i f f e r e n t  ty p e s  o f  s u p p ly  

sy s te m s , te n  d i f f e r e n t  f r e q u e n c ie s ,  t h i r ty - tw o  v o l ta g e  lev e ls  f o r  tr a n s m is s io n  

a n d  tw e n ty - f o u r  f o r  d i s t r ib u t io n ,  a n d  a b o u t  s e v e n ty  d i f f e r e n t  m e th o d s  o f  

c h a r g in g  a n d  p r i c in g .1 L o n d o n e r s  w h o  c o u ld  a f f o r d  e lec tr ic ity  to a s te d  b r e a d  

in  th e  m o r n i n g  w ith  o n e  k in d ,  lit  t h e i r  o f f ic e s  w ith  a n o t h e r ,  v is ite d  a s so c ia te s  

in  n e a r b y  o f f ic e  b u i ld in g s  u s in g  still a n o t h e r  v a r ie ty ,  a n d  w a lk e d  h o m e  

a lo n g  s t r e e t s  t h a t  w e re  i l lu m in a te d  by  y e t a n o t h e r  k in d .  T h i s  w as  a n i g h t ­

m a r e  fo r  th e  s u p p l i e r  o f  e le c t r ic  la m p s  a n d  a p p l ia n c e s ;  i n t e r e s t in g  p ro b le m s  

a r o s e  w h e n  o n e  m o v e d  o n e ’s h o m e  o r  b u s in e s s .  L o n d o n 's  e n g in e e r s  a n d  

b u s in e s s m e n  m a d e  s u c h  r e m a r k s  a s  “T h e  la rg e s t  c ity  in  th e  w o r ld  o f f e r s  

a n  e x c e l le n t  e x a m p le  o f  w h a t  e le c t r ic  s u p p ly  o u g h t  n o t  to  b e "  a n d  “ W h a t 

ex is ts  in  L o n d o n  to -d a y  is h a r d ly  w o r th  t a lk in g  a b o u t ." 2 By W o r ld  W a r  I, 

L o n d o n ’s p r o g r e s s iv e  c i t iz e n s  w e re  w a i t in g  e a g e r ly  fo r  th e  c ity  to  g e t in 

s t e p  a n d  c a tc h  u p .

T h o s e  w h o  e q u a l e d  te c h n o lo g ic a l  c h a n g e  w ith  p r o g r e s s  a n d  w a n te d  to  

s t im u la te  r e m e d ia l  a c tiv i ty  r e f e r r e d  to  th e  C h ic a g o  a n d  B e r lin  u ti l i t ie s  as 

m o d e ls  o f  te c h n o lo g ic a l  a c h ie v e m e n t  in  la m e n t in g  th e  s ta te  o f  a f f a i r s  in  

L o n d o n .  C lo s e r  a t  h a n d  w as  a n o t h e r  e x e m p la r ,  t h e  e le c t r ic  s u p p ly  sy s te m  

o n  th e  n o r th e a s t  c o a s t  o f  E n g la n d .  A m o n g  th o s e  w h o  te s t i f ie d  b e f o r e  P a r-

1 T h e s e  statistics a re  Tor th e  y ear 1913. Sec L o nd on  C ou n ty  C ouncil, llrfin rl on London  
Electricity Sufifily. p re p a re d  by M crz  Sc M cLellan (L on do n , 1914). a p p . 2. pp . 37. 38

’ “ Electr ical D eve lop m en t in E n g la n d ,"  Electrical W orld  82  (1923): 1056. See also testim ony 
o f  C h a rles  I I. M crz , 6  J u n e  1913, in L o nd on  C o un ty  C ouncil, "Specia l C o m m itte r  on  L on do n  
Electr ic ity  Su pp ly , 1 9 13 -14 "  (private ly  p r in te d  p a p e r  sup p lied  to  council m rm l>crs fo r th e ir  
in fo rm atio n  only ), p. 8: c opie s in M crz Sc M cl.cllan Co. A rchiv rs, A inb c rlry . K illiiiK w onh, 
n e a r  N ew castle  u p o n  T y n e . F in la n d .
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l ia m e n l ,  t h e  L o n d o n  C o u n ty  C o u n c i l ,  a n d  e n g i n e e r i n g  s o c ie ty  c o m m it te e s  

o n  th e  s u b je c t  o f  e le c t r ic i ty  in  L o n d o n  w e re  S a m u e l  I n s u l l  o f  C h ic a g o ,  

G e o r g  K l in g e n b c r g  o f  B e r l in ,  a n d  C h a r le s  M e rz  o f  t h e  N e w c a s tle  u p o n  

T y n e  E le c tr ic  S u p p ly  C o m p a n y .  M e rz  a n d  I n s u l l  w e r e  t h e i r  re s p e c t iv e  

c o u n t r i e s ’ l e a d in g  s p o k e s m e n  f o r  l a r g e  e le c t r ic  p o w e r  s y s te m s .  T h e y  w e re  

g o o d  f r i e n d s ,  e x c h a n g e d  e n g i n e e r i n g  a n d  m a n a g e r ia l  in f o r m a t io n ,  a n d  

la m e n te d  th e  s i tu a t io n  in  L o n d o n .  M e rz  u s e d  C h ic a g o  a n d  h is  o w n  d is t r ic t  

a s  m o d e ls  f o r  L o n d o n  a n d  c a l le d  o n  S a m u e l  I n s u l l  to  e x p la in  to  L o n d o n e r s  

h is  e n v ia b le  s u c c e s s  in  C h ic a g o .  G e o r g  K l in g e n b e r g  a ls o  w as  b r o u g h t  to  

L o n d o n  to  te ll t h e  c ity  h o w  b a c k w a r d  it w as  e le c tr ic a lly .  K l in g e n b e r g ’s 

a u t h o r i t y  c a m e  f r o m  h is  p o s i t io n  a s  c h i e f  e n g i n e e r  f o r  p o w e r  s y s te m s  f o r  

A l lg e m e in e  E le k t r i z i i a i s - G e s e l l s c h a f l ,  t h e  e l e c t r ic a l  m a n u f a c t u r i n g  c o m ­

p a n y  t h a t  a ls o  o w n e d  a n d  o p e r a t e d  t h e  B e r l in  u ti l i ty .

O n  t h e  e v e  o f  W o r ld  W a r  I, M e rz ,  I n s u l l ,  a n d  K l in g e n b e r g  a ll te s t i f ie d  

to  L o n d o n ’s r e t r o g r a d e  c o n d i t io n .  (S e e  F ig . 1 .5 , p .  16 .) M e rz  a ls o  p r e p a r e d  

a  r e p o r t  f o r  th e  L o n d o n  C o u n ty  C o u n c i l  s u g g e s t in g  w ay s  to  r e f o r m  th e  

e le c t r ic  s u p p ly  in d u s t r y  in  th e  m e t r o p o l i s .  S p e a k in g  in  L o n d o n ,  I n s u l l ,  w h o  

w a s  m i n d f u l  o f  E n g l is h  c iv ility , t a c t f u l ly  a v o id e d  m a k in g  a n y  e x p l ic i t  c o m ­

p a r i s o n s ;  h e  s im p ly  s h o w e d  h o w  a d v a n c e d  h is  C h ic a g o  s y s le m  w as. B ack  

in  A m e r ic a ,  h o w e v e r ,  h e  d i s p la y e d  a  c h a r t  t h a t  r e v e a le d  L o n d o n ’s p la c e  in  

t h e  h i e r a r c h y  o f  t h e  e le c t r ic a l  s u p p ly  w o r ld .  H is  g r a p h  s h o w e d  th a t  o f  te n  

l e a d in g  W e s te r n  c i t ie s , i n c lu d in g  C h ic a g o  a n d  B e r l in ,  L o n d o n  h a d  th e  

lo w e s t  o u t p u t  o f  e le c t r ic i ty  p e r  c a p i t a ,  t h e  h ig h e s t  u t i l i ty  in c o m e  p e r  k ilo ­

w a t t - h o u r ,  a n d  t h e  lo w e s t  lo a d  f a c to r .3 T h e s e  w e r e  t h e  a n t i th e s e s  o f  A m e r ­

i c a ’s m a s s - p r o d u c t i o n  s ty le .  I n s u l l ,  a c h a m p i o n  o f  A m e r ic a n  m a s s  p r o d u c ­

t io n  ( w h e t h e r  o f  k ilo w a t ts  o r  m e c h a n ic a l  g a d g e t s ) ,  w a s  a p p a l l e d  to  f in d  th a t  

m o s t  L o n d o n  u t i l i t ie s  m a n a g e r s  w e r e  c o n t e n t  to  e a r n  a  h ig h  r a t e  o f  r e t u r n  

o n  a  r e la t iv e ly  s m a ll  i n v e s tm e n t  f r o m  p r o f i t s  th a t  w e re  d i s t r i b u t e d  o v e r  

re la t iv e ly  few  u n i ts .

M e rz  n e v e r  t i r e d  o f  d e s c r ib in g  t h e  i r r a t io n a l i ty  o f  e le c t r ic  s u p p ly  in  L o n ­

d o n .  In  1 9 1 3  h e  a d v is e d  th e  L o n d o n  C o u n ty  C o u n c i l  t h a t  i f  L o n d o n  u s e d  

e le c t r ic i ty  o n  t h e  s a m e  sc a le  a s  C h ic a g o ,  c o n s u m p t i o n  w o u ld  r is e  t h r e e f o ld .  

H e  s a id :  “ W e  u s e  . . .  a n  a b s u r d ly  s m a ll  a m o u n t  o f  e le c t r ic i ty .  . . . w e  o u g h t  

to  b e  f i r s t ,  n o t  s e c o n d ,  o r  t h i r d ,  o r  la s t ;  a n d  1 a m  a f r a i d  th a t  a t  th e  p r e s e n t  

r a t e  o f  p r o g r e s s  t h e r e  is v e ry  g r e a t  d a n g e r  o f  o u r  n o t  o n ly  b e in g  la s t,  b u t  

o f  o u r  r e m a i n i n g  l a s t . '”1

K l in g e n b e r g ,  in  a p a p e r  r e a d  in  1 9 1 3  b e f o r e  th e  I n s t i tu t io n  o f  E le c tr ic a l  

E n g in e e r s  in  L o n d o n ,  a ls o  c o m p a r e d  L o n d o n  w ith  C h ic a g o  a n d  B e r l in .  H e  

to ld  h is  a u d i e n c e  t h a t  u s e  o f  e le c t r ic i ty  in  L o n d o n  w as  o n ly  1 10  k w h . p e r  

c a p i ta  a s  c o m p a r e d  to  3 1 0  k w h . in  C h ic a g o  a n d  1 70  k w h . in  B e r l in .3 H e  

n o te d  t h a t  L o n d o n  h a d  t h e  m o s t - f r a g m e n t e d  s u p p ly  s y s le m  o f  th e  t h r e e  

c itie s . H e  a ls o  r e p o r t e d  th a t  L o n d o n ’s p o w e r  p la n t s  w o r k e d  th e  le a s t e co -

4 In su lt's  d a  la a rc  p re su m e d  to  be lo r  pu b lic  su p p ly  a n d  fo r  (lie  year 1913 o r  1914. See 

S a m u e l In su ll, "C e n tra liz a t io n  o f  E n erg y  S u p p ly ,"  a n  a d d re s s  g iv en  in N ew  Y ork  on  20  A pril 
19 14 a n d  p u b lis h ed  in his  Cen tra l-S ta tion  E lectric Service: Its Com m ercial D ev elopm ent a n d  Econom ic 
Sign ifican ce  as Se t Forth in the Public  Addresses (1 8 9 7 -1 9 1 4 )  o f  Sa m u el In su ll . e d . W illiam  E. Keily 
(C hic ago: P riv a te ly  p r in te d , 1915). p. 401 .

4 L o n d o n  C o u n ty  C o un cil, R eport  (1 9 1 3 -1 4 ). p . 3.

'G e o r g  K lin g e n b erg . "E lec tr ic ity  S u p p ly  in U r g e  C ities."  Th e Electrician  72 (1913): 3 9 8 -  
40(1
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n o m ic a lly .  F o llo w in g  h is  c o m p a r a t iv e  a n a ly s is ,  K l in g c n b e r g  v o lu n te e r e d  a 

p la n  to  m a k e  L o n d o n  m o r e  lik e  B e r lin  a n d  C h ic a g o .  H is  p a p e r  c r e a te d  a 

s t i r  a m o n g  th e  B r i t i s h  e n g in e e r s ;  w h ile  s o m e  c i te d  it a s  m o r e  e v id e n c e  of 

t h e  n e e d  f o r  r e f o r m ,  o t h e r s  d e f e n d e d  L o n d o n  by  in t e r p r e t i n g  th e  s ta tis tic s  

d i f f e r e n t ly .  F o r  e x a m p le ,  th e  s ta t is t ic s  f o r  th e  c e n t r a l i z e d  B e r lin  a n d  C h i ­

c a g o  s y s te m s  i n c lu d e d  a  s u b s ta n t ia l  s u p p ly  o f  p o w e r  f o r  t r a c t io n ,  b u t  th is  

w as  n o t  th e  c a s e  in  L o n d o n ,  w h e r e  t r a c t io n  lo a d  w as  s u p p l i e d  m o s tly  by 

i s o la te d ,  p r iv a te  p la n ts .  O t h e r s ,  h o w e v e r ,  a r g u e d  th a t  th e  fac t th a t  t r a c t io n  

w as  n o t  s u p p l i e d  by  p u b l ic  p o w e r  s ta t io n s  in  L o n d o n  w as  a n  a d d i t io n a l  

i n d ic a t io n  o f  th e  n e e d  fo r  a  c e n t r a l i z e d  sy s te m . T h e  e d i t o r  o f  th e  t r a d e  

j o u r n a l  T h e  F A e c ln c ia n  h e a r d  th e  v a r io u s  a r g u m e n t s  a n d  th e n  s id e d  w ith  

th o s e  w h o  f o u n d  L o n d o n ’s e le c t r ic i ty  s u p p ly  “ th e  m a d d e s t  s o r t  o f  p e r ­

f o r m a n c e .

In  1 9 1 3  L o n d o n  w as  th e  la rg e s t  c ity  in  th e  W e s te r n  w o r ld .  T h e  p o p u la t io n  

o f  G r e a t e r  L o n d o n  w as  7 .2 5  m ill io n ;  G r e a t e r  B e r lin  h a d  a  p o p u l a t i o n  o l 

o n ly  3 m il l io n ;  C h ic a g o  c o u n te d  a b o u t  2 m ill io n :  P a r is ,  n e a r ly  3 m ill io n ;  

a n d  N e w  Y o rk ,  5 m i l l io n .7 T h e  C ity , th e  sm a ll  f in a n c ia l  d is t r ic t  in  th e  h e a r t  

o f  L o n d o n ,  r e m a in e d  th e  f in a n c ia l  h e a r t  n o t  o n ly  o f  th e  en V p ire  b u t  o f  th e  

w o r ld  a s  w ell. T h e  p o r t  o f  L o n d o n  sti ll d r e w  th e  w o r ld 's  la rg e s t  a n n u a l  

to n n a g e .

T h i s  g r e a t  c ity  h a d  a n  e x t r e m e ly  c o m p l ic a te d  a d m in i s t r a t iv e  s t r u c t u r e  

th a t  d e f i e d  c o m p r e h e n s i o n  by  n o n - L o n d o n e r s  a n d  r e f o r m - m in d e d  L o n ­

d o n e r s  a l ik e .  T h e  c o m p le x  s t r u c t u r e  h a d  a lo n g  h is to ry  a n d  w as r e in f o r c e d  

by a s t r o n g  r e s p e c t  f o r  t r a d i t io n .  L o n d o n 's  p lu r a l i s t ic  a n d  h is to r ic  a d m i n ­

is t r a t iv e  s t r u c t u r e  d e e p ly  a f f e c te d  th e  g r o w th  o f  th e  e le c t r ic  s u p p ly  in d u s t r y  

t h e r e .

O n  th e  lo ca l g o v e r n m e n t  lev e l,  e le c t r ic i ty  s u p p ly  in  L o n d o n ,  a s  e ls e w h e re  

in  E n g la n d ,  w as  u n d e r  th e  ju r i s d i c t i o n  o f  lo ca l a u th o r i t i e s ,  a  c o m p le x  a r r a y  

o f  a d m in i s t r a t iv e  u n i ts .  A f te r  p a s s a g e  o f  th e  L o ca l G o v e r n m e n t  A ct o f  18 8 8 , 

th e s e  a d m in i s t r a t iv e  u n i ts ,  o r  lo ca l a u th o r i t i e s ,  in c lu d e d  c o u n t ie s ,  m u n ic ip a l  

b o r o u g h s ,  a n d  p a r i s h e s .  A s w o u ld  b e  e x p e c te d  in  a  c o u n t r y  so  s e n s it iv e  to  

h is to ry ,  th e r e  w e r e  n u m e r o u s  a n o m a l ie s  th a t  d e H e d  t a x o n o m ic  an a ly s is . 

T h e  s i tu a t io n  in  L o n d o n ,  f o r  in s ta n c e ,  in v o lv e d  e x c e p t io n s .  T h e  C ity  o f  

L o n d o n ,  6 7 3  a c r e s  o f  f in a n c ia l  a c tiv ity , w as o n e  o f  th e  lo ca l a u th o r i t i e s  o f  

G r e a t e r  L o n d o n ,  a n d  o n e  w ith  s u b s ta n t ia l  a u to n o m y  a n d  in f lu e n c e .  T h e  

C ity  a n d  tw e n ty - e ig h t  o t h e r  lo ca l a u th o r i t i e s  ( m u n ic ip a l  b o r o u g h s )  m a d e  

u p  th e  s t r u c t u r e  o f  th e  A d m in is t r a t iv e  C o u n ty  o f  L o n d o n ,  w h ic h  a t  th e  

tu r n  o f  th e  c e n t u r y  w as a p a r t  o f  G r e a t e r  L o n d o n .  In  1 8 8 8  a m o v e  to w a rd  

c e n t r a l i z e d  a u t h o r i t y  fo r  L o n d o n  w as m a d e  t h r o u g h  th e  c r e a t io n  o f  th e  

L o n d o n  C o u n ty  C o u n c i l ,  w h o s e  m e m b e r s  w o u ld  b e  e le c te d .  T h e  c o u n c il 's  

j u r i s d ic t io n a l  a s p i r a t io n s  in c lu d e d  th e  c o u n t ie s  o f  L o n d o n ,  M id d le s e x ,  a n d  

p o r t io n s  o f  f o u r  o t h e r  c o u n t ie s .  T h e  p o w e r  o f  th e  c o u n ty  c o u n c il  w as

" Ib id . J .  F. C. Snell p rese n te d  llie  L on do n  situation  m ore  favorably in the  e n su in g  d is ­
cussio n  (see ib id .. p. <100). T h e  ed ito ria l a p p e a re d  on  p. 393 o f  th e  sam e issue.

7 T b e  p o p u la tio n  c ou n t d e p e n d e d  u p o n  the  a re a  b e in g  d e fin e d  as the  city. G re a te r  L o nd on , 
fo r in stan ce, in c lu d ed  not on ly  th e  C ou n ty  o f  L o nd on , w ith  an  a re a  o f  I 17 sq u a re  m iles, but 
a lso th e  w hole  o f  M id dlesex  C ou n ty  an d  p a n s  o f  fo u r  o th e r  c o n tig uo us co un ties , o r  an 
a d d itio n a l 693  sq u a re  miles. T b e  rad iu s o f  G re a te r  Berlin e x te n d e d  te n  m iles from  city  re n te r , 
bu t "o ld " B erlin  was sm alle r an d  its p o p u la tio n  was abo u t 2 m illion.
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c h a l l e n g e d  by I h e  lo ca l a u th o r i t i e s ,  o r  th e  c o u n t ie s ,  b o r o u g h  c o u n c ils ,  a n d  

th e  C ity .
T h e  f u n c t io n in g  o f  t h e  a g g r e g a t e  o f  a d m in i s t r a t iv e  a u th o r i t i e s  w as  f u r ­

t h e r  c o m p l ic a te d  by  P a r l i a m e n t 's  p o w e r s ,  w h ic h  i n c lu d e d  t h e  a u th o r i ty  to  

e n a c t  le g is la t io n  d e f i n i n g  e le c t r i c  s u p p ly  u n d e r t a k i n g s  (p r iv a te ly  o w n e d  

c o m p a n ie s  a n d  g o v e r n m e n t - o w n e d  e n te r p r i s e s )  a n d  e s ta b l is h in g  th e  c o n ­

d i t io n s  o f  r e g u la t io n .  T h e  p a r l i a m e n t a r y  le g is la t io n  a f f e c t in g  e le c t r ic a l  s u p ­

p ly  in  th e  c o u n t r y  a n d  in  L o n d o n  c o n s is te d  o f  a  s e r ie s  o f  e n a c tm e n ts .  

G e n e r a l ly ,  e a c h  o f  t h e  e l e c t r ic  l ig h t in g  ( la t e r ,  p o w e r )  a c ts  w as  p a s s e d  fo l ­

lo w in g  th e  d e l ib e r a t io n s  o f  a  p a r l i a m e n t a r y  c o m m i t t e e .  T h e  c o m m it te e s  

w e r e  f o r m e d  w h e n  P a r l i a m e n t  d e e m e d  t h a t  th e  s t a t e  o f  t h e  t e c h n o lo g y  h a d  

c h a n g e d  to  th e  e x t e n t  th a t  th e  in t r o d u c t i o n  o r  m o d i f i c a t io n  o f  r e g u la t io n s  

w as  n e c e s s a ry .  U s u a lly ,  h o w e v e r ,  th e  le g is la to r s  w e re  u n a b le  to  k e e p  p a c e  

w ith  th e  i n v e n to r s  a n d  e n g in e e r s .  T h e  f i r s t  E le c tr ic  L ig h i in g  A c t (s e e  p p .  

5 8 - 6 1  a b o v e )  c a m e  in  1 8 8 2  a f t e r  a c o m m i t t e e  h e a d e d  by  L y o n  P la y fa i r  

d e c id e d  th a t  e le c t r ic i ty  s u p p ly  e n t e r p r i s e s  w e re  o f  s u f f i c i e n t  im p o r t  to  r e ­

q u i r e  s t a t u t o r y  r e c o g n i t io n  a n d  r e g u la t io n .  T h e  a c t o f  1 8 8 2  e n a b le d  th e  

B o a r d  o f  T r a d e ,  a d e p a r t m e n t  o f  th e  c e n t r a l  g o v e r n m e n t ,  to  g r a n t  p r o ­

v is io n a l  o r d e r s  f o r  e le c t r ic  s u p p ly  to  lo c a l g o v e r n m e n t  a u th o r i t i e s  o r  to  

p r iv a te  c o m p a n ie s .  P ro v is io n a l  o r d e r s  b y -p a s s e d  th e  e x p e n s iv e  a n d  tim e -  

c o n s u m in g  p r iv a te  b ill in  P a r l i a m e n t ,  b u t  a f t e r  i s s u a n c e  h a d  to  b e  c o n f i r m e d  

by  P a r l i a m e n t .  T h i s  law , in  th e  o p in io n  o f  p r iv a te  e n t e r p r i s e ,  s t i f le d  th e  

d e v e lo p m e n t  o f  th e  e le c t r ic  s u p p ly  in d u s t r y  b e c a u s e  th e  p ro v is io n a l  o r d e r s  

p r o v id e d  th a t  p r iv a te  c o m p a n ie s  c o u ld  b e  p u r c h a s e d  a f t e r  tw e n ty - o n e  y e a rs  

u p o n  d e m a n d  o f  th e  lo ca l a u t h o r i t y  w i th in  w h o s e  t e r r i t o r y  th e  c o m p a n y  

s u p p l i e d  e le c t r ic i ty .  T h e  E le c tr ic  L ig h t in g  A c t o f  1 8 8 8 , th e  p ro v is io n s  o f  

w h ic h  w e re  r e c o m m e n d e d  by  a n o t h e r  p a r l i a m e n t a r y  c o m m i t t e e ,  e x te n d e d  

th is  p e r io d  to  f o r ty - tw o  y e a r s ,  b u t  le f t  e le c t r ic  s u p p ly  in  th e  h a n d s  o f  lo ca l 

a u t h o r i t i e s ,  s u c h  a s  th e  m u n ic ip a l  b o r o u g h s  o f  L o n d o n ,  o r  w ith  p r iv a te  

c o m p a n ie s  w h o s e  t e r r i t o r y  w as  c o e x te n s iv e  w ith  th a t  o f  th e  lo ca l a u th o r i ty .  

P o litic a l b o u n d a r i e s  c o n t i n u e d  to  d e f i n e  th e  r a n g e  o f  te c h n o lo g y .

F u r t h e r  p a r l i a m e n t a r y  d e l i b e r a t io n s  a n d  d e c is io n s  a f f e c te d  e le c t r ic  s u p ­

p ly  fo l lo w in g  th e  d e v e l o p m e n t  o f  th e  u n iv e r s a l  p o w e r  a n d  l ig h t  s y s te m  in  

th e  1 8 9 0 s . B e c a u s e  th e  B r i t i s h  e le c t r ic  s u p p ly  u n d e r t a k i n g s  (p r iv a te  c o m ­

p a n ie s  a n d  lo c a l - a u th o r i ty - o w n e d  e n t e r p r i s e s )  w e re  n o t i n t r o d u c i n g  t h e  n e w  

s y s te m  to  t h e  e x t e n t  it w as  b e in g  a d o p t e d  a b r o a d ,  a  j o i n t  c o m m i t t e e  o f  b o th  

h o u s e s  o f  P a r l i a m e n t  in  18 9 8  in v e s t ig a te d  a n d  r e c o m m e n d e d  m o d if ic a t io n s  

in  t h e  E le c tr ic  L i g h t in g  A ct o f  1 8 8 2  a n d  t h e  a m e n d i n g  a c t o f  1 8 8 8 . T h e  

c o m m i t t e e ,  h e a d e d  by  V is c o u n t  C ro s s ,  r e c o m m e n d e d  th a t  a u t h o r i ty  b e  

g iv e n  to  u t i l i t ie s  to  s u p p ly  p o w e r  in  b u lk ,  o r  w h o le s a le ,  to  o t h e r  u n d e r t a k ­

in g s , w h e th e r  p r iv a te ly  o r  lo c a l-a u th o r ity  o w n e d .  It w as e x p e c te d  th a t  sm a lle r  

e n t e r p r i s e s  lo c a te d  in  th e  t e r r i t o r y  a s s ig n e d  to  th e  la r g e  p o w e r  u n d e r ta k in g s  

w o u ld  th u s  d i s t r i b u t e  th e  p o w e r  to  c o n s u m e r s .  T h e  p o w e r  u n d e r t a k in g s  

c o u ld  a ls o  s u p p ly  p o w e r — n o t  l ig h t— d ire c t ly  in  d is t r ic ts  w h e r e  n o  s u p p ly  

u n d e r t a k i n g  e x is te d .  P a r l i a m e n t  th e n  p r o c e e d e d  to  e n a c t  a  n u m b e r  o f  b ills 

e s t a b l i s h in g  th e  p o w e r  u n d e r t a k i n g s ,  m o s t o f  w h ic h  w e re  p r iv a te  c o m p a ­

n ie s . T h e  b ills  w e re  a ll o p p o s e d  by  lo ca l a u th o r i t i e s ,  b u t  th e y  in c lu d e d  

c la u s e s  r e c o m m e n d e d  by  a M o u s e  o f  C o m m o n s  c o m m i t t e e  h e a d e d  by S ir  

J a m e s  K its o n  s ta t in g  th a t  p o w e r  s h o u ld  n o t  b e  s u p p l i e d  by  a  p o w e r  c o m p a n y  

to  a n y  d is t r ic t  a l r e a d y  b e in g  s u p p l i e d  by  a n  e le c t r ic  s u p p ly  u n d e r t a k i n g
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u n le s s  th a t  u n d e r t a k i n g  a p p r o v e d .  U n r e a s o n a b le  d e n ia l  w as  p r e c l u d e d  a n d  

c o u ld  b e  o v e r r u l e d  by  d i e  B o a r d  o l  T ra d e .  P o w e r  c o m p a n ie s ,  h o w e v e r ,  

w e re  s lo w  to  g ro w  u n d e r  t h e  n e w  a u t h o r i t y ,  a n d  th e y  a r g u e d  th a t  th e  

r e a s o n s  w e re  th e  w id ih o ld in g  o f  a p p r o v a l  by  lo ca l a u t h o r i t i e s  l o r  th e  p o w e r  

u n d e r t a k i n g s  to  s u p p ly  p o w e r  d i r e c t ly  to  la r g e  c u s to m e r s  in  t h e i r  d is t r ic ts  

a n d  t h e  f a i lu r e  o f  lo c a l a u t h o r i t i e s  to  n e g o t i a t e  s e r io u s ly  to  b u y  p o w e r  in  

b u lk  f o r  d i s t r i b u t i o n .  A ll o f  t h e s e  c o n d i t io n s  a n d  e f f e c ts  a p p l i e d  to  L o n d o n ,  

w h e r e  t h e  lo c a l a u t h o r i t i e s  g u a r d e d  t h e i r  p r iv i le g e s  in  th e  fa c e  o f  w o u ld -  

b e  p o w e r  s u p p l i e r s .

In  a d d i t i o n  to  a d m i n i s t r a t i v e  c o m p le x i ty ,  b o th  lo c a l - a i i th o r i tv  a n d  p a r ­

l i a m e n ta r y ,  th e  s t a t e  o f  in d u s t r i a l  d e v e l o p m e n t  in  L o n d o n  m u s t  b e  ta k e n  

in to  a c c o u n t  in  e x p l a i n i n g  t h e  h i s to r y  o f  e le c t r ic  s u p p ly  th e r e .  S ta tis tic  s 

s u g g e s t  t h a t  t h e  s y m b io t ic  r e l a t i o n s h i p  b e tw e e n  in d u s t r i a l i z a t io n  a n d  elec ­

t r i f i c a t io n  th a t  w a s  o b s e r v e d  in  C h ic a g o  a n d  B e r l in  w as  n o t  r i f e  in  L o n d o n .  

In  1911 o n ly  3 9  p e r c e n t  o f  L o n d o n ’s k i lo w a t t - h o u r s  w e re  u s e d  fo r  p o w e r ;  

in  B e r l in ,  s t a t io n a r y  m o to r s  a n d  t r a c t io n  u s e d  6 6  p e r c e n t  o f  th e  k ilo w a tt-  

h o u r  o u t p u t  s u p p l i e d  b y  B E W ; a n d  in  C h ic a g o ,  s t a t io n a r y  a n d  t r a c t io n  

p o w e r  to o k  81 p e r c e n t  o f  th e  k i lo w a t t - h o u r  to t a l .8 In s u l l  b o a s te d  th a t  C o m ­

m o n w e a lth  E d is o n  h a d  six  la rg e  in d u s t r ia l  c u s to m e r s  w h o  Ix n ig lu  I ()().()()().()()<) 

u n i t s  a n n u a l ly ;  th is  w as  a b o u t  o n e - t h i r d  o f  th e  to ta l  e le c t r ic i ty  s o ld  In  th e  

L o n d o n  u t i l i t ie s  in  191 I . 9

L o n d o n  in  t h e  e a r ly  tw e n t i e th  c e n t u r y  w as  a m a n u f a c t u r i n g  c e n t e r  a n d  

t h e r e f o r e  a  p o te n t i a l  m a r k e t  f o r  e le c t r ic  p o w e r .  I t  w as th e  s i te  o f t h e  g r e a te s t  

a m o u n t  o f  e c o n o m ic  a c tiv ity  in  th e  c o u n t r y  a s  m e a s u r e d  by  th e  n u m b e r  o l 

w o r k e r s  e m p lo y e d .  A b o u t  o n e  in  fiv e  E n g l is h  a n d  W e ls h  w o r k e r s  in  m a n ­

u f a c t u r i n g  a n d  s e rv ic e s  w e r e  lo c a te d  in  G r e a t e r  L o n d o n .  O n  th e  o t h e r  

h a n d ,  l a rg e - s c a le  a n d  h e a v y  in d u s t r i e s  w e re  s i tu a te d  in  th e  M id la n d s  a n d  

in  th e  n o r t h .  M o s t o f  L o n d o n 's  f a c to r ie s  w e re  s m a ll .  D e s p i te  th e  c o m m i t ­

m e n t  o f  t w e n t i e t h - c e n t u r y  e n g i n e e r s  a n d  in d u s t r i a l i s t s  to  la rg e - s c a le  u n ­

d e r t a k i n g s ,  L o n d o n  m a i n t a i n e d  its  h is to r ic  c h a r a c t e r  as a  s u s ta in e t  o f  sm a ll-  

s c a le  e n t e r p r i s e s .  A s  la te  a s  t h e  1 9 3 0 s  t h e r e  w e re  5 5 ,0 0 0  fa c to r ie s  a n d  

w o r k s h o p s  in  t h e  L o n d o n  f a c to r y  a r e a  ( a n  a r e a  s l ig h tly  l a r g e r  th a n  G r e a t e r  

L o n d o n ) ,  b u t  o n ly  34  f a c to r i e s  e m p lo y e d  m o r e  th a n  tw o  th o u s a n d  w o rk e r s :

2 2 ,0 0 0  e m p lo y e d  f e w e r  t h a n  tw e n ty - f iv e  w o r k e r s ,  a n d  m o r e  th a n  1 0 ,0 0 0  

e m p lo y e d  u n d e r  te n .  T h i s  s m a l ln e s s  o f  sc a le  r e t a r d e d  m e c h a n iz a t io n . '"  T h e  

m o s t  i m p o r t a n t  in d u s t r i e s  in  L o n d o n  w e r e  e n g i n e e r i n g  w o rk s  (m e ta l  t r a d e s  

s u c h  a s  w a tc h m a k in g ,  f o r  in s ta n c e ) ,  b u i ld in g ,  c lo th in g ,  p r i n t i n g  a n d  p a p e r ,  

fo o d ,  a n d  f u r n i t u r e .  T h e  h e a v ie r  e n g i n e e r i n g  e n t e r p r i s e s  w e re  c o n c e n ­

t r a t e d  in  s o u t h e r n  a n d  e a s t e r n  L o n d o n ,  n e a r  th e  T h a m e s  R iv e r ;  f u r n i t u r e  

a n d  c lo th in g  m a n u f a c t u r e r s  w e re  lo c a te d  in  B e th n a l  G r e e n ,  S h o r e d i t c h ,  

a n d  H a c k n e y ;  a n d  p r i n t i n g  w o rk s  w e re  c o n c e n t r a t e d  in  th e  s o u th w e s t  p a r t  

o f  t h e  C ity  a n d  in  S o u th w a r k .  L a te r  in  th e  c e n tu r y ,  w ith  th e  d e v e lo p m e n t  

o f  r o a d  t r a n s p o r t  a n d  s u b u r b a n  ra i lw a y s , i n d u s t r y  w o u ld  m ig r a te  to  th e  

o u t e r  r i n g  o f  L o n d o n .

“ K lingcnbci'K i "E lec tr ic ity  Su p p ly  in  L arge  C ities,"  p. 399.

9 T es tim o n y  o f  S a m u e l In su ll. 23  J a n u a r y  1914. in L o n d o n  C o u n ty  C ou ncil. Repo rt (19 13 - 
14). p. 7.

10 M crz  8c M cL cllan , Rep or t on Electric S ervice in N ew  York. London , P a n s, a n d  lle rh n , p re p a re d  
fo r C o n so lid a ted  E d ison  C o. o f  N ew  Y ork  (L o n d o n : M e t/ 8c M cl.ellan . 1937). p. 41. t his 
r e p o r t e s tim a te d  th a t a b o u t 2 0 ,0 00  fac to ries  in L o n do n  w ere u sin g  p ow er, m ostly  e le m i t i ty
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In  L o n d o n  th e  a u t h o r i z e d  e le c t r ic a l  u t i l i t ie s  c a r r i e d  n o t o n ly  a sm all 

in d u s t r i a l  lo a d  b u t ,  c o m p a r e d  to  B e r l in  a n d  C h ic a g o ,  a  sm a ll  t r a c t io n  lo ad  

a s  w ell: in  L o n d o n ,  t r a c t io n  w as  12 p e r c e n t ;  in  B e r l in ,  31 p e r c e n t ;  a n d  in  

C h ic a g o ,  6 9  p e r c e n t  o f  t h e  to ta l  k i lo w a t t - h o u r s  s o l d . "  T r a c t i o n  c o m p a n ie s  

in  L o n d o n  g e n e r a t e d  p o w e r  in  t h e i r  o w n  p la n ts .  I f  t h e  p u b l ic  u t i l i t ie s  h a d  

s u p p l i e d  th e  c i ty ’s u n d e r g r o u n d ,  t r a m s ,  a n d  s u b u r b a n  lin e s , L o n d o n ’s to ta l 

s u p p ly  f ig u r e s  w o u ld  h a v e  b e e n  m o r e  im p re s s iv e ,  f o r  t h e  m e t r o p o l i s  w as 

ra p id ly  e le c t r i f y in g  e x i s t in g  t r a n s p o r t a t i o n  s y s te m s  a n d  c o n s t r u c t in g  new  

e le c t r i f ie d  ro u te s .  T h e  f ir s t  s e c t io n  o f  th e  L o n d o n  u n d e r g r o u n d ,  o r  su b w a y , 

w as  o p e n e d  in  1 8 6 3 . B e f o r e  1 9 0 0  th is  l in e  a n d  o t h e r s  u s e d  s te a m  tr a c t io n .  

B e c a u s e  o f  p o o r  v e n t i l a t io n ,  h o w e v e r ,  t h e  u n d e r g r o u n d  w as  e x t r e m e ly  

u n c o m f o r ta b le ,  so  w ith  t h e  c o m in g  o f  e le c t r ic  p o w e r ,  e x p e r i m e n t a l  e le c ­

t r i f i c a t io n  w as  t r i e d  in  1 9 0 0 . B e g in n in g  in  1 9 0 6  th e  D is tr ic t  s y s te m  w as 

e x te n s iv e ly  e l e c t r i f i e d  a n d  th e  M e t r o p o l i t a n  s y s te m  a ls o  in t r o d u c e d  e le c ­

tr ic i ty .  D u r in g  t h e  n e x t  d e c a d e  la r g e  p o w e r  s t a t io n s  w e re  c o n s t r u c te d  a t 

C h e ls e a  a n d  N e a s d e n  to  s u p p ly  th e  n e tw o r k ,  a n d  n e w  e le c t r i f i e d  l in e s  w e re  

c o n s t r u c te d .  L o n d o n ’s s u r f a c e  t r a m s  w e re  o w n e d  a n d  o p e r a t e d  m o s tly  by 

th e  c o u n tv  c o u n c i l .  T h e s e ,  to o ,  w e re  c o n v e r t e d  to  e le c t r ic  m o to r s .  A s  so m e  

o b s e r v e r s  c o m m e n t e d .  " N o w h e r e  in  t h e  w o r ld  is t h e r e  a  f i n e r  s y s te m  o l 

e le c t r ic  t r a m w a y s  t h a n  th o s e  to  b e  s e e n  in  L o n d o n ,  a n d  c o n t r o l l e d  by  th e  

L .C .C ." 12 T h e  f a i lu r e  o f  th e  t r a n s p o r t a t i o n  s y s te m  to  d r a w  m o r e  p o w e r  

f r o m  t h e  m u l t i t u d e  o f  L o n d o n  g e n e r a l - s e r v ic e  u t i l i t ie s  a ls o  p a r t ia l ly  e x ­

p la in s  th e  u t i l i t ie s ’ f a i lu r e  to  d e v e lo p  in to  l a rg e - s c a le  s y s te m s .  T h e  u n d e r ­

ly in g  q u e s t io n  r e m a in s  W h y  d id  t h e  L o n d o n  t r a n s p o r t a t i o n  s y s te m  fa il to 

ta k e  p o w e r  f r o m  th e  u t i l i t ie s  a s  th e  B e r l in  a n d  C h ic a g o  s y s te m s  d id ?

B e r l in  in  th e  e a r ly  y e a r s  o f  th e  t w e n t i e th  c e n t u r y  c o u ld  w ith  r e a s o n  be 

c a lle d  th e  e l e c t r ic a l  m e t r o p o l i s .  T w o  m a n u f a c t u r e r s ,  A l lg e m e in e  E le k lr i-  

z i ta ts -G e s e l ls c h a f l  a n d  S ie m e n s ,  h a d  la r g e  p la n t s  f o r  t h e  b u i ld in g  o f  p o w e r-  

s ta t io n  e q u i p m e n t  th e r e .  In  c o n t r a s t ,  o n  t h e  e v e  o f  W o r ld  W a r  1 t h e  le a d in g  

B r i t i s h  e l e c t r ic a l  m a n u f a c t u r e r s  a s  a g r o u p  p r o d u c e d  less  h e a v y  e le c tr ic a l  

m a c h in e r y  t h a n  e i t h e r  o f  t h e  tw o  l e a d in g  G e r m a n  f i r m s  a n d  less  t h a n  e i th e r  

G e n e r a l  E le c tr ic  o r  W e s t in g h o u s e  in  th e  U n i t e d  S l a t e s .11’ F u r t h e r m o r e ,  n o t 

o n e  o f  th e  f o r e m o s t  B r i t i s h  m a n u f a c t u r i n g  c o m p a n ie s  h a d  b u i l t  a  m a jo r  

p la n t  f o r  th e  p r o d u c t i o n  o f  h e a v y  e le c t r ic a l  m a c h in e r y  in  L o n d o n .  T h e  

le a d in g  B r it is h  p r o d u c e r s  o f  p o w e r  e q u i p m e n t  w e re  s u b s id ia r i e s  o f  f o r e ig n  

m a n u f a c t u r e r s .  B r i t i s h  W e s i in g h o u s e  h a d  its  m a jo r  p la n t  in  T r a f f o r d ,  n e a r  

M a n c h e s te r ;  B r i t i s h  T h o m s o n - H o u s t o n .  a  s u b s id ia r y  o f  A m e r ic a n  G e n e r a l  

E le c tr ic , h a d  a  m a jo r  m a n u f a c t u r i n g  fa c ility  in  R u g b y ; a n d  S ie m e n s  in  

E n g la n d  m a n u f a c t u r e d  d y n a m o s  a t  S ta f f o r d ,  in  c e n t r a l  E n g la n d .  T h e  le a d ­

in g  B r i t i s h - o w n e d  m a n u f a c t u r e r s  o f  p o w e r - p la n t  e q u i p m e n t  b e f o r e  W o r ld  

W a r  I w e re  D ick , K e r r  8c C o m p a n y  a n d  P a r s o n s .  T h e s e  c o m p a n ie s  h a d  

m a n u f a c t u r i n g  fa c il i t ie s  f o r  e l e c t r ic a l  m a c h in e r y  in  P r e s to n  a n d  n e a r  N e w ­

c a s t le  u p o n  1  y n e  re s p e c t iv e ly .  T h e  B r i t i s h - b a s e d  c o m p a n ie s  w e re  e sp e c ia lly

11 T h e s e  statist ics a re  lo r  th e  p e rio d  1 91 0 -1 2 ; sec K lin g c n b crg . "E lec tr ic ity  S u p p ly  in L arge 
Cities,"  p. 399 .

■’ City  o f  M e lb o u rn e . City E le ctnra I Eng ineers Notes on T o u r  A bro ad  (M elb o u rn e . A u stralia . 
1912). p . 52.

15 I. C. R. Byall, The lln tis h  Electrical Industry . I N 7 5 - I 9 h l  (O x fo rd : C la re n d o n  Press. 1979). 
tab les on  p p . 150 a n d  160. C o m p a re d  a rc  th e  g ro ss  o u tp u t in e lec tr ica l m a ch in e ry  in  B rita in  
a n d  th e  e lec tr ica l m a n u fa c tu rin g  sa les o f  th e  G e rm a n  a n d  A m e ric an  com p an ie s.
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a c tiv e  in  th e  m a n u f a c t u r e  o f  e q u i p m e n t  f o r  p o w e r  p la n t s  s u p p ly in g  a trac  ­

t io n  lo a d .  T h e  o n ly  s u b s ta n t i a l  e l e c t r ic a l  m a n u f a c t u r i n g  p la n t s  lo c a te d  in 

o r  n e a r  L o n d o n  p r o d u c e d  in c a n d e s c e n t  la m p s  a n d  t e l e g r a p h  c a b le .  T he 

h e a d  o f  th e  B r i t i s h  G e n e r a l  E le c tr ic  C o m p a n y  (G E C ) (n o t  a s s o c ia te d  w ith  

A m e r ic a n  G e n e r a l  E le c t r ic )  e x p la in e d  th a t  m a n u f a c t u r i n g  p la n t s  w e r e  s i t ­

u a t e d  w h e r e  th e  r e l e v a n t  m a n u f a c t u r i n g  sk ills  h a d  b e c o m e  a lm o s t  h e r e d ­

i ta ry .  G E C . f o r  in s ta n c e ,  c h o s e  W it to n ,  n e a r  B i r m in g h a m ,  fo r  h e a v y  m a ­

c h in e r y  b e c a u s e  o f  t h e  p r e s e n c e  o f  th e  i r o n  a n d  s te e l  i n d u s t r i e s  t h e r e ;  ii 

s i tu a te d  its  l a m p - m a n u f a c t u r i n g  p la n t  ( O s r a m )  in  H a m m e r s m i t h  b e cau se  

L o n d o n  h a d  a n  a lm o s t  l im itle s s  r e s e r v o i r  o f  s k il le d  f e m a le  w o r k e r s . "

In  L o n d o n ,  a s  in  B e r l in ,  o u t s t a n d i n g  m e m b e r s  o f  th e  a c a d e m ic  c o m ­

m u n i ty  t a u g h t  e le c t r ic a l  e n g i n e e r i n g  ( s e e  p p .  146—47  a b o v e ) .  T h e  a c a d e m ­

ics' i n f lu e n c e  w as c o m p le m e n te d  by  c o n s u l t in g  e n g in e e r in g  f irm s  w ith  w o r ld ­

w id e  e x p e r i e n c e  a n d  b y  th e  I n s t i t u t i o n  o f  E le c tr ic a l  E n g in e e r s .  T h e s e  

p ro f e s s io n a l s  w e r e  a b r e a s t  o f  t h e  la te s t  t e c h n o lo g ic a l  d e v e l o p m e n t s  in  e le c ­

t r ic a l  e n g i n e e r i n g  e v e n  th o u g h ,  b y  i n t e r n a t i o n a l  s t a n d a r d s  o f  s iz e  a n d  r a ­

t io n a l i ty ,  L o n d o n ’s u t i l i t ie s  w e r e  c o n s i d e r e d  b a c k w a r d .  In  p a p e r s  a n d  lec ­

tu r e s  th e  a c a d e m ic s  a n d  p r a c t ic in g  e le c tr ic a l  e n g in e e r s  r e m in d e d  L o n d o n e r s  

o f  t h e i r  p e r i lo u s  c o n d i t io n  in  a n  in te n s e ly  c o m p e t i t iv e  t e c h n o lo g ic a l  w o r ld .  

T h e y  a ls o  l a m e n t e d  E n g la n d 's  in a b i l i ty  to  p r a c t i c e  its  sk ills  in  its  o w n  c a p i ta l .  

T h o s e  e n g i n e e r s  w h o  w e r e  s a t is f ie d  w ith  t h in g s  sm a ll  a n d  b e a u t i f u l  (s o m e  

o f  th e  L o n d o n  s t a t io n s  w e r e  m o d e ls  o f  th a t  k in d )  w e re  d e f in i t e ly  in  a 

m in o r i ty .

IE E  le c tu r e s  a n d  p a p e r s  c a l le d  f o r  th e  d e v e l o p m e n t  o f  l a r g e ,  c e n t r a l iz e d  

p o w e r  s y s te m s  o f  t h e  k in d  t h a t  w e r e  b e in g  b u i l t  in  C h ic a g o .  B e r l in .  N ew  

Y o rk ,  a n d  e l s e w h e r e .  I n  h is  p r e s id e n t i a l  a d d r e s s  to  th e  IE E  in  1 9 0 1 , Syl- 

v a n u s  T h o m p s o n  sa id :  “L a r g e r  a r e a s  o f  s u p p ly  a n d  fe w e r  g e n e r a t in g  c e n t r e s  

in  a n  a r e a  a r e  n e c e s s i t ie s — it is r e c o g n iz e d  t h a t  th e  s e c r e t  o f  e c o n o m ic  

w o r k in g  is to  g e n e r a t e  o n  a  la r g e  s c a le  a n d  to  d i s t r ib u te  o v e r  a  la r g e  a r e a  

a t  a n  a p p r o p r i a t e  h ig h  v o l t a g e .” 15 T h e  IE E  c o lle c tiv e ly  t r i e d  to  r e o r g a n iz e  

th e  e le c t r ic  s u p p ly  n e tw o r k  in  L o n d o n  a n d  all o f  E n g la n d .  H o ld in g  m e e t in g s  

a n d  ta k in g  t e s t im o n y  f r o m  e x p e r t s  f o r  s e v e ra l  m o n th s  in  1 9 0 1 , a n  I E E  

c o m m i t t e e  lo o k e d  in to  t h e  b a c k w a r d  s t a t e  o f  th e  e le c t r ic a l  s u p p ly  in d u s t r y .  

T h e s e  h e a r in g s  f o c u s e d  o n  le g is la t io n  t h a t  a f f e c te d  th e  in d u s t r y .  T h e  r e p o r t  

a d o p t e d  b y  th e  c o m m i t t e e  o n  10 A p r i l  1 9 0 2  id e n t i f i e d  p a r o c h ia l i s m  o n  th e  

p a r t  o f  lo c a l a u t h o r i t i e s  a s  t h e  m a jo r  c a u s e  o f  th e  p r o b le m .  In  J u n e  a 

d e p u t a t i o n  f r o m  t h e  IE E  p r e s e n t e d  th e  c o m m i t t e e ’s f in d in g s  to  G e r a ld  

B a l f o u r ,  p r e s i d e n t  o f  th e  B o a r d  o f  T r a d e .  S p e a k in g  f o r  th e  d e p u t a t i o n .  

J a m e s  S w in b u r n e  s a id :  “ W e  h o ld  th a t  e l e c t r ic a l  e n t e r p r i s e s  s h o u ld  h a v e  

t h e i r  lim its  a n d  b o u n d a r i e s  se t  b y  e c o n o m ic a l  c o n s id e r a t io n s  o n ly ,  a n d  th a t  

a r b i t r a r y  b o u n d a r i e s ,  m o s tly  o f  m e d ie v a l  e c c le s ia s t ic a l  o r ig in ,  s h o u ld  n o t

14 A dam  G. W h y te, Forty Years of Electrical Progress: T he  Story o f  G.E.C.. (L o n d o n : D enn, 
1930), pp . 5 0 -5 1 , 73 . O n  (he  B ritish  e lec tr ica l m a n u fa c tu re rs , see H yatt. British E le ctnra l 
Industry,  c h ap . 8; a n d  R o bert J o n e s  a n d  O liv er M a rrio tt, A natom y o f a M erger  (L o n d o n : G ape, 
1971). E lectr ical m a n u fa c tu re  in L o n d o n  in c lu d ed  cable s, lam p s, do m e stic  ap p lianc es , a cc u ­
m u la to rs . a n d , la te r , e lec tro n ic  a p p a ra tu s . O n  L o n d o n  in d u s trie s  in g e n era l, see IV G. H all. 
Th e Industr ies  o f Lo ndon  since 1861  (L o n d o n : H u tc h in so n , 1962), pp . 21. 26 . 3 5 -3 6 . MH. 151- 
52.

11 Q u o te d  in R. A. S. H en nessey , The Electric R evo lutio n  (N ew castle  u p o n  T y n e: O riel, 1 9 7 1). 
p. 36.
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lim it th e  d i s t r ib u t io n  o r  th e  g r o w th  o f  e l e c t r ic a l  s y s te m s ." ,G T h e  r e c u r r in g  

a n d  p e r s i s t e n t  c la s h  o f  v a lu e s  b e tw e e n  th o s e  f a v o r in g  te c h n o lo g ic a l  o r d e r  

a n d  th o s e  a t t a c h e d  to  t h e  h is to r ic a l  c o n s t i tu t io n  o f  t h in g s  w as  t h u s  e x p r e s s e d  

s u c c in c tly .
T h e  I E E  c o m m i t t e e  w a n te d  to  lay  to  r e s t  th e  c o n c e r n  th a t  b a c k w a rd n e s s  

o f  sc ie n c e  m ig h t  b e  t h e  r e a s o n  w h y  L o n d o n  f a i le d  to  d e v e lo p  a  c e n tr a l iz e d  

e le c t r ic  s u p p ly  s y s te m . I E E  w o r th ie s  in s is te d  t h a t  E n g la n d  s iill le d  th e  w o r ld  

in  s c ie n c e  a n d  e s p e c ia l ly  in  th o s e  d is c ip l in e s  o n  w h ic h  e le c t r ic a l  in v e n t io n  

d e p e n d e d .  P a ra d o x ic a l ly ,  t h e  n a t i o n ’s g r e a t  i n s t i tu t io n s  o f  s c ie n c e — T h e  

R o y a l S o c ie ty , th e  R o y a l I n s t i tu t io n  o f  G r e a t  B r i t a in ,  t h e  B r i t i s h  A sso c ia tio n  

fo r  th e  A d v a n c e m e n t  o f  S c ie n c e ,  a n d  th e  S o c ie ty  o f  A r ts — w e re  a ll h e a d ­

q u a r t e r e d  in  L o n d o n ,  a  c ity  t h a t  w as  u n a b le  to  o r g a n iz e  its  e le c t r ic  s u p p ly  

n e tw o r k  a c c o r d in g  to  “ s c ie n t i f ic ” p r i n c i p l e s .17

T h e  o p in i o n  o f  so  m a n y  c o n t e m p o r a r y  e x p e r t s  n o tw i th s ta n d in g ,  i n te r ­

e s t in g  d e v e lo p m e n ts  in  e le c t r ic  s u p p ly  w e re  ta k in g  p la c e  in  L o n d o n .  T h e  

c ity  p r o v id e s  a n  u n u s u a l  o p p o r t u n i t y  to  c o n s i d e r  th e  d e v e lo p m e n t  o f  sm a ll-  

s c a le  te c h n o lo g y  in  a n  e r a  w h e n  la rg e - s c a le  e n t e r p r i s e s  h e ld  th e  in te r e s t  o f  

m o s t  o b s e r v e r s .  T h e s e  s m a ll  u n d e r t a k i n g s  w e r e  o f t e n  a p p r o p r i a t e  fo r  th e  

d e m a n d  th e y  m e t  a n d  f o r  th e  le g is la t iv e  c i r c u m s ta n c e s  o f  th e  d a y ,  a n d  

L o n d o n  s ta t io n  m a n a g e r s  a n d  e n g i n e e r s  to o k  p r i d e  in  t h e i r  s ty le  o f  s u p p ly .  

T h e  r e la t iv e ly  sm a ll  s c a le  o f  t h e  u n d e r t a k i n g s  a n d  o f  t h e  t e c h n o lo g y  th e y  

e m p lo y e d  e n c o u r a g e d  a s e n s e  o f  p e r s o n a l  in v o lv e m e n t  a n d  in f lu e n c e ;  th e  

w id e  v a r i a t io n s  in  c h o ic e  o f  e q u i p m e n t  a n d  o r g a n iz a t io n  m a n i f e s te d  p e r ­

s o n a l  e x p r e s s io n .  F u r t h e r m o r e ,  s e v e ra l  o f  t h e  L o n d o n  c o m p a n ie s  s h o w e d  

o p e r a t i n g  e f f ic ie n c ie s  a n d  e c o n o m ic  a c h ie v e m e n ts  th a t  w e re  c o m p a r a b le  to  

th o s e  o f  th e  l a r g e s t  u r b a n  s ta t io n s .  B e f o r e  c o n s i d e r i n g  e f f o r t s  to  i n t r o d u c e  

l a rg e - s c a le  e le c t r i f i c a t io n  in  L o n d o n ,  w e  s h o u ld  s u r v e y  th e  s m a l l— a n d  by 

s o m e  b e l ie v e d  to  b e  th e  m o r e  a p p r o p r i a t e — u til i t ie s .

T h e  W e s tm in s te r  E le c tr ic  S u p p ly  C o r p o r a t i o n ,  L td . ,  w a s  o n e  o f  t h e  o ld e s t  

o f  t h e  p r iv a te ly  o w n e d  c o m p a n ie s ;  lik e  s e v e ra l  o t h e r s ,  it  s u p p l i e d  L o n d o n ’s 

w e a l th y  W e s t E n d . 18 A . B. W . K e n n e d y ,  c h i e f  e n g i n e e r  o f  t h e  W e s tm in s te r  

C o m p a n y  f r o m  1 8 9 0  to  1 9 2 6 , w as  c o n s e r v a t iv e  in  h is  a t t i t u d e  to w a r d  t e c h ­

n o lo g y .  A  c o n s u l t a n t  to  th e  L o n d o n  C o u n ty  C o u n c i l  o n  e l e c t r ic a l  m a t te r s ,  

h e  te s t i f ie d  in  1 9 0 5  a g a in s t  M e rz ’s p la n  f o r  a u n i f i e d  s u p p ly  s y s te m  in  th e  

m e t r o p o l i s .  K e n n e d y  a r g u e d ,  f o r  e x a m p le ,  t h a t  th e  c u r r e n t  o f  th e  f u t u r e  

w as  s in g le - p h a s e  a l t e r n a t i n g  c u r r e n t ,  n o t  th e  th r e e - p h a s e  a r r a n g e m e n t  (a 

p r e d ic t io n  t h a t  w as  f a r  o f f  th e  m a r k ) . 19 H e  d e s ig n e d  f o r  t h e  W e s tm in s te r  

C o m p a n y  th e  s m a l l  p l a n t s  a t  M illb a n k ,  E c c le s to n  P la c e , a n d  D a v ie s  S t r e e t ,  

w h ic h  in  1 8 9 0 -9 1  s u p p l i e d ,  a m o n g  o t h e r  d is t r ic ts ,  B e lg ra v ia  a n d  M a y fa ir ,  

L o n d o n ’s m o s t  f a s h io n a b le  q u a r t e r s .  T h e  s y s te m  is a n  e x c e l l e n t  e x a m p le  

o f  th e  u s e  o f  lo w -v o lta g e ,  d i r e c t - c u r r e n t  s u p p ly  a t  a  t im e  w h e n  m a n y  e n ­

g in e e r s  j u d g e d  a l t e r n a t i n g  c u r r e n t  to  b e  th e  w ay  o f  t h e  f u t u r e . 20 A ll th r e e  

s ta t io n s  h a d  s to r a g e  b a t t e r i e s  c h a r g e d  in  p a r a l le l  w ith  t h e  lo a d  d u r i n g  lo w e r-

1,1/ f t '  J o u r n a l  31 (1 0 0 1 -2 ): 1324.

17 The  Ele ctrician 40  (1002): 46.

I he a cc o un t o l th e  W estm in ste r  E lectr ic  S u p p ly  C o rp . a n d  o th e r  su p p ly  u tilitie s given 
in th is  section  is b ased  o n  R. II. Parson s, The E arly D ays o f  the Power Station  In dustry  (C am bridg e: 
At th e  U n iv ersity  Press. 1010), p p . 7 1 -1 3 5 .

Byatl, B ritish E lectrical Industry , p . J 25.

Parsons. E arly  Days o f  the Power Sta tion  In d iu tiy , p. 08.
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d e m a n d ,  d a y l ig h t  h o u r s ;  la te  in  th e  e v e n in g ,  a f t e r  ( h e  lo a d  h a d  l ig h te n e d ,  

th e  g e n e r a t o r s  w e re  s h u t  d o w n  a n d  b a t t e r i e s  s u p p l i e d  th e  s y s te m , m o s t o l 

w h ic h  w as  l ig h t in g .  K e n n e d y  s e le c te d  e q u i p m e n t  f r o m  a n u m b e r  o f  m a n ­

u f a c t u r e r s  a n d  in  s o  d o in g  ig n o r e d  th e  m o v e  to w a r d  s t a n d a r d i z a t i o n  o l 

e q u i p m e n t  a n d  c o n c e n t r a t i o n  o f  m a n u f a c t u r e  lh a l  w as t h e n  ta k in g  p la c e  

in  th e  U n i t e d  S ta te s  a n d  G e r m a n y .  H is  c h o ic e s  i n c lu d e d  S ie m e n s ,  C r o m p ­

to n ,  W illa n s ,  a n d  P a r s o n s  m a c h in e r y .

F a c e d  w ith  a  s h o r t a g e  o f  c o o l in g  w a te r  f o r  its  s te a m  c o n d e n s e r s ,  th e  

W e s tm in s te r  C o m p a n y  in g e n io u s ly  c o l le c te d  r a in  w a te r  f r o m  th e  r o o f  o f 

th e  V ic to r ia  R a ilw a y  S ta t io n  a n d  c a r r i e d  it in  u n d e r g r o u n d  m a in s  to  th e  

s u p p ly  s ta t io n s .  I n  s u m m e r ,  w h e n  th e  u t i l i t y ’s lo a d  w as  r e la t iv e ly  l ig h t ,  th e  

c o m p a n y  o p e r a t e d  ic e - m a k in g  m a c h in e s  a t  its  s t a t io n s  to  im p r o v e  th e  lo a d  

c u r v e  w i th o u t  e x p a n d i n g  th e  a r e a  o f  s u p p ly .  In  1 9 0 2  W e s tm in s te r  jo in e d  

w ith  th e  S t. J a m e s ’ 8c P a ll M a ll C o m p a n y  to  c o n s t r u c t  a  jo in t  g e n e r a t in g  

s ta t io n  a t  G r o v e  R o a d ,  S t. M a r y le b o n e .  T h i s  s t a t io n  t r a n s m i t t e d  w ith  th r e e -  

p h a s e  c u r r e n t  a t  6 ,6 0 0  v o lts  to  t h e  o l d e r  s ta t io n s ,  w h o s e  m o t o r  g e n e r a to r s  

c o n v e r t e d  t h e  s u p p ly  to  d i r e c t  c u r r e n t  f o r  d i s t r ib u t io n .

T h e  M e t r o p o l i t a n  S u p p ly  C o m p a n y ,  a n o t h e r  p r iv a te ly  o w n e d  L o n d o n  

s u p p ly  c o m p a n y ,  o p e r a t e d  a  c e n t r a l  s t a t io n  a t W h ite h a l l  C o u r t .  D e s ig n e d  

in  1 8 8 8  by  J .  E . H . G o r d o n ,  th e  s t a t io n  a t t r a c t e d  a t t e n t i o n  b e c a u s e  G o r d o n ,  

w h o  h a d  b e e n  a  l e a d in g  e x p o n e n t  o f  a l t e r n a t i n g  c u r r e n t  d u r i n g  “ th e  b a t t le  

o f  th e  s y s te m s ,"  u s e d  d i r e c t  c u r r e n t  a t W h i te h a l l  C o u r t .  H e  a n t i c ip a te d  a 

m u c h  m o r e  r e g u l a r  lo a d  t h e r e  a s  w ell a s  in c r e a s e d  e c o n o m ie s  f r o m  th e  u se  

o f  s to r a g e  b a t t e r i e s  c h a r g e d  b y  d i r e c t  c u r r e n t  d u r i n g  p e r io d s  o f  low  lo a d  

a n d  d i s c h a r g e d  d u r i n g  p e a k s .  L o w s  a n d  p e a k s  w e re  a c c e n tu a te d  in  a s ta t io n  

t h a t  c a r r i e d  m o s tly  a l ig h t in g  lo a d .  W illa n s  h i g h - s p e e d  e n g in e s  w e re  d i r e c t ly  

c o u p le d  to  1 1 0 -v o lt g e n e r a t o r s ,  a  c o m m o n  a r r a n g e m e n t  a t  t h a t  t im e  in  

B r i ta in .21

A f te r  p a s s a g e  o f  t h e  E le c t r ic  L i g h t in g  A c t o f  1 8 8 8 . th e  M e t r o p o l i ta n  

C o m p a n y  o b t a i n e d  p ro v i s io n a l  o r d e r s  to  s u p p ly  th e  S t.  M a ry le b o n e ,  

B lo o m s b u ry ,  L in c o ln ’s I n n ,  a n d  C o v e n t  G a r d e n  d is t r ic ts ,  a n  a r e a  w ith  t h e a ­

t e r s ,  s h o p s ,  f a s h io n a b le  r e s id e n c e s ,  a n d  e d u c a t io n a l  a n d  p u b lic  in s t i tu t io n s .  

B e f o r e  t h e  t u r n  o f  t h e  c e n t u r y  a n d  th e  i n c r e a s e  in  p o w e r  lo a d ,  s u c h  a n  

a r e a  w as  h ig h ly  d e s i r a b le  b e c a u s e  o f  its  l a r g e  l ig h t in g  lo a d .  In  1 8 8 9  M e t ­

r o p o l i t a n  c o m m is s io n e d  th e  S a r d in ia  S t r e e t  s ta t io n  a t th e  s o u th w e s t  c o r n e r  

o f  L in c o ln ’s I n n  F ie ld s .  S h i f t in g  to  a l t e r n a t i n g  c u r r e n t  f o r  th is  s ta t io n ,  th e  

c o m p a n y  in s ta l le d  A m e r ic a n  W e s t in g h o u s e  s in g le - p h a s e .  1 2 5 -k w . a l t e r n a ­

t o r s  w ith  a  g e n e r a t i n g  c a p a c i ty  o f  1 ,0 0 0  v o lts .22 T h e  i m p o r ta t io n  o f  m a ­

c h in e r y  b y  E n g l is h  u t i l i t ie s ,  b o th  f r o m  th e  U n i t e d  S la te s  a n d  G e r m a n y ,  w as 

in c r e a s in g ly  c o m m o n  a f t e r  1 8 9 0 .23 A f te r  a f i r e  a lm o s t  d e s t r o y e d  th e  S a r ­

d in ia  S t r e e t  s t a t io n  in  S e p t e m b e r  1 8 8 9 , th e  c o m p a n y  r e e q u i p p e d  it w ith  

tu r b in e s ,  a n d  in  1 8 9 7  c o n v e r te d  it  f r o m  a l t e r n a t i n g  to  d i r e c t  c u r r e n t — a 

r a t io n a l  d e c is io n ,  e v e n  in  1 8 9 7 , f o r  a n  u r b a n  u ti l i ty  s u p p ly in g  l ig h t in g  to  

a  d e n s e ly  p o p u l a t e d  a r e a  f r o m  a  c e n t r a l ly  lo c a te d  p o w e r  s ta t io n .

B y in s ta l l in g  P a r s o n s 's  tu r b o - a l t e r n a t o r s  ( tu r b in e s  a n d  a l t e r n a t in g - c u r -

*' Ib id ..  pp . 7 2 -7 3 .

" I b i d . .  p . 76.

” O n  d ie  e x p o rt a n d  im p o rt o f  e lec tr ica l m a ch ine ry  a n d  a p p a ra tu s , see Byati. H tttish Elrr- 
trical Industry , pp . 16 7 - 170.
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r e n t  g e n e r a t o r s  c o m b in e d )  in  a n o t h e r  s t a t io n  a t  M a n c h e s te r  S q u a r e  in  1894, 

M e t r o p o l i t a n  p r o v e d  t h a t  L o n d o n  s ta t io n s  n e e d  n o t  b e  te c h n ic a l  la g g a rd s .  

E a c h  u n i t  h a d  a n  o u t p u t  o f  3 5 0  kw . a t  1 ,0 0 0  v o lts  a n d  1 00  cy c le s , w h ich  

w as  m o r e  th a n  tw ic e  th e  c a p a c i ty  o f  a n y  o t h e r  t u r b o g e n e r a t o r  c o n s t r u c te d  

u p  to  th a t  t im e .2'1 P r e c ip i t a t in g  t h e  c h o ic e  o f  t u r b i n e s  w as  le g a l  a c t io n  ta k e n  

by  n e ig h b o r s  o f  th e  M a r y le b o n e  s ta t io n  w h o  c o m p la in e d  t h a t  v ib r a t io n  f ro m  

th e  o r ig in a l ly  in s ta l le d  r e c ip r o c a t in g  s te a m  e n g in e s  w as  a n  in to le r a b le  n u i ­

sa n c e .  T h e  g r o u n d s  f o r  th is  d e c is io n  d i f f e r e d  f r o m  th o s e  u s u a lly  g iv e n  fo r  

th e  in t r o d u c t i o n  o f  t u r b in e s :  l a r g e  u n i t s  f o r a  la r g e  a r e a  o f  s u p p ly .  T u r b in e s  

t h e r e f o r e  b o th  p r o l o n g e d  t h e  l ife  o f ,  a n d  m a d e  o b s o le te ,  t h e  re la t iv e ly  sm all 

u r b a n  c e n t r a l  s ta t io n s .

A r a r e  a c c o u n t  o f  th e  e x p e r ie n c e s  o f  e n g i n e e r s  a n d  w o r k m e n  o p e r a t in g  

a n  e a r ly  c e n t r a l  s ta t io n  c o n c e r n s  th e  M a n c h e s te r  S q u a r e  s ta t io n  a f t e r  th e  

f ir s t  t u r b i n e s  w e re  in s ta l le d .  D u r in g  th e  f i r s t  y e a r  a n d  a  h a l f  o f  t h e  s t a t io n ’s 

o p e r a t i o n ,  th e s e  r e s o u r c e f u l  m e n  k e p t  th e  tu r b i n e s  r u n n i n g  d e s p i t e  th e  

lo ss  o f  a s  m a n y  a s  o n e - t h i r d  o f  th e  tu r b i n e  b la d e s .  T h e y  c o o le d  o v e r h e a t in g  

b e a r in g s  w ith  w a te r  a n d  o il— a t le a s t  u n t i l  t h e  s m o k e  d r o v e  th e  c re w  o u t 

o f  th e  e n g i n e  h o u s e .  T h e y  h e ld  r e la y  v a lv e s  o p e n  w ith  c o r k s  a n d  t ie d  w e ig h ts  

o n t o  s t a r t i n g  le v e r s  to  k e e p  t u r b in e s  o p e r a t i n g  a f t e r  th e  s te a m  p r e s s u r e  

h a d  d r o p p e d  b e lo w  r e c o m m e n d e d  le v e ls . D e s p i te  th e s e  d i f f ic u l t ie s ,  th e  

e n g i n e e r s  s e e m  to  h a v e  a p p r o v e d  h ig h ly  o f  t h e  n e w  s te a m  e n g in e s — a t least 

y e a r s  a f t e r w a r d  w h e n  w r i t in g  t h e i r  m e m o ir s .

I n c r e a s in g  d e m a n d ,  r i s in g  re a l  e s t a t e  c o s ts ,  a n d  c o m p la in t s  a b o u t  s m o k e , 

d i r t ,  a n d  n o is e  c a u s e d  M e t r o p o l i t a n  f in a lly  to  lo c a te  a  p la n t  o u t s id e  th e  

d is t r ic t  it w o u ld  s u p p ly .  I n  1 8 9 7  t h e  c o m p a n y  b e g a n  c o n s t r u c t i n g  th e  W il- 

le s d e n  s t a t io n  a lo n g  th e  G r a n d  J u n c t i o n  C a n a l  a n d  tw o  r a i l r o a d  l in e s  (six 

m ile s  f r o m  th e  s t a t i o n ’s d e m a n d  c e n te r ) .  A g a in  th e  c o m p a n y  t u r n e d  to 

A m e r ic a n  W e s t in g h o u s e ,  th is  t im e  l o r  tw o - p h a s e ,  6 0 -c y c le  a l t e r n a t o r s  f ro m  

w h ic h  c u r r e n t  w o u ld  b e  t r a n s m i t t e d  at 1 0 ,0 0 0  v o lts  to  th e  lo a d  c e n t e r ,  w h e re  

r o ta r y  c o n v e r te r s  w o u ld  c h a n g e  th e  s u p p ly  to  d i r e c t  c u r r e n t  f o r  d i s t r i b u ­

t io n .  T h e  u n iv e r s a l  s y s te m  h a d  f in a lly  r e a c h e d  L o n d o n .

O t h e r  p r iv a te ly  o w n e d  L o n d o n  c o m p a n ie s  a t t h e  t u r n  o f  th e  c e n tu r y  

w e r e  th e  C h a r i n g  C ro s s  E le c tr ic  S u p p ly  C o m p a n y ,  w h ic h  s u p p l i e d  c u s ­

t o m e r s  in  th e  C ity  a n d  in  th e  S t r a n d ;  th e  C ity  o f  L o n d o n  E le c tr ic  L ig h t in g  

C o m p a n y ;  a n d  th e  C o u n ty  o f  L o n d o n  E le c tr ic  L ig h t in g  C o m p a n y .  T o  m e e t  

d e m a n d ,  t h e  C h a r i n g  C ro s s  C o m p a n y  in  1 9 0 0  c o n s t r u c te d  a  s ta t io n  f o u r  

m ile s  f ro m  th e  C ity  a n d  t r a n s m i t t e d  w ith  t h r e e - p h a s e  a l t e r n a t o r s ,  a t  1 1 ,0 0 0  

v o lts , to  s u b s ta t io n s  f o r  c o n v e r s io n  to  d i r e c t  c u r r e n t .  B e c a u s e  o f  th e  s h o r t a g e  

o f  c o o l in g  w a te r ,  th e  s ta t io n  u s e d  s ix te e n  c i r c u la r  s t e e l - c o o l in g  lo w e r s .  T h e  

C ity  o f  L o n d o n  C o m p a n y ’s B a n k s id e  s ta t io n  b e c a m e  o n e  o f  L o n d o n ’s la r g ­

e s t .  A m o n g  o t h e r  c u s to m e r s ,  it s u p p l i e d  th e  C i ty ’s p r i n t i n g  e s ta b l is h m e n ts ,  

w h ic h  n e e d e d  d i r e c t - c u r r e n t  d i s t r ib u t io n ;  t h e  c o m p a n y  p e r s u a d e d  th e  

p r i n t i n g  p la n t s  to  a b a n d o n  t h e i r  o w n  is o la te d  in s ta l la t io n s .

In  1911 in  th e  a r e a  u n d e r  th e  ju r i s d ic t io n  o f  th e  L o n d o n  C o u n ty  C o u n c il  

(L C C ) th e r e  w e re  th i r te e n  p r iv a te ly  o w n e d  a n d  f if te e n  lo c a l-a u th o r ity -o w n e d  

e le c t r ic  s u p p ly  u ti l i t ie s .  T h e  n u m b e r  o f  u t i l i t ie s  a n d  th e  n u m b e r  o f  m u ­

n ic ip a l  b o r o u g h s  w e re  th e  s a m e  ( tw e n iy -e ig lu ) .  ( T h e r e  w e re  s ix ty - f iv e  u t i l ­

it ie s  in  th e  G r e a t e r  L o n d o n  a r e a .)  In  th e  L C C  a r e a ,  p r iv a te  c o m p a n ie s  h a d

'‘M P arsons. Early Days o f  the Power S la lw n  Industry , p. 79.
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F ig u re  I X . I .  Sebastian Z ta n i de F erranti 

a t the age o f  tu/enty-two, shortly before his 
app ointm en t as engineer o f  the London  

Electric Supply  Corp., Ltd. Courtesy o f  the 

Ferran ti Ltd. Archives, H oltinwood, 
Engla nd .

in v e s te d  £ 1 4  m i l l io n ,  c o m p a r e d  to  lo ca l a u t h o r i t i e s ' in v e s tm e n t  o l  £ 6 .2 5  

m illio n .™  T h e  l e a d in g  lo c a l - a u th o r i ty - o w n e d  s u p p ly  c o m p a n ie s  w e re  th o s e  

f o r  S t. M a r y le b o n e ,  S te p n e y ,  S t.  P a n c ra s ,  H a m m e r s m i t h ,  a n d  P o p la r .  G e n ­

e r a l ly ,  th e  lo c a l - a u lh o r i ty  u t i l i t ie s  h a d  to  s u p p ly  th e  i n d u s t r i a l  a n d  p o o r e r  

h o u s in g  a r e a s  o f  e a s t  a n d  s o u t h  L o n d o n .  T h e  v e s try  o f  S t. P a n c r a s  w as  th e  

f i r s t  lo ca l a u t h o r i t y  in  L o n d o n  to  s u p p ly  e le c t r ic i ty .  I ts  o r ig in a l  in t e n t  in  

1 8 8 3  in  o b ta in in g  a  p r o v is io n a l  o r d e r  w a s  to  k e e p  p r iv a te  c o m p a n ie s  o u t  

o l  its  d i s t r i c t ,  b u t  in  1 8 9 0  th e  e a r ly  p o lic y  o f "  ‘m a s te r ly  in a c tiv i ty ' c o u ld  n o  

lo n g e r  b e  m a in t a i n e d ,  in  v iew  o f  th e  i n te n t io n s  o f  th e  B o a r d  o f  T r a d e  th a t  

a  s u p p ly  o f  e le c t r ic i ty  s h o u ld  b e  a v a i la b le  to  a ll w h o  n e e d e d  i t . " 21’ S e e k in g  

th e  b e s t  a d v ic e ,  t h e  v e s t ry  t u r n e d  to  P r o f e s s o r  H e n r y  R o b in s o n ,  D r . J o h n  

H o p k in s o n ,  a n d  S ir  W ill ia m  P r e e c c .  T h e  r e s u l t in g  d i r e c t - c u r r e n t  s ta t io n  

w ith  s to r a g e  b a t t e r i e s  n e a r  R e g e n t ’s P a rk  w as  a m o d e l  o f  its  k in d .  W a te r  

f o r  its  c o n d e n s e r s  w as  c o o le d  o n  l o p  o f  th e  c e n t r a l - s t a t io n  b u i ld in g ,  a n d  

th e  s te a m  c lo u d s  r i s in g  f r o m  it b e c a m e  a w e ll-k n o w n  p a r t  o f  th e  c i ly s c a p e .  

T h e  v e s t r y ’s s e c o n d  p o w e r  s t a t io n ,  o n  K in g ’s R o a d ,  a ls o  w as  i n te r e s t in g ;  it 

o p e r a t e d  in  c o n ju n c t io n  w ith  a r e f u s e  d e s t r u c t o r .  A c c o r d in g  to  a v a ila b il i ty ,  

e i t h e r  h o t  g a s e s  f r o m  t h e  b u r n i n g  r e f u s e  o r  c o a l  c o u ld  b e  u s e d  to  fu e l  th e  

s ta t io n .

T h e r e  w e re  o t h e r  r e f u s e - b u r n i n g ,  e le c t r ic  p o w e r  s ta t io n s  in  L o n d o n .  T h e  

E a l in g  L o c a l B o a r d  o p e n e d  a c e n t r a l  s ta t io n  in  1 894  w h ic h  s u p p l i e d  s e v e n ty  

a r c  la m p s  a n d  t h e  e q u iv a le n t  o f  e ig h t  t h o u s a n d  8 -c .p .  in c a n d e s c e n t  la m p s .  

T h e  r e f u s e  p la n t  r a i s e d  s u f f i c i e n t  h e a t  to  s u p p ly  a n  e s t im a te d  f if ty  h o r s e ­

p o w e r ;  t h e  r e m a i n d e r  c a m e  f r o m  b u r n i n g  c o a l.  N o t  c o n te n t  w ith  th is  in ­

g e n io u s  u s e  o f  w a s te  m a t t e r ,  h o w e v e r ,  t h e  d e s ig n e r s  o f  th e  s ta t io n  u s e d  

c o n v e r t e d  s e w a g e  a s  c o n d e n s e r  c o o l in g  w a te r .  In  1 8 9 6  th e  lo ca l a u t h o r i ty  

a t  S h o r e d i t c h  c a r r i e d  o u t  a n  e v e n  m o r e  a m b i t io u s  s c h e m e . H a v in g  p a id  a 

c o n t r a c t o r  n e a r ly  £ 2 ,0 0 0  a n n u a l ly  to  r e m o v e  a s h b in  r e f u s e ,  th e  s ta t io n 's  

d e s ig n e r s  in s ta l le d  tw e lv e  “c e l ls .” e a c h  o f  w h ic h  h a d  th e  c a p a c i ty  to  b u r n  

8 - 1 2  to n s  o f  r e f u s e  p e r  d a y  a s  fu e l .  C o n s id e r a b le  c o n t r o v e r s y — e s p e c ia l ly  

o v e r  r e g u la r i ty ,  o f  s u p p ly — a r o s e  c o n c e r n i n g  th e  v a lu e  o f  r e f u s e  a s  fu e l ,  

b u t  a  s p o k e s m a n  f o r  t h e  S h o r e d i t c h  s ta t io n  s t a t e d  in  1 8 9 7  th a t  e n o u g h  h e a t  

w as  r a is e d  f r o m  t h e  r e f u s e  to  d r iv e  th e  2 5 0 -k w . p la n t .27

T h e  s m a l l - a r e a  s t a t io n ,  b o th  p r iv a te ly  a n d  lo c a l - a u th o r i ty - o w n e d ,  p r e ­

v a i le d  in  L o n d o n  b e f o r e  W o r ld  W a r  I. P a r l i a m e n ta r y  le g is la t io n ,  th e  sm a ll 

s c a le  o f  th e  c i ty ’s i n d u s t r i a l  e n t e r p r i s e s ,  t h e  a b s e n c e  o f  e le c t r ic a l  m a n u f a c ­

t u r e r s ,  a n d  c o n c e r n  f o r  t h e  p r e s e r v a t io n  o f  lo ca l g o v e r n m e n t ,  a m o n g  o t h e r  

fa c to r s ,  s u s t a in e d  th is  s ty le  o f  e l e c t r i f ic a t io n .  T h e r e  w e re ,  h o w e v e r ,  tw o  

c o n s id e r a b le  a t t e m p t s ,  le d  b y  tw o  o u t s t a n d i n g  B r i t i s h  e n g in e e r s ,  to  sw im  

a g a in s t  t h e  t id e  a n d  b r i n g  la rg e - s c a le ,  c e n t r a l i z e d  s u p p ly  to  L o n d o n .  B o th  

e f f o r t s  fo llo w e d  m o d i f i c a t io n s  in  e x is t in g  le g is la t io n  a n d  th e  d e v e lo p m e n t  

o f  p o li t ic a l  a t t i t u d e s  t h a t  s e e m e d  to  f a v o r  a c h a n g e  o f  s ty le . T h e  f irs t e n ­

d e a v o r ,  h e a d e d  b y  th e  e n g i n e e r  S e b a s t ia n  Z. d e  F e r r a n t i ,  w as  s t im u la te d  

by  t h e  a m e n d i n g  E le c tr ic  L ig h t in g  A c t o f  1 8 8 8 , a n d  th e  s e c o n d ,  le d  by 

C h a r le s  H . M e rz ,  w as  i n t e n d e d  to  la k e  a d v a n ta g e  o f  th e  r e c o m m e n d a t io n  

o f  th e  V is c o u n t  C r o s s  C o m m i t t e e  th a t  P a r l ia m e n t  a u th o r i z e  p o w e r  c o m -

85City  o f  M e lb o u rn e , E ngineers ' Notes, p. I I .

J" P a iso n j , Ea rly  D ays o f  the Power  Station Industry , p . 124.
*’ Ib id ., p . 135.



2 3 8  N E T W O R K S  O F  P O W E R

p a n ie s .  I t  is w o r th  n o t in g  t h a t  F e r r a n t i ’s e n d e a v o r  c o in c id e d  w ith  th e  d e ­

v e lo p m e n t  o f  a l t e r n a t i n g  c u r r e n t  a n d  t h a t  M e rz ’s e n d e a v o r  fo llo w e d  th e  

w id e  a c c e p ta n c e  o f  th e  u n iv e r s a l  s y s te m .

In  c o n ju n c t io n  w ith  th e  e a s in g  o f  th e  r e c e s s io n  o f  t h e  m id -1 8 8 0 s  a n d  th e  

r a p id  r is e  o f  th e  c e n l r a l - s l a l io n  in d u s t r y  in  A m e r ic a ,  th e  E le c tr ic  L ig h tin g  

A c t o f  1 8 8 8  d ra m a t ic a l ly  in c r e a s e d  in te r e s t  in  e le c t r ic  p o w e r  in  B r ita in ,  

e s p e c ia lly  in  L o n d o n .  F a c e d  by  a  n u m b e r  o f  q u e s t io n s  c o n c e r n in g  th e  r e g ­

u la t io n  o f  f u t u r e  s u p p ly  in  L o n d o n  a n d  w ith  r e q u e s t s  f r o m  f i f te e n  p r iv a te  

c o m p a n ie s  a n d  lo c a l a u t h o r i t i e s  f o r  a u t h o r i z a t io n  to  s u p p ly  L o n d o n ,  th e  

B o a r d  o f  T r a d e ,  w h ic h  e x e r c i s e d  p a r l i a m e n t a r y  a u t h o r i t y  o v e r  e le c t r ic  u t i l ­

i t ie s , r e s o r t e d  to  a  c o m m i t t e e  h e a d e d  b y  F. A . M a r in d in  f o r  g u id a n c e  in  

i s s u in g  p r o v is io n a l  o r d e r s .  A m o n g  t h e  q u e s t io n s  th e  c o m m i t t e e  c o n s id e r e d  

w e re  w h e t h e r  u t i l i t ie s  s h o u ld  b e  a l lo w e d  to  c o m p e te  in  th e  s a m e  local- 

a u t h o r i i y  d is t r i c t  a n d  to  w h a t  e x t e n t  a  lo ca l a u t h o r i t y  c o u ld  u s e  p a r l ia ­

m e n ta r y  p o w e r s  to  e x c lu d e  a p r iv a te  c o m p a n y  f r o m  s u p p ly in g  e le c tr ic i ty  

w ith in  its  j u r i s d i c t i o n .  T h e  o n g o i n g  s t r u g g l e  b e tw e e n  p r o p o n e n t s  o f  th e  

d i r e c t - c u r r e n t  a n d  a l t e r n a t i n g - c u r r e n t  s y s te m s  b r o u g h t  a d d i t io n a l  c o m ­

p le x i ty  to  t h e  d e b a te .  A m o n g  t h e  a p p l i c a n t s  f o r  p r o v is io n a l  o r d e r s  w as  th e  

L o n d o n  E le c tr ic  S u p p ly  C o r p o r a t i o n ,  w h ic h  w a n te d  to  b u i ld  a  p o w e r  s ta t io n  

o f  u n p r e c e d e n te d  size  a c ro ss  th e  T h a m e s  a t  D e p tf o r d .  O t h e r  u tilitie s  w a n te d  

to  e s ta b l is h  r e la t iv e ly  s m a ll  a r e a  s u p p ly  s y s te m s .28

A f te r  h e a r i n g  th e  t e s t im o n y  o f  e x p e r t s  a n d  r e p r e s e n ta t iv e s  o f  th e  local-  

a u t h o r i t y  a n d  p r iv a te  in t e r e s t s  f r o m  3 A p r i l  to  1 M ay  1 8 8 9 , th e  M a r in d in  

C o m m i t t e e  r e c o m m e n d e d  t h a t  lo ca l a u t h o r i t i e s  b e  g iv e n  p r io r i ty  in  o b ­

t a in in g  p r o v is io n a l  o r d e r s ,  b u t  t h a t  i f  th e y  d id  n o t  in t e n d  to  a p p ly ,  th ey  

s h o u ld  n o t  b e  a l lo w e d  to  b lo c k  th e  g r a n t i n g  o f  p r o v is io n a l  o r d e r s  to  p r iv a te  

c o m p a n ie s .  T h e  c o m m i t t e e  a ls o  u r g e d  th e  B o a r d  o f  T r a d e  to  g r a n t  p r o ­

v is io n a l  o r d e r s  to  tw o  s u p p l i e r s  w i th in  th e  s a m e  lo c a l - a u th o r i ty  d is t r ic t  if 

o n e  o f  t h e  s u p p l i e r s  u s e d  a l t e r n a t i n g  c u r r e n t  a n d  th e  o t h e r  u s e d  d i r e c t .  

( T h e  c o m m i t t e e ,  i n f lu e n c e d  by  “ th e  b a t t l e  o f  t h e  s y s te m s ,” b e lie v e d  th a t  

a l t e r n a t i n g  c u r r e n t  h a d  n o t  b e e n  p r o v e n  a n d  t h a t  t h e r e f o r e  c u s to m e r s  

s h o u ld  b e  g iv e n  th e  a l t e r n a t iv e  o f  t h e  m o r e  r e l ia b le ,  d i r e c t  c u r r e n t . )  A p ­

p a r e n t ly  t h e  c o m m i t t e e  d id  n o t  c o n s id e r  th e  p o s s ib il i ty  th a t  w ith  f u r t h e r  

d e v e lo p m e n t  a l t e r n a t i n g  c u r r e n t  w o u ld  b e c o m e  a s  r e l ia b le  a s  d i r e c t  c u r r e n t  

a n d  t h e n  w o u ld  b e  d i s c r im in a te d  a g a in s t  b e c a u s e  o f  th e  c o m p e t i t io n  p r o ­

v is io n . N o r  d id  it p r o v id e  w ell f o r  th e  a .c . s y s te m ’s g r e a te s t  s t r e n g t h :  la rg e -  

a r e a  s u p p ly  u s in g  h ig h - v o l ta g e  t r a n s m is s io n .  F u r t h e r m o r e ,  t h e  c o m m it te e  

d id  n o t  a n t i c ip a te  th e  i n c r e a s e  in  th e  c ity 's  p o w e r  lo a d  a n d  th e  r e s u l t in g  

n e e d  f o r  la r g e  p o w e r  s t a t io n s  to  s u p p ly  n u m e r o u s  d is t r ic ts .  T h e  M a r in d in  

C o m m i t t e e  p e r p e t u a t e d  th e  p a t t e r n  o f  s m a ll- s c a le  e le c t r ic  s u p p ly  f irs t d e ­

f in e d  in  th e  E le c tr ic  L ig h t in g  A ct o f  188 2 .

D e s p i te  th e  c o m m i t t e e ’s f a i lu r e  to  s u p p o r t  a l t e r n a t i n g  c u r r e n t  a n d  la rg e -  

a r e a  s u p p ly ,  h o w e v e r ,  th e  L o n d o n  E le c tr ic  S u p p ly  C o m p a n y  w e n t a h e a d  

w ith  its  b o ld  s c h e m e  f o r  a c e n t r a l  s ta t io n  o n  th e  T h a m e s  in  D e p t f o r d ,  a 

s o u th e a s t  L o n d o n  b o r o u g h .  It c h o s e  S. Z. d e  F e r r a n t i  to  h e a d  th e  p ro je c t .  

F e r r a n t i ’s r e p u t a t i o n  a s  a n  i n v e n to r  a n d  e n g i n e e r  a n d  h is  su c c e s s  in  r e ­

o r g a n iz in g  th e  G r o s v e n o r  G a l le ry  s y s te m  n o tw i th s ta n d in g ,  it is d i f f ic u l t  to  

u n d e r s t a n d  w h y  h e  a n d  h is  f in a n c ia l  b a c k e r s  to o k  s u c h  a g r e a t  l e a p  b e y o n d

v" Th e  Electrician  23 ( I HH9):.r>r>-!itt.
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t h e  s t a t e  o f  e x i s t in g  te c h n o lo g y  in  t h e i r  D e p t f o r d  p r o je c t .  F e r r a n t i 's  a l t e r ­

n a to r s ,  o r  a .c . g e n e r a t o r s ,  a t t h e  G r o s v e n o r  G a l le ry  s ta t io n  w e re  7 0 0 -h .p .  

u n i t s  t r a n s m i t t i n g  a t  2 .5 0 0  v o lts ; w h a t  h e  p r o p o s e d  f o r  th e  n e w  c e n t r a l  

s ta t io n  w e re  1 0 ,0 0 0 -h .p .  a l t e r n a t o r s  t r a n s m i t t i n g  at 1 0 ,0 0 0  v o lts . N o t u n t i l  

t h e  f ir s t  d e c a d e  o f  th e  n e x t  c e n t u r y  d id  e n g i n e e r s  d e s ig n ,  a n d  f in a n c ia l  

b a c k e r s  r is k ,  1 0 ,0 0 0 -h .p .  u n i ts ,  a n d  th e s e  w e re  th e n  d r iv e n  by  t u r b i n e — a 

s te a m  e n g i n e  th a t  w as  m o r e  a d a p t a b l e  to  l a rg e - s c a le  t r a n s m is s io n  ( b a n  (lie  

r e c ip r o c a t in g  e n g in e s  e n v i s a g e d  by  F e r r a n t i . 29

In  p r o p o s i n g  th is  r e m a r k a b ly  la r g e  in c r e a s e  in  s c a le , F e r r a n t i  n o t  o n ly  

d e f i e d  t r a d i t io n a l  e n g i n e e r i n g  c o n s e r v a t is m  in  th e  d e v e lo p m e n t  a n d  u s e  

o f  n e w  in v e n t io n s  b u t  h e  i n t r o d u c e d  a  s y s te m  th a t  b a d  n o t  b e e n  fu lly  p ro v e n  

by  w id e s p r e a d  u s e  u n d e r  v a r io u s  c o n d i t io n s .  T h e  in s ta l la t io n s  o f  G a n z  8c 

C o m p a n y  a n d  W e s l in g h o u s e  in  th e  U n i t e d  S ta te s  w e re  t h e n  re la t iv e ly  sm a ll 

in  s c a le , in v o lv in g  a l t e r n a t o r s  r a t e d  in  h u n d r e d s ,  n o t  t h o u s a n d s ,  o f  k ilo ­

w a tts .  T h e r e f o r e ,  m is ta k e s  in  th e s e  s y s te m s  w o u ld  n o t  b e  so  c o s tly . F u r ­

t h e r m o r e ,  G a n z  a n d  W e s l in g h o u s e  in t e n d e d  to  g e t  in v o lv e d  in  th e  s e r ia l  

p r o d u c t i o n  o f  m a c h in e r y ,  th e  p r o b le m s  o f  w h ic h  c o u ld  b e  s o lv e d  by  m o d e s t  

a n d  f r e q u e n t  m o d i f i c a t io n s ,  o r  m o d e l  c h a n g e s .  F.ven t h o u g h  F e r r a n t i  h a d  

e s ta b l is h e d  a m a n u f a c t u r i n g  e n t e r p r i s e  in  1 8 8 7  a t  C h a r t e r h o u s e  S q u a r e  in  

L o n d o n  to  m a k e  d y n a m o s ,  t r a n s f o r m e r s ,  s w itc h e s ,  a n d  o t h e r  a p p a r a t u s ,  

t h e  D e p t f o r d  s t a t io n  c o u ld  n o t  b e  ju s t i f i e d  a s  a  " t r y o u t ” f o r  e q u ip m e n t  h e  

i n t e n d e d  to  im p r o v e  u p o n  a n d  se ll in  q u a n t i ty ,  f o r  few  f in a n c ie r s  a n d  

e n g in e e r s  in  th e  w o r ld  w e re  r e a d y  to  sc a le  u p  so  d r a m a t i c a l l y . ’" W h a t 

F e r r a n t i  w as  b r i n g i n g  in to  u s e  w as  a s y s te m  th a t  h a d  n o t  b e e n  s u c c e s s fu lly  

d e v e lo p e d  a n d  f o r  w h ic h  t h e r e  w as  l i t t le  f o r e s e e a b le  o p p o r t u n i t y  fo r  d e ­

v e lo p m e n t .

W h y  w as  t h e  e x c e s s iv e ly  b o ld  p r o je c t  e m b a r k e d  u p o n ?  F ir s t ,  it s h o u ld  b e  

n o te d  th a t  F e r r a n t i  d id  e n v is a g e  th e  f u t u r e ,  a t  le a s t  in  p a r t .  H e  w a n te d  h is 

g ia n t  p o w e r  p la n t  to  b e  lo c a te d  o n  th e  T h a m e s ,  w h e r e  la n d  c o u ld  b e  p u r ­

c h a s e d  c h e a p ly ,  c o a l  t r a n s p o r t e d  c o n v e n ie n t ly  a n d  in e x p e n s iv e ly ,  w as te  

r e m o v e d  e x p e d i t io u s ly ,  a n d  c o o l in g  w a te r  u s e d  e a s ily . F ro m  th is  s i te  e le c ­

t r ic i ty  c o u ld  b e  t r a n s m i t t e d  a c ro s s  th e  r iv e r  to  th e  h e a v ily  s e t t le d  d is t r ic ts  

o f  L o n d o n  a n d  t h e r e  d i s t r i b u t e d  b y  t r a n s f o r m e r s .  T h e r e f o r e ,  F e r r a n t i  saw  

b e y o n d  th e  lo c a l  d i r e c t - c u r r e n t  s ta t io n s  th a t  w e re  s o o n  to  m u s h r o o m  in  

L o n d o n .  O n  th e  o t h e r  h a n d ,  d e s p i t e  th e  a b s e n c e  o f  a p r a c t ic a l  m o to r ,  h e  

u s e d  s in g le -p h a s e  a l te r n a t in g  c u r r e n t .  B u t th e  f u tu r e  lay w ith  m o to r s  (p o w e r)  

a n d  l ig h t in g ,  n o t  j u s t  w ith  l ig h t in g .  O t h e r s  c o n s id e r e d  th e  lack  o f  a  p ra c t ic a l  

m o t o r  f o r  t h e  a .c . s y s te m  to  b e  a  c r i t ic a l  p r o b le m  a n d  w e re  e n e rg e t ic a l ly  

t r y in g  e i t h e r  to  so lv e  it o r  to  a v o id  u s in g  a l t e r n a t i n g  c u r r e n t  a l t o g e t h e r  (see  

p . 1 10  a b o v e ) .

A n o t h e r  e x p la n a t io n  f o r  F e r r a n t i ’s p ro je c t  w as th e  e n t r e p r e n e u r i a l  s p i r i t  

o f  h is  f in a n c ia l  b a c k e r s .  F e r r a n t i ’s y o u th  a n d  b r i l l ia n c e  u n d o u b t e d l y  c a p ­

tu r e d  t h e i r  im a g in a t io n .  S i r  C o u l t s  L in d s a y  a n d  L o rd  W a n ta g e  ( R o b e r t  

J a m e s  L in d s a y ,  a  b r o t h e r  o f  C o u t t s  L in d s a y )  w e r e  th e  h e a v ie s t  s u b s c r ib e r s

70 A D escription o f  the Incep tion a n d  G rowth o f the Lon don Electric Su pp ly  Corporation Lim ited  and  
Its D eptford G enerating Station. 1 8 8 9 -1 9 1 2  (n .p .. n .d .) , a 20 -page  p a m p h le l loa ned  to  llie  a u th o r  
by M r. J .  H o od  o f  L on d o n .

30 W. L. R an dcll, S. de Ferran ti a n d  H is In flu ence  upon Electrical D evelopm ent (L o nd on : 
L on gm a ns. G re e n , 1948), p. 3.
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lo  th e  u n d e r t a k i n g .  T h e s e  tw o  w e re  m e m b e r s  o f  th e  L in d s a y  fa m ily  h e a d e d  

b y  t h e i r  n e p h e w  t h e  e a r l  o f  C r a w f o r d .  L o r d  W a n ta g e ,  w ith  s h a r e s  v a lu e d  

a t  £ 2 2 0 ,0 0 0 ,  w as  th e  l a r g e s t  s h a r e h o l d e r .  H is  r e l a t io n s h ip  to  F e r r a n t i  w as 

s im i la r  to  t h a t  o f  W a ll S t r e e t  f in a n c ie r s  lo  E d is o n .  W a n ta g e  r e p r e s e n te d  

t h a t  s e g m e n t  o f  t h e  B r i t i s h  a r is to c r a c y  w h ic h  h a d  a h is to ry  o f  f in a n c in g  

t e c h n o lo g ic a l  c h a n g e .  ( E d w a r d  J o h n s o n ,  f o r  in s ta n c e ,  a p p e a le d  to  it  w h e n  

h e  b r o u g h t  E d i s o n ’s s y s te m  to  L o n d o n .)  D is t in g u is h e d  o f  b e a r in g ,  E to n -  

e d u c a t e d ,  a  m e m b e r  o f  t h e  S c o ts  F u s i l ie r  G u a r d s ,  h u s b a n d  o f  th e  h e ire s s  

to  a  p r in c e ly  f o r t u n e ,  s o ld ie r ,  a n d  p a t r o n  o f  w o r th y  c a u s e s ,  W a n ta g e  h a d  

f in a n c ia l  d a r i n g  to  m a tc h  th e  d a r i n g  o f  F e r r a n t i ’s e n g in e e r in g .  R. H . P a r ­

s o n s  b e lie v e d  t h a t  L o r d  W a n ta g e ’s f in a n c ia l  c o u r a g e  w as c o m p a r a b le  to  th e  

p h y s ic a l  c o u r a g e  t h a t  h a d  e a r n e d  h im  th e  V ic to r ia  C ro s s  in  th e  C r im e a n  

W a r .31

A c c o u n t  s h o u ld  a ls o  b e  t a k e n  o f  t h e  b u l l i s h  s p i r i t  t h a t  h a d  r e s u r f a c e d  

a m o n g  B r i t i s h  in v e s to r s  by  1 8 8 7 . A n u m b e r  o f  e n t r e p r e n e u r s  w h o  h a d  

p u l l e d  o u t  o f  e l e c t r ic a l  in v e s tm e n ts  in  1 8 8 2  a n d  1 8 8 3  w e re  n o w  o p tim is tic  

t h a t  P a r l i a m e n t  w o u ld  s o o n  p a s s  a  b ill m o r e  f a v o r a b le  to  p r iv a te  v e n tu r e s  

t h a n  th e  a c t  o f  1 8 8 2  h a d  b e e n .32 T h e r e  w a s  ta lk  o f  a  m ig h ty  B r i ta in  s h r u g ­

g in g  o f f  h e r  le th a r g y  a n d  c lo s in g  th e  g a p  b e tw e e n  h e r s e l f  a n d  th e  e n t e r ­

p r i s in g  Y a n k e e s  in  th e  d e v e l o p m e n t  o f  e l e c t r ic a l  s u p p ly .33 S o o n  th e  n e w s ­

p a p e r s  w e re  c o m p a r i n g  th e  y o u n g  F e r r a n t i  w ith  t h e  y o u n g  E d is o n ;  p e r h a p s  

S ir  C o u t t s  L in d s a y  a n d  L o r d  W a n ta g e  h a d  b e e n  s t r u c k  e a r l i e r  b y  th e  sa m e  

a n a lo g y .

O n  2 6  A u g u s t  1 8 8 7  e n th u s ia s t i c  f in a n c ie r s  r e g i s t e r e d  th e  L o n d o n  E le c tr ic  

S u p p ly  C o m p a n y  (L E S C ) w ith  a n  a u t h o r i z e d  c a p i ta l  o f  £1 m i l l io n .34 T h e  

c o m p a n y ’s tw e n ly - th r e e - y e a r - o ld  c h i e f  e n g i n e e r  d e s ig n e d  th e  D e p t f o r d  s ta ­

t io n  h o u s e  w ith  s t a r k ,  r e c ta n g u la r ,  1 5 0 - fo o t c h im n e y s .  T h e  b u i ld in g  w as 

to  b e  2 1 0  f e e t  lo n g  a n d  195 fe e t  w id e . T h e re  w e re  to  b e  tw o  e n g i n e  ro o m s  

w i th in  th e  s t r u c t u r e :  o n e  c o n ta in in g  tw o  1 ,2 5 0 -h .p .  C o r l is s  e n g in e s  d r iv in g

5 ,0 0 0 -v o l t  F e r r a n t i  a l t e r n a t o r s ;  th e  o t h e r  h o u s in g  f o u r  m a m m o th  1 0 ,0 0 0 - 

h .p .  e n g in e s ,  e a c h  d i r e c t ly  c o u p le d  to  a  1 0 ,0 0 0 -v o lt  F e r r a n t i  a l t e r n a t o r .  T h e  

s t a t io n 's  u l t im a te  c a p a c i ty  w as  to  b e  1 2 0 ,0 0 0  h .p .

L ik e  E d is o n  b e f o r e  h im  a t  th e  P e a r l  S t r e e t  s t a t io n ,  F e r r a n t i  s p e c i f ie d  o r  

d e s ig n e d  m o s t  o f  th e  m a jo r  c o m p o n e n t s  o f  h is  s y s te m  a n d  p l a n n e d  th e  

la y o u t  o f  h is  p l a n t .  A B r it is h  e le c t r ic a l  j o u r n a l  d u b b e d  h im  a  M ic h e la n g e lo ,  

a n d  P u n c h  c r e a t e d  a  d i a lo g u e  b e tw e e n  J o h n  B u ll a n d  E d is o n  in  w h ic h  

F e r r a n t i  w as  a  c h a m p io n  o f  B r i ta in 's  e le c t r ic a l  p r o g r e s s .

E dison  
. . you still have som e go.

Y ou h av en 't  yet m aste red  th e  big dyn am o .

41 Parson s, Early  D ays o f  I hr Power Station  Industry , p. 23.

C lip p in g  h o r n  M oney , 7 N o v em b er IHH8, " D e p tfo rd  C l ip p in g  B ook."  Science M useum .
L on d o n , u sed  w ith  th e  k in d  p e rm ission  o f  D am e M. K. W esto n , th e n  k e e p e r  o f  th e  E lectrical 
E n g in e erin g  C o llec tion  at (h e  m u se um .

44 C lip p in g  fro m  Electrical E ng in eer  (L o n d o n ). 26  O cto b er  1888, "D e p tfo rd  C lip p in g  B ook."
Science M useum , L on do n .

44 D eptford, a sh o rt h istoric al p a m p h le t r e p r in te d  Trom Notes a n d  Records o f  the R oy a l Society
o f  Lond on  19 (1964): 2 ; a n d  M oney, 7 N ov em ber 1888.
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F ig u re  I X .2 . S. 7.. de Ferran ti. the 
rnodrm -day  Colossus, astride the Lo ndo n he 

intended to light. Cartoon in  E lectr ical 
P lan t. M a y  18 89 .

J o h n  Dull
N o. th a t 's  w hat I fea r, my ow n k n o w led g e  is scanty .
A n d  1 c a n ’t d e c id e  b e tw een  you a n d  F erran ti;
B u t. if  we a re  licked by B erlin  I m ust try  
T o  s tir  u p  th e  slugs o f  th e  “L o n d o n  S u p p ly ."51

C o n s t r u c t io n  o f  t h e  D e p t f o r d  s ta t io n  b e g a n  in  1 8 8 8 , a n d  F e r r a n t i  h o p e d  

to  b e  s u p p ly in g  L o n d o n  f r o m  th e  s t a t io n 's  tw o  1 ,2 5 0 -h .p .  s e ts  by  1889 . 

T h e s e  w o u ld  c a r r y  t h e  lo a d  u n t i l  t h e  1 0 ,0 0 0 -h .p .  u n i ts  w e re  in  p la c e . In  

O c to b e r  1 8 8 8  T h e  E le c tr ic ia n  p r o u d l y  r e f e r r e d  to  th e  D e p t f o r d  s ta t io n  as 

a n  a n s w e r  to  " Y a n k e e  b o a s ts ,"  a n d  E le c tr ic a l E n g in e e r  s a id  it w o u ld  “c a u s e  

o u r  A m e r ic a n  c o u s in s  to  r e c o n s id e r  th e  v e rd ic t  o f  c o n t in u e d  b a c k w a rd n e s s  

o f  E n g la n d  in  th e  m a t t e r  o f  c e n t r a l  s ta t io n s  f o r  e le c t r ic  l ig h t in g . ”30

B y 1 8 8 9 , h o w e v e r ,  p r o b le m s  h a d  d e v e lo p e d ,  a m o n g  th e m  th e  d e l i b e r ­

a t io n s  o f  t h e  M a r in d in  C o m m i t t e e ,  w h ic h  p e r t a i n e d  e s p e c ia lly  to  F e r r a n t i 's  

n e w  c o m p a n y .  A lm o s t  a  d o z e n  c o m p a n ie s  h a d  a p p l i e d  fo r  th e  r ig h t  to  l ig h t 

L o n d o n  d is t r ic ts  u n d e r  th e  p ro v is io n s  o f  t h e  E le c tr ic  L ig h t in g  A ct o f  1 8 8 8 , 

a n d  L E S C  s o u g h t  a  l io n ’s s h a r e  o f  t h e  m e t r o p o l i t a n  a r e a .  A s w o u ld  b e  th e  

c a s e  in  1 9 0 5 , w h e n  a n o t h e r  b o ld  s c h e m e  fo r  L o n d o n  w as  p r o p o s e d  by  a 

p r iv a te  c o m p a n y ,  t h e  lo ca l a u th o r i t i e s  o f  L o n d o n  n o w  o p p o s e d  L E S C ’s 

r e q u e s t  f o r  a  la r g e  s u p p ly  a r e a .  T h e  S t r a n d  a n d  S t. M a ry le b o n e  a u th o r i t i e s ,

51 P un ch , D O c to b e r  1889, q u o te d  in  G e r tru d e  Z iani d e  F e rra n ti a n d  R ich a rd  Ince . The L ift 
a n d  Letters o f  Sebastian Z. de Ferran ti (L o n d o n : W illiam s Sc N o rg a tc , 1934), p. 64 .

w C lipp in gs fro m  The Electr ic ian , 26 O cto b er  1888, a n d  Electrical E ng in eer  (L on d o n ). 26 
O cto b er  1888 , “ D e p tfo rd  C lip p in g  B ook," Science M useum , L on do n .
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th e  S t.  M a r g a r e t  a n d  S t. J o h n  ( W e s tm in s te r )  v e s tr ie s ,  a n d  t h e  S t.  P a n c ra s  

v e s try  a ll o b je c te d  b e f o r e  th e  M a r in d in  C o m m i t t e e .  E a c h  s l a t e d  th e  in t e n ­

t io n  to  e s ta b l is h  its  o w n  s y s te m  a n d  c la im e d  p r io r i ty  o v e r  th e  p r iv a te  c o m ­

p a n y .37 U n f o r tu n a te ly ,  f r o m  th e  p o in t  o f  v iew  o f  th e  D e p t f o r d  p la n ,  th e  

M a r in d in  C o m m i t t e e  in  M ay  1 8 8 9  d e c id e d  to  r e d u c e  th e  t e r r i t o r y  s o u g h t  

b y  L E S C  a n d  to  a llo w  c o m p e t i t io n  b e tw e e n  a .c . a n d  d .c .  s y s te m s  w i th in  th e  

c o m p a n y ’s L o n d o n  d is t r ic ts .  E v e n  R. E . H . C r o m p t o n ,  o f  th e  c o m p e t in g  

M e t r o p o l i t a n  S u p p ly  C o m p a n y ,  la t e r  c a lle d  u n f a i r  to  L E S C  t h e  M a r in d in  

C o m m i t t e e ’s d is t r i c t  a p p o r t i o n m e n t .  I n j u s t i c e  to  t h e  c o m m i t t e e ,  it  s h o u ld  

b e  n o te d  th a t  t e l l in g  c r i t ic is m s  o f  t h e  n e w  a .c . s y s te m  w e re  r a i s e d  d u r i n g  

th e  h e a r in g s .  T h e s e  i n c lu d e d  th e  p r e d ic t io n  th a t  a .c . t r a n s m is s io n  lin e s  

w o u ld  i n t e r f e r e  w ith  t e l e g r a p h  a n d  t e l e p h o n e  s e rv ic e  a n d  th e  w a r n in g  th a t  

th e  c o n c e n t r a t io n  o f  e n e r g y  in  o n e  s ta t io n  w o u ld  i n t r o d u c e  th e  r is k  o f  a 

s in g le  a c c id e n t ’s d a r k e n i n g  m u c h  o f  L o n d o n .  T h e  d .c .  s ta t io n s ,  t r a n s m i t t in g  

o v e r  a  l im i te d  a r e a ,  s p r e a d  th e  r is k  o f  b la c k o u t  o v e r  a n u m b e r  o f  s ta t io n s .  

D e p t f o r d — a  g r e a t  e x p e r i m e n t a l  v e n t u r e — w o u ld  h a v e  to  c o m p e te  w ith  th e  

sm a ll  d .c .  s ta t io n s  th a t  h a d  a lm o s t  a  d e c a d e  o f  o p e r a t i n g  e x p e r i e n c e .

L E S C ’s d i r e c t o r s  a d ju s te d  to  th e  M a r in d in  C o m m i t t e e ’s r e p o r t  b y  l im itin g  

F e r r a n t i  to  tw o  in s t e a d  o f  f o u r  1 0 ,0 0 0 -h .p .  g e n e r a t o r  s e ts  a n d  by  d e c id in g  

to  b u i ld  e l s e w h e r e  a n o t h e r  2 0 ,0 0 0 -h .p .  s ta t io n .  B y th e  s u m m e r  o f  1 8 8 9  th e  

tw o  1 ,2 5 0 -h .p .  s te a m  e n g in e s  h a d  b e e n  e r e c t e d  a n d  th e  a l t e r n a t o r s  w e re  

n e a r  c o m p le t io n .  T h e  1 0 ,0 0 0 -h .p .  s te a m  e n g in e s  w e re  b e in g  b u i l t  b y  M ess rs . 

H ic k , H a r g r e a v e s  8c C o m p a n y ,  L td . ,  w h ic h  h a d  t h e  h e a v ie s t  s te e l  in g o ts  in  

B r i t i s h  h is to ry  c a s t  f o r  f o r g in g  in to  e n g in e  c r a n k s h a f t s .  A t D e p t f o r d .  F e r ­

r a n t i  u s e d  im m e n s e  m a c h in e  to o ls  to  f in is h  th e  s t a t i o n ’s a l t e r n a t o r  c o m ­

p o n e n t s .  (S e e  F ig s . I X .3 a n d  IX .4 .)

In  S e p t e m b e r  18 8 9  T h o m a s  A . E d is o n  v is i te d  t h e  D e p t f o r d  s t a t io n ,  w h ich  

w as  g a ily  b e d e c k e d  fo r  h is  a r r iv a l .  T h e  L o n d o n  D a ily  N e w s  r e p o r t e r  w h o  

a c c o m p a n ie d  h im  w ro te  th a t  E d is o n  lo o k e d  e n e r v a t e d  by  h is  c o ld ,  b u t  th a t  

h is  e x p r e s s io n  b r i g h t e n e d  w h e n  h e  saw  t h e  1 .2 5 0 -h .p .  u n i ts .  E d is o n  w as 

a ls o  s a id  to  h a v e  l i s te n e d  w ith  in te r e s t  to  th e  d e s c r ip t io n  o f  th e  1 0 ,0 0 0 -h .p .  

u n i ts ,  d e s p i t e  h is  f i r m  a d v o c a c y  o f  d .c .  s ta t io n s  a n d  h is  p a r t i s a n  ro le  in  “ th e  

b a t t l e  o f  th e  c u r r e n t s . ’’38

W h e n  a  r e p o r t e r  a s k e d  E d is o n ,  “ N o w , M r. E d is o n  . . . h o w  d o  y o u  th in k  

w e  a r e  g e t t in g  a lo n g  in  th is  c o u n t r y ? "  h e  r e p l i e d ,  “ Y o u  m a y  b e  s lo w  to  

b e g in  b u t  I m u s t  sa y  t h a t  w h e n  y o u  d o  g o  a h e a d ,  y o u  m a y  e v e n  b e a t  u s ."  

E d is o n  p o in te d  o u t  th e  d a n g e r  to  life  o f  1 0 ,0 0 0 -v o ll  t r a n s m is s io n ,  a s  c o m ­

p a r e d  to  h is  o w n  lo w -v o lta g e  s y s te m , w h ic h  d id  n o t  e n d a n g e r  e v e n  a  c h ild .  

Y e t w h e n  s u m m in g  u p  h is  im p r e s s io n s  o f  D e p t f o r d  fo r  th e  r e p o r t e r ,  h e  

e x c la im e d  in  h is  w ay , “O h ,  it w ill g o ! ”3'1

B u t  it  d id  n o t  g o , a t  le a s t n o t  a s  F e r r a n t i  h a d  e n v is a g e d  it w o u ld .  T h e  

s ta t io n  t r a n s m i t t e d  n o  e le c t r ic i ty  in  1 8 8 9 — a d i s a p p o i n t m e n t  to  in v e s to rs ,  

w h o  h a d  b e e n  le d  to  e x p e c t  t r a n s m is s io n  in  1 8 8 8 . F e r r a n t i ’s  e n th u s ia s m  

d id  n o t  la g , h o w e v e r .  A s h is  w ife  w r o te ,  “T h e  p r in c ip a l  t h in g  I r e m e m b e r

17 Th e  Electrician  23 (1889): 148.

61 " t f t nd 0"  ^ ° ,/V N fW i’ ^  ^ e P ,<‘n '*,c r  1889. q u o te d  in F e rra n ti a n d  Ince , Li fe  o f  Ferranti, pp.

lw E ng in eer in g  News (đ  Post, 26  S e p te m b e r  1889 , "D e p tfo rd  C lip p in g  Book," Science M u ­
se um . L o n d o n .
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F ig u re  I X .3. Ferranti's sketch o f  the 
D eptford station boiler a n d  econom izer, 

da ted IS S 7 . Courtesy o f  the Ferran ti Ltd.

Archives. Iloll in wo od . E ng la nd .

F ig ur e  I X .4 . A  F erranti altern ator under 

construction, D eptford station, 1889 . 
Courtesy o f  the Ferran ti Ltd . Archives, 

H ollinuiood, E ng la nd .

d u r i n g  th o s e  f i r s t  m o n th s  o f  m a r r i e d  life  w as  D e p t f o r d ,  a n d  a g a in  D e p t f o r d .  

W e  ta lk e d  D e p t f o r d  a n d  d r e a m e d  D e p t f o r d . '’40

W h e n ,  f o r  e x a m p le ,  F e r r a n t i  f o u n d  th a t  th e  c a b le  h e  h a d  p u r c h a s e d  to  

t r a n s m i t  1 0 ,0 0 0  v o lts  to  L o n d o n  w o u ld  n o t  d o ,  h e  d e s ig n e d  h is  o w n . T h e  

F e r r a n t i  “ m a in s ” e x c i te d  m u c h  c o m m e n t  a t th e  t im e  a n d  a r e  r e c o g n iz e d  

to d a y  a s  a l a n d m a r k  in  th e  d e v e lo p m e n t  o f  p a p e r - in s u la t e d  c a b le . F e r r a n t i  

m a in ta in e d  th e  o u t e r  c o n d u c t o r  o f  h is  c a b le  a t e a r t h  p o te n t ia l  h ig h -v o l ta g e  

a n d  by  m e a n s  o f  a  d r a m a t ic  d e m o n s t r a t io n  p r o v e d  th e  c a b le  s a f e  u n d e r  

th e s e  c i r c u m s ta n c e s  ( th e r e b y  a ls o  r e l ie v in g  th e  a n x ie ty  o f  p u b lic  a u th o r i -

<n F e rra n ti an d  Ince . L ife  o f Ferranti, p. 95.
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F ig u re  IX . 5. D eptford central station. 
From  L o n d o n  I llu s tra ted  N ew s. 26  

O ctober I.SS9. Courtesy o f  the Ferran ti Ltd.

Archives. Ilo llinw ood . E ng la nd .

tie s ) .  W h i le  o n e  o f  F e r r a n t i ’s a s s is ta n ts  h e ld  a  c o ld  c h is e l ,  a n o t h e r  d r o v e  it 

t h r o u g h  t h e  liv e  1 0 .0 0 0 -v o li  c a b le .  T h e  c h is e l  s h o r t - c i r c u i t e d  th e  m a in ,  a n d  

a fu s e  c u t  th e  s u p p ly .  Y e a rs  l a t e r ,  o n  3 M a rc h  1 9 1 0 , F e r r a n t i  w r o te  w ith  

ju s t i f i a b le  p r i d e  to  h is  s o n .  V in c e n t :  " A l th o u g h  t h e s e  m a in s  w e re  m a d e  in  

a  g r e a t  h u r r y  a n d  w ith  s o m e w h a t  fa u l ty  a p p l i a n c e s ,  a n d  w ith  a  g r e a t  w a n t 

o f  k n o w le d g e ,  n o t w i th s ta n d in g  th a t ,  a t  le a s t  h a l f  t h e  q u a n t i ty  o f  m a in s  

o r ig in a l ly  la id  d o w n  a r e  s till s u p p ly in g  L o n d o n  o n  1 0 ,0 0 0  v o lts  to d a y ,  th e  

r e m a i n i n g  p o r t i o n  o f  th e s e  s a m e  m a in s  b e in g  still in  u s e  b u t  w o r k in g  a t  a 

lo w e r  p r e s s u r e . ’"11

In  O c t o b e r  1 8 9 0  th e  D c p t l o r d  s ta t io n  t r a n s m i t t e d  c u r r e n t  to  L o n d o n ,  

a n d  h o p e s  r a n  h ig h .  O n  15 N o v e m b e r  1 8 9 0 , h o w e v e r ,  th e  F irst o f  a  s e r ie s  

o f  m is h a p s  o c c u r r e d .  T h e  o ld  G r o s v e n o r  G a l le ry  s t a t io n ,  n o w  c o n v e r t e d  

to  a  s u b s ta t io n  w ith  a  b a n k  o f  t r a n s f o r m e r s  to  s t e p  d o w n  th e  v o l ta g e ,  w as 

d e s t r o y e d  b y  f i r e .  T h e  f i r e  b e g a n  w h e n  a n  a r c  f o r m e d  a s  a  s t a t io n  a t t e n d a n t  

r e m o v e d  a  p lu g  s w itc h  c a r r y in g  h ig h  v o l ta g e .  T h e  a t t e n d a n t  e x t e n d e d  th e  

a r c  by  p u l l in g  th e  p lu g  b a c k  in s te a d  o f  r e p la c in g  it, a n d  th e  a r c  r a n  u p  th e  

w o o d w o rk ,  s e l l in g  f i r e  to  t h e  c e il in g .  T h e  b la z e  d e s t r o y e d  th e  s u b s ta t io n  

in  tw e n ty  m in u te s  a n d  c o s t  L L S C  a b o u t  £ 1 5 ,0 0 0  in  u n i n s u r e d  a p p a r a tu s .  

F e r r a n t i  b l a m e d  th e  a t t e n d a n t .  I n  a n  in te rv ie w  h e  a r g u e d  th a t  th e  m a n  

c o u ld  h a v e  r e i n s e r t e d  th e  p lu g  s w itc h ,  p u l l e d  th e  sw itc h  n e a r b y  to  c u t  o f f  

th e  c u r r e n t  to  th e  p lu g  s w itc h ,  o r  p u l l e d  th e  m a in  s a f e ty  s w itc h  to  c u t  o f f  

th e  s u p p ly  T rom  D e p t f o r d .  W ith  h in d s ig h t ,  a n  e n g i n e e r  to d a y  m ig h t  j u d g e  

th e  h u m a n  c o m p o n e n t s  o f  th e  s y s le m  o v e r lo a d e d .

T h e  c o m p a n y  m a d e  r e p a i r s  q u ic k ly  a n d  by  D e c e m b e r  h a d  r e s to r e d  s e rv ­

ic e  f r o m  D e p t f o r d  v ia  th e  G r o s v e n o r  s u b s ta t io n ,  b u t  o n  3 D e c e m b e r  1890  

th e  s y s le m  a g a in  T ailed  w h e n  o n e  r e p a i r e d  t r a n s f o r m e r  a t  D e p t f o r d  b u r n e d  

o u t  a n d  t r a n s f e r r e d  its  lo a d  to  th e  a l r e a d y  fu lly  lo a d e d  r e m a in in g  t r a n s ­

f o r m e r s .  1  h e  b a n k  o l  t r a n s f o r m e r s  b u r n e d  o u t  in  s u c c e s s io n .  A ll D e p tf o r d -

41 F e r ra n ti P riv a te  L e tte rs , vol. -1, le tte r  no . 47 7b . 1 a m  in d e b te d  to  C . J .  So m m ers, c o m pan ) 
a rch iv is t fo r  F e rra n ti L td ..  H ollinw oo d , E n g la n d , fo r  calling  iny  a tte n t io n  to  th is  le tte r.
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F ig u re  I X .6 . A  London  Electric Su pp ly  
Corp., Ltd .. leaflet, c. 1 89 3. From  

Rid ding , S. Z. d e  F e rra n ti, p  17. T h e  L o n d o n  E l e c l r i o  S u p p ly  C o rp o ra t io n  L i m i t e d .

s u p p l i e d  l ig h ts  b la c k e d  o u t .  A f te r  th e  s e c o n d  d is a s te r ,  t h e  c o m p a n y  d is ­

c o n t in u e d  s e rv ic e  f o r  t h r e e  m o n th s  to  c a r r y  o u t  m a jo r  m o d if ic a t io n s  in  th e  

s y s te m . R e w in d in g  o f  th e  tw o  1 ,2 5 0 -h .p .  u n i ts  w o u ld  ra is e  t h e i r  o u t p u t  

v o l ta g e  f r o m  5 ,0 0 0  lo  1 0 ,0 0 0 , th e r e b y  m a k in g  it p o s s ib le  to  f e e d  th e  o u t p u t  

in to  th e  1 0 ,0 0 0 -v o ll  m a in s  w i th o u t  u s in g  a  s t e p - u p  t r a n s f o r m e r .  In  th e  

m e a n t im e ,  F e r r a n t i  p l a n n e d  to  u s e  tw o  2 0 0 -k w . a l t e r n a to r s  b r o u g h t  o v e r  

f r o m  th e  o ld  G r o s v e n o r  s ta t io n .  T h e  sm a ll  o u t p u t  o f f e r e d  n o  p r o b le m ,  

s in c e  t h r e e - q u a r t e r s  o f  t h e  D e p t f o r d  s t a t io n ’s c u s to m e r s  h a d  b e e n  lo s t d u r ­

in g  th e  s h u td o w n .  T h e  c o m p a n y  w e n t a h e a d  w ith  th e  c o n s t r u c t io n  o f  a d ­

d i t io n a l  s u b s ta t io n s  a t  T r a f a l g a r  S q u a r e ,  B la c k f r ia r s ,  a n d  D e p t f o r d ,  a n d  by 

A u g u s t  1 8 9 1 , 3 0 ,0 0 0  la m p s  w e re  c o n n e c te d .  W h e n  F e r r a n t i  l e a r n e d  th a t  

th e  c o m p a n y  w o u ld  n o t  c o m p le te  th e  g ia n t  a l t e r n a to r s ,  h o w e v e r ,  h e  r e ­
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s ig n e d .  A f te r  h is  d e p a r t u r e ,  f a i lu r e  o f  s y s te m  c o m p o n e n t s  c o n t in u e d  to  

p la g u e  th e  D e p t f o r d  s ta t io n .  In  N o v e m b e r ,  th e  b o a r d  c h a i r m a n  r e m a r k e d ,  

" T h e  w h o le  t h in g  c a m e  to  a  c o l la p s e ;  th e  d y n a m o s ,  m a in s ,  a n d  e v e ry th in g  

w e n t w ro n g .  . . .”42 A  m u c h - c h a n g e d  D e p t f o r d  s u rv iv e d ,  b u t  a  r e v a l u a t i o n  

o f  s to c k  in  1 8 9 8  r e v e a le d  t h a t  th e  L o n d o n  E le c tr ic  S u p p ly  C o r p o r a t i o n  h a d  

lo s t a t  le a s t  £ 4 0 0 ,0 0 0 .
T w o  l e a d in g  B r i t i s h  e l e c t r ic a l  e n g i n e e r s  w e re  b r o u g h t  in  to  a s se ss  th e  

s i tu a t io n .  J o h n  H o p k in s o n  a n d  J o h n  A m b r o s e  F le m in g  c o n c lu d e d  th a t  

b e c a u s e  o f  its  h ig h - v o l ta g e ,  lo n g - d i s t a n c e  t r a n s m is s io n ,  th e  D e p t f o r d  s ta t io n  

w as  c o n s t i tu t io n a l ly  a f f l ic te d  a n d  w as  s u r v iv in g  “ o n  v e ry  th in  ic e ."  T h e  

c o n s u l t in g  e n g in e e r s  h o p e d  t h a t  th e  ic e  c o u ld  b e  t h ic k e n e d .  T h e  o n ly  to ta l  

s o lu t io n  w o u ld  b e  to  b u i ld  n e w , s m a ll  d .c .  s ta t io n s  n e a r  th e  a r e a  o f  c o n ­

s u m p t io n .  In  a n  e r a  w h e n  “ th e  b a t t le  o f  th e  c u r r e n t s ” w as  b e in g  w a g e d  by 

th e  a d v o c a te s  o f  a l t e r n a t i n g  a n d  d i r e c t  c u r r e n t ,  th is  w as  a n  e s p e c ia lly  h u ­

m i l ia t in g  b lo w  f o r  t h e  a .c . c h a m p io n ,  F e r r a n t i .  T h e  c o n s u l t a n t s  m a d e  m a n y  

te c h n ic a l  s u g g e s t io n s  to  s a lv a g e  th e  b e s t  o f  w h a t  th e y  j u d g e d  a  b a d  e n g i ­

n e e r i n g  s i tu a t io n .  T h e y  r e c o m m e n d e d  r e d u c i n g  th e  t r a n s m is s io n  v o lta g e  

to  5 ,0 0 0  i f  t h e  c o m p a n y  c o n t in u e d  a .c . t r a n s m is s io n ,  b u t  w o u ld  g iv e  n o  

a s s u r a n c e s  o f  t h e  s y s te m ’s p e r f o r m a n c e .43

H is to r i a n s ' a n d  e n g i n e e r s ’ a s s e s s m e n ts  o f  F e r r a n t i  h a v e  b e e n  m o r e  s y m ­

p a th e t i c .  R . H . P a r s o n s ,  in  T h e  E a r ly  D a ys o f  th e  P o w e r  S ta t io n  In d u s tr y ,  says 

t h a t  a t  D e p t f o r d ,  F e r r a n t i ’s p r e s c ie n c e  w ith  r e g a r d  to  e l e c t r ic a l  d e v e lo p ­

m e n t  w as  “ l i t t le  s h o r t  o f  m a r v e lo u s ;  h is  e n g i n e e r i n g  c o u r a g e  in  a t t e m p t in g  

to  r e a l iz e  h is  v is io n  . . .  n o  less w o n d e r f u l ."  W . L . R a n d e l l ,  in  5 . Z . d e  F erra n ti , 

d is m is s e s  t h e  s y s te m 's  f a i lu r e s  by  s t a l in g  t h a t  in  t h a t  m a g n i f i c e n t  a n d  d a r in g  

e n t e r p r i s e  F e r r a n t i  a c h ie v e d  w h a t e n g in e e r s  o f  s t a n d i n g  c o n s id e r e d  im ­

p o s s ib le .  In  O x f o r d 's  f tv e -v o lu m e  H is to ry  o f  T e c h n o lo g y  t h e  “c o l la p s e ” o f  th e  

D e p t f o r d  s ta t io n  is i g n o r e d  a n d  F e r r a n t i ’s e x p e r i m e n t  is c h a r a c te r i z e d  as 

th e  f o r e r u n n e r  o f  a ll la r g e  c e n t r a l  s ta t io n s .  P e rc y  D u n s h e a th ,  in  A  H is to ry  

o f  E le c tr ic a l P o w e r  E n g in e e r in g ,  w r i te s  o f  th e  g r e a t  r e p u t a t i o n  F e r r a n t i  e a r n e d  

f r o m  h is  s c h e m e .  O n  th e  o t h e r  h a n d .  L o r d  H in to n  o f  B a n k s id e  n o te s  “ th a t  

i f  y o u  fe e l t h a t  th e  g r e a t  e n g i n e e r  o u g h t  to  b e  n o t  m e re ly  a n  in n o v a t iv e  

g e n iu s  b u t  s h o u ld  a ls o  g iv e  g o o d  v a lu e  to  h is  f in a n c ia l  s p o n s o r s  th e n  F e r ­

r a n t i  c a n n o t  s ta n d  b e s id e  m e n  like  G e o rg e  S te p h e n s o n  o r  T e l f o r d  o r  W a tt .”44 

A t  le a s t  F e r r a n t i  is a s s o c ia te d  w ith  th e  g r e a t  S m ile s ia n  e n g i n e e r s .45

F e r r a n t i ’s r e f l e c t io n s  a lm o s t  h a l f  a c e n tu r y  la t e r  p r o v id e  a n  in te r e s t in g  

d e f e n s e  o f  h is  p la n  a n d  e x e c u t io n  o f  it. A f te r  n o t in g  a  n u m b e r  o f  m e c h a n ic a l  

a n d  e le c t r ic a l  p r o b le m s  s o lv e d  in  th e  c o u r s e  o f  c o n s t r u c t io n ,  t e s t in g ,  a n d  

ea r ly  o p e r a t i o n ,  h e  l a m e n te d  th e  c o m p a n y ’s f a i lu r e  to  in s ta l l  t h e  1 0 ,0 0 0 -

”  P arso ns, E arly  D ays o f  the Powrr  Statio n Industry , p . 39.

" J .  A. F lem ing  a n d  J o h n  H o p k in so n , "R e p o rt o f  D ecem ber 1891"; copy  in d ie  Elecirical 
E n g in e erin g  C o llec tio n , Science M u seu m , L on do n .

44 Parso ns. Early  Days o f  thr Power Statio n Industry , p . 2 8 ; R and ell, Ferran ti, p p . 9 - 1 9 ;  Percy 
D u nslteall) , A H istory o f  Electrical Power E ng in eer in g  (C a m b rid g e . Mass.: M .I .T . Press, 1962). 

p . 167; C . S in g er . E. J .  I lo lm y ard . A. R. H all, a n d  T . I. W illiam s, ed s.. A H istory o f  Technology, 

5 vols. (N ew  Y ork: O x fo rd  U niv crsiiy  Press, 1958), 5: 1 99 -2 00 ; L o rd  I l in lo n  o r  B anksid c . 
H eavy Cu rren t Electricity in the U nited  K ingd om : H istory a n d  D evelopm ent (O x fo rd : P e rgam on  
P ress, 1979), p . 30.

■•'On ih c  c h a ra c te r  o f  li te  Sm ilcsian  e n g in e e rs , see T h o m a s  P. H u g h es , e d .. Selections fro m  
Lives o f  the Eng ineers  (C a m b rid g e , M ass.: M .I.T . Press, 1966), p p . 1 -29 .
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h .p .  u n i ts ,  w h ic h ,  h e  s ta le s ,  w e re  b u i l t  a n d  n e v e r  e r e c te d .  H e  f o u n d  ii h ig h ly  

s ig n i f ic a n t  t h a t  r e c ip r o c a t in g  s te a m  e n g in e s  f o r  th e  N e w  Y o rk  s u b w a y  c o n ­

s t r u c t e d  te n  y e a r s  l a t e r  w e r e  a ls o  1 0 ,0 0 0  h .p . ,  h a d  tw o  l o w - p r e s s u r e  c y l ­

i n d e r s  o f  th e  s a m e  d i a m e t e r  (8 8  in .)  a s  h is , a n d  th e  s a m e  p i s to n  s p e e d  

( a b o u t  7 5 0  f t ./m in . ) .  “ [ I t]  s e e m s  a  c u r io u s  c o in c id e n c e ,"  h e  w r o te ,  “ th a t  te n  

y e a r s  la t e r  o n  th e  b e s t  e n g i n e e r i n g  p r a c t ic e  w as  s till c o n s i d e r e d  to  b e  w h a t 

w e  h a d  p l a n n e d  a n d  b u i l t  f o r  D e p t f o r d . ” T h e  f a i lu r e  o f  t h e  D e p t f o r d  s ta t io n  

w as , h e  r e c a l le d ,  “s e t t l e d  b e f o r e  it  s t a r t e d . ” H e  r e f e r r e d  to  t h e  d e c is io n  

m a d e  by  th e  M a r in d in  C o m m i t t e e  to  g r e a t ly  r e d u c e  th e  p r e s u m e d  a r e a  o f  

s u p p ly ,  a n d  “w o r s e  t h a n  th is , "  h e  c o n t i n u e d ,  “w e  h a d  c o m p e t i t io n  f r o m  

lo c a l s t a t io n s  a r r a n g e d  f o r  in  e v e r y  p a r t  o f  o u r  a r e a ."  T h e s e  c o m p e t i to r s  

to o k  a c tu a l  a n d  p o te n t i a l  c u s to m e r s  a s  D e p t f o r d  e x p e r i e n c e d  its  b r e a k ­

d o w n s .  W ith  a  m o n o p o ly ,  t h e  c o m p a n y  c o u ld  h a v e  h e ld  o n  a n d  m o d if ic a t io n  

w o u ld  h a v e  b e e n  p o s s ib le ,  F e r r a n t i  c o n c l u d e d .46

F e r r a n t i ’s D e p t f o r d  s t a t io n  w as  b e g u n  in  1 8 8 8 , a b o u t  t h e  l im e  T e s la  a n d  

th e  o t h e r  in v e n to r s  o f  t h e  p o ly p h a s e  s y s te m  w e re  ta k in g  o u t  t h e i r  p a te n t s ;  

it w as  a b a n d o n e d  in  its  g r a n d  d im e n s io n s  in  1 8 9 1 , th e  y e a r  t h a t  p o ly p h a s e  

p o w e r  t ra n s m is s io n  w as su c c e ss fu lly  d e m o n s t r a te d  a t F r a n k f o r t  o n  th e  M ain . 

D u r in g  t h e  y e a r s  w h e n  it w as  b e in g  b u i l t  a  la r g e  n u m b e r  o f  s in g le - p h a s e  

a l t e r n a t i n g - c u r r e n t  c e n t r a l  s t a t io n s  w e re  c o n s t r u c te d ,  b u t  b y  t h e  m id - n i n e ­

t ie s  e n g i n e e r s  a n d  s t a t io n  m a n a g e r s  h a d  b e g u n  to  c o m p r e h e n d  th e  a d v a n ­

ta g e s  o f  th e  u n iv e r s a l ,  p o ly p h a s e  s y s te m  f o r  s u p p ly in g  l ig h t ,  s ta t io n a r y  

p o w e r ,  a n d  t r a c t io n .  I n  s h o r t ,  F e r r a n t i  s e t  o u t  o n  h is  b o ld  v e n t u r e  in  a  t im e  

o f  t r a n s i t io n  a n d  p u r s u e d  a  c o u r s e  t h a t  b r ie f ly  a p p e a r e d  to  b e  t h e  m a i n ­

s t r e a m  b u t  to o k  h im  o u t  o f  th e  r i s in g  t id e  o f  te c h n o lo g ic a l  c h a n g e .

O t h e r  L o n d o n  u t i l i t ie s  a ls o  e x p a n d e d  g r e a t ly  d u r i n g  t h e  p e r io d  o f  t r a n ­

s i t io n  a n d  t h e n  f a i le d  to  c o m m i t  th e m s e lv e s  to  th e  u n iv e r s a l ,  p o ly p h a s e  

s y s te m . T h e r e  w a s  a  f l u r r y  o f  c o n s t r u c t io n  o f  n e w  v e n tu r e s  a f t e r  p a s s a g e  

o f  t h e  E le c tr ic  L i g h t in g  A c t o f  1 8 8 8 . L o n d o n  s e e m s  to  h a v e  b e e n  th e  E u ­

r o p e a n  c ity  b e s t  l ig h te d  b y  e le c t r ic i ty  in  1 8 9 1 , b u t  it  o p te d  f o r  d i r e c t  c u r r e n t  

a n d  s in g le - p h a s e  a l t e r n a t i n g  c u r r e n t .  D u r in g  th e  F r a n k f o r t  e x h ib i t io n  th e  

o r g a n iz e r s  c o n d u c t e d  a  s u r v e y  a m o n g  th e  l e a d in g  e le c t r ic a l  m a n u f a c t u r e r s  

in  a t t e n d a n c e  to  a s c e r t a in  t h e  lo c a t io n  o f  m a jo r  c e n t r a l  s t a t io n s  in  E u r o p e  

a n d  d i s c o v e r e d  t h a t  L o n d o n  h a d  m o r e  i n c a n d e s c e n t  l ig h ts  lit f r o m  c e n t r a l  

s ta t io n s  th a n  B e r l in ,  P a r is ,  o r  a n y  o f  t h e  o t h e r  m e tro p o l is e s .  A c c o r d in g  to  

th e  1891 c o m p i la t io n ,  L o n d o n  h a d  4 7 3 ,0 0 0  in c a n d e s c e n t  la m p s  r a t e d  a t  

16 c .p . ,  B e r l in  h a d  7 5 ,0 0 0 ,  a n d  P a r is  6 7 ,6 0 0 .47 O f  th e  L o n d o n  la m p s ,

3 0 7 ,0 0 0  w e re  c o n n e c te d  to  s in g le - p h a s e  a l t e r n a t i n g  c u r r e n t .  E v e n  t h o u g h  

th e  c o m p i le r s  s t r e s s e d  t h e  in c o m p le te n e s s  o f  th e  s u rv e y ,  a n d  e v e n  t h o u g h  

t h e r e  a r e  o b v io u s  e r r o r s  in  it , L o n d o n 's  le a d  w as  s ig n if ic a n t .  A f t e r  th is  b u r s t  

o f  l ig h t ,  h o w e v e r ,  L o n d o n — a n d  E n g la n d — v ir tu a l ly  ig n o r e d  th e  p o ly p h a s e  

s y s te m  d u r i n g  t h e  1 8 9 0 s , f o r m a t iv e  d e c a d e  o f  th e  n e w  s y s te m . N a tiv e s  c o u ld  

o n c e  a g a in  a t  th e  t u r n  o f  th e  c e n t u r y  l a m e n t ,  a s  th e y  h a d  in  th e  e ig h t ie s ,  

B r i t a in ’s e le c t r ic  l ig h t in g — a n d  n o w  p o w e r — la g .48

B y  1 9 0 0  P a r l i a m e n t  w as  b e in g  to ld  t h a t  e le c t r ic a l  t e c h n o lo g y  p u s h e d  to

’" C lip p in g  Trom Th e  E ng in eer , 16 J u n e  1944. p. 469.

47 O ffh ie lte  Ze itu n g  der In lern ationa len Au sste llu ng  F ra n k fu rt  am  M a in  18 9 1 , pp . 6 3 4 -3 9 . T h e r e  
a re  a p p a r e n t  om is sio ns a n d  e rr o rs  in  th is  list.

B yatt, British E lectrical Indus try , p . 69.
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T a bl e IX .I. L eg is l a t io n  Rel a t o  El ec t r ic  Ser v ic e in  t h e Lo n d o n  A r ea

C e n tr a l Scope o f  Act

C e n tr a l Acts
E lectr ic  L ig h tin g  A ct, 1882

Electr ic  L igh tin g  A ct, 1888

E lectr ic  L igh tin g  (C lauses) A ct, 1899

Electr ic  L ig h ting  A ct. 1909

E lectr ic ity  (S up p ly ) A ct. 1919

E lectr ic ity  (S up p ly ) A ct. 1922

Electr ic ity (Sup p ly ) A ct, 1926 
E lectr ic ity  (Sup p ly ) A ct, 1928 
E lectr ic ity  (S up p ly ) Act, 1933 
E lectr ic ity  (S up p ly ) A ct, 1935 
E lectr ic ity  Su p p ly  (M eiers) A ct. 1936

L ondon  Acts
L o n d o n  E lectr ic  L ig h tin g  A reas Act, 

1904
L o n d o n  E le ctr ic  Su p p ly  A ct. 1908 

L o n d o n  E lectr ic  Su p p ly  A ct, 1910

L o n d o n  E lectr ic ity  (N os. I a n d  2) 
A cts. 1925 

L o n d o n  a n d  H o m e  C o u n tie s  J o in t 
E lectr ic ity A u th o r ity  A ct. 1927

C o n d itio n s  o f  fra n ch ises: e arly  te rm s  o f  p u rch a se  
(21 years)

E x te n d e d  p e rio d  o f  fra n ch ises a n d  im p ro v e d  
te rm s  o f  p u rc h a se  

S ta n d a rd  c lauses fo r  specia l o r d e r s  a n d  p riv ate  
acts

P ro h ib i ted  u n a u th o riz e d  c o m p etitio n  w ith  s ta tu ­
to ry  u tilitie s

Estab lish ed  e lec tr ic ity  c o m m ission ers  a n d  p rov id ed  
lo r  e s tab lish m e n t o f  jo in t  e lec tr ic ity  a u th o ritie s  

C o n f e rr e d  f u r th e r  p ow ers on  elec tr ic ity  com m is ­
s io n e rs  a n d  jo in t e lec tr ic ity  a u th o ri tie s  

E stab lished  C e n tra l E lectr ic ity  B o a rd  a n d  th e  G rid  
M in o r a m e n d m e n ts  to  th e  1919 act 
M in o r a m e n d m e n ts  to  th e  1919 a n d  1922 acts 
C E B  a u th o riz e d  to  sell e n erg y  to  ra ilro a d s  
M in o r im p o r ta n c e

A d ju s tm e n t o f  serv ice a re a s  o f  u tilitie s

P u rc h as in g  p o w ers o f  local a u th o ri tie s  tra n s fe rre d  
to  L o n d o n  C o u n ty  C o un cil 

C o n st itu te d  L o n d o n  C o u n ty  C o un c il p u rch a s in g  
a u th o ri ty  fo r  u tilitie s to  w hich  1908 act d id  no t 
ap p ly

R e p ea le d  p u rc h a s e  p ro v ision s o f  e a r lie r  acts. Im ­
po se d  slid in g  scale 

C o n fe rre d  a d d itio n a l p o w ers o n  J o in t E lectric ity  
A u th o rity

So u rc e : M erz  Sc M cL ellan . Repo rt o 
p 49.

Electric S m n c e  in N e w  York. Lo nd on , Paris, c d  Berlin

b u r s t i n g  th e  s e a m s  o f  lo c a l - a u th o r i ly  c o n f in e s .  P r iv a te  c a p i ta l  s o u g h t  a u ­

th o r i ty  to  e s ta b l is h  p o w e r  c o m p a n ie s  o u t s id e  L o n d o n  in  o r d e r  to  s u p p ly  

e le c t r ic i ty  in  b u lk  o v e r  a la r g e  a r e a  f r o m  la rg e - s c a le  p o w e r  p la n t s  h o u s in g  

th e  n e w ly  i n t r o d u c e d  s te a m  t u r b i n e  a s  p r im e  m o v e r .  S o m e  e n g i n e e r s  c o n ­

s id e r e d  L o n d o n  to  b e  s u i ta b le  g r o u n d  fo r  a n  e m b r a c in g ,  u n iv e r s a l  sy s te m . 

T h e r e  w as  a ls o  d is c u s s io n  o f  ta k in g  a d v a n ta g e  o f  V is c o u n t  C r o s s ’s r e c ­

o m m e n d a t i o n s  f o r  p a r l i a m e n ta r y  p o w e r  b ills  a n d  e s t a b l i s h in g  a  p o w e r  c o m ­

p a n y  fo r  L o n d o n .  O n c e  a g a in ,  h o w e v e r ,  t h e  p o l i t ic a l  p o w e r  o f  E n g la n d ’s 

lo ca l a u t h o r i t i e s  w as  m a n if e s t .  I n  L o n d o n ,  th e  L o n d o n  C o u n ty  C o u n c i l  a n d  

th e  lo ca l a u th o r i t i e s  c o n f e r r e d  a b o u t  th e  f u t u r e  o f  l a r g e - a r e a  s u p p ly  a n d  

a d o p t e d  a r e s o lu t io n  t h a t  e x p r e s s e d  w ell t h e  re a l i t ie s  o f  t h e  s i tu a t io n  th e r e :

W hile  re se rv in g  in tac t th e  r ig h ts  o f  th e  local a u th o ritie s  in re g a rd  to  e le c tric  
ligh ting  an d  e n e rg y , it is d es irab le  th a t th e  L o n d o n  C o u n ty  C o u n cil sh o u ld  be in 

a p osition  to  u n d e r ta k e  if  it so  d e te rm in e , o r  if  so  re q u es ted  by th e  local 
au th o ritie s , to  su p p ly  electrical en e rg y  fo r th e  co n v en ien ce  o f  any  d istric ts  
d e s iro u s  o f  be in g  su p p lied , p ro v id ed  th e  C ouncil d o es  no t becom e co m p etitiv e  
w ith  th e  local a u th o r it ie s . '''

S o  la c e d  w ith  " if s "  a n d  “ p r o v id e d s ,"  th e  r e s o lu t io n  s h o u ld  h a v e  b e e n  fa i r

1,1 L o n d o n  C o u n ty  C o un cil, Repo rt (1 9 1 3 -1 4 ), a p p . 2. p. 34.
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w a r n in g  f o r  w o u ld -b e  e n t r e p r e n e u r s  w h o  e n v is io n e d  a  c e n t r a l i z e d  L o n d o n  

s y s te m .

W h e n  C h a r le s  M e rz  s u r v e y e d  th e  L o n d o n  s c e n e  in  190 4  f r o m  th e  p e r ­

s p e c t iv e  o f  N e w c a s tle  u p o n  T y n e ,  h is  s e n s e  o f  s y s te m , t e c h n o lo g ic a l  sc a le , 

a n d  e c o n o m ic  e f f ic ie n c y  m u s t  h a v e  b e e n  o f f e n d e d .  L o n d o n  m o t iv a te d  h im  

to  a t t e m p t  to  r e o r d e r  th e  s i tu a t io n  in  a c c o r d a n c e  w ith  h is  a c h ie v e m e n ts  in  

s y s te m a t iz in g  l a rg e - s c a le  s u p p ly  a t  N e w c a s tle .  B e c a u s e  M e rz  is a m o n g  th e  

le a d in g  f ig u r e s  in  t h e  h is to r y  o f  B r i t i s h  s u p p ly ,  a n d  b e c a u s e  h e  is e n c o u n ­

t e r e d  n o t  o n ly  in  c o n n e c t io n  w ith  h is  b o ld  L o n d o n  s c h e m e  b u t  a s  a  p i o n e e r  

in  t h e  e s t a b l i s h m e n t  o f  th e  B r i t i s h  G r id ,  h is  b a c k g r o u n d  is o f  in t e r e s t .

C h a r l e s  H e s t e r m a n  M e rz  ( 1 8 7 4 - 1 9 4 0 )  w as  b o r n  in to  a n  in f lu e n t i a l  a n d  

a f f l u e n t  f a m ily  ( se e  F ig . X I  V .2 9 ,  p . 4 4 9 ) .  H is  m o t h e r ,  a  Q u a k e r ,  w as  a  s is te r  

o f  t h e  N e w c a s tle  s h i p b u i l d e r  J o h n  W ig h a m  R ic h a r d s o n ,  a n d  h is  f a t h e r  w as  

a m a n  o f  r e m a r k a b l e  c u l t u r e .  J o h n  T h e o d o r e  M e rz  ( 1 8 4 0 - 1 9 2 2 )  is k n o w n  

to  s c h o la r s  a s  t h e  a u t h o r  o f  A  H is to r y  o f  E u r o p e a n  T h o u g h t  in  th e  N in e te e n th  

C e n tu r y  (4 v o ls .,  1 8 9 6 - 1 9 1 4 ) .  A m o n g  h is  p e e r s  h e  w as  k n o w n  a s  a  c h e m ic a l  

m a n u f a c t u r e r  o n  T y n e s i d e  (h is  c o m p a n y  w as  e v e n tu a l ly  a b s o r b e d  by  I m ­

p e r ia l  C h e m ic a l  I n d u s t r i e s ) .  F in a lly ,  h e  w as  a f o u n d e r  a n d  c h a i r m a n  o f  t h e  

N e w c a s tle  u p o n  T y n e  E le c t r ic  S u p p ly  C o m p a n y .  Y o u n g  M e rz  th e r e f o r e  

h a d  a c c e ss  to  p e r s o n s  o f  w e a l th  a n d  p o li t ic a l  in f lu e n c e .  A s a c o n s u l t in g  

e n g i n e e r  p r e s id in g  o v e r  la rg e - s c a le  p r o je c ts  w ith  p o li t ic a l  a n d  f in a n c ia l  

d im e n s io n s ,  h e  m u s t  h a v e  f o u n d  a s s o c ia t io n s  o f  th is  k in d  h e lp f u l .

C h a r le s  M e r z  a t t e n d e d  B o o th a m  S c h o o l a t  Y o r k  A r m s t r o n g  C o l le g e  in  

N e w c a s tle ,  b u t  le f t  w i th o u t  ta k in g  a  d e g r e e  to  p u r s u e  m o r e  w o r ld ly  m a t t e r s  

a s  a n  a p p r e n t i c e  a t  P a n d o n  D e n e ,  t h e  f ir s t  c e n t r a l  s ta t io n  o f  h is  f a t h e r ’s 

N e w c a s tle  u p o n  T y n e  E le c t r ic  S u p p ly  C o m p a n y  (N E S C O ),  a n d  l a t e r  a t  

B r i t i s h  T h o m s o n - H o u s t o n  ( B T H ) .  H e  th e n  j o i n e d  B T H  a n d  b e c a m e  m a n ­

a g in g  e n g i n e e r  o f  a  u t i l i ty  it o w n e d  a t  C ro y d o n .  T h e s e  e a r ly  e x p e r i e n c e s  

h e lp  e x p la in  M e r z ’s s u b s e q u e n t  i n v e n t io n  o f  im p r o v e m e n ts  in  p o w e r - p la n t  

e q u i p m e n t .  I n  1 8 9 9  M e rz  s e t  u p  a  c o n s u l t in g  e n g i n e e r i n g  f i rm , th e  n a m e  

o f  w h ic h  w as  c h a n g e d  to  M e rz  8c M c L e lla n  a f t e r  W illia m  M c L e lla n  j o i n e d  

h im  in  1 9 0 2 . F r o m  t h e  b e g in n i n g  M e rz  a n d  th e  f i rm  m a n i f e s te d  a  b ia s  

to w a r d — a n d  a p t i t u d e  f o r — t h e  c r e a t io n  o f  l a r g e - a r e a  e le c t r ic  p o w e r  sy s ­

te m s .

P r io r  to  h is  i n t r o d u c t i o n  o f  p a r l i a m e n t a r y  le g is la t io n  in  1 9 0 5 , w h ic h  w as 

in t e n d e d  to  r e v o lu t io n iz e  e le c t r ic a l  s u p p ly  in  L o n d o n ,  M e rz  g a t h e r e d  w ith  

a  c lo s e -k n i t  g r o u p  o f  N o r t h e a s t  C o a s t  le a d e r s .  T h i s  m e e t in g  a n d  th o s e  th a t  

fo llo w e d  in  1 9 0 5  a n d  1 9 0 6  in  c o n n e c t io n  w ith  t h e  L o n d o n  p r o je c t  p r o v id e  

a n  e x a m p le  o f  t h e  n a t u r e  o f  t e c h n o lo g ic a l  e n t r e p r e n e u r s h i p .  M e rz  w as  a 

s y s te m  b u i ld e r ,  a  h e d g e h o g  lik e  T h o m a s  E d is o n  a n d  S a m u e l  I n s u l l ;  h e  h a d  

le ss in v e n t iv e  g e n iu s  th a n  E d is o n ,  le ss  m a n a g e r ia l  e x p e r i e n c e  th a n  In s u ll ,  

b u t  h e  m a n i f e s te d  s u f f i c i e n t  in s t in c ts  f o r  in v e n t io n ,  ta l e n t  f o r  m a n a g e m e n t ,  

a n d  e x c e p t io n a l  s e n s it iv i ty  to  t h e  w o r ld  o f  p o li t ic s  a n d  f in a n c e  to  p e r f o r m  

a s  a s u p e r b  o r i g i n a t o r  a n d  to  p r e s id e  o v e r  th e  f u l f i l lm e n t  o f  b o ld  t e c h ­

n o lo g ic a l  p ro je c ts .  (S e e  p p .  4 4 9 - 6 0  b e lo w  f o r  h is  e x p e r ie n c e s  a s  a  c o n s u l t in g  

e n g i n e e r  f o r  N E S C O , a n d  p p .  3 5 0 - 5 7  f o r  h is  r o le  in  th e  b u i ld in g  o f  th e  

B r i t i s h  G r id .)

O n  2 8  S e p t e m b e r  1904  M e rz  m e t  in  N e w c a s tle  u p o n  T y n e  w ith  m e n  o f  

e x p e r ie n c e  a n d  i n f lu e n c e  in  la r g e  i n d u s t r y ,  r a i l r o a d s ,  f in a n c e ,  law , p a r l i a ­

m e n ta r y  p o li t ic s , a n d  e le c t r ic a l  s u p p ly .  T h e i r  c o lle c tiv e  p e r s p e c t iv e  w as
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n e e d e d  f o r  th e  e n c o m p a s s in g  p r o je c t  t h a t  w a s  to  b e  d is c u s s e d .  P r e s e n t  w e re  

G . B . R ic h a r d s o n ,  a  d i r e c t o r  o f  t h e  s h ip b u i ld in g  c o m p a n y  W ig h a m  R ic h ­

a r d s o n  8c C o m p a n y ,  J a m e s  F a lc o n e r  o f  t h e  M e r s e y  R a ilw a y  C o m p a n y ;  a n d  

R o b e r t  S p e n c e  W a ts o n ,  a  Q u a k e r  w h o  m a r r i e d  t h e  s is te r  o f  M e rz ’s m o th e r  

a n d  w h o  w as  a  m e m b e r  o f  a  f i r m  o f  s o l ic i to r s ,  a  l e a d e r  o f  t h e  L ib e ra l  p a r ty  

in  th e  T y n e s i d e  r e g io n ,  a n d  a  c h a m p i o n  o f  e d u c a t io n a l  a n d  so c ia l r e f o r m .  

A lso  p a r t i c i p a t i n g  w a s  M e rz 's  f a t h e r ,  w h o  h a d  b e c o m e  c h a i r m a n  o f  th e  

e le c t r ic a l  s u p p ly  c o m p a n y  N E S C O  a n d  o f  t h e  c h e m ic a l  c o n c e r n  S ir  C . 

T e n n a n t  8c C o m p a n y  o f  C a r n o u s t i e ,  a s  w e ll a s  a  d i r e c t o r  o f  B r i t i s h  T h o m -  

s o n - H o u s to n .  N o t  p r e s e n t ,  b u t  w is h in g  to  b e  k e p t  i n f o r m e d ,  w e r e  S ir  A n ­

d r e w  N o b le ,  c h a i r m a n  o f  A r m s t r o n g  W h i tw o r th  8c C o m p a n y ,  a  h e a v y  e n ­

g in e e r i n g  c o n c e r n  f a m o u s  f o r  a r m o r  a n d  g u n s ;  a n d ,  f r o m  o u t s id e  th e  

d is t r ic t ,  S a m u e l  I n s u l l ,  J o h n  A n n a n  o f  A n n a n ,  K irb y ,  D e x te r  8c S o c ., a n d  

A . S. N o r t h c o t e  o f  L o n d o n .  A t th e  m e e t in g ,  M e rz  o u t l i n e d  t h e  L o n d o n  

e le c t r ic  s u p p ly  p r o b le m ,  S p e n c e  W a ts o n  d is c u s s e d  th e  d i f f i c u l t i e s  in  o b ­

ta in in g  p a r l i a m e n t a r y  p o w e r s ,  a n d  t h e  g r o u p  c h e e r e d  i t s e l f  o n  b y  r e f e r r i n g  

to  th e  s u c c e s s e s  o f  N E S C O  in  s u p p ly in g  p o w e r  to  in d u s t r y  a n d  th e  ra ilw ay s . 

T h e  g r o u p  d e c id e d  to  f o r m  th e  E le c tr ic  P o w e r  D e v e lo p m e n t  C o m p a n y  in  

a n  e f f o r t  to  s o lv e  L o n d o n 's  p r o b le m  in  a  s im i la r  m a n n e r . 30

C h a r le s  M e rz ,  w h o  h a d  b e e n  m u l l in g  o v e r  t h e  L o n d o n  p r o b le m  fo r  

s e v e ra l  y e a r s  a n d  w h o  h a d  e s t a b l i s h e d  a  b r a n c h  o f  h is  c o n s u l t in g  e n g i ­

n e e r i n g  f i r m  o n  V ic to r ia  S t r e e t  in  W e s tm in s te r ,  L o n d o n ,  s p e a r h e a d e d  th e  

N e w c a s t le - b o r n  p r o je c t .  H is  e n th u s ia s m  w as  f i r e d  b y  th e  a n a lo g y  t h a t  e le c ­

tr ic  s u p p ly  in  t h e  N e w c a s tle  r e g io n  p r o v id e d  f o r  t h e  L o n d o n  p ro je c t .  T h e  

N e w c a s tle  u p o n  T y n e  E le c tr ic  S u p p ly  C o m p a n y ,  w h ic h  h is  f a t h e r  c h a i r e d  

a n d  h e  a d v is e d  a s  c o n s u l t in g  e n g i n e e r ,  e n t e r e d  a p e r i o d  o f  d r a m a t i c  g r o w th  

in  1 9 0 0  w h e n  th e  c o m p a n y  b e g a n  to  fo c u s  o n  p o w e r  r a t h e r  th a n  l ig h t in g  

( s e e  p p .  4 4 7 - 4 8  b e lo w ). P e r s u a d in g  h e a v y  in d u s t r i e s  in  t h e  T y n e s id e  a r e a  

to  ta k e  p o w e r  f r o m  its  s y s te m  r a t h e r  t h a n  g e n e r a t e  f r o m  t h e i r  o w n  p o w e r  

p la n ts ,  N E S C O  d r a m a t i c a l ly  r e d u c e d  its  p r o d u c t i o n  c o s ts  p e r  k i lo w a t t - h o u r  

a n d ,  c o r r e s p o n d in g ly ,  th e  p r i c e  it  c h a r g e d  f o r  e le c t r ic i ty .  I n  so  d o in g ,  th e  

c o m p a n y 's  m a n a g e m e n t  fo llo w e d  th e  s t r a t e g y  o f  m a s s  p r o d u c t i o n  a d o p te d  

by  In s u l l  a n d  o t h e r  p r o g r e s s iv e  p o w e r  c o m p a n ie s  in  t h e  U n i t e d  S ta le s  a n d  

G e r m a n y .  M e rz  a ls o  p r o m o t e d  s te a m  tu r b i n e s ,  o n e  o f  w h ic h  h e  h a d  r e c e n t ly  

in s ta l le d  a t  t h e  N e p t u n e  B a n k  s t a t io n ,  a s  t h e  k ey  to  l a r g e - a r e a  s u p p ly  f ro m  

u n i ts  o f  u n p r e c e d e n t e d  s ize .

B y N o v e m b e r  1 9 0 4  M e rz  h a d  f o r m u la te d  h is  b a s ic  a r g u m e n t .  A s  d i r e c t o r  

o f  th e  L o n d o n  p ro je c t ,  h e  p o in te d  o u t  th a t  L o n d o n  w as  a  m a n u f a c t u r i n g  

c e n t e r  w ith  o v e r  3 0 ,0 0 0  f a c to r ie s  a n d  w o r k s h o p s  a n d  6 0 0 ,0 0 0  e m p lo y e e s .  

(H e  d id  n o t  s t r e s s  th e  a v e r a g e  sm a ll  s iz e  o f  th e s e  p la n ts .)  T h e  s t a r t l in g  

p a r a d o x ,  to  M e rz ,  w as  t h e  fa c t  th a t  th e  m e t r o p o l i s  u s e d  o n ly  o n e - f i f th  as 

m u c h  e le c t r ic  p o w e r  p e r  c a p i t a  a s  B e r l in  a n d  o n e - t e n t h  a s  m u c h  a s  h is  o w n  

N e w c a s tle  d is t r ic t .  H is  m a jo r  e x p la n a t io n  f o r  th is  p a r a d o x  w as  t h e  s m a l ln e s s  

o f  sc a le  o f  th e  u ti l i t ie s  in  L o n d o n ,  w h ic h  m e a n t  la r g e  c a p i ta l  a n d  o p e r a t i n g  

c o s ts— th r e e  l im e s  m o r e  in  b o th  in s ta n c e s  t h a n  l a rg e - s c a le  u ti l i t ie s  e x p e r i ­

e n c e d  e ls e w h e re .  D ra w in g  a g a in  o n  a n  a n a lo g y  w ith  t h e  N E S C O  s y s te m ,

311 N olc s o f  m e etin g  he ld  in N ew castle  u p o n  T y n e . 28 S e p te m b e r  1904. M erz  Sc M cL ellan 
P a p e rs  (Folio  7 0 /M  53 .5 /5 5), I yne a n d  W ear C o u n ty  C o un cil A rchiv es, N ew castle  u p o n  T y n e , 
E ng la n d  (h e re a fte r  c ited  as M erz  Sc M cL ellan  P aoers).
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f r o m  w h ic h  8 0  m ile s  o f  s u b u r b a n  r a i l r o a d  lo o k  p o w e r .  M e r /  p r o je c ic d  a 

s y s te m  fo r  L o n d o n  th a t  w o u ld  fe e d  r a i l r o a d s ,  t r a m w a y s ,  a n d  th e  u n d e r ­

g r o u n d .  51

In  a  s t r a te g ic  m o v e  to  g a in  a p p r o v a l  f o r  t h e i r  p o w e r  c o m p a n y .  M er/. a n d  

h is  a s s o c ia te s  d e c id e d  to  p r e s e n t  a  p o w e r  b ill to  P a r l i a m e n t .  'I 'h e y  n a m e d  

t h e i r  c o m p a n y  t h e  A d m in i s t r a t iv e  C o u n ty  o f  L o n d o n  a n d  D is tr ic t  E le c tr ic  

P o w e r  C o m p a n y  b e c a u s e  p o w e r  b ills  w e re  g e n e r a l ly  t a k e n  u p  in  a lp h a b e t ic a l  

o r d e r .  T h e  ta c tic s  a n d  s t r a t e g y  u s e d  in  th e  e f f o r t  to  g a in  p a s s a g e  o l d u ­

b ili d e m o n s t r a t e d  y o u n g  M e rz 's  s e n s it iv ity  to  th e  p r o b le m  o f  c o m m u n ic  a t ­

i n g  th e  e s s e n c e  o f  te c h n o lo g y  a n d  e c o n o m ic s  to  th e  n o n te c h n ic a l ly  t r a i n e d ,  

b u t  th e y  a ls o  r e v e a le d ,  in  t h e  lo n g  r u n ,  a n  o v e r c o n f id e n c e  in  th e  r a t io n a l  

te c h n ic a l  a r g u m e n t .  D u r in g  t h e  c o u r s e  o f  M e r z ’s s u s ta in e d  e n d e a v o r  I .lo v d  

G e o r g e ,  w h o  w as  t h e n  p r e s i d e n t  o f  th e  B o a r d  o f  T r a d e ,  to o k  th e  p a in s  to  

say  lo  th e  th e n  r e la t iv e ly  i n e x p e r i e n c e d  M e rz ,  w h e n  h e ,  " w ith  th e  u s u a l  

e n th u s ia s m  o f  a n  E n g i n e e r ,"  s p o k e  a b o u t  t h e  t e c h n ic a l  m e r i t s  o f  h is  L o n d o n  

s c h e m e ,  “ M y d e a r  y o u n g  f r i e n d ,  th is  is n o t  a q u e s t io n  o f  e n g i n e e r i n g ,  it is 

a  q u e s t io n  o f  p o l i t ic s .”52

F ro m  a t e c h n ic a l  a n d  e c o n o m ic  p o in t  o f  v iew , th e  c a m p a ig n  fo r  M e t v s  

b ill w a s  w ell m o u n t e d .  B e c a u s e  t h e r e  w as  n o  c e n s u s  o f  i n d u s t r i a l  p r o d u c t i o n  

a v a ila b le ,  M e rz  h a d  h is  a s s o c ia te  T .  H . M in s h a ll ,  w h o  h e a d e d  th e  c o n s u l t in g  

f i r m ’s L o n d o n  o f f ic e ,  s p e n d  s e v e ra l  w e e k s  a t  t h e  B r i t i s h  M u s e u m  g o in g  

th r o u g h  t h r e e  h u n d r e d  O r d n a n c e  S u rv e y  m a p s  o f  L o n d o n  in  o r d e r  to  

lo c a te  th e  f a c to r y  s i te s .  T h e n  M in s h a l l  c h e c k e d  w ith  th e  o w n e r s  to  f in d  o u t  

w h a t  k in d  o f  p o w e r  th e y  u s e d  a n d  i f  c h e a p  e le c t r ic i ty  w o u ld  b e  a  b o o n  to  

th e m .  T h e  i n f o r m a t i o n  M in s h a l l  g a t h e r e d  a b o u t  L o n d o n  w as  th e n  c o m ­

p a r e d  w ith  s ta t i s t ic s  f o r  o t h e r  in d u s t r i a l  c itie s . I n c lu d e d  in  th e  d a ta  w e re  

e s t im a te s  o f  t h e  e le c t r ic a l  r e q u i r e m e n t  o f  L o n d o n ,  c o a l  c o n s u m p t io n  in 

G r e a t e r  L o n d o n ,  th e  a n t i c ip a te d  s a v in g s  f r o m  a d o p t i o n  o f  e le c t r ic i ty ,  th e  

to ta l  a m o u n t  o f  h o r s e p o w e r  in s ta l le d  in  L o n d o n ,  th e  p e r c e n ta g e  o f  p o w e r  

s u p p l i e d  b y  e x i s t in g  u t i l i t ie s ,  a n d  v a r io u s  c o m p a r a t iv e  c o s ts  o f  e x is t in g  

p o w e r  s y s te m s  a n d  o f  p o w e r  u n d e r  th e  M e rz  p r o je c t  ( se e  F ig . I X .7). Bv 

th e  t im e  th e  p a r l i a m e n t a r y  h e a r i n g  o n  M e rz ’s b ill b e g a n  o n  16 M a rc h  1 9 0 5 , 

M e rz  h a d  h a d  h is  d a t a  p r i n t e d  a n d  b o u n d  in  a  h a n d s o m e  l e a t h e r  b o o k  a n d  

c o p ie s  o f  il h a d  b e e n  d i s t r i b u t e d  lo  c o m m i t t e e  m e m b e r s .  “T h e  w h o le  sca le  

a n d  s ty le  o f  t h e  p r e p a r a t o r y  d a t a  w as  s o m e th in g  n e w  in  th e  P a r l i a m e n ta r y  

C o m m i t t e e  R o o m s .” M e rz  r e c a l le d  th a t  “s u c h  ta b le s  b e c a m e  th e  fa s h io n  

a f t e r w a r d s  b u t  u p  to  t h e n  I d o  n o t  th in k  a n y t h i n g  h a d  e v e r  b e e n  m o r e  

c o m p le te ly  o r  c le a r ly  s t a t e d  a n d  s h o w n ." 5'’

A c c o r d in g  lo  M e rz  a n d  h is  a s s o c ia te s ,  t h e i r  p o w e r  c o m p a n y  w o u ld  o p ­

e r a t e  a  p o w e r  s t a t io n  w ith  six  tu r b o - a l t e r n a t o r s  c a p a b le  o f  s u p p ly in g  a

11 C h a rles  I I. M crz  lo  T h e  Electr ic  Pow er D eve lo pm e n t Co.. I .id .,  N ov em ber I'.HH. M e r/ 
8c M cLcllan P a pers .

“ C h a rles  II. M cr/., " A u to b io g ra p h y ,"  May 1986. p. 19; copy  in M erc 8c M cLellan Co. 
A rchives. T h e  a cc ou n t o f  th e  L o n d o n  p ro jec t giv en  h e re  draw s u|x>n th e  c h a p te r  e n title d  
" L o n d o n ,"  an d  th e  pa g e  n u m b e rs  c ited  h e re a f te r  re fe r  to  th is  c h a p te r . Jo h n  R ow la nd 's Progress 
in Power: The  Contr ibu tion o f  Charles M e n  a n d  l l i s  Associates to S ix ty  fe a rs  o f  Electrical Developm ent, 
1 8 9 9 -1 9 3 9  (L o n d o n : N ew m an  N ca m c , I960) closely follow s M erz 's  a u to b io g ra p h y ; on  h in -  
d o n  see pp . 3 8 -5 0 . I am  in d e b te d  to  Ms. K ath leen  B ram lcy , fo rm e r  lib ra ria n  at M erz  Sc 
M c lx lla n . fo r  calling  m y a tte n t io n  lo  th is  p rivately  p u b lished  w ork .

, 5 M crz , “A u to b io g rap h y ,"  p. 12.
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F ig u re  I X .7. Table a n d  g rap h prepared  by M e n  Id  M cL ellan  fo r  Charles 
M e n 's  testim ony before a parliam entary com mittee in sup port o f  a London  

electric supply  bill. From  M e n  Id  M cL ella n . A d m in is tra tiv e  C o u n ty  o f  
L o n d o n  a n d  D istrict Pow er C o m p an y . 1906. Courtesy o f  the Tyne a nd  

W ra r Coun ty Coun cil Archives. Newcastle upon Tyne . En gland .

m a x im u m  lo a d  o f  2 0 ,0 0 0  kw . ( I n s u l l  h a d  i n t r o d u c e d  5 ,0 0 0 -k w . u n i ts  in  

C h ic a g o  in  1 9 0 3 , a n d  th e  M e t r o p o l i t a n  E le c tr ic  S u p p ly  C o m p a n y  h a d  in ­

s ta l le d  a 3 ,0 0 0 -k w . u n i t  f o r  L o n d o n  s u p p ly  in  1 9 0 4 .)  F r o m  th is  2 0 ,0 0 0 -k w . 

s ta t io n ,  t r a n s m is s io n  l in e s  w o u ld  d e l iv e r  p o w e r  d i r e c t ly  f r o m  th e  p o w e r  

c o m p a n y  to  i n d u s t r i e s  in  e a s t  L o n d o n  a n d  w o u ld  s u p p ly  p o w e r  in  b u lk ,  o r  

w h o le s a le ,  to  e x i s t in g  u t i l i t ie s ,  e s p e c ia lly  in  w e s t  L o n d o n .  A f te r  c o n v e r s io n  

t o  d i r e c t  c u r r e n t  o r  o t h e r  f o r m s ,  th is  b u lk  c u r r e n t  w o u ld  b e  d i s t r i b u t e d  by  

th e  e x is t in g  u t i l i t ie s ,  t h r o u g h  t h e i r  o w n  s y s te m s ,  m o s tly  fo r  l ig h t in g .  By 

l e a v in g  m u c h  o f  t h e  l ig h t in g  s u p p ly  to  th e  s m a ll  u t i l i t ie s ,  M e rz  h o p e d  to  

w in  t h e i r  s u p p o r t  f o r  h is  p la n .  T  h e  n e w  p o w e r  c o m p a n y  w o u ld  b e  e s p e c ia lly  

g e a r e d  to  s u p p ly  L o n d o n ’s g r o w in g  t r a c t io n  lo a d .  M e rz  p r e d ic te d  th a t  by 

t a k in g  a d v a n ta g e  o f  e c o n o m ie s  o f  s c a le  a n d  d iv e r s i ty  o f  lo a d ,  h is  c o m p a n y  

c o u ld  se ll in  b u lk  to  th e  s m a l l e r  L o n d o n  u ti l i t ie s  f o r  a  lo w e r  p r i c e  th a n
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7 b Hompateod 
77 Islington 
76 Pcplar 
79 5t Moryleborve 
3 0 51 Pancsaa
31 Shoreditch
32 Southwark
33 Stepney
34 County erf London

F ig ur e  IX .8 . Location o f  London  eleclnc  
light an d  power stations, c. 19 23 . From  

Electrical W orld  8 2  (1 9 2 3 ).  1037 .

w h a t it w o u ld  c o s t th e m  to  g e n e r a t e  th a t  p o w e r ,  e v e n  in  n e w , e x p a n d e d  

p la n ts .

M e rz  a n d  M in s h a l l  w o n  s u p p o r t  f o r  t h e i r  b ill in  th e  f o r m  o f  a p e t i t io n  

s ig n e d  by  2 5 0  L o n d o n  m a n u f a c t u r i n g  f i rm s .  I n  a d d i t io n ,  m o r e  in f lu e n t ia l  

f ig u r e s  in  th e  f ie ld  o f  f in a n c e  a n d  i n d u s t r y  b e c a m e  s u p p o r t e r s  o f  th e  p ro je c t  

a n d  in v e s te d  in  s h a r e s  in  t h e  s y n d ic a te ,  a m o n g  th e m ,  W a l le r  C u n l i f f e ,  la te r  

g o v e r n o r  o f  th e  B a n k  o f  E n g la n d ;  th r o u g h  h im , M e rz  h o p e d  to  b r i n g  in  

m o r e  C i ty - f in a n c e d  in te r e s t s .  B e c a u s e  M e rz  a ls o  h a d  t h e  s u p p o r t  o f  B a r in g  

B r o th e r s ,  h e  b e l ie v e d  t h a t  h e  “ n e v e r  h a d  a n y  c r i t ic is m  o f  (h e  f in a n c ia l  

s ta b il i ty  o f  t h e  p r o m o t i o n . I t  is in te r e s t i n g  to  n o te ,  h o w e v e r ,  t h e  a b s e n c e  

o f  l e a d in g  r e p r e s e n ta t iv e s  o f  B r i t a in ’s e le c t r ic a l  m a n u f a c t u r i n g  c o m p a n ie s ,  

i n te r e s t s  t h a t  w o u ld  h a v e  f ig u r e d  p r o m in e n t ly  in  a  s im i la r  A m e r ic a n  o r  

G e r m a n  s c h e m e .

A r r a ig n e d  a g a in s t  th e  b il l o n  t h e  o p e n i n g  d a y  o f  th e  h e a r in g s  w e re  o v e r  

o n e  h u n d r e d  lo ca l a u th o r i t i e s  f r o m  L o n d o n  a n d  e ls e w h e r e  in  E n g la n d  as 

r e p r e s e n t e d  by  th i r ty - f iv e  c o u n s e l .  I n  th e  s iz e , d iv e r s i ty ,  a n d  i n f lu e n c e  o f  

M e rz ’s o p p o s i t io n  lies a k e y  to  u n d e r s t a n d i n g  t h e  h is to r y  o f  e le c t r ic a l  s u p p ly  

in  L o n d o n .  M o re o v e r ,  t h e  b il l b r o u g h t  c o n c e r t  b e tw e e n  p a r l ie s  w h o  w e re  

n o rm a l ly  o p p o s e d .  T h e  L o n d o n  C o u n ty  C o u n c i l  (L C C ) f ir m ly  o p p o s e d  th e  

bill. T h e  L C C  a n d  lo ca l a u th o r i t i e s ,  w h ic h  w e re  e n g a g e d  in  a  lo n g - te r m

M Ib id ., p. 8.



2 5 4 N E T W O R K S  O F  P O W E R

s t r u g g le  o v e r  th e  g o v e r n a n c e  o f  L o n d o n ,  u n i t e d  to  o p p o s e  a  p r iv a te  c o m ­

p a n y  th a t ,  i t  w a s  s a id ,  w o u ld  b o th  p r e v e n t  th e  L C C  f r o m  e s ta b l is h in g  a  

L o n d o n  p o w e r  c o m p a n y  a n d  s u b v e r t  e x i s t in g  lo c a l - a u lh o r i ty -  a n d  p r iv a te ly  

o w n e d  u n d e r t a k i n g s .  T h e  P r o g r e s s iv e  p a r ty ,  w h ic h  d o m i n a t e d  th e  L C C , 

o p p o s e d  M e rz ’s b ill a s  a  c h a l l e n g e  lo  th e  L C C ’s p o te n t i a l  r o le  in  e le c tr ic  

s u p p ly ,  a n d  s o m e  o f  th e  m o r e  r a d ic a l  P ro g re s s iv e s  c h a l l e n g e d  th e  b ill b e ­

c a u s e  o f  t h e i r  a d v o c a c y  o f  m u n ic ip a l  so c ia l is m . I s s u e s  in v o lv in g  L o n d o n  

o f t e n  in v o lv e d  n a t io n a l  p o l i t ic a l  p a r l i e s ,  a n d  in  t h e  c a s e  o f  e le c t r ic a l  s u p p ly ,  

th is  w as  to  b e  e x p e c te d  b e c a u s e  o f  th e  ro le  P a r l i a m e n t  a n d  th e  B o a r d  o f  

T ra d e  p la y e d  in  q u e s t io n s  r e g a r d i n g  th e  r e g u la t io n  o f  e le c t r ic a l  s u p p ly .  

T h e  C o n s e r v a t iv e  p a r ty  w as  in  p o w e r  in  P a r l i a m e n t  in  1 9 0 5 . A lth o u g h  

n o r m a l ly  it  w o u ld  b e  e x p e c te d  lo  f a v o r  a  p r iv a te  e n t e r p r i s e  s c h e m e ,  in  th is  

c a s e  it  fe l l  t h a t  t h e  n e w  p o w e r  c o m p a n y  m ig h t  o v e r w h e lm  e x i s t in g  p r iv a te  

u ti l i t ie s  in  L o n d o n  a n d  a ls o  th e  p o li t ic a l  a u t h o r i t y  o f  lo c a l g o v e r n m e n t ,  

w h ic h  C o n s e r v a t iv e s  c h a m p io n e d  in  L o n d o n .  E v e n  p r iv a te  L o n d o n  g as  

c o m p a n ie s  j o i n e d  t h e  o p p o s i t io n .

D u r in g  t h e  c o m m i t t e e  h e a r in g s  a n d  in  t h e  fa c e  o f  s u c h  o p p o s i t io n ,  M e rz  

m o d i f i e d  h is  b ill. A g r e e m e n ts  w e r e  r e a c h e d  a s s u r i n g  th e  f u t u r e  o f  p r iv a te  

c o m p a n ie s ,  e s p e c ia lly  in  L o n d o n ’s W e s t  E n d .  T h e  M e t r o p o l i t a n  S u p p ly  

C o m p a n y ,  f o r  e x a m p le ,  w as  p r o m is e d  a  l a r g e  s u p p ly  d i s t r i c t  t h e r e ,  a n d  a 

s p e c ia l  a r r a n g e m e n t  w as  m a d e  w ith  th e  C o u n ty  o f  L o n d o n  E le c tr ic  L ig h t in g  

C o m p a n y .  W ith  s o m e  p r iv a te  c o m p a n ie s  a g r e e i n g  to  th e  m o d if ic a t io n s ,  th e  

B o a r d  o f  T r a d e  le n t  th e  b ill its  s u p p o r t .  T h e  b ill t h e n  p a s s e d  th e  L o r d s ’ 

c o m m i t t e e ,  t h e  s e c o n d  r e a d i n g  in  t h e  H o u s e  o f  C o m m o n s ,  a n d ,  a f t e r  a 

p r o t r a c t e d  h e a r i n g ,  th e  v o le  o f  th e  se le c t  c o m m i t t e e .  D e la y  by  th e  s e le c t  

c o m m i t t e e ,  h o w e v e r ,  d o o m e d  th e  b ill b e c a u s e  t h e r e  w as  n o t  l im e  to  h a v e  

th e  t h i r d  r e a d i n g  in  th e  H o u s e  oT C o m m o n s  b e f o r e  th e  C o n s e r v a t iv e  g o v ­

e r n m e n t  o f  A r t h u r  B a l f o u r  c o l la p s e d .  M e rz  v ie w e d  th e  d e la y s  in  c o m m i t t e e  

a s  a  s u b t l e  ta c t ic  i n t e n d e d  to  d e f e a t  t h e  b il l .53

I n t r o d u c e d  a g a in  in  1 9 0 6  a l t e r  th e  L ib e ra ls  c a m e  to  p o w e r  in  P a r l i a m e n t ,  

t h e  A d m in i s t r a t iv e  C o u n ty  o f  L o n d o n  b ill c o m p e te d  w ith  a n  L C C  p r o p o s a l  

a n d  w ith  a  p o w e r  b ill p r o m o t e d  b y  th e  H a c k n e y  a n d  S h o r e d i t c h  b o r o u g h s ,  

a u th o r i t i e s  t h a t  w a n te d  lo  b u i ld  a n d  i n t e r c o n n e c t  s ta t io n s .  A c t in g  o n  th e  

a d v ic e  o f  th e  B o a r d  o f  T r a d e ,  th e  n e w ly  c o n v e n e d  p a r l i a m e n t a r y  c o m m it te e  

r e je c te d  th e m  a ll. D a v id  L lo y d  G e o r g e ,  c h a n c e l lo r  o f  th e  E x c h e q u e r  in  th e  

n e w  g o v e r n m e n t ,  w as  o f  th e  o p in io n  th a t  a n y  s c h e m e  f o r  u n i f i e d  a n d  

c e n t r a l i z e d  s u p p ly  w o u ld  c o n t i n u e  lo  m e e t  c o n s id e r a b le  o p p o s i t io n  f r o m  

e x is t in g  in te r e s t s .  W ith  r e g a r d  to  th e  M e rz  b ill, h e  b e l ie v e d  t h a t  a n y  s c h e m e  

p la c in g  e le c t r ic i ty  s u p p ly  in  t h e  u n f e t t e r e d  c o n t r o l  o f  a  p r iv a te  c o m p a n y  

w o u ld  c o n t i n u e  to  a r o u s e  s u c h  o p p o s i t io n  a s  to  e x c lu d e  it f r o m  t h e  r e a lm  

o f  p ra c t ic a l  p o li t ic s . T h e  L C C  p r o p o s a l  w as , in  h is  v ie w , to o  te n ta t iv e ,  to o  

p r o te c t iv e  o f  th e  v e s te d  in te r e s t s  o f  th e  e x i s t in g  u t i l i t ie s  a n d  th e r e f o r e  

d e s t in e d  lo  fa il in  t h e  e l  I o n  to  b r i n g  a b o u t  th e  e f f ic ie n c y  a n d  e c o n o m y  o f  

a  t r u ly  c e n t r a l i z e d  s u p p ly  s y s te m . B e c a u s e  o f  th e  s c h e m e ’s s p e c u la t iv e  n a ­

t u r e ,  h e  a ls o  h a d  d o u b t s  a b o u t  a  p u b l ic  a u th o r i t y 's  r ig h t  to  c a r r y  o u t  s u c h  

a  b o ld  p la n  w ith  t a x p a y e r s ',  o r  r a t e p a y e r s ’, m o n e y .  L lo y d  G e o r g e  le a n e d  

to w a r d  a  c o o p e r a t iv e  v e n t u r e  in  w h ic h  a p r iv a te  c o m p a n y  w o u ld  c a r r y  o u t  

th e  m o r e  s p e c u la t iv e  s te p s  a n d  th e  L C C  w o u ld  h a n d l e  t h e  n o n s p e c u la t iv e

** Ibid.. pp. 17-IH.
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d e ta i l s .  A f t e r  s u c h  a  p r o je c t  w a s  p r o v e n  a n d  p r iv a te  in v e s to r s  h a d  r e a p e d  

a  r e t u r n ,  th e  L C C  w o u ld  b e  a l lo w e d  to  a c q u i r e  th e  e n t i r e  . s y s te m /’'’ In  190 7  

a n  L C C  b ill a lo n g  t h e  l in e s  o f  th e  c o m p r o m is e  e n v is a g e d  by  L lo y d  G e o r g e  

a n d  f o l lo w in g  t h e  r e c o m m e n d a t i o n s  o f  a  s e le c t  p a r l i a m e n t a r y  C o m m i t t e e  

s e e m e d  lik e ly  to  p a s s  th e  H o u s e  o f  C o m m o n s ,  g iv e n  its la r g e  L ib e ra l  m a ­

jo r i t y ,  b u t  th e  v ic to ry  o f  th e  c o n s e r v a t iv e  M u n ic ip a l  R e f o r m  p a r ty  o v e r  th e  

P ro g r e s s iv e s  in  th e  L C C  e le c t io n  in  M a rc h  o f  th a t  y e a r  le d  to  th e  a b a n ­

d o n m e n t  o f  t h e  p r o p o s a l .  A c c o r d in g  to  th e  T im e s ,  t h e  L C C  e le c t io n  o f  190 7  

tu r n e d  o n  th e  e le c t r ic i ty  i s su e . T h e  M u n ic ip a l  R e f o r m  p a r ty  t h e n  m o d i f i e d  

th e  L C C  bill a n d  c a lle d  f o r  th e  c o o p e r a t io n  o f  th e  L C C  a n d  M c r/.'s  A d ­

m in i s t r a t iv e  C o u n ty  o f  L o n d o n  C o m p a n y .  D e s p i te  L lo y d  G e o r g e ’s s u p p o r t ,  

h o w e v e r ,  th e  p a r l i a m e n t a r y  c o m m i t t e e  r e p r e s e n t i n g  a L ib e ra l  m a jo r i ty  r e ­

j e c t e d  th e  c o m p r o m i s e .57

T h e  p o li t ic s  o f  t e c h n o lo g y  a n d  t h e  c o n t r o v e r s y  o v e r  p r iv a te  v e r s u s  p u b lic  

o w n e r s h ip  o f  e le c t r ic a l  u ti l i t ie s  c o n t i n u e d  a f t e r  1 9 0 0  w ith  t h e  r is e  o f  th e  

F a b ia n  S o c ie ty . L e d  by  S id n e y  a n d  B e a tr ic e  W e b b ,  G . B e r n a r d  S h a w , a n d  

o t h e r  p r o g r e s s iv e s ,  t h e  F a b ia n s  v ie w e d  m u n ic ip a l  e n t e r p r i s e ,  a n d  e s p e c ia l ly  

m u n ic ip a l  o w n e r s h i p  o f  p u b l ic  u ti l i t ie s ,  a s  a n  e s s e n t ia l  p a r t  o f  a  w e l l -o r ­

g a n iz e d  so c ie ty . T h e  c h a l l e n g e  o f  m u n ic ip a l  o w n e r s h ip — s o m e t im e s  c a lle d  

m u n ic ip a l  s o c ia l i s m — to  t r a d i t i o n a l  p r iv a te  e n t e r p r i s e  a n d  t h e  p e r s u a s iv e  

t r a c ts  o f  t h e  F a b ia n s  h e lp  e x p la in  w h y , in  t h e  w o r d s  o f  H . H . B a ll in ,  “ w h a t 

s h o u ld  h a v e  b e e n  a  c o m p a r i s o n  o f  th e  e c o n o m ic s  o f  s m a ll- s c a le  a n d  la rg e -  

sc a le  s u p p ly ,  d e v e lo p e d  in to  a  d i s p u t e  o n  th e  m e r i t s  o f  p r iv a te  v e r s u s  public- 

e n t e r p r i s e ,  in  w h ic h  t h e  te c h n ic a l  a s p e c t  w as  o n ly  o f  s e c o n d a r y  i m p o r ­

t a n c e .”58

A f t e r  1 9 0 7  t h e  u t i l i t ie s  o f  L o n d o n  im p r o v e d  t h e i r  te c h n ic a l  p e r f o r m a n c e  

b u t  m a d e  l i t t le  p r o g r e s s  t o w a r d  e s ta b l i s h in g  a  u n i f i e d ,  c e n t r a l i z e d  s u p p ly  

sy s te m  b e f o r e  t h e  o u t b r e a k  o f  W o r ld  W a r  I. T h e  te c h n ic a l  o p t io n s  o p e n  

to  th e m  i n c lu d e d  th e  in t e r c o n n e c t i o n  o f  lo a d  a n d  s u p p ly  a m o n g  u ti l i t ie s ,  

th e  t r a n s f o r m a t i o n  o f  o b s o le te  g e n e r a t i n g  s t a t io n s  in to  s u b s ta t io n s  th r o u g h  

th e  c o n v e r s io n  o f  b u lk  p o w e r ,  c o o p e r a t io n  a m o n g  u ti l i t ie s  in  th e  c o n s t r u c ­

t io n  a n d  o p e r a t i o n  o f  l a r g e  p o w e r  p la n ts ,  a n d  th e  s t a n d a r d i z a t i o n  o f  d i s ­

t r i b u t io n  a n d  t r a n s m is s io n  c u r r e n t s .  M a n a g e r ia l  c o n s e r v a t is m  a n d  r e s i s t ­

a n c e  to  in s t i tu t io n a l  i n n o v a t io n ,  h o w e v e r ,  u s u a lly  f r u s t r a t e d  t h e  a d o p t io n  

o f  th e s e  o p t io n s .  P a r l i a m e n ta r y  law  f o r b a d e  th e  in s t i tu t io n a l  a m a lg a m a t io n  

o f  u ti l i t ie s ;  a n d  e n g i n e e r s  a n d  m a n a g e r s  o f  t h e  e x i s t in g  u ti l i t ie s  s h o w e d  

li t t le  e n th u s ia s m  f o r  t h e  f o r m a t io n  o f  j o i n t  c o m m i t t e e s  to  p r e s id e  o v e r  

te c h n ic a l  in te r c o n n e c t i o n — p r o b a b ly  b e c a u s e  th e y  w o u ld  lo se  t h e i r  in d iv id ­

u a l  a u t h o r i ty .  E v e n  t h o u g h  s e v e ra l  u t i l i t ie s  c o o p e r a t e d  in  b u i ld in g  a n d  

o p e r a t i n g  p o w e r  s ta t io n s ,  th e  p r iv a te  c o m p a n ie s  o p p o s e d  a L o n d o n - w id e

“  M e m o ra n d u m  by D av id Lloyd G eo rg e , 13 J u n e  1906, in (lie  tiles o l 'lh c  Electr ic ity  C ouncil, 
L on d o n  (C O A A B . 37 /83 -no . 56) a n d  b ro u g h t to  iny a tte n t io n  by D r. Les lie  H a n n a h .

37 H . H . B allin . The  O rganisa tion  o f  Electricity S up ply  in G reat B ritain  (L o n d o n : Elect rical Press, 
1946), p p . 8 1 -8 3 ; Leslie  H a n n a h , Electricity Before Nationa lisation  (B a ltim ore : The Jo h n s  H o p ­
kin s U n iv ersity  Press, 1979), p . 47.

“  Ballin , Electricity S u pp ly  in G reat B rita in , p. 22. O n  th e  re la tio n sh ip  be tw een  p riv a te  an d  
p ublic  e n te rp r is e  in F rance , see P ie rre  L in th ie r , “T h e  R e la tio nsh ip  b e tw een  S late  a n d  Priv a te  
Electr ic  In d u s try , F ra nce , 1 88 0 -1 9 2 0 ,"  in llech t u n d  E n tw ick lu n g  der G rossun tem ehm en tm 19. 
u n d  fr u h e n  2 0 . Ja h rh u n d er t, ed . N o rh e rt H o rn  a n d  J i i rg e n  Kocka (G o ttin g e n : V and e n h o ec k  
Sc R u p re ch t, 1979), p p . 5 9 0 -6 0 3 .
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e n d e a v o r  p r e s id e d  o v e r  b y  t h e  L C C . T h e  m u n ic ip a l  c o m p a n ie s  a n d  th e  

L C C  c o n t i n u e d  to  b e  w a ry  o f  a  L o n d o n  p o w e r  c o m p a n y .  I n  v iew  o f  th e  

in v e s tm e n t  t h a t  h a d  b e e n  m a d e  in  i n n u m e r a b l e  v o l ta g e ,  f r e q u e n c y ,  a n d  

o t h e r  c u r r e n i  v a r i a t io n s ,  s t a n d a r d i z a t i o n  s e e m e d  i m p r o b a b le .  T h r o u g h  

p a r l i a m e n t a r y  a c ts ,  h o w e v e r ,  t h e  L C C  d id  a c q u i r e  t h e  r i g h t  to  p u r c h a s e  

L o n d o n  c o m p a n ie s  in  1 9 3 1 , a  r ig h t  th a t  h a d  f o r m e r ly  b e e n  h e ld  by  th e  

lo ca l a u t h o r i t i e s / ’9
In  1914 M e rz  & M c L e lla n  a g a in  m a d e  a p r o p o s a l ,  th is  t im e  a t  th e  r e q u e s t  

o f  t h e  L o n d o n  C o u n ty  C o u n c i l .  A c o m m i t t e e  o f  th e  c o u n c i l  h a d  ta k e n  

t e s t im o n y  f r o m  I n s u l l ,  F e r r a n t i ,  a n d  o t h e r s ,  a n d  M e r z  8c M c L e lla n  s u b ­

m i t t e d  a  d e ta i l e d  r e p o r t  o n  t h e  L o n d o n  s u p p ly  s i tu a t io n .  T h e y  s u g g e s te d  

t h a t  a  c o m p a n y  f o r m e d  b y  th e  e x i s t in g  p r iv a te  L o n d o n  u t i l i ty  c o m p a n ie s  

w o u ld  b e  t h e  m o s t p r o m is in g  in s t i tu t io n a l  a r r a n g e m e n t  b y  w h ic h  to  c o ­

o r d i n a t e  a L o n d o n - w id e  s u p p ly  n e tw o r k ,  p r o v id e d  th e  L C C  w as s u p p o r t iv e .  

A n  LCC. c o m m i t t e e  r e j e c te d  th is  a r r a n g e m e n t ,  h o w e v e r ,  a n d  a d o p t e d ,  in ­

s te a d ,  a  p la n  fo r  a  m ix e d  u n d e r t a k i n g  t h a t  c o m b in e d  lo c a l - a u lh o r i ty  o w n ­

e r s h i p  a n d  p r iv a te - c o m p a n y  m a n a g e m e n t .  R e f e r e n c e s  w e re  m a d e  to  s im ila r  

e n d e a v o r s  in  G e r m a n y .  T h e  L o n d o n  C o u n ty  C o u n c i l  a s  a  w h o le ,  h o w e v e r ,  

r e f u s e d  to  s e n d  a  b ill to  P a r l i a m e n t  i n c o r p o r a t i n g  t h e  p la n .  T h e  o p p o s i t io n  

o f  t h e  L o n d o n  lo c a l a u t h o r i t i e s  w as  s u b s ta n t i a l .

T h e  w a r  th a t  b e g a n  in  1 9 1 4  w o u ld  g r e a t ly  in f lu e n c e  t h e  d e v e l o p m e n t  o f 

e le c t r ic  s u p p ly  in  L o n d o n  a n d  e l s e w h e r e  in  B r i ta in .  T h e r e f o r e ,  th e  y e a r  

1914  is a n  a p p r o p r i a t e  p o in t  f r o m  w h ic h  to  a s s e s s  a  q u a r t e r - c e n t u r y  o l  

e le c t r ic  s u p p ly  h is to ry  in  L o n d o n  a n d  in  t h e  c o u n t r y  a t  la r g e .  I t  s h o u ld  be 

n o t e d  th a t  a d is c u s s io n  o f  t h e  s t a l e  o f  L o n d o n 's  e l e c t r i c  s u p p ly  i n d u s t r y  is 

to  a n  e x te n t  a  d is c u s s io n  o f  th e  B r it is h  s u p p ly  i n d u s t r y .  L o n d o n ’s p o p u la t io n  

w as  so  la r g e  a n d  its  e c o n o m ic  a c t iv it ie s  w e r e  so  e x te n s iv e  t h a t  th e y  c o n s t i ­

t u t e d  a s u b s ta n t i a l  s h a r e  o f  th e  e n t i r e  n a t i o n ’s p o p u l a t i o n  a n d  e c o n o m ic  

e n d e a v o r s .  I n  th e  d e c a d e  b e f o r e  W o r ld  W a r  1. t h e  p o p u l a t i o n  oT G r e a te r  

L o n d o n  a m o u n t e d  to  a b o u t  15 p e r c e n t  o f  t h a t  o f  t h e  U n i t e d  K in g d o m ,  

a n d  th e  e le c t r ic i ty  s o ld  in  th e  G r e a t e r  L o n d o n  a r e a  a m o u n t e d  to  b e tw e e n  

o n e - q u a r t e r  a n d  o n e - t h i r d  o f  th a t  s o ld  in  th e  n a t io n  a s  a  w h o le .60

D u r in g  t h e  s e c o n d  h a l f  o f  th e  n i n e t e e n t h  c e n t u r y ,  t h e  B r i t i s h  h a d  e x ­

p r e s s e d  g r o w in g  c o n c e r n  a b o u t  th e  s t a t e  o f  th e  c o u n t r y 's  i n d u s t r i a l  d e v e l ­

o p m e n t .  A f t e r  th e  o p e n i n g  o f  th e  e r a  o f  i n c a n d e s c e n t  l ig h t in g  in  1 8 8 2 , th is  

c o n c e r n  w as  e x a c e r b a te d  b y  a n  a w a r e n e s s  th a t  th e  c o u n t r y ,  e s p e c ia l ly  L o n ­

d o n ,  w a s  n o t  d o i n g  w ell w ith  th is  n e w  a n d  e x c i t in g  te c h n o lo g y .  A c e n tu r y  

la te r ,  th e y  w o u ld  h a v e  s p o k e n  o f  a la g  in  h ig h  te c h n o lo g y .  T e s t im o n y  o f  

c o n t e m p o r a r y  w itn e s s e s  a n d  th e  m e a g e r  s ta t is t ic s  th a t  a r e  a v a i la b le  d o  le a v e  

li t t le  d o u b t  t h a t  B r i ta in  fe ll b e h i n d  th e  U n i t e d  S la te s  in  e le c t r ic  l ig h t in g  

d u r i n g  th e  p e r io d  b e tw e e n  p a s s a g e  o f  th e  tw o  e le c t r ic  l ig h t in g  a c ts  (se e  p p .  

6 2 - 6 4  a b o v e ) ,  b u t  L o n d o n ,  a t  le a s t ,  e x p e r i e n c e d  a n  in c r e a s e  in  l ig h t in g  

in s ta l la t io n s  a n d  c e n t r a l  s ta t io n  c o n s t r u c t io n  o n c e  t h e  a m e n d i n g  c la u s e s  

w e re  p a s s e d  in  1 8 8 8 . T h e  e x p la n a t io n s  o f f e r e d  f o r  t h e  e a r l i e r  la g  w e re

Vl I ta llin , Electricity S up ply  in G reat B rita in , p p . 8 4 -8 9 .

" "T h e se  a re  a p p ro x im a tio n s  based  oil s ta tistics in H a n n a h . Be/are  N ation alisat ion , p p . 4 2 7 -  
28 ; H yatt, B ritish Electrical liu lu sliy , p. 98 ; th e  M erz  sta tistics p re se n te d  to  a p a rliam e n ta ry  
c o m m ittee  in 1906  (see p. 2!>2 altove); a n d  K ling e n herg , "E lec tr ic ity  Su p p ly  in L arg e  Cities." 
p p . 3 9 8 -9 9 .
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v a r ie d ,  r a n g i n g  f r o m  th e  c o m p u ls o r y - p u r c l i a s e  c la u s e s  o f  th e  1 8 8 2  ac i to  

th e  a v a ila b il i ty  o f  g a s  l ig h t in g  a t  lo w e r  c o s t .  T h e  r e c o v e r y  w as  g e n e r a l ly  

a t t r i b u t e d  to  th e  e x te n s io n  o f  t h e  p e r io d  b e f o r e  c o m p u ls o r y  p u r c h a s e  c o u ld  

b e  e f f e c te d  a n d  th e  r e s u l t in g  a v a i la b il i ty  o f  f in a n c e — e s p e c ia lly  f o r  L o n d o n ’s 

p r iv a te  u ti l i ty  c o m p a n ie s .  T h e  a r g u m e n t  b a s e d  o n  (h e  c o m p a r a t iv e  p r ic e  

o f  g a s l ig h t  a n d  e le c t r ic  l ig h t  s e e m s ,  t h e n ,  to  h a v e  lo s t its  v a l id ity ;  a t le a s t 

th e  in v e n to r s  b e l ie v e d  it h a d .

