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INTRODUCTION

This clinical psychological study of physical scientists follows a similar
study of biologists (8). Like the former it has been supported wholly by
a grant from the Division of Research Grants and Fellowships of the
National Institutes of Health, U. S. Public Health Service.

The broad problem under investigation is that of the relationships be-
tween personality and vocation. At the present time, the work is focussed
upon scientists in an attempt to learn whether there are any personality
or life history patterns which are particularly characteristic of certain groups
of scientists or of scientists in general.

Two main approaches have been used in the study. In the first, detailed
clinical studies have been made of men of high eminence in the field. These
have comprised interviews on life history, administration of the Rorschach,
the Thematic Apperception Test, and a Verbal-Spatial test, and some brief
discussion of the work of the subject. The second approach has been by
Group Rorschachs of members of six university faculties.

The rationale back of this plan is explained in the monograph on biolo
gists (8) and will not be discussed at length here. It may be stated, how-
ever, that the combination of projective tests, and tests of intellectual func-
tions with life histories recorded verbatim in a minimally structured inter-
view gives a very comprehensive clinical picture. The number of individuals
studied this way is necessarily small, not only because of the time d('\'nt.rd
to each one but also because they are widely dispersed geographically. I he
Group Rorschachs were collected in order to have some comparable data on
a larger group in the same vocation. :

It is obvious that the procedure in the individual studies is very time
consuming for the subjects and their generosity in takin;j'. part in such a
study as this is noteworthy. I cannot express my appreciation warmly or
strongly enough. Any psychologist who has tried to get to.gcth(’-r a n()n?ml
group at any level will particularly understand the difficulties .ot assembling
so superior a one. Its importance for psychological theory in general as

: ; X
well as for this study is very grea ANNE ROE
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1. SELECTION OF THE SAMPLE

Selection was a difficult job because of my lack of professional competence
in physics, and the fact that the representation of physical scientists in the
two major general national societies (the National Academy of Sciences
and the American Philosophical Society) is apparently less adequate than
the representation of biologists in these societies. The first difficulty was
largely overcome by the wholehearted cooperation of Dr. Paul Epstein of
the California Institute of Technology who spent a great deal of time con-
structing a preliminary list. This included the physicist members of the
two societies named and in addition a large number of fellows of the
American Physical Society. This original list was then pruned of men over
60 years of age, of those who were foreign born (an error was made in
one instance, but as the subject came to this country as a very small child
this was disregarded), and of those whose time was so taken up with ad
ministrative duties that they were not continuing research. (There are two
administrators in the final list—one had been so for many years, but con
tinued considerable research; the other had just changed over to full time
administration.) These are the same criteria that were used for the study
of biologists and their import is obvious.

The major concentration is in the field of physics proper, but there were
included also men working in astrophysics, geophysics, physical chemistry,
and theoretical engineering. ‘The list derived as explained above included
39 physicists, 7 astrophysicists, 6 geophysicists, 9 physical chemists, and 8
engineers. Three of these were later dropped since it was learned that they
were primarily administrators at the time, and four others were added at
the suggestion of the men who were doing the rating. Several of those
finally selected as subjects were later found to belong in other categories;
this accounts for some imbalance in the final selection.

This list was then submitted to seven raters, selected to cover all :..t the
fielss. These were Dr. Paul Epstein, Dr. Hugh Dryden, Dr. George
Kistiakowsky, Dr. W. V. Houston, Dr. Walter S. Adams, Dr. 'B‘rn“
Gutenberg, and a nuclear physicist who prefers not to be named. They
were asked to rate only the men whose work they knew well enough to

. sC ing order of excellence. A
evaluate, and to rate them as 1, 2, or 3 in descending

: . : h1iD 2% T inal selection was
few used intermediate ratings also, as 1-2 or 2 3. The f ] s B
- » 7 f ¢ was

made on the basis of these ratings. One man was lm.ludcd'“lm.\(- ;\ or
. *'rs wWere

known to only two raters (and rated as 1 by both) ; all of the other

rated by at least three men. It was planned not to include any men in the
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selection who received any rating of 3, but this would have eliminated too
many men (because of the number of refusals) and three such men ar
included. In each instance there are at least three ratings for each
(including at least one rating of 1) and the rating of 3 was given to each
by the same rater, who was throughout very much more critical than any
of the other raters. In all, 30 men were finally selected.

There are very interesting differences between the responses of the physicil
scientists and of the biologists to the letters which were sent out. The
text was essentially the same. In the case of the biologists, there were only
three refusals (two of which were thoroughly justified by special circun-
stances) although occasionally a second letter was necessary. With the
physicists there were five who did not respond to either of two letters (three
of them were later reached by phone or in person and readily agreed to
take part); two refused on the plea of inadequate time and four wrote
simply that they preferred not to be included. Similar difficulties
were encountered in the group studies. Two of the studies of thost
who were seen are very incomplete, all test data being lacking. The tests
secured from another subject have not been included because of special cir-
cumstances. The refusals, however, are not concentrated in those who
received the highest ratings but are somewhat concentrated in theoretical
physics. This does not materially affect the sampling. All of the men
on the original list are at such a high level that differences among them
are not very great. It had been hoped that there would be at least two from
’each of the more specialized groups but this did not work out. They art
not separately designated. It should be pointed out in comparing the number
e fr e o s, e e
heavier pressure both inn:lcl i le iy T'he ol gy

Apart from the matter ufr rcgubar T wik ; S
between the biologists & d° hn'ufn. ers-of rc.fusals. there are other dnﬁ’erc.n;ﬂ
gists took the prv:cautio:;l fp ):'CIStS SR Supeot t i g
some way, although this ':a asking colleagues about me or checking up I
common among the physicistss aPl:iar.ently no.t common. It was much mef
comtilets: " 4 4 i » and In some instances the checking \‘avas quite

s i1s obviously a reasonable rocedure and one which I am
glad to have them follow si ¢ ¥ S il . 2
alob Tndicativeop ueitlls diﬁe:ce it .makes for. easier interviewing, but it B

An additional difference ise?ces ;l,n e e LR e
alvikes bl i o twom. the .fact that with the blOlongtS. it wa}:
°be preferied. Mid e Interviews .and .often three, which is muF

) ugh the elapsed time is no greater. Here, agaily
]
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the reality situation is a factor; it commonly happened with the physicists
that only one interview could be obtained, although when this was the case
it was usual to have a whole afternoon cleared for the purpose. In such in-
stances there was generally not time to do the verbal spatial test, and then
this was left with the subject. Of four tests left, two were not returned.







II. DESCRIPTION OF THE GROUP

The final group includes 9 theoretical physicists, 9 experimental physi-
cists, and 4 physical chemists of whom 3 are theoretical and one experimental.
Hence there are 12 who are classed as theorists and 10 classed as experimen-
talists. When there was any question as to classification 1 accepted the
subject’s statement.

Average age of the group is 44.7+1.4. The range is 31 to 56 years.
The theorists average 44.0 years and the experimentalists 45.7. Although
selective criteria were similar, this group is younger than the biologists who
averaged 51.2#1.4 years, and this difference is significant at .001 P.

This reflects the well-known fact that physical scientists achieve emi-
nence at an earlier age than than do biological scientists, and this in turn,
reflects certain differences in the two fields of study.’

A. FamiLy BACKGROUNDS

Some familial data were gathered for each man, enough to give an
idea of the general social background of the family.

Birthplace by states is as follows: California, 4; Indiana, 2; New York,
2; Washington, 2; and 1 each in Connecticut, Kansas, Louisiana, Massa-
chusetts, Minnesota, Oklahoma, Oregon, South Carolina, South Dakota,
Texas, and Utah. Over half of them come from west of the Mississippi,
in contrast to the biologists, only four of whom came from that part of' t‘hc
country. This may be in part due to the rather slight age diﬁcrcncc.. 'lhc
period was one of rapid movement in the country, and this group is j}lst
enough younger that there had been considerable change in the population
distribution and in the educational facilities available. . :

Occupations of the fathers of the subjects are given in ‘I :\hlc' % l.t is
striking that 73 per cent of the fathers (84 per cent of fathers n't theorists ;
50 per cent of fathers of experimentalists) were in the professional class.
This is even higher than in the case of the biologists, of whose fathers 45
Of the two business men, one was a de-
ad studied law but owned his own
Most of the mothers also

per cent were professional men.
signer and manufacturer, the other h
small business and had never practiced law.

i Tw s had
came from families in which the men were 1n professions. I'wo mothers |

*As one physicist put it: “I think it's true that scientists .rcncI:l c;jn;lmzlé:x;( c‘aurll(chc.
more or less in the ratio of the relat'ive importance'ofalr:'l::ue! ;ld” s el e
experimental work. In pure mathematics you can lTa\e iments i 4w
a great man. In biology you essentially have to make exper S 3
late about what an animal is doing an

d this is hard and takes a long time.”
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taught and one was a concert pianist; one had taught art and another was
a graduate in music. The educational level of both parents is very much
above the mean for the country at large.

TABLE 1
OCCUPATIONS OF FATHERS

Number of fathers in occupation
Occupation Theorists Experimentalists Total

Research Scientist
College Teacher
Teacher, Primary or Secondary
Engineer
Physician
Minister

Lawyer
Optometrist
Pharmacist
Salesman
Businessman
Farmer

OCNO I~ m-OWO WD
DD e e et b e B L DD L e

FOMODOCOONOND =

% professional 84% 50% 73%

In contrast to the biologists, only two of this group lost a parent by
death under the age of 10 and the parents of only one were divorced.
Number of children in the parental family and position in the family

(birth order) of these subjects are of some interest. The data are given
in Table 2.

) TABLE 2
Numser oF CHILDREN IN PARENTAL FAMILY AND BIRTH ORDER OF SUBJECTS
No. of children Number of Position Number of
including subject subjects in family subjects
1 5 1 16
2 4 2 3
3 4 : 3 0
E 2 4 0
5 4 5 1
6 0 6 0
7 3 7 2

Concentration of the men among the first born is very striking. Only
five of these 16 were only children. It is also interesting that of the three
th'. came from families of seven children, two were the youngest in the
f.amxly. It should be noted that two of these subjects have stepsibs or half-
sibs who are not included in the table.

Among the sibs of this group, most are themselves in professions, although

some are in business. There are no unskilled or skilled workmen among
them so far as my records go.
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B. MaAriTaL StAaTUS

All of these men are married. Only one has been divorced, and one has
remarried after the death of his first wife. Age at marriage and number of
children for each subject are given in Table 3. Average age of marriage
is 27.0. This is like the biologists—both are rather late. In part this is
connected with the long educational histories. Some of these men are
young enough that it is not unlikely there will be more children born to
them in the future. I have only inferential data on marital adjustment in
the group. I would judge it to be, on the whole, very good. Like the
biologists, this is socially a very stable group.

TABLE 3
AGE AT MARRIAGE AND NUMBER OF CHILDREN

Age at marriage No. of subjects No. of children No. of subjects

34
33
32
31
30

29
28
27
26
25
24
23
22
21
20
19

(= R

Sons 19
Daughters 25

Pt D bt DD bk B e e B e e O e NN

Average 27.0

Of the 44 children of the physicists, 19 are sons and 25 are daup,'htcrs.
This presents an interesting contrast with the biologists, whose 44 children
include 30 sons and 14 daughters. X? is 5.56, P between .02 and'.Ol. I
have no interpretations to offer!) It also contrasts with Terman’s (13)

gifted group whose offspring had a high sex ratio.

C. CorLLiEGE AND GRADUATE Scrfom. HI1STORIES
their training are

Ages at which these men completed various stages In

iven i i Master’s degrees. _
e e e s a:re, for B.A. or B.S., theorists 20.5,

d Ph.D. or Sc.D., theorists 2344 ;
the somewhat younger age at

Average ages for receiving degree
experimentalists, 21.4, both 20.9; for earne
experimentalists 25.8, both 24.6. In part,
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TABLE 4
AGe AT RECEIVING COLLEGE DEGREES
Age at receiving B.A. or B.S. Earned Sec.D. or Ph.D.
degree I'heor. Exper. Total Theor. Exper. Total
30 1 1
29 1 1
28
27 1 1
26 2 1 3
25 2 B 6
24 1 1 2 2
23 1 1 2 3 2 5
22 2 2 N 2 2
21 3 3 6 1 1
20 3 3 6
19 2 2
18 1
N 12 10 22 12 % 2
\verage 20.5 21.4 20.9 23.7 25.8 246

which the theorists finished reflects an economic difference in the parental
families. It will be remembered that more of the fathers of the theorists
were professional men, and as a result fewer of them had to work their
way through college, or were severely hampered by lack of funds. They do
not differ from the biologists in this respect.
; There is little concentration in particular universities for doctoral work
in this group. Only four universities gave degrees to more than one of
the ‘men in‘ ’tljis group. These were Chicago University, 4; California
:{lr;:-it:]r:“,“;. Iechnology, 4; University of California, 3, and Princeton
'.\Iust of these men needed assistance in going through college; some
of them had a very difficult time indeed financially. By the time they were
m.gmd“‘"" school, however, those who needed ﬁn':mcinl. help all had fellow-
s\l_np.\ Many of them also had post-doctoral fellowships: nine have bad
] u-tmnnl Rc»c:}rch Council fellowships, and two have had International Edv
catior Board fellowships in addition to others. ‘



III. EARLY HISTORY RELEVANT TO OCCUPATIONAL
CHOICE

In the life histories which follow, considerable differences in amount of

detail are noticeable. Except for some editing, and a few changes made
by the subjects when the personal material was submitted for their approval
the stories are essentially as they were told to me, and recorded almost ver
batim. Presentation of them in this form gives a good deal of the “feel” of
the personality not so easily conveyed in any other way. I did very little
guiding of the interview after a preliminary statement of topics to be cov
ered, asking questions only when it appeared that relevant data were being
omitted, or to clarify some point (these questions are recorded in parenth
so that the histories mainly include the things that the men themselve

eses

remember as of importance.
The clinical value of such life histories, particularly where the record
ing is verbatim, as here, has been adequately established by Allport (1
The pitfalls he mentions are largely absent in this material, except that of
unconscious distortion. Here, however, some of the projective material
provides a check, as on family relations. Furthermore, in an interview as
little structured as this, the sequence of statements which has been pre
served in the record is in itself something of a check, and the phraseology
often provides useful clues to possible distortions. What is given here is what
seems now to the men to be of importance, and this has its own significance.
The theoretical and experimental groups are presented se

histories are not given in the order of presentation of other data, and the
test material have been

parately, but the

code numbers and letters assigned to each man for the

omitted, since it is clear that some of the subjects can be identified by their

close friends from these stories. The order of presentation of the life his

tories is roughly in accord with the lateness of the vocational choice. This

bears no relation to the assignment of code numbers.

A. THE THEORISTS

1. Biographical
i few salie facts were elicited.

1. This interview was very brief but a few salncfn vtacb were elicitec
deleted at the subject's request. He
“I made up my mind that if

A ; is
Some of the material was later

the son and grandson of mathematicians. - ;
as a college professor, so here

thCI’C was thi 1 wasn’t r()ing to be it w ¥
S g 5 ake a living and

I am!” When pressed a bit, he said that he had to m o s
ake 4 o at SICS
that was all he knew, and after he found he could make a living at ph
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it would have been silly to change. He has never seriously considered
doing anything else, although he had thought at times that he might have
liked to be a lawyer but he supposed they had to spend a lot of time o
very dull stuff. He had also thought of being a geologist but drawing
pictures and graphic solutions didn’t appeal to him.

2. His father was a college professor and his mother interested in art
so that his background was a very specialized one intellectually. He says
of high school:

I liked school. I enjoyed nearly all subjects. They had a scientific
course and another course, and I took the scientificc. The reason was
that there existed a scholarship fund for the nearest technical school
covering tuition and train fare. That was why they had a scientific
course at the high school.

I suppose it was taken for granted I would go to college but this
scholarship was available and it always appeared the family had no
money, so no one would ever think of doing anything that would be ex-
pensive. I felt then and certainly felt afterwards that I didn’t exer-
cise the proper initiative with respect to trying to accomplish things
that were not scheduled, and this has led to a conflict which remains.
'l was very much interested in scientific ideas and I was also very
interested in other things. I remember once thinking of philosophy as
 career and looked at books on the subject but saw that they all dis-
ng'rccfi, and I gave up the idea; I suppose that was a sign of the
scientific attitude. But I had also a great congeniality with the aesthetic.
It was not so much an interest in music but in visual, two-dimensional
things, and a great love of color,

4 I had no early interests in gadgets. That was partly mother's
influence. She was always talking about truth, beauty, and justice,
and at that time I thought that mechanical gadgets weren’t beautiful.
Father was interested in carpentry and gardening but I didn’t take to
that. Before breakfast I used to go out on a bicycle, sometimes I
“'°“"" get up before the sun rose, maybe at 4:00 on a May or June
morning and ride 20 miles or so before school. I would go out and
’";l‘hf _b"d‘! get up and the sun rise. I would go out and greet the dawn
::’itic‘zozr"cr:g!it'e  very poetic manner. I never did anything in a
Paseive sido'of & ‘h:"Y ' aKy of thea? ﬁclds.of art but I had the

At St b i:; g ':ice:tlv;:y, a Poetic reaction towards nature.
tron and previous to thmgl'd“:bool L W e e S
very considerable emotionel cen taken to church regularly and had
i ¥ ‘ reactions to it, the singing particularly,

Was never satisfied with ¢ ; 11 ’ i s
intellectually. I'm sure it wa

religious matters. Father didn’t say
I read someone’s book about the electron
nspiration that maybe God was in the elec-

anything or mother much.
and I had for a moment an j
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tron, but this didn’t last. Also about that time I gave a graduation essay
as second in the class, on “The Electron, What It Is and What it Does.”
Of course the first in the class was a girl. She just worked hard, 1
suppose, and I didn’t work quite so hard; up to that time my studies
were quite easy.

I read a great deal for two or three years and after that I didn't
read so much. One reason was that I never learned to read fast enough.
I was just learning about life at that period but it was a relatively
short one. Some of it on my part was a result of lack of social
contacts.

At college he took the general technical course, but some of the studies,
such as projective geometry, didn’t go so well, although he had had no
difficulties in high school. One summer he did some extra work in chemical
engineering which he particularly enjoyed because of his great interest in
odors and colors. As a senior, in place of research he did a bibliographic
job. During the war he worked in a research lab in Washington with poison
gas. Although he worked out some theoretical ideas which would have
been valuable, he kept them to himself, because he wasn’t asked.

I had a foolish feeling that other people ought to find out if there
was something I could do. It didn’t seem seemly for me to tell them.
I think it should be a business of the professor to explore the poten-
tialities but I think also that the chairman of a department should try
to find out what people have done and are doing and try to help them.

“I don’t know how I acquired the idea of going on in school but it
just seemed the natural thing to do to acquire a Ph.D. At.hrst, how-
ever, he took an industrial research job for money and experience.

As I recall it, it seemed to me they were wasting their money on me,
but this was partly because of my general attitude that there was. no
use in anything. I was just dragging myself around, there remained
only a faint spark of interest in life which carried me through. Lack
of social adjustment was one thing in this rational development of a
scientific nature. It seemed to lead to the conclusion that there was.n(
much point in anything. In school there was a.great laclf of tr:?mi
ing in the art of living. The reason that I was mtc.rcsted .m physica
sciences rather than biology was that life was a minor thing.

Then I got a fellowship. I felt this was granted because ‘thcy 'kncv'v
my father and not because of my own merits,. but I took it any wad).
For a long time I generally allowed fate to decide; and I usuallly m:: ;
a habit of not doing what I really wanted to do. At first I starte
working in one field but then rebelled an
to more nearly what I wanted to do.
least resistance as usual, I got recommende

d shifted for my Ph.D. thesis
Then, following the path of
d as a National Research




family were very studious and all read a great deal.

Then he taught physics
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fellow, and continued in the same field. After a year or two the NRC
said they would renew the fellowship if I would do something differ-
ent. It was then I went to another university and shifted to physics.

He is still working in the same general field in which he started at that time.
His father was a professional man and very scholarly and the whole
They were also rather
poor, but every member of the large family went to college.

I don’t remember anything about my childhood, I am always sur-
prised at the things people remember because I don’t remember any-
thing. The closest thing to physics in the sense of a somewhat early
start that I recall is that the summer before I went to college I started
reading physics books. I took it in high school but remember nothing
of it. I think I was third or fourth in the class but I have no recol-
lection whatever about it. There were some college texts about the
house (apparently belonging to sibs) and for some crazy reason I
started to read those. I vaguely recall that I presumably liked math.
I got good grades in everything, I must have because I was high in
the class. But I don't remember, and I didn’t like or dislike anything
especially.

My older brother and I sold papers when we were in grade school.
We used to get up at 4 on Sundays. That was the best day. I don't
remember working in high school.

It was just taken for granted that we would all go to college.
That was part of the goal for my father. They would have felt dis-
graced if they hadn’t sent us. There were no particularly strong out-
side interests for any of the children which would have made a conflict.
Most are now in professions.