A s th is  c h a p t e r  h a s  s h o w n ,  L o n d o n  d id  n o t  m a k e  th e  t r a n s i t io n  f ro m  

e le c t r ic  l ig h t in g  lo  e le c t r ic  p o w e r  a f t e r  1 8 9 0 . T h e r e f o r e ,  t h e  q u e s t io n  w as  

n o  l o n g e r  th e  d im n e s s  o f  L o n d o n ’s e le c t r ic  l ig h ts  b u t  th e  f e e b le n e s s  o f  th e  

e le c t r ic  p o w e r  s u p p l i e d  f r o m  h e r  c e n t r a l  s ta t io n s .  B y  th e  t u r n  o f  th e  c e n tu r y ,  

t h e r e  w as  a g a in  a  c h o r u s  o f  l a m e n t  o v e r  L o n d o n ’s f a i lu r e  to  k e e p  a b r e a s t  

o f  d e v e lo p m e n ts  in  th e  a d v a n c in g  t e c h n o lo g y ,  a te c h n o lo g y  t h a t  w as  in ­

c re a s in g ly  s e e n  a s  t h e  te c h n o lo g y  o f  t h e  n e w  c e n tu r y .  B y  1 9 0 0 , s ta t is t ic a l  

i n f o r m a t io n  a n d  p ro f e s s io n a l  j u d g m e n t s  c o n f i r m e d  th e  la g . T h e  I n s t i tu t io n  

o f  E le c tr ic a l  E n g in e e r s  c a l le d  a t t e n t i o n  to  th e  b a c k w a rd  s l a t e  o f  a f f a i r s  in  

1 9 0 2 , a n d  M e rz  t r i e d  lo  m a k e  th e  c o n d i t io n  o f  L o n d o n  a la r m in g ly  c le a r  

in  1 9 0 5 . T h e r e  w e re  q u a l i f i c a t io n s  to  b e  m a d e — s u c h  a s  t h e  g e n e r a t i o n  o f  

t r a c t io n  lo a d  in  is o la te d  p la n t s  in  L o n d o n  in s t e a d  o f  b y  u ti l i t ie s  a s  in  C h ic a g o  

a n d  B e r l in — b u t  th is  w as  n o t  s t r e s s e d  in  th e  c o m p a r a t iv e  s t a t e m e n ts  a n d  

f ig u r e s  o n  t h e  o u t p u t  o f  c e n t r a l  s ta t io n s .

I n  1 9 1 3  K l in g e n b e r g  p r o v id e d  a  c o m p a r i s o n  o f  t h e  C h ic a g o ,  B e r l in ,  a n d  

L o n d o n  s y s te m s  t h a t  w as  G e r m a n ic  in  d e ta i l  b u t  B r i t i s h  in  e m p h a s i s  o n  th e  

b a c k w a r d n e s s  o f  L o n d o n ’s e l e c t r ic a l  t e c h n o lo g y .  K l in g e n b e r g ’s a u d ie n c e  o f  

B r it is h  e n g i n e e r s  h a r d ly  q u e s t io n e d  h is  p r e s e n ta t io n ,  f o r  it r e in f o r c e d  w h a t 

m o s t  o f  th e m  h a d  b e e n  s a y in g .  T h e  e x c e p t io n s  w e re  t h e  m a n a g e r s  a n d  

e n g in e e r s  o f  t h e  s m a ll  a n d  o f t e n  w e l l - ru n  L o n d o n  s ta t io n s .  H a v in g  a n ­

n o u n c e d  t h e  m o s t o b v io u s  o f  t h e  s ta t is t ic s — c o n s u m p t io n  o f  c u r r e n t  in  

k i lo w a t t - h o u r s  p e r  c a p i t a — K l in g e n b e r g  p r o c e e d e d  lo  th e  m o r e  e s o te r ic  

f ig u r e s  ( s e e  F ig . I X .9 ). C h ic a g o  a n d  B e r l in  e a c h  h a d  c a p a c i ty  c o n c e n t r a te d  

in  s ix  la r g e  c e n t r a l  s ta t io n s ;  L o n d o n ,  in  s ix ty - f o u r  s ta t io n s .  T h e  in s ta l la t io n  

c o s t p e r  k ilo w a tt  w as  h i g h e r  in  L o n d o n  th a n  in  th e  o t h e r  tw o  c itie s . In  

C h ic a g o  th e  t r a c t io n  lo a d  p r e d o m i n a t e d ;  in  B e r l in  th e  p o w e r ,  l ig h t in g ,  a n d  

t r a c t io n  lo a d s  w e re  m o r e  n e a r ly  e q u a l ;  a n d  in  L o n d o n ,  a s  t h e  a u d ie n c e  

k n e w , th e  c e n t r a l  s t a t io n s ’ s u p p ly  w as  u s e d  m o s tly  f o r  l ig h t in g .  A s s e e n  in  

F ig . IX . 10, L o n d o n  h a d  th e  p o o r e s t  lo a d  f a c to r ,  a s  S a m u e l  I n s u l l  h a d  o f t e n  

s t r e s s e d .  D e s p i te  th e  h i g h e r  c o s t o f  c o a l in  B e r l in ,  t h e  to ta l  o p e r a t i n g  c o s ts  

p e r  k i lo w a t t - h o u r  s o ld  w e re  lo w e r  in  B e r l in  th a n  in  L o n d o n ,  a n d  th e  r a t io  

o f  p r o f i t  lo  r e a l  v a lu e  w as  h ig h e s t  in  B e r l in  a n d  lo w e s t  in  L o n d o n .01 T h e  

B r it is h  h a d  r e a s o n  to  b e  c o n c e r n e d .

T h e  t e s t im o n y  o f  c o n t e m p o r a r i e s  l e a d s  to  th e  q u e s t io n ,  W h y  w e re  L o n ­

d o n ’s u t i l i t ie s  j u d g e d  b a c k w a rd  by  s u c h  p r o g r e s s iv e  e n g in e e r s  a s  K l in g e n ­

b e r g ,  M e rz , a n d  th e  m e m b e r s  o f  th e  I E E ?  T o  t h e m ,  a p r o g r e s s iv e  u r b a n  

u ti l i ty  w as , a s  d e f i n e d  by I n s u l l ,  a  m a s s - p r o d u c in g  m o n o p o ly  th a t  s u p p l ie d  

b y  m e a n s  o f  a  u n iv e r s a l  s y s te m  a  d iv e r s e  lo a d  o v e r  a w id e  a r e a  a t b ro a d ly  

b a s e d  low  r a le s  a n d  o b ta in e d  a f a i r  r e t u r n  r e s u l t in g  f r o m  e f f ic ie n t  p r o ­

d u c t io n  a n d  m a x im u m  u t i l iz a t io n  o f  c a p i ta l  b o r r o w e d  a t  r e a s o n a b le  in te r e s t .

01 KlifiRcnbcrK, "F .lccliicily S up p ly  in l-argc  C i l i« ,"  p. 399.
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F ig u re  IX .1 0 . U tilities o f  the W estern  
world: R elation o f  income to o u tp ut a n d  

load  fa c to r. From Insu ll, C e n lra l-S ia iio n  
E lectr ic  S erv ice, p. 46 1 .

L o n d o n ’s s ix ty - f o u r  u ti l i t ie s  d id  n o t  fill t h e  b il l o f  p a r t i c u la r s .  T h e  r e a s o n s  

w e r e  d iv e r s e  a n d  c o m p le x .

A  p a r t i a l  e x p l a n a t i o n  is s u g g e s te d  by  a  c o m p a r i s o n  o f  t h e  c o n te x t  in  

w h ic h  th e  t h r e e  c i t ie s ' u t i l i t ie s  d e v e lo p e d .  I n s u l l  b o a s te d  o f  h is  la r g e  in ­

d u s t r i a l  p o w e r  c o n s u m e r s ,  a n d  in  B e r l in ,  B E W  s u p p l i e d  th e  h e a v y  in d u s ­

t r ie s  t h a t  w e re  f l o u r i s h in g  in  th e  o ld  c ity  a n d  in  th e  n e w e r  s u b u r b s .  T h e r e  

w as e v e n  a  s p e c ia l  c a te g o r y  in  B e r l i n ’s lo a d  s ta t is t ic s  f o r  th e  la r g e  in d u s t r i a l  

p o w e r  u s e r s .  L o n d o n ’s in d u s t r i a l  b a s e  w as  re la t iv e ly  s m a ll- s c a le .  M o re  s p e ­

c if ic a lly , th e  u ti l i t ie s  in  B e r l in  a n d  C h ic a g o  c o o p e r a te d  w ith  la r g e  e le c tr ic a l  

m a n u f a c t u r e r s  t h a t  h a d  th e  r e s e a r c h - a n d - d e v e lo p m e n i  s t r e n g t h  to  d e v e lo p  

c a p i ta l - in te n s iv e  m a c h in e r y  t h a t  w o u ld  n o t  o n ly  ra is e  c o n s u m e r  d e m a n d  

bu* im p r o v e  th e  lo a d  f a c to r .  T h e  L o n d o n  u t i l i t ie s  h a d  to  w o rk  w ith  r e la t iv e ly  

sm a ll  B r i t i s h  e le c t r ic a l  m a n u f a c t u r e r s  o r  im p o r t  e q u i p m e n t  f r o m  th e  la rg e  

m a n u f a c t u r e r s  in  G e r m a n y  a n d  th e  U n i t e d  S ta te s .  F u r t h e r m o r e ,  th e  B e r l in  

u t i l i ty  w as  o w n e d  a n d  m a n a g e d  b y  a  la r g e  m a n u f a c t u r e r  a n d  th e r e f o r e  

r e p r e s e n t e d  a  s y m b io tic ,  v e r t ic a l  c o o r d in a t io n  o f  s u p p ly  a n d  d e m a n d .  A ll 

t h r e e  c it ie s  w e r e  e le c t r i f y in g  t h e i r  t r a n s i t  s y s te m s ,  b u t  w h ile  C o m m o n w e a l th  

E d is o n  a n d  B E W  in te g r a t e d  t r a c t io n  in to  t h e i r  d iv e r s i f ie d  a n d  u n iv e r s a l  

e le c t r ic  p o w e r  s y s te m s ,  L o n d o n ’s t r a c t io n  lo a d  r e m a in e d  s m a ll ,  o n ly  12 

p e r c e n t  o f  th e  u t i l i t ie s ’ to ta l  lo a d .

A l th o u g h  c o n t e m p o r a r i e s  o f t e n  lo o k e d  to  th e  c o n d i t io n  o f  t e c h n o lo g ic a l  

a n d  s c ie n t i f ic  e d u c a t io n  a n d  th e  h e a l th  o f  s c ie n c e  in  g e n e r a l  f o r  a n  e x p la ­

n a t io n  o f  th e  s l a t e  o f  te c h n o lo g y ,  th e  s i tu a t io n s  in  B e r l in ,  C h ic a g o ,  a n d  

L o n d o n  w e re  so  m u c h  a lik e  th a t  th is  r a t io n a le  is o f  l i t t le  h e lp  in  e x p la in in g  

th e  d i f f e r e n c e s  in  th e  d e v e lo p m e n t  o f  t h e  th r e e  u ti l i ty  sy s te m s . M a jo r  t e c h ­

n ic a l a n d  s c ie n t i f ic  in s t i tu t io n s  w e re  lo c a te d  in  B e r lin  a n d  L o n d o n ,  a n d
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C h ic a g o ’s e l e c t r ic a l  m a n u f a c t u r e r s  c o u ld  e m p lo y  e n g in e e r s  a n d  s c ie n tis ts  

w h o  h a d  b e e n  t r a in e d  in  le a d in g  e n g in e e r in g  co lle g e s  th r o u g h o u t  th e  U n ite d  

S ta le s .
A n o t h e r  c o n t e m p o r a r y  e x p l a n a t i o n  m ig h t  b e  c a lle d  th e  “ A m e r ic a n  v iew .” 

T h e  e d i t o r  o f  a  l e a d in g  A m e r ic a n  t r a d e  j o u r n a l ,  E le c tr ic a l W o r ld ,  o p in e d  as 

la te  a s  1 9 2 3 . a f t e r  a  v is it to  L o n d o n ,  t h a t  e le c t r ic i ty  w as  “a lm o s t ,  b u t  n o t 

q u i t e ,  a s  u n k n o w n ” in  G r e a t  B r i t a in — a n d  e s p e c ia l ly  L o n d o n — a s  th e  C h r i s ­

t i a n ’s G o d  w as  in  a n c ie n t  A th e n s .  R e f e r r in g  to  a n  a l t a r  S t.  P a u l h a d  fo u n d  

t h e r e  o n  M a r s  H ill a n d  its  in s c r ip t io n ,  “ to  t h e  U n k n o w n  G o d ,"  th e  e d i to r  

w r o te  th a t ,  s im i la r ly ,  t h e  B r i t i s h  s h o w e d  s ig n s  o f  o n ly  d im ly  c o m p r e h e n d i n g  

th e  g o d  e le c t r ic i ty .  T h e r e  w as  s o m e  h o p e ,  h e  a d d e d ,  t h a t  th e  s t r e e t s  o f  

L o n d o n  w o u ld  n o t  a lw a y s  b e  lit by  g a s  la m p s .  T o  d r iv e  h o m e  h is  p o in t ,  h e  

f u r t h e r  o b s e r v e d  t h a t  th e  e s t im a te d  o u t p u t  o f  e le c t r ic i ty  f r o m  g e n e r a t i n g  

s ta t io n s  in  t h e  U n i t e d  K in g d o m  w as  a p p r o x im a te ly  5 b il l io n  k w h .,  o r  less 

t h a n  th e  to ta l  g e n e r a t e d  in  th e  m e t r o p o l i t a n  d is t r i c t  o f  N e w  Y o rk .  ( T h e  

U n i t e d  K in g d o m ,  h e  h a s t e n e d  to  a d d ,  h a d  4 5  m ill io n  p e o p le ;  N e w  Y o rk  

C ity . 7 m ill io n .)  T h e  A m e r ic a n  b la m e d  g o v e r n m e n t  o w n e r s h ip  f o r  “ a s  w e 

h a v e  r e a s o n  to  k n o w  in  t h e  U n i t e d  S la te s ,” h e  s a id ,  “ t h a t  is a  s e v e r e  h a n d ­

i c a p . ’”62 T h e  A m e r ic a n  e d i t o r ’s d ia g n o s is  o f  B r i t a in 's  " s ic k n e s s "  a s  a c a se  o f  

r e p r e s s iv e  g o v e r n m e n t  o w n e r s h ip  w as  b ia s e d  by  h is  o w n  id e o lo g y .  P e r h a p s  

h e ,  a n d  A m e r ic a n s  g e n e r a l ly ,  w e re  n o t  a w a r e  o f  c o m p a r i s o n s  o f  th e  p e r ­

f o r m a n c e  o f  lo c a l - a u lh o r i ty  a n d  p r iv a te ly  o w n e d  u t i l i t ie s  in  L o n d o n  a n d  

B r i ta in ;  s u c h  c o m p a r i s o n s  s h o w e d  t h a t  o n e  w a s  n o t  c le a r ly  s u p e r i o r  to  th e  

o t h e r  w h e n  m e a s u r e d  b y  c r i t e r i a  in c lu d in g  c o s ts  a n d  r e t u r n  o n  in v e s t ­

m e n t .63

T h e  p o li t ic a l ,  o r  le g is la t iv e ,  e x p la n a t io n  f o r  t h e  o v e ra l l  b a c k w a r d n e s s  o f  

L o n d o n ’s u t i l i t ie s  is p e r s u a s iv e .  T h e  tw o  g r e a t  t e c h n o lo g ic a l  f a i lu r e s  in  

L o n d o n — D e p t f o r d  a n d  th e  M e rz  p o w e r  s c h e m e — f o u n d e r e d  o n  t h e  ro c k s  

o f  le g is la t iv e  o b s t r u c t io n .  F e r r a n t i  t o o k  to o  g ia n t  a s t e p  a n d  c o m m i t t e d  

h im s e l f  to  a k in d  o f  c u r r e n t  w h ic h  h a d  l i t t le  p o te n t i a l  f o r  d e v e lo p m e n t ,  

b u t  h is  te s t im o n y  t h a t  th e  E le c tr ic  L ig h t in g  A ct o f  1 8 8 8  a n d  t h e  M a r in d in  

C o m m i t t e e ’s i n t e r p r e t a t i o n  o f  it im p o s e d  c r i p p l i n g  h a n d ic a p s  m u s t  b e  ta k e n  

s e r io u s ly  in  v iew  o f  s u p p o r t i v e  e v id e n c e .  T h e r e  is n o  d o u b t  th a t  M e rz ’s 

p la n  w as  f r u s t r a t e d  b y  l e g is la t io n .  W ith o u t  le g is la t iv e  s u p p o r t ,  h e  s im p ly  

c o u ld  n o t  g o  a h e a d .  A t th e  s a m e  t im e ,  th e  C h ic a g o  a n d  B e r l in  u t i l i t ie s  w e re  

a c q u i r in g  f r a n c h i s e s  th a t  w e re  c o e x te n s iv e  w ith  t e c h n o lo g ic a l  lim its .

T h e  q u e s t io n  r e m a in s ,  h o w e v e r .  W h a t  f r u s t r a t i n g  fo r c e s  w e re  b e h in d  

th e  le g is la t io n ?  W h a t  in te r e s t s ,  v a lu e s ,  a n d  t r a d i t i o n s  d id  th e  le g is la t io n  

m a n i f e s t— o r  b e l t e r ,  n o t  r e p r e s e n t ?  T h e  q u e s t io n  c a n  b e s t  b e  a p p r o a c h e d  

in d ir e c t ly  by  r e f e r e n c e  to  B e r l in  ( se e  F ig . IX . 10). C h ic a g o  d o e s  n o t  p r o v id e  

a s  in s t r u c t iv e  a  c o m p a r i s o n ,  b e c a u s e  C h ic a g o ’s p o l i t ic ia n s  w e re  p lia b le . 

T e c h n o lo g y  a n d  e c o n o m ic s  d o m i n a t e d  p o li t ic s  in  C h ic a g o ,  w h e r e  p o litic a l 

p o w e r  w as  a c o m p o n e n t  in  a n  e m b r a c in g  te c h n o lo g ic a l - e c o n o m ic  s y s te m . 

T h e  C h ic a g o  s y s te m  w as A m e r ic a n  a n d  " g o - a h e a d ."  It w as  c o u p le d  to  th e  

f u t u r e ,  n o t  r o o te d  in  th e  p a s t .  In  B e r l in ,  o n  th e  o t h e r  h a n d ,  p o li t ic a l  a n d  

te c h n o lo g ic a l  p o w e r  w e re  n o t as th o r o u g h l y  in t e g r a t e d  a s  th e y  w e re  in

m W. II. O n k c n . J r . .  "E lec tr ica l D eve lo pm e n t in E n g la n d ."  E lectrical W orld  82  (1923): 1055.

H a n n a h , Electricity Before Nation alisat ion , p p . 5 0 - 5 1; H allin, Electricity Su p p ly  in G reat B r it ­
ain . p . 27.
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C h ic a g o ,  a n d  th e y  c o u ld — a n d  o f i e n  d i d — c o n f lic t .  U n l ik e  th e  s i tu a t io n  in  

L o n d o n ,  h o w e v e r ,  t h e  c o n f r o n t a t i o n s  c u lm in a te d  in  n e g o t i a t e d  c o o r d i n a ­

t io n  a n d  c o o p e r a t io n  r a t h e r  th a n  in  s t a le m a te .  In  B e r l in ,  t h e r e  w e re  in ­

d iv id u a l s  w h o  b u i l t  b r id g e s  b e tw e e n  th e  w o r ld  o f  te c h n o lo g y  a n d  th a t  o f  

p o litic s . T h e  p r e s e n c e  o f  b a n k e r s  a n d  in d u s t r i a l i s t s  o n  th e  a d v is o ry  b o a r d  

o f  B E W  w as a  m a n i f e s ta t io n  o f  t h e  c o h e r e n c e  a n d  c o o r d in a t io n  o f  f in a n c e ,  

in d u s t r y ,  a n d  u t i l i ty  in  B e r l in .  S u c h  a  p r o g r e s s iv e  c o m b in a t io n  o f  c o o r d i ­

n a t e d  f o r c e s  w a s  n e e d e d  lo  o v e r c o m e  v e s te d  a n d  h is to r ic a l  i n te r e s t s  in  

L o n d o n ,  b u t  s u c h  a  c o m b in a t io n  d id  n o t  e x is t .  I n s te a d ,  t h e  p r o p o n e n t s  o f  

lo ca l g o v e r n m e n t  a u t h o r i t y ,  o f  m u n ic ip a l  s o c ia lis m , a n d  o f  p r iv a te  e n t e r ­

p r i s e  c o n f r o n t e d  o n e  a n o t h e r  in  a p lu r a l is t ic  d e b a te  t h a t  f r o m  t h e  p o in t  o f  

v iew  o f  th e  fo r c e s  f o r  t e c h n o lo g ic a l  c h a n g e  p r o d u c e d  a  s t a le m a te .  W h e n  

t h e  1E E  d e le g a t io n  p r e s e n t e d  its  r e s o lu t io n  to  G e r a ld  B a l f o u r ,  p r e s id e n t  

o f  th e  B o a r d  o f  T r a d e ,  in  1 9 0 2 , h e  a c k n o w le d g e d  t h a t  B r i t a in ’s s u p p ly  

i n d u s t r y  la g g e d  b e h i n d  t h a t  o f  t h e  U n i t e d  S la te s  a n d  G e r m a n y ,  b u t  h e  

e x p r e s s e d  d o u b t  t h a t  th is  w as  a l t o g e t h e r  d u e  to  le g is la t iv e  r e g u la t io n .  H e  

in s is te d  t h a t  t h e r e  w e re  in  B r i t a in  “a  la r g e  n u m b e r  o f  s t r o n g ly  e s ta b l is h e d  

in te r e s t s  w h ic h  p r o d u c e d  a v e ry  s t r o n g ly  d e v e lo p e d  in s t in c t  o f  c o n s e r v a ­

t i s m .”64 H e  r e c o g n iz e d  t h e  p r im a c y  o f  p o li t ic s — in  th is  in s ta n c e ,  t h e  p o w e r  

o f  c o n s e r v a t iv e  p o l i t ic a l  in te r e s ts .

*• IEF. J o u r n a l  3 1 (1 90 1 -2 ): 1326.
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C a lifo r n ia  
W h ite  C oa l

T
h e  c o n f l u e n c e  o f  s t e a m - t u r b i n e  t e c h n o lo g y  a n d  t h e  u n iv e r s a l  s u p p ly  

sy s te m  p u s h e d  t h e  d e v e l o p m e n t  o f  u r b a n  p o w e r  s y s te m s  f u e le d  by 

co a l ,  a n d  in  t h e  s y m b io t ic  i n t e r a c t i o n .o f  w a t e r - t u r b i n e  te c h n o lo g y  a n d  th e  

u n iv e r s a l  s y s te m  lie s  a  m a jo r  e x p l a n a t i o n  f o r  th e  r a p i d  u t i l iz a t io n  o f  w h ite  

co a l .  B e c a u s e  t h e  e f f ic ie n c y  o f  a  tu r b i n e  in c r e a s e s  w ith  c a p a c i ty ,  th e  s te a m -  

t u r b i n e  p o w e r  p la n t s  w e re  lo c a te d  in  o r  n e a r  c i t ie s  w h e r e  d e m a n d  w as 

h e a v y ; f o r  t h e  s a m e  r e a s o n ,  w a l e r - l u r b i n e  p o w e r  p l a n t s  s i tu a te d  a t  th e  

w a te r - p o w e r  s i te s  h a d  to  r e a c h  a c ro s s  m a n y  m ile s  w ith  t r a n s m is s io n  l in e s  

in  o r d e r  to  s u p p ly  a  l a r g e  lo a d .  L o n g - d i s t a n c e  t r a n s m is s io n  a n d  th e  u n i ­

v e rs a l  s y s te m  p r o v id e d  t h e  m a r k e t  n e e d e d  f o r  l a r g e ,  e f f i c i e n t  h y d r o e le c t r i c  

p la n ts .  T h i s  c h a p t e r  d e a ls  w ith  t h e  i n t e g r a t i o n  o f  th e s e  p la n t s ,  lo n g - d is ta n c e  

p o i n t - to - p o in t  t r a n s m is s io n ,  a n d  u r b a n  d i s t r i b u t i o n  s y s te m s  in  C a l i f o r n ia .

P o i n t - to - p o in t  t r a n s m is s io n ,  a s  d i s t in g u i s h e d  f r o m  t r a n s m is s io n  n e t ­

w o rk s .  o r  g r id s ,  is d e f i n e d  a s  th e  lo n g ,  o v e r l a n d  t r a n s m is s io n  o f  h ig h  v o l ta g e  

u n i n t e r r u p t e d  b y  l a r g e - c a p a c i ty  d i s t r i b u t i o n  a n d  s w i tc h in g  s t a t io n s  a lo n g  

th e  w ay . T r a n s m is s io n  n e tw o r k s ,  o r  g r id s ,  a ls o  u s e  h ig h  v o lta g e ,  b u t  th e y  

c o n s is t  o f  a  n u m b e r  o f  r e la t iv e ly  s h o r t  t r a n s m is s io n  s e c t io n s  t ie d  t o g e t h e r  

a t  m a jo r  n e x u s ,  o r  lo a d  c e n te r s ,  f r o m  w h ic h  d i s t r i b u t i o n  l in e s  s p r e a d .  A s  

w ill b e  s e e n ,  p o in t - t o - p o i n t  t r a n s m is s io n  is a p p r o p r i a t e  w h e r e  a  g r e a t  d is ­

t a n c e  s e p a r a t e s  t h e  p o w e r  s o u r c e s  ( w a te r  o r  c o a l)  a n d  t h e  u r b a n  a n d  in ­

d u s t r i a l  lo a d .  A t th e  t u r n  o f  t h e  c e n t u r y ,  m o r e  d e n s e ly  p o p u l a t e d  r e g io n s ,  

s u c h  a s  th e  u r b a n  c e n t e r s  o f  G e r m a n y ,  t e n d e d  t o w a r d  th e  u s e  o f  t r a n s ­

m is s io n  n e tw o r k s .  I n  C a l i f o r n ia ,  p o in t - to - p o in t  t r a n s m is s io n  r e a c h e d  its  

g r e a te s t  h e ig h t s — o r  d is ta n c e s .

T h e  e a r ly  h is to ry  o f  t r a n s m is s io n  in v o lv e s  m a n y  s o -c a lle d  f i r s ts  t h r o u g h ­

o u t  th e  w o r ld .  T h e r e  w e r e  m a jo r  t r a n s m is s io n  d e m o n s t r a t i o n s  in  I ta ly  a n d  

F r a n c e ,  a s  w ell a s  in  G e r m a n y  a n d  th e  U n i t e d  S la te s .  B e f o r e  t h e  1 8 8 0 s , 

th e s e  d e m o n s tr a t io n s  in v o lv e d  d i r e c t  c u r r e n t .  C a n a d a ,  J a p a n ,  M ex ico , C h ile , 

I n d ia ,  B ra z il ,  I ta ly ,  T a s m a n i a ,  S o u th  A f r ic a .  S p a in ,  S w e d e n ,  F ra n c e ,  S w itz ­

e r l a n d ,  th e  U n i te d  S ta le s ,  a n d  G e r m a n y  a ll h a d  t r a n s m is s io n  s y s te m s  o f

7 0 ,0 0 0  v o lts  o r  m o r e  b e f o r e  W o r ld  W a r  I. O f  th e  f i f ty - f iv e  s y s te m s  th e n  

u s in g  7 0 ,0 0 0  o r  m o r e  v o lts ,  f o r ty - n in e  t r a n s m i t t e d  f r o m  la r g e  h y d ro e le c t r i c  

p o w e r  p la n ts ;  t h e  r e m a i n i n g  s ix  t r a n s m i t t e d  f r o m  c o a l - f i r e d  p la n ts ,  s e v e ra l  

f r o m  m in e - m n u ih  p la n ts .  T h e  t r a n s m is s io n  d i s t a n c e  w as  o v e r  a  h u n d r e d
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m ile s  in  h a l f  o f  th e  in s t a l l a t io n s .1 M o re  o f  th e s e  h ig h - v o l ta g e  t r a n s m is s io n  

s y s te m s  w e r e  in  th e  r e g io n  o f  C a l i f o r n ia  (e ig h t )  th a n  in  a n y  o t h e r  r e g io n  

o f  t h e  w o r ld ,  a n d  all e ig h t  C a l i f o r n ia  s y s te m s  t r a n s m i t t e d  h y d r a u l i c  p o w e r .

T h e  h ig h ly  d e v e lo p e d  s t a t e  o f  w a te r - t u r b i n e  te c h n o lo g y  a t  t h e  l im e  h ig h -  

v o l ta g e  t r a n s m is s io n  b e c a m e  fe a s ib le  g r e a t ly  f a c i l i ta te d  th e  u s e  o f  h y d r o -  

e le c t r ic i ty .  W a te r  t u r b i n e s  h a d  b e e n  a r o u n d  f o r  a  lo n g  t im e .  E s s e n tia l  t u r ­

b in e  p r in c ip le s  w e r e  in c o r p o r a t e d  in  t h e  h o r iz o n ta l  w a te r  w h e e ls  s h o w n  in  

d r a w in g s  b y  s ix t e e n t h - c e n t u r y  E u r o p e a n  e n g in e e r s .  T h e  h is to r y  o f  th e  

tu r b i n e  p r in c ip le  in  o t h e r  p a r t s  o f  th e  w o r ld  m a y  b e  e v e n  o l d e r . 2 T u r b i n e s ,  

w h ic h  a r e  g e n e r a l ly  c la s s i f ie d  a s  w a te r  w h e e ls ,  d i f f e r  f r o m  t r a d i t i o n a l  w a te r  

w h e e ls  in  t h a t  th e y  d e p e n d  f o r  p o w e r  m o r e  o n  th e  m o m e n t u m  o f  t h e  w a te r  

a s  it e n t e r s  th e  t u r b i n e  h o u s in g  t h a n  o n  th e  fa ll d u e  to  g r a v i ty  o f  t h e  m a ss  

o f  w a te r  a t  t h e  s i te  o f  th e  w h e e l.  I n  e f f e c t ,  t h e  b la d e s  o f  t h e  t u r b i n e  w h e e l 

m u s t  b e  f o r c e d  a s id e  ( r o ta t e d )  in  o r d e r  f o r  t h e  h i g h - m o m e n t u m  w a te r  to  

e x i t ,  o r  e s c a p e ,  f r o m  t h e  t u r b i n e  h o u s in g .  T h e  i m p o r t a n c e  o f  t h e  d i f f e r e n c e  

fo r  th e  e n g i n e e r s  d e s ig n in g ,  a n d  t h e  c a p i ta l i s ts  f i n a n c in g ,  h y d r o e le c t r i c  

p r o je c ts  is t h a t  t u r b i n e  w h e e ls  o f  m u c h  s m a l l e r  s iz e  c a n  b e  u s e d  to  o b ta in  

th e  s a m e  p o w e r  a s  a  m u c h  l a r g e r  w a te r  w h e e l  o f  t h e  t r a d i t io n a l  k in d .  

B e c a u s e  b u i ld in g s ,  p e n s to c k s ,  f lu m e s ,  d a m s ,  a n d  o t h e r  c iv il e n g i n e e r i n g  

w o rk s  m a k e  u p  th e  l a r g e s t  s h a r e  o f  t h e  c o s t  o f  a  h y d r o e le c t r i c  in s ta l la t io n ,  

r e d u c t io n  in  s iz e  f r o m  t h e  t r a d i t i o n a l  w a te r -w h e e l  ty p e  is o f  g r e a t  i m p o r ­

ta n c e .  F u r t h e r m o r e ,  t u r b i n e  e f f ic ie n c y  h a d  b e e n  n o ta b ly  i m p r o v e d  b y  1 8 9 0  

th r o u g h  e x p e r i m e n t  a n d  a n a ly s is  t h a t  d r e w  o n  s c ie n t i f ic  k n o w le d g e .

T u r b i n e s ,  e s p e c ia l ly  th o s e  o f  th e  F ra n c is  ty p e ,  w h ic h  h a d  b e e n  d e v e lo p e d  

in  th e  U n i te d  S ta te s  b u t  w e r e  b a s e d  o n  E u r o p e a n  e x p e r i e n c e  a n d  h y d r a u l i c  

sc ie n c e ,  w e r e  w e l l - s u i te d  b o th  f o r  t h e  h ig h - h e a d  s i te s  o f  C a l i f o r n ia  a n d  th e  

lo w e r - h e a d  s i te s  o f  t h e  e a s t e r n  s e a b o a r d  o f  t h e  U n i t e d  S ta te s .  T h e  C a l i f o r n ia  

e n g in e e r s  a ls o  u t i l iz e d  a n  im p u ls e ,  o r  t a n g e n t i a l ,  w a te r  w h e e l  d e v e lo p e d  

by  L e s te r  P e l to n  a n d  o t h e r s  in  C a l i f o r n ia  a n d  in  o t h e r  m o u n t a i n o u s  r e g io n s  

o f  t h e  W e s t .3 T h e  im p u ls e  w h e e l w as  d r iv e n  b y  a n  e x t r e m e ly  h ig h  v e lo c ity  

j e t  o f  w a te r  p la y in g  o n  b u c k e t s  a t  t h e  p e r i p h e r y  o f  a  h ig h - s t r e n g t h  i r o n  o r  

s te e l  w h e e l .  T h e s e  w a te r  w h e e ls  d e p e n d e d  n o t  o n  t h e  m a s s  o f  w a te r  fa l l in g  

th e  d i s t a n c e  o f  t h e  d i a m e t e r  o f  t h e  w h e e l,  b u t  o n  th e  v e lo c ity  a n d  m a s s  o f  

th e  im p a c t in g  j e t  o f  w a te r .  T h e r e f o r e ,  t h e s e  w h e e ls ,  lik e  t u r b i n e  w h e e ls , 

w e re  m u c h  s m a l le r  in  d i a m e t e r  t h a n  t h e  c o n v e n t io n a l  w a te r  w h ee l.^

1 U .S., D e p a rtm e n t o f  C o m m erce , B u re a u  o f  th e  C e n su s, Ce ntra l Electric Ligh t a n d  Power  
Stations a n d  Street a n d  Electric Ra ilways, w ith Sum m ary  o f  the Electrica l Industrie s, 1 9 1 2  (W a sh in g ton ,

D.C .: C P O , 1915). fo ld o u t fac in g  p. 132.
* F. M. Fc ld hn us, D ie Technik  D er Vorzeit, D er G eschichtlichen Zeit u n d  D er N a tu rv o lk rr  (Leip zig

a n d  B erlin : E n g c lm a n n , 1914), p . 1304.

5 C h a rles  M. C o lem a n , P .O . a n d  E . o f  Ca lifornia : Th e  Cen te nn ia l Story o f  Pacific  C a t an d  Electric 
Com pany, 1 8 5 2 -1 9 3 2  (N ew  Y ork: M cG raw -H ill,  1952), p p . 11 2 -1 5 .

5 O n  th e  h isto ry  o f  th e  tu rb in e , sec Louis  C. H u n te r , W aterpower: A  H istory o f  Ind us tr ia l 
Powe r in the U nite d  States, 1 7 8 0 -1 9 3 0  (C harlo ttesv ille : U n iv ersity  Press o f  V irg in ia , 1979), pp . 
2 9 2 -3 4 2 ; E dw in  T . L ayton , J r . ,  "Scien tific  T ec h n o lo g y . 1 8 4 5 -19 00 : T h e  H y d ra u lic  T u r b in e  
a n d  O rig in s  o f  A m e ric an  In d u s tr ia l R e se arch ,"  Technology a n d  Cu lture  20  ( 1 97 9 ):6 4 -89 ; H ans- 
Jo a c h im  B ra u n , "T cc h n isch c  N e u c ru n g c n  um  d ie  M in e  d c s 19. J a h rh u n d e r t s :  D as B cispiel 
d e r  W a sse rtu rb in c n ,"  Technikgeschichte 46  (1979): 2 8 5 -3 0 5 ; a n d  T e r r y  R eynold s, Stro ng er  T han  
a H u n d red  M en : A H istory o f  the Vertical W ater W heel (B a ltim o re : T h e  Jo h n s  I lo p k in s  U niv ersity  
Press, 198.1).
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T h e  d e v e lo p m e n t  o f  e le c tr ic  p o w e r  t r a n s m is s io n  in a u g u r a te d  a  n e w  p h a se  

in  th e  h is to r y  o f  h y d r a u l i c  p o w e r .  W a te r - p o w e r  s i te s  w e r e  e x p lo i t e d  o n ly  

by  lo ca l c r a f t s ,  m in in g ,  a n d  in d u s t r y  so  lo n g  a s  p o w e r  t r a n s m is s io n  w as 

lim i te d  to  m e c h a n ic a l  m e a n s ,  p r im a r i ly  b e lls  a n d  g e a r s .  A s  a r e s u l t ,  w a te r ­

p o w e r  r e s o u r c e s  in  m o u n t a i n o u s  a r e a s  t h r o u g h o u t  th e  w o r ld  w e re  o n ly  

p a r t ia l ly  d e v e lo p e d .  A f t e r  t h e  in t r o d u c t i o n  o f  d i r e c t - c u r r e n t  g e n e r a to r s  

a n d  m o to r s  d u r i n g  t h e  1 8 7 0 s , h o w e v e r ,  e n g i n e e r s  a n d  e n t r e p r e n e u r s  saw  

th e  p o s s ib il i t ie s  o f  lo n g - d i s t a n c e  e le c t r ic  p o w e r  t r a n s m is s io n .  A m o n g  th o s e  

w h o  le d  in  p o w e r - l r a n s m is s io n  e x p e r i m e n t s  a n d  d e m o n s t r a t i o n s  w as M arce l 

D e p re z ,  th e  F r e n c h  e n g i n e e r  w h o  t r i e d  d i r e c t - c u r r e n t  h ig h -v o l ta g e  t r a n s ­

m is s io n  in  m a n y  d e m o n s t r a t i o n s .  O s k a r  v o n  M ille r ,  a s  n o t e d  e a r l i e r ,  in v ite d  

D e p r e z  to  in s ta l l  a  p o w e r - t r a n s m is s io n  d e m o n s t r a t i o n  o n  t h e  o c c a s io n  o l 

th e  M u n ic h  e le c t r ic a l  e x h ib i t io n  in  1 8 8 2  (se e  p . 131 a b o v e ) .  T w o  y e a r s  la te r ,  

a t  t h e  T u r i n  e x h ib i t io n ,  G a u l a r d  a n d  G ib b s  d e m o n s t r a t e d  t r a n s m is s io n  o l 

e le c t r ic i ty  o v e r  lo n g  d is ta n c e s  f o r  u s e  in  l ig h t in g  (se e  p . 9 4  a b o v e ) .  I n  1891 

v o n  M ille r ,  w h o s e  in te r e s t  in  p o w e r  t r a n s m is s io n  w a s  g r e a t ly  s t im u la te d  by 

t h e  h u g e  w a te r - p o w e r  p o te n t i a l  o f  th e  B a v a r ia n  A lp s  n o t  f a r  f r o m  h is  n a tiv e  

M u n ic h ,  a ls o  h e lp e d  o r g a n iz e  th e  w o r ld ’s f i r s t  s u b s ta n t i a l  d e m o n s t r a t io n  

o f  p o l y p h a s e - c u r r e n t  t r a n s m is s io n  o v e r  a  lo n g  d i s t a n c e  (se e  p . 131 a b o v e ) . 

A b o u t  a  d e c a d e  l a t e r  v o n  M ille r  b e g a n  th e  in v e s t ig a t io n s  a n d  p l a n n i n g  th a t  

w o u ld  c u lm in a te  in  th e  c o n s t r u c t io n  o f  a  l a r g e  A lp in e  h y d r o e le c t r i c  s ta t io n  

a t  W a lc h e n s e e ,  in  th e  B a v a r ia n  A lp s , f r o m  w h ic h  p o w e r  w as  t r a n s m i t t e d  

in  a g r id  t h r o u g h o u t  B a v a r ia  (se e  p p .  3 3 7 - 5 0  b e lo w ) .

E a r ly  d e m o n s t r a t i o n s  o f  p o w e r  t r a n s m is s io n  w e re  m a d e  in  G e r m a n y ,  

B r i ta in ,  a n d  t h e  U n i t e d  S ta le s ,  b u t  th e  h is to ry  o f  h ig h - v o l t a g e  lo n g -d is ta n c e  

p o w e r  t r a n s m is s io n  f r o m  w a te r - p o w e r  s i te s  d o e s  n o t  l e n d  i t s e l f  to  c o m ­

p a r i s o n ,  f o r  d e v e lo p m e n ts  in  th e  th r e e  c o u n t r i e s  w e r e  n o t  c o m p a r a b le .  

N e i th e r  B r i ta in  n o r  G e r m a n y  h a d  a  m a jo r  ( r a n k e d  o n  a  w o r ld  s c a le )  p o in t-  

to - p o in t  h y d r a u l i c  p o w e r  t r a n s m is s io n  s y s te m  b y  1 9 1 4 .s T h e  m a jo r  re a s o n  

f o r  th e  le ss  im p re s s iv e  d e v e lo p m e n t  o f  th e  te c h n o lo g y  in  G e r m a n y  w as  th e  

d e n s i ty  o f  th a t  c o u n t r y ’s s e t t l e m e n t  a n d  in d u s t r i a l  d e v e lo p m e n t .  T h e  m a jo r  

c a u s e s  in  B r i ta in  w e re  d e n s i ty  o f  s e t t l e m e n t  a n d  t h e  la c k  oT  m a jo r  m o u n ta in  

r a n g e s .  G e r m a n y  h a d  m a jo r  w a te r - p o w e r  s i te s  in  th e  A lp s  s p r e a d  a lo n g  

h e r  s o u t h e r n  a n d  s o u t h e a s t e r n  b o r d e r s ,  b u t  lo a d  c e n t e r s  w e re  w ith in  ten s  

o f  m ile s  r a t h e r  th a n  h u n d r e d s .  B r i ta in  h a d  m u c h  le ss  p o te n t i a l  w a te r  p o w e r ,  

a n d  h e r  in d u s t r i a l  a r e a s  w e re  w i th in  a  re la t iv e ly  few  m ile s  o f  h e r  h ig h  hil ls  

a n d  low  m o u n ta in s ,  w ith  th e  e x c e p t io n  o f  th e  H ig h la n d s  o f  S c o t la n d .  B o th  

c o u n t r i e s  h a d  h y d r o e le c t r i c  s ta t io n s  b e f o r e  W o r ld  W a r  I— G e r m a n y 's  w e re  

la rg e -c a p a c i ty  in s ta l la t io n s — b u t th e  c o m b in a t io n  o f  la r g e  c a p a c i ty  a n d  

t r a n s m is s io n  d is ta n c e s  o f  a h u n d r e d  m ile s  o r  m o r e  w as  a C a l i f o r n ia  p h e ­
n o m e n o n .

B e c a u s e  o f  its  d r a m a t ic  b e a u ty  a n d  th e  im m e n s e  a m o u n t  o r  w a te r  p o w e r  

it h a r n e s s e d ,  s o m e  h i s to r i a n s  h a v e  c o n c lu d e d  th a t  t h e  e le c t r ic  p o w e r  p ro je c t  

a t  N ia g a r a  f a l l s ,  n o t  th e  C a l i f o r n ia  s y s te m s ,  w as  th e  t u r n i n g  p o in t  in  th e  

h is to ry  o f  lo n g - d i s t a n c e  p o w e r  t r a n s m is s io n  in  th e  U n i te d  S ta te s .  T h e  e n ­

g in e e r s  a n d  e n t r e p r e n e u r s  w h o  p r e s id e d  o v e r  its  c o n s t r u c t io n  e x p e c te d  

B u f f a lo ,  N e w  Y o rk ,  a h e a v ily  in d u s t r i a l i z e d  c ity  a lm o s t  tw e n ty  m ile s  f ro m  

th e  p o w e r  s i te  a t  t h e  fa lls , to  b e  th e  lo a d  c e n te r .  I n s te a d ,  a n  in d u s t r i a l  c e n te r

'  H .irem i of th e  C e nsus. Central Electric U g h t a n d  Power S ta tio n ,  foM oul facinR p. 132.
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s p r a n g  u p  a t  t h e  fa lls .  M o s t o f  th e  1 5 ,0 0 0  h .p .  t h a t  w a s  m a d e  a v a i la b le  in  

th e  in it ia l  i n s t a l la t io n  o f  1 8 9 5  w as  p u t  to  u s e  in  th e  m e ta l lu r g ic a l  a n d  

e le c t r o c h e m ic a l  p la n t s  th a t  lo c a te d  t h e r e  to  u s e  th e  c h e a p  e le c t r ic i ty .  A  

t r a n s m is s io n  l in e  to  B u f f a lo  d id  n o t  o p e n  u n t i l  1 8 9 6 , a n d  h a d  a  c a p a c i ty  

o f  o n ly  1 ,0 0 0  h .p .  N o t  u n t i l  1 9 1 0  d id  a  m a jo r  lo n g - d i s t a n c e  t r a n s m is s io n  

l in e  e x t e n d  f r o m  N ia g a r a  F a lls , a n d  th is  w a s  t h e  w o rk  o f  th e  H y d r o - E le c t r i c  

P o w e r  C o m m is s io n  o f  O n t a r i o ,  a  g o v e r n m e n t - o w n e d  s y s te m  s u p p l y i n g  T o ­

r o n t o  a n d  th e  p r o v in c e  o f  O n t a r i o .  In  1914  th e  T o r o n t o  P o w e r  C o m p a n y  

c o n s t r u c te d  th e  s e c o n d  m a jo r  t r a n s m is s io n  l in e  f r o m  a  p o w e r  p la n t  a t th e  

ra i ls .6

W ith in  th e  U n i te d  S ta te s ,  o n ly  th e  s o u t h e a s t e r n  r e g io n  e x t e n d i n g  f r o m  

V irg in ia  to  A la b a m a  w i tn e s s e d  d e v e l o p m e n t  o f  h y d r o e le c t r i c  p o w e r  t r a n s ­

m is s io n  c o m p a r a b le  to  th a t  o f  th e  C a l i f o r n ia  r e g io n .  T h e r e  th e  w a te r  p o w e r  

a v a ila b le  in  th e  A p p a la c h ia n  M o u n ta in s ,  t h e  r e la t iv e ly  th in ly  p o p u l a t e d  

u p la n d s ,  a n d  t h e  c o n c e n t r a t i o n  o f  in d u s t r y  a  h u n d r e d  o r  m o r e  m ile s  d i s t a n t  

o n  t h e  c o a s ta l  p la in  a ll f a v o r e d  lo n g - d i s t a n c e  t r a n s m is s io n .  B y  191 4  N o r th  

C a r o l in a  h a d  tw o  m a jo r  t r a n s m is s io n  s y s te m s  in  o p e r a t i o n ,  o n e  e x t e n d i n g  

9 6  m ile s  a n d  t h e  o t h e r  2 1 0  m ile s ;  V i r g in ia - W e s t  V i r g in ia ’s s y s te m  c o v e r e d  

7 5  m ile s ;  C e o r g ia  h a d  a  1 7 0 -m ile  s y s te m ;  a n d  A la b a m a ’s a n d  T e n n e s s e e ’s 

s y s te m s  e x t e n d e d  1 5 0  a n d  1 4 0  m ile s  r e s p e c t iv e ly .  D i s t r ib u t io n  s y s te m s  in  

u r b a n  c e n t e r s  a n d  r e g io n a l  g r id s  o r  n e tw o r k s  w o u ld  c o n n e c t  to  th e s e  s o u t h ­

e a s t e r n  t r a n s m is s io n  l in e s  in  a  w ay  t h a t  w as  s im i la r  to  th e  C a l i f o r n ia  c o n ­

n e c t io n s .  T h e  o n ly  m a jo r  d i f f e r e n c e  b e tw e e n  th e  h y d r o e le c t r i c  p la n t s  in  

th e  tw o  r e g io n s  w a s  th e  c la s s if ic a tio n  o f  th o s e  in  C a l i f o r n ia  a s  h ig h - h e a d  

p la n ts ,  r a n g i n g  f r o m  1 ,0 0 0  to  2 ,0 0 0  f e e t ,  a n d  th o s e  in  th e  S o u th e a s t  as 

m e d iu m - h e a d  p la n t s ,  m e a s u r i n g  in  th e  h u n d r e d s  o f  f e e t . 7

I t  w as  in  C a l i f o r n ia ,  h o w e v e r ,  in  th e  1 8 9 0 s , t h a t  a n  e r a  o f  lo n g - d is ta n c e  

h y d r o e le c t r i c  p o w e r  t r a n s m is s io n  b e g a n .  “T h e  f i r s t  f a in t  g l im m e r in g s  o f  a 

n e w  d a w n ,” th e  E le c tr ic a l W o r ld  o b s e r v e d  in  1 9 1 2 , “ w e re  j u s t  v is ib le  a n d  th e  

n e w  d a w n  w as  in  t h e  W e s t ."  “C a l i f o r n ia , ” t h e  j o u r n a l  h a d  c la im e d  e a r l i e r ,  

“ is th e  b i r th p la c e  o f  r e a l  lo n g - d i s t a n c e  p o w e r  t r a n s m is s io n  o n  th is  c o n t i ­

n e n t . ” S u b s e q u e n t ly  t h e  r e g io n  b e c a m e  “ th e  g r e a t  c e n t e r  o f  d e v e lo p m e n ts ,  

t h e  w o r ld ’s la b o r a to r y  o f  b r i l l i a n t  a n d  s u c c e s s fu l  e x p e r i m e n t s  in  h i g h - t e n ­

s io n  e n e r g y  t r a n s m is s io n . ”8 T h e  h is to ry  o f  th e  e p i s o d e  is a  s t r ik in g  e x a m p le  

o f  h u m a n  b e in g s  u s in g  t e c h n o lo g y  to  m e d ia te  b e tw e e n  th e m s e lv e s  a n d  

n a t u r e ,  a  r e l a t io n s h ip  a s  o ld  a s  h u m a n  h is to ry .

T h e  h is to ry  o f  h y d r o e le c t r i c  d e v e lo p m e n t  a n d  p o w e r  t r a n s m is s io n  in  

C a l i f o r n ia  is a n  o u t s t a n d i n g  e x a m p le  o f  th e  w ay  in  w h ic h  te c h n o lo g y  c a n  

c o m p e n s a te  f o r  n a t u r a l  in a d e q u a c ie s .  N a t u r e  h a d  le f t  th e  C a l i f o r n ia  r e g io n

* F or a c o m p ara t iv e  s tu d y  o f  th e  use o f  N iagara  p o w er in C a n a d a  a n d  th e  U n ite d  S tate s, 
sec R o bert BcIH eld, “T h e  N ia g ara  F ro n tie r : T h e  E volu tion  o f  E lectr ic  Pow er System s in New  
Y ork  a n d  O n ta rio , 1 8 8 0 -1 93 5"  (Ph .D . diss.. U n iv ersity  o f  P e nnsylv ania , 1980). T h e  c o n te m ­
p o ra ry  a n d  h istoric al l ite ra tu re  o n  th e  N iag ara  p ro jec t is ex ten siv e. B clf ie ld  cites m any  o r  

th ese  so u rces.
7 "T h e  G re a t S o u th e rn  T ran sm iss io n  N etw o rk ."  Electrical W orld  63 ( I9 M ): 1201, r e p r in te d  

in T u r n in g  Po ints in Am erican Electrical H istory, ed . J a m e s  G. B ritta in  (N ew  Y ork : IE EE  Press, 

1976), p . 163.

" “T h e  L arg e r  A spect o f  C e n tra l S tation  W ork ,"  Electrical W orld  59  ( I 9 I 2 ) : I M I ;  " T h e  
W o rld 's  L ongest Pow er T ran sm iss io n s ,"  ib id . 39  (1902): 188.
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s h o r t  o f  e n e r g y  r e s o u r c e s / '  F o r e s t  c o v e r e d  th e  lo w e r  e le v a t io n s  o f  t h e  S ie r ­

r a s , b u t  th e  r a p id ly  g r o w in g  p o p u l a t i o n  o n  t h e  c o a s t  c o u ld  n o t  a f f o r d  to  

t r a n s p o r t  th is  w o o d  f o r  f u e l .  T h e  E le c tr ic a l W o r ld  s u m m a r iz e d  th e  p lig h t  

o f  t h e  r e g io n ,  w ith  its  e x p a n d i n g  p o p u l a t i o n  a n d  l im i te d  e n e r g y  s u p p ly :

T h e  u n w o o d ed  p la ins a n d  b a re  foo th ills  |o n  th e  coast)  s m o o th ed  as w ith a 
T ita n 's  trow el, give sm all su p p ly  above  g ro u n d  a n d  save fo r  a m o d est su p p ly  o f  
p e tro le u m  n e a r  Los A ngeles th e re  is little  belo w . U ntil th e  b eg in n in g  o f  p o w er 

tran sm iss io n  by elec tric ity  th e  m ain  re lian ce  was A u stra lian  coal a n d  th e  cost o f  

p o w er was alm ost p ro h ib it iv e .10

C o n s i d e r i n g  th e  S a n  F ra n c is c o  a r e a ,  a n o t h e r  c o n t e m p o r a r y  o b s e r v e d :

U ntil o f  la te  p o w er fo r  in d u str ia l uses h as b een  a co m m o d ity  as ex p en siv e  as it is 
in d isp en sab le . E x cep t in m o u n ta in o u s  localities, w ood is no t to  be h ad  fo r fuel,  

w hile th e  su p p ly  o f  C a lifo rn ia  coal has th u s  fa r  b e en  really  in sig n ifican t w hen 

c o m p a re d  w ith  its to ta l c o n s u m p tio n ."

O n  t h e  p o s i t iv e  s id e ,  C a l i f o r n ia  d id  h a v e  n a t u r a l  e n d o w m e n ts  t h a t  w e re  

t r a n s f o r m a b l e  by  te c h n o lo g y  in to  e n e r g y  r e s o u r c e s .12 T h e  h is to r y  o f  e le c tr ic  

p o w e r  in  C a l i f o r n ia  is a  n o ta b le  r e m i n d e r  t h a t  c h a n g i n g  te c h n o lo g y  ca n  

m a k e  n a t u r e  a  r e s o u r c e ,  a f a c to r  o f  p r o d u c t i o n .  T h e  c o m in g  o f  lo n g -d is ­

t a n c e  p o w e r  t r a n s m is s io n  m a d e  t h e  r e m o t e  la k e s ,  s t r e a m s ,  a n d  r iv e r s  o f  

th e  S ie r r a  N e v a d a  p o w e r  s o u r c e s  f i r s t  f o r  re la t iv e ly  n e a r b y  m in in g  to w n s , 

th e n  f o r  n e i g h b o r i n g  f a r m  c o m m u n i t i e s  o f  t h e  g r e a t  c e n t r a l  v a lle y  o f  C a l ­

i f o r n ia ,  a n d  f in a lly  f o r  th e  f a r  m o r e  h e a v ily  s e t t l e d  c o a s ta l  c itie s . U n t i l  th e  

a d v e n t  o f  p o w e r  t r a n s m is s io n ,  th e  S ie r r a s  w e re  p e r c e iv e d  b y  c o a s ta l  in ­

h a b i t a n t s  a s  o b s ta c le s  to  th e  w a g o n  t r a in s  a n d  r a i l r o a d s ,  a s  t h e  lo c a t io n  o f  

g o ld  a n d  s i lv e r  m in e s ,  a n d  a s  th e  s i te  o f  w in te r  s n o w s ,  w h ic h ,  d u r i n g  th e  

s p r i n g  th a w , b r o u g h t  w a te r  f o r  i r r ig a t io n  b u t  f lo o d s  a s  w e l l .13

B e f o r e  d e s c r ib in g  th e  w ay  in  w h ic h  te c h n o lo g y  m o v e d  e n e r g y  a  h u n d r e d  

m ile s  o r  m o r e ,  h o w e v e r ,  it is p e r t i n e n t  to  c o n s i d e r  t h e  n a t u r a l  e n d o w m e n ts  

in  C a l i f o r n ia  t h a t  e n g i n e e r s  a n d  o t h e r s  e x p lo i t e d  to  a c c o m p l is h  th is  p o w e r  

t r a n s m is s io n .  N a tu r a l  g e o g r a p h y  in v a r ia b ly  f ig u r e s  p r o m i n e n t l y  in  a c c o u n ts  

o f  h y d r o e le c t r i c  p ro je c ts .  T h e  m o is tu r e - l a d e n  w in d s  p a s s in g  e a s tw a r d  f ro m  

th e  P a c if ic  f ir s t  e n c o u n t e r  t h e  C o a s t  R a n g e  r u n n i n g  a lo n g  t h e  o c e a n  a n d  

r a n g i n g  in  h e ig h t  f r o m  a b o u t  2 ,0 0 0  to  8 ,0 0 0  fe e l .  T w e n t y  to  fo r ty  m ile s  in  

w id th ,  th e s e  h ills  a n d  m o u n t a i n s  r e c e iv e  s o m e  r a in  a s  th e y  d e f l e c t  th e  m o is t 

a i r  u p w a r d ,  b u t  n o t  e n o u g h  to  m a in ta in  r e g u la r ly  f lo w in g  s t r e a m s .  N o r  is 

w a te r  a c c u m u la te d  a s  d e e p  s n o w fa ll .  T h e r e f o r e ,  t h e  C o a s t  R a n g e  h a s  b e e n  

o f l i l l l e  c o n s e q u e n c e  to  t h e  e n e r g y - s e e k in g  c o a s ta l  c o m m u n i t i e s .  In  c o n t r a s t ,  

in  th e  e a s t e r n  r e a c h e s  o f  t h e  s ta te ,  r iv e r s  a n d  s t r e a m s  flo w  f r o m  th e  s lo p in g  

fa c e  o f  th e  S ie r r a  N e v a d a .  T h i s  n o r t h - s o u t h  r a n g e  e x te n d s  a b o u t  4 3 0  m ile s

u H am ilto n  W rig h t, "L on g -D istanc e  H ig h -T e n s io n  T ra n sm iss io n  of Pow er in C a lifo rn ia,"  
Scientif ic  Am erican  88 (1903): 373; I I. G . U m lcr. "Pools  o r  P o w er."  S u rv ey  G raphic 51 (1924): 

605 ; A lb ert W. A tw ood, "T e s tin g  Big B usiness in th e  W est,"  S a tu rd ay  E ve n in g  Post, 22 D e ­
c e m b e r 1923, p. 16.

‘" "A  N o tab le  T ra n sm iss io n  S ystem ,"  E lectr ical W orld a n d  E ng in eer  45  (1905): 375.

"  G eo rg e  P. Low , I lie  W orld  s L ongest E lectr ic  Pow er T ra n sm iss io n ."  J o u r n a l o f  Electricity, 
Power a n d  G as I I  (1901): 145.

"  I have  c o n c e n tra te d  o n  C a lifo rn ia  in th is  section  o n  th e  h isto ry  o f  po w er tran sm issio n . 
S im ila r d e v e lo p m e n ts  o c c u r re d  in o th e r  m o u n ta in  sta tes  o r  th e  A m e ric an  W est.

’’ "R iv ers o f  th e  W est,"  Electrical W est 129 (1962): 3 4 4 -4 5 .



2 0 7 C A L I F O R N I A  W H I T E  C O A L

w ith  e le v a t io n s  r a n g i n g  u p  lo  1 4 ,4 9 5  fe e t .  T h e  n o r t h e r n  h a l f  n o r m a l ly  h a s  

a n  a n n u a l  r a in f a l l  o f  m o r e  t h a n  4 0 0  in c h e s ;  ih c  s o u t h e r n  p o r t i o n  u s u a lly  

h a s  1 0 - 2 0  in c h e s ,  w ith  th e  e x c e p t io n  o f  th e  s o u t h e r n m o s t  t ip ,  w h ic h  r e a c h e s  

i n to  th e  lo w - ra in f a l l  a r e a  b e lo w  F r e s n o  a n d  a b o v e  L o s  A n g e le s .  N a tu r a l  

b a s in s  a n d  d e e p ,  r iv e r - w o r n  c a n y o n s  p u n c t u a t e  th e  S ie r r a s  a n d  o f f e r  p o w e r  

a n d  l lo o d - c o n l r o l  s i te s  f o r  d a m s ,  m a k in g  p o s s ib le  y e a r - r o u n d  u t i l iz a t io n  o f 

th e  a b u n d a n t  w in te r  p r e c ip i t a t io n .  T h e  Y u b a ,  th e  F e a t h e r ,  a n d  th e  S t a n ­

is la u s  a r e  a m o n g  th e  r iv e r s  t h a t  p r o v id e  s i te s  f o r  d a m s .

T h e  C o a s t  R a n g e  a n d  th e  S ie r r a s  r im , a n d  v i r tu a l ly  c lo s e  in  a t  b o th  e n d s ,  

a n  e x te n s iv e  v a lle y . F r o m  n o r t h  to  s o u th  it e x t e n d s  a b o u t  4 3 0  m ile s  f r o m  

la t i t u d e  4 0 °  to  l a t i tu d e  35 ° . I n  w id th  it  a v e r a g e s  a b o u t  4 0  m ile s . T h e  r e ­

s u l t in g  1 7 ,2 0 0 -s q u a r e - m ile  a r e a  is d r a i n e d  b y  t h e  S a c r a m e n to  a n d  S a n  

J o a q u i n  r iv e r s  in to  th e  S a n  F ra n c is c o  B a y . T h e  c it ie s  in  th e  v a lle y , w h ic h  

in c lu d e  S a c r a m e n to ,  F r e s n o ,  S a n  J o s e ,  S to c k to n ,  a n d ,  a t  t h e  b a y ’s o p e n i n g  

to  th e  se a ,  O a k l a n d ,  A la m e d a ,  S a n  F r a n c is c o ,  a n d  B e rk e le y ,  w a i le d  fo r  

i r r ig a t io n  p o w e r e d  by  e le c t r ic  p u m p s  lo  m a k e  p o s s ib le  t h e  in t e n s iv e  c u l t i ­

v a t io n  o f  f r u i t s ,  v e g e ta b le s ,  a n d  o t h e r  c r o p s .  S im i la r ly ,  t h e s e  c o m m u n i t i e s  

a w a i te d  t h e  a r r iv a l  o f  e n e r g y  to  r e l ie v e  th e  c o n s t r a in t s  o n  t h e i r  g r o w th .  

T h e y  w o u ld  s p r i n g  to  l ife  d r a m a t i c a l ly  a s  th e  t r a n s m is s io n  l in e s  r e a c h e d  

t h e m ,  a  s i tu a t io n  n o t  u n l ik e  t h a t  w h ic h  o c c u r r e d  w h e n  c a n a ls  a n d  r a i l r o a d s  

f i r s t  s p r e a d  in  t h e  U n i t e d  S la te s .

A s w as  t h e  c a s e  t h r o u g h o u t  th e  w o r ld  b e f o r e  th e  e r a  o f  e le c t r ic  p o w e r  

t r a n s m is s io n ,  t h e  w a te r  p o w e r  in  th e  m o u n t a i n s  b e n e f i t e d  m o s tly  th e  lo ca l 

in h a b ita n ts ,  w h o  w e r e  few  in  n u m b e r  b e c a u s e  o f  th e  d if f ic u lt  t e r r a in .  A m o n g  

th o s e  few  w e re  u s u a l ly  m in e r s ,  w h o  to o k  a d v a n ta g e  o f  th e  n a t u r a l  p r o x im ity  

o f  m in e r a l s  a n d  w a te r .  T h e  w a te r  w as  u s e d  to  w a sh  o r e  f r e e  f r o m  t h e  e a r t h ,  

a n d  th e  r u s h i n g  s t r e a m s  p o w e r e d  th e  w h e e ls  th a t  d r o v e  th e  b e llo w s  a n d  

o t h e r  m a c h in e r y  u s e d  b y  t h e  p r o c e s s o r s  o f  th e  o r e  a n d  m e ta l .  C a l i f o r n ia n s  

in  th e  1 8 5 0 s  a n d  s ix t ie s  c o n s t r u c t e d  w a te r w o r k s  lo  f a c il i ta te  m in in g  a n d  

m e ta l lu r g ic a l  o p e r a t i o n s .  I n  N e v a d a ,  P la c e r ,  E l d o r a d o ,  A m a d o r ,  C a la v e ra s ,  

S ta n is la u s ,  a n d  T u o l u m n e  c o u n t i e s ,  m in in g  o r  w a te r  c o m p a n ie s  b u i l t  s t o r ­

a g e  r e s e r v o i r s  a n d  c a n a ls  to  c a r r y  th e  w a te r  to  m in in g  s i te s  to  w a s h  aw a y  

th e  s a n d  a n d  g r a v e l  h il ls  in  w h ic h  th e  g o ld  lay  b u r i e d .  B y  th e  e a r ly  1 8 6 0 s , 

o v e r  5 ,0 0 0  m ile s  o f  a r t i f ic ia l  w a te r  c o u r s e s  h a d  b e e n  b u il t .  A s  m in in g  t e c h ­

n iq u e s  c h a n g e d  a n d  m in in g  a c tiv ity  w a n e d ,  s o m e  o f  th e s e  fa c il i t ie s  w e re  

m o d i f i e d  f o r  u s e  in  i r r ig a t in g  t h e  n e a r b y  v a lley s , a n d  e v e n  l a t e r  s o m e  o f  

t h e  e n g i n e e r i n g  w o rk s  w e re  ta k e n  o v e r  f o r  h y d ro e le c t r i c  d e v e l o p m e n t .M

T h e  h is to r y  o f  h y d r a u l i c  d e v e lo p m e n t ,  t h e  a b u n d a n c e  o f  r a in f a l l ,  a n d  

t h e  h ig h  e le v a t io n s  w ith  r u s h i n g  s t r e a m s  in  e a s te r n  C a l i f o r n ia ,  t o g e t h e r  

w ith  th e  c o a s ta l  c o m m u n i t i e s  a s p i r in g  to  g ro w , th e  e x te n s iv e  v a lle y  la n d s  

a w a i t in g  i r r ig a t io n ,  a n d  t h e  n a s c e n t  c o a s ta l  in d u s t r y  n e e d in g  c h e a p  e n e r g y ,  

f o r m e d  a  r e v e r s e  s a l ie n t ,  d e f i n e d  a c r i t ic a l  p r o b le m ,  a n d  s u g g e s te d  a  s o ­

l u t io n .  T h e  s i tu a t io n  c a lle d  f o r  e n g in e e r s ,  f in a n c ie r s ,  m a n u f a c t u r e r s ,  c o n ­

s t r u c t io n  c re w s ,  a n d  e n t r e p r e n e u r s  lo  p r o v id e  te c h n o lo g y ,  to  b r in g  n e w  

p o w e r  w h e r e  it w as  d is p o s a b le .  T h e  h is to ry  o f  th e  o r g a n iz a t io n  o f  h y d r o ­

e le c t r ic  p o w e r  a n d  p o in t - to - p o in t  t r a n s m is s io n  in  C a l i f o r n ia  is e x t r e m e ly  

c o m p le x  a n d  c a n  o n ly  b e  h ig h l ig h te d  h e r e ;  th is  a p p r o a c h  will c o n c e n t r a t e  

o n  r e p r e s e n ta t iv e  a c ts  o f  lo n g -d is ta n c e  p o w e r  t r a n s m is s io n  f r o m  th e  S ie r r a

’’ C o lem a n , I’ .G. a n il E . o f  California , pp . 9 2 -9 4 .
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N e v a d a  to  th e  b u s t l in g  S a n  F ra n c is c o  B ay  a r e a  a n d  l a t e r  to  s p r a w lin g  L os 

A n g e le s  a n d  its  e n v i r o n s .

L o ca l f in a n c ie r s  w ith  e a s te r n  s o u r c e s  o f  c a p i ta l ,  a s  w ell a s  lo ca l r e p r e ­

s e n ta t iv e s  o f  e a s t e r n  e l e c t r ic a l  m a n u f a c t u r e r s ,  w e r e  in v o lv e d ,  b u t  d u r i n g  

th e  f i r s t  tw o  d e c a d e s  o f  p o w e r  t r a n s m is s io n  in  C a l i f o r n ia ,  m o s t  o r  th e  

e le c t r ic a l  e q u i p m e n t  a n d  t e c h n ic a l  a d v ic e  c a m e  f r o m  e a s te r n  m a n u f a c t u r e r s  

a n d  c o n s u l t a n t s .  A  list o f  t u r b in e s ,  g e n e r a t o r s ,  a n d  t r a n s f o r m e r s  u s e d  in  

m a jo r  h y d r o e le c t r i c  s t a t io n s  in c lu d e s  t h e  n a m e s  o f  th e  S ta n le y  E le c tr ic a l  

C o m p a n y  o f  M a s s a c h u s e t ts ,  t h e  W e s i in g h o u s e  C o m p a n y ,  a n d  th e  G e n e r a l  

E le c tr ic  C o m p a n y .  T h e  e x c e p t io n s  to  th e  e a s t e r n  b ia s  w e re  th e  A llis -C h a l-  

m e r s  M a n u f a c t u r i n g  C o m p a n y  o f  W is c o n s in ,  s u p p l i e r  o f  g e n e r a t o r s ,  t r a n s ­

f o r m e r s ,  a n d  t u r b in e s ;  th e  O h io  B ra s s  C o m p a n y ,  m a k e r  o f  c r i t ic a lly  im ­

p o r t a n t  s t r a in  in s u la to r s  f o r  th e  t r a n s m is s io n  l in e ;  a n d  th e  P e l to n  C o m p a n y  

o f  C a l i f o r n ia  a n d  I. P. M o r r is  o f  P h i l a d e lp h ia ,  P e n n s y lv a n ia ,  p r o d u c e r s  o f  

w a te r  w h e e ls  a n d  t u r b i n e s . 15 T h e  m o d if ic a t io n  o f  e q u i p m e n t  to  s u i t  C a li ­

f o r n ia  c o n d i t io n s ,  th e  s u p e r v i s io n  o f  c o n s t r u c t io n ,  a n d  th e  o v e ra l l  d e s ig n  

o f  s y s te m s ,  h o w e v e r ,  in c r e a s in g ly  b e c a m e  th e  w o rk  o f  C a l i f o r n ia  e n g in e e r s ,  

s o m e  o f  w h o m  h a d  b e e n  e d u c a te d  a t  S t a n f o r d ,  th e  U n iv e r s i ty  o f  C a l i fo rn ia  

a t  B e rk e le y ,  a n d  o t h e r  C a l i f o r n ia  in s t i tu t io n s ." *  A m o n g  th e s e  C a l i f o r n ia n s  

t h e r e  w as  “ n o  r e s p e c t  f o r  c o n s t i tu t e d  a u t h o r i t y  . . . |o n ]  h y d r a u l i c ,  m e ­

c h a n ic a l  a n d  e l e c t r ic a l  m a t t e r s .  I f  a n  im p o s s ib le  d a m  h a s  to  b e  e r e c te d  . . .  

t h e y  b u i ld  it . . .  i f  a n  a l t o g e t h e r  u n h e a r d - o f  b i t  o f  t u n n e l  h a s  to  b e  m a d e  

to  c o n n e c t  w ith  a  q u i t e  im p r a c t ic a b le  f lu m e  . . . t h e y  b o r e  t h e  t u n n e l  a n d  

b u i ld  th e  f lu m e  . . .  i f  t h r e e  o r  f o u r  s t a t io n s  m u s t  b e  o p e r a t e d  t o g e t h e r  in 

d e f i a n c e  o f  a ll p r e c e d e n t s ,  in  g o  th e  s w i tc h e s  a n d  t h e  p la n t s  o p e r a t e . " 17

S e v e ra l  o f  th e  e a r ly  p o w e r  p la n t s  a n d  a  s h o n - d i s t a n c e  p o in t - to - p o in t  

t r a n s m is s io n  l in e  w e re  c o n c e n t r a t e d  in  t h e  S ie r r a s  to  t h e  n o r t h  a n d  w est 

o f  S a c r a m e n to ,  th e  c a p i ta l  o f  th e  s ta te .  T h e  F o ls o m  p o w e r  p la n t  011 th e  

A m e r ic a n  R iv e r ,  w h ic h  t r a n s m i t t e d  2 0  m ile s  to  t h e  c ity , w as  c o n c e iv e d  o f 

a n d  c o n s t r u c te d  u n d e r  c i r c u m s ta n c e s  th a t  in  m a n y  w ay s  w e re  r e p r e s e n t ­

a t iv e  o f  th e  e a r ly  d e v e lo p m e n t  o f  h y d r o e le c t r i c  p o w e r  in  C a l i f o r n ia  (see 

F ig . X . l ) .  T h e  h is to r y  o f  th e  sm a ll  p la n t  h a s  a lm o s t  b e e n  f o r g o t t e n ,  b u t 

w h e n  it b e g a n  t r a n s m i t t i n g  e le c t r ic i ty  to  S a c r a m e n to  in  t h e  s u m m e r  o f  1895, 

c o n t e m p o r a r i e s  c e le b r a te d  th e  o c c a s io n  by  i l lu m in a t in g  t h e  c a p i ta l  w ith  

th o u s a n d s  o f  in c a n d e s c e n t  l a m p s ,  f i r in g  h u n d r e d s  o f  g u n s  in  s a lu te ,  a n d  

m a k in g  b o a s t f u l  a d d r e s s e s .  L o ca l n e w s p a p e r s  a n d  j o u r n a l s  p ro c la im e d  it 

t h e  la r g e s t  p o w e r  p la n t  in  t h e  w o r ld  a s  w ell a s  th e  lo n g e s t  p o in t - to - p o in t

F rom  a su rv ey  o f  th e  J o u r n a l o f Electricity, D r. A rth u r  N o rb e rg  a n d  his s ta f f  at th e  C e n te r  
fo r  th e  H isto ry  o l S c ience a n d  T ec h n o lo g y , U n iv ersity  <»r C a lifo rn ia  at B erkele y , c on c lu de d  
th a t th r o u g h  1025 th e re  was n o  m a jo r  m a n u fa c tu re r  o f  dy n a m o s, g e n e ra to rs , o r  la rg e  m o to rs  
in th e  W est; in stea d , th e re  w ere  m any  sa les re p re se n ta tiv e s  fro m  th e  East. T h e r e  w ere, 

h ow ev er, w estern  m a n u fa c tu re rs  o r  p ow er-lin e  sw itches (Pacific  E lectr ic  M a n u fa c tu rin g  Co. 
o r  N ap a . K -P -F E lectr ic  C o. o f  San  F rancisco , an d  A g u tte t-G risw o ld  o f  S ea ttle . W ash .), w ater 
w heels , a n d  tu rb in e s.

IA A n u m ljc r  o f  in s tru c to rs  o l e lec tr ica l e n g in e e rin g  in C a lifo rn ia  co lleges a n d  univ ersitie s 
c o n tr ib u te d  to  th e  g ro w th  o f  th e  utility  sy stem s th r o u g h  th e ir  le ac h in g  a n d  a lso  by w ork ing  
fo r  th e  u tilitie s a n d  m a n u fa c tu re rs  o r  as c o n su ltin g  e n g in ee rs . U tili ties a n d  m a n u fa c tu re rs  
a lso c o n tr ib u te d  to  re se a rc h  pro jec ts  a n d  facilit ies at le ad in g  d e p a r tm e n ts  o f  e lec tr ica l e n g i ­
n e e rin g , such  as tho se  at S ta n fo rd  a n d  th e  I 'h ro o p  In s titu te  o fT c c h n o lo g y  ( la te r  th e  Califo rn ia  
In s titu te  o f  T echn o lo g y ). See th e  section  on  h ig h -v o lta ge  la b o ra to ries , p p . 3 7 7 - 8 0  below .

17" T h e  T ran sm iss io n  System s o f  th e  ( '. te a t W est."  E lectrical W orld  50  (1012): I 142.
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F ig u re  X .I .  Fobom  power p la nt. /9 M . 

Courtesy of the Pacific Gil s id  Electric Co..

S an  Francisco. Calif.

t r a n s m is s io n  o f  p o w e r .  T h e  e n g r a v e d  in v i ta t io n  fo r  a " G r a n d  E le c tr ic a l  

C a r n iv a l"  r e f e r r e d  to  “ t h e  g r e a te s t  o p e r a t iv e  e le c tr ic a l  p la n t  o n  th e  A m e r ­

ic a n  c o n t i n e n t . " 18

In  s e v e ra l  a s p e c ts ,  F o ls o m , C a l i f o r n ia ,  w as  lik e  L o w e ll,  M a s s a c h u s e tts ,  

b e f o r e  th e  d e v e l o p m e n t  o f  N ia g a r a  F a lls , t h e  b e s t -k n o w n  w a te r - p o w e r  s ite  

in  A m e r ic a .  I n  1 8 5 0  H o r a t io  G a te s  L iv e r m o r e  h a d  c o m e  f r o m  N ew  E n g la n d  

to  E ld o r a d o  C o u n ty .  C a l i f o r n ia ,  w h e r e  g o ld  w as f irs t d is c o v e r e d ,  w ith  a n  

im a g e  o f  w a te r - p o w e r e d  L o w e ll in  h is  m in d .  F ie  e n v is io n e d  a  s im i la r  in ­

d u s t r i a l  c ity  a t F o ls o m , a s to p  o n  th e  S a c r a m e n to  V a lle y  R a i l r o a d ,  a n d  h e  

p ic tu r e d  lo g g in g ,  m in in g ,  a n d  o t h e r  in d u s t r i e s  a lo n g  th e  n e a r b y  A m e r ic a n  

R iv e r . I n  1 8 5 0  L iv e r m o r e  i n t e n d e d  to  b u i ld  a  L o w e ll, b u t  h is  in it ia l  s te p s  

c u lm in a te d  q u i t e  d i f f e r e n t ly ,  in  1 8 9 5 , b e c a u s e  o f  e le c tr ic i ty .

In  1 8 6 7  L iv e r m o r e  c o n s t r u c te d  a  d a m  o n  th e  A m e r ic a n  R iv e r  a s  p a r t  o f  

h is  g r a n d  d e s ig n  f o r  th e  e c o n o m ic  d e v e lo p m e n t  o f  F o lso m . H is  p la n s  a lso  

c a lle d  f o r  a  c a n a l  o n  e a c h  s id e  o f  t h e  r iv e r  e x t e n d in g  a b o u t  tw o  m ile s  f ro m  

th e  d a m  to  th e  to w n  o f  F o ls o m : o n e ,  a  p o w e r  c a n a l ,  w o u ld  p r o v id e  a  h e a d  

o f  a b o u t  8 0  fe e t  a b o v e  th e  r iv e r  f o r  p o w e r in g  w a te r  w h e e ls ;  t h e  o t h e r  w o u ld  

c a r r y  lo g s  a n d  i r r i g a t e  th e  p o te n t ia l ly  r ic h  f a r m la n d  in  th e  r e g io n .  E a r l ie r ,  

L iv e r m o r e  h a d  in v e s te d  in  a  s y s te m  o f  w a te r - c a r r y in g  d i tc h e s  to  s u p p ly  th e  

p la c e r  m in e s  w ith  w a te r  to  w a sh  th e  g o ld - b e a r in g  so il. T h e  e l d e r  L iv e rm o re ,  

lik e  so  m a n y  o t h e r  e n t e r p r i s i n g  C a l i f o r n ia n s ,  in g e n io u s ly  u ti l iz e d  w a te r  as 

a  m u l t i f a c e te d  r e s o u r c e .

'"C o le m a n . P.O . (đ  E. o f California , p p . I 16-17 . T h e  acro tin t ol Folsom  is b ased  on  ib id .,  
pp . I 1 6 -27 ; a n d  A rch ie  Rice, "Folsom  Pow er Plan t.'" J o u rn a l o f  Electricity. Powci a n d  G as, as 
r e p r in te d  in Pacific. Gas a n d  Electric Com pany: H istorical a n d  D escriptive (n .p ., n .d .) . pp . 1-21
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F ig u re  X .2 . H ora tio  P . Liverm ore. 
Courtesy o f the Paci fic  G as (d  Electric Co..

S an  Francisco, Ca lif.

V a r io u s  t r o u b le s  d e la y e d  c o m p le t io n  o f  th e  p o w e r  c a n a l  a n d  th e  d a m  

u n t i l  1 8 9 3 , h o w e v e r .  ( C o n v ic t  l a b o r  h a d  b e e n  u s e d  in  th e  c o n s t r u c t io n .)  By 

t h e n ,  H o r a t io  P. L i v e r m o r e ,  a  s o n  o f  H o r a t io  G a le s  L iv e r m o r e ,  h a d  r e a d  

r e p o r t s  oT th e  p o w e r - t r a n s m is s io n  e x p e r i m e n t  a t  F r a n k f o r t  o n  th e  M a in  

a n d  o f  t h e  s u c c e s s fu l  c o m p le t io n  in  1 8 8 8  o f  F r a n k  S p r a g u e ’s p io n e e r in g  

s t r e e t c a r  s y s te m  in  R ic h m o n d ,  V irg in ia .  S o  s t im u la te d ,  H .  P. L iv e r m o r e  

d e c id e d  to  b u i ld  a  h y d r o e le c t r i c  p la n t  a t  th e  t e r m i n a t i o n  o f  t h e  p o w e r  c a n a l  

in  F o ls o m , t r a n s m i t  w ith  a l t e r n a t i n g  c u r r e n t  o v e r  th e  2 0  m ile s  to  S a c ra ­

m e n to ,  a n d ,  to  e n s u r e  th e  s y s te m  a  lo a d ,  o r  m a r k e t ,  a c q u i r e  a  s t r e e tc a r  

f r a n c h i s e  in  S a c r a m e n to .  L o w e ll,  M a s s a c h u s e t ts ,  w a s  n o  lo n g e r  th e  w o rk in g  

m o d e l  f o r  th e  s y s te m . F o r  f in a n c in g ,  th e  y o u n g e r  L iv e r m o r e  t u r n e d  f irs t 

t o  S a n  F r a n c is c o ,  w h e r e  lo c a l c a p i ta l i s t s ,  i n c lu d in g  th e  h e a d  o f  th e  E d is o n  

E le c tr ic  L ig h t  & P o w e r  C o m p a n y ,  a p p e a l e d  to  th e  E le c tr ic a l  S e c u r i t ie s  C o m ­

p a n y  o f  B o s to n .  E le c tr ic a l  S e c u r i t ie s  u n d e r w r o t e  th e  F o ls o m  u t i l i ty ’s b o n d s ,  

d r a w in g  u p o n  th e  a d v ic e  o f  C h a r le s  C o f f in ,  p r e s i d e n t  o f  th e  n e w ly  fo r m e d  

G e n e r a l  E le c tr ic .  F in a n c e d  b y  E le c t r ic  S e c u r i t ie s ,  L iv e r m o r e  o r d e r e d  his 

g e n e r a t o r s ,  t r a n s f o r m e r s ,  a n d  o t h e r  e q u i p m e n t  f r o m  C o f f in ’s G e n e r a l  E le c ­

t r ic .  T h e  F o ls o m  p la n t  f i r s t  t r a n s m i t t e d  3 ,0 0 0  kw . f r o m  f o u r  G E  a l t e r n a to r s  

a t  1 1 ,0 0 0  v o lts  by  m e a n s  o f  6 0 -c y c le  th r e e - p h a s e  c u r r e n t .  T h e  t r a n s m is s io n  

l in e  w as  c a r r i e d  a t o p  4 0 - fo o t  c e d a r  p o le s  s e t  u p  in  tw o  l in e s  a lo n g  e a c h  sid e  

o f  a c o u n t r y  r o a d .  A t S a c r a m e n to ,  c o n v e r te r s  s u p p l i e d  d i r e c t  c u r r e n t  fo r 

th e  s t r e e t c a r  lo a d ,  a n d  lo w e r - v o l la g e  c u r r e n t  w e n t  to  t h e  u t i l i ty 's  o th e r  

c u s to m e r s .  I n d u s t r y  d id  n o t  n e e d  to  m o v e  to  th e  w a te r - p o w e r  s i te ;  th e  

p o w e r  h a d  t r a v e le d  o v e r  sm a ll  w ire s  to  i n d u s t r y .

T h e  L iv e r m o r e s  ( a n o t h e r  o f  H o r a t io  G a te s ’s s o n s ,  C h a r le s ,  a ls o  h a d  b e ­

c o m e  in v o lv e d )  d id  n o t  a n t i c ip a te ,  h o w e v e r ,  t h e  r e g i o n ’s s u m m e r  d r o u g h t s ,  

w h ic h  c a u s e d  th e  A m e r ic a n  R iv e r  to  r u n  lo w . In  1 8 9 7  a n d  1 8 9 8 , d e s p i te  

th e  c o n s t r u c t io n  o f  a  s u p p l e m e n t a r y ,  7 5 0 -k w . h y d r o e le c t r i c  p la n t  a t  F o lso m , 

th e  in c r e a s in g  i n d u s t r i a l  a n d  s t r e e t - l ig h t in g  lo a d  in  S a c r a m e n to  c o u ld  n o t 

b e  fu lly  m e t  b e c a u s e  o f  d r o u g h t  c o n d i t io n s .  N o r  d id  a n  a u x i l ia r y  s te a m  

p la n t  u n d e r  c o n s t r u c t io n  in  S a c r a m e n to  p r o m is e  to  p r o v id e  a  s o lu t io n  to 

th e  p r o b le m .  T h e r e f o r e ,  in  1 8 9 9  th e  L iv e r m o r e s  a n d  t h e i r  a s s o c ia te s  in  th e  

S a c r a m e n to  P o w e r  & L ig h t  C o m p a n y  c o n t r a c te d  to  ta k e  p o w e r  f r o m  th e  

Y u b a  E le c tr ic  P o w e r  C o m p a n y ’s C o lg a te  h y d r o e le c t r i c  p o w e r  p la n t  61  m iles 

a w ay .

N e w e r  a n d  l a r g e r  th a n  F o ls o m , th e  C o lg a te  p o w e r  p la n t  w as  to  b e c o m e  

m u c h  b e l t e r  k n o w n  b e c a u s e  its  o w n e r s  a n d  e n g in e e r s  w o u ld  r e a c h  b e y o n d  

S a c r a m e n to  in  th e  g r e a t  t r a n s m is s io n  le a p  to  O a k la n d ,  o n  S a n  F ra n c is c o  

B ay . T h e  c o n s t r u c t io n  o f  th e  C o lg a te  p la n t  w as b e g u n  in  1 8 9 5  b y  tw o  

C a l i f o r n ia  e n t r e p r e n e u r s ,  E u g e n e  J. d e  S a b la .  J r . .  a n d  J o h n  M a r l in .  It 

w o u ld  b e c o m e  th e  n u c le u s  o f  a s y s te m - b u i ld in g  e n d e a v o r  th a t  c u lm in a te d  

in  th e  P a c if ic  G a s  &  E le c tr ic  C o m p a n y ,  o n e  o f  th e  w o r ld ’s la rg e s t  u ti l i t ie s . 

B o th  d e  S a b la  a n d  M a r l in  c a m e  to  th e  f ie ld  w i th o u t  te c h n ic a l  e x p e r ie n c e .  

D e  S a b la  in  1 8 9 2  h e a d e d  a n  i m p o r t - e x p o r t  h o u s e  e s ta b l is h e d  b y  h is  f a th e r  

in  S a n  F ra n c is c o ,  a n d  M a r t in  d e a l t  in  p ig - i r o n  a n d  c a s t - i r o n  p i p e . 19 A lso  

in v o lv e d  w as  R o m u lu s  R ig g s  C o lg a te ,  a f in a n c ie r ,  a n  e n th u s ia s t i c  a d v o c a te

'" T h e  a ccou n t o f  d c  Salila a n d  M artin  is based  o n  C o lem a n , P.O . fcf E. o f  C alifo rnia, p p . 
1 2 8 -4 3 ; a n d  A rch ie  Rice. "C o lga te  a n d  Yulia Pow er P lan ts ."  J o u r n a l of Electricity. Power a nd  
G as. as r e p r in te d  in P acific Gas a n d  Electric Com pany, pp . 7 5 -9 7 ,
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F ig u re  X . 3 . J o h n  M a rtin , 1904 . 
Courtesy o f  the Paci fic  G as id  Electric Co., 

S a n  Francisco, Calif.

F ig u re  X .4 . Eu gene  de Sabla, j r . ,  19 1 0 . 
Courtesy o f  the Pacific G as &  Electric Co., 

S an  Francisco, Ca lif.

o f  h y d r o e le c t r i c  p o w e r ,  a n d  t h e  w e a l th y  g r a n d s o n  o f  t h e  f o u n d e r  o f  th e  

C o lg a te  S o a p  & P e r f u m e  C o m p a n y .
W ill ia m  S ta n le y ,  t h e  d e v e l o p e r  o f  W e s t in g h o u s e ’s a l t e r n a t i n g - c u r r e n t  sy s ­

t e m  a n d ,  by  1 8 9 5 , h e a d  o f  t h e  S ta n le y  E le c tr ic a l  M a n u f a c t u r i n g  C o m p a n y ,  

a  s u p p l i e r  o f  p o ly p h a s e  p o w e r  e q u i p m e n t ,  e n c o u r a g e d  a n d  a d v is e d  M a r t in  

a n d  h is  a s s o c ia te s  o n  t h e  C o lg a te  a n d  o t h e r  h y d r o e le c t r i c  p r o je c t s .  S ta n le y  

a s s ig n e d  M a r t in  th e  a g e n c y  f o r  S ta n le y  e q u i p m e n t  in  C a l i f o r n ia  a f t e r  i n ­

t e r v ie w in g  h im  a t  ih e  S ta n le y  p la n t  in  P i t t s f ie ld ,  M a s s a c h u s e t ts .  L a te r  S t a n ­

ley  d i s p a t c h e d  o n e  o f  h is  e n g i n e e r s  to  C a l i f o r n ia  to  in s t r u c t  M a r t in  in  

e l e c t r ic a l  th e o r y  a n d  p r a c t i c e  a n d  in  th e  in s ta l la t io n  o f  S ta n le y  e q u i p m e n t .  

S ta n le y  b e c a m e  a  f a m i l i a r  n a m e  in  C a l i f o r n ia  p o w e r  t r a n s m is s io n ,  a n d  

S ta n le y - d e s ig n e d  e q u i p m e n t  c o n t i n u e d  to  b e  u s e d  in  t h e  r e g io n  a f t e r  th e  

S ta n le y  E le c tr ic a l  M a n u f a c t u r i n g  C o m p a n y  w a s  a b s o r b e d  b y  t h e  G e n e r a l  

E le c tr ic  C o m p a n y .

A  c o m m o n  f in a n c ia l  in t e r e s t  in  th e  g o ld  m in e s  o f  th e  Y u b a  R iv e r  r e g io n  

to  th e  n o r t h  o f  S a c r a m e n to  b r o u g h t  d e  S a b la  a n d  M a r l in  to g e t h e r .  In  s e a r c h  

o f  a  p o w e r  s o u r c e  f o r  t h e i r  m in e s  th a t  w o u ld  b e  m o r e  e c o n o m ic a l  th a n  

s te a m ,  th e y  t u r n e d  to  h y d r o e le c t r i c  p o w e r .  T h e y  m a y  h a v e  b e e n  s p u r r e d  

o n  by  th e  s u c c e s s fu l  d e v e l o p m e n t  o f  th e  n e a r b y  F o ls o m  p la n t .  B e f o r e  b u i ld ­

i n g  t h e  C o lg a te  p la n t ,  th e y  c o n s t r u c t e d  a  6 ,1 0 0 -k w . p o w e r  p la n t  o n  th e  

S o u th  Y u b a  R iv e r ,  a b o u t  f o u r  m ile s  f r o m  N e v a d a  C ity , C a l i f o r n ia ,  a  c e n t e r  

o f  g o ld - m in in g  a c tiv ity .  D e  S a b la  r a is e d  th e  c a p i ta l  a n d  f o u n d  t h e  c u s to m e r s  

f o r  t h e  N e v a d a  C ity  p la n t ,  a n d  M a r t in ,  t h e  s e l f - t a u g h t  h y d r a u l i c  a n d  e le c ­

t r ic a l  e n g i n e e r ,  a s s is te d  by  S ta n le y ,  in s ta l le d  1 3 3 -cy c le  tw o - p h a s e  S ta n le y  

g e n e r a t o r s  a n d  P e l to n  w h e e ls  in  t h e  p la n t  a n d  e r e c te d  a  5 ,5 0 0 -v o l t  t r a n s ­

m is s io n  l in e  to  N e v a d a  C ity  a n d  G ra s s  V a lley . W o rk  b e g a n  o n  t h e  N e v a d a  

p la n t  (F ig . X .5 )  o n  5  J u l y  1 8 9 5 , a n d  s e v e n  m o n th s  l a t e r  t h e  s y s te m  w as  in  

o p e r a t i o n .  A s d e  S a b la  s u c c in c tly  s u m m e d  u p  th e  e n t r e p r e n e u r i a l  h is to ry  

o f  t h e  N e v a d a  p o w e r  p la n t ,

I o w n ed  som e m in in g  in te re s ts  a t N ev ad a  C ity a n d  1 s ta r te d  by try in g  to  get 
e le c tric  p o w er fo r  use  in th e  m ines. T h e  p ro b le m  was to  take  w a te r by d itch  
fro m  th e  S o u th  Y uba a n d , by a g ra d ie n t less th an  th e  r iv e r’s, c a rry  it do w n  to  
som e p o in t w h e re  a su ffic ien t fall co u ld  be se cu red  to  o p e ra te  e lectric  
g en e ra to rs . L an d  a n d  w a te r r ig h ts  w ere a cq u ired , p lan s m ad e  fo r th e  
u n d e r ta k in g , a site  se lec ted  fo r  a d am , a n d , som e th re e  m iles f u r th e r  d ow n 
s tream , a sp o t c h o sen  fo r  a p o w er h o u se  at a p o in t o n  th e  riv er a b o u t 15,000 ft. 
above th e  level o f  th e  o cea n .20

W ith  t h e  s u c c e s s  o f  t h e  N e v a d a  C ity  p la n t ,  d e  S a b la  b e c a m e  c o n f id e n t  

t h e r e  w as  a  m a r k e t  f o r  m o r e  p o w e r  in  n e a r b y  S a c r a m e n to ,  a n d  e v e n  in  

S a n  F ra n c is c o .  H e  r a is e d  m o r e  m o n e y  f o r  h y d r o e le c t r i c  p ro je c ts  f r o m  R. 

R . C o lg a te ,  w h o  la t e r  h e lp e d  f in a n c e  th e  p o w e r  p la n t  th a t  w as  n a m e d  fo r  

h im . M a r l in  th e n  b o u g h t  p o w e r  r ig h t s  f ro m  w a te r  c o m p a n ie s  t h a t  o w n e d  

s y s te m s  o f  d i t c h e s ,  f lu m e s ,  a n d  c a n a ls  th a t  h a d  b e e n  b u il t  f o r  i r r ig a t io n  

a n d  f o r  s u p p ly in g  w a te r  to  m in e s .  O n e  o f  th e  m o s t p r o m is in g  p r o p e r t i e s  

f o r  c o n v e r s io n  lo  h y d r o e le c t r i c  p o w e r  w as  lo c a te d  o n  th e  n o r t h  f o r k  o f  th e  

Y u b a .  T h e r e  t h e  p a r t n e r s  e r e c te d  th e  Y u b a  p o w e r h o u s e ,  ta k in g  a d v a n ta g e  

o f  t h e  h e a d  o f  w a te r  p r o v id e d  by  a n  i r r ig a t io n  c a n a l s i tu a te d  a lo n g s id e  a

,n A rch ie  Rice, "S lo ry  o f  th e  N ev ada  Pow er P lan l."  Jo u rn a l o f  Electricity, Power a n d  G as, as 
re p r in te d  in  P acific Gas a n d  Electric Com pany, p. 59.
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F ig u r e  X.5. N eva da  power p la n t:  Low- 
head a n d  high-head penstocks (re a r) . 

Courtesy o f the Pacific  Gas Id  Electric Co., 
S a n  Francisco. Ca lif.

m o u n t a i n .  B y  lo c a t in g  th e  p o w e r  p la n t  b e lo w  in  B ro w n  V a lle y , th e y  o b ­

t a in e d  a  fa ll o f  2 9 5  fe e t .  C o m p le te d  in  1 8 9 8 . th e  Y u b a  p o w e r  p la n t  h a d  a 

c a p a c i ty  o f  1 ,0 8 0  kw . A n  1 8 -n tile  t r a n s m is s io n  l in e  c a r r y i n g  1 6 ,0 0 0  v o lts  

r a n  f r o m  it to  m in e s  a n d  p o w e r  c u s to m e r s  in  M a ry s v il le .

T h e  s u c c e s s  o f  th e  N e v a d a  a n d  Y u b a  p o w e r  p la n t s  k in d le d  th e  e n t h u ­

s ia s m , p r o v id e d  th e  e x p e r i e n c e ,  a n d  e n g e n d e r e d  th e  c o m m i tm e n t  t h a t  led  

M a r t in ,  d e  S a b la ,  a n d  C o lg a te  to  c o o p e r a t e  in  th e  c o n s t r u c t io n  o f  th e  C o l ­

g a te  p l a n t  (s e e  F ig . X .6 ) . W ith  a c o n t r a c t  to  s u p p ly  2 ,2 0 0  kw . to  th e  Liv - 

e r m o r e s ’ w a te r -  a n d  p o w e r - s h o r t  F o ls o m  p la n t  in  S a c r a m e n to ,  M a r l in ,  d e  

S a b la ,  a n d  C o lg a te  in  J a n u a r y  1 8 9 9  f o r m e d  t h e  Y u b a  P o w e r  C o m p a n y ,  a  

m i l l io n - d o l l a r  c o r p o r a t i o n .  T h e  c o m p a n y ’s im m e d ia te  o b je c t iv e  w as  to  c o n ­

s t r u c t ,  o n  t h e  Y u b a  R iv e r  e ig h t  m ile s  a b o v e  th e  1 8 9 8  Y u b a  p la n t ,  t h e  C o lg a te  

p la n t ,  w h ic h  w o u ld  s u p p ly  b o th  th e  lo ca l lo a d  a n d  S a c r a m e n to ,  o v e r  6 0  

m ile s  a w ay .

T h e  C o lg a te  p la n t ,  w h ic h  w as  n a m e d  fo r  th e  m a n  w h o  h e lp e d  f in a n c e  

it, h a d  m a n y  o f  th e  te c h n ic a l  f e a tu r e s  th a t  c a m e  to  c h a r a c te r i z e  th e  h ig h -  

h e a d ,  C a l i f o r n ia  h y d r o e le c t r i c  p la n ts .  E x te n s iv e  c iv i l - e n g in e e r in g  c o n s t r u c ­

t io n  w as  n e e d e d .  W a te r  d iv e r t e d  f r o m  th e  h ig h ly  e le v a te d  r iv e r  a t t h e  d a m  

s ite  f lo w e d  in  a w o o d e n  f lu m e  (7  fe e t  in  w id th  a n d  5 f e e t  in  d e p t h )  th a t  

s n a k e d  a lo n g  th e  c o u r s e  o f  th e  r iv e r .  T h e  Tall o f  th e  r iv e r  w as  s t e e p ,  b u t  

t h e  f lu m e  lo w e r e d  th e  e le v a t io n  o f  th e  d iv e r t e d  w a te r  g r a d u a l ly ,  t h e  g r a ­

d i e n t  b e in g  a  g e n t l e  1 2 %  Teet to  th e  m ile . B y th e  t im e  th e  f lu m e  r e a c h e d  

th e  p o w e r  p la n t ,  w h ic h  w as s i tu a te d  a t r iv e r  le v e l 8  m ile s  d o w n s t r e a m  f ro m  

t h e  d a m ,  t h e  fa ll f r o m  th e  f lu m e  to  th e  p o w e r  p la n t  w as  7 0 2  fe e t ,  o r  m o re
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F ig u re  X .7 . F lum e line  to Colgate power 
house. Courtesy o f  the Paci fic  G as id  

Electric Co., S a n  Francisco, Calif.

O r ig in a l ly  tw o , a n d  l a i e r  fiv e , 3 0 - in c h  p ip e s ,  o r  p e n s to c k s ,  c a r r i e d  w a te r  

d o w n  to  th e  p o w e r  p la n t  w h e r e  n o z z le - e n d s  p la y e d  s t r e a m s  o f  w a te r ,  th e  

th ic k n e s s  o f  a m a n 's  a r m ,  u p o n  th e  s te e l  b u c k e ts  o f  “ m a n  h i g h ” im p u ls e  

w h e e ls . T h e  f o r c e  o f  th e  w a te r  in s p i r e d  a w e  a m o n g  c o n t e m p o r a r y  o b s e r v ­

e r s .  V is i to rs  w e re  w a r n e d  t h a t  a s lip  in to  th e  icy , s u r g in g  w a te r s  o f  th e  

f lu m e  m e a n t  s u r e  d e a t h ;  th e y  a ls o  h e a r d  th a t  a  m a n  c o u ld  h a m m e r  u p o n  

th e  j e t  o f  w a te r  i s s u in g  f ro m  th e  n o z z le s  a s  i f  u s in g  a  s le d g e  u p o n  a n  a n v il .  

T h e  C o lg a te  p o w e r  p la n t  b e g a n  o p e r a t in g  in  1 8 9 9  c a r r y in g  th e  lo ca l m in e  

a n d  in d u s t r i a l  lo a d  a n d  s u p p ly in g  S a c r a m e n to .  B e c a u s e  o f  th e  v a r ia t io n s  

in  e x is t in g  m o to r s ,  t h e  p la n t  h a d  b o th  t h r e e - p h a s e  0 0 -c y c le  a n d  tw o - p h a s e
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1 3 3 -c y c le  S ta n le y  g e n e r a t o r s .  B y 1901 C o lg a te ’s c a p a c i ty  w a s  1 4 ,0 0 0  h .p .,

3 ,0 0 0  o f  w h ic h  c o u ld  b e  d e l iv e r e d  to  O a k l a n d .21

I n  1901 M a r l in ,  d e  S a b la ,  a n d  C o lg a te  m a d e  a  h is to r ic  d e c is io n  th a t  

r e s u l t e d  in  th e  c o n s t r u c t io n  o f  t h e  w o r ld ’s lo n g e s t  t r a n s m is s io n  l in e  f ro m  

C o lg a te  to  O a k l a n d ,  o n  S a n  F ra n c is c o  B a y , a  d i s t a n c e  o f  1 4 0  m ile s . T h e  

e a s t e r n  b o n d  f i r m s  E . H .  R o ll in s  &  S o n s  a n d  N . W . H a r r i s  Sc C o m p a n y  

h e lp e d  f a c i l i ta te  t h e  p r o je c t .  S e e k in g  r e f in a n c in g ,  th e  O a k la n d  T r a n s i t  

C o m p a n y ,  w h ic h  o p e r a t e d  1 2 6  m ile s  o f  s t r e e t  ra i lw a y ,  n e g o t i a t e d  w ith  th e  

R o ll in s  a n d  H a r r i s  c o m p a n ie s .  T h e  f in a n c ie r s  d e c id e d  t h a t  th e  t r a n s i t  c o m ­

p a n y  n e e d e d  lo w -c o s t  p o w e r  to  im p r o v e  its  e c o n o m ic  h e a l th .  E n g in e e r s  o f 

th e  b o n d  h o u s e s  e x a m i n e d  t h e  f e a s ib il i ty  o f  t r a n s m is s io n  f r o m  C o lg a te .  

U p o n  r e c e ip t  o f  a  f a v o r a b le  r e p o r t ,  t h e  f in a n c ie r s  s u g g e s te d  in  J u n e  1900  

th e  f o r m a t io n  o f  th e  B ay  C o u n t i e s  P o w e r  C o m p a n y  to  c o n s o l id a te  th e  

c o m p a n ie s  o p e r a t i n g  t h e  N e v a d a ,  Y u b a ,  a n d  C o lg a te  p o w e r  p la n ts .  D e  S ab la  

b e c a m e  p r e s i d e n t  a n d  g e n e r a l  m a n a g e r ,  R . R . C o lg a te  a  m e m b e r  o f  th e  

b o a r d  o f  d i r e c to r s ,  a n d  M a r l in  h e l p e d  c a r r y  o u t  t h e  t r a n s m is s io n  p r o je c t ,  

d r a w in g  u p o n  h is  S ta n le y  c o n n e c t io n s .22

A f t e r  c o n s u l t in g  in  P i t t s f ie ld  w ith  W ill ia m  S ta n le y  a n d  tw o  o f  h is  a s s o ­

c ia te s ,  J o h n  F . K e lly  a n d  C . C . C h e s n e y ,  b o th  p r o m i n e n t  e n g in e e r s ,  M a r tin  

d e c id e d  o n  6 0 ,0 0 0 -v o l i  t r a n s m is s io n ,  d o u b l e  t h e  v o l ta g e  r e c o m m e n d e d  by 

G e n e r a l  E le c t r ic  a n d  W e s t in g h o u s e .  T w o  p a r a l l e l  l in e s ,  o n e  c o p p e r  a n d  

o n e  a l u m i n u m ,  c a r r i e d  o n  c e d a r  p o le s  2 5  f e e t  a p a r t ,  r e a c h e d  f r o m  C o lg a te  

to  t h e  s u b s ta t io n  a t  O a k la n d .  T h e  d u p l i c a t io n  s e e m e d  n e c e s s a ry  to  in s u re  

th e  re l ia b i l i ty  o f  th e  p i o n e e r  p ro je c t .  S a n  F r a n c i s c o ’s J o u r n a l  o f  E le c tr ic ity  

h e r a l d e d  t h e  d e l iv e r y  o f  p o w e r  o n  2 7  A p r i l  f r o m  th e  S ie r r a s  to  t h e  B ay 

a r e a  a s  " t h e  g r e a t e s t  e l e c t r ic a l  e n g i n e e r i n g  t r i u m p h  e v e r  a c c o m p l i s h e d .”23

N o t  o n ly  th e  t r a n s m is s io n  l in e ,  w ith  its  u n p r e c e d e n t e d  l e n g th  a n d  r e ­

m a r k a b ly  h ig h  v o l ta g e s ,  b u t  a ls o  a n  im p r e s s iv e  w a te r  c r o s s in g  e x c i te d  th a t  

c o m m e n t .  B e c a u s e  it w as  n e c e s s a ry  to  c ro s s  S a n  F ra n c is c o  B ay  in  o r d e r  to  

r e a c h  O a k l a n d ,  t h e  e n g i n e e r s  h a d  to  d e c id e  b e tw e e n  a  s u b t e r r a n e a n  a n d  

a n  o v e r h e a d  c ro s s in g .  T h e y  c h o s e  s u s p e n s io n  a t  a  n a r r o w  g a p ,  t h e  C a r -  

q u in e z  S t r a i t ,  w h e r e  th e  w a te r  r e a c h e d  a d e p t h  o f  1 20  f e e t  a n d  r a n  in  h e a v y  

a n d  d a n g e r o u s  c u r r e n t s  n e a r  th e  n o r t h e r n  e x t r e m i ty  o f  S a n  F r a n c is c o  B ay . 

T h e  s t r a i t  w as  2 ,7 5 0  f e e t  w id e ,  w ith  a b l u f f  r i s in g  to  1 62  f e e t  to  t h e  n o r t h  

a n d  a  h ill r i s in g  to  a b o u t  4 0 0  fe e t  to  th e  s o u th .  T h e  n o r t h  s id e  p r e s e n te d  

a s p e c ia l  p r o b le m  b e c a u s e  th e  l a n d  w a s  m a r s h y  b e h i n d  t h e  b lu f f ,  m a k in g  

a n c h o r a g e  f o r  t h e  c a b le s  d i f f ic u l t .  T h e  to w e r s  c o u ld  n o t  w i th s ta n d  t h e  to n s  

o f  l a te r a l  p u l l  f r o m  th e  f o u r  s u s p e n d e d  c a b le s ,  s o  th e y  h a d  to  b e  a n c h o r e d  

in  ro c k  o r  c o n c r e te  b e h in d  a n d  b e lo w  th e  m a in  lo w e r s .  T w o  p r in c ip a l  to w e rs  

w e re  e r e c t e d ,  a  2 2 5 - f o o t  s te e l  s t r u c t u r e  o n  t h e  n o r t h  a n d  a 6 4 - fo o t  o n e  o n  

th e  4 0 0 - f o o l  e l e v a t io n  o f  t h e  h ill.  B e h in d  th e  n o r t h  to w e r ,  a t  a  d i s t a n c e  o f  

1 ,3 8 5  Teel, a  s h o r t  to w e r  w as  n e e d e d  to  s u s p e n d  th e  c a b le s  o v e r  th e  m a r s h y  

g r o u n d  b e f o r e  th e y  w e re  c a r r i e d  d o w n  to  t h e i r  a n c h o r a g e s  (se e  F ig . X .8 ). 

T h e  h o r iz o n ta l  d i s t a n c e  b e tw e e n  t h e  p r in c ip a l  to w e r s  w as  m o r e  th a n  th r e e -  

q u a r t e r s  o f  a m ile , t h e  c l e a r a n c e  a b o v e  th e  b a y  o f  th e  s u s p e n d e d  c a b le s  a t

'•  Rice , "C o lg a te  a n d  Y uba Pow er P lain s."  p. 05 ; Low . "W o rld 's  L ongest E lectr ic  Pow er 
T ra n sm iss io n ,"  p p . 154, 167.

C o lcn ta n , P.G . (d  E. o f  California , p p . 144 -45 .

1,3 L.ow, " W o r ld s  L ongest E lectr ic  Pow er T ra n sm iss io n ,"  p. 145.
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F ig u re  X .S . Transm ission Sp a n , 
Carqu in ez Stra it , 19 3 6 . Courtesy o f  the 

P acific  G as (đ  Electric Co., S a n  Francisco, 
Calif.

t h e i r  lo w e s t  p o in t  w as  j u s t  o v e r  2 0 0  f e e t ,  a n d  t h e  c a b le  l e n g th  f r o m  a n ­

c h o r a g e  to  a n c h o r a g e  w as  6 ,2 9 2  fe e t .  E a c h  c a b le  e x e r t e d  a  p u l l  o f  12 to n s  

o n  its  a n c h o r a g e .  T h e  p r o b le m  o f  in s u la t in g  th e  c a b le s  a t  th e  to w e r s  a n d  

a n c h o r a g e s  w as  a  d i f f i c u l t  o n e . 24

A f te r  c o m p le t io n  o f  i ts  g r e a t  p o i n t - to - p o in t  t r a n s m is s io n  p ro je c t ,  t h e  B ay  

C o u n t ie s  P o w e r  C o m p a n y  e n t e r e d  a  n e w  p h a s e  o f  d e v e l o p m e n t — i n t e r ­

c o n n e c t in g  w ith in  its 1 4 ,0 0 0 -s q u a re -m ile  s u p p ly  a r e a  its s e v e ra l S ie r r a  p o w e r  

p la n t s  a n d  v a r io u s  k in d s  o f  lo a d s  in  t h e  S ie r r a s  w ith  c o n s u m e r s  in  th e  

f a r m la n d s  a lo n g  t h e  r o u t e  o f  t h e  t r a n s m is s io n  l in e  a n d  w ith  th o s e  a t  th e  

t e r m i n u s  o f  t h e  l in e  in  th e  r a p id ly  d e v e lo p in g  O a k la n d  r e g io n .  A c c o r d in g  

to  th e  p r a c t i c e  o f  t h e  d a y ,  t h e  c o m p a n y  t ie d  t o g e t h e r  t h e  N e v a d a ,  Y u b a ,  

a n d  C o lg a te  p la n t s  to  e n a b le  th e m  “ to  b e  o p e r a t e d  in  u n i s o n  a s  a  s in g le  

s ta t io n  a s  e a s ily  a s  th o u g h  th e y  w e re  c o m b in e d  u n d e r  a  s in g le  r o o f ." 2r> 

T h r o u g h  i n t e r c o n n e c t io n s  w ith  o t h e r  i n d e p e n d e n t  c o m p a n ie s ,  p o w e r  f ro m  

th e  C o lg a te ,  N e v a d a ,  a n d  Y u b a  p la n ts  in  th e  S ie r r a s  r e a c h e d  C a l i f o r n ia  

c o u n t i e s  to  t h e  n o r t h  a n d  s o u th  o f  O a k la n d  a n d  S a n  F ra n c is c o .  T h e  i n d u s t r y  

a n d  a g r i c u l t u r e  in  t h e  r e g io n  s e r v e d  th e r e b y  in c lu d e d  s t r e e t  ra i lw a y ,  m a n ­

u f a c tu r e ,  s h ip p in g ,  m in in g ,  s lo c k  r a is in g ,  a n d  f r u i t  g r o w in g .26 Y et B ay  

C o u n t i e s  r e m a in e d  p r im a r i ly  a  p o w e r - g e n e r a t in g  a n d  - t r a n s m i t t in g  c o m ­

p a n y ,  in  c o n t r a s t  lo  a  u ti l i ty  t h a t  is s t r o n g ly  b a s e d  in  d i s t r ib u t io n .  W ith in  

a  few  y e a rs ,  h o w e v e r ,  m e r g e r s  a n d  th e  a c q u is i t io n  o f  d i s t r ib u t io n  sy s te m s ,  

e s p e c ia l ly  in  S a n  F ra n c is c o ,  w o u ld  c h a n g e  th e  s y s te m ’s c h a r a c te r .

M G eo rg e  P. Low . “T h e  G rc a l C a rq u in cz  T ran sm iss io n  S pan ," youm < i/ o f  Electricity, Power 
a n d  Gas I I  (1901): 9 1 -1 0 2 .

’ “ Low, "W o rld 's  L ongest E lectr ic  Pow er T ran sm iss io n ."  p. 151; W righ t. "L o n g -D istance  
T ran sm iss io n ."  p. 373.

’"L o w , “W o rld 's  L ongest E lectr ic  Pow er T ran sm iss io n ."  p. 164.
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In  1 9 0 3  d e  S a b la  a n d  M a r l in ,  s e e in g  t h e  e c o n o m ic  a d v a n ta g e s — e sp e c ia lly  

th e  im p r o v e m e n t  in  lo a d  f a c to r — t h a t  w o u ld  fo llo w  f u r t h e r  i n t e r c o n n e c t io n  

a n d  s y s te m -b u ild in g ,  f o r m e d  th e  C a l i fo rn ia  G a s  &  E le c tr ic  C o m p a n y  (C G & E ) 

lo  a c q u i r e  a n d  m e r g e  p o w e r  c o m p a n ie s ,  n o t  o n ly  to  i n t e r c o n n e c t  th e m . 

C G & E  m e r g e d  s e v e ra l  S ie r r a  h y d r o e le c t r i c  p o w e r  c o m p a n ie s  w ith  its  o w n  

B ay  C o u n t ie s  C o m p a n y .  O n e  o f  th e s e ,  th e  S t a n d a r d  E le c tr ic  C o m p a n y ,  

o p e r a t e d  t h e  E le c t r a  h y d r o e le c t r i c  p la n t  in  th e  S ie r r a s ,  w h ic h  t r a n s m i t t e d  

p o w e r  to  t h e  B ay  a r e a  u s in g  3 0 ,0 0 0  v o lts .  C a l i f o r n ia  G a s  & E le c tr ic  a lso  

a b s o r b e d  t h e  S a c r a m e n t o  E le c t r ic  G a s  & R a ilw a y  C o m p a n y ,  w h ic h  o w n e d  

th e  p i o n e e r i n g  F o ls o m  p l a n t  a n d  lo o k  p o w e r  f r o m  C o lg a te  a s  w ell. A  th i r d  

c o m p a n y  t h a t  w a s  a c q u i r e d  e a r ly  w as  t h e  C e n t r a l  C a l i f o r n ia  E le c tr ic  C o m ­

p a n y ,  w h ic h  s e r v e d  a  d is t r i c t ,  b e iw e e n  th e  F o ls o m  a n d  C o lg a te  p la n ts ,  w ith  

t h r e e  h y d r o e le c t r i c  p la n t s .  B y 1 9 0 5 , f u r t h e r  e x p a n s io n  h a d  b r o u g h t  in to  

th e  C G & F . s y s le m  te n  h y d r o e le c t r i c  p la n t s  w ith  in t e r c o n n e c t i n g  t r a n s m is ­

s io n  l in e s  a n d  tw o  lo n g - d i s t a n c e ,  h ig h - v o l t a g e  l in e s  e x t e n d i n g  to  th e  B ay  

a r e a .
O n  t h e  d e m a n d  ( o r  lo a d )  s id e ,  C G & E  o b t a i n e d ,  in  a d d i t i o n  to  t h e  r e l a ­

t iv e ly  s m a ll  d i s t r i b u t i o n  s y s te m s  a c q u i r e d  w ith  t h e  S ie r r a  p o w e r  c o m p a n ie s ,  

s e v e ra l  u t i l i t ie s  in  t h e  B ay  a r e a .  I n  1 9 0 3  M a r t in  p u r c h a s e d  th e  lo n g - e s ta b ­

l i s h e d  O a k la n d  G a s  L ig h t  &  H e a t  C o m p a n y ,  w h ic h  s u p p l i e d  O a k la n d  a n d  

B e rk e le y ,  a n d  th e  U n i te d  G a s  &  E le c tr ic  C o m p a n y ,  w h ic h  s e r v e d  c o m ­

m u n i t i e s  s o u t h  o f  S a n  F ra n c is c o ,  i n c lu d in g  S a n  J o s e .  O b v io u s ly  t h e  n e x t  

p r i m e  o b je c t iv e  f o r  d e  S a b la  a n d  M a r t in  a s  s y s te m  b u i l d e r s  w a s  a  d i s t r ib u t io n  

sy s te m  in  S a n  F ra n c is c o .  T h e y  fu l f i l le d  th is  g o a l  in  1 9 0 6  w h e n  th e y  a c q u i r e d  

th e  S a n  F ra n c is c o  G a s  & E le c tr ic  C o m p a n y .  A f t e r  m o r e  t h a n  a d e c a d e  o f  

s h a r p  c o m p e t i t io n  in  S a n  F ra n c is c o ,  t h e  S a n  F ra n c is c o  G a s  & E le c tr ic  C o m ­

p a n y  h a d  e s t a b l i s h e d  i t s e l f  a s  t h e  d o m i n a n t  u t i l i ty  t h e r e .  T h e  p r i o r  h is to ry  

o f  c o m p e t i t io n ,  m e r g e r ,  a n d  a c q u is i t io n  in  S a n  F ra n c is c o  w a s  s im i la r  to  th a t  

in  o t h e r  u r b a n  c e n t e r s  s u c h  a s  C h ic a g o .  A s in  C h ic a g o ,  a n  E d is o n  d i r e c t -  

c u r r e n t  l ig h t in g  s y s le m  w as  th e  n u c le u s  o f  e a r ly  s u p p ly  in  S a n  F ra n c is c o .  

T h e  E d is o n  L ig h t & P o w e r  C o m p a n y  o f  S a n  F r a n c is c o ,  e s t a b l i s h e d  in  1891 

a n d  f u n d e d  in  p a r t  b y  t h e  E d is o n  G e n e r a l  E le c t r ic  C o m p a n y  o f  N e w  Y o rk ,  

m e r g e d  w ith  th e  S a n  F ra n c is c o  G a s  L ig h t C o m p a n y  in  1 8 9 6  to  f o r m  th e  

S a n  F ra n c is c o  G a s  & E le c t r ic  C o m p a n y .  T h i s  c o m p a n y  a c q u i r e d  c o m p e t in g  

S a n  F ra n c is c o  u ti l i t ie s  d u r i n g  th e  n e x t  d e c a d e  b e f o r e  b e in g  a c q u i r e d  by  

C G & E . (S e e  F ig . X .9 .)

J u s t  a s  N e w  Y o rk  f in a n c ie r s  h a d  s t im u la te d  th e  f o r m a t io n  o f  t h e  B ay  

C o u n t i e s  P o w e r  C o m p a n y  a n d  th e  t r a n s m is s io n  f r o m  C o lg a te  lo  O a k la n d ,  

N . W . H a ls e y  & C o m p a n y ,  a N e w  Y o rk  in v e s tm e n t  a n d  b r o k e r a g e  h o u s e ,  

lo o k  th e  le a d  in  m e r g in g  th e  S a n  F r a n c is c o  u ti l i ty  a n d  C G & E  lo  f o rm  a 

n e w  c o r p o r a t e  e n t i ty ,  th e  P a c if ic  G a s  & E le c tr ic  C o m p a n y .  H a ls e y  &  C o m ­

p a n y  w as  a c q u a in te d  w ith  th e  d e v e lo p m e n t  o f  C a l i f o r n ia  p o w e r ,  h a v in g  

u n d e r w r i t t e n  a $ 3  m ill io n  b o n d  is s u e  o f  th e  V a lle y  C o u n t i e s  P o w e r  C o m ­

p a n y ,  a  s u b s id ia r y  o f  B ay  C o u n t i e s  P o w e r  C o m p a n y .  M a r t in  a n d  d e  S a b la  

a p p r o a c h e d  H a ls e y  a g a in  in  1 9 0 5  w ith  t h e  p r o p o s a l  t h a t  it o r g a n iz e  th e  

m e r g e r .  A f t e r  a n  a u d i t  a n d  e n g i n e e r i n g  s tu d y  by  H a ls e y  a u d i t o r s  a n d  
e n g in e e r s ,  th e  f in a n c ia l  h o u s e  a g r e e d .

1  h e  c r e a t io n  o f th e  n e w  u ti l i ty  w as  a n  i n g e n io u s  e x e r c is e  o f  e a s te r n  

f in a n c ia l  e x p e r t i s e .  I h e  P a c if ic  G a s  & E le c tr ic  C o m p a n y  (P G & E ) w as  in ­

c o r p o r a t e d  in  O c to b e r  1 9 0 5  w ith  a c a p i ta l  o f  $ 2 0  m ill io n  in  c o m m o n  s to c k .



2 7 7  C A L I F O R N I A  W H I T E  C O A L

F ig u re  X .9 . P G td E  mergers a n d  
consolidations. Courtesy o f  the P acific  G as 

(d  Electric Co., S a n  Francisco. Calif.

Electric Cc^pi-T- 
Scuih Y -b i '.Vate: 
Slasdarc; E .e t Co.

C i l lc r r t i  Elec L ite : (

Lt Y .'e iun, Power Coccpa-y of

Sin loaq Lpc asd  Power 
Sir. Jc iq n in  Power Co. 

San Joaquia  Electric 
Midland Ccunriej Public Ser 
Corporation

tern Slates Gas and Elec. Co. 19:0-15:7

—Calif. Telephone and Light Co.

$ 1 0  m ill io n  in  p r e f e r r e d  s to c k ,  $ 1 0  m ill io n  in  c o l la te r a l  t r u s t  b o n d s ,  a n d  

$ 4 .5  m ill io n  in  d e b e n t u r e s .  T h e  P a c if ic  G a s  8c E le c tr ic  C o m p a n y  a c q u i r e d  

th e  a lm o s t  $ 1 6  m ill io n  in  o u t s t a n d i n g  s to c k  o f  th e  S a n  F ra n c is c o  G a s  8c 

E le c tr ic  C o m p a n y  (S F G & E ) b y  p a y m e n t  o f  P G & E  b o n d s  ( w o r th  $  10 m ill io n )  

a n d  c a s h ,  s o m e  o f  w h ic h  d e r iv e d  f r o m  th e  s a le  o f  P G & E  d e b e n t u r e s .  T h e  

o u t s t a n d i n g  s to c k  o f  t h e  C a l i f o r n ia  G a s  & E le c tr ic  C o m p a n y  (C G & E ) w as  

a c q u i r e d  by  P G & E  in  e x c h a n g e  f o r  P G & E  p r e f e r r e d  s to c k  w o r th  $ 1 0  m il ­

l io n . T h e  s to c k  p u r c h a s e d  f r o m  th e  S a n  F ra n c is c o  G a s  & E le c tr ic  C o m p a n y ,  

w h ic h  r e t a i n e d  its  c o r p o r a t e  id e n t i ty ,  w as  d e p o s i t e d  w ith  th e  U n io n  T ru s t  

C o m p a n y  a s  s e c u r i ty  fo r  th e  P G & E  b o n d  is su e .

A t a b o u t  t h e  s a m e  l im e  t h a t  P G & E  w as i n c o r p o r a te d ,  H a ls e y  in c o r p o r a t e d  

th e  P a c if ic  G a s  &  E le c tr ic  I n v e s tm e n t  C o m p a n y ,  th e  p u r p o s e  o f  w h ic h  w as 

lo  a c q u i r e  a n d  h o ld  th e  s to c k s , b o n d s ,  m o r tg a g e s ,  a n d  so  o n ,  o f  o t h e r  

c o r p o r a t io n s .  T h e  c o m p a n y ’s a u th o r iz e d  c a p i ta l  w as $ 2 0  m ill io n .  H a ls e y  

t u r n e d  o v e r  to  t h e  in v e s tm e n t  c o m p a n y  th e  o p t io n s  lo  p u r c h a s e  th e  s lo c k  

o f  C G & E  a n d  S F G & E  a n d  a g r e e d  to  a d v a n c e  n o t  m o r e  t h a n  $ 4 .5  m ill io n  

( s e c u r e d  b y  n o te )  lo  th e  in v e s tm e n t  c o m p a n y .  T h e  in v e s tm e n t  c o m p a n y  

g a v e  a ll b u t  10 o f  its  s h a r e s  to  H a ls e y  f o r  t h e  f o r m a t io n  o f  P G & E , a s s ig n m e n t  

o f  r ig h ts ,  a d v a n c e  o f  f u n d s ,  a n d  H a ls e y ’s y e a r  o f  e x p e n s iv e  in v e s t ig a t io n s  

a n d  n e g o t ia t io n s .  T h e  in v e s tm e n t  c o m p a n y  th e n  t r a n s f e r r e d  to  th e  P G & E  

t h e  r ig h ts  a n d  th e  a d v a n c e  o f  c a s h  w h ic h  it n e e d e d  to  p a y  to  th e  S F G & E  
f o r  its  s to c k .  In  r e t u r n ,  P G & E  t u r n e d  o v e r  a ll b u t  15 s h a r e s  o f  its  c o m m o n  

s lo c k  to  th e  in v e s tm e n t  c o m p a n y .  A s a  r e s u l t  o f  th is  t r a in  o f  t r a n s a c t io n s ,  

N . S. H a ls e y  & C o m p a n y  re c e iv e d  c o m m o n  s to c k  o f  th e  in v e s tm e n t  c o m ­
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p a n y  w o r th  p o te n t i a l ly  $ 2 0  m il l io n  b e c a u s e  o f  t h e  $ 2 0  m ill io n  in  P G & E  

s to c k  th e  in v e s tm e n t  c o m p a n y  o w n e d .  T h e  s h a r e s  o f  t h e  in v e s tm e n t  c o m ­

p a n y ,  it w as  u n d e r s t o o d ,  w e r e  d iv id e d  e q u a l ly  a m o n g  H a ls e y ,  d e  S a b la , 

M a r l in ,  F r a n k  D r u m  (a  S a n  F ra n c is c o  f in a n c ie r  w h o  p a r t i c ip a te d  in  d e  

S a b la  u t i l i ty  e n t e r p r i s e s ) ,  a n d  t h e  c o m p a n y ’s  t r e a s u r e r ,  in  a  p o te n t i a l  $ 2 0  

m ill io n  r e t u r n  f o r  c r e a t i n g  p r o p e r t y  o f  v a lu e  in  e x c e s s  o f  th e  v a lu e  o f  th e  

tw o  f o r m e r ly  i n d e p e n d e n t  u t i l i t ie s .27 P a c if ic  G a s  &  E le c tr ic  b e g a n  b u s in e s s  

in  J a n u a r y  1 9 0 6 .28

T h e  S a n  F ra n c is c o  c o m p a n y  b r o u g h t  s te a m  p o w e r  p la n t s  to  th e  n e w  

P a c if ic  G a s  &  E le c t r ic  C o m p a n y .  T h e s e  p la n t s  c o m p l e m e n t e d  th e  P G & E ’s 

h y d r o e le c t r i c  p o w e r  b y  c a r r y i n g  p e a k  lo a d s  w h e n  d e m a n d  ro s e  h ig h  a n d  

w h e n  w in te r  f r e e z e s  o r  d r o u g h t s  lo w e r e d  th e  c a p a c i ty  o f  th e  h y d r o e le c t r ic  

s y s te m . T h e  s t e a m  p la n t s  a ls o  a id e d  in  r e g u l a t i n g  t h e  w h o le  s y s te m  b e c a u s e  

o f  t h e i r  a b il i ty  to  r e s p o n d  r a p id ly  to  lo a d  c h a n g e s .  S u c h  a  s y m b io t ic  r e l a ­

t i o n s h ip  w as  n o t  u n u s u a l  a t  th is  p o in t  in  t h e  h is to r y  o f  e l e c t r ic a l  u t i l i t ie s ,  

b u t  th e  u s e  o f  p e t r o l e u m - f i r e d  b o i le r s  f o r  t h e  s te a m  p la n t s  w a s . A  c o n f lu ­

e n c e  o f  c i r c u m s ta n c e s  m a d e  C a l i f o r n ia  p e t r o l e u m  a v a i la b le  a t  a b o u t  th e  

s a m e  t im e  t h a t  h y d r o e le c t r i c  p o w e r  r e a c h e d  S a n  F r a n c is c o .  I n  1 9 0 7  P G & E ’s 

l a r g e s t  s t e a m  p la n t ,  l o c a te d  in  S a n  F ra n c is c o ,  u s e d  5 4 6 ,0 0 0  b a r r e l s  o f  C a l ­

i f o r n ia  c r u d e  a n d  g e n e r a t e d  7 3  m i ll io n  k w h . I n  1 9 1 3  th e  c o m p a n y ’s h y ­

d r o e le c t r i c  c a p a c i ty  o f  o v e r  1 2 3 ,0 0 0  h .p .  w a s  s u p p l e m e n t e d  b y  o i l - f i r e d  

s te a m  p la n t s  in  S a n  F ra n c is c o ,  O a k la n d ,  S a c r a m e n to ,  a n d  S a n  J o s e  w ith  a 

c o m b in e d  c a p a c i ty  o f  m o r e  t h a n  1 1 0 ,0 0 0  k w .29

A  b r i e f  s u r v e y  o f  t h e  h is to ry  o f  t h e  c o m p a n y  u p  to  1 9 1 4  w ill s h o w  th a t  

b y  t h e n  t h e  t r a n s i t io n  f r o m  a  p o w e r  c o m p a n y  to  a  c o m p a n y  p r e s i d i n g  o v e r  

a n  in t e g r a t e d  r e g io n a l  s y s te m  w a s  c o m p le te  ( s e e  F ig . X . 10). P G & E  h a d  

b e c o m e  t h e  l a r g e s t  s y s te m  o n  th e  P a c if ic  C o a s t  a n d  r a n k e d  a m o n g  A m e r ic a ’s 

fiv e  la r g e s t  u t i l i t ie s .  O p e r a t i n g  in  th i r t y  c o u n t i e s  o f  c e n t r a l  C a l i f o r n ia ,  th e  

c o m p a n y ,  v i r tu a l ly  a s in g le  o p e r a t i n g  u n i t  o f  i n t e r c o n n e c t e d  p la n t s ,  s u p ­

p l ie d  a n  a r e a  o f  3 7 ,0 0 0  s q u a r e  m ile s  a n d  a p o p u l a t i o n  o f  1.3  m i l l io n  (1 9 1 0  

c e n s u s ) .  P G & E  h a d  3 6  p e r c e n t  o f  t h e  e le c t r ic  a n d  g a s  b u s in e s s  in  C a l i f o r n ia .  

T h e  n u m b e r  o f  h y d r o e le c t r i c  p la n t s  r e m a i n e d  a b o u t  th e  s a m e  d u r i n g  th e  

f i r s t  e i g h t  y e a r s  o f  t h e  c o m p a n y ’s e x is te n c e ,  b u t  th e  in s ta l le d  h y d ro e le c t r i c  

c a p a c i ty  in c r e a s e d  b y  6 4  p e r c e n t .  T h e  n u m b e r  o f  s t e a m  p la n t s  d e c l in e d ,  

b u t  l a r g e r  u n i t s  b r o u g h t  a 1 60  p e r c e n t  in c r e a s e  in  c a p a c i ty .  T h e  c o n s u m p ­

t io n  o f  o il a s  f u e l  i n c r e a s e d .  T h e  p e a k  d e m a n d  o n  t h e  s y s te m  in c r e a s e d  

f r o m  6 3 ,0 0 0  h .p .  in  1 9 0 6  to  1 6 0 ,0 0 0  h .p .  in  1 9 1 3 .30

T h e  r e la t iv e  in c r e a s e  in  s t e a m - g e n e r a t i n g  c a p a c i ty  a s  c o m p a r e d  to  h y ­

d r o e le c t r i c  c a p a c i ty  is n o ta b le .  T h e  u ti l i ty  h a d  b e g u n ,  in  1 9 0 6 , w ith  a lm o s t  

tw ic e  a s  m u c h  h y d r o e le c t r i c  p la n t  a s  s te a m  p l a n t  a n d  w ith  e x te n s iv e  w a te r ­

p o w e r  r ig h t s  in  th e  S ie r r a s .  T h e  d e c r e a s in g  p r i c e  o f  C a l i f o r n ia  c r u d e  o il 

a n d  t h e  in c r e a s in g  B a y  A r e a  lo a d  p a r t ia l ly  e x p la in  t h e  c o m p a n y ’s f a i lu r e  

to  in v e s t  in  a d d i t io n a l  h y d r o e le c t r i c  fa c il i t ie s . A n o t h e r  r e a s o n  f o r  n o t  ac-

”  C o lem a n . P.G . iđ  E . o f  C a lifo rn ia . p p . 2 3 0 -3 1 .
“  Ib id ., p p . 2 2 7 -3 3 .

m  Pacific ( .a s  8c E lectr ic  C o., Eigh th  A n n u a l Rep or t o f  the Pacific Gas a n d  Electric Com pa ny  fo r  
the Fiscal Year E nd ed  D ecem ber 3 1 , 19 1 3  (San Francisco : PG & E. 1914). D u rin g  th e  w in te r  o f  

1910, th e  c o m p an y  in stalled  its first s team  tu rb in e ; f o u r  years la te r  85  p e rc e n t o f  its s team  
capacity  was th e  tu rb in e  ty pe.

,n Ib id .. p. 1 1.
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F ig u re  X .1 0 . Califo rnia G as Id  Electric 

Co. (later (P G ld E ) distribution a n d  

transm ission system, cen tra l Ca lifornia, 

1 904 . Courtesy o f  the P acific  Gas Id  

Electric Co., S an  Francisco, Calif.

C A L I F O R N I A  W H I T E  C O A L

q u i r i n g  a d d i t i o n a l  f a c il i t ie s  w as  th e  a v a ila b il i ty  o f  lo w -co s t h y d ro e le c t r i c  

p o w e r  f r o m  th e  G r e a t  W e s te r n  P o w e r  C o m p a n y .  A l th o u g h  G r e a t  W e s te rn  

h a d  o w n e d  a  p o w e r  l in e  f r o m  B ig  B e n d  in  th e  S ie r r a s  to  O a k la n d  s in c e  

1 9 0 9 , il h a d  la c k e d  a  d i s t r i b u t i o n  s y s te m  in  S a n  F ra n c is c o ,  a n d  so  it w h o le ­

s a le d  p o w e r  lo  P a c if ic  G a s  &  E le c tr ic  f o r  s a le  th e r e .

In  1911 G r e a t  W e s te r n  f in a lly  a c q u i r e d  a  d i s t r ib u t io n  s y s te m  in  S a n  

F ra n c is c o ,  a n d  in  1 9 1 2  it la id  a  t r a n s m is s io n  c a b le  u n d e r  th e  B ay  f r o m  

O a k la n d  to  S a n  F ra n c is c o .  A n t ic ip a t in g  th e  loss o f  w h o le s a le  p o w e r .  P ac if ic  

G a s  8c E le c tr ic  e m b a r k e d  o n  a  h y d r o e le c t r i c  p r o je c t  to  in c r e a s e  t h e  g e n ­

e r a t i n g  c a p a c i ty  o f  t h e  c o m p a n y ’s s y s te m  by  8 0  p e r c e n t .  T h e  D r u m  s ta t io n ,  

th e  f i r s t  p o w e r  p l a n t  in  a  r e l a t e d  p r o je c te d  s e r ie s  o f  s ix , c a m e  in to  o p e r a t i o n  

in  1 9 1 3 , a d d i n g  m o r e  t h a n  3 3 ,0 0 0  h y d ro e le c t r i c  h o r s e p o w e r  to  th e  P ac if ic  

G a s  & E le c tr ic  s y s te m . D r u m  a c c o u n te d  b o th  fo r  th e  f irs t s u b s ta n t ia l  in ­

c r e a s e  in  th e  s y s te m ’s h y d r o e le c t r i c  p o w e r  s in c e  th e  f o u n d i n g  o f  th e  c o m ­

p a n y  a n d  f o r  th e  r e la t iv e  r is e  o f  h y d ro e le c t r i c  g e n e r a t io n  to  th e  lev e l o f  

s te a m  g e n e r a t i o n  in  1 9 1 3 .31

T h e  p u r p o s e  o f  th e  D r u m  p ro je c t  w as lo  u ti l iz e  th e  w a te r s h e d  o f  th e  

S o u lh  Y u b a  a n d  B e a r  r iv e r s .  T h e  s c o p e  o f  th e  c o n c e p t  e x te n d e d  f a r  b e y o n d

11 F o r a cc o un ts  o f  th e  p ro jec t see ib id ..  pp . 12, 14; a n d  R u d o lp h  W. V an N o rd e n , " L ik e  
S p a u ld in g -D ru m  P ow er D eve lo pm e n t."  jo u rn a l o f  Electricity 31 (1913): 52 5 -4 1 .



2 8 0 n e t w o r k s  o f  p o w e r

th e  N e v a d a ,  Y u b a ,  a n d  C o lg a te  s c h e m e s  o f  s l ig h tly  m o r e  th a n  a  d e c a d e  

e a r l i e r ,  h o w e v e r .  R ig h ts  a n d  fa c il i t ie s  h a d  b e e n  a c q u i r e d  in  th e  1 2 0 -s q u a re -  

m ile  w a te r s h e d  in  1 9 0 5 . T w o  c o m p a n y  e n g in e e r s ,  F r a n k  B a u m  a n d  J .  H . 

W ise , th e  f i r s t  a g r a d u a t e  o f  S t a n f o r d  a n d  t h e  o t h e r  o f  t h e  U n iv e r s i ty  o f  

C a l i f o r n ia  a t  B e r k e le y ,  f o r e s a w  t h e  e n o r m o u s  p o te n t i a l  o f  th e  w a te r s h e d  

f o r  p o w e r  a n d  f o r  i r r i g a t i o n  a n d  in  1 9 0 5  b e g a n  s u r v e y in g  a n d  p la n n in g .  

T h e  tw o  m e n  w e r e  in  c h a r g e  w h e n  c o n s t r u c t io n  o n  t h e  D r u m  p o w e r  p la n t  

b e g a n  in  1 9 1 2 , b u t  W ise  d i e d  l a t e r  t h a t  y e a r .

T h e  c o m p r e h e n s i v e  p la n  in  1 9 1 2  c a l le d  f o r  a n  in c r e a s e  in  th e  c a p a c ity  

o f  L a k e  S p a u l d i n g  to  9 7 ,0 0 0  a c r e - f e e t  in  o r d e r  to  u ti l iz e  m o r e  o f  t h e  flow  

o f  t h e  S o u th  Y u b a  R iv e r  a n d  t h e  r u n o f f  f r o m  th e  w a te r s h e d .  D r u m  a n d  

f iv e  o t h e r  p o w e r h o u s e s  w e r e  to  b e  s t e p p e d  a lo n g  th e  B e a r  R iv e r  a n d  a lo n g  

a r t i f ic ia l  w a te rw a y s  f o r  a  d i s i a n c e  o f  a b o u t  5 0  m ile s  in  o r d e r  to  m a k e  u se  

o f  t h e  4 ,6 0 0 - f o o l  d i f f e r e n c e  in  e le v a t io n  f r o m  t h e  r e s e r v o i r  to  th e  las t 

p o w e rh o u s e .  T h e  u l t im a te  c a p a c ity  o f  th e  six  p la n ts  w as  p r o je c te d  a s  19 0 ,7 5 0  

h .p .  A  1 1 0 -m ile  s l e e l - to w e r  t r a n s m is s io n  l in e  c a r r i e d  t h e  p o w e r  a t  1 0 0 ,0 0 0  

v o lts  to  C o r d e l i a ,  P a c if ic  G a s  8c E le c t r ic ’s lo a d  c e n t e r  a n d  s w i tc h in g  s ta t io n  

n e a r  th e  C a r q u in e z  s p a n  a c ro s s  th e  S a n  F ra n c is c o  B ay . A f te r  p a s s in g  th r o u g h  

th e  la s t  o f  t h e  p o w e r  p la n t s ,  t h e  h a r n e s s e d  w a te r  w as  to  s u p p ly  a n  i r r ig a t io n  

s y s te m .

C o n s t r u c t i o n  o f  p o i n t - to - p o in t  t r a n s m is s io n  l in e s  f r o m  t h e  d i s t a n t  m o u n ­

ta in s  to  t h e  e n e r g y - s h o r t  c o a s t  w as  c a r r i e d  o u t  b y  o t h e r  u t i l i t ie s  e ls e w h e re  

in  C a l i f o r n ia .  T h e  p r e e m i n e n c e  o f  C a l i f o r n ia  a m o n g  r e g io n s  o f  t h e  w o r ld  

th a t  w e r e  d e v e l o p i n g  lo n g - d i s t a n c e  t r a n s m is s io n  s y s te m s  p r i o r  to  W o r ld  

W a r  1 w as  m a d e  c le a r  b y  t h e  U .S . C e n s u s  B u r e a u ’s l is t in g  o f  t r a n s m is s io n  

s y s te m s  o p e r a t i n g  a t  7 0 ,0 0 0  v o lts  o r  m o r e  t h r o u g h o u t  t h e  w o r ld  in  1 9 1 4 . 

T w e n ty - e ig h t  o f  th e  s y s te m s  w e re  lo c a te d  in  th e  U n i t e d  S ta te s  a n d ,  as 

o b s e r v e d  e a r l i e r ,  e ig h t  o f  th e s e  w e r e  in  C a l i f o r n ia .  F o u r ,  i n c lu d in g  P ac if ic  

G a s  8c E le c t r ic ’s D r u m - to - C o r d e l i a  s y s te m , t e r m i n a t e d  in  th e  S a n  F ra n c is c o  

B ay  a r e a ,  a n d  f o u r  s e r v e d  t h e  L o s  A n g e le s  r e g io n .  M ic h ig a n  h a d  th r e e  

t r a n s m is s io n  s y s te m s  o p e r a t i n g  a t  7 0 ,0 0 0  v o lts  o r  a b o v e ,  b u t  n o  o t h e r  A m e r ­

ic a n  s t a t e  h a d  s o  m a n y .  C a n a d a  a n d  I ta ly  le d  t h e  o t h e r  n a t io n s  w ith  f o u r  

e a c h ;  E n g la n d  h a d  n o n e ;  a n d  G e r m a n y  h a d  tw o , b o th  o f  w h ic h  w e r e  c o a l-  

f i r e d  p la n t s  (s e e  F ig . X .l  I ) .32

T h e  h is to r y  o f  P a c if ic  G a s  &  E le c t r ic  is r e p r e s e n t a t i v e  in  m a n y  w ay s  o f  

th e  h is to r y  o f  t h e  o t h e r  u t i l i ty  c o m p a n ie s  o p e r a t i n g  t h e  m a jo r  C a l i f o r n ia  

tr a n s m is s io n  l in e s  a n d  r e l a t e d  g e n e r a t i o n  a n d  d i s t r i b u t i o n  s y s te m s .  T h e s e  

u ti l i t ie s — lik e  P a c if ic  G a s  8c E le c t r ic — r e s u l t e d  f r o m  m e r g e r s  o f  p o w e r  t r a n s ­

m is s io n  c o m p a n ie s  a n d  u r b a n  u t i l i t ie s .  In  n o r t h e r n  C a l i f o r n ia  th e  G r e a t  

W e s te r n  P o w e r  C o m p a n y  c o m p e te d  w ith  P a c if ic  G a s  8c E le c tr ic  f o r  th e  

O a k la n d  a n d  S a n  F ra n c is c o  m a r k e t s .  W ith  h y d r o e le c t r i c  fa c il i t ie s  a t B ig  

B e n d  in  th e  S ie r r a s ,  G r e a t  W e s te r n  a ls o  b u i l t  u p  a  d i s t r ib u t io n  s y s te m  in  

th e  B ay  a r e a  b y  a c q u i r i n g  s m a ll  c o m p a n ie s  th a t  s u r v iv e d  a lo n g s id e  th e  S a n  

F ra n c is c o  G a s  8c E le c tr ic  C o m p a n y  a n d  t h e r e b y  a v o id e d  m e r g e r  w ith  P ac if ic  

G a s  8c E le c tr ic .  H e ld  by  a n  e a s t e r n  p o w e r  t r u s t  w ith  h e a d q u a r t e r s  in  N ew  

J e r s e y ,  h o w e v e r ,  G r e a t  W e s te r n  m e r g e d  w ith  its  c o m p e t i t o r  in  1 9 3 0 . A n ­

o t h e r  o f  t h e  n o r t h e r n  C a l i f o r n ia  lo n g - d i s t a n c e  t r a n s m is s io n  e n te r p r i s e s ,

** B u re a u  o f  th e  C e n su s . Centra! Electric L ig h t a n d  Power Statio ns,  fblclo til fac in g  p. 132.
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t h e  S ie r r a  & S a n  F ra n c is c o  C o m p a n y ,  s o ld  a ll o f  its  p o w e r  to  S a n  F ra n c is c o  

t r a n s i t  o p e r a t o r s ,  b u t  P a c if ic  G a s  & E le c tr ic  a c q u i r e d  it a s  w ell in  19 2 7 .33

T w o  o f  th e  s o u t h e r n  C a l i f o r n ia  u t i l i t ie s ,  t h e  P a c if ic  L ig h t  8c P o w e r  C o m ­

p a n y  (P L & P ) a n d  th e  S o u t h e r n  S ie r r a s  P o w e r  C o m p a n y ,  h a d  p o in t - to - p o in t  

p o w e r  t r a n s m is s io n  o f  g r e a t e r  le n g th  th a n  th e  c o m p a n ie s  in  t h e  n o r t h .  In  

1 9 1 3  P a c if ic  L ig h t  8c P o w e r  c o m p le te d  th e  2 4 1 -m ile  B ig  C r e e k - t o - L o s  

A n g e le s  t r a n s m is s io n .34 I t  c o m p e te d  in  th e  L o s  A n g e le s  a r e a  w ith  t h e  S o u t h ­

e r n  C a l i f o r n ia  E d is o n  C o m p a n y ,  w h ic h  o p e r a t e d  th e  1 1 7 -m ile -p lu s  K e rn  

R i v e r - t o - L o s  A n g e le s  t r a n s m is s io n .  P a c if ic  L ig h t  8c P o w e r  s u p p l i e d  p o w e r  

f r o m  B ig  C r e e k  to  th e  L o s  A n g e le s  R a ilw ay  C o r p o r a t i o n  a n d  t h e  P a c if ic  

E le c tr ic  R a ilw a y , th e  la r g e s t  in te r c i ty  ra i lw a y  s y s te m  in  th e  U n i te d  S la te s .  

B y 1 9 1 5  H a r r y  E . H u n t i n g d o n ,  th e  ra i lw a y  a n d  in d u s t r i a l  f in a n c ie r ,  o w n e d  

s u b s ta n t ia l ly  a ll o f  t h e  s lo c k  o f  P a c if ic  L ig h t  8c P o w e r  a n d  a ll o f  t h e  s lo c k  

o f  th e  L o s  A n g e le s  R a ilw a y  C o r p o r a t i o n .  I n  1 9 1 7  P L & E  m e r g e d  w ith  S o u t h ­

e r n  C a l i f o r n ia  E d i s o n .35 T h e  S o u t h e r n  S ie r r a s  P o w e r  C o m p a n y ,  la t e r  th e  

C a l i f o r n ia  E le c t r ic  P o w e r  C o m p a n y ,  w as  t h e  f i r s t  to  t r a n s m i t  p o w e r  f r o m  

th e  S ie r r a s  s o u th w a r d  to  th e  s o u t h e r n  C a l i f o r n ia  c o m m u n i t i e s .  T h e  c o m ­

p a n y 's  B i s h o p - t o - S a n  B e r n a r d i n o  l in e ,  s t r e t c h i n g  a c ro s s  th e  M o ja v e  D e s e r t  

a n d  u s in g  2 ,0 0 0  s te e l  to w e r s ,  e x t e n d e d  2 3 8  m ile s . A  n e tw o r k  o f  d i s t r ib u t io n  

l in e s  r a d i a t e d  o u t  f r o m  S a n  B e r n a r d i n o  in to  R iv e r s id e  a n d  S a n  B e r n a r d i n o  

c o u n t ie s .

T h e  m o s t  u n o r t h o d o x  o f  th e  C a l i f o r n ia  p o w e r  t r a n s m is s io n  a n d  d i s t r i ­

b u t io n  u t i l i t ie s  w as  th e  L o s  A n g e le s  a q u e d u c t  s y s te m  w ith  its  t r a n s m is s io n  

lin e s  e x t e n d i n g  f r o m  S a n  F ra n c is c o  to  L o s  A n g e le s  o v e r  a  d i s t a n c e  o f  3 8 3  

m ile s  a t  1 0 0 ,0 0 0  v o lts .  T h e  s y s te m  w as  u n u s u a l  b e c a u s e  a n  e x t e n d e d  a q ­

u e d u c t  w as  u s e d  to  s u p p ly  w a te r  to  L o s  A n g e le s ,  t h e  w a te r  w as  u s e d  to  

g e n e r a t e  e le c t r ic  p o w e r ,  a n d  th e  s y s te m  w as  m u n ic ip a l ly  o w n e d .

T h e  t r a n s m is s io n  l in e s  a n d  r e l a t e d  i r r ig a t io n  s y s te m s  o f  s o u t h e r n  C a l i ­

f o r n ia ,  lik e  th o s e  in  t h e  n o r t h ,  t r a n s f o r m e d  a  r e g io n  “b y  N a t u r e  le f t  w ith  

a  w h o lly  in s u f f i c i e n t  w a te r  s u p p ly  a n d  p a r c h e d  f r o m  lack  o f  i t ” in to  “ [o n e ]  

o f  th e  g a r d e n  s p o ts  o f  t h e  c o n t i n e n t . ” 36 T h e  p o w e r  s y s te m s  in  th e  s o u th ,  

a lo n g  w ith  th o s e  in  t h e  n o r t h ,  a ls o  m o v e d  th e  e n t i r e  s ta te  to  th e  f o r e f r o n t  

a m o n g  e le c l r i c - p o w e r - g e n e ra t in g  r e g io n s .  A s e a r ly  a s  1 9 0 2  a n d  s till in  1 9 1 2 , 

C a l i f o r n ia  r a n k e d  s e c o n d  o n ly  to  N e w  Y o rk  S ta te  in  th e  c a p a c i ty  o f  w a te r -  

p o w e r e d  p r i m e  m o v e r s  in  c e n t r a l  e le c t r ic  s ta t io n s ;  a n d  by  1 9 1 2  C a l i f o r n ia  

h a d  r is e n  f r o m  s e v e n th  to  f o u r t h  b e h in d  N e w  Y o rk ,  I l l in o is ,  a n d  P e n n ­

s y lv a n ia  in  s te a m - p o w e r - s t a t io n  c a p a c ity .  T h e  c o m b in a t io n  p la c e d  th e  s la te  

a t  t h a t  t im e  s e c o n d  to  N e w  Y o rk  in  th e  g e n e r a l  c a te g o r y  o f  p r im a r y  p o w e r  

c a p a c i ty  in  c e n t r a l  e le c t r ic  s ta t io n s .  A n d  in  th e  r a n k i n g  o f  th e  s ta te s  a c ­

c o r d in g  to  to ta l  k i lo w a t t - h o u r  o u t p u t ,  C a l i f o r n ia ’s c e n t r a l  s ta t io n s ,  c o m -

“ S k etch es o t  th e  h is to ry  o f  th e  Pacific Coast u tilitie s can  be  fo u n d  in th e  seven ty -fifth  

a n n iv ersa ry  issue o f  Electrical IV«/. 129 (1962).
“ T h e  Big C rc e k - lo - L o s  A ngeles tran sm issio n  line, because  it o p e ra te d  w ith th e  h ig hest 

vo ltage, d rew  u p o n  th e  la rgest capacity , a n d  was th e  lo ng est o f  th e  m a jo r w orld  tran sm issio n  
system s, a ttra c te d  c o n sid era b le  publicity . See. fo r  e xam ple , A. J .  F a rn sw o rth , " T h e  Big C re ek  
Pow er D ev e lo p m e n t.” Slone (đ  W ebster J o u rn a l 1 1 (1912): 167 -75 ; J .  H . A n d c r to n , "E lectr ical 
F e a tu re s  o f  th e  Big C re ek  D ev e lop m e n t,"  ib id . 13 (1913): 3 2 6 -3 6 ; I I. A. H ag c m a n . “ The  Big 
C re ek  D eve lo pm e n t: H yd ra u lic  a n d  M echanical F e a tu re s ,"  ib id .,  pp . 2 2 8 -4 7

“ "M e rg e r  o f  C a lifo rn ia  H yd ro e le c tric  System s," E lectrical W orld  68  (1916): 1134-35 .

M "A  N ota b le  T ran sm iss io n  S ystem ,"  p. 375.
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Figure X. I 1.  Transmission systems of the world operating at and above 70,000 volts, 1914, ranked according to operating voltage. A  = mesh grouping (three phases joined as 

equilateral triangle). Y = star grouping (three phases united at a common junction). From table compiled by Selby Hoar  as a supplement to E le ctr ic al W orld . 25 Ap nl 1914. and revised 

and brought up to date by Hoar  for  the Hydro- Electro Section, Xat ional  Electric Light Convention, Philadelphia, Pa.. 2- 5 June 1914 Reprinted in Bureau of the Cem iu . C e n tra l 

E lectric L ight a n d  Pow er S tations, fo ld out facing p. 1)2. Data on transmission lines not included here.



m e rc ia l  a n d  m u n ic ip a l ,  w e re  s e c o n d  o n ly  10  N e w  Y o rk  S la te ’s .37 C o m p a r i s o n  

o f  C a l i f o r n ia  w ith  t h e  l e a d in g  e le c t r i c - p o w e r - g e n e r a t in g  s ta le s — N e w  Y o rk , 

I l l in o is ,  a n d  P e n n s y lv a n ia — re v e a ls  t h a t  C a l i f o r n ia  h a d  th e  la r g e s t  p e r ­

c e n ta g e  in c r e a s e  in  k i lo w a t t  c a p a c i ty  a n d  in  k i l o w a t t - h o u r  o u t p u t  d u r i n g  

t h e  d e c a d e  1 9 0 2 - 1 2 .

2 8 4  N E T W O R K S  O F  P O W E R

”  B u re au  o f  th e  C e n su s. Centra l Electric Light and Power Stations, p p . 30. 33. 34. 46. am i
5 0 .1  lie  sta tistics a re  lo r  p r iv a te  a n d  tn tin ir ip a lly  o w n ed  c e n tra l s ta tio ns su p p ly in g  th e  public: 
see ib id .,  p. 15.



C H A P T E R  X I

W a r  a n d  A c q u ir e d  

C h a r a c te r is t ic s

n g in e e r s  a n d  m an a g e rs  e n g a g ed  in p re d ic tio n  p re fe r  th e  e x tra p o ­
la t io n  o f  t r e n d s  to  th e  f o r m u la t io n  o f  c o m p le x  s c e n a r io s  b a s e d  o n  

lik e ly  i n t e r a c t io n s  o f  t r e n d s  a n d  c o n t in g e n c ie s  s u g g e s te d  by  h is to r ic a l  p r e c ­

e d e n t s  a n d  a n a lo g ie s .  B e f o r e  W o r ld  W a r  I th e y  u n d o u b te d ly  a n t i c ip a te d  

t h a t  th e  t r e n d s  o f  t h e  p a s t  d e c a d e  o r  so  w o u ld  e x te n d  in to  th e  f u tu r e .  

B e c a u s e  o f  th e  m o m e n t u m  o f  th e  e le c t r ic  s u p p ly  i n d u s t r y ,  th is  w as  a r e a ­

s o n a b le  a s s u m p t io n .  M o r e o v e r ,  th e  f a c to r s  in f lu e n c in g  th e  g r o w th — th e  

c o n te x t  in  w h ic h  it  o c c u r r e d — w e r e ,  by  im p l ic a t io n ,  p r o je c te d  in to  th e  f u ­

t u r e .  T h e  c o m b in a t io n  o f  g r o w in g  m o m e n tu m  a n d  r e in f o r c in g  c o n te x t  w as 

e x p e c te d  to  o v e r w h e lm  c o n t in g e n t  p e r tu r b a t io n s .  H is to ry ,  o f  c o u r s e ,  ra ise s  

g r a v e  d o u b t s  a b o u t  e x t r a p o la t io n s ,  b u t  th e  s tu d y  o f  h is to ry  is n o t  r e q u i r e d  

o f  e n g i n e e r s  a n d  m a n a g e r s .

H is to ry  is a  r e c o r d ,  a m o n g  o t h e r  th in g s ,  o f  c o n t in g e n c ie s ,  e v e n  o f  u n ­

a n t i c ip a te d  c a ta s t r o p h e s ,  n a t u r a l  a n d  m a n - m a d e .  In  A u g u s t  I 9 M  a m a n -  

m a d e  c a t a s t r o p h e  s t r u c k  E u r o p e  a n d  l a t e r  s p r e a d  to  A m e r ic a .  T h e  im ­

m e d ia te  e f f e c t s  a n d  c o n s e q u e n c e s  o f  W o r ld  W a r  1 h a v e  b e e n  d o c u m e n te d  

by h is to r i a n s .  T h e  e f f e c t s  o f  t h e  w a r  o n  th e  e v o lv in g  e le c t r ic  p o w e r  sy s te m s , 

h o w e v e r ,  h a v e  b e e n  o v e r lo o k e d .  T h e s e  sy s te m s , to o ,  w e re  a f f e c te d  by th e  

w a r  a n d  a c q u i r e d  c h a r a c te r is t ic s  th a t  s u rv iv e d  in to  p e a c e t im e .

T h e  p e r t u r b a t i o n s  a n d  la s t in g  c h a n g e s  b r o u g h t  by  c a ta s t r o p h e s  s u c h  as 

w a r  r e s u l t  f r o m  fo rc e s  th a t  a r e  s t r o n g  e n o u g h  to  d i s r u p t  th e  m o m e n tu m  

o f  sy s te m s .  O r ,  to  u s e  a  d i f f e r e n t  m e ta p h o r ,  a  c h a n g e  in  th e  e n v i r o n m e n t  

se le c ts  o u t  d i f f e r e n t  c h a r a c te r is t ic s .  W o r ld  W a r  I, f o r  in s ta n c e ,  a l t e r e d  th e  

r e la t iv e  in f lu e n c e  o f  t h e  v a r io u s  c o n te x tu a l  fa c to r s  a f f e c t in g  e le c t r ic  p o w e r  

sy s te m s .  E n g in e e r s  a n d  m a n a g e r s  w h o , b e c a u s e  o f  t h e i r  e x p e r ie n c e  a n d  
s p e c ia l  c o m p e te n c e ,  w e re  c o m m i t t e d  to  s m a lln e s s  o f  sc a le  n e v e r th e le s s  a c ­

k n o w le d g e d  th e  p r im a c y  o f  o u t p u t  w h e n  p e r s o n a l  a n d  n a t io n a l  s u rv iv a l  

s e e m e d  to  d e p e n d  o n  it. L ik e w ise , c o m p a n ie s  a n d  g o v e r n m e n ts  th a t  w e r e  

e c o n o m ic a l ly  a n d  id e o lo g ic a lly  c o m m it te d  to  v e s te d  in te r e s t  a n d  a u th o r i ty  

y ie ld e d  in  th e  f a c e  o f  th e  s a m e  im p e ra t iv e .  A h is to ry  o f  p o w e r  s u p p ly  d u r i n g  

th e  w a r  will s h o w  th is .

B e c a u s e  te c h n o lo g y  is o f t e n  m a n if e s te d  in  m a te r ia l  f o r m — m ac h in e s ,  

p r o c e s s in g  e q u ip m e n t ,  .s tru c tu re s ,  a n d  to o ls— its  la s t in g  e f f e c ts  a r e  ea s ily
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o b s e r v e d .  I d e a s  a n d  e v e n ts ,  h i s to r i a n s  a r g u e ,  h a v e  e f f e c ts  f a r  b e y o n d  th e  

t im e  in  w h ic h  th e y  o c c u r ,  b u t  t h e i r  e f f e c ts  a r e  less v is ib le . I n  th e  c a s e  o f  

t e c h n o lo g y ,  e v e n  th e  c a s u a l  o b s e r v e r  k n o w s  t h a t  h e  is s u r r o u n d e d  by  th in g s  

t h a t  w e re  m a d e  in  th e  p a s t ,  t h in g s  t h a t  w e re  o f t e n  m a d e  u n d e r  s u b s ta n t ia l ly  

d i f f e r e n t  c i r c u m s ta n c e s .  In  a  s e n s e ,  t h e r e f o r e ,  s u r v iv in g  t e c h n o lo g y  b r in g s  

to  th e  p r e s e n t  th e  c h a r a c t e r  o f  th e  p a s t ,  a p a s t  th a t  im p o s e d  its  c h a r a c te r is t ic s  

o n  th e  te c h n o lo g y  w h e n  it w as  f i r s t  i n v e n te d ,  d e v e lo p e d ,  a n d  i n t r o d u c e d  

in to  u se . T h e  te c h n o lo g y  o f  e le c t r ic  p o w e r  s y s te m s  th a t  w as  in t r o d u c e d  

d u r i n g  W o r ld  W a r  I n o t  o n ly  c a u s e d  p e r t u r b a t i o n s  in  t r e n d s  b u t  a ls o  c a r r i e d  

in to  p e a c e t im e  c e r t a in  a s p e c ts  o f  th e  w a r t im e  e n v i r o n m e n t .  T h e  e x t r e m e ly  

la r g e  e le c t r ic  g e n e r a t i n g  s t a t io n s  th a t  w e re  b u il t  to  fill t h e  p r e s s in g  a n d  

u n u s u a l  n e e d s  f o r  e le c t r ic  p o w e r  d u r i n g  W o r ld  W a r  1 s u r v iv e d  th e  w a r  

a n d  b e c a m e ,  in  a  s e n s e ,  a s o lu t io n  in  s e a r c h  o f  a p r o b le m .  A n o t h e r ,  less 

o b v io u s  c a s e  is th e  la r g e  n u m b e r  o f  in te r c o n n e c t io n s  o f  e le c t r ic  l ig h t  a n d  

p o w e r  s y s te m s  th a t  w e re  m a d e  d u r i n g  th e  e m e r g e n c ie s  o f  w a r t im e  a n d  

c a r r i e d  o v e r  in to  p e a c e t im e .

T h i s  c h a p t e r  c o n s id e r s  h o w  w a r  b r o u g h t  th e  g o v e r n m e n t s  o f  G e r m a n y  

a n d  th e  U n i te d  S ta te s  to  f u n d  th e  d e v e l o p m e n t  o f  p o w e r  p la n t s  o f  u n ­

p r e c e d e n t e d  s iz e . T h e  r e a d e r ’s a t t e n t io n  is a ls o  d i r e c te d  to  th e  s e r ie s  o f  

w a r t im e  i n te r c o n n e c t io n s  in  G r e a t  B r i ta in  a n d  th e  U n i t e d  S la te s  t h a t  r e ­

s u l t e d  f r o m  th e  u n u s u a l ,  e v e n  ra d ic a l ,  d e m a n d s  t h a t  w e re  m a d e  o n  fo r m e r ly  

r e l u c t a n t  u t i l i t ie s  b y  c e n t r a l  g o v e r n m e n ts  c o n c e r n e d  a b o u t  s u rv iv a l .  A f te r  

n o t i n g  t h e  c r e a t io n  o f  w a r t im e  a r t i f a c t s ,  th is  c h a p t e r  f u r t h e r  o b s e rv e s  th e  

e f f o r t s  m a d e  b y  th e  th r e e  g o v e r n m e n t s  to  m a in ta in  in  p e a c e t im e  th e  m o ­

m e n t u m  o f  t h e i r  w a r t im e  p la n n i n g  a n d  n u r t u r i n g  o f  t e c h n o lo g y .  T h e  e f ­

f o r t s  f a i le d  in  th e  t h r e e  c a se s  c o n s id e r e d  h e r e .  T h e  r e a s o n  f o r  th e  f a i lu r e  

w as  in  p a r t  a  c o n s e r v a t iv e  r e a c t io n  c o m p a r a b le  to  t h a t  w h ic h  is o f t e n  e n ­

c o u n t e r e d  in  th e  p o li t ic a l  r e a lm  a f t e r  r a d ic a l  c h a n g e s  h a v e  b e e n  in t r o d u c e d .  

O n c e  th e  d i s r u p t i v e  fo r c e — in  th is  c a se , w a r— is r e m o v e d ,  t h e  p r e w a r  c o n ­

te x t  a g a in  p r e v a i ls .  T h e r e  w e r e  o t h e r  c a u s e s ,  h o w e v e r ,  a n d  th e y  d i f f e r e d  

f r o m  c o u n t r y  to  c o u n t r y .

T h e  fac t th a t  th e  e x ig e n c ie s  o f  w a r  c a u s e d  t h e  a c c e le r a te d  d e v e lo p m e n t  

o f  c e r t a in  t e c h n o lo g ic a l  c h a r a c te r i s t i c s — in  th is  in s ta n c e ,  la r g e  s iz e  a n d  in ­

t e r c o n n e c t i o n — s h o w s  a g a in  th a t  th e  r a t e  a n d  d i r e c t io n  o f  t e c h n o lo g ic a l  

c h a n g e  c a n  b e  s h a p e d  by  n o n te c h n o lo g ic a l  fa c to r s .  In  o t h e r  w o rd s ,  te c h ­

n o lo g y  is n o t  n e c e s s a r i ly  a s im p le  e x t r a p o l a t i o n  o f  its  p a s t ,  o r  a  w o rk in g  

o u t  o l  i n h e r e n t  t e c h n o lo g ic a l  im p l ic a t io n s .  T h e  c a s e s  c o n s id e r e d  s u g g e s t  

th a t  w a r  d id  n o t  so  m u c h  s t im u la te  th e  in v e n t io n  a n d  d e v e lo p m e n t  o f  n ew  

te c h n o lo g ie s  a s  c l e a r  a w a y  th e  p o li t ic a l ,  e c o n o m ic ,  a n d  o t h e r  n o n le c h n o -  

lo g ic a l f a c to r s  th a t  p r e v e n t e d  o r  r e t a r d e d  th e  u t i l iz a t io n  o f  e x is t in g  te c h ­

n o lo g ie s .  T h e  im p e r a t iv e s  o f  w a r  d id  n o t r e v e r s e  th e  d i r e c t io n  o f  te c h n o ­

lo g ic a l e v o lu t io n  n o r  d id  th e y  c a u s e  m u ta t io n s ;  r a t h e r ,  th e y  b r o k e  a 

c o n s e r v a t iv e  c ru s t  th a t  h a d  r e s t r a in e d  a d ju s tm e n t s  in  c o u r s e  a n d  v e lo c ity . 

T h e  w a r t im e  h is to ry  o f  e le c t r ic  p o w e r  s u p p ly  s u g g e s ts  t h a t  a s o c ie ty  u n d e r  

th e  in f lu e n c e  o f  e v e n  m o r e  p r e s s in g  d e m a n d s — a m o r a l  e q u iv a le n t  o f  w a r—  

c o u ld  a l t e r  th e  s h a p e  o f  te c h n o lo g y  e v e n  m o r e  d ra s t ic a l ly .

In  th e  U n i t e d  S ta te s  a n  o u t s t a n d i n g  in s ta n c e  o f  a m a m m o th  a r t i f a c t  b u ilt 

u n d e r  th e  e m e r g e n c y  c i r c u m s ta n c e s  o f  w a r ,  a n d  s t a n d i n g  lik e  a  la r g e  w h ite  

e l e p h a n t  a t w a r ’s e n d ,  w as  t h e  n i t r a t e - f ix a t io n  p la n t  a n d  its  p a r t ia l ly  c o m ­

p l e te d  h y d r o e le c t r i c  p o w e r  s ta t io n  a n d  d a m  lo c a te d  o n  th e  T e n n e s s e e  R iv e r
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a t  M u s c le  S h o a ls ,  A la b a m a .1 T h e  la r g e  d e m a n d  f o r  n i t r a t e s  u s e d  in  f e r t i l i z e r  

a n d  e x p lo s iv e s ,  c o u p le d  w ith  A m e r ic a ’s t e n u o u s  d e p e n d e n c e  u p o n  C h i le 's  

n i t r a t e  m o n o p o ly ,  p e r s u a d e d  th e  U .S . C o n g r e s s — e v e n  b e f o r e  th e  c o u n t r y  

e n t e r e d  W o r ld  W a r  I— to  i n c lu d e  in  th e  N a t io n a l  D e f e n s e  A c t o f  1 9 1 6  

p ro v is io n  f o r  t h e  c o n s t r u c t io n ,  w i th in  th e  U n i te d  S ta te s ,  o f  f a c il i t ie s  c a p a b le  

o f  f ix in g  a t m o s p h e r i c  n i t r o g e n .  A lr e a d y  in  G e r m a n y ,  s e v e r a l  n i t r o g e n -  

f ix a l io n  p ro c e s s e s  h a d  b e e n  d e v e lo p e d ,  i n c lu d in g  th e  h i g h - p r e s s u r e  a n d  

h i g h - t e m p e r a lu r e  H a b e r -B o s c h  p ro c e s s .2 S u c h  a  p la n t  w as b u ilt in  th e  U n ite d  

S ta te s  a t  S h e f f i e ld ,  A la b a m a ,  b u t  th e  g o v e r n m e n t ,  d o u b t f u l  o f  th e  a b il i ty  

o f  A m e r ic a n  e n g i n e e r s  a n d  s c ie n t is ts  to  h a n d l e  th e  H a b e r - B o s c h  p ro c e s s ,  

a ls o  c o n t r a c t e d  w ith  th e  A m e r ic a n  C y a n a m id  C o m p a n y  f o r  t h e  c o n s t r u c t io n  

o f  a  c y a n a m id e -p ro c e s s in g  p la n t .  I n  c o m p a r is o n  to  th e  H a b e r -B o s c h  m e th o d ,  

th e  c y a n a m id e  p r o c e s s  c o n s u m e d  la r g e  a m o u n t s  o f  e n e r g y ;  t h u s  th e  p la n  

w as  to  b u i ld  t h e  M u s c le  S h o a ls  h y d r o e le c t r i c  s ta t io n  a n d  d a m  a n d  u s e  its  

c h e a p  p o w e r  to  s u p p ly  th e  c y a n a m id e  p la n t .

T h e  M u s c le  S h o a ls  n i t r a t e  fa c il i ty  w as  c o m p le te d  j u s t  b e f o r e  t h e  w a r  

e n d e d  in  N o v e m b e r  1 9 1 8 . C lo s e  to  $ 7 0  m i ll io n  h a d  b e e n  in v e s te d  in  it, b u t  

n o  n i t r a t e s  f r o m  it  h a d  b e e n  u s e d  d u r i n g  t h e  w a r .  A  t r a n s m is s io n  l in e  h a d  

b e e n  e r e c te d  to  b r i n g  p o w e r  f r o m  a  s te a m  p o w e r  s ta t io n  b e c a u s e  th e  d a m  

a n d  h y d r o e le c t r i c  p o w e r  s t a t io n  w e re  n o t  y e t  c o m p le te d .  T h e  g o v e r n m e n t  

c o n t in u e d  c o n s t r u c t i o n  o f  th e s e  u n t i l  1 9 2 5 , by  w h ic h  l im e  a n  a d d i t io n a l  

$ 4 5  m ill io n  h a d  b e e n  in v e s te d .3 G o v e r n m e n t  f in a n c in g  p r o v id e d  th e  c a p i ta l  

i n v e s tm e n t  o f  m o r e  t h a n  $ 1 0 0  m ill io n  in  th e  n i t r a t e  p la n t  a n d  h y d r o e le c t r i c  

fa c ility , f o r  p r iv a te  c a p i ta l  w as  r e l u c t a n t  to  in v e s t  th e  la r g e  s u m s  d e m a n d e d  

b y  th e  h ig h  f i r s t  c o s t  b u t  r e la t iv e ly  lo w  o p e r a t i n g  c o s t  h y d r o e le c t r i c  p la n t s .4 

A s t h e  v a lu e s  a n d  im p e r a t iv e s  o f  w a r t im e  f a d e d ,  M u sc le  S h o a ls  s to o d  lik e  

a n  o r g a n i s m  t h a t  h a d  p a s s e d  in to  a  f o r e ig n — e v e n  h o s ti le — e n v i r o n m e n t .

W a r t im e  d e m a n d s  f o r  e n e r g y  f o r c e d  th e  G e r m a n s  to  b u i ld  g ia n t  p o w e r  

p la n t s  a s  w e ll. W h i le  th e  U n i te d  S ta te s  to o k  a  le a p  f o r w a r d  in  t h e  d e v e l ­

o p m e n t  o f  h y d r o e le c t r i c  p o w e r ,  G e r m a n y  a c c e le r a te d  th e  d e v e lo p m e n t  o f  

e le c t r ic  p o w e r  p la n t s  f u e le d  b y  b r o w n  c o a l, o r  l ig n ite .  I n  b o th  c a s e s  th e  

e n e r g y  s o u r c e  w as  a b u n d a n t  a n d  c h e a p ,  a n d  th e  p la n ts  t h a t  w e re  b u i l t  to  

u t i l iz e  it w e r e  la rg e - s c a le  a n d  c a p i ta l - in te n s iv e .  B e c a u s e  o f  th e  e m e r g e n c y

1 F o r a g e n e ra l s tu d y  o f  (he  M usc le S ho a ls  n ilra ie  p la n t a n d  p o w er s ta tio n  a n d  th e  p ostw a r 
c o n tro v e rsy  th e y  stim u la te d , see P re ston  J . H u b b a rd , O rigin s o f  the T V  A : Th e M usc le  Shoals 
Controversy, 1 9 2 0 -1 9 3 2  (N ew  Y ork: N o rto n , 1961). O n  th e  resp o n se  to  th e  e m erg en c y  d e m a n d  

fo r  n itra te s  in  th e  U n ite d  S tate s, see U .S ., W ar D e p a rtm e n t . O rd n a n c e  O ffic e, N itra te  D ivision. 
Repo rt on the Fixation  a n d  U tilization o f  N itrog en,  W ar D e p a rtm e n t R epo rt no . 204 I (W a sh ing to n , 

D C .: G PO , 1922).
* F o r a  d e sc rip tio n  o f  n itro g e n -f ix a tio n  processes, especia lly  th e  H abc r-B osch  m e th o d , see 

J .  R. P a r tin g to n  a n d  L. I I. P a rk er , Th e  Nitro gen  In du stry  (N ew  Y ork : V an  N o s tra n d , 1928).
’ H u b b a rd , M uscle  Shoals, p . 7; th e  g o v e rn m e n t investe d  $68  m illion in th e  n itra te  p lan t. 

In  H istory o f  the G eorgia Power Com pany, 1 8 3 5 -1 9 5 6  (A tlan ta: G eo rg ia  R iver C o., 1957), p. 274, 
W ad e  H . W rig h t sta tes  tha t th e  h y d roe le c tric  p o w er sta tio n  at M usc le Shoa ls  was c o m p le ted  
in 1925 w ith 184,000 kw. in stalled  at a  cost o f  $ 4 5 .6  m illion.

* D u rin g  th e  w ar, th e  p r iv a te  u tilitie s c o m p la in ed  o f  d if ficu lty  in rais in g  f u n d s  fo r ex p an s io n . 
T h e  Ph ilad e lp h ia  E lectr ic  Co., a la rg e  utility  th a t was e x tre m e ly  h a rd -p re sse d  by w artim e  
d e m a n d s  a ris in g  fro m  s h ip b u ild in g  o n  th e  D elaw are R iver a n d  fro m  m u n itio n s  p la n ts , was 
no t a b le  to  rais e  th e  $25  m illion it n e ed e d  to  co nstruc t th e  "D ela w are  S ta tion ,"  w hich was 
so rely  n e e d e d  to  m e et a n tic ip a te d  d e m a n d  in 1 91 8-19 . See N icholas B. W ainw rig h t, History 
o f  the Philad elphia Electric Com pany, 18 8 1 -1 9 6 1  (P h ilad e lph ia : Ph ilade lp h ia  Electric  C o., 1961). 

p p . 1 37-40 .
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n a t u r e  o f  w a r t im e ,  c e n t r a l  g o v e r n m e n t s  p r o v id e d  th e  n e c e s s a ry  c a p ita l .  

T h e  p a r t i c u l a r  im p e r a t iv e s  o f  w a r  a c c e le r a te d  e c o n o m ie s  o f  sc a le  a n d  th e  

u s e  o f  c a p i t a l - in te n s iv e  te c h n o lo g y ,  th e r e b y  c r e a t in g  a  w a r t im e  s ty le  o f  

t e c h n o lo g y .  T w o  g ia n t  G e r m a n  p la n t s  s p a w n e d  b y  th e  w a r  w e r e  K n a p s a c k  

( l a t e r  r e n a m e d  G o ld e n b e r g )  a n d  G o lp a -Z s c h o rn e w itz .  T h e  f o r m e r ,  lo c a te d  

in  th e  la r g e  b r o w n -c o a l  f ie ld s  n e a r  C o lo g n e ,  b e c a m e  a  p a r t  o f  th e  R h e in is c h -  

W e s tf a l i s c h e s  E le k t r i z i t a l s w e r k  s y s te m  t h a t  s u p p l i e d  h e a v y  i n d u s t r y  in  th e  

R u h r  v a lle y . G o lp a - Z s c h o r n e w itz ,  lik e  M u s c le  S h o a ls ,  w as  c o n s t r u c te d  in 

r e s p o n s e  to  a  c r i t ic a l  w a r t im e  s h o r t a g e  o f  n i t r o g e n .

S o m e  e x p e r t s  p r e d i c t e d  t h a t  t h e  s h o r t a g e  w o u ld  p a r a ly z e  G e r m a n y 's  

a r m ie s  a n d  s t a r v e  h e r  p e o p le  s o o n  a f t e r  th e  w a r  b e g a n .  T h e  w o r ld ’s la rg e s t  

i m p o r t e r  o f  n i t r o g e n  c o m p o u n d s  b e f o r e  th e  w a r ,  G e r m a n y  h a d  d e p e n d e d  

e s p e c ia lly  o n  C h i l e ’s n a t u r a l  c o a s ta l  d e p o s i t s .  T h e  c o u n t r y ’s o t h e r  m a jo r  

s o u r c e  o f  n i t r o g e n  w a s  a  b y - p r o d u c t  o f  h e r  o w n  c o k e  a n d  g a s  p r o d u c t io n .  

A f t e r  th e  B r i t i s h  n a v y  c u t  G e r m a n y ’s s u p p ly  l in e s ,  t h e  G e r m a n  p e o p le  fa c e d  

d i r e  s h o r t a g e s  o f  e x p lo s iv e s  a n d  a g r i c u l t u r a l  f e r t i l i z e r ,  b o th  o f  w h ic h  r e ­

q u i r e d  n i t r o g e n .  T h e y  h a d  to  re ly  o n  s to r e d  n i t r o g e n  c o m p o u n d s  u n t i l  n ew  

p r o c e s s e s  f o r  t h e i r  p r o d u c t i o n  c o u ld  b e  d e v e lo p e d  w i th in  t h e  c o u n tr y .  

T h e s e  p r o c e s s e s  r e q u i r e d  u n u s u a l ly  la r g e  a m o u n t s  o f  e le c t r ic a l  e n e r g y .5 A 

m a j o r  r e s p o n s e  to  th is  c r i t ic a l  p r o b le m  w as  t h e  G o lp a - Z s c h o r n e w itz  p o w e r  

s t a t io n .

T h e  h is to r y  o f  t h e  G o lp a - Z s c h o r n e w itz  s t a t io n  d a te s  b a c k  to  1 9 1 5 , w h e n  

G e r m a n y ’s s to r e d  n i t r o g e n  s u p p l i e s  n e a r e d  e x h a u s t io n  a n d  t h e  n i t r o g e n  

d e r iv a b le  a s  a  b y - p r o d u c t  f r o m  th e  m a n u f a c t u r e  o f  c o k e  a n d  g a s  f r o m  coal 

c o u ld  n o t  m a tc h  d e m a n d .  T h e  s i tu a t io n  w as  a l le v ia te d  o n ly  a s  t h e  G e rm a n s  

b r o u g h t  in to  o p e r a t i o n  t h e  n e w  p la n t s  f o r  f ix in g  in  c o m p o u n d s  t h e  n i t r o g e n  

o f  th e  a t m o s p h e r e .  A f te r  th e  g o v e r n m e n t  f o u n d  t h a t  p r iv a te  c o m p a n ie s  

w e r e  n o t  w ill in g  to  b u i ld  p la n t s  o f  s u f f ic ie n t  c a p a c i ty  u n le s s  t h e  g o v e r n m e n t  

g u a r a n t e e d  a  lo n g - t e r m  m a r k e t ,  it d e c id e d  to  f in a n c e  t h e  b u i ld in g  o f  its 

o w n  n i t r o g e n  p la n t s  a n d  to  t u r n  o v e r  to  p r iv a te  in d u s t r y  t h e  o p e r a t i o n  of 

th e  p la n ts .  O n e  o f  t h e  la rg e s t  o f  th e s e ,  P ie s le r i tz ,  w as  s i tu a te d  in  th e  b ro w n -  

co a l  f ie ld s  a b o u t  8 0  m ile s  s o u th e a s t  o f  B e r l in .6

P ie s te r i lz  r e q u i r e d  a  g ia n t  p o w e r  s ta t io n .  E a r ly  in  1 9 1 5  th e  R e ic h ,  o r  

c e n t r a l ,  g o v e r n m e n t  p e r s u a d e d  th e  B r a u n k o h le n w e r k e  G o lp a - J e s s n i tz  A G , 

o w n e r  o f  t h e  b ro w n -c o a l  f ie ld s  a n d  a  s u b s id ia r y  o f  th e  A l lg e m e in e  E lek - 

t r iz i la ts -G c s e l ls c h a f i ,  to  b u i ld  th e  G o lp a - Z s c h o r n e w itz  s t a t io n  (F ig . X I .I ) .  

T h e  g o v e r n m e n t  c o n t r a c t e d  to  b u y  e le c t r ic  p o w e r  f o r  t h e  n i t r o g e n  p la n t  

f r o m  t h e  s ta t io n .  U n d e r  th e  d i r e c t io n  o f  G e o r g  K l in g e n b e r g ,  t h e  i n t e r ­

n a t io n a l ly  k n o w n  h e a d  o f  e le c t r ic  p o w e r  p la n t  d e s ig n  a t  A E G , t h e  s ta t io n  

w as  c o m p le te d  in  t h e  r e m a r k a b ly  s h o r t  p e r io d  o f  n in e  m o n th s .  T h e  d e s ig n  

w as  f o r  1 8 0 ,0 0 0  k w ., a n d  t h e  s t a t io n  w e n t in to  o p e r a t i o n  in  J a n u a r y  191 6  

w ith  1 2 8 ,0 0 0  kw . in s ta l le d .  B r a u n k o h l e n w e r k e  f o r m e d  a  n e w  c o m p a n y ,  

E le k l r o w e r k e  A k t ie n g e s e l ls c h a f t  (E W A G ), to  o w n  a n d  m a n a g e  t h e  G o lp a -  

Z s c h o r n e w itz  s ta t io n .  T h e  s ta t io n  s o o n  d e v e lo p e d  t e c h n o lo g ic a l  a n d  e c o ­

n o m ic  p r o b le m s ,  h o w e v e r ,  a n d  th e s e  w e re  in t e n s i f i e d  b e c a u s e  th e  g u a r -

* T h o m a s  P. H u g h es , ‘T e c h n o lo g ic a l M o m e n tu m  in H is to ry : H y d ro g e n a t io n  in  G erm a ny . 
1 89 8 -1 9 3 3 ,"  Past a n d  Present, no. 44 (A ug us t 1969), pp . 10 6 -3 2 .

" G e o r g  Boll, E n ls te hung  u n d  E n lu ncklung  des Verbundbelriebs in del deutschen Elektrizilatswirt- 
schaft bis turn europdisehen Verhund  (F ra n k fo r t on  th e  M ain : V W EW . 1969), p p . 2 7 -2 9 .
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F ig u re  X I .1. Golpa- Zsehomrwitz power 

station at the mine mouth. From  E le ctr ical 
W orld  75 (1920): 602.

a n t e e d  p r ic e  o f  c u r r e n t  f o r  P ie s te r i tz  w as  to o  low . I n  M ay  1 9 1 7  th e  s i tu a t io n  

b e c a m e  m o r e  t r o u b le s o m e  w h e n  a  n e ig h b o r i n g  p la n t  e x p l o d e d  a n d  d a m ­

a g e d  th e  G o lp a - Z s c h o r n e w itz  s ta t io n .  F o r  a  w h ile  th e  e n e r g y  d e m a n d s  o f  

th e  n i t r o g e n  p la n t  a t  P ie s te r i tz  c o u ld  n o t  b e  m e t.  T h e  s e r ie s  o f  p r o b le m s  

le d  to  n e g o t i a t io n s  f o r  th e  g o v e r n m e n t  to  p u r c h a s e  th e  E le c t r o w e r k e  c o m ­

p a n y  a n d  its  p o w e r  s ta t io n .  T h e  R e ic h s ta g  a g r e e d  a n d  o n  1 O c to b e r  191 7  

th e  R e ic h  g o v e r n m e n t  to o k  o v e r  o p e r a t i o n  o f  th e  s t a t io n .7

S u p p ly in g  t h e  n e e d s  o f  P ie s te r i tz ,  b u t  fa c e d  w ith  a n  e x c e s s  c a p a c i ty  a f t e r  

th e  e x p lo s io n  o f  t h e  n e i g h b o r i n g  p la n t  (w h ic h  h a d  a lso  b e e n  a  c o n s u m e r ) ,  

E le k t r o w e r k e ,  n o w  R e ic h - o w n e d ,  b e g a n  in  1 9 1 8  to  c o n s t r u c t  a  1 1 0 ,0 0 0 -v o lt  

tr a n s m is s io n  l in e  to  B e r l in ,  w h e r e  t h e  c ity  g o v e r n m e n t  h a d  r e c e n t ly  a c ­

q u i r e d  B E W . T h e  e s ta b l i s h m e n t  o f  h ig h - v o l ta g e  t r a n s m is s io n  to  a b s o r b  th e  

e x c e s s  c a p a c i ty  o f  th e  G o lp a -Z s c h o rn e w itz  s ta t io n  h e r a l d e d  th e  d e v e lo p ­

m e n t  o f  a  p e a c e t im e  t r a n s m is s io n  sy s te m  c e n te r e d  o n  th e  g ia n t  a r t i f a c t  th e  

w a r  h a d  s p a w n e d .

G ia n t  p o w e r  p la n t s  w e re  b u i l t  to  m e e t  th e  in c r e a s e d  w a r t im e  d e m a n d  

f o r  e le c t r ic i ty  in  G e r m a n y  a n d  th e  U n i te d  S ta te s .  I n te r c o n n e c t io n  w as  a n ­

o t h e r  m e a n s  u s e d  b y  t h e  b e l l ig e r e n t s  to  r a is e  o u t p u t ;  it w as  a  w ay  to  in c r e a s e  

s u p p ly  w i th o u t  b u i ld in g  n e w  p la n ts .  In  B r i ta in ,  w h e r e  th e r e  w as  a s h o r ta g e  

o f  b u i ld in g  m a te r ia ls ,  i n t e r c o n n e c t io n  s e e m e d  e sp e c ia lly  a t t r a c t iv e .  W h e n  

B r i ta in  e n t e r e d  th e  w a r ,  h e r  e le c t r ic  s u p p ly  in d u s t r y  w as  s h a p e d  by  th e  

p o li t ic a l  p o w e r  o f  lo c a l g o v e r n m e n t s .  T h e  s i tu a t io n  w as  r ip e  fo r  i n t e r c o n ­

n e c t io n .  W a r t im e  s o o n  b r o u g h t  s h o r t a g e s  o f  l a b o r ,  c o a l,  a n d  e le c tr ic i ty  ( th e  

l a s t - n a m e d  c a u s e d ,  in  p a r t ,  by  th e  o t h e r  tw o ). A  s h o r t a g e  in  th e  s u p p ly  o f  

e le c t r ic  m a c h in e r y  a ls o  d e v e lo p e d  a s  th e  e le c tr ic a l  m a n u f a c t u r e r s  t u r n e d  

to  m o r e  p r o f i t a b le  m u n i t io n s  c o n tr a c ts .  T h e  g o v e r n m e n t  p r o v id e d  e x e m p -

7 Ibid., p. 28.
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l io n s  f o r  w o r k e r s  in  t h e  e le c t r ic  s u p p ly  in d u s t r y ,  b u t  s h o r t a g e s  o f  c o a l  a n d  

m a c h in e r y  c r e a t e d  c r i t ic a l  p r o b le m s  b e c a u s e  th e  g r o w th  a n d  m o d e r n iz a t io n  

o f  t h e  a r m a m e n t s ,  o r  m u n i t io n s ,  i n d u s t r y  d e p e n d e d  u p o n  in c r e a s e d  e le c ­

t r i f i c a t io n  o f  th e  m e a n s  o f  p r o d u c t i o n .  E n g in e e r s  a n d  m a n a g e r s  f r o m  v a r ­

io u s  f ie ld s  o f  in d u s t r y  w e r e  b r o u g h t  in to  th e  d e p a r t m e n t s  a n d  c o m m it te e s  

c r e a te d  b y  th e  w a r t im e  c a b in e t ,  a n d  th e s e  m e n  t e n d e d  to  s e e  th e  a n s w e r  

to  th e  p r o b le m  in  f u r t h e r  e l e c t r i f i c a t io n ,  e s p e c ia lly  in  e c o n o m ie s  o f  sca le , 

a n d  in  c o o r d i n a t i o n  a n d  s y s te m a t iz a t io n  t h r o u g h  i n t e r c o n n e c t io n .8 T h e  

N e w c a s tle  u p o n  T y n e  E le c tr ic  S u p p ly  C o m p a n y  (N E S C O )  s to o d  a s  a m o d e l 

f o r  th e m  in  B r i t i s h  e le c t r ic i ty  s u p p ly .

S e v e ra l  o f  t h e  c o m m i t t e e s  a n d  d e p a r t m e n t s  t h a t  w e r e  e s t a b l is h e d  d u r i n g  

th e  w a r  h a d  p a r t i c u l a r  r e s p o n s ib i l i t ie s  f o r  e le c t r ic i ty  s u p p ly  a n d  m a c h in e r y  

m a n u f a c t u r e .  B e f o r e  1 9 1 7  th e s e  c o m m i t t e e s  c o n c e n t r a t e d  o n  s h o r t - t e r m  

r e s p o n s e s  to  s h o r t a g e s ;  a f t e r  1 9 1 7  th e y  d e a l t  w ith  t e c h n o lo g ic a l  c h a n g e s  

t h a t  r e s p o n d e d  n o t  o n ly  to  i m m e d ia te  w a r t im e  n e e d s  b u t  a ls o  to  a n t i c ip a te d  

p e a c e t im e  in d u s t r i a l  n e e d s .  C h a r le s  M e rz  a n d  h is  p a r t n e r ,  W ill ia m  M c ­

L e l la n ,  w e r e  a s k e d  b y  t h e  g o v e r n m e n t  to  s e r v e  in  th e s e  d e p a r t m e n t s  a n d  

c o m m i t t e e s  b e c a u s e  o f  t h e i r  r e m a r k a b l e  s u c c e s s  in  c r e a t i n g  b e f o r e  th e  w a r  

a n  e x c e p t io n  to  th e  B r i t i s h  r u le ,  a  l a r g e  r e g io n a l  p o w e r  s y s te m  (se e  p . 4 4 6  

b e lo w ) .  M c L e l la n  b e c a m e  t h e  a d v i s o r  o n  p o w e r  s u p p ly  to  t h e  d i r e c t o r  o f  

p r o d u c t i o n  in  t h e  M in is t ry  o f  M u n i t io n s  c r e a t e d  b y  P r im e  M in is te r  L lo y d  

G e o r g e  in  M a y  1 9 1 5 . T h e  im p o r t a n c e  o f  p o w e r  s u p p ly  w as  f u r t h e r  r e c ­

o g n iz e d  b y  t h e  e s t a b l i s h m e n t  o f  a  D e p a r t m e n t  o f  E le c t r ic  P o w e r  S u p p ly  in  

J u n e  1 9 1 6  w ith  M c L e lla n  a s  h e a d .  M e rz  b e c a m e  a  m e m b e r  o f  th e  C o a l 

C o n s e r v a t io n  S u b  C o m m i t t e e  o f  t h e  c a b i n e t ’s  R e c o n s t r u c t io n  C o m m it te e .  

T h i s  s u b c o m m i t t e e  w as  h e a d e d  b y  L o r d  H a l d a n e ,  w h o  a d m i r e d  t h e  in ­

d u s t r i a l  o r g a n iz a t io n  a n d  e f f ic ie n c y  o f  t h e  G e r m a n s .  L o r d  H a l d a n e  d e le ­

g a t e d  m o s t  o f  t h e  c o m m i t t e e ’s w o rk  to  M e rz ,  a n d  a n  in t e r i m  r e p o r t  o n  

e le c t r i c  p o w e r  s u p p ly  w as  p r e s e n t e d  in  A p r i l  1 9 1 7 . M e rz ,  w h o  h a d  b e e n  

u n a b le  to  r e o r g a n i z e  L o n d o n ’s s u p p ly  in  1 9 0 5 - 6 ,  n o w  a p p l i e d  h is  c o n c e p ts  

to  r e o r g a n i z i n g  th e  s u p p ly  n e tw o r k  o f  t h e  e n t i r e  c o u n t r y .

A s a n  a d v i s o r  o n  p o w e r  s u p p ly ,  M c L e lla n  a d v o c a te d  in te r c o n n e c t io n .  H e  

k n e w  t h a t  in t e r c o n n e c t i n g  p a r o c h ia l  u ti l i t ie s  w o u ld  i n c r e a s e  th e  d iv e r s i ty  

o f  lo a d  a n d  th e  lo a d  f a c to r ,  t h e r e b y  b r i n g i n g  a  f u l l e r  u s e  o f  e x i s t in g  c a p a c ity .  

H e  a n d  h is  a s s o c ia te s  h a d  to  c o n t e n d ,  h o w e v e r ,  w ith  th e  d e e p ly  e n t r e n c h e d  

s p i r i t  o f  c o m p e t i t io n ,  e v e n  h o s ti l i ty ,  th a t  p r e v a i l e d  b e tw e e n  t h e  m u n ic ip a l ly  

o w n e d  u t i l i t ie s  a n d  th e  p r iv a te  o n e s .  Id e o lo g ic a l  t e n s io n s  w e re  c o m p o u n d e d  

by  th e  b e w i ld e r in g  v a r ie ty  o f  s u p p ly  s y s te m s ,  v o lta g e s ,  a n d  f r e q u e n c ie s  in  

B r i ta in ,  a  v a r ie ty  th a t  m a d e  i n te r c o n n e c t io n  a  m u c h  m o r e  d i f f i c u l t  ta sk  

th a n  it w as  in  th e  U n i te d  S ta te s .  N e v e r th e le s s ,  s p u r r e d  o n  by  w a r t im e  

e x ig e n c ie s ,  th e  B r i t i s h  g o v e r n m e n t  a n d  its  a d v is o r s  e f f e c te d  l im i te d  a g r e e ­

m e n t s  a m o n g  c o m p e t i t iv e  u ti l i t ie s  a n d  f in a n c e d  in te r c o n n e c t io n .  A t th e  

u r B 'n 8  M e rz ,  t h e  B o a r d  o f T r a d e ,  w h ic h  h a d  ju r i s d i c t i o n  o v e r  th e  B r it is h  

e le c t r ic  s u p p ly  i n d u s t r y ,  in  M ay  1 9 1 6  p r o m is e d  p r io r i tv  in  th e  a l lo c a tio n  

o l  l a h o r  a n d  m a te r i a l s  to  u t i l i t ie s  th a t  w o u ld  in te r c o n n e c t .  I n  S e p te m b e r  

1 9 1 6  tw o  l e a d in g  t r a d e  a s s o c ia t io n s ,  th e  I n c o r p o r a t e d  M u n ic ip a l  E le c tr ic a l  

A s s o c ia t io n  a n d  th e  I n c o r p o r a t e d  A s s o c ia tio n  o f  E le c tr ic  P o w e r  C o m p a n ie s ,

* Leslie  H a n n a h . Electricity Before Nnlumal iuit inii  (B a ltim o re : T h e  lo h n s  H o p k in s  U niv ers ity  
Press, 1979), p p . 5 3 -5 7 . 1
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t r a n s c e n d e d  t h e i r  d i f f e r e n c e s  s u f f ic ie n t ly  to  is s u e  a j o i n t  r e c o m m e n d a t i o n  

f o r  t h e  e s t a b l i s h m e n t  o f  l ia is o n  g r o u p s  to  d is c u s s  i n t e r c o n n e c t io n .  T h e  

I n s t i t u t i o n  o f  E le c tr ic a l  E n g in e e r s  a ls o  o r g a n iz e d  d is c u s s io n s  o f  th e  i n t e r ­

c o n n e c t io n  a n d  r e o r g a n i z a t i o n  o f  E n g l a n d ’s e le c t r ic  s u p p ly  s y s te m . T h e  

im p e r a t iv e s  o f  w a r  s t im u la te d  a  r a d ic a l  c h a n g e  in  a t t i t u d e s  a n d  a c t io n s .  

T a n g i b l e  r e s u l t s  w e re  n o t  a s  im p r e s s iv e  a s  g ia n t  p o w e r  p la n t s  o f  t h e  U n i te d  

S ta te s  a n d  G e r m a n y ,  b u t  th e  c h a n g e  t h a t  w as  b r o u g h t  a b o u t  in  t h e  d i r e c t io n  

o f  d e v e l o p m e n t  w a s  a  m o r e  H e r c u le a n  a c h ie v e m e n t .

W ill ia m  M c L e lla n  a n d  A r n o ld  G r id le y ,  a ls o  a  c o n s u l t in g  e n g i n e e r  a n d  

M c L e l la n 's  s u c c e s s o r  in  t h e  D e p a r t m e n t  o f  E le c tr ic  P o w e r  S u p p ly ,  c o m p l e ­

m e n te d  in te r c o n n e c t i o n  b y  a r r a n g i n g  f o r  in d u s t r i a l  c o n s u m e r s  to  ta k e  e le c ­

t r ic i ty  f r o m  u ti l i ty  s y s te m s  r a t h e r  th a n  u s e  in e f f i c i e n t ,  is o la te d  p la n t s  o r  

e x p a n d  i s o la i e d - p la n l  c a p a c i ty .  T h i s  p o lic y  r e s u l t e d  in  a n  i n c r e a s e  in  th e  

c a p a c i ty  o f  t h e  m o s t e f f i c i e n t  u t i l i ty  p o w e r  p la n t s  a n d  in  e c o n o m ie s  o f  sc a le . 

M c L e lla n  a n d  h is  s t a f f  w e re  d i s a p p o i n t e d  b y  t h e  u n w il l in g n e s s  o f  t h e  g o v ­

e r n m e n t  to  in s is t  m o r e  o f t e n  o n  e x p a n s io n  w ith  p o s tw a r  r e o r g a n iz a t io n  o f  

t h e  n a t i o n ’s p o w e r  s u p p ly  in  v ie w .9 H o w e v e r ,  e x p a n s io n  o f  t h e  m o r e  e f ­

f ic ie n t  p l a n t s  in  in d u s t r i a l  a r e a s  a n d  t h e  in te r c o n n e c t io n  o f  p la n t s  d id  sa v e  

c o a l  a n d  a l lo w e d  th e  s u p p ly  in d u s t r y  to  i n c r e a s e  o u t p u t  a t  a b o u t  t h e  s a m e  

r a t e  a s  d u r i n g  th e  p r e w a r  y e a rs .  T h e  c h a r t s  o f  th e s e  s ta t is t ic s  c o n c e a le d  

n o ta b le  c h a n g e s  b e n e a t h  t h e i r  s m o o th  c u rv e s ,  h o w e v e r .  A g g r e g a te  sa le s  in  

t h e  U n i t e d  K in g d o m  ro s e  f r o m  2 ,1 0 0  g w h . (g ig a w a tt  h o u r s )  in  191 4  to  

a b o u t  4 ,0 0 0  g w h . b y  1 9 1 8 , b u t  t h e  L o n d o n  i n c r e a s e  w as  o n ly  14 p e r c e n t  

b e tw e e n  1 9 1 4  a n d  1 9 1 8 . T h e  lo a d  f a c to r s  o f  g e n e r a t i n g  s t a t io n s  in c r e a s e d  

f r o m  a  n a t io n a l  a v e r a g e  o f  a r o u n d  2 3  p e r c e n t  b e f o r e  th e  w a r  to  3 0  p e r c e n t  

by  1 9 1 8 . '°

I n  t h e  U n i t e d  S ta te s ,  p o w e r  c o n s u m p t io n  a ls o  c o n t in u e d  u p w a r d  in  191 5  

a s  t h e  c o u n t r y  lo o k e d  to  its  d e f e n s e s .  A f te r  th e  U n i te d  S ta te s  e n t e r e d  th e  

w a r  in  t h e  s p r i n g  o f  1 9 1 7  a n d  b e f o r e  th e  w a r ’s e n d  in  th e  fa ll o f  1 9 1 8 , 

m o r e  t h a n  tw o  m il l io n  h o r s e p o w e r  w as  a d d e d  to  th e  e l e c t r i c - g e n e r a t in g  

c a p a c i ty  o f  t h e  c o u n t r y ,  a n  in c r e a s e  o f  10 p e r c e n t  in  le ss  th a n  tw o  y e a rs .  