We moved to a town where there was a small local college and we
all went there. I started there and took physics. I haven't a ghost
of an ndc.n wh._v I took it to start with. But after two years I had a
;\(;:\1.1l_;'a:ltl:;r)l‘x:a:llt:;lelsitn in it and then I changed to .the. state univc‘zrsit,f'.

! s & to support me there but I insisted on doing it
e iy o T b e

at school) and the second year I had more support

flmm the university. 1 lived by myself and ate sardines and things like
that.

(When and why did you decide on
j}m the observation that the faculty
tinued and got my M.A. there.
remember just what jt was.
ing?) 1 didn’t think about it
little else than teaching
that time,

graduate school?) Perhaps it was
had advanced degrees so I con-
I had some kind of support, I don't
(Were you interested in research or teach-
. much probably, but there must have been
It my mind. I had no idea of research at

and chemistry for a year, and spent a summer
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studying. With the savings from this year’s teaching and a fellowship he

was able to spend two years at another institution.

His

For my M.A. I had done a minor experimental problem, the only
experimental job I have ever done. I presume for some little time,
without being able to put rhy finger on it, I had become aware of the
fact that my interest was more in theoretical physics with a parallel
interest in mathematics. Those go hand in hand. This stimulated my
interest in theoretical physics. I felt more at home and was better. I
went to Caltech because Epstein was the leading theoretical physicist
there. The rest followed from that. I took courses from the mathe-
maticians, too, of course, but I did my thesis there in theoretical physics

I think the idea of research is a gradual affair for most people
When you start the professor helps you out quite a lot and tells you
what to do and you develop confidence. Then there is the matter of
being conscious of the fact that most of your classmates are going into
research so why can’t you? I think at that time I wasn’t thinking at
all of industry. I think I was conscious of the fact that in such a
profession as physics you have to go into research, pure teaching
doesn’t count. You have to keep going, if you don’t do research you
fall behind. It isn't a serious crusade but there is satisfaction in
it. There is this other related thing—in graduate school you begin
to study the work of contemporaries, some of them your own professors
and people you know, and you see it draws respect so you follow. You
think, maybe I can do it, too.

My big plan was to get married so I grabbed the first
along. There was nothing fancy about that. And I have been here
ever since.

job that came

This subject spent much of his early life in a suburb of a large

father was a bridge engineer.

He was a very learned man, much more so than most ('ngincum. I
think he influenced me a great deal. At least he had a very high
respect for scientific accuracy and the sort of intellectual honesty that
scientists at least pretend to. ,

When I was a kid we had a fairly large gang and played in the
woods and skiied. Most of the kids were older than I; I had skipped
one grade so I got licked regularly in the gang fights.

I did comparatively little dabbling in chemistry as a ]
pictures a little m
with that. I

child. I didn’t

have a lab or chemistry sets. I developed .
than most boys, but did practically no experiments

H > - 11 r
had a Meccano set and this was a great joy, more pe rl\ap~ than lv‘h.!
Otherwise I had no particular hobby

it became quite a beautiful set
ver worked out of books. I found
Father did very

boys who had Meccano sets.
I did get extra parts for the set
before I was through with it. I ne ’
out by doing it. I probably did very little reading.




138

GENETIC PSYCHOLOGY MONOGRAPHS

litle playing with me. He made learned criticisms of the structural

design which I was a little scornful of sometimes, of the theory of

bridge construction at that level. Other boys had sets but I think I

was a specialist.

I did fairly well in school, in fact I did really very well, I was
first or second in the class all the time. One boy was better, usually.
I rather liked arithmetic and I wasn’t very fond of English. I did rela-
tively poorly in languages. After the first year of high school we moved
to the west, where I went for three years in high school.

I was very enthusiastic about woodsmanship as a boy; I should say
my favorite book was Ernest Seton Thompson's Tawo Litte Savages.
In California I was able to indulge this and even at the high school
age I used to go off with one of the other boys on trips of three or
four days with packs. Not real mountain climbing, though. We had
no tendency to pick the cliff trail. E.g., one year about the end of
high school we went off to Sequoia and a boy and I took a burro and
went for one and a half or two weeks into the park.

As far as I can remember my plans were influenced by having a
very good high school teacher who ran a rather good advanced course
in chemistry, It was obvious I wanted to be a scientist. I had taken
in high school an extra chcmistry course, so I got a job in a sugar mill
as a bench chemist in the summer. I made more money than I made for

years afterwards. That experience was a bit unpleasant. There were
some very pleasant boys who were chemists and I enjoyed their com-
pany, but the company I worked for cheated us thoroughly.

My father had retired and we were relatively well off, very modest
but there was no question but they would send me to college. When
! graduated from high school I had some slight prejudice against
Boing to college. I knew I would go even then but I wanted to be a man
:t)x:‘i:iconfl)‘t-hc;\hf:’irs tlhehizblas cher‘nist there weren'f jobs hanging on trees.
Wt evee with L. g )een”wnh .there was going to the college, so I
cause I was still bein :""0 g te“mg‘my Sihor. Perha‘ps e
against being bossed 81 ‘w mar'I. I had.a certain amount of resistance
wanted me very b ' e Sanstlons, of the fact that my pare{lts

) college and there was at least some point

th idn’
dn«'lthl didn’t wan w I was thinking about it and then not

It lw::da :Z:::?;:Ix“ Kﬂ:‘ing in and no difficulty staying with the class.
without a vacation froug class, entering in February and going through
stopped that system Or tWo years and there was a large mortality; they
make the grnd'c- l:lowever I always knew I could
chemistry, p 3 mical engineering as distinct from
While I was i he senior year.

team but pey Swimming. I tried the basket ball
ming team, I was elected captain of the swim-
fraternity une ant that I didn't get a bid to a

nior year and then got a bid to what

adly to Eo to
t them to kno

after that yvear.
There was no che;
or if so it was only in ¢
I went out for
€r got far with that.

It's probably signific
I the middle of my ju
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5. He was born in a small midwestern town, the son of a
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was probably the best. That’s probably more or less characteristic,
it was about that time I became rather popular.

By my senior year I was aware that what I wanted to do was
research and I think that I thought I would prefer to stay in university
work. I don’t think I’'m inclined to plan the future. After my gradua-
tion I got a teaching fellowship at the state university. The graduate
department was one in which it was assumed you would go into aca-
demic work if you could. The department was a unique one at that
time, there were practically no courses given. I did take at least two
classes in physics, one of which I failed consistently because it came at
8 o’clock, but this just didn’t count. We started research without the
idea that the research one started in the first year would become
a dissertation. We were encouraged to sort of play around in the lab

This was followed by a trip to Europe and later on he spent some
there studying.

(Research idea?) At college, and I suppose the transfer wasn't
very sudden. As an undergraduate I did a job of research; I was
mostly the laborer but I understood moderately well what I was doing
and I was very enthusiastic about it. I think I did it moderately well

(When did you decide to go to graduate school?) 1 guess during
my senior year at college, I'm not really sure at what stage I had
decided to. I think my mother had sometime said, “It wouldn’t be very
bad for you to be a college professor.” I didn’t worry much about it.

(Why your own line?) 1 think at the university I had already to
some extent picked my field. The work I finally did for my disserta-
tion I think was somewhat the outgrowth of a talk in which I played at
least some réle. It may have been the professor’s guiding hand that }.n-
let me think I suggested it. It was something that sort of grew up in
discussions. At the time I went to work with X I definitely mnkln
problem that he had suggested, although one I was quite interested in.
Then later the experimental work I did was pretty much an outgrowth of
that problem. I found that most of my research interests tended to
branch out two ways from anything I'd done before. Usually xhc.n- was
an obvious connection, sometimes by way of an CXIN‘rim('““‘]lka o
could put on a new problem. Sometimes a theoretical question which
had arisen from the old problem.

(Why did you go into theory?) The reason I tended to become a
theorist was that it was easier to work for a few hours on a theoreti-
cal problem and one could get somewhere in spite of “_’
ruptions of classes, etc. And because of personal influences also 1
tended to go into theoretical work. .

(Did you read much?) 1 wasn’t very hOOle.h. but at
stage I read an awful lot. The sort of thing of going all throug

and Ibsen and that.

e constant inter-

a certain
h Shaw
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mother died when he was five and he was cared for by older sisters. He

attended small town schools.

I was an awfully bookish kid. Our family had more books than
most in that part of the world, but I never remember having any chil- .
dren’s books. I remember two or three books of nurseryrhymes, with
no illustrations, and Alice-in-Wonderland. And for a while I was a
subscriber to the American Boy. Classes in school were always small
and there would be one of my boy friends and I who were the bright
boys of the class. There might be two or three girls who weren't so
dumb but we didn’t pay much attention to them and then I was always
much discouraged by the fact that the teacher seemed to spend all her f
time on them (the dumb boys). We would be wildly shaking our hands
and she would never see us.

f ‘ I had a friend whose aunt ran the switchboard and they had some !
peculiar gadgets, one called a pole-changer. It was a very impressive
| looking object with a large vibrator on it. This had on it the “gold
| point” and we used to get hold of that and put some dry cells to it
; enough to make it flop back and forth satisfactorily and we could turn
it on and off. There wasn't too great a variety of things you could
do with it. My older brothers and sisters had school books including
high school physics. At this age I didn’t care much for that. I re-
member feeling I'd run out of stories and I got hold of an old Latin
book with some stories so I started to learn Latin so I could read

lllem.' This didn’t go far because I skipped the declensions, not L
! knowing what they were, so my sister explained and I went a little =
further but never really learned to read the stories in the back.
Later in high school I read theological material through scarcity of
(;lhc;"rcadmg.. Father’s health broke down badly so it was necessary
or him to retire and we moved back to mother’s old town but none of !
:::):(“':‘ilt);l ‘:':;:stft::dany r:ore. In that school (8th grade) I made my v
VSIS Vgl tghm es, and was then ?laced at the head of the
,‘ ) St o i that g_radl_lated from high school. I was at the
: least four boys who were k 3"“:".00 TIER hetel phas SRR MRS
| Wi 0 ul; tt;l oing about the sort of standards of work
Wt Werh Sy’ witic w”eo u‘itc rCStb of the class I can’t remember that
| B o W antts lively ‘lm: so ;: as the ones before. 5
' part in athletics (so didn‘tg t g D S ‘and pet
| B My i s Study as muc'h). I was very skinny flnd
‘ o e Sl nterested always in learning anything possible
| an old encyclopcdiaouragcd us to use what books were around. He had
| my attention. We 'a;l:ta“?hg‘::d» but Onl).' ccrtair! Sfections of it achieved ;

1 tradition in that ); ad an unabridged dictionary. And the old >

, | part of the country was that though education was A

|

scarce it w . By

not h:vlin“::: ‘;r} S vausd. Anyway there was this tradition of

| ing a xrczat ‘;’c 1 Ay .o.f what the higher kinds were about but hav-
eal of ambition for what was available. At that time I
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read heavily in math and physics. It was well begun by the time I was
in high school. I hadn’t decided to be one (a physicist), I only hoped
to get a good education. When I was a sophomore in high school I
found out there was a Ph.D. and I resolved to have one before I was 35.
Late in the 8th grade I got acquainted with a kid no stronger than I
and he asked'me to come see some of his things and I went over and he
had a collection of old dry cells, and Ford coils, etc., and he showed
me how to make sparks and all. We had electric lights and the switch-
board there used electrical current but it would fail off and on and
they had to fall back on dry cells and they got heavy use so they dis-
carded a lot that were still good. We'd get all types and so I soon had
a bunch and was doing various things and I learned about the Car-
tesian diver. I took general science as a freshman and the teacher,
who was one of the people with a similar attitude toward learning, did
his best by us and he knew more physics than anything else. So by the
time I was along in high school I knew I was very interested. I got
hold of my brothers’ and sisters’ algebra books and studied some of the
things in them, mostly like logarithms. Then I got hold of a calculus
text and learned quite a little.