E x p e r t s  n e v e r th e le s s  p r e d ic te d  th e r e  w o u ld  b e  a  d i r e  s h o r t a g e  o f  e le c t r ic a l  

p o w e r  in  t h e  w in te r  o f  1 9 1 8 - 1 9  i f  th e  w a r  c o n t in u e d .  F a c e d  b y  th e  l ik e l ih o o d  

o f  a  s h o r ta g e ,  B e r n a r d  B a r u c h ,  h e a d  o f  th e  W a r  I n d u s t r i e s  B o a r d  f o r m e d  

by  P r e s id e n t  W ils o n  in  J u ly  1 9 1 7  to  m o b iliz e  th e  e c o n o m y ,  o r d e r e d  a s u rv e y  

o f  t h e  e l e c t r ic a l  g e n e r a t i n g  fa c il i t ie s  in  th e  U n i t e d  S la te s .  I n  o r d e r  to  d e ­

t e r m i n e  c a p a c i ty ,  e f f ic ie n c y ,  a n d  th e  e x te n t  to  w h ic h  th e  o u t p u t  w as  b e in g  

u s e d  b y  w a r - r e la te d  in d u s t r i e s  a n d  se rv ic e s ,  a r m y  e n g in e e r s  a c t in g  f o r  th e  

b o a r d  e x a m in e d  p o w e r  s ta t io n s  in  th e  c r i t ic a l  r e g io n s  w h e r e  w a r  i n d u s t r i e s  

w e re  c o n c e n t r a t e d .  T h e  s u r v e y  n o t  o n ly  a l lo w e d  th e  b o a r d  to  id e n t i f y  a r e a s  

o f  s h o r t a g e  a n d  e x c e s s ,  a n d  to  lo c a le  n e w  w a r  c o n t r a c t s  a c c o rd in g ly ,  b u t  it 

a ls o  r e v e a le d — a n d  th is  p r o v e d  i m p o r t a n t  f o r  th e  lo n g - r a n g e  d e v e lo p m e n t  

o f  t h e  e le c t r ic a l  p o w e r  i n d u s t r y — th e  p o ss ib il i ty  o f  u s in g  e x is t in g  p o w e r  

fa c il i t ie s  m o r e  e f fe c t iv e ly  by  i n te r c o n n e c t in g  p o w e r  s ta t io n s  a n d  u t i l i t ie s  

t h a t  h a d  c o m p le m e n ta r y  lo a d  a n d  d iv e r s i ty  f a c to r s .11

ln Ib id ., pp . 59  a n d  01.
"  B e rn a rd  B a ru ch , American Industry in VVnr: A Report of  the War  Industries Board (March 

1921) (E n glew ood ClifTs, N .J.: P re n lic c-H all, 1941), pp . 2 9 8 -9 9 : U .S ., C o n g re ss , H o use, 
Emergency Power Bi l l , 6 5 th  C o n g ., 2d  sess., 1918, I I. K epi. 795.
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S t r iv in g  to  m e e t  t h e  a n t i c ip a te d  p o w e r  s h o r t a g e  o f  th e  w in te r  o f  1 9 1 8 — 

19, t h e  W a r  I n d u s t r i e s  B o a r d  a n d  o t h e r  g o v e r n m e n t  a g e n c ie s ,  lo ca l a n d  

f e d e r a l ,  s t i m u la te d — e v e n  o r d e r e d — i n te r c o n n e c t io n s  o f  p r iv a te  u t i l i ty  sy s ­

t e m s  in  o r d e r  to  r a is e  t h e  lo a d  f a c t o r . 12 P r iv a te ly  o w n e d  u ti l i t ie s  h a d  b e e n  

in f r e q u e n t l y  in t e r c o n n e c t e d  in  t h e  U n i t e d  S la te s  b e f o r e  W o r ld  W a r  I, d e ­

s p i te  t h e  p r a c t ic a l i ty  o f  h ig h  v o l la g e s  f o r  t r a n s m is s io n  o f  p o w e r  b e tw e e n  

l a r g e - a r e a  u t i l i t i e s .13 A s E le c tr ic a l W o r ld  o b s e r v e d  d u r i n g  th e  w a r ,  " T h e  

in c e n t iv e  f o r  i n t e r c o n n e c t i n g  e le c t r ic  s e rv ic e  s y s te m s  h a s  b e e n  a b s e n t  w h e re  

e a c h  in d iv id u a l  c o m p a n y  h a s  b e e n  a b le  to  m e e t  its  lo ca l r e q u i r e m e n t s  a n d  

a t  t h e  s a m e  t im e  m a in ta in  a  s o u n d  f in a n c ia l  c o n d i t i o n . 4 W a r  c h a n g e d  th e  

lo ca l r e q u i r e m e n t s ;  t h e  u t i l i t ie s  w e re  n o  l o n g e r  a b le  to  m e e t  th e m ;  a n d  th e  

“ in c e n t iv e " — a t  le a s t  a m o n g  th o s e  in  g o v e r n m e n t  a n d  in d u s t r y  w h o  w e re  

a w a r e  o f  t h e  i m p e n d i n g  c r i t ic a l  s h o r t a g e s — e m e r g e d .  B e c a u s e  u t i l i t ie s  w e re  

r e g u l a t e d  by  c o m m is s io n s  in  e a c h  o f  t h e  s t a t e s  a n d  b e c a u s e  r e g u la to r y  

c o n d i t io n s  v a r i e d  f r o m  s la te  to  s ta le ,  t h e  a c t io n s  t h a t  w e r e  n e e d e d  to  s t im ­

u la t e  o r  o r d e r  th e  i n t e r c o n n e c t io n  o f  u ti l i t ie s  in  1 9 1 7 - 1 8  v a r ie d .  O n e  m a jo r  

in t e r c o n n e c t i o n  in  o n e  s t a l e  s u g g e s ts  th e  g e n e r a l  c h a r a c t e r  o f  t h e  w a r t im e  

e n d e a v o r  in  t h e  U n i te d  S ta te s .

I n t e r c o n n e c t i o n  in  M a s s a c h u s e t ts  in v o lv e d  t h e  S a le m  E le c tr ic  L ig h t in g  

C o m p a n y ,  t h e  M a ld e n  E le c t r ic  C o m p a n y ,  a n d  th e  R e v e r e  S u b u r b a n  G as  

8c E le c t r ic  C o m p a n y .  T h e  d e c is io n  to  i n t e r c o n n e c t  th e s e  t h r e e  c o m p a n ie s  

r e s u l t e d  f r o m  t h e i r  c o m p le m e n ta r y  lo a d  a n d  d iv e r s i ty  f a c to r s  a n d  i l lu s t r a te s  

h o w  th e s e  f a c to r s  w e re  ta k e n  in to  a c c o u n t .  T h e  t h r e e  c o m p a n ie s  s e rv e d  

d is t r i c t s  to  t h e  n o r t h  o f  B o s to n .  T h e  S a le m  a n d  M a ld e n  c o m p a n ie s  c a r r i e d  

a n  in d u s t r ia l ,  c o m m e rc ia l ,  a n d  d o m e s tic  lo a d , w h ile  R e v e re ’s lo a d  w as  g re a tly  

in f l u e n c e d  b y  th e  s e a s h o r e  r e s o r t  d is t r i c t  it  s e r v e d .  E a c h  c o m p a n y  h a d  

s a l ie n t  c h a r a c te r i s t i c s :  S a le m  h a d  a n  e x c e s s  o f  g e n e r a t o r  c a p a c i ty ;  M a ld e n ’s 

g e n e r a t o r  c a p a c i ty  w as  s l ig h tly  b e lo w  th e  m a x im u m  lo a d  it c o u ld  a n t ic ip a te ;  

a n d  R e v e r e ,  t h e  r e s o r t  d is t r i c t ,  e x p e r i e n c e d  its  m a x im u m  lo a d  a t  8 :0 0  p .m . 

o n  s u m m e r  e v e n in g s  ( th e  o t h e r  tw o  s t a t io n s  c a r r i e d  m a x im u m  lo a d s  d u r i n g  

t h e  w in te r  m o n th s  a t  a b o u t  5 :0 0  p .m .,  w h e n  f a c to r ie s  a n d  b u s in e s s e s  w e re  

s till o p e n  a n d  h o m e s  w e r e  l ig h te d  f o r  th e  e v e n in g ) .  I n t e r c o n n e c t i o n  m e a n t  

t h a t  S a le m  c o u ld  s h a r e  its  e x c e s s  c a p a c i ty  w ith  M a ld e n  a n d  t h a t  R e v e re ,  

b e c a u s e  o f  its  d iv e r s e  c h a r a c t e r ,  c o u ld  s u p p ly  p o w e r  to  t h e  o t h e r  tw o  d u r i n g  

w in te r  p e a k s  a n d  d r a w  p o w e r  f r o m  th e m  d u r i n g  th e  s u m m e r  e v e n in g s .  

N o t  o n ly  d id  t h e  in te r c o n n e c t i o n  r e s u l t  in  in c r e a s e d  p o w e r  w h e r e  a n d  w h e n  

n e e d e d ,  b u t  it r a i s e d  th e  lo a d  f a c to r  f o r  e a c h  c o m p a n y .15

F o llo w in g  th e  w a r ,  t h e  te c h n o lo g y  o f  i n t e r c o n n e c t io n  w a s  u s e d  a p p r o ­

p r ia te ly ;  i n t e r c o n n e c t io n s  w e re  u s e d  o r  n o t ,  a s  c i r c u m s ta n c e s  r e q u i r e d .  

C o m p a r e d  to  t h e  f in a n c in g  o f  th e  w a r t im e  g ia n t - p o w e r  p la n t s ,  th e  c a p ita l  

i n v e s tm e n t  in  i n t e r c o n n e c t io n  w as  s m a ll .  B y  c o n t r a s t ,  t h e  c e n t r a l  g o v e r n ­

m e n t s  in  th e  U n i te d  S ta te s  a n d  G e r m a n y  fa c e d  a s e r io u s  p r o b le m  in  d e -

'* M ouse , Emergency Power  Bi l l ,  pp . 2 - 3 ,  6 -9 .

E d ito ria liz in g  a b o u t in lc m m n e n io n ,  th e  Elect rical World  w ro te: "W a r acc ele ra te s  n e go ­
tia tion s b e tw een  in te res ts  w hich in pe ac e tim e  m ig ht w ork  Tor years w ith little  o r  n o  physical 
co- ordinat ion. " Elect rical World 71 (1 918): 1246.

" • ‘■Inte rcon nec tion  a Itoo n  to  N ew  E ng la n d  P lan ts ,"  ib id . 70  (1917): 422 . I a m  in d e b ted  
to  T h o m a s  G u id c r  o f  th e  U n iv ersity  o f  D elaw are  fo r  calling  m y a tte n t io n  to  th is  a n d  o th e r  
re fe re n c e s  c ited  on  w artim e  in te rc o n n e c tio n s  in M assachuse tts.

'* Ib id .,  pp . 4 2 2 -2 4 .
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F ig u re  X I .2 .  Interconnectio ns rais in g  

load fa c to r  in  M assachusetts. From  

E le ctr ic al W orld  71 (1 9 1 8 ):  1 192 .

t e r m i n i n g  t h e  f u t u r e  o f  th e  g ia n t  p o w e r  p la n ts .  T h e y  w e re ,  in  p e a c e t im e ,  

e x o t ic  a r t i f a c t s  b e c a u s e  o f  t h e i r  la r g e  s iz e , g o v e r n m e n t  f in a n c in g ,  a n d  d e ­

p e n d e n c e  u p o n  n e a r b y  m u n i t io n s  p la n ts .  F o r  th e  U .S . g o v e r n m e n t  th e  

p r o b le m  o f  M u s c le  S h o a ls  w as  n e a r ly  u n s o lv a b le .  T h e  N a t io n a l  D e fe n s e  

A c t o f  1 9 1 6 , c o n t r a r y  to  t h e  t r a d i t io n a l  A m e r ic a n  o p p o s i t io n  to  g o v e r n m e n t  

o w n e r s h ip ,  u n re a lis t ic a l ly  p ro v id e d  th a t  a f t e r  th e  w a r  th e  g o v e r n m e n t  s h o u ld  

m a in ta in  o w n e r s h ip  o f  t h e  p la n t ,  u s in g  M u s c le  S h o a ls  to  m a n u f a c t u r e  n i ­

t r o g e n  f o r  e x p lo s iv e s  a n d  f e r t i l i z e r .  C o n g r e s s ,  h o w e v e r ,  d e f e a t e d  th e  W a d s -  

w o r lh - K a h n  B ill, w h ic h  w o u ld  h a v e  m a in ta in e d  g o v e r n m e n t  o w n e r s h ip  by 

m e a n s  o f  a  c o r p o r a t i o n  w h o s e  s to c k  w as  e n t i r e ly  o w n e d  b y  th e  g o v e r n m e n t .  

T h e  n e w  a d m i n i s t r a t i o n  o f  P r e s id e n t  W a r r e n  H a r d i n g  in  1921 a s k e d  fo r  

o f f e r s  f r o m  p r iv a te  s o u r c e s  t h a t  w o u ld  g u a r a n t e e  th e  g o v e r n m e n t  a  r e t u r n  

o n  its  in v e s tm e n t .  A  s t r a i g h t f o r w a r d  a n d  s u b s ta n t ia l  c o m m i tm e n t  f r o m  

p r iv a te  e n t e r p r i s e  s e e m e d  u n l ik e ly ,  h o w e v e r ,  b e c a u s e  th e  to ta l  in v e s tm e n t  

w as  u n p r e c e d e n t e d l y  la r g e  f o r  t h e  e le c t r ic  p o w e r  f i e ld .16 W ith  c o n t in u e d  

g o v e r n m e n t  o p e r a t i o n  d o u b t f u l  a n d  p r iv a te  in v e s tm e n t  im p r o b a b le ,  d r a ­

m a tic a lly  r e s o u r c e f u l  a n d  in n o v a t iv e  r e s p o n s e s  w e re  n e e d e d  to  s o lv e  th e  

p r o b le m  p o s e d  b y  M u s c le  S h o a ls .

O n  8  J u l y  1921 H e n r y  F o r d  s u b m i t t e d  a  b id  fo r  M u sc le  S h o a ls .  In  r e t ­

r o s p e c t  th is  c o m m i tm e n t  is u n d e r s t a n d a b l e :  F o r d  h a d  p r o v e n  h im s e l f  a n  

in d u s t r i a l i s t  o f  d r a m a t ic a l ly  b r o a d  v is io n  in  th e  d e v e lo p m e n t  o f  h is  sy s te m  

f o r  t h e  m a ss  p r o d u c t i o n  o f  a u to m o b i le s ;  t h e  in n o v a t iv e  c h a r a c t e r  o f  th e  

m a n  m a tc h e d  th e  e x c e p t io n a l  n a t u r e  o f  th e  p r o b le m .  F u r t h e r m o r e ,  F o rd  

w as f a s c in a te d  by  o p p o r t u n i t i e s  to  o r g a n iz e  p r o d u c t io n  o n  a  m a m m o th

'* As o f  1912, th e  la rg est-cap ac ity  h yd roele ctric  p ow er s ta tio n  in th e  U n ite d  S tate s was th e  
112,500-kw . p la n t o n  th e  M ississipp i R iver at K eokuk, Iow a; it was b u ilt at a cost o f  abo u t 
$25  m illion  by th e  M ississippi R iver Pow er C o. U.S., D e p a rtm en t o f  C o m m erce , B u re au  o f  
th e  C e n su s, C en tra l Electric Ligh t a n d  Power Stations a m i Street an d  Electric Hailways, w ith Summary 

o f  the Electrical Industries. 19 1 2  (W ash ing to n . D.C.; G PO . 1915). p. 123 a n d  fo ldo u t fac in g  p. 

132.
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sc a le , a n d  M u s c le  S h o a ls  p r o v id e d  h im  a n  o p p o r t u n i t y  to  p r o d u c e  p o w e r  

m a ss iv e ly . H is  f in a n c ia l  o f f e r  w as  n o t  r e m a r k a b ly  g e n e r o u s ;  a m o n g  o t h e r  

s t ip u la t io n s  in  il w as  t h e  r i g h t  to  le a s e  th e  p o w e r  fa c il i t ie s  f o r  1 00  y e a rs  

a n d  a m o r t i z e  t h e  g o v e r n m e n t ’s in v e s tm e n t  by  a  m o d e s t  a n n u a l  p a y m e n t  

o f  $ 4 6 ,5 4 7 .  T h i s  p a y m e n t ,  h e  c a lc u la te d ,  w o u ld  p r o d u c e  th e  to ta l  s u m  

d e s i r e d  b y  t h e  g o v e r n m e n t  i f  i l  w as  in v e s te d  a t  4 p e r c e n t  a n d  c o m p o u n d e d  

s e m ia n n u a l ly  f o r  1 0 0  y e a r s ,  a f t e r  w h ic h  t im e  o w n e r s h ip  w o u ld  p a s s  to  h i m .17

I f  F o r d ’s p la n  f o r  f in a n c in g  w as  c lo s e f is te d ,  h is  v is io n  o f  M u s c le  S h o a ls ’s 

f u t u r e  w as  e x p a n s iv e .  F o r d  in d ic a te d  n o t  o n ly  t h a t  h e  e x p e c te d  to  u se  

M u s c le  S h o a ls  h y d r o e le c t r i c  p o w e r  to  s u p p o r t  a n  i n d u s t r i a l  c o m p le x  in  th e  

im m e d ia te  v ic in ity  b u t  th a t  h e  w as  a ls o  th in k i n g  in  t e r m s  o f  th e  r e g io n a l  

d e v e l o p m e n t  o f  th e  T e n n e s s e e  v a lle y . H e  a n d  h is  e n g i n e e r s  w e r e  w ell a w a re  

th a t  th e  r e c e n t ly  e s t a b l i s h e d  p r a c t ic a l i ty  o f  t r a n s m is s io n  v o l ta g e s  a s  h ig h  as

1 1 0 ,0 0 0 — e v e n  2 2 0 ,0 0 0 — v o lts  m e a n t  l h a l  e le c t r ic  p o w e r  f r o m  a n  a b u n d a n t  

s o u r c e  lik e  M u s c le  S h o a ls  c o u ld  b e  t r a n s m i t t e d  e c o n o m ic a l ly  t h r o u g h o u t  a  

r e g i o n . 18 I n  s e e k in g  s u p p o r t  f o r  h is  o f f e r ,  F o r d ,  w h o  d is s o c ia te d  h im s e l f  

f r o m  t h e  f in a n c ie r s  o f  W a ll S t r e e t  a n d  i d e n t i f i e d  h im s e l f  a s  a  p r o d u c t iv e  

in d u s t r i a l i s t ,  r e l i e d  h e a v ily  u p o n  th e  A m e r ic a n  f a i th  in  t e c h n o lo g ic a l  g e n iu s  

a n d  in d u s t r i a l  e n t r e p r e n e u r s h i p ;  h e  e v e n  b r o u g h t  in  h is  f r i e n d  a n d  h e ro ,  

t h e  v e n e r a b le  T h o m a s  E d is o n ,  to  a d v is e  h im .

F o r d 's  v is io n  m a tc h e d  th e  sc a le  o f  M u s c le  S h o a ls ,  b u t  h is  o f f e r  w as  f r u s ­

t r a t e d  by  a  c o a l i t io n  th a t  f o r m e d  a g a in s t  h im  in  th e  H a r d i n g  a d m in i s t r a t io n  

a n d  C o n g r e s s .  N e v e r th e le s s ,  b y  1 924  h is  o f f e r  h a d  s t im u la te d  w id e s p r e a d  

i n t e r e s t  in  th e  f u t u r e  o f  M u s c le  S h o a ls ,  f o r  h e  h a d  a p p e a le d  to  th e  p u b lic ,  

e s p e c ia l ly  in  th e  S o u th ,  to  w h o m  h e  p r o m is e d  a  n e w  p r o s p e r i t y  th r o u g h  

r e g io n a l  d e v e lo p m e n t .  W ith  th e  w id e s p r e a d  in te r e s t ,  n e w  p o in t s  o f  v iew  

w e r e  f o r m u l a t e d ,  a n d  t h e  is s u e  b e c a m e  m o r e  c o m p le x .  A s  P r e s to n  J .  H u b ­

b a r d  c o n c lu d e d  f r o m  h is  s tu d y  o f  t h e  M u s c le  S h o a ls  p r o je c t ,  t h e  p r o b le m  

o f  t h e  u l t im a te  d is p o s a l  o f  th is  w a r t im e  e d if ic e  b e c a m e  t h e  c o r e  o f  a m a jo r  

c o n t r o v e r s y  in  t h e  p o w e r  f ig h t  o f  th e  1 9 2 0 s  in v o lv in g  a d v o c a te s  o f  p r iv a te  

e n t e r p r i s e ,  c o n t e n d e r s  f o r  p u b l ic  p o w e r ,  p r o p o n e n t s  o f  r e g io n a l  d e v e l ­

o p m e n t ,  a n d  fa c t io n s  w i th in  th e s e  b r o a d  g r o u p s . Iy A w a r t im e  e x p e d ie n t  

h a d  d e m o n s t r a t e d  a  t e c h n o lo g ic a l  p o te n t i a l  a n d  r e v e a le d  t h e  i n h e r e n t  p o ­

l i t ic a l,  e c o n o m ic ,  a n d  s o c ia l p r o b le m s  a s s o c ia te d  w ith  il.

M o re  s p e c if ic a lly ,  t h e  p a r t i e s  to  th e  c o n t r o v e r s y  o v e r  t h e  F o r d  o f f e r ,  

w h o s e  p o s i t io n s  w e re  b a c k e d  by  c o n g r e s s m e n  a n d  a d m i n i s t r a t io n  o f f ic ia ls ,  

i n c lu d e d  p r iv a te ly  o w n e d  e le c t r ic  u t i l i t ie s  ( le d  by  th e  A la b a m a  P o w e r  C o m ­

p a n y ) ;  W a ll S t r e e t  i n d u s t r i a l  a n d  h a n k in g  c o n c e r n s ;  A n d r e w  M e llo n ,  se c ­

r e t a r y  o f  th e  t r e a s u r y  u n d e r  P r e s id e n t s  H a r d i n g  a n d  C o o l id g e ;  J o h n  W . 

W e e k s ,  s e c r e ta r y  o f  w a r  u n d e r  H a r d i n g ;  a n d  S e n a t o r  G e o r g e  W . N o r r is

17 In  M uscle  Sh o a b , p p . 2 8 -1 4 6 , H u b b a rd  e x p lo re s  d ie  F o rd  o f fe r  a n d  th e  rea c tio n  lo  il.

‘"K o r d a la  sho w ing  d ie  in c re ase  in tr an s m issio n  vo ltages b e tw een  1889 a n d  1934. see 
Electrical W orld  83  (1924): 998 . A cc o rd in g  lo  th is  so u rce , tran sm issio n  vo ltages o f  roughly  

110,0 00  w ere  prac tical in 1908, a n d  by 1923 th e  n u tn h e r  h a d  r isen  to  220 ,0 0 0 . H ow ever, 
th e se  e stim a te s  w ere  b ased  o n  p io n e e r in g  e n d e a v o rs  ra th e r  th a n  on  c o m m o n  p rac tice. T h e  
w o rld 's  first 110,000-volt tr an sm issio n  line  w as huili f ro m  C ro to n - G ra n d  R ap id s to  M uskegon, 

M ichig an , in 1906; th e  se con d  was built f ro m  N ia gara  Falls lo  T o r o n to  a n d  St. T h o m a s , 
C a n a d a , in 1910. B u re a u  o f  th e  C e n su s, Centra l Electric L ig h t a n d  P ower Stations, fo ld o u t facing 
p. 132.

'" H u b b a r d ,  M uscle Shoals, pp . v ii-viii.



2 0 6  W A R  A N D  A C Q U I R E D  C H A R A C T E R I S T I C S

o f  N e b r a s k a ,  c h a i r m a n  o f  th e  A g r ic u l tu r e  C o m m i t t e e ,  a l e a d e r  o f  p r o ­

g re s s iv e  c o n g r e s s m e n  a n d  a n  a d v o c a te  o f  p u b l ic  p o w e r  a n d  r e g io n a l  p l a n ­

n in g .  T h e  w ay  in  w h ic h  th e s e  v a r io u s  a d v o c a te s  in t e n d e d  to  e x p lo i t  M u sc le  

S h o a ls  r e f l e c te d  n o t  o n ly  d i f f e r e n t  e c o n o m ic  a n d  p o li t ic a l  v iew s b u t  th e  

d i f f e r e n t  w a y s  in  w h ic h  t h e  te c h n o lo g y  o f  e le c t r ic  p o w e r  c o u ld  b e  d e v e l ­

o p e d .  T h e  u t i l i t ie s  w e r e  a g r e e a b le  to  g o v e r n m e n t  o w n e r s h ip  o f  t h e  h y ­

d r o e le c t r i c  p la n t  a t  M u s c le  S h o a ls ,  b u t  th e y  w a n te d  th e  g o v e r n m e n t  to  sell 

th e m  th e  p o w e r  w h o le s a le  f o r  t r a n s m is s io n  a n d  d i s t r i b u t i o n  to  t h e i r  c u s ­

to m e r s ;  t h e  W a ll S t r e e t  b a n k e r s  a n d  th e  w e l l - e s ta b l is h e d  e n e r g y - in te n s iv e  

m a n u f a c t u r i n g  i n d u s t r i e s  lik e  a lu m i n u m  a n d  c a r b o r u n d u m  h a d  t h e  tw o f o ld  

o b je c t iv e  o f  o p p o s i n g  F o r d ’s m o n o p o ly  o f  M u s c le  S h o a ls  p o w e r  a n d  f a ­

v o r in g  d e v e l o p m e n t  o f  i s o la te d  in d u s t r i a l  p o w e r  s i te s  a lo n g  t h e  T e n n e s s e e  

R iv e r ;  a n d  t h e  a d v o c a te s  o f  p u b l ic  u t i l i t ie s  e n v is a g e d  t h e  c o o r d i n a t e d  d e ­

v e lo p m e n t  o f  p o w e r ,  a g r i c u l t u r e ,  a n d  i n d u s t r y .

O n ly  t h e  c o m in g  o f  a n o t h e r  n a t io n a l  e m e r g e n c y  c o u ld  re s o lv e  th e  c o n ­

t r o v e r s y  p o s e d  b y  th e s e  t e c h n o lo g ic a l  im p l ic a t io n s .  T h e  i m p e r a t iv e  f o r  e m ­

p lo y m e n t  a n d  e c o n o m ic  d e v e lo p m e n t  im p o s e d  b y  th e  G r e a t  D e p r e s s io n  

b r o u g h t  a b o u t  d r a m a t i c  a n d  d e c is iv e  a c t io n  c o m p a r a b le  to  t h e  d e c is io n s  

th a t  h a d  c r e a t e d  M u s c le  S h o a ls .  I n  M ay  1 9 3 3  C o n g r e s s  e n a c te d  P r e s id e n t  

F r a n k l in  R o o s e v e l t ’s r e c o m m e n d a t i o n  f o r  th e  d e v e l o p m e n t  o f  th e  T e n ­

n e s s e e  v a lle y  b y  m e a n s  o f  t h e  T e n n e s s e e  V a lle y  A u th o r i ty  A c t, a n d  th e  

M u s c le  S h o a ls  d a m  a n d  p o w e r  s t a t io n  b e c a m e  th e  k e y s to n e  o f  th e  n e w  

g o v e r n m e n t - c o n s t r u c t e d ,  - o w n e d ,  a n d  - o p e r a t e d  s y s te m .20

I n  t h e  U n i t e d  S ta te s ,  t h e  e x is t e n c e  o f  th e  g ia n t ,  g o v e r n m e n t - o w n e d  p la n t  

a t  M u s c le  S h o a ls  c a u s e d  a n  id e o lo g ic a l  c la s h  th a t  f o r  m o r e  t h a n  a  d e c a d e  

t h w a r te d  e f f e c t iv e  u t i l iz a t io n  o f  t h e  p la n t  in  a  r e g io n a l  s y s te m . I n  G e r m a n y ,  

b y  c o n t r a s t ,  t h e  G o lp a - Z s c h o r n e w itz  p la n t ,  w h o s e  o r ig in s  w e re  s im i la r  to  

th o s e  o f  M u s c le  S h o a ls ,  m a d e  t h e  t r a n s i t io n  to  p e a c e t im e  w ith  r e la t iv e ly  

li t t le  id e o lo g ic a l  c o n f l ic t .  A f t e r  th e  G e r m a n  c e n t r a l  g o v e r n m e n t  in  1 9 1 8  

c o n s t r u c te d  a  1 3 2 -k m . h ig h - v o l ta g e  l in e  f r o m  G o lp a -Z s c h o rn e w itz  to  B e r l in ,  

t h e  c i ty -o w n e d  u ti l i ty ,  th e  f o r m e r  B E W , h a d  t h e  c a p a c i ty  to  s u p p ly  a n  

a lu m i n u m  w o rk s  a t  R u m m e ls b u r g ,  n e a r  B e r l in .  A n o t h e r  l in e ,  18 k m . in  

le n g th ,  w as  b u i l t  f r o m  G o lp a -Z s c h o rn e w itz  to  B i t t e r f e ld  to  s u p p ly  a n  a l u ­

m in u m  w o rk s .  A f t e r  th e  w a r ,  E W A G , th e  R e ic h -o w n e d  u ti l i ty  t h a t  o p e r a t e d  

G o lp a -Z s c h o m e w itz ,  c o n t in u e d  to  s u p p ly  th e  n e a rb y  w a r tim e  n i t r o g e n  p la n t ,  

f o r  it t u r n e d  f r o m  m u n i t io n s  to  t h e  p r o d u c t io n  o f  n i t r o g e n - c o m p o u n d  

f e r t i l iz e r s .  F o l lo w in g  th e  su c c e s s  o f  th e  B e r l in  a n d  B i t t e r f e ld  t r a n s m is s io n  

l in e s ,  E W A G  r e a c h e d  o u t  in  1 9 2 0  w ith  a  1 1 0 ,0 0 0 -v o lt  l in e  to  L e ip z ig . E W A G  

t h e n  a c q u i r e d  th e  b ro w n -c o a l  p la n t  a t  T r a t t e n d o r f ,  w h ic h  h a d  b e e n  b u il t  

in  1 9 1 5  by  th e  S w iss  e le c t r ic a l  m a n u f a c t u r e r  B ro w n  B o v e r i  to  s u p p ly  e le c ­

t r ic i ty  to  n e a r b y  L o n z a w e rk ,  a n  e n e r g y - in te n s iv e ,  c a r b i d e - p r o d u c i n g  p la n t .  

A  1 1 0 ,0 0 0 -v o ll  t r a n s m is s io n  l in e  w as  th e n  e r e c te d  to  c o n n e c t  T r a t t e n d o r f  

w ith  G o lp a -Z s c h o rn e w itz .  B y a c q u i r in g  o t h e r  p o w e r  p la n ts  a n d  u t i l i t ie s  a n d  

m a k in g  c o n t r a c t s  to  s u p p ly  la r g e  in d u s t r i a l  c o n s u m e r s  a n d  sm a ll  u t i l i t ie s  

in  b u lk ,  E W A G  in  th e  1 9 2 0 s  b e c a m e  o n e  o f  G e r m a n y ’s la rg e s t  r e g io n a l  

u t i l i t ie s .21 B e c a u s e  o f  th e  a b s e n c e  o f  p a r a ly z in g  c o n f l ic t  b e tw e e n  g o v e r n -

’" T lie  li te ra tu re  o n  th e  T en ne sse e  Valley A uth ority  is extensive. O ne  recent s tudy  is Thom as 
K. M cC raw 's T V  A a n d  the Power F ight, 1 9 )3 -1 9 3 9  (P h ilade lp h ia : L ip p in ro tt, 1971).

71 Boll. Verhundbetriebi, pp . 2 8 -3 0 .
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m e n l  a n d  p r iv a te  in t e r e s t s ,  t h e  t r a n s i t io n  o f  w a r t im e  t e c h n o lo g y  to  p e a c e ­

t im e  u s e  w as  s m o o th .

T h e  g ia n t  w a r t im e  p o w e r  p la n t s ,  w ith  t h e i r  e n o r m o u s  c a p a c i ty ,  s p r o u t e d  

p e a c e t im e  t r a n s m is s io n  s y s te m s  a s  th e y  r e a c h e d  o u t  f o r  n e w  m a r k e ts .  In  

E n g la n d ,  th e  U n i t e d  S ta te s ,  a n d  G e r m a n y ,  t h e  w a r t im e  e x p e r i e n c e  w ith  

c e n t r a l ly  p l a n n e d  in te r c o n n e c t i o n s  in f lu e n c e d  p e a c e t im e  t h i n k in g  a b o u t  

s y s te m s .  T h e  s u c c e s s  o f  e m e r g e n c y  w a r t im e  in te r c o n n e c t io n s  s i im u la ie d  

th e  p l a n n i n g  o f  f u r t h e r  in te r c o n n e c t io n s ,  n o t  o n ly  in  a n t i c ip a t io n  o f  p o s tw a r  

d e m a n d ,  b u t  a ls o  in  l ig h t  o f  th e  im p e r a t iv e s  o f  f u t u r e  w a r s .22 T h e  e n g in e e r s  

a n d  m a n a g e r s  w h o  h a d  b e e n  c a l le d  in to  w a r t im e  g o v e r n m e n t  s e rv ic e  w e re  

e s p e c ia lly  in t e r e s t e d .  B e y o n d  a  s im p le  i n c r e a s e  in  in t e r c o n n e c t io n s  lay  th e  

in t e g r a t i o n  o f  u t i l i t ie s .  A s im p le  i n te r c o n n e c t io n  t ie d  t o g e t h e r  a t  o n e  j u n c ­

t u r e  o r  a  l im i te d  n u m b e r  o f  p o in t s  o n ly  tw o  u t i l i ty  s y s te m s ; o f t e n  th e  

c a p a c i ty  o f  t h e  t ie  l in e  w as  s m a ll ,  p e r m i t t i n g  t r a n s f e r  o f  o n ly  a  l im ite d  

a m o u n t  o f  e x c e s s  p o w e r .  C o n t r o l  o f  e a c h  s y s te m  r e m a i n e d  i n d e p e n d e n t .  

B y c o n t r a s t ,  i n t e g r a t i o n  w o u ld  b r i n g  tw o  f o r m e r ly  i n d e p e n d e n t  sy s te m s  

u n d e r  c o m m o n  c o n t r o l .  N o  lo n g e r  w o u ld  it  b e  p o s s ib le  to  d i s t in g u i s h  th e  

b o u n d a r i e s  o f  th e s e  s y s te m s  by  t h e i r  l ie  l in e s ,  f o r  th e s e  w o u ld  b e c o m e  p a r t  

o f  t h e  t r a n s m is s io n - l in e  n e tw o r k  o f  t h e  i n t e g r a t e d  s y s te m .23 I n s t i tu t io n a l  

m e r g e r  d id  n o t  fo llo w  im m e d ia te ly ,  h o w e v e r .

In  th e  U n i t e d  S ta le s  in  1 9 1 9  S e c r e ta r y  o f  th e  I n t e r i o r  F r a n k l in  K n ig h t  

l . a n e  e x p r e s s e d  a  c a r r y - o v e r  o f  w a r t im e  a t t i t u d e s  w h e n  h e  w r o te ,  “T h e  

e n o r m o u s  d e v e l o p m e n t  o f  w a r  in d u s t r i e s  h a d  c r e a t e d  a n  a lm o s t  in s a t ia b le  

d e m a n d  f o r  p o w e r ,  a  d e m a n d  t h a t  w as  o v e r - r e a c h i n g  th e  a v a i la b le  s u p p ly  

w ith  s u c h  r a p id i ty  th a t ,  h a d  h o s ti l i t ie s  c o n t i n u e d ,  it  is c e r t a in  th a t  w e  s h o u ld  

n o w  b e  f a c in g  a n  e x t r e m e  p o w e r  s h o r t a g e . ”2■, F o r  th is  r e a s o n  h e  r e c o m ­

m e n d e d  t h a t  C o n g r e s s  s tu d y  th e  f e a s ib il i ty  o f  d e v e lo p in g  a  c o m p r e h e n s iv e ,  

“ s u p e r p o w e r ” s y s te m  f o r  th e  g e n e r a t i o n  a n d  d i s t r i b u t i o n  o f  e le c t r ic i ty  in  

t h e  B o s to n - W a s h in g lo n  in d u s t r i a l  r e g io n .  T h e  s e c r e ta r y 's  in te r e s t  w as  fo ­

c u s e d  o n  s u p p ly in g  la rg e  in d u s t ry  a n d  t r a n s p o r ta t io n  n e tw o rk s  w ith  c h e a p e r  

p o w e r .  O t h e r s ,  lik e  G i f f o r d  P in c h o t ,  g o v e r n o r  o f  P e n n s y lv a n ia ,  a n d  M o rr is  

C o o k e ,  h is  a d v i s e r  o n  e le c t r ic a l  s u p p ly ,  c a l le d  f o r  u n i f i e d  p o w e r  sy s te m s  

t h a t  w o u ld  s u p p ly  (e c o n o m ic a l ly )  m o r e  g e n e r a l  so c ia l n e e d s ,  s u c h  a s  th e  

n e e d  f o r  c h e a p  p o w e r  in  r u r a l  a r e a s .  T h e  g o v e r n o r  m a in ta in e d  th a t  a 

u n i f i e d  g ia n t  p o w e r  s y s te m , w ith  its  im p r o v e d  lo a d  f a c to r ,  w o u ld  r e s u l t  in  

“ r a is in g  t h e  s t a n d a r d  o f  liv in g  . . . e l im in a t in g  th e  p h y s ic a l  d r u d g e r y  o f  life  

. . . w in n in g  t h e  a g e - lo n g  s t r u g g l e  a g a in s t  p o v e r ty . ”25

O n ly  o n e  m o n th  a f t e r  W o r ld  W a r  I e n d e d ,  W ill ia m  S . M u r r a y ,  a  c o n ­

s u l t in g  e l e c t r ic a l  e n g i n e e r ,  u r g e d  th e  s e c r e ta r y  o f  t h e  i n t e r i o r  to  p r e p a r e

VJ Maj. G en . W illiam  C ro z ie r , "G ian t Pow er a n d  N ation a l D efense."  A nn als o f  the Am erican  
A cadem y o f  Political a n d  So cial Science I 18 (1925): 105.

A fte r  ih e  w ar som e  util ity  e xec u tiv es s tro n g ly  a d v o ca ted  in te rc o n n e c tio n  to  c o u n te r  th e  
loss o f  c o m p an y  in d e p e n d e n c e  th a t fo llow ed in te g ra tio n ; th e y  w ere  re lu c ta n t to  see ho ld in g  
co m p an ie s  o r  th e  g o v e rn m e n t (by re g u la tio n )  ta ke  ov e r  th e  in te g ra te d  system s. Alex Dow. 
h e a d  o f  th e  D etro it E dison  C o .. w as a case  in p o in t. R a ym o nd  C. M ille r. Kilowatts a t W ork: A 
H istory o f  the D etroit Edison  Com pany  (D e tro it, M ich.: W ayne  S tale  U niv ersity  Press, 1957). p. 
225.

"  W . S. M u rra y  c l :tl.. A Superpow er System fo r  the Reg io n between Boston a n d  W ashing ton , U.S. 
D e p a rtm e n t o f  th e  In te r io r , U n ite d  S tates  G eological S u rvey  P ro fess io nal P a p e r  no. 128 
(W a sh in g to n . D .C .: G PO , 1921), p. 9.

G iffo rd  P inch o t. "G ian t Pow er." S u m n  C.raidne 51 M094>- 51.1
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t h e  g r o u n d  f o r  th is  s u p e r p o w e r  sy s te m  hy s u p p o r t i n g  a d e ta i l e d  s u r v e y  o l  

th e  e n e r g y  r e s o u r c e s  o f  th e  in d u s t r i a l  N o r th e a s t  f r o m  B o s to n .  M assac h u ­

s e t ts ,  to  W a s h in g to n ,  D .C . T h e  s u rv e y  w o u ld  b e  s im i la r  to  th e  o n e  m a d e  

e a r l i e r  f o r  th e  W a r  I n d u s t r i e s  B o a r d .  In  t r a n s m i t t in g  th e  r e q u e s t  to  C o n ­

g r e s s ,  th e  s e c r e ta r y  o f  th e  i n t e r i o r  w ro te ,  “T h e  c o u n t r y  is n o w  p a s s in g  

th r o u g h  a p e r io d  o f  tr a n s i t io n ,  w h ic h ,  I f irm ly  b e lie v e , will s o o n  b e  fo llo w e d  

by  o n e  o f  i n d u s t r i a l  a c tiv i ty  a n d  e x  p a n s io n . ”20 C o n g r e s s  a g r e e d ,  a n d  th e  

s u r v e y  w as  c a r r i e d  o u t .  U s in g  th e  r e s u l ts  o f  th e  s u rv e y ,  M u r r a y  a n d  h is  

a s s o c ia te s  s u b m i t t e d  in  1921 a r e p o r t  o r  p la n  fo r  a s u p e r p o w e r  s y s te m  

w h ic h  h e  p r o je c te d  c o u ld  b e  fu l f i l le d  by 1 9 3 0 . In  e s s e n c e ,  M u r r a y  r e c ­

o m m e n d e d  th a t  t h e  l a rg e - s c a le  a n d  e f f ic ie n t  p o w e r  p la n t s  th e n  o w n e d  by 

n o r t h e a s t e r n  p r iv a te  u t i l i t ie s  b e  s u p p l e m e n t e d  by  n e w  s u p e r p o w e r  p la n ts  

( 6 0 ,0 0 0 - 3 0 0 ,0 0 0  k w .) , b o th  th e r m a l  a n d  h y d ro e le c t r i c ;  t r a n s m is s io n  l in e s  

o f  1 1 0 ,0 0 0  to  2 2 0 ,0 0 0  v o lts  w o u ld  i n te g r a te  th e s e .  H a v in g  b e e n  jo in e d  by  

th is  n e tw o r k ,  th e  p o w e r  p la n t s  w o u ld  f e e d  t h e i r  o u t p u t  in to  a p o w e r  p o o l, 

w h ic h  w o u ld  b e  l a p p e d  a t lo a d  c e n te r s  f o r  d i s t r ib u t io n  by th e  u ti l i t ie s  to  

c o n s u m e r s .  T h e  u ti l i t ie s ' e x i s t in g  h ig h -v o l ta g e  t r a n s m is s io n  l in e s  ( 3 3 ,0 0 0  

vo lts ) w o u ld  b e  u s e d  f o r  d i s t r ib u t io n  to  c u s to m e r s  in  1 9 3 0 — to  in d u s t r i a l ,  

e le c t r i f i e d  r a i l r o a d ,  a n d  s m a l l e r  c o n s u m e r s .  H o ld in g  c o m p a n ie s  f u n d e d  by 

in v e s to r s  w o u ld  o w n  a n d  m a n a g e  th e  s u p e r p o w e r  c o r p o r a t i o n ’s fa c il i t ie s —  

th e  n e w  la rg e - s c a le  p o w e r  p la n t s  a n d  th e  h ig h -v o l ta g e  t r a n s m is s io n  lin e s . 

U ti l i t ie s  w o u ld  o w n  th e  lo w e r -v o l ta g e  d i s t r ib u t io n  n e tw o r k .  M u r r a y  e s t i ­

m a te d  th a t ,  c o m p a r e d  w ith  th e  co s t o f  a n  u n i n t e g r a l e d  s y s te m  s u p p ly in g  

th e  s a m e  r e g io n ,  a n  i n v e s tm e n t  o f  $1 b il l io n  by  1 9 3 0  w o u ld  r e s u l t  in  a n  

a n n u a l  s a v in g  o f  m o r e  t h a n  $ 2 0 0  m ill io n  b e c a u s e  o f  th e  h i g h e r  lo a d  fa c to r  

a n d  o t h e r  e c o n o m ie s  o f  th e  i n t e g r a t e d  s y s te m .27 (S ee  F ig . X I .3 .)

G ia n t  P o w e r  w as  a n o t h e r  id e a  s p a w n e d  by  w a r t im e  c o n d i t io n s .  I t,  to o .  

in v o lv e d  a  p la n  f o r  a n  in te g r a t e d  s y s te m , b u t  it  w as l im i te d  to  th e  s ta te  o f  

P e n n s y lv a n ia .  T h e  m o v in g  s p i r i t  b e h in d  th e  d is c u s s io n s  o f  G ia n t  P o w e r  in  

th e  e a r ly  1 9 2 0 s  w as  G o v e r n o r  G i f f o r d  P in c h o t  ( 1 8 6 5 - 1 9 4 6 )  o f  P e n n s y l ­

v a n ia ,  a  l e a d in g  c o n s e r v a t io n is t  a n d  p r o g re s s iv e  f o llo w e r  o f  T h e o d o r e  R o o ­

s e v e lt .  P in c h o t ’s a b le  t e c h n ic a l  a s s is ta n t  w as  M o r r is  L le w e lly n  C o o k e  ( 1 8 7 2 -  

1 9 6 0 ) , a  c o n s u l t in g  e n g i n e e r  w ith  a r e p u t a t i o n  fo r  l ib e ra l  so c ia l v iew s. G ia n t 

P o w e r  d i f f e r e d  f r o m  s u p e r p o w e r  in  t e c h n o lo g ic a l  a s p e c ts ,  b u t— p e r h a p s  

m o r e  i n te r e s t in g ly — a ls o  in  its  so c ia l p o te n t ia l .  P in c h o t  sa w  G ia n t  P o w e r  a s  

a  m e a n s  o f  b r i n g in g  a so c ia l r e v o lu t io n  t h r o u g h  c h e a p e r  e le c t r ic i ty ,  r u r a l  

e l e c t r i f ic a t io n ,  a n d  g ia n t  m in e - m o u lh  p la n ts .

T h e  h is to ry  o f  G ia n t  P o w e r  is o n e  o f  fa i lu r e .  C o n c e iv e d  o f  u n d e r  th e  

i n f lu e n c e  o f  w a r t im e  c i r c u m s ta n c e s ,  th e  p la n  e x p e r ie n c e d  th e  c h ill o f  th e  

p o s tw a r  r e a c t io n ,  o r  r e t u r n  to  n o rm a lc y .  S im ila r  b o ld  p la n s  in  B r i ta in  a n d  

G e r m a n y  a ls o  fa i le d  to  r e a c h  f r u i t io n .  F o r  a t im e ,  h o w e v e r .  G ia n t  P o w e r  

a t t r a c t e d  c o n s id e r a b le  p r o f e s s io n a l  a n d  p u b lic  a t t e n t io n ;  th e  e le c t r ic a l  j o u r ­

n a ls  a n d  t h e  p o p u l a r  p r e s s  g a v e  it f r e q u e n t  a n d  b r o a d  c o v e ra g e .  P r o p o n e n t s  

saw  it a s  a  s t e p  to w a r d  a N ew  J e r u s a le m ;  o p p o n e n t s  c o n s id e r e d  it a n  a l ie n  

s c h e m e  t h a t  th r e a t e n e d  c o n t in u e d  p r o g r e s s  in  th e  u ti l i t ie s  f ie ld .  I ts  m o s t 

p r o m i n e n t  p r o p o n e n t ,  th e  g o v e r n o r  o f  P e n n s y lv a n ia ,  d e s c r ib e d  it a s  fo l ­

lo w s;

317 M u rra y  el a l., Superpow er System, p. 9.
37 F o r a su m m ary  o f  th e  su pcr|> ow cr p lan , see especially ib id .. pp . 9 -2 6 .
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F ig u re  X I .3 . W illia m  S. M urra y's p la n  fo r  a superpow er system. M u rra y  el al..  S u p e rp o w e r  

System , p la te  III .

G ia n i Pow er is a p lan  lo  b r in g  c h e a p e r  a n d  b e tte r  e lec tric  serv ice to  all th o se  w ho 
have it now . a n d  to  b r in g  g o o d  a n d  c h e a p  ele c tric  serv ice to  th o se  w ho a re  still 

w ith o u t it. I t is a p lan  by w hich  m ost o f  th e  d ru d g e ry  o f  h u m a n  life c an  be tak en  
fro m  [the) s h o u ld e rs  o f  m en  a n d  w om en  w ho  to il, a n d  rep laced  by th e  p o w er o f  
elec tric ity .'■,l,

A n  o p p o n e n t ,  t h e  h e a d  o f  t h e  P e n n s y l v a n i a  E l e c t r i c  A s s o c i a t i o n ,  w h i c h  

r e p r e s e n t e d  9 0  p e r c e n t  o f  t h e  s t a t e 's  u t i l i t i e s ,  sa i d :

T h e  very  c lea r  p u rp o s e  o f  th is  p lan  is to  take  fro m  an y  elec tric  service system  
th e  b en e fits  it has th u s  fa r acc ru e d  by rea so n  o f  ab le  m a n a g e m e n t, successful 
f in an c in g , p a in s tak in g  re sea rch  w ork , [an d ] c o u rag e  in  th e  re p la c e m e n t o f

”  Rep or t o f  the G ia n t Powe r Su rv ey  H oard to the G enrra l Assembly o f the Com m onwealth o f  P en n ­

sylva nia  (H a r r is b u rg . Pa.: T e le g r a p h  P rin t in g  C o.. 1925). p p . iv -v  (h e re a fte r  c ited  as G ian t 
Power Survey). T h e  acc o u u l o f  G ian t Pow er p re se n te d  h e re  is ta k e n  f ro m  T h o m a s  P. H u gh es. 
•‘T e c h n o lo g y  a n d  P uhlir  Policy: T h e  fa i lu re  o f  G ian t P ow er."  IF.EH Proceedings  64 (1976): 

1 3 61 -71 . See also J e a n  C h ristie . "G ian t Pow er: A P ro g ress iv e  P ro po sa l o f  th e  N ine teen- 

T w en ties ,"  Pen nsy lv an ia  M a g a iin e  o f  H istory a n d  Biograp hy  96  (1972): 4 8 0 -5 0 7 .
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a p p a ra tu s . . . . P riva te  in itia tive is to  be d riv en  o u t o f  th e  elec tric  serv ice 
co m p an ie s  a n d  [to] be s u p p la n te d  by a political p lan  b ased  u p o n  a socia listic 
th e o ry  an d  o f fe r in g  all th e  possib ilities o f  th e  co n stru c tio n  o f  a sta te -w id e , all 

p o w erfu l, political m ach in e .29

T h e  is s u e s  a n d  o r ig in s  o f  G ia n t  P o w e r  w e r e ,  h o w e v e r ,  f a r  m o r e  c o m p le x  

th a n  t h e  r h e t o r i c  o f  th e  g o v e r n o r  a n d  th is  i n d u s t r y  s p o k e s m a n  in d ic a te s .  

T h e  c o n t r o v e r s y  c o n s is te d  o f  f a r  m o r e  th a n  a  s im p lis t ic  c o n f r o n t a t i o n  b e ­

tw e e n  th e  p o l i t ic ia n  a n d  th e  c a p i ta l i s t .  I t  in v o lv e d  d i f f e r i n g  v iew s a b o u t  th e  

e x p lo i t a t io n  o f  n e w ly  d e v e lo p e d  t e c h n o lo g y  in  th e  f ie ld  o f  e l e c t r ic a l  p o w e r ;  

it w as  f i r e d  by  th e  e n th u s ia s m  o f  c o n s e r v a t io n is ts  w h o  h a d  f l o u r i s h e d  in  

T h e o d o r e  R o o s e v e l t ’s P ro g re s s iv e  p a r ty ;  it w as  h e i g h t e n e d  in  in te n s i ty  by  

th e  w a x in g  p o w e r  o f  p r iv a te ly  o w n e d  h o ld in g  c o m p a n ie s  in  th e  U n i te d  

S ta le s ,  a n d  t h e  a c h ie v e m e n ts  o f  p u b lic ly  o w n e d  u ti l i t ie s  in  C a n a d a  a n d  

E u r o p e ;  i t  a r o u s e d  p u b l ic  i n te r e s t  in  th e  N o r th e a s t  b e c a u s e  t h e r e  w as  e v i ­

d e n c e  t h a t  th e  S o u th  a n d  F a r  W e s t w e re  m o v in g  a h e a d  in  th e  d e v e l o p m e n t  

o f  e le c t r ic  p o w e r ;  a n d  it w as  in f lu e n c e d  by  th e  p r i o r  c o n f r o n t a t i o n s  o f  th e  

p e r s o n a l i t i e s  in v o lv e d .  W ith  so  m a n y  c o m p l ic a t io n s ,  th e  p r o b le m s  r a is e d  

by  G ia n t  P o w e r  c o u ld  n o t  b e  s o lv e d  by  r h e to r i c .  N o r  c o u ld  th e y  b e  s e t t le d  

by  t e c h n o lo g ic a l  e x p e r t i s e .  F o r  o n e  th in g ,  e n g in e e r s  d i s a g r e e d  a m o n g  t h e m ­

s e lv e s ; f o r  a n o t h e r ,  t h e  v a r ia b le s  a n d  th e  o p t io n s  e x t e n d e d  f a r  b e y o n d  th e  

t e c h n o lo g ic a l  r e a lm  to  th e  p o li t ic a l ,  e c o n o m ic ,  a n d  so c ia l a r e n a s .

T h e s e  w e re  s o m e  o f  th e  a l t i tu d e s  a n d  g e n e r a l  t r e n d s  in  t h e  c o n te x t  o f  

w h ic h  M o r r is  C o o k e  a n d  G i f f o r d  P in c h o t  in t r o d u c e d  t h e i r  G ia n t  P o w e r  

p la n .  C o o k e ’s c o n c e p t  c a n  b e  t r a c e d  b a c k  d i r e c t ly  to  h is  w a r t im e  e x p e r i ­

e n c e s .  A s a n  a d v i s e r  o n  e n e r g y  a n d  t r a n s p o r t a t i o n  p r o b le m s ,  h e  h a d  r e c ­

o m m e n d e d  t h a t  t h e  g o v e r n m e n t  l ig h te n  th e  f r e ig h t  lo a d  o n  r a i l r o a d s  by  

f i n a n c in g  t h e  c o n s t r u c t io n  o f  la r g e  p o w e r  p la n t s  a t  t h e  m in e  m o u th  a n d  

by  t r a n s m i t t i n g  p o w e r  f r o m  th e s e  to  lo a d  c e n te r s  by  h ig h - v o l ta g e  lin e s . 

S p e c if ic a lly ,  C o o k e  w a n te d  m in e - m o u th  p la n ts  b u i l t  in  e a s t e r n  P e n n s y lv a n ia  

to  s u p p ly  P h i l a d e lp h ia .30 I n  m a k in g  th e s e  r e c o m m e n d a t io n s ,  C o o k e  r a is e d  

th e  p o s s ib il i ty  o f  a  c o n f r o n t a t i o n  w ith  th e  P h i la d e lp h ia  E le c tr ic  C o m p a n y .  

T h e  w a r  e n d e d  b e f o r e  C o o k e ’s r e c o m m e n d a t io n s  c o u ld  b e  a c te d  u p o n ,  b u t  

h is  p l a n s  r e v e a l  h is  e a r ly  c o m m i tm e n t  to  o n e  o f  th e  c e n t r a l  o b je c tiv e s  o f  

G ia n t  P o w e r .  T h e y  a ls o  m a r k e d  th e  b e g in n in g  o f  a  s t r u g g le  b e tw e e n  C o o k e ,  

P h i l a d e lp h ia  E le c tr ic ,  a n d  o t h e r  u ti l i t ie s .  T h e  p a s s io n s  in v o k e d  b y  G ia n t  

P o w e r  a n d  e v e n  th e  c h a r a c t e r  o f  th e  p la n  i t s e l f  c a n n o t  b e  c o m p r e h e n d e d ,  

h o w e v e r ,  u n le s s  w e  f i r s t  re v ie w  th e  h is to ry  o f  C o o k e ’s a c tiv it ie s  in  r e l a t io n ­

s h ip  to  P e n n s y lv a n ia ’s u ti l i t ie s .  L o n g - te r m  t r e n d s  w e r e  m a n i f e s t  in  G ia n t  

P o w e r ,  b u t  t h e  r o le  o f  in d iv id u a l s  lik e  C o o k e  c a n n o t  b e  i g n o r e d .

C o o k e  s tu d ie d  e n g i n e e r i n g  a t  L e h ig h  U n iv e rs i ty ,  b u t  h e  g a in e d  p r o m i ­

n e n c e  m o r e  a s  a  r e f o r m e r  th a n  a s  a  te c h n ic a l  e x p e r t . 31 E a r ly  in  h is  c a r e e r

m  P enn sy lv an ia , G en e ra l A ssem bly , G ia nt Power: Proceedings before the Com m ittee on Corpo ­

rations o f  the Senate  a n d  the M anufa ctur ers Comm ittee o f  the H ouse o f  Representatives, be ing a J o in t 
H earing on Senate G ia nt P ower B ilk  Nos. 3 2 , 3 3 , 3 4 , 33, 3 6 , a nd  37 . Extraordina ry  Session o f  192 6,  
p p . 3 4 -3 5  (h e re a fte r  cited  as J o in t H earing  on G ia nt Power).

""C oo ke  to  R o be rt W oolley, 15 A pril I9IH . M orris L. C ooke  Pa pe rs  (G ro u p  40. Box 200 . 
file  la bele d  “C h e a p  Electr ic  Pow er"), F ra n k lin  D. Roosevcll L ib rary . H y de  P ark . N Y. (h e re ­

a f te r  c ited  as C o ok e  Papers).
" 'T h e  b iog rap h ica l ske tch  o f  C oo ke  is d raw n  from  Edw in T . I jy to n  J r . 's  Revo lt o f  the 

E ngine ers  (C le vela nd : Press o f  C ase W este rn  R ese rve U niv ers ity . 1971), pp . 1 54-71 .
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h e  b e c a m e  a n  a d v o c a te  o f  s c ie n t i f ic  m a n a g e m e n t  a n d  a n  a s s o c ia te  o f  F r e d ­

e r ic k  T a y lo r ,  th e  o r i g i n a t o r  o f  th e  m o v e m e n t .  C o o k e ,  h o w e v e r ,  d id  n o t 

m a k e  a  n a m e  f o r  h im s e l f  b y  a p p ly in g  p r in c ip le s  o f  s c ie n t i f ic  m a n a g e m e n t  

to  in d u s t r i a l  p r o b le m s ;  h e  u s e d  s c ie n t i f ic  m a n a g e m e n t  a s  th e  id e o lo g ic a l  

f o u n d a t io n  f o r  h is  a d v o c a c y  o f  s o c ia l r e f o r m  a s  w ell a s  th e  r e f o r m  o f  th e  

e n g i n e e r i n g  p r o f e s s io n  w h ic h  s o c ia l r e f o r m  e n ta i l e d .  C o o k e  w a n te d  to  see  

e x p e r t s ,  e s p e c ia lly  e n g i n e e r s ,  s o lv in g  s o c ia l p r o b le m s  t h r o u g h  th e  a p p l i ­

c a t io n  o f  e n g i n e e r i n g  a n d  r a t io n a l  m a n a g e m e n t  p r in c ip le s :  h e  w as  c o n ­

v in c e d  t h a t  th is  w o u ld  n e v e r  c o m e  to  p a s s ,  h o w e v e r ,  u n le s s  th e  p ro fe s s io n a l  

e n g i n e e r  c o u ld  d i s t a n c e  h im s e l f  f r o m  th e  in f lu e n c e  o f  p r iv a te  b u s in e s s  a n d  

f in a n c e .  S in c e  m o s t  e n g i n e e r s  w e re  h i r e d  b y  la r g e  m a n u f a c t u r e r s  a n d  u ti l ­

i t ie s , C o o k e  b e l ie v e d  th a t  it w as  d i f f i c u l t  f o r  th e m  to  s e rv e  th e  p u b l ic  in te r e s t ,  

f o r  p u b l ic  a n d  b u s in e s s  in t e r e s t s  c o n f l i c t e d .  B e c a u s e  C o o k e  w a s  a n  e ffe c tiv e  

p u b lic is t  w ith  in f lu e n t i a l  c o n ta c t s  in  th e  p u b l i s h in g  w o r ld ,  h is  id e o lo g y  a lo n e  

w as  e n o u g h  to  t h r e a t e n  b u s in e s s  in t e r e s t s .

C o o k e  s u i t e d  h is  a c t io n s  to  h is  id e a s  by  u s in g  h is  p o li t ic a l  sk ills  to  c o n s t ru c t  

a  p o w e r  b a s e  f o r  h im s e l f  a n d  o t h e r  l i k e - m in d e d  e n g i n e e r s  w i th in  t h e  A m e r ­

ic a n  S o c ie ty  o f  M e c h a n ic a l  E n g in e e r s  (A S M E ). H e  b e l ie v e d  th a t  t h e  A S M E  

a n d  th e  o t h e r  p r o f e s s io n a l  e n g i n e e r i n g  s o c ie t ie s  c o u ld  p r o m o t e  t h e  p u b lic  

i n t e r e s t  m u c h  m o r e  e f f e c t iv e ly  th a n  in d iv id u a l  e n g i n e e r s  c o u ld .  H e  saw  th e  

e le c t r ic a l  u t i l i t ie s  a s  t h e  m a jo r  o b s ta c le  to  th is  g o a l .  H e  c o n s i d e r e d  d o m i ­

n a t io n  o f  th e  A m e r ic a n  I n s t i t u t e  o f  E le c t r ic a l  E n g in e e r s  (A IE E )  by  th e  

e l e c t r ic a l  u t i l i t ie s  a  n o t o r io u s  fa c t;  th e  u t i l i t ie s ’ d o m i n a t i o n  o f  h is  o w n  A S M E  

w as  le ss  o b v io u s  b u t  n o  le ss  c e r t a in  to  h im .  B e c a u s e  o f  h is  c lo s e  a s s o c ia tio n  

w ith  F r e d e r ic k  T a y l o r  ( 1 8 5 6 - 1 9 1 5 ) ,  w h o  b e c a m e  p r e s i d e n t  o f  t h e  A S M E  

in  1 9 0 6 , a n d  b e c a u s e  o f  a r e f o r m  m o v e m e n t  a m o n g  y o u n g e r  m e m b e r s  o f 

th e  A S M E , th e  u ti l i t ie s  h a d  to  ta k e  C o o k e  s e r io u s ly  in  p r o f e s s io n a l- s o c ie ty  

p o litic s .

A s  i f  t h a t  w e re  n o t  e n o u g h  f o r  t h e  u t i l i t ie s ,  C o o k e  e n g a g e d  in  a  h o tly  

c o n te s te d  r a t e  c a s e  in v o lv in g  o n e  o f  t h e  c o u n t r y ’s l a r g e s t  u ti l i t ie s ,  t h e  P h il ­

a d e lp h ia  E le c tr ic  C o m p a n y .  R u d o lp h  B la n k e n b e r g ,  th e  s u c c e s s fu l  r e f o r m  

c a n d id a te  fo r  m a y o r  o f  P h ila d e lp h ia ,  n a m e d  C o o k e  d i r e c to r  o f  p u b lic  w orks. 

H is  a p p o i n t m e n t  m a y  h a v e  r e s u l t e d  m o r e  f r o m  h is  f a m ily  b a c k g r o u n d ,  

c u l tu r a l  s ty le , a n d  p o li t ic a l  s e n t im e n t s  th a n  f r o m  h is  e n g i n e e r i n g  e x p e r t i s e ,  

f o r  C o o k e ,  l ik e  m a n y  o t h e r  r e f o r m  p o l i t ic ia n s  o f  h is  d a y ,  c a m e  f r o m  a 

g e n te e l  a n d  m o n e y e d  fa m ily  d e d ic a te d  to  r e f o r m  c a r r i e d  o u t  in  th e  p u b lic  

i n t e r e s t  b y  p ro f e s s io n a l  e l i te s .  W h a te v e r  th e  r e a s o n s  f o r  t h e  a p p o in tm e n t ,  

C o o k e ,  a s  a  r e s u l t ,  w as  in  a  p o s i t io n  to  o b ta in  in f o r m a t i o n  a b o u t  u tility  

s e rv ic e s  a n d  to  p u b l ic iz e  h is  i n t e r p r e t a t i o n  o f  th a t  d a ta .  I n  t h e  c a se  o f  

P h i l a d e lp h ia  E le c t r ic ,  w h ic h  h e  b r o u g h t  to  c o u r t ,  h e  w a s  c o n v in c e d  th a t  th e  

u ti l i ty  w as  o v e r c h a r g i n g  th e  c ity  f o r  s t r e e t  l ig h ts  a n d  r e s id e n t i a l  c u s to m e r s  

f o r  g e n e r a l  s e rv ic e .  T h e  o v e r c h a r g i n g  r e s u l t e d ,  C o o k e  b e l ie v e d ,  f r o m  th e  

u t i l i ty ’s i n f l a t in g  t h e  v a lu e  o f  its  a s se ts .

B e c a u s e  th e  s t a te 's  r e g u la to r y  b o d y ,  th e  P u b lic  S e rv ic e  C o m m is s io n ,  a l ­

lo w e d  u t i l i t ie s  to  e a r n  a  p e r c e n t a g e  o f  t h e i r  a s s e ts  a s  p r o f i t ,  in f l a t e d  va l ­

u a t io n  r e s u l t e d  in  in c r e a s e d  p r o f i t s .  C o o k e  m a n a g e d  to  h a v e  P h i la d e p h ia  

E le c tr ic  b r i n g  in  o u t s id e  e n g i n e e r i n g  e x p e r t s  to  m a k e  a n e w  e v a lu a t io n ,  

b u t  th e  r e s u l ts ,  h e  in s is te d ,  w e re  b ia s e d  by  t h e  p r o - u t i l i ty  p r e ju d ic e  o f  th e  

c o m p a n y  s p r in c ip a l  c o n s u l t a n t .  B e c a u s e  t h a t  c o n s u l t a n t  w as  P r o f e s s o r  D u- 

g a ld  C . J a c k s o n ,  h e a d  o f th e  e le c t r ic a l  e n g i n e e r i n g  d e p a r t m e n t  a t  M .1 .1 -
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(p p .  1 4 8 - 4 9  a b o v e ) ,  a n d  b e c a u s e  C o o k e  a l le g e d  t h a t  a  n u m b e r  o f  u t i l i ty  

c o n s u l t a n t s  f r o m  th e  a c a d e m ic  w o r ld  w e re  p r e ju d ic e d  lik e  J a c k s o n ,  C o o k e ’s 

r e p u t a t i o n  a s  a  r a d ic a l  g r e w . I n  th e  c a s e  o f  P h i l a d e lp h ia  E le c t r ic ’s r a te s ,  

h o w e v e r ,  C o o k e  s u c c e e d e d  in  g e t t in g  t h e  c o m p a n y  to  r e d u c e  th e m ,  b o th  

f o r  t h e  c ity  a n d  f o r  r e s id e n t i a l  c u s to m e r s .

C o o k e ’s a u t h o r s h i p  o f  t h e  G ia n t  P o w e r  r e c o m m e n d a t i o n s  w as  c e r t a in ly  

e n o u g h  to  c a u s e  t h e  u t i l i t ie s  lo  v iew  th e  p la n  a p p r e h e n s iv e ly ,  a n d  G o v e r n o r  

P in c h o l ’s s p o n s o r s h i p  o f  it d id  n o t h i n g  to  r e l ie v e  th e  te n s io n .  P in c h o t  h a d  

a  lo n g  h is to r y  o f  r e f o r m  a c t iv it ie s  m o t iv a te d  b y  h is  c o n v ic t io n  t h a t  p u b l ic  

a n d  b u s in e s s  i n te r e s t s  w e re  n o t  s y n o n y m o u s .  A f o r m id a b le  a d v o c a te  o f  th e  

c a u s e s  h e  c h o s e  to  c h a m p i o n ,  h e  w as  c h a r a c te r i z e d  a s  e n th u s ia s t i c ,  a m b i ­

t io u s ,  a n d  s e l f - r i g h t e o u s .82 L ik e  C o o k e ,  P in c h o t ’s f a m ily  w as  a f f l u e n t  a n d  

h a d  c lo s e  c o n ta c t s  w ith  th e  h ig h - m i n d e d  p r o g r e s s iv e  r e f o r m e r s  o f  h is  e r a .  

F u r t h e r m o r e ,  a n d  a ls o  l ik e  C o o k e ,  h e  w a s  a n  e f f e c t iv e  p u b l ic is t .  A f t e r  

s t u d y in g  f o r e s t r y  in  E u r o p e ,  h e  b e c a m e  c h i e f  f o r e s t e r  o f  th e  U .S . F o r e s t r y  

S e rv ic e .  H is  p r o g r a m  c a l le d  f o r  t h e  s c ie n t i f ic  m a n a g e m e n t  o f  t i m b e r la n d s  

a n d  f o r  th e  c o n s e r v a t io n  o f  th e s e  la n d s  a s  a n a t io n a l  r e s o u r c e  f o r  h is  a n d  

f u t u r e  g e n e r a t i o n s .  H e  h a d  s e e n  E u r o p e a n s  h u s b a n d  t h e i r  l im i te d  r e ­

s o u r c e s  ( f o r e s t  a n d  o t h e r ) ,  a n d  h e  w as  d e t e r m i n e d  to  s te m  t h e  th o u g h t l e s s  

e x p lo i t a t io n  o f  t h e  r e s o u r c e s  in  A m e r ic a  t h a t  h e  k n e w  to  b e  f in i te ,  p o p u l a r  

o p in io n  to  t h e  c o n t r a r y .

P in c h o t ’s a c tiv it ie s  d r e w  h im  in to  a c lo s e  p o li t ic a l  a l l ia n c e  w ith  h is  lo n g ­

t im e  p r o g r e s s iv e  f r i e n d  T h e o d o r e  R o o s e v e lt .  T h e y  a ls o  s p a r k e d  a  c o n t r o ­

v e rs y  w ith  p o l i t ic ia n s  a n d  f in a n c ia l - b u s in e s s  in te r e s t s  t h a t  h e  b e l ie v e d  w e re  

i n t e n t  u p o n  e x p lo i t i n g  t h e  c o a l - r ic h  l a n d s  in  A la s k a  a n d  th e  h y d r o e le c t r i c  

p o w e r  s i te s  in  t h e  A m e r ic a n  W e s t l h a l  h e  w a n te d  r e s e r v e d  f o r  g o v e r n m e n t  

c o n t r o l .  H is  s t a n d  b r o u g h t  h im  in to  c o n f l ic t  w ith , a m o n g  o t h e r  p o w e r f u l  

p e r s o n s  a n d  c o r p o r a t i o n s ,  t h e  M o r g a n - G u g g e n h e im  s y n d ic a te .  B e c a u s e  o f  

h is  r e p u t a t i o n  f o r  m a k in g  e n e m ie s ,  h e  c a r r i e d  a  le g a c y  in to  t h e  G ia n t  P o w e r  

c o n t r o v e r s y  t h a t  o n ly  i n c r e a s e d  its  in te n s i ty .  H e  w as  m o t iv a te d  in  h is  .ad ­

v o c a c y  o f  G ia n t  P o w e r  b y  h is  c o n v ic t io n  t h a t  h e  w as  w a g in g  a  s t r u g g le  

a g a in s t  s e l f i s h  a n d  a v a r ic io u s  m o n o p o l i e s  o r g a n iz e d  b y  p o w e r f u l  f in a n c ia l  

in te r e s t s .  A m o n g  th e s e  w as  th e  o ld  fo e ,  th e  H o u s e  o f  M o r g a n ,  w h ic h ,  

a c c o r d in g  t o  P in c h o t ,  c o n t r o l l e d  th e  P h i l a d e lp h ia  E le c tr ic  C o m p a n y ,  a m o n g  

o t h e r  u t i l i t ie s .  ( P in c h o t  a n d  C o o k e ,  it a p p e a r s ,  h a d  m u c h  in  c o m m o n .)

In  1 9 2 2 , h a v in g  g a in e d  a  r e p u t a t i o n  f o r  h is  r e f o r m s  a n d  h is  o b je c tiv e s ,  

P in c h o t  w o n  th e  P e n n s y lv a n ia  g u b e r n a t o r i a l  e le c t io n .  S h o r t ly  a f t e r w a r d ,  in  

1 9 2 3 , h e  e s t a b l i s h e d  th e  G ia n t  P o w e r  S u rv e y  B o a r d ,  a m o n g  w h o s e  p r o m ­

in e n t  m e m b e r s  w as  P h i l ip  P. W e lls , d e p u t y  a t to r n e y  g e n e r a l  o f  P e n n s y l ­

v a n ia .  A n  a d v is o r y  c o m m i t t e e  lo  th e  b o a r d  in c lu d e d  S a m u e l  G o m p e r s ,  

A r t h u r  E . M o r g a n ,  H e n r y  L . S t im s o n ,  a n d  W illia m  A lle n  W h ite .  M o r r is  

C o o k e  w as  d i r e c t o r  o f  th e  b o a r d .  I n  1 9 2 5  th e  b o a r d  s u b m i t t e d  its  r e p o r t  

to  th e  G e n e r a l  A s s e m b ly  o f  P e n n s y lv a n ia  (se e  F ig . X I .4 ) .88 T h e  r e p o r t  w as  

w id e ly  c i r c u la te d  b y  th e  g o v e r n o r  so  a s  to  d r a w  n a t io n w id e  a t t e n t i o n  to  th e  

p r in c ip le s  o f  G ia n t  P o w e r ;  it  a ls o  in c lu d e d  p r o p o s a l s  f o r  le g is la t io n .

N u m e r o u s  n e w s p a p e r s  a n d  j o u r n a l s ,  p o p u l a r  a n d  t e c h n ic a l ,  c a r r i e d  s u m -

G iffo rd  P in ch o t, The  Power M onopoly: Its M ak e-up a n d  Its M ena ce  (M ilfo rd , Pa.: Priv ate ly  
p r in te d , 1928), p . 5.

”  See G ia nt Power Survey.
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m a r i e s  o f  t h e  p l a n .  F .le c trica l W o r ld  p r i m e d  a  m a t t e r - o f - f a c t  s u m m a r y ,  b u t  

d i d  so  u n d e r  t h e  h e a d i n g  " P i n c h o t  T a k e s  R a d i c a l  S t a n d . ” 34 T h i s  s i g n a l e d  

t h e  r e a c t i o n  o f  t h e  u t i l i t i e s ,  b u t  b e f o r e  t h e  o p p o s i t i o n  c o u l d  m o u n t  an  

e f f e c t i v e  c a m p a i g n ,  t h e  g o v e r n o r  a n d  C o o k e  w e r e  r e c e i v i n g  c o n s i d e r a b l e  

a t t e n t i o n  f o r  t h e i r  p r o g r a m .  I n  e s s e n c e ,  t h e  C i a n t  P o w e r  p l a n ,  a s  d e v e l o p e d  

i n  t h e  r e p o r t  a n d  a s  l a t e r  i n c o r p o r a t e d  i n  l e g i s l a t i o n ,  c a l l e d  f o r  t h e  e s t a b ­

l i s h m e n t  o f  g i a n t  m i n e - m o u t h  p o w e r  p l a n t s  ( e a c h  w i t h  a  g e n e r a t i n g  c a p a c i t y  

o f  a t  l e a s t  3 0 0 , 0 0 0  k w .)  i n  w e s t e r n  P e n n s y l v a n i a ;  t h e  c o n s t r u c t i o n  o f  a 

n e t w o r k  o f  h i g h - v o l t a g e  t r a n sm i s s i o n  l i n e s  c a p a b l e  o f  c a r r y i n g  10 0 , 0 0 0  o r  

m o r e  v o l t s ;  a n d  t h e  a d a p t a t i o n  o f  t h e  d i s t r i b u t i o n  sy s t e m s  o f  p r i v a t e ,  m u ­

n i c i p a l ,  a n d  c o o p e r a t i v e  u t i l i t i e s  t o  d e l i v e r  e l e c t r i c i t y  f r o m  t h e  h i g h - v o l t a g e  

n e t w o r k  t o  i n d u s t r i a l ,  r e s i d e n t i a l ,  t r a c t i o n ,  a n d  o t h e r  c o n s u m e r s .  T h e  m i n e -  

m o u t h  p o w e r  s t a t i o n s  w e r e  t o  b e  i n t e g r a t e d  w i t h  p l a n t s  t h a t  p r o c e ss e d  r aw  

b i t u m i n o u s  c o a l  t o  d e r i v e  g a s ,  b e n z o l ,  a m m o n i u m  c o m p o u n d s ,  a n d  o t h e r  

c h e m i c a l s  b e f o r e  d e l i v e r i n g  l o w - g r a d e  f u e l  m a t e r i a l  t o  t h e  p o w e r  p l a n t s .

T h e  G i a n t  P o w e r  c o n c e p t  a p p e a l e d  t o  u t i l i t y  e n g i n e e r s  a n d  m a n a g e r s  

b e c a u s e  i t s b o l d  u se  o f  a d v a n c e d  t e c h n o l o g y ,  l a r g e - s c a l e  p o w e r  p l a n t s ,  a n d  

w i d e - a r e a  g r i d s  o f  t r a n sm i s s i o n  l i n e s  p r o m i s e d  e f f i c i e n c y  a n d  e c o n o m y .  

H o w e v e r ,  o n c e  P i n c h o l  a n d  C o o k e ’s p r o p o s a l s  c o n c e r n i n g  r e g u l a t i o n ,  l i ­

c e n s i n g ,  o w n e r s h i p ,  r a t e s ,  c o r p o r a t e  s t r u c t u r e ,  a n d  se c u r i t i e s  w e r e  c o m ­

p r e h e n d e d ,  t h e  b l o o m  w a s o f f  t h e  r o se .  T a k e n  t o g e t h e r ,  t h e se  a sp e c t s  o l  

t h e  p l a n ,  a s  l e g i s l a t i v e  h e a r i n g s  a n d  p u b l i c  d e b a t e  r e v e a l e d ,  c o u l d ,  i n  t h e 

o p i n i o n  o f  t h e  u t i l i t i e s ,  b e  l a b e l e d  g o v e r n m e n t  i n t e r f e r e n c e ,  e v e n  a  p r e l u d e  

t o  g o v e r n m e n t  o w n e r s h i p .  A s  i ssu e s  w e r e  d e f i n e d  a n d  t h e  c o n t r o v e r s y  

d e v e l o p e d ,  i t  b e c a m e  c l e a r  t h a t  i n  t h e  c a s e  o f  G i a n t  P o w e r ,  t h e  q u e s t i o n  

w a s n o t  so  m u c h  w h e t h e r  o r  n o t  t o  a d o p t  t h e  n e w  t e c h n o l o g y  a s  w h o  w o u l d  

o w n  a n d  c o n t r o l  t h e  t e c h n o l o g y  a n d  i n  w h o s e  i n t e r e s t .

R e g u l a t i o n  b y  t h e  s l a t e  w a s t o  b e  a c h i e v e d  t h r o u g h  b o t h  t h e  e s t a b l i sh e d  

P u b l i c  S e r v i c e  C o m m i ss i o n  a n d  a  n e w ,  p e r m a n e n t  G i a n t  P o w e r  B o a r d .  T h e  

l a t t e r  w o u l d  a u t h o r i z e  i n c o r p o r a t i o n  o f  G i a n t  P o w e r  g e n e r a t i n g  c o m p a n i e s  

a n d  G i a n t  P o w e r  t r a n sm i s s i o n  c o m p a n i e s . 33 S i n c e  a l l  m a j o r  p o w e r  p l a n t s 

a n d  t r a n sm i s s i o n  f a c i l i t i e s  i n  t h e  f u t u r e  w e r e  t o  b e  o f  t h e  n e w  a n d  l a r g e  

k i n d ,  t h e  s t a t e  w o u l d  d e t e r m i n e  n o t  o n l y  t h e  k i n d  o f  t e c h n o l o g y  u se d  in  

g e n e r a l  b u t  a l so  t h e  r e g u l a t o r y  d e t a i l s  o f  t h e  c h a t  t e r s  i s su e d  t o  t h e  n ew , 

p r i v a t e l y  f u n d e d  G i a n t  P o w e r  c o r p o r a t i o n s .  E x i s t i n g  u t i l i t i e s  c o u l d  a p p l y  

f o r  G i a n t  P o w e r  c h a r t e r s ,  b u t  o t h e r  i n v e s t o r s  w o u l d  h a v e  t h e  o p p o r t u n i t y  

t o  a p p l y  f o r  t h e  r i g h t  t o  i n c o r p o r a t e  f o r  t h e  p u r p o s e  o f  c o n s t r u c t i n g  a n d  

o p e r a t i n g  t h e  g e n e r a t i o n  a n d  t r a n sm i s s i o n  f a c i l i t i e s  a s w e l l .  T h e  g e n e r a t i n g  

c o m p a n i e s  w e r e  t o  b e  g i v e n  a u t h o r i t y  b y  t h e  G i a n t  P o w e r  B o a r d  t o  a p p r o ­

p r i a t e  b y  c o n d e m n a t i o n  e n o u g h  m i n i n g  l a n d s  t o  s u p p l y  f u e l  f o r  n o t  m o r e  

t h a n  f i f t y  y e a r s .

I  h e  t r a n sm i s s i o n  c o m p a n i e s  w e r e  t o  b e  c o m m o n  c a r r i e r s  o f  e l e c t r i c i t y  

p u r c h a s e d  a t  w h o l e sa l e  p r i c e s  f r o m  t h e  G i a n t  P o w e r  g e n e r a t i n g  c o m p a n i e s  

a n d  f r o m  s u r v i v i n g  u t i l i t y  p o w e r  p l a n t s  w h e n  t h e y  h a d  a  s u r p l u s  a b o v e  t h e 

n e e d s  o l  t h e i r  o w n  d i s t r i b u t i o n  sy s t e m s .  T h e  r o u t e s  o f  t h e  t r a n sm i ssi o n

M F.lertriral W orld  H5 (1925): - I2 I-2 2 .

» T h e  IV,Mowing d e scrip tio n  „( .h e  G ian . Pow er p la n  is b ased  p rim a rily  on G ia nt Power 
im/ry a n t eport o f  l ie  G ian t P a w n  H oard to the G overnor o f  P rnn sy liiania. D ecember 7. 1926 

(I la rn s b u ra . Pa . 10271 '  J
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l in e s  w o u ld  b e  d e t e r m i n e d  b y  t h e  G ia n t  P o w e r  B o a r d .  T h e  t r a n s m is s io n  

c o m p a n ie s  w o u ld  se ll p o w e r  to  d i s t r i b u t i o n  c o m p a n ie s ,  t h e  m a jo r i ty  o f  

w h ic h ,  a t  le a s t  f o r  t h e  f o r e s e e a b le  f u t u r e ,  w o u ld  b e  t h e  e x i s t in g  u t i l i t ie s .  

B e c a u s e  a u t h o r i z a t i o n  f o r  n e w  p o w e r  p la n t s  w o u ld  b e  l im i te d  to  G ia n t  

P o w e r  c o m p a n ie s ,  t h e  e x i s t in g  u ti l i t ie s  o v e r  th e  y e a r s  w o u ld  b e  g r a d u a l ly  

t r a n s f o r m e d  f r o m  m u l t i p u r p o s e  e n t e r p r i s e s  to  s im p le  d i s t r i b u t i o n  c o m ­

p a n ie s .

A s  i f  th e  p r o s p e c t  o f  th is  t r a n s f o r m a t i o n  w e re  n o t  e n o u g h  f o r  t h e  o w n e r s  

o f  t h e  p o w e r f u l  u t i l i t ie s  to  p o n d e r ,  t h e r e  w as  a n o t h e r  b i t t e r  p ill t h e y  w o u ld  

h a v e  to  s w a llo w  i f  G ia n t  P o w e r  le g is la t io n  w as  e n a c te d .  A f t e r  f if ty  y e a rs ,  

t h e  s t a l e  w o u ld  h a v e  t h e  r i g h t  to  t a k e  o v e r  th e  G ia n t  P o w e r  f a c il i t ie s  a n d  

o p e r a t e  th e m  u p o n  p a y m e n t  o f  t h e  m o n e y  t h e  G ia n t  P o w e r  c o m p a n ie s  h a d  

p r u d e n t l y  in v e s te d  d u r i n g  t h a t  p e r i o d .  D u r i n g  th e  f if ty  y e a r s ,  t h e  c o m ­

p a n ie s  w o u ld  h a v e  p a id  a n  a n n u a l  fe e  to  a m o r t i z e  t h e  c o s t  o f  th e  l a n d  

m in e d  o r  u s e d  a s  r i g h t  o f  w ay  f o r  t r a n s m is s io n .  ( T h e  r i g h t  o f  w ay  w o u ld  

h a v e  b e e n  a c q u i r e d  by  t h e  c o m p a n ie s  t h r o u g h  t h e  s t a t e 's  p o w e r  o f  c o n ­

d e m n a t i o n  o r  b y  s im p le  p u r c h a s e .)

T h e  G ia n t  P o w e r  c o m p a n ie s  (b o th  g e n e r a t i n g  a n d  t r a n s m is s io n )  w e re  

e x p e c te d  to  m a k e  a  p r o f i t .  A s  in  t h e  c a s e  o f  e x i s t in g  u t i l i t ie s ,  th e  p r o f i t s  o f  

th e  n e w  c o m p a n ie s  w o u ld  b e  r e g u l a t e d  by  t h e  s ta te .  W h a t  w as  n e w  w as  th e  

r a t e  b a s e .  M o r r i s  C o o k e  h a d  s e e n  in  th e  v a lu a t io n  p r o c e d u r e s  o f  th e  u t i l i t ie s  

a n  o p p o r t u n i t y  f o r  th e m  to  m a k e  e x c e s s iv e  p r o f i t s  d e s p i t e  t h e i r  r a t e s  b e in g  

r e g u la te d  o n  t h e  b a s is  o f  p e r c e n t a g e  o f  in v e s tm e n t .  U n d e r  G ia n t  P o w e r  

la w s th e  r a t e  b a s e  w o u ld  n o t  b e  r e p l a c e m e n t  v a lu e  o f  th e  p la n t  a t  t h e  t im e  

o f  r a t e  c h a n g e ;  it w o u ld  b e  t h e  a m o u n t  p r u d e n t l y  in v e s te d  in  fa c il i t ie s . T h e  

r a t e  o f  r e t u r n  o n  i n v e s tm e n t  w a s  to  b e  a d ju s te d  to  a l lo w  s u f f i c i e n t  p r o f i t  

to  a t t r a c t  n e e d e d  c a p i ta l .  T h r o u g h  th e  P u b lic  S e rv ic e  C o m m is s io n  th e  s ta te  

w o u ld  a ls o  c o n t r o l  t h e  i s s u a n c e  o f  s e c u r i t ie s ,  t h e  p a r  v a lu e  o f  w h ic h  h a d  

to  c o r r e s p o n d  to  t h e  a m o u n t  o f  c a p i ta l  i n v e s te d .36

T o  a n  A m e r ic a n  u t i l i t ie s  i n d u s t r y  a l r e a d y  a l a r m e d  b y  n a t io n a l iz a t io n  

le g is la t io n  in  G r e a t  B r i t a in .  G e r m a n y ,  a n d  e l s e w h e r e  in  E u r o p e ,  G ia n t  

P o w e r  s ig n i f i e d  u l t im a te  g o v e r n m e n t  o w n e r s h ip .  A n x ie t ie s  w e re  f u r t h e r  

a r o u s e d  b y  P in c h o t  a n d  C o o k e ’s c o m m i tm e n t  to  r u r a l  e l e c t r i f ic a t io n .  O n ly  

6  p e r c e n t  o f  t h e  p o w e r  g e n e r a t e d  b y  u ti l i t ie s  s e r v e d  f a r m s  in  1 9 2 5 . A c ­

c o r d i n g  to  t h e  G ia n t  P o w e r  p la n ,  t h e  P u b lic  S e rv ic e  C o m m is s io n  w o u ld  b e  

e m p o w e r e d  to  r e q u i r e  e x te n s io n  o f  d i s t r ib u t io n  s y s te m s  to  u n s e r v e d  t e r ­

r i t o r y ;  f u r t h e r m o r e ,  th e  f o r m a t io n  o f  r u r a l  m u tu a l  a n d  d is t r i c t  d i s t r ib u t io n  

c o m p a n ie s  w a s  a u t h o r i z e d  a n d  e n c o u r a g e d .  M u tu a l  c o m p a n ie s  w e re  to  b e  

f o r m e d  b y  v o lu n ta r y  a s s o c ia t io n s  o f  c o n s u m e r s ;  d is t r ic t  c o m p a n ie s  w o u ld  

b e  c r e a t e d  u p o n  th e  f a v o r a b le  v o te  o f  a m a jo r i ty  o f  th e  d i s t r i c t ’s in h a b i t a n t s  

a n d  o f  t h e  o w n e r s  o f  “ a  s u f f i c i e n t  m a jo r i ty  o f  t h e  a c r e a g e . ” T h e  d is t r ic t  

c o m p a n ie s  w o u ld  h a v e  t h e  p o w e r  to  la x ,  a s se ss  b e n e f i t s  a n d  d a m a g e s ,  a n d  

so  o n .  T h e s e  c o m p a n ie s  w o u ld  b u y  p o w e r  f r o m  th e  G ia n t  P o w e r  t r a n s ­

m is s io n  c o m p a n ie s  in  th e  s a m e  m a n n e r  a s  u ti l i t ie s .

A n o t h e r  p a r t  o f  th e  G ia n t  P o w e r  p la n  ( s u b t le ,  b u t  n o t  lo s t o n  th e  h o ld in g  

c o m p a n ie s )  p e r t a i n e d  to  t h e  i n te r s t a t e  t r a n s m is s io n  o f  p o w e r .  P in c h o t  a n d  

C o o k e  d e p l o r e d  th e  o p p o r t u n i t y  th a t  la r g e  u ti l i t ie s  a n d  h o ld in g  c o m p a n ie s

,n G ia nt Power Su rv ey , p p . 4 -8 .
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h a d  lo  o p e r a t e  o u t s i d e  t h e  j u r i s d i c t i o n  o f  t h e  s l a t e  a n d  f e d e r a l  g o v e r n m e n t s .  

T h e  f e d e r a l  g o v e r n m e n t  h a d  n o t  y e t  e n a c te d  le g is la t io n  r e g u la t in g  th e  

in t e r s t a t e  flo w  o f  e le c t r ic i ty ,  a n d  t h e  s la te s  f o u n d  it f r u s t r a t i n g  lo  r e g u la te  

a  u t i l i ty  o r  h o ld i n g  c o m p a n y  w h o s e  a c tiv it ie s  e x t e n d e d  b e y o n d  t h e i r  p o litic a l 

b o u n d a r ie s .  A m o n g  o t h e r  p ro v i s io n s ,  th e  p r o p o s e d  G ia n t  P o w e r  le g is la t io n  

c a l le d  f o r  P e n n s y lv a n ia  to  m a k e  p a c ts  w ith  o t h e r  s ta le s  lo  r e g u la te  i n t e r s t a t e  

e le c t r ic  t r a n s m is s io n  a n d  t h e r e b y  a v o id  th e  q u e s t io n  o f  f e d e r a l  ju r i s d i c ­

t i o n .S7

T h e  G ia n t  P o w e r  p la n  h a d  lo  b e  p r e s e n t e d  to  th e  P e n n s y lv a n ia  l e g is la tu r e  

in  th e  f o r m  o f  b ills ,  a  p r o c e s s  t h a t  w o u ld  p u b l ic iz e  th e  u t i l i t ie s ' o p p o s i t io n .  

P in c h o t  p r o b a b ly  a n t i c i p a t e d  t h e  o p p o s i t io n :  h e  m a y  e v e n  h a v e  e x p e c te d  

d e f e a t  in  t h e  l e g i s l a tu r e ;  b u t  h e  lo o k e d  b e y o n d  it to  th e  n a t io n a l  im p a c t  

t h e  p u b l ic i ty  a t t e n d a n t  u p o n  t h e  in t r o d u c t i o n  o f  th e  le g is la t io n  a n d  th e  

p u b l i c a t io n  o f  t h e  le n g th y  R e p o r t  o f  th e  G ia n t  P o w e r  S u r v e y  B o a r d  w o u ld  

h a v e .38 (P in c h o l  c o n s i d e r e d  G ia n t  P o w e r  to  b e  a  n a t io n a l  i s s u e ,  a n d  h e  

h im s e l f  w a s  t h o u g h t  o f  a s  a  l ik e ly  c a n d i d a t e  f o r  n a t io n a l  p o li t ic a l  o f f ic e ) . 

S in c e  b o th  P in c h o t  a n d  C o o k e  w e re  e x p e r i e n c e d  p u b l ic is ts ,  t h e  p r e s e n ta t io n  

o f  G ia n t  P o w e r  to  t h e  l e g i s l a tu r e — a n d  to  t h e  p e o p le — w a s im p r e s s iv e  in  

its  p e r s u a s iv e n e s s .  T h e  a r g u m e n t s  w e n t  b e y o n d  t e c h n ic a l  d e ta i l  a n d  b e y o n d  

th e  d r y  s t a t e m e n t s  o f  le g is la t iv e  a d v o c a c y .

I n  h is  m e s s a g e  o f  t r a n s m i t t a l  o f  t h e  G ia n t  P o w e r  r e p o r t ,  P in c h o t  c o m ­

p a r e d  t h e  e le c t r ic a l  s u p p ly  r e v o lu t io n  lo  t h e  s te a m  r e v o lu t io n .  “S te a m ,"  

P in c h o t  w r o te ,  “ m ig h t  w ell s ay  o f  e le c t r ic i ty ,  ‘O n e  m i g h t i e r  t h a n  I c o m e th ,  

t h e  l a t c h e t  o f  w h o s e  s h o e s  I a m  n o t  w o r th y  to  u n lo o s e . ’ ”39 S te a m  p o w e r  

h a d  c h a n g e d  t h e  fa c e  o f  t h e  e a r t h ,  t h e  g o v e r n o r  b e l ie v e d ,  b u t  its  p o te n t ia l  

f o r  t h e  g o o d  o f  a ll t h e  p e o p le  h a d  b e e n  l e s s e n e d  b y  t h e  c o n f l ic t  b e tw e e n  

c a p i ta l  a n d  l a b o r  a n d  b y  th e  u n p l a n n e d  c h a r a c t e r  o f  th e  i n d u s t r i a l  r e v o ­

lu t io n .  T h e  U n i te d  S ta te s  e s p e c ia l ly ,  h e  c o n t i n u e d ,  h a d  b e n e f i t e d  f ro m  

s te a m ,  g a in in g  t h e  h ig h e s t  r a t io  o f  m e c h a n ic a l  p o w e r  to  c i t iz e n  in  t h e  w o r ld ,  

b u t  i f  e le c t r ic i ty  w e r e  u s e d  f o r  a ll t h e  p e o p le ,  it w o u ld  b r i n g  a n  e v e n  h ig h e r  

s t a n d a r d  o f  liv in g . P in c h o t  w a n te d  e v e ry  h o m e  to  h a v e  e le c t r ic  l ig h t ,  h e a t ,  

a n d  la b o r - s a v in g  a p p l i a n c e s ;  h e  w a n te d  e v e r y  f a r m  to  h a v e  e le c t r ic i ty  fo r  

m i lk in g ,  f e e d  c u t t i n g ,  w o o d  s a w in g ,  a n d  a  m u l t i t u d e  o f  o t h e r  o n e r o u s  ta sk s . 

H e  c a l le d  f o r  e l e c t r ic i ty  to  b e  g e n e r a t e d  in  s u c h  a w ay  a n d  in  s u c h  p la c e s  

t h a t  th e  c i t ie s  w o u ld  b e  f r e e  o f  t h e  n u i s a n c e  o f  s m o k e  a n d  a s h .  H e  fo r e c a s t  

t h a t  e le c t r ic i ty  w o u ld  e f f e c t  th e  s u b s t i tu t io n  o f  g a r d e n  c i t ie s  f o r  s lu m s ,  sm a ll 

i n d u s t r i a l  c o m m u n i t i e s  f o r  g a r g a n t u a n ,  c h a o t ic  c i t ie s , a n d  w o u ld  b r in g  

a b o u t  a  r e t u r n  to  t h e  c o u n t r y s id e .

P in c h o l  b e l ie v e d  t h a t  th e s e  d e v e l o p m e n t s  w o u ld  b e  p o s s ib le  o n ly  i f  th e  

s p r e a d i n g  n e t  o f  e l e c t r i c  p o w e r  c o u ld  b e  b r o u g h t  u n d e r  p u b l ic  c o n tro l .  

P o in t in g  o u t  th a t  th e  in t e r c o n n e c t i o n  o f  u t i l i t ie s  h a d  a l r e a d y  m a d e  r e g io n a l  

s y s te m s  a  r e a l i ty ,  l ie  p r e d i c t e d  t h e  d e v e l o p m e n t  o f  a n a t io n w id e  g r id .  G r id s  

in t e g r a t e d  p o w e r  u n d e r  c e n t r a l  c o n t r o l  a s  s te a m  n e v e r  h a d  b e e n  a b le  to . 

P in c h o l  f o r e s a w  t h e  g r o w th  o f  t e c h n o lo g ic a l  s y s te m s ;  h e  a ls o  p r e d ic te d  th a t  

c e n t r a l i z e d  f in a n c ia l  a n d  b u s in e s s  s y s te m s  w o u ld  c o n t r o l  a n d  m o n o p o l iz e

”  Ib id , pp . 9 -1 0 .
,B P inchn i in  C oo ke , 18 F e b ru a ry  1925. a n d  C oo ke  to  P in cho l. 20  A pril 1925, C o ok e  Papers 

( G ro u p  <10. Box 35. File 391).

,u G ia n t Power S u n ity ,  p. iv.
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t h e  t e c h n o lo g y .  O n  th e  g o o d  s id e ,  e le c t r ic  p o w e r  w as  c a p a b le  o f  sh o w e r in g  

u p o n  th e  p e o p le  “g i f t s  o f  u n i m a g in a b le  b e a u ty  a n d  w o r th ."  “O n  th e  b a d  

s id e ,"  P in c h o t  o b s e r v e d ,  “ it  is a s  th o u g h  a n  e n c h a n t e d  ev il s p i d e r  w e re  

h a s te n in g  to  s p r e a d  h is  w e b  o v e r  th e  w h o le  o f  th e  U n i te d  S ta te s  a n d  to  

c o n t r o l  a n d  liv e  u p o n  th e  life  o f  o u r  p e o p le ." '10

T h e  ev il s p i d e r  w a s  th e  m o n o p o l is t ic  u ti l i ty  f in a n c ie r ,  a n d  th e  n e t  w as 

th e  s p r e a d i n g  h o ld i n g  c o m p a n y .  G o v e r n o r  P in c h o t  h a d  n o  d o u b t  t h a t  a 

u n i f i e d  e l e c t r ic a l  m o n o p o ly  e x t e n d i n g  t h r o u g h o u t  th e  n a t io n  w as  in e v ita b le  

a n d  c lo s e  a t  h a n d .  T h e  o n ly  q u e s t io n  w as w o u ld  a  s e lf is h  fe w  c o n t r o l  it  o r  

w o u ld  th e  p e o p le  r e g u l a t e  it. I f  t h e  u t i l i t ie s  w o u ld  n o t  c o o p e r a t e  in  p u b lic  

r e g u la t io n ,  t h e n  c o n t r o l  t h r o u g h  p u b l ic  o w n e r s h ip  w as  t h e  o n ly  a l te r n a t iv e .  

G ia n t  P o w e r ,  th e  g o v e r n o r  a r g u e d ,  p r o v id e d  f o r  p u b l ic  r e g u la t io n ;  it  a c ­

c e p te d  p r iv a te  o w n e r s h ip .  “A s P e n n s y lv a n ia  a n d  th e  N a t io n  d e a l  w ith  e le c ­

t r ic  p o w e r ,"  h e  c o n c lu d e d ,

. . .  so  shall we a n d  o u r  d e sc e n d a n ts  be fre e  m en , m aste rs  o f  o u r  ow n d es tin ies  
a n d  o u r  ow n souls , o r  we shall be th e  help less se rv an ts  o f  th e  m ost w id e sp read , 
fa r-re a c h in g , a n d  p e n e tra t in g  m o n o p o ly  e v e r  know n. E ith e r  we m u st co n tro l 
e lec tric  p o w er, o r  its m aste rs  a n d  o w n e rs  will co n tro l us ."1

M o r r is  C o o k e ,  a ls o  n o  m e a n  m a s te r  o f  r h e to r i c ,  le t  th e  g o v e r n o r  p a in t  

w ith  a  b r o a d  b r u s h ;  C o o k e  m a s te r f u l ly  d e s c r ib e d  th e  t e c h n o lo g y  a n d  e c o ­

n o m ic s  o f  G ia n t  P o w e r  s o  th a t  t h e  in te l l ig e n t  l a y m a n  c o n c e r n e d  a b o u t  p u b lic  

p o lic y  c o u ld  u n d e r s t a n d  a n d  s u p p o r t  it. C o o k e  p r o b a b ly  saw  th e  ta s k  o f  

w in n in g  o v e r  t h e  u t i l i ty  e n g i n e e r s  a n d  m a n a g e r s  a s  a n  e x e rc is e  in  fu ti l i ty . 

H e  s e t t l e d  in s t e a d  f o r  t h e  H e n r y  S t im s o n s ,  th e  W illia m  A lle n  W h ite s ,  a n d  

th e  C h a r le s  W . E lio ts . C o o k e  a p p e a l e d  to  th e  in te l le c tu a ls  a n d  th e  e l itis t 

r e f o r m e r s  a n d  to o k  l i t t le  h e e d  o f  th e  im p a c t  o f  h is  r e c o m m e n d a t io n s  u p o n  

v e s te d  in te r e s t s  in  th e  u ti l i ty  f ie ld .

I n  h is  s e c t io n  o f  t h e  1 9 2 5  r e p o r t ,  C o o k e  r e c o m m e n d e d  t h a t  th e  e x is t in g  

u t i l i t ie s  e l im in a te  t h e i r  g e n e r a t i n g  p la n t s  a s  th e s e  b e c a m e  o b s o le te  a n d  th a t  

th e y  u l t im a te ly  l im it  th e m s e lv e s  to  d i s t r ib u t in g  e le c tr ic i ty  b o u g h t  w h o le s a le  

f r o m  t h e  G ia n t  P o w e r  c o m p a n ie s .  P in c h o t  sa id  th is  in  g e n e r a l  t e r m s ;  C o o k e  

w as  s u c c in c t  a n d  b lu n t .  A s  f o r  th e  g e n e r a t i n g  s ta t io n s  th e n  o p e r a t in g ,  if  

th e y  w e r e  e f f ic ie n t ,  th e y  w o u ld  b e  u s e d  f o r  p e a k  lo a d s ;  i f  th e y  w e re  in e f ­

f ic ie n t ,  t h e y  w o u ld  s im p ly  b e  e l im in a te d .  (C o o k e  d id  n o t  in d ic a te  th e  f a te  

o f  t h o s e  w h o  h a d  e x p e c te d  a  l o n g - t e r m  r e t u r n  o n  th e i r  in v e s tm e n t  in  th e s e  

p o w e r  p la n t s .) 42

C o o k e  a ls o  e m p h a s iz e d  b y - p r o d u c t  r e c o v e r y  f r o m  co a l a t  m in e - m o u th  

p la n t s  (s e e  F ig . X I .5 ). B o ld ly , h e  r e c o m m e n d e d  th e  u s e  o f  2 0 ,0 0 0  to n s  o f  

b i tu m in o u s  c o a l  e a c h  d a y  b y  c o m b in e d  b y - p r o d u c t  r e c o v e ry  p la n ts  a n d  

5 0 0 ,0 0 0 -k w . e le c t r ic  p o w e r  p la n ts .  A s  a p r e c e d e n t ,  h e  c o u ld  c i te  o n ly  th e  

l a r g e s t  c o a l  d is t i l la t io n  p la n t  in  th e  U n i te d  S ta te s ,  t h e  C la i r lo n  h ig h - te m -  

p e r a t u r e  d is t i l la t io n  p la n t  o f  th e  U .S . S te e l  C o r p o r a t io n ,  w h ic h  p r o v id e d ,  

a m o n g  o t h e r  p r o d u c t s ,  c o k e  f o r  b la s t f u r n a c e s  a n d  g a s  f o r  s te e l -w o rk in g  

fu r n a c e s .  H e  a s s u m e d  a  d e m a n d  fo r  th e  la rg e  a m o u n t s  o f  a m m o n iu m  

s u l f a te ,  b e n z o l ,  ta r ,  g a s , c o k e ,  a n d  o t h e r  s u b s ta n c e s  th a t  th e  G ia n t  P o w e r  

p la n t s  w o u ld  p o u r  u p o n  th e  m a rk e t .  B e c a u s e  c o n s u m p t io n  o f  th e  w o r ld 's

<0 Ib id , p . xii.

■" Ib id , p. xiii.
«  Ib id , p p . 36. 42.
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F ig u re  X I . J .  G ia n t Power project: Pre trea ting  bitum ino us coal to derive by-proilucts before b u rn in g  residue in m ine -m outh power pla nts . From  

G ia n l Pow er S u rve y , p. 104 .

p e t r o l e u m  r e s o u r c e s  w a s e x p e c t e d  t o  b e  r a p i d ,  h e  a l so  s u g g e s t e d  t h a t  o i l  

a n d  g a s o l i n e  b e  d e r i v e d  f r o m  c o a l  d i s t i l l a t i o n .43 C o o k e  m a y  h a v e  h e a r d  o f  

t h e  d e c i s i o n  o f  t h e  I .  G .  F a r b e n  C o m p a n y  i n  G e r m a n y  t o  i n v e s t  h e a v i l y  i n  

a  p r o c e s s  f o r  p r o d u c i n g  g a s o l i n e  f r o m  c o a l :  b o t h  h e  a n d  I .  G .  F a r b e n  

a n t i c i p a t e d  p e t r o l e u m  s h o r t a g e s ,  u n a w a r e  a s  t h e y  w e r e  o f  t h e  i m m e n s e  o i l  

f i e l d s  t h a t  w o u l d  h e  f o u n d  i n  t h e  s o u t h w e s t e r n  U n i t e d  S t a t e s  w i t h i n  se v e r a l  

y e a r s .

C o o k e  a n t i c i p a t e d  t h e  o b j e c t i o n  f r o m  u t i l i t y  e n g i n e e r s  t h a t  t h e  c o a l - m i n ­

i n g  r e g i o n s  l a c k e d  a n  a d e q u a t e  s u p p l y  o T  c o o l i n g  w a t e r .  G e n e r a l l y  i t  w a s 

a g r e e d  t h a t  a n  e l e c t r i c  p o w e r  s t a t i o n  n e e d e d  at  l e a s t  4 0 0  t o n s  o f  c o o l  w a t e r  

t o  c o n d e n s e  t h e  s t e a m  e x h a u s t e d  f r o m  t u r b i n e s  f o r  e a c h  t o n  o f  c o a l  u se d  

i n  p r o d u c i n g  t h e  s t e a m  f o r  t h e  t u r b i n e s .  T h e  c u s t o m a r y  w a y  o f  o b t a i n i n g  

c o o l i n g  w a t e r  i n  P e n n s y l v a n i a  i n  t h e  t w e n t i e s  w a s t o  s i t u a t e  p o w e r  p l a n t s  

o n  l a r g e  r i v e r s  o r  o n  t i d e w a t e r .  T h e  A l l e g h e n y  w a s o n e  o f  t h e  f e w  r i v e r s  

i n  t h e  c o a l - m i n i n g  d i s t r i c t s  o T e a s t e r n  P e n n s y l v a n i a  t h a t  h a d  s u f f i c i e n t  s u m ­

m e r  H o w  t o  c o o l  G i a n l  P o w e r  p l a n t s .  C o o k e  r e c o m m e n d e d  t h a t  d a m s  b e  

b u i l t  t o  p r o v i d e  t h i s  w a t e r  i n  s l a c k  t i m e s.  T h e  d a m s ,  h e  a r g u e d ,  w o u l d  a l so  

s e r v e  a s a  m e a n s  o f  f l o o d  c o n t r o l  a n d  w o u l d  p r o v i d e  a  m o r e  r e g u l a r  su p p l y

”  I b id , p .  3 3 .
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o f  w a te r  f o r  w a s te  a n d  s e w a g e  d is p o s a l .  I n  a d d i t io n  to  d a m s — a n d  h e r e  h e  

w e n t  f a r  b e y o n d  A m e r ic a n  p r a c t ic e — h e  u r g e d  th e  c o n s t r u c t io n  o f  m a m ­

m o th  c o o l in g  to w e r s ,  w h ic h  a l lo w e d  a  g iv e n  a m o u n t  o f  w a te r  to  b e  c i r c u la t e d  

t h r o u g h  t h e  c o n d e n s e r s ,  c o o le d  in  th e  to w e r s  b y  th e  a t m o s p h e r e ,  a n d  c i r ­

c u l a t e d  o n c e  a g a in  t h r o u g h  th e  c o n d e n s e r s .  H e  c a lle d  a t t e n t i o n  to  th e  

p r a c t ic e  in  E u r o p e ,  e s p e c ia lly  a t  C o lp a - Z s c h o r n e w itz  a n d  T r a t t e n d o r f  in  

G e r m a n y ,  w h e r e  p o w e r  p la n t s  w ith  c o o l in g  to w e r s  n e e d e d  w a te r  o n ly  to  

m a k e  u p  f o r  lo ss  d u e  to  e v a p o r a t i o n .44

A s a  y o u n g  s t u d e n t  o f  f o r e s t r y ,  P in c h o t  h a d  o b s e r v e d  h o w  E u r o p e a n s  

h u s b a n d e d  t h e i r  l im i te d  f o r e s ts ,  a n d  h e  u r g e d  s im i la r  w ay s  u p o n  r e s o u r c c -  

r ic h  a n d  p r o f l ig a te  A m e r ic a n s .  I t  is n o t  c le a r  w h e th e r  C o o k e  r e a l iz e d  th a t  

by  r e f e r r i n g  to  E u r o p e a n  p r e c e d e n t s  in  e le c t r ic  p o w e r  p r a c t ic e s  s u c h  a s  th e  

c o o l in g  to w e r s  h e ,  to o ,  w as  a s k in g  t h a t  th e  te c h n iq u e s  o f  a  r e s o u r c e - s h o r t  

r e g io n  b e  a d a p t e d  in  o n e  a c c u s to m e d  to  a n  a b u n d a n c e  o f  r e s o u r c e s .  H e  

d id  n o t  e x p l ic i t ly  a c k n o w le d g e  t h a t  in  E u r o p e ,  e s p e c ia lly  in  G e r m a n y ,  m in e -  

m o u t h  p la n t s  a n d  c o o l in g  lo w e r s  w e re  lo c a te d  w h e r e  lo w -h e a t- v a lu e  c o a l,  

b ro w n -c o a l  ( l ig n i te ) ,  w as  b e in g  e x p lo i t e d ,  a  f u e l  t h a t  w as  to o  lo w  in  c a lo r ic s  

to  b e  t r a n s p o r t e d  b e c a u s e  o f  th e  h ig h  w e ig h t- to - c a lo r ic - c o n te n t  r a t io .4* T h e  

p o w e r  p la n t  m o v e d  to  th e  f u e l ;  t h e  fu e l  d id  n o t  m o v e  to  th e  s i te  o f  p o w e r -  

p la n t  c o o l in g  w a te r  a n d  lo a d .  C o o k e  p r e s e n t e d  E u r o p e a n  p r e c e d e n t s —ju s t  

a s  h e  r e f e r r e d  to  t h e  A m e r ic a n  p r e c e d e n t  in  h ig h -v o l ta g e  t r a n s m is s io n  in  

C a l i f o r n ia — s im p ly  a s  a d v a n c e d  t e c h n o lo g y  s h o w in g  th e  w ay  o f  th e  f u tu r e .  

T h e  s u b t le ty  o f  s u i t in g  te c h n o lo g y  to  f a c to r  e n d o w m e n t  m a y  h a v e  b e e n  

lo s t o n  h im .

C o o k e ,  lik e  P in c h o t ,  w as  g r e a t ly  c o n c e r n e d  a b o u t  th e  f a r m e r s ' la ck  o f  

a c c e ss  to  e le c t r ic i ty  (s e e  F ig . X I .6 ) . C o o k e  s h o w e d  t h a t  o f  2 0 2 ,2 5 0  f a r m s  in  

P e n n s y lv a n ia ,  o n ly  1 2 ,4 5 2  w e re  e s t im a te d  to  h a v e  p u b l ic  u ti l i ty  s e rv ic e .  (H is  

e s t im a te ,  h e  w r o te ,  w as  h i g h e r  th a n  th a t  m a d e  by  th e  u t i l i t ie s .)  N e a r ly

2 0 ,0 0 0  f a r m s  h a d  e i t h e r  t h e i r  o w n  e le c t r ic  p la n t  o r  g a s  p la n t ,  b u t  th a t  le f t 

1 7 1 ,5 8 1  f a r m s  w i th o u t  m o d e r n  m e a n s  o f  i l l u m in a t io n  in  th e  s e c o n d  d e c a d e  

o f  th e  tw e n t i e th  c e n t u r y .46 (S o m e  o f  th e s e  f a r m s  w e re  A m is h ,  h o w e v e r ,  

a n d  in  th o s e  in s t a n c e s  e le c t r ic i ty  w as  r e f u s e d  f o r  c u l tu r a l  r e a s o n s .)  T h e  

m a jo r  r e a s o n  s o  m a n y  f a r m s  w e n t  u n s e r v e d  w as  t h a t  th e  u ti l i t ie s  w o u ld  n o t  

in v e s t  in  th e  d i s t r i b u t i o n  l in e s  n e e d e d  a n d  w o u ld  n o t  lev y  r a t e s  s im i la r  to  

th o s e  th e y  c h a r g e d  t h e i r  in d u s t r i a l  c u s to m e r s .  B e c a u s e  f a r m s  w e re  w id e ly  

s c a t t e r e d ,  i n v e s tm e n t  in  th e  n e c e s s a ry  d i s t r ib u t io n  fa c il i t ie s  w as  r e la t iv e ly  

h ig h  c o m p a r e d  to  t h e  c o s t  o f  s e r v in g  u r b a n  c u s to m e r s ,  a n d  p a r t ia l ly  b e c a u s e  

o f  th is  t h e  f a r m e r s  w e re  c h a r g e d  r a te s  lik e  th o s e  o f  r e s id e n t ia l  o r  l ig h t in g  

c o n s u m e r s  in  th e  c i t ie s . L ik e  P in c h o t ’s p la n ,  C o o k e ’s p r o p o s a l  f o r  s o lv in g  

th is  p r o b le m  i n c lu d e d  m u tu a l  c o m p a n ie s  a n d  d is t r ic t  u t i l i t ie s ,  b u t  it a lso  

c a lle d  f o r  u t i l i t ie s  to  a l lo c a te  a s  m u c h  as 5  p e r c e n t  o f  t h e i r  c u r r e n t  a n n u a l  

c a p i ta l  e x p e n d i t u r e s  to  r u r a l  e le c t r i f ic a t io n .  In  a d d i t io n ,  C o o k e  w a n te d  

lo w e r  r a te s  w h ic h  w o u ld  e n c o u r a g e  in c r e a s e d  c o n s u m p t io n .  C o o k e ’s r e c ­

o m m e n d a t i o n s  b e c a m e  m o r e  s ig n if ic a n t  w ith  h in d s ig h t  f o r  h e  w as  a p -

■‘■'On ih c  p ro b lem  o f  c o oling , see also A u g ust U lin ann , J r . ,  " T h e  In flu e n c e  o f  W ate r on  
th e  L o ca tion  o f  G ia n t Pow er Plan ts ,"  A n n a ls  o f  the Am erican Academ y o f  P olitical a n d  Socia l Science 

118 (1925): M I -4 8 .
n  In  1924 C o ok e  se n t O . M. R au . an  e n g in e e r  w ho was assisting him  on  th e  G ian t Pow er 

p ro jec t, to  E u ro p e  to  o bserv e  the  elec tr ic  sup p ly  prac tices fo llow ed  th e re .

‘" 'G ia n t Power Survey,  pp . 37 ff.
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F ig u r e  X 1 .6 . Areas o f  P enn sylvan ia  w ithin econom ical range  o f  existing  electric supply, c. 19 2 0 : only 5 0  percen t were served. From  G ia n l Pow er 

Su rv e y , p . 39.

p o i n t e d  h e a d  o f  t h e  R u r a l  E l e c t r i f i c a t i o n  A d m i n i s t r a t i o n  u n d e r  t h e  N e w  

D e a l .

S o m e  o f  t h e  u t i l i t i e s '  r e s p o n s e s  t o  t h e  i d e a  o f  G i a n t  P o w e r  w e r e  sh r i l l .  

O n e  e n g i n e e r  l a b e l e d  C o o k e ’s i d e a s  c o m m u n i s t i c .47 R e p r e s e n t a t i v e  o f  a 

m o r e  r a t i o n a l  r e a c t i o n  f r o m  t h e  u t i l i t i e s  w a s a  19 2 5  a d d r e s s  b y  C h a r l e s  

P e n r o s e . 48 I n  c o n t r a s t  t o  C o o k e ,  w h o s e  t e c h n i c a l  a c h i e v e m e n t s  w e r e  l i m i t e d ,  

P e n r o s e ,  a n  e l e c t r i c a l  e n g i n e e r  f r o m  P r i n c e t o n ,  h a d  w o r k e d  a s  a n  e l e c t r i c a l  

e n g i n e e r  f o r  t h e  P h i l a d e l p h i a  E l e c t r i c  C o m p a n y  a n d  w a s i t s e n g i n e e r  i n  

c h a r g e  o f  e r e c t i o n  o f  S c h u y l k i l l  N o .  2  S t a t i o n  i n  19 14 - 19 15 .  F r o m  19 2 0  

h e  h a d  b e e n  a s s i s t a n t  g e n e r a l  m a n a g e r  o f  t h e  p r o m i n e n t  P h i l a d e l p h i a  c o n ­

su l t i n g  e n g i n e e r i n g  f i r m  o f  D a y  &  Z i m m e r m a n n .  M e  w a s ,  i n  19 2 5 ,  c h a i r m a n  

o f  t h e  P u b l i c  R e l a t i o n s  S e c t i o n  o f  t h e  P e n n s y l v a n i a  E l e c t r i c  A ss o c i a t i o n  ( t h e  

t r a d e  a s so c i a t i o n  o f  t h e  s t a t e ’s u t i l i t i e s )  a n d  a  m e m b e r  o f  t h e  P u b l i c  R e l a t i o n s  

E x e c u t i v e  C o m m i t t e e  o f  t h e  N a t i o n a l  E l e c t r i c  L i g h t  A ss o c i a t i o n  ( t h e  t r a d e  

a s so c i a t i o n  o f  u t i l i t i e s  n a t i o n w i d e ) .

17W. S. M u rra y , te lle r  lo  e d ito r . Electrical W or ld  85  (1925): 5 13. M u rra y , a c o nsu lting  
e n g in e e r , ha d  a n o th e r  sc h em e  fo r  la rg e  po w er s ta tio n s a n d  h igh -v o lta ge  tran sm ission , l i e  
called  his p la n  S u p e rp o w e r . It was lo  c o ver  th e  n o r th e a s te rn  U n ite d  S tale s.

■•"Charles P e n ro se , "P o w er in Pen nsy lva n ia "  (A d d re ss  b e fo re  th e  H y d ro -E le c tr ic  C o n fe r ­
en ce , P h ilad e lp h ia , Pa ., 10 M arch  1925): o f fp r in t in C o ok e  P a p e rs  ( G ro u p  4 0 . Box I99 , Hie 
labele d  “ P ro p a g an d a ") .



A d d r e s s in g  e n g in e e r s  in  c o n f e r e n c e  in  P h i l a d e lp h ia ,  P e n r o s e  s t r u c k  tw o  

r e s p o n s iv e  c h o r d s :  (1 ) a n  e x p e r ie n c e d  e n g i n e e r  o p t e d  f o r  r e a s o n a b le  p r o g ­

re s s  f r o m  a  s o u n d  b a s e  o f  e x p e r i e n c e ;  a n d  (2 ) e n g in e e r s  h a d  th e  r e s p o n ­

s ib ility  o f  in f o r m i n g  th e  p u b l ic  a b o u t  s o u n d  p o lic y  in  o r d e r  to  sa v e  it f r o m  

th e  re c k le s s  v e n tu r e s  o f  p o l i t ic ia n s  a n d  o t h e r  la y m e n  t r e a d i n g  o n  th e  e n ­

g i n e e r s ’ g r o u n d .  H e  a ls o  in s is te d  t h a t  te c h n o lo g ic a l  c h a n g e  s h o u ld  n o t  p lay  

f a s t  a n d  lo o s e  w ith  v e s te d  in te r e s t s ,  w h ic h  to  h im  w e re  e c o n o m ic  o n e s ,  a n d  

th a t  in d u s t r i e s  s h o u ld  n o t  s u b s id iz e  f a r m e r s  a n d  r e s id e n t i a l  c o n s u m e r s  by 

a l lo w in g  th e m  to  b e  c h a r g e d  r a te s  c o m p a r a b le  to  w h a t  th e  in d u s t r i e s  p a id .

In  a  r e v e a l in g  r e m a r k ,  P e n r o s e  la b e le d  G ia n t  P o w e r  t e c h n o lo g y  “ r a d ic a l ."  

T o  a n  e x p e r i e n c e d  a n d  p r u d e n t  e n g i n e e r  it w as  r a d ic a l  b e c a u s e  th e  le n g th  

a n d  v o l ta g e  le v e ls  o f  th e  t r a n s m is s io n  l in e s  p r o p o s e d  h a d  n o t  b e e n  t h o r ­

o u g h ly  p r o v e n  in  p r a c t ic e  a n d  b e c a u s e  th e  5 0 0 ,0 0 0 -k w . p o w e r  a n d  b y ­

p r o d u c t  p la n i s  w e r e  u n r e a l is t ic a l ly  la r g e  f o r  th e  m in e - m o u th .  P e n r o s e  a lso  

q u e s t io n e d  th e  w is d o m  o f  m a k in g  in d u s t r i a l  P e n n s y lv a n ia  p o w e r  p la n ts  

d e p e n d e n t  u p o n  t h e  m in in g  d i s t r i c t ’s l im i te d  s u p p ly  o f  c o o l in g  w a te r  ( d a m s  

p ro b a b ly  c o u ld  n o t  c o m p e n s a te  f o r  d r o u g h t s )  o r  u p o n  c o o l in g  to w e r s .  A r ­

t i f ic ia l c o o l in g  in  A m e r ic a  h a d  b e e n  l im i te d ,  h e  r e p o r t e d ,  to  in s ta l la t io n s  

le ss  t h a n  o n e - t e n t h  t h e  s iz e  o f  G ia n t  P o w e r  p la n ts .  H e  a ls o  d o u b t e d  th e  

c o m m o n  s e n s e  o f  a  p r o p o s a l  t h a t  w o u ld  h a v e  a ll o f  e a s te r n  P e n n s y lv a n ia  

r e ly in g  o n  3 0 0 - m ile - lo n g  t r a n s m is s io n  l in e s . (R e lia b il i ty  o f  s e rv ic e  m e a n t  

m o r e  th a n  lo w e r  r a t e s  to  m a n y  in d u s t r i e s .)  T h e  e le c t r ic a l  u t i l i t ie s  in  P e n n ­

s y lv a n ia ,  P e n r o s e  in s is te d ,  w e re  m o v in g  a h e a d  a t  a  r e a s o n a b le  r a t e  in  th e i r  

e f f o r t  to  in t e r c o n n e c t  s y s te m s ,  r a is e  t r a n s m is s io n  v o lta g e s ,  a n d  im p r o v e  

d iv e r s i ty  a n d  lo a d  f a c to r s .  P e n n s y lv a n ia ,  h e  o b s e rv e d ,  w as  a  p r o s p e r o u s  

s ta te ,  a n d  P h i l a d e lp h ia  w as  “ th e  W o r k s h o p  o f  th e  W o r ld .”

P e n n s y lv a n ia 's  u t i l i t ie s  a ls o  a t t r a c t e d  c a p i ta l  b e c a u s e  th e y  w e re  re c o g n iz e d  

a s  b e in g  p r u d e n t l y  m a n a g e d  a n d  p r o f i ta b le .  P e n r o s e  c le a r ly  s p o k e  f o r  th o s e  

w h o  h a d  in v e s te d  in  th e  u ti l i t ie s  w h e n  h e  sa id :

W hen  we re fle c t u p o n  th e  im m en se  in v es tm en t re p re se n te d  in g e n e ra tin g  
capacity  o p e ra tin g  to d ay  in th e  ele c tric  pub lic  utility  system s in  Pennsy lvan ia , we 
will a p p re c ia te  w hy such  a p ro p o sa l m ust m erit th e  closest eco n o m ic  sc ru tiny .
T h is  is se lf-ev id en t b ecause o f  th e  in tim a te  re la tio n sh ip , in P ennsy lvan ia  as 
e lsew h ere  th a t exists  b e tw een  th e  financial stability o f  th e  electric  u tilitie s a n d  th e  
financial stability  o f  In d u s try , M an u fac tu re , an d  in d eed  B usin ess itse lf w ith th e  
S ta le . Y ou m ay be th e  ju d g e s  as to  w h e th e r  th e  p ro p o sa l (I q u o te ), " o u r  service 
co m p an ie s  will be re lieved  o f  th e  necessity  fo r p ro v id in g  g e n e ra tin g  sta tio n s,"  is 

to  say th e  least s ta r tlin g !49

H e  a ls o  a s k e d  s h r e w d ly  i f  t h e  a u th o r s  o f  th e  G ia n t  P o w e r  p la n  h a d  c o n ­

s id e r e d  w h a t m ig h t  b e  th e  r e a c t io n  o f  in d u s t r i a l  c o r p o r a t io n s  t h a t  h a d  

a l r e a d y  in v e s te d  h e a v ily  in  s u p p ly in g  th e  co a l b y - p r o d u c t  m a r k e t  th a t  G ia n t  

P o w e r  p la n t s  w o u ld  e n te r .
A f t e r  a t t a c h in g  th e  la b e l “a n o t h e r  u to p ia "  to  G ia n t  P o w e r ,  P e n r o s e  e n d e d  

h is  a d d r e s s  b y  a s k in g  th e  e n g in e e r s  to  ta k e  re s p o n s ib i l i ty  f o r  th e  f u t u r e  o f  

th e  s t a t e  o f  P e n n s y lv a n ia  by  s e e in g  to  it  t h a t  th e  p u b lic  “s h a ll  k n o w  w h a t 

a r e  th e  fa c ts ."  T h e r e  s e e m s  to  h a v e  b e e n  n o  d o u b t  in  h is  m in d  th a t  h is  

in f o r m e d  a n a ly s is , b a s e d  a s  it w as u p o n  p r u d e n t  e n g in e e r in g  p ra c t ic e  a n d  

s o u n d  e c o n o m ic  p r in c ip le s ,  p r o v id e d  th o s e  " fa c ts ."
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49 Ib id ., p. 4 .
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T h e  h is to ry  o l ' l h e  G ia n t  P o w e r  p r o p o s a l s  in  th e  P e n n s y lv a n ia  l e g is la tu r e  

in v o lv e d  c o m m i t t e e  h e a r i n g s  a n d  r e f o r m u l a t i o n s .  O n e  m a jo r  c h a n g e  w as 

a  r e t r e a t  f r o m  t h e  in i t ia l  p o s i t io n  t h a t  g e n e r a t i n g ,  t r a n s m is s io n ,  a n d  d is ­

t r i b u t i o n  c o m p a n ie s  s h o u l d  b e  s e p a r a t e  e n t i t ie s .  T h e  f a te  o f  th e  b ill w as  

f in a lly  d e c id e d  in  J a n u a r y  a n d  F e b r u a r y  1 9 2 6  a t  a  j o i n t  h e a r i n g  h e ld  by 

t h e  C o m m i t t e e  o n  C o r p o r a t i o n s  o f  t h e  S e n a te  a n d  t h e  M a n u f a c tu r e r s  C o m ­

m i t t e e  o f  t h e  M o u s e  o f  R e p r e s e n ta t iv e s .  A d v o c a te s  a n d  o p p o n e n t s  o f  G ia n t  

P o w e r  w e re  o n  h a n d  to  t e s t i f y .51’

T h e  s t r a t e g y  o f  t h e  b i l l ’s o p p o n e n t s  h a d  b e e n  in d ic a te d  by  P e n r o s e ;  o th e r s  

o f f e r e d  v a r i a t io n s  u p o n  h is  th e m e s .  T o  s u b s ta n t i a t e  t h e  a r g u m e n t  th a t  

G ia n t  P o w e r  w as  u n r e a l i s t i c ,  r a d ic a l  te c h n o lo g y ,  t h r e e  w e l l -k n o w n  p r o f e s ­

s io n a l  e n g i n e e r s ,  P r o f e s s o r  A r t h u r  E. K e n n e l ly ,  P r o f e s s o r  P a u l M . L in c o ln ,  

a n d  H a r o l d  B u c k ,  w e re  c a l le d  to  te s t ify .  T h e y  h a d  b e e n  s e n t  to  th e  h e a r in g  

by  t h e  A m e r ic a n  E n g i n e e r i n g  C o u n c i l  a t  t h e  r e q u e s t  o f  t h e  j o i n t  c o m m it te e .  

T h e  t h r e e  s a id  t h a t  th e y  d id  n o t  r e p r e s e n t  t h e  c o u n c i l  b u t  w e re  o n  h a n d  

a s  e x p e r t s  to  o f f e r  o p in io n s  a n d  p r e s e n t  fa c ts .  T h e i r  fa c ts  a n d  o p in io n s  

t u r n e d  o u t  to  b e  j u s t  a b o u t  t h e  s a m e .

H a r o ld  B u c k  s p o k e  f i r s t  a n d  s t a t e d  t h e  c o n s e n s u s .51 A  c o n s u l t in g  e n g i ­

n e e r  f r o m  N e w  Y o rk  C ity , h e  d e c la r e d  t h a t  h e  r e p r e s e n t e d  n o  o n e  b u t 

h im s e lf .  I n  th e  p a s t ,  h o w e v e r ,  h e  h a d  b e e n  e m p lo y e d  b y  t h e  G e n e r a l  E le c tr ic  

C o m p a n y  a n d  h a d  s e r v e d  a s  a n  e le c t r ic a l  e n g i n e e r  f o r  t h e  N ia g a r a  F alls 

P o w e r  C o m p a n y  b e f o r e  e n t e r i n g  p r iv a te  p r a c t i c e  a n d  e n g a g i n g  in  th e  d e ­

s ig n  a n d  c o n s t r u c t io n  o f  l a r g e  h y d r o e le c t r i c  a n d  p o w e r  t r a n s m is s io n  sy s ­

t e m s  t h r o u g h o u t  th e  c o u n t r y .  E c h o in g  P e n r o s e ,  B u c k  to ld  t h e  le g is la tu r e  

t h a t  to  s u p p o r t  G ia n t  P o w e r  w as  to  t a m p e r  re c k le s s ly  w ith  a  s u c c e s s fu l  

i n d u s t r y ,  t h e  p u b l ic  u t i l i t ie s  in  P e n n s y lv a n ia .  T h a t  w h ic h  w as  s o u n d  a b o u t  

th e  G ia n t  P o w e r  p la n  w as  a l r e a d y  b e in g  p u t  in to  p r a c t i c e  b y  t h e  u ti l i t ie s ,  

h e  n o te d :  in t e r c o n n e c t i o n  f o r  t h e  e x c h a n g e  o f  s u r p l u s  p o w e r ;  e c o n o m ic a l ly  

p r u d e n t  r u r a l  e l e c t r i f i c a t io n ;  lo a d - f a c to r  in c r e a s e s ;  a n d  i m p r o v e m e n ts  in  

th e  e c o n o m ic s  o f  g e n e r a t i o n .  O t h e r  a s p e c ts  o f  G ia n t  P o w e r  te c h n o lo g y  h a d  

n o t  b e e n  a n d  w o u ld  n o t b e  a d o p t e d  b y  u t i l i ty  e n g i n e e r s  b e c a u s e ,  B u c k  

a r g u e d ,  th e y  w e re  p r e p o s t e r o u s .  H e  c a l le d  t h e  le g i s l a to r s ’ a t t e n t i o n  to  th e  

e le c t r ic a l  s y s te m s  o f  C a n a d a  a n d  G r e a t  B r i t a in  a s  e x a m p le s  o f  th e  b a le fu l  

i n f lu e n c e  o f  g o v e r n m e n t  c o n t r o l  a n d  r e g u la t io n .  ( O t h e r s  a t  t h a t  t im e  h e ld  

u p  th e  p u b l ic ly  o w n e d  O n t a r i o  r e g io n a l  s y s te m  a s  a  m o d e l  f o r  th e  U n i t e d  

S ta te s  to  fo llo w .)  A f t e r  h e a r i n g  B u c k ’s r e m a r k s ,  th e  s p o k e s m a n  f o r  G ia n t  

P o w e r  a s k e d  B u c k  i f  h e  h a d  e v e r  a p p e a r e d  a s  a n  e x p e r t  w itn e s s  in  a  p u b l ic  

c o n t r o v e r s y  o t h e r  t h a n  f o r  a  p r iv a te  c o m p a n y .  B u c k  r e c a l le d  tw o  s u c h  

o c c a s io n s .

P r o f e s s o r  A r t h u r  K e n n e l ly  w as  w ell k n o w n  e v e n  to  l a y m e n .  H e  h a d  b e e n  

a  p r in c ip a l  a s s is ta n t  to  E d is o n  a t  th e  W e s t O r a n g e  L a b o r a to r y  f o r  a b o u t  

s e v e n  y e a r s  a n d  h a d  s e r v e d  G e n e r a l  E le c tr ic  a n d  o t h e r  c o m p a n ie s  a s  a 

c o n s u l t in g  e n g i n e e r ,  r e s id in g  f o r  a l im e  in  P h i l a d e lp h ia .  S u b s e q u e n t ly  h e  

h a d  b e c o m e  p r o f e s s o r  o f  e l e c t r ic a l  e n g i n e e r i n g  a t  t h e  M a s s a c h u s e t ts  I n s t i ­

t u t e  o f  T e c h n o lo g y  a n d  a t  th e  t im e  o f  t h e  h e a r i n g  h e  w as  a t  H a r v a r d .  A f te r  

s e c o n d in g  B u c k 's  r e m a r k s  a n d  a m p l i f y in g  s o m e  o f  th e m ,  K e n n e l ly  s o u n d e d

,u See J o in t H ea rin g  on G ia nt Power.

*' Ib id ., p p . 6 4 -7 4 .
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a  r e c u r r i n g  th e m e :  “ In  m y  o p in io n  th e  p r e s e n t  s y s te m  is w o r k in g  w e l l ." 32 

M e, to o ,  e x p r e s s e d  th e  v iew  th a t  g o v e r n m e n t  i n t e r f e r e n c e  r e t a r d e d  th e  

u t i l i t ie s  i n d u s t r y  a b r o a d ;  h e  f e a r e d  th a t  i n t e r f e r e n c e  by  th e  s t a t e  g o v e r n ­

m e n t— in  c o n t r a s t  to  s la te  r e g u la t io n  a s  g e n e r a l ly  p r a c t i c e d — w o u ld  d r y  u p  

th e  s o u r c e s  o f  n e e d e d  c a p i ta l .

P r o f e s s o r  P a u l L in c o ln ,  d i r e c t o r  o f  th e  S c h o o l o f  E le c tr ic a l  E n g in e e r in g  

a t  C o r n e l l ,  h a d  e a r l i e r  w o r k e d  f o r  W e s t in g h o u s e  a n d  th e  N ia g a r a  F a lls  

P o w e r  C o m p a n y .  H e  r e p e a t e d  m a n y  o f  D u c k ’s p r o n o u n c e m e n t s  a n d  w e n t  

o n  to  s t r e s s  h is  c o n c e r n  a b o u t  th e  s ta b il i ty  o f  a  2 2 0 ,0 0 0 -v o l t  t r a n s m is s io n  

l in e  c a r r y in g  m o r e  th a n  1 2 5 ,0 0 0  k v a . L ik e  B u c k ,  h e  u r g e d  th e  c o n t in u e d  

t r a n s p o r t  o f  c o a l  ( e n e rg y )  by  r a i l r o a d  to  p o w e r  p la n ts  r a t h e r  th a n  th e  

t r a n s m is s io n  o f  e le c t r ic i ty  ( e n e rg y )  f r o m  s u c h  p la n ts  to  th e  lo a d  v ia  h ig h -  

v o l ta g e  l in e s  a c ro s s  h u n d r e d s  o f  m ile s . N o t  o n ly  w as  ra i l  m o r e  r e l ia b le  b u t  

it w as m o re  e c o n o m ic a l ,  h e  te s tif ie d . H e  r e f e r r e d  to  h ig h -c a lo r ic — n o t  b ro w n —  

co a l. I n  c r o s s - e x a m in a t io n ,  L in c o ln  w as  a s k e d  i f  h e  h a d  e v e r  p r e p a r e d  a 

s tu d y  r e c o m m e n d i n g  t h e  u s e  o f  la r g e  m in e - m o u th  p la n t s  to  t r a n s m i t  p o w e r  

f r o m  th e  P e n n s y lv a n ia  c o a l  f ie ld s  to  th e  i n d u s t r i a l  E a s t.  A s  w as  e x p e c te d  

in  v iew  o f  h is  t e s t im o n y ,  L in c o ln  sa id  n e v e r .  C o u n s e l  f o r  th e  b il l t h e n  la id  

b e f o r e  t h e  c o m m i t t e e  a  s tu d y  d o n e  b y  L in c o ln  in  1 9 1 9  in  w h ic h  h e  a d v is e d  

t h a t  t h e r e  w as  n o  e n g i n e e r i n g  o b s ta c le  lo  b u i ld in g  in  t h e  P e n n s y lv a n ia  co a l 

f ie ld s  a 5 0 0 ,0 0 0 -k w . p la n t  c a p a b le  o f  2 2 0 ,0 0 0 -v o l l  t r a n s m is s io n .  T h e  w itn e ss  

a d m i t t e d  t h a t  h is  m e m o r y  w as  p o o r  in  th is  in s ta n c e ;  h e  a ls o  s a id  th a t  in  

1 9 1 9  h e  h a d  n o t  k n o w n  w h a t  h e  k n e w  in  1 9 2 5  a b o u t  th e  s ta b il i ty  p r o b l e m .33

P r o p o n e n t s  o f  t h e  G ia n t  P o w e r  b ill p r e s e n t e d  n o  e n g in e e r s  f r o m  p r iv a te  

u ti l i t ie s  o r  e le c t r ic a l  m a n u f a c t u r e r s ,  n o  e n g i n e e r i n g  p r o f e s s o r s ,  a n d  o n ly  

o n e  c o n s u l t in g  e n g i n e e r — a  s p e c ia l is t  in  c o o l in g  to w e rs ,  w h ic h  w as  s till a n  

in s ig n if ic a n t  f ie ld  in  A m e r ic a .  H o w e v e r ,  th e y  d id  h a v e  a n  im p r e s s iv e  w itn e ss  

in  T .  A . P a n te r ,  a s s is ta n t  c h i e f  e n g i n e e r  o f  th e  L o s  A n g e le s  W a te r  a n d  

P o w e r  B u r e a u ,  a  m u n ic ip a l ly  o w n e d  u ti l i ty . S u p p ly in g  th e  c ity  o f  L o s  A n ­

g e le s  w ith  a b o u t  7 0  p e r c e n t  o f  its  to ta l  e n e r g y ,  th e  b u r e a u  p u r c h a s e d  a 

s u b s ta n t ia l  p o r t i o n  o f  th is  e n e r g y  f ro m  th e  p r iv a te ly  o w n e d  S o u t h e r n  C a l ­

i f o r n ia  E d is o n  C o m p a n y ’s t r a n s m is s io n  sy s te m . S o u t h e r n  C a l i f o r n ia  E d is o n  

d r e w  m u c h  o f  th e  p o w e r  it  s o ld  to  th e  m u n ic ip a l  u ti l i ty  f r o m  h y d r o e le c t r ic  

p la n t s  in  t h e  S ie r r a  N e v a d a s ,  2 5 0  m ile s  aw ay . P a n te r  te s t i f ie d  th a t  o n  th e  

b a s is  o f  h is  e x p e r i e n c e  w ith  s e rv ic e  f r o m  th is  tr a n s m is s io n  l in e ,  h e  a n t i c i ­

p a t e d  t h e r e  w o u ld  b e  n o  s e r io u s  d i f f ic u l t ie s  w ith  G ia n t  P o w e r  t r a n s m is s io n .  

H e  a ls o  s t a t e d ,  c o n t r a r y  to  L in c o ln ,  th a t  h e  t h o u g h t  1 2 5 ,0 0 0  k v a . c o u ld  b e  

t r a n s m i t t e d  w i th o u t  s ta b il i ty  p r o b le m s  o n  a  2 2 0 ,0 0 0 -v o lt  l in e .3,1

I n  g e n e r a l ,  t h e  t e s t im o n y  a n d  c ro s s - e x a m in a t io n  a t th e  h e a r i n g  p r o ­

c e e d e d  u n e m o t io n a l ly  a n d  m a l ie r -o f - f a c i ly .  T h e  e x c e p t io n  w as a n  o r a t io n  

g iv e n  b y  a  m e m b e r  o f  th e  U .S . C o n g re s s  fo r  m a n y  y e a rs ,  J a m e s  F ra n c is  

B u r k e  o f  P i t t s b u r g h .  B u r k e  b e g a n  by  s a y in g  th a t  a m o r e  d a n g e r o u s  a n d  

d e s t r u c t iv e  s e t  o f  m e a s u r e s  h a d  n e v e r  b e e n  p r e s e n te d  to  th e  l e g is la tu r e .  

H e  th e n  w a r n e d  t h a t  i f  th e  le g is la tu r e  s h o u ld  e v e r  b e c o m e  s u f f ic ie n t ly  

so c ia l is t ic  to  e n a c t  G ia n t  P o w e r  in to  law , it w o u ld  a lso  h a v e  to  p r o v id e  a  

" b u r ia l  p la c e  f o r  th e  7 5 0 ,0 0 0 ,0 0 0  d o l la r s  a l r e a d y  in v e s te d  in  g o o d  f a ith  in

M Ibid .,  p. 81 ; Tor K ennedy 's  te stim ony in its e n tire ty , sec ib id ., p p . 7 9 -83 .

** Ib id ., p p . 75 -7 9 .

M Ib id ..  pp . 8 8 -9 2 .



3 1 2  N E T W O R K S  O F  P O W E R

t h e  in d u s t r y . ” G ia n l  P o w e r ,  h e  s a id ,  n o t  o n ly  s m e l le d  o f  s o c ia l ism  b u t  w as 

“ p r e g n a n t  w ith  t h e  v ic io u s  e le m e n t s  o f  c o n f i s c a t io n .” I t  w a s  “ fa ls e  b a i t  f o r  

t h e  f a r m e r ” a n d  w o u ld  le a d  to  o n e - m a n  c o n t r o l  o f  th e  v a s t  in d u s t r y  by  th e  

g o v e r n o r .  H e  c lo s e d  b y  a s k in g ,  “ Is  P e n n s y lv a n ia  to  le a d  A m e r ic a  in  fo llo w ­

i n g  R u s s ia  in to  th e  d is m a l  s w a m p  o f  c o m m e r c ia l  c h a o s  a n d  F in an c ia l d is ­

a s t e r ?  A r e  w e  to  f o r g e t  o u r  F r a n k l in s ,  o u r  W e s t in g h o u s e s ,  o u r  E d is o n s ,  

o u r  S te in m e tz e s ,  a n d  a ll t h e  g e n iu s e s  w h o s e  n a m e s  l ig h t  u p  th e  h o r iz o n  o f  

in d u s t r i a l  p r o g r e s s ? " 35 ( T h e  fa c t  t h a t  S te in m e tz  h a d  r u n  a s  th e  S o c ia lis t 

p a r l y ’s c a n d i d a t e  f o r  N e w  Y o rk  S ta te  E n g i n e e r  s e e m s  n o t  to  h a v e  d i s tu r b e d  

B u r k e .)

I t  is d i f f i c u l t  to  u n d e r s t a n d  w h y  B u r k e  w as  c a l le d  to  a p p e a r  b e f o r e  th e  

c o m m i t t e e — h is  a p p e a l  d i f f e r e d  s o  d r a m a t ic a l ly  f r o m  t h e  g e n e r a l  t e m p e r  

o f  t h e  h e a r i n g .  P e r h a p s  t h e  a n s w e r  lie s  in  k n o w in g  m o r e  a b o u t  th e  m e m b e r s  

o f  t h e  c o m m i t t e e .  I n  a n y  c a s e ,  w h e t h e r  m o v e d  b y  B u r k e ,  m o r e  r e a s o n e d  

d i s c o u r s e ,  o r  o t h e r  c o n s id e r a t io n s ,  t h e  j o i n t  c o m m i t t e e  r e j e c te d  t h e  G ia n t  

P o w e r  l e g is la t io n ,  r e p o r t i n g  th e  b ills  n e g a t iv e ly  o n  F e b r u a r y  8 . T h e  S e n a te  

s u b s e q u e n t ly  c o n c u r r e d ;  t h e  H o u s e  n e v e r  b o t h e r e d  to  r e p o r t .

T h e  h is to r y  o f  G ia n t  P o w e r  is in s t r u c t iv e .  A t is s u e  w as  t h e  a t t e m p t  b y  a n  

“e x t e r n a l  f o r c e , ” t h e  P in c h o t  a d m i n i s t r a t i o n  in  P e n n s y lv a n ia ,  to  c h a n g e  th e  

d i r e c t io n  o f  t h e  d e v e l o p m e n t  o f  t h e  e l e c t r ic  l ig h t  a n d  p o w e r  in d u s t r y  in  

th e  U n i te d  S ta te s .  T h e  e f f o r t  f a i le d ,  b u t  t h e  p r o p o n e n t s  o f  G ia n l  P o w e r  

d o  n o t  s e e m  to  h a v e  u n d e r s t o o d  t h e  d e e p e r  r e a s o n s  w h y . P in c h o t  b la m e d  

t h e  p o w e r  o f  a  g r e a t  a n d  g r o w in g  m o n o p o ly  m a s t e r m i n d e d  b y  g ia n l  f i ­

n a n c ia l  i n t e r e s t s ;  C o o k e  s h a r e d  th is  v iew  a n d  a ls o  a t t r i b u t e d  t h e  f a i lu r e  to  

th e  c o n s e r v a t i s m  o f  t h e  e n g i n e e r i n g  e s t a b l i s h m e n t ,  a n  a t t i t u d e  h e  h a d  s t r u g ­

g le d  a g a in s t  a s  a m e m b e r  o f  th e  A m e r ic a n  S o c ie ty  o f  M e c h a n ic a l  E n g in e e r s .  

B o th  m e n  g a v e  m o r e  c r e d i t  to  t h e  in f lu e n c e  o f  h u m a n  w ill— p e r h a p s  th e y  

w o u ld  h a v e  p r e f e r r e d  to  sa y  h u m a n  m a c h in a t io n s — t h a n  to  lo n g - r a n g e  

t r e n d s  o r  f a c to r s .

T h e  h i s to r i a n  c a n  fo c u s  o n  t r e n d s ,  f a c to r s ,  a n d  t h e  m o m e n t u m  o f  a  la rg e  

a n d  g r o w in g  i n d u s t r y .  P h i l ip  P. W e lls , P in c h o t ’s d e p u t y  a t t o r n e y  g e n e r a l ,  

w as  n e a r e r  to  t h e  m a r k  w h e n  h e  to ld  th e  j o i n t  c o m m i t t e e  t h a t  in  fa c t  th e  

u t i l i t ie s  o p p o s e d  G ia n t  P o w e r  n o t  o n  a n  e n g i n e e r i n g  b a s is  b u t  b e c a u s e  o f  

t h e  “ r e g u l a t i o n  a n d  th e  p o o l in g  a n d  th e  f a r m e r s ’ b il ls . ’’56 C h a r le s  P e n r o s e  

a n d  A r t h u r  K e n n e l ly  w e r e  m u c h  c lo s e r  to  t h e  r o o t s  o f  t h e  o p p o s i t io n  w h e n  

t h e y  c a l le d  a t t e n t i o n  to  t h e  h e a v y  i n v e s tm e n t  o f  c a p i ta l  t h a t  h a d  b e e n  m a d e  

in  th e  e x i s t in g  t e c h n o lo g y  by  t h e  u t i l i t ie s  a n d  to  t h e  p o s s ib il i ty  t h a t  a  s c h e m e  

l ik e  G ia n t  P o w e r  m ig h t  d r iv e  a w a y  t h e  in v e s to r s  w h o  w e r e  f in a n c in g  th e  

o r d e r l y  d e v e l o p m e n t  o f  t h e  in d u s t r y .  T h e y  w o u ld  h a v e  b e e n  e v e n  n e a r e r  

t h e  m a r k  i f  th e y  h a d  g o n e  o n  to  say  t h a t  G ia n l  P o w e r  w o u ld  s h i f t  th e  

a u t h o r i t y  a n d  r e s p o n s ib i l i ty  o f  p r e s i d i n g  o v e r  t h e  g r o w th  o f  e le c t r ic  lig h t  

a n d  p o w e r  s y s te m s  f r o m  th e  e n g i n e e r s ,  m a n a g e r s ,  a n d  o w n e r s  o f  th e  e x ­

is t in g  u ti l i t ie s  to  t h e  n e w  m e n  o f  th e  G ia n t  P o w e r  s y s te m . P in c h o t  a n d  

C o o k e  w e re  n o t  s im p ly  p r o p o s i n g  a  r a d ic a l  t e c h n o lo g y ;  th e y  w e re  p ro p o s in g  

ra d ic a l  c h a n g e  in  t h e  d e e p e s t  s e n s e  o f  th e  w o r d .  T h e y  w e re  c a l l in g  f o r  a  

s h i f t  in  p o w e r ,  a n  e c o n o m ic  r e v o lu t io n .

”  Ib id ., p p . 5 4 . 5 6 , 59. 

“ Ib id ., p . 30.
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B y t h e  m id -1 9 2 0 s  t h e  s u p e r p o w e r  a n d  G ia n t  P o w e r  m o v e m e n ts  h a d  losi 

m o m e n tu m .  T h e  w a r t im e  s p i r i t  o f  im p e r a t iv e  in n o v a t io n  h a d  g iv e n  w ay  to  

a  m o r e  c o n s e r v a t iv e  a t t i t u d e .  A m e r ic a ’s u t i l i t ie s  p r o c e e d e d  w ith  i n t e r c o n ­

n e c t io n ,  b u t  n o t  in  a c c o r d a n c e  w ith  a  m a s te r  g o v e r n m e n t  s c h e m e  f o r  a n  

e n t i r e  s t a l e  o r  r e g io n .  T h e  v is io n  o f  p la n n e d  so c ia l r e v o lu t io n  t h r o u g h  

t e c h n o lo g y  g a v e  w ay  to  th e  lo n g - s ta n d in g  c o n f id e n c e  t h a t  p r iv a te  e n t e r p r i s e  

a n d  A m e r ic a n  t e c h n o lo g ic a l  g e n iu s  w o u ld  b r i n g  p r o f i l  a n d  p r o g r e s s .

T h e  p la n  f o r  G ia n t  P o w e r  in  th e  U n i te d  S ta te s  h a d  p r o v id e d  fo r  g o v ­

e r n m e n t  p l a n n i n g  a n d  c o n t r o l  a t  th e  s t a t e  lev e l, a n d  th e  r e s u l t in g  id e o lo g ic a l  

c o n f l ic t  h a d  b e e n  b e tw e e n  s t a t e  g o v e r n m e n t  a n d  p r iv a te  e n t e r p r i s e .  I n  

G e r m a n y  a f t e r  th e  w a r  a n o t h e r  b o ld  p la n  f o r  g o v e r n m e n t  r e o r g a n iz a t io n  

o f  e le c t r ic  s u p p ly  w a s  a d v a n c e d .  T h e r e  th e  id e o lo g ic a l  c o n f l ic t  d e v e lo p e d  

b e tw e e n  th e  c e n t r a l  a n d  s l a t e  g o v e r n m e n ts ,  n o t  b e tw e e n  p r iv a te  a n d  p u b lic  

p o w e r .  T h e  c e n t r a l ,  s o c ia l i s t - d o m in a te d  g o v e r n m e n t  p a s s e d  a n  e le c t r i f i ­

c a t io n  law  in  D e c e m b e r  1 9 1 9 , w h e n  th e  d i s r u p t iv e ,  u n c o n v e n t io n a l ,  e x ­

t r e m e  e n v i r o n m e n t  o f  w a r t im e  w as  s till m o t iv a t in g  r a d ic a l  a c tio n s .  O n  8 

A u g u s t  1 9 1 9  t h e  R e ic h  T r e a s u r y  M in is te r  W ilh e lm  M a y e r  h a d  p r e s e n te d  

to  th e  G e r m a n  N a t io n a l  A s s e m b ly  a t  W e im a r  th e  g o v e r n m e n t ’s p r o p o s a l  

f o r  e s t a b l i s h in g  a  u n i f i e d  e le c t r ic  s u p p ly  s y s te m  f o r  a ll o f  G e r m a n y .  M a y e r  

m a d e  h is  p r o p o s a l  u n d e r  th e  g e n e r a l  p r o v is io n  o f  th e  S o c ia liz a t io n  L aw  

p a s s e d  by  t h e  N a t io n a l  A s s e m b ly  o n  2 3  M a rc h  1 9 1 9 . P a r a g r a p h s  2 a n d  4 

o f  th is  law  e m p o w e r e d  th e  R e ic h  g o v e r n m e n t  to  s o c ia liz e , w ith  c o m p e n ­

s a t io n ,  u n d e r t a k i n g s  t h a t  e x p lo i t e d  n a t u r a l  r e s o u r c e s ,  e s p e c ia lly  c o a l  a n d  

w a te r  p o w e r ,  to  d e v e lo p  e n e r g y  f r o m  th e m .  T h e s e  u n d e r t a k i n g s  w e r e  lo  

b e  in t e g r a t e d  in to  a  n a t io n a l  e c o n o m y .57

T h e  R e ic h  g o v e r n m e n t  th o u g h t  t h a t  a  u n i f i e d  G e r m a n  s y s te m  o f  su p p ly  

w o u ld  so lv e  s e v e r a l  p r e s s in g  p r o b le m s .  B y in c r e a s e d  u t i l iz a t io n  a n d  e x ­

p a n s io n  o f  e x i s t in g  c e n t r a l  G e r m a n  b ro w n -c o a l  a n d  s o u th  G e r m a n  h y ­

d r o e le c t r i c  p o w e r  p la n ts ,  a n d  th r o u g h  a d d i t io n a l  c o n s t r u c t io n  o f  t h e s e ,  th e  

g o v e r n m e n t  h o p e d  to  re l ie v e  a p o s tw a r  c o a l  s h o r t a g e  r e s u l t in g  f r o m  th e  

lo ss  o f  h a r d - c o a l  (S te in k o h le ) m in e s  u n d e r  th e  t e r m s  o f  th e  T r e a t y  o f  V e r ­

s a i l le s  a n d  f r o m  s h o r t e r  w o r k in g  h o u r s  a n d  lo w e r  p r o d u c t iv i ty  in  th e  m in e s .  

T h e  g o v e r n m e n t ,  a s  n o t e d ,  a ls o  f a c e d  th e  p r o b le m  o f  f in d in g  a  m a r k e t  f o r  

th e  l a rg e -c a p a c i ty  p o w e r  p la n t s  t h a t  h a d  b e e n  b u i l t  d u r i n g  t h e  w a r  to  m e e t  

s p e c ia l  w a r t im e  m a n u f a c t u r i n g  n e e d s ,  s u c h  a s  a lu m in u m  r e f in in g  a n d  n i ­

t r o g e n  f ix a t io n .  C o n s t r u c t io n  o f  h ig h -v o l ta g e  t r a n s m is s io n  s y s te m s  w o u ld  

m a k e  p o s s ib le  in  p e a c e t im e  th e  d is t r ib u t io n  o f  e le c tr ic i ty  f r o m  th e s e  v e ry  

l a r g e  p la n t s  o v e r  a  w id e r  m a r k e t  a r e a .  A  la r g e  a r e a  o f  d i s t r ib u t io n  w o u ld  

a ls o  b r i n g  a  d iv e r s i f ie d  lo a d  a n d  th e  e s s e n tia l  h ig h  lo a d  f a c to r  f o r  th e s e  

la r g e ,  c a p i ta l - in te n s iv e  p la n ts .

I n t e n t  u p o n  u t i l iz in g  th e  b ro w n -c o a l d e p o s i ts  o f  G e r m a n y ,  th e  g o v e rn -

57 T h e  d iscu ssio n  o f  llic  1919 p ro p o sa l fo r th e  socialization o f  e lectr ic  sup p ly  in G erm a n y  
is b ased  on  T re a su ry  M in ister W ilhclnt M ayer's  a d d re ss  o f  8 A ugust 1919; sce E. I lc i lf ro n , 
cd ., D ie D eutsche Nalio na lversam m lu ng  im Ja h re  191 9  [un</ / 92 0 \.  vol. 7 (B erlin ; N o rd d e u tsc lic  
B u c h d ru c k e rc i u tu l V crlagsan stali. n .d .) . pp . 5 0 9 -2 1 . T h e  a ccount o f  th e  e ffo rt to  estab lish  
an  a ll-G e rm an  sy stem  is based  on  T h o m a s  I’. H u g hes, "T ech n o lo gy  as a F orce Tor C h a n ge  
in H isto ry : T h e  E ffo rt lo  Form  a U n if ied  E lectric  I 'o w er System  in W eim ar G erm a n y ,"  in 
Induslrielles Syslem u n d  politische E n tw ic k lu ng  in der W eim arer Republic, cd . H. M om m sen . D. 
Pc tz in a. a n d  B. W cisbrod  (D iisschlo i f: D ro ste . 197-1). p p . 153-66 .
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m e n l .  f o r  r e a s o n s  o f  e c o n o m y ,  f a v o r e d  h ig h - v o l t a g e  t r a n s m is s io n  s u p p ly .  

B e c a u s e  it is h ig h  in  c a lo r i f ic  v a lu e ,  h a r d ,  o r  s to n e ,  c o a l— t h e  p r in c ip a l  

s o u r c e  o f  t h e r m a l  e n e r g y  u s e d  by  G e r m a n  p o w e r  p la n t s  b e f o r e  W o r ld  W a r

I is re la t iv e ly  e c o n o m ic a l  to  t r a n s p o r t  by  r a i l r o a d .  F o r  th is  r e a s o n ,  h a r d -

co a l e le c t r ic  p o w e r  p la n i s  in  t h e  R u h r  r e g io n  a n d  e l s e w h e r e  w e re  b u il t  n e a r  

u r b a n  o r  i n d u s t r i a l  c e n t e r s  w h e r e  t h e  d e m a n d  f o r  e le c t r ic i ty  w as  c o n c e n ­

t r a t e d  a n d  h e a v y .  B y  c o n t r a s t ,  b r o w n  c o a l ,  h a v in g  a  lo w  c a lo r ic  c o n t e n t ,  is 

u n e c o n o m ic a l  to  t r a n s p o r t .  F o r  th is  r e a s o n ,  p o w e r  p la n t s  u s in g  b r o w n  co a l 

w e r e  b u i l t  a t t h e  m in e  s i te  a n d  th e  e n e r g y  h a d  to  b e  t r a n s m i t t e d  to  u r b a n  

c e n te r s  v ia  h ig h - v o l ta g e  t r a n s m is s io n  l in e s .5”

A s h o r ta g e  o f  h a r d  c o a l ,  t h e  p r o b le m  o f  l a r g e  p o w e r  p la n i s  d e p r i v e d  o f 

t h e i r  w a r t im e  m a r k e t s ,  t h e  a v a ila b il i ty  o f  b r o w n  c o a l ,  a n d  th e  e x is te n c e  o f 

w a te r - p o w e r  r e s o u r c e s  in  s o u t h e r n  G e r m a n y  w e r e  s o m e  o f  t h e  s p e c ia l  c i r ­

c u m s ta n c e s  th a t  s h a p e d  th e  R e ic h  g o v e r n m e n t ’s p la n .  T h e  g e n e r a l  o b je c ­

t iv e s  o f  h i g h e r  lo a d  f a c to r  a n d  h a r m o n i o u s  o p t im iz a t io n  o f  v a r ie d  p la n t  

c h a r a c te r i s t i c s  a ls o  w e re  c o n d i t i o n i n g  f a c to r s .  F o r  in s t a n c e ,  t h e  g o v e r n m e n t  

a s s u r e d  s o u th  G e r m a n  h y d r o e le c t r i c  u t i l i t ie s  t h a t  in t e r c o n n e c t i o n  w ith  t h e r ­

m a l  p la n t s  e l s e w h e r e  in  t h e  R e ic h  w o u ld  a s s u r e  a  r e g u l a r  s u p p ly  o f  e le c ­

t r ic i ty  in  t h e  s o u th  d u r i n g  l im e s  o f  r e la t iv e  d r o u g h t .  C o r r e s p o n d in g ly ,  

e le c t r ic i ty  g e n e r a t e d  b y  t h e r m a l  p la n t s  in  o t h e r  r e g io n s  c o u ld  b e  s u p p le ­

m e n t e d  by e x c e s s  c h e a p  h y d r o e le c t r i c  s u p p ly  a t  t h e  p o in t  o f  o r ig in .  T h e  

g o v e r n m e n t ’s p r o p o s a l  w as  p r e s e n t e d  a s  a  h ig h ly  r a t io n a l  m e a n s  o f  u s in g  

G e r m a n  r e s o u r c e s  to  s u p p ly  e le c t r ic i ty  e f f i c i e n t ly  a n d  c h e a p ly  to  a ll of 

G e r m a n y .

T h e  R e ic h ’s p la n  f o r  n a t io n a l i z a i io n  w as  d e s c r ib e d  a s  m o d e r a t e  a n d  f le x ­

ib le . E m p h a s is  w as  p la c e d  o n  t h e  c o n s t r u c t i o n  o f  a  h ig h - v o l t a g e  n e tw o rk  

o f  t r a n s m is s io n  l in e s  by  th e  R e ic h  g o v e r n m e n t ;  a ll l in e s  a b o v e  5 0 ,0 0 0  vo lts  

w o u ld  b e  R e ic h -o w n e d .  E le c tr ic i ty  w o u ld  b e  f e d  in to  th is  a l l - G e r m a n  p o o l, 

o r  n e tw o r k ,  b y  p o w e r  p la n i s  t h r o u g h o u t  G e r m a n y .  E le c t r ic i ty  w o u ld  be 

d i s t r i b u t e d  a t  lo w e r  v o l ta g e s  to  lo c a l c e n t e r s  in  a ll o f  G e r m a n y  a n d  f ro m  

th e s e  to  c o n s u m e r s — u r b a n ,  i n d u s t r i a l ,  r u r a l ,  a n d  r a i lw a y .  T h e  R e ic h  w o u ld  

g a in  c e n t r a l i z e d  c o n t r o l  o v e r  a ll m a jo r  p o w e r  p la n t s  b y  a c q u i r i n g  m a jo r i ty  

s to c k  in  th e m  o r  b y  p u r c h a s i n g  th e m  o u t r i g h t ,  b u t  s l a t e  a n d  lo c a l g o v e r n ­

m e n t s  w o u ld  b e  u r g e d  to  s h a r e  in  s lo c k  o w n e r s h i p  a s  w e ll. T h r o u g h  c e n ­

t r a l iz e d  c o n t r o l ,  t h e  R e ic h  w o u ld  e x p a n d  a n d  in t e r c o n n e c t  in d iv id u a l  p la n is  

a s  w ell a s  e x i s t in g  o r  e n v i s a g e d  r e g io n a l  s y s te m s .  I n  1 9 1 9  t h e  l a t t e r  in c lu d e d  

th e  R h e in is c h - W e s if a l i s c h e s  E le k t r i z i l a t s w e r k  (R W E ) s y s te m , a  m ix e d  p r i ­

v a te  a n d  l o c a l - g o v e r n m e n t  e n t e r p r i s e ;  E le k t r o w e r k e  A G  (E W A G ), a  R e ich  

s y s te m ; a n d  th e  p r o je c te d  B a y e r n w e r k ,  a  B a v a r ia n  s t a l e  e n t e r p r i s e .  I n  h is  

a r g u m e n t  b e f o r e  th e  N a t io n a l  A s s e m b ly ,  T r e a s u r y  M in is te r  M a y e r  e m ­

p h a s iz e d  th e  R e ic h  g o v e r n m e n t ’s d e s i r e  to  s h a r e  o w n e r s h i p  w ith  th e  p r o ­

v in c ia l g o v e r n m e n t s  a n d  to  b e  a d v is e d  by  th e m  in  f u l f i l l in g  t h e  p la n .  H e  

c o m p a r e d  th e  e le c t r i f i c a t io n  p la n  to  t h e  p r o p o s a l  by  F r i e d r i c h  L is t,  a c e n ­

t u r y  e a r l i e r ,  f o r  a  u n i f i e d  ra i lw a y  s y s te m  in  G e r m a n y ;  M a y e r  c o n f id e n t ly  

p r e d ic te d  th a t  th e  a c c e p ta n c e  o f  th e  p la n  by  th e  N a t io n a l  A s s e m b ly  a n d  its  

su c c e s s fu l  f u l f i l lm e n t  w o u ld  d e m o n s t r a t e  to  t h e  w o r ld  th e  v ita l i ty  o f  th e

' “ (» real B rita in . F o re ig n  O llic e  a n d  M inistry  o f  E conom ic  W a rfa re . E conom ic  A dvisory 
B ra n ch . Econom ic S urv ey  o f  G erm any. Section D : Fuel. Power, a n d  P ub lic  U tility Services (L ondon.
IIM S O , 1944), p . 45.
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n e w  G e r m a n y .  T h e  la w  p r o v id in g  f o r  t h e  s o c ia l iz a t io n  o f  e le c t r ic i ty  w as  

e n a c te d  o n  31 D e c e m b e r  1 9 1 9 .

T h e  n e w  law  w as  n e v e r  im p l e m e n t e d ,  h o w e v e r .  A n  a d v i s o r y  c o m m i t t e e  

w a s  c h a r g e d  w ith  th e  r e s p o n s ib i l i ty  o f  c a r r y in g  o u t  its  p ro v i s io n s  b y  p r e ­

p a r i n g  d e ta i l e d  p la n s  a n d  p r o c e d u r e s .  T h e  c o m m i t t e e ,  w h ic h  i n c lu d e d  

m e m b e r s  f r o m  t h e  R e ic h  a n d  s t a t e  g o v e r n m e n ts ,  a s  w ell a s  f r o m  m ix ec l-  

o w n e r s h i p  a n d  p r iv a te  c o m p a n ie s ,  m e t  w i th o u t  p r a c t ic a l  r e s u l t .  T h e  in a c ­

t iv ity  o f  t h e  c o m m i t t e e  f r u s t r a t e d  th e  p la n s  o f  th e  v a r io u s  e le c t r ic  s u p p ly  

u n d e r t a k i n g s ,  f o r  th e s e ,  n o t  k n o w in g  w h a t  c o u r s e  o f  a c t io n  l a t e r  m ig h t  b e  

d e c id e d  u p o n  by  t h e  c o m m i t t e e ,  w e r e  r e l u c t a n t  to  a c t  a t  a ll. U n d e r  th e s e  

c o n f u s e d  c o n d i t io n s ,  D r .  A . J u l i u s  C u r l i u s  o f  t h e  E c o n o m ic  M in is t ry  r e ­

s p o n d e d  in  1 9 2 6  to  O s k a r  v o n  M il le r ’s s u g g e s t io n  t h a t  t h e  R e ic h  g o v e r n ­

m e n t  a u t h o r i z e  a n d  s u p p o r t  t h e  p r e p a r a t i o n  o f  a  t e c h n ic a l  r e p o r t  o n  th e  

p r e s e n t  a n d  f u t u r e  c o n d i t io n  o f  e le c t r ic  s u p p ly  in  G e r m a n y .  V o n  M ille r  

b e l ie v e d  t h a t  a  r e p o r t  f i l le d  w ith  in f o r m a t i o n  a b o u t  t h e  t e c h n o lo g y  a n d  

e c o n o m ic s  o f  s y s te m a t ic  e l e c t r i c  s u p p ly  m ig h t  p r o v e  to  b e  a  b a s is  o n  w h ic h  

a  u n i f i e d  e l e c t r ic  s u p p ly  s t r u c t u r e  c o u ld  b e  e r e c te d .  A n  e m i n e n t  B a v a r ia n  

e n g i n e e r ,  v o n  M ille r ,  w h o  h a d  s u c c e s s fu l ly  p l a n n e d  r e g io n a l  e le c t r ic  s u p p ly  

s y s te m s  ( in c lu d in g  t h e  B a y e r n w e r k  in  B a v a r ia ) ,  h a d  p r o v e n  h im s e l f  a d e p t  

in  f o r m u l a t i n g  p la n s  t h a t  r e s p o n d e d  to  th e  p a r t i c u l a r  in t e r e s t s  o f  p r iv a te  

a n d  g o v e r n m e n t - o w n e d  u ti l i t ie s  a n d  to  th e  p r in c ip a l  o b je c tiv e s  o f  a  u n i f i e d  

s y s te m .

V o n  M il le r ’s r e p o r t ,  G u la c h te n  iib er  d ie  R e ic h se le k tr iz ita tsv e r so rg u n g ,  w as 

p u b l i s h e d  in  1 9 3 0 . I t  w a s  b a s e d  o n  a n  a n a ly s is  a n d  p r o je c t io n  o f  d e ta i l e d  

i n f o r m a t io n  h e  h a d  o b t a i n e d  b y  q u e s t i o n n a i r e  f r o m  G e r m a n  e le c t r ic  s u p p ly  

u n d e r t a k i n g s .  V o n  M il le r  e n v i s a g e d  a  h ig h - t r a n s m is s io n  r in g ,  o r  R in g le i -  

tu n g ,  o f  2 0 0 ,0 0 0 - 3 8 0 ,0 0 0  v o lts  g a t h e r i n g  a n d  d i s s e m in a t in g  e le c tr ic i ty  

t h r o u g h o u t  t h e  c o u n t r y  ( s e e  F ig s . X I .7 a n d  X I .8 ) .  T h e  R in g le i tu n g  w o u ld  

b r i n g  th e  b e n e f i t s  o f  h i g h e r  lo a d  f a c to r ,  o p t im iz a t io n  o f  v a r ie d  p o w e r - p la n t  

c h a r a c te r i s t i c s ,  a n d  c o o r d i n a t i o n  t h r o u g h  c e n t r a l  c o n t r o l .  V o n  M ille r  c i r ­

c u m s p e c t ly  a d v i s e d  t h a t  t h e  o b je c t iv e  m ig h t  b e  a c h ie v e d  in  s e v e ra l  w ay s , 

s u c h  a s  le g is la t io n  o r  v o lu n ta r y  c o o p e r a t io n .  H is  r e p o r t ,  h o w e v e r ,  b r o u g h t  

n o  p r a c t ic a l  r e s u l t  d u r i n g  t h e  W e im a r  y e a r s ;  h is  b io g r a p h e r  w r ite s  t h a t  th e  

r e g im e  d id  n o t  h a v e  t h e  “ p o w e r  a n d  w ill” to  o v e r c o m e  th e  o p p o s i t io n  to  

i t .59

O t h e r  e x p la n a t io n s  w e r e  g iv e n  f o r  t h e  f a i lu r e  o f  p la n s  f o r  a n  a l l - G e r m a n  

g r id ,  a n d  th e y ,  to o ,  e m p h a s iz e d  G e r m a n  p a r o c h ia l i s m .  In  1 9 3 5  a  p u b l i ­

c a t io n  o f  th e  W ir t s c h a f l s g r u p p e  E le k t r i z i t a t s v e r s o r g u n g  d e r  R e ic h s g r u p p e  

E n e r g ie w i r t s c h a f t  d e r  d e u t s c h e n  W ir ls c h a f t  ( E le c tr ic  S u p p ly  S e c t io n  o f  th e  

G e r m a n  E n e r g y  G r o u p  o f  th e  G e r m a n  E c o n o m y )  (W E V ) a s s e r t e d  t h a t  th e  

f r u i t le s s  e n d e a v o r s  to  f o r m  a  u n i f i e d  e le c t r ic  s u p p ly  s y s te m  in  G e r m a n y  

c a m e  to  a n  e n d  o n ly  in  1 9 3 3  w ith  th e  t r i u m p h  o f  t h e  N a t io n a l  S o c ia l is ts ,  a 

r e g im e ,  t h e  W E V  b e l ie v e d ,  w h ic h  h a d  th e  s t r e n g t h  to  o v e r c o m e  p a r o c h i ­

a l is m , o r  p a r t i c u la r i s m ,  a n d  o t h e r  o b s t r u c t io n i s t  f a c to r s .60 M o re  r e c e n t ly ,

“ W ilhelm  L. K risll. D er weiss-blaue Despot (M unic h : P flau m . n .d .) , p. 274.

®° W ir t s c h a fu g r u p p c  E le k lr iz iia ts v c rso rg u n g  tie r  K e ic h sg ru p p c  E n c rg ie w ir is c h a fl tie r  
d e u tsc h e n  W irlscha fl (W EV ), D ie E lektrititdlsiu irtschafl im deutschen Reich. 1 9 3 J  (B e rlin , n .d .) , 

p . I I .
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F ig u re  X I .7. O ska r van M iller s proposed 

2 2 0 ,0 0 0 -v o lt  g r id  system fo r  G erm any  

From  O skar von  M iller . 

R c irh sc lck tr i/.i la ls-V c rso rg iing  (1 9 3 0 ).

plan  2 1 .

F ig u re  X J.8 . F .stim ated loads fo r  sum m er a n d  winter days in B avaria (right bank o f the R hine ). 193 5 : Cities (S ti id tc ); ru ra l districts 

(L an d be/.i rk c); indu stry  ( In d u s tr ie ) ; railway (B nlu i) . From O skar von M iller, R c irh sc lrk ti i/it ;iis -V e iso ig iin g  (1 9 3 0 ),  pla n  2.
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a G e r m a n  s o u r c e  a t t r i b u t e d  th e  W e im a r  R e p u b l ic 's  f a i lu r e  to  t h e  d iv e r s e  

c o n t e n d i n g  in te r e s t s  o f  a  m id d le - c la s s  s ta te ,  a  p a r t i c u la r i s m  t h a t  w as  s u s ­

t a in e d  by  a  c o m p le x  e c o n o m ic  s t r u c t u r e  in v o lv in g  p r iv a te ,  c o u n ty ,  s ta te ,  

a n d  R e ic h  o w n e r s h i p  o f  p o w e r  p la n t s .61

D u r in g  th e  W e im a r  p e r io d ,  th e  re la t iv e  im p o r ta n c e  o f  g o v e rn m e n t-o w n e d  

a n d  m ix e d  g o v e r n m e n t -  a n d  p r iv a te ly  o w n e d  p o w e r  p la n t s  g r e w  r a p id ly .  

In  192 8 , 5 7 .3  p e r c e n t  o f  G e rm a n y 's  p o w e r -p la n t  c a p a c ity  w as p u b lic ly  o w n e d ;  

2 8 .9  p e r c e n t  w as  c o n t r o l l e d  b y  m ix e d  g o v e r n m e n t -  a n d  p r iv a te ly  o w n e d  

c o m p a n ie s ;  a n d  o n ly  1 3 .8 %  w as  p r iv a te ly  o w n e d .62 T h e  g o v e r n m e n t  o w n e r s  

in c lu d e d  t h e  s la te s ,  c i t ie s , c o u n t i e s ,  a n d  th e  R e ic h .  P r o p o n e n t s  o f  a  u n i f i e d  

s y s te m  g e n e r a l ly  a g r e e d  t h a t  t h e  n o n - R e ic h  g o v e r n m e n t  o w n e r s  a n d  th e  

p r iv a te  c a p i ta l i s ts  w e re  a t  t h e  r o o t  o f  th e  p a r t i c u la r i s m  th a t  u n d e r m i n e d  

t h e i r  e f f o r t s .  A n  A m e r ic a n  a u t h o r i t y  a ls o  c o n c lu d e d  t h a t  th is  o w n e r s h ip  

s t r u c t u r e ,  s u p p o r t i v e  a s  it w as  o f  r e g io n a l is m ,  w as  a  p r in c ip a l  f a c to r  b lo c k in g  

th e  f u l f i l lm e n t  o f  s u c h  p la n s  f o r  u n i f i c a t io n  a s  v o n  M il le r ’s .63 A s a  c o n s u l t in g  

e n g i n e e r  a n d  a s  a  m e m b e r  o f  t h e  B a v a r ia n  p a r l i a m e n t ,  O s k a r  v o n  M ille r  

h a d  s t r u g g l e d  o n  b e h a l f  o f  la r g e ,  u n i f i e d ,  e f f i c i e n t  s y s te m s  o f  s u p p ly  f o r  

m a n y  y e a rs .  D u r i n g  t h a t  t im e  h e  h a d  b e c o m e  in t im a te ly  a c q u a in te d  w ith  

th e  d iv e r s e  i n te r e s t s  t h a t  m ig h t  b e ,  o r  f e a r e d  th e y  w o u ld  b e ,  a d v e r s e ly  

a f f e c te d  b y  t h e  c r e a t io n  o f  a  u n i f i e d  s u p p ly  s y s te m . W r i t in g  in  1 9 2 6  o n  th e  

p r o b le m s  o f  t h e  G e r m a n  e le c t r ic  s u p p ly  i n d u s t r y ,  h e  a r g u e d  t h a t  a  r a t io n a l  

p la n  f o r  e f f i c i e n t  s u p p ly  to  a ll a r e a s  o f  G e r m a n y ,  r u r a l  a n d  u r b a n ,  in d u s t r i a l  

a n d  a g r i c u l t u r a l ,  n e e d e d  to  b e  c a r r i e d  o u t  i r r e s p e c t iv e  o f  t h e  in t e r e s t s  o f  

v a r io u s  p o l i t ic a l  p a r t i e s ,  lo c a l g o v e r n m e n t s ,  a n d  c o m p e t in g  p r iv a te  e n t e r ­

p r is e s .  U n d o u b t e d l y ,  w h e n  t h i n k i n g  a s  a n  e n g i n e e r ,  h e  t e n d e d  to  b e  im ­

p a t i e n t  w ith  th o s e  w h o s e  g o a l w as  o t h e r  t h a n  e f f ic ie n c y .  V o n  M ille r ,  it 

s e e m s ,  c o n s i d e r e d  t h e  o b je c t iv e  o f  s u p p ly in g  a ll o f  G e r m a n y  w ith  lo w -c o s t,  

e f f ic ie n t ly  g e n e r a t e d  e le c t r ic i ty  to  b e  a r a t io n a l  a n d  n o n p o l i t ic a l  g o a l .64

D r .  I n g .  O s k a r  O l iv e n ,  m e m b e r  o f  t h e  V o rs ta n d  (E x e c u t iv e  C o m m it te e )  

o f  t h e  G e s e l ls c h a f t  f u r  e l e k t r i s c h e  U n t e r n e h m u n g e n  L u d w ig  L o w e , A G , 

B e r l in ,  a ls o  a t t r i b u t e d  to  n a r r o w  p o li t ic a l  in te r e s t s  t h e  o p p o s i t io n  to  la rg e ,  

u n i f i e d  s y s te m s  o f  e l e c t r ic  s u p p ly .  O l iv e n  w as  w ell k n o w n  f o r  h is  a d v o c a c y  

o f  a  u n i f i e d  s y s te m  t h a t  w o u ld  e x t e n d  b e y o n d  G e r m a n y  to  i n c lu d e  n e i g h ­

b o r in g  E u r o p e a n  c o u n t r i e s .  I n  1 9 3 0  O l iv e n  b e lie v e d  t h a t  t h e  o p p o s i t io n  o f  

lo c a lly  o w n e d  G e r m a n  u t i l i t ie s  w as  so  g r e a t  a n d  t h e i r  p o li t ic a l  p o w e r  in  th e  

W e im a r  R e p u b l ic  w a s  so  s t r o n g  t h a t  th e  b e s t  ta c tic  f o r  th o s e ,  lik e  h im s e lf ,  

w h o  a d v o c a te d  la r g e ,  r a t io n a l  s y s te m s  w as  to  s e e k ,  th r o u g h  c o m p r o m is e s ,  

s m a ll ,  p r o g r e s s iv e  s te p s .  O l iv e n ,  to o ,  b e lie v e d  t h a t  h is  g o a l  o f  e f f ic ie n c y  w as

01 S ee H elga  N u ssb a u m , "V e rsu c h e  z u r  reic hsgeselz lic licn  R e g c lun g  d e r  d e u lsc h e n  Elck- 
(rizila tsw irlsc h afl u n d  zu ili rc r  U b c r f u h ru n g  in R cic lise ig en lum , 1909 bis 1914," in Ja hr bueh  

f i i r  W irtschaftsgeschichte  (B e rlin , 1968), p i. 3, p p . 12 0 - 12 1, w ho d ie s  H ans-Jo nch im  H ild e b ra n d , 

W irtsehaftliche E nerg ieversorgu ng  (L eip zig : D cu lsch c r  V crlag  f u r  G ru n d s ta f f in d u s tr ie . 1965), 

I: 4 5 -4 9 .
•* Rol>ert A. B rady , Th e R a tio na liza tio n  M ovem en t in G erm an In dustry  (B erke ley : U niv ersity  

o f  C a lifo rn ia  Press, 1933). p . 214.

“  Ib id ., p . 229.
“ " A u s fu h ru n g c n  d cs S a c h v crs la n d ig cn  D r. O sk ar  von M ille r O bcr d ie  d e rz e il w ich tigste n  

F ra g cn  d e r  E lek lr izitS tsw irtsch aft,"  in Ausschuss zu r  U ntersuchung  der E rzeugungs- u n d  Ab sa ti-  
be dingungen  der deutschen W irtschafl: D ie deutsehe Elektrizitatsw irtsch afl. . . (B erlin : M it lle r, 1930) 

p. 145.
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n o n p o l i l ic a l .  F u r t h e r m o r e ,  h e  a s s u m e d  t h a t  a  te c h n o lo g y  w as  p r o g re s s iv e  

i f  it c o n t r i b u t e d  lo  l a rg e - s c a le  e f f ic ie n c y .65
T h e  e le c t r ic  s u p p ly  s y s te m  in  th e  s t a t e  o f  W i i r l t e m b e r g  in  1 9 2 8  m a n i ­

f e s te d  th e  c h a r a c te r i s t i c s  t h a t  u n d e r l a y  G e r m a n y ’s p a r o c h ia l is m .  T h e  r e g io n  

w as  c h a r a c te r i z e d  b y  n u m e r o u s  d i s t r i b u t i o n  s y s te m s  in  c lo s e  p r o x im ity .  In  

th e  lo w la n d s ,  la r g e  a n d  s m a l l  c it ie s  p r e d o m i n a t e d ,  a n d  t h e r e f o r e  c o m m u n a l  

( lo c a l - g o v e r n m e n t)  s t a t io n s  o f  v a r i e d  c h a r a c te r i s t i c s  p r e v a i le d .  O v e r la n d  

p o w e r  s ta t io n s ,  h o w e v e r ,  s u p p l i e d  t h e  r u r a l  r e g io n s  b e tw e e n  th e  s m a ll  c ities . 

B e c a u s e  o f  t h e  a g r i c u l t u r a l  e c o n o m y  a n d  th e  .ab se n c e  o f  h e a v y  in d u s t r y  

s u c h  a s  c h e m ic a l  p la n ts ,  a w id e ly  d i s p e r s e d  p o p u l a t i o n  u s e d  e le c t r ic i ty  in  

s u c h  a  w ay  t h a t  t h e  lo a d  f a c to r  w as  lo w  in  c o m p a r i s o n  to  th e  m o r e  h e a v ily  

in d u s t r i a l i z e d  r e g io n s  o f  th e  c o u n t r y .  E f f o r t s  w e re  m a d e  to  c o n s o l id a te  th e  

d i s t r ib u t io n  s y s te m s  o f  t h e  la r g e  s t a t io n s  a n d  th e  c o m m u n a l  p o w e r  s ta t io n s ,  

b u t  in  th e  la te  tw e n t ie s  th e  e le c t r ic  s u p p ly  s y s te m  in  W i i r t t e m b e r g  w as  “s e h r  

z e r s p l i l t e r t . ’’66

T h e  o w n e r s  o f  W i i r t l e m b c r g  ( a n d  o t h e r )  a u t o n o m o u s  u t i l i t ie s ,  w h e th e r  

lo c a l - g o v e r n m e n t  o r  p r iv a te ly  o w n e d ,  r e s is te d  r a t io n a l  r e o r g a n iz a t io n  b e ­

c a u s e  th e y  f o r e s a w  v a r io u s  c o n s e q u e n c e s  t h e  p r o g r e s s iv e  e n g i n e e r s  h a d  

o v e r lo o k e d .67 A s a  r e s u l t  o f  c e n t r a l i z e d  c o n t r o l ,  o w n e r s  a n d  m a n a g e r s  o f  

e x i s t in g  p o w e r  p la n t s  c o u ld  a n t i c ip a te  a  lo ss  o f  a u th o r i t y .  O w n e r s  o f  s m a ll 

a n d  in e f f i c i e n t  p o w e r  p la n t s  c o u ld  r e a s o n a b ly  e x p e c t  t h e i r  p la n t s  to  b e  

r e t i r e d  f r o m  s e r v ic e ,  a  s t e p  t h a t  w o u ld  c a u s e  th e m  a  f in a n c ia l  lo ss , lo ss o f  

a u th o r i ty ,  o r  b o th .  P e r s o n s  w ith  v e s te d  i n te r e s t s  in  p o w e r  p la n t s  t h a t  h a d  

a  v e ry  h ig h  lo a d  f a c to r  b e c a u s e  o f  f o r t u i t o u s  lo c a l  c i r c u m s ta n c e s  c o u ld  lo o k  

f o r w a r d  to  h a v in g  to  s h a r e  th is  a d v a n t a g e  w ith  p la n t s  t h a t  w e re  n o t  so  

f o r t u n a t e .  S im i la r ly ,  p o w e r  p la n t s  t h a t  u t i l iz e d  e n e r g y  w h ic h  w as  u n u s u a l ly  

c o n v e n ie n t  o r  c h e a p  w o u ld  p r o b a b ly  h a v e  to  s u p p ly  th is  v e ry  c h e a p  p o w e r  

to  th e  g e n e r a l  s y s te m  in  o r d e r  to  lo w e r  t h e  o v e ra l l  c o s ts  o f  d r a w i n g  p o w e r  

f r o m  th e  s y s te m . T h e  e n d  r e s u l t  w o u ld  b e  h i g h e r  c o s ts  f o r  lo c a l c u s to m e r s ,  

w h o s e  n e w  r a te s  w o u ld  b e  d e t e r m i n e d  b y  s y s te m  c o s ts ,  n o t  b y  t h e  c o s ts  o f  

th e  lo ca l s ta t io n .  S im ila r ly ,  t h e  s y s te m  w o u ld  p r o b a b ly  s u p p ly  p o w e r  to  

r u r a l  r e g io n s ,  w h e r e  p o w e r  g e n e r a t i o n  w o u ld  b e  c o s tly  b e c a u s e  o f  t h e  w id e ly  

d i s t r i b u t e d  lo a d ;  in  e f f e c t ,  t h e  la r g e  u r b a n  a n d  in d u s t r i a l - a r e a  s ta t io n s  c o u ld  

e n d  u p  s u b s id iz in g  r u r a l  c o n s u m e r s .  T h e s e  a r e  b u t  a  few  o f  th e  c h a n g e s  

th a t  c o u ld  b e  a n t i c ip a te d ;  th e s e  fe w , h o w e v e r ,  i l lu s t r a t e  h o w  t h e  e x is t in g  

e le c t r ic a l  s u p p ly  te c h n o lo g y  w a s  th e  f o u n d a t i o n  f o r  a  h o s t  o f  p o li t ic a l  a n d  

e c o n o m ic  d e p e n d e n c i e s  th a t  w o u ld  b e  a l t e r e d  b y  t h e  s u b s t i tu t io n  o f  a  n ew  

te c h n o lo g ic a l  f o u n d a t i o n  f o r  t h e  e x i s t in g  o n e .  S u c h  w as  t h e  n a t u r e  o f  p a ­
r o c h ia l i s m .

C o n s id e r a t io n  o f  th e s e  v e s te d  i n te r e s t s  s u g g e s ts  a  g e n e r a l i z a t io n  a b o u t  

th e  n a t u r e  o f  t e c h n o lo g y :  e x i s t in g  te c h n o lo g ie s  g iv e  r is e  to  b in d i n g  n u c le i  

f o r  a  h o s t  o f  d e p e n d e n t  p o li t ic a l  a n d  e c o n o m ic  in te r e s t s .  I n te r w o v e n  w ith

m  A u sftih ru n g cn  des Snclivcrsiiindigcn Dr. O liven u b e r  d ie  W irtschaftlichkeil d e r  d eu lschen  
E le k triz iia isv ersn rg u n g ."  ib id .. p. I9.r>.

“  A u s fu liru n g e n  d e s  S a c h v ers ta n d ig en  D r. S icg lo ch  iib e r  d ie  E le k lriz ita tsv erso rg u n g  des 
L an d e s W u rtle m b e rg ,"  ib id ..  p p . 3 7 3 -7 5 .

07T h e  e x p la n a tio n s  fo r  p a rticu la rism  a re  d e riv e d  by a n a lo gy  Trom O sk a r  von M il le rs 
a d d re sse s  in s u p p o r t o f  th e  W a lrh cn s ec w c rk  a n d  U ayernw erk  as p r in te d  in Stenographisches 
HericlU fiber die Verh an dlungen  der K am m er der Reichsrate des bayerischen Land tag es, 1908 -1 8 ; a 
copy  o f  th is  s te n o g ra p h ic  rec o rd  is in th e  B av arian  S ta le  L ib rarv . M unic h .
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p o li t ic a l  a n d  e c o n o m ic  i n te r e s t s  o f  p a r t i c u l a r  k in d s ,  t e c h n o lo g y  is f a r  f r o m  

n e u t r a l .  L ik e  o t h e r  p o l i t ic a l  a n d  e c o n o m ic  f o r c e s ,  it  c a n  b e  la b e le d  a s  c o n ­

s e rv a t iv e  o r  l ib e r a l— o r  e v e n  r a d ic a l .  F u r t h e r m o r e ,  a c u te  p o l i t ic ia n s ,  b u s i ­

n e s s m e n ,  a n d  o t h e r  d e c i s io n - m a k e r s  c a n  s e n s e — e v e n  i f  t h e y  d o  n o t  a r t i c ­

u la te  t h e i r  p e r c e p t io n s — t h a t  a  c o n s e r v a t iv e  te c h n o lo g y  w ill m a in ta in  th e  

e x is t in g  s t r u c t u r e s  a n d  t r e n d s  a n d  t h a t  l ib e r a l  o n e s  w ill b r i n g  c h a n g e s  in  

t h e  d i r e c t io n  o f  s o c ie ta l  d e v e lo p m e n t .  M a n if e s t ly ,  n u m e r o u s  p e r s o n s  w ith  

p o l i t ic a l  a n d  e c o n o m ic  p o w e r  in  th e  W e im a r  R e p u b l ic  fo r e s a w  t h e  c h a n g e s  

th a t  a  u n i f i e d  e le c t r ic a l  s y s te m  w o u ld  b r i n g  a n d  th e y  o p p o s e d  t h e s e  c h a n g e s  

o n  t h e  g r o u n d s  o f  t h e i r  p e r s o n a l  o r  c o r p o r a t e  in t e r e s t s .  T h e  t e c h n o lo g y  

o f  u n i f i e d  e le c t r ic  s u p p ly  s y s te m s  w as  b y  n o  m e a n s  a  n e u t r a l  te c h n o lo g y .  

T h e  d ic e  w e r e  lo a d e d  in  f a v o r  o f  R e ic h  a u t h o r i t y  a n d  a  n a t io n a l  e c o n o m y .

W o r ld  W a r  1 a ls o  s t im u la te d  r a d ic a l  th in k i n g  in  B r i t a in  a b o u t  t h e  p e a c e ­

t im e  r e o r g a n i z a t i o n  o f  e l e c t r ic a l  s u p p ly  u n d e r  g o v e r n m e n t  d i r e c t i o n .  T h e  

B r i t i s h  h a d  a n  a d d e d  in c e n t iv e  f o r  b o ld  s c h e m e s  b e c a u s e  m a n y  b e l ie v e d  

t h a t  t h e i r  s u p p ly  i n d u s t r y  w as  b a c k w a r d  c o m p a r e d  to  th e  s u p p ly  s y s te m s  

o f  G e r m a n y  a n d  th e  U n i te d  S la te s .  E v e n  b e f o r e  t h e  w a r  e n d e d ,  p a r l i a ­

m e n ta r y  c o m m i t t e e s  b e g a n  to  p r o p o s e  g u id e l in e s  f o r  p e a c e t im e  e le c t r ic i ty  

s u p p ly .  A  M in is t ry  o f  R e c o n s t r u c t io n  c o m m i t t e e  h e a d e d  b y  L o r d  H a l d a n e  

(w ith  c o n s id e r a b le  in p u t  f r o m  C h a r le s  M e rz )  a n d  tw o  B o a r d  o f  T r a d e  

c o m m it te e s ,  o n e  h e a d e d  b y  C h a r l e s  P a r s o n s  a n d  t h e  o t h e r  b y  S i r  A r c h ib a ld  

W ill ia m s o n  (w ith  M e rz  a s  a n  in f lu e n t i a l  m e m b e r ) ,  m a d e  s im i la r  p r o p o s a l s  

f o r  th e  r e o r g a n i z a t i o n  o f  B r i t a i n ’s e le c t r ic  s u p p ly  i n d u s t r y .68

T h e  H a ld a n e - M e r z  R e p o r t  to o k  t h e  o f f e n s iv e  a g a in s t  p a r o c h ia l  B r i t i s h  

in te r e s ts :

P arliam en t was a p p a re n tly  co n v in ced  th a t th e  g e n e ra tio n  a n d  su p p ly  o f  

electric ity  m u st be d e a lt w ith in  a b ig  way, th o u g h  how  im p o r ta n t  th is  w ould  
becom e th ey  p e rh a p s  h a rd ly  foresaw . T h e y  w ere, how ev er, a p p a re n tly  a fra id  to  
insist on  th e  a m a lg am a tio n  o f  th e  ex is tin g  lig h tin g  e n te rp r is e s  w hich, as has b een  
show n, w ere  a n d  a re  still each  lim ited  to  a few m iles o f  a re a  in s tead  o f  c o v erin g , 
as they  sh o u ld , a few co u n tie s .69

M e rz  a n d  o t h e r s  b a t t l in g  f o r  r e g io n a l  s u p p ly  h a d  to  f in d  a  m e a n s  o f  o v ­

e r c o m in g  P a r l i a m e n t ’s f e a r .

T h e  r e p o r t  d e m o n s t r a t e d  M e r z ’s sk ill in  a p p e a l in g  to  B r i t i s h  p r i d e . 70 

E x p e r ie n c e  h a d  t a u g h t  h im  t h a t  r e o r g a n iz a t io n  o f  th e  e le c t r ic  s u p p ly  in ­

d u s t r y  w as  a  p o li t ic a l  p r o b le m ,  so  h e  a p p e a l e d  to  th e  m o o d  o f  a  p e o p le  

c o n c e r n e d  a b o u t  n a t io n a l  s u rv iv a l .  H e  e q u a te d  th e  w a r t im e  s t r u g g le  l o r  

s u rv iv a l  w ith  th e  s t r u g g l e  t h a t  w o u ld  in e v i ta b ly  fo llo w  in  p e a c e t im e — th e  

c e a s e le s s  s t r u g g le  to  m a in la in  i n d u s t r i a l  s u p r e m a c y .  T h e  e s s e n c e  o f  h is  lo g ic

“ G re a t B rita in , M inistry  o f  R e co n s tru c tio n . R e co n s tru c tio n  C o m m itte e , C oal C o n se rv a tio n  
S u b -C o m m ittee , In ter im  R eport on Electric P ower Su pp ly  in  G reat B rita in  (L o n d o n : H M SO . 1918) 
( h e re a fte r  c ited  as H ald an c -M e rz  R e p o rt): G re a t B rita in , B oa rd  o f  T r a d e . E lectr ic  Pow er 
S u p p ly  C o m m itte e . Electric Power S upp ly  (L o n d o n : H M SO . 1918).

“ H ald an e -M e rz  R e p o rt, p. 15; ita lics a d d e d .
70 F o r a n o th e r  e x am p le , see C h a rles  II. M crz . "E lec tr ica l Pow er D is tr ib u tio n ."  E ng in eer in g  

102 (1 916): 2 6 2 -6 3 , w h ere  he  w ro te : " P ro ce ed in g  o n  th e se  lines [h ig h -vo ltage  d is trib u t io n  
fo r  th e  c o m pac t in d u s tria l d is tric ts  o f  E n g la n d ] we shall n o t be  m ere ly  c o py in g  A m erica  o r  
G erm a n y — we shall be d o in g  so m e th in g  th a t is r ig h t fo r  E n g la n d  because  it is E n g la n d , because  
E n g la n d  is rad ic ally  d if fe re n t fro m  o th e r  c o u n trie s  as re g a rd s  th e  te ch n ical d e v e lo p m e n t a n d  
layout n ecessary  to  se cu re  c h e a p  p o w er."
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w as  s y llo g is tic : t h e  w o r ld 's  l e a d in g  i n d u s t r i a l  p o w e r  e x p lo i ts  th e  m o s t a d ­

v a n c e d  e n e r g y  te c h n o lo g y ;  t h e  m o s t  a d v a n c e d  e n e r g y  t e c h n o lo g y  is r e g io n a l  

e le c t r ic i ty  s u p p ly ;  a n d  t h e r e f o r e ,  in  o r d e r  lo  l e a d ,  E n g la n d  m u s t  a d o p t  

r e g io n a l  s u p p ly .  T h e  r e p o r t  i l lu s t r a t e d  a n d  p r o v id e d  e v id e n c e  f o r  th is  

a r g u m e n t  by  r e f e r r i n g  to  t h e  h i g h e r  lev e l o f  u s e  o f  e le c t r ic  p o w e r  p e r  

w o r k e r  in  th e  U n i te d  S la te s ;  t h e  v ita l n e w  i n d u s t r i a l  p ro c e s s e s  in v o lv in g  

e le c t r ic i ty  in  N o rw a y ,  S w e d e n ,  a n d  G e r m a n y ;  a n d  th e  l a r g e r  s u p p l i e s  o f  

h y d ro e le c t r i c i ly  a v a i la b le  lo  o t h e r  i n d u s t r i a l  n a t io n s .  T h e  c o n c lu s io n  to  b e  

d r a w n  w as  o b v io u s :  p a r o c h ia l  i n t e r e s t s  h a d  to  g iv e  w ay  to  n a t io n a l  p r i o r ­

i t ie s .71

F o r  its  p a r t ,  t h e  B o a r d  o f  T r a d e  a p p o i n t e d  C h a r l e s  P a r s o n s ,  th e  s te a m -  

t u r b i n e  in v e n t o r  a n d  m a n u f a c t u r e r ,  to  h e a d  its  “C o m m i t t e e  o n  E le c tr ic a l 

T r a d e s  a f t e r  th e  W a r .” T h e  r e s p o n s ib i l i ty  o f  th is  c o m m i t t e e  w as  to  r e p o r t  

o n  t h e  s t a t e  o f  B r i t a i n ’s e l e c t r ic a l  m a n u f a c t u r e r s  a n d  s u p p ly  u ti l i t ie s .  T h e  

c o m m i t t e e  c o n c lu d e d  th a t  t h e  b a c k w a r d  s t a t e  o f  t h e  l a t t e r  h a d  c a u s e d  th e  

d e p r e s s e d  c o n d i t io n  o f  th e  f o r m e r .  T h e  P a r s o n s  c o m m i t t e e ,  lik e  H a ld a n e  

a n d  M e rz ,  v ie w e d  t h e  e le c t r ic  s u p p ly  i n d u s t r y — b o th  t h e  u t i l i t ie s  a n d  th e  

m a n u f a c t u r e r s — as  a k ey  to  n a t io n a l  s t r e n g t h . 72 A  m a jo r  r e a s o n  f o r  th e  

f a i lu r e  o f  t h e  B r i t i s h  s u p p ly  in d u s t r y  to  d e v e lo p  a s  s u c c e s s fu l ly  a s  its  A m e r ­

i c a n  a n d  G e r m a n  c o u n t e r p a r t s  w as  t h o u g h t  to  b e  v e s te d  in te r e s t s  a n d  p o ­

l itic a l c o n s t r a in t s  r e s u l t in g  f r o m  th e  “c o n v e n t io n a l  c o n c e p t io n s  o f  p u b lic  

p r iv i le g e "  r e p r e s e n t e d  by  P a r l i a m e n t  a n d  th e  lo c a l a u t h o r i t i e s .73 T h e  p u b lic  

p r iv i le g e s  to  w h ic h  t h e  c o m m i t t e e  r e f e r r e d  in c lu d e d  p r o t e c t i o n  a g a in s t  

m o n o p o ly  a n d  a g a in s t  e n v i r o n m e n t a l  n u i s a n c e  a n d  h a z a r d ,  s u c h  a s  o v e r ­

h e a d  w ire s . C o n s id e r in g  b o th  th e  m a n u f a c t u r i n g  a n d  s u p p ly  e n d s  o f  th e  

i n d u s t r y ,  th e  c o m m i t t e e  d e c la r e d  th a t  th e  w a r  h a d  d e m o n s t r a t e d  t h a t  n o t h ­

i n g  less  th a n  th e  w e l l -b e in g  o f  th e  e m p i r e  d e p e n d e d  o n  th e  la rg e -s c a le  

e m p lo y m e n t  o f  e le c t r ic i ty  in  i n d u s t r i a l  p r o d u c t i o n .  R e f e r r i n g  o f t e n  to  G e r ­

m a n y  a s  a  m o d e l ,  th e  c o m m i t t e e  c o n c lu d e d  t h a t  t h e  a b s e n c e  o f  a  c lo se  

a l l ia n c e  b e tw e e n  B r i ta in 's  in d u s t r i a l  b a n k s  a n d  its  la rg e - s c a le  e l e c t r ic a l  m a n ­

u f a c t u r e r s  (a  m a jo r  e x p l a n a t i o n  f o r  th e  a d v a n c e d  s t a t e  o f  e l e c t r i f ic a t io n  in  

G e r m a n y )  h a d  h a n d i c a p p e d  th e  e le c t r ic  s u p p ly  i n d u s t r y  in  B r i t a in .74

In  1 9 1 7  t h e  W ill ia m s o n  c o m m i t t e e  to o k  h e e d  a n d  c o n c lu d e d  th a t  B r i ta in  

n e e d e d  to  d o  m o r e  th a n  in te r c o n n e c t  e x i s t in g  u ti l i t ie s ;  it n e e d e d  lo  d e v e lo p  

a  c o m p r e h e n s iv e  s y s te m  f o r  th e  g e n e r a t i o n  o f  e le c t r ic i ty  a n d  t h e r e f o r e  to  

r e o r g a n iz e  th e  e n t i r e  s u p p ly  s y s te m .75 T h e  c o m m i t t e e  c a l le d  f o r  t h e  e s ta b ­

l i s h m e n t  o f  d i s t r i c t  e le c t r ic i ty  b o a r d s  to  c o n s o l id a te  e le c t r ic i ty  g e n e r a t io n  

a n d  p r o v id e  r e g io n a l  t r a n s m is s io n  by  p u r c h a s i n g  t h e  m o s t  e f f i c i e n t  o f  th e  

e x i s t in g  p o w e r  p la n t s  a n d  by  c o n s t r u c t i n g  n e w  la rg e - s c a le  p la n t s  a n d  h ig h -  

v o l ta g e  t r a n s m is s io n  sy s te m s . D is t r ib u t io n  w as  to  b e  le f t  lo  th e  e x is t in g  

u ti l i t ie s ,  w h e t h e r  p r iv a te ly  o r  p u b lic ly  o w n e d .  T h e  b o a r d s  w e re  to  b e  n o n ­

p r o f i t ,  m ix e d - o w n e r s h ip  c o r p o r a t i o n s  se t u p  o u t s id e  t h e  c iv il s e rv ic e  a n d

71 I la ld an c -M erz  R e p o rt, pp . 4 , 7. a n d  8.

77 G rcal B rita in . B o a rd  o f  T r a d e , D ep a rtm e n ta l C o m m itte e . R eport o f  the D epartm enta l Com ­

m ittee A ppo inted  by the B oa rd  o f  Trade to Consider the Position o f  the E lectrical Trades afte r the W ar
( L o n d o n , IIM S O , 1918). p. 5.

75 Ib id .. p. 4.

^  Ib id ., p. 7.

”  B o a rd  o l T rade , Electric Power Supp ly , p. I .
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o w n e d  in  m o s t  c a s e s  b y  p u b l ic  b o d ie s ,  s u c h  a s  lo ca l g o v e r n m e n ts ,  b u t  a lso  

by  p r iv a te  e n t e r p r i s e s ,  s u c h  a s  t h e  p r iv a te  p o w e r  c o m p a n ie s .76 B r i t a in ’s six  

h u n d r e d  o r  so  e le c t r ic  s u p p ly  u t i l i t ie s  w o u ld  in  t im e  b e  c o o r d i n a t e d ,  o r  in  

m a n y  in s ta n c e s  e l im in a te d ,  b y  th e  n e w  d i s t r i c t  s y s te m s .  T h e  c o m m i t t e e  a lso  

e n v is a g e d  th e  c r e a t io n  o f  a  s m a ll  b o a r d  o f  e le c t r ic i ty  c o m m is s io n e r s  to  la k e  

o v e r  r e g u la t io n  o f  t h e  s u p p ly  in d u s t r y  f o r  t h e  B o a r d  o f  T r a d e .

T h e  r e c o m m e n d a t i o n s  o f  th e  P a r s o n s  a n d  W ill ia m s o n  c o m m i t t e e s ,  w h ic h  

r e p r e s e n t e d  a c ro s s  s e c t io n  o f  e s t a b l i s h e d  p o li t ic a l  a n d  in d u s t r i a l  v iew s, 

w e re  n o t  a c te d  u p o n  u n t i l  a f t e r  t h e  s ig n in g  o f  t h e  p e a c e  in  1 9 1 8 . P e a c e , 

h o w e v e r ,  b r o u g h t  a  m u l i n g  o f  t h e  v a lu e s  t h e  e x ig e n c ie s  o f  w a r  h a d  s t im ­

u l a t e d .  V e s te d  p r iv a te  a n d  p u b l ic  in te r e s t s  t h a t  h a d  b e e n  w ill in g  to  r e l i n ­

q u i s h  a u t h o r i t y  to  t h e  n a t io n a l  g o v e r n m e n t  in  th e  i n t e r e s t  o f  c e n t r a l  c o ­

o r d i n a t i o n  lo o k e d  o n c e  a g a in  to  t h e  n u r t u r e  o f  p r iv a te  a n d  lo c a l a u to n o m y .  

E v e n  t h o u g h  th e  s c h e m e s  o f  th e  c e n t r a l  g o v e r n m e n t  h a d  o r i g i n a t e d  w ith  

te c h n ic a l  a n d  m a n a g e r i a l  p r o f e s s io n a l s  lik e  C h a r le s  M e rz  a n d  W illia m  

M c L e l la n — in  s h o r t ,  w ith  p r iv a te  in d u s t r y — in  t h e  m in d s  o f  m a n y  th e y  n o w  

r e p r e s e n t e d  g o v e r n m e n t  i n t e r v e n t io n .  O n e  d i s s e n t e r  f r o m  t h e  c h o r u s  o f  

c o m m i t t e e  m e m b e r s  c a l l in g  f o r  d i s t r i c t  e le c t r ic i ty  b o a r d s  a n t i c ip a te d  th e  

c o n s e r v a t iv e  r e a c t io n  to  a  r a d ic a l  r e o r g a n iz a t io n  o f  B r i t a in ’s e le c t r ic  s u p p ly  

i n d u s t r y  w h e n  h e  in s is te d  t h a t  s t a t e  c o n t r o l  w o u ld  le a d  to  s t a t e  m a n a g e m e n t ,  

a n d  th a t  s t a l e  m a n a g e m e n t  w as  in h e r e n t l y  u n s o u n d . 77

T h e  le g is la t io n  t h a t  e m e r g e d  in  r e s p o n s e  to  th e  H a ld a n e - M e r z ,  P a r s o n s ,  

a n d  W ill ia m s o n  r e p o r t s  r e p r e s e n t e d  a  c o m p le x  c o m p r o m is e  b e tw e e n  in ­

n o v a t iv e  w a r t im e  c o n c e p t s  a n d  p e a c e t im e  r e a c t io n .  T h e  E le c tr ic i ty  S u p p ly  

A c t o f  1 9 1 9  le f t  f u l f i l lm e n t  o f  t h e  g e n e r a l  r e o r g a n iz a t io n  s c h e m e  to  v o l ­

u n t a r y  a c t io n  o n  t h e  p a r t  o f  e x i s t in g  u t i l i t ie s  a n d  to  th e  p o w e r  o f  p e r s u a s io n  

t h e  e le c t r ic i ty  c o m m is s io n e r s  c o u ld  b r i n g  to  b e a r .  T h e  id e a  o f  d i s t r i c t  e le c ­

t r ic i ty  b o a r d s  to o k  t h e  f o r m  o f  j o i n t  e le c t r ic i ty  a u th o r i t i e s  ( JE A s , a n  o r ­

g a n iz a t io n a l  c o n c e p t  b o r r o w e d  in  p a r t  f r o m  G e r m a n  p r a c t ic e ) .  T h e s e  c o u ld  

b e  e s t a b l i s h e d  u n d e r  th e  1 9 1 9  law  i f  a n d  w h e n  th e  a u t h o r i z e d  u n d e r t a k e r s  

( p r iv a te  a n d  p u b l ic  u ti l i t ie s )  in  a  d i s t r i c t  c h o s e  to  d o  so . T h e  u t i l i t ie s  w ith in  

a  d i s t r i c t  c o u ld  t u r n  o v e r  to  t h e  J E A  all o r  a n y  o n e  o f  th e  p o w e r s  th e  u t i l i t ie s  

h e ld  f o r  s u p p ly in g  e le c t r ic i ty .  F u r t h e r m o r e ,  th e  u t i l i t ie s  c o u ld  t r a n s f e r  to  

th e  J E A  t h e i r  p la n t ,  t r a n s m is s io n ,  a n d  d i s t r ib u t io n  fa c il i t ie s . I n  s h o r t ,  th e  

J E A  w o u ld  b e  g iv e n  t h e  r e s p o n s ib i l i ty  f o r  c o o r d i n a t i n g  a n d  d e v e lo p in g  th e  

d i s t r i c t ’s s u p p ly  o f  e le c t r ic i ty  i f  t h e  e x is t in g  u t i l i t ie s  so  d e c i d e d .78

O n  th e  n a t io n a l  le v e l,  f iv e  e le c t r ic i ty  c o m m is s io n e r s  w e re  to  b e  a p p o i n t e d  

b y  t h e  B o a r d  o f  T r a d e ,  t h e  g o v e r n m e n t  d e p a r t m e n t  t h a t  h a d  r e g u la te d  

a n d  a u t h o r i z e d  e le c t r ic i ty  s u p p ly  s in c e  th e  1 8 8 0 s . T h e  E le c tr ic i ty  S u p p ly  

A c t o f  1 9 1 9  s l a t e d  t h a t  th e  e le c t r ic i ty  c o m m is s io n e r s  s h o u ld  e x e rc is e  th e  

p o w e r s  c o n f e r r e d  u p o n  th e m  b y  th e  law , b u t  th a t  th e y  “ s h a ll  a c t  u n d e r  th e  

g e n e r a l  d i r e c t io n s  o f  t h e  B o a r d  o f  T r a d e . "  S o m e  r e f o r m e r s  w h o  a d v o c a te d  

m o r e  r a d ic a l  r e o r g a n iz a t io n  h a d  w a n te d  th e  c o m m is s io n e r s  p la c e d  u n d e r  

th e  ju r i s d i c t i o n  o f  a  d e p a r t m e n t  o t h e r  th a n  th e  B o a rd  o f  T r a d e ,  w ith  w h ic h  

th e  h is to r y  o f  B r i t a in ’s e le c t r ic i ty  s u p p ly  w as c lo se ly  a s s o c ia te d .  T h e  g e n e r a l  

c h a r g e  g iv e n  t h e  c o m m is s io n e r s  w as  p r o m o t io n ,  r e g u la t io n ,  a n d  s u p e r v is io n

70 M anual) , Electricity Before Nation alisat ion , pp . 6 5 -6 6 .

77 lliid ., p. 66.
7* Electr ic ity  S up p ly  Acl o f  1919, 9  Sc 10 G eo . 5. ch. 100, fi 6.
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o f  t h e  s u p p ly  o f  e le c t r ic i ty  a s  p r o v id e d  by  t h e  s e v e ra l  e le c t r ic  l ig h t in g  ac ts . 

T h e  law  s p e c i f ie d  t h a t  t h r e e  o f  t h e  c o m m is s io n e r s  s h o u ld  b e  f u l l - t im e  o f ­

f ic e rs  a n d  t h r e e  s h o u ld  b e  s e le c te d  f o r  t h e i r  p r a c t ic a l ,  c o m m e rc ia l ,  a n d  

s c ie n t i f ic  k n o w le d g e .79

T h e  t h i r d  m a jo r  p r o v is io n  o f  th e  1 9 1 9  a c t  s t ip u la te d  t h a t  th e  e le c tr ic i ty  

c o m m is s io n e r s  c o u ld  d e s ig n a te  e le c t r ic i ty  d is t r i c t s  a f t e r  h o ld in g  a  lo ca l in ­

q u i r y  a n d  p r o v i d i n g  a m p le  o p p o r t u n i t y  f o r  a d v ic e  f r o m  a n d  c o n s u l ta t io n  

w ith  a ll p a r l i e s  c o n c e r n e d — p u b l ic ,  p r iv a te ,  a n d  l a r g e  c o n s u m e r .  T h e  in te n t  

w as  to  e s ta b l is h  s u p p ly  r e g io n s  t h a t  h a d  g o o d  lo a d  d iv e r s i ty ,  h i g h e r  lo ad  

f a c to r s ,  a n  e c o n o m ic  m ix  o f  g e n e r a t i n g  s t a t io n s ,  a n d  a  c o o r d in a te d  a n d  

e c o n o m ic a l  s y s te m  o f  t r a n s m is s io n  a n d  d i s t r ib u t io n .  T h e s e  r e g io n s  w o u ld  

n o t  b e  c o e x te n s iv e  w ith  e x i s t in g  e le c t r ic i ty  d is t r ic ts .  T h e  e le c t r ic i ty  c o m ­

m is s io n e r s  w o u ld  h a v e  t h e  p o w e r  to  r e q u i r e  th a t  u ti l i t ie s  fa c i l i ta te  c o o r d i ­

n a t io n  by  s t a n d a r d i z i n g  th e  ty p e  o f  c u r r e n t ,  f r e q u e n c y ,  a n d  v o l ta g e  th ey  

u s e d .  T h e  B o a r d  o f  T r a d e ,  h o w e v e r ,  c o u ld  e x e m p t  u ti l i t ie s  w h e n  it  d e c id e d  

th a t  c o m p l ia n c e  w ith  s u c h  a n  o r d e r  e n ta i l e d  u n r e a s o n a b l e  e x p e n s e .80

E v e n  t h o u g h  th e  1 9 1 9  le g is la t io n  le f t  u l t im a te  p o w e r  o v e r  t h e  u t i l i t ie s  in  

th e  h a n d s  o f  t h e  B o a r d  o f  T r a d e  a n d  its  g e n e r a l  m o d e  w as  v o lu n ta r y  a c tio n  

a n d  p e r s u a s io n ,  th e  r e a c t io n  a g a in s t  it  w a s  im m e d ia te  a n d  s u b s ta n t ia l .  T h e  

l o c a l - g o v e r n m e n t  u ti l i t ie s  h a d  h a b i tu a l ly  o p p o s e d  r e o r g a n iz a t io n  p la n s  th a t  

w o u ld  c r e a t e  e le c t r ic i ty  s u p p ly  o n  a  sc a le  l a r g e r  t h a n  t h e  g e o g r a p h ic a l  lim its  

o f  t h e i r  p o l i t ic a l  a u th o r i ty .  I n  th e  c a s e  o f  t h e  1 9 1 9  a c t ,  h o w e v e r ,  t h e r e  was 

s o m e  a m b iv a le n c e  a m o n g  t h e m .  T h e y  r e a l iz e d  t h a t  a  J E A  c o u ld  u s u r p  th e  

p o w e r  e n jo y e d  by  a n  a u t o n o m o u s  u ti l i ty ;  o n  t h e  o t h e r  h a n d ,  a  J E A ,  if 

c o n t r o l l e d  by  th e  lo c a l a u th o r i t i e s  in  a  d i s t r i c t ,  c o u ld  f r u s t r a t e  th e  r ise  o f 

p r iv a te  r e g io n a l  p o w e r  c o m p a n ie s  th a t  h a d  h i t h e r t o  l a n g u i s h e d  b e c a u s e  

th e  m u n ic ip a l i t ie s  r e f u s e d  to  b u y  p o w e r  w h o le s a le  f r o m  th e m  a n d  th e r e b y  

le f t  th e m  th e  m o r e  e x p e n s iv e  ta s k  o f  s u p p ly in g  t h e  le ss  i n d u s t r i a l i z e d  a n d  

less p o p u l a t e d  d is t r ic ts .

B y  th e  m id -1 9 2 0 s  th e  o p t im is m  e x p r e s s e d  in  th e  e a r ly  r e p o r t s  o f  th e  

e le c t r ic i ty  c o m m is s io n e r s  h a d  g iv e n  w ay  to  t h e  a d m is s io n  t h a t  t h e i r  e f f o r ts  

w e r e  m e e t in g  w ith  l im i te d  su c c e s s .  I n t e r m i n a b l e  p u b l ic  in q u i r i e s  a n d  n e ­

g o t ia t io n s  a m o n g  u n d e r t a k i n g s ,  in  a c c o r d a n c e  w ith  t h e  1 9 1 9  a c t ’s in s is te n c e  

o n  p e r s u a s io n  a n d  v o lu n ta r y  c o o p e r a t io n ,  w e re  p a r t  o f  t h e  p r o b le m .  U tility  

e n g i n e e r s  a n d  m a n a g e r s  r e s is te d  th e  c lo s in g  o f  in e f f i c i e n t  s t a t io n s  a n d  th e  

t r a n s f e r  o f  t e c h n o lo g ic a l  c o n t r o l  o f  j o i n t  e le c t r ic i ty  a u th o r i t i e s  w h e n  th is  

m e a n t  lo ss  o f  a u t h o r i t y  a n d  s ta tu s .  S m a ll  c o m p a n ie s ,  b o th  p u b l ic  a n d  p r i ­

v a te ,  e s p e c ia lly  th o s e  a s s o c ia te d  w ith  a  lo c a l g o v e r n m e n t  j e a lo u s ly  p r o te c t in g  

its  a u to n o m y ,  f o u g h t  a b s o r p t io n  b y  l a r g e r  o n e s .  M u n ic ip a l  u ti l i t ie s  c o n t in ­

u e d  to  r e f u s e d  to  b u y  b u lk  o r  w h o le s a le  p o w e r  f r o m  p r iv a te  p o w e r  c o m ­

p a n ie s .  I n g e n io u s  a r g u m e n t s  w e re  p r e s e n t e d  to  d e f e n d  t h e  g e n e r a t io n  o f  

p o w e r  w i th in  s m a ll ,  l o c a l - g o v e r n m e n t - o w n e d  u ti l i t ie s .  I t  w a s  s a id  t h a t  g o v ­

e r n m e n t s  c o u ld  b o r r o w  m o n e y  a t  lo w e r  in te r e s t  r a t e s  t h a n  p r iv a te  p o w e r  

c o m p a n ie s  c o u ld ,  a n d  th a t  th e y  th e r e b y  o f f s e t  th e  t e c h n o lo g ic a l  e f f ic ie n c ie s  

th e  la r g e  p o w e r  c o m p a n ie s  m ig h t  c la im . In  g e n e r a l ,  “ [ th e ]  d iv is iv e  t e n d ­

e n c ie s  i n h e r e n t  in  th e  o w n e r s h ip  s t r u c t u r e  o f  t h e  in d u s t r y  h a d  e f fe c tiv e ly  
r e a s s e r t e d  th e m s e lv e s ." 81

’“ Ib id ., § 1.

m  Ib id .,  § 5 a n d  § 24.

81 H a n n a h . Electricity Before Nation a lisa tion , p . 8!>.
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T h e  h is to r y  o f  e le c t r ic  s u p p ly  in  th e  G r e a t e r  L a n c a s h i r e  a r e a  a f t e r  W o r ld  

W a r  I i l lu s t r a t e s  a ll t h e  in e r t i a ,  d iv is iv e  t e n d e n c ie s ,  a n d  p a ro c h ia l i s m  t h a t  

f r u s t r a t e d  t h e  n e w ly  a p p o i n t e d  e le c t r ic i ty  c o m m is s io n e r s .  A s  in  L o n d o n ,  

e l e c t r i c  s u p p ly  in  G r e a t e r  L a n c a s h i r e  w as  n o to r io u s ly  f r a g m e n t e d .  L a r g e  

a n d  s m a ll  m u n ic ip a l i t i e s  g u a r d e d  t h e i r  a u to n o m y .  T h e  P o w e r  S e c u r i t ie s  

C o r p o r a t i o n ,  a  h o l d i n g  c o m p a n y ,  c o n t r o l l e d  th e  b u lk  s u p p l i e r  in  t h e  a r e a ,  

t h e  L a n c a s h i r e  P o w e r  C o m p a n y .  W a r t im e  b r o u g h t  s o m e  i n t e r c o n n e c t io n ,  

a n d  t h e  e n g i n e e r s  in  t h e  a r e a  a g r e e d  in  1 9 1 7  t h a t  c e n t r a l  c o n t r o l  a n d  

p l a n n i n g  f o r  th e  a r e a  w e r e  n e e d e d .  T h i r ty - f iv e  s u p p ly  a u t h o r i t i e s ,  h o w e v e r ,  

r e j e c te d  t h e  e n g i n e e r s ’ p r o p o s a l  b e c a u s e  m ix e d  o w n e r s h ip  w o u ld  h a v e  r e ­

s u l t e d .  T h e  a d v a n ta g e s  o f  m ix e d  o w n e r s h ip  a s  p r a c t i c e d  in  G e r m a n y ,  e s ­

p e c ia lly  b y  t h e  R h e in is c h - W e s tf a l is c h e s  E le k l r iz i ta ts w e r k ,  d i d  n o t  o v e r r i d e  

B r i t i s h  o b je c t io n s .  A f t e r  1 9 1 9  t h e  e le c t r ic i ty  c o m m is s io n e r s  a d v o c a te d  a 

j o i n t  e le c t r ic i ty  a u t h o r i t y  f o r  t h e  a r e a ,  b u t  th e  u t i l i t ie s  r e j e c te d  t h e  p r o p o s a l ,  

p r e f e r r i n g  to  r e m a in  i n d e p e n d e n t .  I n  t h e  e n d ,  o n ly  a  w e a k  a d v is o r y  b o a r d  

a n d  p ie c e m e a l  in t e r c o n n e c t i o n s  w e r e  a c h ie v e d .82

T o  o b s e r v e r s  c o n s i d e r i n g  th e  l o n g  h is to r y  o f  t e n s e  a n d  f r u s t r a t i n g  e f f o r t s  

to  r e o r g a n i z e  B r i t a i n ’s e l e c t r i c  s u p p ly  i n d u s t r y ,  th e  r e m a r k a b l e  t u r n  o f  

e v e n ts  t h a t  le d  to  t h e  e s t a b l i s h m e n t  o f  t h e  G r id  in  1 9 2 6  c a m e  a s  a  d i s t in c t  

s u r p r i s e .  T h e  f i r s t  q u e s t io n  t h a t  a r is e s  is , W h a t  c o n f lu e n c e  o f  t r e n d s  a n d  

e v e n ts  c o u n t e r e d  t h e  e x i s t in g  in e r t i a  a n d  c h a n g e d  th e  c o u r s e  o f  d e v e l o p ­

m e n t  o f  e l e c t r ic i ty  s u p p ly  in  B r i t a in ?  T h e  q u e s t io n  ta k e s  o n  a d d e d  s ig n i f ­

i c a n c e  w h e n  o n e  r e c a l ls  t h a t  m a n y  p e r s o n s  c o n s i d e r e d  r e o r g a n i z a t i o n  o f  

th is  in d u s t r y  to  b e  t h e  k e y  to  B r i t a in ’s r e c o v e r y  o f  i n d u s t r i a l  s t r e n g t h  a n d  

l e a d e r s h ip .  T h e  s to r y  o f  th is  r e o r g a n iz a t io n  w ill b e  to ld  in  t h e  fo l lo w in g  

c h a p te r .

"* I b id .. p . 82 .
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P la n n e d  S y s te m s

T
H t  r a d ic a l  c h a n g e  in  n e e d s  a n d  a t t i t u d e s  b r o u g h t  b y  W o r ld  W a r  I 

s t im u la te d  b o ld  c o n c e p t s  Tor p e a c e t im e  p r o je c ts ,  b u t  a s  h a s  b e e n  s e e n ,  

th e  p o s tw a r  r e t u r n  to  n o r m a lc y  d a m p e n e d  e n th u s ia s m  f o r  g o v e r n m e n t -  

s p o n s o r e d  te c h n o lo g y  in  th e  U n i t e d  S ta te s  a n d  te c h n o lo g y  c o n t r o l l e d  by 

t h e  c e n t r a l  g o v e r n m e n t  in  B r i ta in  a n d  G e r m a n y .  P r iv a te  o w n e r s h ip  in  th e  

U n i t e d  S ta te s ,  p a r o c h ia l  c o n t r o l  in  B r i t a in ,  a n d  lo c a l o r  r e g io n a l  d e v e lo p ­

m e n t  in  G e r m a n y  r e g a in e d  t h e i r  p r e w a r  m o m e n t u m .  T h e r e  w e re  n ew  

t e c h n o lo g ic a l  o p p o r t u n i t i e s  to  u t i l iz e ,  h o w e v e r ,  a n d  th e  m o r e  t r a d i t io n a l  

o w n e r s  a n d  m a n a g e r s  o f  e le c t r ic  s u p p ly  f a c il i t ie s  s o u g h t  to  d o  so . A s a 

r e s u l t ,  i n n o v a t io n s  w e re  m a d e ,  b u t  in  t h e  U n i te d  S ta te s  a n d  G e r m a n y  th e  

c h a n g e s  w e re  le ss  r a d ic a l  t h a n  P in c h o t  a n d  C o o k e ’s G ia n t  P o w e r  p ro p o s a l  

a n d  G e r m a n y ’s S o c ia l iz a t io n  L aw  o f  1 9 1 9 . B y c o n t r a s t ,  in  1 9 2 6  a  m a jo r  

c h a n g e  in  d i r e c t io n  w as b r o u g h t  a b o u t  in  th e  d e v e l o p m e n t  o f  p o w e r  s u p p ly  

in  B r i ta in .

T h e  d e v e lo p m e n ts  t h a t  to o k  p la c e  in  e le c t r ic  s u p p ly  s y s te m s  in  th e  19 2 0 s 

a r e  c o m p a r a b le  to  th o s e  th a t  o c c u r r e d  in  r a i lw a y  s y s te m s  in  t h e  s e c o n d  h a l f  

o f  th e  n i n e t e e n t h  c e n tu r y .  M a jo r  r a i l r o a d  s y s te m s  w e r e  t h e n  in te r c o n n e c te d  

a n d  s t a n d a r d i z e d  w ith  r e s p e c t  to  g a u g e  a n d  e q u i p m e n t .  A s a  r e s u l t ,  th e  

m a jo r  t r a f f i c  c e n te r s  a n d  r o u t e s  o f  r e g io n a l  a n d  n a t io n a l  s y s te m s  w e re  

id e n t i f i e d .  T h e  p r in c ip a l  r o u t e s  w e r e  t h e n  u p g r a d e d ,  t r a f f i c  n e x u s  a n d  

s w i tc h in g  y a r d s  w e re  la id  o u t ,  a n d  th e  t r u n k  l in e s  o f  th e  r e g io n a l  a n d  

n a t io n a l  s y s te m s  w e re  f u r t h e r  d e v e lo p e d .

T h e  p o s t - W o r l d  W a r  I r a t io n a l i z a t io n  o f  e le c t r ic  s u p p ly  to o k  m a n y  fo rm s ,  

b u t  it  is g e n e r a l ly  c a te g o r i z e d  a s  h a v in g  b e e n  e i t h e r  e v o lu t io n a r y  o r  p la n n e d .  

In  a s u b s e q u e n t  s e c t io n ,  c o n s id e r a t io n  w ill b e  g iv e n  to  t h e  w ay  in  w h ic h  

th e  w e l l - e s ta b l is h e d ,  l a r g e - a r e a  u ti l i t ie s  w ith  re la t iv e ly  lo n g  h is to r ie s  e v o lv e d  

in to  r e g io n a l  s y s te m s  in t e g r a t e d  b y  h ig h - v o l ta g e  t r a n s m is s io n  n e tw o rk s .  In  

th is  s e c t io n ,  e m p h a s i s  is p la c e d  o n  th e  n e w  s y s te m s  t h a t  w e re  e s ta b l is h e d  

a c c o r d in g  to  m a s te r  p la n s .  T h e  p u r p o s e  o f  th e s e  n e w  s y s te m s  w a s  to  k n it 

t o g e th e r ,  o n  a  r e g io n a l  s c a le , u t i l i t ie s  th a t  h a d  f o r m e r ly  e v o lv e d  i n d e p e n d ­

e n t ly .  T h e  p l a n n e d  n e tw o r k s ,  o r  g r id s ,  u s u a l ly  to o k  th e  f o r m  o f  h ig h -v o l ta g e  

l in e s  r in g in g  a  s u p p ly  r e g io n ,  o r  p o ly g o n ,  t h e  s e c t io n s  o f  w h ic h  m e t  a t 

m a jo r  lo a d  c e n te r s .  T h e y  d i f f e r e d  f r o m  th e  e v o lv in g  n e tw o r k s ,  w h ic h ,  b e ­

c a u s e  o l  th e  g e n e r a l ly  le ss o r d e r l y  c h a r a c t e r  o f  h is to r ic a l  c h a n g e ,  u su a lly

324
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w e r e  m o r e  c o m p le x  in  f o r m .  T h e  p l a n n e d  g r id s  r e p r e s e n t e d  th e  p o o l in g  

o f  e n e r g y  f r o m  u ti l i t ie s  t h a t  p r e s e r v e d  t h e i r  le g a l  id e n t i t i e s ,  p r im a r i ly  a s  

d i s t r i b u t o r s  o f  th e  p o o le d  e n e r g y .  I n  s o m e  in s ta n c e s ,  a  s e p a r a t e  c o r p o r a t e  

e n t i ty  o w n e d  a n d  m a n a g e d  t h e  g r id ;  in  o th e r s ,  th e  u ti l i t ie s  p r e s i d e d  o v e r  

th e  g r id ,  o r  p o o l ,  u s in g  a  c o m m i t t e e  s t r u c t u r e .  B e c a u s e  t h e  p a r t i c ip a t in g  

u ti l i t ie s  p r e s e r v e d  t h e i r  c o r p o r a t e  id e n t i t i e s  a n d  b e c a u s e  th e y  o f t e n  n e g o ­

t i a t e d  d e c is io n s  a b o u t  th e  o p e r a t i o n  o f  t h e  p o w e r  p o o l ,  s u c h  g r id s  w e re  

a n a lo g o u s  to  c o n f e d e r a t i o n s  o f  n a t io n - s ta te s .  U n d e r  s o m e  p la n s ,  th e  u t i l i t ie s  

o r  p o w e r  c o m p a n ie s  f e d  th e  p o o l f r o m  t h e i r  o w n  p o w e r  p la n t s .  U n d e r  

o th e r s ,  th e  g r id  to o k  p o w e r  b o th  f r o m  its  o w n  p la n t s  a n d  f r o m  th e  p la n t s  

o f  p a r t i c ip a t in g  u ti l i t ie s .  M e re  w e  will fo c u s  o n  t h r e e  v a r i a t io n s  u p o n  th e  

e s s e n t ia l  g r id ,  o r  p o o l ,  c o n c e p t :  t h e  P e n n s y lv a n ia - N e w  J e r s e y  I n t e r c o n ­

n e c t io n  (P N J ) ,  t h e  c e n t e r  o f  w h ic h  w as  P h i l a d e lp h ia ,  P e n n s y lv a n ia ;  th e  

B a y e r n w e r k  in  B a v a r ia ;  a n d  t h e  N a t io n a l  G r id  in  G r e a t  B r i t a in .  I n  t h e  c a s e  

o f  b o th  th e  P e n n s y lv a n ia - N e w  J e r s e y  I n t e r c o n n e c t i o n  a n d  t h e  B a y e r n w e r k ,  

l a r g e  h y d r o e le c t r i c  p la n t s  f e d  th e  g r i d ’s p o o l o f  p o w e r .  U t i l iz a t io n  o f  s u c h  

la r g e  b lo c k s  o f  h y d r o e le c t r i c  p o w e r  w as  p a r t  o f  th e  o r ig in a l  p l a n  f o r  e a c h  

o f  th e s e  s y s te m s ;  in  c o n t r a s t ,  p e a c e t im e  u ti l iz a t io n  o f  th e  g ia n t  n e tw o r k s  a t 

M u s c le  S h o a ls ,  A la b a m a ,  a n d  G o lp a - Z s c h o r n e w itz  w as  a n  a f t e r t h o u g h t .

T h e  P N J  w as  c le a r ly  a m o r e  c o n s e r v a t iv e  r e s p o n s e  to  t e c h n o lo g ic a l  o p ­

p o r tu n i t i e s  t h a n  G ia n t  P o w e r  h a d  b e e n .  T h e  h is to r y  o f  th e  P N J  p o o l a n d  

r e la t e d  h y d r o e le c t r i c  p o w e r  p la n t s  a ls o  d e m o n s t r a t e s  t h a t  th e  b u i ld e r s  o f  

t h e s e  g ia n t  e le c t r ic  p o w e r  s y s te m s  fa c e d  o r g a n iz a t io n a l  a n d  f in a n c ia l  p r o b ­

le m s  t h a t  d e m a n d e d  s o lu t io n s  a s  o r ig in a l  a s  th e  te c h n o lo g y  its e lf ,  o r  e v e n  

m o r e  so . M a n a g e r s  a n d  f in a n c ia l  e n t r e p r e n e u r s  w o u ld  m a k e  c o m m i tm e n t s  

th a t  w e re  a s  b o ld  a s  th o s e  m a d e  by  e n g in e e r s .

O n e  s u c h  c o m m i t m e n t  w as  m a d e  o n  2 0  F e b r u a r y  1 9 2 6 , a t  a b o u t  th e  t im e  

P in c h o l  a n d  C o o k e ’s G ia n t  P o w e r  p ro je c t  w as  v o te d  d o w n  in  th e  P e n n s y l ­

v a n ia  l e g is la tu r e .  T h e  t im in g  w as  n o t  e n t i r e ly  f o r tu i to u s .  O n  2 0  F e b r u a r y  

th e  P h i l a d e lp h ia  E le c tr ic  C o m p a n y ,  lo n g  a n  a d v e r s a r y  o f  C o o k e ’s, o b ta in e d  

a  l ic e n s e  f r o m  t h e  F e d e r a l  P o w e r  C o m m is s io n  to  b u i ld  a  h y d r o e le c t r i c  p la n t  

o n  th e  S u s q u e h a n n a  R iv e r  a t  C o n o w in g o ,  M a ry la n d .  T h e  p la n t  w as  to  

b e c o m e  o n e  o f  a  n u m b e r  o f  p la n t s  t h a t  fe d  p o w e r  to  th e  i n t e r c o n n e c te d  

P e n n s y lv a n ia - N e w  J e r s e y  t r a n s m is s io n  g r id .  T h e  s ta te  o f  P e n n s y lv a n ia  h a d  

lo s t th e  o p p o r t u n i t y  to  le a d  th e  n a t io n  in  th e  d e v e lo p m e n t  o f  g o v e r n m e n t -  

s p o n s o r e d  e le c t r ic  s u p p ly  s y s te m s ,  b u t  a p r iv a te ly  o w n e d  P e n n s y lv a n ia  u t i l ­

i ty  d id  t a k e  t h e  le a d  in  d e v is in g  a n  in n o v a t iv e  m o d e  o f  e x p lo i t in g  i n t e r ­

c o n n e c t io n  a n d  h ig h - v o l ta g e  t r a n s m is s io n .  T h e  F P C  lic e n s e  a u th o r i z e d  th e  

P h i l a d e lp h ia  p o w e r  c o m p a n y  to  b u i ld  o n  th e  S u s q u e h a n n a  R iv e r  a t  C o n ­

o w in g o  th e  n a t i o n ’s s e c o n d - la r g e s t  h y d ro e le c t r i c  p ro je c t ;  t h e  c o n s t r u c t io n  

o f  C o n o w in g o  s e t  th e  s ta g e  f o r  t h e  f o r m a t io n ,  by  in te r c o n n e c t io n ,  o f  th e  

n a t io n 's  l a r g e s t  p o w e r  p o o l.

T h e  C o n o w in g o  p r o je c t  p r o v id e d  a  m e a n s  o f  c o n t r o l l in g  a n d  u ti l iz in g  

th e  f o r c e s  o f  n a t u r e ,  w h ic h  is th e  t r a d i t io n a l  f u n c t io n  o f  te c h n o lo g y .  F o r  

m o r e  t h a n  h a l f  a  c e n tu r y ,  v a r io u s  s c h e m e s  h a d  b e e n  f o r m u la te d  f o r  h a r ­

n e s s in g  th e  S u s q u e h a n n a  a s  it g r a d u a l ly  d r o p p e d  a b o u t  150  fe e l  in  th e  la s t 

tw e n ty - f iv e  m ile s  b e f o r e  it  e m p t ie d  in to  th e  h e a d  o f  th e  C h e s a p e a k e  B a y .1

■C. W. K ellogg, " T h e  C o no w ing o  I lyclro-F Jcclr ic  P ro je ct,"  Stone  id  Webster J o u n w l ,  A pril 

1926.
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In  1 912  t h e  P e n n s y lv a n ia  W a te r  8c P o w e r  C o m p a n y  h a d  e r e c t e d  a  h y ­

d r o e le c t r i c  p la n t  a t  H o l tw o o d  lo  h a r n e s s  6 0  f e e l  o f  t h e  fa ll,  b u t  a n  a n n u a l  

p o w e r  o u t p u t  o f  a b o u t  1 ,2 8 0 ,0 0 0 ,0 0 0  k w h . r e m a i n e d  to  b e  d e v e lo p e d .

I f  t h e  flo w  o f  t h e  r iv e r  h a d  b e e n  r e g u l a r ,  t h e  w a te r  c o u ld  h a v e  b e e n  

r e g u la r ly  d r a w n  o f f  to  e n e r g y - in te n s iv e  i n d u s t r i e s  a t t r a c t e d  b y  c h e a p  e le c ­

tr ic i ty .  T h e  flo w  h a d  b e e n  r e c o r d e d  f o r  y e a r s ,  h o w e v e r ,  a n d  s e a s o n a l ly  a n d  

u n p r e d ic ta b ly  it v a r i e d  g r e a t ly .  A t t h e  t im e  o f  t h e  f a m o u s  J o h n s t o w n  f lo o d  

o f  1 8 8 9 , 7 5 0 ,0 0 0  s e c .- f t .  w e r e  m e a s u r e d ;  o n  a n o t h e r  o c c a s io n ,  a lo w  o f  

2 ,2 0 0  s e c .- f t .  w as  r e c o r d e d .  T h e s e  n a t u r a l  v a r i a t io n s  s u g g e s te d  th e  n e e d  

f o r  a p o w e r  s y s te m  th a t  w o u ld  c o n n e c t  a  h y d r o e le c t r i c  p l a n t  a t  C o n o w in g o  

w ith  e x i s t in g  s te a m  p la n t s .  I n  l im e s  o f  lo w  w a te r  o r  d r o u g h t ,  t h e  th e r m a l  

p la n t s  w o u ld  c a r r y  t h e  b a s e  lo a d ,  a n d  C o n o w in g o  w o u ld  c a r r y  t h e  p e a k ;  

in  t im e s  o f  h ig h  r iv e r - f lo w ,  th e  b a s e  lo a d  w o u ld  b e  t r a n s f e r r e d  to  C o n ­

o w in g o ,  a n d  t h e  t h e r m a l  p la n t s  w o u ld  a b s o r b  th e  p e a k .

T h e  P h i l a d e lp h ia  E le c tr ic  C o m p a n y ,  w h ic h  in  1921 w as  th e  n a t io n 's  se v ­

e n t h - l a r g e s t  u ti l i ty ,  p l a n n e d  lo  f e e d  th e  p o w e r  o f  C o n o w in g o  in to  a  g r id  

f o r m e d  by  i n t e r c o n n e c t i n g  P h i l a d e lp h ia  E le c t r ic  w ith  tw o  n e i g h b o r i n g  u t i l ­

it ie s . t h e  P u b lic  S e rv ic e  E le c t r ic  8c G a s  C o m p a n y  o f  N e w  J e r s e y  a n d  th e  

P e n n s y lv a n ia  P o w e r  8c L ig h t  C o m p a n y  (P P 8 cL ), w h ic h  o p e r a t e d  in  c e n tr a l  

a n d  e a s t e r n  P e n n s y lv a n ia .  N o t  o n ly  w o u ld  t h e  m a r k e t  f o r  C o n o w in g o  b e  

e x p a n d e d  b u t  th e  d iv e r s i ty  o f  lo a d  w i th in  t h e  lo a d  a r e a  w ith  w h ic h  it w as 

c o n n e c te d  w o u ld  in c r e a s e .  (S e e  F ig s . X I I . 1 a n d  X I I . 2 .)  T h e  te c h n o lo g y  fo r  

th e  C o n o w in g o  p la n t  a n d  th e  in t e r c o n n e c t i o n  s c h e m e  w as  a v a i la b le ;  th e  

p r o je c t 's  p l a n n e r s  i n t r o d u c e d  m a n a g e m e n t  a n d  f in a n c ia l  in n o v a t io n s  to  

n u r t u r e  t h e i r  p a r t i c u l a r  a d a p t a t i o n  o f  t h e  te c h n o lo g y .

T h e  in te r s t a t e  c h a r a c t e r  o f  t h e  p r o je c t  c o m p l ic a te d  t h e  p l a n n in g ,  h o w ­

e v e r .  T h e  d a m  a n d  p o w e r  p la n t  w o u ld  b e  lo c a te d  in  M a r y la n d ;  th e  u p p e r  

h a l f  o f  t h e  r e s e r v o i r ,  in  P e n n s y lv a n ia ;  a n d  t h e  t r a n s m is s io n  s y s te m , in  

P e n n s y lv a n ia ,  N e w  J e r s e y ,  a n d  M a r y la n d .  T h e  d a m  a n d  p o w e r  p la n t  r e ­

q u i r e d  a c t io n  b y  th e  p u b l ic  s e rv ic e  c o m m is s io n s  ( th e  r e g u la to r y  a g e n c ie s )  

o f  b o th  M a r y la n d  a n d  P e n n s y lv a n ia .  B e c a u s e  t h e  S u s q u e h a n n a  R iv e r  w as 

n a v ig a b le ,  t h e  h y d r o e le c t r i c  in s ta l la t io n  a ls o  n e e d e d  a  lic e n s e  f r o m  th e  

F e d e r a l  P o w e r  C o m m is s io n .  T h e  P h i l a d e lp h ia  E le c tr ic  C o m p a n y  r e s p o n d e d  

to  th e  r e g u la to r y  a n d  l ic e n s in g  c h a l l e n g e  b y  f o r m i n g  t h e  P h i l a d e lp h ia  E le c ­

t r ic  P o w e r  C o m p a n y ,  a  P e n n s y lv a n ia  c o r p o r a t i o n ,  to  h o ld  t i t le  to  th e  P e n n ­

s y lv a n ia  p r o p e r t y  o u t s i d e  P h i l a d e lp h ia  E le c t r ic ’s  d o m a in .  T h e  S u s q u e h a n n a  

P o w e r  C o m p a n y ,  a  s u b s id ia r y  a n d  a  M a r y la n d  c o r p o r a t i o n ,  w o u ld  h o ld  

t i t le  to  th e  d a m ,  p o w e r h o u s e ,  a n d  M a r y la n d  p o r t i o n s  o f  t h e  r e s e r v o i r  a n d  

t r a n s m is s io n  s y s te m . B e c a u s e  th e y  w o u ld  n o t  s u p p ly  c o n s u m e r s  d ir e c t ly ,  

t h e s e  p o w e r  a n d  t r a n s m is s io n  fa c il i t ie s  w o u ld  n o t  b e  s u b je c t  to  s t a t e  r e g ­

u l a t io n ,  a s  w e re  t h e  u t i l i t ie s .

T h e  j o i n t  h e a r i n g  h e ld  b y  t h e  P e n n s y lv a n ia  a n d  M a r y la n d  p u b l ic  se rv ic e  

c o m m is s io n s  a n d  th e  F e d e r a l  P o w e r  C o m m is s io n  w as  e v e n t f u l .  O p p o n e n t s  

o r  C o n o w in g o  fo c u s e d  o n  th e  f in a n c ia l  a s p e c ts  o f  th e  p r o je c t .  M o st v o c if ­

e r o u s  w a s  T h o m a s  E . M it te n  o f  t h e  P h i l a d e lp h ia  R a p id  T r a n s i t  C o m p a n y ,  

a c o m p a n y  t h a t  b o u g h t  p o w e r  f r o m  P h i l a d e lp h ia  E le c tr ic .  M i t t e n ’s la w y e r  

c o n t e n d e d  t h a t  P h i l a d e lp h ia  E le c tr ic  h a d  p a id  a n  e x o r b i t a n t  p r ic e  f o r  th e  

f r a n c h i s e  o n  th e  S u s q u e h a n n a  a n d  t h a t  in t e r e s t  r a t e s  a n d  o t h e r  c o s ts  w o u ld  

b u r d e n  P h i l a d e lp h ia  E le c t r ic ’s c u s to m e r s .  M it te n  in s is te d  t h a t  h is  p r im a r y  

c o n c e r n  w as  to  a v o id  th e  r e s u l t in g  i n c r e a s e  in  r a t e s  f o r  h is  c o m p a n y  a n d
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CONOWINGO

CONOWINGO

Hy d r o e l e c t r ic  Dev el o pm en t

PHILADELPHIA ELECTRIC POWER CO.

F ig u re  X l l . l .  Transm ission system, Con ow ingo  D am  to Philad elph ia. Note the Su sq ue ha nn a R iv er  dra in ag e area ( u p p e r  le ft). Courtesy o f  

Philadelphia Electric Co.

F ig u re  X I I .2 .  Th e  P en n s y lv a n ia -N ew  
Jersey Interconnection. Courtesy o f  C . tV. 

W atson, Phila de lph ia Electric Co.
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o i l i e r  m a jo r  c u s to m e r s ;  o t h e r s ,  h o w e v e r ,  a r g u e d  t h a t  h is  o b je c t iv e  w as  to  

g a in  c o n t r o l  o f  P h i l a d e lp h ia  E le c t r ic  by  d i s c r e d i t in g  th e  c o m p a n y ’s m a n ­

a g e m e n t .  M it te n  d id  s o lic it P h i l a d e lp h ia  E le c t r ic  v o t in g  p r o x ie s  f o r  h im s e l f  

a n d  h is  a s s o c ia te s  w h ile  P h i l a d e lp h ia  E le c tr ic  w as  u n d e r  a t t a c k .2 T h e  a lle g e d  

t a k e o v e r  a t t e m p t  f a i le d .  T h e  C o n o w in g o  p r o je c t  w a s  s u p p o r t e d  by  P h ila ­

d e l p h i a  E le c tr ic 's  s to c k h o ld e r s  a n d  w as  l ic e n s e d  lo  th e  e x t e n t  n e c e s s a ry  by 

th e  r e g u la to r y  a g e n c ie s ,  b u t  M i t t e n ’s c h a r g e s  r e l a t in g  to  " in te r e s t  r a t e s  a n d  

a l l ie d  m a i l e r s  w e re  la rg e ly  s u s ta in e d  b y  th e  C o m m is s io n s .”1'

D re x e l  a n d  C o m p a n y ,  s to c k b r o k e r s  o f  P h i l a d e lp h ia ,  th e n  f o r m e d  a s y n ­

d ic a te  w ith  B ro w n  B r o t h e r s  a n d  H a r r i s ,  F o r b e s  & C o m p a n y  to  m a r k e t  th e  

P h i l a d e lp h ia  E le c tr ic  P o w e r  C o m p a n y ’s b o n d s ,  w h ic h  w e re  v a lu e d  a t $ 3 6  

m ill io n .  T h e  a l lo c a t io n  o f  t h e  s u b s id ia r y ’s p r e f e r r e d  s lo c k  to  P h i la d e lp h ia  

E le c tr ic  s h a r e h o l d e r s  r a is e d  a n  a d d i t i o n a l  $ 1 2  m il l io n .  D re x e l  a n d  C o m ­

p a n y ,  h o w e v e r ,  h a d  a c q u i r e d  th e  o p t i o n  o n  t h e  C o n o w in g o  p r o p e r l y  s e v e ra l  

y e a r s  b e f o r e  t r a n s f e r r i n g  it to  P h i l a d e lp h ia  E le c t r ic  f o r  f in a n c ia l  c o n s id ­

e r a t io n s .  C r i t ic s  o f  D r e x e l  a n d  t h e  u t i l i ty  p o i n t e d  o u t  l h a l  by  a c t in g  p r u ­

d e n t ly  a n d  d e c is iv e ly ,  P h i l a d e lp h ia  E le c tr ic  c o u ld  h a v e  a c q u i r e d  t h e  o p t io n  

d i r e c t ly .  M it te n 's  s u p p o r t e r s  m a d e  th e  “ to ta l ly  u n w a r r a n t e d ” a l le g a t io n  th a t  

D re x e l  h a d  b r ib e d  a  v i c e - p r e s id e n t  o f  P h i l a d e lp h ia  E le c t r ic  to  f a c il i ta te  

D r e x e l ’s in v o lv e m e n t  in  th e  a c q u is i t io n . '1

G i f f o r d  P in c h o t ,  w h o s e  G ia n t  P o w e r  p r o je c t  h a d  b e e n  v o te d  d o w n  “by  

v ig o r o u s  o p p o s i t io n  o f  t h e  c o m p a n ie s "  d a y s  b e f o r e  th is  h e a r i n g ,  a ls o  c h a l ­

l e n g e d  th e  C o n o w in g o  p r o je c t . 5 H e  f e a r e d  th a t  t h e  F e d e r a l  P o w e r  C o m ­

m is s io n  w o u ld  a llo w  P h i l a d e lp h ia  E le c tr ic  to  i s s u e  b o n d s  in  e x c e s s  o f  th e  

n e t  a m o u n t  in v e s te d  in  th e  p r o je c t .  T h e n ,  h e  b e l ie v e d ,  t h e  c o m p a n y  w o u ld  

b a s e  its  p r o f i t  a n d  r e g u la te d  r a te s  o n  a n  i n f l a t e d  v a lu a t io n  o f  C o n o w in g o .  

P in c h o t  a ls o  o p p o s e d  a l lo w in g  c o n t r o l  o f  t h e  p r o je c t  b y  P h i l a d e lp h ia  E le c tr ic  

C o m p a n y  o w n e d  c o m m o n  s lo c k ,  f a v o r in g  in s te a d  c o n t r o l  b y  t h e  n o n v o t in g  

p r e f e r r e d  s to c k  h e ld  by  in v e s to r s .  In  a l e t t e r  to  th e  F e d e r a l  P o w e r  C o m ­

m is s io n  h e  s t a l e d  c a te g o r ic a l ly  th a t  v o t in g  p o w e r  a n d  th e  m a jo r  in v e s to r s ’ 

r is k  s h o u ld  n o t  b e  s e p a r a t e d .  T h e  e x e c u t iv e  s e c r e ta r y  o f  t h e  F e d e r a l  P o w e r  

C o m m is s io n  i n f o r m e d  P in c h o t  o n  2 7  F e b r u a r y  t h a t  h is  a g e n c y  h a d  r e c ­

o m m e n d e d  l im i ta t io n  o f  th e  to ta l  p a r  o f  s e c u r i t i e s  to  t h e  a m o u n t  o f  th e  

n e t  in v e s tm e n t  in  th e  c o n s t r u c t io n  o f  th e  p r o je c t  a n d  h a d  d e n i e d  th e  is ­

s u a n c e  o r  n o - p a r  c o m m o n  s to c k .  P in c h o t  c a lle d  t h e  d e c is io n  “a  g r e a t  s te p  

in  p u b l ic  u t i l i ty  r e g u la t io n  f o r  P e n n s y lv a n ia .”r’

W ith  t h e  h e a r i n g  o v e r  a n d  t h e  p ro je c t  l ic e n s e d ,  th e  e n g in e e r - m a n a g e r s  

a t  P h i l a d e lp h ia  E le c tr ic  m u s t  h a v e  b e e n  r e l ie v e d  to  p r o c e e d  b e y o n d  w h a t 

th e y  p e jo r a t iv e ly  c a l le d  “ p o li t ic s ."  A s w as  c u s to m a r y  f o r  p r iv a te  u ti l i t ie s , 

P h i l a d e lp h ia  E le c tr ic  t u r n e d  to  c o n s u l t in g  e n g i n e e r s  f o r  a s s is ta n c e  in  c a r-  

ry in g  o u t  a p r o je c t  th a t  w as  b e y o n d  t h e  te c h n ic a l  e x p e r t i s e  o f  th e  c o m p a n y .  

S to n e  &  W e b s te r ,  t h e  B o s to n  c o n s u l t in g  e n g i n e e r i n g  f i r m ,  d e s ig n e d  a n d

* N ic holas 11. W ain w riKh i. H istory o f  Phila de lph ia Electric Com pany . 1 8 8 1 -1 9 6 1  (P h ilade lp h ia : 
P h ilad e lp h ia  P lectr ie  C o., 1901). p.  175 

1 1bid., p. 177.

1 1b id ., p. 170.

'  P in rho i a n d  F e d e ra l Pow er C om m ission  rorrcs |M >ndencc. 13 F e b ru ary  to  8 M arch I920 . 
p r in te d  in Repo rt o f the G ia nt Power H oard to the G overno r  0/  Pen nsy lv an ia . 7 December 192 6  
(H a r r is b u rg , Pa., 1927), p. IS.

" Ib id .,  p p . 10 0 - 1 OS; q u o ta tio n  on  p. I OS.
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s u p e r v i s e d  c o n s t r u c t io n  o f  th e  h y d r o e le c t r i c  fa c ility , a n d  D ay  8c  Z im m e r -  

m a n n ,  a n o t h e r  c o n s u l t in g  f i r m ,  in s ta l le d  th e  t r a n s m is s io n  lin e s .  T h e  A r u n ­

d e l  C o r p o r a t i o n  o f  B a l t im o r e  c o n s t r u c te d  t h e  m a in  b o d y  o f  t h e  s o lid  c o n ­

c r e t e  d a m .  C o n s t r u c t io n  o f  th e  h y d r o e le c t r i c  in s ta l l a t io n  b e g a n  in  M a rc h  

1 9 2 6 ; o n  1 M a rc h  1 9 2 8  p o w e r  w as  t r a n s m i t t e d  to  th e  P ly m o u th  M e e t in g  

s u b s ta t io n  n o r th w e s t  o f  P h i l a d e lp h ia ,  a  m a jo r  fa c il i ty  in  t h e  n e w  p o w e r  

p o o l.

T h e  p r in c ip a l  e n g i n e e r  f o r  C o n o w in g o — t h e  m a n  w h o  h a d  e n t h u s i a s t i ­

c a lly  s p e a r h e a d e d  th e  u n d e r t a k i n g — w as W . C . L. E g lin .  A f t e r  s tu d y in g  

e n g i n e e r i n g  in  G la s g o w , in  1 8 8 9  h e  j o i n e d  th e  P h i l a d e lp h ia  E d is o n  C o m ­

p a n y ,  a  p r e d e c e s s o r  o f  P h i l a d e lp h ia  E le c tr ic .  D e s c r ib e d  a s  “ te s ty ,  im p u ls iv e ,  

a n d  v e ry  s u r e  o f  h im s e l f ,” E g lin  is r e m e m b e r e d  a s  “ a n  a g g r e s s iv e ,  b r i l l ia n t  

w o r k e r "  w h o  m o d e r n i z e d  a n d  u n i f i e d  P h i l a d e lp h ia  E le c t r ic ’s s y s te m .7 A s 

e a r ly  a s  th e  s p r i n g  o f  1 9 2 2  h e  u n d e r t o o k  p r e l im in a r y  s tu d ie s  a n d  c o m ­

m is s io n e d  s p e c ia l  r e p o r t s  o n  th e  C o n o w in g o  s i te .  H e  e n c o u r a g e d  D re x e l  

a n d  C o m p a n y  to  la k e  t h e  o p t io n  o n  t h e  f r a n c h i s e  w h e n  h is  o w n  c o m p a n y  

d e c l in e d  th e  o f f e r .  D u r i n g  th e  c o n s t r u c t io n  p h a s e ,  a s  c h i e f  e n g i n e e r  h e  

c o o r d in a te d  t h e  c o n t r a c t o r s  a n d  p r e s s e d  to  k e e p  th e  w o rk  o n  s c h e d u le .  

O n ly  th r e e  w e e k s  b e f o r e  th e  p ro je c t  w as  c o m p le te d ,  h o w e v e r ,  h e  d ie d  a t 

th e  a g e  o f  f i f ty - s e v e n .  H a v in g  b e g u n  a s  a  d y n a m o - t e n d e r ,  h e  w as  v ice- 

p r e s i d e n t  a n d  d i r e c t o r  o f  P h i l a d e lp h ia  E le c tr ic  a t  th e  l im e  o f  h is  d e a th .

C o n s t r u c t io n  o f  t h e  C o n o w in g o  p la n t  w as  p r e s e n t e d  to  th e  p u b l ic  a s  a 

h e r o ic  m a n i f e s t a t io n  o f  A m e r ic a ’s p o w e r f u l  b u i ld in g  in s t in c ts  a n d  t e c h ­

n o lo g ic a l  s t r e n g t h  (s e e  F ig . X I I . 3 ) . T h e  r e m o v a l  o f  a  r a i l r o a d ,  t h e  r e r o u t i n g  

o f  t h e  m a in  B a l t im o r e - to - P h i l a d e lp h ia  h ig h w a y  a c ro s s  th e  c r e s t  o f  t h e  d a m ,  

a n d  th e  d i s p la c e m e n t  o f  t h e  v il la g e  a t  C o n o w in g o — c h a n g e s  m a d e  n e c e s s a r y  

by  th e  d a m m i n g  o f  th e  S u s q u e h a n n a — w e r e  m a jo r  c h a l le n g e s .  M o re o v e r ,  

a t e m p o r a r y  to w n  h a d  to  b e  b u i l t  to  h o u s e  th e  th o u s a n d s  o f  c o n s t r u c t io n  

w o rk e r s .  P u b lic i ty  re le a s e s  b o a s te d  t h a t  i f  s e t  u p  o n  P e n n s y lv a n ia  A v e n u e  

in  W a s h in g to n ,  t h e  d a m  w o u ld  fill t h e  a v e n u e  f r o m  c u r b  to  c u r b ,  re a c h  

th e  h e ig h t  o f  a  t e n - s to r y  o f f ic e  b u i ld in g ,  a n d  e x t e n d  f r o m  th e  C a p i to l  

g r o u n d s  to  th e  R a le ig h  H o te l .8 T h e  size  o f  th e  p o w e r  p la n t  b u i ld in g  m a tc h e d  

th a t  o f  t h e  E q u i ta b le  B u i ld in g  in  N e w  Y o rk  C ity , in  w h ic h  1 5 ,0 0 0  p e r s o n s  

w o r k e d ;  th e  tu r b i n e s  in  th e  p o w e r  p la n t  w e re  th e  la r g e s t  e v e r  b u i l t .  E v e n  

P h i l a d e lp h ia ,  t h e n  c a lle d  t h e  “ W o r k s h o p  o f  t h e  W o r ld ,” w o u ld  h a v e  h a d  a  

h a r d  t im e  a b s o r b in g  C o n o w in g o 's  a n n u a l  p o w e r  o u t p u t .

C o n o w in g o  w as  c o m p a r a b le  to  th e  w id e ly  p u b l ic iz e d  N ia g a r a  F a lls  a n d  

M u s c le  S h o a ls  p ro je c t s  (se e  T a b l e  X I I . 1), b u t  it n e e d e d  a  r e g io n a l  lo a d  a n d  

a  p o w e r  p o o l.  E g lin  u s e d  lo a d  c u rv e s  to  m a k e  th is  p o in t .  I n  t h e  f i r s t ,  w h ic h  

w as  d r a w n  f o r  w in te r  c o n d i t io n s ,  th e  c r o s s h a tc h e d  a r e a  r e p r e s e n t s  th e  b a s e  

lo a d  C o n o w in g o  w o u ld  c a r r y .  T h e  lo w e r  lo a d  c u r v e ,  t h e  d e m a n d  o f  P h i l ­

a d e lp h ia  E le c tr ic ,  c lips b e lo w  C o n o w in g o ’s c a p a c i ty  in  th e  e a r ly  m o r n in g  

h o u r s .  T h u s ,  th e  c a p a c i ty  o f  C o n o w in g o  in d ic a te d  b y  d o u b le  c r o s s h a tc h in g  

w o u ld  b e  lo s t.  I f ,  o n  th e  o t h e r  h a n d ,  C o n o w in g o  w e re  in te g r a t e d  in to  a 

p o w e r  p o o l (w h o s e  lo a d  c u r v e  a ls o  is s h o w n ) ,  th e n  all o f  C o n o w in g o ’s 

c a p a c i ty  c o u ld  b e  u s e d .  A n o t h e r  se t  o f  lo a d  c u rv e s  sh o w s  th e  a d v a n ta g e s  

o f  i n te r c o n n e c t io n  d u r i n g  th e  s u m m e r  m o n th s ,  w h e n ,  b e c a u s e  o f  s lo w e r

7 W ainw righ t, P hiladelphia E lr rtn r.  p. <>!>.
" K ellogg, “T h e  C o n ow ing o  l-lydro-K lectric  Project."  p. 2.
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1 927 . A eria l photo by Victor D ollm . Courtesy o f the F.lrulherian M ills H isto rical Library,construction.

r iv e r  f lo w , C o n o w in g o  w o u ld  c a r r y  o n ly  th e  g r i d ’s p e a k  lo a d .  E v e n  in  th e  

m o n th s  w h e n  w a te r  flo w  w as  lo w , C o n o w in g o  c o u ld  b e  u t i l iz e d  m o r e  fu lly  

as  p a r t  o f  a u t i l i ty  p o o l  t h a n  i f  it w e re  o p e r a t e d  w ith  o n ly  a  lo a d  f ro m  

P h i l a d e lp h ia  E le c t r ic .!l

A s  n o te d ,  by  m e a n s  o f  a  h ig h - v o l t a g e  g r id ,  th e  s y s te m s  o f  P h i la d e lp h ia  

E le c tr ic , P u b lic  S e rv ic e  E le c tr ic  & ( '.a s  o f  N e w  J e r s e y ,  a n d  P e n n s y lv a n ia  

P o w e r  a n d  L ig h t w e re  in t e r c o n n e c te d .  I n  1 9 2 3 , w h e n  t h e r e  w as  m u c h  ta lk  

a b o u t  s u p e r p o w e r  a n d  G ia n t  P o w e r  a n d  a n  " a t m o s p h e r e  o f  S la te  a n d  F e d ­

e r a l  i n v o lv e m e n t ,” " ’ th e  th r e e  u t i l i t ie s  in i t i a t e d  p l a n n i n g  f o r  t h e  h o o k u p .

* W. C. L .l ig l in , "Sy m p o s iu m  o n  In tr rc o n n c c lio n : C o n o w in g o  H y d ro e le c tr ic  P ro je ct, will)

" " ‘C o m m en t on  The O sgo od  R e p o r t . '"  a n  o u tlin ed  m e m o ra n d u m  in th e  Philade lph ia  
E lectr ic  C o. A rchiv es, Ph ilad e lp h ia , Pa., p. I.
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T a bl e X II . I .  Co n o w im .o  in  Co mpa r iso n

P la n t O w n ,,

In s ta ll , d

N ia gara  Falls N ia g ara  Falls Pow er Co. 4 5 2 .5 00

C on ow ing o P h ilad e lp h ia  K lcctr ir  Pow er Co. 378 .0 00

M uscle Shoals U n ite d  S tales  G o v e rn m e n t 2 60 .00 0

1 lo llw o o d P e nn sylv ania  W ate r Sc Pow er Co. 158.000

K eokuk M ississippi River Pow er Co. 150.000

Can owingo M iu r l ,  Sliw ils

A re a  o f  w ate rsh ed 2 7 ,0 00  sq. mi. 3 0 .5 00  sq. mi
A v erag e  r iv er  flow 4 0 ,0 00  c.f.s. 5 1 .9 00  c.l.s.

L en g th  o f  d a m 4 .7 00  ft. 4 .5 00  ft.

A re a  o f  rese rv o ir 8 ,6 00  acres 8 .6 4 0  acres

H eig h t o f  d a m  (river  lied 105 ft. 140 ft

to  lo p  o f  b r idg e)  
C o n c re te 6 6 0 ,0 00  cu . yd. 1.3 50 .0 00  cu . v d .

Spillw ay  le n g ih 2 .3 85  Ti. 3 .050  It.

Flood  capacity 8 8 0 ,00 0  c.r.s. 9 5 0 .0 00  r I s
In itia l in stalled  cap acity 37 8 .0 00  h .p . 2 6 0 ,0 00  h p
N u m b e r  o f  u n its  in it ia lly 7 8
C ap ac ity  o f  each  u n it 5 4 ,0 00  h .p . 3 2 ,5 00  h .p
F o u n d a tio n g ra n ite b lu e  lim eston e

S o urce: K ellogg. “T h e  C o n o w in g o  H y d ro -E le rlric  Pro jcci,"  pp . 7 a n d  9.

T h e y  e m p lo y e d  P r o f e s s o r  M a lc o lm  M a c L a re n  o f  P r in c e to n  U n iv e r s i ty  to  

m a k e  a  s tu d y  o f  lo a d  d iv e r s i ty  in  th e  a r e a  e a c h  u ti l i ty  s e r v e d .  M a c L a r e n 's  

fa v o ra b le  r e p o r t  le d  t h e  t h r e e  c o m p a n ie s  to  f o r m  a  c o m m i t t e e  to  s tu d y  

i n te r c o n n e c t io n .  T h e  c o m m i t t e e  i s s u e d  its  r e p o r t  o n  I A u g u s t  1 9 2 5 , a n d  

o n  16 S e p t e m b e r  1 9 2 7 , w h ile  C o n o w in g o  w as  u n d e r  c o n s t r u c t io n ,  t h e  th r e e  

c o m p a n ie s  s ig n e d  a n  a g r e e m e n t  e s t a b l i s h in g  a  n e w  e n t i ty ,  th e  P N J  I n t e r ­

c o n n e c t io n .  T h u s ,  t h e  w o r ld 's  la r g e s t  i n t e g r a t e d ,  c e n t r a l ly  c o n t r o l l e d  p o o l 

o f  e le c t r ic  p o w e r  (1 .5  m i ll io n  k w .)  c a m e  in to  b e i n g . "

T h e  a g r e e m e n t  c a l le d  f o r  a  r i n g  o f  2 2 0 ,0 0 0 -v o l t  t r u n k  l in e s  2 1 0  m ile s  in  

l e n g th  w ith  tw o  t r a n s m is s io n  l in e s  f r o m  e a c h  p a r t i c ip a n t 's  s y s te m  to  th e  

o t h e r  tw o . T h e  t r u n k  l in e s  w e r e  o f  h ig h  c a p a c ity ,  w h ic h  d i s t in g u i s h e d  th e  

i n t e r c o n n e c t io n  f r o m  th o s e  in  w h ic h  sm a ll  l ie  l in e s  o n ly  lo o se ly  c o n n e c te d  

s y s te m s .  C o n s t r u c t io n  a n d  c o s ts  w e re  a p p o r t i o n e d  a m o n g  th e  u ti l i t ie s .  T h e  

P u b lic  S e rv ic e  E le c t r ic  8c G a s  C o m p a n y  o f  N e w  J e r s e y  c o n s t r u c te d  a  s w i tc h ­

i n g  s ta t io n  a t  R o s e la n d ;  a  2 2 0 -k v .  l in e  f r o m  R o s e la n d  to  B u s h k il l ,  P e n n ­

s y lv a n ia ;  a n d  a n o t h e r  f r o m  R o s e la n d  to  th e  P e n n s y lv a n ia - N e w  J e r s e y  lin e  

n e a r  L a m b e r lv i l le .  P h i l a d e lp h ia  E le c tr ic  b u il t  a  s u b s ta t io n  a t P ly m o u th  

M e e t in g ,  to  w h ic h  t r a n s m is s io n  l in e s  f r o m  C o n o w in g o  w e re  e x t e n d e d ,  a n d  

a  t r u n k  l in e  f r o m  P ly m o u th  M e e t in g  to  T o w a m e n c in  T o w n s h ip ,  P e n n s y l ­

v a n ia ;  it  a ls o  c o n s t r u c te d  a  2 2 0 -k v .  t r u n k  l in e  to  L a m b e r tv i l le  to  c o n n e c t  

w ith  P u b lic  S e rv ic e .  P e n n s y lv a n ia  P o w e r  8c L ig h t  e r e c te d  a  t r u n k  l in e  f r o m  

T o w a m e n c in  T o w n s h i p  to  its  S ie g f r ie d  s u b s ta t io n .  A n  e x is t in g  P e n n s y lv a n ia  

P o w e r  8c L ig h t  t r u n k  l in e  e x t e n d e d  to  B u s h k il l ,  th e  s ite  o f  P P & L 's  W a lle n -  
p a u p a c k  h y d r o e le c t r i c  p la n t  ( se e  p p .  4 4 0 - 4 1  b e lo w ). T h e  r in g  b e g a n  s e rv ic e  

in  1 9 3 0 . T h e  la s t  le g , b e tw e e n  R o s e la n d  a n d  B u s h k il l ,  w as  d e la y e d  by  r ig h t-  

o f -w a y  d i f f ic u l t ie s ;  t h e  P ly m o u th  M e e t in g - S ic g f r i e d  s e c tio n ,  th e  f ir s t  to  b e  

c o m p le te d ,  b e g a n  o p e r a t i n g  o n  10 F e b r u a r y  192 8 .

11 Eglin, "Sy m po s iu m  o n  In te rc o n n e c tio n .” p. SHI.
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P o w e r  f r o m  t h e  h y d r o e le c t r i c  a n d  t h e r m a l  g e n e r a t i o n  s ta t io n s  o f  th e  

th r e e  u t i l i t ie s  f e d  in to  th e  i n t e r c o n n e c t io n  r in g  a t  th e  v a r io u s  s u b s ta t io n s  

(C o n o w in g o ,  f o r  e x a m p le ,  a t  P ly m o u th  M e e t in g ) .  T h e  u t i l i t ie s  a ls o  lo o k  

b u lk  p o w e r  f r o n t  t h e  i n t e r c o n n e c t io n  a t  th e  s u b s ta t io n s ;  th e y  a g r e e d  n o t 

to  l a p  th e  r in g  d i r e c t ly  f o r  c u s to m e r s .  T h e  a g r e e m e n t  a ls o  c a lle d  fo r  th e  

e x te n s io n  o f  t h e  P ly m o u th  M e c l in g - T o w a m e n c in - S ie g f r i e d  t r u n k  l in e  to  

P P & L ’s F ra c k v il le  s u b s ta t io n ,  w h ic h  w o u ld  m a k e  it p o s s ib le  f o r  th e  r in g  to  

d r a w  p o w e r  f r o m  t h e  t h e r m a l  s t a t io n  t h a t  w as  p l a n n e d  a t  th e  c o a l  m in e s  

n e a r  S u n b u r y .  T h e  r in g  a n d  its  c o n n e c t io n s  t h e r e f o r e  c o m b in e d  d iv e r s e  

b u t  c o m p le m e n ta r y  p o w e r  s o u r c e s .12

L o a d  d i s p a tc h in g  w as  o f  c e n t r a l  im p o r t a n c e  to  t h e  p o w e r  p o o l ,  a s  it  h a d  

b e e n  to  th e  s e p a r a t e  u t i l i t ie s  e a r l i e r .  T h e  D e p r e s s io n  f r u s t r a t e d  p la n s  fo r  

a P N J  c o n t r o l  c e n t e r  a t P P & L ’s S ie g f r i e d  s u b s ta t io n ,  s o  P h i l a d e lp h ia  E le c tr ic  

d i s p a tc h e d  th e  p o w e r  g e n e r a t e d  b y  th e  t h r e e  c o m p a n ie s .  T h e  c e n t r a l ,  o r  

P N J ,  d i s p a t c h e r  w a s  a u t h o r i z e d  to  d i r e c t  t h e  t h r e e  u t i l i ty  d i s p a tc h e r s  w h e n  

sw i tc h in g  w as  r e q u i r e d .  P h i l a d e lp h ia  E le c t r ic  k e p t  lo a d  r e c o r d s  a n d  f ro m  

th is  a n d  o t h e r  in f o r m a t i o n  p r e d i c t e d  lo a d  v a r i a t io n s .  P r e d ic t io n  fa c il i ta te d  

q u ic k  r e s p o n s e s  to  c h a n g i n g  c o n d i t io n s  a s  w e ll a s  o p t i m u m  u s e  o f  t h e  s te a m  

a n d  h y d r o e le c t r i c  p la n t s  f e e d in g  in to  t h e  t r a n s m is s io n  s y s te m . “O n ly  th e  

m o s t  a l e r t  a n d  s k i l le d  lo a d  d i s p a t c h i n g ,” E g lin  o b s e r v e d ,  "w ill re a l iz e  a ll o l 

th e  p o s s ib le  b e n e f i t s  [ f r o m  i n t e r c o n n e c t i o n ] ." IH

T h e  in t e g r a t e d  a n d  c e n t r a l ly  c o n t r o l l e d  P N J  p o w e r  p o o l  d i f f e r e d  f ro m  

th e  m e r g e r s  a n d  u t i l i ty  h o ld in g - c o m p a n y  s t r u c t u r e s  t h a t  w e re  t h e n  p r o l i f ­

e r a t i n g .  I n  c o n c e p t ,  it  c a n  b e  c o m p a r e d  to  t h e  c o n f e d e r a t i o n s  o f  n i n e te e n th -  

c e n t u r y  r a i l r o a d  s y s te m s  th a t  w e re  f o r m e d  to  f a c i l i ta te  c r o s s - c o u n t r y  t r a f f ic  

c o o p e r a t io n .  T h e  u t i l i ty  m a n a g e r s  a n d  e n g i n e e r s  w h o  o p e r a t e d  t h e  p o w e r  

p o o l b e g a n  to  s e e  t h e  P N J  a s  e le c t r ic a l ly  o n e  c o m p a n y ,  b u t  f in a n c ia l ly  a n d  

o rg a n iz a t io n a l ly  a c o m m i t t e e  o f  p e e r s  n e g o t i a t i n g  p l a n n i n g  a n d  o p e r a ­

t io n s .  M T h e  P N J  b r o u g h t  t h e  e c o n o m ic  b e n e f i t s  o f  a  l a r g e  s y s te m  a n d  at 

th e  s a m e  t im e  p r e s e r v e d  th e  u t i l i t ie s ’ c o r p o r a t e  id e n t i t ie s .

O p e r a t i o n s  b y  c o m m i t t e e  i n t r o d u c e d  p r o b le m s ,  b u t  a c c o r d in g  to  u tility  

e x e c u t iv e s  f a m i l i a r  w ith  t h e  h is to r y  o f  th e  P N J ,  t h e  r e c o r d  h a s  b e e n  o n e  

o f  c o n s t r u c t iv e ,  re a l i s t ic  n e g o t i a t io n s  w ith in  a  b r o a d  c o n te x t  o f  g e n e r a l  

u n d e r s t a n d i n g  a n d  t r u s t  f o u n d e d  o n  p e r f o r m a n c e .  T h i s  in t e r p r e t a t i o n  h a s  

b e e n  s u s ta in e d  b y  th e  c o n t i n u e d  g r o w th  o f  ( h e  s y s te m , w h ic h  in  1 9 5 6  w as 

r e n a m e d  th e  P e n n s y lv a n ia - N e w  Je rs c -y - M a ry la n d  I n te r c o n n e c t io n  a n d  w h ich  

in  1981 c o o r d i n a t e d  t h e  b u lk  p o w e r  s u p p ly  o f  e le v e n  " in v e s to r - o w n e d  e le c ­

tr ic  u t i l i t ie s .” W ith  a  c a p a c i ty  o f  4 5 ,6 9 3 ,2 0 0  k w ., th e  p o o l  c o m p r i s e d  r o u g h ly  

8 p e r c e n t  o f  t h e  n a t i o n ’s to ta l  c a p a c i ty  in  1 9 7 5 .111

T h e  g e n e r a l  e c o n o m ic  g u id e l in e s  fo r  o p e r a t i n g  th e  i n te r c o n n e c t io n  w e re

17 C opy o f  a g re e m e n t e n te r e d  in to  o n  Mi S e p te m b e r  MI27 by th e  Public  Serv ice  Electr ic  & 
( .a s  Co., th e  P h ilad e lp h ia  Electr ic  C o., a n d  th e  P e n nsylv ania  Pow er & l.ig ln  Co. A copy  show in g  
the  c h an g e s  th a t w ent in to  c llc c l o n  I J a n u a r y  193«  is on  Ole in th e  P h ilad e lp h ia  Electr ic  Co. 
A rchives.

Eglin, ''S y m p o siu m  o n  I n te rc o n n e c tio n . '' p. 377.

M In terv ie w  w ith l e d  F e lle r  a n d  C h a rle s  W atson  o f  th e  P h ilad e lp h ia  Electr ic  C o.. 18 May 
1976.

“ Pen usy lv a n ia -N rw J e r \r y -M a r y la n tl  liilric u iiiirct ivn . a  b ookle t p re p a re d  by th e  m a n ag e m en t 
ol th e  pool (1 97b?); a n d  m e m o ra n d u m  n | W ilin er K le in bach . PJM m a n a g e r, 30  D ecem ber
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r e la t iv e ly  e a s y  to  a r t i c u la t e .  A  m a jo r  b e n e f i t  a r o s e  f r o m  lo a d  d iv e r s i ty .  

T h r o u g h o u t  th e  y e a r  th e  P e n n s y lv a n ia  P o w e r  &  L ig h t  C o m p a n y  h a d  p e a k  

lo a d s  in  t h e  m o r n in g ,  f o r  it s u p p l i e d  c o a l  m in e s  a n d  o t h e r  in d u s t r i e s ;  th e  

o t h e r  tw o  u t i l i t ie s ,  t h e  “s e a b o a r d "  c o m p a n ie s ,  e x p e r i e n c e d  t h e i r  la r g e s t  

lo a d s  in  t h e  e v e n in g .  N o t  o n ly  d id  th e  d a ily  c u r v e  d i f f e r ,  b u t  P P & L  e x ­

p e r i e n c e d  its  y e a r ly  p e a k  o n  a n  O c to b e r  m o r n in g ,  w h ile  f o r  t h e  o t h e r  tw o  

u ti l i t ie s  it c a m e  o n  a  D e c e m b e r  e v e n in g  a t  a b o u t  5 :0 0  p .m ., w h e n  f a c to r ie s  

w e r e  still o p e r a t i n g ,  l ig h ts  w e re  c o m in g  o n ,  a n d  c o m m u t e r s  w e re  o n  th e i r  

w ay . E a c h  d a y ,  t h e r e f o r e ,  d iv e r s i ty  in  lo a d in g ,  o r  in  p e a k s ,  e n c o u r a g e d  th e  

e x c h a n g e  o f  p o w e r  in  o r d e r  to  m a x im iz e  th e  u s e  o f  c a p a c i ty .  T h e  s e a b o a r d  

c o m p a n ie s  c o u ld  d i s p a tc h  less  c a p a c i ty  d u r i n g  th e  D e c e m b e r  p e a k s ,  a n d  

th e  P P & L  c o u ld  u s e  less  to  c o v e r  O c to b e r  m o r n in g s .  D e s p i te  t h e  e a r ly  

e m p h a s i s  o n  t h e  b e n e f i t s  o f  lo a d  d iv e r s i ty ,  h o w e v e r ,  t h e  o p e r a t o r s  o f  th e  

p o o l s o o n  f o u n d  th e  b e n e f i t s  a r i s in g  f r o m  th e  a p p l i c a t io n  o f  p r in c ip le s  o f  

e c o n o m ic  m ix ,  o r  th e  e x c h a n g e  o f  e c o n o m ic  p o w e r ,  to  b e  a s— o r  m o r e —  

n o ta b le .

T h e  e q u i t a b le  a l lo c a t io n  o f  in t e r c o n n e c t io n  b e n e f i t s  a m o n g  p o o l  m e m ­

b e r s  d e m a n d e d  p a t i e n c e  a n d  m u tu a l  in t e r e s t .  I m m e d ia te ly  fo l lo w in g  th e  

s ig n in g  o f  t h e  P N J  a g r e e m e n t  in  S e p t e m b e r  1 9 2 7 , e a c h  u t i l i ty  n a m e d  o n e  

r e p r e s e n t a t i v e  to  a n  o p e r a t i n g  c o m m i t t e e .  In i t ia l ly ,  t h e  c o m m i t t e e  in c lu d e d  

a  g e n e r a l  m a n a g e r  f r o m  P u b l ic  S e rv ic e  E le c tr ic  &  G a s , a n  a s s is ta n t  c h ie f  

e n g i n e e r  f r o m  P h i l a d e lp h ia  E le c t r ic ,  a n d  th e  g e n e r a l  s u p e r i n t e n d e n t  f r o m  

P e n n s y lv a n ia  P o w e r  &  L ig h t .  I n  its  m e e t in g s  o v e r  t h e  n e x t  d e c a d e  th e  

c o m m i t t e e  f o c u s e d  o n  f o r e c a s t in g  in te r c o n n e c t io n  lo a d s  a n d  p l a n n i n g  g e n ­

e r a t i n g  c a p a c i ty  a n d  c o n s t r u c t i o n . 16 T h e  n e g o t i a to r s ,  o r  p la n n i n g  e n g i ­

n e e r s ,  e s t a b l i s h e d  t h e  “s c h e d u l e d , ” o r  p r e d ic ta b le ,  d iv e r s i ty  a n d  d is c u s s e d  

t h e  r e a c t io n  to  a n d  u s e  o f  “c a l l ,” o r  u n p r e d i c t a b l e ,  d iv e r s i ty .  T h e y  d e t e r ­

m in e d  w h a t  c h a r g e s  w o u ld  b e  m a d e  f o r  b u lk  p o w e r  e x c h a n g e s .  T h e y  a ls o  

a g r e e d  to  t h e  a l lo c a t io n ,  o v e r  a  p e r io d  o f  y e a r s ,  o f  s c h e d u le d  d iv e r s i ty .  

O n ly  w ith  th is  k n o w le d g e  c o u ld  t h e  in d iv id u a l  u t i l i t ie s  p la n  th e  c o n s t r u c t io n  

o f  n e w  p la n t s  to  p r o v id e  t h e  c a p a c i ty  e a c h  n e e d e d  to  m e e t  a n d  m a in ta in  a 

re s e r v e  f o r  re l ia b i l i ty .  C o m p r o m is e s  b a s e d  o n  m u tu a l  i n t e r e s t  w e re  n e c ­

e s s a r y ;  u n i l a t e r a l  ta c tic s  c o u ld  h a v e  r e s u l t e d ,  f o r  in s ta n c e ,  in  e a c h  d e ­

m a n d i n g  p o w e r  f r o m  t h e  o t h e r s  to  m e e t  its  o w n  p e a k s  a n d  th e r e b y  a v o id  

i n v e s t in g  in  n e w  p la n t s .  I n s te a d ,  t h e  u t i l i t ie s  re l ie d  o n  p r e d ic ta b le  d iv e r s i ty  

a m o n g  p o o l  m e m b e r s .  T h e  p r ic e  c h a r g e d  f o r  b u lk  p o w e r  e x c h a n g e s  w as  

s e t  b o th  to  c o m p e n s a te  t h e  u t i l i ty  w h ic h  h a d  th e  e x c e s s  c a p a c i ty  a n d  to  

p r o v id e  s a v in g s  f o r  t h e  u t i l i ty  w h ic h  d r e w  f r o m  th e  in te r c o n n e c t io n  to  m e e t  

its  d e f ic ie n c y .  B e c a u s e  o f  t h e i r  d i f f e r e n t  o p e r a t i n g  p r in c ip le s ,  t h e  u t i l i t ie s  

a ls o  h a d  to  a g r e e  o n  th e  a m o u n t  o f  r e s e r v e  c a p a c ity  t h a t  w as  n e c e s s a ry  to  

e n s u r e  th e  re l ia b i l i ty  o f  th e  i n te r c o n n e c t io n  a n d  o n  th e  c o s t - a c c o u n t in g  

m e th o d s  t h a t  w o u ld  b e  u s e d  to  d e t e r m i n e  th e  p r ic e  o f  p o w e r  e x c h a n g e s .  

T h e  s u c c e s s  o f  t h e  o p e r a t i n g  c o m m i t t e e  in  so lv in g  th e s e  a n d  o t h e r  e x ­

t r e m e ly  c o m p le x  p r o b le m s  a n d  in  d e m o n s t r a t i n g  th e  e c o n o m ie s  lo  b e  d e ­

r iv e d  f ro m  i n te r c o n n e c t io n  s e r v e d  a s  a  m o d e l  f o r  o t h e r  u t i l i ty  c o n f e d e r a -

10 M inu ics  o f  ih e  Im crc o n n e c lio n  O p e ra t in g  C o m m itte e . 19 27 -56 . a n d  re la te d  c o rr e s p o n d ­
en ce , th e  P h ilad e lp h ia  E lectr ic  Co. A rchives. I am  in d e b ted  lo  th e  m a n ag e m en t o f  Ph ilad e lp h ia
Electr ic , especia lly  M r. W ayne A slley, v ic e-p residen t, fo r th e  o p p o r tu n ity  to  co nsu lt th e se

m inu tes .
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l io n s  a n d  Tor c o o p e r a t io n  a m o n g  p e e r s  in  g e n e r a l . 17 C o n te m p o r a r i e s  re c a ll 

t h a t  d u r i n g  th e  e a r ly  y e a r s  o f  its  o p e r a t i o n ,  m a n a g e r s  a n d  e n g in e e r s  f ro m  

th e  w o r ld  o v e r  c a m e  to  in s p e c t  t h e  P N J  g r i d . 18

T h e s e  m a n a g e r s  a n d  e n g i n e e r s  a ls o  to o k  n o te  o f  th e  W a lc h e n s e e w e rk ,  

E u r o p e ’s la r g e s t  h y d r o e le c t r i c  p la n t ,  w h e n  in  1 924  it  b e g a n  to  p o w e r  th e  

B a y e r n w e r k ,  t h e  G e r m a n  t r a n s m is s io n  g r id ,  w h ic h ,  lik e  th e  P N J ,  w as  p r e ­

s id e d  o v e r  b y  a  c o r p o r a t e  e n t i ty  a n d  in v o lv e d  th e  c o o p e r a t io n  o f  se v e ra l  

u t i l i t ie s .  T h is  d e v e l o p m e n t  w a s  n o te w o r th y  n o t  o n ly  b e c a u s e  th e  t e c h n o lo g y  

in v o lv e d  w as  c o m p le x  a n d  a d v a n c e d  b u t  a ls o  b e c a u s e  a d e s t r u c t iv e  w a r  h a d  

o n ly  r e c e n t ly  e n d e d  a n d  t h e  e f f e c t s  o f  d i s r u p t iv e  in f l a t io n  h a d  j u s t  b e g u n  

to  s u b s id e .  I t  w as  o f  c o n s id e r a b le  i n t e r e s t  a s  w ell b e c a u s e  B a v a r ia ,  th e  

p ro v in c e  b e in g  e l e c t r i f i e d ,  w as  n o t  a  h ig h ly  in d u s t r i a l i z e d  r e g io n  c o m p a r e d  

to  th e  R u h r ,  t h e  n o r t h e a s t  c o a s t  o f  E n g la n d ,  o r  th e  n o r t h e a s t e r n  s e a b o a r d  

o f  th e  U n i te d  S ta te s .  T h e  1924  i n t e r c o n n e c t io n  m a r k e d  t h e  c u lm in a t io n  

o f  a c t iv it ie s  a s s o c ia te d  w ith  tw o  p h a s e s  o f  t h e  h is to r y  o f  e le c t r ic  p o w e r  

s y s te m s — t h e  t im e  o f  i n te n s iv e  d e v e l o p m e n t  o f  h y d r o e le c t r i c  p la n t s  a n d  th e  

s u b s e q u e n t  p e r i o d  o f  th e  p o w e r  p o o l ,  o r  g r id .  T h e  W a lc h e n s e e w e r k  p ro je c t  

w a s  f i r s t  c o n c e iv e d  a s  p a r t  o f  a  p la n  to  b r i n g  th e  w a te r  p o w e r  o f  t h e  B a v a r ia n  

A lp s  to  h e a v ily  p o p u l a t e d  i n d u s t r i a l  t r a n s p o r t a t i o n  c e n te r s  lik e  M u n ic h .  It 

c a n  t h e r e f o r e  b e  c o m p a r e d  to  th e  e a r l i e r  p r o je c t s  t h a t  c a r r i e d  t h e  p o w e r  

o f  th e  S ie r r a  N e v a d a s  to  th e  C a l i f o r n ia  c o a s t .  T h e  p la n  to  in t e g r a t e  th e  

W a lc h e n s e e w e r k  in to  th e  B a y e r n w e r k ,  a  r e g io n a l  t r a n s m is s io n  g r id ,  in  o r ­

d e r  to  o b ta in  a n  e c o n o m ic  m ix  o f  p o w e r  s o u r c e s  a n d  a  g o o d  lo a d  f a c to r  

r a n k s  a lo n g s id e  t h e  s im i la r  p r o je c t ,  t h e  C o n o w in g o  D a m  a n d  th e  P e n n s y l ­

v a n ia - N e w  J e r s e y  I n te r c o n n e c t i o n .  F u r t h e r m o r e ,  b o th  th e  P N J  a n d  th e  

W a lc h e n s e e w e r k - B a y e rn w e r k  i n t e r c o n n e c t io n  w e re  p l a n n e d  r e g io n a l  e le c ­

t r i f i c a t io n  p r o je c ts ,  n o t  r e g io n a l  e l e c t r i f i c a t io n  s y s te m s  th a t  e v o lv e d  o v e r  a 

lo n g  p e r io d  o f  t im e ,  a s  w as  th e  c a s e  in  R h in e la n d - W e s tp h a l i a ,  e a s te r n  P e n n ­

s y lv a n ia ,  a n d  o n  th e  n o r th e a s t  c o a s t  o f  E n g la n d  ( s e e  C h a p t e r  X IV ) .

T h e  ro le  t h a t  c o n s u l t in g  e n g i n e e r s  a n d  t h e i r  f i r m s  p la y e d  d u r i n g  th e  e r a  

o f  p l a n n e d  r e g io n a l  e l e c t r i f i c a t io n  w as  c r i t ic a l .  B y f o c u s in g  o n  t h e  a c tiv itie s  

o f  O s k a r  v o n  M ille r ,  o n e  c a n  u n c o v e r  th e  c o m p le x  o r ig in s  a n d  h is to ry  o f 

t h e  W a lc h e n s e e w e r k - B a y e rn w c r k  i n t e r c o n n e c t i o n . 19 L ik e  s o m e  o t h e r  le a d ­

i n g  c o n s u l t in g  e le c t r ic a l  e n g in e e r s ,  v o n  M ille r  w a s  a n  e n g i n e e r - e n t r e p r e -  

n e u r .  H is  e x p e r i e n c e  a n d  c o m p e te n c e  e x t e n d e d  b e y o n d  d e s ig n in g ,  d e v e l ­

o p in g ,  a n d  c o n s t r u c t i n g  d e v ic e s ,  m a c h in e s ,  a n d  w o rk s .  H e  w as  a n  e x p e r t

17 See p p . 37 0 -7 1  a bove  fo r  a g e n e ra l d iscussion  o f  th e  econ om ic  b e n efits  o f  in te rc o n n e c ­

t io n — th e  a d v a n ta g e s  th a t a cc ru e d  to  po w er po ols  a n d  e n te rp r is e s  as a resu lt o f  m e rg e rs  o r  
a cq uis ition .

'" L e t te r  to  th e  a u th o r  fro m  M. D. I lo o v c n . c o n su ltin g  e n g in e e r , Public  Serv ice  E lectr ic  Sc 
G as C o ., I I  F e b ru ary  1971. I am  also  in d e b te d  to  P ro fesso r  Jo h n  B ra in e rd  o f  th e  M oore 
School, U niv ersity  o f  P en nsy lvan ia , fo r  in fo rm a tio n  a b o u t th e  e arly  years  o f  th e  P e n nsy lva n ia -  
N ew  J e rse y  In te rc o n n e c tio n . Bayla S in g er  o f  th e  U niv ersity  o f  Penn sy lv an ia  is c o m p le tin g  a 
d isse rta tio n  o n  th e  h isto ry  o f  th e  P e n n sy lv a n ia -N e w  Je rs c y -M a ry la n d  In te rc o n n e c tio n  ( fo r ­
m erly  th e  PN J).

B io g ra p h ies  o f  O sk a r  von M iller in c lu d e  W ilhelm  L. K risti, D er uieiss-blaue Despot (M unic h : 
P fia um , n .d .) ; W allh c r  von M ille r, O skar von M iller: N ach Eig ene n  A u fze ich n u n g en , R eden un d  
B rie fen  (M u n ic h : B ru c k m a n n , 1932); L udw ig  N o ck h e r. O skar von M ille r  (S tu t tg a rt:  W issen- 

sch aftliche  V erlagsgese llsch aft, 1953); a n d  T h e o d o r e  H cuss , O skar von  M ille r u n d  de r W eg der 
Technik  (M un ic h : D eu tsches M use u m . 1950). I am  in d e b te d  to  R u d o lf  von M ille r Tor th e  m any 
e n lig h te n in g  co n v ersa tio n s  I ha d  w ith h im  a ho u t his  la th e r
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in  s u c h  e n d e a v o r s ,  b u t  h e  a ls o  p r e s id e d  o v e r  th e  a c tiv i t ie s  t h a t  b r o u g h t  

t h e m  in to  u s e ;  h e  w as  a n  in n o v a t o r  a s  w ell a s  a n  e n g in e e r .  I n  o r d e r  lo  

in n o v a te ,  o r  b r i n g  t e c h n o lo g y  in to  u s e ,  v o n  M ille r  so lv e d  m u l t i f a c e te d  p r o b ­

le m s  in v o lv in g  g e o g r a p h y ,  e c o n o m ic s ,  p o li t ic s , i n s t i tu t io n s ,  s o c ia l v a lu e s ,  

a n d  m a n y  o t h e r  f a c to r s .  T h e  c h a r a c t e r  o f  th e  p r o b le m s  v a r ie d  e n d le s s ly .  

T h u s ,  th e  e x p r e s s io n  " e n g i n e e r - e n t r e p r e n e u r ” is u s e d  to  c h a r a c te r i z e  h im .

T h e  h is to r y  o f  v o n  M ille r 's  c o n n e c t io n  w ith  th e  W a lc h e n s e e w e r k  a n d  

B a y e r n w e r k  p ro je c t s  e x t e n d s  f r o m  1 9 0 3  to  1 9 2 4 . D u r i n g  p a r t  o f  th e s e  tw o  

d e c a d e s ,  v o n  M ille r  w as  a n  a p p o i n t e d  m e m b e r  o f  t h e  B a v a r ia n  U p p e r  

H o u s e  a n d  a  s t a l e  c o m m is s io n e r  f o r  e l e c t r ic a l  d e v e lo p m e n t  in  t h e  p o s t -  

W o r ld  W a r  I B a v a r ia n  g o v e r n m e n t .  H e  f u n c t io n e d ,  t h e r e f o r e ,  a t  t h e  in ­

t e r f a c e  b e tw e e n  t e c h n o lo g y  a n d  p o li t ic s ,  a  h ig h ly  a d v a n ta g e o u s  p o s i t io n  f o r  

a n  e n t r e p r e n e u r  o f  la rg e - s c a le  p ro je c ts .  I n  th e s e  y e a r s ,  h e  a ls o  m a n a g e d  

a n  e x p a n d i n g  c o n s u l t in g  e n g i n e e r i n g  F irm  t h a t  re c e iv e d  a  n u m b e r  o f  l a r g e  

e le c t r i f i c a t io n  c o m m is s io n s .20 I n v e n t o r - e n t r e p r e n e u r s  l ik e  T h o m a s  E d is o n  

w e re  n e e d e d  w h e n  t h e  e s s e n t ia ls  o f  a n  e le c t r ic  l ig h t in g  s y s te m  w e re  b e in g  

in v e n te d  a n d  d e v e l o p e d ;  in  t h e  U n i t e d  S ta te s ,  m a n a g e r - e n t r e p r e n e u r s  lik e  

S a m u e l  I n s u l l  p la y e d  l e a d in g  r o le s  a r o u n d  th e  t u r n  o f  t h e  c e n t u r y ,  w h e n  

th e  m a n a g e m e n t  o f  c o m p le x ,  i n t e g r a t e d ,  c e n t r a l ly  c o n t r o l l e d  u r b a n  e le c t r ic  

l ig h t  a n d  p o w e r  s y s te m s  w as  th e  c r u c ia l  p r o b le m .  V o n  M ille r ,  w ith  h is  

e n c o m p a s s in g  h e d g e h o g  s ty le ,  w as  t h e i r  s u c c e s s o r .

B e c a u s e  o f  h is  b o ld  a n d  e f f e c t iv e  a d v o c a c y  o f  lo n g - d i s t a n c e  p o w e r  t r a n s ­

m is s io n  a n d  r e g io n a l  e l e c t r i f i c a t io n ,  v o n  M ille r  h a d  e a r n e d  a n  i n t e r n a t io n a l  

r e p u t a t i o n .  B o r n  in  1 8 5 5 , t h e  s o n  o f  F e r d i n a n d  v o n  M ille r ,  f o u n d e r  a n d  

s c u lp to r  f o r  t h e  W it te ls b a c h  d y n a s ty  o f  B a v a r ia ,  O s k a r  v o n  M ille r  s tu d ie d  

civ il e n g i n e e r i n g  a t  t h e  M u n ic h  P o ly te c h n ik u m .  H is  f i r s t  p r o f e s s io n a l  p o ­

s i t io n  w as  a s  a n  a p p r e n t i c e  civ il e n g i n e e r  in  th e  B a v a r ia n  s t a t e  s e rv ic e ,  b u t  

a  v is it to  th e  P a r is  I n t e r n a t i o n a l  E le c tr ic a l  E x h ib i t io n  in  1881 f i r e d  h is  

im a g in a t io n ,  a s  it  d id  t h a t  o f  s o  m a n y  o th e r s ,  a n d  p r e c ip i t a t e d  a  l i f e lo n g  

c o m m i tm e n t  to  e le c t r ic a l  e n g i n e e r i n g .  W h e n  h e  w as  o n ly  tw e n ty - s e v e n ,  v o n  

M ille r  p la y e d  a  l e a d in g  r o le  in  t h e  o r g a n iz a t io n  o f  th e  M u n ic h  I n t e r n a t i o n a l  

E le c tr ic a l  E x h ib i t io n ,  w h ic h  w as  m o d e le d  a f t e r  th e  o n e  in  P a r is .  H e  d is ­

p la y e d  a  s p e c ia l  in t e r e s t  b y  a r r a n g i n g  f o r  M a rc e l  D e p r e z  ( 1 8 4 3 - 1 9 1 8 ) ,  th e  

F r e n c h  e l e c t r ic a l  i n v e n t o r  a n d  e n g i n e e r ,  to  d e m o n s t r a t e  th e  fe a s ib il i ty  o f  

lo n g - d i s t a n c e  p o w e r  t r a n s m is s io n .  D e p r e z ,  a p i o n e e r  in  t r a n s m is s io n ,  u s e d  

1 ,5 0 0 -2 ,0 0 0  v o lts  o f  d i r e c t  c u r r e n t  to  t r a n s m i t  p o w e r  f r o m  M ie s b a c h  o v e r  

5 7  k i lo m e te r s  to  t h e  e x h ib i t io n ’s G la ss  P a la c e  in  M u n ic h .  A t M ic s b a c h  a 

1 .5 -h .p .  s te a m  e n g i n e  d r o v e  a  g e n e r a t o r ;  a t  M u n ic h  a  .4 -h .p .  G r a m m e  

e le c t r ic  m o t o r  d r o v e  a  p u m p  to  c r e a te  a  d r a m a t ic  w a te r f a l l .21 I f  v o n  M ille r  

a n d  D e p r e z  h a d  b e e n  a b le  to  d r iv e  th e  g e n e r a t o r  a t  M ie s b a c h  by  w a te r  

p o w e r ,  th e  e x h ib i t  w o u ld  h a v e  b e e n  e v e n  m o r e  s t r ik in g — w a te r  p o w e r  to  

w a te r  p o w e r  b y  e l e c t r ic a l  t r a n s m is s io n .  S h o w in g  r e m a r k a b le  p re s c ie n c e ,  

v o n  M ille r  j o i n e d  E m il R a th e n a u  in  1 8 8 3  in  B e r l in  a s  a  m a n a g e r  o f  th e  

D e u ts c h e  E d is o n -G e s e l ls c h a f l  ( se e  p . 6 7  a b o v e ) .  I n  1 8 9 0  h e  r e t u r n e d  to

“" O n  th e  h is to ry  o f  O sk a r  von M ille r's co n su ltin g  e n g in e e rin g  firm , sec O skar von M iller: 
lm  D ierule der E nergicw irtscha ft (M unic h : In g e n ic u rb u ro  O sk ar  von M ille r G M B H . 1955).

71 O ff iiie lter  B ericht uber die im Koniglichen G laspalaste zu M tin ch en  1 8 8 2  . . . Intern ationa le  
E lektr iu ld ts-A usstellu ng , e d . W. von B cclz. O . von M iller, a n d  E. P fe iffe r  (M unic h : A u to ty p ie  

V crla g . 1882), csp . p p . 9 9 -1 0 7 .



3 3 6
n e t w o r k s  O K  P O W E R

F ig u re  X II  4. O skm  von M illn  an d  

I'homas Edison. Courtesy ->/ M i l l  vnil 
M illr i.

F ig u re  X II .  5 . O skar von M iller. 

Charcoal dra wing  by F. A . Ka ulback, 

1 9 1 1. Courtesy o f  the D eutsches M useu m , 

M un ich.

M u n ic h  t o  e s ta b l is h  h is  c o n s u l t in g  e n g i n e e r i n g  f i r m ,  T e c h n i s c h e s  B u re a u  

O s k a r  v o n  M ille r .  In  1 8 9 1 , o n  th e  o c c a s io n  o f  th e  I n t e r n a t i o n a l  E lec trica l 

E x h ib i t io n  in  F r a n k f o r t  o n  th e  M a in ,  h e  a g a in  d e m o n s t r a t e d  h is  e n th u s ia s t ic  

c o m m i tm e n t  to  e le c t r ic a l  p o w e r  t r a n s m is s io n  (se e  p . 131 a b o v e ) .
T h e  M u n ic h  a n d  F r a n k f o r t  d e m o n s t t a t i o n s  w e re  p o in t - to - p o in t  t r a n s ­

m is s io n s  o f  p o w e r .  V o n  M ille r  a ls o  to o k  th e  le a d  in  i n t r o d u c i n g  r e g io n a l 

e l e c t r i f ic a t io n  b y  m e a n s  o f  n e tw o r k ,  o r  r in g ,  s y s te m s .  B e tw e e n  191 0  a n d  

1 9 1 2  h e  p l a n n e d  th e  P fa lz w e rk ,  a  p o w e r  c o m p a n y  l h a l  s u p p l i e d  e lec tr ic ity  

t h r o u g h o u t  th e  G e r m a n  p r o v in c e  o f  t h e  P fa lz  b y  m e a n s  o f  a  1 10 ,0 0 0 -v o lt 

sy s te m . A t th e  h e a r t  o f  th e  s y s te m  w as a  n e w  a n d  l a r g e  c o a l - f i r e d  g e n e r a t in g  

s ta t io n  in  l l o m b u r g .  E x is t in g  s m a ll g e n e r a t i n g  s t a t io n s  a ls o  fe d  in to  th e
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t r a n s m is s io n  s y s te m . T h e  P fa lz w c rk  A G  w as  a n  e a r ly  e x a m p le  o f  a  m ix e d -  

o w n e r s h ip ,  r e g io n a l  t r a n s m is s io n  s y s te m  o r g a n iz e d  a b o u t  a la r g e ,  e f f ic ie n t ,  

c o a l - f i r c d  p o w e r  s t a t i o n .22 T h e  G e r m a n  w o r d  f o r  th is  ty p e  o f  s t a t io n  w as 

U h e r la n d ze n tra le .

W ith  h is  e x p e r i e n c e  in  p o w e r  t r a n s m is s io n  a n d  r e g io n a l  e le c t r i f i c a t io n ,  

v o n  M ille r  t u r n e d  h is  a t t e n t i o n  in  1 9 1 0  to  a  p r o je c t  h e  h a d  e n v i s a g e d  fo r  

y e a r s — d e v e lo p in g  th e  w a te r  p o w e r  o f  th e  B a v a r ia n  A lp s . T h e  p ro je c t  d e ­

m a n d e d  c o n s id e r a t io n  o f  n u m e r o u s  f a c to r s  a n d  c o n t in g e n c ie s  o t h e r  t h a n  

p u r e ly  t e c h n ic a l  o n e s .  T h e  m o s t  o b v io u s  a n d  p r e s s in g  w as  th e  g e o g r a p h ic a l  

e n v i r o n m e n t .  In  1 9 0 3  v o n  M ille r  h a d  d e s c r ib e d  th e  g e o g r a p h ic a l  c o n ­

s t r a in t s  o f t h e  r e g i o n .23 T h e  n o r t h e r n  s lo p e  o f  t h e  A lp s ,  in c lu d i n g  t h e  p a r t  

lo c a te d  w i th in  th e  th e n  K in g d o m  o f  B a v a r ia ,  h a d  f o r  c e n t u r i e s  p r o v id e d  

a i - ih e - s i te  w a te r  p o w e r .  F a s t - f lo w in g  s t r e a m s  a n d  r iv e r s  r u s h e d  d o w n  th e  

p r e c ip i to u s  in c l in e  in to  th e  I s a r ,  D a n u b e ,  a n d  o t h e r  G e r m a n  r iv e r s .  W o o d e n  

w a te r  w h e e ls  h o u s e d  in  m ill b u i ld in g s  s u p p l i e d  th e  p o w e r  to  g r i n d  g r a in ,  

p u s h  b e llo w s , r a is e  h a m m e r s ,  sa w  w o o d ,  a n d  p e r f o r m  o t h e r  ta s k s .  T h e se  

p o w e r  p la n t s ,  h o w e v e r ,  h a d  to  b e  lo c a te d  o n  th e  s t r e a m s  th e m s e lv e s ,  a n d  

t h e i r  e n e r g y  h a d  to  b e  u s e d  t h e r e .  W r i t in g  in  1 9 0 3 , a f t e r  e le c t r ic  p o w e r  

t r a n s m is s io n  h a d  b e e n  p r o v e n ,  v o n  M ille r  p r o p o s e d  t r a n s m i t t i n g  th is  p o w e r  

lo  s i te s  w h e r e  i n d u s t r y  a n d  p o p u l a t i o n  w e re  c o n c e n t r a t e d .

D r a w in g  u p o n  in f o r m a t i o n  g a t h e r e d  b y  th e  B a v a r ia n  H y d r o te c h n ic a l  

B u r e a u ,  w h ic h  h a d  b e e n  e s t a b l i s h e d  in  1 8 9 9 , v o n  M ille r  p r e s e n t e d  a t a b u l a r  

a n d  c a r t o g r a p h i c  a n a ly s is  o f  a v a i la b le  w a te r  p o w e r  o n  th e  n o r t h e r n  s lo p e  

o f  t h e  A lp s .  S p e c i f ie d  s t r e t c h e s  o f  s t r e a m s  a n d  r iv e r s  w e re  m e a s u r e d  fo r  

fa ll in  e l e v a t io n ;  t h e  a v e r a g e  w a te r  flow ' w as e s t a b l i s h e d  a s  p re c is e ly  as 

p o s s ib le ;  a n d  f r o m  th i s  a n d  o t h e r  d a t a  t h e  u s a b le  w a te r  p o w e r  w as  e s t i ­

m a te d .  F o r  e x a m p le ,  a  3 5 - k i lo m e te r  s t r e t c h  o f t h e  s m a ll  r iv e r  L o is a c h ,  f r o m  

P a r l e n k i r c h e n  to  th e  K o c h e ls e e ,  fe ll 1 20  m e te r s ;  t h e  r i v e r ’s a v e r a g e  H ow  

w as  6  c u b ic  m e te r s  e a c h  s e c o n d ;  t h u s ,  a c c o r d in g  to  v o n  M ille r 's  c a lc u la t io n s ,  

its  u s a b le  w a te r  p o w e r  a m o u n t e d  to  7 ,7 0 0  h .p .  T h e  e s t im a te  w as  q u a l i f ie d  

a c c o r d in g  lo  s e a s o n a l  c l im a te .  A s a  p l a n n i n g  d o c u m e n t ,  t h e  r e p o r t  a n t i c i ­

p a t e d  a  tw e n t i e t h - c e n t u r y  g e n r e .

T h e  m o s t  a t t r a c t iv e  w a te r  p o w e r  s i te  w as  th e  W a lc h e n s e e .  a  n a t u r a l  la k e  

w h o s e  s u r f a c e  w a s  2 0 0  m e te r s  a b o v e  th e  g r e a t  p la t e a u  e x t e n d i n g  6 0  k ilo ­

m e te r s  n o r t h w a r d  f r o m  th e  A lp s  lo  M u n ic h .  O n ly  a  ro c k  w all s e p a r a t e d  

t h e  W a lc h e n s e e  f r o m  th e  f la t la n d ;  t h e  b o t to m  o f  th e  la k e  b e h in d  th is  

n a t u r a l  b a r r i e r  r e a c h e d  to  th e  lev e l o f  th e  p la te a u .  T h e  s i tu a t io n  in v i te d  

d e v e lo p m e n t ,  f o r  a  t u n n e l  c o u ld  b e  d u g  th r o u g h  t h e  ro c k  a t a p o in t  a sm a ll  

d i s t a n c e  b e lo w  th e  s u r f a c e ,  a n d  la r g e  p ip e s ,  o r  p e n s to c k s ,  c o u ld  th e n  c a r r y  

th e  w a te r  r u s h i n g  d o w n  t h e  s lo p e  to  t u r b in e s  in  a  p o w e r  h o u s e  n e s t le d  

a g a in s t  t h e  s lo p e  o n  th e  p la t e a u .  T o  r e p le n i s h  th e  W a lc h e n s e e ,  s t r e a m s  

h ig h  in  t h e  A lp s  c o u ld  b e  p a r t ia l ly  d iv e r t e d .  T o  c o m p le te  th e  cy c le , o n c e  

th e  w a te r  p a s s e d  t h r o u g h  th e  tu r b in e s ,  it c o u ld  b e  f e d  in to  t h e  K o c h e ls e e ,  

w h ic h  w a s  lo c a te d  o n  th e  p la t e a u  n e a r  B e n e d ik tb e u e r n ,  a n d  f r o m  t h e r e  

in to  th e  I s a r  R iv e r ,  w h ic h  r u s h e d  a c ro s s  th e  l a n d  to  M u n ic h  a n d  e v e n tu a l ly  

lo  th e  D a n u b e .

T iO ska r von  M iller: Im  D ienste tier F .nergiem rtschaft, p. 13.

”  O sk a r  von M ille r. "D ie W asserk riifie  am  N o rd a b h a n g c  (lei A lp e n ."  Z r itsrh n /t drs Vereines 
deutscher Inge n ie ure  47  (1 903): 1 002-8 .
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O t h e r s  b e s id e s  v o n  M ille r  e n v is a g e d  h a r n e s s i n g  th e  W a lc h e n s e e .  In  th e  

s u m m e r  o f  1904 a  civ il e n g i n e e r  f r o m  D a r m s ta d t ,  R u d o l f  S c h m ic k ,  a n d  a 

Sw iss e n g in e e r ,  J e a n j a q u e l ,  m a d e  p r o p o s a l s .  T h e  s a m e  y e a r  a  P r u s s ia n  a rm y  

o f f ic e r ,  M a jo r  F e d o r  M a r ia  v o n  D o n a t ,  a p p r o a c h e d  t h e  B a v a r ia n  g o v e rn ­

m e n t  w ith  a n o t h e r  W a lc h e n s e e  p r o je c t .  P o ss ib ly  s t im u la te d  b y  D o n a t ’s p r o ­

p o s a l ,  t h e  B a v a r ia n  g o v e r n m e n t  in  1 9 0 8 - 9  s p o n s o r e d  a n  in te r n a t io n a l  c o m ­

p e t i t io n  to  f in d  t h e  b e s t  w ay  to  u s e  t h e  W a lc h e n s e e  a n d  s till p r e s e r v e  th e  

n a tu r a l  b e a u ty  o f  th e  r e g i o n .24 T h r o u g h o u t  t h e  h is to r y  o f  t h e  p ro je c t ,  th e  

B a v a r ia n s  s h o w e d  h ig h ly  s e n s i t iv e  c o n c e r n  f o r  t h e  im p a c t  o f  te c h n o lo g y  o n  

th e  la n d s c a p e .
O t h e r  g e o g r a p h ic a l  c o n s t r a in t s  in c lu d e d  p o p u l a t i o n  s e t t l e m e n t s  a n d  th e  

lo c a tio n  o f  in d u s t r i e s .  T h e  w a te r  p o w e r  s i te s  o n  t h e  n o r t h e r n  s lo p e  o f  th e  

A lp s  w e re  in  s o u t h e r n ,  o r  U p p e r ,  B a v a r ia ;  t h e  h e a v ie s t  c o n c e n t r a t io n s  of 

p o p u la t io n  a n d  i n d u s t r y  w e re  n o r t h w a r d ,  n o t  o n ly  in  re la t iv e ly  n e a rb y  

M u n ic h  b u t  a ls o  in  t h e  m o r e  d is ta n t  N i i r n b e r g ,  A u g s b u r g ,  F i i r th ,  E r la n g e n ,  

A s c h a f f e n b u r g .  R e g e n s b u r g ,  W u r z b u r g ,  B a y r e u th ,  A n s b a c h ,  a n d  B a m ­

b e rg .  T h e  n o r t h e r n  r e g io n  d e p e n d e d  o n  c o a l .  B e c a u s e  o f  t h e  im m e n se  

w a te r  p o w e r  o f  t h e  B a v a r ia n  A lp s , v o n  M il le r  a n d  o t h e r s  r e a l iz e d  th a t 

t r a n s m is s io n  c o u ld  e x t e n d  to  a n d  b e y o n d  M u n ic h ,  n o t  o n ly  to  c itie s  b u t to 

r u r a l  B a v a r ia ,  w h e r e  7 5  p e r c e n t  o f  t h e  r e g i o n ’s p o p u l a t i o n  liv e d . O sk a r  

v o n  M ille r  in s is te d  th a t  A lp in e  w a te r  p o w e r  w a s  a r e s o u r c e  f o r  a ll B a v a ria n s .

T h e  b u r d e n  o f  h is to r y  a ls o  h a d  to  b e  w e ig h e d  w h e n  v o n  M ille r  b e g a n  

to  p la n  h is  c o m b in e d  h y d r o e le c t r i c  p l a n t  a n d  r e g io n a l  g r id .  T h e  m a k e rs  

o f  b l u e p r i n t s  c o u ld  n o t  b e g in  w ith  c le a n  s la te s .  B y 1 9 1 4 , f o r  e x a m p le ,  

M u n ic h  a l r e a d y  h a d  e le c t r ic  l ig h t ,  p o w e r ,  a n d  t r a c t i o n  r e q u i r i n g  u p  to

1 9 ,0 0 0  kw . a t  p e a k  lo a d  a n d  6 0  m ill io n  k w h . d u r i n g  t h e  y e a r .25 M o re o v e r , 

t h e  e le c t r ic  l ig h t  a n d  p o w e r  u t i l i t ie s  s e r v in g  M u n ic h  a n d  U p p e r  B a v a ria  

h a d  p la n s  o f  t h e i r  o w n  f o r  e x p a n d i n g  c a p a c i ty .  D i f f e r e n t  f r e q u e n c ie s ,  v o lt ­

a g e s ,  a n d  o t h e r  c h a r a c te r i s t i c s  a d d e d  to  t h e  c o m p le x i ty  a n d  d i f f ic u l ty  o f  

p l a n n in g  a c o h e r e n t  s y s te m  f o r  a ll o f  B a v a r ia .  W ith  t h e  n e e d  f o r  s ta n d ­

a r d iz a t io n  a n d  c o o r d i n a t i o n  in  m in d ,  b u t  b e f o r e  f in a lly  a d o p t i n g  a  p lan  

fo r  a ll o f  B a v a r ia ,  th e  s ta le ,  in  1 9 1 3 , in  r e t u r n  f o r  t h e  u t i l i t ie s ' a c c e p ta n c e  

o f  r e g u la t io n  a n d  th e  p o s s ib il i ty  o f  e v e n tu a l  a c q u is i t io n  b y  t h e  s la te ,  b e g a n  

m a k in g  a g r e e m e n t s  w ith  la r g e  u t i l i t ie s  to  p r o v i d e  th e m  w ith  t h e  u s e  o f  s la te  

la n d  fo r  t r a n s m is s io n  l in e s  a n d  a  s iz a b le  a r e a  f o r  e x c lu s iv e  s u p p ly .  T h i s  was 

i n te n d e d  to  e n c o u r a g e  th e  g r o w th  o f  t h e  l a r g e  c o m p a n ie s  a n d  to  d is c o u ra g e  
p a ro c h ia l i s m .

V o n  M ille r  to o k  in to  a c c o u n t  n o t  o n ly  g e o g r a p h y  a n d  t h e  le g a c y  o f  th e  

h is to r y  o f  th e  e l e c t r ic a l  s u p p ly  i n d u s t r y  in  B a v a r ia  b u t  a ls o  th e  s ta te  o f  

e x is t in g  te c h n o lo g y  in  th e  i n d u s t r i a l  w o r ld .  C o n s u l t in g  e n g i n e e r s  lik e  von 

M ille r  u s u a lly  d o  n o t th e m s e lv e s  in v e n t  a n d  d e v e lo p  t e c h n o lo g y ,  b u t  in s te a d

74 W ater Powe r Exploitation  in G erm a ny. Sp ecia l P ublication  f o r  the Session o f  the Second World 

Power Conference, Ber lin  1 9 3 0 . w ith th e  assis tan ce  o f  th e  G o v e rn m e n t D e p a rtm e n ts  o f  th e  Reich 
a n d  th e  G e rm a n  sta les  (B e rlin : D cu tsch c r  W asserw irtsch afls- u n d  W a sse rk ra ftv e rb an d  E.V., 
1930), p p . 2 1 5 -2 0 ; a n d  I h e o d o r  K oehn , “ U lrer ein igc  gro sze  E u ro p a isc h e  W asserkrafta n la gen  

u n d  ih rc  W irlsch a lllich c  B e d e u lu n g ,"  Elektrotechnriche Ze itsch rift 30  (1909): 96 6  IT.
T hese f ig u res w ere  c alc u lated  fro m  d a ta  fo r  th e  y ears  1 91 3 -1 6 . See  O sk ar  von Miller. 

Ba ye m we rk  tu r  em heitlichen Versorgun g des rechtsrheinuchen Bayern m il Elektrizitat: Projekt Oskar 
iton M iller , Februar 1 9 1 8 ■ E rlduterung s-B ericht. a p p e n d ix , item  12; c opy  in th e  lib ra ry  o f  the 
D eutsches M u seu m . M u n irh
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d e p e n d  o n  m a n u f a c t u r e r s  to  fu lf i l l  d e s ig n  s p e c i f ic a t io n s .  F u r t h e r m o r e ,  

l a r g e  p r o je c t s  l ik e  t h e  W a lc h e n s e e w e r k  a n d  th e  B a y e r n w e r k  a r e  o f t e n  d e ­

s ig n e d  to  ta k e  a d v a n t a g e  o f  t h e  s t a l e  o f  th e  a r t  r a t h e r  th a n  to  a d v a n c e  f a r  

b e y o n d  it.  T h e  c h a l l e n g e  f o r  v o n  M ille r  a n d  th e  o t h e r  p l a n n e r s  a n d  d e ­

s ig n e r s  o f  t h e  B a v a r ia n  p r o je c t  w as  a r t f u l ly  to  a d a p t  a v a i la b le  in t e r n a t i o n a l  

te c h n o lo g ie s  to  p a r t i c u l a r  lo c a l c o n d i t io n s .  T h e y  w e re ,  in  s h o r t ,  in v o lv e d  

in  t r a n s f e r  a n d  a d a p t a t i o n .

T h e  p l a n n i n g  a n d  e x e c u t io n  o f  th e  W a lc h e n s e e w e r k  a n d  th e  B a y e r n w e r k  

a ls o  r e q u i r e d  p o li t ic a l  s e n s i t iv i ty  a n d  p o w e r .  M a n y  o f  t h e  m a j o r  h u r d l e s  to  

b e  s u r m o u n t e d  w e re  p o li t ic a l  a n d  le g is la t iv e  r a t h e r  t h a n  t e c h n ic a l  in  n a t u r e .  

A f t e r  t h e  P r in c e  R e g e n t  n a m e d  v o n  M ille r  to  t h e  R e ic h sra l,  o r  U p p e r  H o u s e ,  

o f  t h e  G e r m a n  P a r l i a m e n t  in  1 9 0 9 , h e  w as  a b le  to  r e s p o n d  to  t h e s e  c h a l ­

le n g e s .  B e f o r e  m a n y  o t h e r  e n g i n e e r s  a n d  s c ie n t is ts  (C h a r le s  M e rz  h a d  in  

L o n d o n ) ,  h e  d i s c o v e r e d  t h a t  la rg e - s c a le  e n g i n e e r i n g  w as  a  p o li t ic a l  m a t t e r .  

H e  b e l ie v e d  t h a t  p r o je c t s  t h e  s iz e  o f  th e  W a lc h e n s e e w e r k  a n d  t h e  B a y e r n ­

w e rk  n e e d e d  t h e  f in a n c ia l  r e s o u r c e s  o f  t h e  B a v a r ia n  g o v e r n m e n t  a n d  r e ­

q u i r e d  its  le g is la t iv e  a u th o r i t y .  I n  th e  R e ic h s r a t  h is  p r o f e s s io n a l  c r e d e n t i a l s  

g a v e  a u t h e n t i c i ty  to  h is  a r g u m e n t s .  H is  fo r e n s ic  g if ts ,  p e r s o n a l  m a g n e t i s m ,  

a n d  d e c id e d ly  B a v a r ia n  c h a r a c te r i s t i c s  s e r v e d  h im  w ell in  t h e  R e ic h sra t.  E v e n  

to d a y ,  f o r  m a n y  B a v a r ia n s  h e  s till s y m b o liz e s  t r a d i t io n a l  v a lu e s  s u c h  a s  

g e n ia l i ty  (G e m iitl ic h k e it) ,  f a m ily  lo y a lly , a n d  lo v e  o f  t h e  l a n d .  H is  s p e e c h e s  

a n d  d e b a te s  in  t h e  R e ic h s r a t  a r e  m o d e ls  o f  t h e  c l e a r  e x p o s i t io n  o f  te c h n ic a l  

s u b je c ts .  T h e  r e c o r d  s u g g e s ts  t h a t  h e  h im s e l f  r e m a in s  a  m o d e l  o f  t h e  p o ­

l itic a lly  s e n s i t iv e  a n d  e f f e c t iv e  e n g i n e e r ,  c o m p a r a b le  in  m a n y  w ay s  to  h is  

E n g l is h  c o n t e m p o r a r y  C h a r l e s  M e rz .

I n  1 9 0 9  s e v e r a l  im p o r t a n t  m a t t e r s  p e r t a i n i n g  to  e l e c t r ic a l  s u p p ly  o c c u ­

p ie d  th e  B a v a r ia n  g o v e r n m e n t .  T h e  M in is t ry  o f  th e  I n t e r i o r  e s t a b l i s h e d  a 

B u r e a u  f o r  t h e  U ti l iz a t io n  o f  W a te r  P o w e r  a n d  th e  S u p p ly  o f  E le c tr ic i ty ,  

a n d  th e  lo w e r  h o u s e  o f  th e  P a r l i a m e n t  a p p r o v e d  in  p r in c ip le  th e  c o n s t r u c ­

t io n  o f  a n  e le c t r i c  p o w e r  c o m p a n y  to  e x p lo i t  t h e  W a lc h e n s e e .  O n  t h e  f lo o r  

o f  t h e  u p p e r  h o u s e ,  v o n  M il le r  p la y e d  a  p r o m i n e n t  r o le  in  t h e  d e b a t e  t h a t  

d e v e lo p e d  o v e r  le g is la t io n  a r i s in g  f r o m  g o v e r n m e n t  in v o lv e m e n t  in  th is  

re la t iv e ly  n e w  f ie ld  o f  t e c h n o lo g y .  I n  1 9 1 0  h e  m a d e  s e v e r a l  a d d r e s s e s  t h a t  

e s t a b l is h e d  h is  g e n e r a l  a p p r o a c h  n o t  o n ly  to  w a te r  p o w e r  d e v e l o p m e n t  b u t  

a ls o  to  t h e  g e n e r a l  q u e s t io n  o f  t h e  s l a t e ’s r o le  in  e le c t r ic a l  s u p p ly .  Q u ic k ly  

h e  ta c k le d  t h e  W a lc h e n s e e w e r k  p r o b le m ,  f o r  e v e n  t h o u g h  th e  p r o je c t  h a d  

b e e n  a p p r o v e d  in  p r in c ip le ,  t h e  s t a t e ’s p la n s  w e re  n e b u lo u s  a n d  t h e  g o -  

a h e a d  h a d  b e e n  q u a l i f i e d  b y  th e  r e q u i r e m e n t  t h a t  a  m a r k e t  b e  id e n t i f i e d  

fo r  t h e  m o r e  t h a n  5 0 ,0 0 0  h .p .  w a i t in g  to  b e  t a p p e d  a t  th e  W a lc h e n s c e .  

G iv e n  B a v a r i a ’s s ta g e  o f  in d u s t r i a l  d e v e lo p m e n t ,  s o m e  th o u g h t  th a t  th is  

q u a l i f ic a t io n  w o u ld  f r u s t r a t e  th e  p ro je c t .  V o n  M il le r ’s s t r a t e g y  f o r  th e  W a l ­

c h e n s e e  fo llo w e d  th e  p r e c e d e n t  e s ta b l is h e d  w ith  th e  P fa lz w e rk : f e e d in g  th e  

i m m e n s e  p o w e r  f r o m  th e  W a lc h e n s e e  p o w e r  s ta t io n  in to  a  r e g io n a l  n e t ­

w o rk ,  th e  B a y e r n w e r k .  T h e  t r a n s m is s io n  n e tw o r k  w o u ld  b e  s u p p l i e d  n o t  

o n ly  by  t h e  W a lc h e n s e e w e r k  b u t  a ls o  by  o t h e r  l a r g e  a n d  e f f i c i e n t  g e n e r a t i n g  

s ta t io n s  in  B a v a r ia ,  f o s s i l- fu e l  a s  w ell a s  h y d r o e le c t r ic .  V o n  M ille r  r e a l iz e d ,  

h o w e v e r ,  t h a t  th e  u n c o o r d i n a t e d  d e v e lo p m e n t  o f  e le c t r ic  s u p p ly  w o u ld  

i n c r e a s in g ly  t h r e a t e n  c o h e r e n t  r e g io n a l  p l a n n in g  a n d  p r o je c ts  e v e n  i f  th is  

a p p r o a c h  w e re  f in a lly  a p p r o v e d  by th e  le g is la tu r e .  H e  k n e w  th a t  lo ca l 

g o v e r n m e n ts  a n d  p r iv a te  c o r p o r a t io n s  w e re  b u i ld in g  g e n e r a t i n g  p la n t s  a n d
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d i s t r ib u t io n  s y s te m s  w i th o u t  c o n s id e r in g  h o w  th e s e  m ig h t  r e l a t e  to  a n  o v e r ­

a ll p la n  f o r  B a v a r ia .  M e a ls o  sa w  th e  v a r io u s  g o v e r n m e n t  m in is t r ie s  a d ­

v o c a t in g  c o n f l i c t in g  e n e r g y  p o lic ie s .  T h e  T r a n s p o r t a t i o n  M in is try  w a n te d  

s t a t e  o w n e r s h i p  o f  g e n e r a t i n g  s t a t io n s  l ik e  th e  W a lc h e n s e e ,  b u t  o n ly  i f  t h e y  

w o u ld  s u p p ly  e l e c t r i f i e d ,  s t a l e - o w n e d  r a i l r o a d s ;  t h e  F in a n c e  M in is try  w as 

p la n n i n g  s te a m  e le c t r ic  s ta t io n s ,  w h ic h  w o u ld  b e  r e d u n d a n t ,  v o n  M ille r  

p o in te d  o u t ,  w h e n  W a lc h e n s e e  w as  b u i l t ;  a n d  th e  M in is try  o f  I n t e r i o r  in ­

t e n d e d ,  w i th o u t  c o n s i d e r i n g  h o w  th e s e  m ig h t  r e l a t e  to  a  g e n e r a l  s y s te m  o f  

s u p p ly ,  to  g r a n t  is o la te d  c o n c e s s io n s  f o r  w a te r  p o w e r  d e v e l o p m e n t  to  p r i ­

v a te  e n te r p r i s e s .  V o n  M il le r  w a n te d  a  r a t io n a l ,  s y s te m a t ic  g o v e r n m e n t  p o l ­

icy . H is  s t r a t e g y  w as  to  t r a n s c e n d  t h e  v a r io u s  m in is t r ie s  b y  r e c o m m e n d in g  

t h e  e s ta b l i s h m e n t  o f  a  s in g le  c e n t r a l i z e d  a d m in i s t r a t iv e  o r g a n  f o r  B a v a r ia n  

e le c t r ic a l  s u p p l y .'iu

V o n  M ille r  e v e n tu a l ly  p r e s e n t e d  a  d e ta i l e d  p la n  f o r  u n i f i e d  e le c tr ic a l  

s u p p ly  in  B a v a r ia ,  b u t  in  th e  m e a n t im e  m e m b e r s  o f  t h e  l e g i s l a tu r e  ra is e d  

m a n y  o t h e r  q u e s t io n s  a b o u t  it a n d  t h e  W a lc h e n s e e w e r k .  V o n  M il le r ’s r e ­

s p o n s e s  f r o m  t h e  f lo o r  o f  t h e  le g i s l a tu r e  a r e  s till r e l e v a n t ,  f o r  th e  issu es  

p e r s is t .  T h e  w id e - r a n g in g  c h a r a c t e r  o f  th e  q u e s t io n s  f r o m  th e  le g is la to rs  

r e s u l t e d  f r o m  t h e  m a n y  v e s te d  in te r e s t s  a n d  so c ia l ,  p o li t ic a l ,  a n d  e c o n o m ic  

p r in c ip le s  in v o lv e d .  S o m e  m e m b e r s  b e l ie v e d  t h a t  p r iv a te  e n t e r p r i s e ,  n o t  

t h e  g o v e r n m e n t ,  s h o u ld  f in a n c e ,  c o n s t r u c t ,  a n d  o p e r a t e  t h e  W a lc h e n s e e  

p o w e r  s ta t io n .  O t h e r s  a r g u e d  t h a t  th e  g o v e r n m e n t  s h o u ld  o w n  a n d  o p e r a te  

it, b u t  o n ly  i f  t h e  p o w e r  g e n e r a t e d  w e re  s u p p l i e d  e x c lu s iv e ly  to  s ta te -o w n e d ,  

e l e c t r i f i e d  ra i lw a y s . V o n  M il le r ’s a t t i t u d e  o n  s t a t e  in v o lv e m e n t  w as  p r a g ­

m a t ic  a n d  f le x ib le :  G o v e r n m e n t  f u n d s  s h o u ld  b e  in v e s te d  in  t h e  p ro je c t ,  

a t  le a s t  to  th e  e x t e n t  t h a t  th e  W a lc h e n s e e w e r k  g e n e r a t e d  p o w e r  f o r  g o v ­

e r n m e n t - o w n e d  ra ilw a y s ,  b u t  c o n s t r u c t io n  a n d  o p e r a t i o n  o f  th e  s ta t io n  

s h o u ld  b e  c o n t r a c t e d  to  p r iv a te  c o m p a n ie s ,  f o r  v o n  M il le r  k n e w  f r o m  e x ­

p e r i e n c e  t h a t  p r iv a te  m a n a g e m e n t  w as  e f f ic ie n t .

V o n  M ille r  f u r t h e r  r a i s e d  t h e  le v e l o f  c o m p le x i ty  a n d  s o p h is t ic a t io n  o f  

th e  d e b a t e  by  s u g g e s t in g  t h a t  e v e n  t h o u g h  t h e  g e n e r a t i n g  fa c il i t ie s  s h o u ld  

b e  o p e r a t e d  b y  a  p r iv a te ly  o w n e d  c o m p a n y ,  th e  t r a n s m is s io n  a n d  s a le  o f  

e le c t r ic i ty  s h o u ld  n e v e r th e le s s  b e  le f t  in  t h e  h a n d s  o f  th e  B a v a r ia n  g o v e r n ­

m e n t .  H e  w a n te d  to  k e e p  p r o f i t s  f r o m  b e c o m in g  th e  s o le  d e t e r m i n a n t  o f  

d i s t r ib u t io n  a n d  p r ic e ,  f o r  o t h e r  c r i t e r i a ,  e s p e c ia l ly  s o c ia l o n e s ,  h e  b e lie v e d ,  

s h o u ld  o v e r r i d e  p r o f i t .  H e  h a d  in  m in d  s u b s id iz e d  d i s t r i b u t i o n  f o r  e c o ­

n o m ic  d e v e l o p m e n t  a n d  o t h e r  s o c ia l  n e e d s .  W h e n  p r e s s e d ,  v o n  M ille r  lo o k  

a c a te g o r ic a l  s t a n d  o n  t h e  g o v e r n m e n t ’s b a s ic  r e s p o n s ib i l i ty  f o r  th e  u s e  o f  

t h e  W a lc h e n s e e :  I t  w as  a la r g e ,  s c a r c e ,  a n d  n e a r ly  u n i q u e  s la te  re s o u rc e ,  

a n d  n a t u r e ’s b o u n ty  s h o u ld  b e n e f i t  a ll o f  ( h e  p e o p le .  T h e  u n d e v e lo p e d  

r e g io n ,  th e  i s o la te d  f a r m e r ,  th e  s m a ll  a r t i s a n ,  a s  w ell a s  h e a v y  in d u s t r y ,  

s h o u ld  b e n e l i l  I r o rn  th e  W a lc h e n s e e ,  e v e n  t h o u g h  h e a v y  i n d u s t r y  c o u ld  

m o r e  e a s i ly  ju s t ify  c o s tly  t r a n s m is s io n  a n d  d i s t r i b u t i o n  fa c il i t ie s  b e c a u s e  o f  

its  h ig h  a n d  c o n c e n t r a t e d  lev e l o f  c o n s u m p t io n  o f  e le c t r ic i ty .27

1 h e  p r o s p e c t  o r  W a lc h e n s c e w e r k  a ls o  r a is e d  th e  is s u e  o f  e n v i r o n m e n ta l

m  Slrnog raphischrs I lfr ic lit  iibrr d ir  V n b a n d ln n g r n  drr  Ka m m rr dr r Rrichsralr  drs bayrrischrn 

L a nd ta g« ,  IH M nrcli 1(110, p. 123; .30 J u n e  1910. p. 31 4 ; a n d  9 A u gu st 1910, pp . 542 -43 . 
I licsc re fe re n c e s  a re  lo  d ie  d a te s  o f  von M ille r's  a d d re sses ; th e  p a g e  n u m b e rs  a re  fo r d ie  

respectiv e  vo lu m es in w hich d ie  sp e ec h es a p p e a r .

” lh id „  18 M arch  1910 , p. 123; 31 May 1912 , p p . 8 8 -8 9 ; 1.3 J u n e  1914 . p p . 322. 324.
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a e s th e t ic s  o r  a m e n i t ie s .  T h e  r i s e  a n d  fa ll o f  th e  W a lc h c n s e e  a c c o r d in g  to  

s e a s o n  a n d  d e m a n d  f o r  e le c t r ic i ty  m ig h t  f lo o d  th e  s h o r e l in e  v e g e ta t io n  a t  

l im e s  a n d  lay  b a r e  u n s ig h t ly  la k e  s h o r e s  a t  o th e r s .  D e e p ly  a t t a c h e d  to  th e  

A lp in e  l a n d ,  t h e  B a v a r ia n s  d id  n o t  la k e  th is  c o n s id e r a t io n  l ig h tly .  V o n  

M ille r  a n d  o t h e r s  in v o lv e d  in  p la n n i n g  th e  W a lc h e n s e e  p r o je c t  c o u n t e r e d  

w ith  a n  a g r e e m e n t  to  r e s t r ic t  t h e  v a r ia t io n  o f  w a te r  le v e l to  s p e c i f ie d  l im its . 

T h i s  r e s t r i c t io n  w o u ld  im p o s e  l im i ta t io n s  o n  w a te r  s to r a g e  a n d  p o w e r  u t i ­

l iz a t io n .  In  B a v a r ia ,  h o w e v e r ,  “ t r a d e - o f f s ” b e tw e e n  e n v i r o n m e n t  a n d  e c o n ­

o m y  w e re  m a t t e r s  o f  p o lic y ;  e v e n  th e  1 9 0 9  in t e r n a t i o n a l  c o m p e t i t io n  f o r  

d e s ig n s  f o r  th e  W a lc h e n s e e  h a d  s p e c i f ie d  a s  a  p r im e  d e s i d e r a t u m  t h e  p r e s ­

e r v a t io n  o f  th e  r e g i o n ’s n a i u r a l  b e a u ty .  V o n  M ille r  a ls o  a s s u r e d  t h e  m e m ­

b e r s  o f  P a r l i a m e n t  th a t  th e  le v e ls  o f  t h e  s t r e a m s  a n d  r iv e r s  f e e d i n g  th e  

W a lc h e n s e e  w o u ld  b e  m a in ta in e d .

A r t is ts ,  e s p e c ia lly ,  f e a r e d  th a t  t h e  W a lc h e n s e e w e rk  w o u ld  m a r  a  b e a u t i f u l  

l a n d s c a p e .  V o n  M ille r  a r g u e d ,  h o w e v e r ,  t h a t  th e y  s h o u ld  b e  m o r e  c o n ­

c e r n e d  a b o u t  t h e  p r o l i f e r a t i n g  a u to m o b i l e  t h a n  a b o u t  th e  W a lc h e n s e e w e rk .  

A lr e a d y ,  h e  a s s e r t e d ,  t h e  a u t o  h a d  m a d e  t h e  A lp s  s m o k y  a n d  n o is y ;  f u r ­

t h e r m o r e ,  h e  in s is te d ,  a u to m o b i le s ,  u n l ik e  p o w e r  p la n t s ,  d id  n o t  c o n t r i b u t e  

to  e c o n o m ic  d e v e lo p m e n t .  ( I n  1 9 1 2  t h e  l u x u r y  p a s s e n g e r  a u to m o b i l e — n o t  

th e  t r u c k  o r  th e  c o m m u t e r ’s sm a ll  c a r — d o m i n a t e d  t h e  s c e n e .)  E le c tr ic  m o ­

to r s  a n d  t r a in s  p o w e r e d  b y  th e  s m o k e le s s  W a lc h e n s e e w e rk  w e re  p r e f e r a b le ,  

h e  in s is te d ,  to  c o a l - f i r e d  s te a m  e n g in e s  a n d  in te r n a l - c o m b u s t io n  m o to r s .

E le c t r i f ic a t io n  o f  t h e  r a i lw a y s  w as  a n o t h e r  i s s u e  r a is e d  d u r i n g  d is c u s s io n  

o f  th e  W a lc h e n s e e  p r o je c t .  S u p p ly  o f  e le c t r ic i ty  to  t h e  ra i lw a y s  in  U p p e r  

B a v a r ia  w as , f o r  s o m e ,  j u s t i f i c a t io n  f o r  th e  in v e s tm e n t  o f  s t a t e  f u n d s  in  th e  

W a lc h e n s e e w e rk .  T h e  ra i lw a y s  o f  B a v a r ia ,  s t e a m - d r iv e n  a t  th e  t im e ,  w e r e  

s l a t e  o w n e d  a n d  o p e r a t e d .  S in c e  c o a l  w as  a  s c a r c e  r e s o u r c e ,  t h e  M in is try  

o f  T r a n s p o r t a t i o n  c o n s id e r e d  W a lc h e n s e e  p o w e r  d e s i r a b le  o n  e c o n o m ic  

g r o u n d s  (w h i le  c o a l  w o u ld  r e p la c e  b la c k ) . F u r t h e r m o r e ,  S w itz e r la n d ,  I ta ly , 

a n d  o t h e r  p a r t s  o f  G e r m a n y  h a d  t e s te d  a n d  p r o v e n  ra i lw a y  e le c t r i f ic a t io n .  

A n  in te r e s t i n g  c o m p l ic a t io n ,  h o w e v e r ,  w as  th a t  th e  m i l i ta r y  o p p o s e d  m a in ­

l in e  r a i lw a y  e le c t r i f i c a t io n  in  B a v a r ia .28 I t  f e a r e d  th a t  c o n c e n t r a t i n g  p o w e r  

g e n e r a t io n  in  a  s in g le  p la n t ,  lik e  th e  W a lc h e n s e e w e rk ,  r a t h e r  th a n  w id e ly  

d i s p e r s in g  it  in  m a n y  lo c o m o tiv e s ,  w o u ld  g r e a t ly  h e ig h te n  th e  v u ln e ra b i l i ty  

o f  v ita l t r a n s p o r t a t i o n  lin k s .

R i t t e r  v o n  M a ffe i ,  a  lo c o m o t iv e  b u i ld e r  w ith  a s e a t  in  th e  u p p e r  h o u s e  

o f  P a r l i a m e n t ,  a r g u e d  a g a in s t  th e  c o n s t r u c t io n  o f  th e  W a lc h e n s e e w e rk  as 

a  s o u r c e  o f  p o w e r  f o r  ra i lw a y  e le c t r i f ic a t io n .  H e  a c k n o w le d g e d  th a t  s te a m  

ra ilw a y s  w e re  b e in g  e le c t r i f i e d  in  th e  U n i te d  S ta te s ,  b u t  h e  a r g u e d  th a t  

A m e r ic a  c o u ld  b e t t e r  a f f o r d  m is c a lc u la t io n s  th a n  B a v a r ia  c o u ld .  V o n  M ille r ,  

w h o  h a d  m a d e  a  t o u r  o f  t e c h n o lo g y  in  A m e r ic a  a n d  h a d  fo llo w e d  c lo se ly  

t h e  r a p id  d e v e l o p m e n t  o f  e le c t r ic i ty  th e r e ,  p o in te d  o u t  th a t  A m e r ic a  w as  

in d u s t r i a l ly  s t r o n g  b e c a u s e  s h e  d id  b o ld ly  e x p lo i t  h e r  n a tu r a l  r e s o u rc e s ,  

lik e  th e  w a te r  p o w e r  a t  N ia g a r a  ( 3 0 0 ,0 0 0  h .p .  c o m p a r e d  to  th e  6 0 ,0 0 0  h .p .  

a n t i c ip a te d  a t  th e  W a lc h e n s e e ) .  " A m e r ic a  w as n o t  c r e a te d  by  G o d — n o r  

s im p ly  b y  s te a m  e n g in e s ,"  v o n  M ille r  q u ip p e d  to  h is  m o r e  c o n s e rv a t iv e  

p e e r s .29

»"Ib id ., 9  A u gu st 1910, p p . 5 4 3 -4 5 ; 31 M;iy 1912, p. 90.

m  Ib id .,  31 M ay 1912, p p . H 9-90.
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D e s p i te  th e  M in is t ry  o f  I n t e r i o r ’s u l t im a te  a d v o c a c y  o f  a  c o h e r e n t  B a ­

v a r ia n  s y s te m  b a s e d  o n  v o n  M il le r ’s p r o p o s a l s ,  a n d  d e s p i t e  th e  l e g i s l a tu r e ’s 

a p p r o v a l  o f  t h e  W a lc h e n s e e  p r o je c t  in  p r in c ip le ,  c o n s t r u c t io n  o n  n e i t h e r  

th e  s ta t io n  n o r  th e  B a y e r n w e r k  g r id  b e g a n  b e f o r e  t h e  o u t b r e a k  o f  W o r ld  

W a r  I in  1 9 1 4 . V o n  M il le r ’s f o r e b o d i n g  p r o v e d  c o r r e c t ;  p r iv a te  e n t e r p r i s e  

a n d  lo ca l g o v e r n m e n t  c o n t i n u e d  to  b u i ld  s m a ll  e le c t r ic a l  s u p p ly  sy s te m s  

a n d  in  so  d o i n g  m a d e  e v e n tu a l  c o o r d i n a t i o n  in c r e a s in g ly  d i f f ic u l t .  D is s e n ­

s io n  w i th in  t h e  g o v e r n m e n t  a n d  in  th e  le g i s l a tu r e  f r u s t r a t e d  th e  a d o p t io n  

o f  in t e r im  le g is la t io n  s t r o n g  e n o u g h  to  p r e v e n t  t r o u b le s o m e  v a r i a t io n s  in  

th e  c h a r a c te r i s t i c s  o f  s u p p ly  a n d  a  d u p l i c a t i o n  o f  fa c il i t ie s .  D e s p i te  p a s s a g e  

o f  a  1 9 1 3  law  d e s i g n e d  to  r e g u l a t e  n a t u r a l  m o n o p o l i e s ,  d i s o r d e r l y  g r o w th  

c o n t i n u e d . 30

T h e  e x ig e n c ie s  a n d  t r ib u l a t i o n s  o f  w a r  d id  n o t  c a u s e  v o n  M ille r  to  w a v e r  

in  h is  d e t e r m i n a t i o n  to  o r g a n i z e  B a v a r i a n  e l e c t r i c  s u p p ly ,  h o w e v e r .  H e  

v o l u n t e e r e d  h is  p r o f e s s io n a l  s e rv ic e s  f o r  d e v e l o p i n g  d e ta i l e d  p la n s  a n d  

s p e c i f ic a t io n s  f o r  t h e  s y s te m , s u b m i t t i n g  t h e  p la n  f o r  t h e  W a lc h e n s e e w e r k  

in  1 9 1 5  a n d  t h a t  f o r  th e  B a y e r n w e r k  in  t h e  s p r i n g  o f  1 9 1 8 . H e  e n v is a g e d  

t h e  W a lc h e n s e e w e r k  a n d  B a y e r n w e r k  a s  p r o je c t s  to  b e  p u r s u e d  a t  w a r ’s 

e n d ,  w h e n  r e t u r n i n g  s o ld ie r s  a n d  r e l e a s e d  i n d u s t r y  c o u ld  s t im u la te  e c o ­

n o m ic  r e c o v e r y .  V o n  M il le r ’s v is io n  a n d  c o m m i t m e n t  t r a n s c e n d e d  im m e ­

d i a t e  c i r c u m s ta n c e  a n d  d e m a n d .  T h e  p r o p o s a l  h e  a d d r e s s e d  to  t h e  B a v a r ia n  

M in is t ry  o f  t h e  I n t e r i o r  in  O c t o b e r  1 9 1 5  r e v e a le d  a  c o n t i n u i n g  p r e o c c u ­

p a t io n  w ith  t h e  u l t im a te  g o a l  o f  a  u n i f i e d  B a v a r ia n  e l e c t r i c  s u p p ly  s y s te m .31

O n ly  tw o  o f  t h e  n in e  s e c t io n s  o f  t h e  W a lc h e n s e e w e r k  p r o p o s a l  d e a l t  w ith  

th e  W a lc h e n s e e  p r o je c t  p e r  se ; t h e  o t h e r s  p e r t a i n e d  to  t h e  h y d r o e le c t r i c  

p r o je c t  a s  a  c o m p o n e n t  o f  t h e  B a y e r n w e r k .  T h e  t e c h n ic a l  c h a r a c t e r  o f  th e  

in s ta l la t io n  w a s  d e s c r ib e d  s u c c in c tly :  s ix  1 0 ,0 0 0 -h .p .  t u r b i n e s ;  g e n e r a t o r s  

s u p p ly in g  p o ly p h a s e  c u r r e n t ;  a n e a r b y  s w i t c h - a n d - t r a n s f o r m e r  h o u s e  to  

c a r r y  th e  p o w e r  to  t h e  t r a n s m is s io n  l in e s ;  a n d  t h e  v a r io u s  s t r u c t u r e s  n e e d e d  

to  le a d  w a te r  to  a n d  f r o m  t h e  g e n e r a t i n g  p la n t .  T h e  r e p o r t  p r o v id e d  d e ­

t a i le d  i n s t r u c t io n  f o r  m a i n t a i n i n g  t h e  w a te r  le v e l o f  t h e  W a lc h e n s e e  a s  w ell 

as  o f  t h e  r iv e r s  a n d  s t r e a m s  s u p p l y i n g  it . T h i s  r e q u i r e m e n t  n e c e s s i ta te d  

u s in g  th e  W a lc h e n s e e w e r k  d u r i n g  t h e  d a y ,  w h e n  lo a d s  p e a k e d ,  a n d  c o n ­

s e r v in g  its  s t o r e d  w a te r  d u r i n g  t h e  n ig h t  h o u r s ,  w h e n  d e m a n d  fe ll.  V o n  

M ille r  e n v i s a g e d  t h e  W a lc h e n s e e w e r k  a s  a  p e a k - lo a d  p la n t  in  t h e  u n i f i e d  

sy s te m ;  h y d r o e le c t r i c  a n d  c o a l - f i r e d  p la n t s  e l s e w h e r e  in  B a v a r ia  w o u ld  

c a r r y  th e  b a s e  lo a d .32 T h e  o t h e r  h y d r o e le c t r i c  s t a t io n s ,  i n c lu d in g  lo w -h e a d ,  

o r  r u n n i n g - w a t e r ,  p la n t s ,  w o u ld  b e  b u i l t  o n  th e  l s a r  R iv e r  n e a r  M u n ic h .

D e s p i te  t h e  d e v a s t a t i n g  w a r  a n d  a ll t h e  p r e o c c u p a t io n s  a n d  s h i f ts  in  v a lu e s  

c o n s e q u e n t  to  it, O s k a r  v o n  M ille r  still  m a n a g e d  to  b r i n g  t h e  B a v a r ia n  

P a r l i a m e n t  to  c o n s id e r  a n d  a c t  fa v o ra b ly  o n  h is  p la n s .  C o m p le te d  in  M a rc h  

1 9 1 8 , th e  B a y e r n w e r k  p r o p o s a l  w as  a p p r o v e d  b y  b o th  h o u s e s  in  J u n e ,  o n ly

" I b i d . ,  13 J u n e  1914, pp . 3 2 2 -2 4 .

51 Vorschliige (Us H errn  O skar  von  M il le r in M iin rh rn  iiber den  A usb au  u n d  die Verwertung  der 
W alclienseekraft an das llo lie  K iinigl. llayer. Sta a lsm inistrrium  des I  m u m ,  M iinc he n , den 9  Oktober 
19 15  (copy in  ih e  lib ra ry  o f  th e  D eu tsch e s M u se u m . M u n ich ). T h e  fif te e n -p a g e  r e p o r t is. 
a m o n g  o th e r  th in g s , a trea tise  o n  th e  e co no m ic s o f  p o w er syste m s. Sec  also, O sk a r  von  M iller, 
"D ie V erw e r tu n g  d c r  W alc h cn se e-W asse rk ra ft fiir e in  H ay c rn w c rk ."  EU klroteehnischr Zeitsehrifl 
37 (1 916): 8 5 -8 9 , 10 2 -5 .

Vorscldiige W alchrnserkrafl, p p . 3 -5 .
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F ig ur e  X I I ,6. P a in tin g  o f  W alchensee a n d  the power pla n t.  1924 . Courtesy o f  the Deutsches M useu m . M unich .

a  few  m o n th s  b e f o r e  th e  a rm is t i c e .33 T h e  B a y e r n w e r k  w as  d e s c r ib e d  a s  a 

r e g io n a l  g r id  o f  t r a n s m is s io n  l in e s  th a t  w o u ld  o p e r a t e  a t  1 0 0 ,0 0 0  v o lts . Its  

ju r i s d i c t i o n  w o u ld  e x te n d  to  (b u t  w o u ld  n o t  in c lu d e )  th e  g e n e r a t i n g  p la n t s  

a n d  d i s t r ib u t io n  s y s te m s  o f  c o n n e c te d  u ti l i t ie s ,  in c lu d in g  th e  W a lc h e n s e e -  

w e r k ,  w h ic h  w a s  d e f i n e d  a s  a  s e p a r a t e  e n t i ty  o w n e d  by  th e  B a v a r ia n  s la te .  

T h e  e x is t in g  u t i l i t ie s  g e n e r a t i n g  a n d  d i s t r ib u t in g  e le c tr ic i ty  w e re  v a r io u s ly  

o w n e d ;  th e  W a lc h e n s e c w e rk  w o u ld  b e  th e  l a rg e s t - c a p a c i ty  g e n e r a t i n g  f a ­

c ility . S te p - u p  t r a n s f o r m e r s  w o u ld  ra is e  th e  v o lta g e s  f r o m  th e  lev e l a t th e  

p o w e r  p la n t s  to  t r a n s m is s io n  v o lta g e ,  a n d  s te p -d o w n  t r a n s f o r m e r s  a t  d i s ­

t r i b u t io n  p o in ts  w o u ld  lo w e r  th e  v o lta g e s  to  4 0 ,0 0 0 -5 0 ,0 0 0  v o lts . I n  th e  

f i r s t  s ta g e  o f  B a y e r n w e r k  d e v e lo p m e n t ,  t h e  1 0 0 ,0 0 0 -v o lt t r a n s m is s io n  l in e s  

w o u ld  e x te n d  1 ,0 2 0  k i lo m e te r s ,  a n d  fo r  6 0 0  k i lo m e te r s  w o u ld  b e  d o u b le .

”  V on M iller, Bayernwerk: Erla uten m gs-Berichl; C . Zell. "1):« H ay c rnw rrk ,"  Elekirotechnische  

Zeitschrift 3<J (1918): 3 0 1 -6 3 .
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F ig u re  X I I .7 .  A pla n  dra w in g o f  the 

W nlchem rcw rrk . From  D rim e , 

D cu tschlancU  G io ssk rn fiv c rso rg u n n , p.

I I S .

F ig u re  X I I .8 . Crass section o f  the 
W alchensee pow er p la nt. Courtesy o f  

B aye m w erk  A C . M u n ich .

" c c o o o ' d l  /
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I n  th e  s e c o n d  s ta g e ,  a t  le a s t  2 5 0  k i lo m e te r s  o f  t r a n s m is s io n  l in e  w o u ld  b e  

a d d e d .  W h e n  c o m p le te ,  t h e  t r a n s m is s io n  s y s te m  w o u ld  ta k e  (h e  f o r m  o f  a 

r in g ;  th is ,  v o n  M ille r  e x p la in e d ,  w o u ld  e n s u r e  t h a t  d i s t r ib u t io n  c e n te r s  

a lo n g  it w o u ld  re c e iv e  s u p p ly  f r o m  tw o  s i d e s . ^  S u c h  a n  a r r a n g e m e n t  w o u ld  

g r e a t ly  in c r e a s e  th e  r e l ia b il i ty  o f  t h e  s y s te m  a t  a l im e  w h e n  l a r g e - a r e a  s u p p ly  

s y s te m s  w e r e  s till p r o n e  to  in s ta b il i ty  a n d  l ig h tn in g  d a m a g e .

In  o r d e r  to  d e t e r m i n e  th e  o v e ra l l  c a p a c i ty  o f  th e  s y s te m , v o n  M ille r  h a d  

to  a n t i c ip a te  d e m a n d .  B e c a u s e  c r i t ic s  o f  th e  B a y e r n w e r k  ( a n d  t h e  W a l ­

c h e n s e e w e r k )  h a d  in s is te d  th a t  th e  m a r k e t  f o r  t h e  s y s te m  w o u ld  b e  in s u f ­

f ic ie n t ,  h e  r e s o r t e d  to  a d e ta i l e d  a n a ly s is ,  o r  m o d e l ,  o f  e c o n o m ic  d e v e l ­

o p m e n t  in  B a v a r ia .  T h e  B a v a r ia n  D e p a r t m e n t  f o r  W a te r p o w e r  U t i l iz a t io n  

a n d  E le c tr ic i ty  S u p p ly  h e lp e d  b y  c i r c u la t in g  a  q u e s t i o n n a i r e  d e s ig n e d  to  

a llo w  fo r e c a s t in g  o f  lo a d  d e m a n d  in  v a r io u s  s e c to r s  o f  th e  B a v a r ia n  e c o n ­

o m y . V o n  M il le r ’s  a n a ly s is  o f  th is  d a ta  e n a b le d  h im  to  a n t i c ip a te  n o t  o n ly  

t h e  s y s te m ’s to ta l  lo a d  b u t  a ls o  th e  m o s t  a p p r o p r i a t e  lo c a t io n s  f o r  th e  d i s ­

t r ib u t i o n  p o in ts ,  o r  lo a d  c e n te r s ,  w h e r e  t r a n s f o r m e r s  a n d  s w itc h e s  w o u ld  

c a r r y  th e  e le c t r ic i ty  f r o m  th e  t r a n s m is s io n  r in g  in to  th e  lo w e r -v o l ta g e  d i s ­

t r i b u t io n  s y s te m s .35

V o n  M ille r  a ls o  h a d  to  in t e g r a t e  th e  e x is t in g  e q u i p m e n t  o f  th e  c o o p e r ­

a t in g  u ti l i t ie s  in to  th e  o v e ra l l  s y s te m  o f  g e n e r a t io n ,  t r a n s m is s io n ,  a n d  d i s ­

t r ib u t io n .  A s  h e  h a d  a n t i c ip a te d ,  th e  p r o b le m  h a d  b e e n  c o m p l ic a te d  b y  th e  

c o n s t r u c t io n  o f  d is s im i la r  lo ca l s y s te m s  o f  s u p p ly .  L ik e  o t h e r  e n g in e e r s  w h o  

w e r e  in t e g r a t i n g  s m a ll  s y s te m s  in to  l a r g e r  o n e s  a f t e r  th e  w a r ,  v o n  M ille r  

u t i l iz e d  c o u p l in g  a p p a r a t u s ,  s u c h  a s  r o ta r y  c o n v e r t e r s  (a .c .-d .c .) .  H e  d id  

n o t  e l im in a te  d iv e r s i ty  by  m a k in g  a  h o m o g e n iz e d  s y s te m ; h e  s y s te m a tic a lly  

m a in ta in e d  a n d  l in k e d  d iv e r s e  e le m e n ts .  W h e n  d e c id in g  w h ic h  o f  t h e  e x ­

is t in g  g e n e r a t i n g  p la n t s  a n d  d i s t r ib u t io n  l in e s  to  in c lu d e  in  th e  g r id ,  h e  

g e n e r a l ly  c h o s e  t h e  m o s t  e f f i c i e n t  o n e s .  A d a p ta b i l i ty  to  th e  B a y e r n w e r k  

w o u ld  b e  th e  g o v e r n i n g  c o n s id e r a t io n  b e h in d  a n y  d e c is io n  to  c o n s t r u c t  n e w  

p la n t s  a n d  d i s t r ib u t io n  s y s te m s .36

In  t h e  s e c t io n  o f  h is  p r o p o s a l  r e g a r d i n g  t h e  c o r p o r a t e  s t r u c t u r e  o f  th e  

B a y e r n w e r k ,  v o n  M ille r  s u g g e s te d  a n  o w n e r s h ip  c o m p r o m is e .  H e  r e c o m ­

m e n d e d  a  m ix e d - e n t e r p r i s e  c o r p o r a t io n :  51 p e r c e n t  o w n e r s h ip  b y  th e  s ta te  

(B a v a r ia )  a n d  4 9  p e r c e n t  o w n e r s h ip  by  th e  v a r io u s  u t i l i t ie s  ( lo c a l -g o v e rn -  

m e n t  a n d  p r iv a te )  th a t  w e re  to  b e  i n te g r a te d  in to  th e  sy s te m . H e  a lso

r e c o m m e n d e d  th a t  t h e  s ta le  o f  B a v a r ia  s h o u ld  h a v e  a  m a jo r i ty  o n  th e

B a y e r n w e r k  A u fs ic h ls r a t  ( a d v is o ry  c o m m it te e ) .  S u c h  a n  o w n e r s h ip  s t r u c t u r e  

w o u ld ,  h e  b e l ie v e d ,  p r o v id e  th e  a d v a n ta g e s  o f  b u s in e s s ,  o r  c o r p o r a t e ,  o r ­

g a n iz a t io n  a n d  m a n a g e m e n t ,  a n d  w o u ld  a lso , t h r o u g h  g o v e r n m e n t  in v o lv e ­

m e n t ,  p r o te c t  t h e  g e n e r a l  in te r e s t s  o f  th e  p e o p le ,  e s p e c ia lly  th e  in t e r e s t s  

o f  B a v a r ia n s  l iv in g  in  r u r a l  a r e a s  w h e r e  t h e r e  w as  l i t t le  e le c tr ic i ty  o r  w a te r  

p o w e r .  H e  p r e d ic te d  th a t  th e  B a y e r n w e r k  w o u ld  b e  c o m p le te d  w i th in  tw o  

o r  t h r e e  y e a r s  a f t e r  th e  w a r  a n d  th a t  it w o u ld  p r o m o te  p o s tw a r  e c o n o m ic  

d e v e l o p m e n t .37
I n  h is  r e p o r t ,  v o n  M ille r  r e i t e r a te d  th e  e c o n o m ic  p r in c ip le s  o f  la rg e ,

33 V on M iller, Ba ye m we rk: Erla uterun fp -B rrich t, pp . 1 -3 . a n d  a p p e n d ix , item s 6 -9 .

50 Ib id ., p . 2, a n d  a p p e n d ix , ite m s 1-5.

“ Ib id ., p . 4 , a n d  a p p e n d ix , item s 10-11 .

37 Ib id ..  pp . 17 -1 8 .
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i n t e r c o n n e c t e d  s y s te m s .  H e  p r e d i c t e d  t h a t  in t e r c o n n e c t io n  w o u ld  p e r m i t  

h y d r o e le c t r i c  p la n t s  to  c a r r y  8 0  p e r c e n t ,  a n d  s te a m  p la n t s  2 0  p e r c e n t ,  o f  

t h e  a n n u a l  lo a d  o n  th e  B a y e r n w e r k ;  i f  t h e  s a m e  p la n t s  w e re  n o t  in t e r c o n ­

n e c te d ,  t h e  s te a m  p la n t s  w o u ld  h a v e  lo  c a r r y  4 0 - 4 5  p e r c e n t  o f  th e  to ta l .  

I n  c o a l - p o o r  B a v a r ia  th i s  w a s  a  m a jo r  c o n s id e r a t io n .  V o n  M ille r  a ls o  s t r e s s e d  

t h a t  in t e r c o n n e c t i o n  w o u ld  p e r m i t  j u d i c i o u s  u s e ,  o r  s c h e d u l in g ,  o f  h y ­

d r o e le c t r i c  p la n t s  o n  a  d a i ly  a n d  s e a s o n a l  b a s is , s o  t h a t  lo w -h e a d  h y d r o ­

e le c t r ic  p la n t s  c o n n e c t e d  to  t h e  g r id  w o u ld  c a r r y  a  h e a v y  lo a d  w h e n  r iv e r s  

a n d  s t r e a m s  r a n  fu l l  a n d  a  l ig h t  lo a d  in  w in te r  w h e n  s c a n t  r a in f a l l  a n d  ice 

p r e v e n t e d  u t i l iz a t io n .  T h e  W a lc h e n s e e - s to r e d  w a te r  w o u ld  b e  u s e d  f o r  p e a k  

lo a d s .  C o a l - f i r e d  p la n t s  c o n n e c te d  to  t h e  s y s te m  w o u ld  b e  d r a w n  u p o n  

h e a v ily  w h e n  th e  lo w - h e a d ,  o r  r u n n i n g - w a t e r ,  h y d r o e le c t r i c  p la n t s  a n d  th e  

W a lc h e n s e e w e r k  w e re  s h o r t  o f  w a te r .  I n  s u m m a r y ,  a s  v a r y in g  c o n d i t io n s  

o f  s u p p ly  a n d  d e m a n d  d ic t a te d ,  t h e  lo w -h e a d  p la n t s  w o u ld  c a r r y  t h e  b a s e  

lo a d  o f  t h e  s y s te m , t h e  W a lc h e n s e e  w o u ld  c a r r y  m o s t  o f  t h e  p e a k  lo a d s ,  

a n d  t h e  e f f i c i e n t  c o a l - f i r e d  p la n t s  w o u ld  c a r r y  t h e  r e m a i n d e r .  T h e  s a v in g s  

r e s u l t in g  f r o m  th is  ty p e  o f  lo a d  m a n a g e m e n t  w o u ld  b e  s u b s ta n t i a l .38

In  h is  n i n e t e e n - p a g e  r e p o r t ,  w h ic h  w a s  a c c o m p a n ie d  b y  t h i r ty - o n e  p a g e s  

o f  h ig h ly  d e ta i le d  a n d  in fo rm a t iv e  ta b le s  a n d  g r a p h s ,  v o n  M ille r  a lso  p o in te d  

o u t  t h a t  t h e  s u m  o f  t h e  p e a k  lo a d s  in  t h e  s y s te m  w o u ld  b e  le ss  t h a n  th e  

s u m  o f  t h e  p e a k  lo a d s  o f  t h e  v a r io u s  p a r t i c i p a t i n g  p la n t s  i f  th o s e  p la n ts  

r e m a i n e d  o u t s i d e  t h e  s y s te m . T h e  r e s u l t  w o u ld  b e  le ss  in s ta l le d  c a p a c ity  

a n d  le s s  n e e d  f o r  r e s e r v e  a s  w ell. S in c e  t h e  e le c t r ic a l  s u p p ly  in d u s t r y  is a 

c a p i t a l - in t e n s iv e  o n e ,  th is  w o u ld  m e a n  a  s u b s ta n t i a l  r e d u c t i o n  in  u n i t  c o s ts . 

T h e  r e p o r t  a ls o  s h o w e d  t h a t  t h e  r u r a l  a n d  m o r e  n o r t h e r l y  r e g io n s  o f  B a ­

v a r ia  w o u ld  g e n e r a l ly  d e m a n d  m o r e  f r o m  a n d  s u p p ly  le ss  to  t h e  s y s te m  

t h a n  M u n ic h  a n d  t h e  o t h e r  u r b a n  a r e a s  w h e r e  e le c t r ic a l  s u p p ly  w as  a l r e a d y  

w ell d e v e lo p e d .  V o n  M ille r 's  c o m m i t m e n t  to  r u r a l  e l e c t r i f i c a t io n ,  e v e n  i f  it 

m e a n t  s u b s id iz a t io n ,  w as  o b v io u s .39

W ith in  tw o  w e e k s  o f  t h e  a r m is t ic e ,  v o n  M ille r  a n n o u n c e d  t h a t  h e  w as  

p r e p a r e d  to  s u p e r v i s e  c o n s t r u c t i o n  o f  t h e  W a lc h e n s e e w e r k  a n d  t h e  B a y ­

e r n w e r k .  H e  in s is te d  th a t  th e s e  p r o je c t s  n o t  o n ly  w o u ld  p r o v id e  w o rk  f o r  

r e t u r n i n g  s o ld ie r s ,  b u t  w o u ld  a ls o ,  a t  a  l im e  o f  so c ia l  u n r e s t ,  d r a w  t o g e t h e r  

v a r io u s  c la s s e s  in  s u p p o r t  o f  a  c o m m o n  c o n s t r u c t iv e  e n d e a v o r .  H e  a d v e r ­

t i s e d  f o r  w o r k e r s  f o r  th e  W a lc h e n s e e w e r k ;  b e g a n  to  a s s e m b le  c o n s t r u c t io n  

e q u i p m e n t  a t  t h e  s i te ;  a n d  s u p e r v i s e d  t h e  s t a r t  o f  c o n s t r u c t io n  b y  c o n t r a c ­

t o r s  a t  t h e  W a lc h e n s e e  ( se c  F ig . X I 1.9). F o r  th e  B a y e r n w e r k ,  h e  c o n c lu d e d  

c o n t r a c t s  w ith  e le c t r ic a l  m a n u f a c t u r e r s  f o r  h ig h - v o l t a g e  t r a n s m is s io n  to w ­

e r s ;  f in i s h e d  s u r v e y in g  a n d  m a d e  d e ta i l e d  d r a w in g s ;  a n d  p r o p o s e d  p la n s  

f o r  t h e  h ig h - v o l t a g e  t r a n s f o r m e r  s t a t io n s . '10

O n  2 2  J a n u a r y  1 9 1 9  I n t e r i o r  M in is te r  E r h a r d  A u e r  o f  B a v a r ia ’s n e w  

g o v e r n m e n t  n a m e d  v o n  M ille r  t h e  S ta a tsk o m m issa r  ( s ta le  c o m m is s io n e r )  f o r  

th e  W a lc h e n s e e w e r k .  B e c a u s e  t h e  g o v e r n m e n t  w as  a  r e p u b l i c a n  o n e ,  r e ­

p l a c in g  th e  W it te ls b a c h  d y n a s ty  a n d  th e  c o n s e r v a t iv e  w a r t im e  m in is te r ia l  

g o v e r n m e n t ,  v o n  M il le r ’s c o n s e r v a t iv e  f r i e n d s  a n d  a s s o c ia te s  l a m e n te d  h is

’" Ib id ..  p p . 5 - 7 .  a n d  a p p e n d ix , iicm s 12 -29 .

’" Ib id .,  p p . 2. 8 - 9 ,  a n d  a p p e n d ix , ite m s I I .  12. 18. a n d  25.

<w K risti. D er weiss-blaue Despot, pp . 185. 198; F.lehtrotechnische Ze itschrift 40  (1919): 303; ibid. 
41 (1 920): 277 .
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a s s o c ia t io n  w ith  i t .41 T h e  n e w  g o v e r n m e n t ’s a b il i ty  to  a c t d e c is iv e ly  a n d  

e x p e d i t io u s ly  in  m a t t e r s  c o n c e r n i n g  t h e  B a y e r n w e r k  a n d  W a lc h e n s e e w e r k ,  

h o w e v e r ,  w as  t h e  c r i t e r i o n  b y  w h ic h  v o n  M ille r ,  t h e  e n g i n e e r ,  ju d g e d  it. 

H e  h a d  s u r v iv e d  y e a r s  o f  d e la y  c a u s e d  in  p a r t  by  d iv id e d  m in i s t r i e s  a n d  

c o n f l i c t in g  p a r l i a m e n t a r y  in te r e s t s .  A g o v e r n m e n t  t h a t  w as  a b le  to  e x e rc is e  

p o w e r  in  s u p p o r t  o f  e n g i n e e r i n g  p ro je c t s  in  a  t im e  o f  s o c ia l t u r b u l e n c e  a n d  

e c o n o m ic  c o n f u s io n  w as  a n  o b v io u s  a lly  f o r  v o n  M ille r .

V o n  M ille r  n e e d e d  t h e  a u t h o r i t y  o f  h is  p o s i t io n  a s  c o m m is s io n e r  in  o r d e r  

to  o r g a n iz e  a n d  m a n a g e  t h e  p r o je c ts .  H e  w as  u n w il l in g  to  e n t r u s t  t h e  s u c c e s s  

o f  h is  h ig h ly  t e c h n ic a l  e n t e r p r i s e s  to  t h e  a d v ic e  a n d  d i r e c t iv e s  o f  p e r s o n s  

h e  c o n s id e r e d  to  b e  u n in f o r m e d — p o litic ia n s , b u re a u c ra ts ,  a n d  h a s tily  f o rm e d  

c o m m i t t e e s  a c t in g  o n  t h e  b a s is  o f  m a jo r i ty  r u le .  H is  a p o l i t ic a l  a l t i t u d e  a n d  

p o l ic ie s  e l ic i te d  c r i t ic is m  a n d  o p p o s i t io n  d u r i n g  h is  f ir s t  y e a r  a s  c o m m is ­

s io n e r .  S o m e  a r g u e d  th a t  t h e  s t a l e  c o m m is s io n e r  a n d  th e  m a n a g e r  o f  th e  

p ro je c t s  s h o u ld  n o t  b e  t h e  s a m e  p e r s o n ;  f o r  e c o n o m ic  a n d  a e s th e t i c  r e a s o n s ,  

o t h e r s  p r o p o s e d  d i f f e r e n t  r o u te s  f o r  th e  t r a n s m is s io n  lin e s ;  still  o t h e r s  

b e l ie v e d  v o n  M il le r  w as  to o  c a u t io u s  a n d  e x t r a v a g a n t  in  t h e  m e a s u r e s  h e  

to o k  to  e n s u r e  t h e  re l ia b i l i ty  o f  t h e  s y s te m  a n d  th e  la r g e  g e n e r a t i n g  c a p a c i ty  

o f  t h e  B a y e r n w e r k .  A t t h e  s a m e  t im e ,  t h e r e  w e r e  d i r e  p r e d ic t io n s  o f  f a i lu r e  

f o r  t h e  c o m p le x  p ro je c t .  T h e r e  w e r e  a ls o  th o s e  w h o  b e lie v e d  v o n  M ille r  

w as  a c t in g  w i th o u t  a d e q u a t e  p r o f e s s io n a l  c o n s u l t a t io n  a n d  a d v ic e  f r o m  

o t h e r s .42

11 K risti. D er weiss-lilaue Despot, p. 184; W. von M iller, O skar von M iller , p. 94 .

'IJ T o  e x p la in  h is  po licie s, von M ille r w ro te  a le ng th y  le tte r  on  18 N o v em b er 1919 to  M in ister 
o f  I n te r io r  F ritz  lin d rc s . T h e  le tte r  in c lud es a su m m ary  h isto ry  o f  th e  tw o p ro jec ts . It is q u o te d  
at le n g th  in K risti,  D er weiss-btaue D espot, pp . l9.r>-99; see especia lly , pp . 1 95-96 .
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In  v o n  M ille r 's  o p i n i o n ,  m u c h  o f  th e  c r i t ic is m  w a s  u n i n f o r m e d  o r  r e p ­

r e s e n te d  th e  v iew s o f  p e r s o n s  w ith  s p e c ia l  i n t e r e s u .  T o  th o s e  w h o  th o u g h t  

h im  u n r e s p o n s iv e  to  s u g g e s t io n s ,  h e  p o in te d  o u t  t h a t  h e  o f t e n  c o n s u l t e d  

tw o  d i s t in g u i s h e d  e le c t r ic a l  e n g i n e e r s ,  P r o f e s s o r s  H . P r in z  a n d  W a ld e m a r  

P e te r s o n .  H e  a s s u r e d  th o s e  w h o  s u p p o r t e d  h im  t h a t  f o r ty  y e a r s  o f  p r e s id in g  

o v e r  in n o v a t io n s  h a d  t a u g h t  h im  t h a t  d o u b u  a n d  c r i t ic is m  w e re  in e v i ta b le ,  

b u t  t h a t  th e y  u s u a l ly  p r o v e d  to  b e  e x a g g e r a t e d .  H e  h a d  f o u n d  t h a t ,  a l ­

t h o u g h  u n f o r e s e e n  d i f f i c u l t i e s  u s u a l ly  a r o s e ,  th e  e x p e r i e n c e d  i n n o v a to r  

g e n e r a l ly  r e s p o n d e d  r e s o u r c e f u l ly .43 H e  s h o u l d  h a v e  a d d e d  t h a t  a n  e n t r e ­

p r e n e u r  w ith  h is  c o m m i t m e n t  a n d  d o g g e d  p e r s e v e r a n c e  o f t e n  o u t l a s t e d  a n  

o p p o s i t io n  t h a t  w as  n o t  w o n  o v e r  b y  p e r s u a s io n  o r  o v e r w h e lm e d  b y  m o ­

m e n t u m .

B y t h e  e n d  o f  1 9 1 9 , h o w e v e r ,  h a r a s s e d  b y  h is  o p p o n e n u  a n d  w i tn e s s in g  

t h e  e r o s io n  o f  h is  a u t h o r i t y ,  v o n  M il le r  w as  r e a d y  to  r e s ig n .  H e  d id  n o t  d o  

so , h o w e v e r ,  b e f o r e  c a l l in g  to  th e  g o v e r n m e n t ’s a t t e n t i o n  h is  a c h ie v e m e n u  

in  t h e  fa c e  o f  m a n i f o ld  d i f f ic u l t ie s .  H e  h a d  e n g a g e d  in  m o n t h - l o n g  n e ­

g o t i a t io n s  o v e r  c o n t r a c t s  a n d  ta r i f f s ;  b r o u g h t  a b o u t  a g r e e m e n t s  a m o n g  s u c h  

d iv e r s e  i n t e r e s t s  in  e le c t r ic  l ig h t  a n d  p o w e r  a s  t h e  s t a t e ,  c i t ie s , r u r a l  g o v ­

e r n m e n t a l  a u t h o r i t i e s ,  a n d  p r iv a te  e n t e r p r i s e ;  a n d  h e  h a d  m a in ta in e d  th e  

s u p p o r t  o f  t h e  le g i s l a tu r e .  H e  i n f o r m e d  t h e  m in i s t e r  o f  i n t e r i o r  t h a t  w i th o u t  

p o w e r  c o m m e n s u r a t e  w ith  h is  r e s p o n s ib i l i ty ,  h e  w o u ld  h a v e  to  c o n s id e r  

r e s i g n a t i o n .44

V o n  M il le r  d i d  n o t  r e s ig n  p r e c ip i t a t e ly .  H e  h e ld  o n  to  h is  p o s i t io n  as 

c o n s t r u c t io n  o n  b o th  p r o je c t s  p r o g r e s s e d ,  b u t  in  t h e  s p r i n g  o f  1921 h e  

f in a lly  r e s ig n e d  a s  s t a t e  c o m m is s io n e r .  A n  i m m e d ia te  c a u s e  f o r  h is  w i th ­

d r a w a l  w as  t h e  f a i lu r e  o f  t h e  g o v e r n m e n t  to  s u p p o r t  h is  p o s i t io n  in  a 

d i s a g r e e m e n t  w ith  a  c o n s o r t iu m  o f  B a v a r i a n  c it ie s  a n d  s e v e ra l  la r g e  p o w e r  

u ti l i t ie s .  R e p r e s e n t i n g  u r b a n ,  a s  c o n t r a s t e d  to  s t a t e ,  g o v e r n m e n t ,  t h e  c o n ­

s o r t iu m  w a n te d  th e  W a lc h e n s e e w e r k  to  b e  a  p a r t  o f  t h e  m ix e d - o w n e r s h ip  

B a y e r n w e r k  in s t e a d  o f  b e in g  p u r e ly  s t a t e  o w n e d  a n d  c o n t r o l l e d ,  a s  v o n  

M ille r  h a d  p l a n n e d .  V o n  M ille r  c o u n t e r e d  b y  p r o p o s i n g  th a t  th e  B a y e r n ­

w e rk ,  lik e  t h e  W a lc h e n s c e w e r k ,  b e  s o le ly  s t a t e  o w n e d .  T h e  B a v a r ia n  g o v ­

e r n m e n t  c o m p r o m is e d  b y  f o r m i n g  t h r e e  c o r p o r a t i o n s  f o r  e l e c t r ic a l  s u p p ly  

in  B a v a r ia :  o n e  f o r  t h e  lo w -h e a d  h y d r o e le c t r i c  s t a t io n s  o f  th e  m id d le  I s a r  

R iv e r  n e a r  M u n ic h ,  a n o t h e r  f o r  th e  W a lc h e n s e e w e r k ,  a n d  a  th i r d  f o r  th e  

B a y e r n w e r k .  F u r t h e r m o r e ,  t h e  g o v e r n m e n t  p r o v id e d  th a t  th e s e  c o r p o r a ­

t io n s  c o u ld  r a is e  f u n d s  o n  t h e  p u b l ic  m a r k e t .45

W h e n  t h e  t h r e e  s t a t e  c o r p o r a t i o n s  w e re  f o r m e d  a n d  th e  n e w  o r g a n iz a ­

t io n a l  s t r u c t u r e ,  w ith  its  e x e c u t iv e  a n d  a d v is o ry  c o m m i t t e e s ,  b e g a n  o p e r ­

a t in g ,  t h e  p o s i t io n  o f  S ta a ts k o m m is s a r  b e c a m e  s u p e r f l u o u s .  T h e  g o v e r n m e n t  

h o p e d  lo  p la c a te  v o n  M ille r  b y  n a m i n g  h im  lo  v a r io u s  a d v is o ry  c o m m it te e s  

a n d  a p p o i n t i n g  h im  g e n e r a l  a d v i s e r  o n  e n e r g y  p o lic y . I n  M a rc h  1 9 2 3  h e  

g a v e  u p  e v e n  th is  p o s t ,  h o w e v e r ,  w h e n  t h e  g o v e r n m e n t  a l lo w e d  a n o t h e r  

u t i l i ty ,  t h e  G r o s s k r a f lw e r k  F r a n k e n  A G , to  d e v e lo p  h y d ro e le c t r i c i ty  in d e ­

p e n d e n t l y  in  th e  in d u s t r i a l ly  a d v a n c e d  r e g io n  a r o u n d  N i i r n b e r g .  T h i s  

a g r e e m e n t  r e m o v e d  f r o m  th e  B a y e r n w e r k  a  m a r k e t  f o r  e le c t r ic i ty  th a t

45 K risti.  D er we issb la ue  D espot, pp . 196. 198.

”  V on M ille r lo  M in ister o f  I n te r io r  F ritz  F o rties . 18 N o v em b er 1919 (see n o te  42  above).

"  K risti, D er weus-blnu e D espot, p p . 2 0 6 -1 0 .
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w o u ld  h a v e  r e la t e d  w ell to  th e  r e s t  o f  th e  s y s te m  a n d  c o n t r i b u t e d  to  its 

e c o n o m ic  s t r e n g t h . ,|6

Y e t th e  B a y e r n w e r k ,  th o u g h  l im i te d  in  s c o p e ,  a n d  th e  a s s o c ia te d  W al- 

c h e n s e e w e r k  w e re  c o m p le te d ,  a n d  o n  2 6  J a n u a r y  1924  th e  B a y e rn w e rk  

b e g a n  t r a n s m i t t i n g  p o w e r  f ro m  th e  W a lc h e n s e e w e rk  (se e  F ig . X I I .  10). F if ty  

y e a r s  l a t e r ,  a p p r o x im a te ly  h a l f  th e  e le c tr ic i ty  s u p p l i e d  b y  u t i l i t ie s  in  B a v a r ia  

o r ig in a te d  in  th e  B a y e rn w e rk .

I n  e s ta b l is h in g  th e  W a lc h e n s e e w e rk - B a y e rn w e rk  sy s te m , v o n  M ille r  d is ­

p la y e d  r e m a r k a b le  c o n c e p tu a l  p o w e rs ,  te c h n ic a l  c o m p e te n c e ,  a n d  o r g a n i ­

z a t io n a l  a b il i ty . H e  a ls o  s h o w e d  by  h is  d e c is io n s  a n d  p o lic ie s  th e  m a n n e r  

in  w h ic h  la r g e - s c a le  a d v a n c e d  te c h n o lo g y  c o u ld  b e  i n t r o d u c e d  in to  a p r i ­

m a r i ly  a g r i c u l tu r a l  r e g io n .  C h a r a c te r is t ic  o f  h is  a p p r o a c h  w as a n  a w a re n e s s  

o f  th e  u n iq u e  g e o g r a p h ic a l ,  p o li t ic a l ,  e c o n o m ic ,  a n d  so c ia l f a c to r s  th a t  w e re  

s h a p in g  th e  p a r t i c u l a r  s i tu a t io n s  h e  e n c o u n te r e d  in  B a v a r ia . H is  w i ll in g n e s s  

to  r e s p o n d  c o n v in c in g ly  to  B a v a r ia n s  w h o  f e a r e d  th e  d e f a c in g  o f  th e  la n d -

E le k tr izita ls w erke  E.V ., L lek tr iu la t in Bayern, 1 9 1 9 -1 9 6 9  (M unic h : V BE, 1969), pp . 1 6 -

17.
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s c a p e  is o n e  e x a m p le  o f  h is  a w a r e n e s s  a n d  f le x ib il i ty . H is  u n s h a k a b le  c o n ­

v ic tio n  th a t  la rg e -s c a le  d e v e lo p m e n t  o f  w a te r  p o w e r  a n d  sy s te m a tic , p la n n e d ,  

r e g io n a l  e l e c t r i f i c a t io n  w e r e  a p p r o p r i a t e  a n d  im p e r a t iv e  f o r  B a v a r ia  m a n ­

i f e s te d  h is  v is io n  a n d  h is  a w a r e n e s s  o f  t e c h n o lo g ic a l  t r e n d s .  N o te  s h o u ld  

a ls o  b e  t a k e n  o f  t h e  s e n s e  o f  t im in g  a n d  s i tu a t io n  h e  e x h ib i t e d  a s  h e ,  a  

p o l i t ic a l  r e p r e s e n t a t i v e  o f  th e  o ld  r e g im e ,  s e iz e d  u p o n  th e  w ill in g n e s s  o f  a 

r a d ic a l  p o s tw a r  r e g im e  to  a c t  d r a m a t i c a l ly  in  a  t im e  o f  g r e a t  c h a n g e ,  w h e n  

th e  fo r c e s  o f  t r a d i t i o n  a n d  r o u t i n e  w e r e  w e a k .

V o n  M ille r  is r e p r e s e n t a t i v e  o f  t h e  re la t iv e ly  r a r e  e n g i n e e r  w h o  is a b le  

a n d  w ill in g  to  b e c o m e  d e e p ly  in v o lv e d  in  p o li t ic s  in  o r d e r  to  p r e s id e  o v e r  

c o m p le x  c h a n g e .  H e  w as  a n  e n g i n e e r - e n t r e p r e n e u r  w h o  to o k  p a r t  in  th e  

p o li t ic a l  p r o c e s s  t h a t  d e t e r m i n e d  t h e  f a t e  o f  h is  p ro je c t s  a n d  w h o  to o k  in to  

a c c o u n t  a n d  p r o v id e d  f o r  t h e  f i n a n c in g ,  o r g a n iz a t io n ,  a n d  m a n a g e m e n t  o f  

h is  p r o je c ts .  F u r t h e r m o r e ,  h e  a t t e m p t e d  to  s t e e r  a c o u r s e  t h r o u g h  th e  ro c k s  

a n d  s h o a ls  o f  t h e  b u r e a u c r a t i c  se a  a n d  to  sa il b y  th e  c h a n g in g  w in d s  o f  

p u b l ic  o p i n io n .  I n  o r d e r  to  e x p la in  t h e  c o m in g  o f  a n  a d v a n c e d  s y s te m  o f  

t e c h n o lo g y ,  o n e  m u s t  l a k e  in to  a c c o u n t  t h e  r o le  o f  in d iv id u a l s  lik e  O s k a r  

v o n  M ille r .

I n  1 9 2 6 , o n ly  a  few  y e a r s  a f t e r  th e  B a v a r i a n s  e s t a b l i s h e d  a  t r a n s m is s io n  

g r i d ,  t h e  B r i t i s h  f in a lly  e n a c te d  le g is la t io n  e s ta b l i s h in g  a  g r id  a n d  a m o r e  

u n i f i e d  s y s te m  o f  s u p p ly .  T h i s  a c h ie v e m e n t ,  in  a  c o u n t r y  w h o s e  e le c tr ic  

s u p p ly  h a d  l o n g  b e e n  p a r o c h ia l ,  w as  m o r e  p o l i t ic a l  t h a n  t e c h n o lo g ic a l  a n d  

e c o n o m ic .  N o  in d iv id u a l  p la y e d  a s  s a l i e n t  a  r o le  a s  v o n  M il le r  h a d  in  B a v a r ia ,  

b u t  t h e  i n f lu e n c e  o f  C h a r le s  M e rz  w as  s u b s ta n t i a l .  T h e  c o n f lu e n c e  o f  e v e n ts  

t h a t  b r o u g h t  t h e  c h a n g e  in  o r g a n iz a t io n  o f  B r i t a in ’s e le c t r ic  s u p p ly  in d u s t r y  

c a n  b e  i n t e r p r e t e d  v a r io u s ly ,  b u t  t h e  n o w  e n d e m ic  B r i t i s h  c o n c e r n  a b o u t  

t h e  lo ss  o f  n a t io n a l  p r e s t ig e  a n d  p o w e r  a p p e a r s  to  h a v e  b e e n  th e  m a jo r  

u n d e r l y i n g  r e a s o n  fo r  f o r m in g  a c o n s e n s u s  to  b r e a k  t h e  c r u s t  o f  c o n s e r v ­

a t i s m . T h i s  c o n c e r n  f ig u r e s  p r o m i n e n t l y  in  G r e a t  B r i t a in 's  n a t io n a l  c o n ­

s c io u s n e s s  to d a y  a n d  w as  e x p r e s s e d ,  i f  le ss  u r g e n t l y ,  a s  e a r ly  a s  t h e  s e c o n d  

h a l f  o f  th e  n i n e t e e n t h  c e n tu r y .  T h e  a n x ie ty  h a s  o f t e n  r e s u l t e d  in  a  c la sh  

o f  o p in i o n  a n d  a  p a r a ly s is  o f  a c t io n ,  b u t  in  1 9 2 6  t h e  c o n s e n s u s  w as  th a t  a t 

t h e  c o r e  o f  t h e  p r o b le m  lay  th e  f a i lu r e  o f  th e  c o u n t r y  to  d e v e lo p  t h e  n e w e s t  

o f e n e r g y  t e c h n o lo g ie s .  A s a r e s u l t ,  B r i t a in ’s p o l i t ic ia n s  g e n e r a l ly  a g r e e d  

n o t  o n ly  a b o u t  th e  n a t u r e  oT th e  p r o b le m  b u t  a b o u t  t h e  r e m e d y  a s  w ell. 

F a i lu r e  to  e le c t r i f y  in d u s t r y  a n d  t r a n s p o r t a t i o n  in  t h e  a g e  o f  e l e c t r i f ic a t io n  

w as  s e e n  a s  a  r o o t  c a u s e  o f  t h e  c o u n t r y 's  fa i l in g  in d u s t r i a l  s t r e n g t h .  L ow - 

c o s t  e n e r g y  a n d  th e  m o r e  e f f i c i e n t  in d u s t r y  t h a t  w o u ld  fo llo w  u p o n  th e  

e s t a b l i s h m e n t  o f  la r g e - a r e a  e le c t r ic  s u p p ly  w e r e  c o n s id e r e d  t h e  s o lu t io n s .  

T h e  fa c t  t h a t  th e  r e o r g a n iz a t io n  o f  B r i t a in ’s e le c t r ic  s u p p ly  d id  n o t  b r in g  

a d r a m a t i c  r e c o v e r y  o f  n a t io n a l  s t r e n g t h  s h o u ld  n o t  o b s c u r e  t h e  c o m m i t ­

m e n t  th a t  w as  m a d e  in  th e  1 9 2 0 s  to  a p r o m is in g  a n d  u n t r i e d  s o lu t io n .

L o o k in g  a h e a d  to  p e a c e t im e  p o lic ie s ,  B r i t a in 's  w a r t im e  p a r l i a m e n ta r y  

c o m m i t t e e s  h a d  s t r e s s e d  t h e  n e e d  f o r  r e f o r m ,  b u t  t h e i r  r e c o m m e n d a t io n s ,  

w h e n  e m b o d ie d  in  t h e  E le c tr ic i ty  S u p p ly  A c t o f  1 9 1 9 , h a d  b e e n  g r e a t ly  

w e a k e n e d  b y  t h e  r e m o v a l  o f  c o m p u ls o r y  p o w e r s  f o r  th e  e le c t r ic i ty  c o m ­

m is s io n e r s  a n d  t h e  s u b s t i tu t io n  o f  v o lu n ta r y  a c t io n  a n d  p e r s u a s io n  (se e  p p .  

3 2 1 - 2 2  a b o v e ) .  I f  t h e  e c o n o m ic  s i tu a t io n  in  B r i ta in  h a d  n o t  d e t e r i o r a t e d  

in  t h e  p o l i t ic a l  a n d  l a b o r  u n r e s t  fo l lo w in g  th e  w a r ,  m o d e s t  r e f o r m  m ig h t  

h a v e  b e e n  t o le r a te d ,  a s  m o d e s t  c h a n g e  h a d  b e e n  f o r  d e c a d e s .  B u t  th e
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c o u n t r y  e m e r g e d  f r o m  th e  w a r  w ith  a  d o m e s t ic  a n d  fo r e ig n  d e b t  ilin t w as 

e s t im a te d  to  b e  te n  t im e s  h i g h e r  th a n  th a t  o f  1 9 1 4 ; co a l m in e r s  s t r u c k  in 

1 9 1 9 , d i s r u p t i n g  th e  n a t io n 's  b a s ic  e n e r g y  s u p p ly ;  a n t i  in  1921 a n  u n e m ­

p lo y m e n t  f ig u r e  o f  a lm o s t  a  m ill io n  le d  to  p a s s a g e  o f  th e  E m e r g e n c y  U n ­

e m p lo y m e n t  A c t. A f t e r  th e  L ib e ra l  p a r ty  s p li t ,  th e  L a b o u r  p a r ty  b e c a m e  

f o r  t h e  f i r s t  l im e  th e  m a jo r  o p p o s i t io n  p a r ly ,  a n d  in  1924 R a m sa y  M a c ­

D o n a ld  f o r m e d  t h e  f i r s t  l a b o u r  c a b in e t .  T h e  C o n s e rv a t iv e s  r e t u r n e d  to  

p o w e r  t h e  s a tn e  y e a r  u n d e r  S ta n le y  B a ld w in ,  b u t  th e y  h a d  to  c o n te n d  w ith  

th e  g r e a t  g e n e r a l  s t r ik e  o f  M ay  192 6 . It w as  B a ld w in ’s g o v e r n m e n t  th a t  

p r e s id e d  o v e r  p a s s a g e  o f  th e  E le c tr ic i ty  S u p p ly  A ct o f  1 9 2 6 . T h is  ac t r e ­

o r g a n iz e d  B r i t a in 's  e le c t r ic  s u p p ly  in d u s t r y .

T h e  g o v e r n m e n t ,  a n d  th e  e n g in e e r s  a n d  in d u s t r i a l i s t s  w h o  a d v is e d  it, 

k n e w  th a t  th e  p r o b le m  o f  b r in g in g  a b o u t  c h a n g e  in  th e  e le c t r ic  s u p p ly  

s y s te m  w as  p r im a r i ly  p o li t ic a l .  O n e  o f  B r i ta in 's  le a d in g  c o n s u l t in g  e n g in e e r s  

a n d  a d v is e r s  to  th e  g o v e r n m e n t  o n  th e  r e o r g a n iz a t io n  o f  e le c t r ic  s u p p ly .  

J. M . K e n n e d y ,  s a id  th a t  th e  p l a n n e d  c h a n g e  “d o e s  n o t  c o n te m p la te  th e  

a d o p t io n  o f  a n y  p o lic y  a s  r e g a r d s  g e n e r a t i n g  s ta t io n  c o n s t r u c t io n  o r  i n t e r ­

c o n n e c t io n  w h ic h  h a s  n o t b e e n  in  s u c c e s s fu l  o p e r a t i o n  e i t h e r  in  th is  o r  in  

o t h e r  c o u n t r i e s . ”'17 B y th e  m id -1 9 2 0 s ,  th e  i n te r n a t io n a l  c o m m u n i ty  o f  e le c ­

t r ic a l  m a n u f a c t u r e r s ,  e n g i n e e r i n g  so c ie tie s ,  a n d  le a d in g  in d iv id u a l  e n g i ­

n e e r s  a n d  m a n a g e r s  w as  so  c lo se ly  k n it  by  p u b l ic a t io n  a n d  p e r s o n a l  c o m ­

m u n ic a t io n  n e tw o r k s  th a t  th e  p l a n n e r s  c o u ld  a s s u m e  th e  a v a ila b il i ty  o f  a 

p o o l o f  t e c h n o lo g ie s  f r o m  w h ic h  to  d r a w .

T o  o r g a n iz e  a  c o m m u n i ty  o f  c o m m o n  in te r e s t  in  P a r l ia m e n t  w as  m o r e  

d i f f ic u l t .  T h e  m a jo r  c i r c u m s ta n c e s  f a v o r in g  a d o p t io n  a n d  im p le m e n ta t io n  

o f  g o v e r n m e n t - s p o n s o r e d  r e o r g a n iz a t io n  w as  th e  p r e s e n c e  o f  a  C o n s e r v ­

a t iv e  g o v e r n m e n t  th a t  f a v o r e d  it a n d  a  L a b o u r  o p p o s i t io n  th a t  s u p p o r t e d  

it a s  w ell. T h e  C o n s e r v a t iv e  c o m m i tm e n t  w as c o n d i t io n e d  by  th e  w id e ly  

h e ld  b e l i e f  t h a t  r e o r g a n iz a t io n  o f  a  le a d in g  s e c to r  o f  th e  i n d u s t r i a l  e c o n o m y  

w o u ld  e n h a n c e  B r i t a in ’s p o w e r — e le c tr ic ,  i n d u s t r i a l ,  a n d  in te r n a t io n a l .  T h e  

F e d e r a t io n  o f  B r i t i s h  I n d u s t r i e s ,  w h ic h  r e p r e s e n t e d  a b r o a d  s a m p l in g  o f  

p r iv a te  e n t e r p r i s e ,  d e s e r t e d  th e  r ig id  s ta n c e  o f  o p p o s i t io n  to  g o v e r n m e n t  

in v o lv e m e n t  in  th e  in d u s t r i a l  e c o n o m y  a n d  s e t t le d  f o r  to k e n  a m e n d m e n ts  

to  th e  e v e n tu a l  e le c t r ic i ty  b ill. A f te r  in it ia l  r e s is ta n c e ,  th e  I n s t i tu t io n  o f  

E le c tr ic a l  E n g in e e r s  a ls o  s u p p o r t e d  th e  b ill. T h e  p u b lic i ty  g iv e n  th e  v a r io u s  

r e p o r t s  o f  p a r l i a m e n t a r y  c o m m it te e s  in  p o p u l a r  j o u r n a l s  e m p h a s iz e d  th e  

p r o m is e  o f  a  l a b o r - s a v in g  e le c t r ic  a g e  a n d  m a r s h a le d  p u b l ic  s u p p o r t  f o r  

th e  m e a s u r e s .  T h e  p r e d ic t io n  o f  e n g in e e r s  th a t  th e  r e o r g a n iz a t io n  w o u ld  

r e s u l t  in  i m m e n s e  e n e r g y  s a v in g s  f o r  th e  n a t io n  a n d  r e s to r e  its  in d u s t r i a l  

s t r e n g t h  a ls o  i n f lu e n c e d  p u b l ic  o p i n i o n . " ’ T h e  c o m m it te e  r e p o r t  o n  w h ic h  

th e  1 9 2 6  a c t  w as  b a s e d  in c lu d e d ,  f o r  e x a m p le ,  a  ta b le  s h o w in g  in  s im p l i f ie d  

fo rm  th e  “c o n s u m p t io n  p e r  h e a d  o f  p o p u l a t i o n ’’ o f  e le c tr ic i ty  in  v a r io u s  

r e g io n s  o f  t h e  w o r ld .  G r e a t  B r i ta in  fell a t  t h e  e n d  o f  a list o f  r e g io n s ,  c itie s , 

a n d  c o u n t r i e s  h e a d e d  by  C a l i f o r n ia ,  C h ic a g o ,  a n d  C a n a d a  a n d  in c lu d in g

•" J . M. K en ne dy . lieport on the O perations o f  the Proposed Centra l Electricity Board, p re p a re d  
Tor th e  M in istry  o r  T r a n sp o r t  (Ju n e  1926). p. 8; copy  in th e  Electric ity C ouncil A rchives, 

L on do n .
•i" Leslie  H a n n a h , Electricity Before Nationalisation  (B a ltim ore : T h e  Johns H o p k in s U niv ersity  

Press. 1979). pp . 9 6 -9 7 .
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T a s m a n ia ,  S h a n g h a i ,  a n d  S y d n e y .  F o r m e r  c o lo n ie s  a n d  s m a ll  c o u n t r i e s  

s e e m e d  f a r  b e l t e r  p r e p a r e d  f o r  t h e  e l e c t r ic a l  a g e  t h a n  t h e  n a t io n  th a t  h a d  

o n c e  b e e n  t h e  w o r l d ’s u n d i s p u t e d  in d u s t r i a l  p o w e r .  T h e  a d v a n ta g e  e n jo y e d  

in  s e v e ra l  o f  t h e s e  r e g io n s  b e c a u s e  o f  a b u n d a n t  h y d r o e le c t r i c  p o w e r  w as  

n o t  s t r e s s e d .49

P r im e  M in is te r  B a ld w in  d e d i c a t e d  h is  e n e r g ie s  to  o r g a n iz in g  s u p p o r t  f o r  

t h e  r e o r g a n iz a t io n  p la n  in  P a r l i a m e n t .  H e  c o u ld  c o u n t  o n  L a b o u r  s u p p o r t  

b e c a u s e  m a n y  o f  t h e  L a b o u r i t e s  sa w  th e  e s t a b l i s h m e n t  o f  r e g io n a l  s u p p ly  

a s  a  s t e p  t o w a r d  e v e n tu a l  n a t io n a l i z a t io n  o f  e le c t r ic  s u p p ly .  B a ld w in  n a m e d  

L o r d  W e ir  o f  E a s tw o o d  c h a i r m a n  o f  a  c o m m i t t e e  to  c o n s id e r  t h e  n a t io n a l  

p r o b le m  o f  e l e c t r i c  s u p p ly  a n d  to  r e c o m m e n d  le g is la t io n .  W e ir ,  a  p r o m i n e n t  

S c o t i n d u s t r i a l i s t  a n d  h e a d  o f  a S c o t t i s h  e n g i n e e r i n g  c o m p a n y ,  h a d  m a d e  

a  n a m e  f o r  h im s e l f  d u r i n g  W o r ld  W a r  I a s  d i r e c t o r  g e n e r a l  o f  a i r c r a f t  

p r o d u c t i o n  a n d  t h e n  a s  s e c r e ta r y  o f  s t a t e  f o r  a i r .  H e  m a d e  it c l e a r  t h a t  h e  

b e l ie v e d  t h e  e le c t r ic  s u p p ly  in d u s t r y  w as  in  n e e d  o f  r e o r g a n i z a t i o n ,  a n d  h e  

p r o m is e d  to  f o r m  a  c o m m i t t e e  t h a t  w o u ld  b e  s m a ll  a n d  s p e e d y  a n d  th a t  

w o u ld  r e p o r t  in  f a v o r  o f  “ a  n e w  e le c t r ic a l  e n e r g y  p o lic y  in v o lv in g  in  its 

a p p l i c a t io n  c o u r a g e  a n d  p o s s ib ly  a  c o n s id e r a b le  f in a n c ia l  in v e s tm e n t . ”50 

K n o w le d g e a b le  a b o u t  c o m m i t t e e  t e m p o r iz in g ,  W e ir  a ls o  to ld  B a ld w in  th a t  

h e  s h o u l d  n o t  e x p e c t  a  r e p o r t  t h a t  s im p ly  f u r t h e r e d  d e v e l o p m e n t  a lo n g  

e x i s t in g  l in e s .

W h e n  t h e  W e ir  r e p o r t  w as  r e le a s e d  in  1 9 2 6 , it  s e r v e d  a s  t h e  d o c u m e n t  

o f  r e f e r e n c e  f o r  r e f o r m  a d v o c a te s .  T h e  c o n d i t io n  o f  e le c t r ic  s u p p ly  in  

B r i t a in  w a s  d e s c r ib e d  a s  “v e ry  d i s q u i e t i n g . ” B u t  t h e r e  w as  a  r e m e d y —  

in t e r c o n n e c t i o n — n o t  o n ly  f o r  t h e  la r g e  a r e a s  i d e n t i f i e d  b y  th e  le g is la t io n  

o f  1 9 1 9 , b u t  f o r  t h e  a r e a s  b e tw e e n  th e m ;  in t e r c o n n e c t i o n  w o u ld  c r e a te  a 

n a t io n a l  s y s te m . T h e  W e ir  c o m m i t t e e  d i s c o u n t e d  t h e  c o u n t r y ’s la c k  o f  h y ­

d r o e le c t r i c i ty  s i te s  a t  a l im e  w h e n  w a te r  p o w e r  w a s  b e in g  r a p id ly  e x p lo i t e d  

a n d  w id e ly  c e le b r a te d  t h r o u g h o u t  m u c h  o f  t h e  w o r ld ,  b e c a u s e ,  it  v e n t u r e d ,  

B r i ta in  c o u ld  e x p lo i t  c o a l ,  h a d  th e  a d v a n t a g e  o f  a  h ig h  le v e l o f  u r b a n iz a t io n ,  

a n d  h a d  in  c lo s e  p ro x im i ty  in d u s t r i a l  lo a d  c e n te r s .  G r e a t  B r i t a in ,  W e i r ’s 

c o m m i t t e e  r e a s o n e d ,  " is  in  m a n y  r e s p e c t s  a n  id e a l  e l e c t r ic a l  a r e a ,  a n d  is f a r  

m o r e  c o m p a c t  th a n  o t h e r  c o u n tr ie s . ’’51 C o m m e n t in g  u p o n  th e  r e p o r t ,  C h a r le s  

M e rz  s a id ,  n o n p e jo r a t iv e ly ,  th a t  B r i t a in 's  g r id  w o u ld  b e  m o r e  lik e  a  h ig h -  

v o l ta g e  d i s t r i b u t i o n  s y s te m  th a n  a  t r a n s m is s io n  s y s te m . H e  w as  u s in g  th e  

d is t in c t io n  c o m m o n ly  m a d e  b e tw e e n  lo n g - d i s t a n c e  t r a n s m is s io n  a n d  s h o r t -  

d i s t a n c e  d i s t r ib u t io n .  A s  h e  h a d  s a id  e a r l i e r ,

P ro ceed in g  o n  th e se  lines [h ig h -v o ltag e  d is tr ib u tio n  fo r  th e  co m p ac t in d u s tr ia l 
d istric ts  o f  E n g lan d ] we shall n o t be m ere ly  c o p y in g  A m erica  o r  G e rm an y — we 
sh all be d o in g  so m e th in g  th a t is r ig h t fo r  E n g lan d  b ecau se  it is E n g lan d , b ecause 

E n g lan d  is rad ica lly  d if fe re n t f ro m  o th e r  c o u n tr ie s  as re g a rd s  th e  techn ica l 
d e v e lo p m e n t a n d  layou t necessary  to  s ec u re  c h e a p  p o w e r .^

w  G re a t B rita in , M in istry  o f  T  r a n s p o r t,  Repo rt o f  the Com m ittee Appo in te d to R ev ie w  the N a tio na l 
Problem  o f  the Su p p ly  o f  Electrical E nergy  (L o n d o n : M M SO , 1926), p . 6. T h e  c o m m ittee  was 

h e a d e d  by L o rd  W eir o f  E astw ood. H e r e a f te r  c ited  as th e  W eir R e p o rt.