My sister’s help and a scholarship provided me my college training.
If 1 had been a very active robust type I could have worked as a
thrasher, that's about all the work there was. I suffered a good deal
mentally about this situation. I tried various things but got nowhere.

I went there with the ambition to major in chemistry because there
had been a campaign to make people want to be chemists. Some outfit
sent Slosson, Pasteur (books) etc., around to all the high schools; there
was no chemistry in high school; the high school wasn’t a good one,
they gave only two years of Latin. I took part in an essay contest
on the wonders in chemistry and I got second prize in the state, §5 in
gold. 1 read the catalogue and it said you had to have high ‘('h““"
chemistry to take the real course, otherwise you had to go into an infcr.mr
course. I didn’t know much about it and I didn’t abuse anyone’s time
and strength by locating anyone to ask questions about it. So I ai}l"f“‘
up for math, and then in my sophomore year I signed up for physics
instead, having met some boys in it. Then a new physics professor
took over, a Ph.D. from Illinois a number of years be.forc, and Fw
did various things for me, some good and some bad. His personality
convinced me I wanted to major in physics instead of math. l'hn.d
taken the dumb course in chemistry and nothing 1 experienced in it
made me regret it. My college was probably better than a "uml,’"
of small colleges but it didn’t provide the kind of training that an active
student can pick up around a university, but I've always wondered
if T would have been tough enough at that period to profit hy_a lug
university, I wasn’t a strong type, either physically or cmononall_\f
probably. The professor admitted he might ﬂ"‘.““d“smnd mome..
the things too and that we should understand that it was very h:"dd but
I don’t think that my inellectual development Was pushed as hard as
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it might have been. But I did a rather remarkable thing. There was 2
$100 prize for the person making the absolute top grade every year.
My record for the four years was the best in the class, but not for any
one year and I never got the prize.

You see I spent the full length of time all through my school years. |
never took to suggestions of promotion. I'd overheard conversation
about the unwisdom of pushing children. I was a good student generally.
I think I have changed in some ways. I used to handle things much
more by geometrical analogy; in recent years I have pretty much quit
thinking of new points that can be handled that way. I frequently re-
proach myself for not having reflected more before beginning to scribble.
On the other hand one of the things I had to learn was that you go ahead
and do something rather than waiting in baflement for an idea. In my
carliest education doing a lot in one’s head was regarded as the thing.
Now this is replaced with operations.

(Why did you choose your branch of physics?) That developed more
or less as a matter of circumstances. The situation was that I lapped
everything up as I came to it to the limit of my ability. It was pretty thin
stuff through high school and not the most nourishing through college.
When I went to graduate school the first year was spent in a not too
rewarding way but it wasn't wasted.

I decided to write a master’s thesis although it wasn’t required and

had a most interesting time with an experimental problem. But my
teacher was a theorist at heart and I eventually finished up doing a

» . . - 1
Ph.D. thesis on a theoretical subject. He assured me I could do experi-
mental work but I never have.

It was of course
transition from cl
been able to do it

a great wrench for many people to live down the
assic to quantum theory. I'm just young enough to have
I had quantum mhllt ‘" T enou‘gh to have done it without difficulty.
echanics in my third year of four years of graduate
\\'urk: and the attitude of the whole class was one of outraged incredulity
and lndi'g\lmli()n. The older teacher had had a phobia against quantum
lhcnr_?'. T'he new man taught quantum theory, but not very well. There
:;,::.'_”;: :;.c:ar;;;l':;uod.:ulppl)’ of c.lementary books and we had an awful
to get it and. 1 d::::t: thi ‘:as doing post-doctoral research that I began
years ago. Now in s ink I became comfortable in it until about three
is still done by th bpftc of the fact that a good deal of the teaching
€ by those who haven’t grown up naturally in it we have a

s is the way things are.
to enter the field of the ":iubc a', teache.r bl'.lt t!le idea of actually tr,\'i.ng
ntry’s leading institutions didn’t play a role
one summer ga¢ I\;ii::\’is.a g atmosl’he‘:e was not intellect.ual. I
tical physicists and whg " and that trip was my first view of
working, They had a s ‘;' they seemed to act like when they :{rt
a different atmosp, Particularly good crew that year. This was quite

Phere from that a¢ my university.

Then I S
got an NR(C fC”OWShlp and went to work with X.  I’d'never

in my thinking in those
spent
theore
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been extended and he was calculated to extend anybody. It was the
first time I had encountered a professor who obviously had a colossal
amount more than I either had or had any prospect of having. It was a
staggering experience. I was at sea and very low but after a few months
it dawned on me the others didn’t understand it either and by the time
I had finished my second year he regarded me as a most valuable
person because I would ask questions. But still he almost flattened
me for my temerity.

At this time there was a great deal of pressure to get a job, and
it was all very depressing. I had two years on the fellowship. I was
abominably ignorant. This wasn’t assuaged in the two years. I had a
genuine deficit. Very interesting things were happening, the neutron,
positron, etc. I only published one brief note at the end of the first
year.

His second year, however, he produced a mathematical paper which made
him a marked man and he was then offered an instructorship at the uni-
versity where he still is.

6. His father was a professor of physics and mathematics at a state
university, although he later left to go into industry for financial reasons.
There was a good deal of dissension in the family and his parents were
divorced when he was a sophomore, which was a great relief to him.

I think it’s a series of coincidences to a large extent. As a young-
ster I became interested in airplanes at the time Lindbergh flew the
ocean. That impressed me and I started making airplanes and won
contests. I and a group of friends pretty well monopolized the business
there in town and of course success is always attractive. biAe

I took all of the science courses they offered in high school. In junior
high school there was a course in general science and in the I.Mt
three years of high school we had biology and chemistry and physics.
I also had a course in qualitative analysis.

I read 4 terrific amount. I remember by the time I was ten I'd
read all the books on the children’s side of the public library and all
the classics on the adult’s side. I especially liked classical history,
—this was in grade school and in high school. I've alwa:vs read a lot,
indiscriminately. I had no real favorites then. One thmg. I rc.:ld a
lot then I got interested in this pseudo-science, z.astmfndmg science
fiction, and stuff like Bell’s thrillers. I got into that in hlgh school and
I still like it. I remember my wife hiding one of the magazines $0 Pwl?lc
wouldn’t come in and find it. I remember reading early American his-
tory too. Classical history because it was adventurous and far lands,

I read the Morte d’Arthur and the Idylls of Ilfe King. 1 read lots of
historical novels, I was always interested in history.
biography. I did very little general science. ‘
home, the five-foot shelf which I read through completely and two or
three encyclopedias. I probably read most

Not so much in
We didn’t have a lot at

of them eventually.
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I spent lots of time on airplane models and later on radio. (Did you
work «with your father?) 1 had no help from father in this work
He was away from home lots with his work and when I later on
became interested in radio he was a little of an inspiration there
because during World War I he worked with the training of radio
men for the army. There were still some odds and ends of pieces
around I could use.

When I first started with model airplanes there was the American
Boy which was the authoritative journal on airplanes and I kept the
articles and used their designs. I didn’t just copy the things. We built
rocket ships and powered them with gun powder which we made. (Were
you the leader?) Well, there was no real leader, there was a group
of a half dozen of us and the sense of a leader was not strong, it was
just the one who had been doing the most successful thing at that
particular moment. We made planes individually and sold them to the
other boys and that gave us enough money to make more planes. When
I was a sophomore in high school we started flying gliders. There were
never any strong objections, mom was sort of worried about it but she
contained herself. It was almost impossible to get hurt. We didn't get
much altitude., We usually ended up by taking the glider home and
repairing it

(How about college?) College was taken for granted except for the
money. I went to a little church school and while they did not have
regular engineering I took the science courses in chemistry and thought
for a while I'd be a chemist. Then I went to the state university and
took aeronautical engineering. I think the work I did there was very
nearly standard but since I did have a basic interest in science I used
my electives for math. I couldn’t get into physics. When a senior I

Was stopped by a professor in the hall one day and he suggested I go on
for graduate work. I'd thought va

year or two but didn’t hay
the place he suggested
and so I came here and
year graduate student I
of the work.

ch:r:’i::: ‘::;C,;ou g;rt the .rr:mrrlz. idea?) 1 think that my high school
us to play aroucnrd add qu."e a bit to do with that. He encouraged
e ‘;“k fo, ﬂ:mh We came back after school about three after-
research problems bn Our or so and spent the time working there. No
quantitative prot.:ed - WC.WOI’ked,under SHSNewIiacemm, o Yoe 10 P
have to take frcshu“s’ ll: “fasﬂt.research but enough so I didn't
different level thanm‘an : cm's,"y in college. That gave me a little
when I came out heJrus‘ “:rkmg with chemical sets at home. Later
time I'd ever really de anc saw the field open up that was the first
Bot out of my first e:ﬂe fany research. That was the biggest thing I
course was des; dy s gradu.ate work. Until then the engineering

gred to make routine engineers so when I came out here

guely of staying on there for another
€ any very clear plans. I'd never heard of
and so I looked it up, and applied and got in
have been here ever since. When I was a second
BOt a part-time job, and wrote my thesis on part
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signer and manufacturer.
of the family, except for him and his brother.
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and found there was something more to the business it was really quite
an eye opener.

This subject was brought up in a large city. His father was

As a boy I spent a lot of time reading and building things like
airplanes and electric trains. Also I did a good deal of playing base-
ball. I would say it wasn’t until I got to high school that I began
to ignore the more usual activities of a boy. I can recall always being
interested in gadgets. I think I got started in science by reading
Astounding Science Fiction. 1 had Meccano sets, and motors and so on
Mostly I built things on my own. The most ambitious thing was putting
together a model plane, you bought a kit that had everything and just
put it together and then I designed one of my own and built it. My
brother built a radio, but I don’t think we ever did any work together.
At the time I was becoming interested in science he was going to college
and so he had useful books lying around.