““ W eir  to  W ilfre d  A shley, I D ec em b er 1924, q u o te d  in H a n n a h , Electricity Before  N a tio n ­

alisation, p . 90.

81 M in istry  o f  T r a n s p o r t ,  R ev ie w  o f  the Su p p ly  o f  E lectrical Energy, p . 8.

M C h a rle s  H . M crz , "E lec tr ica l Pow er D istr ib u tio n ,"  E ng in e erin e  102 (1916): 2 6 2 -6 3 .



3 5 3  P L A N N E D  S Y S T E M S

I n  s u g g e s t in g  t h a t  a  p r o u d  n a t io n  c o u ld  m o v e  f r o m  a  b a c k w a rd  s t a tu s  to  

a n  a d v a n c e d  o n e  w i th o u t  s im p ly  fo llo w in g  th e  le a d e r s ,  M e rz  e x h ib i t e d  

p s y c h o lo g ic a l  a c u ity .

T h e  G r id  w a s  t h e  e s s e n c e  o f  th e  t e c h n o lo g y  p r o p o s e d  by  th e  W e ir  c o m ­

m i t te e  a n d  its  c o n s u l t in g  e n g in e e r s .  C h a r le s  M e rz  g a v e  th e  n e w  s y s te m  th is  

n a m e  a f t e r  o b s e r v in g  th a t  th e  n e tw o r k  o f  h ig h - v o l ta g e  t r a n s m is s io n  lin e s  

t h a t  w o u ld  c r is s c ro s s  th e  c o u n t r y s id e  lo o k  th e  s h a p e  o f  a  g r e a t  g r i d i r o n  

im p o s e d  u p o n  a  m a p  o f  th e  c o u n t r y .  T h e  g r i d i r o n  o f  t r a n s m is s io n  lin e s  

w a s  to  i n t e r c o n n e c t  s e le c te d  s ta t io n s  a n d  to  c o n n e c t  w ith  e x i s t in g  a n d  f u t u r e  

d i s t r ib u t io n  s y s te m s .  T h e  G r id  w as  p r e s e n t e d  to  th e  p u b l ic  a s  a n a t io n a l  

s y s te m , b u t  in  f a c t  it w as  f ir s t  o r g a n iz e d  a s  a  n u m b e r  o f  r e g io n a l  t r a n s ­

m is s io n  s y s te m s  w ith ,  b e tw e e n  th e  s y s te m s ,  re la t iv e ly  sm a ll  c o u p l in g  t r a n s ­

m is s io n  l in e s  w h o s e  c e n t r a l  c o n t r o l s  w e r e  lo c a te d  in  r e g io n a l  h e a d q u a r t e r s .

T h e  b e n e f i t s  t h a t  w e re  e x p e c te d  to  a c c r u e  w e re  k n o w n  in  in d u s t r i a l  

r e g io n s  o f  th e  w o r ld  w h e r e  l a r g e - a r e a  s u p p ly  a l r e a d y  e x is te d .  T h e  W e ir  

c o m m i t t e e  r e p o r t ,  w h ic h  w as  w r i t t e n  f o r  m e m b e r s  o f  P a r l i a m e n t  a n d  fo r  

in t e r e s t e d  p e r s o n s  w h o  la c k e d  te c h n ic a l  t r a in in g ,  s u m m a r iz e d  t h e  “ te c h n ic a l  

c o n s id e r a t io n s ” a s  fo llo w s : “g e n e r a t i o n  in  la r g e  s ta t io n s ,  f a v o u r a b ly  s i tu a te d  

a s  r e g a r d s  f u e l ,  w a te r  a n d  lo a d  w ith  u n i t s  o f  c o m p a r a t iv e ly  la r g e  c a p a c ity ;  

t h e  m in im u m  le g i t im a te  a m o u n t  o f  s t a n d - b y  p la n t ;  a n d  th e  h ig h e s t  o b ­

t a in a b le  lo a d  f a c to r ,  to  s e c u r e  w h ic h  s ta t io n s  s h o u ld  b e  in te r - c o n n e c te d  w ith  

o n e  a n o t h e r . " 53 A c c o r d in g  to  t h e  r e p o r t ,  t h e  e x is t in g  lo a d  f a c to r  in  B r i ta in  

w a s  “ u n r e a s o n a b ly  lo w .” T h e  ju x t a p o s i t i o n  o f  lo a d  f a c to r  a n d  n a t io n a l  

s t r e n g t h  s h o w e d  t h a t  B r i t a in  w as  n o  l o n g e r  in  t h e  e r a  o f  J a m e s  W a t t ;  it 

h a d  e n t e r e d  t h e  e r a  o f  C h a r le s  M e rz .

M e rz  w as  a p r in c ip a l  a d v i s e r  to  th e  W e ir  c o m m it te e ;  th e  p r o m in e n c e  

g iv e n  in  th e  r e p o r t  to  th e  te s t im o n y  o f  S a m u e l  I n s u l l ,  h e a d  o f  th e  C h ic a g o  

e n t e r p r i s e  C o m m o n w e a l th  E d is o n ,  w as  n o t  a n t i c ip a te d .  I n s u l l  w as c i te d  

s e v e ra l  t im e s  a s  a  ( i f  n o t  th e )  l e a d in g  a u t h o r i ty  o n  e le c t r ic  s u p p ly .  L o rd  

W e ir  c h a r a c te r i z e d  h im  a s  “ t h e  g r e a te s t  a u th o r i t y  o n  e le c t r ic i ty .”5,4 In s u l l 's  

n a m e ,  p r o m i n e n t l y  f e a t u r e d  in  th e  r e p o r t ,  p r o v id e s  a  r e m i n d e r  t h a t  B r i ta in  

w as  lo o k in g  to  A m e r ic a  f o r  te c h n o lo g ic a l  l e a d e r s h ip  a n d  t h a t  I n s u l l  w as  a n  

u n u s u a l ly  a r t i c u la t e ,  i f  s o m e t im e s  c o llo q u ia l ,  s p o k e s m a n  f o r  th e  c o n c e p ts  

o f  t h e  e l e c t r ic a l  e r a .  I t  s h o u ld  a ls o  b e  re c a l le d  th a t  M e rz  a n d  I n s u l l  w e re  

p e r s o n a l  f r i e n d s  a n d  p r o f e s s io n a l  a s s o c ia te s  w h o s e  tie s  c o n s t i tu t e d  a  te c h -  

n o l o g y - t r a n s f e r  b r id g e .  T h e  W e ir  r e p o r t  q u o te s  In s u l l ’s “s t r ik in g  s t a t e m e n t"  

t h a t  t h e  “o n ly  l im it  to  th e  a m o u n t  o f  b u s in e s s  [ e le c tr ic  s u p p ly ]  . . .  i f  th e  

p r o p e r  a m o u n t  o f  b r a in s  is d e v o te d  to  th e  e n g in e e r in g  o f  s e ll in g  th e  e n ­

e r g y , ” is t h e  a m o u n t  o f  c a p i ta l  in v e s te d .  I n s u l l  h a d  a lso  to ld  th e  c o m m it te e  

th a t  “a n y  m a n  w h o  r e f u s e s  it ( in te r c o n n e c t io n ) — a n d  I w ill n o t  e x c lu d e  

E n g la n d — d o e s  n o t  u n d e r s t a n d  th e  f u n d a m e n ta l  e c o n o m ie s  o f  th e  b u s i ­

n e s s ." 55 T h e  B r i t i s h  in  1 9 2 6  w e re  n o t  a v e r s e  to  l e a r n in g  th e  b u s in e s s  o f  

e le c t r ic a l  t e c h n o lo g y  f r o m  t h e i r  A m e r ic a n  c o u s in s ,  a n d  In s u l l  w as  e a s ie r  to  

a c c e p t  a s  a n  a d v i s e r  b e c a u s e  h e  w as B r i t i s h - b o r n .  T h e  fa c t th a t  C h a r le s  

M e rz  h a d  o f t e n  s e r v e d  a s  a  c o n s u l t a n t  to  In s u l l  a ls o  b o o s te d  n a t io n a l  p r id e .

“  W eir  R e p o rt, p . 7.

M W cir  to  W ilfred  A shby, M .P., W eir  C o rre sp o n d e n c e  (9/1). C h u rc h ill C ollege  A rchive*. 

C a m b rid g e , E ng la nd .

“  W eir  R e p o rt, p p . 5 an d  8.
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T h e  E le c tr ic i ty  S u p p ly  A c t o f  1 9 2 6 , w h ic h  i n c o r p o r a t e d  t h e  r e c o m m e n ­

d a t io n s  o f  th e  W e ir  c o m m i t t e e  a n d  its  t e c h n ic a l  a d v is e r s ,  r e c e iv e d  t h e  ro y a l 

a s s e n t  o n  15 D e c e m b e r  1 9 2 6 . T h e  le g is la t io n  p r o v id e d  f o r  th e  c r e a t io n  o f  

a  C e n t r a l  E le c t r ic i ty  B o a r d  (C E B )  w ith  e x e c u t iv e  p o w e r s  to  c o n s t r u c t  a n d  

o p e r a t e  t h e  G r id .  T h e  e le c t r ic i ty  c o m m is s io n e r s  h a d  a l r e a d y  b e g u n  p la n ­

n in g  a n d  w e re  to  s e r v e  a s  j u r i d i c a l  a d v is e r s  to  th e  C e n t r a l  E le c tr ic i ty  B o a rd  

in  t e c h n ic a l  m a t t e r s .  T h e  b o a r d  c o n c e p t  w as  m o r e  o r ig in a l  t h a n  t h e  t e c h ­

n ic a l  a s p e c ts  o f  th e  G r id .  A  p u b l ic  c o r p o r a t i o n  t h a t  w as  a b le  to  r a is e  its  o w n  

f u n d s ,  t h e  C E B  w a s  o r g a n i z e d  a n d  a d m i n i s t e r e d  b y  g o v e r n m e n t - s a la r i e d  

m a n a g e r s  a n d  e n g i n e e r s  w h o  w e re  n o t  p a r t  o f  t h e  c iv il s e rv ic e .  T h e  s a la r ie s  

o f  its  l e a d in g  p e r s o n n e l  w e re  h i g h e r  t h a n  th o s e  o f  p e r s o n s  w ith  c o m p a r a b le  

e x p e r i e n c e  a n d  r e s p o n s ib i l i ty  in  t h e  civ il s e rv ic e .  T h e  C E B  w a s  e lig ib le  fo r  

f in a n c ia l  g u a r a n t e e s  f r o m  t h e  T r e a s u r y  to  a id  it in  r a i s in g  f u n d s ,  b u t  th e s e  

c a m e  f r o m  t h e  s a le  o f  i n t e r e s t - b e a r in g ,  n o n v o l i n g  s lo c k  to  t h e  p u b l ic .  T h e  

C E B  n e v e r  u s e d  t h e  f in a n c ia l  g u a r a n t e e ,  b u t  r a i s e d  m o n e y  e n t i r e ly  o n  its 

o w n  c r e d i t .  T h e  c h a i r m a n  a n d  e ig h t  b o a r d  m e m b e r s  w e re  n a m e d  b y  th e  

m in i s t e r  o f  t r a n s p o r t  a n d  w e re  s u b je c t  to  d is m is s a l  (a ls o  by  t h e  m in i s t e r  o f 

t r a n s p o r t )  o n ly  i f  a b s e n t  f r o m  t h e i r  d u t i e s  f o r  s ix  m o n t h s  o r  m o r e .  T h e i r  

t e r m s  r a n g e d  f r o m  f iv e  to  te n  y e a r s .  A s  a  c o r p o r a t e  b o d y ,  t h e  b o a r d  h a d  

t h e  s t a tu s  o f  a n  a u t h o r i z e d  e le c t r ic a l  u n d e r t a k i n g  (u ti l i ty )  w h ic h  o w n e d  a n d  

o p e r a t e d  t h e  G r id  o n  b e h a l f  o f  t h e  g o v e r n m e n t .5fi C o n s e r v a t iv e s  w e r e  s a t ­

i s f ie d  b e c a u s e  t h e  C E B  w a s n o t  a  n a t io n a l i z e d  a u t h o r i t y  o r  g o v e r n m e n t  

d e p a r t m e n t ,  b u t  a n  o r g a n iz a t io n  m a n a g e d  b y  “ p ra c t i c a l "  m e n  w h o  w e re  in  

c lo s e  to u c h  w ith  in d u s t r y .  A l th o u g h  t h e  c o n c e p t  w a s  o r ig in a l  in  m a n y  r e ­

s p e c ts ,  it  w a s  n o t  a s  o r ig in a l  a s  s o m e  o f  its  p r o p o n e n t s  a n d  s o m e  h is to r ia n s  

b e l ie v e d .  T h e  p u b l i c - c o r p o r a l io n  c o n c e p t  h a d  b e e n  e m b o d ie d  in  t h e  o r ­

g a n iz a t io n  o f  t h e  B a y e r n w e r k  in  B a v a r ia  a n d  in  t h e  th e o r y  o f  G ia n t  P o w e r  

d e f i n e d  by  G o v e r n o r  P in c h o t  a n d  M o r r is  C o o k e  in  P e n n s y lv a n ia  ( se e  p p .  

3 3 4 - 5 0  a n d  2 9 7 - 3 1 2  a b o v e ) .

I n  e f f e c t ,  t h e  c h a i r m a n  o f  th e  C E B  b e c a m e  t h e  m a n a g i n g  d i r e c t o r  o f  t h e  

G r id .  H is  w as  th e  o n ly  f u l l - t im e  p o s i t io n  o n  t h e  b o a r d .  T h e  m in i s t e r  o f  

t r a n s p o r t  c h o s e  a s  c h a i r m a n  S ir  A n d r e w  D u n c a n ,  a  S c o t a n d  a  m e m b e r  o f  

a  f i r m  o f  in d u s t r i a l  la w y e rs .  D u n c a n  h a d  a t t r a c t e d  p u b l ic  a t t e n t i o n  a s  a 

s k il le d  n e g o t i a t o r  w h o  w as  k n ig h te d  a f t e r  r e s o lv in g  t h e  c o a l  d i s p u t e  o f  192 0 . 

F o r ty - tw o  y e a r s  o ld  in  1 9 2 6 , D u n c a n  h a d  a  r e p u t a t i o n  f o r  C e lt ic  c h a r m ,  

ta c t ,  a n d  p a t i e n c e .57 F o r  t h e  c h a i r m a n  o f  t h e  C E B , th e s e  q u a l i t ie s  p r o v e d  

m o r e  i m p o r t a n t  t h a n  i n t im a te  k n o w le d g e  o f  th e  t e c h n o lo g y  o f  la r g e - a r e a  

s u p p ly .  D u n c a n  c h o s e  A r c h ib a ld  P a g e  a s  th e  c h i e f  e n g i n e e r  a n d  g e n e r a l  

m a n a g e r  f o r  t h e  C E B . P a g e  h a d  b e e n  a n  e le c t r ic i ty  c o m m is s io n e r  b e f o r e  

l e a v in g  t h a t  p o s t  to  b e c o m e  g e n e r a l  m a n a g e r  o f  th e  C o u n ty  o f  L o n d o n  

P o w e r  C o m p a n y ,  w h ic h  w as  o r g a n iz e d  to  s u p p ly  t h e  u ti l i t ie s  o f  e a s t  L o n d o n .  

T w o  s e n io r  e n g i n e e r s  w e r e  n a m e d  to  a s s is t  h im :  H a r o ld  H o b s o n ,  w h o  h a d  

w o r k e d  f o r  M e rz  &  M c L e lla n ;  a n d  J o h n s t o n e  W r ig h t ,  w h o  h a d  t r a in e d  

w ith  t h e  N e w c a s t le  u p o n  T y n e  E le c tr ic  S u p p ly  C o m p a n y  ( N E S C O ) .  T h e s e  

t h r e e  e n g i n e e r s  r e m a i n e d  w ith  t h e  C E B  u n t i l  t h e  m id -1 9 4 0 s ,  a n d  e a c h

M G re a t B rita in . M inistry  o f  T ran s |> o rt, M em ora nd um  on the Electricity (Supp ly) Bill,  1 9 2 6  (16 
Sc 17 G eo. 5. c h . 5 1) (L o n d o n : I1M SO , 1926). pp . 1—4; I l ;inn ;ih , E lectncity  Before Nation alisat ion .
p p . 100 -10 1 .

”  H a n n a h , Electricity Before  N ation alisat ion , p . 102.
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s e r v e d  a  t e r m  a s  c h a i r m a n .  C h a r l e s  M e rz  h a d  b e e n  a  l ik e ly  c a n d i d a t e  to  

h e a d  th e  C E B , b u t  h e  w as  c o n s id e r e d  to o  c lo s e  to  c o m m e r c ia l  in t e r e s t s  in  

t h e  in d u s t r y ,  a n d  J o h n  S n e ll ,  te c h n ic a l  e x p e r t  a n d  h e a d  o f  t h e  e le c t r ic i ty  

c o m m is s io n e r s ,  w a n te d  to  a d m i n i s t e r  th e  G r id ,  b u t  h e  w as  c o n s id e r e d  n o t  

t a c t f u l  e n o u g h  a s  a  n e g o t i a to r .  A c c o r d in g  to  h is  o w n  te s t im o n y ,  S a m u e l  

I n s u l l  h a d  b e e n  a s k e d  b y  t h e  p r i m e  m in i s t e r  to  h e a d  th e  C E B , b u t  h a d  

r e f u s e d .50

T h e  le g is la t io n  p r o v id in g  P a g e  a n d  h is  a s s o c ia te s  w ith  th e  a u t h o r i t y  to  

r e o r g a n iz e  t h e  n a t io n 's  e le c t r ic  s u p p ly  i n d u s t r y  r e s u l t e d  f r o m  in n o v a t io n s  

i n t r o d u c e d  b y  a  c o m m i t t e e  r e p r e s e n t i n g  m a n i f o ld  in t e r e s t s .  T h e  t e c h n o ­

lo g ic a l  a n d  o r g a n iz a t io n a l  c h a n g e s  b r o u g h t  f o r t h  b y  t h e  1 9 2 6  a c t  w e re  

c o m p le x  a n d  m a d e  p a lp a b le  t h e  m u l t i t u d e  o f  p r iv a te  a n d  c o r p o r a t e  i n t e r ­

e s ts  r e p r e s e n t e d  in  P a r l i a m e n t .  F u r t h e r m o r e ,  n o t  a ll o f  th e  s u b t le t ie s  o f  

c o n c e r n  c o u ld  b e  m a d e  e x p l ic i t  in  th e  le g is la t io n  a n d  th e  p r o c e d u r e s  d e r iv e d  

f r o m  it . T h e r e f o r e ,  j u d g m e n t  a n d  p o li t ic a l  sk ill h a d  to  b e  u s e d  to  b r in g  

a b o u t  t h e  in t e n d e d  c h a n g e s .

T h e  C e n t r a ]  E le c t r ic i ty  B o a r d ,  th e  e le c tr ic i ty  c o m m is s io n e r s ,  a n d  th e  

a d v is o ry  c o n s u l t in g  e n g i n e e r i n g  f i r m s  a v o id e d  th e  t e m p ta t io n  o f  a s s u m in g  

th a t  t e c h n ic a l  e x p e r t i s e  c o u ld  so lv e  th e  p r o b le m s .  T h e y  r e a l iz e d  th a t  d e ­

c is io n s , in  c o n t r a s t  to  s o lu t io n s  to  p r o b le m s ,  w e re  n e e d e d ;  o n e  b e s t  a n s w e r  

w as  n o t  to  b e  f o u n d .  T h e i r  a u th o r i ty ,  th e y  a ls o  w ise ly  a c k n o w le d g e d ,  w as 

l im i te d .  P a g e ,  a n  e x p e r i e n c e d  n e g o t i a to r ,  u n d e r s t o o d  t h a t  p e r s u a s iv e  sk ill 

w as  o f  t h e  e s s e n c e ,  f o r  t h e  d e c is io n s  t h e  b o a r d  m e m b e r s  h a d  to  m a k e  

r e q u i r e d  t h a t  th e y  v e n t u r e  b e y o n d  t h e  l im its  o f  t h e i r  d e f i n e d  p o w e r s .  In  

s h o r t ,  P a g e  a n d  h is  a s s o c ia te s  h a d  to  f u n c t io n  a s  p o li t ic ia n s  a s  w ell a s  e n ­
g in e e r s .

T y p ic a l  o f  th e  c h a l l e n g e s  t h e  b o a r d  f a c e d  a n d  th e  p o li t ic a l  ta c tic s  it e m ­

p lo y e d  w e r e  th e  d e c is io n s  m a d e  a b o u t  " s e le c te d ” s ta t io n s .  T h e  law  p r o v id e d  

th a t ,  w ith  t h e  a d v ic e  o f  th e  e le c t r ic i ty  c o m m is s io n e r s ,  t h e  C E B  s h o u ld  se le c t  

th e  p o w e r  s t a t io n s  to  in c lu d e  in  th e  G r id .  Q u a n t i t a t iv e  g u id e l in e s  w e re  to  

b e  a p p l i e d .  I f  a n  o p e r a t i n g  p o w e r  s ta t io n  g e n e r a t e d  e le c t r ic i ty  a t  a  c o s t 

g r e a t e r  t h a n  w h a t  it  w o u ld  c o s t  to  p u r c h a s e  p o w e r  f r o m  th e  G r id ,  th is  

s ta t io n  w as  n o t  “s e le c te d .” T h e  e s t im a te d  c o s t  o f  s u p p ly  f r o m  th e  p o w e r  

s ta t io n  w as  c a lc u la te d  w i th o u t  in c lu d in g  c a p i ta l  c o s ts , f o r  th e s e  w e re  “ s u n k ,” 

o r  n o t  s u b je c t  to  c h a n g e .  O n  th e  o t h e r  h a n d ,  th e  c o m p a r a t iv e  c o s t  o f  

e le c t r ic i ty  s u p p l i e d  f r o m  t h e  G r id  in c lu d e d  c a p i ta l  c o s ts  s u c h  a s  e x p e n d i ­

tu r e s  to  b e  m a d e  in  c o n s t r u c t in g  th e  G r id .  T h i s  f o r m u la  f o r  c a lc u la t io n ,  

w h ic h  in v o lv e d  m o r e  c o m p le x i t ie s  th a n  th o s e  n o te d ,  m e a n t  th a t  th e  o p ­

e r a t i n g  c o s ts  o f  e x i s t in g  s ta t io n s  w e r e  to  b e  c o m p a r e d  to  th e  o p e r a l in g -  

p lu s - c a p i ta l  c o s ts  o f  t h e  G r id .  T h e  a p p r o a c h  w as c o m p r e h e n s ib le .  T h e  

e le c t r ic  s u p p ly  i n d u s t r y  h a d  g r o w n  r a p id ly  th r o u g h o u t  t h e  w o r ld  b e c a u s e  

th e  o p e r a l in g - p lu s - c a p i t a l  c o s ts  o f  n e w  te c h n o lo g y  o f t e n  w e re  le ss  th a n  th e  

o p e r a t i n g  c o s ts  o f  o ld  t e c h n o lo g y .  F o r  th is  r e a s o n ,  o ld  p la n ts  c o u ld  o f t e n  

b e  a b a n d o n e d  b e f o r e  b e in g  a m o r t iz e d .

P a g e  a n d  h is  a s s o c ia te s  u n d e r s to o d ,  h o w e v e r ,  t h a t  th e  c o s t  c a lc u la t io n s  

fa i le d  to  la k e  in to  a c c o u n t  n o t  o n ly  a  n u m b e r  o f  e c o n o m ic  v a r ia b le s  b u t  

n o n e c o n o m ic  s u b s ta n t iv e  c o n s id e r a t io n s  a s  w ell. P o w e r  s ta t io n  o w n e r s  in ­

s is te d ,  f o r  in s ta n c e ,  th a t  th e y  in te n d e d  to  in t r o d u c e  t e c h n o lo g y  th a t  w o u ld

58 F o rres l M cD onald . In su ll  (C hicago: U nivers ity  o f  C hicago  Press. 1962). p. 276.
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d r a m a t ic a l ly  lo w e r  t h e i r  c o s ts . I n  a d d i t i o n ,  t h e  o p e r a t i n g  a n d  c a p i ta l  c o s ts  

o f  t h e  G r id  w e re  d e p e n d e n t  u p o n  u n p r e d i c t a b l e  v a r i a t io n s  in  m a te r i a l  a n d  

l a b o r  p r ic e s .  J u s t  a s  i m p o r t a n t  w e r e  t h e  n o n e c o n o m ic  f a c to r s  t h a t  th e  c a l ­

c u la t io n s  i g n o r e d ,  b u t  t h a t  P a g e ,  t h e  p o l i t ic ia n ,  c o u ld  n o t .  A m o n g  th e s e  

w as  t h e  p r i d e  t h e  m a n a g e r s  a n d  e n g i n e e r s  a n d  p r iv a te  a n d  m u n ic ip a l  o w n ­

e r s  o f  p o w e r  p la n t s  to o k  in  t h e i r  o r g a n iz a t io n s  a n d  te c h n o lo g y  a n d  in  th e  

a u t h o r i t y  th e y  h e ld .  T h i s ,  a s  h a s  b e e n  s e e n ,  w as  a  c o n s t i t u e n t  o f  p a r o c h i ­

a l is m . B e c a u s e  o f  v e s te d  in te r e s t s ,  t h e n ,  t h e  b o a r d  s e le c te d  m o r e  s ta t io n s  

th a n  t h e  W e ir  c o m m i t t e e  r e c o m m e n d e d .  T h e  r e p o r t  c a l le d  f o r  t h e  n u m b e r  

o f  “s e le c te d ” s t a t io n s  to  b e  l im i te d  to  6 0 ;  t h e  e le c t r ic i ty  c o m m is s io n e r s  

i d e n t i f i e d  1 1 8 ; a n d  t h e  C e n t r a l  E le c t r ic i ty  B o a r d  d e s ig n a te d  1 4 0 .59

A s d e f i n e d  in  t h e  E le c t r ic i ty  S u p p ly  A c t o f  1 9 2 6 , t h e  r e l a t io n s h ip  b e tw e e n  

t h e  n e w  C e n t r a l  E le c t r ic i ty  B o a r d  a n d  its  p r e d e c e s s o r s ,  t h e  e le c t r ic i ty  c o m ­

m is s io n e r s ,  w as  c o m p le x  a n d  le f t  m u c h  to  i n t e r p r e t a t i o n  a n d  t h e  g u id e l in e s  

o f  e x p e r i e n c e .  T h e  a c t  g a v e  th e  e le c t r ic i ty  c o m m is s io n e r s  r e s p o n s ib i l i ty  f o r  

i n a u g u r a t i n g  p l a n n i n g  f o r  t h e  G r id  b e c a u s e  th e y  h a d  h a d  t h e  e x p e r i e n c e  

u n d e r  t h e  a c t  o f  1 9 1 9  o f  e n c o u r a g i n g  r e g io n a l  s c h e m e s .  U l t im a te  r e s p o n ­

sib i l i ty  f o r  o w n in g  a n d  o p e r a t i n g  t h e  G r id ,  h o w e v e r ,  w o u ld  b e  lo d g e d  w ith  

th e  C E B . D u r i n g  p l a n n i n g  a n d  c o n s t r u c t i o n  b o th  t h e  e le c t r ic i ty  c o m m is ­

s io n e r s  a n d  t h e  C E B  w o u ld  h a v e  th e  a u t h o r i t y  to  r e t a i n  c o n s u l t in g  e n g i ­

n e e r s .  B r i t a in 's  l e a d in g  c o n s u l t in g  f i r m s — M e rz  8c M c L e l la n ,  K e n n e d y  8c 

D o n k in ,  a n d  H ig h f ie ld  8c R o g e r  S m i th — w e r e  r e t a i n e d  to  a d v is e  t h e  b o a r d  

o n  s u c h  m a t t e r s  a s  t h e  r o u t i n g  o f  h ig h - v o l t a g e  l in e s  a n d  t h e  s e le c t io n  o f  

p o w e r  s t a t io n s .  A f t e r  t h e  G r id  b e g a n  o p e r a t i n g ,  t h e  c o m m is s io n e r s  c o n t i n ­

u e d  to  f u n c t io n  a s  t h e  b o a r d ’s t e c h n ic a l  a d v i s e r s  a n d  a s  a  q u a s i - ju r id ic a l  

b o d y  h e a r i n g  a p p e a l s  f r o m  u ti l i t ie s  a b o u t  d e c is io n s  o f  t h e  C E B  a n d  o p ­

e r a t i o n s  o f  t h e  G r id .  T h e  e le c t r ic i ty  c o m m is s io n e r s ,  u n d e r  t h e  g e n e r a l  

d i r e c t io n  o f  t h e  M in is t ry  o f  T r a n s p o r t ,  r e m a i n e d  t h e  r e g u l a t o r y  a u t h o r i ty  

f o r  s u p p ly  c o m p a n ie s ,  o r  u t i l i t ie s ,  so  t h e  C E B , a s  a n  a u t h o r i z e d  s u p p l i e r  

o w n in g  a n d  o p e r a t i n g  t h e  G r id ,  w a s  s u b je c t  to  th e  c o m m is s io n e r s ’ r e g u ­

la to r y  d e c i s io n s .90

A s is  e x p e c te d  in  s i tu a t io n s  w h e r e  c o m p le x i t ie s ,  p r e s e n t  a n d  f u t u r e ,  d e fy  

th e  l a y in g  d o w n  o f  r u le s  a n d  p r o c e d u r e s ,  c o n f l ic ts  a r o s e  b e tw e e n  th e  c o m ­

m is s io n e r s  a n d  t h e  b o a r d .  L e s lie  H a n n a h ,  th e  h i s to r i a n  o f  e le c t r ic  s u p p ly  

in  B r i t a in ,  c o n c lu d e s  th a t  " t h e r e  w as  r a r e ly  a n y  g r e a t  w a r m th  in  th e  r e la t io n s  

b e tw e e n  t h e  tw o  b o d ie s  [ b o a r d  a n d  c o m m is s io n e r s ] ." 61 T h e  e le c t r ic i ty  c o m ­

m is s io n e r s ,  h e a d e d  b y  t h e  e n g i n e e r  S i r  J o h n  S n e l l ,  p r e f e r r e d  te c h n ic a lly  

n e a t  s o lu t io n s ;  t h e  C E B  o p t e d  f o r  c h o ic e s  t h a t  w e re  m o r e  h e a v ily  w e ig h te d  

by  re la tiv e ly  im p re c is e  e c o n o m ic  c o n s id e ra t io n s  a n d  in f lu e n c e d  by  th e  v e s ted  

i n te r e s t s  w h o s e  c o o p e r a t i o n  w as  s o u g h t .  S n e ll  a ls o  h a d  d i f f e r e n c e s  w ith

H a n n a h , Electricity Before  N a tiona lisation , p p . 112 -13 .

0,1 A n e xce llen t a naly sis o f  th e  f u n c tio n in g  o f  th e  C.EB a n d  th e  c o m m ission ers  is f o u n d  in 
a r e p o r t  M erz  8c M cL cllan  p r e p a re d  fo r  C o n so lid a ted  E d ison  C o. o f  N ew  Y ork . R eport on 
Electric Service in  N e w  York, London , Paris, a n d  B er lin  (L o n d o n : M erz  8c M cL ellan . 1937); I am  
g ra te fu l to  D o ro th y  Ellison fo r  callin g  th is  r e p o r t to  m y a tte n t io n . T h e  p la n  fo r  th e  G rid  th a t 
M erz  8c M cL ellan p re p a re d  fo r  th e  M inistry  o f  T ra n s p o r t  w as e n title d  N a tio n a l Electricity 
Su pply:  Technical Schem e  (M ay  1926); J .  M. K en n e d y ’s re p o r t fo r  th e  s a m e  m in istry  was e n title d  
Rep or t on the O perations o f  the Proposed C entra l Electricity B oa rd  ( Ju n e  1926); c op ies o f  bo th  a re  
in  th e  E lectr ic ity  C ou nc il A rchiv es, L on d o n .

01 H a n n a h , Electricity Before Natio na lisat io n , p. 108.
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C h a r l e s  M e rz . B o th  m e n  e n jo y e d  s u b s ta n t ia l  p r e s t ig e  in  e n g i n e e r i n g  c irc le s , 

so  t h e i r  d i f f e r e n c e s  w e r e  n o t  e a s ily  r e s o lv e d .  S n e ll h a d  s e r v e d  w ith  d i s ­

t i n c t io n  a s  a n  e n g i n e e r  a f t e r  c o m p le t in g  h is  s tu d ie s  a t  K in g ’s C o l le g e ,  L o n ­

d o n .  W h ile  M e rz  w as  m a k in g  h is  n a m e  a s  a n  a d v is e r  to  a n d  d i r e c t o r  o f  th e  

p r iv a te ly  o w n e d  N E S C O , S n e ll  w as  m a k in g  h is  a s  a n  e n g i n e e r  f o r  m u n ic ­

ip a l ly  o w n e d  u ti l i t ie s ,  in c lu d in g  o n e  o n  th e  n o r t h e a s t  c o a s t  o f  E n g la n d  th a t  

r e m a in e d  i n d e p e n d e n t  o f  th e  N E S C O  n e tw o r k .  S n e ll ,  h o w e v e r ,  s h u n n e d  

th e  p a r o c h ia l  a t t a c h m e n t s  t h a t  f o s t e r e d  s m a ll- s c a le  s u p p ly  a n d  a d v o c a te d  

la rg e - s c a le  o p e r a t i o n s  f o r  m u n ic ip a l ly  o w n e d  u ti l i t ie s .

T h e  d i f f e r e n c e s  b e tw e e n  M e rz  a n d  S n e ll  c a m e  to  a  h e a d  a f t e r  M e rz ’s 

c o n s u l t in g  f i r m  a c c e p te d  th e  a s s ig n m e n t  f r o m  th e  M in is t ry  o f  T r a n s p o r t  

to  a d v is e  t h e  c o m m is s io n e r s  in  in i t i a t in g  p la n n i n g  f o r  th e  G r id .  M e rz  8c 

M c L e lla n  w as  r e s p o n s ib le  f o r  p l a n n in g  s e v e ra l  o f  th e  r e g io n a l  s y s te m s  t h a t  

w o u ld  m a k e  u p  th e  G r id .  T h i s  r e q u i r e d  th a t  th e  c o m p a n y  c o n d u c t  a  s u rv e y  

to  a s c e r t a in  th e  o u t p u t  a n d  lo a d  c u r v e s  o f  e x is t in g  u t i l i t ie s .  T h e  c o n s u l t in g  

e n g i n e e r s  a ls o  i d e n t i f i e d  “s e le c te d ” p o w e r  s t a t io n s  a n d  r e c o m m e n d e d  t r a n s ­

m is s io n - l in e  r o u te s .  M e rz  s o o n  d e c id e d ,  h o w e v e r ,  t h a t  th e  g u id e l in e s  S n e ll  

h a d  la id  d o w n  w o u ld  r e s u l t  in  a  f la w e d  p la n  f o r  th e  C E B . A n t i c ip a t in g  t h a t  

th e  C E B  w o u ld  ca ll u p o n  h is  f i r m ’s s e rv ic e s  d u r i n g  th e  c o n s t r u c t io n  p h a s e ,  

M e rz  d e c id e d  to  w i th d r a w  f r o m  t h e  p la n n i n g  in  o r d e r  to  a v o id  b e in g  in  

th e  p o s i t io n  to  c a r r y i n g  o u t  a  p la n  w ith  w h ic h  h e  d id  n o t  a g r e e .  S n e ll  

c o m p la in e d  t h a t  t h e  w o rk  o f  M e rz  8c M c L e lla n  w as  m o v in g  to o  slo w ly  a n d  

a t  to o  g r e a t  a n  e x p e n s e  c o m p a r e d  w ith  t h a t  o f  o t h e r  c o n s u l t a n t s .  A f te r  

se v e ra l  m e e t in g s ,  S n e ll  a c c e p te d  t h e  f i r m ’s w ith d r a w a l .  A  c o m p r o m is e  a l ­

lo w e d  M e rz  8c M c L e lla n  e n g i n e e r s  to  c o m p le te  th e  p la n n i n g  w h ile  w o r k in g  

as  in d iv id u a ls .  S u b s e q u e n d y  th e  C E B  d id  r e ta in  M e rz  8c M c L e lla n  a s  c o n ­

s u l t in g  e n g i n e e r s ,  a s  h a s  b e e n  n o t e d .62

T h e  W e ir  r e p o r t  c o r r e c t ly  p r e d ic te d  t h a t  c o n s t r u c t io n  o f  t h e  G r id  w o u ld  

n o t  in v o lv e  u n p r e c e d e n t e d  te c h n o lo g y .  B r i t i s h  e n g in e e r s  h a d  s o lv e d  m a n y  

o f  t h e  m o s t  d i f f i c u l t  te c h n ic a l  p r o b le m s  o f  th e  e le c t r ic a l  e r a ,  b u t  th e  G r id  

w as  a  la r g e - a r e a  t r a n s m is s io n  s y s te m  t h a t  h a d  b e e n  in t r o d u c e d  e a r l i e r  e ls e ­

w h e re .  T h e  1 3 2 ,0 0 0  v o lts  d e c id e d  u p o n  f o r  t r a n s m is s io n  w as  w ell b e lo w  

th e  2 2 0 ,0 0 0  u s e d  in  t h e  U n i t e d  S ta te s  a n d  G e r m a n y  by  1 9 2 6 , a n d  th e  

tr a n s m is s io n  d is ta n c e s  w e re  s h o r t e r .  T h u s ,  B r i ta in 's  e n g in e e r s  c o n c e n t r a te d  

o n  a h o s t  o f  re la t iv e ly  r o u t i n e  p r o b le m s  th a t  w e re  c o m p l ic a te d  m o r e  by  

th e i r  n u m b e r ,  a  l ig h t  s c h e d u le ,  a n d  e c o n o m ic  d im e n s io n s  th a n  b y  te c h n ic a l  

c h a l le n g e .  T h e  e c o n o m ic  a s p e c ts  w e re  o f  th e  k in d  b e s t  c o n s id e r e d  by  e n ­

g in e e r s  lik e  C h a r l e s  M e rz  a n d  h is  c o n s u l t in g  e n g i n e e r i n g  c o l le a g u e s ,  w h o  

w e re  a c c u s to m e d  to  m a k in g  d e c is io n s  b a s e d  o n  a n  o p t im u m  m ix  o f  c o s ts  

a n d  te c h n ic a l  e f f ic ie n c y .
S t a n d a r d iz a t io n  o f  v o lta g e ,  p h a s e ,  a n d  f r e q u e n c y  w as  o n e  o f  th e  e c o n o m ic  

a n d  te c h n ic a l  d e c is io n s  G r id  e n g in e e r s  m a d e .  S ta n d a r d iz a t io n  w as  a n  e s ­

p e c ia lly  m e ssy  p r o b le m  in  B r i ta in  b e c a u s e  o f  th e  d iv e r s i ty  e m b o d ie d  in  its

"® C o rre s p o n d e n c e  in  b o u n d  vo lu m e e n lid e d  "E lectr ic ity  Su pp ly  Act (1926): M e m o ran d a  
a n d  Im p o r ta n t C o rre sp o n d e n c e ,"  M crz  Sc M cLellan Co. A rchives, A m b crley , K illingw orth , 
n e a r  N ew castle  u p o n  T y n e , E n g la n d . Sec especia lly  J .  Snell to  M erz . 21 A u gu st 1926; Snell 
to  M erz , 29  M arch  1927; M crz  to  Snell. 30 M arch  1927; n o tes on  a m e etin g  o f  M crz  an d  
Snell, 5 J u ly  1927; n o te s  on  a n  in te rv iew , Snell, M crz . M cLcllan, a n d  L egga i. 7 Ju ly  1927; 
a n d  m e m o ra n d u m  Trom Leggai (o r  M erz  Sc M cLellan)  to  M erz. 14 Ju ly  1927. S ee also H a n n a h . 

Electricity Before Na tionalisat ion , p p . 111-12 .
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sm a ll-sca le  te c h n o lo g y .  S ta n d a rd iz a t io n  o f  e le c tr ic ity  s u p p ly  w as lik e  a  C h in e s e  

b o x — p r o b le m s  w i th in  p r o b le m s .  O n  t h e  lev e l o f  h ig h - v o l ta g e  t r a n s m is s io n ,  

th e  q u e s t io n  o f  v o l ta g e  a n d  p h a s e  w as  n o t  c o m p l ic a te d  (in  m u c h  o f  th e  

c o u n t r y )  b y  e x i s t in g  c o m m i tm e n ts  a n d  e x t a n t  e q u i p m e n t .  M o s t h ig h -v o l ta g e  

t r a n s m is s io n  u t i l iz e d  n e w  e q u i p m e n t .  M o r e o v e r ,  t h e  t r a n s f o r m a t i o n  o f  v o lt ­

a g e s  f r o m  g e n e r a t i n g  p la n t s  to  lo w -v o lla g e  d i s t r i b u t i o n  s y s te m s  w as  a  w ell- 

e s t a b l i s h e d  p r a c t ic e .  T r a n s f o r m e r s  c o u ld  b e  w ir e d  o n  o n e  s id e  f o r  loca l 

c o n d i t io n s  a n d  o n  t h e  o t h e r  f o r  t h e  s t a n d a r d  1 3 2 ,0 0 0  v o lts  d e c id e d  u p o n  

fo r  t h e  m a in  t r a n s m is s io n  lin e s . T h e  t r a n s f o r m e r  w as  a  c o u p l in g  d e v ic e  

t h a t  p e r m i t t e d  t h e  i n t e g r a t i o n  o f  s u b s y s te m s  w ith  d i f f e r e n t  v o l ta g e  c h a r ­

a c te r is t ic s .

In  1 9 2 6 , c h o o s in g  a  s t a n d a r d  ty p e  o f  c u r r e n t  d id  n o t  p r e s e n t  s e r io u s  

p r o b le m s  c i t h e r ,  b e c a u s e  p o ly p h a s e ,  o r  th r e e - p h a s e  a l t e r n a t i n g ,  c u r r e n t  

h a d  b e c o m e  a  w o r ld  s t a n d a r d  l o r  l ig h t in g  a n d  p o w e r .  D ir e c t  c u r r e n t  s u r ­

v iv e d  in  l a r g e  c i t ie s  w h e r e  h ig h ly  e f f i c i e n t  d i r e c t - c u r r e n t  E d is o n  s ta t io n s  

p r e v a i l e d  u n t i l  a f t e r  t h e  t u r n  o f  t h e  c e n t u r y ,  b u t  it w as  u n d e r s t o o d  th a t  

th e  t r a n s i t i o n  to  p o ly p h a s e  c u r r e n t  w o u ld  b e  m a d e .  I n  th e  m e a n t im e  a n ­

o t h e r  c o u p l i n g  d e v ic e ,  t h e  r o ta r y  c o n v e r t e r  (a .c .- d .c .) ,  a l lo w e d  th e  d i r e c t -  

c u r r e n t  a r e a s  to  b e  f e d  b y  p o ly p h a s e  c u r r e n t s  a n d  e n c o m p a s s e d  in  sy s te m s  

th a t  w e re  p r im a r i ly  p o ly p h a s e .

S t a n d a r d i z a t i o n  o f  f r e q u e n c y ,  h o w e v e r ,  w a s  n o t  a s  r e a d i ly  s o lv e d ,  fo r  

f r e q u e n c y  c o n v e r t e r s  w e r e  n o t  a s  e f f i c i e n t  a n d  r e l ia b le  a s  r o t a r y  c o n v e r te r s .  

T h e r e f o r e ,  e q u i p m e n t  h a d  to  b e  r e w i r e d  i f  t h e  f r e q u e n c y  w as  o t h e r  th a n  

th e  G r i d ’s s t a n d a r d  5 0  cy c le s . T h i s  p r o b le m  w as  e s p e c ia lly  s e r io u s  in  th e  

n o r t h e a s t  c o a s ta l  r e g io n  s u p p l i e d  b y  N E S C O , th e  r e g io n a l  s u p p ly  u tility  

th a t  h a d  e x p a n d e d  im p re s s iv e ly  u n d e r  t h e  g u id a n c e  o f  M e rz  8c M c L e lla n . 

N E S C O  h a d  p re v io u s ly  s t a n d a r d i z e d  a t  4 0  c y c le s  (s e e  p p .  4 5 8 - 5 9  b e lo w ).

B e g in n in g  in  t h e  s p r i n g  o f  1 9 2 7  a n d  e n d i n g  in  A u g u s t  1 9 3 1 , p la n s  fo r  

th e  v a r io u s  r e g io n a l  t r a n s m is s io n  s y s te m s  t h a t  w o u ld  t o g e t h e r  c o n s t i tu te  

th e  N a t io n a l  G r id  w e r e  a d o p t e d  a t t h e  r a t e  o f  a b o u t  tw o  e a c h  y e a r .  C o n ­

s t r u c t io n  o f  t h e  G r id  e n d e d  o n  s c h e d u le  in  a b o u t  s ix  y e a r s .  I n  1 9 3 3  th e  

C e n t r a l  E le c t r ic i ty  B o a r d  b e g a n  o p e r a t i n g  a s  a  p o w e r  t r a n s m is s io n  u ti l i ty  

in  c e n t r a l  S c o t la n d  a n d  e a s t - c e n t r a l  E n g la n d ,  a n d  by  1 9 3 6  th e  G r id  w as  in  

fu ll  c o m m e r c ia l  o p e r a t i o n  in  a ll r e g io n s  e x c e p t  t h e  n o r t h e a s t  c o a s t  o f  E n g ­

la n d ,  th e  lo c a t io n  o f  N E S C O  a n d  th e  m a jo r  s t a n d a r d i z a t i o n  p r o b le m ;  o p ­

e r a t i o n s  b e g a n  t h e r e  in  1 9 3 8  (s e e  F ig s . X I I . 11 a n d  X I I . 12). T h e  in itia lly  

p l a n n e d  G r id  c o s t  a p p r o x i m a t e l y  £ 2 6 .7  m ill io n .  D u r in g  t h e  s ix  y e a r s  o f  its 

c o n s t r u c t io n  1 5 0 ,0 0 0  io n s  o f  s te e l  w e r e  u s e d ,  m o s tly  f o r  2 8 ,0 0 0  t r a n s m is s io n  

to w e r s .  T h e  C r i d ’s o v e r h e a d  l in e s  r e q u i r e d  1 2 ,0 0 0  to n s  o f  a lu m in u m  a n d

2 0 0 ,0 0 0  p o r c e la in  in s u la to r s .  B r i t i s h  m a n u f a c t u r e r s  w e re  h e a v ily  e n g a g e d  

in  th e  c o n s t r u c t io n  o f  t r a n s f o r m e r s  a n d  s w i tc h g e a r ,  m e te r in g ,  a n d  c o n tro l  

e q u i p m e n t .  T h e  e x p a n s io n  o f  e x i s t in g  p o w e r  s ta t io n s  a n d  th e  c o n s t r u c t io n  

o f  n e w  o n e s  a ls o  k e p t  tu r b i n e  a n d  g e n e r a t o r  m a n u f a c t u r e r s  b u s y  a n d  g a v e  

th e m  e x p e r i e n c e  t h a t  h a d  f o r m e r ly  b e e n  c o n c e n t r a t e d  a m o n g  t h e  A m e r ic a n  

a n d  G e r m a n  m a n u f a c t u r e r s . 0'’ B o th  t h e  c o n s t r u c t io n  a n d  t h e  o p e r a t i o n  o f  

th e  G r id  s t im u la te d  t h e  p o s l - W o r l d  W a r  I e c o n o m y  o f  G r e a t  B r i ta in .

G re a t B rita in , C e n tra l E lectr ic ity  B o a rd , The  G rid  (b oo k let pu b lish ed  by th e  C EB  in 
I9 4 6 (? |), p p . 4 - 7 . C h a rle s  I I. M erz  d e scrib e d  th e  G rid  in " T h e  N atio na l S c h e m e  o f  E lectricity  
Su p p ly  in G re a t B rita in "  (P a p e r  re a d  b e fo re  th e  B ritish  A ssocia tio n  fo r  th e  A d van c em en t o f  
Sc ience. S o u th  A frica, 1929): c opy  in th e  M erz  & M cLellan C o. A rchives.
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F ig u re  X I I .  1 1 . S  im p lif ied  m ap o f  

proposed E ng lish  1 3 2 -kv . G rid, 19 3 3 . 

A dapte d fr o m  the C E B 's  A n n u a l R e p o rt 

1932.

F ig u re  X I1 .1 2 . Superim posed m ap o f  

G reat B rita in  show in g the British G rid  to 
be o f  no greater  extent tha n Ca liforn ia's  

interconnected po wer network. From  

Electr ical W o rld  8 2  (1 9 2 3 ).  1 03 6.

A b e t t e r  u n d e r s t a n d i n g  o f  th e  c o m p le x  n a t u r e  o f  th e  G r id  c a n  b e  d e r iv e d  

f r o m  c o n s id e r a t io n  o f  s e v e ra l  o f  its c o n s t i tu e n t  r e g io n a l  sy s te m s . In  th e  

L o n d o n  a r e a ,  t h e  G r id ,  lik e  t h e  P e n n s y lv a n ia - N e w  J e r s e y  I n te r c o n n e c t io n  

in  th e  U n i te d  S ta te s ,  w as  a  p o w e r  p o o l (se e  p p .  3 2 5 - 3 4  a b o v e ) .  T h e  C e n t r a l  

E le c tr ic i ty  B o a r d  le f t  u n c h a n g e d  th e  o w n e r s h ip  o f  th e  “s e le c te d ” p r iv a te  

a n d  lo c a l - a u lh o r i ty - o w n e d  p o w e r  s ta t io n s  th e r e ,  b u t  to o k  o v e r  th e  d i r e c t io n  

o f  o p e r a t i o n s  a n d  th e  p l a n n in g  o f  e x p a n s io n .  T h e  C E B  a ls o  a s s u m e d  p a y ­

m e n t  o f  t h e  c a p i ta l  a n d  o p e r a t i n g  c o s ts  o f  th e s e  s e le c te d  p la n ts .  T h e  e n t i r e  

e le c t r ic a l  o u t p u t  o f  th e  s ta t io n s  w as a t  th e  d is p o s a l  o f  t h e  G r id ,  a n d  m o s t 

o f  it w as f e d  in to  th e  tr a n s m is s io n  n e tw o rk .  T h e  s u p p ly  a u th o r i t i e s ,  o r  

u t i l i t ie s ,  t h e n  p u r c h a s e d  f ro m  th e  G r id  a ll th e  e le c tr ic i ty  th e y  n e e d e d  fo r  

th e i r  d i s t r ib u t io n  sy s te m s . T h e  p r ic e  c h a r g e d  by  th e  C E B  r e p r e s e n t e d  th e  

c o s t  o f  p r o d u c t io n  a d ju s te d  fo r  lo a d  f a c to r  p lu s  a n  a d d i t io n a l  c h a r g e  fo r

GREAT BRITAIN AND CALIFORNIA 
T h e  f o r m e r  h a s  40.0 00 ,0 00  m o re  I n h a b i ta n ts  th a n  th e  l a t t e r  a n d  

c o m p r is e s  o n e  o f  th e  g r e a t e s t  I n d u s t r ia l  d is t r i c t s  In  th e  w o rld . I t s  
e le c t r ic a l  o u tp u t ,  h o w e v e r . Is n o  l a r g e r  th a n  C a lifo rn ia 's ,  a n d  w h ile  
G r e a t  B r i t a in  Is p la n n in g  r e s t r ic te d  p o w e r d i s t r i c t s  m a d e  u p  o f 
In te r c o n n e c te d  s y s te m s  C a l i fo rn ia  a l r e n d y  p o sse sse s  a n  In te rc o n ­
n e c te d  n e tw o r k  s t r e t c h in g  f ro m  o n e  e n d  o f  th e  s t a t e  to  th e  o th e r . 
T h e  m a p s  a r e  d r a w n  to  th e  s a m e  sc a le .
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t r a n s m i s s i o n .  T h e  p r ic e  w a s  g u a r a n t e e d  to  b e  lo w e r  t h a n  w o u ld  b e  in c u r r e d  

i f  t h e  s e le c te d  s ta t io n  g e n e r a t e d  f o r  its e lf .

B y th e  l im e  th e  G r id  b e g a n  o p e r a t i n g ,  t h e r e  w e r e  t h i r t e e n  p r iv a te ly  

o w n e d  c o m p a n ie s  in  t h e  c o u n ty  o f  L o n d o n .  T h e  J E A  c o n c e p t  th a t  w as 

e s ta b l i s h e d  u n d e r  t h e  E le c t r ic i ty  S u p p ly  A c t o f  1 9 1 9  h a d  e n c o u r a g e d  c o n ­

s o l id a t io n ,  b u t  t h e  id e a  d id  n o t  g a t h e r  m o m e n t u m  u n t i l  p a s s a g e  o f  th e  1926  

a c t  in  a n t i c ip a t io n  o f  t h e  G r id .  A ll t h i r t e e n  c o m p a n ie s  w e r e  d i s t r ib u to r s ,  

b u t  n in e  h a d  t u r n e d  o v e r  g e n e r a t i o n  to  th e  L o n d o n  P o w e r  C o m p a n y ,  th e  

s to c k  o f  w h ic h  th e y  fu lly  o w n e d .  O f  t h e  o t h e r  f o u r ,  t h e  C ity  C o m p a n y  h a d  

a m a jo r  p o w e r  p la n t  a t  B a n k s id e ,  a n d  th e  C o u n ty  o f  L o n d o n  C o m p a n y  

h a d  m a jo r  p o w e r  p la n t s  a t  B a r k in g  “ A ” a n d  B a r k in g  “ B ."  C o n s o l id a t io n  

h a d  a ls o  o c c u r r e d  o n  t h e  d i s t r i b u t i o n  s id e .  S ix  o f  t h e  c o m p a n ie s  h a d  p la c e d  

t h e i r  c o m m o n  s to c k  u n d e r  th e  c o n t r o l  o f  a  h o ld i n g  c o m p a n y ,  t h e  L o n d o n  

A s s o c ia te d  E le c tr ic i ty  U n d e r t a k i n g s .  S e v e ra l  o t h e r  c o m p a n ie s  h a d  c o m e  

u n d e r  t h e  c o n t r o l  a n d  m a n a g e m e n t  o f  t h e  M e t r o p o l i t a n  C o m p a n y  a n d  th e  

C o u n ty  o f  L o n d o n  C o m p a n y .  T h e  p r ic e s  c h a r g e d  c u s to m e r s  by  t h e  p r iv a te  

c o m p a n ie s  v a r i e d  a n d  a l lo w e d  f o r  p r o f i t ,  w h ic h  w as  r e g u l a t e d  by  t h e  e le c ­

t r ic i ty  c o m m is s io n e r s .  L o n d o n ’s th i r ty - tw o  l o c a l - a u th o r i ty - o w n e d  u tilitie s  

r e m a i n e d  c o m p le te ly  i n d e p e n d e n t  a s  d i s t r i b u t o r s  o f  e le c t r ic i ty ,  b u t  in  te rm s  

o f  g e n e r a t i o n  th e y  w e r e  c o o r d i n a t e d  b y  t h e  C e n t r a l  E le c tr ic i ty  B o a r d .  A ll 

“s e le c te d "  p o w e r  s ta t io n s ,  p r iv a te  o r  l o c a l - a u th o r i ty - o w n e d ,  w e r e  d i r e c te d  

by  t h e  b o a r d .  O t h e r  s t a t io n s  m a d e  a g r e e m e n t s  w ith  t h e  C E B  a b o u t  o p e r ­

a t io n s ;  s o m e ,  f o r  in s ta n c e ,  o p e r a t e d  a s  p e a k - lo a d  p la n t s .  I n  1 9 3 5  th e  to ta l 

c a p a c i ty  o f  a 5 0 -c y c le  g e n e r a t i n g  p la n t  in  L o n d o n  w a s  2 ,3 1 3 ,0 0 0  kw . a n d  

its  o u t p u t  w as  4 ,4 1 8  m ill io n  k w h .,  1 15  m ill io n  o f  w h ic h  w as  f o r  t r a c t io n .64

T h e  o p e r a t i o n  o f  th e  G r id  c a n  a ls o  b e  e x a m in e d  b y  c o n s i d e r i n g  o n e  o f  

th e  r e g io n a l  s c h e m e s .  T h e  s e v e n th ,  w h ic h  w as  a n n o u n c e d  in  1 9 3 0 , p e r ­

t a in e d  to  s o u th w e s t  E n g la n d  a n d  W a le s . T h e  r e g io n  h a d  a  p o p u la t io n  o f  

a b o u t  s ix  m i l l io n  a n d  a n  a r e a  o f  s l ig h tly  o v e r  1 7 ,0 0 0  m ile s . I n c lu d e d  in  it 

w e re  h ig h ly  in d u s t r i a l i z e d  a r e a s ,  m in e s ,  a n d  s e a p o r t s .  B e f o r e  th e  G r id  w as 

e s t a b l i s h e d .  165  u t i l i t ie s  o w n e d  107  g e n e r a t i n g  s ta t io n s .  S ix  o f  th e s e  s ta t io n s  

w e re  c h o s e n  to  b e c o m e  p a r t  o f  t h e  G r id ,  a n d  tw o  n e w  s ta t io n s  w e re  c o n ­

s t r u c t e d .  T h e  C E B  h a d  t h e  a u t h o r i t y  to  a r r a n g e  f o r  a u t i l i ty  in  th e  a r e a  o f  

s u p p ly  to  p r o v i d e  a  n e w  s ta t io n .  I f  n o  s u c h  a r r a n g e m e n t  c o u ld  b e  m a d e ,  

th e  e le c t r ic i ty  c o m m is s io n e r s  c o u ld  a u t h o r i z e  th e  C E B  o r  s o m e  o t h e r  c o m ­

p a n y  o r  p e r s o n  to  c o n s t r u c t  th e  s ta t io n .  T h e  n e w  s ta t io n  w o u ld  t h e n  b e  

o p e r a t e d  a c c o r d in g  to  G r id  p r o c e d u r e s . 0’’ T w o  o f  th e  s e le c te d  s ta t io n s ,  o n e  

a t  B r is to l  a n d  a n o t h e r  in  S o u th  W a le s ,  w e re  d e s ig n a te d  a s  b a s e - lo a d  p la n ts .  

T h e  t r a n s m is s io n  s y s te m  fo r  t h e  r e g io n  c o n s is te d  o f  6 2 3  m ile s  o f  h ig h -  

v o l ta g e  c a b le  a n d  2 5  t r a n s f o r m e r  s t a t io n s .  E re c t io n  o f  th e s e  s ta t io n s  w as 

o p p o s e d  o n  a e s th e t i c  g r o u n d s  b y  l a n d e d  s q u i r e s .00

In  o p e r a t i o n ,  t h e  G r id  d id  n o t b y  i t s e l f  la s t in g ly  r e s u s c i t a t e  th e  B r it is h  

e c o n o m y ,  a ll t h e  b r i g h t  p r e d ic t io n s  o f  t h e  p a r l i a m e n t a r y  c o m m i t t e e s  n o t ­

w i th s t a n d in g .  M o r e - m u te d  e x p e c ta t io n s  w e re  s t a l e d  a s  e a r ly  a s  1 9 2 7  ( a f t e r  

t h e  1 9 2 6  a c t  h a d  b e e n  s a fe ly  p a s s e d )  b y  A r c h ib a ld  P a g e .  S e n s it iv e  to  th e

M M crz  8c M cL cllan . R eport on Electric Se ndee.  T h e  d e sc rip tio n  o f  th e  L o n d o n  G rid  p re se n te d  
h e re  is based  on  th is  re p o r t (pp . 5 5 -9 1 ). w hich  d escriltcs  th e  s itu a tio n  a ro u n d  1936.

03 E lectr ic ity  Act o f  1926, § 6.

“ L. W. W. M orro w . "G re a t B rita in  E le n  ri fir* " F le n r im l W nrU  06  flQSOt- 2 5 2 -5 3
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s e l f - e s te e m  o f  t h e  m a n a g e r s  a n d  e n g in e e r s  o f  e x is t in g  c o m p a n ie s ,  w h o s e  

c o o p e r a t io n  w a s  n e e d e d ,  P a g e  d i s c o u n te d  th e  m o r e  e x t r e m e  s t a t e m e n t s  

m a d e  e a r l i e r  a b o u t  th e  b a c k w a r d n e s s  o f  B r i t a in ’s e le c t r ic  s u p p ly  i n d u s t r y .  

H e  p o in te d  o u t  t h a t  B r i t a in  h a d  a  w e l l -d e v e lo p e d  g a s  in d u s t r y ,  w h o s e  

se rv ic e  r e d u c e d  th e  d e m a n d  f o r  e le c t r ic  l ig h t in g ,  a s  w ell a s  a  lo n g - e s ta b ­

l i s h e d  p r a c t ic e  o f  u s in g  s te a m  p o w e r  in  in d u s t r y  w i th o u t  in te r v e n i n g  e le c t r ic  

p o w e r  t r a n s m is s io n .  H e  o b s e r v e d  th a t  a l th o u g h  th e  B r i t i s h  s te a m  p la n t  

m ig h t  b e  le ss  e f f i c i e n t  th a n  its  e le c t r ic  c o u n t e r p a r t ,  t h e  e c o n o m ic s  o f  r e ­

p l a c e m e n t  d id  n o t  a lw a y s  f a v o r  c o n v e r s io n .  P a g e  a ls o  r a is e d  d o u b t s  a b o u t  

t h e  s ig n i f ic a n c e  o f  p e r  c a p i t a  c o n s u m p t io n  o f  e le c tr ic i ty ,  a  s ta t i s t ic  th e  c o m ­

m i t te e s  p r o m o t i n g  th e  G r id  h a d  s t r e s s e d .  H e  s a id  t h a t  p e r  c a p i ta  c o n ­

s u m p t io n  o f  c o a l  a n d  o il m ig h t  b e  b e t t e r  in d ic a to r s  o f  i n d u s t r i a l  d e v e lo p ­

m e n t ,  f o r  in  B r i t a in  t h e  c o n s u m p t io n  o f  c o a l s u b s u m e d  th e  g e n e r a t i o n  o f  

m o s t  e le c t r ic i ty  a n d  to o k  in to  a c c o u n t  o t h e r  e n e r g y  s u p p l i e s ,  s u c h  a s  g a s . 

H e  r ig h t ly  p o in te d  o u t  th a t  th e  s h a r e  o f  th e  c o s t  o f  e le c t r ic i ty  t h a t  w as 

a t t r i b u t a b l e  to  d i s t r ib u t io n ,  in  c o n t r a s t  to  t r a n s m is s io n ,  a m o u n t e d  to  b e ­

tw e e n  2 0  a n d  7 5  p e r c e n t  o f  th e  to ta l  a c c o r d in g  to  lo c a t io n ,  a n d  th a t  d is ­

t r ib u t i o n  w as  in  t h e  h a n d s  o f  t h e  u t i l i t ie s .  P a g e  a ls o  c a u t io n e d  t h a t  s a v in g s  

f r o m  th e  G r id  w o u ld  n o t  b e  im p re s s iv e  in  a r e a s  w h e r e  m o d e r n  p o w e r  p la n ts  

a l r e a d y  o p e r a t e d .  H e  m a y  h a v e  m is le d  h is  a u d ie n c e ,  h o w e v e r ,  w h e n  h e  

s a id  t h a t  le g is la t io n  h a d  n o t  b e e n  a s  r e s p o n s ib le  f o r  th e  d e la y  o f  l a r g e - a r e a  

s u p p ly  in  B r i t a in  a s  t h e  r iv a l ry  b e tw e e n  la r g e  u n d e r t a k i n g s  a n d  a n  "o v - 

e r z e a lo u s  d is p la y  o f  lo c a l p a t r io t i s m  by  th e  s m a l le r  m u n ic ip a l  u n d e r t a k i n g s ” 

h a d  b e e n .67 T h e  e a r l i e r  le g is la t io n  in  fa c t  p r o te c te d  th e  p a r o c h ia l is m .

E v e n  th o u g h  th e  G r id  d id  n o t  r e v o lu t io n iz e  B r i t i s h  i n d u s t r y ,  b u t  in s te a d  

b r o u g h t  c h a n g e s  t h a t  w e r e  m o r e  in  l in e  w ith  P a g e ’s r e a lis t ic  a n t ic ip a t io n s ,  

t h e  r e o r g a n iz a t io n  o f  B r i t a in 's  e le c tr ic i ty  s u p p ly  d id  r e s u l t  in  n o ta b le  

a c h ie v e m e n ts .  B e c a u s e  in te r c o n n e c t io n  p e r m i t t e d  th e  u s e  o f  s m a l le r ,  r e ­

s e r v e  p la n ts ,  c a p i ta l  e x p e n d i t u r e s  w e re  lo w e r  th a n  i f  su p p ly  h a d  b e e n  f ro m  

i n d e p e n d e n t  p la n ts .  B y 1 9 3 8  th e  C E B  u s e d  a  s a f e ly  m a r g in  o f  a p p r o x i ­

m a te ly  10 p e r c e n t  r e s e r v e  c a p a c i ty  c o m p a r e d  to  th e  4 3  p e r c e n t  e s t im a te d  

r e s e r v e  f o r  1 9 2 5 . A s  a  r e s u l t ,  t h e  C E B  e s t im a te d  th a t  £ 3 3  m ill io n  o f  c a p ita l  

e x p e n d i t u r e  o n  s p a r e  p la n t s  w as  s a v e d .  I t  a ls o  e s t im a te d  t h a t  in  1 9 3 5 , 

o p e r a t i n g  c o s ts  f o r  s p e c i f ie d  p o w e r  s ta t io n s  w e re  11 p e r c e n t  less  th a n  th e  

c o s t  o f  r u n n i n g  t h e  s a m e  s ta t io n s  u n d e r  i n d e p e n d e n t  o w n e r s h ip  in  1 9 3 2 , 

b e f o r e  th e  G r id  b e g a n  o p e r a t io n s .  D e s p i te  a  p r i c in g  p o lic y  th a t  by  1 9 3 9  

r e s u l t e d  in  a  s u r p l u s  o f  a t  le a s t  £ 2 .7 5  m ill io n  ( a f t e r  p a y in g  in te r e s t  o n  

s e c u r i t ie s  a n d  p r o v id in g  a  s in k in g  f u n d  fo r  th e s e ) ,  th e  C E B  h a d  r e d u c e d  

th e  p r i c e  o f  e le c t r ic i ty  in  b u lk  (a t  t h e  b u s b a r s ,  w h e r e  it w as f e d  in to  th e  

t r a n s m is s o n  s y s te m )  to  .3 4 d  p e r  u n i t  in  1 9 3 9  c o m p a r e d  to  a  c o s t  o f  1 .0 9 8 d  

in  1 9 2 3 . T h e  c o s t  o f  e le c tr ic i ty  w as  a lso  r e d u c e d  in  th e  U n i t e d  S la te s  a n d  

G e r m a n y  d u r i n g  th is  p e r io d ,  b u t  a s  h is to r ia n  L es lie  H a n n a h  c o n c lu d e s ,

It [reo rg an iza tio n  a n d  th e  G rid ] was, on  th e  w hole , a h ap p y  ex p e rie n c e  a n d  o n e  
with w hich th e  in d u s try  co u ld  be well p leased . In  th e  space o f  f ifteen  years 
be tw een  1925 a n d  1940 th e  na tiona l g rid  system  en ab led  th e  B ritish  su p p ly  
u n d e rta k in g s  to  o vercom e th e ir  p rev io u s lag in d ev e lo p m en t a n d  in a u g u ra te  a 
v ig o ro u s ex p an sio n  o f  sales based on  low prices fo r th e  co n su m er. By th e  late

*7 A rc h ib a ld  Page, " In a u g u ra l A d dre ss."  1 E E  J o u rn a l 66  (1927): 1 - 1 1.
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I9 3 0 ’s B rita in 's  e lec tric ity  co n su m p tio n  p e r  h e ad  o f  p o p u la tio n  eq u a le d  th a t in 

co u n tr ie s  with s im ila r in co m e levels.08

A n  e v e n  m o r e  im p r e s s iv e  t r i b u t e  is p a id  to  th e  o r i g in a to r s  a n d  d e v e lo p e r s  

oT t h e  N a t io n a l  G r id  b y  th o s e  w h o  a r e  p e r s u a d e d  t h a t  it w as  a  m a jo r  r e a s o n  

f o r  t h e  c l im b  in  t h e  1 9 3 0 s  o f  B r i t a i n ’s in d u s t r i a l  e c o n o m y  f r o m  th e  lo w e r  

r a n k s  a m o n g  in d u s t r i a l  n a t io n s  to  a p o s i t io n  b e h in d  o n ly  th e  S o v ie t  U n io n  

a n d  G e r m a n y  in  r a l e  o f  g r o w t h .09

""I .es lie  H a n n a h , "A  P io n ee r  o f  1‘uhlic  E n te rp rise : T h e  C e n tra l E lectr ic ity  B o a rd  a n d  th e  
N atio n a l ( • rid , 1 9 2 7 -1 9 4 0 ,"  in Essays in lln t is h  Business H istory, ed . B a rry  S u p p le  (O x fo rd : 
C la re n d o n  Press, 1977), p p . 2 2 4 -2 5 . In  th is a r t i r le ,  H a n n a h  r ite s  D. A. W ilson. “T h e  S tra te gy  
ol Sale s E x pan s io n  in th e  B ritish  E lectr ic ity S u pp ly  I n d u s try  B etw een  th e  W ars,"  in  M anagem ent  
Strategy  a n d  B usiness D evelopm ent, ed . Leslie  H a n n a h  (L o n d o n : M acm illan Sc C o .. 1976); H arry  
W. R ich a rd so n , “T h e  N ew  In d u s tr ie s  B etw een  th e  W ars,"  O xford  Econom ic Papers 12 (1961): 
a n d  ide m , Econom ic Recovery in B rita in . 1 9 1 2 - 1 9  (L o n d o n : W cid e n fe ld  Sc N iro lson , 1967).

" " I  am  in d e b te d  to  Leslie  H a n n a h  lo r  c alling  my a tte n t io n  to  th is  a rg u m e n t.
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T h e  C u ltu re  o f  

R e g io n a l S y s te m s

T
u t  p l a n n e d  p o w e r  p o o ls  a n d  g r id s  c o n s t r u c te d  in  t h e  U n i t e d  S ta te s , 

G e r m a n y ,  a n d  E n g la n d  h e r a l d e d  th e  e r a  o f  r e g io n a l  e le c t r ic  s u p p ly  

s y s te m s ,  w h ic h  l in k e d  c it ie s ,  to w n s ,  c o u n t r y s id e ,  a n d  r e m o te  in d u s t r i a l  s ite s . 

A lo n g s id e  th e  p l a n n e d  s y s te m s ,  s u c h  a s  th e  B a y e r n w e r k  a n d  B r i t a in ’s G r id ,  

t h e  e v o lv in g  s y s te m s  o f  m o s tly  p r iv a te ly  o w n e d  u t i l i t ie s  f l o u r i s h e d .  A s will 

b e  s e e n  in  C h a p t e r  X IV , th e  l a t t e r  h a d  a  lo n g  h is to ry  a n d  w e re  c h a r a c te r i z e d  

by  in c r e m e n ta l  g r o w th .  I n  t h e  1 9 2 0 s , h o w e v e r ,  e n g in e e r s ,  m a n a g e r s ,  a n d  

f in a n c ie r s  r e a l i z e d  t h a t  a t e c h n o lo g ic a l  f o r m — th e  r e g io n a l  s y s te m — h a d  

f u l f i l le d  i n h e r e n t  im p l i c a t io n s  a n d  c o u ld  b e  c o n s id e r e d  c o n c e p tu a l ly  m a ­

t u r e .  (A c tu a l  g r o w th ,  o f  c o u r s e ,  w o u ld  c o n t in u e .)  T h i s  r e a l iz a t io n  w as  m a n ­

i f e s te d  in  th e  e n g i n e e r s ' a n d  m a n a g e r s ’ c o n c e p tu a l i z a t io n  o f  u n d e r ly in g  

te c h n ic a l  a n d  e c o n o m ic  r e l a t io n s h ip s ;  t h e i r  d e f t  i d e n t i f ic a t io n  o f  c r i t ic a l  

p r o b le m s  a n d  e f f ic a c io u s  s o lu t io n s ;  t h e i r  i n t r o d u c t io n  o f  o r g a n iz a t io n a l  

f o r m s  t h a t  w e r e  w e ll s u i t e d  f o r  e x p a n s io n ;  a n d  t h e i r  d e v e lo p m e n t  o f  o r ­

g a n iz e d  k n o w le d g e  ( s c ie n c e  o f  te c h n o lo g y )  a b o u t  r e g io n a l  p o w e r  sy s te m s . 

J u s t  a s  th e  t h e  u n iv e r s a l  s y s te m  h a d  g a t h e r e d  m o m e n tu m  in  th e  1 8 9 0 s , so  

r e g io n a l  s y s te m s  g a t h e r e d  m o m e n tu m  a n d  f lo u r i s h e d  in  t h e  1 9 2 0 s . M o r e ­

o v e r ,  j u s t  a s  th e  e a r l i e r  d is c u s s io n  o f  th e  m o m e n tu m  o f  th e  u n iv e r s a l  s y s te m  

s u g g e s te d  th e  c o n c e p t  o f  th e  c u l t u r e  o f  te c h n o lo g ic a l  sy s te m s — in  th is  c a se  

th e  v a lu e s ,  id e a s ,  a n d  in s t i tu t io n s  t h a t  a r o s e  in  r e s p o n s e  to  th e  n e e d s  a n d  

o p p o r t u n i t i e s  f o r  g r o w th  t h a t  w e re  s e e n  a n d  d e f in e d  b y  p r o f e s s io n a l  e n ­

g in e e r s ,  m a n a g e r s ,  a n d  sy s te m  b u ild e r s — so , lo o , a c u l tu r e  o f  re g io n a l  p o w e r  

s y s te m s  is d is c e r n ib le .  S u p p o r t iv e  o f  th e  d e v e lo p m e n t  o f  th e  te c h n ic a l  c o re ,  

t h e s e  c o n te x tu a l  e l e m e n ts  w e re  th e m s e lv e s  s h a p e d  by  th e  te c h n ic a l  c h a r ­

a c te r is t ic s  o f  th e  e x p a n d i n g  p o w e r  s y s te m s .

T h e  te c h n ic a l  c o r e  o f  th e  r e g io n a l  p o w e r  s y s te m  in v o lv e d  th e  w id e s p r e a d  

u s e  o f  s te a m  t u r b in e s  in  p o w e r  p la n ts ,  w h ic h  a f t e r  1 9 0 0  r e s u l t e d  in  th e  

u n p r e c e d e n t e d  a n d  u n e x p e c te d  s p r e a d  o f  p o w e r  sy s te m s . S ta t io n  e n g in e e r s  

a n d  m a n a g e r s  o r ig in a l ly  in t r o d u c e d  s te a m  tu r b in e s  to  r e p la c e  th e  m o n ­

s t r o u s ly  la r g e  r e c ip r o c a t in g  e n g in e s  u s e d  in  h e a v ily  p o p u la te d  a r e a s ,  w h e r e  

th e  p r ic e  o f  r e a l  e s t a t e  w as  h ig h .  T u r b in e s ,  h o w e v e r ,  p ro v e d  to  b e  m o r e  

e f f ic ie n t  th a n  r e c ip r o c a t in g  s te a m  e n g in e s ,  a n d  th e y  a lso  lo w e re d  in s t a l ­

la t io n ,  o p e r a t i n g ,  a n d  l a b o r  c o s ts . T h e  la rg e ly  u n f o r e s e e n  c o n s e q u e n c e  o f  

th e  i n t r o d u c t io n  o f  th e  t u r b i n e  w as th e  s h a r p  a c c e le r a t io n  o f  th e  q u e s t  f o r

n o n
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lo a d  s u f f i c i e n t  to  f u lf i l l  t h e  e c o n o m y -o f - s c a le  p o te n t i a l  o f  a  la r g e ,  e f f ic ie n t ly  

lo a d e d  t u r b i n e .  T h e  t u r b i n e s  w e re ,  in  e f f e c t ,  s u p p ly  in  s e a r c h  o f  d e m a n d .  

A  s u p e r f i c i a l  a n a ly s is  m ig h t  p r e s e n t  th e  lo a d - s e e k in g  t u r b i n e  a s  a n  in s ta n c e  

o f  t e c h n o lo g ic a l  d e t e r m i n i s m ,  b u t  c lo s e r  s tu d y  w ill s h o w  t h a t  t h e  fo r c e  o f  

th e  te c h n o lo g y  w as  c i r c u m s c r ib e d  b y  a  h o s t  o f  n o n te c h n o lo g ic a l  f a c to rs  

w h ic h ,  t o g e t h e r  w ith  t h e  t e c h n o lo g y ,  s h a p e d  th e  e v e n ts  a n d  t r e n d s  th a t  

f o l lo w e d  t h e  in t r o d u c t i o n  o f  t h e  t u r b i n e . 1

T h e  la r g e ,  lo a d - s e e k in g  s te a m  t u r b i n e s  f o u n d  t h e i r  c o m p le m e n t  in  fa r -  

f lu n g  h ig h - v o l t a g e  t r a n s m is s io n  l in e s  w h ic h  fo l lo w e d  th e  p o p u la t io n  s h i f t  

t o  th e  s u b u r b s .  I f  t h e  t u r b i n e  w as  lo c a te d  in  a n  u r b a n  c e n t e r  l ik e  C h ic a g o ,  

h ig h - v o l ta g e  t r a n s m is s io n  l in e s  c a r r i e d  e le c t r ic i ty  o u t  in to  t h e  s u r r o u n d i n g  

r e g io n .  I f  t h e  t u r b i n e  w as  lo c a te d  a t  a  m in e  m o u t h  o r  b ro w n -c o a l  p it,  

t r a n s m is s io n  l in e s  s p r e a d  t h e  p o w e r  o v e r  t h e  r e g io n  a n d  d i s t r i b u t e d  it to  

i n d u s t r i e s ,  t r a n s p o r t a t i o n  s y s te m s ,  c o m m e r c ia l  e n t e r p r i s e s ,  a n d  p r iv a te  r e s ­

id e n c e s .  I n  t h e  1 9 2 0 s  a n d  e a r ly  1 9 3 0 s , w h e n  r e g io n a l  s y s te m s  p r o l i f e r a t e d ,  

v o l ta g e s  o f  1 0 0 ,0 0 0  a n d  h i g h e r  b e c a m e  s t a i e - o f - lh e - a r l ,  s o  t r a n s m is s io n  

o v e r  h u n d r e d s  o f  m ile s  b e c a m e  e c o n o m ic a l ,  p a r t i c u la r ly  f o r  h y d r o e le c t r ic  

s y s te m s  ( s e e  F ig . X I I I .  1 a n d  T a b l e  X I I I . 1). F u r t h e r m o r e ,  p o in t - to - p o in t  

t r a n s m is s io n s  g r e w  in to  n e tw o r k s ,  g r id s ,  o r  r in g s  a s  t h e  lo n g  l in e s  w e re  

p u n c t u a t e d  b y  m a jo r  s w i tc h in g  s t a t io n s  w h e r e  o t h e r  g e n e r a t i n g  s t a t io n s  fe d  

p o w e r  in to  t h e  s y s te m  o r  p o w e r  f o r  n e a r b y  lo a d s  w as  t a k e n  o u t .

E c o n o m ic  c o n s id e r a t io n s  p u s h e d  t h e  i n t r o d u c t i o n  o f  l a r g e r  tu r b i n e s  a n d  

l a r g e r ,  d iv e r s i f i e d  s u p p ly  a r e a s .  E le c tr ic  s u p p ly  w a s  c a p i t a l - in t e n s iv e  t e c h ­

n o lo g y ,  a n d  t h e  o v e r h e a d  s t e m m in g  f r o m  c a p i ta l  c o s ts  w a s  a  s u b s ta n t ia l  

p a r t  o f  t h e  c o s t  o f  a  u n i t  o f  e le c t r ic  p o w e r .  A d v o c a te s  o f  l a r g e ,  r e g io n a l  

s y s te m s  a r g u e d  t h a t  t h e  u n i t  c o s t o f  g e n e r a t i o n  w as  a n  in v e r s e  f u n c t io n  o f 

th e  s iz e  o f  t h e  t u r b i n e s  a n d  g e n e r a t o r s .  T h e y  a p p e a l e d  to  t h e  lo n g - a c c e p te d  

p r o p o s i t io n  th a t  c a p i ta l  c o s t p e r  u n i t  o f  p o w e r  g e n e r a t e d  d e c r e a s e d  w ith  

t h e  in c r e a s e  o f  t h e  p h y s ic a l  s iz e  a n d  c a p a c i ty  o f  m a c h in e s .  T h e  r e a s o n  fo r  

th is  d e c r e a s e  w as , in  p a r t ,  a  m a t t e r  o f  g e o m e t r y ,  f o r  h e a l  a n d  m a g n e t ic -  

f ie ld  lo s se s  i n c r e a s e d  w ith  s u r f a c e  a r e a ,  a n d  t h e  r a t io  o f  s u r f a c e  a r e a  to  

c a p a c i ty  d e c r e a s e d  w ith  t h e  in c r e a s e  in  p h y s ic a l  s iz e  o f  th e  t u r b i n e  a n d  

g e n e r a t o r .  O t h e r s  p o in te d  o u t  th a t  t h e  la r g e ,  r e g io n a l  s t r u c t u r e  i m p r o v e d  

a  s y s te m ’s lo a d  f a c to r .  M o r e o v e r ,  s in c e  c a p i ta l  c h a r g e s  w e re  p a id  o n  a 

s y s te m ’s fu ll  c a p a c i ty ,  a  h i g h e r  lo a d  f a c to r  m e a n t  a r e d u c t i o n  in  u n i t  c o s t.

T h e  g r o w th  o f  r e g io n a l  s y s te m s  n o t  o n ly  p r e s e n t e d  in t e r e s t i n g  te c h n ic a l  

p r o b le m s  to  e n g i n e e r s  b u t  it a ls o  c h a l l e n g e d  m a n a g e r s  a n d  f in a n c ie r s .  T e c h ­

n ic a l ,  o r g a n iz a t io n a l ,  a n d  f in a n c ia l  in v e n t io n s  r e s u l t e d .  T h e  t u r b i n e ,  f o r  

in s ta n c e ,  p r o v e d  to  b e  a n  e n g i n e  t h a t  e n h a n c e d  o r g a n iz a t io n a l  g r o w th .  

B e f o r e  W o r ld  W a r  I, t h e  g e o g r a p h ic a l  e x te n t  o f  m o s t  u t i l i t ie s  d id  n o t 

p r o v id e  a  lo a d  to  m a tc h  t h e  s u p p ly  p o te n t i a l  o f  t u r b i n e - d r i v e n  c e n t r a l  

s ta t io n s .  U t i l i t ie s  h a d  o b ta i n e d  t h e i r  f r a n c h i s e s ,  o r  c o n c e s s io n s ,  d u r i n g  a n  

e r a  o f  s m a l l - a r e a ,  d i r e c t - c u r r e n t  d i s t r i b u t i o n  a n d  r e c ip r o c a t in g - s t e a m - e n -  

g in e  g e n e r a t i o n .  W ith  t e c h n ic a l  c h a n g e ,  th is  o r g a n iz a t io n a l  s t r u c t u r e  b e ­

c a m e  o u t m o d e d ,  a n d  u t i l i t ie s  b e g a n  to  r e a c h  o u t  f o r  n e w  t e r r i t o r y  a n d  n e w  

c u s to m e r s  a n d  to  in v e n t  n e w  o r g a n iz a t io n a l  s t r u c t u r e s .  U n t i l  t h e  G r id .

'T h o m a s  P. H u g h e s , " T e c h n o lo g ic a l H isto ry  a n d  T ec h n ic a l P ro b le m s,"  in Science, Tech ­

nology, a n d  the H u m a n  Prospect: Proceedings o f  the Ed iso n C en te nn ia l Sym po sium , ed . C ha un ce y  
S ta r r  a n d  P h ilip  R itte rb u sh  (N ew  Y ork: P e rg a m o n  Press, 1980), p p . 14 8 -4 9 .
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F ig u re  X I I I .  J . Increase in transm ission  

voltages. From  G ia n t Pow er Survey.

p. 2 7 .

T a bl e X I I I . I .  T r a n smissio n - Sv st em M i l ea g e in  t h e Un i t ed  St a t es , 31 Dec ember  1932

Voltage
To ta l System 

M ileage Percentage

6 ,6 0 0 -2 2 ,0 0 0 8 3,9 95 33.41
2 2 ,0 0 0 -1 1 0 ,0 0 0 124,466 49.51
1 10 ,0 0 0 -2 2 0 ,0 0 0 27 ,665 11.00
N ot d e s ig n a te d 15,282 6.08

T o ta l 2 51 ,4 08 100.00

S ou rc e : U .S .. F e d e ra l T r a d e  C om m ission , U tility Corporations (S. D oc. 92. 70 th  C on g ., 1st 
sess., 1928), P a n  72A  (1 935), p. 41.

E n g la n d  w as  a n  e x c e p t io n  to  th is  t r e n d  b e c a u s e  lo ca l g o v e r n m e n t s  c o n f in e d  

p o w e r  s y s te m s  to  t h e i r  j u r i s d ic t io n .

T h e  in t r o d u c t i o n  o f  th e  tu r b i n e ,  w ith  its  h ig h -v o l ta g e  t r a n s m is s io n  lin e s , 

g e n e r a t e d  u n p r e c e d e n t e d  c a p i ta l  r e q u i r e m e n ts ,  lo o .  D u r i n g  th e  e r a  o f  E d i ­

s o n ,  th e  c o s t  o f  d i s t r ib u t io n  l in e s  a lm o s t  m a tc h e d  th e  c o s t  o f  g e n e r a t i n g  

e q u ip m e n t .  I n  t h e  1 9 2 0 s  th e  c o s t  o f  a  h ig h -v o l ta g e  t r a n s m is s io n  s y s te m  w as 

l a y e r e d  o n  lo w -v o lta g e  d i s t r ib u t io n  c o s ts . T h e  t r a n s m is s io n  s y s te m  in c lu d e d  

o v e r la n d  s te e l  t r a n s m is s io n  to w e r s ,  c o p p e r  o r  a lu m in u m  lin e s  w ith  c o s tly  

in s u la to r s ,  a n d  a  c o m p le x  a r r a y  o f  l ig h tn in g - p r o te c t io n  a p p a r a t u s ,  c ir c u i t  

b r e a k e r s ,  s w itc h e s ,  t r a n s f o r m e r s ,  a n d  s y n c h r o n o u s  g e n e r a to r s .  T h e  c a p i ta l  

d e m a n d s  o f  th e  A m e r ic a n  u ti l i t ie s  d u r i n g  th e  1 9 2 0 s , w h e n  m a n y  r e g io n a l  

s y s te m s  w e re  u n d e r  c o n s t r u c t io n ,  e x c e e d e d  th o s e  o f  th e  r a i l r o a d s  d u r i n g  

th e  d e c a d e s  o f  t h e i r  m o s t  r a p id  e x p a n s io n .2

C o n s u l t in g  e n g i n e e r s  a ls o  p la y e d  a  h ig h ly  i m p o r ta n t ,  th o u g h  s till la rg e ly  

u n a c k n o w le d g e d ,  r o le  in  f u r t h e r i n g  th e  g r o w th  o f  r e g io n a l  sy s te m s . T h e  

t e c h n ic a l ,  o r g a n iz a t io n a l ,  a n d  f in a n c ia l  p r o b le m s  i n h e r e n t  in  r e g io n a l  sys-

* U .S ., D e p a rtm e n t o f  C o m m erce , B u re au  o f  th e  C ensus, H istorical Statistics o f  the U nited  
States: Co lon ial Tim es to 1 9 5 7  (W a sh in g ton . D.C.: C P O , 1960). pp . 4 3 2 -3 3  (ser. 95) a n d  p. 589 
(scr. 146). S ee a lso F o rres t M cD onald , Let T here B e  Light: The Electric U tility Industry  in W isconsin, 
1 8 8 1 -1 9 5 5  (M ad iso n . Wis.: T h e  A m erican  H is to ry  R esearch  C e n te r, 1957), pp . 1 86-87 .



3 0 0 n e t w o r k s  o f  p o w e r

le m s  d e m a n d e d  th e  e n t r e p r e n e u r i a l  s p i r i t ,  c o m p r e h e n s iv e  e x p e r i e n c e ,  a n d  

t a l e n t  p o s s e s s e d  by  t h e  c o n s u l t in g  e n g i n e e r i n g  f i rm s  a n d  t h e i r  p r in c ip a ls .  

W h e n  p o li t ic a l  p r o b le m s  e n t e r e d  t h e  m ix  a s  a n  i m p o r t a n t  c o m p o n e n t ,  th e  

c o n s u l t in g  e n g i n e e r ’s b r o a d  v iew  a n d  c a p a c i ty  f o r  a  m u l t i f a c e te d  r e s p o n s e  

b e c a m e  e v e n  m o r e  i m p o r t a n t .  T h e  c o n s u l t in g  e n g i n e e r  a s s u m e d  th e  m a n t le  

o f  th e  e n t r e p r e n e u r  r e a d y  to  p r e s i d e  o v e r  t e c h n ic a l  c h a n g e  in  a  c o m p le x  

e n v iro n m e n t .  D e m o n s t r a t in g  th e i r  e n t r e p r e n e u r ia l  ta le n ts  im p re ss iv e ly , M erz 

8c M c L e lla n  a n d  t h e  f i r m  o f  O s k a r  v o n  M ille r  r e s p o n d e d  to  t h e  p o li t ic s ­

l a d e n  p r o b le m s  o f  p la n n e d  g o v e r n m e n t  g r id s ;  in  t h e  U n i te d  S ta le s ,  c o n ­

s u l t in g  e n g i n e e r i n g  f i r m s  lik e  S to n e  8c W e b s te r  a n d  E le c t r ic  B o n d  8c S h a r e ,  

w o u ld  d e m o n s t r a t e  a  m a s te r ly  a b il i ty  to  c o p e  w ith  t h e  h e a v ily  m a n a g e r ia l  

a n d  f in a n c ia l  p r o b le m s  t h a t  a r o s e  in  t h e  A m e r ic a n  e le c t r ic  s u p p ly  sy s tem  

in  th e  1 9 2 0 s .

T h e  r e g io n a l  s y s te m s  o f  t h e  tw e n t ie s  c o n s t i tu te  th e  t h i r d  s ta g e  in  th e  

e v o lu t io n  o f  l ig h t  a n d  p o w e r  s y s te m s .  T h e  E d is o n  d i r e c t - c u r r e n t  sy s tem s 

o f  t h e  f i r s t  s ta g e  w e r e  c h a r a c t e r i z e d  b y  h o m o g e n e i ty  o f  s u p p ly  a n d  lo ad . 

G e n e r a t o r s  a n d  c o m p o n e n t s  o f  a  s im i la r  k in d  w e r e  h o u s e d  in  a  s in g le  

lo c a t io n .  R e c ip r o c a t in g  s te a m  e n g in e s  w e r e  u s u a l ly  o f  t h e  s a m e  k in d  o r  h a d  

th e  s a m e  c h a r a c te r i s t i c s — h ig h  o r  lo w  s p e e d ,  d i r e c t  o r  b e l t  d r iv e .  T h e  d is ­

t r i b u t i o n  s y s te m  to o k  a  s t a n d a r d  v o l ta g e  f r o m  t h e  c e n t r a l  s ta t io n  a n d  d e ­

l iv e r e d  a  s t a n d a r d  v o l ta g e  to  c o n s u m e r s .  T h e  lo a d  o n  t h e  s y s te m  w as a lm o s t 

e n t i r e ly  i n c a n d e s c e n t  la m p s ,  th e  m o t o r  b e in g  a  r a r i ty .

T h e  s y s te m s  o f  t h e  s e c o n d  p h a s e  w e re  m o r e  h e t e r o g e n e o u s .  T h e y  w e re  

c h a r a c te r i z e d  b y  t h e  c o n c e p t  o f  t r a n s m is s io n  a n d  d i s t r i b u t i o n  in t r o d u c e d  

a s  th e  “ u n iv e r s a l  s y s te m ” a t  th e  C h ic a g o  e x p o s i t io n  o f  1 8 9 3 . G e n e r a to r s  

w ith  s u b s ta n t ia l ly  d i f f e r e n t  c h a r a c te r i s t i c s  in  d i f f e r e n t  p o w e r  s t a t io n s  w e re  

in t e r c o n n e c t e d .  R e c ip r o c a t in g  s te a m  e n g in e s  a n d  s te a m  t u r b i n e s  w e re  o f te n  

u s e d  in  th e  s a m e  p o w e r  s ta t io n .  V a r y in g  o u t p u t s  f r o m  t h e  d i f f e r e n t  k in d s  

o f  g e n e r a t o r s  ( s o m e  a l t e r n a t i n g  c u r r e n t ,  s o m e  d i r e c t )  w e re  c o m b in e d  in  a 

s in g le  t r a n s m is s io n  s y s te m  t h r o u g h  th e  u s e  o f  c o u p le r s — tr a n s f o r m e r s  ( in ­

c lu d in g  S c o t t - c o n n e c te d  t r a n s f o r m e r s ) ,  s y n c h r o n o u s  g e n e r a t o r s ,  m o to r  

g e n e r a t o r s ,  f r e q u e n c y  c o n v e r t e r s ;  c o u p le r s  a ls o  c o n n e c t e d  d i f f e r e n t  k in d s  

o f  lo a d ,  l ig h t in g  a n d  p o w e r  ( s t a t io n a r y  a n d  t r a c t io n ) .

T h e  r e g io n a l  s y s te m s  o f  t h e  1 9 2 0 s  c a n  b e  c a te g o r i z e d  a s  t h e  t h i r d  s ta g e  

in  th e  e v o lu t io n  o f  e le c t r ic  s u p p ly  s y s te m s .  A g a in ,  t h e  h a l lm a r k  is in c r e a s e d  

h e te r o g e n e i ty .  W h e r e a s  in  th e  u n iv e r s a l  s y s te m  o f  t h e  s e c o n d  s ta g e ,  d i f ­

f e r e n t  k in d s  o f  lo a d s  w e re  s y s te m ic a lly  j o i n e d  a c c o r d in g  to  th e  c o n c e p t  o f  

lo a d  f a c to r ,  in  t h e  t h i r d  s ta g e ,  d i f f e r e n t  k in d s  o r  e n e r g y  s o u r c e s  w e re  

c o m b in e d  a c c o r d in g  to  t h e  m o r e  r e c e n t ly  a r t i c u l a t e d  c o n c e p t  o f  e c o n o m ic  

m ix . T h e  i n t r o d u c t i o n  o f  t u r b i n e s  a n d  h ig h - v o l ta g e  t r a n s m is s io n  m a d e  th e  

t h i r d  s ta g e  p o s s ib le ,  b u t  th e y  w e re  n o t  t h e  e s s e n c e  o f  it.  T u r b i n e s  a n d  h ig h -  

v o l ta g e  t r a n s m is s io n  s t im u la te d  t h e  c o n s t r u c t i o n  o f  f a r - f l u n g  s y s te m s ,  a n d  

th e  s p r e a d  o f  th e s e  w as  s o  e x te n s iv e  a s  to  i n c lu d e  n a t u r a l  r e s o u r c e s  o f  

v a r io u s  k in d s .  T h e  e n g i n e e r s  a n d  m a n a g e r s  o f  u t i l i t ie s  lo o k  a d v a n ta g e  o f  

th e  p r e s e n c e  o f  s u c h  v a r i e d  e n e r g y  s o u r c e s  a s  h a r d  c o a l ,  b i tu m in o u s  coa l, 

b ro w n  c o a l,  h ig h - h e a d  w a te r ,  a n d  lo w -h e a d  w a te r  in  t h e i r  s u p p ly  a r e a s  to  

o b ta in  a n  e c o n o m ic  m ix .  T h e  c a p a c i ty  to  e n c o m p a s s  c o m p le x i ty  h a d  in ­
c r e a s e d .

T h e  c o m b in a t io n  o f  d iv e r s e  e n e r g y  s o u r c e s  in  th e  s y s te m  a l lo w e d  fo r  a n  

e c o n o m ic  m ix ,  a  te c h n ic a l - e c o n o m ic  c o n c e p t  o n  t h e  s u p p ly  s id e  th a t  w as



c o m p a r a b le  in  im p o r t a n c e  to  lo a d  f a c to r  o n  th e  lo a d  s id e .  T h e  o r ig in s  a n d  

e v o lu t io n  o f  t h e  c o n c e p t  a n d  p r a c t i c e  a r e  e x c e e d in g ly  d i f f i c u l t  to  d o c u m e n t ,  

h o w e v e r .  P ro b a b ly  th e  c o n c e p t  f o llo w e d  t h e  p r a c t ic e .  H a v in g  c o m b in e d ,  

sa y , a  c o a l - f i r e d  p l a n t  a n d  a  h y d r o e le c t r i c  o n e  f o r  o b v io u s  e c o n o m ic  re a s o n s ,  

e n g in e e r s  a n d  m a n a g e r s  r e s p o n s ib le  fo r  sy s te m  g ro w th  th e n  th o u g h t  th r o u g h  

t h e  g e n e r a l  im p l ic a t io n s  o f  t h e i r  e m p i r i c a l  p r o b e s .  B e c a u s e  b o th  G e r m a n y  

a n d  t h e  U n i t e d  S la te s  h a d  c o a l  a n d  w a te r  p o w e r  w i th in  e c o n o m ic a l  t r a n s ­

m is s io n  d i s t a n c e ,  s y s te m s  o r g a n iz e d  a c c o r d in g  to  th e  p r in c ip le s  o f  e c o n o m ic  

m ix  s p r e a d  r a p id ly  in  th e  tw o  c o u n t r i e s  a f t e r  W o r ld  W a r  I. I n  w a te r - p o w e r -  

s h o r t  E n g la n d ,  w a s te - h e a d  p o w e r  s t a t io n s  w e re  c o n n e c te d  w ith  c o a l - f i r e d  

p la n t s ,  a  v a r i a t io n  o n  th e  s a m e  th e m e .

A n  e c o n o m ic  m ix  is a n  i n t e r c o n n e c t io n  o f  p o w e r  p la n t s  w h o s e  e n e r g y  

s o u r c e s  a r e  u t i l iz e d  c o m p le m e n ta r i ly .  F o r  e x a m p le ,  a n  id e a l  e c o n o m ic  m ix  

w o u ld  in c lu d e  a n  u r b a n  p o w e r  p la n t  u s in g  h a r d  o r  b i tu m in o u s  c o a l ,  a 

l i g n i t e - f i r e d  p l a n t  a t  a n  o p e n - p i t  s i te ,  a  h ig h - h e a d  h y d r o e le c t r i c  p la n t  d r a w ­

in g  f r o m  a  n a t u r a l  la k e  a t  h ig h  e le v a t io n ,  a n d  a  lo w -h e a d  p la n t  u s in g  th e  

r u n n i n g  w a te r  o f  a  r iv e r .  T h e s e  m ig h t  b e  s e p a r a t e d  f r o m  o n e  a n o t h e r  by 

f if ty  to  a  h u n d r e d  m ile s ,  p o s s ib ly  m o r e .  T h e  o p e r a t i o n  o f  th e  p la n t s  w o u ld  

b e  c a r e f u l ly  s c h e d u l e d  to  t a k e  a d v a n ta g e  o f  t h e i r  c o m p le m e n ta r y  c h a r a c ­

te r is t ic s .  T h e  a d v a n ta g e s  d e r iv e d  w e re  m e a s u r e d  b y  a n  in c r e a s e  in  e c o n o m y  

a n d  re l ia b i l i ty ;  t h e  m e a n s  to  a c h ie v e  th e s e  w e re  t e c h n ic a l .

S c h e d u l in g  th e  u s e  o f  p o w e r  p la n t s  in  a n  id e a l  m ix  w as  a  c h a l l e n g in g  

a n d  e x t r e m e ly  in t e r e s t i n g  p r o b le m  f o r  u t i l i ty  e n g i n e e r s  a n d  m a n a g e r s .  A t 

th e i r  d is p o s a l  th e y  o f t e n  h a d  a  v a r ie ty  o f  r e s p o n s e s  t o  c h a n g in g ,  o r  t r a n s ie n t ,  

n a t u r a l  a n d  m a n - m a d e  e v e n ts .  T h e  h ig h - h e a d  h y d r o e le c t r i c  p la n t  c o u ld  b e  

u s e d  s p a r in g ly ,  i f  a t  a l l ,  f o r  p e a k  lo a d  d u r i n g  th e  w in te r  f r e e z e .  T h e  r u n -  

o f - r iv e r ,  o r  lo w - h e a d ,  p l a n t  w as  less  u s e f u l  d u r i n g  p e r io d s  o f  d r o u g h t .  T h e  

h ig h - h e a d  p la n t  w as  s c h e d u le d  f o r  m a x im u m  u s e  d u r i n g  s p r i n g  th a w s ; th e  

r u n n i n g - w a t e r  p la n t  m ig h t  b e  fu lly  u ti l iz e d  f o r  b a s e  lo a d  th e n  to o .  T h e  

p la n t  f i r e d  b y  h a r d  c o a l  w as  s c h e d u le d  f o r  h e a v y  u s e  d u r i n g  th e  w in te r  

f r e e z e  a n d  p r o b a b ly  d u r i n g  p e r io d s  o f  d r o u g h t ,  a s  w as  th e  p la n t  f i r e d  by 

b ro w n  c o a l. U t i l iz a t io n  o f  b ro w n - ,  b i tu m in o u s - ,  a n d  h a r d - c o a l  p l a n t s  d e ­

p e n d e d  o n  c o m p a r a t iv e  fu e l  c o s ts . S t r ik e s  by  h a r d - c o a l  m in e r s  o r  a n  in ­

c r e a s e  in  th e  c o s t  o f  ra i l  t r a n s p o r t  o f  h a r d  c o a l  w o u ld  i n c r e a s e  t h e  d e m a n d  

f o r  b r o w n  c o a l,  f o r  in s ta n c e .  L a y e re d  o n  th e  c h a l l e n g e  o f  s c h e d u l in g  th e  

u t i l iz a t io n  o f  n a t u r a l  r e s o u r c e s  e c o n o m ic a l ly  w as  th e  p r o b le m  o f  e f f ic ie n t  

u s e  o f  th e  p la n ts ,  w h o s e  o p e r a t i n g  c o s ts  v a r ie d ,  in  p a r t ,  a c c o r d in g  to  t h e i r  

a g e .  I n  s o m e  a c tu a l  s y s te m s ,  o ld  th e r m a l  p la n t s  w e re  u s e d  o n ly  d u r i n g  t im e s  

o f  p e a k  d e m a n d  a n d  w h e n  th e  m o r e  e c o n o m ic a l  u n i ts  w e re  b e in g  s e rv ic e d .

T h e  e c o n o m ic - m ix  s y s te m  d e m a n d e d  c o m p le x  c o n tr o ls  f o r  s c h e d u l in g  

p o w e r  p l a n t  u t i l iz a t io n .  I n c r e a s in g ly  c o m p le x  in f o r m a t io n  n e tw o r k s  a n d  

r e m o t e  c o n t r o l s  w e re  n e e d e d  in  th e  c o n t r o l ,  o r  d i s p a tc h in g ,  c e n te r .  T o  

fa c i l i ta te  c o n t r o l ,  e n g i n e e r s  a n d  m a th e m a t i c i a n s  w ro te  e q u a t io n s  d e s c r ib in g  

th e  e s s e n t ia l  p a r a m e t e r s ,  v a r ia b le s ,  a n d  f u n c t io n s  o f  th e  d i f f e r e n t  p o w e r  

s y s te m s ,  a n d  th e y  a t t e m p t e d  to  d e s ig n  a n a lo g  c o m p u te r s  to  so lv e  th e  m o s t 

t e d io u s  o f  th e s e .  I n  a d d i t io n ,  lo a d  f o r e c a s t in g  w as h e lp f u l  to  d i s p a tc h e r s  

in  s c h e d u l in g  p o w e r  p la n t  u se . L o a d  f o r e c a s t in g  r e q u i r e d  th e  k e e p in g  o f  

h is to r ic a l  r e c o r d s ,  e s p e c ia l ly  lo a d  c u rv e s ,  a n d  in f o r m a t io n  a b o u t  c h a n g e s  

in  p o p u la t io n ,  t r a n s p o r t a t i o n ,  in d u s t r ia l iz a t io n ,  a n d  so c ia l p a t t e r n s ,  a n d  th e  

w e a th e r .  A ll o f  th e s e  d i r e c t ly  a f f e c te d  th e  m a g n i tu d e ,  lo c a tio n ,  a n d  v a r ia t io n
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o f  th e  lo a d .  U t i l i t ie s  w ith  h y d r o e le c t r i c  p la n t s  in  t h e  m ix  a ls o  u s e d  h is to r ic a l  

h y d r o g r a p h i c  d a t a  a n d  k e p t  a  r u n n i n g  r e c o r d  o f  r a in f a l l ,  s n o w fa ll ,  r u n ­

o f f ,  a n d  o t h e r  r e l e v a n t  d e ta i ls .  T h e s e  e x te n s iv e  d a t a - g a l h e r i n g ,  r e c o r d ­

k e e p in g ,  a n d  d a ta - p r o c e s s i n g  a c tiv it ie s  w e re  c a r r i e d  o u t  a s  lo n g  a s  th e i r  

c o s t  d id  n o t  e x c e e d  t h e  b e n e f i t s  m e a s u r e d  b y  lo w e r  o p e r a t i n g  e x p e n s e s ,  

b e t t e r  lo a d  c u r v e s ,  a n d  re l ia b i l i ty  o f  s e rv ic e .

T h e  r e g io n a l  e le c t r ic  p o w e r  s y s te m  s t im u la te d  u ti l i ty  m a n a g e r s  a n d  e n ­

g in e e r s  to  t h in k  in  t e r m s  t h a t  a r e  n o w  a s s o c ia te d  w ith  s y s te m s  e n g in e e r in g  

a n d  i n f o r m a t i o n - a n d - c o n t r o l  s c ie n c e .  E n g in e e r s  in  o t h e r  f ie ld s — p e t r o le u m  

r e f in in g ,  f o r  e x a m p le — a ls o  w e r e  t h i n k i n g  s y s te m a t ic a l ly ,  b u t  e le c t r ic a l  e n ­

g in e e r s  m a d e  t h e  m o r e  s u b s ta n t i a l  c o n t r i b u t i o n  to  s y s te m s  e n g in e e r in g .  

D e c a d e s  e a r l i e r ,  t h e  m a n a g e r s  a n d  d e s i g n e r s  o f  r a i lw a y  s y s te m s  h a d  e x ­

p e r i e n c e d  th e  p r o b le m s  o f  s c h e d u l i n g  t r a f f i c  w h e r e  a n d  w h e n  it w as  n e e d e d ,  

s w i tc h in g  to  m e e t  th a t  n e e d ,  a n d  f o r e c a s t in g  lo a d s .  P r o d u c t io n - l in e  e n g i ­

n e e r s  h a d  c o n c e r n e d  th e m s e lv e s  w ith  r o u t i n g  a n d  f lo w , b u t  e le c t r ic a l  e n ­

g in e e r s  d e a l t  w ith  a s y s te m  in  w h ic h  s to r a g e  w as  u n c o m m o n — s to r a g e  b a t ­

t e r i e s  w e re  u s e d  s p a r in g ly — a n d  th e  p r o d u c t  f lo w e d  a t  t h e  s p e e d  o f  lig h t.  

S o  c h a l l e n g e d ,  t h e  e le c t r ic a l  e n g i n e e r s  b e g a n  w o r k in g  o u t  a  s c ie n c e  o f  

i n f o r m a t i o n  a n d  c o n t r o l .  I n  t h e  1 9 2 0 s , e n g i n e e r s  in c r e a s in g ly  u s e d  c o n c e p ts  

s u c h  a s  " c o o r d i n a t i o n , ” “ i n t e g r a t i o n , ” “c o n t r o l , ” “ f lo w ,” “c o n c e n t r a t i o n , ” 

“c e n tr a l iz a t io n ,"  a n d  “ra t io n a l iz a t io n .” T h i s  is th e  l a n g u a g e  o f  sy s tem s. A m o n g  

t h e s e  c o n c e p t s ,  “ r a t io n a l i z a t io n ” is o f  u n u s u a l  i n t e r e s t . 3

R a t io n a l i z a t io n  w as  m u c h  d is c u s s e d  in  t h e  1 9 2 0 s . I n  G e r m a n y  its  p r o ­

p o n e n t s ,  b o th  e x p e r t  a n d  p o p u l a r ,  w e re  u n u s u a l ly  a r t i c u la te  a n d  e n t h u ­

s ia s tic . T h e y  g a v e  R a tio n a l is ie r u n g  v a r ie d  a n d  c o m p le x  d e f in i t io n s .  A s a p ­

p l ie d  to  in d u s t r y  in  g e n e r a l ,  t h e  c o n c e p t  w a s  d e c id e d ly  i n f lu e n c e d  by 

d e v e l o p m e n t s  in  e le c t r ic  s u p p ly ,  a n d  a s s o c ia te d  w ith  it w e r e  t h e  t e r m s  u s e d  

b y  t h e  e n g i n e e r s  a n d  m a n a g e r s  w h o  w e re  b u i ld in g  r e g io n a l  e le c t r ic  sy s tem s : 

c o o rd in a tio n , in te g r a t io n , s ta b il ity , p la n ,  o rd er,  c o n tro l,  a n d  sy s te m .4 T h e  r a t io n ­

a l iz a t io n  m o v e m e n t  in  o l d e r  in d u s t r i e s ,  s u c h  a s  c o a l  a n d  i r o n ,  in v o lv e d  

r e o r g a n i z a t i o n  o f  b o th  th e  p h y s ic a l  p la n t  a n d  t h e  m a n a g e m e n t  s t r u c tu r e .  

T h i s  r e s u l t e d  in  in c r e a s e d  p la n t  s p e c ia l iz a t io n  a n d  th e  a l ig n m e n t  o f  te c h ­

n ica lly  r e la te d  sp e c ia liz in g  p la n ts .  B a d ly  lo c a te d  a n d  e q u ip p e d  p la n ts ,  m in es , 

a n d  b u s in e s s e s  w e r e  c lo s e d .  M o re  e f f i c i e n t  a n d  la rg e r - s c a le  t e c h n o lo g y  a n d  

m a n a g e m e n t  m e th o d s  w e re  i n t r o d u c e d .  E n g in e e r s  w h o  h a d  b e e n  t r a in e d  

in  s c ie n t i f ic  a n a ly s is  a n d  m a n a g e r s  w h o  w e re  f a m i l i a r  w ith  c o s t  a c c o u n t in g ,  

l a b o r  e f f ic ie n c y ,  a n d  r a t io n a l  s c h e m e s  o f  o r g a n iz a t io n  w e re  e m p lo y e d .  

S ta n d a r d i z a t i o n  a n d  r e s e a r c h  w e re  e n c o u r a g e d .  T h e  r a t io n a l i z e r s ,  w h e th e r  

m a n a g e r s  o r  e n g i n e e r s ,  w a n te d  to  e l im in a te  m a te r i a l  w a s te ,  m e c h a n ic a l  

f r ic t io n ,  a n d  h u m a n  c o n f u s io n .  T h e  m o s t  a m b i t io u s  o f  t h e  r a t io n a l iz e r s  

i n t e n d e d  to  e x t e n d  t h e i r  s c o p e  b e y o n d  a  s in g le  p la n t ,  b u s in e s s ,  a g e n c y ,  o r

’ O n  th e  e a r lie r  d e v e lo p m e n t o f  in fo rm a tio n -a n d -c o n iro l sy stem s see S tu a r t B e nn e tt, A 
H istory o f  Con trol E n g in eer in g, 1 8 0 0 - 1 9 3 0  (N ew  Y ork : P c re g rin u s , 1979); O tto  M ayr, Z u r  
Eruhgeschichle der Technisclien R eg e lu ng en  (M u n ic h : O ld e n b o u rg , 1969); a n d  T h o m a s  P. H ughes, 
E lm er Sperry, In ve n to r a n d  E ng in eer  (B a ltim o re : T h e  J o h n s  H o p k in s  Press, 1971).

i R o bert A. B ra d y  has p ro v id e d  a d e e p ly  in fo rm e d  analy sis o f  ra tio n a liza tio n  in The R a ­

tion alization  M ov em en t in  G erm a n Indus try : A  S tu dy  in the Evo lu tio n o f  Econom ic P la n n in g  (B erkeley: 

U niv ersity  o f  C a lifo rn ia  Press, 1933); sec especia lly  his I n tro d u c tio n  fo r  a d e fin i tio n  o f  th e  
te rm . S ee a lso  M erle  C. T u r n e y . " T he R atio na lizatio n  o f  E lectr ic ity  Su p p ly  in  th e  U nited  
S ta te s” (Ph .D . d iss.. U niv ersity  o f  Illino is. 1937), e sp . p p . 7 0 -1 2 2 .
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i n d u s t r y  to  e n c o m p a s s  th e  e n t i r e  e c o n o m y .  T h e y  d i r e c t e d  t h e i r  a t t e n t io n  

to  th e  in e f f ic ie n c ie s  o r  o l d e r  a n d  h e a v ie r  in d u s t r y ,  b u t  th e y  w e re  in s p i r e d  

b y  t h e i r  c o l le a g u e s  in  t h e  n e w  a n d  h ig h  t e c h n o lo g y  o f  e le c t r ic i ty  s u p p ly .

R a t io n a l iz a t io n  w as  a g o v e r n i n g  s t r a t e g y  f o r  r e g io n a l  u ti l i t ie s  in  t h e  1 9 2 0 s . 

I t  c a r r i e d  m a n y  s h a d e s  o f  m e a n in g ,  b u t  g e n e r a l ly  it  s ig n if ie d  o b ta in in g  th e  

o p t im a l  c o m b in a t io n  o f  e c o n o m ic  g a in s  w ith  a  m i n im u m  i n p u t  o f  e c o n o m ic  

r e s o u r c e s ,  i n c lu d in g  c a p i ta l  a n d  la b o r .  I n  p r a c t i c e  it  b r o u g h t ,  a m o n g  o t h e r  

p o lic ie s ,  t h e  o p t i m u m  u t i l iz a t io n  o f  a v a ila b le  g e n e r a t i o n  e q u i p m e n t .  N e w  

a n d  m o r e  e f f ic ie n t  u n i t s  c a r r i e d  s te a d y  b a s e  lo a d s ,  w h ile  t h e  o ld e r ,  less 

e f f i c i e n t  u n i t s  w e re  b r o u g h t  in to  o p e r a t i o n  o n ly  d u r i n g  p e a k  lo a d s .  O b s o le te  

g e n e r a t i n g  p la n t s  w e re  r e m o v e d  f r o m  s e rv ic e  a n d  r e p la c e d  b y  t r a n s f o r m e r  

s u b s ta t io n s  t h a t  d r e w  p o w e r ,  v ia  e x t e n d e d  t r a n s m is s io n  l in e s ,  f r o m  la rg e ,  

m o d e r n  p la n t s .  T h e  l a y o u t  o f  t r a n s m is s io n  a n d  d i s t r ib u t io n  n e tw o r k s  w as 

c a r e f u l ly  p la n n e d  to  o b ta in  t h e  m o s t  a p p r o p r i a t e  e x i s t in g  a n d  f u t u r e  lo a d s .  

E c o n o m is ts  a n d  e n g i n e e r s  m a d e  d e ta i l e d  s tu d ie s  to  e n a b le  th e m  to  c h o o s e  

b e tw e e n  e x t e n d i n g  t r a n s m is s io n  l in e s  o r  b u i ld in g  n e w  p o w e r  s ta t io n s  to  

s u p p ly  a  r e m o t e  lo a d .  R a t io n a l i z a t io n  a ls o  c a l le d  f o r  l a b o r - s a v in g  e q u i p m e n t  

a n d  e c o n o m ie s  o f  s c a le . B e c a u s e  th e  lev e l o f  c a p i ta l  i n v e s tm e n t  w as  h ig h ,  

in v e n t io n s  a n d  in n o v a t io n s  r e s u l t in g  in  th e  m o r e  e f f ic ie n t  u s e  o f  c a p i ta l  

a n d  l a b o r  w e r e  c u l t iv a te d .  T h e  g e n e r a l  e n g i n e e r i n g  a n d  m a n a g e m e n t  s t r a t ­

e g y  e m p h a s iz e d  t h e  e c o n o m ic a l  u s e  o f  la r g e ,  c a p i ta l - in te n s iv e  t e c h n o lo g y .

T h e  s p r e a d  o f  a  s y s te m  a ls o  g a v e  its  o p e r a t o r s  th e  o p p o r t u n i t y  to  fu lf i l l  

f u r t h e r  p r in c ip le s  o f  lo a d  f a c to r .  E c o n o m ic  m ix  w as  th e  n e w e r  c o n c e p t ,  

b u t  lo a d  f a c to r  a ls o  p r o v id e d  g u i d a n c e  in  lo w e r in g  c o s ts . I n  th e  19 2 0 s, 

e m p h a s i s  w as  p la c e d  o n  d e v e lo p in g ,  by  m a k in g  c o m p le m e n ta r y ,  a  d iv e r s i ty  

o f  lo a d  in  r u r a l  a g r i c u l t u r a l  a n d  i n d u s t r i a l  a c tiv i t ie s  s u c h  a s  m in in g .  F ro m  

a n  e c o n o m ic  v ie w p o in t ,  h o w e v e r ,  t h e  is o la te d  sm a ll  f a r m  r e m a in e d  a n  u n ­

a t t r a c t iv e  lo a d  b e c a u s e  t h e  c o s t  o f  d i s t r ib u t io n  to  a  s in g le  f a r m  r e q u i r e d  a 

c a p i ta l  i n v e s tm e n t  t h a t  w a s  u n l ik e ly  to  b e  r e p a id  th r o u g h  u s e . A s s o m e  

p r iv a te  u t i l i t ie s  n o t e d ,  in  o r d e r  f o r  th e m  to  s u p p ly  i s o la te d  f a r m s  a t  a n  

a f f o r d a b l e  p r i c e ,  t h e y  w o u ld  h a v e  to  c h a r g e  o t h e r  c o n s u m e r s  r a te s  w h ic h  

in  e f f e c t  w o u ld  s u b s id iz e  t h e  f a r m e r s .  T h e  e le c t r i f ic a t io n  o f  r u r a l  a r e a s  

w o u ld  b e  f u r t h e r  s t im u la te d  in  th e  1 9 3 0 s , h o w e v e r ,  by  r e g u la to r y  r e q u i r e ­

m e n t s  a n d  b y  t h e  c o o p e r a t iv e  v e n tu r e s  o f  f a r m e r s  b u y in g  in  b u lk  f r o m  

p r iv a te  p o w e r  c o m p a n ie s  o r  g o v e r n m e n t  a g e n c ie s .  O n  th e  o t h e r  h a n d ,  

t h r o u g h  s a le s  c a m p a ig n s  f o r  h o m e  a p p l i a n c e s  s u c h  a s  s to v e s  a n d  i r o n s ,  th e  

u ti l i t ie s  e n c o u r a g e d  i n c r e a s e d  c o n s u m p t io n  by  sm a ll  c o n s u m e r s  in  to w n s  

a n d  c i t ie s .5

T h e  s p r e a d  o f  r e g io n a l  p o w e r  s y s te m s  s t im u la te d  e n g in e e r s  a n d  m a n ­

a g e r s  to  e x p lo i t  d iv e r s i ty  a m o n g  w id e ly  s e p a r a te d  c o m m u n i t ie s ,  o r  lo a d  

c e n te r s ,  in g e n io u s ly .  D if f e r e n c e s  in  l iv in g  a n d  w o r k in g  h a b i ts  a r i s in g  f ro m  

v a r ia t io n s  in  th e  l im e  o f  s u n r i s e  a n d  s u n s e t ,  c o n t r a s t s  in  t e m p e r a t u r e  a n d  

r a in f a l l  in  h i g h la n d  a n d  lo w la n d  r e g io n s — e v e n  d i f f e r e n c e s  in  so c ia l c u s ­

to m s  s t e m m in g  f r o m  v a r ie d  e th n ic  c o m p o s i t io n  a n d  h is to ry — w e re  u s e d  to  

s h a p e  t h e  lo a d  c u r v e .  I n  th e  U n i t e d  S ta te s  a  few  u t i l i t ie s  c o u ld  t a k e  a d ­

*0(1 ru ra l e lec tr ifica tio n  in th e  U n ite d  S tate s, sec D. C lay to n  B row n. Electricity fo r  R u ra l 
A m erica: T he  Fig h t fo r  the R E A  (W e stp o rt, C o n n .: G re en w oo d  Press, 1980). O n  th e  p ro m o tio n  
o f  a p p lian c es  to  inc re ase  lo ad  in th e  1920s a n d  1930s, sec txrslic H a n n a h , Electricity Before  
Nation alisat ion  (B a ltim o re : The  Jo h n s  H o p k in s U niv ers ity  Press, 1979), p p . 18 6 -212 .



3 7 0  N E T W O R K S  O F  P O W E R

v a n ta g e  o f  th e  d i f f e r e n c e  in  l im e  z o n e  w i th in  o n e  a r e a  o f  s u p p ly ,  f o r  th e  

e a s t  s id e  e x p e r i e n c e d  th e  la te  a f t e r n o o n  p e a k  lo a d  a n  h o u r  e a r l i e r  th a n  

t h e  w est. In  G e r m a n y ,  a u t i l i ty  e x t e n d i n g  f r o m  o n e  h is to r ic  p ro v in c e  to  

a n o t h e r  c o m b in e d  a d v a n ta g e o u s ly  th e  d iv e r s e  d e m a n d  t h a t  a r o s e  fro m  

d i f f e r e n t  r e l ig io u s  h o l id a y s  a n d  o t h e r  p a t t e r n s  o f  c u l t u r e  in v o lv in g  th e  use 

o f  a p p r e c i a b l e  a m o u n t s  o f  e n e r g y .  D iv e rs i ty ,  h o w e v e r ,  w a s  fu lly  e x p lo ita b le  

o n ly  i f  p r e d ic ta b le .

T h e  c o n c e p t  o f  r e l ia b i l i ty  a n d  r e l a t e d  r e s e r v e  c a p a c i ty  w a s  f u r t h e r  h o n e d  

a n d  a p p l i e d  b y  t h e  s y s te m  b u i ld e r s .  A s y s te m  w a s j u d g e d  r e l ia b le  i f  th e  

r e s e r v e  g e n e r a t i n g  c a p a c i ty  e q u a le d  th e  l a r g e s t  lik e ly  f a i lu r e  in  th e  sy s tem , 

w h e t h e r  o f  a  g e n e r a t i n g  u n i t  o r  a  t r a n s m is s io n  l in e . W h e r e  s e v e ra l  sy s tem s 

i n t e r c o n n e c t e d  w ith  a  l ie  l in e  o f  s u f f i c i e n t  c a p a c i ty ,  t h e  in te r c o n n e c te d  

s y s te m  th e n  n e e d e d  to  c a r r y  a  r e s e r v e  c a p a c i ty  e q u a l  to  t h e  p r o b a b le  h a z a rd  

in  th e  c o m b in a t io n .  T h e  a s s u m p t io n  w a s  m a d e  th a t  o n ly  o n e  o f  th e  m a jo r  

h a z a r d s  w o u ld  o c c u r  a t  o n e  t im e  w i th in  th e  i n t e r c o n n e c t io n .  I f  t h r e e  in ­

d e p e n d e n t  s y s te m s ,  f o r  e x a m p le ,  e a c h  h a d  a  lik e ly  f a i lu r e  o f  1 0 0 ,0 0 0  kw., 

t h e i r  r e s e r v e  w o u ld  to ta l  3 0 0 ,0 0 0  kw . I n t e r c o n n e c t e d ,  th e y  w o u ld  c a r r y  a 

c o m b in e d  r e s e r v e  o f  o n ly  1 0 0 ,0 0 0  kw . D u r in g  p e r i o d s  w h e n  a  g iv e n  s y s te m ’s 

u n i t s  w e re  s h u t  d o w n  f o r  m a in te n a n c e  w o r k ,  th e  e x c e s s  c a p a c i ty  o f  th e  

o t h e r  s y s te m s  w i th in  th e  in te r c o n n e c t io n  w o u ld  b e  d r a w n  u p o n .  S u c h  o p ­

e r a t i n g  c o n c e p t s  a n d  p r o c e d u r e s  a r e  r o u t i n e  to d a y ,  b u t  in  t h e  1 9 2 0 s  th ey  

w e r e  j u s t  b e in g  in t r o d u c e d . 6

P r a c t i t io n e r s  o f  r e g io n a l  s y s te m s  te c h n o lo g y  a r t i c u l a t e d  t h e i r  c o n c e p ts  

a n d  s t r a t e g ie s  d u r i n g  t h e  1 9 2 0 s . T h e  c o n c e p t s  w e r e  m o r e  in c lu s iv e  th a n  

th o s e  d e f i n e d  b y  S a m u e l  I n s u l l  f o r  C h ic a g o  in  a n  e a r l i e r  e r a  ( s e e  p p .  2 1 6 — 

21 a b o v e ) .  T h e  s y n th e s is  o f  d e s ig n  a n d  o p e r a t i n g  p r in c ip le s  e x p r e s s e d  by 

e le c t r ic a l  e n g i n e e r s  a n d  m a n a g e r s  in  n u m e r o u s  t e c h n ic a l  a r t ic le s  a n d  b o o k s  

in  th e  U n i te d  S ta te s ,  G e r m a n y ,  G r e a t  B r i t a in ,  a n d  e l s e w h e r e  c a n  b e  b r ie f ly  

s u m m a r iz e d  a s  fo llo w s :

1. O b t a i n i n g  e c o n o m ie s  o f  sc a le  w ith  la r g e  g e n e r a t i n g  u n i t s  ( s te a m  a n d  

w a te r  tu r b in e s ) ;

2 . M a s s in g  th e  g e n e r a t i n g  u n i t s  n e a r  lo a d  c e n te r s  o r  e c o n o m ic a l  s o u rc e s  

o f  e n e r g y  a n d  n e a r  c o o l in g  w a te r  ( g ia n t  p o w e r  p la n ts ) ;

3. T r a n s m i t t in g  e le c tr ic ity  to  lo ad  c e n te r s  ( h ig h -v o lta g e  t ra n s m is s io n  lines);

4 . C u l t iv a t in g  m a s s  c o n s u m p t io n  by  c h a r g i n g  lo w  a n d  d i f f e r e n t i a l  r a te s  

a n d  a l lo w in g  s u p p ly  to  c r e a te  d e m a n d ;

5 . I n t e r c o n n e c t i n g  p o w e r  p la n t s  to  o p t im iz e  t h e i r  d i f f e r e n t  c h a r a c te r i s ­

tic s;

6 . I n t e r c o n n e c t i n g  lo a d s  to  ta k e  a d v a n ta g e  o f  d iv e r s i ty  a n d  th e r e b y  ra ise  

lo a d  a n d  d e m a n d  f a c to r s ;

7 . C e n t r a l i z in g  c o n t r o l  o f  in t e r c o n n e c t e d  lo a d s  a n d  p o w e r  p la n t s  ( e s ta b ­

l i s h in g  d i s p a tc h in g ,  o r  s y s te m - c o o r d in a t in g ,  c e n te r s ) ;

8. F o r e c a s t in g  lo a d  r e q u i r e m e n t s  in  o r d e r  to  a c h ie v e  o p t i m u m  o p e r a t io n s  

w i th in  th e  in te r c o n n e c t e d  s y s te m ;

0 F o r a n  exce llen t d e sc rip tio n  a n d  analy sis o l th e  o |> era tion  o r  m o d e rn  p o w er system s, see 
W allace  E. B ra n d . "N o r th e a s t E lectr ic  Bulk Pow er Su p p ly ,"  Public U tilities Fortnigh tly, 9  J u n e  
1966, pp . 6 5 - 8 8 ;  a n d  W. C. A stley, " T h e  System ," in Electric System O peration, ed . B. G. A. 
S kro tz k i (N ew  Y ork: M cG raw -H ill,  1954). pp . 1-54.
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9 . L o w e r in g  in s ta l le d  a n d  r e s e r v e  c a p a c i ty  a n d  c o o r d i n a t i n g  m a in te n a n c e  

s h u td o w n s  t h r o u g h  t h e  e x p lo i t a t io n  o f  p o w e r  p l a n t  in te r c o n n e c t io n s ;

10. A c c e p t in g  g o v e r n m e n t  r e g u la t io n  in  o r d e r  to  e s ta b l is h  a  n a t u r a l  m o ­

n o p o ly ;

11. E a r n i n g  a  r e g u l a r  a n d  a d e q u a t e  r e t u r n  o n  in v e s tm e n t  in  o r d e r  t o  o b ta in  

c a p i ta l  a t  r e a s o n a b le  in t e r e s t .

T h e s e  v a r io u s  p o lic ie s  a n d  te c h n o lo g ie s  w e r e  i n t e r d e p e n d e n t  in  t h e i r  f u n c ­

t i o n in g  a n d  e f f e c ts .  I n  th e  tw e n t ie s  a ll w e re  c o n s id e r e d  to  b e  in te g r a l  to  

th e  a c h ie v e m e n t  o f  o p t i m u m  lo a d  f a c to r  a n d  e c o n o m ic  m ix .  N o t  o n ly  w as 

t h e  p h y s ic a l  t e c h n o lo g y  o f  r e g io n a l  s y s te m s  c o m p le x ,  b u t  th e  th e o r i e s  o f  

s y s te m  m a n a g e m e n t  t h a t  e v o lv e d  w e re  th e  m o s t  s o p h i s t i c a te d  in n o v a t io n  

s in c e  th e  f o r m u l a t i o n  o f  c o m p le x  r a i l r o a d  m a n a g e m e n t  c o n c e p t s  in  th e  

n i n e t e e n t h  c e n t u r y . 7

T h e  a r t i c u l a t e d  p r in c ip le s  w e re  g u id e l in e s  f o r  th e  a c h ie v e m e n t  o f  lo w e r  

c o s ts  a n d  g r e a t e r  re l ia b i l i ty  o f  s u p p ly ,  th e  p r im a r y  o b je c tiv e s  o f  t h e  r e g io n a l-  

s y s te m  b u i ld e r s .  M o s t  o f  t h e  p r iv a te  a n d  g o v e r n m e n t - o w n e d  u ti l i t ie s  b u i l d ­

i n g  r e g io n a l  s y s te m s  h e ld  to  th is  g o a l ;  t h e  p r iv a te  u ti l i t ie s  e m b r o i d e r e d  it 

b y  a d d i n g  t h e  p r o f i t  m o t iv e .  N o t  a ll u t i l i t ie s  s o u g h t  to  lo w e r  c o s ts , h o w e v e r .  

F o r  e x a m p le ,  s m a ll  u r b a n  u t i l i t ie s  w e re  c o n t e n t  to  o b ta in  a  r e t u r n  o n  t h e i r  

in v e s tm e n t ;  l o w e r in g  c o s ts  b y  in c r e a s in g  s iz e  a n d  c o n s u m p t io n  w as  n o t  t h e i r  

g o a l .  S m a ll  m u n ic ip a l  u t i l i t ie s  w e re  a ls o  s a t is f ie d  to  s u p p ly  e le c t r ic i ty  a t  

p r ic e s  t h a t  a s s u r e d  a  lo a d  a p p r o p r i a t e  to  th e  c a p a c i ty  o f  t h e  p la n t ,  a n d  to  

e a r n  r e t u r n s  t h a t  w e r e  a c c e p ta b le  to  th e  t a x p a y e r s  ( r a t e p a y e r s  in  B r i ta in ) .

H a v in g  d e f i n e d  o p e r a t i n g  c o n c e p t s  a n d  o b je c tiv e s ,  th e  r e g io n a l  u ti l i ty  

b u i ld e r s  e v a lu a te d  t h e  p e r f o r m a n c e  o f  t h e  c o m p o n e n t s  o f  th e  s y s te m — th e  

p o w e r  s ta t io n s ,  s u b s ta t io n s ,  t r a n s m is s io n  a n d  d i s t r ib u t io n  l in e s ,  e tc .  T h e  

p h y s ic a l  v a r ia b le s  o f  e a c h  c o m p o n e n t  a f f e c t in g  th e  a c h ie v e m e n t  o f  th e  

b u i l d e r s ’ o b je c t iv e s  w e r e  q u a n t i f i e d  a s  c o s ts , a n d  t h e  s y s te m  e n g i n e e r s  th e n  

s o u g h t  m e a n s  to  v a ry  t h e  c h a r a c te r i s t i c s  o f  a  c o m p o n e n t  in  o r d e r  to  lo w e r  

c o s ts . T h e  e f f e c t  o f  a  v a r i a t io n  o n  th e  o t h e r  c o m p o n e n t s  a n d  o n  t h e  c o n ­

n e c to r s  t h e n  h a d  to  b e  a s c e r t a in e d .  F o r  th is  r e a s o n  it w as  d e s i r a b le  to  m o d e l  

o r  to  d e v e lo p  e q u a t io n s  f o r  t h e  s y s te m . T h i s  s t e p  w as  n o t  d i f f ic u l t ,  f o r  th e  

e n g in e e r s  w e r e  a c c u s to m e d  to  s t a l in g  th e  p h y s ic a l  c h a r a c te r is t ic s  o f  th e  

s y s te m  q u a n t i t a t iv e ly ,  a n d  c o s t  .a c c o u n ta n ts  a n d  m a n a g e r s  c o u ld  t h e n  t r a n s ­

l a te  th e s e  c h a r a c te r i s t i c s  a n d  r e l a te d  e f f ic ie n c y  d a t a  in to  c o s ts .

S u c h  a n a ly s e s  r e v e a le d  im b a la n c e s  o r  b o t t le n e c k s  w i th in  th e  s y s te m . T h e  

im b a la n c e s  w e re  s e e n  a s  d r a g s  o n  th e  m o v e m e n t  o f  th e  s y s le m  to w a r d  its  

g o a ls ,  e s p e c ia l ly  th o s e  o f  lo w e r  c o s ts  a n d  l a r g e r  s ize . D e s i r in g  to  r e m o v e  

a n  im b a la n c e  o r  b o t t l e n e c k ,  th e  e n g in e e r s  a n d  m a n a g e r s  th e n  d e f i n e d  th e  

r e v e r s e  s a l i e n t  in  t h e  s y s le m  a s  a  p r o b le m  o r  s e t  o f  p r o b le m s  th a t ,  w h e n  

s o lv e d ,  w o u ld  r e m o v e  th e  im p e d im e n t .  T h e  s o lu t io n  to  th e  p r o b le m  f o r  

o n e  c o m p o n e n t  o f t e n  r e v e r b e r a t e d  t h r o u g h  th e  s y s te m  c a u s in g  im b a la n c e  

in  o t h e r  c o m p o n e n t s  o r  c o n n e c to r s  ( t r a n s m is s io n  lin e s  fo r  in s ta n c e ) ,  a n d  

th e s e  w e r e  th e n  a t ta c k e d  a s  p ro b le m s .
C h a n g e s  in  o u t s id e  fo r c e s  s u c h  a s  d e m a n d  a n d  s u p p ly  a ls o  a f f e c te d  th e

’ T h e s e  p rin c ip les  w ere  a rticu la te d  by Sam uel Instill , C h a rles  M crz . a n d  A. K o epc hen . fo r 

in stan ce. T h e i r  a rtic le s, re p o rts , a n d  sp eech es have b e en  cited  th ro u g h o u t th is  s tu dy . See also 
T h o m a s  P. H u g h es, "R eg io nal T echn o log ical Style ." in Technology a n d  Its Im p ac t on Soriely: 
Teknisha M m e et Sym posia No. I (S to ckholm : T ek n iska  M usec!, 1970), p. 218.
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a c h i e v e m e n t  o r  s y s te m  o b je c tiv e s .  S y s te m  c o s ts  o f t e n  in c r e a s e d  b e c a u s e  o f  

c h a n g e s  in  s u p p ly  p r ic e s  o r  b e c a u s e  o f  c o n d i t io n s ,  s u c h  a s  r e g u la to r y  r e ­

q u i r e m e n t s ,  o r i g i n a t i n g  o u t s i d e  th e  s y s te m  a n d  b e y o n d  th e  c o n t r o l  o f  its 

o p e r a t o r s .  T h e s e  e f f e c ts  w e r e  u s u a l ly  lo c a liz e d  w i th in  p a r t i c u l a r  sy s tem  

c o m p o n e n t s  o r  c o n n e c t io n s ,  h o w e v e r ,  a n d  th u s  b e c a m e  i d e n t i f i a b le  a s  p r o b ­

le m s . T h e  s o lu t io n s  to  th e s e  p r o b le m s  in  t u r n  o f t e n  c a u s e d  im b a la n c e s  a n d  

th e  n e e d  fo r  f u r t h e r  c o r r e c t io n .  A s  a  r e s u l t  o f  th e  o n - g o in g  p ro c e s s  o f  

e n g i n e e r i n g  a n d  c o s t  a n a ly s is  a n d  p r o b le m  s o lv in g ,  o r  in v e n t io n  a n d  d e ­

v e lo p m e n t ,  t h e  r e g io n a l  s y s te m  u s u a l ly  r e m a i n e d  in  a  s t a l e  o f  d y n a m ic  

im b a la n c e .  T h e  c h a n g i n g  e n v i r o n m e n t  a n d  i n t e r n a l  g r o w th  p r e v e n te d  th e  

a c h ie v e m e n t  o f  a n  o p t im a l  d y n a m ic  e q u i l ib r iu m .  O n ly  i f  t h e  s y s te m  h a d  

b e e n  c lo s e d — n o t  in f lu e n c e d  b y  e x t e r n a l  f o r c e s — m ig h t  a n  e q u i l ib r iu m  h a v e  

b e e n  a c h ie v e d  o n c e  g r o w th  e n d e d .

S y s te m  im b a la n c e s  c o n s t i tu t e d  r e v e r s e  s a l ie n ts ,  a n d  t h e i r  id e n t i f ic a t io n  

a s  c r i t ic a l  p r o b le m s  o f t e n  le d  to  te c h n ic a l  s o lu t io n s  (s e e  p p .  1 4 - 1 5  a b o v e ) . 

M a n a g e r s  a n d  c o s t  a c c o u n ta n t s  t u r n e d  to  e n g i n e e r s ,  in v e n to r s ,  a n d  sc i ­

e n t i s t s  f o r  t h e s e  s o lu t io n s .  R e v e r s e  s a l ie n ts ,  c r i t ic a l  p r o b le m s ,  a n d  s o lu t io n s  

w e r e  la s t  c o n s i d e r e d  in  th is  s tu d y  in  th e  d is c u s s io n  o f  t h e  p e r i o d  o f  t r a n s i t io n  

f r o m  d i r e c t  c u r r e n t  to  a l t e r n a t i n g  c u r r e n t  in  t h e  la te  1 8 8 0 s . B e c a u s e  th e  

c r i t ic a l  p r o b le m s  o f  t h e  d .c .  s y s te m  c o u ld  n o t  b e  a d e q u a te ly  s o lv e d ,  th e  

n e w , a l t e r n a t i n g - c u r r e n t  s y s te m  d e v e lo p e d  o n  t h e  b a s is  o f  a  s o lu t io n  th a t  

c o u ld  n o t  b e  e n c o m p a s s e d  in  th e  o ld  s y s te m . I n  c o n t r a s t ,  d u r i n g  t h e  1920s, 

th e  e r a  o f  t h e  m a t u r e  r e g io n a l  s y s te m , c r i t ic a l  p r o b le m s  w e re  s o lv e d  w ith in  

th e  c o n te x t  o f  th e  e x i s t in g  s y s te m , r e v e r s e  s a l ie n ts  w e r e  c o r r e c t e d ,  a n d  th e  

s y s te m ’s m o m e n t u m  w as  m a in ta in e d .  C o n t r o v e r s i e s  a r o s e  a b o u t  a l te r n a t iv e  

s o lu t io n s ,  a n d  d i f f e r e n t  r e g io n s  i n c o r p o r a t e d  t e c h n o lo g ie s  w ith  d i f f e r e n t  

c h a r a c te r i s t i c s ,  b u t  th e s e  d i f f e r e n c e s  w e r e  n o t  c o n s i d e r e d  to  b e  s o  g r e a t  as 

to  h e r a l d  th e  e m e r g e n c e  o f  a  n e w  s y s te m .

T h e  n a t u r e  o f  th e  c r i t ic a l  p r o b le m s  so lv e d  by  e n g i n e e r s  a n d  in d u s t r ia l  

s c ie n t is ts  in  th e  1 9 2 0 s  c a n  b e  in d ic a te d  b y  c o n s i d e r a t i o n  o f  s o m e  o f  th e  

o u t s t a n d i n g  o n e s  t h a t  w e re  c o m m o n  to  t h e  U n i te d  S ta le s ,  G e r m a n y ,  a n d  

G r e a t  B r i t a in .  C o n t r o l  o f  th e  h e t e r o g e n e o u s  r e g io n a l  s y s te m , w ith  its  d iv e r s e  

lo a d s  a n d  m ix e d  e n e r g y  s o u r c e s ,  w as  a n  e m b r a c i n g  c r i t ic a l  p r o b le m .  I n ­

a d e q u a t e  c o n t r o l ,  o r  f a i lu r e  to  c o n t in u o u s ly  m a tc h  s u p p ly  to  d e m a n d ,  r e ­

s u l t e d  in  in s ta b i l i ty  in  th e  s y s te m , w h ic h  m a n i f e s te d  i t s e l f  a s  v a r ia t io n s  in  

v o l ta g e  a n d  f r e q u e n c y .  T h e  d i s p a t c h i n g  c e n t e r  w a s  t h e  lo c u s  o f  th e  p ro b le m  

a n d  th e  s i te  o f  t h e  s o lu t io n .  T h e  ty p ic a l  c o n t r o l ,  o r  d i s p a tc h in g ,  c e n t e r  o f  

th e  1 9 2 0 s  d i f f e r e d  f r o m  t h e  c o n t r o l  r o o m  o f  a n  u r b a n  s y s te m  o p e r a t i n g  a 

d e c a d e  e a r l i e r  ( s e e  F ig s . X I 11.2 a n d  X I1 1 .3 ) .8 T h e  e a r l i e r  c e n t e r  m ig h t  h a v e  

h a d  a m a r b le - p a n e le d  s w i tc h b o a r d  w ith  a n  o r n a m e n t a l  i r o n  f ra m e w o rk .  

A t t e n d a n t s  m a n u a l ly  o p e r a t e d  s w itc h e s  m o u n t e d  d i r e c t ly  o n  th e  b o a rd .  

T h e  e a r l i e r  c o n t r o l  r o o m  w as  p r o b a b ly  lo c a te d  in  t h e  p o w e r  h o u s e  to  a llow  

p e r s o n n e l  d i r e c t  a c c e ss  to  th e  m a c h in e r y  o p e r a t o r s .  C o n ta c t  w ith  o th e r

" T h is  d e sc rip tio n  is bused on  G eo rg  von S iem e n s, H istory o f  the H ouse  o f  Siem ens, tran s . A. 
F. R o d g e r, 2 vols. (F ric b iirg /M u n ic h : A lb c r. 1957), 2: 1 42 -45 . Sec also F ra n k  G illooly. "R ein ­
fo rc in g  System  O p e r a to r  s M em o ry ."  F.lertncnl W orlil 74 (1919): 3 4 7 -5 0 ; a n d  System O peration. 

a p a m p h le t issued  by th e  N ew  Y ork  E dison  a n d  A llied C o m p a n ie s  in Ju ly  1927. I am  ind e b ted  
to  Ms. D oro th y  Ellison o f  th e  C o n so lid a ted  E d iso n  C o m p a n y  o r  N ew  Y ork  Tor in fo rm ation  

o n  th e  h is to ry  o f  lo ad  d isp a tc h in g  at C o n so lid a ted  E dison  a n d  fo r th e  use o f  sev eral illustra-



F ig u re  X III .  2 . Involution o f  the load- 

dispatching. or systems-operations, center o f  

Consolidated Edison o f  N e w  York: The  

system ope rator’s board in  19 0 2 .

G enerators, transm ission a n d  dis tribution  

feede r lines, a n d  ties between central 

stations are diagram m ed . Tags  h u n g  on 

pegs indicate the state o f  system components.

The  f ir s t  system operator’s board used by 

Consolidated Ediso n was in troduced in 

18 98 , but no photo o f  it  su rv iv es . Courtesy 

o f  the Con solidated Ed iso n Co. o f  N e w  

York.
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F ig u re  X I I I .3 .  E vo lu tio n  o f  load  

dispatching: Co nsolidated E diso n’s sem i­

autom atic system ope rator’s board, 1 91 2 . 

Courtesy o f  the Consolidated Ed iso n Co. o f  

N e w  York.

p o w e r  p la n t s  w as  b y  te l e p h o n e .  W ith  th e  a d v e n t  o f  th e  h ig h - i r a n s m is s io n  

v o lta g e s  o f  t h e  1 9 2 0 s , c i r c u i t  b r e a k e r s  a n d  sw itc h e s  h a d  to  b e  lo c a te d  a s a f e  

d i s t a n c e  f r o m  t h e  c o n t r o l  r o o m  o p e r a to r s ,  e i t h e r  in  a  n e ig h b o r in g  r o o m  

o r ,  b e t t e r ,  in  a n  o p e n - a i r  s w i tc h y a rd .  T h e n ,  u s in g  r e m o te - c o n t r o l  e le c t r ic  

s ig n a ls  to  e n e r g iz e  e l e c t r o m a g n e t s  o r  sm a ll  e le c t r ic  m o to r s ,  th e  c o n t r o l  r o o m  

o p e r a t e d  th e  o i l - f i l le d  c i r c u i t  b r e a k e r s  a n d  s w itc h e s . B y t e l e p h o n e  in s t r u c ­

t io n ,  i f  t h e r e  w e re  o p e r a t o r s  p r e s e n t ,  t h e  d i s p a tc h e r  m a in ta in e d  c o n t r o l  

o v e r  c irc u it  b r e a k e r s  a n d  tu r b o g e n e ra to r s  a t  lo ca tio n s  te n s  o r  e v e n  h u n d r e d s  

o f  m ile s  a w a y . T h e  c e n t r a l  c o n tr o l  r o o m  fo r  th e  sy s te m  r e c e iv e d  t e l e g r a p h
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s ig n a ls  f ro m  r e m o l e  s e n s o r s  in d ic a t in g  t h e  s t a l e  o f  v a r io u s  u n a t t e n d e d  u n i ts  

a n d  s e n t  s ig n a ls  to  c o n t r o l  th e  p e r f o r m a n c e  o f  th e s e  u n i ts .  T h e  c e n tr a l  

c o n t r o l  r o o m  re c e iv e d  v o l ta g e ,  a m p e r a g e ,  a n d  f r e q u e n c y  r e a d in g s  a n d  

i n f o r m a t io n  a b o u t  th e  p h y s ic a l  s t a l e  o f  t u r b in e s ,  b o i le r s ,  d a m  w a te r - f lo w , 

c i r c u i t  b r e a k e r s ,  a n d  s w itc h e s  in  t h e  f a r - f l u n g  t r a n s m is s io n  n e tw o r k .  L a rg e  

e le c t r ic a l  m a n u f a c t u r e r s  a n d  s m a ll  c o m p a n ie s  s p e c ia l iz in g  in  i n s t r u m e n ­

t a t io n — f o r  in s ta n c e ,  L e e d s  8c N o r t h r u p  in  t h e  U n i t e d  S la te s — d e v e lo p e d  

t r a n s m i t t e r s ,  r e c e iv e r s ,  a n d  d is p la y s  to  p r o v id e  c e n t r a l  c o n t r o l  r o o m s  w ith  

i n f o r m a t io n  b y  t e l e m e t e r i n g .9 C o n t r o l  c e n t e r s  in  t u r n  c o n s t r u c te d  la rg e  

m o d e ls  o f  th e  e v e r - c h a n g in g  s y s te m s .  L ig h ts  o n  th e  m o d e l s  in d ic a te d  w h ich  

t r a n s m is s io n  l in e s ,  g e n e r a t o r s ,  b u s  b a r s ,  a n d  t r a n s f o r m e r s  w e re  in  u s e ;  th e  

l ig h ts  f o r  c lo s e d  s w i tc h e s  w e re  o n e  c o lo r ,  th o s e  f o r  o p e n  s w itc h e s  a n o th e r .  

S u r r o u n d e d  by  h is  in s t r u m e n t s  a n d  c o n t r o l s ,  t h e  d i s p a t c h e r  b e c a m e  a  p o p ­

u l a r  sy m b o l o f  h ig h  te c h n o lo g y  in  t h e  tw e n t i e s .10

S e r v in g  a s  a r e f e r e n c e  f o r  th e  c o n t r o l  o f  s y s te m s ,  th e  f r e q u e n c y  m e te t  

w a s  a n  e x t r e m e ly  im p o r t a n t  i n s t r u m e n t  f o r  t h e  d i s p a t c h e r .  F o r  fo rm e r ly  

a u t o n o m o u s  s y s te m s  to  m e r g e  o r  f o r  s y s te m s  to  e x c h a n g e  p o w e r  b y  i n t e r ­

c o n n e c t io n ,  p r e c is e  s t a n d a r d i z a t i o n  a n d  r e g u l a t i o n  o f  f r e q u e n c y  w as  r e ­

q u i r e d .  I n  th e  U n i t e d  S ta te s ,  6 0  c y c le s  w a s  t h e  s t a n d a r d  f r e q u e n c y  fo r  m ost 

s y s te m s ; 5 0  c y c le s  p r e v a i l e d  in  G e r m a n y ;  a n d  B r i t a in  w as  in  t h e  p ro c e s s  o l 

a b a n d o n i n g  its  p l e t h o r a  o f  v a r i a t io n s  a n d  s e t t l in g  o n  5 0  cy c le s . A  sy s tem  

c o n t r o l l e r  k n e w  t h a t  i f  t h e  f r e q u e n c y  o f  t h e  s y s te m  v a r ie d  w i th in  to le ra b le  

l im its  a r o u n d  t h e  s t a n d a r d ,  th e  s u p p ly  o f  e n e r g y  in to  th e  s y s te m  w o u ld  

e q u a l  t h e  e n e r g y  t a k e n  by  lo a d  a n d  lo sse s . I f  t h e  f r e q u e n c y  fe ll c o n s id e r a b ly ,  

it w as  h is  j o b  to  s ig n a l  t h e  p o w e r  s t a t io n s  to  in c r e a s e  e n e r g y  s u p p ly  by 

f u e l in g  b o i le r s  m o r e  r a p id ly  in  t h e r m a l  p la n t s  o r  b y  in c r e a s in g  w a te r  flow  

in  h y d r a u l i c  in s ta l la t io n s .  I f  t h e  f r e q u e n c y  r o s e  s ig n if ic a n t ly ,  h e  w o u ld  call 

f o r  a d e c r e a s e  in  th e  flo w  o f  e n e r g y  in to  t h e  s y s te m . T h e  f r e q u e n c y  m e te r  

g a v e  a d i r e c t  r e a d i n g  o f  th e  f r e q u e n c y  o f  th e  w a v e s  o f  a l t e r n a t i n g  c u r r e n t ,  

b u t  m o r e  i m p o r ta n t ly  p r o v id e d  a n  i n d i r e c t  i n d ic a t io n  o f  t h e  s p e e d  o f  r o ­

t a t io n  o f  th e  tu r b o g e n e r a t o r s .  T h e  r o t o r s  o f  t h e  g e n e r a t o r s  f e l t  t h e  lo ad  

o n  th e  s y s te m  in  th e  s t r e n g t h  o f  th e  m a g n e t i c  f ie ld  w i th in  a n d  a g a in s t  w h ich  

th e y  t u r n e d .  T h e  f r e q u e n c y  o f  a  p o w e r  s y s te m  w a s  a n a lo g o u s  to  th e  r e v ­

o lu t io n s  o f  t h e  e a r ly  W a ll  s te a m  e n g in e s ,  t h e  g o v e r n o r s  ( c o n tr o l le r s )  o f 

w h ic h  in c r e a s e d  o r  d e c r e a s e d  s te a m  flo w  to  m a in ta in  a  b a la n c e  b e tw e e n  

e n e r g y  i n p u t  a n d  o u t p u t .  I n v e n t o r s  a n d  e n g i n e e r s  d e s ig n e d  a u to m a t ic  

f e e d b a c k  c o n t r o l s ,  f o r  f r e q u e n c y  r e g u la t io n  a n d  q u ic k  r e s p o n s e  w e re  c r itic a l 

p r o b le m s ,  b u t  b e c a u s e  th e  a u t o m a t e d  s y s te m  w as  so  c o m p l ic a te d ,  m a n u a l  

c o n t r o l  o f  g e n e r a t i o n  w as  t h e  g e n e r a l  e x p e d i e n t  in  th e  1 9 2 0 s ."

I h e  fo c u s  o n  p r o b le m s  o f  s y s te m  c o n t r o l  is r e v e a le d  b y  t h e  lis t o f  to p ic s  

d e a l t  w ith  in  p a p e r s  p u b l i s h e d  by  th e  A m e r ic a n  I n s t i t u t e  o f  E le c tr ic a l  E n ­

g in e e r s  f r o m  1 9 2 9  to  1 9 3 4 . T h e  to p ic s  d i f f e r e d  r a d ic a l ly  f r o m  th o s e  of 

p a p e r s  p u b l i s h e d  a g e n e r a t i o n  e a r l i e r .  O f  th e  tw e n ty - f o u r  n e w  to p ic s  in ­

t r o d u c e d ,  m o r e  th a n  h a l l  p e r t a i n e d  to  p o w e r  s y s te m s  a n d  t r a n s m is s io n .

“ L eed s Sc N o r ih ru p  has d e p o s ite d  its p a p e rs  in th e  a rc h iv es o f  th e  E le u th c ria n  Mills 
H is to ric al L ib rary  in W ilm ing ton  (C ree n v illc ). Del.

" ’S im ila r c o n tro l c e n te rs  w ere  d e v e lo p e d  ( ro m  o th e r  in d u s trie s . See, fo r  e x am p le , E d u ard  
S chm iiin g , "P rocess C o n tro l R oom s," IIA S t  lir v ir w  2-t (1974): 6 6 -7 1 .

"  U en n e tl, A llu lo r y  of Co ntrol Engineering, p p . 1 6 6 -6 7 . 171.
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T h o s e  t h a t  w e re  w r i t t e n  a b o u t  m o s t f r e q u e n t ly  w e re  “ in t e r c o n n e c t e d  p o w e r  

s y s te m s  a n d  s ta b il i ty " ;  “a u to m a t i c  s ta t io n s ,  te l e m e te r in g ,  a n d  s u p e r v i s o r y  

c o n t r o l ” ; “ A -C  d i s t r ib u t io n  n e tw o r k s  a n d  r e la y s ” ; “a u to m a t i c  c o n t r o l  o f 

f r e q u e n c y  a n d  v o l ta g e  r e g u la t io n " ;  " t r a n s f o r m e r s — t a p  c h a n g i n g  u n d e r  

lo a d  a n d  s u r g e - p r o o f " ;  “ m e r c u r y  a r c  r e c t i f ie r s  a n d  i n v e r t e r s " ;  "o il c i r c u i t  

b r e a k e r s — th e o r y ,  d e s i g n ,  a n d  t e s t i n g ” ; " i m p u l s e  v o l t a g e — g e n e r a t i o n ,  

m e a s u r e m e n t ,  a n d  te s t in g " ;  a n d  “ n e w  ty p e s  o f  f u s e s ,  l i g h tn in g  a r r e s t e r s ,  

p r o te c t iv e  g a p s ,  a r c in g  h o r n s ,  s w i tc h g e a r ,  e tc .” 12

T h e  lis t o f  s u b je c ts  a ls o  re v e a ls  a n o t h e r  m a jo r  “c r i t ic a l  p r o b l e m s ” a r e a  

p e r t a i n i n g  to  r e g io n a l  s y s te m s ,  in s u la t io n .  S u r g e - p r o o f  t r a n s f o r m e r s ,  o il-  

f i l le d  c i r c u i t  b r e a k e r s ,  im p u l s e  v o lta g e ,  a n d  n e w  ty p e s  o f  f u s e s  a n d  l ig h tn in g  

a r r e s t e r s  a ll r e l a t e  to  h ig h - v o l ta g e  t r a n s m is s io n  a n d  e s p e c ia lly  to  th e  in ­

s u l a t io n  m a d e  n e c e s s a ry  b y  it . S u r g e s  a r e  h ig h ,  t r a n s i e n t  v o l ta g e s  c a u s e d  

b y  s h o r t  c i r c u i ts  o r  l ig h tn in g ;  c i r c u i t  b r e a k e r s  p r e s e n t  s e r io u s  in s u la t io n  

p r o b le m s ;  im p u l s e  v o l ta g e s  a r e  g e n e r a t e d  in  e x p e r i m e n t s  to  te s t  t h e  in ­

s u l a t io n  u s e d  in  p o w e r  s y s te m s ; a n d  p ro te c t iv e  g a p s  a n d  a r c in g  h o r n s  a r e  

d e s ig n e d  to  c a r r y  o f f ,  o r  i n t e r r u p t ,  o v e r lo a d s  c a u s e d  b y  l i g h tn in g  b e f o r e  

th e  e x t r e m e  o v e r lo a d  d a m a g e s  e q u i p m e n t ;  m e r c u r y  a r c  r e c t i f i e r s  p r o v id e  

a  m e a n s  o f  c o n v e r t in g  a l t e r n a t i n g  c u r r e n t  to  d i r e c t  c u r r e n t  in  h ig h -v o l ta g e ,  

u n iv e r s a l  sy s te m s .  T h e s e  w e re  t h e  c r i t ic a l  e le c t r ic a l  p r o b le m s  o f  t h e  r a p id ly  

e v o lv in g  r e g io n a l  sy s te m s .

T h e  n e e d  to  d e v e lo p  in s u la t io n  t h a t  w o u ld  a d e q u a te ly  p r o te c t  e q u i p m e n t  

a n d  t r a n s m is s io n  to w e r s  f r o m  h ig h  v o lta g e s ,  s u r g e s  b r o u g h t  o n  b y  s h o r t  

c i r c u i ts ,  a n d  t h e  t r a n s i e n t  e x t r e m e s  c a u s e d  b y  l i g h tn in g  w as  so  g e n e r a l  th a t  

e l e c t r ic a l  e n g i n e e r s  a n d  s c ie n tis ts  in  th e  1 9 2 0 s  a n a ly z e d ,  c a te g o r i z e d ,  a n d  

q u a n t i f i e d  t h e i r  e x p e r i e n c e  a n d  e x p e r i m e n t s  to  e s ta b l is h  a  s c ie n c e  o f  in ­

s u la t io n .  H o w  a c a d e m ic s  s c ie n tif ic a lly  a p p r o a c h e d  t h e  h ig h - v o l t a g e  p r o b ­

le m  o f  c o r o n a  a b o u t  th e  t u r n  o f  th e  c e n t u r y  h a s  a l r e a d y  b e e n  e x p l o r e d  

(s e e  p p .  1 5 8 - 6 0  a b o v e ) .  I n  th e  tw e n t ie s ,  s o m e  o f  th e  s a m e  r e s e a r c h e r s  a n d  

m a n y  o t h e r s  t u r n e d  to  th e  s tu d y  a n d  d e s ig n  o f  in s u la t io n .  P o rc e la in  i n ­

s u l a to r s  o f  c o m p le x  d e s ig n  a n d  u n u s u a l  m a te r i a l  p r o p e r t i e s  w e r e  n e e d e d  

to  s u s p e n d  t h e  t r a n s m is s io n  l in e s  f r o m  th e  g r e a t  c ro s s - c o u n t r y  to w e r s ;  

b u s h in g s  w e re  n e e d e d  to  c a r r y  l in e s  in to  t r a n s f o r m e r s ;  a n d  c i r c u i t  b r e a k e r s  

h a d  to  b e  a p p r o p r i a t e l y  i n s u la t e d  w ith  o il. T h e s e  w e r e  s o m e  o f  t h e  sp e c if ic s  

t h a t  fe ll u n d e r  t h e  g e n e r a l  r u b r ic  o f  in s u la t io n .13 A s h a d  b e e n  t h e  c a s e .w ith  

i n s t r u m e n t s  f o r  s y s te m  c o n t r o l ,  s o m e  c o m p a n ie s ,  s u c h  a s  O h io  B ra s s  in  th e  

U n i t e d  S ta te s ,  s p e c ia l iz e d  in  s o lv in g  th e  c r i t ic a l  p r o b le m s  o f  in s u la t io n  (se e  

F ig . X I I I . 7 , p . 3 8 0 ,  b e lo w ) .14

11 C h a rle s  F. Scoll, " T h e  In s titu te 's  F irs t H a lf  C e n tu ry ,"  Electrical E ng in eer in g  53  (1934): 
666 . T h e  c rit ica l p ro b lem s  o f  tran sm ission  w ere  d iscussed  in F ra n k  B aum , “So m e Pow er 
T ra n sm iss io n  E conom ics,"  A IE E  Proceedings 26 (1907): 7 4 3 -5 7 ; P. W. S o th m an , “ P rob lem s 
o f  H ig h -T en s io n  T ra n sm iss io n  L in es," ib id . 33 (1914): 2 0 1 -1 4 ; a n d  P. J u n k c rs fc ld . "D istri ­
b u tio n  o f  E lectr ical E nergy : R e p o rt o f  th e  Su b -C om m ittee  o n  D istr ib u tio n ,” ib id ., p p . 2 3 5 -  

41.
”  G e o rg  Boll, " N a lio n a le  u n d  in te rn a lio n a lc  V erb u n d w irlsch a ft a u f  H och- u n d  H ochst- 

s p a n n u n g s lc ilu n g c n ,"  in D as Zeita lter der E le ktri iitat  (F ra n k fo r t on  th e  M ain: V D EW , 1967), 
p. 78; a n d  id e m , Geschichte des Verbundbetriebes (F ra n k fo r t on  th e  M ain: V W EW , 1969), pp .

12 9 -3 8 .
14 I a m  in d e b te d  to  Jo se p h  T . L usig na n , fo rm erly  a n  e n g in e e r  at th e  O h io  B rass C o m p an y , 

fo r  callin g  m y a tte n t io n  to  th e  c o n trib u tio n s  o f  A. O . A ustin  a n d  O h io  Brass to  th e  d e v e lo p m e n t 
o f  th e  m o d e rn  c a p -a n d -p in  su sp e n sion  in su la to r  fo r  h ig h-voltage  tran sm issio n  lines. A m o ng
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A re v e r s e  s a l i e n t  o f  t h e  e v e r - e x p a n d i n g ,  c o m p le x  r e g io n a l  s y s te m s  w as 

th e  in a b i l i ty  o f  e n g i n e e r s  to  p r e c is e ly  a n a ly z e  a n d  d e f i n e  th e m  w ith  e q u a ­

tio n s  t h a t  s h o w e d  f u n c t io n a l  r e l a t io n s h ip s .  E f f o r t s  to  w r i te  th e s e  e q u a t io n s  

r e s u l t e d  in  c o m p l ic a te d  m a t h e m a t ic a l  p r o b le m s ,  t h e  s o lu t io n  o f  w h ic h  w as 

te d io u s  a n d  t im e - c o n s u m in g ,  i f  n o t  im p o s s ib le .  W i th o u t  a  p r e c is e  a n d  c le a r  

u n d e r s t a n d i n g  o f  t h e  s y s te m s ,  e n g i n e e r s  h a d  to  re ly  o n  e m p i r i c a l ,  o r  c u t-  

a n d - t r y ,  m e t h o d s  to  im p r o v e  s y s te m  p e r f o r m a n c e .  E n g in e e r s  w h o  w e re  

th o r o u g h l y  t r a i n e d  in  m a th e m a t i c s  d e f i n e d  th is  r e v e r s e  s a l i e n t  a s  a  p ro b le m  

c a l l in g  f o r  n e w  m o d e s  o f  e q u a t i o n  s o lv in g  a n d  m o r e  c o m p le x  a n a lo g  m o d e ls  

o f  t h e  s y s te m s .  I n  th e  U n i t e d  S ta te s ,  e n g i n e e r s  a t  W e s t in g h o u s e  E le c tr ic  

a n d  G e n e r a l  E le c t r ic  a s s e m b le d  m i n i a t u r e  a n a lo g  p o w e r  s y s te m s  in  o r d e r  

to  in v e s t ig a te  t h e  s ta b il i ty  p r o b le m  (s e e  F ig . X I  11.4). A t th e  M a s s a c h u s e tts  

I n s t i t u t e  o f  T e c h n o lo g y ,  P r o f e s s o r  V a n n e v a r  B u s h  ( 1 8 9 0 - 1 9 7 4 )  o f  th e  e le c ­

t r ic a l  e n g i n e e r i n g  d e p a r t m e n t  a n d  tw o  o f  h is  g r a d u a t e  s t u d e n t s ,  H a ro ld  

H a z e n  a n d  H u g h  S p e n c e r ,  a ls o  e m b a r k e d  o n  t h e  d e s ig n  o f  a  d e v ic e  to  

s im u la te  a  c o m p le x  p o w e r  s y s te m . T h e y  u s e d  s m a ll  t r a n s f o r m e r s  a s  g e n ­

e r a t o r s  a n d  m o to r s ,  v a r ia b le  r e s i s to r s  a s  lo a d s ,  a n d  a r t i f ic ia l  tr a n s m is s io n  

lin e s . T h e  s i m u l a t o r  h a d  t h r e e  g e n e r a t i n g  s t a t io n s ,  2 0 0  m ile s  o f  l in e ,  a n d  

six  lo a d  c e n t e r s  e n c o m p a s s e d  in  a  s p a c e  o f  5 0  s q u a r e  f e e t .  D ra w in g  o n  
F i g u r e x i n .4 .  Network  an alyzer. 19 37 . a d v ic e  f r o m  G e n e r a l  E le c t r ic  e n g i n e e r s  a n d  o t h e r s ,  t h e  M . I .T .  g r o u p  co m -

Courtesy of the  G enera^ E le c M f Co^. p ie t e d  t h e  d e v ic e ,  t h e  “ n e tw o r k  a n a ly z e r , ” in  1 9 2 9 . D u r i n g  t h e  n e x t  tw o

' d e c a d e s  n u m e r o u s  u t i l i t ie s  a n d  e le c t r ic  m a n u f a c t u r e r s  u s e d  t h e  a n a ly z e r

in  s o lv in g  s y s te m  p r o b le m s .  S im ila r  d e v ic e s  c a l le d  n e tw o r k  c a lc u la to r s  a n d  

a .c . c a l c u la t in g  b o a r d s  w e re  b u i l t  e l s e w h e r e .15

N e tw o r k  a n a ly z e r s  m a d e  e x p e r i m e n t a t i o n  p o s s ib le  b y  v a r y in g  th e  a r ­

r a n g e m e n t  a n d  s ize  o f  g e n e r a to r s ,  t ra n s m is s io n  lin e s , a n d  t r a n s f o r m e r  b an k s . 

M e a s u r in g  t h e  e f f e c t s  o f  v a r i a t io n s  in  o n e  o r  s e v e ra l  c o m p o n e n t s  o n  th e  

p e r f o r m a n c e  o f  o t h e r  c o m p o n e n t s ,  th e s e  a n a ly z e r s  te s t e d  t h e  s y s te m ’s s ta ­

b ility . T h e  r e s u l t s  o b ta in e d  o n ly  a p p r o x i m a t e d  t h e  r e a l  e v e n t s  in  t h e  fu ll-  

sc a le  s y s te m , h o w e v e r ,  f o r  th e  a c tu a l  e v e n t s  w e r e  lo o  c o m p le x  f o r  e x a c t  

s im u la t io n .

E n g in e e r s — a n d  p h y s ic is ts — a ls o  w a n te d  to  b e  a b le  to  w r i te  g e n e r a l  sy s te m

th e  a rtic le s w ri tte n  by A u s tin  a re  “ In su la tio n  o f  S o m e  o f  th e  H ig h e r  V oltag e  L in es" (P aper 

p re se n te d  at th e  I n te rn a tio n a l H ig h -T e n s io n  C o n g re ss . Paris . 1 8 -2 7  J u n e  1931); an d  "A 

L ab o ra to ry  fo r  M ak ing  L ig h tn in g  a n d  O th e r  T e s ts  u p o n  Full S ized  In su la to r  S trin g s  and  

T o w ers"  (P a p e r  p re s e n te d  at th e  I n te rn a tio n a l H ig h  T e n s io n  C o n g re ss . Paris , 6 - 1 5  J u n e  

1929). O n  th e  d e v e lo p m e n t o f  tran sm iss io n  to w e rs a n d  s u sp e n s io n  in su la to rs , see a lso  H. W. 

D uck, "S o m e  N ew  M e th o d s  in  H ig h -T e n s io n  L in e  C o n s tru c tio n ,” A IE E  Proceedings 26  (1907): 
9 8 1 -8 7 ; a n d  E. M. H ew le tt, "A  N ew  T y p e  o f  I n su la to r  fo r  H ig h -T e n s io n  T ra n sm iss io n  Lines," 
ib id ..  p p . 9 7 5 -7 9 .

ISI am  in d e b te d  to  P ro fess o r  K arl W ildes o f  th e  M .I .T .'s  D e p a rtm e n t o f  E lectr ical E ngi­
n e e r in g  fo r  th e  in fo rm a tio n  on  w hic h  th is  a cc o u n t o f  th e  n e tw o rk  a n a ly z er  is based . Professor 

W ildes is w ri tin g  a  h is to ry  o f  th e  e lec trica l e n g in e e rin g  d e p a r tm e n t  at M .I .T . O th e r  so urces 
fo r  th e  b a c k g ro u n d  a n d  in v e n tio n  o f  th e  an a ly z ers  a re  C h a rle s  L. Forte sc ue , "M etho d  o f  
Sy m m etrica l C o o rd in a te s  A p p lie d  to  th e  So lu tio n  o f  P o ly ph ase  N etw orks,"  A IE E  Transactions 
37 (1918): 6 2 8 -7 1 6 ; th e  p a p e r  by H . L. H az en , O . R. S c h u r ig .a n d  M. L. G a r d n e r , "A b rid g m en t 

o r 'T h e  M .I .T . N etw o rk  A n aly ze r.' " A IE E  J o u r n a l 4 9  (1930): 8 7 2 -7 5 : H . A. T ra v e rs  a n d  W. 
W. P a rk e r , "A n  A lte rn a tin g -C u rre n t C a lc u la tin g  B o a rd ,"  T h e  E lectric J o u r n a l 2 7  (1930): 2 6 6 -  

70 ; a n d  Eric  G ross, "N e tw o rk  A naly ze r  Facilities K eep  Pace w ith  I n d u s try  G ro w th ,” Electric 
Ligh t a n d  Powe r  34 (1 956): 8 2 -8 5 . T h e  la s t-n am e d  a rtic le  lists th e  location  a n d  d a le  o f  in ­
s ta lla tion  o f  fo rty  n e tw o rk  a n a ly z ers  be tw ee n  1929 a n d  1956.
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e q u a t io n s  a n d  to  s o lv e  th e s e  in  a  r e a s o n a b le  a m o u n t  o f  t im e .  V a n n e v a r  

B u s h  s u m m a r iz e d  t h e  f r u s t r a t i o n  o f  th o s e  w h o  w e r e  a t t e m p t i n g  to  so lv e  

e q u a t io n s  f o r  t h e  s y s le m :

E lectrical e n g in e e rin g , fo r  ex am p le , h av in g  d e a lt w ith  su b stan tia lly  l in ea r  
n e tw o rk s  th ro u g h o u t th e  g re a te r  p a r t  o f  its h isto ry , is now  ra p id ly  in tro d u c in g  
in to  th e se  m e th o d s  e lem en ts  th e  n o n -lin ea rity  o f  w hich is th e ir  s a lien t fe a tu re , 
a n d  is b a ffled  by th e  m ath em a tic s  th u s  p re se n te d  a n d  re q u ir in g  so lu tio n . 
M ath em atica l physic ists  a re  co n tin u a lly  b e in g  h a m p e re d  by th e  co m p lex ity  
r a th e r  th a n  th e  p ro fu n d ity  o f  th e  e q u a tio n s ." 1

T h e  in a b i l i ty  to  a n a ly z e  a d e q u a te ly ,  s o lv e  e q u a t io n s  e x p e d i t io u s ly ,  a n d  d e ­

s ig n  a n d  p r e d i c t  w e ll w as  o b v io u s ly  t h r e a t e n i n g  to  r e t a r d  t h e  f u r t h e r  d e ­

v e lo p m e n t  o f  r e g io n a l  sy s te m s .

B e tw e e n  1 9 2 7  a n d  1931  B u s h  a n d  h is  a s s o c ia te s  a t  M . l .T .  i n v e n te d  a 

c o n t i n u o u s  i n t e g r a p h  f o r  s o lv in g  s e c o n d - d e g r e e  e q u a t io n s  a n d  t h e  d i f f e r ­

e n t i a l  a n a ly z e r  (a  d e v ic e  w ith  m e c h a n ic a l  c o m p o n e n t s  a n d  a n  e le c t r ic a l  

d r iv e )  f o r  s o lv in g  d i f f e r e n t i a l  e q u a t io n s .  T h e  d i f f e r e n t i a l  a n a ly z e r ,  a n  a n ­

a lo g  d e v ic e ,  n o t  o n ly  p r o v e d  u s e f u l  in  s o lv in g  p o w e r  s y s te m  p r o b le m s  b u t  

a ls o  s t im u la te d  t h e  d e v e l o p m e n t  o f  g e n e r a l - p u r p o s e  a n a lo g  a n d  d ig i ta l  

c o m p u t e r s  ( s e e  F ig s . X I 1 1.5  a n d  X I 1 1.6). I n  th e  th i r t i e s ,  e n g in e e r s  a t  th e  

U n iv e r s i ty  o f  P e n n s y lv a n ia  b u i l t  a  d i f f e r e n t i a l  a n a ly z e r  to  h e lp  s o lv e  s y s te m  

s ta b il i ty  p r o b le m s .  D u r i n g  W o r ld  W a r  I I ,  p h y s ic is ts  a n d  e n g i n e e r s  th e r e  

i n v e n te d  a n d  b u i l t  t h e  E N 1 A C , t h e  w o r ld ’s f i r s t  g e n e r a l - p u r p o s e  d ig i ta l  

c o m p u t e r .  T h e  w o r k  o n  th e  E N I A C  w as in f lu e n c e d  b y  t h e  e a r l i e r  e x p e ­

r i e n c e  w ith  t h e  d i f f e r e n t i a l  a n a l y z e r .17

R e g io n a l  s y s te m s  p r o b le m  s o lv in g  o c c u r r e d  m o s tly  w i th in  in s t i tu t io n a l  

s e t t in g s .  I n  t h e  1 8 8 0 s  in d iv id u a l  i n v e n to r s  h a d  m a d e  a n  e f f e c t iv e  c o n t r i ­

b u t io n  to  th e  e m e r g i n g  f ie ld s  o f  t e c h n o lo g y  s u c h  a s  e le c t r ic  s u p p ly ,  b u t  by  

t h e  1 9 2 0 s  t h e  m a t u r e  s y s te m s  h a d  a c c u m u la te d  in s t i tu t io n s  t h a t  t e n d e d  to  

e x c lu d e  in d iv id u a l s  u n s u p p o r t e d  b y  c o lle g ia l  a c tiv i ty  a n d  e x p e n s iv e  e q u i p ­

m e n t  d e s ig n e d  s p e c if ic a lly  to  r e s p o n d  to  t h e  p r o b le m s  o f  a  w e l l -d e f in e d  

s y s le m . D u r i n g  t h e  tw e n t ie s ,  in v e n t io n ,  r e s e a r c h ,  a n d  d e v e lo p m e n t  c o n t i n ­

u e d  to  b e  c a r r i e d  o u t  in  t h e  a c a d e m ic  w o r ld  (a s  w o rk  o n  th e  d i f f e r e n t i a l  

a n a ly z e r  i l lu s t r a te s )  a n d  in  t h e  l a b o r a to r i e s  o f  th e  e le c t r ic a l  m a n u f a c t u r ­

e r s . 18
T h e  h ig h - v o l t a g e  l a b o r a to r i e s  t h a t  f lo u r i s h e d  in  t h e  1 9 2 0 s  w e re  a m o n g  

t h e  n e w e s t  o f  th e  r e s e a r c h  o r g a n iz a t io n s  to  f o r m  c lo se  t ie s  w ith  th e  r e g io n a l  

p o w e r  sy s te m s .  S e t  u p  b y  e le c t r ic a l  m a n u f a c tu r e r s ,  u n iv e r s i t ie s ,  a n d  in -

18 V an n e v a r  B ush , “T h e  D iffe re n tia l A nalyzer: A N ew  M achin e  fo r  Solv in g  D iffe re n tia l 

E q ua tion s,"  F ra nk lin  In stitu te  J o u r n a l  212  (1931): 448.
l7S ee T h o m a s  P. H u g h e s . “E nia c:  In v en tio n  o f  a C o m p u te r ,"  Technikgeschichte 42  (1975): 

1 4 7 -65 ; a n d  H e rm a n  G o ldstin c , Th e  Co m puter fr o m  Pascal to von N e u m a n  (P rin c e to n : P rin c e to n  

U niv ersity  P ress, 1972).
10 T h e  d isc ussio n  o f  c rit ic a l p ro b lem s  has been  lim ited  in th is  section  to  th e  e lec tr ica l sy slem  

p e r  sc, b u t e n g in e e rs  a n d  in v e n to rs  w ere  also seek ing  so lu tio ns to  critical p ro b lem s in tu rb in e s  
a n d  bo ile rs  fo r  reg io n a l sy stem s. T h e s e  a re  d iscussed  by D onald  A. W ilson in " T h e  E conom ic  
D ev e lop m e n t o f  th e  E lectr ic ity  S u pp ly  In d u s try  in G re a t B rita in , 19 19 -19 39 "  (D. Phil., O x fo rd  
U n iv ersity , 1951), p . 234 . W ilson p rov id es a n  in fo rm e d  analy sis o f  B ritish  technic al p rac tices, 
as c o m p a re d  to  A m e ric an  prac tices, in  th e  field  o r  e lectr ic ity  su pply . H e  c o nc lud e s th a t B ritish  
techn ical d e cis ions, a lth o u g h  less im pressiv e  in isolation, w ere  alm ost a lw ays a p p ro p r ia te  to  

B rita in 's  eco no m ic  c ircu m stan ces.
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F ig u re  X I I I . I .  V a nn rv ar  Bu sh  (left)  a nd  
H aro ld  l la i e n  (second  fro m  righ t) at the 

pro duct inlegraph, a step in  the 
developm en t o f  an a lo g computers which 

preceded the d ifferentia l ana ty ier . Courtesy 
o f  the M .I .T . M useum  a n d  H istorical 

Collections. Cam bridge, M ass.

F ig u re  X I I I .6 . V a n n ev a r B u sh  unth the  
d if ferentia l ana lyzer  completed in  19 3 1 .

Courtesy o f  the M .I .T .  M use um  a n d  
H istorica l Collections, Ca m bridge, M ass.
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d u s l r i a l  a s s o c ia t io n s ,  th e s e  l a b o r a to r i e s  w e re  p a r t  o f  t h e  l o n g - s ta n d in g  t r e n d  

t h a t  le d  e n g i n e e r s  w ith  a  s c ie n t i f ic  a p p r o a c h  a n d  s c ie n t is ts  w ith  i n d u s t r i a l  

in te r e s t s  to  t u r n  t h e i r  a t t e n t i o n  to  th e  s o lu t io n  o f  th e  c r i t ic a l  p r o b le m s  o f  

e v o lv in g  p o w e r  a n d  l ig h t  s y s te m s .  T h e  t r e n d  w as  e a s i ly  d i s c e r n ib le  b y  th e  

t u r n  o f  t h e  c e n tu r y ,  w h e n  t h e  p r o b le m s  o f  p o ly p h a s e  s y s te m s  w e re  b e in g  

a d d r e s s e d  b y  e n g i n e e r s  w h o  d r e w  o n  e le c t r ic a l  th e o r y ,  t e s te d  h y p o th e s e s  

in  l a b o r a to r y  a n d  f ie ld  e x p e r i m e n t s ,  d e r iv e d  q u a n t i t a t iv e  e q u a t io n s ,  a n d  

o b ta in e d  d a t a  e x p r e s s in g  t h e  r e l a t io n s h ip s  a m o n g  c o m p le x  f a c to r s  i n f l u ­

e n c in g  t h e  p e r f o r m a n c e  o f  e le c t r ic  sy s te m s .

In  G e r m a n y  in  1 9 2 1 , tw e n ty  u t i l i t ie s  a n d  te n  m a n u f a c t u r i n g  f i rm s  e s ­

t a b l is h e d  t h e  R e s e a rc h  C e n t e r  f o r  H ig h  V o l ta g e  A p p a r a t u s  ( S tu d ie n g e -  

s e l ls c h a f t  f i i r  H o c h s t s p a n n u n g s a n l a g e n  E .V .)  T h e  c e n t e r  c o n c e n t r a t e d  o n  

p r o b le m s  a s s o c ia te d  w ith  in s u la t io n ,  l i g h tn in g ,  s h o r t  c i r c u i ts ,  g r o u n d i n g ,  

e l e c t r ic a l  in t e r f e r e n c e  f r o m  h ig h  v o l ta g e  t r a n s m is s io n  w ith  e l e c t r ic  c o m ­

m u n ic a t io n s ,  a n d  ic e  a n d  w in d  lo a d in g  o n  t r a n s m is s io n  to w e r s  a n d  lin e s . 

T h r o u g h  f u n d a m e n t a l  r e s e a r c h ,  s c ie n t is ts  a n d  e n g i n e e r s  s o u g h t  to  u n d e r ­

s t a n d  th e  p h e n o m e n a .  T h e  c e n t e r  a ls o  b e c a m e  k n o w n  f o r  its  d e v e lo p m e n t  

o f  m e a s u r i n g  d e v ic e s .19 M o r e o v e r ,  A E G  a n d  S ie m e n s ,  th e  G e r m a n  m a n ­

u f a c t u r e r s ,  e s t a b l i s h e d  fa c il i t ie s  f o r  in v e s t ig a t in g  h ig h - v o l ta g e  t r a n s m is s io n  

a n d  f o r  d e v e lo p in g  s y s te m  a p p a r a t u s . 20

I n  1 9 2 6  S t a n f o r d  U n iv e r s i ty  lo o k  t h e  le a d  a m o n g  U .S . u n iv e r s i t ie s  in  

e s t a b l i s h in g  a  h ig h - v o l t a g e  l a b o r a to r y .  T h e  u n iv e r s i ty ’s lo c a t io n  n o t  f a r  

s o u th  o f  S a n  F r a n c is c o ,  C a l i f o r n ia ,  h a d  s t im u la te d  th e  g r o w th  o f  its  e le c t r ic a l  

e n g i n e e r i n g  a c tiv it ie s ,  a n d  C a l i f o r n ia ’s u t i l i t ie s ,  w ith  t h e i r  p i o n e e r i n g  h ig h -  

v o l ta g e  s y s te m s ,  h e l p e d  s u p p o r t  th e  r e s e a r c h  p r o g r a m  o f  t h e  h ig h - v o l ta g e  

l a b o r a to r y .  H a r r i s  R y a n ,  a n  a c a d e m ic  w h o  h a d  d o n e  m a jo r  r e s e a r c h  o n  

h ig h - v o l ta g e  c o r o n a  e f f e c ts  (s e e  p .  1 58  a b o v e ) ,  h e a d e d  th e  l a b o r a to r y ,  w h ic h  

w as  l a t e r  n a m e d  f o r  h im . I n  1 9 2 6  t h e  la b o r a to r y  c o n c e n t r a t e d  o n  th e  

c h a r a c te r i s t i c s  o f  a i r  a s  a  h ig h -v o l ta g e  in s u la to r ,  o ils  a s  in s u la to r s  in  t r a n s ­

f o r m e r s  a n d  s w itc h e s ,  a n d  t r a n s m is s io n - l in e  in s u la to r s  a n d  in s u la t io n  m a ­

te r ia ls  w o r k in g  a t  2 2 0 ,0 0 0  v o lts  a n d  u p w a r d .  A n o t h e r  g o a l  o f  t h e  S t a n f o r d  

c e n t e r  w a s  to  s tu d y  th e  n a t u r e  o f  l ig h tn in g .  A n  a n t e c e d e n t  r e s e a r c h  fa c ility  

a t  t h e  u n iv e r s i ty  h a d  b r o u g h t  c o l la b o r a t io n  b e tw e e n  e n g in e e r s  f r o m  th e  

P a c if ic  G a s  &  E le c t r ic  C o m p a n y  a n d  th e  S o u t h e r n  C a l i f o r n ia  E d is o n  C o m ­

p a n y  a n d  f a c u l ty  m e m b e r s  o f  S t a n f o r d ’s e le c t r ic a l  e n g i n e e r i n g  d e p a r t m e n t  

in  r e s e a r c h  a n d  e x p e r i m e n t a t i o n  t h a t  c u lm in a te d  in  th e  d e v e lo p m e n t  o f  

i n s u la to r s  f o r  t h e  s t a t e ’s 2 2 0 ,0 0 0 -v o l l  t r a n s m is s io n  l in e s , o n e  f r o m  th e  S ie r ­

r a s  to  S a n  F ra n c is c o  a n d  th e  o t h e r  f r o m  t h e  S ie r r a s  to  L o s  A n g e le s .  B y 

1 9 2 9 , g r a d u a t e  s t u d e n t s  o n  f e l lo w s h ip s  a ls o  w e re  e n g a g e d  in  th e  S ta n f o r d  

l a b o r a to r y ’s p r o g r a m . 21

O n e  o f  th e  w o r ld ’s m o s t  h ig h ly  p u b l ic iz e d  h ig h -v o l ta g e  l a b o r a to r i e s  w as  

lo c a te d  a t  th e  S c h e n e c ta d y  p la n t  o f  G e n e r a l  E le c tr ic  (w h ic h  is n o t  to  h e

10 Boll, " N a tio n a le  iin d  in te rn a lio n a lc  V crb u n d w irtsch a fl,"  p. 78.

*° V on S iem ens, H ouse  o f  Siem ens. 2: 1 0 5 - 1 1.
• 'T w o  in fo rm a tio n  rele ases d a te d  S ta n fo rd  U niv ers ity , 17 S e p te m b e r 1926. a n d  a rep o r t 

o n  th e  la b o ra to ry 's  activ ities d a te d  15 F e b ru ary  1929, H a r r is J . Ryan C ollec tion  (SC 25, Misc. 
B ox 4), S ta n fo rd  U niv ersity  A rchiv es, S ta n fo rd , C alir . I a m  in d e b te d  to  P ro fesso r  H u g h  II. 
Skillin g , f o rm e r  ex ec u tiv e  h e a d  o f  S ta n fo rd 's  D ep a rtm en t o f  E lectr ical E n g in e erin g , fo r  in ­
fo rm a tio n  a b o u t l l a r r i s j .  Ryan a n d  h ig h -vo ltage  research .
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e X I I I .7. H ig h-vo ltag e laboratory oj the O hio Ins u la to r Co. (O hio Ih a ss  Co.): O utdo or im pulse gaps  (lef t a n d  r ig h t) , test sertlon  o f  22 0-kilo -  

ansniLssion towers (left) . Prom A . O. A u st in , “A Lab oratory fo r M a k in g  L ig h tn in g "  (paper pre sented a t the In te r n a tio n a l H ig h  Tension Congies 

6 - / 5  J u n e  19 29 ), p. 6.

c o n t u s e d  w i t h  t h e  G e n e r a l  E l e c t r i c  R e s e a r c h  L a b o r a t o r y ) .  T h e  p u b l i c i t y  

p r o m o t i n g  p o p u l a r  c o n su m p t i o n  o f  e l e c t r i c i t y  i d e n t i f i e d  t h e  f a m o u s  C h a r l e s  

S i e i n m c i z  a s t h e  p r e s i d i n g  g e n i u s  o f  t h e  h i g h - v o l t a g e  f a c i l i t y ,  b u t  F . W . 

P e e k ,  J r . ,  c a r r i e d  o n  r e s e a r c h  l h a i  n o t  o n l y  a t t r a c t e d  t h e  a t t e n t i o n  o f  i n ­

d u s t r i a l  a n d  a c a d e m i c  e n g i n e e r s  b u t  i n f l u e n c e d  t h e  d e s i g n  o f  G E ’s a p p a ­

r a t u s  a s  w e l l  ( se e  F i g .  X I 11. 8 ) .  A s  a  c a s e  h i s t o r y .  P e c k 's  r e s e a r c h  s h e d s  l i g h t  

011 t h e  h i g h - v o l t a g e  e x p e r i m e n t a t i o n  t h a t  w a s d o n e  f o r  r e g i o n a l  p o w e r  

sy s t e m s  a s w e l l  a s  t h e  e v o l u t i o n  t h a t  h a d  t a k e n  p l a c e  i n  t h e  r e l a t i o n sh i p  

b e t w e e n  s c i e n c e  a n d  t e c h n o l o g y  s i n c e  t h e  e a r l y  y e a r s  o f  p o w e r  t r a n sm i s s i o n  

( se e  p p .  15 6 - 5 8  a b o v e ) .

P e c k ,  l i k e  R y a n ,  h a d  a t t e n d e d  a  u n i v e r s i t y  t h a t  i n  i t s e a r l y  y e a r s  w o n  

r e n o w n  f o r  i t s c o u r s e  i n  e l e c t r i c a l  e n g i n e e r i n g .  H e  g r a d u a t e d  f r o m  S t a n f o r d  

w i t h  a n  A .U .  i n  e n g i n e e r i n g  i n  19 0 5 .  T h e  h i g h l y  i m p o r t a n t  d e v e l o p m e n t s  

i n  h i g h - v o l t a g e  t r a n sm i s s i o n  t h a t  w e r e  t h e n  t a k i n g  p l a c e  i n  C a l i f o r n i a ,  a n d  

( h a t  u n d o u b t e d l y  m a d e  a s t r o n g  i m p r e s s i o n  o n  t h e  y o u n g  s t u d e n t ,  h e l p  

e x p l a i n  P e e k 's  c o m m i t m e n t  t o  t h e  f i e l d .  H i s  f o r m a l  e d u c a t i o n  w a s c o m -
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F ig u re  X IU .8 . F . W . Peek, J r . ( fa r  
r ig h t, seate d), with associates a n d  vis iting  

scientists at  G E's Pitts fie ld  works, 12 A p ri l 
1933. Courtesy o f  the G en eral Electric Co., 

Schenectady, N .Y .

p l e t e d  s o m e  y e a r s  l a t e r  w h e n  h e  r e c e i v e d  t h e  M . E . E .  f r o m  U n i o n  C o l l e g e  

w h i l e  w o r k i n g  f o r  t h e  G e n e r a l  E l e c t r i c  C o m p a n y  i n  S c h e n e c t a d y ,  N e w  Y o r k .

P e e k  j o i n e d  G e n e r a l  E l e c t r i c  i n  19 0 5 ,  a n d  e v e n  t h o u g h  t h e  i m p o r t a n c e  

o f  e n g i n e e r i n g  r e s e a r c h  o n  h i g h - v o l t a g e  t r a n sm i s s i o n  w a s o n l y  b e g i n n i n g  

t o  b e  r e c o g n i z e d ,  h e  f o u n d  t h e  m e a n s  t o  p u r s u e  h i s i n t e r e s t ,  r i g g i n g  “ h i s 

f i r s t  a p p a r a t u s  i n  a n  o l d  b o x  c a r  i n  a  r e m o t e  c o r n e r  o f  t h e  S c h e n e c t a d y  

p l a n t . . . e x p e r i m e n t i n g ,  r e c o r d i n g ,  s t u d y i n g ,  a n d  r e b u i l d i n g . ”  I n  19 0 9  h e  

w a s o n e  o f  t h e  f i r s t  e n g i n e e r s  t o  j o i n  C h a r l e s  S t e i n m e t z ’s c o n s u l t i n g  e n ­

g i n e e r i n g  d e p a r t m e n t  a t  S c h e n e c t a d y .  I t  a p p e a r s  t h a t  h e  w a s e n c o u r a g e d  

b y  S t e i n m e t z  i n  t h e  h i g h - v o l t a g e  r e s e a r c h ,  b u t  w a s n o t  u n d e r  h i s  c l o se  

s u p e r v i s i o n .  A  G E  e n g i n e e r ,  n o t i n g  t h e  d i f f i c u l t y  o f  a s s i g n i n g  c r e d i t  w h e n  

c l o se l y  a s so c i a t e d  i n v e s t i g a t o r s  w o r k  s i m u l t a n e o u s l y  o n  s i m i l a r  p r o b l e m s ,  

r e c e n t l y  o b s e r v e d  t h a t  P e e k  w a s a n  i n d e p e n d e n t  i n v e s t i g a t o r  w h o  c a r r i e d  

o n  m u c h  i n  h i s  o w n  w a y ,  “ w o r k e d  o u t  h i s  c i r c u i t s  ( i m p u l s e  g e n e r a t o r s )  

m o r e  o r  l e ss i n d e p e n d e n t l y ,  a l t h o u g h  i t  w o u l d  b e  r e a s o n a b l e  t o  s u p p o s e  

t h a t  S l e i n m e t z ,  a s  h e a d  o f  t h e  l a b o r a t o r y ,  w o u l d  b e  i n f o r m e d  a s t o  t h e  

w o r k  P e e k  a n d  t h e  o t h e r  m e m b e r s  o f  t h e  l a b o r a t o r y  w e r e  p e r f o r m i n g  a n d  

t h e  a p p a r a t u s  t h a t  t h e y  w e r e  u s i n g . 22

P e e k  g a i n e d  a  su b s t a n t i a l  r e p u t a t i o n  f o r  h i s  r e s e a r c h  o n  h i g h - v o l t a g e  

p h e n o m e n a ,  e s p e c i a l l y  t h e  c o r o n a  e f f e c t  a n d  l i g h t n i n g .  T h e  sc i e n t i f i c  c h a r -

”  W. W. Lewis t o j .  H . H a g c n g u lh , 16 M ay 1968 (a Ic llc r  lo an ed  to  th e  a u th o r  by Lewis). 
T h e  fo llow in g  pag es o n  Peck a re  based  in p a rt on  T h o m a s  P. H u gh es, " T h e  Science T e c h ­
no lo gy  In te ra c tio n : T h e  C ase o f  H igh -V o ltag e  Pow er T ran sm issio n  System s." Technology a n d  

C u ltur e  17 (1976): 6 5 ‘l- 5 9 .
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a c t e r  o f  h is  r e s e a r c h  is a t t e s t e d  to  b y  h is  p u b l i c a t io n  o f  tw e n ty  s c h o la r ly  

p a p e r s  in  A I E E  T r a n s a c t io n s  b e tw e e n  1911 a n d  1 9 3 1 . T h e  a r t ic le s ,  e sp e c ia l ly  

th e  s e r ie s  o f  f o u r  p a p e r s  o n  “T h e  E f f e c t  o f  T r a n s i e n t  V o l ta g e s  o n  D ie le c ­

t r ic s ,” s e r io u s ly  q u e s t io n  t h e  d o u b t f u l  p r o p o s i t io n  t h a t  e n g i n e e r s — a n d  P e e k  

w as  e m p lo y e d  a s  a n  e n g i n e e r  a n d  w as  s o  t i t l e d — d o  n o t  p u b l is h .  P e e k  a lso  

w r o te  a  b o o k ,  w h ic h  is s till  u s e d ,  e n t i t l e d  D ie le c tr ic  P h e n o m e n a  in  H ig h -V o l ta g e  

E n g in e e r in g .23

P e e k ’s e d u c a t i o n  a n d  p u b l i c a t io n s  s u g g e s t  t h a t  h is  a p p r o a c h  to  e n g i ­

n e e r i n g  p r o b le m s  w a s  s c ie n t i f ic .  H o w e v e r ,  t h e  p r i m a r y  in f lu e n c e  o n  h is 

c h o ic e  o f  p r o b le m s  w a s  n o t  s c ie n t i f ic .  F r o m  h is  e x p e r i e n c e  P e e k  b e lie v e d  

t h a t  e c o n o m ic s — n o t  s c ie n c e — c a l le d  t h e  te c h n o lo g ic a l  t u n e .  T h e  in c r e a s e s  

in  t r a n s m is s io n  v o l ta g e s  w e r e  d e c i d e d  u p o n ,  h e  w r o te ,  " p u r e ly  f r o m  th e  

e c o n o m ic  v ie w p o in t .” T h e  r e a l  a n d  a n t i c i p a t e d  d e m a n d  f o r  la r g e  a m o u n t s  

o f  p o w e r  a t  g r e a t e r  d i s t a n c e s  f r o m  m a j o r  p o w e r  s i te s  d i c ta t e d  t h e  s tr iv in g  

fo r  h i g h e r  v o l ta g e s ,  a n d  th e  h i g h e r  v o l ta g e s  b r o u g h t  t h e  te c h n o lo g ic a l  

p r o b le m s ,  s u c h  a s  c o r o n a s .  I n  h is  e a r ly  e n g i n e e r i n g  r e s e a r c h  P e e k  f o c u s e d  

o n  t h e  c o r o n a  p r o b le m  (se e  p p .  1 5 9 - 6 0  a b o v e ) ,  b u t  i n  a b o u t  1 9 1 3  h is  i n te r e s t  

s h i f t e d  to  th e  e f f e c ts  o f  l i g h tn in g  u p o n  h ig h - v o l t a g e  t r a n s m is s io n  l in e s  a n d  

h e  c o n t i n u e d  to  w o r k  in  th is  f ie ld  u n t i l  h is  u n t im e ly  d e a t h  in  a n  a u to m o b i le  

a c c id e n t  o n  2 6  J u l y  1 9 3 3 .

T h e  a v a i la b i l i ty  o f  a  s c ie n t i f ic  i n s t r u m e n t ,  a n  im p u ls e  g e n e r a t o r ,  w as a 

m a jo r  r e a s o n  w h y  P e e k  s h i f t e d  h is  a t t e n t i o n  to  l ig h t n i n g  r a t h e r  th a n  to  

a n o t h e r  r e v e r s e  s a l i e n t  in  t h e  e x p a n d i n g  h ig h - v o l t a g e  t r a n s m is s io n  f r o n t .24 

T h e  m a c h in e  w as  a v a i la b le  b e c a u s e  P e e k  h a d  d e s ig n e d  a n d  c o n s t r u c te d  a 

2 0 0 -k i lo v o l t  i m p u ls e  g e n e r a t o r  to  in v e s t ig a te  c o r o n a s .25 I n  o r d e r  to  u s e  th e  

m a c h in e  f o r  l ig h t n i n g  r e s e a r c h ,  h e  f i r s t  d e t e r m i n e d  t h e  v o l ta g e  a n d  w av e  

f o r m  o f  r e a l  l i g h t n i n g  ( in c l in a t io n  o f  w a v e  f r o n t ,  ta i l ,  e tc .) .  E s ta b l is h in g  th e  

c h a r a c te r i s t i c s  o f  l ig h t n i n g  s o  t h a t  th e s e  c o u ld  b e  e x p r e s s e d  p r e c is e ly ,  e v e n  

q u a n t i t a t iv e ly ,  w a s  a  r e s e a r c h  p r o je c t  t h a t  w o u ld  c e r t a in ly  h a v e  b e e n  c a lle d  

s c ie n c e ,  e v e n  n a t u r a l  s c ie n c e ,  i f  P e e k 's  m o t iv e s  h a d  n o t  b e e n  a p p l ic a t io n ,  

o r  th e  s o lu t io n  o f  a  te c h n o lo g ic a l  p r o b le m .

P e e k ’s m o t iv e s  w e r e  n o t  th o s e  o f  p u r e  s c ie n c e ,  h o w e v e r .  H is  p r im a r y  

r e a s o n  f o r  i n v e s t ig a t in g  t h e  n a t u r e  o f  l i g h tn in g  w as  to  c r e a t e  p r e c is e  s im ­

u la t io n s  o f  t h e  v a r io u s  f o r m s  o f  it w ith  t h e  im p u l s e  g e n e r a t o r .  T h e s e  s im ­

u l a t io n s  w e re  n e e d e d  to  te s t  t h e  v a r io u s  c o m p o n e n t s  o f  t r a n s m is s io n  lin e s .

a , T h e  f o u r  le n g th y  p a p e rs , all titled  as ab ov e, a p p e a re d  in  A IE E  Transa ctions  34 (1915): 

1 8 5 7 -1 9 0 9 : 38 (1 919): 1 1 3 7 -6 4 ; 42 (1923): 9 4 0 - 4 7 ;  a n d  49  (1930): 1 4 5 6 -69 . T h e  book  was 
p u b lish ed  by M c G raw -H ill in 1915.

’H It is also  p ossib le  th a t S te in m ctz  a n d  th e  c o m p a n y 's  m a n a g e m e n t in f lu e n c e d  Peck 's  choice 
o f  th e  lig h tn in g  p ro b lem .

a i F. W. Peek , J r . .  " L ig h tin g . I,"  G eneral Electric R ev ie w  32  (192 9 ): 6 04 ; ide m , " T h e  Effect 
o f  T ra n s ie n t V o ltages o n  D ie lec tr ic s,"  A IE E  Transa ctions  34 (1915): 1857; id e m , “T h e  Effect 
o f  T ra n s ie n t  V oltages o n  D ie lectr ics. I l l , "  ib id . 42 (1923): 94 0 . W. W . Lewis, a lso  a G en e ra l 

Electr ic  re se a rc h  e n g in e e r , w rites  th a t th e  200-kv . tra n s fo r m e r  w as u se d  by Peek b e fo re  he 
p u b lish ed  his  1 9 1 1 p a p e r  "Law  o f  C o ro n a  a n d  th e  D ie lectr ic  S tre n g th  o f  A ir .” ib id . 30  (1 9 1 1): 
1 88 9 -19 88 . A cc o rd in g  to  Lew is, th e  "so-called  im p u lse  g e n e r a to r  co nsis te d  o f  th e  sam e 200- 
kv. tr a n s fo r m e r  u se d  in th e  c o ro n a  te sts"  (W . W . Lew is to  J .  H . H a g e n g u th , 16 May 1968). 
I x w is 's  le tte r  d o e s  no t specify  th e  m o d if ic a tio n s  th a t lo ok  p la ce  as th e  200-kv . te s tin g  tra n s ­

fo rm e r  m e ta m o rp h o se d  in to  th e  “im p u lse  g e n e r a to r ,"  b u t P eek 's  d a tin g  th e  in tro d u c tio n  o f  

th e  im p u lse  g e n e r a to r  as "ab o u t 1913"  ("L ig h tn in g . 1," p. 604 ) a n d  L ew is 's d a tin g  th e  first 
use  o f  th e  tr a n s fo r m e r  as 1911 su gg e st su c h  m o d if ic a tio ns.
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D u r i n g  tw o  d e c a d e s  o f  l i g h tn in g  r e s e a r c h ,  1 9 1 3 - 3 3 ,  P e e k  in c r e a s e d  th e  

p o w e r  o f  h is  im p u ls e  g e n e r a t o r s  to  th e  o r d e r  o f  a  m ill io n  k ilo w a tts  in  o r d e r  

to  a p p r o x i m a t e  “ v o l ta g e  a n d  o t h e r  c o n d i t io n s  [ r e s u l t in g  f r o m  l ig h tn in g ]  

t h a t  u s u a lly  o c c u r  o n  t r a n s m is s io n  l in e s .20 A s a  r e s u l t ,  h e  t e s te d  fu ll- s c a le  

c o m p o n e n t s .  P e e k  a ls o  r e l i e d  o n  th e  a c t io n  o f  n a tu r a l  l i g h tn in g  o n  o p e r a t i n g  

t r a n s m is s io n  l in e s  to  p r o v id e  d a ta ,  b u t  th e  n a t u r a l  e v e n t  w as  n o t  a s  m a ­

n i p u l a t e  a  to o l  a s  th e  m a n - m a d e  o n e .

In  1 9 2 9  P e e k  w r o te  w ith  o b v io u s  s a t is f a c t io n  t h a t  p r o g r e s s  in  o b t a in in g  

k n o w le d g e  o f  l i g h tn in g  h a d  b e e n  so  r a p id  t h a t  “ th e  s u b je c t  m a y  n o w  b e  

s a id  to  b e  o n  a n  e n g i n e e r i n g  b a s is ,"  th e  in d ic a t io n  o f  th is  b e in g  t h e  e x p r e s ­

s io n  o f  l i g h tn in g  p h e n o m e n a  q u a n t i t a t iv e ly  in  v o lts ,  a m p e r e s ,  a n d  u n i t s  o f  

t im e .27 F u r t h e r m o r e ,  P e e k  s t a t e d  th e  fo l lo w in g  g e n e r a l  c h a r a c te r i s t i c s  o f  

l i g h tn in g :  v o l ta g e ,  o n  th e  o r d e r  o f  100  m ill io n ;  c u r r e n t ,  o n  t h e  o r d e r  o f

1 0 0 ,0 0 0  a m p s ;  e n e r g y ,  o n  th e  o r d e r  o f  4 k w h .;  p o w e r ,  o n  t h e  o r d e r  o f  a 

t h o u s a n d  b il l io n  h .p . ;  t im e ,  o n  th e  o r d e r  o f  a fe w  m ic r o s e c o n d s ;  g r a d i e n t  

a t  b r e a k d o w n ,  1 00  k .v . p e r  fo o l;  a n d  th e  c h a r g e  f o r m e d  b y  t h e  a c t io n  o f  

a i r  c u r r e n t s  o n  r a i n d r o p s . 28 B e y o n d  th is  a n d  o t h e r  q u a n t i t a t iv e  d a t a .  P e e k  

p ic t u r e d  t h e  w a v e  s h a p e  o f  l ig h tn in g  o n  a  c a th o d e - r a y  o s c il lo s c o p e ,  d e t e r ­

m in e d  t h e  t im e  r e q u i r e d  f o r  a  c lo u d  to  d i s c h a r g e ,  a n d  f o u n d  t h e  a t t e n u a t i o n  

o f  l ig h tn in g  w a v e s  t r a v e l in g  o n  a  t r a n s m is s io n  l in e .29

A r m e d  w ith  in c r e a s in g  k n o w le d g e ,  P e e k  m a d e  s u b t le  a n d  p e r s i s t e n t  e f ­

f o r t s  to  a p p ly  it . I n  th e  a p p l i c a t io n ,  th e  s c ie n c e - te c h n o lo g y  r e l a t io n s h ip  is 

s ta rk ly  r e v e a le d .  In i t ia l ly ,  in  h is  A I E E  p a p e r  o f  1 9 1 5 , P e e k  d is c u s s e d  th e  

g e n e r a l  e f f e c ts  o f  t r a n s i e n t  v o lta g e s  o n  d ie le c t r ic s ,  l ig h tn in g  b e in g  o n ly  a 

s p e c ia l  c a s e  o f  t r a n s i e n t  v o l ta g e s ,  a n d  in s u la to r s  a n d  c o n d u c t in g  l in e s  b e in g  

s p e c ia l  c a s e s  o f  c a p a c i to r s  w ith  a tm o s p h e r i c  d ie le c t r ic s .  T h e  m a jo r  f in d in g  

a n n o u n c e d  in  th is  p a p e r  w as  t h a t  th e  b e h a v io r  o f  d ie le c t r ic s  w h e n  s u b je c te d  

to  c o n t in u o u s ly  a p p l i e d  a l t e r n a t i n g  c u r r e n t  d i f f e r e d  f r o m  t h e i r  b e h a v io r  

w h e n  e x p o s e d  to  t r a n s i e n t  v o l ta g e s ,  e s p e c ia lly  l ig h tn in g .  H e  i n t r o d u c e d  th e  

t e r m  im p u lse  ra tio , w h ic h  h e  d e f in e d  a s  th e  r a t io  o f  th e  im p u l s e  s p a r k o v e r  

v o l ta g e  to  th e  c o n t in u o u s ly  a p p l i e d  s p a r k o v e r  v o lta g e .  P e e k  h a d  f o u n d  th a t  

s p a r k o v e r  a c ro s s  a n  a i r  g a p — o v e r  a n  in s u la to r  f o r  e x a m p le — o c c u r r e d  a t  

a  lo w e r  v o l ta g e  f o r  th e  c o n t in u o u s ly  a p p l i e d ,  o r  n o r m a l ,  h ig h  v o l ta g e  th a n  

f o r  t h e  t r a n s i e n t  v o l ta g e  w av e . T h e  i m p o r ta n c e  o f  th is  f in d in g — e s p e c ia lly  

th e  v a lu e s  o f  t h e  im p u l s e  r a t io  t h a t  P e e k  d e t e r m i n e d  f o r  d i f f e r e n t  t r a n s ­

m is s io n - l in e  c o m p o n e n t s — w as o b v io u s  f o r  th e  d e s ig n  e n g i n e e r  a t t e m p t i n g  

to  p r o te c t  th e  l in e  a g a in s t  t r a n s ie n t s .

W ith in  a  few  y e a r s  o f  h is  d is c u s s io n  o f  th e  law s g o v e r n in g  th e  r u p t u r e  

o f  d ie le c t r ic s  by  t r a n s i e n t  a n d  n o n t r a n s i e n t  v o lta g e s , P e e k  a d d r e s s e d  th e  

q u e s t io n  o f  p r a c t ic a l  a p p l i c a t io n s .90 H is  r e s e a r c h  p e r m i t t e d  h im  to  p r o v id e  

f o r  t h e  d e s ig n  e n g i n e e r  f o r m u la s  a n d  ta b le s  p r e d ic t in g  th e  e f f e c ts  o f  l ig h t ­

n in g  v o l ta g e s  o n  th e  l ig h t n i n g - a r r e s t e r  g a p s ,  in s u la to r s ,  a n d  b u s h in g s  u s e d  

in  t r a n s m is s io n  l in e s  a n d  t r a n s f o r m e r s .  H is  s im u la te d  l ig h tn in g  h a d  p r o v e d

•"P e ek , “T h e  E ffect o f  T r a n s ie n t V oltages on  D ie lectr ics. I II ."  p. 940.

’’ Peek , “ L ig h tn in g . I,"  p. 002.

»"Ib id .
,B F. W. Peck , J r . .  “ L ig h tn in g : P rog ress in L igh tn ing  R esearch  in Field a n d  L a b o ra to ry ,” 

A IE E  Trn nsac lio tu  48  (1929): 436.
»»p. W . Peek , J r . ,  “T h e  E ffect o f  T ra n s ie n t V oltages on  D ielectr ics," ib id . 38 (1919): 1 1 37 -
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l h a l  t h e s e  c o m p o n e n t s  w o u ld  fa il ( p e r m i t  s p a r k o v e r )  a t  lo w e r  v o l ta g e s  w ith  

r e g u l a r  c u r r e n t s  t h a n  w ith  t r a n s i e n t  v o l ta g e s  s u c h  a s  l i g h tn in g .  T h i s  in ­

f o r m a t io n  w as  e s p e c ia lly  v a lu a b le  to  d e s ig n e r s  o f  l i g h tn in g  a r r e s t e r s ,  f o r  

a n  a r r e s t e r  t h a t  w o u ld  g r o u n d  d e s t r u c t iv e  r e g u l a r  c u r r e n t s  m ig h t  fa il to  

d o  so  w ith  t r a n s ie n t s .  P e e k  p r o v id e d  d e ta i l e d  in f o r m a t i o n  o n  a  f a s c in a t in g  

v a r ie ty  o f  c o m p o n e n t s ,  s u c h  a s  d i f f e r e n t  f o r m s  o f  p r o te c t iv e  l i g h tn in g  a r ­

r e s t e r s  a n d  c o m b in a t io n s  o f  f o r m s  in v o lv in g  s p h e r e s ,  p o in ts ,  a n d  h o r n s .  

H e  f o u n d  lh a l  “ s p h e r e s  d i s c h a r g e  t h e  v e ry  s t e e p  w a v e s , t h e  h o r n s  th e  

m o d e r a t e  o n e s ,  a n d  t h e  p o in t s  c o n t i n u o u s  h i g h - f r e q u e n c y  w a v e s , o f  s l a n t ­

i n g  f r o n t  a n d  s t a t ic .”31

P e e k  a ls o  s u p p l i e d  d e s ig n  d a t a  f o r  th e  g r a d i n g  s h ie ld  f o r  in s u la to r s ,  

t r a n s f o r m e r s ,  a n d  t r a n s f o r m e r  in s u la t io n .  A s y n th e s is  o f  h is  r e s e a r c h  w as 

th e  s t a t e m e n t  h e  m a d e  in  1 9 2 9  o n  l i g h t n i n g - p r o o f  t r a n s m is s io n  l in e s  a n d  

th e  c o o r d i n a t i o n  o f  l in e  a n d  t r a n s f o r m e r  in s u l a t i o n .32 “ A  l in e  o f  m o d e r a te  

h e i g h t , ” h e  c o n c lu d e d ,  “ p r o t e c t e d  w ith  g r o u n d  w ire s  a n d  p r o p e r l y  in s u la te d  

[u s in g  h is  d a ta ] ,  c o u ld  u s u a l ly  b e  m a d e  l ig h t n i n g  p r o o f  a g a in s t  in d u c e d  

v o l ta g e s  [ l ig h tn in g ] . ” T h e  e n g i n e e r ’s s e n s e  o f  b a la n c e  c a n  a ls o  b e  d i s c e r n e d  

in  P e e k 's  r e c o m m e n d a t i o n  t h a t  in  a n  e n t i r e  t r a n s m is s io n  s y s te m  th e  t r a n s ­

f o r m e r  i n s u la t io n  s h o u ld  b e  s l ig h tly  s t r o n g e r  t h a n  th e  b u s h i n g  f la s h o v e r  

v o l ta g e ,  a n d  t h a t  th is  v o l ta g e  in  t u r n  s h o u ld  b e  h i g h e r  t h a n  th e  f la s h o v e r  

v o l ta g e  o f  t h e  l in e  in s u la to r s .  “ I t  is o b v io u s ly  n o t  g o o d  e n g i n e e r i n g  to  m a k e  

th e  t r a n s f o r m e r  ( th e  m o s t  e x p e n s iv e )  th e  w e a k e s t  l in k  in  t h e  in s u la to r  

c h a in ,"  h e  s a id .33

P e e k ’s a r t ic le s  o n  h ig h - v o l t a g e  t r a n s m is s io n  a n d  h is  p a in s ta k in g  a n d  b o ld  

e x p e r i m e n t a t i o n  w e re  r e s p o n s e s  to  p r o b le m s  t h a t  a r o s e  a s  h ig h -v o l ta g e  

t r a n s m is s io n  e v o lv e d .  T h e r e  is n o  s u b s ta n t i a l  e v id e n c e  t h a t  s c ie n t i f ic  d is ­

c o v e r ie s  s t im u la te d  e n g i n e e r s  lik e  P e e k  a n d  R y a n  to  e m b a r k  o n  t h e i r  in ­

v e s t ig a t io n s .  T h e s e  m e n  d e p e n d e d  u p o n  th e  c o r p u s  o f  s c ie n c e ,  b u t  s c ie n c e  

w a s  n o t  a n  im m e d ia te  c a u s e  o f  t h e i r  a c tiv ity . H a v in g  w o r k e d  f o r  la r g e  

in d u s t r i a l  c o r p o r a t i o n s  l h a l  w e re  h e a v ily  c o m m i t t e d  by  in v e s tm e n ts  a n d  

c o m p e te n c e  to  t h e  e x p a n s io n  o f  e le c t r ic  l ig h t  a n d  p o w e r  s y s te m s ,  e sp e c ia lly  

h ig h - v o l ta g e  t r a n s m is s io n ,  P e e k  w as  c lo s e ly  a t t u n e d  to  te c h n o lo g ic a l  e v e n ts .  

T h e  e v e n t s  t h a t  p a r t i c u la r ly  in t e r e s t e d  h im  w e r e  th o s e  m a n i f e s t in g  r e v e r s e  

s a l ie n ts  o n  e x p a n d i n g  t e c h n o lo g ic a l  f r o n t s .

T h e  w o rk  t h a t  P e e k  a c c o m p l i s h e d  in v o lv e d  a  m e th o d  th a t  s h o u ld  b e  

c a lle d  s c ie n tif ic .  T h e  a u t h o r i t i e s  c i te d  a n d  th e  p e r io d ic a l s  f o r  w h ic h  h e  

w ro te  r e p r e s e n t e d  o r g a n iz e d  k n o w le d g e ;  h e  u s e d  a n d  a t t e m p t e d  to  f o r ­

m u la te  g e n e r a l  s t a t e m e n t s  o r  law s; m a th c m a l i c s  w as  a n  a n a ly t ic a l  to o l  a n d  

a  l a n g u a g e  f o r  h im ;  h y p o th e s e s  w e re  f o r m u l a t e d ;  a n d  e x p e r i m e n t s  w e re  

d e s ig n e d  f o r  t h e  la b o r a to r y  o r  in  n a t u r e  to  le s t t h e s e  h y p o th e s e s .  S u c h  a n  

a p p r o a c h  is u s u a l ly  la b e le d  s c ie n tif ic .

T e c h n o lo g y  a n d  i n s t i tu t io n s  s u c h  a s  h ig h - v o l ta g e  la b o r a to r i e s  t e n d  to  

e v o lv e  t o g e t h e r .  E d is o n  a n d  h is  a s s o c ia te s  f o r m e d  a n  u r b a n  u t i l i ty  a t  a b o u t  

th e  s a m e  t im e  th e y  l a u n c h e d  t h e i r  r e s e a r c h - a n d - d e v e l o p m e n l  p r o g r a m  fo r  

d e v e lo p in g  a n  e le c t r ic  l ig h t in g  s y s te m . W h e n  t h e  u n iv e r s a l  s u p p ly  sy s te m  

w as  i n t r o d u c e d ,  u ti l i t ie s  m e t a m o r p h o s e d  in to  l ig h t  a n d  p o w e r  c o m p a n ie s ,

*' Ib id .. p . 1137.

’» P e e k , “ L ig h tn in g : P rog ress in R e se arch ."  p p . 4-17-48.

”  Ib id .. p . 447 .
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a n d  w h e n  p o w e r  t r a n s m is s io n  b e c a m e  f e a s ib le ,  n e w ly  f o r m e d  p o w e r  c o m ­

p a n ie s  p r e s id e d  o v e r  its  d e v e lo p m e n t .  R e g io n a l  p o w e r  s y s te m s  a ls o  n e e d e d  

n e w  o r g a n iz a t io n a l  s t r u c t u r e s .  T h u s ,  in  a d d i t io n  to  h ig h - v o l t a g e  l a b o r a ­

to r ie s ,  m u l t i p u r p o s e  c o n s u l t in g  e n g i n e e r i n g  f i r m s  a n d  a  n e w  g e n e r a t i o n  

o f  h o ld in g  c o m p a n ie s  c a m e  in to  b e in g .  T h e  c o n s u l t in g  e n g i n e e r i n g  f irm  

a n d  t h e  h o ld in g  c o m p a n y  d id  n o t  s u d d e n ly  a p p e a r  in  th e  1 9 2 0 s , f o r  e a c h  

h a d  a  l o n g e r  h is to ry ,  b u t  th e y  r e a c h e d  f r u i t io n  th e n ,  a s  e v id e n c e d  by d i f ­

f e r e n t i a t io n  o f  f o r m  a n d  fu n c t io n .

T h e  g r o w th  o f  o r g a n iz a t io n s  th a t  r e l a t e d  s y s te m ic a lly  to  r e g io n a l  p o w e r  

te c h n o lo g y  a d d e d  to  th e  m o m e n t u m  o f  th is  t e c h n o lo g y .  L a r g e  n u m b e r s  o f  

i n v e n to r s ,  e n g i n e e r s ,  w o r k e r s ,  s c ie n tis ts ,  m a n a g e r s ,  a n d  e n t r e p r e n e u r s  w ith  

e x p e r t  k n o w le d g e  o f ,  a n d  v e s te d  in te r e s t  in ,  t h e  te c h n o lo g y  b e c a m e  c o m ­

m i t t e d  to  its  g r o w th .  I n  m a n y  c a se s  t h e  n e w  i n s t i tu t io n s  m e r g e d  w ith  th e  

u ti l i t ie s  to  f o r m  a  s u p r a s y s tc m  i n c o r p o r a t i n g  t e c h n o lo g ic a l ,  b u s in e s s ,  a n d  

f in a n c ia l  c o m p o n e n t s .  I n  o t h e r  c a se s , lo o s e r  tie s  w e r e  f o r m e d ,  b u t th e s e  

e n s u r e d  th a t  a  h ig h - v o l ta g e  r e s e a r c h  l a b o r a to r y ,  f o r  e x a m p le ,  w o u ld  g iv e  

p r io r i ty  to  th e  c r i t ic a l  p r o b le m s  o f  a p a r t i c u l a r  u t i l i ty  o r  t h a t  a  c o n s u l t in g  

e n g i n e e r i n g  f i r m  w o u ld  b e  r e t a i n e d  f o r  a n  e x t e n d e d  p e r io d .

H is to r i a n s  o f  s c ie n c e  a n d  te c h n o lo g y  h a v e  lo n g  r e c o g n iz e d  t h e  im p o r ­

t a n c e  o f  r e s e a r c h  s c ie n t is ts  a n d  in d u s t r i a l  l a b o r a to r i e s  in  th e  e v o lu t io n  o f  

e le c t r ic  s u p p ly ,  b u t  t h e  r o le  o f  t h e  c o n s u l t in g  e n g i n e e r i n g  f i rm  h a s  u s u a lly  

b e e n  o v e r lo o k e d .  T h e  c o n s u l t in g  e n g i n e e r s  e m e r g e d  in  th e  1 9 2 0 s  a s  e n ­

t r e p r e n e u r s  o f  r e g io n a l  s y s te m s ,  i n t e g r a t i n g  th e  s y s te m s ’ t e c h n ic a l ,  e c o ­

n o m ic ,  a n d  p o li t ic a l  f a c to r s  a n d  p r e s id in g  o v e r  th e  g r o w th  p ro c e s s .  E a r l ie r ,  

t h e i r  f u n c t io n  h a d  b e e n  to  a d v is e  u t i l i t ie s  a n d  o t h e r s  w h o  p u r c h a s e d  e le c ­

t r ic a l  e q u i p m e n t  a n d  c o n s t r u c t e d  fa c ilitie s . I n  l im e ,  th e  m o r e  s u c c e s s fu l  

c o n s u l t in g  e n g i n e e r s  e s t a b l i s h e d  f i r m s  a n d  to o k  o v e r  f o r  s o m e  u t i l i t ie s  

r e s p o n s ib i l i ty  f o r  d e s i g n i n g  a n d  c o n s t r u c t in g  p o w e r  p la n ts .  T h i s  w as  f a r  

m o r e  e c o n o m ic a l  f o r  t h e  u t i l i t ie s  t h a n  m a in ta in in g  a  p e r m a n e n t  s t a f f  o f  

e x p e r t s  o n  l a r g e - p la n t  c o n s t r u c t io n .  T h e  l e a d in g  c o n s u l t in g  e n g i n e e r i n g  

f i rm s  in  G e r m a n y  a n d  E n g la n d — f o r  e x a m p le ,  th o s e  o f  O s k a r  v o n  M ille r  

a n d  M e rz  Sc M c L e l la n — a ls o  b e c a m e  in v o lv e d  in  a d v is in g  g o v e r n m e n t  a u ­

t h o r i t i e s  o n  e le c t r ic  s u p p ly  m a t t e r s  b e c a u s e  in  th e s e  c o u n t r i e s ,  in  c o n t r a s t  

to  th e  U n i te d  S ta te s ,  g o v e r n m e n t - o w n e d  u t i l i t ie s  w e re  c o m m o n .  In  th e  

U n i t e d  S la te s ,  w h e r e  g o v e r n m e n t  w as  n o t  a  m a jo r  s o u r c e  o f  f u n d s  f o r  th e  

u t i l i t ie s ,  c o n s u l t in g  e n g i n e e r i n g  f i rm s  f o u n d  a n  i m p o r ta n t  r o le  in  a s s is t in g  

t h e i r  c l ie n ts  w ith  t h e  p r o b le m s  o f  f in a n c in g .  A n d  a s  s u c h  a d v a n ta g e s  o f  t h e  

la rg e - s c a le  u ti l i ty  a s  e c o n o m ie s  o f  sc a le  in  p u r c h a s in g  a n d  in  s u p p ly  b e c a m e  

c le a r ,  s o m e  o f  th e  l e a d in g  c o n s u l t in g  e n g i n e e r i n g  f i rm s  to o k  o v e r  th e  m a n ­

a g e m e n t  o f  g r o u p s  o f  s m a l le r  u t i l i t ie s ,  t h e r e b y  p a s s in g  a lo n g  to  th e m  s o m e  

o f  t h e  b e n e f i t s  o f  l a rg e - s c a le  o p e r a t io n .  In v o lv e d  in  th e  d e s ig n  a n d  c o n ­

s t r u c t io n  o f  s y s te m s  a d a p t e d  to  lo ca l c o n d i t io n s ,  p r o v id in g  m a n a g e m e n t ,  

c l e a r in g  a w a y  p o li t ic a l  o b s ta c le s  a n d  lo b b y in g  f o r  le g is la t io n ,  a n d  o b ta in in g  

f in a n c in g ,  th e  c o n s u l t in g  e n g i n e e r i n g  f i rm s  w e re  im p re s s iv e  in  th e  ro le  o f  

e n t r e p r e n e u r s  p r e s i d i n g  o v e r  t e c h n o lo g ic a l  c h a n g e .  O f te n  t h e i r  e n t r e p r e ­

n e u r i a l  r e s o u r c e s  w e re  b r o u g h t  to  b e a r  in  p ro je c ts  th a t  in  siz e  r iv a le d  th e  

m a jo r  ra i lw a y  p r o je c ts  o f  th e  la te  n in e te e n th  c e n t u r y .M

“ F o r in stan c e , in  1854 a to ta l o f  $1 0  m illion was in vested  in th e  W este rn  Railw ay o r  
M assachuse tts. In  I8 60 , a t least $ 30  m il lion was investe d  in the  New Y ork  C e n tra l R a ilro ad 's
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F ig u re  X I I I . 9. Charles A . Slo ne  (le! 

uid  E dw in  S. Webster, 18 8 8 . Courtesy 
the M .l .T . M u se u m  a n d  H istoric 

Collections, Cam bridge , M a

M AS SA C HU S ETTS  

ELECTRICAL ENGINEERING CO

LABOR ATORjV.
S E C O N D  K  1 . 0 0 H  ' 

STONE Si WEBSTER. O FFIC E: .

MANAGERS ‘ 4 PO SQUARE

F ig u re  X 1 I1 .I0 . Slo ne  Id  W ebster's f ,r s l  
office sign. Courtesy o f  Slone  id  Webster, 

N e w  York, N  Y.

T h e  f i r m  o f  O s k a r  v o n  M i l l e r  p r e s i d e d  o v e r  t h e  p l a n n i n g  a n d  c o n s t r u c ­

t i o n  o f  t h e  W a l c h e n s e e w e r k  a n d  t h e  B a y e r n w e r k  i n  B a v a r i a ,  a n d  t h e  M e r z  

8c M c L e l l a n  f i r m  t o o k  p a r t  i n  t h e  p l a n n i n g  o f  t h e  B r i t i s h  G r i d .  S u b s e q u e n t l y  

( se e  p p .  4 4 3 - 6 0  b e l o w ) ,  M e r z  &  M c L e l l a n  t o o k  r e s p o n s i b i l i t y  f o r  t h e  g r o w t h  

o f  t h e  N e w c a s t l e  u p o n  T y n e  E l e c t r i c  S u p p l y  C o m p a n y  ( N E S C O ) ,  B r i t a i n ’s 

l a r g e s t  p r i v a t e l y  o w n e d  r e g i o n a l  u t i l i t y .  H e r e ,  h o w e v e r ,  w e  w i l l  f o c u s  o n  

t h e  h i s t o r y  o f  a  f i r m — a n  i n s t i t u t i o n — r a t h e r  t h a n  t h e  h i s t o r y  o f  a  p r o j e c t .  

T h e  h i s t o r y  o f  t h e  A m e r i c a n  f i r m  S t o n e  8c W e b s t e r  i s o n e  o f  e v o l u t i o n  a n d  

d i f f e r e n t i a t i o n  o f  f u n c t i o n  a n d  i s,  t h e r e f o r e ,  a n  e x a m p l e  o f  o r g a n i c  g r o w t h  

c o m p a r a b l e  t o  t h a t  o f  t h e  u t i l i t i e s  i t  h e l p e d  t o  d e s i g n ,  c o n s t r u c t ,  f i n a n c e ,  

a n d  m a n a g e .

C h a r l e s  S l o n e  ( 18 6 7 - 19 4 1)  a n d  E d w i n  W e b s t e r  ( 18 6 7 - 19 5 0 )  f o u n d e d  

t h e  M a s s a c h u s e t t s  E l e c t r i c a l  E n g i n e e r i n g  C o m p a n y  o f  B o s t o n  i n  18 9 0 ,  o n l y  

t w o  y e a r s  a f t e r  g r a d u a t i n g  f r o m  t h e  M a ss a c h u se t t s  I n s t i t u t e  o f  T e c h n o l o g y  

a n d  t h e  i n s t i t u t e ' s  n e w l y  e s t a b l i s h e d  c o u r s e  o f  s t u d y  i n  e l e c t r i c a l  e n g i n e e r ­

i n g .  T h e  M a s s a c h u s e t t s  E l e c t r i c a l  E n g i n e e r i n g  C o m p a n y — t h e  n a m e  w a s 

c h a n g e d  t o  S t o n e  8c W e b s t e r  i n  18 9 3 — w a s o n e  o f  t h e  e a r l i e s t  U . S .  c o n ­

s u l t i n g  e l e c t r i c a l  e n g i n e e r i n g  f i r m s .  I t  o f f e r e d  t o  a d v i s e  t h o se  i n t e n d i n g  t o  

i n v e s t  i n  t h e  n e w  a n d  r a p i d l y  d e v e l o p i n g  f i e l d .  I t  w a s  r e a d y  t o  d e s i g n ,  

e s t i m a t e ,  a n d  s u p e r i n t e n d  c o n s t r u c t i o n  o f  e l e c t r i c  l i g h t  a n d  p o w e r  p l a n t s ;  

i t  w a s  a l s o  p r e p a r e d  t o  d e t e r m i n e  t h e  e c o n o m y  a n d  e f f i c i e n c y  o f  e l e c t r i c a l  

e q u i p m e n t  i n  i t s sm a l l  t e s t i n g  l a b o r a t o r y .  I n  a  l e t t e r  t o  p r o s p e c t i v e  c l i e n t s ,  

s i g n e d  a s a l w a y s  “ S t o n e  8c W e b s t e r , "  t h e  y o u n g  e n g i n e e r s  p r o m i s e d  t o  b r i n g  

t o  b e a r  “ t h e  s c i e n t i f i c  k n o w l e d g e  a n d  p r a c t i c a l  e x p e r i e n c e ,  b o t h  o f  t h e  

c o m p a n y  a n d  o f  e x p e r i e n c e d  e n g i n e e r s  i n  a l l  b r a n c h e s  o f  t h e  p r o f e s s i o n . " 35 

I n  18 9 0 ,  o n  t h e  r e c o m m e n d a t i o n  o f  P r e s i d e n t  F r a n c i s  A .  W a l k e r  a n d  P r o ­

f e s s o r  C h a r l e s  C r o s s  o f  M . I . T . ,  t h e  f i r m  u n d e r t o o k  i t s f i r s t  m a j o r  p r o j e c t :  

t o  d e s i g n  a n d  c o n s t r u c t  a  4 0 0 - h . p .  h y d r o e l e c t r i c  p l a n t  a n d  a  s h o r t  t r a n s ­

m i ss i o n  a n d  d i s t r i b u t i o n  sy s t e m  f o r  a  N e w  E n g l a n d  p a p e r  m i l l .

T h e  p a n i c  o f  18 9 3  d e e p l y  i n f l u e n c e d  t h e  c h a r a c t e r  o f  t h e  f i r m .  E a r l i e r ,  

d u r i n g  t h e  18 8 0 s ,  t h e  e l e c t r i c a l  m a n u f a c t u r e r s ,  i n c l u d i n g  E d i s o n ,  T h o m -  

s o n - H o u s l o n ,  a n d  W e s t i n g h o u s e ,  l o o k  t h e  s e c u r i t i e s  o f  t h e  n e w l y  f o u n d e d  

u t i l i t i e s  a s  p a y m e n t  f o r  e q u i p m e n t  a n d  r i g h t s  t o  u se  t h e  p a t e n t e d  c o r n -

physic al assets, a n d  by 1883 il ie  to ia l in v e s tm e n t in  th e  c o m p a n y  w as clo se  to  S I50 m illion. 

By 1873 th e  P e n nsy lva n ia  R a ilro ad  sy ste m  r e p re s e n te d  a n  in v e stm e n t o f  $4 0 0  m illion . T h es e  
in v e s tm e n ts  g rea tly  im p re ssed  c o n te m p o ra rie s  a n d  to d a y  im p re ss  h is to ria n s  s tu d y in g  the  
m a n a g e rs  a n d  f in a n c ie rs  w ho  w ere  resp o n s ib le  fo r  th e m . It s h o u ld  be n o te d , h o w ever, th a t 

th e  cost o f  th e  B a y ern w crk , fo r  w hich  O sk a r  von M ille r 's  firm  was c o n su lta n t, was estim ated  

to  be  32  m il lion  m a rk s , a n d  th a t th e  cost o f  th e  B ritish  G rid , fo r  w hich M erz  & M cL ellan a nd  

sev eral o th e r  B ritish  f irm s se rv e d  as d e s ig n  a n d  c o n s tru c tio n  c o n su lta n ts , was e stim a te d  to  be 
£  25 0  m il lion . F o r th e  cosi o l th e  B a y eru w crk , sec O sk a r  von  M ille r, B ay em w erk  tu re in he itliche n  

V ersorgun g des rechtsrheinisclien Bayern m il E le ktri iita t:  P rojekt O ska r von M iller. Februar 1918: 
E rlauterung sbe richt (copy  in th e  D eu tsch e s M u se u m . M u n ich ). F o r th e  cost o f  th e  G rid  ov e r a 
f if tee n -y e ar  p e rio d , see G re a t B r ita in , M in istry  o f  T r a n s p o r t .  R eport o f  Com mittee Appo inted  to 
Rev ie w  the  N a tio n a l Problem  o f  the Su p p ly  o f  Electr ical E nergy  (L o n d o n : H M S O , 1926), p. 18. T h e  

in fo rm a tio n  o n  th e  ra ilw ays is D orn  A lfre d  D. C h a n d le r . J r . .  a n d  S te p h e n  Sa lsb u ry , "T h e  
R ailroads : I n n o v a to rs  in  M o d e rn  B usiness A d m in is tra tio n ,"  in B ru c e  M azlish , T h e  R ailroa d  
a n d  the Sp ace Pro gra m  (C a m b rid g e , M ass.: M .l.T . Press, 1965), p . 129.

”  G e n e ra l le tte r  h e a d e d  "D e a r  S ir,"  I J a n u a r y  1890. in  th e  files o f  S lo n e  ic  W ebste r, New 
Y ork  City  ( h e r e a f te r  c ited  as S& W  files). 1 am  in d e b te d  to  G. F. O v e rto n  fo r  g u id a n c e  in using 
th e se  files a n d  to  th e  firm  fo r  p e rm issio n  to  d o  so.
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p o n e n t s  o f  i h e  m a n u f a c t u r e r s ’ s y s te m s .  T h e  n e w  u t i l i t ie s ,  m a n y  o f  th e m  in  

s m a ll  to w n s ,  c o u ld  s e ld o m  p e r s u a d e  lo ca l in v e s to r s  t h a t  t h e i r  s e c u r i t ie s ,  

e s p e c ia l ly  t h e  c o m m o n  s lo c k s ,  w e re  r e a s o n a b le  r isk s . U n t i l  t h e  f in a n c ia l  

p a n ic  o f  1 8 9 3 , t h e  f la w s  in  t h e  a r r a n g e m e n t  b e tw e e n  m a n u f a c t u r e r s  a n d  

u ti l i t ie s  w e r e  n o t  fu lly  r e v e a le d .  T h e  p a n ic ,  h o w e v e r ,  c a u s e d  b a n k s  to  d e ­

m a n d  p a y m e n t  o n  lo a n s  m a d e  to  th e  m a n u f a c t u r e r s ,  w h o  f o u n d  it i m p o s ­

s ib le  to  r a is e  c a s h  to  m e e t  t h e  d e m a n d s  b y  m a r k e t in g  th e  u t i l i ty  c o m m o n  

s to c k  th e y  h e ld .

U n d e r  t h e  c i r c u m s ta n c e s ,  J .  P. M o r g a n  a n d  o t h e r  f in a n c ie r s  in te r e s t e d  

in  t h e  u t i l i t ie s ,  t h e  lo a n s ,  a n d  th e  s to c k  r e s c u e d  G e n e r a l  E le c tr ic ,  n ew ly  

f o r m e d  b y  t h e  m e r g e r  o f  E d is o n  a n d  T h o m s o n - H o u s t o n ,  b y  p a y in g  c a s h  

f o r  t h e  u t i l i ty  s lo c k s  a n d  e s t a b l i s h in g  a  t r u s t ,  o r  s y n d ic a te ,  to  m a n a g e  o r  

d is p o s e  o f  t h e  u t i l i ty  p r o p e r l y  a c q u i r e d .  A t th is  s ta g e ,  t h e  r e c e n t ly  f o r m e d  

f i r m  S to n e  8c W e b s te r  b e c a m e  in v o lv e d .  T h e  m a n a g e r s  o f  t h e  s y n d ic a te ,  

t h e  S t r e e t  R a ilw a y  8c I l l u m i n a t i n g  P r o p e r t i e s  T r u s t e e s ,  e n g a g e d  th e  y o u n g  

p a r t n e r s ,  w h o  h a d  e x c e l l e n t  r e f e r e n c e s  in  B o s to n ’s f in a n c ia l  a n d  e n g i ­

n e e r i n g  c i rc le s ,  to  a p p r a i s e  t h e  p r o p e r t i e s  a c q u i r e d .  A s a  r e s u l t ,  S to n e  a n d  

W e b s te r  h a d  a  r e m a r k a b l e  l e a r n i n g  e x p e r i e n c e  t h a t  h e lp e d  d e f i n e  t h e  c h a r ­

a c t e r  o f  t h e i r  c o m p a n y .

T h r o u g h  a n a ly s is  o f  t h e  u ti l i t ie s ,  S to n e  8c W e b s te r  o b ta in e d  a  r ic h  s to r e  

o f  in f o r m a t i o n  a b o u t  t h e  u ti l i ty  i n d u s t r y ,  g a in in g  in s ig h ts  in to  its  f in a n c ia l ,  

m a n a g e r i a l ,  a n d  t e c h n o lo g ic a l  p r o b le m s .  F u r t h e r m o r e ,  th e y  d e v e lo p e d  a 

k e e n  s e n s e  o f  h o w  s o m e  o f  th e  o u t s t a n d i n g  p r o b le m s  m ig h t  b e  so lv e d .  

M a n y  s o lu t io n s  w e r e  o f  a  g e n e r a l  k in d ,  b e in g  a b s t r a c te d  f r o m  c o m m o n  

c i r c u m s ta n c e s  in  t h e  v a r io u s  u ti l i t ie s .  T h e y  a ls o  l e a r n e d  o f  p r a c t ic e s  in  o n e  

c o m p a n y  t h a t  c o u ld  b e  a p p l i e d — o r  s h o u ld  b e  a v o id e d — in  a n o t h e r .  T h e  

e x p e r i e n c e  o f  S to n e  8c W e b s te r  in  1 8 9 3  m ig h t  b e  c o m p a r e d  to  th e  c a se  

h is to ry  a p p r o a c h  u s e d  in  b u s in e s s  s c h o o ls .

N o t  o n ly  w a s  S to n e  8c W e b s te r ’s e x p e r t i s e  a s  a  c o n s u l t in g  e n g i n e e r i n g  

f i r m  g re a t ly  e n h a n c e d  b y  th is  e x p e r i e n c e ,  b u t  th e  p a r t n e r s  in v e s te d  p r o f ­

i ta b ly  in  t h e  u t i l i t ie s  th e y  a n a ly z e d .  A n  a n e c d o te  lo n g  r e m e m b e r e d  a n d  

o f t e n  to ld  a t  S to n e  8c W e b s te r  c o n c e r n s  o n e  p r o p e r t y  e x a m in e d  d u r i n g  th e  

p a n ic  o f  1 8 9 3 .36 R e c a l l in g  h is  v is it to  th e  N a s h v il le  ( T e n n e s s e e )  L ig h t  8c 

P o w e r  C o m p a n y  to  e x a m in e  t h a t  p r o p e r l y ,  C h a r le s  W e b s te r  w ro te :

A fte r  v is it ing  N ashv ille  a n d  ex a m in in g  th e  p ro p e rty  a n d  m ak in g  a  re p o r t ,  I 
c am e to  N ew  Y ork  a n d  M r. J .  P. M o rg an , Sr. a sked  m e to  te ll h im  w hat I 
th o u g h t o f  th e  possib ilitie s fo r  th e  fu tu re  d e v e lo p m en t o f  th a t  a n d  o th e r  e n te r ­
p rises. I was en th u s ia s tic  a b o u t th em  a n d  to ld  h im  th a t I th o u g h t, if  th e  assets 
w ere  ca re fu lly  co n se rv ed  a n d  th e  p ro p e r ty  was wisely d ev e lo p ed , it w ould  resu lt 
in a  g re a t  p ro p e r ty . . . .  H e  to ld  m e th a t,  i f  I fe lt so c o n fid e n t a b o u t th e  fu tu re  
o f  th e se  th in g s , h e  th o u g h t 1 o u g h t to  buy  th e m .37

S lo n e  8c W e b s te r  b o r r o w e d  th e  m o n e y ,  b o u g h t  c o n t r o l  f o r  a  few  th o u s a n d  

d o l l a r s ,  " s t r u g g le d  w ith  it, m a n a g e d  it , a n d  b u il t  it  u p ” o v e r  s e v e ra l  y e a rs ,  

a n d  s o ld  i t  f o r  a  p r o f i t  o f  o v e r  $ 5 0 0 ,0 0 0 .

R e o r g a n iz in g  u ti l i t ie s  f o r  b a n k e r s  a n d  o th e r s  le d  to  th e  f i r m ’s a c q u i r in g  

f in a n c ia l  in te r e s t s  in  o t h e r  u t i l i t ie s  a n d  to  its  i n d e p e n d e n t ly  o f f e r i n g  re -

59 A n u n p u b lis h e d  6 -p ag e  ty pe scrip t, “ M e m o ran d u m  on  ‘E n tr e p r e n e u r  B usiness' o f  S ton e  

Sc W eb ste r,"  S& W  files. T h is  item  was re p u te d ly  a u th o re d  by C ha rles  S lone.

37 Ib id .
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o r g a n iz a t io n  o r  c o n s u l t in g  s e rv ic e s  to  u t i l i t ie s .38 O v e r  th e  n e x t  d e c a d e  S lo n e  

8c W e b s te r  d e v e lo p e d  a  s e t  o f  i n t e r r e l a t e d  s e rv ic e s  a n d  in te r e s t s .  T h e s e  

w e re  i n s t i tu t io n a l i z e d  in to  a  c o h e r e n t  c o n c e p t  a n d  s t r u c t u r e  t h a t  a n t i c ip a te d  

h o ld in g -c o m p a n y  f u n c t io n s  u su a lly  a s s o c ia te d  w ith  th e  1920s. B y  1 9 0 6  S to n e  

8c W e b s te r  w a s  p r o v i d i n g  c e n t r a l i z e d  m a n a g e m e n t ,  e n g i n e e r i n g ,  a n d  fi ­

n a n c ia l  s e rv ic e s  to  tw e n ty - e ig h t  i n d e p e n d e n t  p o w e r ,  l ig h t ,  g a s ,  a n d  t r a c t io n  

u t i l i t ie s  t h r o u g h o u t  t h e  U n i t e d  S ta le s .  T h e  f i r m  h a d  f in a n c ia l  i n t e r e s t  in  

t h e  s lo c k s  o f  t h e  v a r io u s  c o m p a n ie s ,  b u t  e a c h  c o m p a n y  h a d  its  o w n  o f f ic e r s ,  

b o a r d  o f  d i r e c t o r s ,  a n d  b a n k  a c c o u n t s .  T h e r e f o r e ,  S to n e  8c W e b s te r  d id  

n o t  f u n c t io n  a s  a  h o l d i n g  c o m p a n y  o r  t r u s t e e  f o r  th e  c o m p a n ie s .  I t  d id ,  

h o w e v e r ,  e x e r c i s e  c o n s i d e r a b l e  c o n t r o l  o v e r  t h e  p o lic ie s  o f  th e  c o m p a n ie s .

S to n e  &  W e b s te r  u s u a l ly  n a m e d  its  e x e c u t iv e s  a s  m a n a g e r s  in  c h a r g e  o f 

t h e  u t i l i t ie s  it  s e r v ic e d .  T h e s e  m a n a g e r s  r e p o r t e d  to  a  S to n e  8c W e b s te r  

d i s t r i c t  m a n a g e r  a n d  to  a  “ s p o n s o r ” in  t h e  B o s to n  o f f ic e .  T h e r e  w e re  six 

s p o n s o r s ,  a n d  t o g e t h e r  th e y  c o n s t i t u t e d  t h e  e x e c u t iv e  c o m m i t t e e  o f  S to n e  

8c W e b s te r .  C h a r l e s  S lo n e  a n d  E d w in  W e b s te r  d id  n o t  s p o n s o r  p a r t i c u la r  

u t i l i t ie s ,  b u t  p r o v i d e d  a  b r o a d  o v e r s ig h t  o f  t h e  e n t i r e  b u s in e s s .  T h e y  c a lle d  

t h e m s e lv e s  “ t h e  f i r m .” U n t i l  W o r ld  W a r  I ,  w h e n  c i r c u m s ta n c e s  p la c e d  S to n e  

in  t h e  N e w  Y o rk  o f f ic e  a n d  W e b s te r  in  B o s to n ,  th e y  s a t  a t  d e s k s  s id e  by 

s id e ,  c o n s u l t e d  e a c h  o t h e r  a t  t h e  e n d  o f  e a c h  d a y  a b o u t  d e c is io n s  m a d e  

a n d  p e n d i n g ,  a n d  s ig n e d  l e t t e r s  a n d  m e m o r a n d a  a s  “ S lo n e  8c W e b s te r .”

B e s id e s  t h e i r  l in e  f u n c t io n  in  s u p e r v i s in g  t h e  m a n a g e r s  in  t h e  lo c a l  u t i l ­

i t ie s , t h e  m e m b e r s  o f  t h e  e x e c u t iv e  c o m m i t t e e  h e a d e d  t h e  s t a f f  d e p a r t m e n t s  

in  th e  B o s to n  o f f ic e .  T h e  p r in c ip a l  d e p a r t m e n t s  w e re :  e n g i n e e r i n g ,  p u r ­

c h a s in g ,  a u d i t i n g ,  c o r p o r a t i o n ,  s ta t i s t ic a l ,  s e c u r i t ie s ,  a n d  l ib r a r y .  O f  th e s e ,  

S to n e  8c W e b s te r  c o n s i d e r e d  its  s ta t i s t ic a l  d e p a r t m e n t  “o n e  o f  t h e  u n iq u e ,  

a n d  a t  t h e  s a m e  l im e  o n e  oT th e  m o s t  i m p o r t a n t ,  f e a t u r e s  o f  t h e  o r g a n i ­

z a t io n ." 39 E a c h  m o n t h  th e  s ta t i s t ic a l  d e p a r t m e n t  r e c e iv e d  tw o  r e p o r t s  f ro m  

th e  m a n a g e d  c o m p a n ie s .  T h e  f ir s t  c o v e r e d  f in a n c e s ,  t h e  s e c o n d  t h e  o p ­

e r a t i n g  s ta t is t ic s .  W ith  t h e s e  th e  d e p a r t m e n t  a n a ly z e d  e a c h  c o m p a n y ’s c o n ­

d i t io n .  G r a p h s  a n d  ta b le s  w e re  p r e p a r e d  t h a t  n o t  o n ly  f a c i l i ta te d  th e  p r o ­

j e c t i o n  o f  t r e n d s  b u t  a ls o  a l lo w e d  c o m p a r i s o n s  o f  e a c h  c o m p a n y  w ith  its 

p r i o r  r e c o r d  a n d  w ith  o t h e r  c o m p a n ie s .  A m o n g  t h e  m a n y  s ta t i s t ic a l  s tu d ie s  

m a d e  o v e r  t h e  y e a r s  w as  o n e  o n  th e  p e r f o r m a n c e  o f  s t e a m - g e n e r a t in g  

p o w e r  p la n t s ,  a  s tu d y  t h a t  r e s u l t e d  in  th e  i n c r e a s e d  s t a n d a r d i z a t i o n  o f  

e q u i p m e n t  a n d  o p e r a t i o n s  a s  w e ll a s  h i g h e r  e f f ic ie n c ie s .  I n  a b o u t  1 9 0 5  a 

c o m p a r i s o n  o f  p o w e r  s t a t io n  p e r f o r m a n c e  in  m a n a g e d  c o m p a n ie s  r e v e a le d  

w id e  v a r i a t io n s  in  p r a c t i c e  a n d  p e r f o r m a n c e .  A s a  r e s u l t ,  S to n e  8c W e b s te r  

a s s ig n e d  e x p e r i e n c e d  o p e r a t o r s  to  t h e  p o w e r  p la n t s  f o r  a c o n s id e r a b le  

l e n g th  o f  t im e .  C o m b u s t io n  m e th o d s ,  m a i n t e n a n c e  s c h e d u le s ,  a n d  o t h e r  

o p e r a t i o n s  w e re  r a t io n a l i z e d ,  a n d  s a v in g s  o f  1 0 - 4 0  p e r c e n t  in  o p e r a t i n g  

c o s ts  w e re  a c h ie v e d  a s  a c o n s e q u e n c e . '10 T h e  s ta t i s t ic s  d e p a r t m e n t  w as  so 

c e n t r a l  to  t h e  S lo n e  8c W e b s te r  s y s te m  t h a t  it h a d  g e n e r a l  r e s p o n s ib i l i ty  fo r

5" M e m o ra n d u m  by  C h a rle s  S lo n e  o n  llie  e a rly  h isto ry  o f  S to n e  Sc W eb ste r, 30  D ecem ber 
1902, S& W  files.

" ' 'T h e  S to n e  Sc W eb ste r  O rg a n iz a tio n , a n d  th e  P ro p e rt ie s  It M anages,"  Street R ailway  
J o u rn a l,  7 Ju ly  1906; re p r in t  in th e  S& W  files.

♦""H isto ric al N o tes."  p re p a re d  in A pril 1930 by I.. B. N ash . S& W  files.
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t r a i n i n g  n e w  m e n  l o r  m a n a g e r ia l  p o s ts  in  th e  f ie ld  a n d  fo r  d e p a r t m e n t a l  

p o s i t io n s  in  th e  c e n t r a l  o f f ic e .

T h e  e n g i n e e r i n g  d e p a r t m e n t  a lso  k e p t  d e ta i l e d  r e c o r d s  a n d  d r e w  o n  

th e s e  as it e n c o u r a g e d  s t a n d a r d iz a t io n  o f  th e  e q u ip m e n t  u s e d  by th e  m a n ­

a g e d  c o m p a n ie s .  S in c e  th e  r e o r g a n iz a t io n  a n d  d e v e lo p m e n t  p la n s  d r a w n  

u p  by  th e  f i rm ,  th e  s p o n s o r s ,  a n d  th e  e x e c u t iv e  c o m m i t t e e  o f t e n  c a lle d  fo r  

m o d e r n iz a t io n  a n d  e x p a n s io n  to  in c r e a s e  th e  p r o f i ta b i l i ty  o f  th e  v a r io u s  

c o m p a n ie s ,  th e  e n g i n e e r i n g  d e p a r t m e n t  p r e p a r e d  p la n s  f o r  r e m o d e l in g  

p o w e r  h o u s e s  o r  la y in g  o u t  n e w  t r a n s m is s io n  a n d  d i s t r ib u t io n  sy s te m s .  

C o n s t r u c t io n  m ig h t  b e  s u p e r v i s e d  by  th e  lo ca l c o m p a n y  f r o m  B o s to n .  S lo n e  

8c W e b s te r ,  h o w e v e r ,  w as  d e v e lo p in g  its  o w n  c o n s t r u c t io n  fa c il i t ie s  a n d  

p e r s o n n e l  a s  w ell.

S to n e  & W e b s te r  a ls o  in c r e a s e d  th e  m a r k e ta b i l i ty  o f  its  c l ie n ts ’ s e c u r i t ie s .  

A t a  l im e  w h e n  th e  e le c t r ic  l ig h t  a n d  p o w e r  u t i l i t ie s  w e re  r a p id ly  e x p a n d i n g ,  

f in a n c in g  th is  c a p i ta l - in t e n s iv e  in d u s t r y  w as a  c r i t ic a l  p r o b le m .  T h e  sm a ll 

c o m p a n y  f o u n d  th e  p r o b le m  e s p e c ia lly  s e v e r e .  I f ,  h o w e v e r ,  it c o u ld  id e n t i fy  

w ith  S lo n e  8c W e b s te r ,  a n  im m e d ia te  a d v a n ta g e  fo llo w e d ; f u r t h e r m o r e ,  th e  

S to n e  8c W e b s te r  s e c u r i t ie s  d e p a r t m e n t  a c te d  as f isca l r e p r e s e n ta t iv e  o f  th e  

m a n a g e d  c o m p a n ie s  by  p la c in g  t h e i r  s e c u r i t ie s .  (S o m e  o f  th e  s e c u r i t ie s  w e re  

p u r c h a s e d  by  S lo n e  &  W e b s te r ,  p r o b a b ly  s o m e  in  p a y m e n t  fo r  se rv ic e s .)  

F o r  m a n y  y e a r s  th e  f i rm  h a d  r e l ie d  h e a v ily  u p o n  L e e , H ig g in s o n  8c C o m ­

p a n y  o f  B o s to n  in  m a r k e t i n g  th e  s e c u r i t ie s ,  so  m u c h  so  th a t  th e r e  w as 

c o n c e r n  th a t  th e  f i r m  w o u ld  s im p ly  b e  t h o u g h t  o f  a s  e n g i n e e r i n g  c o n s u l t a n t s  

f o r  t h e  B o s to n  b r o k e r a g e  h o u s e .  O v e r  t im e ,  h o w e v e r .  S to n e  8c W e b s te r  

in c r e a s in g ly  p la c e d  s e c u r i t i e s  in d e p e n d e n t l y .  T h e  “b la c k  b o o k ” c o n t r ib u te d  

to  th is  o b je c tiv e .  B e g u n  in  1 9 0 2  a n d  c o n t in u e d  u n t i l  1 9 2 9 , th is  a n n u a l  r e p o r t  

c o v e r e d  th e  o p e r a t i o n s  o f  c o m p a n ie s  u n d e r  S to n e  8c W e b s te r ’s s u p e rv is io n .  

T h e  " b la c k  b o o k ” c o n ta in e d  a c o n d e n s e d  s t a t e m e n t  o f  o u t s t a n d i n g  s e c u ­

r i t ie s ,  r a t e  o f  d i v id e n d ,  e a r n in g s ,  a n d  o t h e r  f in a n c ia l  in f o r m a t io n .  T h e  

e s ta b l i s h m e n t  o f  a  p u b l ic i ty  d e p a r t m e n t  in  1 9 0 3  a ls o  e n h a n c e d  th e  r e p u ­

ta t io n  o f  th e  m a n a g e d  c o m p a n ie s .

T h e  l ib r a r y  d e p a r t m e n t  w as  n o t  w i th o u t  a n  i m p o r ta n t  r o le  in  th e  o r ­

g a n iz a t io n  a s  w e ll. B e s id e s  s t o r in g  a n d  r e t r i e v in g  a g r e e m e n t s ,  c o n tr a c ts ,  

r e p o r t s ,  a n d  s im i la r  m a te r i a l ,  it p r e p a r e d  “c u r r e n t  l i t e r a tu r e  s h e e ts "  by  

a b s t r a c t in g  a r t ic le s  in  t h e  te c h n ic a l  a n d  b u s in e s s  l i t e r a tu r e  th a t  w e re  o f  

s p e c ia l  in t e r e s t  to  S to n e  8c W e b s te r  p e r s o n n e l .  " T h i s  s e rv ic e  is n o t  i n t e n d e d  

t o  l a k e  t h e  p la c e  o r  p e r s o n a l  r e a d i n g  o f  th e  c u r r e n t  l i t e r a tu r e  o n  th e  p a r t  

o f  i n d iv id u a l s ,” h o w e v e r ,  a  c o n t e m p o r a r y  c a u t io n e d .41 It w as  n o t  p r e ­

s u m p t u o u s  o f  t h e  l ib r a r i a n  to  e x p e c t  th e  p e r s o n n e l  to  k e e p  a b r e a s t  o f  th e  

l i t e r a t u r e ,  f o r  b y  1 9 1 2  a lm o s t  h a l f  o f t  h e  f i r m 's  6 0 0  o f f ic ia ls  a n d  e m p lo y e e s  

w e r e  c o l le g e  g r a d u a t e s ,  a n d  o f  th e s e ,  c lo se  to  1 00  c a m e  f ro m  th e  M a ssa ­

c h u s e t t s  I n s t i t u t e  o f  T e c h n o lo g y  a n d  5 0  c a m e  f ro m  H a r v a r d  U n iv e rs i ty .

S to n e  8c W e b s te r  d e p a r t m e n t s  m e ta m o r p h o s e d  in to  S to n e  & W e b s te r  

s u b s id ia r i e s .42 In  1 9 0 6  th e  e n g in e e r in g  d e p a r t m e n t  in c o r p o r a te d  u n d e r

" T h e  S lo n e  & W ebste r O rg a n iz a tio n ."  p. 13.
«* T he  fo llow in g  d e scrip tio n  o f  th e  S to ne  »c W ebste r o rgan iz a tio n  is based  o n  a re p r in t in 

p a m p h le t fo rm  o f  a n  artic le  p re p a re d  by Electrical W orld fo r d is trib u tio n  at th e  N atio nal 
E lectr ic  L ight A ssocia tio n  c on v en tio n  in Sea ttle . W ash.. 11- M Ju n e  1912; a ro p y  o f  th e  re p r in t 

is in th e  S& W  files.
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t h e  n a m e  o f  th e  S lo n e  8c W e b s te r  E n g i n e e r i n g  C o r p o r a t i o n .  I n  1 9 0 7  th e  

m a n a g e m e n t  f u n c t io n  p e r f o r m e d  by  t h e  e x e c u t iv e  c o m m i t t e e ,  s p o n s o r s ,  

a n d  v a r io u s  d e p a r t m e n t s  c o a le s c e d  in to  t h e  S lo n e  8c W e b s te r  M a n a g e m e n t  

A sso c ia tio n , a c o r p o r a te  o rg a n iz a t io n .  T h e  E n g in e e r in g  C o r p o r a t io n  b ro a d ly  

e x t e n d e d  its  r a n g e  o f  a c tiv it ie s .  A m o n g  its  w o rk s  d u r i n g  its  f i r s t  d e c a d e  

w e re  t h e  e x p a n s i o n  o f  t h e  B o s to n  E le v a te d  R a ilw a y  C o m p a n y ;  t h e  d e s ig n  

a n d  c o n s t r u c t i o n  o f  t h e  d a m ,  p o w e r  h o u s e ,  a n d  t r a n s m is s io n  l in e s  o f  th e  

M is s is s ip p i R iv e r  P o w e r  C o m p a n y  a t  K e o k u k ,  I o w a ,  o n e  o f  t h e  w o r ld ’s 

la r g e s t  h y d r o e le c t r i c  in s ta l l a t io n s ;  a n d  th e  B ig  C r e e k - t o - L o s  A n g e le s  t r a n s ­

m is s io n  s y s te m . T h e  f i r m  a ls o  d e s i g n e d  th e  C o n o w in g o  h y d r o e le c t r i c  p r o j ­

e c t.  T h e  s e c u r i t i e s  d e p a r t m e n t  o f  S to n e  8c W e b s te r  m e r g e d  w ith  th e  in ­

v e s tm e n t  b a n k i n g  h o u s e  o f  B lo d g e t  8c C o m p a n y  a n d  lo o k  c o r p o r a t e  fo r m  

as  S to n e  8c W e b s te r  a n d  B lo d g e l ,  I n c .  B y t h e  e v e  o f  W o r ld  W a r  I, th e  

o v e ra l l  o r g a n i z a t i o n  o f  S to n e  8c W e b s te r ,  w ith  its  s u b s id ia r i e s  a n d  m a n a g e d  

c o m p a n ie s ,  h a d  b e c o m e  a  s y s le m  o f  m u tu a l ly  r e i n f o r c i n g  c o m p o n e n t s .  (S ee  

F ig . X I 1 1 .1 1.) I t  w as  e n t i r e ly  a p p r o p r i a t e  t h a t  t h e  o r g a n iz a t io n  to o k  a s  its 

s y m b o l t h e  t r i s k e l io n  d e s ig n e d  by  t h e  o r ig in a l  p a r t n e r s .  T h e  s ig n ,  w ith  its 

t h r e e  a r m s  e n c lo s e d  in  a  t r i a n g le ,  r e p r e s e n t e d  th e  i n t e r c o n n e c t io n  o f  f i ­

n a n c in g .  e n g i n e e r i n g ,  a n d  c o n s t r u c t io n .

D e s p i te  t h e  p r o l i f e r a t i o n  o f  u t i l i ty  h o l d i n g  c o m p a n ie s ,  S to n e  8c W e b s te r ,  

w h ile  p e r f o r m i n g  m o s t  o f  th e  f u n c t io n s  o f  a  h o ld i n g  c o m p a n y ,  d e la y e d  its  

o w n  t r a n s f o r m a t i o n .  T h e  f i r s t  s t e p  t o w a r d  b e c o m in g  a  h o l d in g  c o m p a n y  

w a s  t a k e n  in  1 9 2 5  w h e n  it p a r t i c i p a t e d  in  t h e  f o r m a t i o n  a n d  f in a n c in g  o f  

th e  E n g in e e r s  P u b l ic  S e rv ic e  C o r p o r a t i o n ,  w h ic h  a c q u i r e d  c o n t r o l  o f  th e  

V ir g in ia  R a ilw a y  &  P o w e r  C o m p a n y  ( l a t e r  V ir g in ia  E le c tr ic  8c P o w e r  C o m ­

p a n y )  a n d  a b o u t  tw e n ty  o t h e r  u t i l i t ie s  r e c e iv in g  m a n a g e m e n t  s e rv ic e s  f ro m  

S to n e  8c W e b s te r .  T h e  n e w  h o l d i n g  c o m p a n y  p e r f o r m e d  t h e  s e rv ic e s  S lo n e  

& W e b s te r  h a d  f o r m e r ly  p r o v id e d  f o r  t h e  a c q u i r e d  c o m p a n ie s .  A  c o m p a n y  

o f f i c e r  e x p l a i n e d  t h e  r e s o r t  to  t h e  h o l d i n g  c o m p a n y  f o r m  a s  a  w ay  o f  

a v o id in g  a b s o r p t i o n  o f  t h e  m a n a g e d  c o m p a n ie s  b y  o t h e r  r a p id ly  s p r e a d in g  

h o l d in g  c o m p a n ie s .  In  1 9 2 9  S to n e  8c W e b s te r  b e c a m e  S to n e  8c W e b s te r ,  

I n c .,  o f  D e la w a r e ,  a  h o l d i n g  c o m p a n y  f o r  t h e  S to n e  & W e b s te r  g r o u p .  B y 

a n  e x c h a n g e  o f  s to c k ,  it a c q u i r e d  9 0  p e r c e n t  o f  E n g in e e r s  P u b lic  S e rv ic e  

C o r p o r a t i o n ,  w h ic h  b y  1 9 3 3  h a d  in v e s te d  $ 9 5 ,1 1 6 ,6 7 5  in  s ix  m a jo r  g r o u p s  

o f  l ig h t ,  p o w e r ,  a n d  s t r e e t  r a i lw a y  c o m p a n ie s  in  f o u r t e e n  s ta te s .  S to n e  8c 

W e b s te r ,  I n c . ,  a ls o  h e ld  t h e  S ie r r a  P a c if ic  E le c t r ic  C o m p a n y ,  a n o t h e r  s u b ­

h o ld i n g  c o m p a n y .  I n  a g g r e g a t e ,  t h e  S to n e  8c W e b s te r  g r o u p  b y  1 9 3 2  c o n ­

s i s te d  o f  f o r t y - t h r e e  c o m p a n ie s .  I n  a d d i t i o n ,  it c o n t i n u e d  to  m a n a g e  c o m ­

p a n ie s  o u t s i d e  t h e  g r o u p .  T h e  g r o u p  g e n e r a t e d  a  l i t t le  m o r e  th a n  2  p e r c e n t  

o f  t h e  e l e c t r ic i ty  s u p p l i e d  b y  u t i l i t ie s  in  t h e  U n i t e d  S ta te s . '13

T h e  t r a n s f o r m a t i o n  o f  S to n e  8c W e b s te r  in to  a  h o ld in g  c o m p a n y  w as 

p a r t  o f  a  t r e n d  in  t h e  e le c t r i c  s u p p ly  in d u s t r y ,  a n d  t h e  c o n s u l t in g  e n g i ­

n e e r i n g  f i r m  w as  b u t  o n e  n u c le u s  a r o u n d  w h ic h  a  h o ld i n g  c o m p a n y  c o u ld  

f o r m .  E v e n tu a l  t r a n s f o r m a t i o n  in to  a  h o ld i n g  c o m p a n y  w as  n o  m o r e  f o r e ­

s e e n  by  f o u n d e r s  o f  m a n y  o f  t h e  o t h e r  p r e d e c e s s o r  o r g a n iz a t io n s  th a n  it

4’ U .S ..  F e d e ra l T r a d e  C o m m ission , U tility Corporations (S. Doc. 92 . 7 0 lh  C o n g ., 1st sess.. 

1928), P ari 6 6 . (W a sh in g to n . D C .: G P O . 1934), p p . 564 . 565 , 6 6 1 -6 3 ; id e m , Electric Power 
Ind ustry : Co ntrol o f  Powe r Com panies. 6 9 th  C on g ., 2d sess.. 1927. S. D oc. 213 , p p . xxxiii. 177- 
87 ( h e r e a f te r  c ited  as S. Doc. 213  (19271).
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w a s  b y  C h a r le s  S to n e  a n d  E d w in  W e b s te r .  I n  th e  1 9 2 0 s , h o ld in g  c o m p a n ie s  

d o m i n a t e d  t h e  p r iv a te ly  o w n e d  e le c t r ic  u t i l i ty  i n d u s t r y .  T h e y  g re w  a s  th e  

siz e  o f  a ll u t i l i t ie s  in c r e a s e d .44 In  1 9 1 4  e ig h ty - f iv e  u t i l i ty  c o r p o r a t io n s —  

s o m e  o f  th e m  h o l d i n g  c o m p a n ie s — c o n t r o l l e d  a b o u t  7 0  p e r c e n t  o f  t h e  to ta l  

in s ta l le d  c a p a c i ty  o f  t h e  e n t i r e  p u b l ic  e le c t r ic  u t i l i ty  in d u s t r y ;  o f  th e s e  c o r ­

p o r a t io n s ,  t h i r ty - f iv e  c o n t r o l l e d  o n e - h a l f  o f  th is  to ta l ,  s ix t e e n  c o n t r o l l e d  

o n e - t h i r d ,  a n d  t e n  c o n t r o l l e d  o n e - f o u r t h . 45 B y  1 9 2 4 , h a v in g  s u p e r im p o s e d  

th e m s e lv e s  o n  t h e  l a r g e — a n d  s m a ll— u til i t ie s ,  t h e  la r g e  c o m p a n ie s  th a t  

d o m i n a t e d  t h e  u t i l i ty  in d u s t r y  h a d  b e c o m e  h o ld in g  c o m p a n ie s  (s e e  F ig . 

X I I I .  12). I n  t h a t  y e a r ,  h o ld i n g  c o m p a n ie s  c o n t r o l l e d  tw o - th i r d s  o f  th e  g e n -

44 S tatistics o n  th e  g ro w th  o f  U .S. e lec tr ic  u tilitie s a re  c o n ta in e d  in  vario us g o v e rn m e n t 
ag en cy  re p o r ts . O n e  1 9 1 1 su rv ey  was lim ited  to  h y d ro e le c tric  in stalla tio ns. T h e  in fo rm a tio n  

f o r  1911 w as p u b lis h e d  in U .S .. B u re a u  o f  C o rp o ra tio n s  (p re d ec ess o r  to  th e  F e d e ra l T r a d e  
C o m m ission ), W ater P ow er D ev elopm ent in  the U nited  States  (W a sh ing to n , D .C .: G PO , 1912). O n  

th e  s ta te  o f  th e  in d u s try  in  1914, see U .S., D ep a rtm e n t o f  A g ricu ltu re , Fo re stry  Service, 
Electric P ow er D evelopm ent in  the U nited  Stales, 6 4 lh  C o ng ., 1st sess., 1916, S. Doc. 316 . O n  th e  

s ta tu s  o f  ho ld in g  c o m p a n ie s  in 192 4 . sec S. Doc. 213  ( 1927), w hich b ecam e, in efTect, th e  fir st 
v o lum e  o f  U .S ., F e d e ra l T  ra d e  C o m m ission , Electric Power Industry : S up ply  o f  E lectrical Eq u ip m en t 
a n d  Co m petitive Cond itions, 7 0 th  C on g ., 1st sess., 1928 , S. Doc. 46. a h is to ry  o f  th e  e lectr ical 
m a n u fa c tu re rs . F o r  d a ta  o n  ho ld in g -c o in p an y  activ ities in 1932, see U .S .. F e d e ra l T r a d e  
C om m issio n . U tility Corporations (S. Doc. 92 . 7 0 th  C on g ., 1st scss., 1928) (W a sh in g ton . D.C.: 
G P O , 1 9 28 -35 ). T h is  m u lt ip a r t a n d  m u llivo lu m e  s tu d y  has tw o su m m a ry  vo lu m es, o n e  on  
u tility  p r o p a g a n d a  a n d  public ity  (P a n  7 1 A ) a n d  th e  o th e r  on  h o ld in g  c o m p an ie s  in g e n era l 
(P a rt 72A ). A n in d e x  fo r  th e  95 -vo lu m e s tud y  is giv en  in  P a r u  8 1 A a n d  8 4 D. A n aperfu  
s u m m a ry  o f  th e  s ta te  o f  la rg e  c o rp o ra t io n s  a n d  ho ld in g  c om pan ie s in th e  e lec tr ic  util ity  fie ld 

can  be fo u n d  in  P a rt 72A , p p . 3 4 -3 7 .

45 F o re stry  S erv ice, Electric P ower D evelopment, q u o te d  in F edera l T r a d e  C o m m ission , U tility 

Corporations, Part 7 2 A (1 935), p . 35.
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F ig u re  X I I I .1 2 . Fields o f  operation (counties) o f  m ajor U .S . electric u tility hold ing  companies, 1 925 . From  U .S ., Federal T ra de  Com m ission, 

U tili ty  C o rp o ra tio n s , F a rt 7 2 A , p. 56.

e r a l i n g  c a p a c i t y  o f  t h e  i n d u s t r y ;  s e v e n  h o l d i n g - c o m p a n y  g r o u p s  c o n t r o l l e d  

4 0  p e r c e n t ,  a n d  o t h e r  h o l d i n g  c o m p a n i e s  c o n t r o l l e d  2 5  p e r c e n t .  W i t h  13  

p e r c e n t ,  t h e  h o l d i n g  c o m p a n y  f o r m e d  b y  G e n e r a l  E l e c t r i c ,  E l e c t r i c  B o n d  

&  S h a r e  C o m p a n y ,  r a n k e d  a s  t h e  l a r g e s t ;  t h e  I n su l l  g r o u p ,  M i d d l e  W e st  

U t i l i t i e s  C o m p a n y ,  h e l d  b e t w e e n  8  a n d  9  p e r c e n t .  F o r  a  n a t i o n  l o n g  w a r n e d  

t o  b e  w a r y  o f  t r u s t s  a n d  m o n o p o l i e s ,  t h e se  w e r e  p r o v o c a t i v e  st a t i s t i c s .  B e ­

t w e e n  19 2 4  a n d  19 3 2  t h e  G e n e r a l  E l e c t r i c  g r o u p  w a s r e o r g a n i z e d  a n d  a 

n e w  g i a n t ,  t h e  U n i t e d  C o r p o r a t i o n ,  w a s  f o r m e d .  H o l d i n g - c o m p a n y  d o m ­

i n a t i o n  p e r s i s t e d ,  w i t h  s i x t e e n  l a r g e  h o l d i n g - c o m p a n y  g r o u p s  c o n t r o l l i n g  

m o r e  t h a n  t h r e e - f o u r t h s  o f  t h e  p r i v a t e l y  o w n e d  i n d u s t r y .  F o r  a l l  h o l d i n g  

c o m p a n i e s ,  t h e  e x t e n t  o f  c o n t r o l  w a s  o v e r  7 8  p e r c e n t . * 0

B e c a u s e  o f  a  s e r i e s  o f  g o v e r n m e n t  s t u d i e s  i n  t h e  U n i t e d  S t a l e s ,  t h e  a d ­

v e r s e  p u b l i c i t y  g i v e n  t h e  h o l d i n g  c o m p a n i e s  b y  a d v o c a t e s  o f  g o v e r n m e n t  

o w n e r s h i p ,  a n d  t h e  n o t o r i e t y  s u r r o u n d i n g  t h e  I n su l l  h o l d i n g  c o m p a n y  a l  t e r  

i t s f i n a n c i a l  c o l l a p s e  i n  19 3 2  a n d  a f t e r  i t s f o u n d e r s  w e r e  t r i e d  f o r  m a i l  f r a u d  

i n  19 3 4 ,  h o l d i n g  c o m p a n i e s  b e c a m e  a m u c h - d i sc u ss e d  a n d  m i s u n d e r s t o o d

<0 F e d e ra l T r a d e  C o m m ission . U tility Corporations. Pari 72A . p. 37.
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a s p e c t  o f  th e  e le c t r ic  u t i l i ty  i n d u s t r y .47 T h e  m o u n t i n g  te n s io n  c u lm in a te d  

in  1 9 3 5  w ith  p a s s a g e  o f  th e  P u b lic  U ti l i ty  H o ld in g  C o m p a n y  A c t.

T h e r e  w a s  m i s u n d e r s t a n d i n g  a b o u t  th e  o r ig in s  a n d  f u n c t io n  o f  t h e  e l e c ­

t r ic -u t i l i ty  h o ld in g  c o m p a n ie s .  P r o p o n e n t s  a n d  o p p o n e n t s  d e b a t e d  th e  a d ­

v a n ta g e s  a n d  d i s a d v a n ta g e s  o f  t h e  h o ld in g  c o m p a n y  f o r  t h e  c o n s u m e r .  

B e c a u s e  th e  h o ld in g  c o m p a n ie s  c a m e  to  p u b l ic  a t t e n t i o n  a i  a  l im e  w h e n  

in v e s tm e n t  in  s to c k s  in  g e n e r a l  a n d  in  u t i l i ty  s to c k s  in  p a r t i c u l a r  w a s  m o u n t ­

in g ,  th e  p u b l ic  o f t e n  saw  t h e  h o ld in g  c o m p a n y  a s  th e  c r e a t u r e  o f  b a n k e r s  

a n d  s to c k  b r o k e r s ,  n o t  o f  e n g i n e e r s  a n d  m a n a g e r s .  F u r t h e r m o r e ,  t h e  p u b lic  

a s s o c ia te d  t h e  l a r g e  h o ld in g  c o m p a n ie s  a n d  t r u s t s  o f  t h e  p a s t  w ith  f in a n c ia l  

w iz a rd ry  o r  s k u ld u g g e r y .  T h e  te c h n o lo g ic a l  o r ig in s  a n d  fu n c t io n s  o f  h o l d ­

i n g  c o m p a n ie s  w e re  f a r  le ss  s e n s a t io n a l  a n d  th u s  w e r e  n o t  d is c u s s e d  o r  

u n d e r s t o o d .

C o n t r a r y  to  p o p u l a r  o p in io n ,  th e  o r ig in s  a n d  d e v e lo p m e n t  o f  s e v e ra l  

l e a d in g  e le c t r ic -u t i l i ty  h o ld in g  c o m p a n ie s  a r e  to  b e  f o u n d  r o o t e d  m o r e  

d e e p ly  in  te c h n o lo g y  a n d  m a n a g e m e n t  h is to ry  t h a n  in  f in a n c e .  C a p i ta l  

f o r m a t io n  w as  t h e  m a jo r  p r o b le m  o f  th e  la r g e  u t i l i t ie s  to  w h ic h  th e  h o ld in g  

c o m p a n ie s  r e s p o n d e d  in  th e  1 9 2 0 s , b u t  th is  n e e d  f o r  c a p i ta l  a r o s e  f ro m  

th e  c o n c e n tr a t io n  o f  la rg e -sc a le  te c h n o lo g y . E n g in e e r s  a n d  te c h n ic a lly  t r a in e d  

m a n a g e r s  d o m i n a t e d  t h e  e a r ly  h is to ry  o f  m a jo r  h o ld in g  c o m p a n ie s .  S. Z. 

M itc h e ll  o f  E le c t r ic  B o n d  & S h a r e ,  C h a r le s  S lo n e  a n d  E d w in  W e b s te r ,  H . 

M . B y lle sb y  o f  H .  M . B y lle sb y  8c C o m p a n y ,  a n d  S a m u e l  I n s u l l  a ll w e re  

t r a i n e d  a s  e n g i n e e r s  o r  h a d  e x te n s iv e  e x p e r i e n c e  in  e n g i n e e r i n g  a n d  m a n ­

a g e m e n t  b e f o r e  h e a d i n g  h o ld i n g  c o m p a n ie s .  I n  t h e i r  m a n a g e m e n t  o f  th e  

h o ld in g  c o m p a n ie s ,  th e s e  m e n  in s is te d  o n  t h e  i n t r o d u c t io n  o f  s y s te m s  t e c h ­

n o lo g y  a n d  m a n a g e m e n t .  I n  o r d e r  to  in t r o d u c e  c a p i ta l - in te n s iv e  a n d  la rg e -  

sc a le  r e g io n a l  te c h n o lo g y ,  h o w e v e r ,  th e y  h a d  to  f in d  w ay s  to  F in a n c e  la rg e -  

sc a le  in v e s tm e n ts .

T h e  m a jo r  h o l d in g  c o m p a n ie s  g r e w  la r g e  by  s e r v in g  a n d  p r e s id in g  o v e r  

th e  m e r g e r  o f  s m a ll  u t i l i t ie s .  A s  h a s  b e e n  s e e n ,  t h e  u r b a n  u ti l i ty  c o n s o l id a te d  

a n d  s p r e a d  o u t  o v e r  t h e  la r g e  c it ie s  u n t i l  it  p r e v a i le d  a s  a  r e g u la te d  m o ­

n o p o ly .  F r o m  th is  a c tiv i ty  m a n y  e c o n o m ie s  a n d  r a t io n a l  s t r u c t u r e s  p le a s in g  

to  th e  e n g i n e e r ,  t h e  m a n a g e r ,  t h e  in v e s to r — a n d  o f t e n  to  th e  c o n s u m e r —  

e m e r g e d .  U n t i l  t h e  a d v e n t  o f  e f f ic ie n t ,  h ig h - v o l ta g e  t r a n s m is s io n  a n d  w a te r  

a n d  s te a m  t u r b in e s ,  th e  s m a ll  c itie s , to w n s ,  a n d  r u r a l  a r e a s  w e re  s u p p l i e d —  

i f  a t  a ll— b y  u t i l i t ie s  la c k in g  th e  a d v a n ta g e s  o f  la rg e -s c a le ,  c e n t r a l i z e d  t e c h ­

n o lo g y ,  m a n a g e m e n t ,  a n d  f in a n c in g .  T h e i r  r e la t iv e ly  i n e x p e r i e n c e d  a n d  

u n t r a i n e d  m a n a g e r s  a n d  e n g in e e r s  u s e d  th e  le ss  a d v a n c e d  te c h n o lo g y ,  f o r  

in  t h e  U n i te d  S ta te s ,  m a n u f a c t u r e r s  in v e s te d  t h e i r  in te l le c tu a l  a n d  p h y s ic a l  

r e s o u r c e s  in  l a rg e - s c a le  c h a l le n g e s .48 W ith  th e  a d v e n t  o f  tu r b in e s  a n d  h ig h -  

v o l ta g e  t r a n s m is s io n ,  h o w e v e r ,  it  b e c a m e  p o s s ib le  f o r  r e g io n a l  sy s te m s  to  

i n t e g r a t e  s m a l l  c o m m u n i t i e s  a n d  s u p p ly  s o m e  o f  th e  r u r a l  a r e a s .  T h e  h o ld ­

in g  c o m p a n ie s  t h e n  p r o v id e d  th e s e  s y s te m s  w ith  c e n tr a l iz e d  e n g in e e r in g ,

•7 O n  th e  h is to ry  o f  In su lt's  h o ld in g  co m pan ie s , see F o rrest M cD onald , In su ll  (Chicago: 

U n iv ersity  o f  C h icago  Press, 1962), p p . 237 ff.
• " T h is  im p re ssio n  n e ed s to  be e x am in e d  th ro u g h  rese arch  in to  th e  policy a n d  p ro d u c t o r  

th e  m a jo r  m a n u fa c tu re rs . U n fo rtu n a te ly , H aro ld  C. Passer's Electrical M anufac tu rers  (C am ­
b r id g e , M ass.: H a rv a rd  U n iv ersity  Press. 1953) carr ies the  h is tory  o f  U.S. m a n u fa c iu re rs  o n ly  

■o 1900.
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m a n a g e m e n t ,  a n d  f in a n c in g . '19 T h e  h o ld i n g  c o m p a n ie s  e i t h e r  m e rg e d  th e  

u t i l i t ie s  o r  o r g a n iz e d  th e  s m a l l  u t i l i t ie s  in to  c o n f e d e r a t i o n s  r e l a t e d  by  p h y s ­

ical o r  f in a n c ia l  i n t e r c o n n e c t io n s .  A  g o v e r n m e n t  r e p o r t  c o n c lu d e d  th a t  th e  

h o ld in g  c o m p a n y 's  f in a n c in g ,  e n g i n e e r i n g ,  a n d  m a n a g e m e n t  o f  u tilities 

s e r v in g  s m a ll  c o m m u n i t i e s  w a s  p r o b a b ly  t h e  c h i e f  b e n e f i t  to  b e  d e r iv e d  

f ro m  th is  o r g a n iz a t io n a l  c o n c e p t .50

W ith  th e  o n s la u g h t  o f  t h e  D e p r e s s io n ,  t h e  d r o p  in  h o ld in g - c o m p a n y  stock 

v a lu e s , a n d  th e  s p r e a d  o f  d is s a t i s f a c t io n  a m o n g  i n v e s to r s  in  h o ld in g  c o m ­

p a n ie s .  h o w e v e r ,  d o u b t s  i n c r e a s e d  a b o u t  t h e  a d v a n t a g e s  o f  th e  e lec tric - 

u ti l i ty  h o ld in g  c o m p a n y .  E n s u in g  g o v e r n m e n t  in v e s t ig a t io n s  a n d  re p o r ts  

h e lp e d  d e f i n e  th e  f u n c t io n s  o f  t h e  c o m p a n ie s  a s  t e c h n o lo g ic a l ,  m a n a g e r ia l ,  

a n d  f in a n c ia l ,  b u t  a b u s e s  w e r e  f o u n d  in  t h e  f in a n c ia l  a c tiv i t ie s .51 T h e  p r in ­

c ip a l  b e n e f i t  a c c r u in g  to  t h e  o p e r a t i n g  c o m p a n ie s  a n d  to  c o n s u m e r s ,  if  the  

s e rv ic e  w as  n o t a b u s e d ,  w as , in  t h e  o p i n i o n  o f  t h e  F e d e r a l  T r a d e  C o m ­

m is s io n ,  th e  h o ld in g  c o m p a n y ’s f in a n c in g  o f  t h e  g r o w th  a n d  im p ro v e m e n t  

o f  s m a ll ,  u n d e v e l o p e d  o p e r a t i n g  u t i l i t ie s .  A ls o  v ie w e d  p o s it iv e ly  w as the  

h o ld in g  c o m p a n y ’s ro le  in  f a c i l i ta t in g  in t e r c o n n e c t i o n  a n d  la rg e -s c a le  o u t ­

p u t .  T h e  h o ld in g  c o m p a n y  p r o v id e d  t h e  s m a l l  o p e r a t i n g  c o m p a n y  w ith  the  

e x p e r t s '  s o lu t io n s  to  t h e  p r o b le m s  o f  g e n e r a t i o n ,  t r a n s m is s io n ,  d is tr ib u tio n ,  

a n d  u t i l iz a t io n  o f  e le c t r ic i ty .  M o r e o v e r ,  u n d e r  t h e  a e g is  o f  th e  h o ld in g  

c o m p a n y ,  " s e rv ic e  w a s  im p r o v e d  a n d  e x t e n d e d ,  c o n s u m p t i o n  in c re a se d , 

a n d  c o s ts  o f  p r o d u c t i o n  w e re  r e d u c e d  w i th  a  c o n s e q u e n t  p o ss ib il i ty  o f , a n d  

t e n d e n c y  to w a r d ,  lo w e r  r a l e s ,  n o t w i t h s t a n d i n g  a c c o m p a n y in g  f in an c ia l 

p ra c t ic e s  w h ic h  h a d  a n  o p p o s i t e  t e n d e n c y  a s  to  r a t e s . ”52

In  th e  o p in io n  o f  t h e  F e d e r a l  T r a d e  C o m m is s io n ,  t h e  lis t o f  p rac tic e s  

th a t  “ h a d  a n  o p p o s i t e  t e n d e n c y ” w a s  lo n g :  t h e  p y r a m i d  o f  u t i l i t ie s  fo rm e d  

by  th e  h ie r a r c h ic a l  h o ld in g - c o m p a n y  s t r u c t u r e  o f t e n  in v o lv e d  th e  issu ing  

o f  e x c e ss iv e ly  s p e c u la t iv e  s e c u r i t i e s ;  t h e  h o l d i n g  c o m p a n y  o f t e n  c h a rg e d  

e x c e s s iv e  fe e s  f o r  c o n s u l t in g  s e rv ic e s ;  th e  w r i t in g  u p  o f  t h e  v a lu e s  o f  u tility  

s e c u r i t ie s  o f t e n  p la c e d  p r e s s u r e  o n  t h e  u t i l i t ie s  to  c h a r g e  h ig h  r a te s  to  o b ta in  

a  p r o f i t a b le  r e t u r n ;  b y  m e a n s  o f  s e c u r i ty - m a r k e t  m a n ip u l a t i o n ,  u tility  se ­

c u r i t i e s  w e re  s o ld  to  th e  p u b l ic  a t  h ig h ly  in f l a t e d  v a lu e s ;  t h e  o rg a n iz a tio n a l  

a n d  f in a n c ia l  s t r u c t u r e  o f  t h e  h o l d in g  c o m p a n y  f r e q u e n t l y  p e r m i t t e d  a few 

m e n  w ith  a  sm a ll  i n v e s tm e n t  to  g a in  p r a c t i c a l  c o n t r o l  o f  im m e n s e  o p e ra ­

t io n s ;  a n d  in t e r s t a t e  c o n t r a c t s ,  o p e r a t i o n s ,  a n d  o t h e r  r e la t io n s h ip s  m a d e  

d i f f ic u l t  t h e  c o n t r o l  o f  h o ld i n g  c o m p a n ie s  b y  s t a t e  r e g u l a t o r y  co m m iss io n s . 

L ik e  so  m a n y  o t h e r  c o m p le x  o r g a n iz a t io n s ,  h o w e v e r ,  t h e  h o ld in g  c o m p a n y  

c a n n o t  b e  a d e q u a te ly  d e f i n e d  b y  a b s t r a c t io n s  o r  c a te g o r i e s  o f  a d v a n ta g e s  

a n d  d i s a d v a n ta g e s .  T h e  h is to r y  o f  s e v e ra l  o f  th e m  w ill r e v e a l  s o m e  o f  th e  

c o m p le x i t ie s  a n d  i r r e g u l a r i t i e s  o f  th is  o r g a n iz a t io n a l  c o n s t r u c t .  In  th e  fo l ­

lo w in g  s e c t io n  w e  w ill c o n s id e r  t h e  E le c t r ic  B o n d  & S h a r e  C o m p a n y ,  a 

h o ld in g  c o m p a n y  e s t a b l i s h e d  by  a  m a n u f a c t u r e r ,  a n d  t h e  U n i te d  C o rp o -

♦" Fe d e ra l T r a d e  C om m issio n . U tility  Corporations, Pa ri 72A . p. 107.
60 Ib id ..  p p . 834 . 881 . 1

*' T h is  su m m ary  d iscussion  o f  th e  a d v a n ta g e s  a n d  d isa d v a n ta g e s  o r  h o ld in g  com panie s is 
ro m  i u . ,  pp . 8 3 1 -8 2 . T h is  d o c u m e n t, w ith its  m a n y  p a rts  a n d  vo lu m es, resu lted  from  a 

S e na te  reso lu tio n  c alling  Tor a  c o n s id e ra tio n  o r  " th e  v a lu e  o r  d e tr im e n t  to  th e  public  o f  such 

h o ld in g  c o m pan ie s, ow n in g  th e  s to ck  o r  o th e rw is e  c o n tro l lin g  suc h  pu b lic -u tili ty  corp oratio ns, 
im m ed ia te ly  o r  rem o te ly"  (p. 831). a n d  t o r  leg is la tive rec o m m e n d a tio n s .

M Ib id ..  p . 881.
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r a t i o n ,  a h o ld i n g  c o m p a n y  f o u n d e d  by  a n  in v e s tm e n t  a n d  b a n k in g  c o n c e r n .  

W e  h a v e  a l r e a d y  n o te d  S to n e  8c W e b s te r ’s t r a n s f o r m a t i o n  f r o m  a c o n s u l t in g  

e n g i n e e r i n g  f i r m  in to  a  h o ld in g  c o m p a n y .  T h e  P a c if ic  G a s  8c E le c tr ic  C o m ­

p a n y  (s e e  p p .  2 7 6 - 8 0 )  a n d  t h e  R h e in is c h -W e s tf a l is c h e s  E le k tr iz i t i i t s w e rk  

(s e e  p p .  4 2 3 - 2 9 )  a r e  e x a m p le s  o f  u t i l i t ie s  th a t  b e c a m e  h o ld i n g  c o m p a n ie s  

b y  a c q u i r i n g  th e  s to c k  o f  th e  u ti l i t ie s  th e y  a b s o r b e d .  R e f e r e n c e  h a s  b e e n  

m a d e ,  a s  w e ll, to  S a m u e l  I n s u l t 's  f o r m a t io n  o f  th e  M id d le  W e s t U til i t ie s  

C o m p a n y ,  w h ic h  b e c a m e  o n e  o f  th e  l a r g e s t  U .S . h o l d in g  c o m p a n ie s .

1  h e  h is to ry  o f  E le c t r ic  B o n d  &  S h a r e  is l in k e d  w ith  th e  h is to r y  o f  G e n e r a l  

E le c t r ic  a n d  t h e  c a r e e r  o f  S . Z . M itc h e ll  ( 1 8 6 2 - 1 9 4 4 ) .  I n  th e  1 9 2 0 s  M itc h e ll  

a n d  S a m u e l  I n s u l l  w e r e  t h e  m o s t  w id e ly  k n o w n  h o ld in g - c o m p a n y  e n t r e ­

p r e n e u r s .  I t  is e s t im a te d  t h a t  d u r i n g  th is  p e r io d  M itc h e l l 's  c o m p a n y  c o n ­

t r o l l e d  m o r e  o f  t h e  u ti l i ty  b u s in e s s  t h a n  In s u l l 's ,  f o r  in  1 9 2 4  E le c t r ic  B o n d  

8c S h a r e  c o n t r o l l e d  a t le a s t  10 p e r c e n t  o f  t h e  e n e r g y  g e n e r a t e d  by  th e  

in d u s t ry ,  w h ile  ln s u ll 's  M id d le  W est U tilitie s  C o m p a n y  c o n tr o l le d  o n ly  a b o u t  

8  p e r c e n t . 33

T h e  o r ig in s  o f  th e  E le c tr ic  B o n d  8c S h a r e  C o m p a n y ,  w h ic h  w a s  f o rm a l ly  

e s t a b l i s h e d  in  1 9 0 5 , c a n  b e  t r a c e d  b a c k  to  1 8 9 0 . I n  th a t  y e a r  th e  T h o m s o n -  

H o u s to n  E le c t r ic  C o m p a n y ,  t h e  m a n u f a c t u r e r  t h a t  in  1 8 9 2  w o u ld  m e r g e  

w ith  E d is o n  G e n e r a l  E le c t r ic  to  f o r m  t h e  G e n e r a l  E le c tr ic  C o m p a n y ,  e s ­

t a b l i s h e d  a  s u b s id ia r y  c a l le d  t h e  U n i t e d  E le c tr ic  S e c u r i t ie s  C o m p a n y  o f  

B o s to n .  T h e  f u n c t io n  o f  t h e  n e w  c o m p a n y  w as  to  h e l p  s m a ll ,  i n d e p e n d e n t  

e le c t r ic  l ig h t  a n d  p o w e r  c o m p a n ie s  f in a n c e  t h e  p u r c h a s e  o f  g e n e r a t o r s  a n d  

o t h e r  e q u i p m e n t  m a n u f a c t u r e d  b y  T h o m s o n - H o u s t o n .  L o c a l s o u r c e s  o f  

c a p i ta l  c o n s i d e r e d  n e i t h e r  th e  b o n d s  n o r  th e  s lo c k s  o f  th e  s m a l l ,  o f t e n  

i n d i f f e r e n t ly  r u n ,  e l e c t r i c  l ig h t  c o m p a n ie s  to  b e  a  g o o d  r i s k .53 A s a  r e s u l t ,  

t h e  c o m p a n ie s  c o u ld  n o t  e x p a n d  in  r e s p o n s e  to  a  m a r k e t  t h a t  M itc h e ll  

c a lc u la te d  w a s  g r o w in g  a t  a  r a t e  o f  a b o u t  10 p e r c e n t  a n n u a l ly .  T h e  p r o b le m  

w as  m o r e  s e r io u s  f o r  th e s e  s m a ll  u t i l i t ie s  t h a n  f o r  m a n y  s m a ll  e n t e r p r i s e s  

b e c a u s e  t h e i r  c a p i ta l  i n v e s tm e n t  in  r e l a t io n  to  in c o m e  w as  u n u s u a l ly  h ig h ;  

M itc h e ll  e s t im a te d  t h a t  f o r  th e s e  u ti l i t ie s  it to o k  a n  in v e s tm e n t  o f  f r o m  $4  

to  $ 6  to  p r o d u c e  a  g r o s s  a n n u a l  r e v e n u e  o f  $ 1 .55

T h e  U n i t e d  E le c tr ic  S e c u r i t ie s  C o m p a n y  f in a n c e d  T h o m s o n - H o u s l o n 's  

s m a ll  c u s to m e r s  b y  ta k in g  t h e i r  n o n m a r k e t a b l e  b o n d s  a n d  u s in g  th e m  as 

c o l la t e r a l  f o r  t h e  b o n d s  i s s u e d  b y  U n i t e d  E le c tr ic  S e c u r i t ie s ,  w h ic h  w e re  

m a r k e ta b le  b e c a u s e  o f  t h e  c o m p a n y ’s s iz e , m a n a g e m e n t ,  a n d  r e la t io n s h ip  

to  T h o m s o n - H o u s t o n . 50 D e s p i te  th e  c o n s id e r a b le  m a r k e t  f o r  th e s e  b o n d s  

t h a t  d e v e lo p e d  o v e r  t h e  y e a r s ,  h o w e v e r ,  t h e  p r o b le m  o f  f in a n c in g  lo ca l 

u ti l i t ie s  w a s  n o t  s o lv e d .  T h e  p a n ic  o f  1 8 9 3  saw  m a n y  sm a ll  u t i l i t ie s  s in k  in to  

b a n k r u p t c y ,  a n d  th o s e  t h a t  s u r v iv e d  fa c e d  a n  e v e n  less  r e s p o n s iv e  in v e s t ­

m e n t  m a r k e t .  E v e n  in v e s to r s  w h o  h a d  b e e n  w ill in g  to  b u y  th e  b o n d s  o f  th e  

s m a l l - to w n  u t i l i t ie s  ( i f  n o t  th e  s to c k )  in s is te d  a f t e r  t h e  p a n ic  th a t  th e  u t i l i t ie s  

r a is e  m o r e  c a p i ta l  b y  is s u in g  c o m m o n  s to c k . I n  s h o r t ,  th e  b o n d  b u y e r s

“ S. Doc. 213  (1927). p . 41.
M S id ney  A. M itchell. 5. 7.. M itche ll a n d  the Electrical In dus try  (Now  Y ork : F a r ra r , S tra u s  & 

C u d a h y . I96 0 ), p. 6 0  ( h e r e a fte r  c ited  as S'. Z. M itchell).

“  M itchell, in  a n  a d d re s s  to  th e  A ssocia tio n  o f  Edison  Electr ic  I llu m in a tin g  C o m p a n ie s  in 

1920, q u o te d  in S. Z. M itc hell,  p . 118.
“ S. Doc. 213  (1927). p. 70.
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d e m a n d e d  m o r e  o w n e r s  a n d  f e w e r  c r e d i to r s .  T h e y  w a n te d  th e  cap ita l- 

h u n g r y  u t i l i t ie s  to  c o v e r  w ith  m o r t g a g e  s e c u r i t i e s  n o  m o r e  th a n  o n e -h a ir  

to  tw o - th i r d s  o f  th e  c a s h  c o s t  o f  th e  p o w e r  p l a n t  a n d  o t h e r  fa c ilitie s .'’7 

G e n e r a l  E le c tr ic ,  th e  s u c c e s s o r  to  T h o m s o n - M o u s to n  in  1 8 9 3 , in h e r i te d  

th e  U n i t e d  E le c tr ic  S e c u r i t ie s  C o m p a n y  o f  B o s to n  a n d  s u b s e q u e n t ly  fo rm e d  

t h e  E le c tr ic a l  S e c u r i t ie s  C o m p a n y  o f  N e w  Y o rk  p r im a r i ly  to  fu lf i l l  its  b o n d - 

p u r c h a s i n g  fu n c t io n .  U n d e r  t h e  l e a d e r s h i p  o f  C h a r l e s  C o f f in  (1 8 4 4 -1 9 2 6 ) ,  

its  r e s o u r c e f u l  p r e s i d e n t ,  G e n e r a l  E le c tr ic  a d v is e d  s m a ll  u t i l i t ie s  to  se ll m o re  

j u n i o r  s e c u r i t ie s ,  o r  s to c k ,  b u t  f o u n d  t h a t  “ m e r e ly  p o in t in g  th e  w ay  w as no t 

e f f e c t iv e ." 58 B e c a u s e  G e n e r a l  E le c tr ic  h a d  a c q u i r e d  o v e r  t h e  y e a rs  m an y  

s h a r e s  o f  u n m a r k e t a b l e ,  s m a l l -u t i l i ty  s lo c k  in  p a y m e n t  f o r  e q u ip m e n t ,  it, 

lo o ,  h a d  a  g e n e r a l  i n te r e s t  in  s o lv in g  th e  p r o b le m s  o f  t h e  u t i l i t ie s .  In  1905 

a n  in v e n t iv e  s o lu t io n  c a m e  o u t  o f d e l ib e r a t io n s  b e tw e e n  C o f f in  a n d  M itch ­

e l l .50 M itc h e ll  w as  c a l le d  o n  f o r  a s s is ta n c e  b e c a u s e  h e  h a d  b e e n  d e a l in g  w ith 

s m a ll  u t i l i t ie s  in  th e  N o r th w e s t ,  c o m p a n ie s  w h o s e  e le c t r ic  s e rv ic e  w as p o o r  

a n d  w h o s e  f in a n c ia l  s t r u c t u r e s  w e re  c r u d e — c o m p a n ie s  t h a t  w e re ,  in  the 

v e r n a c u la r ,  " c a ts  a n d  d o g s . ”00 

M itc h e ll  h a d  p r e p a r e d  f o r  a  c a r e e r  in  e n g i n e e r i n g  a t  th e  U .S . N aval 

A c a d e m y .  F in d in g  th e  p r o s p e c t s  o f  t h e  n a v y  b le a k  in  1 8 8 5 , h o w e v e r ,  th e  

n e w ly  c o m m is s io n e d  M itc h e ll  r e s ig n e d  a n d  a c c e p te d  e m p lo y m e n t  w ith  th e  

E d is o n  C o m p a n y  in  N e w  Y o rk . E a r l i e r ,  in  1 8 8 3 , h e  h a d  b e e n  a t t r a c te d  to  

e l e c t r ic a l  e n g i n e e r i n g  w h ile  in s ta l l in g  i n c a n d e s c e n t  l ig h t in g  o n  th e  U .S .S . 

T r e n to n .  M itc h e ll  w o r k e d  a t  th e  E d is o n  M a c h in e  W o r k s ,  th e  m a n u f a c tu r e r  

o f  d y n a m o s ,  a n d  h e  a ls o  h e lp e d  to  w ire  t h e  d i s t r i b u t i o n  s y s te m  o f  th e  E d iso n  

E le c t r ic  I l l u m in a t in g  C o m p a n y  in  N e w  Y o rk  C ity .  W ith in  a  y e a r ,  h o w e v e r , 

h e  s e iz e d  t h e  o p p o r t u n i t y  to  la k e  o v e r  th e  e x c lu s iv e  E d is o n  a g e n c y  in  th e  

N o r th w e s t  a f t e r  H e n r y  V i l la rd ,  E d is o n 's  f r i e n d  a n d  f in a n c ia l  a d v is e r ,  g av e  

it u p .  F ro m  1 8 8 5  to  1 9 0 5  M itc h e ll  s o u g h t  a n d  f o u n d  f in a n c ia l  b a c k e rs , 

o b ta in e d  f r a n c h i s e s ,  in s ta l le d  e q u i p m e n t ,  s e t  u p  o p e r a t i n g  a n d  m a n a g e ­

m e n t  p r o c e d u r e s ,  a n d  c u l t iv a te d  th e  g r o w th — o r  a t  le a s t  e n s u r e d  th e  s u r ­

v iv a l— o f  th e  r e g i o n ’s s m a ll e le c t r ic  l ig h t  u t i l i t ie s .  T h e  ca ll M itc h e ll  g o t  f ro m  

C o f f in  to  d e l ib e r a te  a b o u t  “c a ts  a n d  d o g s "  is t h e r e f o r e  u n d e r s t a n d a b l e .01

T h e  s o lu t io n  p r o p o s e d  b y  M itc h e ll  a n d  C o f f in  w as  t h e  f o r m a t io n  of th e  

E le c tr ic  B o n d  8c S h a r e  C o m p a n y .  T h e  n e w  c o m p a n y  t u r n e d  o v e r  its  s lock  

to  G e n e r a l  E le c tr ic  in  e x c h a n g e  f o r  th e  s to c k s  o f  p o w e r  a n d  l ig h t  c o m p a n ie s  

h e ld  b y  G e n e r a l  E le c tr ic  h a v in g  a p a r  v a lu e  o f  $ 2 ,7 8 2 ,1 5 0 ,  b o n d s  w ith  a 

p a r  v a lu e  o f  $ 1 ,4 7 6 ,0 0 0 ,  a n d  $ 1 ,3 0 0 ,5 7 6 .9 0  in  c a s h .  E le c tr ic  B o n d  8c S h a re  

c o n v e r te d  th e  a c q u i r e d  s e c u r i t ie s  in to  m a r k e ta b le  a s s e ts  by  re s u s c i ta t in g  

a n d  in v ig o r a t in g  th e  u t i l i t ie s  th a t  h a d  is s u e d  t h e m .  T h i s  w as  d o n e — as  h ad  

b e e n  t h e  c a s e  w ith  S to n e  8c W e b s te r — by  p r o v id in g  m a n a g e m e n t ,  e n g i ­

n e e r in g ,  a n d  f in a n c ia l  se rv ic e s . E le c tr ic  B o n d  8c  S h a r e  d id  n o t p u r c h a s e  a 

m a jo r i ty  o f  s to c k  in  t h e  c l ie n t  c o m p a n ie s ,  b u t  e x e r c i s e d  c o n t r o l  t h r o u g h  a 

c o m b in a t io n  o f m e a n s ,  in c lu d in g  m in o r i ty  s to c k  a n d  c o n t r a c tu a l ,  le e -b a s e d

" I b i d . .  p. 71.

"  Ib id ., p . 9.3.

5” S. Z. M itch ell, p . 61.

Ib id .. p p . 6 1 , 64.

" ’ T h is  b io g rap h ica l ske tch  o f  M itchell is b ased  o n  ib id .. p p . 19-12 .
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s e rv ic e s .02 In  1 9 2 5  G e n e r a l  E le c t r ic  d iv e s te d  i t s e l f  o f  d i r e c t  c o n t r o l  o f  B o n d  

8c S h a r e  b y  d i s t r i b u t i n g  t h e  c o m p a n y ’s s to c k  to  G E  s to c k h o ld e r s .

S t r e s s in g  m a n a g e m e n t  s e rv ic e s ,  B o n d  8c S h a r e  i n t r o d u c e d  a  p o lic y  t h a t  

v a r i e d  f r o m  S lo n e  8c W e b s te r ’s. B o n d  8c S h a r e  r e c o m m e n d e d  t h a t  t h e  

d i r e c t o r s  o f  th e  c l i e n t  c o m p a n y  e le c t  a  B o n d  8c S h a r e  e x e c u t iv e  a s  a  n o n ­

s a l a r i e d  o f f i c e r  o r  m e m b e r  o f  its  b o a r d .  T h i s  o f f i c e r — lik e  t h e  e x e c u t iv e s  

s e r v in g  o t h e r  c l i e n t  u ti l i t ie s — w o u ld  r e m a in  in  B o n d  8c S h a r e ’s N e w  Y o rk  

o f f ic e ;  a  B o n d  &  S h a r e  m a n  w o u ld  n o t  b e  n a m e d  r e s i d e n t  m a n a g e r  a s  w as  

c u s to m a r y  w ith  S lo n e  8c W e b s te r .63 F r o m  its  la r g e  s t a f f  o f  m a n a g e r s  a n d  

a d v is e r s ,  B o n d  8c S h a r e  w o u ld ,  l ik e  S to n e  8c W e b s te r ,  d e s ig n a te  a  “ s p o n s o r ” 

f o r  e a c h  c l i e n t  u t i l i ty .  T h e  s p o n s o r  w o u ld  v is it,  o b s e r v e ,  in s p e c t ,  a n d  c o r ­

r e s p o n d  w ith  t h a t  c o m p a n y .  H e  w o u ld  a p p ly  h is  g e n e r a l  k n o w le d g e  o f  th e  

u t i l i ty  b u s in e s s  to  t h e  p r o b le m s  a n d  o p p o r t u n i t i e s  o f  t h e  s p e c i f ic  u t i l i ty  

c o m p a n y .  F u r t h e r m o r e ,  h e  w o u ld  h a v e  a t  h is  d i s p o s a l  t h e  l a r g e  B o n d  8c 

S h a r e  s t a f f  o f  s p e c ia l is t s  in  i n s u r a n c e ,  t a x e s ,  r a l e s ,  p u b l ic  r e l a t io n s ,  s ta t is t ic s ,  

a n d  o t h e r  m a n a g e m e n t  fu n c t io n s .  T h e  c o n t r a c t  a ls o  c a l le d  f o r  a  “s p o n s o r  

e n g i n e e r ” ; h e ,  lo o ,  w o u ld  s ta y  i n f o r m e d  b y  m e a n s  o f  v is its  a n d  c o r r e s p o n d ­

e n c e .  B e s id e s  t h e  m a n a g e m e n t  a n d  e n g i n e e r i n g  s p e c ia lis ts ,  t h e r e  w e r e  to  

b e  “s p o n s o r  a c c o u n t a n t s ” in  B o n d  8c S h a r e ’s N e w  Y o r k  o f f ic e .  T h e  p r o b le m s  

t h a t  th e s e  s p o n s o r s  a d d r e s s e d  w e r e  e x p a n s io n  o f  t h e  b u s in e s s ,  u t i l i ty  in ­

t e r c o n n e c t io n ,  r a t e s ,  c a p i ta l  s t r u c t u r e ,  a n d  f in a n c ia l  p r o g r a m s .64

E le c tr ic  B o n d  8c S h a r e  s o o n  b e g a n  o r g a n iz in g  h o ld i n g  c o m p a n ie s  to  

c o n t r o l  t h e  c l i e n t  u t i l i t ie s  t h r o u g h  m a jo r i ty  o w n e r s h ip  o f  t h e i r  s to c k .  B o n d  

8c S h a r e  i t s e l f  c o n t i n u e d  to  a v o id  d i r e c t  c o n t r o l  o f  t h e  u t i l i t ie s  t h r o u g h  

o w n e r s h ip  o f  a  m a jo r i ty  o f  t h e i r  s h a r e s .  I t  e s t a b l i s h e d  a  n e w  c o n t r a c tu a l  

r e l a t io n s h ip  w ith  its  h o l d i n g  c o m p a n ie s  r a t h e r  t h a n  w ith  t h e  o p e r a t i n g  

u t i l i t ie s .  B y  1 9 2 5  E le c t r ic  B o n d  &  S h a r e  h e ld  l a r g e  b lo c k s  o f  v o t in g  s to c k  

in , a n d  h a d  v a r io u s  s e r v ic in g  a r r a n g e m e n t s  w i th ,  f iv e  h o ld i n g  c o m p a n ie s .  

B e c a u s e  it d id  n o t  h a v e  a  m a jo r i ty  s to c k  i n te r e s t  in  a n y  o f  th e s e ,  h o w e v e r ,  

it  c o n s is te n t ly  m a i n t a i n e d  t h a t  it w a s  n o t  i t s e l f  a  u t i l i ty  h o ld in g  c o m p a n y .  

T h e  F e d e r a l  T r a d e  C o m m is s io n  a n d  “ th e  i n v e s tm e n t  w o r ld ” g e n e r a l ly ,  

h o w e v e r ,  b e l ie v e d  t h a t  E le c t r ic  B o n d  8c S h a r e  h e ld  d e  fa c to  c o n t r o l  b e c a u s e  

t h e  o t h e r  s h a r e s  o f  th e  f iv e  c o m p a n ie s  w e r e  w id e ly  d i s p e r s e d  o r  b lo c k s  o f  

th e m  w e re  h e ld  “b y  f r i e n d ly  a n d  c o o p e r a t iv e  b a n k in g  i n te r e s t s . ”65 

T h e  h o ld i n g  c o m p a n ie s  o f t e n  a c q u i r e d  t h e i r  c o n t r o l l in g  s to c k  in  th e  

o p e r a t i n g  c o m p a n ie s  w h e n  E le c t r ic  B o n d  8c S h a r e  t u r n e d  o v e r  to  t h e  h o l d ­

i n g  c o m p a n ie s  u t i l i ty  s to c k  o b ta in e d  b y  G e n e r a l  E le c tr ic  in  e x c h a n g e  f o r  

e q u i p m e n t .  T h e  h o ld i n g  c o m p a n ie s  a ls o  a c q u i r e d  u ti l i ty  s to c k  b y  p u r c h a s e ,  

u s in g  in c o m e  f r o m  t h e  s a le  o f  h o l d in g - c o m p a n y  s e c u r i t ie s ,  o r  b y  e x c h a n g e  

o f  t h e s e  s e c u r i t i e s  f o r  o p e r a t in g - c o m p a n y  s e c u r i t ie s .66 B e c a u s e  S to n e  8c

Ib id ., p p . 6 4 - 6 5 ;  S. Doc. 213  (1927), p . 73.

05 In  1906  S lo n e  8c W eb ste r  n a m e d  local m a n ag e rs ; see Street Ra ilw ay  J o u rn a l.  7 Ju ly  1906, 
p. 2. In  a se rv ice  c o n tra c t u sed  in th e  1930s, S to n e  8c W eb ste r Serv ice C o rp . e x p re sse d  rea d in es s  
to  " re c o m m e n d "  local e xecu tiv es (S ton e  8c W ebste r F orm  no . A 706. S& W  files).

94 T h is  analy sis o f  th e  E lectr ic  B on d  8c S h a re  se rv ice  is d ra w n  Trom a  1929  c o n tra c t r e p r in te d  

in F e d e ra l T r a d e  C o m m ission . U tility Corporations, Part 72A , p. 672.
o o ja m es C. B o n b rig h l a n d  G a rd in e r  C. M eans, The H o ld in g  Com pany: Its Public Sign ifican ce  

a n d  Us R egulations  (N ew  Y ork: M cG raw -H ill.  1932), p. 104. B on b rig h t a n d  M eans d rew  u p o n  

S. Doc. 21 3  (1 927) in p r e p a rin g  th e ir  s tu dy .
o" B o n b rig h t a n d  M eans, Th e  H o ld in g  Com pany, p . 104.
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W e b s te r  s o m e t im e s  o b ta in e d  s to c k  in  e x c h a n g e  f o r  its  e n g i n e e r i n g  a n d  

m a n a g e m e n t  s e r v ic e s ,  it  s e e m s  lik e ly  t h a t  E le c t r ic  B o n d  8c S h a r e  re c e iv e d  

u ti l i ty  s e c u r i t ie s  in  th is  w ay  a s  w ell.
D u r in g  t h e  p e r i o d  o f  r a p i d  e x p a n s io n  o f  r e g io n a l  u t i l i t ie s ,  E le c tr ic  B o n d  

8c S h a r e  a n d  th e  r e l a t e d  h o l d i n g  c o m p a n ie s  e m p h a s iz e d  c a p i ta l  f o rm a t io n  

a n d  f o u n d  m e a n s  b y  w h ic h  t h e  u ti l i t ie s  c o u ld  d i s p o s e  o f  t h e i r  d i f f ic u lt- lo -  

m a r k e t  j u n i o r  s e c u r i t ie s .  S e e in g  e v e r y  c i t iz e n  a s  a  c u s to m e r ,  M itc h e ll ,  w ho 

w as  s till h e a d  o f  E le c tr ic  B o n d  8c S h a r e ,  to ld  u t i l i t ie s  t h a t  th e y  n e e d e d  $ 3 0 -  

$ 8 0  f o r  e a c h  in d iv id u a l  a d d e d  to  t h e  U .S . p o p u l a t i o n .07 T h e  s t a n d a r d  

f in a n c ia l  s t r u c t u r e  d e s ig n e d  b y  E le c tr ic  B o n d  8c S h a r e  to  m e e t  th e  f in a n c ia l 

n e e d s  o f  t h e  u t i l i ty  c o m p a n ie s  c o n t r o l l e d  b y  t h e  h o ld i n g  c o m p a n ie s  c a lled  

f o r  6 0  p e r c e n t  c a p i ta l iz a t io n  t h r o u g h  th e  s a le  o f  b o n d s  to  th e  p u b lic ,  2 0 -  

2 5  p e r c e n t  c a p i t a l i z a t io n  t h r o u g h  t h e  s a le  o f  p r e f e r r e d  s to c k  to  th e  p u b lic , 

a n d  2 0 - 2 5  p e r c e n t  c a p i ta l iz a t io n  in  c o m m o n  s lo c k  t h a t  w as  to  lie  ta k e n  by 

a  h o ld in g  c o m p a n y .08 F o r  th e  h o ld in g  c o m p a n y ,  th e  a d v a n t a g e  o f  k e e p in g  

th e  a m o u n t  o f  c o m m o n  ( v o t in g  o r  c o n t r o l l in g )  s to c k  lo w  w as  o b v io u s ;  c o n ­

t r o l  w o u ld  b e  le ss  c o s tly . F u r t h e r m o r e ,  a s  w ill b e  e x p l a i n e d ,  th e  a r r a n g e m e n t  

c o u ld  m e a n  f o r  t h e  h o l d in g  c o m p a n y  a  h ig h  r e t u r n  o n  in v e s tm e n t .  T h e  

i n v e n t iv e n e s s  o f  t h e  f in a n c ie r s  w a s  c o m p a r a b le  to  t h a t  o f  t h e  in v e n to r s  a n d  

e n g i n e e r s  w h o  h a d  d e s ig n e d  t h e  t e c h n o lo g ic a l  s t r u c t u r e .  F o llo w in g  th is 

p la n .  E le c t r ic  B o n d  8c S h a r e  p a r t i c ip a te d  in  t h e  p o lic y  m a k in g  o f  th e  five 

m a jo r  h o ld i n g  c o m p a n ie s :  th e  A m e r ic a n  G a s  8c E le c t r ic  C o m p a n y  ( fo rm e d  

in  1 9 0 6 ) ;09 th e  A m e r ic a n  P o w e r  8c L ig h t  C o m p a n y  (1 9 0 9 ) ;  th e  N a tio n a l  

P o w e r  8c L ig h t  C o m p a n y  (1 9 2 1 ) ;  th e  A m e r ic a n  8c F o r e ig n  P o w e r  C o m p a n y ,  

In c .  (1 9 2 3 ) ;  a n d  th e  E le c tr ic  P o w e r  8c L ig h t C o r p o r a t i o n  (1 9 2 5 ) .70 T h e  

N a t io n a l  P o w e r  8c L ig h t  C o m p a n y  a ls o  h a d  a  m a j o r  h o l d i n g  c o m p a n y  as a 

s u b s id ia r y — th e  L e h ig h  P o w e r  S e c u r i t ie s  C o r p o r a t i o n  (s e e  p p .  4 3 9 —41 b e ­

low ).

B e c a u s e  A m e r ic a n  P o w e r  8c L ig h t  r e c e iv e d  v a r io u s  s e rv ic e s  f r o m  B o n d  

8c S h a r e ,  its  h is to r y  is r e p r e s e n t a t i v e  o f  t h e  c o n c e p t s  a n d  a c t io n s  o f  S. Z. 

M itc h e ll  a n d  h is  a s s o c ia te s .  A m e r ic a n  P o w e r  8c L ig h t  w as  f o r m e d  a s  a 

h o ld in g  c o m p a n y  to  f in a n c e  tw o  K a n s a s  u t i l i ty  c o m p a n ie s  t h a t  w e re  to o  

s m a ll  to  i n te r e s t  in v e s to r s  in  t h e i r  s e n io r  s e c u r i t i e s  a n d  h a d  n o  m ark ie t f o r  

t h e i r  c o m m o n  s lo c k .  T h e  o w n e r  o f  th e  tw o  u t i l i t ie s  h a d  a s k e d  M itc h e ll  to  

f o r m  t h e  h o l d in g  c o m p a n y  to  t a k e  t h e i r  c o m m o n  s h a r e s .  A m e r ic a n  P o w e r  

8c L ig h t  t h e n  r a i s e d  th e  m o n e y  f o r  th e  s to c k  b y  s e l l in g  its  o w n  s e c u r it ie s .  

S u b s e q u e n t ly ,  t h e  h o ld i n g  c o m p a n y  a c q u i r e d  o t h e r  u t i l i t ie s  in  th e  im m e ­

d i a t e  v ic in ity , a n d  M itc h e ll  m e r g e d  th e m  in to  t h e  K a n s a s  G a s  8c E le c tr ic  

C o m p a n y ,  a  u t i l i ty  t h a t  w as  l a r g e  e n o u g h  to  in t e r e s t  in v e s to r s  in  its  p r e ­

f e r r e d  s to c k  a n d  b o n d s .  A m e r ic a n  P o w e r  8c L ig h t  c o n t r o l l e d  th e  K a n sa s  

G a s  8c E le c t r ic  C o m p a n y  t h r o u g h  c o m m o n  s to c k ,  a n d  t h e  h o ld in g  c o m p a n y  

e n t e r e d  in to  t h e  c u s to m a r y  c o n t r a c tu a l  r e l a t io n s h ip  w ith  E le c tr ic  B o n d  8c

m  S. Z. M itc he ll, p . 118.

“ Fe d e ra l T r a d e  C o m m ission , U tility  Corporations, P a n  72A , p. 87.

“ A m e ric an  G as Sc E lectr ic  C o. o r ig in a te d  b e fo re  B o nd  Sc S h a re  h a d  bu ilt u p  its s ta ff  o f  
e x p e r ts , so A m e ric an  G as Sc E lectr ic  su p p lie d  its ow n m a n a g e rs , e n g in e e rs , a n d  accou n tan ts  
to  th e  o p e ra tin g  c o m p an ie s  w hose c o m m o n  sto ck  it h e ld . A m e ric an  G as Sc E lectr ic  relied  on  
B o nd  Sc S h a re  fo r  fin an c ia l serv ices, h ow ev er. In  1924, B o nd  Sc S h a re  ow n ed  a b o u t 7 p ercen t 
o f  th e  v o tin g  sto ck  o r  A m e ric an  G as Sc E lectr ic . Sec S. Doc. 213  (1927), p . 7.

70 I b id ..  d . xxxvii.



S h a r e .  I n  1 9 1 0 , d i r e c t e d  b y  B o n d  8c S h a r e ,  A m e r ic a n  P o w e r  8c L ig h t  a c ­

q u i r e d  p r o p e r t i e s  in  W a s h in g to n  a n d  O r e g o n .  I n  s u b s e q u e n t  y e a r s  it o b ­

t a in e d  c o n t r o l  o f  o t h e r  g r o u p s  o f  c o m p a n ie s  in  T e x a s ,  M in n e s o ta ,  F lo r id a ,  

a n d  N e b r a s k a .  B y  1 9 2 4  t h e  o p e r a t i n g  c o m p a n ie s  h e ld  b y  A m e r ic a n  P o w e r  

8c L ig h t  g e n e r a t e d  a b o u t  2 .4  p e r c e n t  o f  th e  to ta l  c o m m e r c ia l  o u t p u t  o f  

e le c t r ic i ty  f o r  t h e  e n t i r e  c o u n t r y .71

W h e n  t h e  c o m p a n ie s  a c q u i r e d  w e re  in  t h e  s a m e  g e o g r a p h ic a l  a r e a ,  a s  

w as  t h e  c a s e  in  K a n s a s ,  th e y  w e r e  u n i t e d  b y  t r a n s m is s io n  l in e s  in to  a  c o n ­

t i n u o u s  s y s te m  a n d  w e re  o f t e n  m e r g e d  to  f o r m  l a r g e r  o p e r a t i n g  c o m p a n ie s .  

A s  a  r e s u l t ,  s m a l l ,  in e f f i c i e n t  p la n t s  c o u ld  b e  s h u t  d o w n ,  lo a d  f a c to r  c o u ld  

b e  i m p r o v e d ,  v a r i e d  e n e r g y  s o u r c e s  m ix e d ,  a n d  d iv e r s i ty  e x p lo i t e d — a s  th e y  

h a d  b e e n  d u r i n g  t h e  e r a  o f  m e r g e r  a n d  c o n s o l id a t io n .  B u t  M itc h e ll  w e n t  

b e y o n d  e x p lo i t a t io n  o f  s u p p ly  a n d  d iv e r s i f ic a t io n  o f  lo a d  to  i n t r o d u c e  th e  

d iv e r s i ty  p r in c ip le  o n  a  h i g h e r  lev e l o f  a b s t r a c t io n ;  h e  c a l le d  h is  id e a  “ f i ­

n a n c ia l  d iv e r s i ty .” B e c a u s e  o f  th is  a s p e c t  o f  t h e i r  p o lic ie s , E le c t r ic  B o n d  8c 

S h a r e ’s h o l d i n g  c o m p a n ie s  w e re  c a te g o r iz e d  a s  t h e  “d iv e r s i f i e d  in v e s tm e n t  

t y p e . ’’72

T h e  p r in c ip le  o f  f in a n c ia l  d iv e r s i ty ,  a s  f u l f i l le d  by  th e  A m e r ic a n  P o w e r  

&  L ig h t  C o m p a n y  a n d  o t h e r  B o n d  8c S h a r e  h o ld in g  c o m p a n ie s ,  w as  e x ­

p l a in e d  by  O w e n  D . Y o u n g ,  h e a d  o f  G e n e r a l  E le c tr ic ,  a s  fo llo w s :

I f  o n e  ow ns a ligh t a n d  p o w er p lan t in a sing le  co m m u n ity , h is  in v es tm e n t an d  
his e a rn in g  p o w er is [sic] sub jec t to  th e  risk  o f  th a t co m m u n ity . F loods m ay com e 

a n d  w ipe it o u t; cyclones m ay h u r l  it d o w n ; c ro p s  m ay fail; business d ep re ss io n s  
(h e re  m ay be acu te . T h e  cap ita l in v ested  in  th a t  p lan t, i f  o w n ed  by a sing le  m an , 
is su b jec t to  th o se  co n tin g en c ie s . B u t if  m en  c o m b in ed  th e ir  in v es tm en ts  in a 
la rg e  n u m b e r  o f  p lan ts , w id ely  d iv e rs ifie d  g eo g rap h ica lly , th e  f loods will n ev er 
com e to  all a t o n ce ; th e  fa ilu re  o f  c ro p s  will n e v e r  com e to  all a t on ce ; a d e p re s ­
sio n  in  b u sin ess is u n lik e ly  to  co m e to  all a t o n ce , if  th e  d iversity  is w idely  m ade . 
T h e re fo re ,  a g iven  in v es tm en t in  a g r o u p  o f  p lan ts  is m u ch  s a fe r  th an  an  in vest ­
m e n t in  a  sing le  p la n t  o f  s im ila r am o u n t. N o t on ly  is th e  p rin c ip a l sa fe r  b u t the  

co n tin u ity  o f  r e tu r n  is b e tte r  in s u re d .73

A c c o r d in g  to  Y o u n g  a n d  M itc h e ll ,  n o t  o n ly  w e r e  th e  r is k s  s p r e a d  in  th e  

h o l d in g  c o m p a n ie s  so  t h a t  th e  i n v e s to r ’s p r in c ip a l  w as  s a f e r  a n d  th e  c o n ­

t in u i ty  o f  r e t u r n  b e t t e r ,  b u t  t h e  r e t u r n  m ig h t  w ell b e  m u c h  l a r g e r .  M itc h e ll  

e x p la in e d  t h e  c o n c e p t  in  a  s im p l i f ie d  e x a m p le .  H e  s a id  t h a t  $ 1 0 0  in v e s te d  

b y  a  h o l d in g  c o m p a n y  in  t h e  c o m m o n  s to c k  o f  a  u t i l i ty  s h o u ld  b r i n g  a 

r e t u r n  o f  $ 9  a s  a  d i v id e n d  o n  t h e  u t i l i ty ’s c o m m o n  s to c k .  A s s u m in g  th a t  

th e  h o l d i n g  c o m p a n y  h a d  r a i s e d  th e  $ 1 0 0  b y  m a r k e t i n g  $ 6 0  o f  its  o w n  

d e b e n t u r e s  ( n o n m o r t g a g e ,  o r  c o l la te r a l ,  b o n d s ) ,  $ 2 0  o f  its  p r e f e r r e d  s to c k , 

a n d  $ 2 0  o f  c o m m o n  s to c k  o f  its  o w n , th e n  o n  th e  d e b e n t u r e s  it  w o u ld  h a v e  

to  p a y  6  p e r c e n t  ($ 3 .6 0 )  a n d  o n  th e  p r e f e r r e d  s to c k  7 p e r c e n t  ( $ 1 .4 0 ) ,  

w h ic h  w o u ld  le a v e  $ 4  f r o m  th e  $ 9  e a r n e d  o n  th e  u ti l i ty  c o m m o n  s to c k  to  

d e c la r e  a s  a  d i v id e n d  o n  th e  h o ld in g  c o m p a n y  c o m m o n  s to c k  o r  to  b e  

in v e s te d  in  t h e  o p e r a t i n g  c o m p a n ie s .  A s  M itc h e ll  o b s e r v e d ,  “ F o r  t h a t  p o s ­

s ib le  2 0  p e r c e n t  r e t u r n  th e  h o ld in g  c o m p a n y  c o m m o n  s to c k  s h o u ld  b e
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71 Ib id .. p p . 9 3 -1 0 8  a n d  xxix .
73 F e d e ra l T r a d e  C o m m ission , U tility Corporations, P a n  72A . p. 84.

75 Q u o te d  in S. Z. M itchell, p p . 8 4 -8 5 .
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s a le a b le .”7* H e  m ig h t  h a v e  a d d e d  t h a t  t h e  o r g a n i z e r s  o f  h o l d in g  c o m p a n ie s  

w e r e  o f t e n  r e a d y  to  p u r c h a s e  t h e  c o m m o n  s lo c k  th e m s e lv e s .

In  a  r e p o r t  in  1 9 2 7 , a t  t h e  h e i g h t  o f  t h e  h o ld in g - c o m p a n y  e r a ,  t h e  F e d e ra l  

T r a d e  C o m m is s io n  o b s e r v e d  t h a t  p r o m o t e r s  o f t e n  r e t a i n e d  o w n e r s h ip  of 

th e  c o m m o n  s h a r e s  o f  t h e i r  h o l d i n g  c o m p a n ie s  a n d  o b t a i n e d  r a te s  o f  r e tu r n  

r a n g i n g  f r o m  19 p e r c e n t  to  5 5  p e r c e n t . 75 H ig h  r e t u r n s  c o u ld  b e  a c h ie v e d  

by  in c r e a s in g  th e  p r o p o r t i o n  o f  lo w - in te r e s t  d e b e n t u r e s  a n d  p r e f e r r e d  stock  

a m o n g  th e  h o l d in g  c o m p a n y 's  s e c u r i t ie s .  F o r  in s t a n c e ,  i f  t h e  h o ld in g  c o m ­

p a n y  in  th e  e x a m p le  a b o v e  h a d  i n c r e a s e d  its  d e b e n t u r e s  to  6 5  p e r c e n t  a n d  

its  p r e f e r r e d  s to c k  to  2 5  p e r c e n t ,  th e  r e t u r n  o n  th e  $ 1 0  o f  h o ld in g -c o m p a n y  

c o m m o n  s to c k  w o u ld  h a v e  b e e n  3 3 .5  p e r c e n t .  S. Z. M itc h e ll  r e c o g n iz e d  th e  

p o s s ib il i ty  o f  h ig h — e v e n  e x c e s s iv e — r e t u r n s  o n  in v e s tm e n t s ,  b u t  h e  c h a r ­

a c t e r i z e d  h is  r o le  a s  th a t  o f  a  r e s o u r c e f u l  f i n a n c i e r  o f  u t i l i ty  e x p a n s io n  

r a t h e r  t h a n  a  r e a p e r  o f  la r g e  p r o f i t s .

M a n a g e m e n t ,  d e s ig n ,  a n d  c o n s t r u c t io n  s e rv ic e s  w e r e  a lw a y s  c e n t r a l  to  

th e  o r g a n iz a t io n s  e r e c t e d  b y  M itc h e ll  a n d  b y  S lo n e  8c W e b s te r .  A s  f in a n c in g  

in c r e a s e d  in  im p o r t a n c e  w ith  t h e  s t e a d y  g r o w th  o f  t h e  c a p i ta l - in te n s iv e  

u ti l i ty  i n d u s t r y ,  h o w e v e r ,  h o ld in g  c o m p a n ie s  w e r e  f o r m e d  w h o s e  ac tiv itie s  

w e re  a lm o s t  e n t i r e ly  f in a n c ia l .  C h a r t e r e d  in  1 9 2 9 , t h e  U n i t e d  C o r p o r a t io n  

w as  t h e  c r e a t io n  o f  t h r e e  i n v e s tm e n t  b a n k i n g  h o u s e s — J .  P . M o rg a n  & 

C o m p a n y ,  D re x e l  8c C o m p a n y ,  a n d  B o n b r i g h t  8c C o m p a n y ,  I n c .70 W ith in  

a  few  y e a rs ,  t h e  in v e s tm e n t  b a n k e r s  h a d  p r a c t i c a l  c o n t r o l  o f  a  n e tw o r k  o f 

u ti l i t ie s  e x t e n d i n g  (w ith  o n e  m a jo r  b r e a k )  f r o m  t h e  G r e a t  L a k e s  a n d  th e  

S t.  L a w r e n c e  R iv e r  to  th e  G u l f  o f  M e x ic o .  T h o s e  w h o  w e r e  i n f o r m e d  a b o u t 

U n i te d  C o r p o r a t i o n  la b e le d  th e  c o n t r o l  “ p ra c t i c a l "  b e c a u s e  U n i t e d  C o r ­

p o r a t io n  o w n e d  o n ly  m in o r i ty  s to c k  in  t h e  c o m p a n ie s  in  its  g r o u p .  M in o r ity  

c o n t r o l  p r o b a b ly  w a s  c o n g e n ia l  b e c a u s e  i m m e n s e  a m o u n t s  o f  c a p i ta l  w e re  

in v o lv e d  a n d  b e c a u s e  g o v e r n m e n t  r e g u l a t i o n  a n d  p u b l ic  a c c o u n t in g  s e e m e d  

le ss  lik e ly  i f  th e  c o r p o r a t i o n  r e m a i n e d  s u p e r f i c i a l ly  a n  in v e s tm e n t  c o m p a n y  

r a t h e r  th a n  le g a lly  a  u t i l i ty  h o ld in g  c o m p a n y .  F u r t h e r m o r e ,  th e  p re s t ig e  

o f  th e  t h r e e  b a n k in g  h o u s e s  w as  s o  g r e a t  a m o n g  t h e  u t i l i t ie s ,  a n d  th e  

i n t e r lo c k in g  oT  th e  h o a r d s  o f  d i r e c t o r s  w as  s o  e x te n s iv e ,  t h a t  c o n t r o l  c o u ld  

b e  e x e r c is e d  w i th o u t  m a jo r i ty  h o l d in g s .77

In  1931 U n i t e d  C o r p o r a t i o n  v i r tu a l ly  c o n t r o l l e d  f iv e  m a jo r  h o ld in g  c o m ­

p a n ie s  a n d ,  t h r o u g h  th e s e ,  n u m e r o u s  u t i l i t ie s .  A m o n g  t h e  h o ld in g  c o m ­

p a n ie s  it c o n t r o l l e d  w a s  t h e  N ia g a r a  H u d s o n  P o w e r  C o r p o r a t i o n .  U n lik e  

m a n y  o t h e r  h o ld in g  c o m p a n ie s ,  w ith  t h e i r  w id e ly  d i s p e r s e d  p r o p e r t ie s ,  

N ia g a r a  H u d s o n  c o n t r o l l e d  u ti l i t ie s  th a t  w e r e  c o n t i g u o u s  a n d  in te r c o n ­

n e c te d .  O r g a n iz a t io n a l ly ,  h o w e v e r ,  N ia g a r a  H u d s o n  w as  a  c o m p le x  p y r a ­

m id  o l  s u b h o l d i n g  a n d  o p e r a t i n g  c o m p a n ie s .  A lso  a  p a r t  o r  th e  U n ite d  

C o r p o r a t i o n  a n d  o r g a n iz a t io n a l ly  o n  t h e  s a m e  le v e l a s  N ia g a r a  H u d s o n  

w as  th e  C o m m o n w e a l th  8c S o u t h e r n  C o r p o r a t i o n ,  w h ic h  h e ld  u til i t ie s  in 

G e o r g ia ,  A la b a m a ,  a n d  T e n n e s s e e  a n d  w h ic h  w a s  l a t e r  in v o lv e d  in  a  classic

77 Ib id ., p . 80.

" S .  Doc. 213  (1927). p. xxiv.

I his  a cco un t o l I lie  U n ite d  C o rp . is d ra w n  f ro m  l lo n b r ig h l a n d  M eans, Th e H olding  
Com pany, p p . 1 2 7 -38 ; a n d  fro m  Fe d e ra l T r a d e  C o m m ission . U tility  Corporations. Pari 72A. 
p p . 7 5 -7 7  a n d  11 1-16 .

17 B o n b rig h t a n d  M eans, The  H o ld in g  Co m pany, p. 134.
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s t r u g g le  w ith  t h e  T e n n e s s e e  V a lle y  A u th o r i ty .  T h e  U n i te d  G a s  I m p r o v e ­

m e n t  C o m p a n y ,  in  w h ic h  U n i te d  C o r p o r a t i o n  h e ld  a  2 6 .1  p e r c e n t  in t e r e s t  

in  1 9 3 1 , w as  p r o b a b ly  th e  o ld e s t  u t i l i ty  h o ld in g  c o m p a n y  in  t h e  e le c t r ic  

s u p p ly  f ie ld .  O r ig in a l ly  i n c o r p o r a t e d  in  P e n n s y lv a n ia  in  1 8 8 2  to  i n t r o d u c e  

i m p r o v e m e n ts  in  t h e  g a s  in d u s t r y ,  th e  e n t e r p r i s e  s o u g h t  c o n t r o l  o f  g a s  

c o m p a n ie s  in  o r d e r  to  e s ta b l is h  a  m a r k e t  f o r  its  p a t e n t e d  m e t h o d  o f  m a n ­

u f a c t u r i n g  w a te r  g a s . I n  l im e ,  e le c t r ic  u ti l i t ie s  w e re  a d d e d  to  t h e  list o f  

c o m p a n ie s  c o n t r o l l e d  b y  th e  f i rm .

W ith  its  im m e n s e  h o ld in g s  o f  in t e r c o n n e c t e d — o r  lik e ly  to  b e  i n t e r c o n ­

n e c te d — u ti l i t ie s  in  t h e  N o r th e a s t  a n d  S o u th e a s t ,  t h e  U n i te d  C o r p o r a t i o n ’s 

s t a tu s  a p p r o a c h e d  t h a t  o f  th e  s u p e r p o w e r  s y s te m  m u c h  ta lk e d  a b o u t  by  

M o r r is  C o o k e  a n d  o t h e r s  im m e d ia te ly  a f t e r  W o r ld  W a r  I. A c c o r d in g  to  

r u m o r s  in  f in a n c ia l  a n d  e n g i n e e r i n g  c irc le s  b e f o r e  p a s s a g e  o f  th e  P u b lic  

U til i ty  H o ld in g  C o m p a n y  A c t o f  1 9 3 5 , t h e  i n v e s tm e n t  b a n k e r s  w o u ld  p r e ­

s id e  o v e r  th e  p h y s ic a l  i n t e r c o n n e c t io n  o f  t h e i r  u t i l i ty  e m p i r e . 78 D e s p i te  

o p p o s i t io n  a r i s in g  f r o m  th e  n a t u r a l  p r e f e r e n c e  o f  u t i l i ty  m a n a g e r s  to  m a in ­

t a in  o p e r a t i n g  a u to n o m y  in s te a d  o f  b e in g  h o m o g e n iz e d  in to  a  s u p e r i m ­

p o s e d  s y s te m , a n d  d e s p i t e  o t h e r  m a n i f e s ta t io n s  o f  p a r t i c u la r i s m ,  t h e  r u m o r s  

lo o k  o n  c r e d e n c e  w ith  t h e  f o r m a t io n  o f  th e  P e n n s y lv a n ia - N e w  J e r s e y  I n ­

t e r c o n n e c t io n ,  w h ic h  in v o lv e d  th e  P h i l a d e lp h ia  E le c tr ic  C o m p a n y  a n d  th e  

P u b lic  S e r v ic e  E le c t r ic  8c G a s  C o m p a n y  o f  N e w  J e r s e y ,  tw o  o f  t h e  la r g e s t  

u ti l i t ie s  in  t h e  U n i t e d  C o r p o r a t i o n  g r o u p  (se e  p p .  3 3 1 - 3 4  a b o v e ) .  F u r ­

t h e r i n g  th e  c o m p le x i ty  o f  th e  s i tu a t io n  w as  t h e  fa c t  t h a t  t h e  t h i r d  m e m b e r  

o f  th e  P e n n s y lv a n ia - N e w  J e r s e y  I n te r c o n n e c t i o n ,  th e  P e n n s y lv a n ia  P o w e r  

8c L ig h t  C o m p a n y ,  w as  in  t h e  E le c tr ic  B o n d  8c S h a r e  g r o u p ,  w h ic h  h a d  

h a r m o n io u s  r e la t io n s  w ith  t h e  U n i te d  C o r p o r a t i o n  b y  v i r tu e  o f  th e  c lo se  

tie s  o f  t h e  tw o  s u p e r p o w e r  h o ld in g  c o m p a n ie s  w ith  th e  in v e s tm e n t  b a n k in g  

h o u s e  o f  B o n b r i g h t  8c C o m p a n y  a n d  b e c a u s e  E le c tr ic  B o n d  8c S h a r e  o w n e d  

s to c k  in  s o m e  o f  th e  c o m p a n ie s  o f  th e  U n i te d  C o r p o r a t i o n  g r o u p . 79 A n ­

t ic ip a t in g  t h e  e m e r g e n c e  o f  a  s u p e r p o w e r  s y s te m , s o m e  in v e s to r s  a n d  u ti l i ty  

c o g n o s c e n t i  to o k  a s  a  p o r t e n t  t h e  n a m e  o f  a n o t h e r  h o ld in g  c o m p a n y ,  th e  

A m e r ic a n  S u p e r p o w e r  C o r p o r a t i o n ,  w h ic h  w as  f o r m e d  by  B o n b r ig h t  8c 

C o m p a n y  a n d  h a d  c lo s e  in v e s tm e n t  lie s  w ith  th e  U n i te d  C o r p o r a t io n .

T h e  o n s e t  o f  th e  D e p r e s s io n  w r e c k e d  th e  f r a i l  p y r a m id a l  s t r u c t u r e  o f  

s e v e ra l U .S . h o ld in g  c o m p a n ie s ,  i n c lu d in g  S a m u e l In su lt 's ,  a n d  ra is e d  d o u b ts  

a b o u t  t h e  a d v a n ta g e s  o f  a ll o f  th e m .  T h e  m o u n t i n g  d o u b t s  c u lm in a te d  in  

1935  w ith  p a s s a g e  o f  th e  P u b lic  U tility  H o ld in g  C o m p a n y  A ct, w h ich  s h a rp ly  

c u r t a i l e d  a n d  r e v e r s e d  th e  s p r e a d  o f  th e  h o ld in g  c o m p a n y  b y  o u t la w in g  

h o ld in g  c o m p a n ie s  w ith  u ti l i t ie s  t h a t  w e re  n o t  p h y s ic a lly  ( te c h n o lo g ic a lly )  

c o n n e c te d .  T h e  a n t i c ip a te d  r is e  o f  s u p e r p o w e r  h o ld in g  c o m p a n ie s  th a t  

w o u ld  p r e s id e  o v e r  r e g io n a l  s y s te m s  c o v e r in g  th e  e n t i r e  N o r th e a s t  o r  W e s t, 

o r  e v e n  t h e  w h o le  n a t io n ,  w as  n o t  to  b e . I n s te a d ,  th e  p r iv a te  u t i l i t ie s  a n d  

th e  f e d e r a l  g o v e r n m e n t  f o u n d  th e m s e lv e s  lo c k e d  in  a lo n g - te r m  s t r u g g le  

f o r  r e g io n a l - s y s te m  c o n t r o l  a n d  o w n e r s h ip ,  a  s t r u g g le  m a n i f e s te d  in  th e  

f ig h t  o v e r  T V A  a n d  in  f r u s t r a t e d  e f f o r t s  to  c r e a te  o t h e r  T V  A s. A m e r ic a ,

7" Q o n brig h l a n ti M eans d o u b le d  th a t d ie  physical in te g ra tio n  w ould  o ccu r, becau se  o f  "the  
pe tty  je a lo u s ies  o f  local politics in N ew  Y ork  City a n d  Philade lph ia  a n d  th e  riv alrie s b e tw een  

N ew  Y ork , N ew  J e rse y  a n d  P e n nsylv ania "  (ibid .,  p p . 128-30).

7" Ib id .. p. 133.
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lik e  L o n d o n  a n d  E n g la n d  a s  a  w h o le  d e c a d e s  e a r l i e r ,  sa w  te c h n ic a l  im p li ­

c a t io n s  c o n t r a d ic te d  b y  w h a t  L lo y d  G e o r g e  l a b e le d  “ p o l i t ic s .”

In  B r i ta in ,  h o ld in g  c o m p a n ie s  d o m i n a t e d  th e  p r iv a te ly  o w n e d  s e c to r  o f 

t h e  s u p p ly  i n d u s t r y ,  b u t  c o m p a r e d  to  th e  U n i t e d  S la te s ,  th is  s e c to r  h e ld  a 

sm a ll  p e r c e n ta g e  o f  t h e  n a t i o n ’s g e n e r a t i n g  c a p a c i ty ,  a n d  th is  sm a ll  s e c to r  

w as  i n f lu e n c e d  b y  f o r e ig n  e n t e r p r i s e .  A m e r ic a n  m a n u f a c t u r e r s  h a d  lo n g  

e x p o r t e d  e le c t r ic a l  m a c h in e r y  to  B r i t a in ;  in  th e  1 9 2 0 s , A m e r ic a n  h o ld in g  

c o m p a n ie s  e x p o r t e d  t h e i r  p r a c t ic e s  a s  w ell. S a m u e l  I n s u l l ’s h o ld in g  

c o m p a n y  a c q u i r e d  in t e r e s t  in  th e  B r i t i s h  P o w e r  8c L ig h t  C o r p o r a t io n ,  a 

s m a ll  B r i t i s h  h o ld in g  c o m p a n y .  A  m u c h  l a r g e r  i n v o lv e m e n t  b y  A m e r ic a n s  

w as  o b ta in e d  t h r o u g h  th e  G r e a t e r  L o n d o n  a n d  C o u n t i e s  T r u s t  (G L C T ). 

T h e  U t i l i t ie s  P o w e r  8c L ig h t  C o r p o r a t i o n  o f  C h ic a g o ,  a  sm a ll  U .S . h o ld in g  

c o m p a n y  t h a t  c o n t r o l l e d  le ss  th a n  1 p e r c e n t  o f  t h e  g e n e r a t i n g  c a p a c ity  in 

th e  U n i t e d  S la te s ,  o w n e d  th e  G L C T .  G L C T 's  c a p i t a l ,  £ 3 0 0 ,0 0 0  in  1 9 2 6  a n d  

£ 4 0 0 ,0 0 0  in  1 9 2 7 , w a s  u s e d  to  a c q u i r e  s m a l l  B r i t i s h  u t i l i t ie s  w ith  d is t r i ­

b u t io n  s y s te m s  t h a t  c o u ld  d r a w  f r o m  t h e  G r i d ’s t r a n s m is s io n  n e tw o r k .  M ost 

o f  t h e  c a p i ta l  c a m e  f r o m  th e  U n i t e d  S la te s ,  b u t  to  r e l ie v e  s o m e  o f  th e  

c o n c e r n  a b o u t  t h e  p e n e t r a t i o n  o f  f o r e ig n  c a p i ta l ,  t h e  c o m p a n y  n a m e d  B r i t ­

o n s  a s  e x e c u t iv e s .  G L C T  c o n c e n t r a t e d  its  a c q u is i t io n s  e f f o r t s  in  s o u th e r n ,  

r u r a l  E n g la n d  a n d  in  1 9 2 8  a c q u i r e d  9 5  p e r c e n t  o f  t h e  s h a r e s  o f  E d m u n d -  

s o n s  E le c tr ic i ty  C o r p o r a t i o n ;  w ith  t w e n ty - n in e  u t i l i t ie s ,  E d m u n d s o n s  w as 

o n e  o f  B r i t a in ’s la r g e s t  h o ld i n g  c o m p a n ie s .  B y  t h e  e n d  o f  1 9 2 9  G L C T  

c o n t r o l l e d  f i f ty - f o u r  u ti l i t ie s ,  m o s t  o f  w h ic h  w e r e  r u r a l  a n d  s m a ll .

L ik e  th e  A m e r ic a n  h o ld in g  c o m p a n ie s ,  G L C T  a n n o u n c e d  p la n s  to  r a ­

t io n a l iz e  its  h o ld in g s  t h r o u g h  in te r c o n n e c t i o n s  a n d  m a n a g e m e n t  a n d  fi­

n a n c ia l  s e rv ic e s .  T h e s e  e f f o r t s  w e r e  f r u s t r a t e d ,  h o w e v e r ,  f i r s t  b y  th e  d is ­

p e r s e d  c h a r a c t e r  o f  th e  c o m p a n y ’s h o ld in g s  a n d  t h e n  b y  th e  fin an c ia l 

d i f f i c u l t i e s  o f  t h e  A m e r ic a n  o w n e r s  in  th e  1 9 3 0 s . T h e  o w n e r s  in i t ia l ly  h e ld  

th e  c o m m o n  s to c k  o f  G L C T ,  o b ta i n e d  a  h ig h  r e t u r n  o n  t h e i r  in v e s tm e n t,  

a s  in  th e  U n i te d  S ta te s ,  a n d  l im i te d  t h e  p a r t i c i p a t i o n  o f  B r i t i s h  c a p ita l  to 

f ix e d  i n te r e s t  s e c u r i t ie s .  In  th e  t h i r t i e s ,  h o w e v e r ,  t h e  A m e r ic a n  p a re n t  

c o m p a n y ,  U t il i t ie s  P o w e r  8c L ig h t ,  e x p e r i e n c e d  s e r io u s  f in a n c ia l  d if f ic u lt ie s  

a n d  w as  n o  l o n g e r  a b le  to  f in a n c e  its  B r i t i s h  s u b s id ia r y ;  t h u s ,  t h r o u g h  th e  

p u r c h a s e  o f  c o m m o n  s to c k ,  B r i t i s h  c a p i ta l  b e g a n  to  d is p la c e  A m e r ic a n .  In  

1 9 3 5  a  B r i t i s h  c o n s o r t iu m ,  i n c lu d in g  L a z a r d s ,  t h e  B r i t i s h  m e r c h a n t  b an k , 

to o k  c o n t r o l  o f  G L C T  f r o m  t h e  A m e r ic a n s ,  l i q u id a te d  it, a n d  e s ta b lis h e d  

E d m u n d s o n s ,  t h e  f o r m e r  s u b h o l d i n g  c o m p a n y ,  a s  th e  p a r e n t  h o ld in g  c o m ­

p a n y .  E d m u n d s o n s  t h e n  c o n t i n u e d  to  r a t io n a l i z e  th e  d i s t r ib u t io n  c o m p a ­
n ie s  it  h e l d .80

T h e  P o w e r  S e c u r i t i e s  C o r p o r a t i o n ,  t h e  l a r g e s t  o f  t h e  B r i t i s h -o w n e d  h o ld ­

i n g  c o m p a n ie s  in  th e  1 9 2 0 s , w a s  h e a d e d  by  G e o r g e  B a l f o u r ,  a  c h a m p io n  

o f  h o ld in g  c o m p a n ie s  a n d  l a r g e - a r e a  s u p p ly .  A  c o n s e r v a t iv e  m e m b e r  o f  

P a r l i a m e n t  a n d  h e a d  o f  a  u t i l i ty  m a n a g e m e n t  f i r m ,  B a l f o u r  B e a t ty ,  B a lfo u r  

o r g a n iz e d  t h e  P o w e r  S e c u r i t ie s  C o r p o r a t i o n  in  1 9 2 2 . H e  b e c a m e  c h a irm a n  

a n d  o w n e r  a lo n g  w ith  t h r e e  la r g e  h e a v y - e q u ip m e n t  m a n u f a c t u r e r s ,  A rm ­

s t r o n g  W h i tw o r th ,  B a b c o c k  8c W ilc o x , a n d  B r i t i s h  T h o m s o n - H o u s t o n .  T h e  

n e w  o r g a n iz a t io n  lo o k  o v e r  a ll o f  B a l f o u r  B e a t ty 's  u t i l i ty  in te r e s t s  a n d  u se d  

B a l f o u r  B e a t ty  s c o n s u l t in g  e n g i n e e r s  a n d  m a n a g e m e n t  e x p e r t i s e  fo r  th e m .

H a n n a h . Electricity Before N a tiona lisation , p p . 2 2 7 -3 4 .



T h e  c o m b in a t io n  o f  e l e c t r ic a l  m a n u f a c t u r e r  a n d  u ti l i ty  h o ld i n g  c o m p a n y  

w as  a l r e a d y  w ell k n o w n  in  th e  U n i te d  S ta te s .  T h e  P o w e r  S e c u r i t ie s  C o r ­

p o r a t i o n  b e c a m e  t h e  l a r g e s t  e le c t r ic -u t i l i ty  h o ld in g  c o m p a n y  in  B r i ta in .  

F r o m  th is  b a s e  a n d  w ith  th is  in te r e s t ,  B a l f o u r  f o u g h t  th e  i m p le m e n ta t io n  

o f  t h e  E le c t r ic i ty  S u p p ly  A c t o f  1 9 1 9  a n d ,  e x c e p t  w h e n  le g a lly  r e q u i r e d  to  

d o  s o , o p p o s e d  c o o p e r a t io n  w ith  th e  e le c t r ic i ty  c o m m is s io n e r s .  H is  s t r o n g  

v o ic e  a d d e d  to  t h e  d i s s o n a n c e  a m o n g  p r iv a te  a n d  p u b l ic  in t e r e s t s  a n d  

p r o p o n e n t s  o f  la r g e -  a n d  s m a l l - a r e a  s u p p ly .81
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Ib id .. p p . 7 1 - 7 3 , 8 1 .



C H A P T E R  X I V

R W E , P P & L , a n d  

NESCO : T h e  S ty le  o f  

E v o lv in g  S y s te m s

T
h e  e v o lu t io n  o f  t h e  r e g io n a l  s y s te m s  c o n s i d e r e d  h e r e  w a s  a  lo n g  p r o c ­

e s s  c o m p a r e d  to  th e  s h o r t  g e s ta t io n  p e r i o d s  o f  t h e  p o s t - W o r l d  W ar 

I p la n n e d  s y s te m s  d is c u s s e d  in  C h a p t e r  X I I .  T h u s ,  t h e  e v o lv in g  sy s tem s 

w e r e  s h a p e d  b y  f a c to r s  a n d  t e c h n o lo g y  f r o m  d i f f e r e n t  s ta g e s  in  th e  h is to ry  

o f  e le c t r ic  s u p p ly  s y s te m s .  C o n s id e r ,  f o r  e x a m p le ,  t h e  l a s t in g  im p r in t  o l 

W o r ld  W a r  I o n  t h e  R h e in is c h - W e s lf a l is c h e s  E le k t r i z i i a i s w e r k  (R W E ) in 

G e r m a n y ;  th e  t r a c e s  o f  E d is o n  d i r e c t - c u r r e n t  u t i l i t ie s  t h a t  c o u ld  b e  fo u n d  

in  t h e  r e g io n a l  s y s te m  o f  t h e  P e n n s y lv a n ia  P o w e r  & L ig h t  C o m p a n y  (P P & L ) 

in  th e  1 9 2 0 s ; a n d  t h e  in f lu e n c e  o f  t h e  E le c t r ic  L ig h t in g  A c t o f  1 8 8 2  a n d  

th e  p o w e r  b ills  o f  1 9 0 0  o n  t h e  N e w c a s t le  u p o n  T y n e  E le c t r ic  S u p p ly  C o m ­

p a n y  (N E S C O )  in  E n g la n d .

M o r e o v e r ,  r e g io n a l  s y s te m s  e v o lv e d  s o  c o m p le x ly  th a t  th e y  a lm o s t  d e fy  

c o h e r e n t  d e s c r ip t io n .  S o m e  u t i l i t ie s  e x p a n d e d  b y  a c q u i r i n g  o t h e r s  a n d  th e n  

b y  t e c h n o lo g ic a l ly  in t e g r a t i n g  th e  o rg a n iz a t io n a l ly  m e r g e d  s y s te m s  so  th a t  

e le c t r ic a l ly  th e y  f u n c t i o n e d  a s  o n e .  S y s te m s  a ls o  e x p a n d e d  th r o u g h  in te r ­

c o n n e c t io n  w ith  o t h e r  u t i l i t ie s .  U s u a l ly  th e s e  s y s te m s  w e r e  n o t  in te g r a te d  

e le c t r ic a l ly  a n d  t h e r e f o r e  w e r e  n o t  o p e r a t e d  f r o m  a s in g le  c o n t r o l  c e n te r .  

E a c h  u t i l i ty  r e t a i n e d  its  c o r p o r a t e  i d e n t i ty  a n d  n e g o t i a t e d  c o n t r a c t s  f o r  th e  

e x c h a n g e  o f  p o w e r  o v e r  h ig h - v o l t a g e  t ie  l in e s .  T h e  lo o s e ly  c o n n e c te d  sys ­

te m s  w e re  o f t e n  c a l le d  “ i n t e r c o n n e c t io n s "  in  th e  1 9 2 0 s .1

T o  l e n d  c o h e r e n c e  to  t h e  d e s c r i p t i o n  o f  t h r e e  m a jo r  e v o lv in g  s y s te m s—  

R W E , N E S C O , a n d  P P & L — w ith o u t  e l im in a t in g  t h e i r  e s s e n t ia l  d iv e rs i ty , 

th e  c o n c e p t  o f  r e g io n a l  s ty le  w ill b e  e m p lo y e d .  In  g e n e r a l ,  t h e  re g io n a l 

s y s te m s  o f  th e  i n d u s t r i a l  w o r ld  s h a r e d  c r i t ic a l  t e c h n ic a l  p r o b le m s  a n d  e m ­

b o d ie d  s im i la r  s o lu t io n s .  Y et t h e r e  w e re  s p e c i f ic  d i f f e r e n c e s  th a t  im p a r te d  

d is t in c t iv e  s ty le s  to  th e s e  s y s te m s .

'S a m u e l  In su ll, " In te rc o n n e c tio n  a n d  C o n so lid a tio n  EITcct V ast B e n efits  to  C o nsu m er."  
Electrical W orl/I 90  (1927): 1 08 7 -9 0 ; A lex Dow. " In te rc o n n e c tio n s ,"  ib id . 89  (1927): 451-M i- 

A rtic les by e n g in e e rs  a n d  m a n a g e rs  w ho  led th e  way in in te rc o n n e c tio n  c an  be fo u n d  in the 

"S ym p os ium  o n  I m e t c o n n ec tio n  P ro c ee d in g s ,” A IE E  Transac tions  <17 (F e b ru a ry  1928). A m ong 
th e  a rtic le s  a re  W. E. M itchell, " P ro g re ss  a n d  P rob le m s . . . In te rc o n n e c tio n  in S o u th ea ste rn  

S tales ,"  pp . 3 8 2 -9 1 ; P. M. D ow nin g . "S om e A spec ts  o f  Pacific C oast In te rc o n n ec tio n s ."  pp- 

3 9 3 -9 8 : a n d  I I. B. G ea r, " In te rc o n n e c tio n  a n d  Pow er D e ve lo pm e n t in  C h ica g o  a n d  th e  M iddle 
W est."  p p . 3 9 9 -4 0 4 . T h e r e  is a lso  a b ib lio g ra p h y , pp . 4 0 5 -8 .
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T h e  s im i la r i t ie s  c a n  b e  p a r t ia l ly  e x p la in e d  by  th e  e x is te n c e  o f  a n  i n t e r ­

n a t io n a l  p o o l o f  te c h n o lo g y  f r o m  w h ic h  th e  in d u s t r i a l  n a t io n s  d r e w .  M a n ­

u f a c t u r e r s  e n g a g e d  in  in t e r n a t i o n a l  t r a d e ,  p a te n t s  w e r e  g e n e r a l ly  l ic e n s e d  

f o r  in t e r n a t i o n a l  u s e ,  s c ie n t i f ic  a n d  te c h n o lo g ic a l  l i t e r a t u r e  c i r c u la t e d  to  all 

o f  t h e  w o r ld ’s c e n t e r s  o f  l e a r n in g ,  c o u r s e s  in  e n g i n e e r i n g  s c h o o ls  d e s c r ib e d  

a n d  r a t io n a l i z e d  w o r ld  e x p e r i e n c e  in  e le c t r ic a l  t e c h n o lo g y ,  a n d  e n g in e e r s  

a n d  in v e n to r s  m o v e d  a n d  c o n s u l t e d  e a s ily  a c ro s s  n a t io n a l  b o u n d a r i e s .  T e c h ­

n o lo g y  t r a n s f e r  w as  n o t  so  m u c h  f r o m  p o in t  to  p o in t  o r  p la c e  to  p la c e  as 

f r o m  p la c e  to  p o o l to  p la c e .  T h e  c o m m o n  te c h n o lo g y  o f  th e  p o o l w as  s h a p e d  

to  s u it  t h e  p la c e .

T h e  d i f f e r e n c e s  f o u n d  in  th e  e v o lv in g  r e g io n a l  s y s te m s — th e  e s s e n c e  o ( 

s ty le — s te m m e d  m o s tly  f r o m  th e  n o n te c h n o lo g ic a l  f a c to r s  o f  th e  c u l tu r a l  

c o n te x t .  T h e s e  d i f f e r e n c e s  a n d  t h e i r  c a u s e s  n e e d  to  b e  e m p h a s iz e d  b e c a u s e  

th e y  a r e  o f t e n  o v e r lo o k e d  in  o u r  e r a ,  w h ic h  t e n d s  to  a d v o c a te  a  s u p e r io r ,  

a d v a n c e d  t e c h n o lo g y — “ th e  o n e  b e s t  w a y ”— a w ay  t h a t  t r a n s c e n d s  r e g io n a l  

a n d  n a t io n a l  d i f f e r e n c e s .2 I n  1 9 0 9 , C h a r le s  M e rz ,  th e  e x p e r i e n c e d  B r it is h  

c o n s u l t in g  e n g i n e e r ,  saw  th e  d i f f e r e n c e s  in  r e g io n a l  te c h n o lo g ie s  a n d  in ­

d i r e c t ly  d e f i n e d  s ty le  a s  fo llo w s : “T h e  p r o b le m  o f  p o w e r  s u p p ly  in  a n y  

d i s t r i c t  is . . . c o m p le te ly  g o v e r n e d  by  lo ca l c o n d i t io n s ." 3 T e c h n o lo g ic a l  s ty le  

c a n  b e  d e f i n e d  a s  th e  te c h n ic a l  c h a r a c te r i s t i c s  th a t  g iv e  a  m a c h in e ,  p ro c e s s ,  

d e v ic e ,  o r  s y s te m  a d is t in c t iv e  q u a l i ty .  O u t  o f  lo ca l c o n d i t io n s  c o m e s  a 

t e c h n o lo g y  in f l u e n c e d  by  t im e  a n d  p la c e ,  a  t e c h n o lo g y  w ith  a  d is t in c t iv e  

s ty le . T h e  lo c a l  c o n d i t io n s  e x t e r n a l  to  th e  t e c h n o lo g y  c a n  b e  d e f i n e d  as 

c u l tu r a l  f a c to r s :  th e  te c h n o lo g y  th e y  s h a p e ,  a c u l tu r a l  a r t i f a c t . 4 A m o n g  th e  

c u l tu r a l  f a c to r s  a r e  g e o g r a p h ic a l ,  e c o n o m ic ,  o r g a n iz a t io n a l ,  le g is la t iv e , c o n ­

t i n g e n t  h is to r ic a l ,  a n d  e n t r e p r e n e u r i a l  c o n d i t io n s .  E a r l i e r  in  th is  s tu d y ,  th e  

c o n t r a s t i n g  h i s to r i e s  o f  e le c t r ic  s u p p ly  in  L o n d o n ,  C h ic a g o ,  a n d  B e r lin  

s u g g e s te d  t h e  c o n c e p t  o f  t e c h n o lo g ic a l  s ty le  a n d  th e  f o r c e  o f  c u l tu r a l  fa c to rs .  

T h e  f a c to r s  d o  n o t  o p e r a t e  d e te rm in i s t i c a l ly  by  s h a p in g  th e  te c h n o lo g y  

t h r o u g h  p a s s iv e  h u m a n  a g e n t s  in  th e  ro le  o f  c r a f t s m a n ,  in v e n to r ,  e n g in e e r ,  

m a n a g e r ,  a n d  f in a n c ie r :  th e  f a c to r s  o n ly  p a r t ia l ly  s h a p e  t e c h n o lo g y  t h r o u g h  

th e  m e d ia t in g  a g e n c y  o f  i n d iv id u a l s  a n d  g r o u p s .  N a tu r a l  g e o g r a p h ic a l  f e a ­

t u r e s ,  f o r  e x a m p le ,  a r e  a g iv e n ,  b u t  e n g in e e r s  a d a p t  to , m o d ify ,  o r  v a r io u s ly  

u s e  th e m  b y  s e le c t in g  o r  in v e n t in g  a n  a p p r o p r i a t e  te c h n o lo g y .  T h e  fa c to r s  

c o m p le x ly  a n d  s y s te m a t ic a l ly  in t e r a c t  w ith  t e c h n o lo g y  a n d  w ith  o n e  a n ­

o t h e r .  F u r t h e r m o r e ,  th e y  a n d  t h e  r e l a t io n s h ip s  a m o n g  th e m  c h a n g e  a s  a 

p o w e r  s y s te m  g ro w s .

O f  t h e  c i r c u m s ta n t i a l  f a c to r s  th a t  s h a p e  th e  s ty le  o f  a  r e g io n a l  s y s te m , 

g e o g r a p h y  is t h e  m o s t o b v io u s ly  in f lu e n t ia l .  W h e n  o n e  d e f in e s  g e o g r a p h y  

a s  b o th  n a t u r a l  a n d  h u m a n ,  a s  s u c h  lo c a tio n a l  c h a r a c te r is t ic s  a s  c l im a te  a n d

7 T h o m a s  P. H u g h es . "R eg ion al T ec h n o lo g ic a l Style ,"  in Technology a n d  Its Im pa ct on Society: 
Teknisha M u s e d  Symposia No . I  (S tockholm : T ek n iska  M nscel. 1979). pp . 2 1 2 -1 4 . Severa l 

sectio ns in  th is  c h a p te r  a rc  d ra w n  in pa rt f ro m  a revis ion o f  th is  essay.

5C h a rle s  II. M crz , "P ow er Sup p ly  a n d  Its Effects on  th e  In d u s tr ie s  ol the  N orth -E ast 
C o a st,” Jo u r n a l o f  Iron a n d  Steel Insti tute,  S e p te m b e r 1908. p. 4.

7 O n  th e  style  o f  m a teria l c u ltu re , see G eo rg e  K uble r, The  Shape  o f  Tim e: R em arks upon the 
H istory o f  Things  (N ew  H av e n : Yale U niv ersity  Press, 1902), p. 129. F o r a stu dy  o f  th e  varied  
resp o n se s o f  u tilitie s to  e n v iro n m e n ta l fac to rs recen tly , see M arc J .  R oberts  a n d  Je re m y  S. 
D ltih m . Th e  Choices o f  Rower: U tilities Face the E nviro nm en ta l Challenge  (C a m b rid g e . Mass.: 

H a rv a rd  U n iv ersity  Press. 1981).
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s e a s o n a l  v a r i a t io n s  in  d a y l ig h t ,  t h e  lo c a t io n  a n d  c h a r a c t e r  o f  r iv e r s ,  lak es , 

a n d  se a s ,  t h e  a v a i la b il i ty  o f  m i n e r a l  d e p o s i t s ,  so il a n d  v e g e ta t io n ,  e le v a tio n s ,  

t r a n s p o r t a t i o n ,  i n d u s t r y ,  a n d  d e m o g r a p h y ,  it  b e c o m e s  c l e a r  t h a t  it d e c id ­

e d ly  s h a p e s  th e  c h a r a c t e r  o f  e l e c t r ic  p o w e r  s y s te m s .  T h e  g e o g r a p h ic a l  in ­

f l u e n c e  is e s p e c ia lly  m a r k e d  in  t h e  c h o ic e  o f  e n e r g y  s o u r c e s  m a d e  by  th e  

e n g i n e e r s  a n d  m a n a g e r s  o f  s y s te m s ,  a s  w e  h a v e  a l r e a d y  o b s e r v e d .  T h is  

in f lu e n c e  is a ls o  n o ta b le  in  t h e  l o n g - te r m  c h a r a c t e r  o f  t h e  lo a d  c a r r i e d  by 

a  p o w e r  s y s te m .
G e o g r a p h y  p a r t ia l ly  d e t e r m i n e s  b o th  s u p p ly  a n d  d e m a n d  f o r  a u tility . 

S u p p ly  d e p e n d s  o n  t h e  a v a i la b i l i ty  o f  c o a l  a n d  o t h e r  f u e ls  in  a  r e g io n .  T h e  

i n f r a s t r u c t u r e  o f  t h e  r e g i o n ’s t r a n s p o r t a t i o n  s y s te m  a ls o  b e c o m e s  h ig h ly  

r e le v a n t .  E le v a t io n s  a n d  p r e c i p i t a t i o n  a r e  d e t e r m i n a n t s  o f  s u p p ly  f ro m  

h y d r o e le c t r i c  fa c il i t ie s . U ti l i ty  e n g i n e e r s  c a r e f u l ly  m e a s u r e  s n o w  a n d  r a in ­

fa ll to  p r e d i c t  s p r i n g  th a w s .  M o r e o v e r ,  th e  c a p a c i ty  o f  a  u t i l i ty  to  e x p lo it  

m in e r a l s  a n d  to  u s e  t h e  p o te n t i a l  e n e r g y  o f  w a te r  c h a n g e s  w ith  th e  d e v e l ­

o p m e n t  o f  n e w  t e c h n o lo g y  a s  th e  s y s te m  b u i l d e r s  e x t e n d  t h e i r  n e tw o r k  o f 

t r a n s m is s io n  l in e s  to  a c q u i r e  a n  e c o n o m ic  m ix  o f  e n e r g y  s u p p l i e s  f o r  th e  

s y s te m .

O n  th e  d e m a n d  s id e ,  g e o g r a p h y ,  b r o a d ly  d e f i n e d ,  is a ls o  m a n i f e s t e d  in  

t r e n d s  a n d  c y c le s . T h e  c h a r a c t e r  o f  d e m a n d  is s h a p e d  b y  t h e  m ix  o f  m in in g ,  

e l e c t r i f i e d  t r a n s p o r t a t i o n ,  i n d u s t r y ,  c o m m e r c e ,  a n d  a g r i c u l t u r e  in  th e  r e ­

g io n  s e r v e d  b y  th e  u t i l i ty .  D i f f e r e n t  i n d u s t r i e s  lo a d  t h e  u t i l i ty  in  v a r io u s  

w ay s . A n  e le c t r o c h e m ic a l  p l a n t  ta k e s  a  s t e a d y  lo a d  t h r o u g h o u t  th e  tw en ty -  

f o u r  h o u r s  o f  a d a y ;  a  s te e l  m ill c a u s e s  a p e a k  w h e n  u s in g  l a r g e  m o to r s  in  

its  r o l l in g  m ill.  A  r e g io n  w ith  e l e c t r i f i e d  i r r i g a t i o n  p u m p s  m a k e s  a  h eav y  

d e m a n d  o n  a s e a s o n a l  b a s is . W ith in  t h e  r e g io n ,  t h e  lo c a t io n  o f  t h e  v a r io u s  

lo a d s ,  i n c lu d in g  th e  p o p u l a t i o n ,  s h a p e s  t h e  c h a r a c t e r  o f  t h e  d i s t r ib u t io n  

a n d  t r a n s m is s io n  n e tw o r k s  o f  th e  p o w e r  s y s te m . U t il i ty  m a n a g e r s  m a n a g e  

o r  m a n i p u l a t e  th e  lo a d  by  c h a r g i n g  d i f f e r e n t i a l  r a t e s  a n d  b y  c h o o s in g  

c u s to m e r s  in s o f a r  a s  r e g u la t io n s  a llo w .

E c o n o m ic  a n d  g e o g r a p h ic a l  f a c to r s  a r e  d i f f i c u l t  to  s e p a r a t e  in  a n  a n a ly s is  

o f  te c h n o lo g ic a l  s ty le . T h e  e n g i n e e r s  a n d  m a n a g e r s  o f  e le c t r ic  s u p p ly  sy s ­

t e m s  o p e r a t e d  t h e i r  u t i l i t ie s  in  a c c o r d a n c e  w ith  e c o n o m ic  c o n c e p t s  s u c h  as 

lo a d  f a c to r  a n d  e c o n o m ic  m ix ,  b u t  th e  p o lic y  p r in c ip le s  b a s e d  o n  th e s e  

c o n c e p ts  w e r e  i n f lu e n c e d  by  r e g io n a l  g e o g r a p h y .  T h e  lo a d s  a n d  s u p p l ie s  

o f  e n e r g y  w e r e  s i te  s p e c i f ic  f o r  e a c h  u ti l i ty ,  s o  t h e  m a n a g e r  o f t e n  h a d  to  

in v e n t  m e a n s  o f  r a i s in g  t h e  lo a d  f a c to r  o r  i m p r o v in g  t h e  e c o n o m ic  m ix  o f  

e n e r g y  s o u r c e s .  B e c a u s e  o f  g e o g r a p h ic a l  c i r c u m s ta n c e s ,  t h e  h ig h e s t  a c h ie v ­

a b le  e f f ic ie n c y  in  s o m e  o f  th e  b e s t - d e s ig n e d  a n d  - m a n a g e d  u ti l i ty  sy s te m s  

w as  lo w e r  t h a n  t h e  e f f ic ie n c y  o f  s y s te m s  t h a t  w e re  le ss  w ell r u n .  S a m u e l 

In s u l l  r e c o g n iz e d  th is  w h e n  h e  p o i n t e d  o u t  t h a t  t h e  c o m b in a t io n  o f  c h e a p  

p o w e r  a n d  n e a r b y  c h e m ic a l  lo a d  a t  N ia g a r a  F a lls  r e s u l t e d  in  a  p e r f o r m a n c e  

t h a t  c o u ld  n o t  b e  m a tc h e d  b y  a  C h ic a g o  u ti l i ty .

T h e  o r g a n iz a t io n a l  f o r m  o f  a u t i l i ty  a n d  its  s ty le  a r e  in e x t r ic a b ly  i n te r ­

w o v e n . M a n a g e r s  a n d  f in a n c ie r s  o r g a n iz e d  a n d  r e o r g a n iz e d  u ti l i t ie s  to  

fa c i l i ta te  th e  s te a d y  e x p a n s io n  im p l ic i t  in  r e g io n a l  p o w e r  te c h n o lo g y .  R e ­

g io n a l  u ti l i t ie s  in  t h e  1 9 2 0 s  s h a r e d  a  c a p i t a l - in t e n s iv e  a n d  e x p a n s io n is t ic  

d r iv e ,  b u t  e a c h  h a d  its  o w n  p a r t i c u l a r  o r g a n iz a t io n a l  v a r i a t io n .  O n e  c la s ­

s if ic a t io n  o f  o r g a n iz a t io n a l  f o r m  is o w n e r s h ip .  I n  t h e  1 9 2 0 s , m a n u f a c tu r e r s ,  

b a n k s ,  a n d  p r iv a te  in v e s to r s  o w n e d  m a n y  o f  t h e  e v o lv in g  r e g io n a l  u t ilitie s
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in  th e  U n i te d  S ta te s — IM’& L  f o r  e x a m p le .  O w n e r s h ip  w as  m ix e d  p r iv a te  

a n d  g o v e r n m e n t  in  s o m e  in s ta n c e s  in  G e r m a n y ;  R W E  is a n  o u t s t a n d i n g  

e x a m p le .  U n ti l  t h e  e s ta b l i s h m e n t  o f  th e  B r i t i s h  G r id ,  th e  m a jo r  e v o lv in g  

r e g io n a l  s y s te m  in  E n g la n d  w as  th e  p r iv a te ly  o w n e d  N E S C O . C o n s u l t in g  

e n g i n e e r i n g  f i rm s  a n d  h o ld in g  c o m p a n ie s  a ls o  g a v e  o r g a n iz a t io n a l  f o r m  to  

t h e  r e g io n a l  u t i l i t ie s ,  w h ic h  th e n  d i f f e r e n t i a t e d  a n d  d e f i n e d  t h e i r  o w n  s ty le .

A s e a r l i e r  c h a p t e r s  o f  th is  s tu d y  h a v e  s h o w n , th e  e v o lu t io n  a n d  s ty le  of 

r e g io n a l  u t i l i t ie s  c a n n o t  b e  a d e q u a te ly  e x p la in e d  w i th o u t  r e f e r e n c e  to  p o l ­

i tic s , e s p e c ia lly  le g is la t io n .  L e g is la t io n  m a n if e s ts  t h e  id e o lo g ic a l ,  e c o n o m ic ,  

a n d  so c ia l  c h a r a c t e r  o f  a c u l tu r e .  R e g io n a l u t i l i t ie s  h a d  r e p e a te d ly  to  a c q u i r e  

f r a n c h i s e s  o r  m o n o p o l i e s  in  o r d e r  to  d e f i n e  t h e i r  s u p p ly  a r e a s .  A  h o s t i le  

l e g is la tu r e ,  i n f lu e n c e d  f o r  in s ta n c e  by c o m p e t in g  in te r e s t s ,  e i t h e r  p r iv a te  

o r  g o v e r n m e n ta l ,  s o m e t im e s  w i th h e ld  th e  p o w e r s  n e e d e d  by  u t i l i t ie s  to  

e r e c t  t r a n s m is s io n  l in e s  o v e r  th e  c o u n t r y s id e .  A s  a  p r ic e  f o r  r ig h t s  a n d  

m o n o p o l ie s ,  t h e  le g is la t iv e  b o d ie s  u s u a lly  la id  d o w n  r e g u la t io n s  g o v e r n in g  

r a te s  a n d  c o n d i t io n s  o f  s u p p ly .  T h e s e  r e g u la t io n s  w e re  s o m e t im e s  r e s t r i c ­

t iv e  a n d  f r u s t r a t e d  in v e s tm e n t  a n d  g r o w th ;  o f t e n  th e y  a p p e a r e d  to  b e  

f r a m e d  in  a u t i l i ty 's  o w n  b e s t  in te r e s t s — a n d  in d e e d  th e y  s o m e t im e s  w e re  

by  p l ia b le  le g is la to r s .  R e g u la t io n s ,  o r  la ck  o f  r e g u la t io n ,  a ls o  s h a p e d  s ty le . 

T h e  m a p  o f  a n y  r e g io n a l  s y s te m  g r a p h ic a l ly  r e p r e s e n t s  th e  h is to r y  o f  le g ­

is la t io n  a n d  r e g u la t io n .

H is to ry  is o f t e n  p o p u la r ly  im a g in e d  a s  th e  s to ry  o f  s u c h  o b v io u s  e v e n ts  

a s  w a rs , r e v o lu t io n s ,  a n d  s h i f t in g  a l ig n m e n ts  o f  p o li t ic a l  p o w e r .  F ro m  th e  

p o in t  o f  v iew  o f  u t i l i ty  m a n a g e r s  a n d  e n g in e e r s ,  th e s e  h is to r ic a l  c i r c u m ­

s ta n c e s  d e e p ly  in f lu e n c e  t h e  c h a r a c t e r  o f  p o w e r  sy s te m s , b u t  b e c a u s e  th e s e  

fo rc e s  a r e  u n p r e d i c t a b l e  a n d  b e y o n d  t h e i r  c o n t r o l ,  t h e y  a r e  c o n t in g e n t .  

T h e  u t i l i t ie s  r is k  p r e d i c t i n g  a n d  p la n n i n g  f o r  lo n g - r a n g e  d e m o g r a p h i c  a n d  

e c o n o m ic  t r e n d s  o r  p r o je c t io n s ,  b u t  c a ta s t r o p h ic  h is to r ic a l  e v e n ts  a r e  b e ­

y o n d  r a t io n a l  c a lc u la t io n .  N e v e r th e le s s ,  th e y  h e lp  d e t e r m i n e  th e  t e c h n o ­

lo g ica l s ty le  o f  p o w e r  s y s te m s  b e c a u s e  d i f f e r e n t  u t i l i t ie s  in  d i f f e r e n t  r e g io n s  

a n d  c o u n t r i e s  fe e l  th e  e f f e c ts  o f  d i f f e r e n t  c o n t in g e n t  c i r c u m s ta n c e s .  As 

n o te d .  W o r ld  W a r  I v a r io u s ly  s h a p e d  u t i l i t ie s  in  G e r m a n y ,  B r i ta in ,  a n d  th e  

U n i te d  S ta le s .  O f  th e  e v o lv in g  r e g io n a l  s y s te m s .  R W E  sh o w s  m o s t o b v io u s ly  

th e  i m m e d ia te  a n d  l a s t in g  e f f e c ts  o f  th e  w a r .

A l th o u g h  u ti l i ty  m a n a g e r s  a n d  e n g in e e r s  c o u ld  n o t  c o n t r o l  c o n t in g e n t  

e v e n t s  s u c h  a s  w a r s  a n d  d e p r e s s io n s ,  th e y  n e v e r th e le s s  s o u g h t  t h r o u g h  th e  

o r g a n iz a t io n  o f  r e g io n a l  u ti l i t ie s  a n d  t h e i r  r e l a t e d  te c h n ic a l  c h a ra c te r is t ic s  

to  e x t e n d  t h e i r  c o n t r o l  o v e r  f a c to r s  o u t s id e  th e  e le c t r ic  s u p p ly  sy s te m . In  

th e  1 9 2 0 s , e s p e c ia lly  in  G e r m a n y ,  th e y  a t t e m p te d  a n d  o f t e n  s u c c e e d e d  in  

t r a n s f o r m i n g  in f lu e n c e s  a n d  f o r c e s  o n c e  a  p a r t  o f  th e  s y s te m 's  e n v i r o n ­

m e n t— b y  d e f in i t io n ,  b e y o n d  its  c o n t r o l— in to  a  la r g e r  s y s te m  u n d e r  c o n t r o l  

o f  t h e  m a n a g e r s  a n d  e n g in e e r s .  I n  s h o r t ,  t h e  e n v i r o n m e n t  b e c a m e  p a r t  o f  

th e  s y s te m . E x p a n d i n g  v e r t ic a lly  to w a rd  t h e i r  s o u rc e s  o f  e n e r g y ,  r e g io n a l  

u ti l i t ie s  a c q u i r e d  h a r d -  a n d  s o f l-c o a l  m in e s .  T h e y  a ls o  a c q u i r e d  th e  t r a n s ­

p o r t a t io n  a n d  m a te r i a l s - h a n d l in g  fa c ilitie s  th a t  m o v e d  th e  co a l to  th e  p o w e r  

p la n ts .  In  a d d i t io n ,  th e  r e g io n a l  u ti l i t ie s  e x c h a n g e d  p o w e r  w ith  la r g e  in ­

d u s t r i e s  p o s s e s s in g  is o la te d ,  o r  in d e p e n d e n t ,  p o w e r  p la n ts .  In  o t h e r  c a se s , 

in te r lo c k in g  b o a r d s  o f  d i r e c to r s  v ir tu a lly  in te g r a te d  r e g io n a l  u t i l i t ie s  a n d  

th e i r  m a jo r  in d u s t r ia l  c o n s u m e rs .  In  a d d i t io n  to  h o r iz o n ta l  e x p a n s io n  t h r o u g h  

m e r g e r ,  a v e r t ic a l  e x te n s io n  in to  s o u rc e s  o l s u p p ly  a n d  s e c tio n s  o f  d e m a n d
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w a s  m a d e / ’ In  th is  w a y , s y s te m  b u i l d e r s  in t e g r a t e d  e le c t r ic  p o w e r  sy s tem s 

in to  r e g io n a l  in d u s t r i a l  s y s te m s .  T h i s  p r o c e s s  o f  v e r t ic a l  in t e g r a t io n ,  o f  

b e c o m in g  a  c o m p o n e n t  in  a  r e g io n a l  i n d u s t r i a l  s y s te m , a ls o  in f lu e n c e d  th e  
r e g io n a l  p o w e r  s y s te m ’s s ty le .

T h e r e  w e re  a ls o  s u p r a i n d u s l r i a !  s y s te m s ,  lo o s e  c o n f e d e r a t i o n s  in  w h ich  

r e g io n a l  e l e c t r i c  s y s te m s  w e r e  l in k e d  to  o t h e r  i n d u s t r i a l  e n t e r p r i s e s  n o t  by 

t e c h n o lo g y  b u t  b y  s u c h  in f l u e n c e  c o u p l e r s  a s  i n te r lo c k in g  b o a r d s  o f  d i r e c ­

t o r s  a n d  c a r t e l  a g r e e m e n t s .  F o r  i n s t a n c e ,  p o w e r  u ti l i t ie s  w e r e  lo o se ly  in ­

t e r c o n n e c t e d  w ith  e le c t r i c a l  m a n u f a c t u r e r s  t h r o u g h  o w n e r s h ip  tie s  a n d  

c o m m o n  b o a r d  m e m b e r s .  S u c h  lo o s e  c o n n e c t io n s  s u b s ta n t i a l ly  in f lu e n c e d  

t h e  s ty le  o f  u t i l i t ie s  b e c a u s e  a n  e le c t r ic a l  m a n u f a c t u r e r  a n d  u ti l i ty  c o u ld  

j o i n t l y  p la n  a n d  d e s ig n  e q u i p m e n t  t h a t  w o u ld  b e s t  s u i t  t h e  c h a ra c te r is t ic s  

o f  t h e  e le c t r i c  s u p p l y  s y s te m  o r  c o u ld  m o d if y  s u p p ly  c h a r a c te r i s t i c s  to  su it 

a  g iv e n  lo a d .

T o  s h o w  t h e  c o n t r a s t i n g  s ty le  o f  t h e  R W E , N E S C O ,  a n d  P P & L  sy s tem s , 

a  p r o f i l e  o f  t h e  c h a r a c te r i s t i c s  a n d  h a l lm a r k s  o f  e a c h  w ill b e  p r e s e n t e d  (see  

T a b l e  X IV .  1). A  s u r v e y  o f  t h e  v a r io u s  f a c to r s  s h a p i n g  t h e i r  s ty le  w ill fo llow . 

T h e  i n f l u e n c e  o f  t h e s e  f a c to r s  d u r i n g  t h e  tw e n t i e s  w ill b e  e x a m in e d  in  

d e ta i l .  T h e  f i r s t  to  b e  d is c u s s e d  w a s  t h e  m o s t  c o m p le x  o f  t h e  t h r e e  e v o lv in g  

s y s te m s .  I n  t h e  1 9 2 0 s  t h e  R h e in i s c h - W e s t f a l i s c h e s  E le k tr iz i ta ts w e r k  A C  

(R W E ),  r a n k e d  f i r s t  in  in s ta l l e d  c a p a c i ty  in  G e r m a n y  ( s e e  F ig . X IV . 1). It 

o p e r a t e d  t h e  la r g e s t - c a p a c i ty  c o a l - f i r e d  p o w e r  p l a n t  in  t h e  w o r ld .  I n  1924 

t h e  to ta l  in s ta l l e d  c a p a c i ty  o f  t h e  u t i l i ty ’s g e n e r a t i n g  p la n t s  w a s  4 7 5 ,0 0 0  kw . 

N o ta b ly ,  t h e  m a n a g e r s  o f  R W E  h a d  c o n c e n t r a t e d  3 6 5 ,0 0 0  k w ., o r  7 6  p e r ­

c e n t  o f  t h e  to t a l ,  in  tw o  p la n t s ,  t h e  G o l d e n b e r g w e r k  n e a r  C o lo g n e  a n d  th e  

R e is h o lz  n e a r  D i i s s e ld o r f .  T h e  G o l d e n b e r g  p la n t ,  p l a c e d  in  o p e r a t i o n  in  

1 9 1 4  a n d  l a t e r  n a m e d  f o r  its  d e s i g n e r ,  f i r e d  b r o w n  c o a l  t a k e n  f r o m  a  n e a rb y  

o p e n  m in e  o w n e d  b y  t h e  R o d d e r g r u b e  A G . T h e  h i g h - v o l t a g e  n e tw o r k ,  w ith  

its  1 0 0 ,0 0 0 -  a n d  2 0 0 ,0 0 0 -v o lt  t r a n s m is s io n  lin e s , l in k e d  th e  g e n e r a t in g  p la n ts  

a n d  t h e  s y s t e m ’s lo a d .  I n  1 9 2 9  t h e  e x t e n s i o n  o f  a 2 2 0 -k v .  l in e  2 5 0  k i lo m e te r s  

s o u t h w a r d  f r o m  C o lo g n e  to  a h y d r o e l e c t r i c  p la n t  in  t h e  V o r a r l b e r g  in  th e  

A lp s  s u b s ta n t i a l ly  a f f e c t e d  t h e  c h a r a c t e r  o f  t h e  s y s te m . R W E  t h u s  b e g a n  

o p e r a t i n g  a n  e c o n o m i c  m ix  o f  e n e r g y — b r o w n  c o a l ,  h a r d  c o a l ,  a n d  t h e  w h ite  

c o a l  o f  t h e  A lp s .  T h e  u t i l i ty  m a d e  m u c h  o f  its  a b i l i ty  to  e x c h a n g e  p o w e r  

b e tw e e n  t h e  m i n e - m o u t h  p l a n t s  o f  t h e  C o lo g n e  d i s t r i c t ,  t h e  d e e p  m in e s  o l 

t h e  R u h r  v a lle y , a n d  t h e  w a t e r - p o w e r  s i te s  o f  t h e  A lp s .  I n  J a n u a r y  1 930  

R W E  p r o v i d e d  f u r t h e r  f le x ib i l i ty  to  its  s y s te m  b y  p la c in g  in to  o p e r a t io n  

n e a r  H e r d e c k e  o n e  o f  t h e  e a r l i e s t  p u m p e d - s t o r a g e  p o w e r  p la n t s ,  w h ic h  it 

n a m e d  f o r  t h e  p l a n t ’s  d e s i g n e r ,  A r t h u r  K o e p c h e n / ’

♦ A ll i e d  I). C h a n d le r ,  J r . ,  ill T h e  Visible H a n d :  T he  M a n a g er ia l Re v o lu tio n  in  A m erican  Business 

(C a m b rid g e , M ass.: H a r v a r d  U n iv e rsity  P ress . 1977). e x p lo re s  th e  in c re a se d  c apability  o f  

m a n a g e rs  to  c o o rd in a te  a n d  c o n tro l m a n u fa c tu r in g  a n d  tr a n s p o r ta t io n  e n te rp r is e s  as they 

e x p a n d e d  by v e rtica l in te g r a t io n  to  a c q u ire  raw  m a te ria l a n d  d is t r ib u t io n  facilit ies. H e  does 

n o t d e a l w ith  e lec tr ica l u tilities .

" I am  in d e b te d  to  E d  T o d d ,  a te a c h in g  a ssis ta n t at th e  U n ive rsity  o f  Penn sy lv an ia , for 

r e s e a rc h  a ss is ta n ce  o n  R W E 's  h is to ry . F o r  s u m m a ry  h is to rie s  o f  RW E , see E rn st S chm elchcr, 

R W E , 1 8 9 8 - 1 9 3 4  (E ssen : R W E . 1954?): a n d  D as R W E  nach seinen  G eschdftsberichten, 1 8 9 8 -  

1 9 4 8  (E ssen : RW F., 194R). T h e  1924 sta tis tics  fo r  R W E a re  fro m  p. 38 o f  th e  la s t-n am e d  work. 

O n  R W E  see  also  C a m illo  A sriel. D as R W E :  E in  B ei tra g  z u r  E r fo rsc h u n g  de r M o d em en  Elekln- 

li td tsw irtsc h a ft  ( Z u ric h : G irs b e rg e r , 1930); E leclrotechnische Ze itschrifl 4 7  (1926): 6 5 -6 7  a n d  104-
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T ab le  X IV .1. Reg io n a l  St y l e :  T e c h n i c a l  Ch ar ac t e r i s t i c s  o f  T h r ee Pow er  Syst em s, c . 1924

Characteristic
H heinisch-W  estfUlriches Newcastle upon Tyne Electric T e nnsy tvan ia  Power
Eleklriiitd tsw erk Su pply Co. L ig h t Co.

A rea 17.500 sq . mi. (1930) 1.400  sq. mi. (1924) c. 5 .0 00  sq. mi. (1924)
System  In sta lled  C a p ac ity  (year) 4 7 5 ,0 00  kw. (1924) 2 50 ,0 00  kw. (1924) 2 0 0 .0 00  kw. (1 924)
R atin g  o f  T w o  L arge st P ow e r S ta ­ G o ld e n b crg w c rk  (2 90 .000 D un ston  (7 1 .0 00  kw.) (28% ) H a u to  (7 0 ,0 00  kw.) (35%.)

tion s (% o f  sy stem  capacity ) kw.) (61% ) 1924 1924 1924
R c isholz -W crk  (7 5 ,0 00  kw.) C arv ille  " B '•  (5 5 ,0 00  kw.) H arw o o d  (4 1 ,50 0  kw.) (21% )

(15% ) (22% ) 1924 1924
E nergy  So u rc es lign ite  (o pen  face) a n d  h a rd  

coal
h a rd  coal an d  w aste  heal low -g rade  a n th ra c i te

C oo lin g  System co o ling  to w ers at C o ld c n b e rg riv er w ater r iv er  w ate r
T ran sm iss io n  V oltages 6 6 .0 00 ; 110.000; 22 0 .0 00 22 .0 0 0 ; 66 ,00 0 6 6 ,00 0 ; 22 0 .00 0
T ran sm iss io n  F re q u en c y  (cycles/ 50/3 40/3 60/3

phase)
E n tr e p r e n e u r H u g o  S tin nes C h a rles  M erz S. Z. M itchell
O w n ersh ip m ix e d : g o v e rn m e n t a n d  p r i ­

v ate  s h a re h o ld e rs
p riv a te  sh a re h o ld e rs h o ld in g  c o m p a n y  (p riv a te )

So u rces: F o o tn o tes  o f  th is  c h a p te r .

•F ig u re s  a re  n o t availab le  fo r ih e  kw. c apacity  o f  N E S C O 's N o rth  T e e s  C e n tra l S taiion . In  1924 ii m ay  have  b e en  la rg e r  th a n  th a t o  
C arv ille  “ B." 8

T h e  g e o g r a p h y  o f  th e  R u h r  r e g io n  s h a p e d  th e  c h a r a c t e r  o f  t h e  R W E  

s y s te m . T h e  R u h r  h a d  th e  l a r g e s t  h a r d - c o a l  d e p o s i t s  in  G e r m a n y .  D e e p  

h a r d - c o a l  m in e s  s u p p l i e d  fu e l  f o r  R W E  p la n t s  a n d  u s e d  p o w e r  f r o m  th e  

R W E  s y s te m  f o r  p u m p s  a n d  o t h e r  m e c h a n ic a l  e q u ip m e n t .  T h e  f i r s t  R W E  

g e n e r a t i n g  p la n t  w as  c o m p le te d  in  1 9 0 0  a t  th e  s i te  o f  t h e  V ic to r ia  M a th ia s  

m in e  in  E s s e n  ( se e  F ig . X I V .2 ). L ess  t h a n  1 00  k i lo m e te r s  f r o m  th e  h e a r t  

o f  t h e  R u h r  w e r e  t h e  re la t iv e ly  u n e x p lo i t e d  b ro w n -c o a l  d e p o s i t s  w e s t o f  

C o lo g n e .  A f t e r  W o r ld  W a r  I th e s e  w e re  in c r e a s in g ly  m in e d  u s in g  s t r ip ,  o r  

o p e n - f a c e ,  te c h n o lo g y .  M o r e o v e r ,  w ith in  e c o n o m ic a l  t r a n s p o r t a t i o n  r a n g e  

o f  th e  c o a l  m in e s  w e re  th e  i r o n - o r e  d e p o s i t s  o f  S w e d e n  a n d  S p a in ;  th e  

R h in e ,  its  t r i b u t a r i e s ,  a n d  r e l a te d  c a n a ls  m a d e  p o s s ib le  th e  i m p o r ta t io n  o f  

ir o n  o r e  f r o m  a b r o a d .

T h e  p r e s e n c e  o f  c o a l ,  t h e  p r o x im ity  o f  i r o n  o r e ,  a n d  th e  a v a ila b il i ty  o f  

e c o n o m ic a l  m e a n s  o f  t r a n s p o r t a t i o n  a ll c o n t r i b u t e d  to  th e  in d u s t r i a l i z a t io n  

o f  th e  R u h r  a n d  lo w e r  R h in e .  T h e  r is e  o f  th e  s te e l  in d u s t r y  lo c a te d  m a jo r  

p o w e r  c o n s u m e r s  in  th e  r e g io n  s u p p l i e d  b y  R W E . T h e  K r u p p  C o m p a n y  

h a d  its  h e a d q u a r t e r s  in  E s s e n ,  a s  d id  R W E . T h e  e s t a b l i s h m e n t  o f  h e a v y -  

c h e m ic a l  p la n t s  a lo n g  th e  R h in e  p r o v id e d  R W E  w ith  o u t s t a n d in g ly  f a v o r ­

a b le  lo a d  c h a r a c te r is t ic s .  I n  s u m ,  s te e l  m a k in g ,  c o a l  m in in g ,  h e a v y  e n g i ­

n e e r in g ,  a n d  c h e m ic a l  m a n u f a c t u r e  t u r n e d  c it ie s  a n d  to w n s  lik e  E sse n  a n d  

G e l s e n k i r c h e n  in to  d e n s e ly  p o p u la te d  c e n te r s  a n d  a d d e d  d iv e r s i ty  to  th e  

u t i l i ty ’s lo a d .  S o m e  o f  th e  la r g e s t  in d u s t r i a l  e s ta b l is h m e n ts  g e n e r a t e d  th e i r  

o w n  p o w e r  in  i s o la te d  p la n is ,  b u t  o v e r  th e  y e a r s  R W E ’s m a n a g e m e n t  p e r ­

s u a d e d  m a n y  o f  th e s e  to  e x c h a n g e  p o w e r  w ith  R W E  o r  e v e n  b e c o m e  c o m ­

p le te ly  d e p e n d e n t  o n  its  s y s te m . R W E  g re w  r a p id ly  b e c a u s e  its  e n g in e e r s  

a n d  m a n a g e r s  i n t e g r a t e d  th e  u t i l i ty  in to  th is  s u p r a i n d u s t r i a l  s y s te m  (see  

F ig . X I V .3).

8; a n ti G e rh a rd  D eline. D eutschlands G rosskraftversorgung  (B erlin : S p rin g e r . 1928). O n  th e  

econ om ic  g e o g ra p h y  a n d  h isto ry  o f  th e  R u h r, see N o rm an  J . G. P ou nd s . The l lu h r  (L o nd on : 

Fa be r Sc F a b e r. 1952).
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M,o kWh

F ig u re  X I V .I .  Ins ta lle d capacity (kilowatts) (le ft)  a n d  produ ction  (kilowatt-hours) ( righ l)  o f  R W E . 1 9 0 0 -1 9 2 7 . From  D ehne. D eu lsch la n d s  

C .ro ssk raf iv c rso rg u n g . pp . 6 1 - 6 4 .

R W E ’s m a n a g e r s  a p p l i e d  ( h e  e c o n o m ic  p r i n c ip le s  o f  lo a d  f a c to r  a n d  

e c o n o m ic  m ix  to  e x p lo i t  t h e  g e o g r a p h ic a l  s i tu a t io n ,  a n d  t h u s  th e s e  p r i n ­

c ip le s  m a d e  t h e i r  d i s t in g u i s h i n g  m a r k  o n  t h e  u ti l i ty 's  s ty le .  A s  e a r ly  a s  1906 , 

s u rv e y s  o f  t h e  d e v e lo p in g  f ie ld  o f  c e n l r a l - s t a t i o n  e le c t r ic a l  s u p p ly  in  G e r ­

m a n y  s in g le d  o u t  R W E  a s  a n  o u t s t a n d i n g  e x a m p le  o f  s u p p ly  a n d  lo a d  

m a n a g e m e n t .  A t t h a t  t im e ,  t h e  m a n a g e r s  o f  R W E  w e r e  in te g r a t i n g  th e  

f o r m e r ly  i n d e p e n d e n t ,  o r  i s o la te d ,  g e n e r a t i n g  p la n t s  o f  t h e  R u h r  c o a l  m in e s  

in to  t h e  e m e r g i n g  R W E  s y s te m . T h e  m in e s  d r e w  s u p p l e m e n t a r y  p o w e r  

f r o m  t h e  R W E  s y s te m  d u r i n g  t h e i r  p e r i o d  o f  h e a v ie s t  d e m a n d ,  6  a . m . to  

2 r .M . ;  a t  o t h e r  t im e s ,  t h e  m o r e  e f f ic ie n t  g e n e r a t i n g  p la n t s  a t  t h e  m in e s  

fe d  t h e i r  e x c e s s  p o w e r  in to  t h e  R W E  s y s te m .7

T h e  i n t e g r a t io n  o f  R W E  in to  a  w id e s p r e a d  in d u s t r i a l  s y s te m  a n d  th e  

a p p l i c a t io n  o f  s y s te m  e c o n o m ic s  r e s u l t e d  in  p a r t  f r o m  th e  i n f lu e n c e  o r  

H u g o  S t in n e s  a n d  A u g u s t  T h y s s e n ,  w h o  in  1 9 0 2  a c q u i r e d  c o n t r o l  o f  R W E  

th r o u g h  a  c o n s o r t iu m .  B e g in n in g  a s  a n  o w n e r  o f  c o a l  m in e s ,  S t in n e s  (1 8 7 0 — 

1 9 2 4 ) b e c a m e  o n e  o f  th e  m o s t r e s o u r c e f u l  s y s te m  b u i l d e r s  in  G e r m a n y ,  if  

n o t  in  th e  w o r ld .  T h e  f irs t o f  R W E 's  p o w e r  p la n t s  w a s  lo c a te d  a t  h is  V ic to r ia

’ " P ro fe sso r  B a u m ."  " B c in a g e  z u r  F ra ge  tie r  K ra f ie rz e u g iin g  u n d  K ra ftv e rw e rtu n g  a u f  
B c rg w c rk e n ."  G lu e ck a u f 42  (1 906): 1 1 3 7 -5 4 : Electrical W or ld  47 11906): 8 1 1.
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M a th ia s  m in e  in  E s s e n .  S l in n e s  c o n c e iv e d  o f  e le c t r ic i ty  a s  a  w ay  o f p o o lin g  

e n e r g y  in to  a  g e n e r a l ly  u s a b le  f o r m .8

A s e a r ly  a s  1 9 0 2 , S l in n e s ,  w h o  b e c a m e  c h a i r m a n  o f  R W E , a s s o c ia te d  

h im s e l f  w ith  t h e  e c o n o m ic  a n d  te c h n ic a l  p r in c ip le s  o f  s u c h  b o ld  c o n c e p -  

t u a l iz e r s  o f  e le c t r ic  p o w e r  s y s te m s  a s  S a m u e l  I n s u l l ,  w h o  e n v is a g e d  th e  m ass  

p r o d u c t i o n  a n d  m a r k e t i n g  o f  e n e r g y  b e in g  f u r t h e r e d  by  r a t io n a l iz a t io n  o l 

p r o d u c t i o n  fa c il i t ie s .  A s S t in n e s  w ro te  in  th e  u ti l i ty 's  1 9 0 2  r e p o r t ,

W e d o  n o t  c o n si d e r  it  o u r  g o a l  t o  e x p l o i t  o u r  m o n o p o l y  i n  v a r i o u s d i st r i c t s by  

l i m i t ed  o u t p u t  at  h i g h  p r i c es as i s t h e p r a c t i c e  w i t h  m o st  l o c a l  su p p l i e r s, bu t  

b e l i ev e  o u r  r e sp o n si b i l i t y  t o  o u r se l v e s an d  o u r  c u st o m er s, e sp e c i a l l y  d i e  r a i l r o a d s 

an d  i n d u st r y , i s t o  su p p l y  p o w e r  at  ( h e l o w est  p o ssi b l e  p r i c e  an d  in  l a r g est  

p o ssi b l e  q u a n t i t i e s. T h r o u g h  t h e r a t i o n a l  u t i l i z a t i o n  o f  g e n e r a t i n g  p l a n t s an d  

d i st r i b u t i o n  n e t w o r k , w e sh al l  r e g u l a r l y  est ab l i sh  o u r  r a t e s o n  t h e b asi s o f  

r e d u c e d  c o st s."

T h e  o r g a n iz a t io n a l  f o r m  a n d  o w n e r s h ip  o f  R W E  e v o lv e d  c o m p le x ly .  

W h e n  S l in n e s  s e t o u t  to  e s ta b l is h  a  s in g le  s u p p ly  sy s te m  fo r  th e  R u h r  r e g io n ,  

th e  c o m p a n y  p r o c e e d e d  to  p u r c h a s e  o t h e r  u t i l i t ie s ,  p r iv a te ly  a n d  g o v e r n ­

m e n t  o w n e d — f o r  in s ta n c e ,  th e  E le k tr iz i ta ts w e rk  B e rg g e is t  A G  in  B i i ih l  

a n d  th e  B e rg is h e s  E lc k l r iz i ta ls w e rk  in  S o l in g e n  in  190 5 . R W E  n e g o t i a t e d  

c o o p e r a t iv e  a r r a n g e m e n t s  w ith  lo ca l g o v e r n m e n t s  th a t  n o t  o n ly  e n la r g e d  

th e  u t i l i ty ’s a r e a  o f  s u p p ly  b u t  a ls o  p r o v id e d  e x p a n s io n  c a p i ta l .  F u r t h e r ­

m o r e ,  th e  a r r a n g e m e n t s  r e s u l t e d  in  R W E 's  s y s te m a tic  in v o lv e m e n t  w ith  

c o n s u m e r s  a n d  u ti l i ty  r e g u la to r s .  B y 1 9 1 0 , c o m m u n i t ie s  s u c h  a s  S o l in g e n ,

" Electrical W or ld  19  (1907): 629.
VH W E  G neha fL ib rri th lrn . |>. 12; on  S linn es sc«- G cil von Klass. H ugo  S lin nrs  (T iiliin g rn : 

R a in e r  W u n d erlic h . I9!>8).
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F ig u re  X I V .3 . The  R W E  system. 190 7.