(Did you do particular reading?) Actually there is quite a good
deal. I think actually at about this time just before going to high
school I read a lot. Most of this was a development of my own. When
I did start to high school I was wandering around libraries and reading
popular books on science.

I first became convinced I was going to become a physicist and took
a course in physics in high school. I remember thinking if I did well
in this I would go on. I was fortunate to have a teacher who was
doing research himself and he was a great help.

I recall going through a stage in my browsing When I picked up
books in electrical engineering and then realized I wasn't interested in
building dynamos but in the fundamental theory. I drifted through the
stage of interest in making gadgets but it went fast. The thing that
interested me was the discovery of the section in the text on the struc-
ture of the atom. The rest I knew pretty well anyhow.

(When did you get the research idea?) 1 think at this time I had
begun to read fairly advanced books. I think it was clear to me \\l'ml
the nature of research was, it was just a matter of getting up to doing
it and that didn’t take very long, I began as a sophomore in C(.)”(‘g(-.
It became an all-absorbing interest. Actually as I rcmcmhcr.n fhc
first time the idea of myself doing some research came when this high
school teacher introduced me to someone at a local C““Hl't’ and he
raised the question of my helping him in some. I’'m not q\{lte‘surc I
realized the distinction between learning from a book and finding out
for myself, but it soon became clear where what was known .endcd and
where I would have to take on. In mathematics also I was doing a great
deal of reading. One fortunate thing was a COpPY of the E’”}T‘I"N‘I“’
Britannica at home with some wonderful articles on mathematics and

a li('
There were no professional people on either side

He went to public schools.
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physics, the 11th edition. Here the articles were pretty much written
by the flower of the British school. Sometimes of course I flipped over
the pages and read other parts, too. I had no course in chemistry in
high school and was rather bored by it in college.

(Family attitudes?) Certainly the general family background was
one in which the children should have the benefits the parents did not
but I think also it was my own initiative in a way. My parents certainly
put up no objection, although neither was interested in learning. i

Ihere were two classes of teachers at college, those who had been
there for years and the young people on their way. Then also the stu-
dent body was keenly interested. All in all I found it a highly stimu-
lating place. There were no special good teachers.

When I was a sophomore I had already begun to do research. It
was theoretical because theory was my outstanding interest. I think
the thing I used the college for primarily was not so much that I took
courses in any particular subject although I did some mathematics, but
there were people there who were working in the current branches and
there was a library so I spent the first two years in getting up-to-date.

After two years I switched to another college. This is an illustra-
tion of getting to know people who can really assist you. One of the
people where I was became interested in me. He was doing his graduate
work elsewhere and he introduced me to people there. He suggested I
come down and listen to the theoretical seminar and I got to talking to
the chairman and I guess I must have said something clever and this chap
I knew sold him a bill of goods and they offered me a scholarship so I
transferred. At the same time I began to do research at still another |

‘ college and with a couple of others wrote a little note (at the age of
’ ‘ 17). That's ‘hc‘l“""m)' of physics. It's becoming less and less true
that you can wofk in a very restricted field. After I transferred the
| e o v ey Do ey s o e i
| e 1 gucssvl - i’l . ;Ouldltake‘ it slo.w and learn some other
R Riricakng < et Pf 'usy earning things. ) ! .

ind it fairlr o )“cars in F’rencfn and at the time I.coul
talent in languages. I -:;_d“"C ‘d s thm.k a8 gy s g
Phi Beta Kappa. I. ha\‘el e en S LEEUT e opt subj.ects, H g
| reasonable interest in othe=l Pr;f')’ it memor.y sodd stk [ SeE S
| ignored other things. 1 hard = J:(fts. At. o col{rse, . rathel:
much ignored. I '”t k £ mlomr e co'llcge. Enistr e
‘ special interest wasju's ‘too 'hf general requirements. My only other

I stayed there an:in ;:me p}:"lOSOP.hy e '
? had no financial worri om that point on I had fellowships and so I
| pretty consi : RE2iv and ‘h‘f path seemed to be clear. I worked
- v istently in the theoretical field. I d i utter-
Ing around the lab but I never d . spend some time p

on a theoretical problem. Iy 0er e?menmergtal o M)i i 5
: e had no experimental experience even.

! You are s
| Suppose .
et 1 : Pp d to take a course in experimental physics, of course,
Squirmed my way out of it
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I took my Ph.D. slowly because in my second year they gave me a
travelling fellowship. That was my first experience away from home.
I can’t say I ever wanted to go home after that. We drifted quite
apart. The drifting began in high school when I was preoccupied, with
no points of contact with my parents. I think they sort of sat back in
awe at this wonder and didn’t quite know what was going on. They
were very helpful.

I was given a fellowship. This was an extremely fruitful period
not only because I was beginning to do scientific work of some merit
but I was placed in an interesting social atmosphere. There were all
manner of people and all sexes so life became interesting. I was there
for two years, first on the fellowship and the second year as research
assistantship.

8. My father was a civil engineer who had very little formal educa-
tion but had run away from home and apprenticed himself to an engineer
and studied at the International Correspondence School. He had a good
head and a great interest in engineering matters. I think that because
of my worship of my father I became interested in engineering. Even
when I was five or six years old I used to go around to his office and
fool around with his drawing things and as I grew up, although he
wasn’t doting, he let me come around more. I was a very lazy student,
I didn’t study. I didn’t dislike study but I did an enormous amount of
reading. (Of what?) It’s a little hard to recall, but such things as biog-
raphy, the life of Napoleon, enormous quantities of Jules Verne, pretty
near anything I could get hold of, technical and not; quite a bit of
serious stuff. I remember in 1914 I was reading a history of the Boer
war. I lived in a small town, the county seat where father was county
engineer, of about 2,500 people in which there was an extremely remark-
able lawyer. His wife and my mother were good friends and he had
a son I 'used to chum around with and somehow I got to talking with
the father about things and he invited me to come into his house n'xn!
borrow any of his books. He had a very good library. I had the in-
clination to read to begin with and that pushed it very much up.
He was one of the few men I've ever known who have really rca'd
everything we know about and should read and don’t. I remember arti-

cles by Mill and Spencer, etc.,, and one on the logic of belief. I think
part of this was compensation for the presumed physical defect. I w 1]:
quite shocked when the doctor said I had this heart trouble. I sti

i 9 A tors catch it
have a mitral murmur of some sort. About half the doc

and about half don’t. I couldn’t get insurance when young but some
time ago I did succeed in doing so. .
One of my ambitions was to go to West Point,
of the Spanish American war and retained a great - .
matters and was at the time of his death (when the subject was 15) 3
major in the national guard. His death left us not \?'cll off‘l I was
the oldest of five, the youngest was only one year old. The problem was

father was a veteran
interest in military

147




148

GENETIC PSYCHOLOGY MONOGRAPHS

how I could go to college and this became very acute. During my high
school I had planned to become a civil engineer and had spent all my
vacations working in the lowlier jobs of civil engineering, both office
and outside. That was my sophomore year. I skipped the junior year
So when he died the college business was only one year off. During that
year my mother took me to the congressman of the district, father had 2
local reputation, and asked for an appointment to West Point, but I
would have to wait until I was 17. Of course there was my arm, and at
that time I had asthma, and the doctor couldn’t cure it. The doctor’s
mother was a Christian Science practitioner and she cured it, she really
did for about 10 years, so I thought the only way I could get into West
Point was to use Christian Science on my arm. But the congressman ad-
vised me to go to the University and take ROTC.

This lawyer said he would be glad to help me go to college and he
did. I took ROTC and hated it, I flunked two terms, I'd have been court-
martialled in the army, I talked back to the major and everything
Mother was not terribly disappointed. It was assumed I would be an
engineer. At the end of six weeks I discovered the only thing I liked
about the whole business was mathematics, so I went around to the Dean
and told him this and that I thought I'd like to go into mathematics.
I guess I had talked to the mathematics department first and they said
they'd be glad to see me transfer. I remember I asked the guy whom I
had in mathematics, and he pointed to his cuffs and said “Do you want
to go through life with a coat like that—all frayed?” The Dean
thought I ought to transfer to the science faculty but was certain I
would be back in engineering and asked me to keep up one course in it
which I did for a year but I never returned. One of my objections was
it was so cut and dried. I still object to engineering education, even
here.

Once I thought of going into science, I thought the best I could hope
~ fl” was to be a high school teacher of mathematics. So when I
(l(-cuq(-(i to transfer this problem arose and I decided to go as far as
possible in mathematics and protect myself by taking education courses,
but I could only stand three sessions of the class in education and I

s gave me the devil, he made me feel kind of bad but

also made me mad. He thought I should be an engineer and support
my mother.

I got a little job

. in the observatory showing the objects in the sky
to the public.

sure I was chaﬁiiiomer ‘;’39 e AN 'pfett}’
ide. M.tl 4 .g‘ ".mon beams, but after I met X he became my spiritual
ﬁ:“g” onoal:; . ﬂ: i lnuc'h upset but by this time I saw what it me'nnt
thing. So X sagi:; 4 ldt).ctors degree. She thought it was a terr!ble
what they ;old hcrm ’I":ng her up and I didn’t know for a long time
or black and at (~h 1€y are enthusiastic people, everything is white
mother what e tlm'e I was the white-haired boy, so they told
a great genius I would be and they said in five years I
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would have a job at $8,000 a year and that was in 1921! So with the
aid of that whopper they quieted her down.

I still had some more undergraduate work. I had rushed through
high school in three years. Then when I got to the university of course
I didn’t do any studying for a long time, I just raised hell, chased around,
went down to the dance hall, and investigated what kind of prohibi-
tion booze one could get. The financial business was always something
of a job although the pressure was relieved about this time because
mother was appointed postmaster of the little town and that took care
of her and the others. From that time on there was no pressure on me
for money.

X told me there was a fellowship at the university which I should
apply for but it was for graduate work. This was during my junior year
so I got the idea, with his connivance, that by going to summer school
I could graduate by Christmas and so would be eligible and so I applied
for it in the spring and was granted it on condition I got my degree. I
wasn’t too conscientious about studying even then but my grade aver-
age was high. I made Phi Beta Kappa in my junior year and all that.
I wasn’t putting myself out.

So I doubled up and took as much as I could and did finish in time
and got the fellowship. That was enough to get along on. By that time
largely under the tutelage of X I knew the thing to do was to go on
and get a doctor's degree. I decided I wanted to take my Ph.D. here.
I was so bumptious, and sure I could do anything, I didn’t apply any-
where else and they gave me a fellowship. So I came here and took
my degree in two years, and taught some.