From  D ehnr. D cu tschlancls 
C .ro ssk raftvc rso rgu ng , f>. 27 .

R u h r o r t .  a n d  i h e  d is t r ic t  o f  E s s e n  w e re  p u r c h a s i n g  R W E  s lo c k  a n d  ta k in g  

e le c t r ic  s u p p ly  f r o m  t h e  u t i l i ty .  S to c k  o w n e r s h i p  b r o u g h t  t h e  lo ca l g o v e rn ­

m e n t s  m e m b e r s h i p  o n  th e  c o m p a n y ’s a d v is o r y  c o m m i t t e e  ( b o a r d  o f  d ire c ­

to r s ) .  A t t h a t  l im e ,  lo ca l g o v e r n m e n t s  h a d  c o n s i d e r a b l e  in f lu e n c e  in  d e te r ­

m in in g  th e  p o licy  o f  th e  m ix e d -o w n e r s h ip  e n te r p r i s e s  th a t  s u p p l ie d  electric ity  

to  t h e m . 10 P o li t ic a l  p o w e r  a n d  th e  c o n s t i tu t io n a l  a r r a n g e m e n t s  o f  th e  local 

g o v e r n m e n ts  in  th e  a r e a  o f  R W E  s u p p ly  f a c i l i t a t e d  t h e  i n t e g r a t io n  o f  g o v ­

e r n m e n t - o w n e d  a n d  p r iv a te  u ti l i t ie s  a n d  e n c o u r a g e d  m ix e d  o w n e r s h ip ,  

w h ic h  w as n o t  t h e  c a s e  in  e i t h e r  th e  U n i t e d  S la te s  o r  E n g la n d .  T h i s  fac to r  

g r e a t ly  a f f e c te d  th e  c h a r a c te r i s t i c s  o l T h e  R W E  s y s te m .

D u r in g  th e  f irs t tw o  d e c a d e s  o f  its  e x i s t e n c e ,  R W E  s p r e a d  its  a r e a  o f 

s u p p ly  in to  a r e g io n  c e n t e r e d  o n  th e  R u h r  v a lle y  a n d  e v o lv e d  in to  a m ix ed -  

o w n e r s h ip  e n t e r p r i s e  w ith  a b o u t  h a l f  o f  its  s h a r e s  in  t h e  h a n d s  o f  local 

g o v e r n m e n ts  a n d  t h e  o t h e r  h a l f  in  t h e  h a n d s  o f  p r iv a te  in v e s to r s .  N e g o ­

t ia t io n s  b e tw e e n  th e  u t i l i ty  a n d  lo c a l g o v e r n m e n t s  in  t h e  P ru s s ia n  p ro v in c e s  

o f  R h in e la n d  a n d  W e s tp h a l ia  (w h ic h  e n c o m p a s s e d  t h e  R u h r  re g io n )  w ere  

fa c i l i ta te d  b e c a u s e  in d u s t r i a l  l e a d e r s ,  a l l ie d  w ith  S l in n e s  in  m a t te r s  p e r ­

t a in in g  to  c o a l ,  i r o n ,  s te e l ,  a n d  c h e m ic a ls ,  w e r e  i n f lu e n t i a l  in  lo ca l g o v e r n ­

m e n t .  T h e  in g e n u i ty  a n d  c o m p le x i ty  o f  t h e  n e g o t i a t io n s  th a t  c u lm in a te d  

in  th e  m ix e d - o w n e r s h ip  s t r u c t u r e  is s u g g e s te d  b y  a n  e p i s o d e  in v o lv in g  R W E 

a n d  t h r e e  u ti l i t ie s  o w n e d  by  lo c a l g o v e r n m e n t s .  T h e  c o n f r o n ta t io n  was 

r e s o lv e d  by  n e g o t i a t io n s  d u r i n g  t h e  p e r i o d  1 9 0 6 - 8 .  I n  1 9 0 6  R W E  re a c h e d  

o u t  to w a r d  th e  c ity  o f  D o r t m u n d  a n d  its  e n v i r o n s  b y  b u i ld in g  a p o w e r 

s ta t io n  to  s u p p ly  th e  d i s t r i c t  a n d  o b t a i n i n g  s u p p ly  c o n c e s s io n s .  It o f f e r e d  

to  p u r c h a s e  D o r t m u n d ’s c i ty -o w n e d  u t i l i ty ,  b u t  t h e  c ity  r e f u s e d  a n d ,  s u p ­

p o r t e d  by  B e r l in  b a n k s  a n d  th e  e le c t r ic a l  m a n u f a c t u r e r  A l lg e m e in e  E lek- 

i m i la t s - G e s e l l s c h a f t ,  e n l a r g e d  its  o w n  p la n t .  T h e  e x p a n s io n i s t i c  p o licy  o f 

R W E  w as  f u r t h e r  f r u s t r a t e d  b y  tw o  o t h e r  lo c a l g o v e r n m e n t  u ti l i t ie s  in  th e  

re g io n ,  o n e  b a s e d  a t  th e  c ity  o f  B o c h u m  a n d  t h e  o t h e r  a t  H a g e n .  A  s o lu tio n

10 Elehtrotechnische ZeU schnft 30 (1900): 1226; 47  (1026)- 107- 29  (1 908): 662 ; 31 (1910): 
1262: 47 <19261: 106-7



4 1 3  T H E  S T Y L E  O F  E V O L V I N G  S Y S T E M S

to  t h e  s t a l e m a te  w as  f o u n d  w h e n  S t in n e s  a n d  h is  a s s o c ia te s  a n d  t h e  D o r t ­

m u n d  u t i l i ty  a g r e e d  to  f o r m  a  n e w  u ti l i ty  to  t a k e  o v e r  t h e  R W E  p o w e r  

p l a n t  n e a r  D o r t m u n d  a n d  t h e  c o n c e s s io n s  R W E  h a d  r e c e n t ly  a c q u i r e d  

t h e r e . "  B o th  D o r t m u n d  a n d  R W E  w o u ld  o w n  s to c k  in  t h e  n e w  c o m p a n y .

T h e  g r o w th  o f  R W E  w as  d e e p ly  a f f e c te d  b y  t h e  s e v e r e  s t r e s s e s  o f  W o r ld  

W a r  1 a n d  t h e  V e r s a il le s  p e a c e  s e t t l e m e n t .  T h e  y e a r  b e f o r e  th e  c o n f l ic t  

e r u p t e d ,  R W E  c o m p le te d  a  p o w e r  s ta t io n  a t  K n a p s a c k  in  t h e  b ro w n -c o a l  

d i s t r i c t  s o u th w e s t  o f  C o lo g n e .  E q u ip p e d  w ith  tw o  1 5 ,0 0 0 -k w . t u r b o g e n e r ­

a to r s ,  t h e  p la n t  u s e d  b r o w n  c o a l,  o r  l ig n i te ,  t a k e n  b y  t h e  o p e n - f a c e  m e th o d  

f r o m  m in e s  o w n e d  b y  t h e  R o d d e r g r u b e  A G , a  m in in g  c o m p a n y  w ith  w h ic h  

R W E  c o n c lu d e d  a  s u p p ly  c o n t r a c t .  T h i s  c o a l  h a d  o n ly  o n e - f o u r t h  to  o n e -  

f i f th  t h e  c a lo r ic  v a lu e  o f  h a r d  c o a l .  D u r i n g  th e  w a r ,  d e m a n d  f o r  e n e r g y  

f r o m  t h e  w a r - s t im u la te d  m a n u f a c t u r e r s  o f  a l u m i n u m ,  n i t r a t e s ,  c a r b id e ,  a n d  

o t h e r  m a te r i a l s  c a u s e d  R W E  to  e x p a n d  its  K n a p s a c k  p la n t  g r e a t ly .  S ix  

1 5 ,0 0 0 -k w . t u r b o g e n e r a t o r s  w e r e  a d d e d ,  a n d  b e f o r e  h e  d ie d  in  1 9 1 7 , th e  

e n g i n e e r  a n d  d e s i g n e r  o f  th e  s t a t io n ,  B e r n h a r d  G o ld e n b e r g ,  c o m m is s io n e d  

th e  in s t a l l a t io n  o f  tw o  5 0 ,0 0 0 -k w . u n i t s ,  t u r b o g e n e r a t o r s  t h a t  w e r e  l a r g e r  

th a n  a n y  o t h e r s  in  t h e  w o r ld  ( se e  F ig . X I V .5). A s  a  m e m o r ia l ,  t h e  p o w e r  

s t a t io n  w as  l a t e r  n a m e d  f o r  G o ld e n b e r g .

R W E  c o n c e n t r a t e d  its  c a p a c i ty  a t  t h e  G o ld e n b e r g w e r k  b e c a u s e  o f  th e  

s a v in g s  t h a t  c o u ld  b e  r e a l iz e d  in  c o p p e r ,  t r a n s p o r t a t i o n ,  a n d  la b o r .  T h e  

v e ry  l a r g e  u n i t s  u s e d  le ss  c o p p e r  t h a n  a  n u m b e r  o f  s m a ll  o n e s  s u p p ly in g  

th e  s a m e  o u t p u t ;  m a t e r i a l s - h a n d l i n g  e q u i p m e n t  m o v e d  th e  b r o w n  c o a l  to  

th e  p o w e r  s t a t io n ,  t h u s  r e l i e v in g  th e  r a i l r o a d s  o f  t h e  b u r d e n  o f  t r a n s p o r t i n g  

lo w -c a lo r ic  fu e l .  E n d le s s  c h a in s  p u l l e d  w a g o n s ,  a n d  g r a v i ty  b u c k e t- c o n v e y -  

o r s  r e d u c e d  la b o r .  F r o m  5 ,0 0 0  to  1 0 ,0 0 0  to n s  o f  l ig n i te  c o u ld  b e  m o v e d  

d a ily .  T r a n s m i s s i o n  l in e s  c a r r i e d  1 0 0 ,0 0 0  v o lts  o f  e le c t r ic i ty  to  lo a d  c e n te r s .  

B e c a u s e  s i t in g  a t  t h e  c o a l  d e p o s i t s  p r e c l u d e d  lo c a t io n  o f  t h e  p la n t  n e a r  a 

n a t u r a l  s o u r c e  o f  c o o l in g  w a te r ,  a  b a n k  o f  c o o l in g  t o w e r s  w as  b u i l t  to  s e r v ic e  

t h e  tu r b i n e  c o n d e n s e r s . 12

W h e n  p e a c e  c a m e ,  R W E  c o n t i n u e d  to  e x p a n d  th e  G o ld e n b e r g w e r k .  T h e  

T r e a t y  o f  V e r s a i l le s  s t r i p p e d  G e r m a n y  o f  4 0  p e r c e n t  o f  its  p r e w a r  h a r d -  

c o a l  s u p p ly ,  a n d  t h e  r e p a r a t i o n s  a g r e e m e n t  c a lle d  f o r  th e  e x p o r t  o f  h a r d  

c o a l.  N o t  o n ly  R W E , b u t  G e r m a n y ’s p u b l ic  u ti l i t ie s  g e n e r a l ly ,  s h i f t e d  to  

b r o w n  c o a l. I n  1 9 1 3 , 2 3  p e r c e n t  o f  th e  f u e l  b u r n e d  w as  l ig n i te ;  b y  1 9 2 2 , 

41  p e r c e n t  w as . I n  1 9 2 4  t h e  G o ld e n b e r g w e r k  h a d  a  c a p a c i ty  o f  2 9 0 ,0 0 0  

k w ., o r  6 0  p e r c e n t  o f  t h e  to ta l  c a p a c i ty  in s ta l le d  b y  R W E  (s e e  F ig s . X IV .6  

a n d  X I V .7 ) .13

W h e n  t h e  G e r m a n  g o v e r n m e n t  b e g a n  e x p o r t i n g  h a r d  c o a l  to  m e e t  th e  

r e p a r a t i o n s  d e m a n d s  la id  d o w n  a t  th e  S p a  C o n f e r e n c e  in  1 9 2 0 , R W E ’s

"  Ib id . 27 (1905): 8 2 8 :2 5 J a h re  Vereinigte Elektrizilalswerke W estfa len , ! 9 2 5 -1 9 5 0  (D o rtm u n d : 
V EW . 1950). p p . 1 2 -1 3 ; “S tro m v c rso rg u n g  dcs R h ein isch -W eslfali sch en  In d u s tr ieb e z irk s ,"  

Elektrotechnische Zeitschrift 28  (1907): 243-^14.
12 D ch n c . D eutschlands G rosskraflversorgung, p p . 5 7 -5 9 , 62 ; R W E  G eschaflsberichlen, p p . 2 8 -  

3 1; " R e p o n  o n  E lectr ic  Pow er S u p p ly  D ev e lo pm e n ts  in G erm a n y : Z one  o f  B ritish  O cc u p a tio n , 

16 Ju ly  1919," M erz  8c M cLellan  " R e |x m s  a n d  T es ts"  (vol. 1/24. folio 29) T y n e  a n d  W ear 
C o u n ty  C ou nc il A rchiv es, N ew castle  u p o n  T y n e . E n g land  (n o  a u th o r  o f  th is  ty pe scrip t is 
g iv en ); a n d  Elektrotechnische Ze ilsehrift 34 (1913): 1388; 38  (1917): 4 3 0 -3 1 ; 41 (1920): 455; 43  

(1922): 55.
”  D ch n c , D eutschlands G rosskraftversorgung, p p . 5 0 -5 1 , 6 2 ; R W E  G eschaftsberichten, p. 31.
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h a r d - c o a l - f i r e d  p la n t s  f a i le d  to  re c e iv e  a n  a d e q u a t e  s u p p ly  o f  th e  fu e l.  E vei 

m o r e  d e p e n d e n t  o n  its  G o l d e n b e r g  p la n t  a n d  t h e  n e a r b y  s u p p ly  o f  b ro w n  

c o a l f r o m  th e  V e r e in ig te  V ille  a n d  B e r r e n r a t h  m in e s  o w n e d  by  th e  B ra u n -  

k o h le n - u n d  B r ik e tw e r k e  R o d d e r g r u b e  A G , R W E 's  m a n a g e r s  s o u g h t  a s u r e r  

m e a n s  o f  g u a r a n t e e i n g  s u p p ly .  T h e y  b e l ie v e d  t h a t  a  c o n t r a c tu a l  r e la t io n ­

s h ip  w as  n o t  a d e q u a t e  f o r  th e  f u t u r e ;  t h e  n e e d s  o f  t h e  G o ld e n b e rg w e rk  

c o u ld  n o t  b e  s p e c i f ie d  o v e r  a  n u m b e r  o f  y e a r s ,  a n d  R o d d e r g r u b e  w o u ld  

g iv e  p r io r i ty  to  th e  d e m a n d  f o r  b r o w n - c o a l  b r iq u e t t e s .  U n d e r  th e s e  c ir ­

c u m s ta n c e s ,  R W E  n e g o t i a t e d  a n  In te re s s e n g e v ie im c h a f t  ( " p o o l in g  a g r e e ­

m e n t ” ) w ith  R o d d e r g r u b e .  S ig n e d  in  1 9 2 0 , th e  a g r e e m e n t  p r e s e r v e d  th e  

le g a l in d e p e n d e n c e  o f  b o th  p a r t i e s ,  b u t  t u r n e d  o v e r  th e  m a n a g e m e n t  of 

R o d d e r g r u b e  to  R W E . T h e  n in e ty - y e a r  a g r e e m e n t  a ls o  s p e c i f ie d  h o w  p r o f ­

i ts  to  th e  tw o  p a r t i e s  w o u ld  b e  p o o le d  a n d  d iv id e d  a m o n g  th e  re sp e c tiv e  

s h a r e h o l d e r s .  T h e  n e w  m a n a g e r i a l  a r r a n g e m e n t  g a v e  p r io r i ty  to  su p p ly  of 

th e  G o l d e n b e r g w e r k .14

W a n t in g  to  g u a r a n t e e  a s u p p ly  o f  h a r d  c o a l  f o r  o t h e r  g e n e r a t i n g  s ta t io n s  

in s o f a r  a s  r e p a r a t i o n s  a n d  g o v e r n m e n t  a l lo c a t io n s  a l lo w e d ,  R W E  a lso  n e ­

g o t ia te d  a  s im i la r  h ile r e s s e n g e m e im c h a f t  w ith  th e  s u p p l i e r s  o f  its  g e n e r a t in g  

fa c ilitie s  in  E s se n . I n  1 9 2 1 - 2 2  R W E  f u r t h e r  e n s u r e d  its  c o n t r o l  o v e r  th e  

h a r d - c o a l  m in e s  by  a c q u i r in g  t h e i r  s to c k  t h r o u g h  a n  e x c h a n g e  o f  stock  

m a d e  p o s s ib le  by  th e  s u b s ta n t ia l  in c r e a s e  in  R W E  c a p i ta l  s h a r e s .  W ith  its  

e n e r g y  b a s e  e s ta b l i s h e d ,  R W E  lo o k e d  f o r w a r d  to  e x p a n d i n g  its  s u p p ly  
a r e a . 15

I h e  R W E  R o d d e r g r u b e  h ile r e s s e n g e m e in s c h a ft  f a c i l i ta te d  c o o p e r a t io n  in  

m a t t e r s  less  o b v io u s  th a n  p ro f i l  a n d  th e  a l lo c a t io n  o f  b ro w n -c o a l  p ro d u c -

"  K iilm u h t ZrituH g, 0  miri I ‘I .S ip ic n i lirr  1920.
"  liW I \ (irsrhaflsbrr irl itrn. p p . S 0 - 3 I .



F ig u re  X I V .6. C om parative costs o f  

tran sp or tin g ha rd  coal (S le ink oh lc ), 
brown coal (R o h b ra u n k o h le ) , a n d  brown- 

coal briquettes (B ra u n k o h le n b r ik c its ) .
From  D ehne, D eu tsc li lan d s  

C ro s sk ra f iv e rs o rg u n g , p. 52 .
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F ig u re  X I V .7. P ercentage o f  ha rd  coal 

(S le in kohle ), brown coal (B ra u n k o h le ) , 
and water powe r  (W asscr) in  energy use o f  

public electric utilities in G erm any. 19 13  
a n d  19 22. From D ehne, D cu lsch la n d s  

G ro s sk ra flv c rso rg u n g , p. 51 .
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lio n .  I i  a ls o  f u r t h e r e d  c o o p e r a t iv e  t e c h n o lo g ic a l  a r r a n g e m e n t s .  B e c a u s e  th e  

a g r e e m e n t  e x t e n d e d  o v e r  a  p e r i o d  o f  n in e ty  y e a r s ,  c a p i ta l  c o u ld  p r u d e n t l y  

b e  in v e s te d  in  p h y s ic a l  fa c il i t ie s  t h a t  t ie d  th e  p a r t n e r s  t o g e t h e r .  T h i s  m e a n t  

t h a t  m o r e  m a t e r i a l s - h a n d l i n g  e q u i p m e n t  c o u ld  b e  c o n s t r u c t e d  to  m o v e  

b r o w n  c o a l f r o m  t h e  o p e n - p i t  m in e  to  t h e  b r o w n - c o a l - c o n s u m in g  p o w e r  

p la n t .  I n  th e  1 9 2 0 s , o v e r s iz e d ,  d r e d g e - l ik e  s te a m  s h o v e ls  r e m o v e d  t h e  o v ­

e r b u r d e n  o f  so il,  a n d  e n d le s s - c h a in  c u l l e r s  r i p p e d  a w a y  th e  b r o w n  c o a l a n d  

d u m p e d  it i n to  c a r s  d r a w n  b y  e le c t r ic a l ly  d r i v e n  c o g -w h e e l  lo c o m o t iv e s  

d i r e c t ly  to  t h e  p o w e r  p l a n t . 16 (S e e  F ig s . X I V .8 - X I V .1 1 .)

H a v in g  b e e n  in  e x i s t e n c e  f o r  a lm o s t  a  q u a r t e r  o f  a  c e n tu r y ,  by  1 9 2 0  R W E  

h a d  a n  id e n t i f i a b le  c h a r a c t e r  a n d  a  t r a d i t i o n ,  o r  m o m e n tu m .  F r u g a l  in  its  

u s e  o f  e n e r g y ,  t a k i n g  t h e  c r a f t s m a n ’s a n d  e n g i n e e r ’s p r i d e  in  a  h ig h  lev e l 

o f  te c h n ic a l  e f f ic ie n c y ,  e f f e c t iv e  in  r a i s in g  c a p i ta l  f o r  e x p a n s io n ,  f le x ib le  

a n d  p r a g m a t ic  in  its  a s s o c ia t io n s  w ith  p o li t ic a l  a u th o r i t i e s ,  in n o v a t iv e  in  its  

o r g a n iz a t io n  o f  m i x e d - o w n e r s h ip  u ti l i t ie s ,  c o m m i te d  to  t h e  m a s s  p r o d u c t i o n  

o f  e n e r g y  a n d  to  t e r r i t o r i a l  e x p a n s io n ,  a n d  s h a p e d  b y  h is to r ic a l  c o n t i n ­

g e n c ie s ,  R W E  h a d  a  r ic h  e x p e r i e n c e  f r o m  w h ic h  to  f o r m u l a t e  g e n e r a l  p o lic y  

p r in c ip le s .  R W E ’s m a n a g e r s  a r t i c u la t e d  a  s c ie n c e  o f  e c o n o m ic s  a n d  t e c h ­

n o lo g y  t h a t  w as  p a r t i c u la r ly  a p p l i c a b le  to  R W E . T h e s e  p o lic ie s , a n d  th e  

t e c h n o lo g ic a l  d e c is io n s  t h a t  s t e m m e d  f r o m  th e m ,  c a n  b e  o b s e r v e d  in  th e  

h i s to r y  o f  R W E  in  t h e  tw e n t ie s .

T h e  p o lic y  o f  m a s s  p r o d u c t i o n  a n d  l a r g e - a r e a  s u p p ly ,  a s s o c ia te d  w ith  

S t in n e s  a s  e a r ly  a s  1 9 0 2  a n d  c a lle d  “ r a t io n a l "  b y  h im ,  w as  f in e ly  h o n e d  

d u r i n g  tw o  d e c a d e s  o f  g r o w th  a n d  w as  a s s o c ia te d  w ith  th e  “ r a t io n a l i z a t io n ” 

m o v e m e n t  t h a t  to o k  p la c e  b e tw e e n  th e  tw o  w o r ld  w a rs . T h e  c o n c e p t ,  as 

n o t e d ,  w a s  g e n e r a l ly  a p p l i e d  to  G e r m a n  in d u s t r y  in  th e  1 9 2 0 s . A f te r  W o r ld

G eschdfls-Berichl . . . Braunkoh len -untl Briketwerhe Roddergrube Aktiengesellschaft in Briihl, 1927 

a n d  1929; F. I s e rm a n n , " G r o s s ra u m lo rd e ru n g  in  B ra u n k o h le n -T a g e b a u b e lr ic b c n  m il Sch rag - 
a u fz u g e n ,"  Zeilschrift des Vereines deutscher Ingen ieure  72  (1928): 1 2 56 -6 2 ; a n d  G eo rg  K lein , 
H an dbu ch  f i i r  den D eutsclien Braunkolilen bergba u  (H alle : K n ap p . 1935), 2: 7 6 0 -6 2 , 11 13 -21 . I 
am  in d e b te d  to  th e  R hcin isch e  B n iu n k o h le n w c rk c  A k tic ng csc llsrha ft fo r  the se  re fe ren c es . 
See also  R o b e rt A. B ra dy . T h e  Ra tiona lization  M ove m ent in G etm a n  Industry  (B erke ley : U niv ersity  

o f  C a lifo rn ia  Press, 1933). p . 76.
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F ig u re  X IV .8 . B row n-coal tra nsportation  

system, ope n-pit m in in g. 1 9 J 2 . Courtesy o f  

the R h e in hr aun  Arch ives , P fa ffen d o rf.

G erm any.

F ig u re  X I V .9. Bro wn -c oa l open -pil 

m ining, 1 9 2 6 , a t the V ereinigte Ville m ine. 
Courtesy o f  the R he in b ra u n  A rch ives, 

P fa ff en d o r f,  G erm any.

W a r  I, t h e  p o lic y  o f  r a t io n a l i z a t io n  a n d  th e  p r in c ip le s  o f  its  a p p l i c a t io n  to  

e le c t r ic  s u p p ly  s y s te m s  w e re  e x p o u n d e d  b y  R W E 's  m a n a g e m e n t .  R a t io n ­

a l iz a t io n  a s  d e f i n e d  a n d  p r a c t i c e d  b y  R W E — a n d  p r a c t i c e d  b y  A m e r ic a n  

u t i l i t ie s — d i f f e r e d  s ig n if ic a n t ly  f r o m  r a t io n a l i z a t io n  a s  d e f i n e d  b y  th e  o ld e r ,  

la b o r - in te n s iv e  in d u s t r i e s  in  G e r m a n y  s u c h  a s  m in in g  a n d  i r o n  a n d  s te e l 

p r o d u c t i o n .  U t i l i t ie s  lik e  R W E  w e re  c a p i ta l  in te n s iv e  a n d  t h e r e f o r e  c o n -



F ig u re  X I V .10 . O pr n-p it m in in g:

Brown -coo l transpor tation  system,

Vrrrtnigtr  Ville m ine, 1 930 . Courtesy o f  

the R heinb ra un  Arch ives , P faffrndorjf,

G ermany.
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F ig u re  X T V . l I .  Brow n-coal  

transportation system, V ereinigte Ville m ine, 

19 38 . The  g ro up  o f  eight stacks w ith fo u r  

behind is the G oldenbergwerk. Courtesy o f  

Rheinische B ra unko hlenw erke A G , 

Cologne, G ermany.

c e r n c d  a b o u l  s a v in g  c a p i ta l .  L a b o r  w as a  re la t iv e ly  u n i m p o r ta n t  l a c to r  in  

t h e  c o s t a c c o u n t in g  o f  e le c t r ic i ty  s u p p l i e r s .  ( T h e  v is i to r  to  a m a m m o th  

p o w e r  p la n t  w o u ld  o b s e r v e  o n ly  a  h a n d f u l  o f  w o rk e r s .)  O n ly  w h e n  th e  

p r o d u c t io n  o f  h a r d  a n d  b ro w n  co a l w as ta k e n  in to  a c c o u n t  d id  th e  la b o r  

f a c to r  a s s u m e  m a jo r  im p o r ta n c e ,  a n d  th e  u ti l i ty  e n g in e e r s  w h o  d e f in e d  

r a t io n a l iz a t io n  fo c u s e d  o n  c o s t a c c o u n t in g  a s  it p e r t a in e d  to  th e  c a p ita l-  

in te n s iv e  t e c h n o lo g y  u n d e r  t h e i r  c o n t r o l— n o t to  th e  p r o d u c t io n  o f  f u e l .  

I n  th e  h ig h - te c h n o lo g y ,  c a p i ta l - in te n s iv e  e le c tr ic  s u p p ly  in d u s t r y ,  r a t io n -
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a l iz a l io n  in v o lv e d  a n  e le g a n c e  a n d  p r e c i s io n  o f  c o n c e p t  t h a t  w a s  u n k n o w n  

in  th e  o l d e r ,  l a b o r - in te n s iv e  in d u s t r i e s ,  w h ic h  m ix e d  T a y lo r i s m  a n d  s im p le  

m e c h a n iz a t io n  in to  a n  a m o r p h o u s  c o n c e p t  o f  r a t io n a l i z a t io n .

A . K o e p c h e n ,  t h e  e n g i n e e r  w h o  in  th e  1 9 2 0 s  a s  a m e m b e r  o f  R W E 's  

m a n a g e m e n t  c o m m i t t e e  p la y e d  a  l e a d in g  r o le  in  th e  f o r m u la t io n  o f  c o m ­

p a n y  p o lic y , n o t e d  t h a t  e le c t r ic a l  e n g i n e e r s  u n d e r s t o o d  r a t io n a l iz a t io n  e s ­

p e c ia l ly  w e ll. H e  d e f i n e d  t h e  c o n c e p t  a s  u s in g  te c h n o lo g y  to  o b ta in  th e  

e c o n o m ic  o p t i m u m  w ith  a  m in im u m  o f  r e s o u r c e s  ( V o lk sv e rm o g e n ). H e  b e ­

l ie v e d  t h e  e s s e n c e  o f  r a t io n a l i z a t io n  to  b e  V erb u n d b e tr ie b , w h ic h  h e  d e f in e d  

a s  th e  c o o r d i n a t i o n  o f  i n t e r c o n n e c t e d  p o w e r  p la n t s  s u p p ly in g  a  la r g e  a r e a .  

H e  in c lu d e d  in  h is  d e f i n i t i o n  t h e  p o w e r  p la n t s  o f  a  s in g le  u n d e r t a k i n g  as 

w ell a s  th o s e  b e lo n g i n g  to  d i f f e r e n t  u t i l i t ie s  i f  th e y  w e r e  i n t e r c o n n e c te d .  

T h e  g o a l o f  r a t io n a l i z a t io n  w as  c o o r d i n a t e d  o p e r a t i o n s . 17

R W E  V e rb u n d b e tr ie b  s t r e s s e d  n o t  o n ly  t h e  in te r c o n n e c t i o n  o f  p o w e r  p la n ts  

b u t  a ls o  a n  e c o n o m ic  m ix  o f  th e  e n e r g y  s o u r c e s  u s e d  b y  t h e  in te r c o n n e c te d  

p la n t s .  A s  h a s  b e e n  n o t e d ,  t h e  g e o g r a p h y  o f  t h e  R u h r  r e g io n  p r o v id e d  

R W E  w ith  t h e  o p p o r t u n i t y  to  m ix  b r o w n -c o a l  a n d  h a r d - c o a l  g e n e r a t io n ;  

t h e n ,  d u r i n g  t h e  tw e n t ie s ,  t h e  u t i l i ty  to o k  th e  s u b s ta n t i a l  s t e p  o f  i n c o r p o ­

r a t i n g  w a t e r  p o w e r  in to  its  e c o n o m ic  m ix .  P r i o r  to  th is ,  R W E  V erb u n d b e tr ie b  

h a d  c a l le d  f o r  b r o w n - c o a l  p la n t s  lo c a te d  a t  t h e  m in e s  to  c a r r y  t h e  s y s te m ’s 

b a s e  lo a d  b e c a u s e  t h e i r  y e a r - r o u n d  g e n e r a t i n g  c o s ts  w e r e  t h e  lo w e s t  in  th e  

m ix .  a n d  f o r  t h e  h a r d - c o a l  p l a n t s  to  p ic k  u p  a n y  lo a d  t h a t  e x c e e d e d  th e  

G o ld e n b e r g  s t a t i o n ’s c a p a c i ty .  A f t e r  h y d r o e le c t r i c  p la n t s  w e re  c o n n e c te d ,  

R W E  u s e d  t h e  o u t p u t  o f  t h e  r u n n i n g - w a t e r ,  o r  lo w - h e a d ,  h y d r o e le c t r ic  

p la n t s  a s  it b e c a m e  a v a i la b le  b e c a u s e  t h e  e n e r g y  c o u ld  n o t  b e  s to r e d  a n d  

b e c a u s e  t h e  c a p i t a l  c o s ts  o f  t h e s e  p la n t s  w e r e  lo w . T h e  h ig h - h e a d  p la n ts  

w ith  d a m s  o r  r e s e r v o i r s  a l lo w e d  e n e r g y  to  b e  s t o r e d  in  t h e  r e s e r v o ir s ,  so 

t h e i r  o u t p u t  w a s  u s e d  s e a s o n a l ly  a c c o r d in g  to  s u p p ly  a n d  d e m a n d .

I n  t h e  1 9 2 0 s , r a t io n a l i z a t io n  a s  p r a c t i c e d  b y  K o e p c h e n  a n d  o t h e r  R W E  

m a n a g e r s  in v o lv e d  lo a d  m a n a g e m e n t  a s  w ell a s  V e rb u n d b e tr ie b . T h e  c o m ­

p a n y  p e r s u a d e d  c h e m ic a l  w o rk s  in  t h e  R u h r  a n d  a lo n g  th e  R h in e  to  a b a n ­

d o n  t h e i r  i s o la te d  p la n t s  a n d  ta k e  p o w e r  f r o m  R W E . C h e m ic a l  lo a d s  w e re  

e s p e c ia l ly  s o u g h t  a f t e r  b e c a u s e  th e y  u s e d  e le c t r ic i ty  f o r  h e a t  a s  w ell a s  f o r  

e le c t ro ly s is .  T h e s e  s t e a d y  lo a d s ,  t a k in g  c u r r e n t  n ig h t  a n d  d a y ,  p r o v id e d  a 

n e a r ly  id e a l  lo a d  f a c to r .  T h e  i r o n  a n d  s te e l  w o rk s  o r  th e  R u h r  r e g io n  a lso  

lo a d e d  t h e  R W E  s y s te m  e c o n o m ic a l ly  b e c a u s e  th e  ro l l in g  m ills  a n d  e le c tr ic  

f u r n a c e s  w e r e  l a r g e ,  s t e a d y  c o n s u m e r s .  F r o m  its  f o u n d i n g ,  R W E  h a d  im ­

p r o v e d  its  lo a d  f a c to r  b y  s u p p l y i n g  e n e r g y  f o r  m in e  p u m p s  th a t  c le a r e d  

th e  m in e s  o f  w a te r  d u r i n g  th e  n ig h t  h o u r s . " 1 D u r i n g  W o r ld  W a r  I, w h ile  

b u i l d i n g  t h e  G o l d e n b e r g w e r k ,  R W E  b o u g h t  s h a r e s  in  a  c o m p a n y  t h a t  p r o ­

d u c e d  p o ta s h  ly e  a n d  s o d a  ly e , a c o m p a n y  th a t  in  t u r n  b e c a m e  a m a jo r  

R W E  c u s to m e r .  R W E  a ls o  s u p p l i e d  t h e  E r f tw e r k e ,  a  n e w ly  c o n s t r u c te d  

a lu m i n u m  w o rk s  w h ic h  d u r i n g  a n d  a f t e r  th e  w a r  w as  o n e  o f  th e  u ti l i ty ’s 

l a r g e s t  c o n s u m e r s .  D y e w o rk s  a n d  m e ta l lu r g ic a l  p l a n t s  s u c h  a s  th e  B e rg is c h e

17 A. K o cp c h en , D as RW E  in d e r  d e u ts c h e n  E le k lriz iia ts w iu srh a ri"  (S peech  de livere d  in 
th e  M ans d c r  T c c h n ik  in Essen on  28 M arch  1930). p p . 3 - 5 :  c opy  in th e  lib ra ry  o r  RWE 
h e a d q u a rte rs . Essen . T h e  spe ec h  was also  p u b lish ed ; see A. K o ep c h en . R W E  Elrktrizilatswirt- 
ic h a fl  (E ssen : RW E. 1930). p. 10.

'* K o ep c h en . R W E  Eh 'ktriiitatswirtschaft . t>. 4.
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S i a h l i n d u s t r i e  L i n d e n b c r g  in  R e m s c h e id  a n d  th e  K r e f e ld e r  S ta h lw e r k  a ls o  

b e c a m e  m a jo r  R W E  c u s to m e r s .

I n  a  w id e ly  q u o t e d  ta lk  g iv e n  o n  2 8  M a rc h  1 9 3 0  in  t h e  H a u s  d e r  T e c h n ic  

in  E s s e n ,  K o e p c h e n  c o m p a r e d  th e  e f f ic ie n c y  a n d  r e s u l t in g  e c o n o m y  o f  th e  

R W E  s y s te m  w ith  th e  r e s u l t s  a c h ie v e d  by  o t h e r  u t i l i t ie s  o p e r a t i n g  in  s m a l le r  

s u p p ly  a r e a s  a n d  w ith  a  le ss  e x te n s iv e  a n d  d iv e r s e  m ix  o f  p o w e r  p la n ts .  H e  

c h a r a c te r i z e d  R W E  as  a n  o u t s t a n d i n g  e x a m p le  o f  r a t io n a l i z a t io n ,  o r  V er- 

b u n d b e tr ie b , a n d  h e  a r t i c u l a t e d  th e  p r in c ip le s  o f  th e  p o lic y . H e  c o m p a r e d  

th e  lo a d  c u r v e s  o f  R W E , t h e  H a m b u r g  u t i l i ty ,  a n d  th e  B e r l in  u t i l i ty  (B E - 

W A G ). W ith  a  b e t t e r  lo a d  c u r v e  a n d  e c o n o m ic  m ix  o f  g e n e r a t i n g  p la n ts ,  

R W E  r e d u c e d  t h e  c o s ts  to  l a r g e ,  in d u s t r i a l  c o n s u m e r s  b e lo w  th e  c o s ts  th e y  

w o u ld  i n c u r  in  t h e i r  is o la te d  p la n t s ,  th e r e b y  b r in g in g  i n d u s t r i e s  w ith  g o o d  

lo a d  c h a r a c te r i s t i c s  in to  t h e  s y s te m . T h i s  f u r t h e r  im p r o v e d  R W E ’s lo a d  

f a c to r  a n d  a l lo w e d  t h e  u t i l i ty  to  r e d u c e  th e  p r ic e  it c h a r g e d  th e  s m a ll ,  

c o m m e rc ia l  a n d  re s id e n tia l  c o n s u m e r s .  K o e p c h e n  a c k n o w le d g e d  th a t  R W E 's  

e x p a n s io n  e l im in a te d  th e  a u to n o m y  o f  th e  u tilitie s  a n d  iso la te d  p o w e r  p la n ts  

t h a t  w e r e  i n c o p o r a t e d  in to  t h e  R W E  s y s te m , b u t  h e  a r g u e d  t h a t  th e  e c o ­

n o m ic s  o f  r a t io n a l i z a t io n  w o u ld  p r e v a i l  o v e r  th e  o b je c t io n s  o f  in d iv id u a ls  

a n d  s m a ll  c o m p a n ie s  d e s i r i n g  to  r e m a in  E ig e n e r  H e r r  im  H a u s  (“ m a s te r  in  

o n e ’s o w n  h o u s e ” ) . 19

A s d e s c r ib e d  b y  K o e p c h e n ,  V erb u n d b e tr ie b  r e s e m b le s  h o r i z o n ta l  b u s in e s s  

c o m b in a t io n .  T h e r e  is, h o w e v e r ,  a n  im p o r t a n t  d i f f e r e n c e  b e tw e e n  b u s in e s s  

c o m b in a t io n s ,  s u c h  a s  t r u s t s  a n d  c a r te ls ,  a n d  V e rb u n d b e tr ie b . B u s in e s s  c o m ­

b in a t io n s  a r e  c o m m o n ly  f o r m e d  f o r  t h e  p u r p o s e  o f  c o n t r o l l in g  o r  r e g u ­

la t in g  s u p p ly ,  p r i c e ,  a n d  m a r k e t in g ;  V e rb u n d b e tr ie b  is a  c o m b in a t io n  f o r  th e  

p u r p o s e  o f  in c r e a s in g  t h e  t e c h n ic a l  e f f ic ie n c y  o f  p r o d u c t io n .  V e rb u n d b e tr ie b  

is t e c h n o lo g ic a l  a n d  p h y s ic a l  c o m b in a t io n .  T e c h n o lo g ic a l  c o m b in a t io n ,  

h o w e v e r ,  is o f t e n  c o m p le m e n te d  b y  a  b u s in e s s  c o m b in a t io n .  H e n c e  w e 

a r r iv e  a t  t h e  a s s o c ia t io n  o f  V e rb u n d b e tr ie b  w ith  b u s in e s s  c o m b in a t io n .

R W E  V e rb u n d b e tr ie b  c o m b in e d  s im i la r  p r o d u c t io n  u n i ts ,  g e n e r a t i n g  f a ­

c ilitie s . R W E  a ls o  e n t e r e d  in to  t e c h n o lo g ic a l  c o m b in a t io n s  c o m p a r a b le  to  

v e r t ic a l  b u s in e s s  c o m b in a t io n s .  U n i ts  a lo n g  th e  l in e  o f  p r o d u c t i o n  f ro m  

e n e r g y  r e s o u r c e s  a n d  r a w  m a te r ia ls  to  f in is h e d  p r o d u c t s  a n d  a v a ila b le  e n ­

e r g y  w e r e  c o m b in e d .  T h e  f o r m  o f  th e s e  v e r t ic a l  c o m b in a t io n s  v a r ie d ,  a s  

w ith  h o r iz o n ta l  o n e s ,  f r o m  f i r m  a n d  fo r m a l  a g r e e m e n t s  to  lo o s e  a n d  in ­

f o r m a l  tie s . M u c h  a s  t r a n s m is s io n  l in e s  w e re  th e  te c h n o lo g ic a l  c o n n e c to r s  

f o r  V e rb u n d b e tr ie b ,  m a te r i a l s - h a n d l in g  a n d  e n e r g y - c o n  v e r s io n  t e c h n o lo g y  

w e r e  t h e  l in k a g e s  f o r  v e r t ic a l  c o m b in a t io n .  T h e  b u s in e s s  o r g a n iz a t io n s  a n d  

re la t io n s h ip s  t h a t  w e r e  f o r m e d  to  m a n a g e  th e  v e r t ic a l  te c h n o lo g ic a l  c o m ­

b in a t io n s  i n c lu d e d  lo n g - te r m  c o n t r a c tu a l  r e la t io n s h ip s  s u c h  a s  th a t  b e tw e e n  

R o d d e r g r u b e  a n d  R W E .
T a k i n g  a d v a n ta g e  o f  th e  G e r m a n  g o v e r n m e n t ’s e n c o u r a g e m e n t  o f  V e r ­

b u n d b e tr ie b  a n d  t h e  le g a l  s t a tu s  o f  t r u s ts ,  c a r te ls ,  a n d  o t h e r  f o rm s  o f  c o m ­

b in a t io n ,  R W E  n o t  o n ly  e n t e r e d  in to  te c h n o lo g ic a l  ( o r  l ig lu - l in k a g e )  c o m ­

b in a t io n s  b u t  f o r m e d  lo o s e  c o n f e d e r a t io n s  a s  w ell. W h ile  th e s e  lo o s e  

c o m b in a t io n s  d id  n o t  in v o lv e  p h y s ic a l  te c h n o lo g y ,  th e y  d id  u s u a lly  r e l l e c l  

th e  r e l a t io n s  o f  e n e r g y  s u p p ly  a n d  p r o d u c t io n — f o r  e x a m p le ,  th e  r e l a t i o n ­

s h ip  b e tw e e n  th e  m a n u f a c t u r e r  o f  e le c tr ic a l  e q u ip m e n t  a n d  th e  u ti l i ty  u s in g

'* I b id ., p p . 3 -5 .
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th e  e q u i p m e n t .  R W E ’s m a n a g e m e n t  w as  p r o n e  to  lo o s e  c o m b in a t io n s  b e ­

c a u s e  o f  t h e  s y s te m - b u i ld in g  d r iv e  o f  th e  u t i l i t y ’s f o u n d e r ,  H u g o  S t in n e s ,  

a n d  h is  s u c c e s s o r  in  1 9 2 4  a s  h e a d  o f  R W E , A lb e r t  V o g le r .

S t in n e s  f a v o r e d  v e r t ic a l  c o m b in a t io n  a n d  s o u g h t  l in e a r  a r r a n g e m e n t s  

i n v o lv in g  r a w  m a te r i a l  ( s u c h  a s  c o a l) ,  m a n u f a c t u r e r s  ( s u c h  a s  i r o n  a n d  s te e l 

m ills ) ,  a n d  f in i s h e d - g o o d s  p r o d u c e r s  ( s u c h  a s  m a c h in e  w o rk s ) .  I m m e d ia te ly  

fo l lo w in g  W o r ld  W a r  I ,  h e  p r e s i d e d  o v e r  t h e  l a r g e s t  c o m b in a t io n  o f  in ­

d u s t r i a l  e n t e r p r i s e s  y e t  f o r m e d  in  G e r m a n y ,  t h e  s o - c a lle d  S ie m c n s -R h e in -  

E lb c - S c h u c k e r t  U n io n ,  w h ic h  in c lu d e d  c o a l ,  s te e l ,  a n d  e le c t r ic a l -m a c h in e  

m a n u f a c t u r e .  R W E  c o o r d i n a t e d  its  p o lic ie s  w ith  t h e  u n io n  t h r o u g h  S tin n e s ,  

w h o  lo o k e d  u p o n  e le c t r ic  p o w e r  t r a n s m is s io n  a s  t h e  e v e n tu a l  p h y s ic a l ,  o r  

te c h n o lo g ic a l ,  c o n n e c t o r  in  th is  c o m b in a t io n .  T h e  u n i o n  d id  n o t  su rv iv e  

S t in n e s ’s d e a t h ,  b u t  its  h i s to r y  s t a n d s  a s  t e s t im o n y  to  h is  in s t in c ts  a n d  p o l ­

ic ies . S t i n n e s ’s p u b l ic  u t t e r a n c e s  s u g g e s t  t h a t  h e  v ie w e d  h is  r a t io n a l  i n d u s ­

t r ia l  c r e a t io n s  a s  s u b s t i tu te s  fo r ,  a n d  im p r o v e m e n t s  u p o n ,  c e n t r a l i z e d  g o v ­

e r n m e n t  so c ia lis m .

D e s p i te  t h e  p l a n n i n g  a n d  o r d e r e d  d e s ig n  t h a t  w e r e  i n h e r e n t  in  r a t i o n ­

a l i z a t io n ,  V erb u n d b e lr ie b ,  a n d  c o m b in a t io n s ,  R W E , p a r t ly  in  r e a c t io n  a g a in s t  

p l a n n i n g  o n  t h e  n a t io n a l  le v e l  a n d  p a r t ly  o u t  o f  a  c o m m i t m e n t  to  th e  

p r a g m a t i c  a p p r o a c h ,  a d v o c a te d  r e g io n a l - s y s te m  g r o w th  b y  e v o lu t io n  r a th e r  

th a n  b y  lo n g - te r m  p la n n in g .  A f t e r  m o r e  t h a n  tw e n ty - f iv e  y e a r s  o f  o p e r a ­

t io n s .  R W E  k n e w  its  h is to r y  a n d  c h a r a c te r i s t i c s  w e ll e n o u g h  to  d e f i n e  its 

p h i lo s o p h y  o f  g r o w th .  I n  t h e i r  1 9 3 0 /3 1  a n n u a l  r e p o r t ,  R W E ’s m a n a g e r s  

in s is te d  t h a t  l o n g - t e r m  p l a n n i n g  f o r c e d  u t i l i t ie s  in to  a  P r o c r u s t e a n  b e d  th a t  

p r e v e n t e d  r e s p o n s e  to  a n  u n c e a s in g  f lu x  o f  o p p o r t u n i t i e s  a n d  c h a l le n g e s .  

P la n s ,  th e y  a r g u e d ,  la k e  in to  a c c o u n t  o n ly  th e  c i r c u m s ta n c e s  t h a t  e x is t  o r  

a r e  c o n c e iv a b le  w h e n  t h e  p la n s  a r e  f o r m a l i z e d ;  t h e r e f o r e ,  th e y  fa il to  p r o ­

v id e  f o r  th e  t e c h n o lo g y  a n d  c i r c u m s ta n c e s  o f  t h e  f u t u r e .  P la n s ,  th e y  c o n ­

c l u d e d ,  b e c o m e  e s p e c ia l ly  c o n s t r a i n i n g  b l u e p r i n t s  in  n e w , r a p id ly  e v o lv in g  

f ie ld s  o f  t e c h n o lo g y  lik e  e le c t r ic i ty  s u p p ly .  (R W E  m a y  h a v e  h a d  v o n  M ille r ’s 

B a y e r n w e r k  a n d  p la n s  f o r  a n  a l l - G e r m a n  g r id  in  m in d . )  D r iv e n  to  e x p a n d  

b y  t h e i r  e c o n o m ic  m o t iv e s  a n d  b y  te c h n o lo g ic a l  p o te n t i a l ,  R W E ’s m a n a g e r s  

f a v o r e d  in s t e a d  t h e  “ n a t u r a l ” c o u r s e  o f  d e v e l o p m e n t  t h r o u g h  e c o n o m ic a lly  

p r u d e n t ,  s t e p - b y - s te p  r e s p o n s e s  to  c o n c r e te  o p p o r t u n i t i e s . 20

T h e  e c o te c h n ic a l  p r in c ip le s  o f  R W E  ( m o r e  g e n e r a l ly  t e r m e d  its  s ty le ) 

w e re  e m b o d i e d  in  th e  u t i l i ty 's  t e c h n o lo g y  in  th e  1 9 2 0 s . R W E ’s te c h n o lo g y  

w as  a  c u l t u r a l  a r t i f a c t ,  a  p h y s ic a l  m a n i f e s ta t io n  o f  th e  u t i l i ty ’s s t r a t e g y  a n d  

s t r u c t u r e .  T o  e n s u r e  t h a t  t h e  te c h n o lo g y  w as  r e p r e s e n t a t i v e ,  e n g in e e r in g  

m a n a g e r s  w e re  n e e d e d  w h o  c o u ld  i n t e g r a t e  p o li t ic s ,  e c o n o m ic s ,  a n d  te c h ­

n o lo g y .  I n d ic a t iv e  o f  th is  e m p h a s i s  w as  th e  e le v a t io n  o f  A r t h u r  K o e p c h e n ,  

f o r m u l a t o r  o f  r a t io n a l i z a t io n  c o n c e p t s ,  to  th e  p o s i t io n  o f  p r in c ip a l  m a n a g e r  

fo l lo w in g  th e  d e a t h  o f  B e r n h a r d  G o l d e n b c r g  in  1 9 1 7 . A n  e n g i n e e r  by 

t r a i n i n g ,  K o e p c h e n  w as  k n o w n  f o r  h is  o u t s t a n d i n g  m a n a g e r ia l  a b il i t ie s . H e  

h a s  b e e n  c o m p a r e d  to  E m il  R a th c n a u ,  th e  in n o v a t iv e  f o u n d e r  a n d  m a n a g e r  

o f  A E G .21 K o e p c h e n  p re s id e d  o v e r  th e  d e s ig n  a n d  c o n s t ru c t io n  o f  a  2 2 0 ,0 0 0 -  

v o ll t r a n s m is s io n  l in e  th a t  R W E  e x t e n d e d  o v e r  8 0 0  k i lo m e te r s  f r o m  th e

m  A n n u a l r e p o r t  fo r  1930/31. q u o te d  in RW F. G eschiiflsbenchlen. p. 50.

*' G e o rg  von S iem e n s. H is lm y  o f  Ilir H ouse  o f  Siem ens, tra n s . A. F. R o d g e r . 2 vols. (F re ib u rg / 
M un ic h : A lbe r. 1957). 2: I I I .
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F ig u re  X JV .1 2 . P rof. D r. A rth u r  

Koepchen. Courtesy o f  the Rheintsch-  

Westfalisches E lektr iiita tswerk, Essen, 

G erm any.

b ro w n -c o a l  H e ld s  a n d  h a r d - c o a l  m in e s  o f  n o r t h e r n  G e r m a n y  to  th e  w a te r  

p o w e r  in  th e  s o u th .  T h i s  te c h n o lo g ic a l  p r o je c t  e x e m p l i f ie s  w ell R W E 's  s ty le  

in  t h e  tw e n tie s .  K o e p c h e n  u n d o u b te d ly  lo o k  p a r t  in  f in d in g  th e  w ay  to  

f in a n c e  c o n s t r u c t io n  o f  th e  l in e ;  h e  a ls o  s e e m s  to  h a v e  m a d e  th e  d e c is io n  

a b o u t  its  fe a s ib il i ty . I n  A p r i l  1 9 2 4 , w ith  E. H e n k e ,  a n o t h e r  m e m b e r  o f  th e  

m a n a g e r i a l  c o m m i t t e e  (V o rs ta n d ) ,  K o e p c h e n  v is i te d  th e  U n i t e d  S ta te s  to  

s tu d y  h ig h - v o l ta g e  t r a n s m is s io n  a s  w ell a s  U .S . m a n a g e m e n t  a n d  f in a n c e  

p r o c e d u r e s .22 C a l i f o r n ia  h a d  le d  th e  w ay  in  h ig h - v o l ta g e  t r a n s m is s io n .  S e v ­

e r a l  y e a r s  l a t e r ,  h o w e v e r ,  K o e p c h e n  lo o k  p a in s  to  p o in t  o u t  t h a t  a l th o u g h  

C a l i f o r n ia  h a d  tw o  2 2 0 ,0 0 0 -v o l t  lin e s  b e f o r e  R W E  b e g a n  c o n s t r u c t io n  o f  

its  g r e a t  n o r t h - s o u t h  t r a n s m is s io n  l in e ,  th e  C a l i f o r n ia  s y s te m  g r o u n d e d  its  

n e u t r a l ,  o r  N u l l fm n k t ,  a n d  t h e r e f o r e  t h e  v o l ta g e  b e tw e e n  l in e  a n d  e a r t h  w as 

o n ly  2 2 0 ,0 0 0  -r- \ / 3 ,  o r  1 2 7 ,0 0 0  v o lts .  T h e  R W E  l in e  w as  n o t  g r o u n d e d ,  

b e c a u s e  t h e  p o s t  o f f ic e  a n d  r a i l r o a d s  o b je c te d  to  i n t e r f e r e n c e  w ith  th e i r  

t e l e g r a p h ic  c o m m u n ic a t io n s .23

B o th  in  G e r m a n y  a n d  t h e  U n i t e d  S la te s ,  th e  u ti l i t ie s  t u r n e d  to  t h e  m a n ­

u f a c t u r e r s  f o r  d e ta i l e d  d e s ig n s  to  fu lf i l l  g e n e r a l  s p e c i f ic a t io n s .  T h e  R W E  

t r a n s m is s io n  l in e  w as  o n e  o f  th e  m a jo r  c o n t r a c t s  o f  th e  d e c a d e ,  so  A E G , 

S ie m e n s - S c h u c k e r t ,  a n d  F e l to n  8c G u i l l e a u m e  c o m p e te d .  R W E  s p e c i f ie d  

h o llo w  s te e l  c o n d u c t o r s  a f t e r  K o e p c h e n  d is c u s s e d  th e s e  w ith  th e  A m e r ic a n s .  

S ie m e n s - S c h u c k e r t  d r e w  u p o n  th e  d e s ig n  o f  a  h o llo w  c a b le  p a t e n t e d  in  

1 9 1 9  b y  R u d e n b e r g ,  d e s ig n e d  n e w  s u s p e n s io n  in s u la to r s ,  a n d  p l a n n e d  th e  

c o n s t r u c t io n  r o u t i n e .  T h e  h o llo w  s te e l  c a b le  w as  6 0  p e r c e n t  c h e a p e r  th a n  

so lid  c o p p e r  c a b le .  R W E  a w a r d e d  th r e e  c o n t r a c t s :  4 0  p e r c e n t  o f  t h e  l e n g th  

o f  t h e  l in e  to  S ie m e n s - S c h u c k e r t  a n d  3 0  p e r c e n t  e a c h  to  A E G  a n d  F e lto n  

8c G u i l l e a u m e  p r o v id e d  t h a t  e a c h  u s e d  th e  S ie m e n s - d e v e lo p e d  c a b le .  A n ­

o t h e r  p r o b le m  s o lv e d  by  th e  m a n u f a c t u r e r s  w as  d e s ig n  o f  o u ts iz e d  s w itc h -  

g e a r  a n d  t r a n s f o r m e r s ;  t h e  l a t t e r  h a d  to  b e  a d a p ta b le  to  ra il t r a n s p o r t  

d e s p i t e  t h e i r  w e ig h t  o f  1 68  to n s .24

A n o t h e r  m a jo r  R W E  p r o je c t  o f  th e  tw e n t ie s ,  a  p u m p e d - s t o r a g e  p o w e r  

p la n t ,  e x e m p l i f i e s  t h e  m a n a g e m e n t ’s d r iv e  to  r a is e  t h e  lo a d  f a c to r  a n d  to  

u ti l iz e  fu lly  t h e  c a p a c i ty  o f  its  e c o n o m ic  m ix  o f  p o w e r  p la n ts .  T h e  p la n t  a t  

H e r d e c k e  o n  th e  R u h r  R iv e r  b e g a n  o p e r a t io n s  o n  2 8  J a n u a r y  1 9 3 0  (see  

F ig . X IV . 13). I t ,  a lo n g  w ith  th e  2 2 0 ,0 0 0 -v o l t  t r a n s m is s io n  l in e ,  w as  th e  m o s t  

im p r e s s iv e  o f  R W E ’s te c h n o lo g ic a l  a c h ie v e m e n ts  in  th e  1 9 2 0 s . T h e  c o n c e p t  

o f  H e r d e c k e ,  la te r  n a m e d  th e  K o e p c h e n w e rk ,  w as s u m m a r iz e d  by  K o e p c h e n  

a s  fo llo w s :

T h e  R W E , n o t  w i sh i n g  t o  c o n t i n u o u sl y  i n st al l  n ew  set s i n  i t s t h e r m a l  p o w er  

st a t i o n s o n l y  f o r  t h e p u r p o se  o f  c o v e r i n g  t h e  sh o r t  w i n t e r  l i g h t i n g  p eak s, t h o u g h t  

i t  ad v i sa b l e  t o  u se  t h e g e n e r a t i n g  c ap ac i t y  av a i l ab l e  at  n o  f u r t h e r  c ap i t a l  o u t l a y  

d u r i n g  t h e n i g h t  d u e  t o  t h e t h en  sm a l l e r  l o ad  t o  p u m p  w at e r  i n t o  an  u p p e r  

r e se r v o i r .  T h e  p o w e r  f o r  t h e n i g h t  p u m p i n g  w o u l d  o r i g i n a t e  i n  o t h er w i se  

u n d e r l o a d e d  t h e r m a l  st a t i o n s, l o w - h e ad  h y d r a u l i c  p l a n t s, o r  b l a st - f u r n a c e  g as 

p o w e r  st at i o n s. [ D u r i n g  t h e d a y  t h e st o r ed  w a t e r  w o u l d  b e r e l e ased  f r o m  t h e 

r e se r v o i r  t o  d r i v e  w a t e r  t u r b i n e s an d  g e n e r a t o r s t o  p r o v i d e  p o w e r  w h en  n eed ed .)  

T h e  H e r d e c k e  p u m p e d - st o r a g e  p o w e r  st at i o n , t h e c ap i t a l  co st  o f  w h i ch  p e r

n  R W E  G escheiftsberichten. p . 37.

n  K o cp c h cn , R W E  E le ktm italsw ir tsc ha ft.  p. 9.

M V on S iem ens, H ouse  o f  Siem ens, 2: 112-13 .
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F ig u re  XTV. 1 3. Koepchenwerk (ea rlirr 

know n tu  H rrdeeke). Courtesy o f  the  

Rheinuch-W estfalisc lie s Elektr iiila tswerk.

Essen, G erm any.

k i l o w at t  w as n o t  h i g h e r  t h an  t h at  T or  a t h e r m a l  p o w e r  st a t i o n  o f  s i m i l a r  si z e, 

sh o w s t h at  su c h  a st at i o n  i s t h o r o u g h l y  ab l e  t o  p ay  f o r  i t se l f ; m o r e o v e r , t h i s 

st o r a g e  p o w e r  st a t i o n , a p a r t  f r o m  a c h i e v i n g  i t s f u n c t i o n  o f  t r a n sf o r m i n g  lo w -  

g r a d e  p o w e r  i n t o  h i g h - g r a d e  p o w e r , m ay  a l so  b e c a l l e d  o n  a s an  i n st an t an eo u sl y  

e f  f ec t i v e  st a n d - b y .2r'

T h e  p u b l ic  g e n e r a l ly  a n d  s o m e  te c h n ic a l  p e r s o n s  f o u n d  a b s u r d  th e  n o t io n  

o f  p u m p i n g  w a te r  u p  to  a  r e s e r v o i r  f r o m  a  r iv e r  a n d  t h e n  l e t t in g  it r u n  

d o w n  to  d r iv e  w a te r  t u r b in e s .  R W t ’s m a n a g e m e n t ,  w e ll v e r s e d  in  th e  e c o ­

n o m ic s  o f  V e rb u n d b e lr ie b , w e n t  a h e a d  a n d  c o n s t r u c t e d  a  fa c ility  t h a t  in  1 930  

d r e w  a s  m u c h  a s  7 5 ,0 0 0  kw . f r o m  t h e  R W E  s y s te m  d u r i n g  p e r io d s  o f  low  

lo a d  a n d  s u p p l i e d  a s  m u c h  a s  1 3 2 ,0 0 0  kw . a t  t im e s  o f  p e a k  lo a d  (s e e  F ig . 

X IV . 14). T h e  r e s e r v o i r ,  e x c a v a te d  o n  a  h ill a b o u t  165  m e te r s  a b o v e  a n  

a r t i f ic ia l  la k e  o n  t h e  R u h r ,  s to r e d  1.6  m ill io n  c u b ic  m e te r s  o f  w a te r .  T h e  

la k e ,  th e  H e n g s te y s e e ,  h a d  b e e n  b u il t  by  t h e  R u h r v e r b a n d ,  E s s e n ,  to  r e d u c e  

p o l lu t io n  in  th e  R u h r  R iv e r . T h e  R W E  p o w e r  p la n t  h a d  t h r e e  c o m p le te  

u n i t s  in i t ia l ly ,  e a c h  c o n s i s t in g  o f  a  F r a n c is  t u r b i n e ,  a  c o m b in a t io n  m o to r -  

g e n e r a t o r .  a n d  a  p u m p .  T h e  m o l o r - g e n e r a t o r s  w e r e  r a t e d  a t  3 3 ,0 0 0  kw . 

a t  3 3 0  r p m ;  tw o  w e re  o f  A E G  m a n u f a c t u r e  a n d  tw o , S ie in e n s -S c h u c k e r t .  

A t l im e s  o f  lo w  lo a d ,  th e  m o t o r - g c n e r a t o r s  f u n c t io n e d  a s  m o to r s  to  d r iv e  

t h e  3 3 ,0 0 0 -h .p .  p u m p s  th a i  l i f te d  th e  w a te r  f r o m  th e  H e n g s ie y s e e  to  th e  

s to r a g e  r e s e r v o i r ;  d u r i n g  l im e s  o f  p e a k  lo a d  o n  t h e  R W E  s y s te m , th e y  

f u n c t i o n e d  a s  g e n e r a t o r s  d r iv e n  by  t h e  w a te r  tu r b i n e s  a t  3 0 0  r p m .  T h e  

w a te r  f lo w e d  d o w n  in  f o u r  p r e s s u r e  p ip e s ,  o r  p e n s to c k s ,  w h o s e  in n e r  c ro ss  

s e c t io n  t a p e r e d  f r o m  3 .2 0  m e te r s  a t  t h e  v a lv e  c o n t r o l  h o u s e  n e a r  th e  r e s ­

e r v o i r  to  2 .5 5  m e te r s  a t t h e  p o w e r  h o u s e ;  th e  le n g th  o f  th e  p ip e s  w as  2 9 2

** K o en c h cn . R W E  E lektr iiita lswirtsrh afl. n. 7.
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F ig u re  XTV. 1 4 . In flo w  o f  electrical 

energy o f  storage water p u m p s a t H erdecke  

power p la n t (sh ad e d  a re as )  a n d  outflo w  

o f  electrical energy fr o m  H erdeeke water 
turbines (b) d u r in g  a tw en ty-four-h ou r  

period. From  Koepchen, "Das R W E ."

m e te r s .  A  f o u r t h  p u m p  w as  to  b e  a d d e d  to  c o m p le te  th e  p la n t 's  f o u r t h  

u n i t .  R W E  e x p e c te d  th e  in s ta l la t io n  in  fu ll  u s e  to  o p e r a t e  a s  a g e n e r a t i n g  

s ta t io n  f o r  4 .4  h o u r s  in  e a c h  t w e n ty - f o u r ,  w h ic h  w o u ld  r e s u l t  in  a n  o u t p u t  

o f  a b o u t  5 8 0 ,0 0 0  k w h . C o n s t r u c t io n  o f  t h e  in s ta l la t io n  in v o lv e d  u p  to  2 ,0 0 0  

w o r k e r s  a n d  lo o k  tw o  y e a rs .  R W E  p l a n n e d  th e  e n t i r e  la y o u t w ith  th e  c o ­

o p e r a t i o n  a n d  c o n s t r u c t io n  s u p e r v i s io n  o f  t h e  L a h m e y e r  C o m p a n y ,  F r a n k ­

f o r t  o n  t h e  M a in .  W h e n  p u m p i n g ,  t h e  H e r d e c k e  p la n t  w as  e x p e c te d  " to  

f la t te n  e s se n tia lly  th e  lo a d  c u rv e  o f  th e  e n t i r e  R W E  sy s te m "  (se e  F ig . X IV . 15 ) .ar>

B y th e  e n d  o f  1 9 3 0 , t h e  R W E  s y s te m  h a d  a  g e n e r a t i n g  c a p a c i ty  o f  8 0 0 ,0 0 0  

k w ., 5 0 0 ,0 0 0  kw . o f  w h ic h  w e r e  c o n c e n t r a t e d  in  th e  G o ld e n b c r g w e r k ,  th e  

la r g e s t  p o w e r  p l a n t  in  G e r m a n y .  I n  o r d e r  to  a c h ie v e  th e  m o s t e c o n o m ic  

m ix  o f  g e n e r a t i n g  fa c il i t ie s  in  r e s p o n s e  to  th e  s y s te m ’s c e a s e le s s ly  v a ry in g  

lo a d ,  th e  i n t e r c o n n e c t e d  p o w e r  p la n t s  a n d  lo a d  n e e d e d  to  b e  c e n tr a l ly  

c o n t r o l l e d  a n d  m o n i t o r e d .  F o r  th is  p u r p o s e ,  R W E  t ie d  t o g e t h e r  its  s p i d e r  

w e b  o f  t r a n s m is s io n  a n d  d i s t r i b u t i o n  l in e s  a t  B r a u w e i le r ,  in  th e  b ro w n -c o a l  

f ie ld s  w e s t o f  C o lo g n e .  T h e r e ,  in  O c t o b e r  1 9 2 9 , th e  m a in  s w i tc h in g  s ta t io n  

o f  th e  s y s te m  b e g a n  o p e r a t i n g .  I ts  c o n t r o l  p a n e ls  in d ic a te d  th e  s t a t e  o f  th e  

s y s te m  a t  v a r io u s  p o in t s ,  a n d  t h e  lo a d  d i s p a tc h e r s  c o u ld  r e m o te - c o n t r o l  th e  

sw itc h e s  a n d  c i r c u i t  b r e a k e r s ,  c o n n e c t in g  a n d  d is c o n n e c t in g  th e  v a r io u s  

g e n e r a t i n g  f a c il i t ie s  ( s e e  F ig s . X IV . 16 a n d  X IV . 17). R W E ’s m a n a g e r s  c o n ­

s i d e r e d  th e  B r a u w e i le r  c o n t r o l  c e n t e r  to  b e  th e  g r e a te s t  c o n c e n t r a t io n  o f  

e le c t r ic  p o w e r  in  t h e  w o r ld .

T h e  h ig h - v o l t a g e  t r a n s m is s io n  l in e  e x t e n d i n g  t h r o u g h  G e r m a n y  w as  a 

d r a m a t i c  a c h ie v e m e n t  t h 2 t r e c a l le d  th e  g r e a t  t r u n k - l in e  ra i lw a y s  o f  th e  

n i n e t e e n t h  c e n t u r y .  P u m p i n g  w a te r  u p h i l l ,  t h e  H e r d e c k e  p la n t  w as  a w o n ­

d r o u s  p a r a d o x  to  t h e  te c h n o lo g ic a l ly  n a iv e .  A n d  th e  B r a u w e i le r  s w i tc h in g  

s t a t io n  s y m b o l iz e d  t h e  p o w e r  c o n c e n t r a t io n s  t h a t  w e re  p o s s ib le  in  t h e  tw e n ­

t i e th  c e n tu r y .  N e v e r th e le s s ,  t h e  m o s t  c o m p le x  p r o b le m s  o f  th e s e  t e c h n o ­

l o g ic a l p ro je c t s  w e r e  p o li t ic a l .  T h e  h is to ry  o f  t h e  c o n t in u o u s  e x p a n s io n  o f  

t h e  s u p p ly  t e r r i t o r y  o f  R W E  is o n e  o f  p o li t ic a l  s t r u g g le ,  a s  c a n  b e  s e e n  in  

th e  fo l lo w in g  n a r r a t i v e  a c c o u n t  o f  th e  th r u s t s  a n d  c o u n t e r t h r u s t s  m a d e ,  

th e  g r o u n d  g a in e d  a n d  t h e  c o m p r o m is e s  n e g o t i a t e d .

O n  o n e  le v e l t h e  c o m p e t i t io n  f o r  e n e r g y  s o u rc e s  a n d  m a r k e t  in v o lv e d  

c o m p e t i t io n  a m o n g  u t i l i ty  h o ld in g - c o m p a n ie s  a n d  a m o n g  u ti l i t ie s . B e n e a th  

t h e  s u r f a c e ,  h o w e v e r ,  th e  s t r u g g le  w as  o n e  f o r  p o w e r— p o lit ic a l ,  n o t  t e c h ­

n o lo g ic a l— a m o n g  g o v e r n m e n t  a u th o r i t i e s .  R e p r e s e n t in g  lo ca l g o v e r n ­

m e n t s  a n d  p r iv a te  s h a r e h o l d e r s ,  R W E  c o m p e te d  fo r  t e r r i t o r y  w ith  iw o  

o t h e r  la rg e  u tilitie s , th e  P re u s s is c h e  E le k tr iz ita ts  A G  (P re u s s e n e le k tra ) ,  o w n e d  

b y  t h e  s t a t e  o f  P ru s s ia ,  a n d  E le k t r o w e r k e  A G  (E W A G ), c o n t r o l l e d  by  th e  

R e ic h ,  o r  c e n t r a l ,  g o v e r n m e n t .  A t s la k e  w as c o n t r o l  o f  G e r m a n y ’s e le c t r ic  

s u p p ly — n o t  o n ly  d o m in a n c e  o f  th e  e le c t r ic  s u p p ly  in d u s t r y  b u t  th e  a s s o ­

c ia te d  p o li t ic a l  a u t h o r i t y  a n d  e c o n o m ic  p o w e r  o f  v a r io u s  lev e ls  o f  g o v e r n ­

m e n t .  T h e  i n t e r e s u  r e p r e s e n t e d  b y  R W E  w e r e  th e  m o s t c o m p l ic a te d .  L o ca l 

g o v e rn m e n ts ,  m o stly  in  th e  R h in e la n d  a n d  in c lu d in g  th e  R u h r ,  v o te d  RW F.'s 

c o n t r o l l in g  s lo c k ;  b u t  p r iv a te  in te r e s ts ,  b a n k s  a n d  in d u s t r i a l  e n te r p r i s e s ,

m  R W E. Pum pspeicherwerk H erdecke a.d. R u h r  (Essen: RW E. n .d . [ 1930?)). a Iw oklct in th e  
R W E A rchiv es. E ssen: q u o te  fron t K ocpch en , R W E  Ele ktr iulatsunrtschaft. p. 7. See also A. 
K o epe hcn . " W a ru tn  P u m p sp c ich e rw c rk c ?"  ( n .d ) .  an  essay in th e  RW E A rchiv es (arch ive  no . 
X X I l /l  11 /20). E ssen, G erm a n y : a n d  "BescitiBunK tie r  S p ilren la st,"  Deutsche AU gem eme Zeitung ,
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F ig u re  X I V .I 5 .  R epresenta tive load 

curves (c. 1 9 3 0 ) fo r  R W E . the pub lic  

utility in  H am b u rg , a n d  tha t in Berlin 

(Bew ag). From Koepchen, "Das R W E ."

a ls o  h a d  s u b s ta n t i a l  o w n e r s h i p  a n d  in f lu e n c e  in  th e  c o m p a n y .  T o  c o m p l i ­

c a te  m a t t e r s  f u r t h e r ,  t h e  s l a t e  o f  P ru s s ia  a ls o  h e ld  m in o r i ty  s h a r e s  in  th e  

c o m p a n y .27 T h e r e f o r e ,  R W E  r e p r e s e n t e d  lo c a l g o v e r n m e n t ,  p r iv a te  e n ­

t e r p r i s e ,  a n d  c e n t r a l  g o v e r n m e n t .  S o m e  lo c a l g o v e r n m e n t  a u th o r i t i e s  w e re  

h o s t i le  to  R W E , h o w e v e r ,  b e c a u s e  it d e p r i v e d  th e m  o f  th e  u l t im a te  a u th o r i ty  

to  m a n a g e  t h e i r  p u b l ic  u t i l i t ie s .2"

E a r ly  in  t h e  1 9 2 0 s  R W E  b e g a n  its  c o n c e n t r a t e d  m o v e  s o u th e a s tw a r d  to  

w a te r -p o w e r  s ite s  in  th e  A lp s . I t  a c q u ir e d  tra n s m is s io n - l in e  r ig h ts  a n d  p o w e r-  

e x c h a n g e  in t e r c o n n e c t i o n s  b y  b u y in g  c o n t r o l l in g  s to c k s  in  t h e  E le k tr iz i ta ts -  

A c t i e n g e s e l l s c h a f t  v o r m .  W . L a h m e y e r  8c C o m p a n y .  T h i s  c o m p a n y  h a d  

b e e n  th e  p r in c ip a l  s t o c k h o l d e r  in  R W E  f r o m  its  f o u n d i n g  u n t i l  1 9 0 2 , w h e n  

H u g o  S l in n e s  a n d  A u g u s t  T h y s s e n  b o u g h t  t h e  c o n t r o l l i n g  s h a r e s .  S u b s e ­

q u e n t ly ,  L a h m e y e r ,  w h ic h  w as  h e a d q u a r t e r e d  in  F r a n k f o r t  o n  t h e  M a in , 

s o ld  its  e le c t r ic a l  m a n u f a c t u r i n g  fa c il i t ie s  to  A E G  a n d  c o n c e n t r a t e d  o n  

c o n s t r u c t i n g  a n d  o p e r a t i n g  p o w e r  p la n t s  a n d  t r a n s m is s io n  s y s te m s .  L a h ­

m e y e r  w a s  e s p e c ia l ly  a c tiv e  in  h y d r o e le c t r i c  s y s te m s .  A m o n g  t h e  s u b s id ia r y  

u t i l i t ie s  i t  c o n t r o l l e d  a s  a  h o ld i n g  c o m p a n y  w e r e  t h e  M a i n k r a f tw e r k e  A G , 

w h ic h  s u p p l i e d  t e r r i t o r y  o n  th e  r i g h t  b a n k  o f  t h e  R h in e ;  t h e  K ra f tw e rk  

A l t w i m t e m b e r g  A G , w h ic h  f r o m  a  h y d r o e le c t r i c  in s t a l l a t io n  o n  t h e  N e c k a r  

R iv e r  n e a r  H e i l b r o n n  s u p p l i e d  t h e  r e g io n s  o f  S t u t t g a r t ;  a n d  th e  L ech - 

E le k t r i z i t a t s w e r k e  A G  in  A u g s b u r g ,  w h ic h  o p e r a t e d  t h e  l a r g e s t  d is t r ib u t io n  

s y s te m  in  B a v a r ia .  T o  a c q u i r e  c o n t r o l l in g  in t e r e s t  in  L a h m e y e r  a n d  its 

s u b s id ia r i e s ,  R W E  h a d  to  d e a l  w ith  t h e  E le k t r o b a n k  ( l a t e r  E le k tr o w a l t )  in 

Z u r ic h ,  S w i tz e r l a n d ,  a  c o m p a n y  t h a t  f in a n c e d  e le c t r ic a l  u n d e r t a k i n g s  a n d  

o w n e d  s h a r e s  in  L a h m e y e r .29

T h e  m o v e  s o u th w a r d  t o w a r d  t h e  S a a r l a n d  a ls o  in v o lv e d  t h e  p ie c e m e a l  

a c q u is i t io n  o f  c o n t r o l l in g  i n te r e s t  in  u t i l i t ie s .  R W E  a c q u i r e d  s h a r e s  in  u n ­

d e r t a k i n g s  s u p p ly in g  c it ie s , to w n s ,  a n d  r u r a l  d is t r i c t s  p r e l im in a r y  to  a r ­

r a n g i n g  s y s te m  i n t e r c o n n e c t io n s  a n d  e x te n s io n s  o f  h ig h - v o l t a g e  lin e s . T h e  

u t i l i t ie s  w ith  w h ic h  R W E  m a d e  s u c h  a r r a n g e m e n t s  i n c lu d e d  th o s e  w ith  

h e a d q u a r t e r s  a t  B a d  K r e u z n a c h ,  M e is e n h e im ,  K o b le n z ,  W o rm s ,  I d a r ,  a n d  

T r i e r .  T h e s e  w e r e  m o s tly  in  R h i n e la n d - P a la t in a te .  T h e  S a a r l a n d ,  w ith  its 

h a r d - c o a l  m in e s ,  d id  n o t  r e v e r t  t o  G e r m a n y  u n t i l  t h e  p le b is c i te  o f  193 5 , 

b u t  a n t i c ip a t in g  t h e  u n i o n .  R W E  e x t e n d e d  its  h ig h - v o l t a g e  p o w e r  l in e s  in to  

th e  r e g io n  a n d  i n t e r c o n n e c t e d  a lo n g  t h e  w ay  w ith  w a te r - p o w e r  s ta t io n s  o n  

t h e  M o s e lle  a n d  its  t r i b u t a r i e s .30

D u r i n g  its  e x p a n s io n ,  R W E  e n c o u n t e r e d  th e  w id e s p r e a d  e le c t r ic  s u p p ly  

s y s te m  o f  t h e  s t a t e  o f  P ru s s ia .  I n  th e  v ic in ity  o f  F r a n k f o r t  o n  th e  M a in . 

P ru s s ia  h a d  a c q u i r e d  a  p o w e r  s ta t io n  a n d  w a n te d  to  s u p p ly  th e  c ity . B e c a u s e  

R W E  c o n s i d e r e d  th e  a r e a  to  b e  in  its  s p h e r e  o f  in t e r e s t ,  it o p p o s e d  th e  

m o v e .  A n t i c ip a t in g  t h a t  R W E  m ig h t  a t t e m p t  to  f r u s t r a t e  n e g o t i a t io n s  w ith  

t h e  c ity , t h e  P r u s s ia n  g o v e r n m e n t  w i th h e ld  th e  r ig h t  o f  w ay  R W E  n e e d e d  

to  c r o s s  th e  M a in  R iv e r  a n d  m o v e  s o u th w a r d  w ith  its  h ig h - v o l ta g e  tra n s -

Elehtrolechnische Ze itsch rifl 45  (1925): I 168.

’"W ilh e lm  T r e u e ,  "D ie  E lck ir i/.iia isw iitscliari als G ru n d la g e  d c r  A u ia rk ie w ir lsch a ll u n d  
d ie  F ra g e  d e r  S iclicrlic it d c r  E lc k m z itu lsv c rso rg u n g  in  W cM dcul.ic h land ,"  in W irtschaft  un d  
R u st lin g  am  Vorabend des 2. W eltkiieges, ed . F. F u rs tm eie r  a n d  II. E. V o lk m a n n  (D iissc ld orf: 
D ro s lc , 1975). p . 138.

m R W E  O eschaflsberichten , p. 33.

,0 T r c u c .  " E lek ir i/ .iia isw in sc h ari."  p. 136.
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F ig u re  X IV . 1 6 . Schem atic o f  the R W E  high-vol tag e transm ission F ig u re  X I V .17. R W E  high-voltage  transm ission network. From

network. From Koepchen, “D as R W E ."  Koepchen. "Das R W E ."

m is s io n  s y s te m . R W E  c o m p la in e d  a b o u t  a  s ta te  g o v e r n m e n t ’s u s in g  its  leg a l 

a u t h o r i t y  to  f a v o r  its  o w n  u ti l i ty  in t e r e s t s  o v e r  th o s e  o f  a c o m p e t i to r ,  b u t  

R W E  h a d  m a d e  u s e  o f  t h e  le g a l  a u th o r i ty  o f  th e  lo ca l g o v e r n m e n t s  a m o n g  

its  s h a r e h o l d e r s  to  a c q u i r e  f r a n c h is e s  a n d  r ig h ts  o f  w ay . I n  1 927  P ru s s ia  

a n d  R W E  n e g o t i a t e d  a  d e m a r c a t io n  t r e a ty  th a t  c a m e  to  b e  k n o w n  a s  th e  

E leh tro jr ie d en  ( " e le c tr ica l p e a c e ”). W e s te rn  G e r m a n y  w as d e f in e d  as th e  s p h e r e  

o f  in f lu e n c e  o f  R W E , a n d  t h e  a r e a  f ro m  th e  N o r th  S e a  c o a s t  a lo n g  th e  

W e s e r  R iv e r  to  F r a n k f o r t  o n  th e  M a in  w as d e s ig n a te d  th e  s p h e r e  o f  in te r e s t  

o f  P ru s s ia .  T h e  p e a c e  w as  s e e n  a s  a n  in te rv a l  in  th e  lo n g - te r m  s t r u g g le  fo r  

c o n t r o l  o f  e le c t r ic a l  s u p p ly  in  G e r m a n y .31

P ru s s ia  g o t  its  s u p p ly  c o n t r a c t  w ith  th e  F r a n k f o r t  u ti l i ty , a n d  R W E  c ro s s e d  

th e  M a in . R W E  th e n  p r o c e e d e d  to  re a c h  a n  a g r e e m e n t  in  th e  p r o v in c e  o f  

B a d e n  to  e x te n d  its  m a jo r  h ig h -v o l ta g e  t r a n s m is s io n  lin e  ( 2 2 0 ,0 0 0  v o lts ) to  

R h e in a u  o n  th e  N e c k a r  R iv e r . T h e r e  a n  in te r c o n n e c t io n  w as m a d e  w ith

”  Ibid.
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th e  s u p p ly  n e tw o r k  o f  th e  B a d e n w e r k ,  w h ic h  d r e w  u p o n  w a te r - p o w e r  s ta ­

t io n s  011 t h e  u p p e r  R h in e  a n d  in  S w i tz e r l a n d .  I n  th is  w ay  R W E 's  c o a l - f i r e d  

p la n t s  a n d  th e  A lp in e  w a te r - p o w e r  p la n t s  c o u ld  e x c h a n g e  e n e r g y  e c o n o m ­

ica lly . R W E ’s e v e n tu a l  g o a l  w as  to  e x t e n d  its  2 2 0 ,0 0 0 -v o l l  t r a n s m is s io n  lin e  

( t h r o u g h  a g r e e m e n t s  w ith  W i i r l t e m b e r g  u ti l i t ie s )  d i r e c t ly  to  th e  A lp in e  

w a te r - p o w e r  s i te s  o f  t h e  V o r a r l b e r g  d i s t r i c t  o f  A u s t r ia .  I n  t h e  m e a n t im e ,  

R W E  a n d  th e  B a y e r n w e r k  a g r e e d  to  in t e r c o n n e c t  s y s te m s ,  t h e r e b y  m ix in g  

e n e r g y  f r o m  t h e  b r o w n - c o a l  f ie ld s  o f  th e  R h in e la n d  a n d  th e  w a te r - p o w e r  

s t a t io n s  o f  t h e  B a v a r ia n  A lp s .32

T h e  n e g o t i a t e d  p e a c e ,  o r  d e m a r c a t i o n  t r e a ty ,  o f  1 9 2 7  a ls o  r e s o lv e d  so m e  

d i f f e r e n c e s  c o n c e r n i n g  R W E ’s w e s te r n  t e r r i t o r y .  T h e  e n e r g y  in v o lv e d  in 

th is  in s ta n c e  w as  b r o w n  c o a l.  T h e  P r u s s ia n  g o v e r n m e n t  h a d  p u r c h a s e d  th e  

B r a u n k o h l e n - l n d u s t r i e  A G  (“ Z u k u n f l ” ), w h ic h  m in e d  b r o w n  c o a l a n d  s u p ­

p l ie d  e le c t r ic a l  e n e r g y  in  th e  v ic in ity  o f  A a c h e n ,  le ss  t h a n  125  k i lo m e te r s  

f r o m  t h e  R u h r  v a lle y , th e  h e a r t  o f  t h e  R W E  s y s te m . R W E  p e r s u a d e d  P ru s s ia  

to  g iv e  u p  its  i n te r e s t  in  th e  “ Z u k u n f l ” by  t u r n i n g  o v e r  to  P ru s s ia  its  s h a r e s  

in  b r o w n - c o a l  f ie ld s  in  th e  B r a u n s c h w e ig  a r e a  in  c e n t r a l  G e r m a n y .  R W E  

a ls o  a c q u i r e d  b y  a g r e e m e n t  a n  i n t e r c o n n e c t io n  o f  its  s y s te m  w ith  t h e  e le c ­

t r ic a l  s u p p ly  s y s te m s  o f  t h e  b ro w n - c o a l  a r e a  o f  c e n t r a l  G e r m a n y .33

A s  o b s e r v e d  in  th is  s tu d y ,  t h e  t e c h n o lo g ic a l  l in k a g e s  o f t e n  n e e d e d  in s t i ­

t u t io n a l  c o n te x t s .  T h e  p o l i t ic a l  s t r u g g le s  s u r r o u n d i n g  th e  2 2 0 ,0 0 0 -v o l t  

t r a n s m is s io n  l in e  w e r e  m i r r o r e d  in  o r g a n iz a t io n a l  f o r m s .  N o ta b le  a m o n g  

t h e s e  w as  t h e  W e s td e u l s c h e  E le k t r i z i t a t s w i r t s c h a f t  A G , w h ic h  p r o v id e d  fo r  

c o o p e r a t i o n  a m o n g  t h e  w e s t G e r m a n  u t i l i t ie s  l ie d  to  o n e  a n o t h e r  by  th e  

t r a n s m is s io n  l in e  (s e e  F ig . X IV . 18). R W E  a n d  th e  V e r e in ig te  E le k tr iz i ia is -  

w e r k e  W e s t f a l e n ,  G m b H ,  D o r t m u n d ;  th e  K o m m u n a le s  E le k t r iz i ta ts w e rk  

M a rk  A G , H e g e n ;  t h e  B r a u n k o h l e n - l n d u s t r i e  A G  (“Z u k u n f t " ) ,  E s c h w e ile r ;  

t h e  M a in k r a f t w e r k e  A G , F r a n k f u r t - H o c h s t ;  th e  B a d is c h e  L a n d e s e le k tr i -  

z i la ts v e r s o r g u n g  A G  (B a d e n w e rk ) ,  K a r ls ru h e ;  th e  H e ss isc h e  E is e n b a h n  A G , 

D a r m s t a d t ;  a n d  t h e  E le k t r i z i t a t s w e r k  R h e in h e s s c n  A G , W o r m s ,  p a r t ic i ­

p a t e d  in  th e  o r g a n i z a t i o n ,  e a c h  h o ld in g  10 p e r c e n t  o f  th e  W e s td e u ts c h e  

s h a r e s  e x c e p t  t h e  la s t tw o ,  w h ic h  s h a r e d  a  10 p e r c e n t  h o ld in g .  T h e  r e ­

m a i n i n g  3 0  p e r c e n t  o f  t h e  s h a r e s  w e re  r e s e r v e d  f o r  W i i r l t e m b e r g  a n d  

P a la t in a te  u t i l i t ie s ,  lo g ic a l  c h o ic e s  fo r  e x p a n s io n  b e c a u s e  o f  t h e i r  p ro x im ity  

to  th e  t r a n s m is s io n  l in e .

T h e  W e s td e u l s c h e  E le k t r iz i la ts w ir ts c h a f t  w as  in  p a r t  a  r e s p o n s e  to  th o s e  

w h o  in s is te d  t h a t  a ll G e r m a n  u t i l i t ie s  s h o u ld  b e  t ie d  t o g e t h e r  t e c h n o lo g ic a l ly  

a n d  a d m in i s t r a t iv e ly .  O s k a r  v o n  M il le r ’s p la n  o f  1 9 3 0  w as  a n  e x p r e s s io n  

o f  th is  c o n v ic t io n  (s e e  p . 3 1 5 ) .  R W E  b e l ie v e d  th a t  m o r e  f le x ib le  a n d  p r a g ­

m a t ic  r e s p o n s e s  w e re  p o s s ib le  w i th in  a  lo o se ly  s t r u c t u r e d  a s s o c ia t io n  su c h  

a s  th e  W e s ld e u t s c h e  E le k l r i z i t a t s w in s c h a f l .  T h r o u g h  it t h e  a s s o c ia te d  u ti l ­

i t ie s  c o u ld  f u r t h e r  th e  te c h n o lo g y  o f  i n te r c o n n e c t io n  a n d  th e r e b y  r a t i o n ­

a liz e  t h e i r  c o m m o n  in te r e s t  in  a n  e n e r g y  m ix  a n d  e c o n o m ic a l  lo a d  d iv e r s i ty  

o v e r  a  la r g e  r e g io n  o f  G e r m a n y .3'1 T h e  W e s td e u l s c h e  E le k tr iz i ta ts w ir ls c h a f t  

w as  a n  in s t i tu t io n a l  e x p r e s s io n  o f  V erb xm d b e tr ie b . It w as  a ls o  r e p r e s e n ta t iv e  

o f  R W E ’s e m p i r i c a l  a n d  e v o lu t io n a r y  s ty le .

** R W E  G esclidflsberiehlrn, p . 4 2 ; selec tion s f ro m  th e  m u tua l r e p o r t Tor I92.r>/2ti.

”  Ib id ., p. 45  (a .selection f ro m  th e  a n n u a l re p o r t fo r  1920/27).
, '1 Ib id .. p p . 4 9 -5 0 .
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E a s t o f  th e  2 2 0 ,0 0 0 -v o l t  R W E  t r a n s m is s io n  l in e ,  R W E ’s m o s t p o w e r fu l  

c o m p e t i to r s  a ls o  p r o je c te d  a t r a n s m is s io n  l in e  to  c o n n e c t  th e  b r o w n  co a l 

o f  t h e  n o r t h  w ith  th e  w a te r  p o w e r  o f  th e  s o u th .  L ik e  R W E , th e  c o m p e t i t io n  

s o u g h t  a n  e c o n o m ic  m ix  in  w h ic h  th e  s o u t h e r n  u t i l i t ie s  w o u ld  s u p p ly  in ­

e x p e n s iv e  p o w e r  w h e n  w a te r  w as  a b u n d a n t ,  e sp e c ia lly  in  la te  s p r in g  a n d  

e a r ly  s u m m e r ,  a n d  th e  c o a l - f i r e d  p la n ts  o f  th e  n o r t h  w o u ld  “w h e e l” p o w e r  

s o u th  in  th e  w in te r ,  w h e n  s n o w  a n d  ice  lo w e re d  th e  lev e l o f  th e  A lp in e  

la k e s . O n  16 M ay  1 9 2 8  th e  E le k t r o w e r k e  A G , th e  P re u s s is c h e  E le k t r iz i ta ts  

A G , a n d  th e  B a y e r n w e r k  f o r m e d  th e  A c t ie n g e s e l ls c h a f t  f u r  d e u t s c h e  E lek -  

t r iz i ta is w ir is c h a f l  ( G e r m a n  E le c tr ic i ty  C o m p a n y )  to  c o n n e c t  H a m b u r g  w ith  

th e  B a v a r ia n  A lp s , w h e r e  O s k a r  v o n  M ille r 's  W a lc h e n s e e w e rk  w o u ld  f e e d  

in to  th e  sy s te m . A lo n g  th e  w ay , a  2 2 0 ,0 0 0 -v o lt  c o n n e c t io n  w as  m a d e  w ith  

th e  E W A G  s y s te m  o f  c e n t r a l  G e r m a n y ,  w h ic h  in c lu d e d  th e  G o lp a - Z s c h o r -  

n c w itz  b r o w n -c o a l  p la n t  b u il t  in  W o r ld  W a r  I . ,r>

’ ’ d r i- h a r d  D elin c. ” In te rc o n n ec tio n  in G e r m a n y Electrical W orld  92 (1928): 87 8 -7 9 .
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S u c h  c o m p e t i t io n  w a s  n o t  o n ly  te c h n o lo g ic a l  a n d  p o li t ic a l ;  it w as  f in a n c ia l  

a s  w ell. T o  c o m p e t e  f o r  s u c h  p r o je c t s  a s  lo n g - d i s t a n c e  t r a n s m is s io n  l in e s , 

t h e  G e r m a n  u t i l i t ie s  r e s o u r c e f u l ly  d r e w  f r o m  b o th  p r iv a te  a n d  g o v e r n m e n i  

s o u r c e s  o f  c a p i ta l .  R W E  in c r e a s e d  its  s h a r e s  a n d  s o ld  th e m  to  p r iv a te  in v e s ­

to r s  a n d  lo c a l g o v e r n m e n ts .  P a r a d o x ic a l ly ,  t h e  P r u s s ia n  g o v e r n m e n t  b o u g h t  

R W E  s h a r e s  a s  w e ll. I n  a d d i t i o n ,  R W E  o b ta i n e d  lo n g - te r m  lo a n s  f r o m  U .S . 

b a n k i n g  h o u s e s ,  w h ic h  in  t h e  tw e n t ie s  w e r e  e s p e c ia lly  in t e r e s t e d  in  G e r m a n  

in v e s tm e n ts .

R W E  a n d  t h e  o t h e r  l a r g e  G e r m a n  u t i l i t ie s  w e re  u n u s u a l ly  h e a v ily  c a p i ­

ta liz e d  e n te r p r is e s .  B y f o c u s in g  o n  e le c tr ic a l m a n u f a c tu r e r s ,  h is to r ia n s  o f te n  

o v e r lo o k  t h e  l e a d in g  r o le  e le c t r ic  u t i l i t ie s  p la y e d  in  t h e  G e r m a n  e c o n o m y . 

I n  1 9 2 7  t h e  m o s t  h e a v ily  c a p i t a l i z e d  e le c t r ic  u t i l i ty  in  G e r m a n y  w as  R W E , 

w h o s e  s lo c k  a m o u n t e d  to  155  m il l io n  r e ic h s m a r k s  ($ 3 7  m ill io n ) ;  t h e  s to c k  

o f  A E G , t h e  m o s t  h e a v ily  c a p i ta l iz e d  e le c t r ic a l  m a n u f a c t u r e r ,  t o t a l e d  186 

m i l l io n  r e ic h s m a r k s  ( I 'M  m ill io n ) .  T h e  a s s e ts  o f  a ll t h e  G e r m a n  e le c tr ic  

u t i l i t ie s  c o m b in e d  a m o u n t e d  to  m o r e  t h a n  t h e  c o m b in e d  a s s e ts  o f  th e  e le c ­

t r ic a l  m a n u f a c t u r e r s . 1*6 B y  1 9 3 0 , R W E ’s s lo c k  to ta l e d  2 4 3  m ill io n  r e ic h s ­

m a r k s ,  w h i le  t h e  s h a r e  c a p i t a l  o f  th e  l a r g e s t  G e r m a n  b a n k — t h e  m e r g e d  

D e u t s c h e  B a n k  a n d  D is k o n to - G e s e l ls c h a f t— w as 2 8 5  m i l l io n  r e ic h s m a r k s .

A  s u b s ta n t i a l  s h a r e  o f  th e  f i n a n c in g  f o r  R W E  e x p a n s io n  c a m e  f r o m  th e  

N a t io n a l  C ity  B a n k  o f  N e w  Y o rk .  I n  1 9 2 5  N a t io n a l  C ity  lo a n e d  th e  u tility  

$ 1 0  m il l io n ;  in  1 9 2 7 , $ 1 5  m il l io n ;  a n d  in  b o th  1 9 2 8  a n d  1 9 3 0 , $ 2 0  m ill io n . 

I n  1 9 3 1 . $ 7 .5  m i ll io n  m o r e  w a s  lo a n e d .  C o n v e n e d  in to  r e i c h s m a r k s ,  th e  

lo a n s  t h r o u g h  1 9 3 0  a m o u n t e d  to  2 7 3  m il l io n  R M , w h ic h  w a s  3 0  m ill io n  

R M  m o r e  t h a n  t h e  v a lu e  o f  R W E  s h a r e s  a s  o f  3 0  J u n e  1 9 3 1.37 T h e  s to c k  

o f  R W E  h a d  to  b e  in c r e a s e d  n o t  o n ly  to  p r o v i d e  f o r  t h e  a c q u is i t io n  o f  o th e r  

u t i l i t ie s  b u t  a ls o  b e c a u s e  th e  lo a n s  f r o m  t h e  N a t io n a l  C ity  B a n k  c a r r i e d  th e  

o p t i o n  to  b u y  t h e  u ti l i ty 's  s lo c k .  T h r o u g h o u t  t h e  d e c a d e  o f  h e a v y  f in a n c in g  

a n d  l a r g e  in c r e a s e s  in  th e  n u m b e r  o f  s to c k  s h a r e s ,  t h e  lo c a l g o v e r n m e n t s  

o f  G e r m a n y  n e v e r th e le s s  r e t a i n e d  th e  m a jo r i ty  o f  R W E ’s v o t in g  s to c k .38

T h e  f in a n c ia l  p r o b le m s  o f  R W E  d i f f e r e d  m a r k e d ly  f r o m  th o s e  o f  th e  

P e n n s y lv a n ia  P o w e r  & L ig h t  C o m p a n y ,  a c o m p a r a b l e  r e g io n a l  u ti l i ty  in  th e  

U n i t e d  S ta te s ,  b u t  in  t e r m s  o f  t e c h n ic a l  c h a r a c te r i s t i c s ,  t h e  tw o  s y s te m s  w e re  

n o ta b ly  a l ik e  in  th e  1 9 2 0 s . T h e  s im i la r i t ie s  o f  th e s e  tw o  u t i l i t ie s  a r e  a t t r i b ­

u t a b le  in  l a r g e  p a r t  to  th e  in t e r n a t i o n a l  p o o l o f  te c h n o lo g y  f r o m  w h ic h  

b o th  d r e w  a n d  to  t h e  c o m m o n  c h a r a c t e r  o f  th e  g e o g r a p h y — b o th  h u m a n  

a n d  n a t u r a l — o f  t h e  r e g io n s  th e y  s u p p l i e d .  T h e i r  d i f f e r e n c e s  s te m m e d  

la rg e ly  f r o m  th e  c o n t r a s t i n g  p o li t ic s ,  e c o n o m ic s ,  h is to ry ,  a n d  o r g a n iz a t io n a l  

f o r m s  o f  t h e  r e g io n s  in  w h ic h  th e y  e v o lv e d .

A  c o n t r a s t  in  s ty le  is s u g g e s te d  b y  a  c o m p a r i s o n  o f  t h e  b a s ic  c h a ra c te r is t ic s  

o f  t h e  tw o  s y s te m s  (s e e  T a b l e  X IV . I ,  p .  4 0 9 ) .3,1 B o th  R W E  a n d  P P & L  u s e d

,n G e r h a r d  D ch n c , “G e rm a n  E le ctr ic al I n d u s try  C a p ita liz ed  al $ 1 ,0 0 0 ,0 0 0 ,” ib id .,  p p . 9 6 6 -
67.

”  R W E  G eschaftsberichlen, p . 52.

s" Ib id .. pp . 34 . 35, 52.

S tatistics Tor th e  P enn sy lv an ia  Pow er & L ig ht C o. a re  ta k en  f ro m  its p u b lic a tio n  P en n ­

sy lvania Power Id  L ig h t Com pany. 8  vols. in 9 (A llen tow n . Pa.. 1940?). V o lum e  I is e n title d  O rigin  

a n d  D evelopm ent o f  the Com pany; v o lum e  2, Corporate H istory o f  the Co m pany;  a n d  vo lu m e 3. 
O rig in a n d  D ev elopm ent o f  Predecessor Com panies. T h e s e  th re e  vo lu m es a re  espec ia lly  h e lp lu l to  
th e  h is to ria n . All vo lu m e s will h e re a f te r  be cited  as P P ld L  H istory. 1 a m  in d e b te d  to  M r. G eo ree
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m i n e - m o u ih  p la n t s ;  P P & L  b u r n e d  lo w - g ra d e  a n t h r a c i t e  th a t  c o u ld  n o t  b e  

e c o n o m ic a l ly  t r a n s p o r t e d  to  th e  m a r k e t ,  a n d  R W E  b u r n e d  lo w -c a lo r ic  lig ­

n i te .  T h e  tw o  u ti l i t ie s  o p e r a t e d  a t  d i f f e r e n t  f r e q u e n c ie s ,  h o w e v e r ;  R W E  a t 

5 0  c y c le s , P P & L  a t  6 0  cy c le s . B o th  u t i l i t ie s  t r a n s m i t t e d  a t  2 2 0 ,0 0 0  v o lts ,  a n d  

b o th  w o u ld  in  a  few  y e a r s  r e a c h  o u t  to  w a te r - p o w e r  s ite s  to  i m p r o v e  th e  

e c o n o m ic  m ix  o f  t h e i r  e n e r g y  s o u r c e s .  O n  th e  o t h e r  h a n d ,  R W E  w a s  a 

m ix e d  p r iv a te  a n d  g o v e r n m e n t - o w n e d  u t i l i ty ,  w h ile  P P & L  w as a  p r iv a te  
h o ld in g  c o m p a n y .

C o n s id e r a t io n  o f  f if ty  y e a r s  o f  P P & L ’s h is to ry  w ill re v e a l  m o r e  o f  th e  

c h a r a c te r i s t i c s — th e  s ty le — o f  a  r e g io n a l  u ti l i ty .  T h a t  h is to r y  w ill a ls o  p r o ­

v id e  a n o t h e r  e x a m p le  o f  th e  w a y  in  w h ic h  c o n te x t— b o th  r e g io n a l  a n d  

n a t io n a l— s h a p e s  a n  e v o lv in g  s y s te m . E s p e c ia l ly  n o ta b le  is t h e  fa c t  th a t  

P P & L  e v o lv e d ,  a s  d id  I n s u l l ’s  C o m m o n w e a l th  E d is o n  in  C h ic a g o ,  in  th e  

r e la t iv e  a b s e n c e  o f  g o v e r n m e n t  r e g u la t io n .  A lso  im p o r t a n t  w as  t h e  s t r o n g  

d r iv e  f o r  g e o g r a p h ic a l  e x p a n s io n  t h a t  p r e v a i l e d  in  t h e  A m e r ic a n  c o n te x t  

( s e e  F ig . 1 .4 , p p .  1 0 -1 3 ) .

P e n n s y lv a n ia  P o w e r  &  L ig h t ,  lik e  R W E , s u p p l i e d  a  p r e d o m in a n t ly  in ­

d u s t r i a l  lo a d  in  a  c o a l - m in in g  a n d  s t e e l - p r o d u c in g  r e g io n .  B y  1 9 3 0 , 70 

p e r c e n t  o f  its  o u t p u t  ( k i lo w a t t - h o u r s )  w e n t  to  i n d u s t r i a l  c u s to m e r s .  O f  th e  

p o w e r  s u p p l i e d  to  i n d u s t r y ,  a  d i s p r o p o r t i o n a t e  a m o u n t  (4 5  p e r c e n t )  w e n t 

to  c o a l  m in in g .  (S e e  F ig s . X IV . 19 a n d  X I V .2 0 .)  P P & L ’s l a r g e s t  s in g le  in ­

d u s t r i a l  c u s t o m e r  w as  th e  B e th le h e m  p la n t  o f  th e  B e th le h e m  S te e l  C o r ­

p o r a t i o n ,  t h e  s e c o n d - la r g e s t  s te e l  c o m p a n y  in  th e  U n i t e d  S ta te s .'’0

P P & L ’s c o a l - m in in g  a n d  h e a v y  in d u s t r i a l  lo a d  w as  c o n c e n t r a t e d  in  th e  

L e h ig h  v a lle y  o f  P e n n s y lv a n ia ,  w h ic h  w as , o n  a  s m a l le r  i n d u s t r i a l  s c a le , lik e  

t h e  R u h r  v a lle y  in  G e r m a n y .  I n  a d d i t io n  to  th e  B e th le h e m  S te e l  C o r p o ­

r a t i o n ,  s m a l l e r  i r o n -  a n d  s t e e l - r e l a t e d  e n t e r p r i s e s  w e re  s i tu a te d  in  th e  v a lley , 

w h ic h  e x t e n d e d  in to  th e  la r g e ,  a n t h r a c i t e  c o a l - m in in g  r e g io n  o f  n o r t h ­

e a s t e r n  P e n n s y lv a n ia .  A l le n to w n ,  w ith  a  p o p u la t io n  o f  a b o u t  9 0 ,0 0 0 ,  w as 

th e  l a r g e s t  c ity  in  P P & L ’s t e r r i t o r y ,  a n d  B e th le h e m ,  a  fe w  m ile s  d i s t a n t ,  

h a d  a  p o p u l a t i o n  o f  6 0 ,0 0 0 .  A lso  c o n c e n t r a t e d  in  th e  v a lle y  w e re  th e  c e m e n t  

i n d u s t r y ,  s la te  q u a r r i e s ,  a n d  s ilk  m a n u f a c tu r e r s .  T o  th e  n o r th w e s t ,  a b o u t  

5 0  m ile s  f r o m  A l le n to w n ,  w e r e  t h e  a n th r a c i t e  f ie ld s ,  t h e  n a t io n ’s c e n t e r  f o r  

t h e  m in in g  o f  th is  h a r d ,  h ig h -c a lo r ic  c o a l.  T h e  P e n n s y lv a n ia  P o w e r  & L ig h t  

C o m p a n y  a ls o  s u p p l i e d  t h e  a g r i c u l tu r a l  a n d  s m a l l - in d u s t r y  d is t r ic t  in  th e  

v a lle y  o f  t h e  S u s q u e h a n n a  R iv e r  n o r t h  o f  H a r r i s b u r g ,  th e  s ta te  c a p i ta l ,  th e  

p o p u l a t i o n  o f  w h ic h  w as  a b o u t  8 0 ,0 0 0 .  I n  B r i ta in ,  N E S C O  s e r v e d  a  r e g io n  

t h a t  n u r t u r e d  a  d i s p r o p o r t i o n a t e  s h a r e  o f  th e  n a t i o n ’s m in in g  a n d  in d u s t r y .  

W h i le  le ss  o u t s t a n d i n g  t h a n  N E S C O  in  th e  n a t io n a l  c o n te x t ,  t h e  r e g io n  

s e r v e d  b y  P P & L  w as  n o ta b le  f o r  in c lu d in g  b e tw e e n  o n e - th i r d  a n d  o n e - h a l f  

o f  t h e  in d u s t r y ,  a s  m e a s u r e d  b y  w a g e  e a r n e r s  a n d  p a y ro l l ,  in  a  s ta te  w h o s e  

i n d u s t r i a l  o u t p u t  r a n k e d  s e c o n d  in  th e  n a t io n .41 T o  th e  s o u th  a n d  e a s t  o f

V an ders licc, v ic e-p resid c n i a n d  c o m p tro lle r  o f  PP& L. fo r  th e  lo an  o f  vo lu m es 1-3 . T h e  P P fd L  
H istory was p re p a re d  as re q u ire d  by th e  Pennsylv ania  Public U tility C o m m ission  a n d  th e  

Fe de ra l Pow er C om m ission . 
w P P U L  H istory. I: 132, 165.

This e stim a te  o f  P P& L's su p p ly  o f  th e  sta le 's  in d u stry  is based on  sta tistics fo r  th e  tw enty- 
e ig h t c o u n ties  in w hich PP& L o p e ra te d . PP & L served  only  twelve o r  th e  tw enty -e ig h t c ou n ties  
in th e ir  e n tire ty , a  la rg e  p a rt o f  e ig h t cou n ties , a n d  sm all p o rtio ns o f  e ig h t o th e rs . Ib id .. p.

I M .
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F ig u re  X T V .I9 . The  P enn sylvania P ow er id  L ig h t Co.'s tota l load. F ig u re  X I V .2 0 . The  in d u stria l load o f  Pen n sylva n ia  Power id  Light.

1 9 2 1 -3 9 . From  PP & L H isto ry , I :  13 3 . 1 9 2 6 -3 9 . From  PP& L  H isto ry , I :  165.

P e n n s y lv a n ia ’s c a p i ta l  w as  L a n c a s te r  C o u n ty ,  o n e  o f  th e  f o r e m o s t  a g r i c u l ­

t u r a l  r e g io n s  in  t h e  U n i te d  S ta le s  a n d  p a r t  o f  th e  a r e a  P P & L  s e rv e d .  T h e  

c o u n ty  w a s  k n o w n  n o t  o n ly  f o r  t h e  r i c h n e s s  o f  its  so il b u t  a ls o  fo r  th e  

a s s id u i ty  o f  t h e  A m is h  p e o p le ,  w h o  w e r e  s u p e r i o r  f a r m e r s .  ( T h e  P e n n s y l ­

v a n ia  P o w e r  &  L ig h t  C o m p a n y  e n c o u n t e r e d  in  th e  A m is h  p e o p le  a n  u n ­

u s u a l  p r o b l e m ,  h o w e v e r ,  f o r  th e y  r e f u s e d ,  b e c a u s e  o f  t h e i r  d e te r m in a t io n  

to  a v o id  d e p e n d e n c e  o n  la rg e - s c a le  t e c h n o lo g ic a l  s y s te m s ,  to  u s e  e le c tr ic i ty .)

T h e  h is to r y  o f  P P & L  s e rv e s  w ell a s  a n  e x a m p le  o f  th e  w id e s p r e a d  a n d  

lo n g - te r m  p r o c e s s  o f  o r g a n iz a t io n a l  m e r g e r  a n d  c o n s o l id a t io n  th a t  h a s  c h a r ­

a c te r i z e d  t h e  h i s to r y  o f  e le c t r ic i ty  s u p p ly  in  t h e  U n i t e d  S la te s  ( se e  F ig . 

X IV .2 1 ) .  A s in  t h e  c a s e  o f  m a n y  o t h e r  U .S . r e g io n a l  u ti l i t ie s ,  P P & L ’s b u s i ­

n e s s  h is to r y  c u lm in a te d  in  th e  1 9 2 0 s  w ith  th e  c o n s o l id a t io n  o f  th e  m e r g e r  

m o v e m e n t ,  t h e  f o r m a t io n  o f  a  h o ld in g - c o m p a n y  p y r a m id  e m b r a c in g  th e  

c o m p a n y ,  its  p r e d e c e s s o r  c o m p a n ie s ,  a n d  o t h e r  l a r g e  r e g io n a l  s y s te m s .  T h e  

h is to ry  o f  P P & L  is  e s p e c ia l ly  i n t e r e s t in g  b e c a u s e  its  b e g in n in g s  a r e  a s s o ­

c ia te d  w ith  s e v e ra l  o f  t h e  e a r l i e s t  E d is o n  u t i l i t ie s .  T h e  u l t im a te  c o n s o l id a t io n  

w as  c a r r i e d  o u t  u n d e r  th e  a u s p ic e s  o f  th e  E le c tr ic  B o n d  &  S h a r e  C o m p a n y ,  

th e  e n g i n e e r i n g ,  m a n a g e m e n t ,  a n d  f in a n c ia l  e n t e r p r i s e  t h a t  o r ig in a te d  in  

t h e  a c t iv it ie s  o f  t h e  E d is o n -b a s e d  G e n e r a l  E le c tr ic  C o m p a n y .



F ig u re  X IV . 2 1 . Integra tio n o f  utilities 

(power supp ly  gro up s) through  new  

or gan iza tional fo rm s  a n d  hold ing  

companies. Note th a t in  1 9 0 5  the m erger 

trend  accelerated. From  I’I’&rL 

H isto ry , I :  61 .
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T h e  E d is o n  E le c tr ic  I l lu m in a t in g  C o m p a n y  o f  S u n b u ry  w as o n e  o f  P P & L ’s 

n o ta b le  p r e d e c e s s o r  c o m p a n ie s .  A t S u n b u r y  in  1 8 8 3  T h o m a s  E d is o n  a n d  

h is  a s s o c ia te s  i n t r o d u c e d  th e  t h r e e - w i r e  s y s te m  o f  d is t r ib u t io n  in  r e s p o n s e  

to  o n e  o f  th e  m o s t  p r e s s in g  c r i t ic a l  p r o b le m s  o f  th e  E d is o n  sy s te m . T h e  

E d is o n  c h e m ic a l  m e t e r  f o r  m e a s u r i n g  th e  c o n s u m p t io n  o f  e le c t r ic i ty  o n  th e  

c u s t o m e r ’s p r e m is e s  a ls o  w as  t r i e d  o u t  th e r e .  T h e  S u n b u r y  p ro je c t ,  a c ­

c o r d i n g  to  th e  E d is o n  r e p r e s e n ta t iv e s  w h o  o r g a n iz e d  it, r e v i ta l iz e d  T h o m a s  

E d is o n 's  d r a s t ic a l ly  w a n in g  f o r tu n e s .

A c c o r d in g  to  s t a n d a r d  h is to r ie s  o f  th e  E d is o n  e n te r p r i s e s ,  S u n b u r y  p r o ­

v id e d  E d is o n  w ith  t h e  o p p o r t u n i t y  to  t r y  o u t  c e n t r a l - s t a t io n  in c a n d e s c e n t  

l ig h t in g  in  sm a ll  c i t ie s  a n d  to w n s .  E d is o n  c a lle d  th e s e  “ V illa g e  s ta t io n s ."  

C o n s u m e r s  w e r e  m o r e  w id e ly  d i s p e r s e d  th e r e  th a n  in  c itie s  lik e  N e w  Y o rk ,  

b u t  t h e  th r e e - w i r e  s y s te m  r e d u c e d  d is t r ib u t io n  c o s ts  by  a llo w in g  th e  v o lta g e  

to  b e  r a is e d  to  2 2 0 .  By c o n n e c t in g  la m p s  a c ro s s  a n  o u t s id e  a n d  in s id e  

( n e u t r a l )  w ir e ,  1 1 0  v o lts  c o u ld  b e  s u p p l i e d  to  th e  c u s to m e r s .  (S e c  p p .  8 3 -  

8 4  f o r  a  d is c u s s io n  o f  th e  t h r e e - w i r e  t e c h n o lo g y .)  E d is o n  e s ta b l is h e d  a n d  

f in a n c e d  th e  T h o m a s  A . E d is o n  C o n s t r u c t io n  D e p a r tm e n t  to  b u i ld  “ V illa g e  

s t a t io n s ” w h e n  th e  f in a n c ia l  b a c k e r s  o f  th e  p a r e n t  E d is o n  E le c tr ic  L ig h t 

C o m p a n y  f a i le d  to  s u p p o r t  h is  sm a ll-c i ty  v e n tu r e s . -l2 B e fo re  it w as  a b s o r b e d  

in  th e  fall o f  188 4  by  th e  E d is o n  C o m p a n y  fo r  I s o la te d  L ig h t in g ,  th e  E d is o n  

C o n s t r u c t io n  D e p a r tm e n t  in s ta l le d  c e n t r a l  s ta t io n s  in  n e a r ly  tw e n ty  to w n s . 

F iv e  o f  t h e s e  w e re  p r e d e c e s s o r  c o m p a n ie s  o f  P e n n s y lv a n ia  P o w e r  &  L ig h t.

P h il ip  B. S h a w  o f  W il l ia m s p o r t ,  P e n n s y lv a n ia ,  th e  s ta le  o f  P e n n s y lv a n ia 's  

r e p r e s e n ta t iv e ,  o r  m a n a g e r ,  f o r  th e  E d is o n  E le c tr ic  L ig h t C o m p a n y ,  o b -

”  H a ro ld  C. Passer. T he  Electrical M anufa cturers , 1 8 7 5 -1 9 0 0  (C am b rid ge, Mass : H arv ard  

U niv ersity  Press, 1953). p. 99.
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l a i n e d  f u n d i n g  lo c a lly  a n d  o r g a n iz e d  e le c t r ic  l ig h t in g  c o m p a n ie s  a t  W il ­

l i a m s p o r t ,  S h a m o k in ,  S u n b u r y ,  M o u n t  C a r m e l ,  a n d  H a z le to n ,  P e n n s y lv a ­

n ia . T h e  f iv e  s m a ll  to w n s  w e r e  s i tu a te d  in  th e  a n t h r a c i t e  c o a l  f ie ld s  b e tw e e n  

th e  S u s q u e h a n n a  a n d  L e h ig h  r iv e r s  ( e x c e p t  f o r  W il l ia m s p o r t ,  w h ic h  w as 

lo c a te d  o n  th e  S u s q u e h a n n a  f a r t h e r  n o r t h ) .  S h a w  o b ta i n e d  l e t t e r s  p a te n t ,  

o r  le g a l  a u t h o r i z a t i o n  f o r  t h e  c o m p a n ie s ,  b e tw e e n  t h e  fa ll o f  1 8 8 2  a n d  th e  

fa ll o f  1 8 8 3 .43 H is  r e c o l le c t io n s  o f  t h e  s y s te m ’s s u b s e q u e n t  h is to r y  d i f f e r  

f r o m  s t a n d a r d  E d is o n  h is to r ie s .  S h a w  r e c a l l e d  t h a t  in  t h e  fa ll o f  1 8 8 2  f o r m e r  

T h o m a s  E d is o n  b o o s te r s  h a d  b e c o m e  c r i t ic s  a n d  t h a t  J .  P . M o r g a n ,  in  S h a w 's  

p r e s e n c e ,  “ [h a d ]  c la s s e d  M r .  E d is o n  a s  a n  i m p o s to r ,  a  f a k i r  a n d  a  c h a r l a t a n ” 

b e c a u s e  o f  p r o b le m s  a n d  d e la y s  in  c o n s t r u c t io n  o f  t h e  P e a r l  S t r e e t  s ta t io n  

in  N e w  Y o r k  C ity .  S h a w  b e l ie v e d  t h a t  “ E d i s o n ’s v is io n  o f  g ia n t  c a s tle s  h a d  

c r u m b le d  in to  m ic r o s c o p ic  u n i t s ” a n d  t h a t  E d is o n  h a d  b e c o m e  a  p e r s i s t e n t  

p e s s im is t .44 S h a w ’s a c c o u n t  th e n  n o t e d  h is  u r g i n g  th e  d e s p o n d e n t  E d is o n  

to  t r y  h is  s y s te m  in  s m a ll  to w n s ,  w h e r e  g a s  l ig h t  w a s  e x p e n s iv e  a n d  co a l 

in e x p e n s iv e ,  r a t h e r  t h a n  in  t h e  la r g e  c i t ie s . E d is o n  t h e n  n a m e d  S h a w  th e  

E d is o n  r e p r e s e n t a t i v e  f o r  P e n n s y lv a n ia  a f t e r  S h a w  d e s c r ib e d  h is  p r i o r  e x ­

p e r i e n c e  a s  p r o m o t e r  o f  p a t e n t e d  d e v ic e s .  S h a w  r a i s e d  c a s h  f r o m  p e r s o n s  

in  W i l l i a m s p o r t  a n d  e l s e w h e r e  in  t h e  r e g io n ;  a r r a n g e d  f o r  t h e  E d is o n  

C o n s t r u c t i o n  D e p a r t m e n t  to  b u i ld  t h e  p la n t s ;  a n d  n e g o t i a t e d  t h e  e x c h a n g e  

o f  c a s h  a n d  t h e  s lo c k  o f  t h e  lo c a l c o m p a n ie s  f o r  a n  E d is o n  l ic e n s e  a n d  

e q u i p m e n t  f r o m  t h e  E d is o n  E le c tr ic  L ig h t  C o m p a n y ,  w h ic h  h e ld  t h e  E d is o n  

p a t e n t s .45 A f t e r  c o n s t r u c t io n  b e g a n  o n  t h e  p la n t s  in  S u n b u r y  a n d  t h e  o t h e r  

to w n s ,  “ a  w ild  r u s h  f o r  p a r e n t  c o m p a n y  s to c k  e n s u e d ,  a n d  t h e  s to c k  w ith  

a  p a r  v a lu e  o f  $ 1 0 0  s k y r o c k e te d  to  $ 4 4 0 0  p e r  s h a r e . ” T h e r e f o r e ,  it w as  n o  

id le  g u e s s ,  S h a w  v e n t u r e d ,  “ to  a s s u m e  t h a t  to  P e n n s y lv a n ia ,  a n d  p a r t i c u la r ly  

to  t h e  to w n s  a b o v e  m e n t i o n e d ,  b e lo n g s  t h e  c r e d i t  a n d  d i s t in c t io n  o f  h a v in g  

r e s c u e d  f r o m  to ta l  s u b m e r g e n c e  t h e  g r e a te s t  in d u s t r y  e v e r  c o n c e iv e d ." 46

B y d r a w i n g  o n  e a r l i e r  e x p e r i e n c e  w ith  a n  a b o v e - g r o u n d  t r a n s m is s io n  

s y s te m  t h a t  h a d  b e e n  f u n d e d  o n  a  s m a ll  s c a le  b y  t h e  E d is o n  E le c tr ic  L ig h t 

C o m p a n y  a t  R o s e lle ,  N e w  J e r s e y ,  in  1 8 8 2 , E d is o n  d e s ig n e d  t h e  c e n tr a l -  

s t a t io n  a n d  d i s t r i b u t i o n  s y s te m  fo r  S u n b u r y .47 ( T h e  th r e e - w i r e  s y s te m  w as 

n o t  u s e d  in  R o se lle , h o w e v e r .)  E d is o n  s e n t W . S. A n d re w s  a n d  F ra n k  S p ra g u e  

to  S u n b u r y  to  s u p e r i n t e n d  c o n s t r u c t io n  a n d  to  t r a i n  lo c a l m e n  d u r i n g  

c o n s t r u c t io n  to  o p e r a t e  t h e  E d is o n  E le c tr ic  I l lu m in a t in g  C o m p a n y .  W ith  

th o u s a n d s  o f  s p e c ta to r s  o n  h a n d ,  E d is o n  i n a u g u r a t e d  t h e  s y s te m  o n  4 J u ly  

18 8 3  in  a  to w n  n u m b e r i n g  n o  m o r e  th a n  6 ,0 0 0  p e o p le .  A  n u m b e r  o f

■’’ T h e  five u ti lities  u ltim ate ly  be ca m e  p a rt o f  Pen nsy lvan ia  Pow er & L ight. Shaw  also 

e stab lish ed  a c o m p a n y  at B e lle fon tc , Pa. See " M e m o ra n d u m  D ata fo r  use  by th e  Publicity 

D ivision o f  th e  F ra n k lin  In s titu te  o f  Penn sy lv a n ia ."  U n s ig n e d , b u t a u th o re d  by  Shaw , th is  
m e m o  (on  file  a t th e  F ra n k lin  In s titu te  M u se um  A rchiv es. P h ilad e lp h ia . Pa.) was p robably  
w ritte n  d u r in g  th e  early  1930s w h en  th e  o r ig in a l d y n a m o s  a n ti s te am  e n g in e s  f ro m  th e  Edison 
s ta tio n  at S u n b u ry  w ere  o n  lo an  to  th e  F ra n k lin  In s titu te . I am  in d e b te d  to  A n n e  M illb ro oke 

fo r  c alling  m y a tte n t io n  to  th is  d o c u m e n t a n d  Tor p e rm issio n  to  re f e r  to  h e r  u n p u b lis h ed  

rese arch  p a p e r . "E lec tricity  in C e n tra l-E a s te rn  P e n nsylv ania : P e n nsylv ania  Pow er Sc L ight 
C o m p a n y  a n d  I ts  P re dec esso rs ,"  d o n e  at th e  U niv ersity  o f  P e n nsylv ania  in th e  fall o f  1976.

44 Shaw , " M e m o ra n d u m ."

" ‘ E diso n  E lectr ic  L ig ht C o ., H ullr tm , S e p te m b e r  1883, pp . 4 6 -4 8 .

4nShaw , " M e m o ra n d u m ."

47 E d iso n  E le ctr ic  L ig ht C o .. R ulle tin , S e p te m b e r  1883, p. 47.



4 3 3 T H E  S T Y L E  O F  E V O L V I N G  S Y S T E M S

F ig u re  X I V .2 2 . Ed iso n d irect-curren t, 

three-wire-distribution cen tra l station in 

Su nbury , P a. Courtesy o f  the Edison  

Archives, Ed iso n N a tio im l H istoric Site, 

W est O rang e, N .J .

c o m m e r c i a l  b u i l d i n g s  a n d  b o u s e s  w e r e  l i t , i n c l u d i n g  t h e  C i t y  H o t e l .  T h e  

c e n t r a l  s t a t i o n  w a s a  sm a l l  w o o d e n  s t r u c t u r e  h o u s i n g  a B a b c o c k  a n d  W i l c o x  

b o i l e r  a n d  t w o  “ L "  t y p e  E d i s o n  g e n e r a t o r s  b e l t e d  t o  h i g h - s p e e d  A r m i n g t o n  

8c S i m s  s t e a m  e n g i n e s  ( se e  F i g .  X I  V . 2 2 ) .  T h e  sy s t e m  h a d  a  c a p a c i t y  o f  a l > o u i  

s i x  h u n d r e d  f i f t y  10 - c .p .  i n c a n d e sc e n t  l a m p s." 18 W i t h  t e c h n i c a l  a d v i c e  a n d  

e q u i p m e n t  f r o m  t h e  p a r e n t  E d i s o n  c o m p a n y  c o n t i n u i n g  t o  b e  g i v e n  in  

e x c h a n g e  f o r  b o n d s  a n d  st o c k ,  S u n b u r y  e x p a n d e d  a n d  b y  18 8 H  s e r v e d  

m o r e  t h a n  a  h u n d r e d  c u s t o m e r s  a n d  a b o u t  1, 2 0 0  l a m p s . '10 T h e  c o m p a n y  

w a s r e o r g a n i z e d  a n d  i n v o l v e d  i n  m e r g e r s  se v e r a l  t i m e s b e t w e e n  18 8 8  a n d  

19 11,  w h e n  i t  w a s  a b s o r b e d  b y  t h e  N o r t h u m b e r l a n d  C o u n t y  G a s  8c E l e c t r i c  

C o m p a n y  a n d  l o st  i t s c o r p o r a t e  i d e n t i t y .  N o r t h u m b e r l a n d  w a s l a t e r  a c ­

q u i r e d  b y  P e n n s y l v a n i a  P o w e r  8c L i g h t . ' 0

S m a l l  u t i l i t i e s  w i t h  E d i s o n  l i c e n se s ,  l i k e  t h e  u t i l i t i e s e s t a b l i sh e d  b y  S h a w ,  

b e g a n  o p e r a t i n g  i n  o t h e r  p a r t s  o f  e a s t e r n  a n d  n o r t h e a s t e r n  P e n n sy l v a n i a  

a n d  e v e n t u a l l y  w e r e  i n t e g r a t e d  i n t o  a r e g i o n a l  sy s t e m  b y  t h e  P e n n sy l v a n i a  

P o w e r  8c L i g h t  C o m p a n y .  T h o m a s  E d i s o n  a n d  t h e  E d i s o n  E l e c t r i c  L i g h t  

C o m p a n y  l o o k  s l o c k  f r o m  t h e se  c o m p a n i e s  i n  p a r t i a l  e x c h a n g e  f o r  e q u i p ­

m e n t  a n d  a d v i c e .  T h u s  b e g a n  a  l o n g  h i s t o r y  o f  m a n u f a c t u r e r  i n f l u e n c e  i n  

u t i l i t y  o p e r a t i o n .  T h e  l o a d  c a r r i e d  i n  t h e  e a r l y  s t a t i o n s  w a s m o st l y  i n ­

c a n d e s c e n t  l i g h t i n g  s u p p l e m e n t e d  i n  so m e  c a se s  b y  a  c o m p l e m e n t a r y  a r c -  

l i g h t i n g  p l a n t  m a d e  u p  o f  e q u i p m e n t  f r o m  o n e  o f  t h e  e a r l y  a r c - l i g l u  

m a n u f a c t u r e r s — T h o m s o n - H o u s t o n ,  E x c e l s i o r ,  B r u s h ,  U n i t e d  S t a t e s ,  

A m e r i c a n ,  S c h u y l e r ,  S p e r r y ,  a n d  W e st o n ,  f o r  e x a m p l e .  A  p o o r  l o a d  f a c t o r  

r e s u l t i n g  f r o m  t h e  a b s e n c e  o f  l o a d  o t h e r  t h a n  l i g h t i n g  a n d  a  h i g h  p e a k  

d u r i n g  t h e  e v e n i n g  h o u r s  w e a k e n e d  t h e  sm a l l  u t i l i t i e s ,  h o w e v e r .  T h e i r  

p e r i l o u s  s i t u a t i o n  d e t e r i o r a t e d  f u r t h e r  w h e n  “ t h e  b a t t l e  o f  t h e  sy s t e m s "  

m a n i f e s t e d  i t s e l f  o n  t h e  l o c a l  l e v e l  i n  t h e  l a t e r  18 8 0 s  w i t h  t h e  a p p e a r a n c e  

o f  c o m p e t i n g ,  a l t e r n a t i n g - c u r r e n t  l i g h t i n g  s t a t i o n s  u s i n g  W e s t i n g h o u se ,  

T h o m s o n - H o u s t o n ,  a n d  o t h e r  n o n - E d i s o n  e q u i p m e n t .  T h e  c o m p e t i t i o n  

f r o m  a l t e r n a t i n g - c u r r e n t  s t a t i o n s i n  sm a l l  t o w n s w a s e s p e c i a l l y  s h a r p  f o r  

d i r e c t - c u r r e n t  u t i l i t i e s  b e c a u se  t h e  c o m p e t i t o r ’s a .c .  d i s t r i b u t i o n  a t  1, 0 0 0  

v o l t s  o r  m o r e  i n c r e a s e d  t h e  a r e a  o f  e c o n o m i c a l  se r v i c e .  T h e  a .c . u t i l i t i e s 

a l so  h e l d  a n  a d v a n t a g e  b e c a u se  a r c - l i g h t i n g  a n d  a l t e r n a t i n g - c u r r e n t ,  i n ­

c a n d e s c e n t  sy s t e m s  w e r e  c o m p a t i b l e  ( b o t h  u se d  h i g h  v o l t a g e s) .  B y  19 0 0  t h e  

e r a  o f  d u p l i c a t i o n  o f  f a c i l i t i e s  a n d  c o m p e t i t i o n  h a d  b r o u g h t  t h e  e s t a b l i sh ­

m e n t  o f  n o  l e ss t h a n  s i x t y - f o u r  d i f f e r e n t  c o m p a n i e s  s e r v i n g  e i g l u y - e i g h t  

c o m m u n i t i e s  i n  t h e  r e g i o n  t h a t  w a s l a t e r  t o  b e  se r v e d  b y  t h e  P e n n sy l v a n i a  

P o w e r  &  L i g h t  C o m p a n y .  T h e  t e c h n i c a l  c h a r a c t e r i s t i c s  o f  t h e se  sy s t e m s

In fo rm a tio n  on  th e  e arly  h is to ry  o f  th e  E dison  Electr ic  Illu m in a tin g  Co. o f  S u n b u ry  can 
be  fo u n d  in  th e  Pen nsy lvan ia  Pow er Sc L ig h t C o. Pa pe rs  at th e  E le u th eria n  Mills H is to rical 
L ib rary  in W ilm in g to n  (G reenvil le ), Del. (h e re a fte r  c ited  as PP& L Papers). T h e s e  p a p ers  
in c lud e  fin anc ia l rec o rd s , such  as le d g ers  a n d  jo u rn a ls , an d  fo rm al rec o rd s, such  as m in u te  
books, o f  th e  p re d e c e sso r  c o m p an ie s  o f  PP& L, w hich was fo rm ed  in 1920. For instance, 
a m o n g  th e  p a p e rs  a rc  a p h o to sta tic  copy  o r  th e  first M in u te  Book an d  th e  o rig ina l o f  the  
se co nd  M inu te  B ook o f  th e  S tin b u ry  c o m pany . I am  in d e b ted  to  D r. R ichm ond W illiam s an d  
M r. H u g h  G ib b  fo r  g u id a n c e  in th e  use  o r  th ese  pa pers . Sec also W. S. A ndrew s. "1 lie  S tory  
o f  S u n b u ry  S ta tion ,"  P op ular Electricity 3 (1910): 3 9 1 -9 3 ; H arry  L. a n d  Sam uel K c e frr . " I n ­
s ta lla tio n  in S u n b u ry  o r  First T h r e e  W ire  System ," Su nb ur y  D aily Item , 25 May 1916

M illb rookc , "E lectr ic ity  in C e n tra l-E as te rn  Pennsylv ania ," p. 15.

»»T h e  c o m p etitio n  a m o n g  elec tr ic  utilitie s in S im bu ry  from  1900 to  1911 is succinctly  

ch ro n ic le d  in  P P fd L  H istory, 3: 3 0 -3 2 .
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v a r ie d  w id e ly  in  le v e l o f  v o l ta g e  a n d  f r e q u e n c y  a s  w ell a s  in  ty p e  o f  c u r r e n t . 51 

T h e  s i tu a t io n  w as  p a r o c h ia l .

F r o m  a b o u t  1 8 9 5  to  1 9 1 0  t h e  e f f e c ts  o f  “ t h e  b a t t le  o f  t h e  s y s te m s ” a t ­

t e n u a t e d  w ith  t h e  r e s o lu t io n  m a d e  p o s s ib le  by  c o u p le r s ,  b u t  th e  e le c t r i f i ­

c a t io n  o f  s t r e e t c a r s  a n d  th e  e x p lo i t a t io n  o f  h y d r o e le c t r i c  p o w e r  b r o u g h t  

a d d i t io n a l  c h a l l e n g e s  f o r  t h e  u ti l i t ie s .  S o m e  t r a n s i t  c o m p a n ie s  u s e d  p o w e r  

f r o m  e x i s t in g  u t i l i t ie s ,  b u t  o t h e r s  b u i l t  t h e i r  o w n  p o w e r  p la n t s .  T h e  e x is t in g  

u t i l i t ie s  c o u ld  h a v e  s u p p l i e d  th e  s t r e e t c a r  c o m p a n ie s  e i t h e r  by  a d d i n g  d .c . 

e q u i p m e n t  o r  b y  u s in g  c o n v e r t e r s  i f  t h e i r  g e n e r a t o r s  w e re  t h e  a .c . ty p e ,  

b u t  t h e  t r a n s i t  c o m p a n ie s ,  b e l ie v in g  t h a t  th e  t r a n s i t  lo a d  w as  s u f f ic ie n t  o r  

t h a t  it c o u ld  b e  s u p p l e m e n t e d  b y  o b ta i n i n g  t h e i r  o w n  f r a n c h i s e s  to  s u p p ly  

l ig h t in g ,  p u r s u e d  t h e i r  g o a ls  i n d e p e n d e n t l y .  P o w e r  c o m p a n ie s  w ith  h y ­

d r o e l e c t r i c  s t a t io n s  a ls o  c o m p e t e d  w ith  th e  e x i s t in g  l ig h t in g  c o m p a n ie s  by 

o b t a i n i n g  d i s t r i b u t i o n  r ig h t s  in s t e a d  o f  s e l l in g  p o w e r  w h o le s a le  to  th e  u t i l ­

it ie s . T h e s e  d e v e l o p m e n t s  in  P e n n s y lv a n ia  r e f l e c te d  w h a t  w as  h a p p e n i n g  

th r o u g h o u t  t h e  u t i l i ty  i n d u s t r y .5'2 A  s u m m a r y  o f  t h e  h is to r y  o f  s e v e ra l  

u t i l i t ie s  in  n o r t h e a s t e r n  P e n n s y lv a n ia — la te r  P P & L ’s t e r r i t o r y — is in  m a n y  

w ay s  r e p r e s e n t a t i v e  o f  th e s e  t r e n d s  (s e e  F ig . X I V .2 3 ) .

O r g a n i z e d  in  1 8 8 6 , t h e  E d is o n  E le c t r ic  I l l u m i n a t i n g  C o m p a n y  o f  L a n ­

c a s t e r ,  P e n n s y lv a n ia ,  a d a p t e d  to  c h a n g e  w h e n  in  1 8 9 2  it i n s ta l le d  a  s e p a r a te  

a l t e r n a t i n g - c u r r e n t  d i s t r i b u t i o n  s y s te m . N e v e r th e le s s ,  “ t h e  b a t t l e  o f  t h e  sys ­

t e m s ” m a d e  its  w ay  to  L a n c a s te r  in  1 8 9 3  w h e n  W e s t in g h o u s e  in te r e s ts  

e s t a b l i s h e d  a s e c o n d  u t i l i ty ,  th e  C i t iz e n s  E le c t r ic  L ig h t ,  H e a t  & P o w e r  C o m ­

p a n y ,  in  th is  s m a ll  c ity . T h e  tw o  c o m p a n ie s  c o m p e t e d  f o r  a b o u t  tw o  y e a rs  

u n t i l  t h e  E d is o n  C o m p a n y  b o u g h t  t h e  C i t iz e n s  C o m p a n y ,  a b a n d o n e d  th e  

le ss  e f f i c i e n t ,  E d is o n  g e n e r a t i n g  p la n t ,  a n d  m o v e d  s o m e  e q u i p m e n t  to  th e  

n e w e r  p o w e r  p l a n t  a c q u i r e d  in  th e  p u r c h a s e .  T h e  r is e  o f  h y d ro e le c t r ic i iy  

th e n  h a d  lo c a l r e p e r c u s s io n s  a s  a n e w  c o m p a n y ,  t h e  L a n c a s te r  E le c t r ic  L ig h t,  

H e a t  & P o w e r  C o m p a n y ,  in c o r p o r a t e d  in  1 8 9 7 , s u p p l i e d  L a n c a s te r  f ro m  

t h r e e  a .c . h y d r o e le c t r i c  p la n t s  a lo n g  C o n e s to g a  C r e e k .  T h e  c o m p e t i t io n  so  

r e d u c e d  p r i c e s  t h a t  t h e  E d is o n  C o m p a n y  w as  u n a b le  to  d e c la r e  d iv id e n d s  

f o r  s e v e ra l  y e a r s .  In  1 9 0 2 , h o w e v e r ,  th e  E d is o n  C o m p a n y  a g r e e d  to  la k e  

o v e r  th e  e n t i r e  p o w e r  p r o d u c t i o n  o f  t h e  h y d r o e le c t r i c  c o m p a n y  a n d  its 

d i s t r i b u t i o n  f a c il i t ie s  in  L a n c a s te r ,  th e r e b y  i n i t i a t in g  a  p ro c e s s  o f  i n t e g r a ­

t io n .  T h e  i n t e g r a t i o n  o f  t h e r m a l  a n d  h y d r o e le c t r i c  fa c il i t ie s  in  t u r n  le d  to  

th e  i n s t i tu t io n  o f  a  lo a d  d i s p a t c h e r  to  m a n a g e  t h e  d iv e r s e  p o w e r  s u p p l ie s  

to  a c h ie v e  o p t im a l  e c o n o m ie s .

T h e  e a r ly  h i s to r y  o f  e le c t r ic  s u p p ly  in  L a n c a s te r  d i f f e r e d  in  o n e  r e s p e c t  

f r o m  u t i l i ty - in d u s l r y  t r e n d s ;  a t r a n s i t  c o m p a n y  d id  n o t  c o m p l ic a te  a n d  

s t im u la te  d e v e lo p m e n ts .  E ls e w h e re  in  e a s te rn  P e n n s y lv a n ia , h o w e v e r ,  tra n s it  

c o m p a n ie s  d id  s h a p e  h is to ry .  I n  A l le n to w n ,  a  sm a ll  c ity  in  t h e  L e h ig h  v a lley ,

51 Ib id .. 1: 5 -6 .
”  U iili iy  in d u s try  tre n d s  a m o n g  h u n d r e d s  o f  sm all u tilitie s in  th e  U n ite d  S ta le s  a re  d e fin e d  

a n d  d e scrib e d  by F o rres t M cD onald  in Let There lie  Ligh t: The  U tility In dustry in  W isconsin. 
I 8 8 I - I 9 S }  (M ad ison . W is.: T h e  A m e ric an  H isto ry  R esearch  C e n te r . 1957). M cD onald  p r o ­
v id es a n  overv iew  fo r  th e  d if fe re n t p h a ses o f  utility  h is to ry  in  W isconsin  o n  p p . 3 - 3 2 , 103- 

25 , 1 81 -2 0 1 , a n d  2 9 9 -3 2 2 . T h o m a s  C. M arlin  a lso  p ro v id es overv ie w s o f  t r e n d s  in U .S.. 
D e p a rtm e n t o f  C o m m e rc e . b u r e a u  o f  th e  C e n su s, Specia l Reports o f  Cen tra l Electric Ligh t and  
Power  Stations (W a sh in g to n , D .C .: C T O , se lec te d  years). S ee, fo r  e x am p le , th e  Rep or t fo r  1907 
(p u b lish e d  in  1910), p p . 9 6 -1 2 3 ; a n d  th e  Repor t fo r 1912 (p u b lish e d  in 1915), p p . 1 1 1-76 .
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a  l ig h t in g  c o m p a n y  w as  e s t a b l is h e d  in  th e  1 8 8 0 s . A b o u t  1 8 9 0 , w h e n  th e  

p o te n t i a l  lo a d  o f  th e  A l le n to w n  E le c tr ic  L ig h t  & P o w e r  C o m p a n y  e x c e e d e d  

th e  c o m p a n y ’s a b il i ty  to  f in a n c e  th e  a d d i t io n a l  p la n t ,  th e  I n d u s t r i a l  I m ­

p r o v e m e n t  C o m p a n y  o f  B o s to n  a r r a n g e d  f o r  th e  A l le n to w n  & B e th le h e m  

R a p id  T r a n s i t  C o m p a n y ,  w h ic h  w as  a l r e a d y  o p e r a t i n g  a  t r a n s i t  n e tw o r k  

a n d  a p o w e r  p la n t ,  to  l a k e  o v e r  th e  c o m m o n  s to c k  o f  th e  A l le n to w n  E le c tr ic  

L ig h t  & P o w e r  C o m p a n y  a n d  to  e n la r g e  its  g e n e r a t i n g  p la n t  to  s e r v e  b o th  

th e  t r a n s i t  n e tw o r k  a n d  th e  d i s t r ib u t io n  s y s te m  o f  th e  A l le n to w n  P o w e r  

C o m p a n y .  I n  1 9 0 3  t h e  s i tu a t io n  w as  f u r t h e r  r a t io n a l iz e d  w h e n  a n e w  c o m ­

p a n y ,  t h e  L e h ig h  V a lle y  T r a n s i t  C o m p a n y ,  a c q u i r e d  th e  A lle n to w n  8c B e th ­

l e h e m  R a p id  T r a n s i t  C o m p a n y  a n d  th e  A l le n to w n  E le c tr ic  L ig h t 8c P o w e r  

C o m p a n y .  I n  1 9 1 3 , th e  L e h ig h  V a lle y  T r a n s i t  C o m p a n y  m e r g e d  a n d  c o n ­

s o l id a te d  t h e  A l le n to w n  E le c tr ic  L ig h t 8c P o w e r  C o m p a n y  a n d  a n u m b e r  

o f  sm a ll  p r o p e r t i e s  it h a d  a c q u i r e d  in to  th e  L e h ig h  V a lley  L ig h t 8c P o w e r  

C o m p a n y ,  a  p r in c ip a l  p r e d e c e s s o r  o f  P P & L .53
A n o t h e r  s ta g e  in  th e  p r e h i s to r y  o f  th e  P P & L  b e g a n  w ith  th e  i n t r o d u c t io n  

o f  th e  tu r b i n e  a n d  h ig h -v o l ta g e  t r a n s m is s io n .  T h e  n e w  te c h n o lo g y  .s tim u ­

l a te d  i n t e g r a t io n  in  n o r t h e a s t e r n  P e n n s y lv a n ia  as it h a d  in  th e  r e g io n s  

s e rv e d  by  R W E  a n d  N E S C O . T h e  re la t iv e ly  s h o r t  h is to ry  o f  th e  H a rw o o d  

E le c tr ic  P o w e r  C o m p a n y ,  a  p r e d e c e s s o r  o f  th e  P e n n s y lv a n ia  P o w e r  & L ig h t 

C o m p a n y ,  p r o v id e s  a n  e x a m p le  o f  th e  p ro c e s s  o f  in t e g r a t io n  a n d  th e  f o r ­

m a t io n  o f  d is t r ic t  sy s te m s . I n  1 9 0 7 , th e  o p e r a t o r  o f  a n  a n th r a c i t e  m in e ,  

C a lv in  P a r d e e ,  f in a n c e d  a n d  o rg a n iz e d  th e  H a rw o o d  E le c tr ic  P o w e r  C o m ­

p a n y .  T h e  c o m p a n y  w as d e s ig n e d  to  p r e s id e  o v e r  a m in e - m o u th  p o w e r  

s ta t io n  in  th e  a n th r a c i t e - m in in g  d is t r ic t  n e a r  th e  sm a ll to w n  o f  H a z le to n

”  P P V I .  H istory. 3: 2-G.
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in  n o r t h e a s t e r n  P e n n s y lv a n ia .  M in e - m o u lh  p la n t s  w e re  n o t  n e w ; R W E ’s 

f i r s t  p l a n t  w as  b u i l t  a t  t h e  V ic to r ia  M a th ia s  m in e  in  E s se n . P a r d e e  t r a n s ­

f e r r e d  s e v e r a l  s m a ll  t u r b o g e n e r a t o r s  a n d  th e  s to c k  o f  t h e  H a r w o o d  C o a l 

C o m p a n y  to  c a p i ta l iz e  t h e  n e w  c o m p a n y .  T h e  t e m p o r a r y  p la n t  h a d  tw o  

3 0 0 -k w . W e s t in g h o u s e - P a r s o n s  m a c h in e s  a n d  o n e  5 0 0 -k w . G e n e r a l  E le c tr ic  

t u r b o g e n e r a t o r ,  b u t  b y  1 9 1 3  its  c a p a c i ty  h a d  r i s e n  to  1 2 ,0 0 0  kw . a n d  th e  

p l a n t  h a d  a c h ie v e d  t h e  s t a tu s  o f  a  d i s t r i c t  s t a t io n .  T h e  p la n t  s to o d  a lo n g s id e  

a  la r g e  c o a l  b r e a k e r ,  w h e r e  c h u n k s  o f  c o a l  f r o m  th e  m in e  w e re  b r o k e n  

d o w n ,  c l e a n e d ,  g r a d e d ,  a n d  s o r t e d  a c c o r d in g  to  s ize . T h e  p o w e r  p la n t 's  

c a p a c i ty  e x c e e d e d  t h e  m i n i n g  a n d  i n d u s t r i a l  lo a d  in  th e  f r a n c h i s e  a r e a  o f  

t h e  n e w  c o m p a n y ,  s o , b y  s to c k  p u r c h a s e  a n d  m e r g e r ,  P a r d e e  a c q u i r e d  th e  

t e r r i t o r y  o f  t h e  C o n s u m e r s  E le c t r ic  L ig h t  8c P o w e r  C o m p a n y  o f  H a z le to n ,  

w h ic h  h a d  b e e n  f o r m e d  in  1 9 0 6  to  a c q u i r e  c h a r t e r  r ig h t s  to  d i s t r ib u te  

e le c t r ic i ty  in  H a z le to n .  U s in g  p o w e r  f r o m  t h e  H a r w o o d  p la n t ,  t h e  C o n ­

s u m e r s  C o m p a n y  r e n d e r e d  s e r v ic e  m o r e  e c o n o m ic a l ly  t h a n  a n  o l d e r  c o m ­

p e t i t o r ,  t h e  H a z le to n  E le c t r ic  L ig h t  & P o w e r  C o m p a n y ,  t h e  s u c c e s s o r  to  

t h e  E d i s o n  C o m p a n y  e s ta b l i s h e d  by  P h i l ip  B . S h a w  in  1 8 8 3 . B e c a u s e  o f  its  

a n t i q u a t e d  e q u i p m e n t ,  s o m e  o f  it t h e  E d is o n  d i r e c t - c u r r e n t  ty p e ,  th e  H a ­

z le to n  C o m p a n y  w as  u n a b l e  to  c o m p e te  a n d  s o ld  o u t  to  P a r d e e  in  1 9 I 2 .54

I n  1 9 1 3  t h e  L e h ig h  C o a l 8c N a v ig a t io n  C o m p a n y — w h ic h  is n o t  to  b e  

c o n f u s e d  w ith  t h e  L e h ig h  V a lle y  L ig h t  8c P o w e r  C o m p a n y — c o n s t r u c te d  

a n o t h e r  d i s t r i c t  s t a t io n  e q u i p p e d  w ith  t u r b o g e n e r a t o r s  o n ly  10 m ile s  f r o m  

H a r w o o d ,  a t  H a u to .  O n e  o r  th e  n a t i o n ’s o ld e s t  in d u s t r i a l  c o r p o r a t i o n s ,  th e  

L e h ig h  C o a l  8c N a v ig a t io n  C o m p a n y  h a d  b e e n  f o u n d e d  in  1 8 2 2  to  e x p lo i t  

t h e  a n t h r a c i t e  f ie ld s  a n d  to  b u i ld  a  c a n a l  s y s te m  to  t r a n s p o r t  t h e  a n t h r a c i t e  

o u t  o f  n o r t h e a s t e r n  P e n n s y lv a n ia  to  t h e  P h i l a d e lp h ia  p o r t  a n d  m a r k e t .  O v e r  

t h e  y e a r s  t h e  c o m p a n y  h a d  a c q u i r e d  e x te n s iv e  c o a l  f ie ld s  a n d  r e l a te d  m a n ­

u f a c t u r i n g  a n d  t r a n s p o r t a t i o n  fa c il i t ie s ,  e s p e c ia lly  in  th e  L e h ig h  v a lle y .55 

I ts  a b il i ty  to  m o v e  c a p i ta l  f r o m  m in in g  to  t r a n s p o r t a t i o n  a n d  t h e n  to  e le c t r ic  

p o w e r  m a d e  it a  h ig h ly  a d a p t a b l e  e n e r g y  a n d  in v e s tm e n t  e n t e r p r i s e .  T h e  

c o m p a n y  h a d  i n c o r p o r a t e d  th e  L e h ig h  N a v ig a t io n  E le c tr ic  C o m p a n y  in  

1 9 1 2  f o r  t h e  p r i m a r y  p u r p o s e  o f  s u p p ly in g  e le c t r ic i ty  to  its  c o a l  m in e s  in  

C a r b o n  C o u n ty ,  to  c e m e n t  m ills  in  t h e  L e h ig h  v a lle y , a n d  to  t h e  B e th le h e m  

S te e l  C o m p a n y  in  B e th le h e m ,  a b o u t  3 0  m ile s  f r o m  H a u to ,  w h e r e  th e  n e w  

p o w e r  p l a n t  w a s  to  b e  s i t u a t e d . 56 T h e  in it ia l  e q u i p m e n t  a t  t h e  H a u t o  in ­

s t a l la t io n  c o n s is te d  o f  t h r e e  1 0 ,0 0 0 -k w . G e n e r a l  E le c tr ic  t u r b o g e n e r a t o r s .  

T h e  H a u l o  p o w e r  p l a n t  w a s  a ls o  a m i n e - m o u th  in s ta l la t io n .

In  1 9 1 3  t h e  L e h ig h  N a v ig a t io n  E le c t r ic  C o m p a n y  c o n t i n u e d  th e  t r e n d  

t o w a r d  o r g a n iz a t io n a l  in t e g r a t i o n  by  p u r c h a s i n g  f r o m  A lf r e d  D . P a r d e e  

c o n t r o l l in g  s lo c k  in  t h e  H a r w o o d  E le c t r ic  C o m p a n y  ( f o r m e r ly  t h e  H a r w o o d  

E le c tr ic  P o w e r  C o m p a n y ) ,  a n d  th e n  in  1 9 1 5  m a in ta in e d  a te c h n ic a l  t r e n d  

b y  in t e r c o n n e c t i n g  its  H a u t o  p la n t  w ith  th e  H a r w o o d  p la n t .  T h e  a g r e e m e n t  

b e tw e e n  th e  L e h ig h  N a v ig a t io n  E le c tr ic  C o m p a n y  a n d  (h e  H a r w o o d  C o in -

Ib id ., I: 12.

81II. B e n ja m in  Pow ell, Phila de lph ia's  First F uel  C rim  (U n iversity  P ark : P e n nsylv ania  S lale  
U niv ersity  Press, 1978), p p . 8 2 -8 4 .

,n T lic  m e rg e r  a n d  c o n so lid a tio n  a g re e m e n t by w hich ll ie  L eh igh  N av ig atio n  Electr ic  Co. 
was C onned was d a te d  23 D ec em b er 1912. See M inu te  Book. I ^ h ig h  N avig atio n  Electr ic  C o., 
27  J u ly  1913 to  30 Ju ly  1919. ite m  70 19 . PP& L P a pers .
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p a n y ,  w h ic h  r e t a i n e d  its  c o r p o r a t e  id e n t i ty  d e s p i t e  L e h ig h  o w n e r s h ip ,  in ­

c lu d e d  a  c o m p le x  a n d  r e s o u r c e f u l  a r r a n g e m e n t  f o r  p o w e r  e x c h a n g e .37 T h e  

te c h n ic a l  m e r g e r  w as  m a d e  p o s s ib le  by  th e  u s e  o f  a  c o u p l e r  in  th e  f o rm  o f  

a 6 ,0 0 0 -k w . 2 5 /6 0 -c y c le  f r e q u e n c y  c h a n g e r .  T h e  “s h o r t  f o rm  m e r g e r  a c t  o f  

1 8 7 6 ” o f  P e n n s y lv a n ia ,  w h ic h  p e r m i t t e d  o n e  c o m p a n y  to  se ll its  f r a n c h is e s  

a n d  its  p r o p e r t y  to  a n o t h e r ,  f a c il i ta te d  th is  a n d  s im i la r  m e r g e r s .58

B y  1 9 1 7  th e  L e h ig h  C o m p a n y  h a d  b u i l t  u p  d e m a n d  to  a  c o n n e c te d  lo a d  

o f  2 4 ,1 0 0  k w ., b u t  it w as  p r e d o m in a n t ly  a  l a rg e ,  in d u s t r i a l - c u s to m e r  lo a d .  

I t h a d  o n ly  112  c u s to m e r s  a n d  6 3  p e r c e n t  o f  th e  p o w e r  it d e l iv e r e d  w as 

u s e d  by  f iv e  c e m e n t  c o m p a n ie s .  T o  m e e t  d e m a n d ,  th e  c o m p a n y  p e r io d ic a l ly  

b o r r o w e d  m o n e y  (u n t i l  its  d e b t  w as  o v e r  a m ill io n  d o l la r s )  f r o m  th e  L e h ig h  

C o a l 8c N a v ig a t io n  C o m p a n y  to  f in a n c e  c o n s t r u c t io n  o f  p o w e r  p la n t s  a n d  

t r a n s m is s io n  a n d  d i s t r ib u t io n  l in e s . T h e  f in a n c ia l  t r a n s a c t io n s  w e re  fa c ili ­

t a t e d  by  S . D . W a r r i n e r ,  w h o  w as  p r e s id e n t  o f  b o th  c o m p a n ie s .

T h e  d e c i s io n - m a k in g  p ro c e s s  a n d  th e  m o d e s  o f  d e v e lo p m e n t  a d o p te d  

f o r  t h e  L e h ig h  N a v ig a t io n  E le c tr ic  C o m p a n y  c h a n g e d ,  h o w e v e r ,  in  th e  fa ll 

o f  1 9 1 7 . S. Z . M itc h e ll ,  p r e s i d e n t  o f  E le c tr ic  B o n d  8c S h a r e ,  w as  p r e s e n t  a t  

t h e  L e h ig h  C o m p a n y ’s b o a r d  o f  d i r e c t o r s ’ m e e t in g  o n  12 S e p te m b e r  1917 . 

D u r in g  t h e  m e e t in g ,  s e v e ra l  m e m b e r s  o f  t h e  b o a r d  r e s ig n e d  a n d  n e w  o n e s ,  

i n c lu d in g  M itc h e ll ,  w e re  n a m e d .  T h e  m in u te s  la c o n ic a lly  s t a t e  t h a t  s u b s e ­

q u e n t  to  h is  e le c t io n ,  M itc h e ll  to o k  p a r t  in  th e  p r o c e e d in g s .  H e  n o t  o n ly  

lo o k  p a r t ,  h e  b e c a m e  th e  e n g i n e e r  o f  c h a n g e .  T h e n c e f o r t h ,  E le c tr ic  B o n d  

& S h a r e ,  t h r o u g h  its  h o ld in g  c o m p a n ie s ,  d e t e r m i n e d  th e  p o lic y  o f  th e  

L e h ig h  N a v ig a t io n  E le c tr ic  C o m p a n y  a n d  m u c h  o f  th e  u ti l i ty  b u s in e s s  in  

e a s te r n  P e n n s y lv a n ia .59

M itc h e ll  a n d  S. D . W a r r i n e r  a t t e n d e d  th e  b o a r d  m e e t in g s  o f  th e  L e h ig h  

C o m p a n y  t h r o u g h o u t  1 9 1 8 , b u t  n o t  u n t i l  J u l y  1 9 1 9  w as  th e  im p e n d in g  

t r a n s f o r m a t i o n  in  c o m p a n y  o r g a n iz a t io n  re v e a le d .  T h e  m in u te s  o f  th e  J u ly  

2 9  m e e t in g  i n c lu d e  a  s t a t e m e n t  o f  b u s in e s s  a n d  t e c h n o lo g ic a l  p o lic y  th a t  

w as  u s e d  b y  h o ld i n g  c o m p a n ie s  to  j u s t i f y  th e  t r a n s f o r m a t io n  o f  t h e  e le c tr ic  

s u p p ly  in d u s t r y  t h r o u g h o u t  th e  c o u n t r y .  T h e  p o lic y  w as in v e n tiv e ;  a t  le a s t 

f o r  a  l im e ,  it so lv e d  a  c r i t ic a l  p r o b le m  o f  e le c t r ic  s u p p ly  th a t  w as c o m p a r a b le  

in  s e r io u s n e s s  to  t h e  te c h n o lo g ic a l  p r o b le m s  E d is o n  so lv e d  w h e n  h e  i n t r o ­

d u c e d  th e  h ig h - r e s i s t a n c e  l a m p . F o u r  d e c a d e s  e a r l i e r ,  th e  c r i t ic a l -p ro b le m  

s o lv e r  (E d is o n )  w as  a t  M e n lo  P a rk ;  in  1 9 1 9  h e  (M itc h e ll)  w o r k e d  o u t  o f  th e  

N e w  Y o rk  o f f ic e s  o f  E le c tr ic  B o n d  8c S h a r e .  A p p r o p r ia t e ly ,  E d is o n ,  th e  

i n v e n t o r - e n t r e p r e n e u r ,  a n d  M itc h e ll ,  t h e  f in a n c ie r ,  p r e s id e d  o v e r  d i f f e r e n t  

p h a s e s  o f  t h e  h is to r y  o f  e le c t r ic  s u p p ly  sy s te m s  ( se e  p p .  1 4 -1 7  a b o v e ) .

T h e  u s u a l ly  m a t t e r - o f - f a c t  m in u te s  e x p la in e d  th a t  th e  L e h ig h  N a v ig a tio n  

E le c tr ic  C o m p a n y  c o u ld  a c q u i r e  o n  r e a s o n a b le  t e r m s  th e  f u n d s  n e e d e d  to  

p r o v id e  th e  s e rv ic e  d e m a n d e d  o f  it o n ly  i f  a m e r g e r  w as o rg a n iz e d  a n d  th e  

c o m b in e d  p r o p e r t i e s  p le d g e d  a s  s e c u r i ty ,  a n d  o n ly  i f  th e  c o m b in e d  c o m ­

p a n ie s  i n c r e a s e d  t h e i r  e a r n in g s  t h r o u g h  th e  ra t io n a l iz a t io n  o f  te c h n o lo g y  

a n d  e c o n o m ie s  o f  sc a le . T h e  p a r t i c u la r  m e r g e r  th e  b o a r d  h a d  in  m in d  w as

" M e e t in g  o f  th e  B o a rd  o r  D irec to rs. 23  Ju n e  1915, M in ute  Book. L ehigh  N avigation  

Electr ic  C o.. ibid.
»»T his  sh o r t h is to ry  o r  th e  L ehigh  N avigation  E lectric  Co. is based on  P P lđ l.  H istory. I: 

1 5 -16  a n d  2: v-v i.
»"M eetin g  o r  th e  B oa rd  o f  D irec to rs. l2 S c p lc m b c r  1917. M in ute  B ook. L ehigh  N avigation  

E lectr ic  C o., ite m  7 019. PPHcL Papers.



4 3 8  N 1 3 T W O R K S  O F  P U W l i H

F ig u re  X I V .2 4 . A ch iev in g  an  econom ic m u  o f po wer U otiom  to m eet v n iy in g  demanti. From  PP& L H is to ry . / :  191.

t h a i  o f  t h e  L e h ig h  N a v ig a t io n  E le c tr ic  C o m p a n y  a n d  th e  L e h ig h  V a lley  

L ig h t  8c P o w e r  C o m p a n y ,  th e  l a t t e r  h a v in g  b e e n  f o r m e d  in  1 9 1 3  b y  th e  

L e h ig h  V a lle y  T r a n s i t  C o m p a n y  f r o m  sm a ll  u ti l i t ie s  in  th e  A l le n to w n  a n d  

B e th le h e m  a r e a . fi0

T h e  tw o  c o m p a n ie s  m e r g e d  a n d  c o n s o l id a te d  in  J u ly  1 9 1 9  to  f o r m  “T h e "  

[ a d d i t io n  o f  t h e  d e f i n i t e  a r t i c l e  c o n s t i tu t e d  th e  o n ly  c h a n g e  in  n a m e ]  L e h ig h  

V a lle y  L ig h t  8c P o w e r  C o m p a n y .  T h e  s to c k  t r a n s a c t io n s  in v o lv e d  in  th e  

m e r g e r  s u g g e s t  t h e  n a t u r e  o f  th e  f in a n c ia l  a n d  b u s in e s s  r e o r g a n iz a t io n  th a t  

to o k  p la c e .  T h e  c o m p le x i ty  o f  th e  t r a n s a c t io n s  s u g g e s ts  w h y  m a n y  u ti l i ty  

h e a d s  a t  t h e  l im e  w e re  k n o w n  m o r e  f o r  t h e i r  f in a n c ia l  i n g e n u i ty  th a n  fo r  

t h e i r  a b il i ty  to  s o lv e  te c h n o lo g ic a l  a n d  m a n a g e r ia l  p r o b le m s .  T h e  o ld  L e ­

h ig h  V a lle y  L ig h t  & P o w e r  C o m p a n y  h a d  c o m m o n  s to c k  o u t s t a n d i n g  

a m o u n t in g  to  $ 6 4  1 ,7 0 0 , a n d  fo r  th is  th e  n e w  c o m p a n y  e x c h a n g e d  $ 1 ,5 0 0 ,0 0 0  

o f  p r e f e r r e d  s to c k .  T h e  L e h ig h  N a v ig a t io n  E le c tr ic  C o m p a n y ’s $ 3 ,0 3 7 ,0 0 0  

o f  c o m m o n  s lo c k  w a s  e x c h a n g e d  Tor $ 2 ,1 7 8 ,7 0 0  o f  th e  n e w  c o m p a n y ’s 

c o m m o n  s lo c k .  T h e  $ 3 ,6 7 8 ,7 0 0  o f  o u i s l a n d i n g  c o m m o n  s to c k  o f  th e  tw o  

o ld  c o m p a n ie s ,  t h e n ,  w as  e x c h a n g e d  f o r  $ 3 ,6 7 8 ,7 0 0  o f  s to c k  o f  th e  n e w  

( s o m e  p r e f e r r e d ,  s o m e  c o m m o n ) .  S h a r e  fo r  s h a r e ,  t h e  n e w  p r e f e r r e d  s to c k  

w as  v a lu e d  le ss  h ig h ly  t h a n  th e  c o m m o n  s to c k  o f  L e h ig h  V a lle y  L ig h t 8c 

P o w e r ,  w h ile  t h e  n e w  c o m m o n  s to c k  w as  v a lu e d  m o r e  h ig h ly  t h a n  th e  o ld

M eciiiiR  o f  ll ie  H o ard  o f  D irec to rs , 2 9  Ju ly  1919, ib id .
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c o m m o n  s to c k  o f  t h e  L e h ig h  N a v ig a t io n  E le c tr ic  C o m p a n y .  “T h e "  L e h ig h  

V a lle y  L ig h t  8c P o w e r  C o m p a n y  th u s  h a d  a u th o r i z e d  c o m m o n  s to c k  v a lu e d  

a t  $ 4 ,1 5 0 ,0 0 0  a n d  p r e f e r r e d  s to c k  v a lu e d  a t  $ 1 ,7 0 0 ,0 0 0 ,  w h ic h  in  c o m b i ­

n a t io n  e q u a le d  th e  a u t h o r i z e d  c o m m o n  s to c k  o f  th e  tw o  o ld  c o m p a n ie s ,  

T h e  o ld  c o m p a n ie s  h a d  n o t  lis te d  p r e f e r r e d  s to c k . T h e i r  b o n d e d  in d e b t ­

e d n e s s  a m o u n t e d  to  $ 6 1 9 ,5 0 0  (L V L & P ) a n d  $ 3 ,9 0 9 ,0 0 0  (L N E C ) .01

W ith in  a  m o n th  a f t e r  th e  s l a t e  o f  P e n n s y lv a n ia  is s u e d  l e t te r s  p a te n t  e s ­

t a b l i s h in g  t h e  n e w  c o m p a n y ,  th e  c o m p a n y ’s b o a r d  o f  d i r e c to r s  d is c u s s e d  

t h e  r a i s in g  o f  $ 3  m ill io n  to  c a r r y  o u t  th e  t e c h n o lo g ic a l  s te p s  it  t h o u g h t  

n e c e s s a ry  to  m e e t  d e m a n d .  A d d i t io n a l  c a p a c i ty  w as  p l a n n e d  f o r  th e  H a u to  

a n d  A l le n to w n  p la n t s ,  a n d  n e w  t r a n s m is s io n  l in e s  w e re  to  b e  c o n s t r u c te d  

a n d  o ld  o n e s  r a is e d  f r o m  2 2  kv . to  6 6  kv. I n  c o n ju n c t io n  w ith  th e s e  c h a n g e s ,  

o t h e r  c o m p o n e n t s  o f  th e  e n l a r g e d  s y s te m , s u c h  a s  s w itc h e s  a n d  t r a n s ­

f o r m e r s ,  w e re  to  b e  a d d e d  o r  r e p la c e d .  T h e  in te r r e l a t i o n s h i p  o f  f in a n c ia l  

a n d  t e c h n o lo g ic a l  s o lu t io n s  w as  c le a r .62

T h e  e le c t io n  o f  S. Z. M itc h e ll  to  th e  b o a r d  o f  d i r e c to r s  o f  t h e  L e h ig h  

V a lle y  N a v ig a t io n  E le c tr ic  C o m p a n y  h a d  s ig n a le d  th e  in v o lv e m e n t  o f  E le c ­

t r ic  B o n d  8c S h a r e .  I n  1 9 2 0  t h e  in f lu e n c e  o f  th is  c o r p o r a t i o n  b e c a m e  m o re  

e x p l ic i t  w h e n  t h e  L e h ig h  P o w e r  S e c u r i t ie s  C o r p o r a t i o n ,  a  h o ld in g  c o m p a n y  

a s s o c ia te d  w ith  E le c t r ic  B o n d  8c S h a r e ,  t o o k  o v e r  r e g io n a l  s u p p ly  in  n o r t h ­

e a s te rn  P e n n s y lv a n ia .63 T h i s  fo llo w e d  th e  e s ta b lis h m e n t— by  f u r t h e r  m e r g e r  

a n d  c o n s o l id a t io n — o f  th e  P e n n s y lv a n ia  P o w e r  8c L ig h t  C o m p a n y  o f  A l le n ­

to w n ,  P e n n s y lv a n ia .  T h e  n e w  f o r m a t io n  w as  fo r m a l ly  d is c u s s e d  a t  a  m e e t in g  

o f  th e  b o a r d  o f  “ T h e "  L e h ig h  V a lle y  L ig h t  8c P o w e r  C o m p a n y  o n  17 A p r il  

1 9 2 0 . T h e  h o ld in g - c o m p a n y  r a t io n a le  w as  s ta te d  e x p lic i t ly  in  th e  m in u te s ,  

u n d o u b t e d l y  f o r  t h e  h is to r ic a l  r e c o r d ,  f o r  th o s e  p r e s e n t  w e re  w ell a c ­

q u a i n t e d  w ith  it.

I t  i s t h e c o n se n su s o f  o p i n i o n  t h at  t h r o u g h  m e r g e r  a n d  c o n so l i d a t i o n  o f  t h i s 

c o m p a n y  w i t h  su c h  c o m p a n i e s [ sev er a l  o t h e r  n e i g h b o r i n g  u t i l i t i es]  o n  an  

eq u i t ab l e  b asi s, a m u c h  g r e a t e r  f l e x i b i l i t y  i n  f i n a n c i n g  can  b e o b t a i n e d , w h i ch  

w o u l d  b e d i st i n c t l y  t o  t h e  a d v a n t a g e  o f  eac h  c o m p a n y , an d  e sp e c i a l l y  t o  t h e 

a d v a n t a g e  o f  t h e p u b l i c  i n  t h e t e r r i t o r y  se r v e d  b y  eac h  c o m p a n y , as i t  w o u l d  

f ac i l i t a t e  t h e p o ssi b i l i t y  o f  p r o v i d i n g  a b asi s f o r  t h e n ec essar y  p r o p e r t y  

ex t e n si o n s an d  d e v e l o p m e n t s.64

A g a in ,  s to c k  t r a n s a c t io n s  c h a r a c te r i z e d  th e  c o n s o l id a t io n  a n d  m e r g e r  

a g r e e m e n t .05 T h e  s ix  o p e r a t i n g  u ti l i ty  c o m p a n ie s  t h a t  w e re  d r a w n  in  (b e ­

s id e s  “T h e "  L V L & P ) w e re  th e  N o r t h e r n  C e n t r a l  G a s  C o m p a n y ,  th e  C o ­

lu m b ia  8c M o n t o u r  E le c tr ic  C o m p a n y ,  th e  S c h u y lk il l  G a s  8c E le c tr ic  C o m ­

p a n y ,  th e  P e n n s y lv a n ia  L ig h tin g  C o m p a n y ,  th e  H a rw o o d  E lec tric  C o m p a n y .

61 Jo in t  A g re e m e n t o f  23 Ju ly  1919. M inu te  B ook o f  " T h e "  L ehigh  V alley L ight Sc Pow er 

Co., item  2 352, PP& L Papers.

" 'M e e tin g  o f  th e  B o a rd  o f  D irec to rs. I O cto b er  1919. ibid.

“  L eh igh  Pow er Secu rities  C o rp . was id e n tifie d  as on e  o f  five ho ld in g  c o m p an ie s  u n d e r  
th e  su bsta n tia l o r  c o m p le te  c o n tro l o f  E lectric  B ond Sc S ha re  in 1933. A fte r  1928 it was a 
sub sid ia ry  o f  th e  N ation al Pow er Sc L ight Co., a n o th e r  h o ld in g  c om p an y  fo rm ed  in 1921 an d  
c o n tro lled  by Electr ic  B ond Sc S h a re . Sec U .S.. F edera l T r a d e  C om m ission , U tility Corporations, 

P a ri 72A  (W a sh in g to n . D .C .: C P O . 1934), p. 616.

64 M eeting  o f  th e  B o a rd  o f  D irec to rs. 17 A pril 1920, M in ute Book o f  "T h e "  L ehigh  Valley 

L ight Sc Pow er Co., item  2352, PP&L Papers.
** lo in t A g re em en t o f  C on so lid ation  a n d  M erger, 12 A pril 1920, ibid.
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a n d  t h e  N o r t h u m b e r l a n d  C o u n ty  G a s  8c E le c t r ic  C o m p a n y .  A lso  n a m e d  

w as  a n o t h e r ,  n o n o p e r a t i n g ,  P e n n s y lv a n ia  P o w e r  8c L ig h t  C o m p a n y ,  w h ic h  

h a d  b e e n  f o r m e d  e a r l i e r  s im p ly  to  h o ld  t h e  n a m e .  A ll t h e  c o m p a n ie s  w e re  

t e r r i to r i a l ly  c o n t ig u o u s .  T h e  N o r t h u m b e r l a n d  C o m p a n y  c o u n t e d  a m o n g  

its  p r e d e c e s s o r  c o m p a n ie s  t h e  E d i s o n  E le c t r ic  I l lu m in a t in g  C o m p a n y  o f  

S u n b u r y ,  t h e  th r e e - w i r e - s t a l io n  c o m p a n y  e s t a b l i s h e d  in  1 8 8 3 ; a n d  a m o n g  

th e  a n t e c e d e n t s  o f  t h e  P e n n s y lv a n ia  L i g h t in g  C o m p a n y  w as  th e  E d is o n  

E lec tr ic  I l lu m in a t in g  C o m p a n y  o f  S h a m o k in ,  w h ic h  h a d  b e e n  f o rm e d  u n d e r  

th e  s a m e  a u s p ic e s  a s  t h e  S u n b u r y  c o m p a n y .  T h e  l in e  o f  d e v e l o p m e n t  f ro m  

t h e  E d is o n  E le c t r ic  L ig h t  C o m p a n y ,  w h ic h  l ic e n s e d  th e s e  tw o , to  E le c tr ic  

B o n d  8c S h a r e  w a s  lo n g ,  c o m p le x ,  b u t  c o n t in u o u s .

E a c h  o f  t h e  c o m p a n ie s  in v o lv e d  r e c e iv e d  in  e x c h a n g e  f o r  its  s to c k  th e  

p r e f e r r e d  c u m u la t iv e  s lo c k  o f  t h e  P e n n s y lv a n ia  P o w e r  8c L ig h t  C o m p a n y .  

T h e  L e h ig h  V a lle y  T r a n s i t  C o m p a n y  a ls o  r e c e iv e d  P P & L  p r e f e r r e d  c u ­

m u la t iv e  s to c k  in  e x c h a n g e  f o r  t h e  s a m e  n u m b e r  o f  p r e f e r r e d  s h a r e s  o f 

“T h e ” L e h ig h  V a lle y  L ig h t  &  P o w e r  C o m p a n y  it h a d  h e ld .  T h e  e x c h a n g e s  

to o k  t h e  m a jo r i ty  o f  t h e  3 5 ,0 0 0  c u m u la t iv e  p r e f e r r e d  s h a r e s  a u t h o r i z e d  by 

t h e  n e w  c o m p a n y ,  b u t  l e f t  6 5 ,0 0 0  s h a r e s  o f  n o n c u m u la l iv e  p r e f e r r e d  s to c k  

a n d  3 1 0 .0 0 0  s h a r e s  o f  c o m m o n  s to c k ,  a ll o f  w h ic h  w e n t  to  t h e  h o ld in g  

c o m p a n y ,  th e  L e h ig h  P o w e r  S e c u r it ie s  C o r p o r a t io n .  T h e  P e n n s y lv a n ia  P o w er 

&  L ig h t  C o m p a n y  ( L e h ig h  P o w e r  S e c u r i t ie s  C o r p o r a t i o n )  c o u ld  t h e n  sell 

s to c k s  a n d  b o n d s  to  th e  p u b l ic ,  b u t  k e e p  c o n t r o l  o f  t h e  v o t in g  c o m m o n  

s to c k  in  its  o w n  o r  o t h e r  f r i e n d ly  h a n d s .

T h e  P e n n s y lv a n ia  P o w e r  & L ig h t  C o m p a n y  c o n t i n u e d  to  e x p a n d  its  t e r ­

r i t o r y  b y  m e r g e r  a n d  c o n s o l id a t io n ,  p r in c ip a l ly  in  1 9 2 3 , 1 9 2 8 , a n d  1 9 3 0 . 

I n  1 9 2 3  t h e  L e h ig h  P o w e r  S e c u r i t ie s  C o r p o r a t i o n  a c q u i r e d  f o r  P P & L  th e  

s lo c k  o f  fiv e  u t i l i t ie s .  T h i r t y - f o u r  m o r e  c o m p a n ie s  o p e r a t i n g  in ,  o r  a d ja c e n t  

to ,  t h e  r e g io n  s e rv ic e d  by  P P & L  w e re  m e r g e d  w ith  it in  1 9 2 8 . I n  1 9 3 0  

L e h ig h  P o w e r  S e c u r i t i e s  b r o u g h t  tw e n ty - o n e  m o r e  u t i l i t ie s  in to  t h e  sy s ­

t e m .66 W ith  t h e  f in a n c ia l  f le x ib il i ty  a n d  r e s o u r c e s  a c q u i r e d ,  th e  t e c h n o lo g y  

o f  th e  s y s te m  w a s  r a t io n a l i z e d  a n d  e x p a n d e d .  F u r t h e r  a d d i t i o n s  w e r e  m a d e  

to  t h e  H a r w o o d ,  H a u to ,  a n d  A lle n to w n  s te a m  s ta t io n s ,  a n d  in  1 9 2 4  c o n ­

s t r u c t i o n  w a s  b e g u n  o n  t h e  4 0 ,0 0 0 -k w .  W a l le n p a u p a c k  h y d r o e le c t r i c  s ta t io n  

(F ig . X I V .2 5 ) . T h e  h y d r o e le c t r i c  s t a t io n  c a r r i e d  th e  s y s te m 's  p e a k  lo a d s  

a n d  b r o u g h t  m o r e  e f f i c i e n t  a n d  e c o n o m ic a l  u t i l iz a t io n  o f  t h e  s te a m  p la n ts .  

I n  1 9 2 5  t h e  c o m p a n y  f u r t h e r  e x p a n d e d  th e  c a p a c i ty  o f  its  s te a m  s ta t io n  a t  

P in e  G r o v e ,  w h ic h  h a d  b e e n  a c q u i r e d  b y  m e r g e r ,  a n d  in  c o n ju n c t io n  w ith  

t h e  S c r a n to n  E le c t r ic  C o m p a n y  b u i l t  f o r  b a s e - lo a d  o p e r a t i o n  a  1 0 0 ,0 0 0 -k w . 

s t a t io n  o f  u n u s u a l ly  h ig h  e c o n o m y .

H u n d r e d s  o f  m i le s  o f  h ig h - v o l t a g e  t r a n s m is s io n  l in e s  w e re  a d d e d  to  th e  

s y s te m , b u t  t h e  m o s t  te c h n o lo g ic a l ly  in n o v a t iv e  p r o je c t  w as  th e  2 2 0 ,0 0 0 -  

v o lt  in t e r c o n n e c t i o n  o f  t h e  P e n n s y lv a n ia  P o w e r  & L ig h t  C o m p a n y ’s p la n ts  

w ith  th o s e  o f  t h e  P h i l a d e lp h ia  E le c t r ic  C o m p a n y  a n d  th e  P u b lic  S e rv ic e  

E le c t r ic  &  G a s  C o m p a n y  o f  N e w  J e r s e y  (se e  p p .  3 3 1 - 3 2  a b o v e ) .  T h e  lo a d  

d iv e r s i ty  o f f e r e d  b y  P e n n s y lv a n ia  P o w e r  & L ig h t  c o m p l e m e n t e d  e s p e c ia lly  

w ell t h e  lo a d s  o f  t h e  o t h e r  tw o , m o r e  u r b a n  u t i l i t ie s ,  f o r  t h e i r  p e a k  lo a d s  

c a m e  in  t h e  la te  a f t e r n o o n ,  w h ile  t h e  p e a k  o f  P P & L , p r im a r i ly  a n  i n d u s t r i a l  

lo a d ,  c a m e  in  th e  m o r n in g s .  T h e  t h r e e  c o m p a n ie s  t h u s  e x c h a n g e d  p o w e r .

M P P (đ L  H is to n . I: 2 7 -3 8 .
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hydroelectric station. From  PP & L H is to ry .

T h e  L e h ig h  P o w e r  S e c u r i t ie s  C o r p o r a t io n  h a d  b e c o m e  a  s u b s id ia ry  o f 

th e  N a t io n a l  P o w e r  &  L ig h t  C o m p a n y  in  1 9 2 1 . I t  w as o n e  o f  th e  m a jo r  

h o ld in g  c o m p a n ie s  c o n t r o l l e d  by  E le c tr ic  B o n d  8c S h a r e .  T h e r e f o r e ,  th e  

P e n n s y lv a n ia  P o w e r  8c L ig h t  C o m p a n y  to o k  e n g in e e r in g ,  c o n s t r u c t io n ,  

m a n a g e m e n t ,  a n d  f in a n c ia l  s e rv ic e s  f r o m  s o m e  p a r t  o f  t h e  N a t io n a l  P o w e r  

8c L ig h t  C o m p a n y  g r o u p  o r  d i r e c t ly  f ro m  E le c tr ic  B o n d  &  S h a r e .  In  1933 , 

f o r  e x a m p le ,  P P & L  w as lis te d  a s  p a y in g  th e  la rg e s t  a m o u n t  o f  a ll t h e  r e la te d  

u t i l i t ie s  to  E le c tr ic  B o n d  & S h a r e  f o r  s u p e r v is o r y ,  o r  m a n a g e m e n t ,  s e rv ic e s  

( $ 3 5 3 ,1 5 2 ) .  I t  a ls o  p a id  f o r  e n g i n e e r i n g  a n d  a u d i t in g  s e rv ic e s .07

T h e  s y s te m  b u i ld e r s  o f  th e  h o ld in g - c o m p a n y  e r a  r e d e f in e d  lo a d  d iv e r s i ty  

to  in c lu d e  i n v e s tm e n t  d iv e r s i ty .  M itc h e ll  r e p e a te d ly  s p o k e  o f  th e  a d v a n ta g e s  

o f  s p r e a d i n g  in v e s tm e n ts ,  o r  “ r is k s ,” so  t h a t  th e  lo ss  o f  lo a d  b e c a u s e  o f  a  

d e p r e s s e d  e c o n o m y  r e s u l t in g  f r o m  a n  o r a n g e - c r o p  f a i lu r e  in  th e  t e r r i to r y  

o f  a  F lo r id a  o p e r a t i n g  c o m p a n y  w o u ld  b e  c o m p e n s a te d  fo r  by  a  b u m p e r  

c r o p  in  t h e  t e r r i t o r y  o f  a n o t h e r  o p e r a t i n g  c o m p a n y  o w n e d  by  th e  h o ld in g  

c o m p a n y .68 H e  a d d e d  th a t  " th e  p r in c ip le  o f  la rg e  v o lu m e  a n d  d iv e r s i f i ­

c a t io n  a s  a p p l i e d  to  v a r io u s  r isk s  in  o r d e r  to  s ta b il iz e  r e s u l ts  t h r o u g h  th e  

law  o f  a v e r a g e s  h a s  b e e n  fo llo w e d  f o r  o v e r  2 0 0  y e a r s  by  th e  g r e a t  in s u r a n c e  

c o m p a n ie s  o f  th e  w o r ld .”69 P P & L ’s sy s te m  b u i ld e r s  e x p r e s s e d  a  v a r ia t io n  

o n  th is  th e m e  b y  c o n t e n d i n g  t h a t  t h e i r  e n e r g y  sy s te m  a llo w e d  r isk s  to  h e  

d iv e r s i f ie d  a n d  s p r e a d  in  t h e i r  r e g io n  in  s u c h  a  w ay  a s  to  m a in ta in  th e  

e c o n o m ic  h e a l th  o f  t h e  r e g io n .  T h e i r  c a se  in  p o in t  w as th e  a n th r a c i t e  in ­

d u s t r y .

• ’ F e d e ra l T r a d e  C om m ission , U tility Corporations, Pari 25, pp . 4 6 0 -6 3 .

""S idn e y  A. M ilchcll, S. Z. M itche ll a n d  the Electrical Industry  (N ew  Y ork : F a r ra r. S tra u s  & 

C u d a h y . I96 0 ), p . 88.
”  U .S ., Fe de ra l T r a d e  C om m ission . Electric Power Industry: Supp ly  o f Electrical Equ ipm ent a n d  

Com helitive Conditions. 7 0 lh  C o ng ., Isl scss., 1928, S. Doc. 46, p. 172.
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T h e  a n n u a l  p r o d u c t i o n  o f  a n t h r a c i t e  c o a l  r e a c h e d  its  p e a k  in  P e n n s y l ­

v a n ia  in  1 9 1 7 . T h e  c a u s e  o f  t h e  s u b s e q u e n t  d e c l in e  w as  c o m p le x  a n d  in ­

v o lv e d  t h e  u s e  o f  o t h e r  f u e ls  a s  w ell a s  in c r e a s e d  o p e r a t i n g  c o s ts  in  th e  

a n t h r a c i t e  f ie ld s  b e c a u s e  o f  t h e  d e p l e t i o n  o f  t h e  m o s t  a c c e s s ib le  s e a m s  in  

d e p o s i t s  w o r k e d  s in c e  t h e  1 8 5 0 s . B y 1 9 3 0  th e  a n n u a l  p r o d u c t i o n  h a d  f a l le n  

s te a d i ly  to  7 0  m i l l io n  s h o r t  to n s  f r o m  th e  1 0 0  m ill io n  to n s  p r o d u c e d  in  

1 9 1 7 . D e s p i te  th is ,  t h r o u g h  a b a n d o n m e n t  o f  is o la te d  p la n t s  a n d  e le c t r i f i ­

c a t io n  oT m a c h in e r y  a n d  p r o d u c t i o n  p ro c e s s e s ,  t h e  a n t h r a c i t e  in d u s t r y  in ­

c r e a s e d  its  u s e  o f  P P & L  e le c t r ic i ty  u n t i l  1 9 3 6 , w h e n  a  g r a d u a l  d e c l in e  se t  

in . H o w e v e r ,  t h e  in c r e a s e  in  e l e c t r i f i c a t io n  w as  n o t  t h e  p o in t  P P & L ’s m a n ­

a g e r s  w a n te d  to  m a k e  a b o u t  t h e  e c o n o m ic  a d v a n ta g e s  o f  r e g io n a l  e l e c t r i ­

f ic a t io n .  I n  t h e i r  a d v o c a c y  o f  r e g io n a l  s u p p ly  th e y  s t r e s s e d  th e  a b il i ty  o f  

t h e  in t e g r a t e d  u t i l i ty  to  s h i f t  e n e r g y  s u p p ly  f r o m  d is t r i c t s  o f  re la t iv e ly  e c o ­

n o m ic  d e c l in e  to  r e g io n s  o f  e c o n o m ic  p o te n t i a l— m o r e  sp ec if ic a lly .,  f r o m  

d is t r i c t s  w h e r e  c o a l  s e a m s  w e re  n e a r  e x h a u s t io n  to  d i s t a n t  o n e s  a s  y e t 

u n e x p l o i t e d .  E v e n  m o r e  to  t h e  p o i n t  w as  t h e  a b il i ty  o f  t h e  r e g io n a l  u tility  

to  s h i f t  e n e r g y  f r o m  d e c l in in g  in d u s t r i e s  to  t h r iv in g  o n e s .  F o r  in s ta n c e ,  th e  

a n n u a l  p r o d u c t i o n  o f  P o r t l a n d  c e m e n t  in  t h e  c o m p a n y ’s t e r r i t o r y  d o u b le d  

b e tw e e n  1 9 1 8  a n d  1 9 2 7 , y e a r s  o f  s h a r p  d e c l in e  in  th e  p r o d u c t i o n  o f  a n ­

t h r a c i t e .  F u r t h e r m o r e ,  t h e  c e m e n t  in d u s t r y  w as  a n  e s p e c ia lly  d e s i r a b le  c u s ­

t o m e r  b e c a u s e  o f  its  f a v o r a b le  lo a d  c u r v e .

P P & L  b u il t  u p  a n  in d u s t r ia l  sa le s  d e p a r t m e n t  to  s t im u la te  te c h n ic a l  c h a n g e s  

a n d  e c o n o m ic  d e v e l o p m e n t ,  a n d  th is  in  t u r n  b r o u g h t  i n c r e a s e d  e le c tr ic i ty  

c o n s u m p t i o n  a n d  i m p r o v e d  l o a d - c u r v e  c h a r a c te r i s t i c s .70 T h e  s u c c e s s  o f  th is  

d e p a r t m e n t  d e p e n d e d  to  n o  s m a ll  e x t e n t  o n  t h e  r a t e s  t h e  c o m p a n y  c h a r g e d ,  

f o r  th e y  w e r e  lo w e r  f o r  th e  l a r g e r  in d u s t r i a l  c o n s u m e r s  t h a n  f o r  r e s id e n t i a l  

a n d  f a r m  c o n s u m e r s .  I n  193 0 , f o r  in s ta n c e ,  w h ile  th e  in d u s t r ia l  lo a d  a m o u n te d  

to  7 0  p e r c e n t  o f  t h e  s y s te m ’s to ta l ,  t h e  r e v e n u e  f r o m  t h a t  lo a d  w a s  o n ly  4 0  

p e r c e n t  o f  t h e  to t a l  r e v e n u e  e a r n e d  f r o m  th e  s a le  o f  e le c t r ic i ty .  I n  t h e  s a m e  

y e a r ,  w h i le  t h e  r e s id e n t i a l  a n d  f a r m  c u s to m e r s  u s e d  o n ly  9  p e r c e n t  o f  th e  

k i lo w a t t - h o u r s  s o ld ,  t h e i r  s h a r e  o f  t h e  to ta l  r e v e n u e  f r o m  sa le s  w as  2 8  

p e r c e n t . 71 D i s a p p o in te d  in  th e  p e r f o r m a n c e  o f  th e  p r iv a te  u t i l i t ie s ,  p r o ­

p o n e n t s  o f  r u r a l  e l e c t r i f i c a t io n  p o i n t e d  o u t  th e s e  s ta t is t ic s .

I n  t h e  y e a r s  i m m e d ia te ly  fo l lo w in g  its  o r g a n iz a t io n  in  1 9 2 0 , P P & L  f e a r e d  

t h a t  t h e  p r e s s u r e s  o f  c o n t i n g e n t  c i r c u m s ta n c e s  w o u ld  g e l  b e y o n d  its  c o n t r o l .  

T h e s e  p r e s s u r e s  r e s u l t e d  f r o m  a  c o n j u n c t u r e  o f  f a c to r s  a n d  e v e n t s  th a t  c a n  

b e  t r a c e d  to  t h e  w a r t im e  e x p e r i e n c e s  a n d  p o li t ic a l  t r e n d s  d is c u s s e d  in  th is  

s tu d y  in  c o n n e c t i o n  w ith  th e  G r id  in  B r i t a in ,  t h e  B a y e r n w e r k  in  G e r m a n y ,  

a n d  t h e  G ia n t  P o w e r  p la n t  in  t h e  U n i te d  S la te s .  G ia n t  P o w e r  c o u ld  h a v e  

i m p in g e d  d i r e c t ly  o n  P P & L , f o r  it w as  d e s ig n e d  to  r a t io n a l i z e  p r o d u c t i o n  

a n d  d i s t r i b u t i o n  in  P e n n s y lv a n ia  a n d  to  e m p h a s iz e  r u r a l  e l e c t r i f ic a t io n .

I n  t h e  p o li t ic a l  a r e n a ,  t h e  p r iv a te ly  o w n e d  u ti l i t ie s  e f f e c t iv e ly  r e s is te d  

G ia n t  P o w e r .  T h e y  a r g u e d  t h a t  t h e i r  p o lic ie s  w o u ld  a c h ie v e ,  b y  m o r e  p r a c ­

t ic a l m e a n s ,  f u l f i l lm e n t  o f  t h e  g o a ls  e m b o d ie d  in  t h e  G ia n t  P o w e r  p la n .  

T h e  c o n s t r u c t io n  o f  t h e  P e n n s y lv a n ia - N e w  J e r s e y  I n t e r c o n n e c t i o n  by 

P e n n s y lv a n ia  P o w e r  &  L ig h t  a n d  tw o  n e i g h b o r i n g  u ti l i t ie s  w as  s u b s e q u e n t ly  

o f f e r e d  a s  e v id e n c e  o f  th e s e  p r a c t ic a l  m e a n s  o f  r a t io n a l i z a t io n .  P P & L  a lso

™ P P (d L  H istory, I: 16 3 -7 4 .

71 Ib id ., p p . 13 2 -3 6 .
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p o in te d  to  t h e  p r o g r e s s  th a t  h a d  b e e n  m a d e  in  r u r a l  e l e c t r i f i c a t io n  s in c e  

1 9 2 6 . T h e  n u m b e r  o f  f a r m  c u s to m e r s  h a d  g r o w n  f r o m  3 ,1 1 6  in  1 9 2 6  to  

2 5 ,5 1 9  by  1 9 3 9 . T h e  c o m p a n y  e s t im a te d  th a t  in  1 9 3 9 , 5 7  p e r c e n t  o f  th e  

to ta l  n u m b e r  o f  f a r m s  in  t h e  c o m p a n y 's  t e r r i t o r y  w e re  c o n n e c te d  a n d  th a t  

se rv ic e  w as  a v a ila b le  f r o m  e x i s t in g  l in e s  to  6 6  p e r c e n t  o f  th e s e .  In  th e  U n i te d  

S la te s  a s  a  w h o le ,  o n ly  2 8  p e r c e n t  o f  th e  f a r m s  w e re  r e c e iv in g  e le c t r ic  
se rv ic e .

T h e  c o m p a n y  to o k  a  l e a d in g  p a r t  in  f o r m u la t in g  a p la n  f o r  r u r a l  e le c ­

t r i f i c a t io n  in  P e n n s y lv a n ia .  E m b o d ie d  in  G e n e r a l  O r d e r  n o .  2 8  o f  th e  s t a l e ’s 

P u b lic  S e r v ic e  C o m m is s io n ,  th e  p la n  w as  w o r k e d  o u t  by  t h e  c o m m is s io n  in  

c o o p e r a t io n  w ith  c o m m i t t e e s  a p p o i n t e d  by  th e  P e n n s y lv a n ia  E le c tr ic  A s ­

s o c ia t io n  ( a n  a s s o c ia t io n  o f  e le c t r ic  u t i l i t ie s ) ,  a n d  th e  P e n n s y lv a n ia  S ta te  

C o u n c i l  o f  F a r m  O r g a n iz a t io n s .  T h e  P e n n s y lv a n ia  E le c tr ic  A s s o c ia t io n  h a d  

o p p o s e d  G ia n t  P o w e r .  G e n e r a l  O r d e r  n o . 2 8  r e q u i r e d  t h a t  t h e  f a r m e r  p ay  

a  p o r t io n  o f  t h e  c o s t  o f  t h e  e x te n s io n  o f  s e rv ic e  to  h im ,  a  s t e p  th a t  w as 

f a v o r e d  by  t h e  p r iv a te  u t i l i t ie s  a n d  o p p o s e d  by  le a d in g  a d v o c a te s  o f  s u b ­

s id iz e d  r u r a l  e l e c t r i f i c a t io n .  O r d e r  n o .  2 8  a ls o  c r e a te d  th e  J o i n t  C o m m i t t e e  

o n  R u ra l  E le c t r i f ic a t io n .  C o n s is t in g  o f  n in e  f a r m  r e p r e s e n ta t iv e s  a n d  s e v e n  

s p o k e s m e n  f o r  t h e  u t i l i t ie s ,  t h e  c o m m i t t e e  h e lp e d  w o rk  o u t  c o o p e r a t iv e  

a r r a n g e m e n t s  b e tw e e n  f a r m e r s  a n d  th e  u t i l i t ie s .72 T h i s  t e n s io n  b e tw e e n  

th e  p r iv a te  u t i l i t ie s  a n d  a d v o c a te s  o f  g o v e r n m e n t  s u p p o r t  f o r  r u r a l  e le c ­

t r i f ic a t io n  m a y  h a v e  c o n t r i b u t e d  to  th e  s h a r p  u p s w in g  in  th e  n u m b e r  o f  

P P & L ’s f a r m  c u s to m e r s  in  1 9 3 6 , th e  s a m e  y e a r  t h a t  th e  U .S . g o v e r n m e n t  

e s t a b l i s h e d  t h e  R u r a l  E le c t r i f ic a t io n  A d m in i s t r a t io n ,  a n  a g e n c y  t h a t  w as 

a u th o r i z e d  to  m a k e  lo a n s  to  c o o p e r a t iv e s  a n d  to  f a r m e r s  f o r  r u r a l  e l e c t r i ­

f ic a tio n .

I f  a  s l id e  s h o w in g  a n  e x t r e m e ly  la r g e  t e r r i t o r y  c o v e re d  by  w id e ly  d is ­

p e r s e d  p o w e r  p la n t s ,  e a c h  r a d i a t i n g  a  r e la t iv e ly  s m a l l - a r e a  n e tw o r k  o f  t r a n s ­

m is s io n  l in e s  a n d  d i s p la y in g  i n t e r c o n n e c t io n s  a m o n g  th e s e  lo c a liz e d  s u b ­

s y s te m s ,  w e re  p r o je c te d  o n  a  s c r e e n ,  a n  e x p e r i e n c e d  u ti l i ty  e n g i n e e r  o f  th e  

1 9 2 0 s  w o u ld  h a v e  l i t t le  t r o u b le  i d e n t i f y in g  t h e  s y s te m  a s  b e in g  c h a ra c te r is t ic  

o f  P P & L ’s s ty le . I f  a n o t h e r  s l id e  s h o w e d  a n  e x t r e m e ly  la r g e  p o w e r  p la n t  

lo c a te d  a t  a n  o p e n - f a c e  l ig n i te  m in e ,  a  n e a r b y  b a n k  o f  c o o l in g  to w e rs ,  a n d  

a  g r e a t  t r a n s m is s io n  l in e  e x t e n d i n g  s o u th w a r d  to  s t r e a m s  f e d  by  m e l t in g  

s n o w , a n  e n g i n e e r  o f  t h e  1 9 2 0 s  w o u ld  h a v e  li t t le  d i f f ic u l ty  id e n t i f y in g  th e  

s ty le  a s  R W E ’s. I f  s till a n o t h e r  s l id e  s h o w e d  a  la r g e  sy s te m  w ith  a  s u rp r is in g ly  

lo w  t r a n s m is s io n  v o l ta g e  a n d  a n  i r r e g u la r ly  r o u te d  tr a n s m is s io n  n e tw o rk  

c o n n e c t in g  h a r d - c o a l  a n d  w a s le - h e a t - g e n e r a l in g  p la n ts ,  th e  e le c tr ic a l  e n ­

g i n e e r  o r  m a n a g e r  w o u ld  k n o w  it w as  N E S C O . I f  h e  w e re  sh o w n  m o re  

a r t i f a c t s — N E S C O ’s tu r b i n e s  f o r  e x a m p le — id e n t i f ic a t io n  w o u ld  b e  e v e n  le ss 

d i f f ic u l t .  N E S C O , lik e  R W E  a n d  P P & L , h a d  a c h a r a c te r is t ic  sty le .

T h e  n o r t h e a s t  c o a s t  o f  E n g la n d  w as  in d u s t r i a l  lik e  th e  R u h r  a n d  L e h ig h  

v a lle y s , b u t  th e  r e g io n a l  sy s te m  o p e r a t e d  t h e r e  by  th e  N e w c a s tle  u p o n  T y n e  

E le c tr ic  S u p p ly  C o m p a n y  (N E S C O ) w as s m a l le r .  N e v e r th e le s s ,  it s to o d  o u t  

as  a n  e x c e p t io n a l  d e v e lo p m e n t  in  B r i ta in  b e f o r e  th e  c o n s t r u c t io n  o f  th e  

n a t io n a l  G r id .  B y m e a n s  o f  a  n e tw o r k  o f  t r a n s m is s io n  lin e s , N E S C O  in  th e  

1 9 2 0 s  s u p p l i e d  a  s t a n d a r d iz e d  th r e e - p h a s e  c u r r e n t  a t  4 0  cy c les  to  a  1 ,400-

7:1 D. C lay lo n  B row n. Electricity fo r  R u ra l Am erica: The F ight fo r  the R E A  (W eslp o rl, C o n n .: 

G re en w o o d  Press, 1980), pp . 2 9 -3 1 .
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s q u a r e - m i le  a r e a  in  t h e  r e g io n  o f  N e w c a s tle  u p o n  T y n e .  T h e  s y s te m ’s h ig h ­

e s t  t r a n s m is s io n  v o l ta g e  w as  o n ly  6 6 ,0 0 0  v o lts ,  c o m p a r e d  to  th e  2 2 0 ,0 0 0  

v o lts  u s e d  by  R W E  a n d  P P & L . I n  192 4 , N E S C O ’s in s ta l le d  cap a c ity  a m o u n te d  
to  a b o u t  2 5 0 ,0 0 0  kw . a n d  its  a n n u a l  s u p p ly  w as  a b o u t  o n e - e ig h th  o f  th e  

to ta l  e l e c t r ic i ty  s o ld  in  G r e a t  B r i t a in  ( se e  T a b l e  X I V .I ,  p . 4 0 9 ) .  N E S C O ’s 

n a m e  w a s  l a t e r  c h a n g e d  to  N o r t h  E a s te r n  E le c tr ic  S u p p ly  C o m p a n y ,  b u t  

t h e  o r ig in a l  n a m e  w ill b e  u s e d  h e r e .

T h e  n o r t h e a s t  c o a s ta l  s y s te m  o f  N E S C O  d e p e n d e d  o n  tw o  k in d s  o f  e n ­

e r g y ,  h a r d  c o a l  a n d  w a s te  h e a t .  I n  1 9 2 4 , 5 0  p e r c e n t  o f  its  p o w e r  w as  

c o n c e n t r a t e d  in  tw o  s t a t io n s  (C a r v i l le  “ B " , 2 2  p e r c e n t  a n d  D u n s to n ,  2 8  

p e r c e n t ) .  T h o u g h  t h e  d o z e n  o r  so  w a s te - h e a t  p l a n t s  p r o v id e d  m u c h  less 

c a p a c i ty  t h a n  t h e  h a r d - c o a l  p l a n t s ,  t h e y  w e re  n o ta b le  b e c a u s e  th e y  u s e d  

w as te  h e a l  f r o m  b la s t f u rn a c e s  a n d  c o k e  o v e n s . T h e  la rg e ,  c o a l- f ire d  N E S C O  

s ta t io n s — C a r v i l le  “ B " , D u n s to n ,  a n d  N o r t h  I 'e e s — w e r e  s i tu a te d  o n ,  a n d  

c o o le d  b y , r iv e r s .  A l th o u g h  th e s e  c o a l - f i r e d  p la n t s  w e re  s m a l l e r  th a n  th e  

m o n s t r o u s  G o l d e n b e r g w e r k  a n d  d id  n o t  h a v e  o r  n e e d  t h e  h ig h ly  d e v e lo p e d  

c o a l - h a n d l in g  s y s te m  o f  th e  G e r m a n  m in e - m o u t h  s t a t io n ,  th e y  w e re  m o r e  

a d v a n c e d  in  b o i l e r  a n d  t u r b i n e  d e s ig n .