Well, here I was quite fortunate in the studies I took up and made
a good showing although I still didn’t work very hard. T got out w ith
a summa cum laude, so I had everything in my way to be a spoiled brat.
I was just cocky.

When I got my doctor’s degree, then it was the style that the ones
who were really good would be given a National Research Council
fellowship. I went to Europe and spent two years. Then I really
caught up with physics, I really started to study phy sics. I began late
for this reason. I had it in high school from a woman teacher, she
was lousy and killed it. I had been interested, went lhruu%{h (h.c
usual \\'ir'elcss stage. I then had to take it as a junior but I liked it
fairly well. With chemistry I'd had to take that first term .nnd l.nh-
horr;zd it. I didn’t like the lab and also didn’t like learning things
that way. For many years all I could remember was that phosphorus
was discovered in urine. 1 had to take two terms and postponed the

second until the last term and then I liked it, I had had physics in fhc
Lab is the thing that I think
hysical

meantime and I began to see sense in it. .
shooed me off it. I really think it was because I didn’t like p
work. I'd much rather re.ad and sit down and cook up how th
ment should go. I took a minor in
I paid attention, but no lab courses.

e experi-

physics in graduate school and
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His father was a telephone engineer; his mother had worked on he

father's paper before she married. He went to urban schools.

I can’t remember much about grade school except the fact that I
got reasonably decent grades right along and that I was fairly inter-
ested in science and mathematics. I had a friend in 7th or 8th grade
who was the son of a druggist and we got a chemistry set between
us and played around with it and almost blew up the house. We spent
our spare time memorizing the table of elements.

I never got along in languages. I couldn't see any sense in mem-
orizing grammar. In history I read so much I had many more facts
than the rest, whether they were right or not. I think probably the
interest in science was partly because of father. When he was home,
he liked to do shop work and I used to do some with him. He was
rather meticulous and in some ways this was discouraging for a
beginner. There was one spell, I guess in high school, when I was
sick for three months and decided I was going to go into history and
I spent the time in drawing up a historical chart beginning with
the Egyptians.

The first few years in high school I don’t remember anything
very special except that I managed to get fairly decent grades in
mathematics. 1 took physics and didn’t like it. I had taken chemis-
fr) before I got there but there was an extra course that sounded
interesting so I took it and it turned out there were only four stu-
dents in the course and a very interesting teacher. He sort of took
personal charge and let us do pretty much what we wanted except
'hf" he was extremely insistent that we take care and do a good job.
“c. worked through all of analytical chemistry there and I got 2
feeling for looking for small traces of elements, etc. This convinced
25 I wanted to be a chemist. A little earlier I had gotten a job
with 'hf phone company which was with a fellow studying to be
'a“a:l}l‘:cm:;ti'ng Itor;:d ISl:)hS.SO:, Creative Chemistry. ‘Th‘is‘ was'thc ro-
o .mhcr in Mthat teacher had more mdn'.xdual mﬂuenct'

staying indoors ;and rea'd‘ RR Y gk worned' oy
but more worried about mghso Rt eoman Comacl:s
shore and put up cotta emy ’c:hh, - ’WC g SR o
soon as school was ofers WI:! father's i ek 3;
built up a reasonably 0 danh pred in the open all summer 5
else all the time, B:‘ ?Sv ealth. .We wore‘ overal]s. an.d nothing
as never interested in the scientific or the

natural side of the ;
outdoors. Mothe ertain
amount of it r was and I absorbed a ¢

College was
vnf\ced from the beginning that a]
I just went to colle,
idea about jt.
college chemist

Pretty much taken for granted. My mother was con-

I her children were going to college.
B¢ expecting to be

Two things happened
Ty course plus the |a

a chemist. I had no very special
in my freshman year. I took the
b course. The lab course threw
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me for a complete loss. I think it was taught by a poor teacher who
was careless of the reagents and they weren’t pure. I got traces of
everything and reported it and I didn’t like the way the course was
taught because I was told everything I was supposed to do and it
soured me on chemistry. The other thing was I heard Dayton C.
Miller talk and then I got acquainted with a young man who had
just come there as an astronomer and was teaching mathematics. He
was perhaps the most inspiring teacher I had. He let you go if you
wanted to go. I needed some money so I helped arrange the library
and so I had a chance to look over the mathematics books. At the
end of the year I decided the devil with chemistry, I'm going into
physics. At that time the college had a course in physics which was
not popular and the number of students in each year’s class which
started in the sophomore year was somewhere between two and four.
My class had three and this gave us personal attention. My father was
very dubious about it; he wasn’t sure that physics was a thing you
could get along with but he didn’t push it very hard. He talked to
me about it once and said, “You will have to go on in university work
and won't make any money,” and I said I knew that and he said “If
you realize it that's all right.” There was nothing special about the
course except at the end of that year a prize exam was given. At
that time physics was taught practically everywhere without the use
of calculus and still is in many places. We didn’t get calculus until our
sophomore year in mathematics and I still can remember the annoy-
ance and the feeling of being cheated out of an extra year or so of
activity by not having had it earlier. At any rate the physics course
was given with the calculus but didn’t use it. So that about the
middle of the second term I got disgusted and decided I wanted to
learn physics the right way and asked Miller for a text. He smiled
and gave me one and I studied that so when the exam came along I
gave it all in calculus and got the prize. This confirmed me, of
course, and the next two years were extremely pleasant. I divided
my time pretty much between astronomy and physics. There b e
just three of us and we'd go to the professor and say we had finished
up this and what shall we do next and he would say, “what do you
want to do?” So we'd tell him and he would give us manuals and get
it would have to be cleaned and

the old apparatus out and usually
would have a

fixed up, and he would tell us to work it up and we
fine time.

I spent a fair amount of time at an obs
when I did some assisting, so I had a chance to play
the telescopes and the various astronomical instruments.
junior year the professor was finishing some impormnt. expe
I did the mathematical analyses of the data for him. At first the
analyses showed that his hypothesis was correct but then I found I
had 'made a mistake and it came out the other way. 1 found out the
error just before he was to give a talk on it and it was a struggle

ervatory during the summer
on my own with
During my
riments and
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over whether to admit it or not, but I confessed and we spent nights
and days for a couple of weeks doing it over. I did a thesis in as-
tronomy for my B.A.

When I was in high school I had gotten acquainted with some radio
amateurs and eventually we opened a small store which did very well
I also did some part-time writing. But neither appealed as a life
work and I was convinced I wanted to go on in academic work.

My teacher felt I should go on to do graduate work. This was kind
of a surprise to the family and a little bit of a worry because my
brothers and sisters were coming along and there wasn’t too much
money. But I applied at three places, and took the second offer. My
main danger the first year was to keep from galloping off in 24 different
directions at once. I found it extremely interesting and exciting. I
started work on an experimental problem but then I would get an idea
for a theoretical paper and work on that for a while, and then go
back to the other. So it turned out that the second year in addition to
doing a number of odd jobs I did a job which was considered to be
good enough for a Ph.D. but it was too early so they said I better
stick around for another year and gave me the prize fellowship.

One summer I had a job at the observatory getting the telescope
in shape and I had a very pleasant time of it. Next summer I got a
summer job at the University of Michigan. I wasn't terribly interested
but that was the first summer that Michigan had started its summer
courses in theoretical physics. They got a grant to bring people over
to give special lectures. I was boarding at a special boarding house
the d.cp:lnmcnt had gotten ready and Kramers took the room right next
to mine. This was during prohibition. I investigated the liquor situa-
ton around Detroit and this interested Kramers also. This was the
g ™, e epored 1 vt ki e i v
would spout quamu.m o }:‘hl-lc e wex:e MElibing vanous.thmgs e
S5 b & ot b :!}l)cc anics and I hs'tened to some .of his lectures.

at fall T had finished my thesis and Condon

had just come and he knew quantum mechanics. So we worked
together,

.(” here did you get the research idea?) 1 think my teacher in
high

school gave me a few nudges in
sol’.s with whom I was in close perso
active in research themsely
a matter of digging into

else has worked on it too.

as not to stick at it and ca
then when I get sick of the
ltut read history or somethin
time when the idea of rese
available on trying to und

that direction. Both the profes-
nal contact and saw daily were
es and I just soaked that stuff up. It was
things. It's never bothered me if someone
If something interests me I'm just as likely
n't think of anything else. There are times
whole thing and don’t want to do anything
& But I find it hard to think back to the
arch and just spending all the time I had
erstand anything wasn’t just there.

He was born in the w

est and was brought up in a good-sized citf:




His father was a pharmacist but died when he was nine.
of a particularly able family.
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I was often troubled by not having enough to read. One of the
memories that I have of my father is that before he died he was con-
cerned about doing what was best for me and he wrote a letter to the
paper saying that he had a son who was a great reader and he would
like to have advice as to what books to get for him to read. 1 believe
I learned early, but not like John Stuart Mill. I always moved along
very rapidly in school.

I remember I got rather interested in insects first, I believe when
I was about 12, and in minerals. I don’t remember how it hap-
pened, perhaps I ran across a book and began collecting minerals about
the same age and in each case I did a lot of reading in books from the
public library. My grandfather had made a collection of arrow heads and
agates and miscellaneous rock specimens when he was young and
mother had kept the collection and that interested me. It wasn't much
of a collection but enough to give me an interest. When I was inter-
ested in rocks and minerals I got a book on mineralogy from the library
and copied large amounts out of it and made myself a room in the base-
ment and papered the walls with the sheets of paper on which I had
copied tables and descriptions of minerals.

I saw my first chemistry experiment at the age of 13. A boy my
age, a few months older, now a professor of psychology, showed me this
experiment. I had seen him a few times in high school, I entered at
12, and as I was walking along one day home from school he said would
I like to stop in. He conducted a few experiments. These interested
me very much and I went home and got out an alcohol lamp and took
some miscellaneous household things and set to it. I found a book from
my father’s library on elementary chemistry by Williams. I read that
book, it was a beginning text in chemistry and I used that for my
experimental work.

I don’t think mother was very sympathetic but on the other hand
I had a strong will, too, and I succeeded in doing what I w:u?lcd to do.
She objected to some accidents but not too much. I was given some
chemicals by a friend of the family, a druggist, and I ran across a
cache of them in an abandoned smelter. I carried some of the chcmlca'ls
home and used them. I did some dangerous experiments, spilled acid
around, but I got along all right. Then in a couple of years I was
able to study chemistry in high school and I learned a great deal from
that. I liked it very much. I decided I would study Ch‘”""ca! gt
ing which I knew was taught at the state college. _I‘ didn’t occur to
me that it was possible to be a professional chemist rather than an
engineer and that I could have gone to a better college near by.