N E S C O 's  r e g io n a l  s ty le  c o n t r a s t e d  r e m a r k a b ly  w ith  th e  c h a r a c t e r  o f  u t i l ­

i t ie s  e l s e w h e r e  in  E n g la n d .  N o t  o n ly  d id  N E S C O 's  u r b a n  c o m p e t i to r s  e ls e ­

w h e r e  se ll f a r  f e w e r  u n i t s  b u t  th e y  o p e r a t e d  a t  a s ig n i f ic a n t ly  lo w e r  lo a d  

f a c to r .  I n  1 9 1 8  N E S C O  s o ld  5 7 8 ,4 1 6 ,8 4 0  u n i t s ;  t h e  M a n c h e s te r  C o r p o ­

r a t io n  s o ld  o n ly  1 8 4 ,6 7 5 ,1 9 0 .  M a n c h e s te r  r a n  s e c o n d  to  N E S C O  in  t e r m s  

o f  lo a d  f a c to r  a s  w e ll; t h e  f o r m e r  a c h ie v e d  o n ly  3 2 .4  p e r c e n t ,  w h ile  th e  

l a t t e r  r e a c h e d  5 6  p e r c e n t .  A f t e r  M a n c h e s te r ,  t h e  S h e f f i e ld  a n d  B i r m in g h a m  

c o r p o r a t i o n s ,  o r  lo c a l g o v e r n m e n t s ,  w e re  t h e  l a r g e s t  s u p p l i e r s  in  E n g l a n d .73 

A ll w e r e  l a r g e r  u r b a n  d is t r i c t s  th a n  N e w c a s t le  b u t  h a d  s m a l le r  s u p p ly  sy s ­

te m s .  F u r t h e r  e x p l a n a t i o n s  f o r  t h e  c o n t r a s t i n g  h is to r y  o f  e le c t r ic  s u p p ly  in  

N e w c a s t le  a n d  in  u r b a n  i n d u s t r i a l  c e n t e r s  lik e  M a n c h e s te r  a n d  L iv e rp o o l  

w ill b e  f o u n d  in  t h e  c i t ie s ’ p o l i t ic a l ,  e c o n o m ic ,  a n d  s o c ia l h is to r ie s .

P h y s ic a l  a n d  i n d u s t r i a l  g e o g r a p h y  e x p la in s  m a n y  o f  N E S C O ’s c h a r a c ­

t e r is t ic s .  N e w c a s t le ,  a n  u r b a n  p o r t  in  N o r t h u m b e r l a n d ,  t h e  n o r t h e a s t e r n -  

m o s t  c o u n ty  o f  E n g la n d ,  s t a n d s  o n  t h e  n o r t h e r n  b a n k  o f  th e  T y n e ,  a b o u t  

8  m ile s  f r o m  its  m o u t h  a t  t h e  N o r t h  S e a .  I n  th e  e a r ly  tw e n t i e th  c e n tu r y ,  

th e  t id a l  r i v e r  c a r r i e d  m a n y  s h ip s  to  N e w c a s t le  ( in  1911 a  c ity  o f  m o r e  th a n  

2 0 0 ,0 0 0  i n h a b i t a n t s )  a n d  o t h e r  d e n s e ly  p o p u l a t e d  m a n u f a c t u r i n g  to w n s  

a lo n g  its  b a n k s  ( s e e  F ig . X I V .2 6 ) .  I n  th e  v ic in ity  t h e r e  w e re  i m m e n s e  s to r e s  

o f  b i t u m i n o u s  c o a l ,  w h ic h  w as  m in e d  a n d  e x p o r t e d  a s  w ell a s  c o n s u m e d  

b y  i n d u s t r y  in  t h e  r e g io n .  A lo n g  t h e  n o r t h e r n  b a n k  o f  t h e  T y n e  s to o d  s u c h  

in d u s t r i a l  e n t e r p r i s e s  a s  A r m s t r o n g ,  W h i tw o r th  & C o m p a n y ,  a s  w ell a s  th e  

s h i p y a r d s  o f  S w a n ,  H u n t e r ,  a n d  W ig h a m  R ic h a r d s o n  & C o m p a n y .  T h e  

t u r b i n e - m a n u f a c t u r i n g  e n t e r p r i s e  o f  C h a r le s  P a r s o n s  w as  s i tu a te d  a d ja c e n t  

to  N E S C O ’s C a rv i l le  “ A ” p o w e r  s t a t io n .  B la s t f u r n a c e s ,  e n g i n e e r i n g  w o rk s ,  

c h e m ic a l  p l a n t s ,  a n d  b r ic k  a n d  t i le  a d d e d  to  th e  in d u s t r i a l  a c tiv ity  o f  th e

” T h c  in fo rm a tio n  fo r  L an c as h ire  is f ro m  G re a t B rita in , M in istry o f  R eco n s tru c tio n , Re ­
c o n s tru c tio n  C o m m itte e , C oa l C o n se rv a tio n  S u b -C o m m ittee , Inter im  Repo rt on Electric Power 
S u p p ly  in  G rea t llr ita in  (L o n d o n : 1 IM SO . 10 1B), p p . 1 2 -13 . T h e  in fo rm a tio n  fo r  th e  o th e r  

citie s is f ro m  a m e m o ra n d u m  filed in “ E lectr ic ity  (Su pp ly ) Bill," ite m  36  in th e  C. H . M erz  
lockbox, M erz  & M cL cllan  C o. A rchiv es, A m b c rle y , K illing w orth . n e a r  N ew castle  u p o n  T y n e . 
E n g la n d . I am  in d e b te d  to  |o h n  M. B u rn e tt o f  N E S C O  fo r 1924 N E SC O  statist ics.



F ig u re  X IV .2 6 . The  Tyneside in dustria l district sup plied by N E 5 C 0 , 1 911 . Courtesy o f N E SC O , Newcastle upon Tyne. E ng la nd .
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F ig u r e  X I V .2 7 . Characteristics o f  

V E SC O , c. 1 9 2 3 . Courtesy o f  N E S C O ,  

Newcastle  upon Tyn e, E n g la nd .

C O M P A N Y  L I M I T E D

H O W  T H E  C O S T  IS M A D E  U P. 

Furl accounts for nearly rwo-filths o f the 
total cost of production, and salaries and

H O W  T H E  P O W E R  IS U SE D . 

Less than one • thirtieth part is used for 
ordinary lighting and domestic purposes, 
nearly one half in collieries, and iron 
mines, and a quarter in shipyards, er 
ing and other woriis.

H O W  T H E  C A P IT A L  IS 
E M PLO Y E D .

Over three-fifths of the total capital is 
spent in connection with collieries, 
shipyards, engineering works, etc., and 
nrarly one-quarter for ordinary lighting 
and domestic supplies.

r e g io n .  O n  t h e  e v e  o f  W o r ld  W a r  1, N E S C O  s u p p l i e d  a  r e g io n  th a t  h a d  

5.1  p e r c e n t  o f  t h e  p o p u l a t i o n ,  m in e d  1 9 .6  p e r c e n t  o f  t h e  c o a l ,  m a d e  3 6 .5  

p e r c e n t  o f  t h e  c o k e ,  m in e d  3 7 .5  p e r c e n t  o f  th e  i r o n  o r e ,  p r o d u c e d  3 7 .7  

p e r c e n t  o f  t h e  p ig  i r o n ,  a n d  b u i l t  51  p e r c e n t  o f  t h e  m e r c h a n t  s h ip s  in  th e  

U n i t e d  K i n g d o m .7,1 In  t h e  m id - tw e n t ie s ,  a lm o s t  h a l f  o f  N E S C O 's  o u t p u t  

w as  u s e d  in  c o a l  a n d  i r o n  m in e s ;  o n e - q u a r t e r  w as  c o n s u m e d  by  s h i p b u i ld ­

in g ,  h e a v y  m a n u f a c t u r i n g  a n d  o t h e r  w o rk s ;  c h e m ic a l  p l a n t s  u s e d  a b o u t  

o n e - t e n t h ;  a n d  th e  r e m a i n d e r  s u p p l i e d  ra i lw a y s  a n d  t r a m w a y s ,  b u lk  c o n ­

s u m e r s ,  a n d  o r d i n a r y  l ig h t in g  a n d  d o m e s t i c  a p p l i a n c e s  (se e  F ig . X I V .2 7 ). 

By i ts e lf ,  h o w e v e r ,  g e o g r a p h y  is n o t  a  s u f f i c i e n t  e x p la n a t io n  f o r  th e  d i f ­

f e r e n c e s  b e tw e e n  N E S C O  a n d  o t h e r  E n g lis h  u ti l i t ie s  s u p p ly in g  in d u s t r i a l  

d is t r ic ts .

11 T h e  p o p u la tio n  f ig u re  is fo r  11)11; th e  o th e r  s ta tistics a rc  fo r  1913. See  A. R. S loan , 
"F u e l E conom y o n  th e  N o rth -E a st C oast as a Result o f  E lectr ic  Pow er S u p p ly "  (P a p e r  rea d  
b e fo re  th e  1916 m e e tin g  o f  th e  B ritish  A ssoc ia tio n  fo r  th e  A d v an c em en t o f  Sc ie nce , N ew castle  
u p o n  T y n e , 5 - 9  S e p ie m lte r  1916), p . 2; r e p r in te d  in En g in eer in g  102 (1 916); 2 9 3 -9 4 .
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T h e  su c c e s s  o f  ih e  N e w c a s tle  u p o n  T y n e  ( la t e r  N o r th  E a s te rn )  E le c tr ic  

S u p p ly  C o m p a n y  in  f o r m in g  a  r e g io n a l  s u p p ly  s y s te m  c a n  b e  e x p la in e d  in  

p a r t  by  p o li t ic a l  f a c to r s .  A  s e r ie s  o f  v ic to r ie s  in  P a r l i a m e n t  b r o u g h t  th e  

s u p p ly  c o m p a n y  th e  le g is la t iv e  a u th o r i ty  it n e e d e d  to  e x p a n d  its  s u p p ly  

a r e a .  T h e  v ic to r ie s  w e re  a c h ie v e d  o n  v a r io u s  o c c a s io n s  in  c o m p e t i t io n  w ith  

t h e  N e w c a s tle  8c D is tr ic t  C o m p a n y ,  a  r iv a l u ti l i ty  s u p p ly in g  th e  c ity , a n d  

l a t e r  w ith  s e v e ra l  p o w e r  c o m p a n ie s  th a t  in t e n d e d  to  s u p p ly  e le c t r ic i ty  in  

b u lk  to  th e  a r e a .  A s a  r e s u l t ,  t h e  p r iv a te ly  o w n e d  N E S C O  g re w  in  m u c h  

t h e  w ay  t h a t  u t i l i t ie s  e x p a n d e d  in  G e r m a n y  a n d  th e  U n i t e d  S ta te s ,  w h e r e  

p o li t ic a l  p o w e r  a n d  le g is la t io n  w e re ,  re s p e c t iv e ly ,  s u p p o r t iv e  a n d  s u b s e r ­

v ie n t .  P a r a d o x ic a l ly ,  t h e  le g is la t iv e  c o n te x t  w ith in  w h ic h  N E S C O  e x p a n d e d  

w as  t h e  s a m e  a s  t h a t  f o r  o t h e r  E n g l is h  u ti l i t ie s :  a s e r ie s  o f  p a r l i a m e n ta r y  

e le c t r ic  l ig h t  a n d  p o w e r  law s a n d  b ills . N E S C O , h o w e v e r ,  u s e d  th e s e  law s 

to  e n h a n c e  r a t h e r  th a n  f r u s t r a t e  g r o w th .  T h e  u t i l i ty 's  h is to ry ,  th e n ,  is te s ­

t im o n y  to  t h e  f a c t  t h a t  le g is la t io n  is n o t  a  s u f f i c i e n t  e x p la n a t io n  f o r  th e  

r e t a r d a t i o n  o f  g r o w th  o f  t h e  B r i t i s h  s u p p ly  i n d u s t r y .  A  s u rv e y  o f  th e  g r o w th  

o f  N E S C O  in  th e  p o li t ic a l  c o n te x t  s h o w s  h o w  th e  law s w e re  u s e d .

N E S C O  o b ta i n e d  p r o v is io n a l  o r d e r s  a u th o r i z i n g  it to  s u p p ly  N e w c a s tle  

in  1 8 8 9  a f t e r  t h e  1 8 8 8  a m e n d m e n t s  to  th e  E le c tr ic  L ig h t in g  A c t o f  1 8 8 2  

w e r e  p a s s e d .  A t a b o u t  th e  s a m e  t im e ,  C h a r l e s  A . P a r s o n s ,  th e  t u r b i n e  

m a n u f a c t u r e r  w h o  h a d  a n  e n g i n e e r i n g  w o rk s  s i tu a te d  in  th e  N e w c a s tle  

a r e a ,  s t a r t e d  a  r iv a l  e le c t r ic  s u p p ly  u ti l i ty ,  th e  N e w c a s tle  8c D is tr ic t  C o m ­

p a n y .  T h e  tw o  s u p p ly  c o m p a n ie s  a g r e e d  to  d iv id e  th e  c ity  o f  N e w c a s tle  

b e tw e e n  th e m ;  N E S C O  w o u ld  s u p p ly  th e  a r e a  n o r t h  o f  t h e  r iv e r ,  t h e  N e w ­

c a s tle  8c D is tr ic t  C o m p a n y  th e  a r e a  s o u th  o f  it. T h e  tw o  c o m p a n ie s  a lso  

c o o p e r a te d  b u t  f a i le d  in  a n  e f f o r t  to  p r e v e n t  th e  N e w c a s tle  C o r p o r a t io n ,  

t h e  lo c a l g o v e r n m e n t ,  f r o m  o b ta in in g  p a r l i a m e n ta r y  a u th o r iz a t io n  to  p r o ­

v id e  e le c t r ic  t r a m w a y s  in  N e w c a s tle .

T h e  e x p a n s io n  o f  N E S C O  w a s fa c i l i ta te d  b y  P a r l i a m e n t ’s d e c is io n ,  fo l ­

lo w in g  t h e  r e c o m m e n d a t io n s  o f  t h e  C r o s s  c o m m it te e  in  1 8 9 8  a n d  th e  K itso n  

c o m m i t t e e  in  1 9 0 0 , to  e n a c t  p o w e r  b ills  e n a b l in g  c o m p a n ie s  to  s u p p ly  b u lk  

p o w e r  o v e r  l a r g e  a r e a s .  M o s t E n g lis h  p o w e r  c o m p a n ie s  d id  n o t  f lo u r is h ,  

h o w e v e r ,  b e c a u s e  t h e  e n a b l in g  b ills  p r o h ib i t e d  s u p p ly  by  a  p o w e r  c o m p a n y  

to  d is t r ic ts  t h a t  a l r e a d y  h a d  a n  a u th o r i z e d  d i s t r ib u to r  u n le s s  th e  d i s t r i b u t o r  

a g r e e d .  M o r e o v e r ,  p o w e r f u l  u r b a n  p o li t ic a l  in te r e s ts  c a u s e d  P a r l ia m e n t  to  

e x c lu d e  s u p p ly  w i th in  c i t ie s  f r o m  th e  p o w e r  b ills . N E S C O , h o w e v e r ,  m a n ­

a g e d  to  a v o id  th e s e  r e s t r ic t io n s .  C h a r le s  H . M e rz  n o te s  in  h is  r e c o lle c tio n s  

t h a t  S i r  J a m e s  K its o n ,  h e a d  o f  th e  p a r l i a m e n ta r y  c o m m it te e  th a t  re v ie w e d  

t h e  p o w e r  b ills ,  w as  “a  d i r e c t o r  o f  th e  N o r th - E a s te r n  R a ilw a y .”75 (T h is  

i n t e r e s t  in  t h e  e c o n o m y  o f  th e  r e g io n  m a y  h a v e  le d  K itso n  to  s u p p o r t  its  

e l e c t r i f ic a t io n .)  B o th  N E S C O  a n d  th e  T y n e s id e  E le c tr ic  C o m p a n y ,  a  p o w e r  

c o m p a n y  f o r m e d  by  P a r s o n s ,  a p p l i e d  f o r  p o w e r  b ills  to  s u p p ly  th e  T y n e s id e

" T h e  early  h isto ry  o f  N E SC O  is giv en  in J a m e s  R. B e ard , "N E S C O  in th e  V ery Early 
D ays.” Nesco M aga zine , no . I (n .d .); th e  q u o te  is f ro m  p. 7 (copy in th e  M erz Sc M cLcllan Co. 
A rchives). B e ard , a p a r tn e r  in M erz  Sc M cLcllan, h a d  access to —an d  qu o te s  f ro m —J. T h e o d o re  
M crz 's  "R e m in isc en c es” a n d  C h a rles  M crz ’s "N otes."  bo th  o f  w hich a re  on  Tile in th e  M erz Sc 
M cL cllan C o. A rchiv es. B eard  also p rese n te d  " T h e ir  A ch ievem en t—O u r  H erita g e ."  an  a d ­
d re ss  to  th e  N o rth -E a s te rn  C e n tre , In stitu tio n  o r  E lectrical E ng in eers , 14 D ecem b er 1959 
(copy in  M erz  Sc M cL cllan Co. A rchives). In  ad d itio n , th e re  is a succinct h is tory  o l N ESC O  
in M in istry o f  R eco n s tru c tio n . Inter im  Report on Electric Power Supp ly  in G reat Britain, a p p . D.
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F ig u r e  X I V .2 8 . J .  Theodore M e n .  From  

R o w la n d . P rog ress  in Pow er, fa c in g  p. 1.

r e g io n .  O n  th is  o c c a s io n  (1 9 0 0 ) ,  a s  o n  m a n y  o t h e r s .  C h a r le s  M e rz  p r o v e d  

to  h e  a n  e f f e c t iv e  e x p e r t  w i tn e s s  b e f o r e  a  p a r l i a m e n t a r y  c o m m i t t e e .  N E S C O  

e m p h a s iz e d  t h a t  a s  a r e s u l t  o f  a n  a g r e e m e n t  w ith  th e  W a lk e r  8c W a lls e n d  

G a s  C o m p a n y ,  w h ic h  h a d  c o m m is s io n e d  a  p o w e r  s ta t io n  w ith  C h a r l e s  M e rz  

a s  a  c o n s u l t in g  e n g i n e e r ,  it  a l r e a d y  h a d  a p o w e r  s ta t io n  s u p p ly in g  th e  a r e a  

n o r t h  o f  t h e  T y n e  R iv e r .  N E S C O  d e f e a t e d  th e  P a r s o n s  b ill, p u l  t h r o u g h  

its  o w n ,  a n d  to o k  o v e r  t h e  g a s  c o m p a n y ’s p o w e r  s ta t io n .

C h a r l e s  M e rz  t h e n  c o n t i n u e d  to  c a r r y  o u t  h is  p la n s  fo r  la r g e - a r e a  ( e v e n ­

tu a l ly  r e g io n a l )  p o w e r  s u p p ly .  I n  1 9 0 2  N E S C O  s e c u r e d  p a s s a g e  o f  a n o t h e r  

p a r l i a m e n t a r y  p o w e r  b ill a u t h o r i z i n g  e x te n s io n  o f  s u p p ly  n o r t h  o f  N e w ­

c a s t le  in to  t h e  c o a l - m in in g  a r e a  o f  N o r t h u m b e r l a n d .  A r iv a l  s c h e m e  o f  

P a r s o n s 's  N e w c a s t le  8c D is t r ic t  C o m p a n y  w a s  d e f e a t e d .  I n  1 9 0 4  N E S C O  

r e a c h e d  a n  a g r e e m e n t  w ith  t h e  D u r h a m  P o w e r  C o m p a n y  to  t h e  s o u th  to  

s u p p ly  it w ith  e le c t r ic i ty  in  b u lk  a n d  t h e n  lo o k  o v e r  th e  c o m p a n y  b y  s to c k  

p u r c h a s e .  I n  1 9 0 6  N E S C O  a c q u i r e d  c o n t r o l  o f  t h e  N o r t h e r n  C o u n t ie s  

[P o w e r )  C o m p a n y .  N E S C O  w a s  t h e n  a b le  to  r a is e  th e  c a p i ta l  n e e d e d  to  

d e v e lo p  t h e  s u p p ly  a r e a s  o f  t h e  p o w e r  c o m p a n ie s  it a c q u i r e d ,  m o n e y  th e  

c o m p a n ie s  in d iv id u a l ly  h a d  b e e n  u n s u c c e s s f u l  in  r a is in g  e a r l i e r . 7fi

N E S C O ’s s u c c e s s e s  in  o b t a i n i n g  p a r l i a m e n t a r y  a u t h o r i t y  to  e x p a n d  its  

s y s te m  a ls o  d e p e n d e d  o n  t h e  e n g i n e e r i n g ,  b u s in e s s ,  a n d  f in a n c ia l  n e tw o rk  

o f  J .  T h e o d o r e  M e rz  a n d  h is  s o n ,  C h a r l e s .  T h e  n e tw o r k  w a s  m a d e  u p  o f 

r e la t iv e s ,  Q u a k e r s ,  a n d  b u s in e s s  a n d  p r o f e s s io n a l  a s s o c ia te s .  J .  T h e o d o r e  

M e r z ’s w ife  w a s  a  Q u a k e r ;  h e r  b r o t h e r ,  J o h n  W ig h a m  R i c h a r d s o n ,  w as a 

T y n e s i d e  s h i p b u i l d e r  (S w a n ,  H u n t e r ,  a n d  W ig h a m  R ic h a r d s o n  8c C o m ­

p a n y ) ,  a n d  h e r  s i s t e r  m a r r i e d  R. S p e n c e  W a ts o n ,  a  s o l ic i to r  w ith  a  Q u a k e r  

b a c k g r o u n d  a n d  a  l e a d e r  o f  t h e  L ib e r a l  p a r ty  in  t h e  T y n e s i d e  r e g io n .  T h e  

M e rz  f a m ily  a ls o  a s s o c ia te d  w ith  l e a d in g  T y n e s i d e  in d u s t r i a l ,  e n g in e e r in g ,  

a n d  s c ie n t i f ic  f ig u r e s  b e c a u s e  o f  J .  T h e o d o r e  M e r z ’s e d u c a t io n  a n d  t r a in in g .  

O f  G e r m a n  b a c k g r o u n d ,  J .  T h e o d o r e ’s f a t h e r  w a s  b o r n  in  M a n c h e s te r  b u t  

r e t u r n e d  to  G e r m a n y  to  liv e  in  t h e  u n iv e r s i ty  to w n  o f  G ie s s e n .  J .  T h e o d o r e  

a t t e n d e d  t h e  u n iv e r s i t i e s  o f  G ie s s e n  a n d  G o t t in g e n ,  c o n c e n t r a t i n g  h is  s t u d ­

ie s  in  c h e m is t r y  a n d  c h e m ic a l  e n g i n e e r i n g .  H e  r e t u r n e d  to  B r i ta in  in  1 8 6 8 , 

h o w e v e r ,  a n d  s e t t l e d  n e a r  N e w c a s tle ,  w h e r e  h e  w o r k e d  f o r  a  c h e m ic a l  

m a n u f a c t u r e r .  H e  f o u n d e d  t h e  N e w c a s t le  E le c tr ic  S u p p ly  C o m p a n y  in  1 8 8 9  

a n d  s e r v e d  a s  its  c h a i r m a n  f r o m  1901 to  1 9 1 7 . I n  a d d i t io n ,  h e  w as  a  d i r e c t o r  

o f  B r i t i s h  T h o m s o n - H o u s t o n ,  t h e  e l e c t r ic a l  m a n u f a c t u r e r ,  a n d ,  m o s t  r e ­

m a r k a b ly ,  t h e  a u t h o r  o f  o n e  o f  th e  m a jo r  s c h o la r ly  s tu d ie s  o f  h is  t im e ,  th e  

f o u r - v o lu m e  H is to r y  o f  F .u ro p ea n  T h o u g h t  in  th e  N in e te e n th  C e n tu r y .1'’

T h e s e  a s s o c ia t io n s  w ith  s c ie n c e ,  e n g i n e e r i n g ,  b u s in e s s ,  a n d  p o li t ic s  w e re  

f u r t h e r  e n r i c h e d  by  ). T h e o d o r e  M e rz 's  s c h o la r ly  a c t iv it ie s  a n d  by  th e

’T o r  th is  h is to ry  o f  N E S C O  a n d  th e  H rm  o f  M erz  Sc M cl.cllan , I am  in d e b te d  to  D r. 

R ich a rd  A. M ore a n d  Ms. K ath lee n  B ran tley  ol M e r/ Sc M cL ellan . D r. M ore, o l th e  technic al 
a n d  sc ien tif ic  s ta ff, a n d  Ms. B ran tley , lib ra ria n , a rr a n g e d  fo r  m e  to  use  th e  h is to rical rec o rd s 
h e ld  by  M err. & M cl.c llan  at th e  f irm 's  p r in c ip a l o ffices in A m b erley . K illingw orth . n e a r  
N ew castle  u p o n  T y u e , E n g la n d . T h e y  also  d ire c te d  m e to  th e  e x ten siv e  c o llec tion  o f  M e r/ Sc 
M cLcllan re c o rd s  now  d e p o s ite d  in th e  T y n e  a n d  W ea r C o u n ty  C ou ncil A rchiv es. N ew castle 
u p o n  T y n e .

77 J o h n  R ow lan d , Progres.i in Power: Th e  C .im tnbutw n o f  Charles M e n  a n d  H is Associates to S ixty  
Years o f  E le c tn ra l D evelopm ent, I S 9 9 - I 9 S 9  (L o n d o n : N ew m a n  N ea m e , I960), p p . 1 1 -1 4 . T h is  
is a p r iva te ly  p r in l r d  h is to ry  a u th o riz e d  by M erz  Sc M cL ellan.
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F ig u re  X I V .2 9 . Charles M e n . 

Frontispiece fr o m  R ow la nd , P ro g ress  in

l i t e r a r y  a n d  h is to r ic a l  in te r e s t s  o f  R . S p e n c e  W a ts o n ,  a r e c o g n iz e d  a u th o r i ty  

o n  th e  h is to r y  o f  th e  N e w c a s tle  r e g io n .  T h r o u g h  h is  f a t h e r  a n d  R. S p e n c e  

W a ts o n ,  C h a r le s  M e rz  m e t  le a d in g  B r i t i s h  a n d  E u r o p e a n  in te l le c tu a ls  a n d  

p o li t ic ia n s .  T h e  c i rc le  o f  i n f lu e n c e  w as  f u r t h e r  w id e n e d  b y  th e  ac c e ss  th e  

M e rz  fa m ily  h a d  to  l e a d in g  L o n d o n  h a n k in g  f ig u r e s  s u c h  a s  L e o n a r d  C u n -  

l if fe  o f  C u n l i f f e  B r o th e r s .  T h e s e  a s s o c ia tio n s  h e lp e d  p r e p a r e  C h a r le s  M e rz  

to  fu n c t io n  a s  a  c o n s u l t in g  e n g i n e e r  a n d  e n t r e p r e n e u r ,  ro le s  in  w h ic h  a n  

ab il i ty  to  r e l a t e  to  th e  w o r ld s  o f  e n g in e e r in g ,  p o li t ic s , a n d  f in a n c ia l  p o w e r  

w as  n e c e s s a ry .  O s k a r  v o n  M ille r ,  t h e  le a d in g  G e r m a n  c o n s u l t in g  e n g in e e r ,  

h a d  s im i la r  a s s o c ia t io n s  b e c a u s e  o f  h is  fa m ily ’s p r o m i n e n t  p o s i t io n  in  B a ­

v a r ia n  so c ie ty .

T h e  M e rz  fa m ily ,  t h e i r  r e la t iv e s ,  a n d  t h e i r  a s s o c ia te s  w e re  c lo s e  b e c a u s e  

N e w c a s tle  a n d  T y n e s id e  c o n s t i tu t e d  " s o m e w h a t  o f  a n  is o la te d  u n i t  b o th  

c u l tu r a l ly  a n d  in d u s t r i a l ly  f r o m  th e  r e s t  o f  E n g la n d . ”78 T h e  l e a d e r s  o f  th is  

i n d u s t r i a l  c o m m u n i ty  u s e d  t h e i r  p o li t ic a l  a n d  f in a n c ia l  p o w e r  to  s u p p o r t  

t h e  p r iv a te ly  o w n e d  N E S C O  w h ile  m o s t o t h e r  u r b a n  c e n te r s ,  e x c lu d in g  

L o n d o n ,  p r o m o t e d  g o v e r n m e n t - o w n e d  e le c t r ic  s u p p ly .  E v e n  N E S C O ’s im ­

m e d ia te  r iv a l ,  t h e  N e w c a s tle  8c D is tr ic t  C o m p a n y ,  w as  a  p r iv a te  e n te r p r i s e .  

A s  C h a r l e s  M e rz  p o i n t e d  o u t  o n  n u m e r o u s  o c c a s io n s ,  sm a ll- s c a le , m o s tly  

g o v e rn m e n t-o w n e d  s u p p ly  c o m p a n ie s  e ls e w h e re  in  E n g la n d  in c u r r e d  h ig h e r  

c o s ts  a n d  r e a l iz e d  lo w e r  p e r  c a p i ta  c o n s u m p t io n .

T h e  o r g a n iz a t io n a l  s t r u c t u r e  o f  N E S C O  w as  u n u s u a l  b e c a u s e  o f  th e  

u t i l i ty ’s in v o lv e d  r e l a t io n s h ip  w ith  a  c o n s u l t in g  e n g in e e r in g  f i r m . T h i s ,  to o , 

s h o u ld  b e  t a k e n  in to  a c c o u n t  in  e x p la in in g  N E S C O ’s s ty le . O t h e r  u t i l i t ie s —  

C h ic a g o 's  C o m m o n w e a l th  E d is o n  f o r  in s ta n c e — r e g u la r ly  u s e d  o n e  c o n ­

s u l t in g  f i r m  ( S a r g e a n t  8c L u n d y  in  th is  c a se ) , b u t  th e  r e l a t io n s h ip  b e tw e e n  

N E S C O  a n d  M e rz  8c M c L e lla n  w as  so  c lo se  t h a t  th e  f ir s t  w as  r a r e ly  s p o k e n  

o r  w r i t te n  a b o u t  in  i s o la t io n  f r o m  th e  o t h e r .  N E S C O  p r o v id e d  e le c tr ic i ty  

to  th e  n o r t h e a s t  c o a s t  o f  E n g la n d ,  b u t  c o n te m p o r a r i e s  a t t r i b u t e d  th e  g ro w th  

o f  e le c t r ic  s u p p ly  in  t h e  r e g io n  to  C h a r le s  M e rz  a n d  to  M e rz  & M c L c lla n . 

T h e  p o w e r  s t a t io n s  o f  N E S C O  a t t r a c te d  w o r ld -w id e  a t t e n t io n ,  b u t  th e y  

w e r e  d e s ig n e d  a n d  c o n s t r u c te d  b y  M e rz  8c M c L e lla n . N E S C O  h a d  its  o w n  

b o a r d  o f  d i r e c t o r s  a n d  m a n a g e r s — m e n  o f  r e p u ta t io n  s u c h  a s  R. P. S lo a n —  

b u t  C h a r l e s  M e rz ,  n o t  S lo a n  o r  th e  o t h e r  c o m p a n y  h e a d s ,  w as  k n o w n  as 

th e  r e g io n a l  e n t r e p r e n e u r  in  t h e  w o r ld  o f  e le c tr ic  s u p p ly .  E v e n  h is to r ie s  

o f  N E S C O  g iv e  M e rz ,  r a t h e r  th a n  c o m p a n y  m a n a g e r s  a n d  e n g in e e r s ,  th e  

p r o m i n e n t  p la c e .79

T h e  o r g a n ic  r e l a t io n s h ip  t h a t  e x is te d  b e tw e e n  N E S C O  a n d  M e rz  8c 

M c L e lla n  c a n  b e  s e e n  in  a  s u rv e y  o r  t h e i r  h is to r y  a n d  p a r t ic u la r ly  o f  th e  

c a r e e r  o f  C h a r l e s  M e rz  (1 8 7 4 - 1 9 4 0 ) .  In  188 9  M e rz  w as lo o  y o u n g  to  ta k e  

p a r t  in  th e  r o u n d i n g  o f  N E S C O  by  h is  l a t h e r ,  J .  T h e o d o r e  M e rz ;  h is  u n c le ,  

R . S p e n c e  W a ts o n ;  a n d  s ix  o th e r s .  C h a r le s  a t t e n d e d  B o o lh a m  S c h o o l in  

Y o rk  a n d  A r m s t r o n g  C o lle g e  in  N e w c a s tle , b u t  lie  d id  n o t  c o m p le te  th e  

c o u r s e  o f  s tu d y  a t  A r m s t r o n g .  H e  a p p r e n t i c e d  a t  P a n d o n  D e n e ,  th e  f irs t 

o f  N E S C O ’s g e n e r a t i n g  s ta t io n s .  H e  a lso  a p p r e n t i c e d  w ith  R o b e y  o f  L in c o ln  

o n  h ig h - s p e e d  e n g in e s  a n d  w ith  B rit is h  T h o m s o n - H o u s to n .  A f te r  a p p r e n -

™ H eard , " T h e ir  A ch iev e m en t—O u r  H erita g e."
’"S e e , fo r e x am p le . H eard 's  " T h e ir  A ch iev em en t—O u r  H erita g e"  an d  "N L SC O  ii 

Karlv Davit."
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distrib ution system o f  N E S C O , 1 9 1 1, 

('.ourlesx o f  N E S C O , Newc astle upon Tyne , 

E n g la n d .
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l ic e s h ip ,  h e  j o i n e d  B T M  a n d  b e c a m e  m a n a g e r  a n d  e n g i n e e r  o f  its  e le c t r ic  

s u p p ly  u t i l i ty  a t  C r o y d o n .  A lso  f o r  B T I  I, h e  s u p e r v i s e d  c o n s t r u c t io n  o f  a n  

e le c t r ic  p l a n t  f o r  t r a m w a y s  a n d  l ig h t in g  a t  C o r k ,  w h e r e  h e  m e t  W illia m  

M c L e l la n ,  w h o  l a t e r  b e c a m e  h is  p a r t n e r  in  th e  c o n s u l t in g  e n g i n e e r i n g  f irm  

M e rz  &  M c L e l la n .H0

“ J .  M. B u rn e ll.  "C h a rle s  II. M crz , 18 7 4 -1 9 4 0 ,"  Papers P resented a t the Fourth W eekend 
M ee tin g  on the H is to iy  o f  Electr ical E ng in eer in g . D urha m , 2 - 4  J u ly  19 7 6  (L o n d o n : In s titu t io n  o f  
b lectrical K ng in e crs , n .d .) , p p . 2 4 -3 5 .
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J .  T h e o d o r e  a n d  C h a r le s  M e rz  d r e w  t o g e t h e r  in  t h e i r  w o rk  w h e n  in  189 9  

C h a r le s  w as  a s k e d  by  th e  W a lk e r  8c W a lls e n d  G a s  C o m p a n y  to  s u p e r i n t e n d  

c o n s t r u c t io n  o f  a n  e le c t r ic  p o w e r  p la n t  to  s u p p ly  p o w e r  to  in d u s t r y  o n  th e  

T y n e s id e .  C h a r l e s ’s u n c le ,  J o h n  W ig h a m  R ic h a r d s o n ,  w as  a  d i r e c t o r  f o r  

W a lk e r  8c W a l ls e n d .  C h a r le s  w as  e v e n tu a l ly  o f f e r e d  a  j o b  a s  e n g i n e e r  f o r  

th e  c o m p a n y ,  b u t  h e  r e f u s e d ,  p r e f e r r i n g  to  e s ta b lis h  h is  o w n  c o n s u l t in g  

e n g i n e e r i n g  f i r m  so  th a t  h e  m ig h t  p la n ,  d e s ig n ,  a n d  s u p e r v is e  c o n s t r u c t io n  

f o r  a  n u m b e r  o f  c l ie n ts  in  a d d i t io n  to  W a lk e r  & W a lls e n d .  T h e  N e p tu n e  

B a n k  p o w e r  s ta t io n  t h a t  w as  b u i l t  f o r  W a lk e r  8c W a lls e n d  w as  th e  f irs t 

t h r e e - p h a s e  s u p p ly  u t i l i ty  in  E n g la n d  a n d  a t t r a c te d  c o n s id e r a b le  p r o f e s ­

s io n a l  a t t e n t i o n .81 N o  less a s c ie n tif ic  f ig u r e  th a n  L o rd  K e lv in  p e r f o r m e d  

t h e  o p e n i n g  c e r e m o n y  o n  18 J u n e  1 9 0 1 . K e lv in  h a d  b e e n  a n  a d v o c a te  o f  

d i r e c t  c u r r e n t .

E s ta b l is h e d  in  N e w c a s tle ,  a d v i s e r  to  a  p o w e r  c o m p a n y ,  a n d  c lo se  o n c e  

a g a in  to  N E S C O  a n d  h is  f a th e r ,  C h a r le s  M e rz  c o n c e p tu a l iz e d  a t e c h n o lo g ­

ica l a n d  e c o n o m ic  s t r a t e g y  th a t  b e c a m e  h is  h a l lm a r k .  A s n o te d ,  N E S C O  

s o o n  p u r c h a s e d  t h e  e le c t r ic  s u p p ly  b u s in e s s  o f  th e  W a lk e r  G a s  C o m p a n y  

a n d  e m b a r k e d ,  w ith  C h a r le s 's  a n d  h is  f a t h e r ’s g u id a n c e ,  o n  a n  in n o v a t iv e  

p o lic y  o f  d e v e lo p in g  a r e g io n a l  p o w e r  c o m p a n y  in s te a d  o f  s im p ly  a n  u r b a n  

u ti l i ty .  C h a r le s  t h e n  a s k e d  th e  S c o ts m a n  W illiam  M c L e lla n  to  j o i n  h im . 

M c L e lla n ,  w h o  w as  tw o  m o n th s  y o u n g e r  th a n  C h a r le s  M e rz , h a d  c o m p le te d  

t h e  e n g i n e e r i n g  c o u r s e  a t  L iv e rp o o l  U n iv e rs i ty  a n d  w o rk e d  fo r  th e  e le c tr ic a l  

m a n u f a c t u r e r  S ie m e n s  B r o th e r s  o f  E n g la n d .

T h e  d e ta i ls  o f  M e rz  a n d  M c L e lla n 's  e a r ly  p la n s  h a v e  s u rv iv e d  a n d  g iv e  

a  r a r e  g l im p s e  o f  th e  o r ig in s  o f  a  c o n s u l t in g  e n g in e e r in g  f irm . In  1 9 0 0  th e  

y o u n g  m e n  c o r r e s p o n d e d  a l t e r  M e rz  a s k e d  M c L e lla n  to  jo i n  h im  in  th e  

v e n tu r e .  M c L e lla n  w as  c a r e f u l  to  s tre s s  th a t  lie  in  n o  w ay  w a n te d  to  t r a d e  

o n  h is  f r i e n d s h ip ;  h e  p r e f e r r e d  th a t  a b u s in e s s l ik e  a r r a n g e m e n t  b e  n e g o -

1,1 B e ard , " T h e ir  A ch iev e m en t—O u r  Ilerila R e .” p. 11.



4 5 2 N E T W O R K S  O F  P O W E R

I %

F ig u re  X /V .52 . W illia m  M cL rlla n . From  

H o wland . P ro g ress  in Pow er, fa c in g  p. I .

l i a t c d .  M e rz  s a id  t h a l  s in c e  h e  d id  n o t  in t e n d  to  g iv e  a ll o f  h is  l im e  to  

N e w c a s t le  p r o je c t s ,  M c L e l la n  s h o u l d  b e c o m e  th e  r e s i d e n t  m a n a g e r  t h e r e .  

T h e  tw o  m e n  in f o r m a l ly  a g r e e d  t h a t  M c L e lla n  s h o u ld  re c e iv e  a  m o n th ly  

s a la ry  a m o u n t i n g  to  £ 3 0 0  p e r  a n n u m ,  a n  a d d i t io n a l  £ 2 0 0  a t  th e  e n d  o f  th e  

y e a r ,  a n d  o n e - q u a r t e r  o f  t h e  f i r m ’s n e t  p r o f i t s  e a c h  y e a r .  M c r z ’s £ 1 ,0 0 0  

s a la ry  w o u ld  b e  d e d u c t e d  in  d e t e r m i n i n g  th e  n e t .  (M e rz  w as  a t  l ib e r ty ,  so  

lo n g  a s  h e  d id  n o t  u s e  t h e  N e w c a s t le  s ta f f ,  to  t a k e  c o n s u l t in g  w o rk  e ls e ­

w h e r e .)  B o th  m e n  a ls o  w a n te d  to  t u r n  b a c k  in to  th e  c o n s u l t in g  b u s in e s s  

t h r e e - q u a r t e r s  o f  t h e  s h a r e  e a c h  to o k  f r o m  th e  n e t  p ro f i t s .

T h e y  e s t i m a t e d  t h a t  d u r i n g  t h e  f i r s t  tw o  y e a r s  th e  f i r m ’s in c o m e  w o u ld  

b e  a s  fo llo w s : N e p t u n e  B a n k  p o w e r  s t a t io n  f o r  W a lk e r  8c W a l ls e n d  G a s  

C o m p a n y ,  £ 7 ,5 0 0  o n  a  £ 1 5 0 ,0 0 0  p r o je c t ;  u n d e r g r o u n d  t r a n s m is s io n /d i s ­

t r i b u t i o n  c a b le  f o r  N E S C O ,  £ 5 ,0 0 0  o n  a  £ 1 0 0 ,0 0 0  p r o je c t ;  a n d  a  t r a m w a y s  

p r o je c t ,  £ 2 ,0 0 0  o n  £ 4 0 ,0 0 0 ,  f o r  a  to ta l  o f  £ 1 4 ,5 0 0  in  c o n s u l t in g  f e e s . T h e y  

a ls o  e s t i m a t e d  th a t  a n n u a l  e x p e n s e s  f o r  t h e i r  f i r m  w o u ld  a m o u n t  to  th e  

£ 1 ,5 0 0  s a la r y  f o r  t h e  tw o  o f  th e m ,  £ 3 5 0  f o r  t r a v e l  e x p e n s e s ,  a n d  £ 1 ,8 5 0  

f o r  o f f i c e  e x p e n s e s .  S in c e  th e  e x p e n s e s  f o r  tw o  y e a r s  a m o u n t e d  to  £ 7 ,4 0 0  

a n d  s in c e  th e y  h a d  a l r e a d y  s p e n t  £ 1 ,4 0 0  f o r  t h e i r  o f f ic e ,  th e  tw o  m e n  

e x p e c t e d  a  n e t  g a in  o f  £ 5 ,7 0 0  in  t h e  f i r s t  tw o  y e a r s ,  o f  w h ic h  C h a r l e s  M e rz ’s 

s h a r e  w o u ld  a m o u n t  to  £ 4 ,2 7 5  a n d  W illiam  M c L e lla n ’s £ 1 ,4 2 5 . T h e y  p la n n e d  

to  r e in v e s t  a s  a g r e e d . 82

I n  t h e i r  o f f ic e s  th e y  p la n n e d  to  h a v e  tw o  s a la r i e d  e m p lo y e e s  ( p ro b a b ly  

e n g i n e e r s )  a n d  a  c h i e f  d r a f t s m a n ,  w h o s e  a n n u a l  s a la ry  w o u ld  b e  £ 2 0 0 ,  th e  

s a m e  a s  t h e  e n g i n e e r s ’. A ls o  o n  h a n d  w o u ld  b e  t h r e e  a s s is ta n t  d r a f t s m e n ,  

t h r e e  j u n i o r  a s s is ta n ts , f o u r  ty p is ts ,  a n d  tw o  o f f ic e  b o y s . T h e  M e rz  8c M cL e llan  

s t a f f  w o u ld  in  t im e  c o o p e r a t e  c lo se ly  w ith  t h e  s t a f f  o f  N E S C O . B y  1 913  

t h e  s t a f f  o f  M e r z  8c M c L e lla n  h a d  g r o w n  to  s e v e n ty - th r e e  a n d  t h e  c o m p a n y  

h a d  o p e n e d  a  L o n d o n  o f f ic e  o n  V ic to r ia  S t r e e t ,  t r a d i t io n a l ly  th e  d is t r ic t  

w h e r e  e n g i n e e r s  h a d  t h e i r  o f f ic e s .  A n  o f f ic e  in  L o n d o n  fa c i l i ta te d  p a r l i a ­

m e n ta r y  a sso c ia tio n s , te s t im o n y  b e f o r e  p a r l ia m e n ta r y  c o m m itte e s ,  a n d  w o rk  

in  t h e  C o m m o n w e a l th .

C h a r l e s  M e rz  t r a v e le d  t h r o u g h o u t  th e  w o r ld  f o r  M e rz  8c M c L e lla n .  I n  

1901 a n d  a g a in  in  1 9 0 6  h e  v is i te d  th e  U n i t e d  S ta le s ,  w h e r e  h e  m e t  S a m u e l  

I n s u l l .  A  c lo s e  p r o f e s s io n a l  a n d  b u s in e s s  r e l a t io n s h ip  d e v e lo p e d  b e tw e e n  

th e  tw o , s u r v iv in g  e v e n  I n s u l t 's  f in a n c ia l  c o l la p s e  a n d  p u b l ic  d i s g r a c e  fo l ­

lo w in g  h is  i n d i c t m e n t  o n  c h a r g e s  o f  f r a u d u l e n t  p r a c t ic e s  a s  a  h o ld in g -  

c o m p a n y  e n t r e p r e n e u r ,  c h a r g e s  o f  w h ic h  h e  w a s  e v e n tu a l ly  d e c la r e d  in ­

n o c e n t .  M e r z  o r g a n i z e d  a  p r iv a te  lu n c h e o n  f o r  t h e  “ f a lle n  g ia n t "  a t  th e  

R e f o r m  C lu b ,  “ a n  a c t io n  by  w h ic h  In s u l l  w as  m u c h  m o v e d ." 83 O n  s e v e ra l  

o c c a s io n s  M e rz  8c M c L e lla n  a ls o  s e r v e d  a s  a c o n s u l t in g  f i rm  f o r  C o m m o n ­

w e a l th  E d is o n ,  e s p e c ia l ly  o n  s te a m  tu r b i n e  p la n t s  a n d  o n  g e n e r a l  d e v e l ­

o p m e n t  m a t t e r s .8'1 M e rz ,  P a r s o n s ,  a n d  I n s u l l  w o r k e d  to g e t h e r  in  1 9 1 2  w h e n

"J M cL cllan  to  M crz , 4 A ug ust 1900, a n d  cl raft o f  an  a g re e m e n t (n .d .). C. H . M erz  lockbox, 

M crz  8c M cL cllan  C o. A rchiv es.
"’ R o w la nd , Progress in Power, p. 76.

"’ S ec , fo r  in s tan c e , M erz  8c M c l.ellan , "C o m m o n w e alth  E d iso n  C o m p a n y  a n d  A ssocia ted  
C o m p an ie s : R e p o rt o n  th e  P re sen t a n d  F u tu re  D ev e lop m e n t o f  th e  E le ctr ic al System ," M erz 

8c M cL ellan  P a p e rs  (vol. 1/1 .8. Folio  29), T y n e  a n d  W ear C o u n ty  C o un c il A rchiv es. T h e  Tirni 
a lso p r e p a re d  a  m a jo r  s tu d y  o f  th e  u rb a n  u tilitie s o f  L o n d o n , N ew  Y ork , a n d  Paris , a m o n g  
o th e rs , fo r  th e  C o n so lid a ted  E d ison  Co. o f  N ew  Y ork; see C h a p te r  X II , n o te  60 , above.
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In s u l l ’s C o m m o n w e a l th  E d is o n  C o m p a n y  o r d e r e d  a  2 5 ,0 0 0 -k w . u n i t ,  t h e n  

t h e  la r g e s t  in  th e  w o r ld .  M e rz  a ls o  o b s e rv e d  e n g in e e r in g  p r a c t ic e s ,  p r e p a r e d  

r e p o r t s ,  a n d  o r g a n iz e d  c o n s t r u c t io n  p ro je c ts  in  A u s t r a l ia .  A r g e n t in a ,  S o u th  

A lr ic a ,  I n d ia ,  a n d  in  A m e r ic a n  a n d  B r i t i s h  c i tie s  o t h e r  th a n  C h ic a g o  a n d  

N e w c a s tle  u p o n  T y n e .  H e  b e c a m e  a n  a g e n t  o f  te c h n o lo g y  t r a n s f e r  o n  a 

g r a n d  sc a le , t a k in g  w ith  h im  th e  e x p e r i e n c e  h e  g a in e d  in  b u i ld in g  th e  

N E S C O  s y s te m  o n  th e  n o r t h e a s t  c o a s t  o f  E n g la n d  a n d  b r i n g in g  b a c k  s ta te -  

o f - th e - a r t  id e a s  I r o m  th e  r e s t  o f  th e  w o r ld .  M e a ls o  a s s o c ia te d  w ith  o t h e r  

l e a d e r s  in  e le c t r ic a l  e n g i n e e r i n g  a n d  m a n a g e m e n t ,  s u c h  a s  G e o r g  K l in g e n -  

b e r g  o f  A E G . N o  h is to ry  o f  t e c h n o lo g y  t r a n s f e r  w o u ld  b e  c o m p le te  w i th o u t  

c o n s id e r a t io n  o f  c o n s u l t in g  e n g i n e e r s  lik e  M e rz .

W e  h a v e  a l r e a d y  n o te d  in  th is  s tu d y  M e rz ’s e f f e c t iv e n e s s  a s  a  p a r l i a m e n ­

ta ry  w i tn e s s  o n  b e h a l f  o f  p o w e r  b ills , h is  c o n t r ib u t io n s  to  th e  c r e a t io n  o f  

th e  G r id ,  a n d  h is  l e a d in g  r o le  d u r i n g  W o r ld  W a r  I a s  a  m e m b e r  o f  p a r l i a ­

m e n ta r y  c o m m i te e s  p l a n n i n g  th e  r e o r g a n iz a t io n  o f  e le c t r ic  s u p p ly  in  E n g ­

l a n d  a f t e r  t h e  w a r  (s e e  p p .  3 1 9 - 2 1  a b o v e ) .  H e  w as  b e l ie v e d  b y  m a n y  to  b e  

th e  m o s t  e f f e c t iv e  e x p e r t  w itn e s s  in  th e  e n g i n e e r i n g  w o r ld .  I n  p r e s e n t in g  

h is  c a s e s  h e  u s e d  h ig h ly  im a g in a t iv e  s ta t is t ic a l  ta b le s , g r a p h s ,  a n d  c h a r t s  

p r e p a r e d  by  h is  f i r m .  I n  W o r ld  W a r  I h e  a ls o  s e rv e d  a s  a  m e m b e r  o f  th e  

A d m ir a l ty ’s c o m m i t t e e  o n  a n t i s u b m a r i n e  w a r f a r e  a n d  th e n  a s  d i r e c t o r  o f  

e x p e r i m e n t s  a n d  r e s e a r c h  f o r  th e  A d m ir a l ty ,  a p o s i t io n  th a t  w as  u s e d  to  

d r a w  s c ie n t is ts  a n d  e n g i n e e r s  in to  w a r t im e  r e s e a r c h  a n d  d e v e lo p m e n t .  T h u s  

M e rz  w as  a  p i o n e e r  in  th e  t r e n d  th a t  w o u ld  c u lm in a te  in  th e  f o r g in g  o f  

th e  s c ie n tif ic ,  e n g i n e e r i n g ,  a n d  m il i ta ry  e s ta b l is h m e n t  th a t  p e r f o r m e d  so  

e f fe c tiv e ly  in  W o r ld  W a r  I I . 85 I n  1 9 4 0  M e rz ’s L o n d o n  h o m e  w as h it  by  a 

b o m b  a n d  h e  a n d  h is  tw o  c h i ld r e n  w e re  k il le d ;  h is  w ife  s u rv iv e d .

C h a r le s  M e rz  a r t i c u la t e d  a n d  d i s s e m in a te d  th e  e c o n o m ic  a n d  te c h n o lo g ­

ical p r in c ip le s  o f  r e g io n a l  sy s te m s .  H e  to o k  in to  a c c o u n t  th e  te c h n o lo g ic a l  

a n d  e c o n o m ic  g iv e n s  a n d  f o r g e d  s t r a t e g y  a n d  ta c tic s  f o r  N E S C O . In  so  

d o in g ,  h e  j o i n e d  t h e  r a n k s  o f  s u c h  m e n  a s  S a m u e l  I n s u il ,  H u g o  S t in n e s ,  

O s k a r  v o n  M ille r ,  A . K o e p c h e n ,  C h a r le s  S to n e ,  E d w in  W e b s te r ,  a n d  S. Z. 

M itc h e ll .  E a c h  o f f e r e d  a  p a r t i c u l a r  e m p h a s i s  in  h is  p u b l ic a t io n s  a n d  w o rk s . 

M e rz  s t r e s s e d  th e  d e v e lo p m e n t  o f  h ig h ly  e f f ic ie n t  s t e a m - tu r b in e  p o w e r  

p la n t s  to  s u p p ly  la r g e  i n d u s t r i a l  c o n s u m e r s  a n d  t r a c t io n .  I n  1 9 0 4 , w ith  

W illia m  M c L e lla n ,  h e  p u b l i s h e d  a  p a p e r  o n  th e  d e s ig n  o f  p o w e r  s ta t io n s  

th a t  b e c a m e  a n  a u th o r i ta t iv e  s ta te m e n t  a m o n g  e n g in e e rs .  M e rz  a n d  M cL ellan  

fo r e s a w  in  1 9 0 4  t h a t

la rg e  p o w er schem es will p ro b ab ly  even tua lly  consis t o f  a n e tw ork  o f  
tran sm iss io n  cables, su b sta tio n s an d  d istrib u tio n  cables, su p p ly in g  all I lie p ow er 
re q u ire m e n ts  o f  a n e ig h b o rh o o d  a n d  d raw in g  a su p p ly  from  m o re  th an  on e  
p o w er sta tio n , th e  la tte r  b e in g  located  w here electr ic ity  is to  be o b ta in ed  m ost 

cheap ly  Trom e ith e r  coal o r  waste p ro d u c ts." '1

T h e y  th e n  w e n t  o n  to  d is c u s s  th e  a d v a n ta g e s  a n d  d is a d v a n ta g e s  o f  s te a m

"  F o r c o rre sp o n d e n c e  a n d  o th e r  m ateria l a bout M crz 's rela tio n sh ip  with  Sir  Eric G edd es, 
fir st lo rd  o f  th e  A dm ira lty  d u r in g  W orld  W ar I a n d  la te r  m in iste r o r  tra n s p o rt, see item  36 
in th e  C. I I. M erz  lockbox. M erz  Sc M cLellan C o. A rchives. Leslie H a n n a h , in Electricity Before 
NalionalLialion (B a ltim o re : T h e  J o h n s  H o pk in s U niversity  Press. 1979). an d  J o h n  R ow land, 

in Progress a n d  Power, a lso discuss M erz 's  g o ve rn m e n t service.

“  C h a rles  II. M erz  a n d  W illiam  M cLcllan. "P ow er S tation  D es ig n ,"Jo urn al o f  the Proceedings 
o f  the In stitut ion  o f  Electrical Engineers 33 ( 1904): 4: re p rin t in th e  M crz Sc M cLcllan C o. A rchives.
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t u r b in e s ,  a  q u e s t io n  t h a t  w as  q u i t e  n e w  to  m o s t  o f  t h e  e n g i n e e r i n g  w o r ld .  

T h e  f i r s t  s t e a m  tu r b i n e s  h a d  b e e n  i n t r o d u c e d  in  a  p u b l ic  u t i l i ty  in  1 8 9 0  a t  

t h e  F o r th  B a n k s  s t a t io n  o f  C h a r le s  P a r s o n s ’s N e w c a s tle  8c D is tr ic t  C o m p a n y ,  

b u t  t h e s e  w e r e  s m a l l ,  7 5 -k w . u n i ts .  O t h e r  in s ta l la t io n s  h a d  fo llo w e d  in  

E n g la n d ,  b u t  a  s iz a b le ,  1,0 0 0 -k w . u n i t  d id  n o t  r e s u l t  u n t i l  1 9 0 0 , in  E lb e r f e ld ,  

G e r m a n y .  M e rz  8c M c L e l la n ’s e a r ly  i n t e r e s t  in  t u r b i n e s  is b e l t e r  u n d e r s t o o d  

w h e n  o n e  n o te s  t h a t  t h e  tu r b i n e s  in s ta l le d  in  E n g la n d  w e re  m a d e  b y  C h a r l e s  

P a r s o n s ,  w h o s e  e n g i n e e r i n g  w o rk s  w e re  lo c a te d  a t  T y n e s id e .  M e rz  a n d  

M c E e lla n  f o u n d  o p i n i o n  s till  d iv id e d  o n  t h e  a d v a n ta g e s  a n d  d i s a d v a n ta g e s  

o f  t h e  t u r b i n e  a s  c o m p a r e d  to  t h e  r e c ip r o c a t in g  e n g in e ,  b u t  th e y  p o in te d  

o u t  t h a t  in n o v a t iv e  in s ta l l a t io n s  w e r e  u n d e r  w ay , in c lu d in g  C o m m o n w e a l th  

E d i s o n ’s in s ta l l a t io n  a t  F isk  S t r e e t  in  C h ic a g o .  T h e y  c r e d i t e d  P a r s o n s  w ith  

th e  d e v e l o p m e n t  o f  t h e  t u r b i n e ,  s u g g e s t in g  t h a t  D e  L a v a l’s t u r b i n e  w as  so  

h ig h - s p e e d  t h a t  it w as  p r a c t ic a l  o n ly  in  s m a ll  s iz e s .

In  t h e  1 9 0 4  a r t i c l e  a n d  l a t e r  e s s a y s  M e rz  s t r e s s e d  th e  r e g io n a l  c h a r a c te r  

o f  t e c h n o l o g y .87 B e c a u s e  o f  h is  f a m il ia r i ty  w ith  te c h n o lo g y  t h r o u g h o u t  th e  

w o r ld ,  h e  r e a l i z e d  t h a t  a  u n iv e r s a l  b e s t  w a y  d id  n o t  e x is t ;  in s t e a d ,  a  v a r ie ty  

o f  s ty le s  p r e v a i l e d .  H e  b e l ie v e d  t h a t  lo c a l c o n d i t io n s  c o m p le te ly  g o v e r n e d  

p o w e r  s u p p l y  w i th in  a  r e g io n .  T h e r e f o r e ,  h e  c h o s e  to  w r i te  a b o u t  th e  

r e l a t iv e  a d v a n t a g e s  o f  h ig h -  a n d  lo w -s p e e d  r e c i p r o c a t i n g  e n g in e s  f o r  d r iv ­

in g  g e n e r a t o r s ,  n o t i n g  t h a t  t h e  h i g h - s p e e d  e n g i n e  h a d  t a k e n  r o o t  o n ly  in  

B r i t a in .  M e rz  a ls o  d is c u s s e d  t h e  d i f f e r e n c e s  in  s y s te m  f r e q u e n c y  e n c o u n ­

t e r e d :  2 5  c y c le s  in  t h e  M id la n d s  o f  E n g la n d  a n d  w e s te r n  S c o t la n d ;  4 0  cy c les  

o n  t h e  n o r t h e a s t  c o a s t  o f  E n g la n d ;  5 0  c y c le s  in  L a n c a s h i r e  a n d  Y o rk s h ir e ;  

5 0  c y c le s  in  F r a n c e  a n d  G e r m a n y ;  4 0  c y c le s  in  I ta ly ;  2 5  a n d  6 0  c y c le s  in  

th e  U n i t e d  S ta te s ;  a n d  5 0  a n d  6 0  c y c le s  in  J a p a n .  ( J a p a n  c o u ld  d r a w  o n  

b o th  E u r o p e a n  a n d  A m e r ic a n  te c h n o lo g y .)  H e  w e n t  o n  to  o b s e rv e  th a t  

d i f f e r e n t  e n e r g y  s o u r c e s  c o u ld  b e  e x p lo i t e d  a d v a n ta g e o u s ly  in  d i f f e r e n t  

re g io n s .  H e  w as  p a r t i c u la r ly  i n t e r e s t e d  in  h is  o w n  r e g i o n ’s u s e  o f  w a s te  h e a t  

f r o m  c o k e  o v e n s  a n d  b la s t f u r n a c e s .  In  192 4  h e  e x p la in e d  w h y , c o m p a r e d  

to  t h e  r e s t  o f  t h e  w o r ld ,  r e la t iv e ly  lo w  v o l ta g e s  w e re  u s e d  f o r  t r a n s m is s io n  

in  E n g la n d .  E n g la n d  w a s  a n  a g e d  a n d  s e t t l e d  n a t io n  w h e r e  l a n d o w n e r s  

e n jo y in g  t r a d i t i o n a l  r ig h t s  o b s t r u c t e d  t h e  g r a n t i n g  o f  w a y le a v e s  t h a t  w o u ld  

m a k e  f e a s ib le  e x t e n d e d  h ig h - v o l t a g e  p o in t - to - p o in t  t r a n s m is s io n .  F u r t h e r ­

m o r e ,  E n g la n d  w as  d e n s e ly  s e t t l e d ,  in d u s t r i a l ly  d e v e lo p e d ,  a n d  h a d  n u ­

m e r o u s  c o a l  f ie ld s ;  h i g h - v o l t a g e  t r a n s m is s io n  lik e  th a t  u s e d  in  C a l i f o r n ia  

w a s  n o t  n e e d e d .  T h e  B r i t i s h  e r e c t e d  in e x p e n s iv e  w o o d e n  p o le s  to  fo llo w  

th e  i r r e g u l a r  b o u n d a r i e s  o f  t h e  l a n d ,  " w h ic h  d o  n o t  fo llo w  s t r a ig h t  lin e s  

b u t  a r e  t h e  r e s u l t  o f  g r a d u a l  g r o w th  f r o m  a n  a lm o s t  im m e m o r ia l  p a s t .”88 

T h e  c o n t r a s t  b e tw e e n  th is  p a t t e r n  a n d  th e  w id e  o p e n  s p a c e s  in  m u c h  o f  

th e  U n i t e d  S la te s  w a s  d r a m a t ic .

1,7 M crz  p u b lis h e d  a n u m b e r  o f  a rtic le s  a n d  p re se n te d  a n u m b e r  o f  ta lk s, re p r in ts  o f  w hich 
a rc  in th e  M crz  Sc M cL cllan  C o. A rch iv es. A m o n g  th e m  a rc  C h a rle s  M erz  a n d  W illiam 

M cL cllan , "P o w er S ta tio n  D esign"; M erz , "P o w er S u p p ly  a n d  Its  E ffects  on  th e  In d u s tr ie s  o f  
th e  N o rth -E a s t C oast" ; C h a rle s  I I. M erz , "E lec tr ic  Pow er D is tr ib u tio n "  (P a p e r  rea d  b e fo re  
th e  A n n u a l M eetin g  o f  th e  B ritish  A ssoc ia tio n  fo r  th e  A d v an c em en t o f  Science. N ew castle  
u p o n  T y n e , 5 - 9  S e p te m b e r  1919 , a n d  p u b lis h e d  in En g in eer in g  102 11916): 2 6 2 -6 3 ): an d  
C h a r le s  H . M erz , " T h e  T ra n sm iss io n  a n d  D istr ib u tio n  o f  E lectr ical E n erg y"  (T alk  g iv en  at 

th e  F irs t W o rld  P ow er C o n fe re n c e . L o n d o n . 1924).
""M e rz . “T h e  T ra n sm iss io n  a n d  D istr ibu tio n  o f  E lectr ical E n erg y ,"  p. 9.
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II w o u ld  b e  in te r e s t i n g  to  k n o w  th e  e x t e n t  to  w h ic h  th e  a u t h o r  o f  T h e  

H is to r y  o f  E u r o p e a n  T h o u g h t  in  th e  N in e te e n th  C e n tu ry  s h a p e d  th e  c o n c e p ts  o f  

h is  s o n .  J .  M . B u r n e t t  o f  M e rz  8c M c L e lla n  b e lie v e s  t h a t  " it w as  p ro b a b ly  

J .  T h e o d o r e  r a t h e r  t h a n  h is  s o n  w h o  f ir s t  c o n c e iv e d  o f  a  r e g io n a l  s u p p ly  

s y s te m , t h e  f i r s t  in  B r i t a in . ’’89 L it t le  e v id e n c e  o f  J .  T h e o d o r e  M e rz 's  in f l u ­

e n c e  in  e l e c t r ic a l  m a t t e r s  is a v a ila b le ,  h o w e v e r .  H is  m e m o  o f  O c to b e r  189 8  

e n t i t l e d  " O n  th e  P r e s e n t  P o s it io n  a n d  th e  F u r t h e r  D e v e lo p m e n t  o f  th e  

N e w c a s tle  E le c t r ic  S u p p ly  S ta t i o n ” is a n  e x c e p t io n .  H e  p r e f a c e d  h is  r e m a r k s  

b y  s a y in g  t h a t  h e  d id  n o t  c o n s id e r  h im s e l f  a n  e x p e r t  o n  e le c t r ic a l  s u p p ly  

b u t  t h a t  h e  h a d  t a lk e d  to  m a n y  e x p e r t s  a n d  w as  a n  in te l l ig e n t  c o m p i le r .  

H e  a r g u e d  t h a t  N E S C O ’s s y s te m  w as o u t  o f  d a te  b e c a u s e  th e  s ta t io n  w as 

s m a ll  a n d  s u p p l i e d  l ig h t  to  o n ly  a  sm a ll  a r e a  o f  th e  c ity . I ts  s in g le -p h a s e  

a l t e r n a t i n g - c u r r e n t  d i s t r i b u t i o n  h a d  b e e n  o u tm o d e d  by  p o ly p h a s e  d i s t r i ­

b u t io n .  M o r e  im p o r t a n t ,  th e  c o m p a n y  n e e d e d  to  b u i ld  a l a r g e  s ta t io n  o n  

th e  T y n e  R iv e r ,  w h e r e  c o n d e n s in g  w a te r  w as  p le n t i f u l ,  a n d  o u t s id e  th e  

c ity , w h e r e  l a n d  w as  in e x p e n s iv e  a n d  s m o k e  w o u ld  n o t  c a u s e  a  n u is a n c e .  

T h e  s ta t io n  w o u ld  s u p p ly  in d u s t r i a l  a n d  d e n s e ly  s e t t le d  r e s id e n t ia l  a re a s  

p r im a r i ly .  J .  T h e o d o r e  r e c o m m e n d e d  a n  e x p e n d i t u r e  o f  £ 4 0 ,0 0 0  fo r  th e  

s ta t io n  a n d  s u g g e s te d  w ay s  o f  r a is in g  t h e  m o n e y .90

T h e  M e rz e s  c o o r d i n a t e d  t e c h n o lo g y ,  e c o n o m ic s ,  a n d  t h e i r  so c ia l n e tw o rk .  

W h ile  lo c a l -g o v e rn m e n t-o w n e d  e le c tr ic  su p p ly  u n d e r ta k in g s  e ls e w h e re  w e re  

e x t r e m e ly  s e n s i t iv e  to  th e  d e m a n d  f o r  e le c t r ic i ty  m a d e  by  t a x p a y e r s  o r  

r a te p a y e r s ,  N E S C O  c o n c e n t r a t e d  o n  th e  in d u s t r i a l  p o w e r  lo a d ,  m u c h  o f  

w h ic h  w as  c o n t r o l l e d  b y  t h e  M e rz e s ’ Q u a k e r  k in  o r  f r ie n d s .  A f t e r  190 0  

N E S C O ’s lo a d  b e c a m e  in c r e a s in g ly  in d u s t r i a l ,  a n d  by  th e  1 9 2 0 s , n o  m o re  

th a n  10 p e r c e n t  o f  t h e  lo a d  c o u ld  b e  a t t r i b u t e d  to  o r d i n a r y  l ig h t in g  a n d  

d o m e s t i c  a p p l i a n c e s .  C h a r l e s  M e rz  u s e d  th e  s t a f f  o f  h is  c o n s u l t in g  e n g i ­

n e e r i n g  f i r m  to  se ll N E S C O  p o w e r  to  lo ca l in d u s t r i e s  a n d  th e n  th e  f irm  

a c te d  a s  a  c o n s u l t a n t  in  th e  d e s ig n  o f  th e  e q u ip m e n t  a n d  in s ta l la t io n  fo r  

th e s e  c u s to m e r s .  M e rz  &  M c L e l la n ’s d e s ig n s  n ic e ly  in te g r a te d  s u p p ly  a n d  

d e m a n d .  I t  is n o t  s u r p r i s i n g  to  f in d  a m o n g  th e  m a jo r  c u s to m e r s  o f  N E S C O  

in  1 9 1 0  A r m s tro n g ,  W h itw o r th  &  C o m p a n y  a n d  S w a n , H u n te r ,  a n d  W ig h a m  

R ic h a r d s o n  8c C o m p a n y ,  th e  d i r e c to r s  a n d  m a n a g e r s  o f  w h ic h  w e r e  e i th e r  

r e l a t e d  to  o r  c lo s e ly  a s s o c ia te d  w ith  th e  M e rz e s  so c ia lly  a n d  in  v a r io u s  

in d u s t r i a l  a c tiv i t ie s .91 S ir  A n d r e w  N o b le ,  c h a i r m a n  o f  A r m s t r o n g ,  W h it ­

w o r th  8c C o m p a n y ,  f o r  in s ta n c e ,  w as  a n  in te r e s t e d  p a r t i c ip a n t  in  C h a r le s  

M e rz ’s e f f o r t  to  o r g a n iz e  e le c t r ic  s u p p ly  in  L o n d o n  (see  p . 2 4 9  a b o v e ) . T h e  

M e r z e s ’ tie s  w ith  t h e  s h ip b u i ld in g  f irm  o f  S w a n , H u n t e r ,  a n d  W ig h a m  

R ic h a r d s o n  h a v e  b e e n  n o te d .

A s a  c o n s u l t in g  e n g i n e e r  f o r  N E S C O , C h a r le s  M e rz  p r o v id e d  m in e s  a n d  

i n d u s t r y  w ith  d e s ig n s  th a t  r e o r g a n iz e d  p ro d u c t io n  o n  th e  n o r th e a s t  co as t 

o f  E n g la n d .  H e  a d v is e d  th e  p o te n t ia l  c u s to m e r  in  d e ta i l  a b o u t  th e  w ay  in  

w h ic h  e le c t r ic  m o to r s  c o u ld  b e  u s e d  to  re p la c e  s te a m  e n g in e s  a n d  h o w  th e  

w o rk p la c e  c o u ld  b e  r e o r g a n iz e d  b e c a u s e  in d iv id u a l  e le c tr ic  m o to r  d r iv e  

p e r m i t t e d  m o r e  f r e e d o m  o f  lo c a tio n  th a n  d id  m a c h in e s  d r iv e n  by s te a m

8U B u rn e ll, “C h a rles  II. M erz ." p. 24.
WIA c opy  o f  il ie  m e m o  is on  file  in th e  M crz Sc M cLellan Co. A rchives.

Bl Eneinrerinir , c. 19 10 -11 : rep r in t in th e  M etz  Sc M cl.ell.in  Co. A rchives.
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e n g in e s ,  w ith  i l i e i r  c o u n t e r s h a f t  a n d  b e l t - t r a n s m is s io n .92 M e rz  r e c a lls  th a t  

o n c e  t h e i r  b ia s  in  f a v o r  o f  s te a m  w a s  o v e r c o m e ,  t h e  e n g i n e e r s  a n d  s h ip ­

b u i ld e r s  o f T y n e s i d e  f o u n d  t h e  n e w  p o w e r  h ig h ly  a d a p ta b le ,  a n d  t h a t  w i th in  

a  few  y e a r s  th e y  w e r e  u s in g  f a r  m o r e  p o w e r  in  t h e  f o r m  o f  e le c t r ic i ty  th a n  

th e y  h a d  e m p lo y e d  e a r l i e r  in  t h e  f o r m  o f  s t e a m .98

P o w e r  s t a t io n s  d e s ig n e d  a n d  b u i l t  b y  M e rz  8c M c L e lla n  f o r  N E S C O  e m ­

b o d ie d  t h e  p a r t n e r s ’ v ie w s  o n  t h e  p r im a c y  o f  i n d u s t r i a l  lo a d ,  e c o n o m y  o f  

sc a le , a n d  t u r b i n e  e f f ic ie n c y .  T h e  N e p t u n e  B a n k  s t a t io n ,  w h ic h  w as  c o m ­

m is s io n e d  in  1 9 0 1 , w a s  t h e  f i r s t  s t a t io n  d e s ig n e d  by  M e rz  8c M c L e lla n  fo r  

t h e  N e w c a s t le  r e g io n .  O r ig in a l ly  e q u i p p e d  w ith  m a r i n e  r e c ip r o c a t in g  e n ­

g in e s  b u i l t  b y  J o h n  W ig h a m  R i c h a r d s o n ’s c o m p a n y ,  t h e  N e p t u n e  B a n k  

s t a t io n  w a s  e x p a n d e d  s e v e r a l  y e a r s  l a t e r  fo l lo w in g  t h e  i n t r o d u c t i o n  o f  a  

1 ,5 0 0 -k w . t u r b i n e  u n i t ,  t h e  l a r g e s t  b u i l t  b y  P a r s o n s  u p  to  t h a t  l im e .  M e rz  

h a d  v is i te d  t h e  n e a r b y  P a r s o n s  w o rk s ,  w h ic h  N E S C O  s u p p l i e d  w ith  e le c ­

t r ic i ty ,  to  in s p e c t  t h e  p r e c e d e n t - s e t t i n g  E lb e r f e ld  t u r b i n e s  w h ile  th e y  w e r e  

b e in g  b u i l t . 94 T h e  N e p t u n e  B a n k  l u r b o a l l e r n a t o r  w as  t h e  f ir s t  l a r g e  u n i t  

to  g e n e r a t e  th r e e - p h a s e  p o w e r .95 T h e  s t a t io n  s u p p l i e d  a  u n iv e r s a l  s y s te m  

p r o v i d i n g  t h r e e - p h a s e  a n d  d i r e c t  c u r r e n t  a t  d i f f e r e n t  v o lta g e s .  T h e  E le c ­

t r ic ia n  d e s c r ib e d  it a s  t h e  f i r s t  u t i l i ty  in  t h e  U n i t e d  K in g d o m  to  s u p p ly  

e le c t r i c  p o w e r  in  b u lk .98

T w o  y e a r s  a f t e r  t h e  c o m m is s io n in g  o f  t h e  N e p t u n e  B a n k  s t a t io n ,  th e  

d e m a n d  o n  N E S C O  h a d  b e c o m e  s o  g r e a t  t h a t  in  1 9 0 4  t h e  c o m p a n y  b e g a n  

c o n s t r u c t i o n  o f  t h e  C a rv i l le  s t a t io n ,  w h ic h  w as  “ t h e  f i r s t  l a r g e  g e n e r a t i n g  

s t a t io n  o f  th e  m o d e r n  ty p e ” in  th e  w o r ld .97 T h e  s t a t io n  e m b o d ie d  p r in c ip le s  

e n u n c i a t e d  b y  M e rz  a n d  M c L e lla n  in  t h e i r  p a p e r  o f  1 9 0 4 . A m o n g  th e s e  

w a s  t h e  “c o m p l e t e  u n i t ” s y s te m , w h ic h  m e a n t ,  in  e f f e c t ,  d iv id in g  t h e  s ta t io n  

i n to  a  n u m b e r  o f  a u t o n o m o u s  g e n e r a t i n g  s y s te m s .  T h e  g e n e r a t i n g  u n i t s  

w e r e  e n t i r e l y  tu r b i n e - d r i v e n ;  tw o  h a d  a n  o u t p u t  o f  3 ,5 0 0  k w . a n d  tw o  

p r o d u c e d  1 ,5 0 0  kw . T h e  la r g e  u n i t s  w e re  m o r e  t h a n  d o u b l e  th e  c a p a c i ty  

o f  a n y  tu r b i n e s  t h a t  h a d  b e e n  b u il t  u p  to  t h a t  l im e .  M e rz  a n d  M c L e lla n  

w e re  n o w  fu lly  c o m m i t t e d  to  tu r b i n e s ,  d e s p i t e  s o m e  e a r ly  o p e r a t i n g  p r o b ­

l e m s  a t  t h e  N e p t u n e  B a n k  s t a t io n .

I n  1 9 1 0  N E S C O  o p e n e d  a n o t h e r  s t a t i o n — a t D u n s to n — w ith  t h r e e  t u r ­

b in e s  t o ta l in g  a b o u t  3 0 ,0 0 0  kw . T h e s e  t u r b i n e s  h a d  b e e n  b u il t  b y  B ro w n  

B o v e r i  o f  S w i tz e r l a n d  a n d  A E G  o f  G e r m a n y .  T h e  n e x t  m a jo r  te c h n o lo g ic a l  

a d v a n c e ,  h o w e v e r ,  c a m e  in  1 9 1 6  w ith  th e  c o m m is s io n in g  o f  a  s e c o n d  s ta t io n  

a t  C a rv i l le .  F o r  m a n y  y e a r s  C a rv i l le  " B ” (F ig . X I V .3 3 )  h e ld  th e  r e c o r d  as

'" 'M e m o r a n d u m  o f  C. I I. M crz  in  R. I*. S lo an  o f  NF.SCO , O clo ltc r  I ‘105, F o ld er  29, C. H. 

M crz  loc kbox. M erz  Sc M cL ellnn Co. A rchiv es.

" 'b e a r d ,  "N F .SC O  in ih e  E arly  D ays,” p. <i. H eard  is < |unting fro m  C. II. M crz 's  “N o te s.” 
" ''C h a r le s  II. M erz . "A u to b io g ra p h y ,"  c h a p te r  e n title d  "C o rk ,"  p. 15. M erz  Sc M cL ellan 

C o. A rchiv es.
" 'H e a r d ,  “T h e i r  A ch iev e m en t— O u r  H e r ita g e ,"  p. 11.
'“'" E le c tr ic  Pow er S u p p ly  at N ew castle-o n  Tyne." Th e Electrician  47  (1 901): 3 1 9 -2 7 ; copy 

in M crz  Sc M cL cllan  C o. A rchiv es.
"’ I.. C o ra n i. "H rilish  Pow er S tatio ns: Plant C lo sed  D ow n" (a M crz  Sc M cLcllan m a n u scrip t 

boo k le t p ro v id in g  te chn ic a l d a ta  o n  N E SC O  s ta tio n s d e s ig n e d  by th e  U rn) f ro m  1904 to  1927). 
M erz  Sc M cL cllan Co. A rch iv es: H ea rd . T h eir A ch iev e m en t—O u r  H e rita g e ."  p. 14.
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F ig ur e  X I V .3 3 . Carville "B "  power station. Courtesy o f  N E S C O . Newcastle upon Tyne. England .

t h e  m o s t  e c o n o m ic a l  p o w e r  s ta t io n  in  th e  w o r ld .98 A n  u n p r e c e d e n te d ly  

h ig h  s te a m  p r e s s u r e  o f  2 5 0  p s i a t  a  t e m p e r a t u r e  o f  6 5 0 ° F  w as u s e d  in  th e  

s t a t i o n ’s f iv e  P a r s o n s  1 1 ,0 0 0 -k w . t u r b o a l t e r n a to r s .  T h e  in c r e a s e  in  th e r m a l  

e f f ic ie n c y  b r o u g h t  a b o u t  by  r a is in g  p r e s s u r e  a n d  t e m p e r a t u r e  b e c a m e  o n e  

o f  th e  “c r i t ic a l  p r o b le m s ” o f  th e  1 9 2 0 s . M e rz  8c M c L e lla n  a d d e d  to  th e  

m o m e n tu m  o f  th e  t r e n d  by  u s in g  4 5 0  p s i a n d  7 0 0 ° F  a t  N o r th  T e e s ,  th e  

n e x t  s ta t io n  it  d e s ig n e d  fo r  N E S C O . N o r th  T e e s  h a d  M e tro p o l i ta n  V ic k e rs  

2 0 ,0 0 0 -k w . t u r b o a l l e r n a t o r s .  B e g u n  d u r i n g  th e  w a r  a n d  c o m p le te d  in  1921 , 

th e  N o r th  T e c s  s ta t io n  w o n  s u c h  a  r e p u ta t io n  th a t  a n e c d o te s  a r e  still to ld  

o f  th e  r u s e s  t r i e d  by  A m e r ic a n  e n g in e e r s  w a n t in g  to  in s p e c t  it d e s p i te  

w a r t im e  s e c u r i ty  r e g u la t io n s .  I n  1 9 2 2 , W . S. M o n r o e  o f  th e  C h ic a g o  c o n ­

s u l t in g  f i rm  o f  S a r g e n t  8c L u n d y  d e s c r ib e d  N o r th  T e e s  a s th e  m o s t  a d v a n c e d  

p o w e r  s ta t io n  in  th e  w o r ld .  C o n t in u in g  h is  to u r  o f  E u r o p e a n  p o w e r  s ta t io n s ,  

M o n r o e  w as  p a r t i c u la r ly  e a g e r  to  d is c u s s  h ig h - p r e s s u r e  a n d  h ig h - te m p e r -  

a t u r e  d e s ig n  w ith  “o u r  a s s o c ia te s ” M e rz  8c M c L e lla n . (H e  f o u n d  th e  m o s t 

i m p o r ta n t  p o w e r  s ta t io n  in  E u r o p e  a f t e r  N o r th  f e e s  to  b e  th e  n e w  G c n n -

“ Uciii-tl. " T h e ir  A ch ieve m en t—O u r  H erita g e ."  p. 15.
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F ig u re  X IV . 3 4 . N E S C O 's  transm ission  a n d  distrib ution system, c. 19 2 3 . Courtesy o f  N E S C O , Newcastle upon Tyne, E ng la nd

v i l l ie r s  s t a t io n  o f  L 'U n io n  d ’E le c t r ic i le  in  P a r is ,  a  s ta t io n  th a t  h a d  b e e n  

d e s ig n e d  by  E r n e s t  M e r r i e r . ) w

T h e  y e a r  1 9 2 6  a n d  e s t a b l i s h m e n t  o f  t h e  G r id  b r o u g h t  a  d r a m a t ic  c h a n g e  

in  t h e  o r i e n t a t i o n  o f  N E S C O  a n d  M e rz  8c M c L e lla n ,  f o r  th e y  w e re  fo r c e d  

to  r e t h i n k  t h e i r  p la n s  f o r  r e g io n a l  e l e c t r i f i c a t io n  in  t h e  c o n te x t  o f  a  n a t io n a l  

n e tw o r k .  T h e  m o s t im m e d i a t e  a n d  d i f f i c u l t  p r o b le m  f o r  N E S C O  w as th e  

c h a n g e  in  f r e q u e n c y .  I t  w as  a n  e s p e c ia l ly  v e x in g  p r o b le m  b e c a u s e  M e rz  

a n d  h is  a s s o c ia te s  h a d  d e s i g n e d  a n  i n t e g r a t e d ,  s t a n d a r d i z e d - f r e q u e n c y  r e ­

g io n a l  s u p p l y  s y s te m  t h a t  w a s  u n i q u e  a m o n g  E n g l a n d ’s u ti l i t ie s .  A f t e r  1 9 2 6 , 

i r o n ic a l ly ,  t h e  s y s te m ’s 4 0 -c y c le  f r e q u e n c y  w as  d e f i n e d  a s  n o n s t a n d a r d .  T h e  

e a r l i e r  p r o c e s s  o f  i n t e g r a t i o n  by  m e a n s  o f  h ig h - v o l ta g e  t r a n s m is s io n ,  c e n ­

t r a l i z a t io n  o f  c o n t r o l ,  a n d  s t a n d a r d i z a t i o n  h a d  t a k e n  m o r e  th a n  a  d e c a d e ,  

b u t  w ith  th e  c o m i n g  o f  t h e  G r id ,  th is  r e m a r k a b le  a c h ie v e m e n t  b e c a m e  a 

1 ,4 0 0 -m ile  in c o n s is te n c y .

T h e  C e n t r a l  E le c t r ic i ty  B o a r d  d e c id e d  o n  th e  u n i f o r m  t h r e e - p h a s e  5 0 -  

c y c le  s t a n d a r d  in s t e a d  o f  N E S C O ’s 4 0  cy c le s  b e c a u s e  5 0  c y c le s  w as  th e

UM "R e p o rt o f  W. W . M o n ro e  o f  S a rg e n t 8c L u n d y  to  S a m u e l Instill on  T r ip  to  E n g la n d  a n d  
F ra n ce , 19 J u n e  1922,"  M crz  8c M cL cllan  “ R e p o rts  a n d  T es ts"  (vol. I / I .31, Folio 21, Doc. #  
3 5 /1 09), T y n e  a n d  W ea r C o u n ty  C ou nc il A rchiv es. O n  N E SC O  p o w er s ta tio n s in th e  1920s, 
see also  N .E .S . C o ., L td ., Electricity S u p p ly  on the N or th -E as t Coast (1 924?), p p . 5 - 6 ,  28 (a bookle t 
p u b lis h e d  by  N E SC O ); " T h e  N o rth  T e e s  Pow er S ta tio n ,"  E n gineer in g  1 17 (1924); 7 5 3 -5 5  a n d  
1 18 (19 24 ); 5 7 - 5 9  ( re p rin t in M erz  8c M cL cllan  C o m p an y  A rchiv es).
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E u r o p e a n  s t a n d a r d  (e x c e p t  in  I ta ly ) ;  b e c a u s e  m o s t o f  th e  e x is t in g  B r it is h  

p o ly p h a s e  p o w e r  p la n t s  o u t s id e  N E S C O  o p e r a t e d  a t 5 0  cy c le s ; a n d  b e c a u s e  

B r i t i s h  m a n u f a c t u r e r s  w a n te d  a  m a r k e t  o u t s id e  E n g la n d  f a r  th e  e q u ip m e n t  

th e y  w o u ld  d e s ig n  a n d  s u p p ly  in  q u a n t i ty  fo r  th e  G r i d . 10'' T h e  d e c is io n  

e n ta i l e d  s e r io u s  c o n s e q u e n c e s ,  f o r  it  in v o lv e d  c o n v e r s io n  o f  h u n d r e d s  o l 

tu r b o g e n e r a t o r s ,  h u n d r e d s  o r  th o u s a n d s  o f  m o to r s ,  a n d  a lm o s t h a l f a  m i l ­

l io n  c o n s u m e r s  f r o m  o t h e r  f r e q u e n c ie s .

I n  th e  1 9 2 6  le g is la t io n  a n  e f f o r t  w as  m a d e  to  s o f te n  th e  b lo w  fo r  N E S C O  

a n d  its  c u s to m e r s  b y  p r o v i d i n g  f o r  a g o v e r n m e n t  lo a n  to  a c c o m p lis h  th e  

c o n v e r s io n .  T h e  e n t i r e  e le c t r ic  s u p p ly  i n d u s t r y  w o u ld  s h a r e  th e  r e p a y m e n t  

c o s t;  e a c h  u ti l i ty ,  o r  a u t h o r i z e d  u n d e r t a k i n g ,  w o u ld  b e  r e q u i r e d  to  m a k e  

a n  a n n u a l  p a y m e n t  o v e r  fo r ty  y e a r s  o n  th e  b a s is  o f  i ts  r e v e n u e s .  P ro je c t io n s  

a n d  a n a ly s e s  e s t im a te d  th e  to ta l  c o s t o f  f r e q u e n c y  c o n v e r s io n  to  b e  £ 1 0 .5  

m il l io n .  D e ta i le d  s tu d ie s ,  h o w e v e r ,  r e v e a le d  a f a r  g r e a t e r  p r o b le m  th a n  th e  

o n e  f o r  w h ic h  P a r l i a m e n t  p r o v id e d .  B y 1 9 3 0  t h e  e s t im a te  f o r  t h e  c o n v e r s io n  

in  n o r t h e a s t  E n g la n d  a lo n e  a m o u n t e d  to  a  g ro s s  o f  £ 9  m ill io n .  B e c a u s e  o l 

t h e  e s c a la t io n ,  a c t io n  w as  d e la y e d  a n d  a l t e r n a t iv e s  to  i n t e g r a t in g  th e  a l r e a d y  

w e l l - in t e g r a te d  n o r t h e a s t  in to  th e  la r g e  n a t io n a l  sy s te m  w e re  e x p lo r e d .

E le c t r ic a l  s u p p l i e r s  a n d  th e  l a r g e  in d u s t r i a l  c o n s u m e r s  in  M c rz 's  n o r t h ­

e a s t  o p p o s e d  t h e  c h a n g e o v e r  f o r  a n u m b e r  o f  r e a s o n s .  T h e  g o v e r n m e n t  

h a d  a r r a n g e d  f u n d i n g  f o r  th e  c o n v e r s io n ,  b u t  h a d  n o t  p r o v id e d  c o m p e n ­

s a t io n  f o r  t h e  d i s r u p t i o n  o f  e q u i p m e n t  a n d  fa c il i t ie s  w h ile  th e  w o rk  w as 

u n d e r  w a y . M o r e o v e r ,  t h e  n o r t h e a s t  s y s te m  h a d  a  h ig h  lo a d  f a c to r ,  a n d  

t h e  a r g u m e n t  c o u ld  b e  m a d e  t h a t  in c r e a s e d  e c o n o m ie s  r e s u l t in g  f ro m  in ­

c o r p o r a t i o n  in t o  a  l a r g e r  s y s te m  w o u ld  b e  sm a ll ,  i f  a n y .  I n  a  r e p o r t  o n  

s t a n d a r d i z a t i o n  o f  f r e q u e n c y  p r e p a r e d  b y  N E S C O  a n d  a s s o c ia te d  c o m ­

p a n ie s ,  a  m e m b e r  o f  th e  M e rz  8c M c L e lla n  f i r m  a d v is e d  th e  C e n t r a l  E le c ­

t r ic i ty  G e n e r a t i n g  B o a r d  n o t  to  p r o c e e d  w ith  c o n v e r s io n .101

E v e n ts  o n  a  l a r g e r  sc a le ,  h o w e v e r ,  re l ie v e d  t h e  te n s io n .  A f te r  th e  C e n t r a l  

E le c t r ic i ty  B o a r d  f o u n d  t h a t  t h e  c h o ic e  w as  b e tw e e n  c o n v e r s io n  o r  i s o la tio n  

o f  t h e  n o r t h e a s t  c o a s ta l  r e g io n ,  it p e t i t io n e d  th e  g o v e r n m e n t  to  a l lo c a te  

s e v e ra l  m i l l io n  p o u n d s  in  u n e m p l o y m e n t  g r a n t s  to  t h e  p ro je c t .  T h is  w o u ld  

a t  le a s t  m e a n  t h a t  t h e  c o u n t r y ’s s u p p l i e r s  w o u ld  n o t  b e  b u r d e n e d  by  a n  

i n to le r a b le  d e b t .  T h e  in d u s t r i a l  n o r t h e a s t  w as  f e e l in g  th e  d e p r e s s io n ,  a n d  

t h e  c h a n g e o v e r  w a s  s e e n  a s  a  p a ll ia t iv e ,  h ig h ly  r a t io n a l ,  a n d  in  th e  lo n g  

r u n  a n  e c o n o m ic a l ly  d e s i r a b le  p r o je c t .  T h e  f u n d s  w e re  a p p r o p r i a t e d .

C o n f r o n t e d  b y  t h e  p r o b le m s  o f  c o n v e r s io n  a n d  th e  lo ss  o f  a u to n o m y  

t h r o u g h  in c lu s io n  in  t h e  G r id ,  t h e  d e s ig n e r s  a n d  o p e r a t o r s  o f  N E S C O  c o u ld  

s till lo o k  b a c k  o n  a n  u n u s u a l ly  in t e r e s t i n g  a n d ,  f o r  E n g la n d ,  p a r a d o x ic a l  

h i s to r y .  F r o m  a  h i s to r ic a l  p e r s p e c t iv e ,  th e  p r in c ip a l  e x p la n a t io n  f o r  th e  

e v o lu t io n  o f  N E S C O  in to  a  r e g io n a l  s y s te m  w as p o li t ic a l  a n d  so c ia l.  T h e  

g e o g r a p h i c a l ,  e c o n o m ic ,  a n d  o r g a n iz a t io n a l  f a c to r s  w e re  f a v o ra b le ,  b u t  th a t  

c o m b i n a t i o n  (w ith  m i n o r  v a r ia t io n s )  c o u ld  b e  f o u n d  e ls e w h e re  in  E n g la n d .

100 M crz , "E lec tr ic  P o w er D is tr ib u tio n ,"  p p . 2 6 2 -0 3 .
1(11 T h e  cost o f  f re q u e n c y  s ta n d a rd iz a tio n  was estim a te d  in M in utes o f  (lie  C e n tra l E lectric ity  

B o a rd . 10 J a n u a r y  1930, "S ta n d a rd iz a t io n  o f  F re q uenc y"; a n d  M erz & M cLellan . Refm rt on 
the S tan d a rd iza tio n  o f  Frequency on the System  o f  the Newcastle upon Tyne  Electric S u pp ly  Com pany, 
L td ., a n d  A ssoc iated Com pa nies ( J a n u a ry  1928); b o th  in th e  Electric ity C o uncil A rchiv es, Izm d o n . 
Sec  also  G re a t B rita in , M in istry  o f  T r a n s |x ir t ,  R efiorl o f  the Com m ittee A ppo inted  to Revieui the 

N a tio n a l Problem  o f  the S u p p ly  o f  Electrical Energy  (L o n d o n : 1IM SO . 1926).
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W h a i  w as  u n i q u e  in  t h e  N e w c a s t le  a n d  T y n e s i d e  r e g io n  w as  th e  a b il i ty  o f  

th e  M erz .es  a n d  t h e i r  a s s o c ia te s  to  p u l  a s id e  th e  f r u s t r a t i n g  c o n t r a d ic t io n s  

th a t  w e r e  e x t a n t  e l s e w h e r e  in  E n g la n d .  I n  L o n d o n ,  th e  c o n f l ic t  b e tw e e n  

th e  p a r l i e s  f a v o r in g  t h e  c e n t r a l iz .a t io n  o f  L o n d o n ’s g o v e r n m e n t  a n d  th o s e  

a d v o c a t in g  its  d e c e n t r a l i z a t i o n  s ty m ie d  th e  d e v e lo p m e n t  o f  a  c e n tr a l i z e d  

L o n d o n  p o w e r  s y s te m . I n  th e  l a r g e  u r b a n - i n d u s t r i a l  c e n te r s  o f  th e  M id la n d s  

a n d  t h e  L i v e r p o o l - M a n c h e s te r  r e g io n ,  t h e  f o r c e s  o f  m u n ic ip a l  s o c ia lism  

c o n t e n d e d  w ith  th o s e  o f  p r iv a te  o w n e r s h ip ,  a n d  a s  a  r e s u l t ,  t h e  g o v e r n m e n t -  

o w n e d  u t i l i t ie s  w e r e  c o n f i n e d  m o s tly  to  t h e  p o li t ic a l  ju r i s d i c t i o n  o f  th e  

m u n ic ip a l i ty ,  a n d  t h e  p r iv a te  p o w e r  c o m p a n ie s ,  w ith  t h e i r  f r a n c h is e s  fo r  

la r g e  a r e a s ,  w e r e  d e n i e d  a c c e s s  to  th e  u r b a n  d is t r ic ts .  N E S C O , b y  c o n t r a s t ,  

w a s  a  p r iv a te ly  o w n e d  u r b a n  u t i l i ty  t h a t  m e t a m o r p h o s e d  in to  a  p r iv a te ly  

o w n e d  p o w e r  c o m p a n y  t h a t  c r o s s e d  t h e  p a r o c h ia l  p o li t ic a l  b o u n d a r ie s .  T h e  

e x p l a n a t i o n  lie s  to  a  l a r g e  e x t e n t  in  t h e  p o l i t ic a l ,  f in a n c ia l ,  a n d  in d u s t r i a l  

n e tw o r k ,  o r  c o m m u n i ty ,  p r e s i d e d  o v e r ,  o r  p a r t i c i p a t e d  in ,  by  th e  k in  a n d  

f r i e n d s  o f  t h e  Q u a k e r  M e rz e s .  T h i s  s o c ia l a n d  t e c h n o lo g ic a l  n e tw o r k  te n d e d  

to  s e e  p o w e r — b o th  p o l i t ic a l  a n d  e le c t r ic — a s  th e  G e r m a n s  a n d  A m e r ic a n s  

sa w  it: a s  a  m e a n s  to  t e c h n o lo g ic a l  e n d s .



C H A P T E R  X V

E p i lo g u e

T
h i s  s tu d y  e n d s  w ith  th e  y e a r  1 9 3 0 . T h e  r e g io n a l  p o w e r  s y s te m s , in ­

c lu d i n g  th o s e  o w n e d  by  p r iv a te  u ti l i t ie s ,  g o v e r n m e n t  a g e n c ie s ,  a n d  

m ix e d  p r iv a te  a n d  g o v e r n m e n t  e n te rp r is e s ,  h a d  m a tu re d .  A f te r  1930, c h a n g e s  

in  th e s e  s y s te m s  b e c a m e  less  q u a l i ta t iv e  a n d  m o r e  r e g u la r  a n d  p r e d ic ta b le .  

T h e  r e a d e r  w h o  is d i s a p p o i n t e d  th a t  th e  s tu d y  d o e s  n o t  e x te n d  to  th e  

p r e s e n t  s h o u ld  c o n s id e r  t h a t  th e  a n a ly s is  o f  a c o h e r e n t ,  f o rm a t iv e  p e r io d  

in  th e  h is to r y  o f  p o w e r  s y s te m s  is lik e ly  to  b e  m o r e  m e a n in g f u l  th a n  a n  

e f f o r t  to  e x t e n d  th e  s tu d y  to  a  s o -c a lle d  p r e s e n t ,  w h ic h  is p a s t  by  th e  lim e  
th e  s tu d y  is p u b l i s h e d .

T h e  m o d e l  o f  s y s te m  f o r m a t io n  a n d  g r o w th  u s e d  as th e  m o d e  o f  o r g a n ­

iz a t io n  f o r  th is  s tu d y  a llo w e d  th e  a u t h o r  to  d e v e lo p  a n d  c o o r d in a te  a  n u m ­

b e r  o f  s u b th e m e s .  T h e s e  m a y  p ro v e  r e le v a n t  n o t  o n ly  to  th e  h is to ry  o f  

p o w e r  s y s te m s  b u t  to  h is to ry  fo c u s e d  o n  t e c h n o lo g y  g e n e r a l ly .  T h e  su b -  

th e m e s  w e r e  in  m o s t  in s ta n c e s  r e l a t e d  to  q u e s t io n s  o f te n  a s k e d  a b o u t  te c h ­

n o lo g ic a l  s y s te m s  a n d  a b o u t  t h e  h is to ry  o f  te c h n o lo g y  in  g e n e r a l .  F o r  in ­

s ta n c e ,  t h e  n a t u r e  o f  th e  in v e n t iv e  a c t w as  e x p lo r e d  u n d e r  th e  r u b r i c  o f  

in v e n t io n  a n d  d e v e lo p m e n t .  O f  s p e c ia l  in te r e s t  in  th is  r e g a r d  w as th e  c r e a ­

t iv ity  o f  T h o m a s  E d is o n — th e  m o t iv a t io n s ,  m e th o d s ,  a n d  so c io lo g ic a l c i r ­

c u m s ta n c e s  p e r t a i n i n g  to  h is  in v e n t io n  o f  a  s y s te m . A lso  im p o r ta n t  w e re  

th e  c o n t r ib u t io n s  m a d e  b y  E d i s o n ’s c o -w o rk e r s .  E d is o n  w as s e e n  in v e n t in g  

by  a n a lo g y  a n d  o r g a n iz in g  h is  c o -w o rk e r s  a n d  h is  l a b o ra to ry  fac ilitie s  a s  a  

m i r r o r  im a g e  o f  th e  s y s te m  b e in g  in v e n te d .  T h e  te c h n o lo g y - t r a n s f e r  s ta g e  

o f  t h e  h is to ry  r a is e d  q u e s t io n s  a b o u t  a d a p ta t io n .  T h e  E d is o n  d i r e c t - c u r r e n t  

s y s te m  w as in v e n te d  a n d  d e v e lo p e d  f o r  a  sp e c if ic  a r e a  o f  N ew  Y o rk  C ity ; 

in  o r d e r  f o r  it to  b e  t r a n s f e r r e d  to  o t h e r  p la c e s  a n d  s o c ie ta l c o n te x ts ,  su c h  

a s  L o n d o n  a n d  B e r l in ,  c h a n g e s  h a d  to  b e  m a d e  in  th e  s y s te m . B e c a u se  

f a i lu r e  in  te c h n o lo g ic a l  e n d e a v o r s  is so  ra r e ly  d is c u s s e d  a n d  b e c a u s e  it 

re v e a ls  i m p o r t a n t  a n d  s o m e t im e s  in t r a c ta b le  p r o b le m s ,  a t t e n t io n  w as d i ­

r e c t e d  to  f a i lu r e s  r e s u l t in g  f ro m  in a p p r o p r i a t e  te c h n o lo g y  t r a n s f e r ,  e s p e ­

c ia lly  in  L o n d o n .
H is to r i a n s  a r e  n o w  in te r e s te d  in  th e  in te r a c t io n  o f  te c h n o lo g y  a n d  p o l ­

it ics. In  th is  s tu d y  th e  in te r a c t io n  w as  e x p lo r e d  in  th e  c o n te x t  o f  th r e e  m a jo r  

W e s te rn  in d u s t r i a l  c itie s . I n  C h ic a g o ,  te c h n o lo g y  d o m in a te d  p o litic s ; in  

L o n d o n ,  th e  r e v e r s e  w as  t r u e ;  a n d  in  p r e —W o rld  W a r  I B e r lin  th e r e  w as
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c o o r d i n a t i o n  o f  p o li t ic a l  a n d  t e c h n o lo g ic a l  p o w e r .  T h e  r e v e r s e  s a l i e n t -  

c r i t ic a l  p r o b le m s  a n a ly s is  o f  t e c h n o lo g ic a l  c h a n g e  p r o v id e d  a n  o p p o r t u n i t y  

to  d is c u s s  t h e  m e c h a n i s m ,  o r  i n t e r n a l  d y n a m ic ,  o f  t e c h n o lo g ic a l  e v o lu t io n .  

T h e  n a t u r e  o f  t h e  r e s o lu t io n  o f  th e  c o n f l ic t  t h a t  d e v e lo p e d  in  th e  1 8 9 0 s  

b e tw e e n  te c h n o lo g ic a l  s y s te m s  p e r m i t t e d  e x p lo r a t i o n  o f  th e  a r t  o f  c o m ­

p r o m is e  a n d  n o n v io le n t  c h a n g e .  T h e  c o n f l ic t  a ls o  r e v e a le d  th a t  t e c h n ic a l  

p r o b le m s  a r e  s o m e t im e s  in  e s s e n c e  i n s t i tu t io n a l  a n d  v a lu e  c o n f lic ts .  A n ­

o t h e r  s u b t h e m e  a r t i c u l a t e d  w i th in  t h e  c o n te x t  o f  th e  o v e r a r c h i n g  m o d e l  

w a s  t e c h n o lo g y  a s  a n  im p r o v e r  o n  n a t u r a l  c i r c u m s ta n c e s .  N a tu r a l  r e s o u r c e s  

in  t h e  S ie r r a s  o f  C a l i f o r n ia  w e re  s e e n  b e in g  t r a n s f o r m e d  in to  e c o n o m ic  

g o o d s  b y  e n g i n e e r s  a n d  e n t r e p r e n e u r s  u s in g  h ig h - v o l ta g e  t r a n s m is s io n .

O n e  q u e s t i o n — Is t e c h n o lo g y  a u to n o m o u s ? — w a s  th e  th e m e  o f  C h a p t e r  

X I ,  ‘‘W a r  a n d  A c q u i r e d  C h a r a c te r i s t i c s , ” b u t  it w as  e x p l o r e d  t h r o u g h o u t  

th e  s tu d y .  T o  d r a w  t o g e t h e r  t h e  v a r io u s  t h r e a d s  a n d  to  e x p l o r e  a n d  p r o p o s e  

a t  le a s t  a  p a r t i a l  a n s w e r  to  t h e  q u e s t io n  o f  a u to n o m y ,  w e  m u s t  c o n s id e r  th e  

in t e r n a l  te c h n ic a l  f o r c e s  t h a t  fa c i l i ta te d  g r o w th  a s  w e ll a s  t h e  e x te r n a l ,  

n o n te c h n i c a l ,  c u l t u r a l  f o r c e s  t h a t  h e l p e d  s h a p e  th e  e l e c t r i c  s u p p ly  sy s te m s . 

T h r o u g h o u t  th is  s tu d y  it h a s  b e e n  n e c e s s a ry  to  r e a c h  o u t  b e y o n d  t h e  t e c h ­

n o lo g y ,  o u t s i d e  th e  h i s to r y  o f  t e c h n ic a l  th in g s ,  to  e x p la in  t h e  s ty le  o f  th e  

v a r io u s  s y s te m s ,  s o  o b v io u s ly  t h e  t e c h n o lo g ic a l  s y s te m s  w e r e  n o t  s im p lis -  

tic a lly  a u t o n o m o u s ,  o r  f r e e  o f  th e  in f lu e n c e  o f  n o n te c h n ic a l  f a c to r s .  T h e  

e v o lv in g  p o w e r  s y s te m s  w e r e  n o t ,  m e ta p h o r ic a l ly  s p e a k in g ,  d r iv e r l e s s  v e ­

h ic le s  c a r r y i n g  s o c ie ty  to  d e s t in a t io n s  u n k n o w n  a n d  p e r h a p s  u n d e s i r e d .  

T h e  s y s te m s  d i d ,  h o w e v e r ,  h a v e  a n  i n t e r n a l  d r iv e  a n d  a n  in c r e a s in g  m o ­

m e n t u m .  T h e  c o n t i n u o u s  e m e r g e n c e  o f  r e v e r s e  s a l ie n ts  a n d  t h e  o n g o in g  

s o lu t io n  o f  c r i t ic a l  p r o b le m s  b y  in v e n to r s ,  e n g in e e r s ,  a n d  e n t r e p r e n e u r s  

p r o v i d e d  th is .  T h e  e x t e r n a l ,  c u l t u r a l  f a c to r s  t h a t  g a v e  c o n t r o l  a n d  d i r e c t io n  

w e r e  s y s te m a t ic a l ly  s u m m a r i z e d  in  C h a p t e r  X IV . T h e  s ty le  o f  e a c h  sy s te m  

w as  f o u n d  to  b e  b a s e d  o n  e n t r e p r e n e u r i a l  d r iv e  a n d  d e c is io n s ,  e c o n o m ic  

p r in c ip le s ,  le g is la t iv e  c o n s t r a in t s  o r  s u p p o r t s ,  in s t i tu t io n a l  s t r u c t u r e s ,  h is ­

to r ic a l  c o n t in g e n c ie s ,  a n d  g e o g r a p h ic a l  f a c to r s ,  b o th  h u m a n  a n d  n a tu r a l .  

A ll b u t  t h e  n a t u r a l  g e o g r a p h ic a l  f a c to r s  in v o lv e d  t h e  a c t io n s  o f  so c ie ty , 

w h ic h  w e r e  s o m e t im e s  p u r p o s e f u l ,  s o m e t im e s  in a d v e r t e n t .

T h e  c u l t u r a l  f o r c e s  in f lu e n c i n g  t h e  s y s te m s  s t e m m e d  f r o m  t h e  s o c ie t ie s  

w i th in  w h ic h  t h e  s y s te m s  g re w .  T h e s e  s o c ie tie s  w e r e  o f  v a r io u s  k in d s  a c ­

c o r d i n g  to  t im e  a n d  p la c e .  T h e  e a r ly  s y s te m s  w e re  s u b je c t  m o s tly  to  u r b a n  

in f lu e n c e s .  In  t h e  1 9 2 0 s  t h e  i n f lu e n c e s  s t e m m e d  f r o m  r e g io n a l  c i r c u m ­

s ta n c e s  a n d  th e  s o c ia l o r g a n iz a t io n s  a s s o c ia te d  w ith  t h e m — f o r  in s ta n c e ,  

s la te s  in  t h e  U n i t e d  S ta le s ,  c o u n t i e s  in  E n g la n d ,  a n d  p r o v in c e s  in  G e r m a n y .  

A s w a s  e x p l a i n e d  in  C h a p t e r  X I I I ,  t h e  c u l tu r a l  f o r c e s  v a r i e d  f r o m  so c ie ty  

to  s o c ie ty ,  b u t  t h e r e  w e re  a ls o  fo r c e s  t h a t  t r a n s c e n d e d  lo c a l o r  r e g io n a l  

c h a r a c te r i s t i c s .  T h e s e  w e r e  m o s t ly  e c o n o m ic  in  n a t u r e .  T h e s e  e c o n o m ic  

fo r c e s  in  t u r n  m a n i f e s t e d  th e  v a lu e s  th a t  t r a n s c e n d e d  l im e  a n d  p la c e  a n d  

p e r t a i n e d  to  W e s te r n  s o c ie ty ,  o r  a t le a s t  to  th e  U n i te d  S la te s ,  G e r m a n y ,  

a n d  E n g la n d .  T h e  v a lu e s  w e re  th o s e  o f  a  c o s t - a c c o u n t in g ,  c a p i ta l i s t ic  c iv ­

i l iz a tio n .

I f  a  w o u ld - b e  D a rw in  o r  th e  te c h n o lo g ic a l  w o r ld  is lo o k in g  f o r  law s 

a n a lo g o u s  to  th e  e n v i r o n m e n t a l  f o r c e s  t h a t  o p e r a t e  in  t h e  w o r ld  o f  n a tu r a l  

s e le c t io n ,  t h e  e c o n o m ic  p r in c ip le s  o f  lo a d  f a c to r  a n d  e c o n o m ic  m ix  a r e  

lik e ly  c a n d id a te s .  I n  th e  h is to r y  o f  s u p p ly  s y s te m s ,  th e s e  e m b o d ie d  th e
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v a lu e s  o f  a  c u l t u r e  t h a t  w as  c a p ita l is t ic ,  a  c u l t u r e  w h e r e  in t e r e s t  o n  c a p i ta l  

w as  c a lc u la te d  to  a s c e r t a in  th e  c o s t  o f  g o o d s  a n d  s e rv ic e s . B e c a u s e  e le c tr ic  

p o w e r  s y s te m s  w e r e  c a p i ta l  in te n s iv e ,  in te r e s t  w as  o f  p a r a m o u n t  i m p o r ­

t a n c e .  T h e  c o s t  o f  c a p i ta l  w as  c a lc u la te d  by  th e  u t i l i t ie s  o p e r a t i n g  e le c tr ic  

p o w e r  s y s te m s  i r r e s p e c t iv e  o f  th e  fo r m  o f  o w n e r s h ip — p r iv a te ,  p u b lic ,  o r  

m ix e d  p r iv a te  a n d  p u b lic .  I n  a c u l t u r e  th a t  d id  n o t  c a lc u la te  c a p i ta l  c o s t—  

th e  m e d ie v a l  W e s te r n  c iv il iz a tio n  f o r  in s ta n c e — e le c t r ic  l ig h t  a n d  p o w e r  

s y s te m s  w o u ld  h a v e  g r o w n  d i f f e r e n t ly .

O w n e r s  a n d  m a n a g e r s  o f  u ti l i t ie s ,  u n l ik e  th e  o w n e r s  a n d  m a n a g e r s  o f  

r a i l r o a d s ,  s te e l  m ills ,  a u to m o b i le  fa c to r ie s ,  a n d  m a n y  o t h e r  la rg e - s c a le  t e c h ­

n o lo g ic a l  e n t e r p r i s e s ,  w e re  n o t  d iv e r t e d  by  h a r a s s in g  la b o r  p r o b le m s  f ro m  

a  c lo s e  a n a ly s is  o f ,  a n d  e m p h a s i s  o n ,  c a p i ta l  c o s t.  I n  th e  s o u r c e s  p e r t a in in g  

to  th e  p r o b le m s  o f  t h e  e le c t r ic  p o w e r  s y s te m s ,  r a r e ly  w as m o r e  th a n  a 

p a s s in g  r e f e r e n c e  to  l a b o r  c o s ts  e n c o u n t e r e d .  I n s te a d ,  th e  e m p h a s is  w as 

o n  lo a d  f a c to r .  L o a d  f a c to r  s t r u c t u r e d  th e  d e c is io n - m a k in g  e n v i r o n m e n t .  

P ro b a b ly  f o r  th is  r e a s o n  th e  u ti l i ty  e n g in e e r s  a n d  m a n a g e r s  w e re  th e  f irs t 

to  c le a r ly  a r t i c u la t e  a n d  th o r o u g h l y  e x p lo i t  th e  im p l ic a t io n s  o f  lo a d  f a c to r .  

T h e  r a i l r o a d s  h a d  a l o a d - f a c to r  p r o b le m  in  t h e i r  n e e d  to  u ti l iz e  ro l l in g  

s lo c k  m o r e  fu lly ,  b u t  lo a d  f a c to r  w as  a c o n c e p t  a r t i c u la te d  by  th e  e le c tr ic  

p o w e r  u ti l i t ie s .

H o w  d id  c lo s e  a t t e n t i o n  to  lo a d  f a c to r  c a u s e  sy s te m  g r o w th ?  T h e  e s s e n c e  

o f  t h e  a n s w e r  is d iv e r s i ty ,  th e  d iv e r s i ty  o f  h u m a n  g e o g r a p h y ,  w h ic h  is o f te n  

a  c o r r e la te  o f  th e  s iz e  o f  a n  a r e a .  A s  th is  s tu d y  h a s  s h o w n , u ti l i ty  m a n a g e r s  

lik e  I n s u l l  s t r o v e  in  a  p u r p o s e f u l  w ay  to  e x p a n d  th e  t e r r i to r y  o f  th e i r  

u ti l i t ie s .  T h e  o b je c t iv e  w as  n o t  s im p ly  s ize , a s  c r u d e  e x p la n a t io n s  fo r  th e  

la r g e  s c a le  o f  m o d e r n  t e c h n o lo g y  a n d  b u s in e s s  in s is t,  b u t  e x p a n s io n  to  

e n c o m p a s s  t h e  d iv e r s i ty  o f  lo a d s  t h a t  b r o u g h t  a  f u l le r  r o u n d - th e -c lo c k  

u t i l iz a t io n  o f  g e n e r a t i n g  e q u ip m e n t .  A  u ti l i ty  m a n a g e r  w ith  a  p e a k  lo a d  

c a u s e d  b y  r u s h - h o u r  u s e  o f  e l e c t r i f ie d  s t r e e tc a r s  so o n  le a r n e d  th a t  it w as 

n o t  in  h is  i n te r e s t  s im p ly  to  e x p a n d  th e  t r a c t io n  lo a d .  I n s te a d ,  th e  u tility  

r e a c h e d  o u t  lik e  a  t r e e  in  a d a r k  f o r e s t  s t r e t c h in g  its  lim b s  in to  th e  s u s ta in in g  

s u n l ig h t .  W h e n  s u s te n a n c e  f o r  th e  lo a d - h u n g r y  u ti l i ty  w ith  a  t r a c t io n  p e a k  

w as t h e  n ig h t - s h i f t  o p e r a t i o n  o f  a  c h e m ic a l  p la n t ,  th e  s y s te m ’s d i s t r ib u t io n  

l in e s  r e a c h e d  o u t  in  th a t  d i r e c t io n .  S y s te m  b u i ld e r s  k n e w  th a t  th e  d iv e rs i ty  

o f  lo a d  t h a t  a l lo w e d  lo a d  m a n a g e m e n t ,  a  r e s u l t in g  im p r o v e m e n t  in  lo ad  

f a c to r ,  a n d  a  lo w e r in g  o f  u n i t  c a p i ta l  c o s t  w as lik e ly  to  b e  f o u n d  in  a  la rg e  

g e o g r a p h ic a l  a r e a  w h e r e  th e  p o p u la t io n  e n g a g e d  in  a  w id e  v a r ie ty  o l  e n ­

e r g y - c o n s u m in g  a c tiv i t ie s . T h i s  s tu d y  h a s  m a d e  th is  c le a r  in  a n u m b e r  o f  

in s ta n c e s .
E c o n o m ic  m ix  a ls o  e n h a n c e d  sy s te m  e x p a n s io n .  T h i s  w as e x p la in e d  u s in g  

e x a m p le s  lik e  th e  s p r e a d  o f  th e  h ig h - v o l ta g e  t r a n s m is s io n  lin e s  o f  R W E , 

th e  R u h r - b a s e d  u ti l i ty ,  i n to  th e  l ig n i te  f ie ld s  a r o u n d  C o lo g n e  a n d  th e  w a te r ­

p o w e r  r e g io n s  o f  th e  A lp s . P o w e r  p la n ts  in  th e s e  d iv e r s e  re g io n s  c o m p le ­

m e n te d  e a c h  o t h e r  e c o n o m ic a lly .  A g a in ,  e x p a n s io n  w as n o t s im p ly  a n  a g ­

g re s s iv e  d r iv e  f o r  u n d i f f e r e n t i a t e d  s iz e ; it w as a p u r p o s e f u l  m o v e  to  lo w e r 

th e  c o s t  o f  e n e r g y .  W h e re a s  lo a d - f a c to r  c o n s id e ra t io n s  le d  u ti l i t ie s  to  e x p lo it  

t h e  d iv e r s i ty  o f  h u m a n  g e o g r a p h y ,  e c o n o m ic  m ix  d ic ta te d  e x p a n s io n  to  

e x p lo i t  th e  d iv e r s i ty  o f  n a tu r a l  g e o g r a p h y .  T h e  im p e ra t iv e s  o l  fu e l  e c o n o m y  

a n d  lo a d  f a c to r  o f t e n  in te r a c te d  b e c a u s e  lo a d  d iv e rs i ty  w as e n c o u n te r e d  

a lo n g  t h e  t r a n s m is s io n  lin e s  e x te n d in g  to  n e w  s o u rc e s  o l e n e rg y .
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T h e  d e c is io n s  t h a t  w e r e  m a d e  to  im p r o v e  lo a d  f a c to r  a n d  e c o n o m ic  m ix  

s h a p e d  t h e  g r o w in g  e le c t r ic  s u p p ly  s y s te m s  in  t h e i r  c o s t - a c c o u n t in g  s e t t in g s .  

O n ly  r a r e ly  w e r e  th e s e  p r in c ip le s  v io la te d ,  e i t h e r  b y  p r iv a te  u n d e r t a k i n g s  

o r  g o v e r n m e n t - o w n e d  u t i l i t ie s .  L o n d o n  w as  a  s a l ie n t  e x c e p t io n .  L o n d o n ’s 

lo c a l g o v e r n m e n t  a n d  t h e  f o r c e s  it r e p r e s e n t e d  w e re  s u c c e s s fu l  in  c o n ta in ­

i n g  e le c t r i c  u t i l i t ie s  w i th in  t h e  b o u n d a r i e s  o f  l o c a l - g o v e r n m e n l  j u r i s d ic t io n  

a n d  t h e r e b y  r e s t r i c t e d  t h e m  to  s m a ll- s c a le  te c h n o lo g y  a n d  l im i te d  d iv e rs i ty .  

T h i s  w a s  t h e  p r i c e ,  l i te r a l ly  a n d  f ig u r a t iv e ly ,  t h a t  L o n d o n e r s  p a id  f o r  p la c ­

i n g  a  h i g h e r  v a lu e  o n  t h e  t r a d i t i o n a l  p o w e r  o f  lo c a l g o v e r n m e n t  t h a n  o n  

t h e  lo w e r  c o s t  o f  e le c t r i c  p o w e r .

T h e  m a n a g e r s ,  e n g i n e e r s ,  a n d  o w n e r s  w h o  a p p l i e d  th e  p r in c ip le s  o f  lo a d  

f a c to r  a n d  e c o n o m ic  m ix  w e re  a ls o  m o t iv a te d  b y  t h e  c o n v ic t io n  t h a t  e a c h  

c u s t o m e r  s h o u l d  a t  le a s t  p a y  t h e  c o s t  o f  t h e  e le c t r ic i ty  d e l iv e r e d .  T h e  m e t h ­

o d s  o f  c a lc u la t in g  th is  c o s t  w e re  c o m p le x ,  b u t  w ith  r a r e  e x c e p t io n  th e  

v a r i a t io n s  in  p r i c e  f o r  p e a k  lo a d  a n d  lo w  lo a d ,  a s  w ell a s  f o r  s m a ll  a n d  la rg e  

c u s to m e r s ,  w e r e  n o t  i n t e n d e d  to  s u b s id iz e .  W h e n  G i f f o r d  P in c h o t  a n d  

M o r r i s  C o o k e  a r g u e d  t h a t  t h e  s m a ll  r u r a l  c o n s u m e r  s h o u ld  b e  s u b s id iz e d ,  

t h e  p r iv a te  u t i l i t ie s  o b je c te d .  S u c h  a  p o lic y  w a s  c o n s id e r e d  b y  th e m  to  be 

a  m a t t e r  o f  so c ia l  r e f o r m ,  n o t  t h e  b u s in e s s  o f  p r iv a te  e n t e r p r i s e .  O s k a r  v o n  

M il le r  in  B a v a r ia  a d v o c a te d  s u p p ly in g  a ll o f  t h e  p e o p le  w ith  t h e  b e n e f i t s  

o f  e l e c t r i c i ty ,  n o t  o n ly  th o s e  w h o  w e re  a b le  to  p a y .  G e n e r a l ly ,  h o w e v e r ,  

b e f o r e  1 9 3 0 , s u p p ly  w a s  l im i te d  to  th o s e  w h o  c o u ld  a f f o r d  to  p a y .  T h e  

o w n e r s  a n d  m a n a g e r s  o f  u t i l i t ie s ,  w h e t h e r  g o v e r n m e n t  o r  p r iv a te ,  u s u a lly  

v ie w e d  a n y  o t h e r  p o lic y  a s  u n e c o n o m ic a l  a n d  i r r a t io n a l .

A s  a r e s u l t  o f  t h e  e m p h a s i s  o n  e c o n o m ic  f a c to r s ,  d e c is io n  m a k in g  in  th e  

u t i l i ty  in d u s t r y  w a s  r e la t iv e ly  s t r a i g h t f o r w a r d  c o m p a r e d  to  w h a t  it w o u ld  

h a v e  b e e n  i f  e n g i n e e r s  a n d  m a n a g e r s  h a d  fe l t  o b l ig e d — o r  in d e e d  h a d  b e e n  

o b l ig a te d — to  fu l f i l l  s o c ia l n e e d s  d e s p i t e  c o s ts . I n  th e  f i f ty - y e a r  h is to r y  o f  

e le c t r i c  p o w e r  s y s te m s  c o n s id e r e d  h e r e ,  i n f lu e n t i a l  v o ic e s  d id  n o t  c a ll f o r  

th e  c r o s s - s u b s id iz e d  s u p p ly  o f  l ig h t  to  h o s p i ta ls ,  p r i s o n s ,  a n d  o t h e r  p u b lic -  

w e l f a r e  i n s t i tu t io n s ;  t h e  a r g u m e n t  w a s  n o t  m a d e  t h a t  t h e  s t r e e t s  a n d  h o u s e s  

o f  t h e  s lu m s  s h o u l d  b e  lit f i r s t  b e c a u s e  l ig h t in g  w o u ld  h a v e  a  m o r e  d r a m a t ic  

im p a c t  o n  th e  q u a l i ty  o f  l ife  t h e r e ;  a n d  d e m a n d s  th a t  e le c t r ic i ty  b e  u s e d  

f i r s t  in  w o r k p la c e s  w h e r e  th e  p h y s ic a l  b u r d e n s  w e re  h e a v y  w e re  n o t  e x ­

p r e s s e d .  I f  th e s e  so c ia l  v a lu e s  h a d  b e e n  s t r e s s e d ,  t h e  d e c i s io n - m a k in g  p r o c ­

e s s  w o u ld  h a v e  b e e n  m o r e  c o m p le x  a n d  e le c t r ic  p o w e r  s y s te m s  w o u ld  h a v e  

d e v e lo p e d  d i f f e r e n t  s h a p e s .  I n  e s s e n c e ,  th e  m a p  o f  s u p p ly  w o u ld  n o t  h a v e  

b e e n  a  m a p  o f  t r a n s m is s io n  a n d  d i s t r i b u t i o n  to  in d u s t r y ,  t r a c t io n ,  a n d  th e  

e c o n o m ic  c la s s e s  a b le  to  p a y  f o r  lu x u r y  l ig h t in g .  E le c tr ic  p o w e r  s y s te m s  

b e f o r e  1 9 3 0  w e r e  m o s tly  a r t i f a c t s  th a t  m a n i f e s t e d  c u l tu r e .

I n  t h e  d e c a d e  a l t e r  1 9 3 0 , i n te r e s t  in  in t r o d u c i n g  a  m o r e  c o m p le x  s e t  o f  

v a lu e s  in to  th e  d e s ig n  o f  e l e c t r i c  p o w e r  s y s te m s  in c r e a s e d .  I n  th e  U n i te d  

S ta te s ,  p l a n n e r s  o f  t h e  T e n n e s s e e  V a lle y  A u th o r i ty  s t r e s s e d  t h a t  t h e  T V A  

s y s te m  w o u ld  n o t  s im p ly  s u p p ly  e le c t r ic  p o w e r ;  it w o u ld  a ls o  e n d e a v o r  to  

m e e t  s u c h  so c ia l  o b je c t iv e s  a s  p r o v i d i n g  la b o r - s a v in g  a p p l i a n c e s  f o r  a  d e ­

p r e s s e d  r u r a l  p o p u l a t i o n  a n d  m a k in g  th e  r iv e r s  o f  a n  e c o n o m ic a l ly  b a c k ­

w a r d  r e g io n  n a v ig a b le .  O t h e r  s o c ia l o b je c t iv e s  in c lu d e d  so il r e c la m a t io n  

t h r o u g h  t h e  m a n u f a c t u r e  o f  f e r t i l iz e r s  ( u s in g  c h e a p  e le c t r ic i ty )  a n d  th e  

p r e v e n t i o n  o f  so il e r o s io n  t h r o u g h  t h e  c o n t r o l  o f  f lo o d  w a te r s  a n d  r u n o f f .  

I n  E n g la n d ,  f o l lo w in g  t h e  e s t a b l i s h m e n t  o f  t h e  N a t io n a l  G r id ,  t h e r e  w as
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in c r e a s e d  e m p h a s i s  o n  s u p p ly in g  th e  n e e d s  o f  th e  less a f f lu e n t  c la s se s  by 

m e a n s  o f ,  f o r  e x a m p le ,  th e  w id e s p r e a d  sa le  a n d  u s e  o f  e le c t r ic  h e a te r s .  A s 

a  m a t t e r  o f  f a c t ,  by  m e a n s  o f  a g g re s s iv e  sa le s  a n d  f a v o ra b le  p r ic in g ,  e le c tr ic  

h e a t in g  w as  c u l t iv a te d  to  s u c h  a n  e x t e n t  t h a t  th e  s y s te m ’s lo a d  c u rv e s  w e re  

g r e a t ly  d i s to r t e d .

E c o n o m ic s  w as  n o t  a n  a b s o lu te  d e t e r m i n a n t  o f  th e  g ro w th  a n d  s h a p e  o f  

e le c t r ic  p o w e r  s y s te m s  b e f o r e  1 9 3 0 , a p p l ic a t io n  o f  th e  p r in c ip le s  o f  lo a d  

f a c to r ,  e c o n o m ic  m ix ,  a n d  p r i c in g  o n  th e  b a s is  o f  c o s t n o tw i th s ta n d in g .  

T h e r e  w e r e  e x c e p t io n s ,  a s  h a s  b e e n  n o te d .  A lso , t h e r e  w e re  in n u m e r a b le  

v a r ia t io n s  in  t h e  w ay  in  w h ic h  e c o n o m ic  p r in c ip le s  w e re  a p p l i e d .  T h e r e f o r e ,  

t h e  e c o n o m ic  f a c to r  s h o u ld  b e  c o n s id e r e d  d e te r m in i s t i c  r a t h e r  th a n  d e t e r ­

m in in g ,  a n d  t h e  r e s u l t  a  s o f t  d e te r m in i s m .  D u r in g  th e  h a l f - c e n tu r y  o f  

h is to ry  c o n s i d e r e d  h e r e ,  t h e  s o f t  d e te r m in i s m  o f  e c o n o m ic s  w as  r e in f o r c e d  

by  a n o t h e r  d e te r m in i s t i c  in f lu e n c e .  A s th e  p o w e r  s y s te m s  g re w  in  s iz e , th e y  

g a t h e r e d  m o m e n t u m .  A s w as  p o in te d  o u t  in  a  n u m b e r  o f  s e c tio n s  o f  th is  

s tu d y ,  p o w e r  s y s te m s  e n c o m p a s s e d  a te c h n ic a l  c o r e  o f  c o m p o n e n t s  a s  w ell 

as  in s t i tu t io n a l  c o m p o n e n t s ,  m o s t  n o ta b ly  u ti l i t ie s .  O c c a s io n a lly ,  r e g u la to r y  

a n d  la w -m a k in g  b o d ie s  w e re  s u b je c t  to  th e  c o n t r o l  o f  th e  sy s te m  b u i ld e r s  

a n d  m a n a g e r s  a n d  th u s  b e c a m e  p a r t  o f  th e  s y s te m . I n  a d d i t io n ,  e le c tr ic a l  

m a n u f a c t u r i n g  e n t e r p r i s e s  w e re  s y s te m a tic a lly  r e la te d  to  th e  u ti l i t ie s . E v e n  

e d u c a t io n a l  in s t i tu tio n s  w e re  c o o rd in a te d .  S u c h  e n c o m p a s s in g  sy s tem s s h o u ld  

b e  la b e le d  s o c io te c h n ic a l  s y s te m s  r a t h e r  th a n  te c h n o lo g ic a l  s y s te m s . T h e s e  

s o c io te c h n ic a l  s y s te m s  h a d  h ig h  m o m e n tu m ,  fo r c e ,  a n d  d i r e c t io n  b e c a u s e  

o f  t h e i r  in s t i tu t io n a l ly  s t r u c t u r e d  n a tu r e ,  h e a v y  c a p i ta l  in v e s tm e n ts ,  s u p ­

p o r t iv e  le g is la t io n ,  a n d  th e  c o m m i tm e n t  o f  k n o w -h o w  a n d  e x p e r ie n c e .  T h is  

m o m e n t u m  w a s  a  c o n s e r v a t iv e  f o r c e  r e a c t in g  a g a in s t  a b r u p t  c h a n g e s  in  th e  

l in e  o f  d e v e lo p m e n t .  B e c a u s e  o f  t h e  c o n s e rv a t iv e  m o m e n tu m ,  r a r e ly  w e re  

ra d ic a l in v e n tio n s ,  te c h n ic a l  o r  soc ia l, i n t ro d u c e d .  R ad ica l in n o v a tio n s  w o u ld  

h a v e  c h a n g e d  t h e  r a t e  a n d  d i r e c t io n  o f  g ro w th .  A f te r  “ th e  b a t t le  o f  th e  

c u r r e n t s , ” t h e  s y s te m  b u i l d e r s ’ e f f o r t s  w e re  u s u a lly  d i r e c te d  to  in c r e a s in g  

th e  s iz e  o f  s y s te m s  in c r e m e n ta l ly ,  b u t  n o t  to  c h a n g in g  t h e i r  d i r e c t io n  to  

fu lf i l l  r a d ic a l ly  d i f f e r e n t  e c o n o m ic  o r  so c ia l g o a ls .

I n  s u m ,  it  is d i f f i c u l t  to  c h a n g e  th e  d i r e c t io n  o f  la r g e  e le c tr ic  p o w e r  

s y s te m s — a n d  p e r h a p s  t h a t  o f  la r g e  s o c io te c h n ic a l  sy s te m s  in  g e n e r a l— b u t 

s u c h  s y s te m s  a r e  n o t  a u to n o m o u s .  T h o s e  w h o  s e e k  to  c o n tr o l  a n d  d i r e c t  

th e m  m u s t  a c k n o w le d g e  th e  fac t th a t  sy s te m s  a r e  e v o lv in g  c u l tu r a l  a r t i f a c ts  

r a t h e r  th a n  is o la te d  te c h n o lo g ie s .  A s  c u l tu r a l  a r t i f a c ts ,  th e y  re f le c t  th e  p a s t 

as  w ell a s  th e  p r e s e n t .  A t t e m p t in g  to  r e f o r m  te c h n o lo g y  w ith o u t s y s te m ­

a t ic a lly  ta k in g  in to  a c c o u n t  th e  s h a p in g  c o n te x t  a n d  th e  in tr ic a c ie s  o f  in ­

t e r n a l  d y n a m ic s  m a y  w ell b e  fu ti le .  I f  o n ly  th e  te c h n ic a l  c o m p o n e n ts  o l a 

s y s te m  a r e  c h a n g e d ,  th e y  m a y  s n a p  b a c k  in to  t h e i r  e a r l i e r  s h a p e  l ik e  c h a r g e d  

p a r t ic le s  in  a  s t r o n g  e le c t r o m a g n e t i c  f ie ld . T h e  f ie ld  a lso  m u s t b e  a t t e n d e d  

to ; v a lu e s  m a y  n e e d  to  b e  c h a n g e d ,  in s t i tu t io n s  r e f o r m e d ,  o r  le g is la tio n  

re c a s t .
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ren ts ") , 1 0 6 -7 , 12 0 -2 1 , 1 26 -27 , 130, 
135, 4 3 3 -3 4  

B a u m , F ra n k , 280
B avaria , G e rm a n y : M in istry  o f  F in an ce  of. 

340; M in istry  o f  In te r io r  o f. 340 , 342; 
M in istry  o f  T r a n s p o r ta t io n  of, 340 , 3 4 1 

B avarian  D e p a rtm e n t fo r  W ate rp o w e r 
U tiliza tio n  a n d  E le ctr ic ity  S u pp ly , 345 

B avarian  H y d ro te c h n ic a l B u re a u , 337 
Bay C o u n tie s  P o w er C o ., 2 7 4 -7 5  
B ay crn w erk , 314 , 32 5 , 334 , 339 , 3 42^15, 

34 6 , 42 6 , 427 
Beggs, J o h n ,  183 
B e h re n s , P e te r, 180 
B clf ie ld , R e g ina ld , 104 
Bell, Louis , 151
B e rg ish es E le k triz ita tsw e rk , 411 
B c rg m a n n , S ig m u n d , 39 
B e rlin , G erm a n y : c h arac te r is tics  o f. ) 75— 

77; c o m p a riso n  o f, w ith C hicago  an d  
L o n d o n , 2 5 7 -6 1 ; t r a n s p o rta tio n  sy stem  
of, 181

B c rlin -C h a r lo t te n b u rg  Technische H och- 
schule, 143, 145 

B e r lin e r  E lek iricitais -W erk e  (BEW ). 76. 
177; c o m p a re d  w ith o th e r  util itie s, 183— 
84; n e g o tia tio n s  of, w ith city o f  B erjin . 
1 8 6 -8 9 ; ta k eo v e r of, by city o f  B erlin . 
1 98 -2 0 0 ; techn o log ica l style  of, 77; u n i ­
v ersal su p p ly  sy stem  of, 19 2-97  

B e th le h em  Steel C o rp .,  429  
B irm in g h am  C o rp ., 444 
B lan k e n b erg , R u d o lp h , 300  
B lith y , O tto  T itu s , 9 5 -9 6  
B lood , J o h n ,  151

B o a rd  o f  T r a d e , U n ite d  K ing do m , 230; 
C o m m itte e  o n  E lectr ical T ra d e s  a fte r  
th e  W ar, 320; a n d  in te rco n n e c tio n  o f  
u tilitie s, 290; a n d  m ov e m en t fo r  m u n ic ­
ipal socia lism , 5 9 -6 0 ; a n d  reg u la tio n  o f  
e lec tr ic  su p p ly , 3 2 1 -2 2  

B o e h m , L udw ig , 23
B olto n , W e rn e r  von , a n d  ta n ta lu m  lam p, 

1 66 -6 8
B o n b rig h t Sc C o ., In c., 400 . 401 
B o n d  Sc S ha re . See E lectric  B ond Sc S ha re  

Co.
B radley . C. S., 118, 121 
B ram w ell, F re d eric k  J . .  54. 60 , 63  
B ra u n k o h le n - In d u s tr ie  AG . See “Z uk un fl"  
B ra u n k o h le n w e rk e  G olp a-Jessn ilz  AG,

288
B ra u w e ile r c o n tro l c e n te r, 423 
B ritish  E lectr ic  L ig ht Co., 62 
B ritish  G en e ra l E lectr ic  Co. (G EC ), 233  
B ritish  G rid , 325, 3 5 3 -6 2 . 458 
B ritish  Pow er Sc L igh t C o rp ., 402 
B ritish  T h o m so n -H o u s to n  (B T H ), 232, 

249
B ritish  W estin gh ou se, 232
B row n, C ha rles  E ug ene  L ancelot, 111,

131, 133. 137 
B row n, H a ro ld , 108-9  
B row n, B overi Sc C o., I l l ,  179 
B row n Bros.,  328 
B rush  Electr ic  L ig ht Co.. 62 , 84 
Buck. H a ro ld . 310  
B u ffalo  G en e ra l E lectric  C o.. 125 
B u rk e , J a m e s  Francis . 31 1 -1 2  
B ush , V an nev ar. 376 , 377 
Byllcsby. H en ry  M „ 102, 104. 119. 393; 

a n d  recog n ition  o f  W illiam Stanley 's 
w ork . 102. 104

C alifo rn ia, charac teris tics  o f  2 6 5 -6 7  
C alifo rn ia  G as Sc E lectr ic  Co. (CG&E). 276 
C. Sc E. Fein . 82
C a pita l. 365, 389. 398. 4 1 6 -1 7 . 463 
C a rm an , G eo rge, 23 
C a rm an . W illiam . 23
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C a rv ille  "B " s ia lio n , 44 4 . 4 5 6 -5 7  
C a ta ra c t C o n s tru c tio n  C o .. a n d  N ia gara  

po w er p ro jec t, 137 
C e n tra l C a lifo rn ia  E lectr ic  C o .. 276  
C e n tra l E lectr ic ity B o a rd  (CE B). 3 5 4 -5 6 .

358 , 3 5 9 -6 0 , 361 , 458  
C e n tra l In s titu t io n . 144. S e t also C e n tra l 

T e c h n ic a l C ollege  
C e n tra l T e c h n ic a l C o lleg e , 154, 1 5 5 -57  
C h a m b e rla in , J o s e p h , p re s id e n t o f  B o a rd  

o f  T r a d e  (U .K .) . 59  
C h a r in g  C ro ss E lectr ic  S u p p ly  C o .. 236  
C helsea  E lectr ic ity  Su p p ly  C o ., 85 
C h e sne y . C . C .. 274
C h icago , Illinois: c h arac te r is t ics  o f, 2 0 1 -2 ; 

c o m p a re d  w ith L o n d o n  a n d  B erlin , 
2 57 -6 1  

C h icago  E d iso n  C o ., 2 0 2 -4  
C h icago  ex p o sitio n  (1893), 122. 125, 208  
C itizens E le ctr ic  L ig h t. H ea t 8c Pow er C o.. 

434
City a n d  G u ild s o f  L o n d o n  In s titu te  fo r  

th e  A d v a n c e m e n t o f  T ec h n ic a l E d u c a ­
t io n . 144

C ity o f  L o n d o n  E le ctr ic  L ig h tin g  C o., 236  
C lau d iu s . D r. H e r m a n n . 23 
C oal: a n th ra c i te . 429 , 442 ; h a rd , 4 1 3 -1 4 , 

444 ; lign ite . 314 , 413  
C o ff .n , C h a rles . 166. 2 1 1. 27 0 . 396  
C o lch e s te r  p la n , 85  
C o lg a te . R o m u lu s  R iggs. 2 7 0 -7 4  
C o lga te  p o w er p la n t, 270 , 2 7 2 -7 4  
C o lu m b ia  8c M o n to u r  E lectr ic  C o ., 4 39  
C o m m itte e  on  E le ctr ic al T r a d e s  a f te r  th e  

W ar (U .K .) , 319 , 320 , 321 
C o m m o n w ea lth  8c S o u th e r n  C o rp .,  40 0  
C o m m o n w ea lth  E d iso n  C o ., 20 1 , 20 6 ,

20 8 ; a n d  th e  E le ctr ic  S h o p . 2 2 3 -2 4 ; 
a n d  in d u s tr ia l lo a d , 223 ; lo a d  fac to r  of, 
2 1 8 -2 1 ; a n d  tra c tio n  lo a d , 2 2 2 - 2 3 ;  u n i ­
v e rsa l system  o f . 212  

C o m p a g n ie  c o n tin e n ia lc . 68 
C o n o w in g o  po w er p ro jec t, 32 5 -3 1  
C o n se rv a tiv e  p a rty  (U .K .), 351 
C o n so lid a te d  E d iso n  C o. See  E d iso n  Elec ­

tric  I llu m in a tin g  Co. o f  N ew  Y ork  
C o n su ltin g  e n g in e e rs , 171, 3 3 4 -3 5 , 449 . 

See also Day 8c Z im m e rm a n n ; M cL ellan . 
W illiam ; M erz , C h a rles ; M ille r, O sk ar  
vo n ; S te in m ctz , C h a rle s ; S to n e , C h a rles  
A ; W ebste r , E dw in  S.

C o n su m e rs  E lectr ic  L ig h t 8c P ow er C o.. 
436

C oo ke , M orris  L lew ellyn . 296 , 2 9 9 -3 0 0 , 
307 , 312 ; on  b y -p ro d u c t rec o very , 3 0 5 -  
6; a n d  G ia n t P ow er. 2 9 7 -3 0 3 ; ve rsu s 
P h ilad e lp h ia  E le ctr ic  C o ., 3 0 0 -3 0 1 ; an d  
r u ra l e lec tr ifica tio n , 3 0 7 -8 , 464 

C oo lid ge , W illiam  D ., 168 
C o o lin g  to w e rs, 3 0 6 -7  
C o rn e ll U n iversity , 146, 1 5 2 -5 3 , 155 
C o ro n a  e ffec t, 15 9 -6 0 , 162, 3 8 1 -8 2  
C o u n ty  o f  L o n d o n  C o ., 360  
C o u n ty  o f  L o n d o n  E le ctr ic  L ig h tin g  C o., 

236
C ritica l p rob lcm (s) . 80 . 161. 3 7 1 -7 7 ; a.c.

m o to r  as, 109; d .c . tra n s m iss io n  as, 83; 
h ig h -res is tan c e  fila m e n t as. 34 ; a n d  re ­
v e rse  salien ts , 14, 22 . 46 2 . See also R e ­
v e rse  sa lien ts  

C ro c k e r , F ra n cis . 82 , 173 
C r o m p to n , R ookes E. B., 58 , 8 1 - 8 2 , 129, 

218
C ross, C h a rle s . 145. 147, 386  
C u n liffc , L e o n a rd , 44 9  
C u n liffe , W alle r , 253  
C u r r e n t .  See  Po w er, tra n s m iss io n  o f; Sys­

te m s, a lte r n a t in g - c u r r e n t , d ire c t-c u r ­
r e n t.  a n d  p o ly p h a se  

C u r tis . C h a rle s , 82  
C u r tiu s . A. Ju liu s , 315

D a rm sta d t Tec hnische H oclischule, 145,
15 5 -5 7

Day 8c Z im m e rm a n n . c o n su ltin g  e n g i ­
n e e rs . 329  

D e p re s s io n , in B rita in , 6 1 , 6 2 - 6 3  
D ep rez . M arcel. I I I .  131, 264 , 335 
D e p t fo rd  c e n tra l s ta tio n . 2 3 8 -4 1 , 2 4 3 -4 7  
D eri, M ax. 9 5 - 9 6
d e  Sabla . E u g e n e  J „  J r . ,  2 7 0 - 7 4 , 276  
D eu tsch e  B a nk . 180 
D eu tsch e  E d iso n  G ese llscha fl fu r  

a n g e w a n d te  E lectric ita t (G e rm a n  Edison  
C o. fo r  A p p lie d  E le ctr ic ity ) (D E C ), 51. 
6 7 - 7 1 , 177 . 183, 1 8 5 -8 6 , 335 ; a g re e ­
m e n t o f . w ith  city  o f  B e rlin , 72; lo osens 
tie s w ith  E d iso n , 7 3 -7 5 ; p a te n t e x ­
c h a n g e  a g re e m e n t o f. 126; re o rg a n iz e d . 
76

D ick. K e r r  8c C o .. 232
D ic kson . W . K. L., 27
D ie hl, Ph ilip . 82
D iffe re n tia l a n a ly z e r , 377
D irec t c u r r e n t . See  P ow e r, tran s m iss io n  of;

Sys tem s, d ir e c t- c u r r e n t  
D istr ib u tio n , p a ra lle l. 31, 32. 33 , 38  
D iv ersity : f in anc ia l. 399 ; lo ad  (see L oad .

d iv e rs ity  of)
D oliv o -D ob ro w o lsky . M ic hae l O sip ow itch  

vo n , I I I ,  131; a n d  F ra n k fo r t e x h ib i ­
t io n , 131; a n d  th re e -p h a se  system  in 
G e rm a n y , 1 19 

D o n at, F e d o r  M aria  von , 338 
D o rtm u n d . G e rm a n y . 4 1 2 -1 3  
D relutro m . See  M o to r , p o ly p h a se ; System s, 

p o ly p h a se  
D rc x c l, M o rg an  a n d  C o .. 30 , 47 , 4 8 - 5 0  
D rc x c l 8c C o .. 32 8 , 40 0  
D ru m . F ra n k . 278  
D u n c a n , A n d re w , 354  
D u n c a n . L ouis . 146, 147^18, 157, 173 
D u n s to n  p o w e r s ta tio n , 44 4 , 45 6  
D u rh a m  P ow er C o .. 448

E alin g  L ocal B o a rd  p o w er s ta tio n , 237 
E co no m ic  fac to rs , 2 8 -2 9 , 3 7 0 -7 1 , 464 . See 

also E con om ic  m ix ; In su ll, S a m u e l, c o n ­
c ep ts  o f , 2 1 6 - 2 0 ;  L o ad , d iv e rs ity  of; 
L oad  fac to r

E co no m ic  m ix . 346 , 3 6 6 -6 7 , 406 , 41 8 ,
463

E d iso n , T h o m a s  A lva: a n d  " th e  ba ttle  o f  
th e  system s,"  1 0 8 -9 ; creativ ity  o f, 461; 
a n d  c rit ic a l p ro b le m s , id e n tif ic a tio n  of. 
8 0 ; a n d  d .c . g e n e r a to r , 3 7 -3 8 , 81; 
D e p tfo rd  s ta tio n , visit to , 24 2 ; d e v e lo ps 
h ig h -re s is ta n c e  f ila m en t , 3 2 -3 7 ; d is ­
p u te s  o f , w ith T h e o d o r e  Pusk as a n d  
G e o rg e  G o u ra u d , 4 8 - 5 0 ;  a n d  econ om ic  
fac to rs , 2 8 - 2 9 , 36 , 38 . 4 0 ; gives u p  e n ­
te rp r is e s , 125; a n d  in c a n d e sc e n t ligh t, 
3 1 - 3 2 , 5 1 ; as in v c n to r -e n tr e p r e n e u r , 
1 8 -1 9 ; as in v e n to r  o f  syste m s, 2 0 -2 3 , 
8 1 ; a n d  J o u le 's  law , 3 6 ; le g en d  of, 27; 
o rg a n iz e s  m a n u fa c tu rin g  co m p an ie s. 
3 8 - 4 0 ;  a n d  M en lo  P a rk  c o m m u n ity , 27 ; 
a n d  M uscle  S h oa ls , 2 94 ; o n  N ia g ara  
p ro je c t. 137; a n d  O h m 's  law, 3 6 ; p a ra l ­
lel d is tr ib u t io n  syste m  o f, 32 , 4 1 -4 3 ; 
a n d  P e a rl S tre e t s ta tio n , c o n s tru c tio n  of. 
40 —45; a n d  p ro b le m  id e n tif ic a tio n , 1 9 - 
2 0 ; a n d  re v e rse  sa lie n t-c r itic a l p ro b lem s 
m e th o d , 2 2 - 2 3 ;  a n d  S u n b u ry  p ro jec t, 
43 1 ; a n d  th re e -w ire  sy ste m , 83 —84; a n d  
v o lta ge  re g u la tio n , 4 2 - 4 3 ;  w ork  h abits 
o f, 2 6 -2 7 . See also nam es o f  Edison compa-

E d ison  8c Sw an U n ite d  E le ctr ic  L ight Co.. 
L td .. 62

E d ison  C o. fo r  I so la ted  L ig h tin g , 431 
E d ison  E le ctr ic  I llu m in a tin g  C o. o f  L an ­

c a s te r , 434 
E d ison  E le ctr ic  I l lu m in a tin g  C o. o f  New  

Y o rk , 18. 39 
E d ison  E le ctr ic  L igh t C o ., N ew  Y ork . 23, 

39, 45 —46 
E d ison  E le ctr ic  L ig h t Co. o f  S u n b u ry .

4 3 1 . 43 2  
E d ison  E le ctr ic  T u b e  C o ., 39 
E d ison  G e n e ra l E lectric  C o.. 7 7 , 107, 125; 

m e rg e s  w ith  T h o m so n -H o u s to n , 77.
126. 163 

E d ison  M a ch in e  W orks, 39 
E d m u n d so n s  E le ctr ic ity  C o rp .,  402  
E d u c a tio n , te ch n ic a l, 1 42 -5 6 . See also 

E le ctr ic al e n g in e e rin g ; E n g in e e r in g  
sc hools  a n d  c o lleges 

E d w ard s  a n d  N o rm a n d y  p a te n t (B ritish , 
no . 4 ,611 o f  1878). 9 2 - 9 3  

E glin , W. C. L.. 329 
E. I I. R ollins & Son s . 274 
E ic kem e yer. R u d o lf. 164 
E ic kcm e ycr 8c O s lc rh e ld  C o., 163 
E lectr ical E ng in eer . 174 
E le ctr ic al e n g in e e rin g : a ca dm ic  d e p a r t ­

m e n ts  a n d  c o u rse s  o f  in s tru c tio n  in , 
14 4 -4 7 , 1 5 1 -5 6 ; p ro fe sso rs  o f , 1 47 -5 0  

"E lec trica l la g ."  in B rita in , 6 2 -6 4 . 6 5 -6 6 . 
144, 3 1 9 -2 0 , 3 5 0 -5 3 . See also L o n d o n , 
d e v e lo p m e n t o f  e lec tric  su p p ly  in 

E le ctr ic al S e c u rities  C o ., 270  
E lectr ica l W orld , 173
E lectr ic  B o nd  8c S h a re  C o ., 3 9 2 -9 9 ; an d  

“T h e "  L eh ig h  V alley L ight 8c Pow er 
C o.. 4 3 9 : a n d  PP& L, 43 0 . 441
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E lectr ician , 174

E le ctr ic ity S u p p ly  A ct o r  1919 (U .K .), 
3 2 1 -2 2 , 350  

E lectr ic ity  S u p p ly  A ct o f  1926 (U .K .) , 351, 
354, 356

Electr ic  L ig h tin g  A ct o f  1882 (U .K .) , 8 7 -  
88 . 230: e ffec t o f. o n  e lec trica l in d u s try ,
6 0 -6 6

E lectr ic  L ig h tin g  Act o f  1888 (U .K .), 64, 
230 , 2 3 7 -3 8  

Electr ic  Pow er D ev e lo p m e n t C o ., 250  
Electr ic  Se c u rities  C o. o f  N ew  Y ork , 396  
E le ctr if ic ation : o f  ra ilw ays, 341 , 4 4 6 -4 7 ; 

o f  tran s it syste m s, 18 1 -8 2 , 188, 1 89 -91 , 
2 0 1 -2 , 2 2 1 -2 3 , 232 , 252 , 4 3 4 -3 5  

— ru ra l,  464 ; a n d  B ay ern w erk , 346; a n d  
PP& L, 4 4 2—43; a n d  G ia n t Pow er, 308  

— u rb a n , 182. See also B erlin , G erm a n y ; 
C h icago . Illino is; In d u s tr ia l iz a tio n , a n d  
e lec trifica tio n  

E le c trocu tio n , 10 8 -9  
E lek triziiais -A ciieng ese llschafi v o rn i. W.

L ahm ey e r 8c C o ., 424 
E lek trizita tsw erk  B e rgg eist A G , 4 1 1 
E le k tro b a n k , 424
E le k tro tec h n isc h e  G ese llsch aft, 174 
E le k tro tec h n isc h er  V ere in  zu  B e rlin , 174 
Eleklrolechnische Zeitschrift, 174 
E le k tro w att. See E le k tro b a n k  
E le k irow e rke  A k tie n gese llsc h aft (EW A G ), 

2 8 8 -8 9 , 29 5 , 314 , 4 23 , 427 
Engin eer , 174
E n g in e e r -e n tre p re n e u rs , 350  
E ngin eer ing , 174
E n g in e e rin g  sc hools  a n d  co lleges. 142 -56  
E ng in e ers . See C o n su ltin g  e n g in e e rs  
E n g in e ers  Public  Serv ice  C o rp ., 390  
E nglish  E lectr ic  L ight C o., L td ., 54 , 62  
E N IA C , 377

Fabbri, E g is to  P., 30
Fabbri 8c C h a u n ce y  o f  N ew  Y ork , 49
Fabia n  Socie ty , 255
F alcon er. J a m e s , 250
F a rm er, M oses G ., 32
F edera l P ow er C om m issio n  (U .S .), 325;

a n d  PN J h e a rin g , 326 , 328 
F edera l T r a d e  C om m ission  (U .S .) , 394 
F e de ra tio n  o f  B ritish  In d u s tr ie s , 351 
Felton  8c G u ille au m e, 421 
F e rgu so n , Louis , 209 , 2 1 1 
F e rra n ti, S ebastian  Z iani d e , 237; a n d  

D ep tfo rd  pro jec t, 2 3 8 -3 9 , 241 , 2 4 3 -4 7 ; 
as m a n u fa c tu re r  a n d  e n g in e e r  fo r  S ir 
C ou tts  L in dsay  8c C o., 9 7 -9 8 ; in  p a te n t 
d isp u te  w ith  G a u la rd  a n d  G ib bs, 92, 98; 
te chn o log y  of. rep laces E dison 's , 65 

F e rra ris , G alileo, 110; a n d  a.c. m o to r ,
109; a n d  id ea  o f  ro ta t in g  m a gn etic  
field , 1 17-18  

F ilam ent, in c an de sce n t, 32, 33, 34, 36, 37.
See also L am p , in c an d e sce n t 

F insbury  T ec h n ic a l C ollege , 144 
Fisk S tre e t p o w er s ta tion , 209 , 2 1 2 -1 4  
F lem ing, J o h n  A m bro se, 246; analy zes 

cost o f  H o lb o rn  V ia duct s ta tion , 57

Folsom  p o w er p la n t, 2 6 8 -6 9  
F o rb es, G eo rg e , 128 
F o rb es, J a m e s  S laa t, 62 . 63 
Force, M a rtin , 23
F o rd , H e n ry , a n d  M usc le  Shoa ls , 2 9 3 -9 5  
F o rth  B ank s s ta tio n , 454 
F ra n k fo r t o n  th e  M ain  I n te rn a tio n a l E lec ­

tr ic al E xh ib itio n  (1891), 1 3 1 -3 5 , 247; 
a n d  " th e  ba ttle  o f  th e  syste m s,"  130; 
d e m o n s tra tio n  o f  tran sm ission  a t, 129 

F re q u en c y , e ffo r ts  to  s ta n d a rd iz e , 127 -29 , 
358 , 4 5 8 -5 9  

F re q u en c y  c o n v e r te r ,  1 2 1 -22

G an z  8c C o .. 91 , 23 9 ; d e v e lo ps c om m erc ial 
t r a n s fo rm e r, 9 6 - 9 7 ;  a n d  G au lard  a n d  
G ib bs’s syste m , 95 

G aslig h t, p r ice  of, c o m p a re d  to  e lec tr ic  
lig h t, 64 , 77 

G a u la rd , L u c ien : d e a th  of, 94 ; d e m o n ­
s tra tio n s  by, a t pu b lic  e xh ib itio ns , 9 3 -  
94, 9 7 ; in v e n tio n  by, assessed , 9 5 ; in 
p a te n t d isp u te s , 9 2 -9 4 ; a n d  so lu tion  o f  
tran s m iss io n  a n d  d is trib u t io n  p rob lem s, 
8 6 -8 7 ; tra n s fo r m e r  o f , 8 7 -91  

G e b r u d e r  S u lzb a ch , 67 
G e n e ra l E le ctr ic  C o ., 163, 268 , 395; a n a ­

log  p o w er syste m s of, 376; acq u ires  
B ra d ley  p a te n ts  a n d  facilit ies, 121; an d  
c rit ica l p ro b lem s . 161; a n d  Electr ical Se ­
c u rities  C o. o f  N ew  Y ork , 396; fo rm a ­
tion  of, 126; h o ld in g  c o m pan y  of, 392; 
an d  N ia g ara  p o w e r s ta tion , 139; in 
p a n ic  o f  1893, 3 8 6 -8 7 ; p a te n t a g re e ­
m e n t o f. 126, 1 6 8 -6 9 ; p a te n t stra teg ie s  
of , 166; re se a rc h  la b o ra to ries  o f, 16 4 -  
66 , 16 8 -7 1 , 3 7 9 -8 0 ; a n d  C h a rles  Stcin - 
m etz , 1 63-64  

G e n e ra tin g  p la n ts , iso lated , 223 , 229 
G e n e ra to r : B ra d ley , 118; E dison  e x p e r i ­

m e n ta l, 3 7 -3 8 : E d ison  ty p e -H , 70; H as- 
e lw a n d e r. 118; Ju m b o , 55, 73; slow- 
sp e ed  G e rm a n . 81, 8 2 ; T es la . 117 

G e rd ic n , H an s , 172
G e rm a n  G e n e ra l E lectr ic . See A llg em eine  

E le c tr iz ita ts -G esc llschafi (AEG )
G e rm a n  g r id , 3 1 4 -1 5 , 3 1 7 -1 8  
G csc llschaft f u r  e lek tr isc h e  U n te rn e h -  

m u n g e n  L u dw ig  L ow e. A G , 317 
G ia n t Pow er, 2 9 7 -3 0 0 , 3 0 5 -9 , 313; legis ­

la tive h is to ry  o f , 3 1 0 -1 2 ; p la n  fo r, 3 0 3 -  
4; a n d  PP& L, 442  

G ian t P ow er B o a rd , 3 0 1 -3  
Gib bs, J o h n  D. See G a u la rd , L ucien 
G o ld e n b e rg , B e rn h a rd , 41 3 . 420  
G o ld c n b erg w e rk , 40 8 , 4 1 3 -1 4 , 423 
G o lp a-Z sch o rncw iiz  po w er sta tio n , 2 8 8 -  

89, 295 , 427 
G o m p c rs , Sam u e l, 301 
G o rd o n . T . E. H .. 58. 92. 235 
G o u ra u d , G eo rg e , as E dison  re p re se n ta ­

tive. 4 8 -5 0  
G o v e rn m e n t o w n ersh ip . See  U tilities, gov ­

e rn m e n t o w n ersh ip  o f  
G ra m m e , Z cno be  T h e o p h ile , 87

G ra sh o f, F ranz, a n d  e n g in e e rin g  cu rr ic u la  
in G erm a n y , 143 

G re a te r  L o n d o n  a n d  C o u n ties  T ru s t 
(G L C T ), 402 

G re a t W este rn  Pow er C o.. 279, 280 
G re e n , N orv in , 172
G rid  (p o w e r pool) , 32 5 , 334, 353. See also 

B a y ern w erk ; B ritish  G rid ; G erm a n  
g r id ; G ian t Pow er; Pe nn sy lv a n ia -N e w  
Je rs e y  In te rc o n n e c tio n  (PN J); S u p e r ­
po w er 

G rid lcy , A rn o ld , 291 
G riff in , S to ck to n , 23 
G ro s sk ra fiw c rk  F ra n k e n  AG . 348 
G ro s v en o r G alle ry  c e n tra l s ta tion . 97. 244

H ab c r-B o sch  p rocess, 287 
H aid , D. A ., 23 
H a ld a n e , L o rd , 290 , 319  
H ald an e -M e rz  R e p o rt, 3 1 9 -2 0 , 321 
H alsey  8c C o .. 276 
H a m b u rg e r  E lek lricila tsw crke , 183 
H a m m e r , W illiam  J .,  23, 52; an d  conflict 

w ith  Emil R a th e n au , 7 3 -7 4 ; jo in s  R ath- 
e n a u , 6 9 ; as lia ison be tw een  R a the nau  
a n d  E d ison , 70 

H a r r is , Fo rb es 8c C o.. 328 
H a rr iso n  S tre e t c en tra l s ta tion , 208, 214 
H arw o od  E lectr ic  Co., 4 3 6 -3 7 , 439. See 

also H arw oo d  Electr ic  Pow er Co. 
H arw o o d  Electr ic  Pow er C o., 435 
H arw o o d  sta tion , 440  
H ase lw an d e r , F rie d rich  A ug ust, 118, 121 
H a u to  sta tion , 440  
H az en , H a ro ld , 376
H az le ton  Electr ic  L ig ht 8c Pow er C o.. 436 
H efn er-A lten e ck , F rie d rich  von , 81 
H elio s. 82
H elm ho ltz , H e rm a n n  von, 178 
H en k e , E.. 421
H erd ec k e . See K oep chenw erk  
H e rin g , C arl, 173
H ersch ell, L o rd  F a rre r, ru lin g  of. on 

G au lard  8c G ibbs vs. L indsay 8c F er ­
ran ti, 9 2 -9 3  

H ick, H arg rea v es 8c C o., L td .. 242 
H ig h ficld  8c R o ge r Sm ith . 356 
H ig h -voltage  rese arch : F. W. P e e k .J r . 's ,  

3 8 0 -8 4 : H arr is  J .  Ryan's. 158-60; 
C ha rles  F. S cott’s an d  R alp h  M crshon 's . 
16 1 -6 3 : C ha rles  S tcin m etz 's , 171. See 
also R esearch  la bo ra to ry , h ig h-voltage 
e x p e rim e n ta t io n  in 

H ip p ie , Ja m es . 71
H . M. Byllcsby 8c C o .,  393 
H obson , H aro ld , 354 
H o ffm a n n , K arl, 81 
H o lbo rn  V iaduct c en tra l s ta tion , 5 4 -5 7  
H o ld in g  com pany , 226. 39 0 -9 5 . 401 . 

4 0 2 -3 , 439. See also E lectric  B ond 8c 
S h a re  C o.; S tone  8c W ebste r C o.;
U n ited  C o rp .

H op k inson , J o h n . 146, 246; ana lyzes cost 
o f  H o lbo rn  V iaduct sta tio n . 57: invents 
th ree -w ire  system , 84
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I lo u s to n . E dw in  J . .  173 
H u b b a rd . P re ston  J .,  294 
H u b e r -W c rd tm illc r . l‘. E., 131 
1 liin lin g d n n , H a r ry  E., 281 
llv d ro c lc c tr ic  po w er. 264 : in C a lifo rn ia , 

2 6 5 -6 8 , 2 7 8 -8 0 , 28 1 , 284: in s o u th e a s t ­
e rn  U n ite d  S tates , 265 . See also C o no - 
w in go  p ro jec t: K o ep c h cn w e rk ; N ia gara  
Falls po w er s ta tio n : V o ra r lb e rg , A u s ­
tr ia : W alc h cnse cw c rk : W alle n p au p a c k  

I I v d ro -E lc ttr ir  Pow er C nm niissio n  o f  O n ­
ta rio . 265

I. G. F a rb en  C o.. 306  
Illin o is Public  U tili ty  C om m issio n , 207 
Illin o is Public  U tili ty  In fo rm a tio n  C o m ­

m ittee . 207  
Im p eria l C o lleg e  o f  Sc ience a n d  T e c h n o l ­

ogy, 144 
Im p u lse  g e n e ra to rs . 381 , 3 8 2 -8 3  
In c o rp o ra te d  A ssoc ia tio n  o f  E lectr ic  

Pow er C o m p an ie s , 29 0  
In c o rp o ra te d  M u n ic ip a l E le ctr ic al A ssoc., 

290
In d u s tr ia l iz a tio n , a n d  e lec tr ifica tio n . 175, 

1 7 6 -7 7 , 2 0 1 - 2 . 22 3 . 2 2 4 -2 5 , 231 . 2 5 0 -  
51

In d u s tr ia l re v o lu t io n . 175 
In fo rm a tio n , a n d  c o n tro l ,  36 8 , 3 7 3 -7 5  
In s titu tio n  o f  E le ctr ic al E n g in e e rs  (IE E ), 

174. 233 . 234 , 291 
I n su la tion , h ig h -v o lta g e , 375  
Insu ll, S a m u e l, 250 : as a d v ise r  to  W eir  

C o m m itte e , 353; assesses L o n d o n  po w er 
syste m , 228; b a n k ru p tc y  o f, 203—4; o n  
BE W , 182; a n d  C E B , 355 ; a n d  C h ica g o  
E d ison . 20 2 ; a n d  C o m m o n w e a lth  E d i ­
son  C o., 2 0 1 -1 2 ; c o n c e p ts  o f. 2 1 6 -2 0 ; 
a n d  E d iso n , 203; h o ld in g  c o m p a n ie s  of. 
22 6 , 39 2 . 393; o n  m a n a g e m e n t o f  
po w er lo a d , 2 1 7 -2 1 : a n d  C h a rle s  M crz , 
4 5 2 - 5 3 :  a n d  M idd le  W est U tilities Co., 
39 5 ; po litic s o f. 2 0 4 - 7 ;  a n d  S ta le  C o u n ­
cil o f  D efen se , 2 0 7 ; a n d  ste am  tu rb in e s , 
2 0 9 - 1 2 :  a n d  su b s ta tio n  c o n c e p t, 20 8 ; as 
syste m s c o n c e p tu a l iz e s  2 1 6 -1 7 , 2 2 5 -2 6 ; 
te stim o n y  o f. b e fo re  L o n d o n  C o u n ty  
C o un c il. 22 3 ; a n d  tra c tio n  lo a d , 2 2 2 -2 3  

In te rc o n n e c tio n  ( V erbundbetrieb), 4 1 8 - 2 0  
In te rn a tio n a l e lec trica l ex h ib itio n s : C h i ­

c ag o  (1 89 3 ), 122. 1 2 5 .2 0 8 ; F ra n k fo r t 
o n  th e  M ain  (1 891), 12 9 -3 5 , 247 ; L o n ­
d o n  (1882), 5 2 - 5 3 ;  M un ic h  (1882), 335; 
P aris  (1 881), 6 6 . 335 

In v en tio n  a n d  d e v e lo p m e n t, 2 0 -2 2 . 461; 
co llabo ra tiv e , 23 . 2 5 -2 8 ; s im u lta n e ity  
o f . 109-1  I. See also D olivo-D obrow olsky , 
M .; E d iso n , T h o m a s  A .; F c r ra ris . G ali ­
leo; G a u la rd , L u c icn ; H o p k in so n . J o h n ;  
S tan ley , W illiam ; T es la , N ikola  

I n v e n to r - c n tr c p re n e u r s , 18 -1 9  
I. P. M o rris  C o ., 268

ja b lo c h k o ff . P aul, 87 . 92
la ck so n . D ug ald  C „  146. 148. 149: as c o n ­

su lta n t to  P h ila d e lp h ia  E lectr ic  C o ., 300; 
p u b lic a tio n s  o f, 157 

J a c o b  L a n d a u , 67
J c h l, F ran cis , o n  T h o m a s  E d iso n  a n d  

F ra n c is  U p to n , 2 5 - 2 6  
Jo h n s o n , E d w ard  l-L, 2 3 ; as E d ison 's  r e p ­

re se n ta tiv e  in L o n d o n , 52 , 8 4 ; a n d  Elec ­
tric  L ig h tin g  A ct o f  1882, 60 

jo in t C o m m itte e  o n  R u ra l E le c tr if ic a tio n , 
443

J o u le ’s law , in E d iso n ’s w ork , 34—37 
J o u r n a ls , p ro fe ss io n a l, 1 5 7 -5 8 , 17 3 -7 4 , 

3 7 4 -7 5
J. P. M o rg a n  Sc C o ., a n d  U n ite d  C o rp .,  

400

K an sas G as 8c E le ctr ic  C o ., 398  
K ap p , G isb e rt, 145, 14 9 -5 0  
K elly, J o h n  F.. 274
K elv in , L o rd  (W illiam  T h o m so n ) , 451 
K e n n e d y . A. B. W „ 234 
K e n n e d y , J .  M.. 351 
K e n n e d y  Sc D o n k in , 3 5 6  
K en ne lly . A r th u r  E., 173, 312 ; e le c tro c u ­

t io n  e x p e r im e n ts  o f , 108; te stim o n y  of, 
o n  G ia n t P o w e r b ill, 3 1 0 -1 1  

K itson . S ir  J a m e s , 23 0 , 447  
K it tle r , E ra sm u s . 145. 14 8 -4 9 , 1 5 5 -56  
K lin g e n b e rg , G e o rg . 182, 1 9 7 -9 8 , 199,

2 57 . 2 8 8 ; a ssesses L o n d o n  e lec tric  s u p ­
p ly  sy ste m . 2 2 8 - 2 9  

K n apsa ck , 28 8 . See also  G o ld e n b e rg w e rk  
K o cp c h en , A r th u r ,  4 08 ; as m a n a g e r  o f  

R W E, 4 2 0 - 2 1 ;  a n d  ra tio n a liza tio n , 418 , 
41 9

K o e p c h e n w e rk , 4 2 1 -2 3  
K ra f tw e rk e  A ltw u r tte m b e rg  A G , 424  
K re u si, J o h n ,  23  
K ru p p  C o .. 409

L a b o r, in  c ap ita l- in te n s iv e  te ch n o lo g y ,
4 1 7 - 1 8

L a b o ra to ry  r e se a rc h . See  R e se arch  la b o ra ­
to ry

L a b o u r  p a rty  (U .K ), 35 1 , 352 
L a lim c y c r , W ilhelm . 82 , 121 
L am m c, B e n ja m in , 139 
L am p , in c a n d e sc e n t, 8 2 - 8 3 , 1 9 3 -9 5 ; E d i ­

so n , 3 2 - 3 7 ;  N c rn s t,  166; ta n ta lu m , 168; 
tu n g s te n  a n d  m o ly b d e n u m . 168; Wels- 
ba ch , 1 6 8 -6 9  

L a n c a sh ire  Pow er C o ., 323 
L a n c a s te r  E le ctr ic  L igh t. I le a l Sc Pow er 

C o .. 434 
l.a n c -F o x , St. G e o rg e , 62 
L a n g m u ir , I rv in g , 168 
Laval. C a rl G. P. d e . 195 
L aw son, J o h n ,  23 
L az ard s  B a nk . 402
l.c ch -E lck lriz ita isw c rk e  A G . 424 
Lee, llig g in so n  Sc C o .. 38 9  
L eed s Sc N o r lh ru p ,  374 
L eg islation , re g u la to ry : in B erlin , 72. 176, 

1 8 4 -8 6 , 1 8 7 -8 9 ; in  B rita in , 5 8 -5 9 , BO- 
6 1 . 6 3 . 6 4 . 6 6 . 8 7 - 8 8 , 96 , 23 0 , 4 4 7 -1 8 : 
in  C h ica go . 2 06 . 2 08 ; in L o n d o n . 230 .

2 38 . 2 4 1 -1 2 , 2 4 8 -4 9 , 2 5 6 -5 7 , 260 ; in 
N ew  Y ork  S la te  a n d  V irg in ia , 108 

L eh ig h  C o al Sc N av iga tio n  C o .. 436  
L eh ig h  N av ig a tion  E lectr ic  C o.. 4 3 6 -3 9  
L eh ig h  P ow er S e c u rities  C o rp ., 4 3 9 -4  I 
L eh ig h  valley . P enn sy lv a n ia , 42 9  
L eh ig h  V alley L ight Sc P o w er C o.. 435, 

4 3 8 -3 9  
L ig h tin g , 174
L inc o ln , Paul M., te s tim o n y  o f. on  G ian t 

P ow er bill. 31 0 , 311 
L in dsay , S ir C o u tis . 2 3 9 -4 0  
L iv e rm o re , H o ra tio  G ates , 26 9  
L iv e rm o re , H o ra tio  P., 270  
Llo yd  G e o rg e , D avid . 251 , 254 
L oad : d ive rs ity  o f , 2 1 7 -1 8 , 333 , 36 9 , 441 

4 6 3 ; p o w er a n d  ligh t, in B e rlin , 73; — , 
in  C h ica go , 2 2 5 - 2 6 ;  — , in  L o n d o n . 
2 3 1 -3 2

L oad  d isp a tc h in g . 2 1 4 - 1 5 , 332 , 372 , 423 
L o ad  fac to r , 2 1 8 -2 1 , 353 , 36 9 , 4 06 . 410 , 

4 1 8 -1 9 , 4 2 1 - 2 2 , 4 40 , 4 44 , 4 6 2 -6 3  
L ocal G o v e rn m e n t A ct o f  1888 (U .K .) . 

22 9
L o n d o n , E n g la n d : c h arac te r is t ics  o f, 227- 

30 , 2 31 ; c o m p a re d  w ith  C h ica g o  a n d  
B e rlin , 2 5 7 - 6 1 ;  d e v e lo p m e n t o f  elec tric  
su p p ly  in , 2 2 7 -2 8 , 2 33 . 2 5 5 -6 1 ; e ffo rts  
to  in tro d u c e  la rg e -a re a  su p p ly  in , 233; 
— , by  S. Z. d e  F e r ra n ti,  2 3 7 -4 7 ; — . by 
C h a r le s  M erz . 2 4 9 -5 4 ; — , th r o u g h  th e  
G rid . 3 5 9 - 6 0  

L o n d o n  A sso c iated  E lectr ic ity  U n d e r ta k ­
in gs, 3 60

L o n d o n  C ity  a n d  G u ild s  C e n tra l T e c h n i ­
cal C o llege , 154. See also C e n tra l T e c h ­
n ical C o llege  

L o n d o n  C o u n ty  C o u n c il (LC C ). 228 , 236- 
37. 24 8 , 2 5 3 -5 4 , 256 ; bill o f  2 5 4 -5 5  

L o n d o n  E le ctr ic  S u p p ly  C o rp .,  6 4 . 238 . 
2 4 0 -4 2

L o n d o n  In te r n a t io n a l  E le ctr ic  E xh ib itio n  
(C ry sta l Palace) (1 882). 5 2 -5 3  

L o n d o n  P ow er C o ., 3 60  
Los A ng eles. C a lifo rn ia , a q u e d u c t sy stem  

o f. 281
Los A n geles  W a te r  a n d  P ow er B u re a u , 

311
L ow rcy . G ro s v e n o r  P.: as b u sine ss  a dviset 

to  E d iso n , 2 9 -3 1 , 3 8 ; p ro m o te s  E dison  
e n te r p r is e s  a b ro a d , 4 7 -5 0  

L u bb ock , J o h n ,  54

M a cL a re n , M alco lm , 331 
M cL ellan , W illiam : a n d  C h a rles  M erz , 

45 0 , 4 5 1 - 5 2 ;  a n d  in te rc o n n e c tio n  o f  
utilities , 291 ; in  W o rld  W ar I, 290  

M a in k ra ftw e rk e  A G . 424  
M a ld en  E le ctr ic  C o ., 292  
M a n a g e m e n t serv ices, 3 8 8 -8 9 . 397 
M a n c h e s te r  C o rp ..  444  
M a n c h e s te r  S q u a re  s ta tio n . 236  
M a n u fa c tu re rs , e lec trica l. 3 8 -4 0 , 177,

17 8 -7 9 , 2 3 2 -3 3 , 433 . See also nam es o f 
companies  

M a rin d in . F. A .. 238
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M a rin d in  C o m m itte e , 238 , 2 4 1 -4 2 , 247 
M a rk g rafe n s trasse  c e n tra l s ta tio n , 73, 186 
M a rtin , J o h n ,  2 7 0 -7 1 , 2 7 2 -7 4 , 276 
M a sch in en fab rik  O er lik o n , 131; in F ra n k ­

fo r t e x h ib itio n , 133 
M assachuse tts E le ctr ic al E n g in e e rin g  Co. 

o f  B oston , 386 . See also S to n e  8c W ebs ­
te r  Co.

M assachuse tts In s titu te  o f  T e c h n o lo g y  
(M .I.T .) . 144, 145—46, 1 5 5 -57 ; e lec tr ica l 
e n g in e e rin g  a t, 1 5 1 -5 3 ; n e tw o rk  a n a ­
lyzer o f . 3 7 6 -7 7  

M a te ria ls  h a n d lin g , 4 3 , 4 13 , 4 1 5 -1 6  
M a th er , T „  154
M au erstrasse  c e n tra l s ta tio n , 73, 183 
M axim , H iram , 100 
M ayer, W ilhelm , 313 , 314 
M enlo  Park  la b o ra to ry , 2 3 -2 5 . See also 

E dison , T h o m a s  Alva 
M e rg e r: o f  m a n u fa c tu re rs , 1 6 3 -64 ; o f  

u tilitie s, 276 , 430 , 4 31 , 4 4 0  
M ersh on , R a lp h , 1 61 -6 3  
M erz. C h a rles  H .. 23 7 , 2 4 9 -5 0 , 4 4 9 -5 1 ; 

assesses L o n d o n  e lec tric  su p p ly  sy stem , 
2 28; a n d  B ritish  G rid , 350 , 3 5 2 -5 3 ,
3 55; in co n flict w ith  J o h n  Snell, 35 7 ; as 
e x p e r t p a rlia m e n ta ry  w itness, 45 3 ; a n d  
W illiam  M cL ellan , 4 5 1 -5 2 ; a n d  
N E S C O . 44 8 : a n d  politics , 2 0 4 -5 ; a n d  
po w er bill, 2 5 1 -5 6 ; a n d  reg io na l c h a r ­
a c te r  o f  te ch n o lo g y , 45 4 ; a n d  re o rg a n i ­
z ation  o f  e lec tric  su p p ly , 3 1 9 -2 0 ; an d  
s ta n d a rd  cycles, 129; o n  te chnolo gica l 
sty le, 40 5 ; in  W o rld  W ar I, 290 

M erz, J o h n  T h e o d o r e . 248 , 249 , 250 , 
4 4 8 -4 9 , 4 51 ; in f lu e n c e  of, o n  son , 455  

M erz & M cL ellan . 249 , 256 , 356 , 357,
452; as c o n su ltin g  e n g in e e rin g  firm ,
385 , 386; a n d  th e  G rid , 4 5 8 -5 9 ; a n d  
N E SC O . 449; a n d  tu rb in e s , 4 5 3 -5 4  

M e trop o lita n  S u p p ly  C o.. 235 , 360  
M iddle W est U tili ties C o .. 204 , 392 . 402 
M iesbach , G erm a n y , 335  
M iller. O sk ar  von , 26 4 , 3 3 4 -3 7 , 464: as 

c o n su ltin g  e n g in e e r , 385 , 386; at F ra n k ­
fo r t e x h ib itio n , 131; a n d  in te rc o n n e c ­
t io n  o f  utilitie s, 317; a t Paris  e x h ib itio n , 
51, 66 ; a n d  Em il R a th e n a u , 67 ; r e p o r t 
of. on  G e rm a n  e lec tr ic  sup p ly , 315 . See 
also B a yernw erk ; W alch en seew erk  

M in istry o f  R eco n s tru c tio n , U n ite d  K in g ­
d o m . See H a ld an e -M e rz  R e p o rt 

M inshall, T . H ., 251 , 253 
M itchell. S. Z., 39 3 , 395 , 396; o n  d iversity  

p rin cip le , 399; a n d  L eh ig h  N avigation  
Electr ic  Co., 43 7 , 439  

M itten . T h o m a s  E., 3 2 6 -2 8  
M oabit p o w er sta tio n , 195 
M o m e n tum , techn o log ica l, 1 5 -1 6 . 140-41 

465
M o n roe, W. S., 457 
M organ . A rth u r  E.. 301 
M org an , J .  P.. 387
M orrill Act o f  1862 (U .S .) . a n d  e n g in e e r ­

ing  e d u ca tio n , 143 

M oto r: d ire c t-c u r re n t, 82 ; p o lyp hase.

1 0 9 - 1 1. 4 5 5 -5 6 . See also D olivo-D obro- 
wolsky, M .; In d u s tr ia l iz a tio n , a n d  e lec ­
tr if ica tio n ; L oad , po w er a n d  ligh t; 
Po w er, s ta tio n a ry ; T es la , N ikola  

M un ic h  In te rn a tio n a l E lectr ical E x h ib it io n  
(1 882), 335 

M u n ic ip a l socia lism , in B rita in , 5 9 -6 0 , 
255 , 261 

M u rra y , W illiam  S., 29 6 , 297 
M usc le  Sho a ls  h y d ro e le c tric  p la n t, 287, 

2 9 3 -9 5

N ashville  L igh t 8c Pow er C o., 387 
N atio n a l-B a n k  f u r  D eu tsch la n d , 67 
N atio na l C ity  B ank  o f  N ew  Y ork , 428  
N atio n a l Civic F e d e ra tio n , 207  
N atio n a l D efen se  A ct o f  1916 (U .S .), 287, 

293
N atio na l E le ctr ic  L ig h t Assoc. (N E LA ), 

174, 207 
N ation a l P o w e r 8c L igh t C o., 441 
N ation a l Socia lists (N a tion a l Socia list G e r ­

m a n  W o rk e rs ' p a rty ) , 315 
N e p tu n e  B a n k  c e n tra l s ta tio n , 45 1 , 456  
N e rn s t, W alth e r , 166 
N etw o rk  a n a ly z er , 376  
N ev a d a  C ity  p la n t, 271 
N ew castle  8c D istric t C o ., 447  
N ew castle  C o rp .,  447 
N ew castle  u p o n  T y n e  E le ctr ic  S u p p ly  Co. 

(N E S C O ), 24 9 , 29 0 , 357 , 358 , 448 ; an d  
ch arac te r is tics  o f  re g io n , 4 4 5 -4 6 ; an d  
th e  G rid , 4 5 8 - 5 9 ;  a n d  in d u s tria l p o w er 
lo a d , 455 ; o rg a n iz a t io n a l s tru c tu re  of, 
449; a n d  politics . 4 4 7 -4 8 ; te chnolo gica l 
style  o f, 404 , 407 

N ia g ara  Fa lls p o w er p ro jec t, 1 35 -3 9  
N ia g ara  Falls p o w er s ta tio n , 135, 13 7 -3 9 , 

2 6 4 -6 5
N ia g ara  H u d so n  Pow er C o rp ., 400  
N oble , S ir A n th o n y , 250  
N o rris , H e n ry , 154 
N o rth c o te , A . S.,  250  
N o rth  E as te rn  E lectr ic  S up p ly  Co. See 

N ew castle  u p o n  T y n e  E lectr ic  Su pp ly  
Co.

N o rth e r n  C e n tra l G as C o., 439  
N o rth  T e e s  p o w er s ta tio n , 444 , 457 
N o rth u m b e r la n d  C o u n ty  G as 8c Electr ic  

C o.. 4 40  
N. W . H a r r is  8c C o .. 274

O a k la n d  G as L ight 8c H ea t C o., 276 
O a k la n d  T ra n s it C o ., 274 
O b e rs p re e  po w er s ta tio n , 192 
O g d e n  G as Co. case, 206  
O h io  B rass C o., 268 , 375  
O h m ’s law, in  E dison 's  w ork . 3 4 -3 7  
O liv en , O skar , 3 1 7 -1 8  
O perator, 173
O perator a n d  Electrical W orld, 173

Pacific G as 8c E lectr ic  C o., 2 7 6 -8 0 . 379 
Pacific G as 8c E le ctr ic  In vestm en t C o., 277 
Pacific  L ight 8c P ow er Co.. 281

Page. A rc h iba ld , 354 , 3 5 5 -5 6 , 3 60-61  
Page, C h a rles  G ra f to n , 86 
P a n ta leon i, G u ido , 102 
P a n tc r, T . A ., te stim o ny  of, fo r G iant 

P ow er bill, 311 
P aralle l d is trib u t io n . See D is tribu tio n , p a r ­

allel
P a rd ee , Calv in , 435
Paris  In te rn a tio n a l E lectr ical Exhib it io n  

(1 881), 66 , 335 
Paro ch ia lism : o f  local a u th o ri tie s  in L on ­

d o n , 2 3 3 -3 4 , 2 4 8 -1 9 , 2 5 3 -5 4 : a n d  u til ­
ity g ro w th , 318 , 32 3 , 32 4 , 338 

Parson s, C h a rles , 319; as he ad  o f  C o m ­
m ittee  o n  Electr ical T ra d e s  a f te r  the  
W ar, 32 0 ; a n d  N ew castle  8c D istr ic t Co., 
447; a n d  steam  tu rb in e s , 2 1 1, 454 

P a rso ns C o., 232
P a rso ns C om m itte e . See C o m m itte e  on  

E lectr ical T r a d e s  a f te r  th e  W ar 
Passavant, D r. H e rm a n , 200 
Pa te n ts , 84, 9 1 -9 3 , 94 ; E dison , 32. 67, 68. 

71, 83 ; E dw ard s a n d  N orm an d y , 92; 
G a u la rd  a n d  G ibbs, 9 1 -9 2 ; H ase lw an- 
d e r . 118; Ja b lo ch k o rf , 92 ; T es la , 115 

P earl S tre e t c e n tra l s ta tion , 4 0 -4 5 , 81. See 
also E d ison , T h o m a s  Alva 

Peck, C h a rles  F., a n d  f in anc ia l backin g  foi 
N ikola  T es la . 115 

Peek. F. W .. J r . ,  38 0 -8 4  
P e lton , L es ter, 263 
Pe lton  C o.. 268
P e nnsylv ania  Electr ic  A ssocia tion, 298,

443
P e nnsylv ania  L ighting  C o., 439 , 440  
Pe nn sy lv a n ia -N e w  Je rse y  In te rc o n n ec tio n  

(PN J), 3 2 5 ,3 3 1 - 3 4 . 4 0 1 ,4 4 0  
P e nnsylv ania  Pow er 8c L ight Co. (PPScL), 

326 , 330 , 440; c o m p ared  w ith  RW E, 
4 2 8 -2 9 ; a n d  E lectr ic  B ond 8c S h a re  Co., 
401 ; a n d  ru ra l e lec tr if ica tion , 44 2 -4 3 ; 
te chno lo g ica l style  of. 404 . 407 

P e nn sylv ania  S tate  C ouncil o f  Farm  O r ­
gan iza tion s, 443 

P ennsylv ania  W ate r 8c Pow er Co.. 326  
P e n ro se. C ha rles , 3 0 8 -9 , 312 
P eople s G as L ight 8c C oke  C o.. 206 
P e rry . J o h n , 150 
P e te rson , W aldcm ar. 348 
P e tro le u m , as po w er-p lan t fuel, 278 
Pfalzw erk  AG . 3 3 6 -3 7  
Ph ilade lp h ia  Electric  Co., 299; a n d  Con- 

ow in go  p ro jec t, 3 2 5 -3 1 ; versus Cooke, 
3 0 0 -3 0 1 ; as PN J d isp a tc h er . 332. See 
also P en nsy lvan ia -N ew  Je rse y  In te rc o n ­
n e ction

P h ilade lp h ia  Electr ic  Pow er Co.. 326  
P h ilad e lp h ia  R apid  T ra n s it C o., 3 26 -2 8  
Physik alisch-T cchnische  Reichsansiali . 178 
P iesterilz , G erm an y , 2 8 8 -8 9  
P inchot, G iffo rd , 296. 301. 312. 464; an d  

C ono w ing o  p ro jec t. 328; an d  G iant 
Pow er. 2 9 7 -9 8 . 3 0 1 -5  

Pine G rove  p ow er s ta tion , 440 
Politics, an d  te chnolo gy . 31 8 -2 0 . 3 52 -53 , 

4 4 7 -4 8 . 461
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P o ly ph ase  c u r r e n t . See  P ow er, tra n s m is ­
sion of: S ystem s, p o ly p h a se  

Po pe , F ra n k lin  L., 104 
Pow er
— s ta tio n a ry : in B e rlin , 18 9 -9 2 ; in  C h i ­

cago . 223 , 224; in L o n d o n , 231 . See also 
In d u s tr ia l iz a tio n , a n d  e lec tr ifica tio n  

— tran sm issio n  o f: a l te r n a tin g -c u r re n t 
(s in g le -p h a se ). 9 3 - 9 4 , 95 , 2 4 3 -4 4 ; d i ­
re c t-c u r re n t, 83, 8 5 - 8 6 , 9 1 , 131; p o ly ­
ph a se , 1 29 -3 0 . 131, 1 33 -3 5  

P ow er c o m p an ie s : B ritish , 2 3 0 -3 1 , 248 , 
4 4 7 -4 8 . See also nam es o f  com panies 

Pow er S e c u rities  C o rp ..  323 , 4 0 2 -3  
P reece, W illiam , 54, 64 
P reussisch e  E le k lriz ita ts  A G  (P rcu ss en e -  

le k tra ) . 42 3 . 427 
P rinz , H .. 348
Pro fess ion a liza tion , 14 1 -4 2 . See also S oc ie ­

tie s, p ro fe ssio n a l 
Public  S erv ice C om m issio n  o f  P e nn sy lv a ­

n ia . 30 0 ; a n d  G ia n t Pow er. 30 2 . 303 
Public  Serv ice  C o. o f  N o r th e r n  Illinois. 

226
Public  Serv ice  C o rp . o f  Illin o is, 204 
Public  Serv ice  E lectr ic  Sc G as C o. o f  N ew  

Je rs e y . 326 , 330 . See also  P e n n sy lv a n ia -  
N ew  Je rs e y  I n te rc o n n e c tio n  

Public U tility  H o ld in g  C o m p a n y  A ct o f  
1935 (U .S .) . 393 . 401 

Puskas. T h e o d o r e ,  as E d iso n  re p r e s e n ta ­
tive, 4 8 - 5 0

Q u a rry  S tre e t s ta tio n , 2 1 2 , 214

Railw ays, e le c tr ifica tio n  of, 34 1 , 4 4 6 -4 7 .
See also T r a n s i t  syste m s 

R a th e n a u , Em il . 2 00 ; a n d  E d ison  sy stem . 
67 , 70; a n d  th e  m a rk e t, 179; a t Paris  
e x h ib itio n , 51 . 66 

R a th e n a u . W alth e r , 1 7 9 -8 0  
R atio na liz a tio n  IR a lio na lis ieru ng), 32 4 ; 

th r o u g h  in te rc o n n e c tio n  (V erbund be ­

trieb). 4 18 ; A r t h u r  K o ep c h en 's  view s o n , 
4 18 . 4 19 ; o f  reg io n a l syste m s, 3 6 8 -6 9 ; 
by H u g o  S lin n es , 4 1 1 

R eg io na l syste m s. See  System s, reg io n a l;
T u r b in e ,  s team  

Re ich (G e rm a n ), a n d  n a tio n a l g r id , 3 1 3 -  
15. 319  

R eisholz  c e n tra l s ta tio n , 408  
R eliab ility , o f  e lec tr ic  sy ste m , 37 0  
R e se arch  a n d  d e v e lo p m e n t, 1 9 -2 0 ; by e n ­

g in e e r in g  p ro fe sso rs , 1 5 6 -6 0 ; by m a n u ­
fa c tu re rs ' e n g in e e rs , 1 6 2 -6 4 . 5 «  also 
R e se arch  la b o ra to ry , in v e n tio n  a n d  d e ­
v e lo p m e n t in 

R ese arch  C e n te r  fo r  H ig h  V o ltag e  A p p a ­
r a tu s . 379  

R e se arch  la b o ra to ry : E d ison 's , 2 3 -2 5 ; 
G e n e ra l E le ctr ic 's , 1 6 4 -7 1 ; h ig h -vo lta g e  
e x p e r im e n ta t io n  in , 3 7 7 -8 0 ; in v e n tio n  
a n d  d e v e lo p m e n t in , 160; S iem e n s & 
H alske 's , 172; W illiam  S tan le y 's , 103 

R e u le au x , F ra n z , 143 
R e v ere  S u b u rb a n  G as Sc E le ctr ic  C o .. 292

R ev erse  sa lie n ts , 14, 2 2 , 7 9 - 8 0 , 83 , 8 5 -8 6 , 
9 0 - 9 1 , 109, 3 7 1 -7 2 , 4 62 . See also C r iti ­
cal p rob lem (s)

R h e in isc h -W e sila lisc h cs E le k triz iia isw c rk  
A G  (R W E), 2 88 , 314; c h arac te r is t ics  o f, 
4 0 8 - 9 ;  c o m p a re d  w ith PP& L. 4 2 8 -2 9 ; 
in c o m p e ti tio n  w ith  P re u sse n e lc k tra  a n d  
E W A G . 4 2 3 - 2 8 ;  e x p a n s io n  o f, 4 2 4 -2 6 ; 
f in a n c in g  o f, 4 28 ; in te rc o n n e c ts  w ith 
B a y ern w erk , 4 26 ; ra tio n a liz a tio n  of,
4 1 8 - 1 9 ;  a n d  R o d d e r g ru b e  a g re e m e n t, 
4 1 4 - 1 5 ;  te ch n o lo g ica l style  o f. 4 04 , 407 ; 
22 0 ,0 0 0 -v o lt tra n s m iss io n  line  o f, 4 2 0 -  
21 , 4 2 4 -2 7  

Rice . E dw in  W ., a n d  G E  R e se arch  L ab o ­
r a to ry . 165, 166 

R ic h a rd so n . G . B.. 250  
R ic h a rd so n , J o h n  W ig h am . 44 8 , 451 
R o b e rts . E. P.. 146
R o d d e r g ru b e  A G . 4 13 ; a n d  R W E a g re e ­

m e n t, 4 1 4 - 1 5  
R ooseve lt, T h e o d o r e ,  301 
R o tary  c o n v e r te rs , as syste m  c o u p lers ,

121. 2 0 8 - 9 . 345 
R iih m k o rff .  H e in ric h  D aniel, 86 
R u h r  re g io n . G e rm a n y . 409  
R u m m e lsb u rg  p o w e r s ta tio n , 197 
R ura l e lec tr ific a tio n . See  E le c tr if ic a tion , 

ru ra l
R u ra l E le c tr if ic a tio n  A d m in is tra tio n  

(U .S .). 30 8 , 443  
R yan , H a r r is  J . ,  146 , 148, 1 5 3 -5 4 , 379, 

38 4 ; a n d  h ig h -v o lta g e  p h e n o m e n a , 
1 5 9 -6 0 ; p u b lic a t io n s  o f , 158

S a c ra m e n to  E le ctr ic  G as & R ailw ay Co.. 
276

S a c ra m e n to  P o w e r & L ight C o .. 270  
St. J a m e s  & Pall M all C o ., 235 
St. M a ry leb o n e  c e n tra l s ta tio n , 235 
S a le m  E lectric  L ig h tin g  C o ., 292 
S an  F ra nc isco  G as & E lectric  C o., 276  
S a rd in ia  S tre e t c e n tra l s ta tio n , 235 
S a rg e n t. F ra n k , 2 0 9 , 211 
S c h if fb a u e rd a m m  c e n tra l s ta tio n , 186 
S c h m id t , A lb e rt, 139; as a ssis ta n t to  N i­

kola  T e s la . 120 
S c ien ce , e lec tr ica l e n g in e e rin g  as. 142—43.

1 5 6 -5 7 . See  also E le ctrical e n g in e e rin g  
Sc ien tific  m e th o d : F. W . Peek , J r . 's ,  S S I -  

8 4 ; H a r r is  J .  R y an 's , 1 5 8 -6 0  
S co tt, C h a r le s  F„  120, 139, 1 5 8 -5 9 , 1 61 - 

6 3 . 173 
S h a llc n b e rg e r , O liv e r  B ., 139 
S haw . P h ilip  B.. 4 3 1 -3 2  
S h e ffie ld  C o rp ..  444  
S h o re d itc h  c e n tra l s ta tio n , 237 
S ibley C o llege  o f  M ech an ica l E n g in e e rin g  

a n d  th e  M ech an ica l A rts , 1 52 -53 . See 
also C o rn e ll U niv ersity  

S iem e ns, W e rn e r  vo n , 177; a t P aris  e x h i ­
b ition , 66 ; a n d  te chn ic a l e d u c a tio n , 
14 4 -4 5

S iem e n s, W ilh elm  von , 166; a n d  th re e -  
w ire  d is tr ib u t io n , 84 

S iem e n s & H alsk e  C o ., 66 , 177; a g re e ­

m e n t o f , w ith  G e rm a n  E d ison , 68 ; la b o ­
ra to ry  re se a rc h  o f, 166, 172, 379 ; p a t ­
e n t a g re e m e n t o f , 126, 1 6 8 -6 9 ; S iem e n s 
(U .K .). 232  

S iem e n s-R h e in -E lb e-S c h u ck e rt U n io n , 420  
S iem e n s-S c h u ck e rt C o ., 179; a n d  RW E 

c o n tra c t ,  421 
S ie r ra  & S an  F ra n cisco  C o ., 281 
S in g le -p h a se  c u r r e n t . See  A lte rn a tin g  c u r ­

r e n t; P ow e r, tran sm iss io n  o f; System s, 
a lte r n a t in g - c u r r e n t  

S ir C o u tts  L ind say  a n d  C o ., 97 ; a n d  G au- 
la rd  a n d  G ib b s, 92 , 98  

S laby, A do lf , 145, 149 
S lo an , R. P., 4 4 9  
Sne ll, J o h n .  3 5 5 -5 7  
Soc ia lization  Law  (G e rm an y ), 313 
Socia l n e tw o rk , M erz  fam ily  as, 455  
So c ić te  e lc c tr iq u e  E d iso n , 67  
Soc ie ties, p ro fe ss io n a l, 1 7 2 -7 4 , 177 
Soc ie ty  o f  T e le g r a p h  E n g in e e rs  (U .K .) ,

174
S o n n e m a n n . L eo p o ld , 131 
S o u th e r n  C a lifo rn ia  E d ison  C o ., 28 1 , 311, 

379
S p a n d a u e rs tra s s e  c e n tra l s ta tio n , 77 
S p e n c e r , H u g h . 376  
S p e r ry . E lm e r, 163
S p ra g u e , F ra n k  J . :  a n d  critic ism  o f  E d i ­

so n , 27 ; a n d  d .c . m o to rs , 82 ; a t Paris  
e x h ib itio n . 51; at S u n b u ry  p ro jec t, 432: 
a n d  th re e -w ire  syste m , 84  

S ia d iisc h e  E le k triz iia ts -W crk e  (S tE W ). 72, 
183. 2 00 ; a n d  E d iso n . 7 3 -7 5  

S ta n d a rd  E le ctr ic  C o ., 276  
S ta n d a rd iz a tio n . See  F re q u e n c y , e ffo rts  to  

s ta n d a rd iz e  
S ta n fo rd  U n iv e rsity , 37 9  
S tan le y , W illiam , 2 71 ; a n d  G a u la rd  a n d  

G ib bs tr a n s fo r m e r , 9 8 -1 0 0 ;  a n d  G re a t 
B a r r in g to n , M ass.. la b o ra to ry . 103—4; a t 
Sw an E le ctr ic  C o ., 100; at W es tin g h o u se  
C o., 101

S tan le y  E le ctr ic  M a n u fa c tu rin g  C o ., 120, 
2 68 , 271

Statistics: S a m u e l In su ll's  u se  o f, 2 2 5 -2 6 ;
C h a r le s  M c rz ’s u se  o f . 251 

S ic in m etz , C h a r le s , 1 6 3 -6 4 , 173; a n d  G E 
co n su ltin g  e n g in e e rin g  d e p a r tm e n t ,
171; a n d  F. W . P eck . J r . .  381 

S te p h a n , H e in ric h  vo n , 174 
Stillw ell. L ew is B.; 139 
S tim so n . H e n ry  L ., 301 
S lin n es . H u g o . 4 1 0 - 1 1 . 42 0 , 424 ; a n d  ra ­

t io n a liz a tio n , 41 5  
S to c k b ro k e rs , f in a n c in g  o f  u til itie s by, 57,

6 1 - 6 2 , 63 . 2 40 , 274 , 2 7 6 -7 7 . See also 
D re x e l, M o rg a n  a n d  C o .;  E le ctr ic  B on d  
& S h a re  C o .; H alsey  & C o.; S to n e  & 
W eb s te r  C o.

S lo n e . C h a r le s  A ., 3 8 6 -8 8 . 393
S to n e  & W eb s te r , Inc .. 390
S to n e  & W eb s te r  a n d  B lo dg e t, In c., 390
S to n e  & W eb s te r  C o .. 328 . 3 8 6 -9 0
S lo n e  & W eb s te r  E n g in e e r in g  C o rp .,  390
S to n e  & W eb ste r  M a n a g e m e n t A ssoc ., 390
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S to ra g e  b a tte ry , 85
S tre e tc a r, e lec tr ifica tio n  of. See  T ra n s it 

sy stem s, e lec tr ifica tion  o f  
S tre e t Railw ay Sc I llu m in a tin g  P ro p e rt ie s  

T ru s te e s . 387 
S tu d icn g e se llsc h aft f u r  H o ch s tsp a n n u n g - 

sa n lag e n  E.V . See  R ese arch  C e n te r  fo r 
H igh  V oltag e  A p p a ra tu s  

Style. See T e c h n o lo g ic a l style  
Su n b u ry , P en nsy lvan ia , 4 3 1 -3 3  
S u p e rp o w e r, 2 9 6 -9 7
Sw an, J o se p h : a n d  c arb o n -f ila m e n t lam p , 

2 1 -2 2 ; a n d  E diso n  p a te n ts , 71 ; a n d  
E lectr ic  L ig h tin g  Act o f  1882, 58 

Sw an, H u n te r , a n d  W ig liam  R ich a rd so n  Sc 
Co., 455 

Sw an E lectr ic  L ig h t C o .. 62 
Sw inb u rn e , Ja m e s , 233 
System s, 5 - 6 , 7 -1 7 , 368 ; a l te rn a tin g -c u r ­

r e n t (s in g le -p hase), 86, 87 . 8 8 -9 0 ; d i ­
r e c t-c u r re n t. 81, 2 3 4 -3 5 ; eco no m ic  a n d  
techn o log ica l, 2 8 -2 9 ; E dison 's  in ve n tio n  
a n d  d e v e lo p m e n t of, 1 8 -2 3 , 3 1 -3 7 ; e x ­
p a nsio n  o r  g ro w th  o f, 463 ; Sa m ue l I n ­
sult 's  co n ce p ts  o f, 204 , 2 1 6 -1 7 ; po ly ­
pha se . 113, 117, 120, 126, 140—41, ISO - 
51. 197, 451 ; reg io n a l. 3 5 2 -5 3 , 3 6 3 -6 5 , 
3 7 0 -7 1 , 4 5 3 -5 4 : socio techn ical, 465; 
tru s t a n d  c a rte l as, 4 1 9 -2 0 ; u n ive rsa l 
e lec tr ic  su p p ly . 12 2 -2 5 , 186, 208 , 212, 
2 14. 24 7 . 248 . 262 ; vertica l p ro d u c tio n  
a n d . 4 0 7 -8 , 419 , 420

T ay lo r, F re d eric k , 300  
T ec h n ic al e d u c a tio n . See  E d u ca tio n , te c h ­

n ical
Technische H ochschulen  (te ch n ical h ig h e r  

schools). See  E n g in e e rin g  schools  a n d  
colleges

T ech n o log ical style: o f  reg io n a l system s, 
3 5 2 -5 3 , 40 4 , 40 5 , 45 4 , 46 2 ; a n d  te c h n i ­
cal charac te r is tics , 4 0 8 -9 . See also A llge- 
m ein e  E lek trizitats -G csellsch aft; E dison . 
T h o m a s  A lva; F e r ra n ti,  Seb astian  Z iani 
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