After the first two years of college I wasn’t able to go bacI.: hudt
they offered me a full time teaching job for a gEaL ’”:‘d then I continue
and took my bachelor’'s degree in chemical engineering.
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Along about that year notices came around to the effect that fellow-
ships for graduate students in chemistry were being given at a tech-
nical school and the head of the department said perhaps I should
study for a master’s degree. When I was a senior I applied at several
places and took the first one offered me.

I was never tempted into any other field except related fields of
science. I thought I might be a theoretical physicist, I received a
good scientific training in physics and I might have continued as a

| physicist. My work has been very broad, it can hardly be called
chemistry or physics.

I had the idea of doing experiments very early and I don’t know when

| it was that it occurred to me that there were things people didn't
yet know and could find by experiments. I remember when I was I8
just before I started teaching, during that summer I had a copy of the
handbook of chemistry and physics that contained information about the
properties of substances and I had an idea it might be possible to de-
velop a theory. I thought it should be possible to discover something
just by analyzing the known facts.

!
: There was an extraordinary man as professor of chemical engineering
; there at college. He isn't a man of much intellectual ability but he
’ had a very deep conviction about the importance of graduate work and
! rc.\ra.rch. He was responsible for sending perhaps 125 graduates in
' chcn,:cal engineering on to graduate work and often this involved his
I lending money to them. If I had had some good teachers I would
; have learned a great deal; as it was I learned something, but a small
| :Immurt. But when I came on to graduate work I was full of enthusiasm
e .m".g"m body of knowledge. I'm sure I could have learned mathe-
"f:“c". in those years. I don’t think that my mastery of mathematics is
| ‘“”:'l’l‘ it io'uld have been if it ha.d been taught properly during the ear!."
| - ’ t's only the mathematical aspects that suffer when there is
unsatisfactory training during the early years.

1. He w i i
Cow s was brought up in a small city in the midwest, where he at
o ccmcnta.ry and high school. His father was a business man with
a college education. They had a good library
My fath ki i
o s ozzd;:)asnt greatly interested in literature, never in science,
gy r sort of person. My mother in later years began to

I b 2 A
the r:l?:i:et:t:::tc t:: lz;:th”est e ma‘hfmatics, I would say, outside of
really began, as the lEll‘élde:. .Thl-s would be arithmetic. Thingf
ence really grev frofn usually dO.. In high school. My interest in sci-
some excellent contact with my teachers in high school. I had
ones, as a freshman 2 course in general science from 2

vel of train; i
gan studying chemistry raining but he was very inspiring and I be-

own lab. I think | p don My own before I took the courses. I had my
ad a chemistry set once but I used to buy supplies

——— -




professional men on both sides.
one, and she herself was of extraordinary energy
poor health.
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from the high school and used to go out and visit the elderly and only
professor of chemistry at the local university. The chemistry teacher
was very good. I think he encouraged me. (Did you start doing prob-
lems on your own?) I think so, and in high school too. I had managed
to teach myself. My other main interest at that time was modern
languages. 1 got French in high school but not German.

I decided on chemistry as a career when I was 13 or 14. 1 was
firmly fixed on that and mathematics. I thought of it as a career in
research. I always took it for granted I would go to college. My
brothers and sisters went, too. (W hat was your father's attitude?)
If anything he was discouraging about a scientific career, it was just
the business man’s point of view, but he was tolerant when it became
apparent I knew what I wanted to do. Mother’s view was similar.

I entered an engineering school and after two years I went to a
university. The thing was that the undergraduate program is designed
as in many engineering colleges in a very inflexible pattern. I began to
decide at that time I would like to learn a little philosophy and a little
more language and I had gone through most of the chemistry and
mathematics and in two years of physics.

I suppose I really started setting my own research problems when
I was doing graduate work. I knew about research early and knew
that was what I wanted to do.

During my graduate work I began to study a lot of physics and be-
came greatly interested in theoretical physics. It was a very exciting
time, quantum mechanics had been developed a few years earlier and
was diffusing to this country and it opened the possibility of clearing
up many problems in chemistry. Nuclear physics has very little bearing
on chemistry itself and I began to study applications of quantum
mechanics to chemical physics.

wn

W

12. Both his parents came from western pioneer families, but there were

When I was six years old my father retired although later he went
back. We were comfortably off and mother wanted to go l);!ck to
Europe so we did and spent two years chiefly in Germany. So my
earliest recollections of school were there. I spoke thF language flu-
ently. We stayed for two and a half years. 1 think it served to ac-
centuate my personal withdrawal in the conflict that has always persisted
between myself as an individual and other people. To a large measure
I've overcome it but only by a battle. It's an ordeal for me as far as
public addresses go. It's something I've had to master. I developed
the sort of personality that used to be called introspective. The faq
that I lived with much older parents in a foreign land undoubtedly
helped. (Did you get along with the children?) Yes, always, except

His mother’s family was a decidedly artistic
and ambition but had very
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for the fact of not being pushing and tenc!ing to be somﬂ:vhat shy and
self-conscious and not having as good a time as other children would.

I've had a predilection for scientific things as far back as I can
remember. I read books and I can remember ever,\'on? of those bctoks
as far back as I can think. I had Meccano, and engmes., everything.

I'he German toy shops were wonderful and I had evcrythm.g fr?m my
days there. My family encouraged it. I became interested in wireless,
they called it then, before I was 14, and haunted the store. And the
puﬁliv library, father was on the board. I read everything. ,

We returned to the west coast, and I went through grade school in
about four years. 1 started late, of course. Out of that we spent a
winter in California for my health. I went to the public high school
for three years.

In high school this developed. There's a curious thing as I look back
on it. I got interested first in electrical things. I think I wanted
to be an electrical engineer. It got to be something I just knew
I was going to be without having examined the other possibilit.ic& I
always had a literary bent and still have to this day. But it was
primarily electricity although I had lots of tools and did do some car-
pentry. I have no great manual skill, I'm much more interested in the
analytical. I would read up on things and try to make them but also I
did them by myself. In high school I took chemistry and was utterly
fascinated, I did it extremely well; I had a lab in the attic that was
a living testimony to the need for laws against casual selling of dan-
gerous chemicals and here I spent a large part of my time in the after-
noon by myself. 1 had physics but there wasn't the excitement I felt
with the chemistry. I never had any trouble. I took extra physics
and I enjoyed the last term. Mathematics I did just a normal amount
of. This is characteristic, Whenever I had too much to do I did well.
I always enjoyed mathematics and, again a characteristic thing which
persists to this day, I was much better at algebra than geometry. Trigo-

nometry was easy. But I had no real difficulty in anything. But Eng-
lish and history were my best subjects. I was poor in Latin.
I had intended to go to Stanford an
War came on then and [ ha
went out to China on
unhappy about jt.
When I went into the
headed for electrical

a boat. was about 17 and my parents were

state university I more or less without thought
engineering. However I took more than was
d two kinds of courses in mathematics as many
or engineers and those in liberal arts, and I took
and the same jn chemistry. Those were the courses

I was bored to tears with the engineering, you did all
problems so I didn’

universities do, those f,
five instead of three
I enjoyed most,

sorts of practical
interest, t made me come back here. If I
¢s which I enjoyed . . . there was
Since I had always had the idea of engineering

had gone on in che
where | needed ad

mistry or mathemati
vice,




ANNE ROE

it didn’t occur to me to do anything else. But even to begin with I was
more interested in science. I came here and entered electrical engineer-
ing, and was here three years. I lost the first year essentially because
the school at that time indulged in the supercilious attitude that if
you didn’t have courses there you didn’t have them. I took some exams,
and made up the first two years in one year. By the time I was a
senior I was ahead, I paid a very high price for it because I think I
was just beginning to feel natural and enjoy people when I came here
and had to work hard, and the atmosphere wasn’t conducive to social
intercourse. As it was, it was lonely, hard work, but uninspired.

When I got through I was disgusted with engineering. That really
influenced my career and just about ruined me. My father sympathized
with me and I had done well in school so he arranged for me to have a
year abroad. I made a pretense that I was going abroad to study.
That year was the high point in my life. I was away from home on
my own and I got interested in history and philosophy. One of the
important things I read was the life of Pasteur by his son. This con-
cept of what scientific research really was, was important. That did
stimulate me. One of the things that was going on was that there
had been a poverty of any intellectual ideas here. I got to reading
philosophy and talking to people and I got so far as to determine that
that was what I was going to do. What was really happening was a
sifting out of the material and interests from the business of store-
keeping of materials (which is what a lot of engineering is) over into
theoretical, intellectual and more mathematical ideas. I really worried
about Kant, for instance, and I read all of them, Bergson, etc. What
I was fascinated by was thought as opposed to the concrete.

I came back here to do research work with a professor from whom I
got nothing. But I did make other associations here. What happened
was I had a lot of time for graduate study, they were very generous,
and I began to take all my work in mathematics and physics and
I got completely interested in theoretical physics. My real pro-
fessional interest is in theoretical phyics and applied mathematics. After
I took my M.A. in engineering I had made up my mind to get a Ph.D.
in physics but I wanted to get it abroad because I'd had too much of
the university and I did like Europe, I was very drawn, I even thought
of staying tl;ere, There was so much that appealed to me there. But
I was perfectly clear that I didn’t like the people and I didn’t want to
be an expatriate. So I went to Germany and stayed a year and a half
and worked in mathematical physics.

2. Summary

As has been noted, most of this group come from families of professional
In all but two instances, the desirability of college for the sons was

men.,

taken for granted, although in several . i
In one exception it was more that it

a college course was a serious one.

instances the problem of financing
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hadn’t occurred to the parents to send the son to college but there was no
objection from them.

All of this group liked school, were interested in certain subjects, usually
mathematics and science more than others, and all did well in school. More
striking is the extent to which they were omnivorous readers. 1 do not
have a comment on this from one, and one other said he wasn’t bookish
but went through a stage of extensive reading. He, incidentally, is the
only one who mentions any specific interest in athletics. But all of the
rest read, and most of them read almost anything they could get their hands
on. A few of them soon concentrated on science, but a number were inter-
ested in biography and history. Two said that they got their first interest
in science from reading science fiction. How much of this concentration
on reading is due to the generally poor health of the group is not known
but there may well be a connection.

This matter of health is a very interesting one. It was not mentioned
spontaneously by 2, 6, 7, 10, and 11, but they were all asked about it later.
These are the reports:

1. He stated that he had not been very strong as a child, but neither
had he been sickly; he had just grown too fast.

2. I didn’t have any unusual amount of illness, I probably had a
good constitution.

% Ifrccise information is lacking here, but it is a fair inference
from his story that there were some gastrointestinal problems as a child;
he has a number of food difficulties now.

% This subject had a very difficult time physically, with allergies,
asthma, and migraine, and as a young man, an attack of glaucoma.
haf’. ali: :::ialways skinny and frail and says: I was very puny and
s m:na e:imt“ba cry baby and a weakling. I wasn't exactly weak,
s g bcfn m:r ‘edm‘ a state o‘f more or less unsatisfactory health
kg Ch“drlc or some time and was very weak muscularly
lifting an object th::tn'k l gues? i 'is il i s
poything Svrtg o eeps ge.mng heavier. I don’t think there was
e o €pt not Pal’tl(‘:ula.rly good nourishment and the slight-

o s was a constitutional trait.

ad all the usual childhood illnesses, and had pneumonia twice

as an infant. i i
s lant While growing up my health was quite good except that
always the smallest boy in the class

7. In . .
2T w':)n' :?::a l’ \;a.s lqmte healthy. I don’t remember anything else.
had ys fairly large for my age and at the age of three I

A very serious case of b
had to stay in bed for a
maybe my life.
me, and fell off.

!OOd poisoning with the result that I
Yalie zleiarb'w“h the threat I would lose my arm and
5 : 'mbIng up a table after cookies, typical of

made it so I couldn’t use my arm for a year and
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I became left-handed, but my parents trained it out of me. My arm
is still bad, see? Sometimes people notice it but most don't. 1 think
it had some effect because when I was in the eighth grade and big
for my age and was urged to turn out for football, I did but the doctor
said I had a mitral leak and that kept me out of athletics and I was
always favoring myself.

9. I was rather sickly. I imagine it was more allergic than any-
thing else, although it was not recognized at the time, and I was out
sick two or three months each year. One term in high school I was only
there for a month. I had to take make-up exams. I've snapped out
of it since but then I spent a fair amount of time in bed. It was mostly
troubles connected with the breathing tract. I had tonsils and adenoids
and I still have hay fever to some extent, and I had a mastoid and an
appendix. It was always something special; my brothers and sisters
always had measles and things like that but those never bothered me,
or anything like that. This meant that during most of the winter
months I didn’t get out and I got to reading fairly early and since I
was in the eighth grade I’ve been in the habit of reading four books
or more a week.

10. My health was not good. There was a period when I was about
12 when I seemed to be run down and my mother was somewhat
worried about me. But actually there was no time when I had to stay
in bed. There was perhaps a year or two when my mother felt that
I wasn’t doing very well, that I ought to eat more, and a friend of
the family bought me a membership in the YMCA in order to get
me more exercise. I don’t remember any specific disabilities myself,
I wouldn’t have said I was sickly. I may have been a little slow
to start growing and I was pale, perhaps partly as a result of mal-
nutrition. Mother was sometimes a food faddist. I had rickets as
a baby. My health has really been very good.

11. My health was always good. I never had a really serious
illness except once at the age of 13. This was a glandular infection,
a strep infection of some sort in the neck glands. I suppose I Was
seriously ill for a month or six weeks and several months convalcscmg.
I was out of sechool for a term which I made up in summer school, this
was just at the beginning of high school.

12. As far as I was concerned I had my mother’s bad health. k I
had a poor start and from old parents. The trouble was bronchial
asthma but it is better now.

Of this group of 12 men, only three reported generally good health
and normal development; four more had no serious problems other than
slow growth or general weakness; the other five all had real health prob-
lems. Both the obvious health problems, and the wcakness'am.i slown.css
in developing must have contributed to the difficulties in social integration
experienced by this group.
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Interest® in gadgets, Meccano, chemistry, sets, radio, model Plancs and
so on is usual among them during their childhoods, a!th'ough it was not
true of Nos. 2 and 3, both of whom had somewha't sPec1allzed home atmos-
pheres, the former being dominated by the aesthetic interests of the m'othcr
and the latter by the religious interests of the father. In a few the inter
est was not overwhelming, but in many it was a constant preoccupation,
and carried well beyond the usual bounds.

In a few instances, these interests appeared before high school' years,
but with most of them the first specific interest in physics or chemistry or
mathematics came with high school, and usually with a particular course
With the chemists and with four of the physicists this was a course in
chemistry, but the early interests of five of them were physics (including
much C(;nstructivc work) and mathematics (often with a preference .for
algebra over geometry). Several shifted from one branch to another, t?tteu
because of unsatisfactory experiences with college courses or because of the
personal influence of a teacher. The usual decisive point seems to have beffn
sophomore or junior year in college. This accords fairly well with studies
of development of vocational interests (see, e.g., Super, 11).

Understanding of the nature of research and the fact that it could
be done by them, seems to have come more gradually with this group t}?aﬂ
with the biologists. Perhaps the school work, particularly in mathcn?ancs,
is closer to the work eventually to be done. The major problem is the
shift to theory, and this apparently comes largely from working with men
already in the field and observing what is to be done. The discovfl'}'
that they could find out things for themselves which was so often a SP“‘_ﬁc
experience among the biologists, and of major importance in their choct
of careers does not appear in the same dynamic way in this group at all

A factor running through all of these histories and probably of the
greatest significance is the single minded concentration on the field, once the
subject got into it. ‘This intense and continuous work is probably one of
the most important factors in their present eminence. Some of them went
to extraordinary lengths to get their education, and it is clear that the pr&s
sure came from within. These men are self-starters (with perhaps 0°¢
exception ), and needed none of what one of them calls “spoonfeeding.”

e e A
2 ime
Interest, as used here, means that the subject spontaneously spent a lot of t7

on the activity. It is not necessarily the same thing measured by interest tests.

A —————
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B. THE EXPERIMENTALISTS

1. Biographical

161

This subject was born in the middle west. His father, who had
been a school teacher, died when he was six, and his mother then married
a farmer. He went to a rural grade school.

I just can’t remember that anything in grade school was important.
I had very poor teachers except for one very good teacher who taught
me how to study, but mostly this was a seven months a year school work.
I think I passed out with a grade of 76 as I remember it. I was always
studious; I read books all the time of some kind; liked arithmetic.
Then I went on to high school and here I liked mathematics and I
was very fond of Latin. I took a course in physics which I wasn’t very
fond of; I took a course in zodlogy and botany which I was fond of, in
both cases there was lab work and book work. But when I got through
high school I had an ambition to be a high school teacher of Latin, but
I think only in college, which I didn’t get to until I was 21, did 1
really get interested in science. I had none of the playing with Erec-
tor or chemical sets and did no carpentering. We always had an aw ful
poor set of tools around the place.

He had been enabled to go through high school because of life insurance
left by his father, but after that he spent some years teaching, before he
was able to go to college.

I was going to be a psychologist, and they said at college I had to
be a zoblogist first so I took zodlogy. I had taught school and picked
up some books on psychology. I don’t know how it happened that I got
an education. I taught school for a few years, and I saw some of
these books, they were probably terrible, probably no good at nll'l
don’t remember the names now. Then in order to get anywhere ‘.v"h
zoblogy 1 was advised to take chemistry. Of course I've always .hkcd
all the sciences, always was thrilled by them. Once I got into scn‘cncc
there never was any question as to what I liked. 1 preferred it to
English, languages, mathematics and ‘everything. I thought I would
be a zoblogist up till close to the end of my course but I had al'mut as
much chemistry as zodlogy and the war (1917) wanted a chemist, not
a zoblogist so I went to a chemical works and worked there during
the war. :

When I was thinking of being a zodlogist I thought. of teach.mg nn'd
in chemistry I thought of industry. But my industrial experience in
the first war convinced me that I didn’t like it.

I found out about industrial research during the war,
research laboratory. My great drive for real research came from my
graduate work. After the war the personnel of the factory was de-
creased. The job wasn't discontinued but I had an opportunity to

I was in the
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teach in my old college as an instructor and from there I got back to
school by ;nenns of a fellowship. That was a real research lab, it
was (hc;'c I found out what research was really about. I began to
realize there were very important things to be found in science, much
more than the routine testing I had become accustomed to during the
war. Any subject interesting to us in the department was defined as
chemistry. There was no requirement in regard to courses to get a
degree. 1 never learned what my grades were, it was all of no im-
portance. We thought there were certain subjects we had better take
courses in (because of exams) and then there were exams. I spent the
bulk of my time on research.

(He was then able to go abroad to study.) By then it was quite
certain that I was going on for an academic career. I wouldn't do
anything else, I'm completely satisfied.

14. I was born in the midwest on a farm. My father was one of the
pioneers in that section of the country, and had pioneered farther
west. My grandfather had expected to be a doctor but this was inter-
fered with by the Civil War. Both parents were interested in reading
I went to a small country school and then went four miles to high
school.

I don't remember much from grade school. I think I was better
in arithmetic than in most anything else. I always liked it. It was
an eight months school, from the middle of September to the first of
May.

It was encouragement fr.
I was the first of the fami
ble except I made a prett
had first year physics,
very good course
physiology and psyc
in languages. My
a while. I got
class,

As a kid I did no ex
or I was chasing around
and carpentry shops, and
to. I did some tinkering
could use my hands al] rj

om my parents that got me into high school
ly to go through. There isn’t much memora-
¥ good record in science and mathematics. I
not much lab but mainly mathematics, and a
in mathematics with an excellent teacher. I had
hology but no chemistry or biology. I'm not too good
memory isn’t very good although I could cram for
a medal for scholarship, though; I was second in the

tra reading. After school there were chores
with the boys. We had our own blacksmith
I worked in those to make anything I wanted
but I wasn't any better than my brothers. I
I sort of wanted t ght but I had no very special interest in it.
the high school ; 3 Igo on to college and father said I must and
I had no clear idp‘ N dlishould go and mother thought so, too.
possibly go int cade-x?ept I wanted to take some more mathematics, and
but the war ca:)n Wiy s i very fond of the country doctor there
vanced h © UP and that changed the whole thing. I took some ad-
oF . mathematics and the dean said I should go into mathematics

engineering instead of medicine.

I went to a small local college after a few months at a state agri-
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cultural school. It was during the war and things were very con-
fused. There was an excellent mathematics teacher in that college.
To a great extent he was responsible for my going on. My first couple
of years I just got a general background, and had some chemistry
and geology. I got into physics in the third year. I took a major in
mathematics and chemistry and got a fellowship to a university in
mathematics. I knew only very little about the possibilities. 1 was
just going on with the idea of seeing. I had an uncle who would have
sent me to law school but I didn’t want to go.

My fellowship took me to the university and I did a master’s thesis
in mathematics, at the same time taking some courses in physics.
Then 1 wasn’t quite sure but what I wanted to go into physics so I got
a job for a year to make up my mind as instructor in mathematics and
physics at a small college. After teaching both I got very much inter-
ested in physics and went on for my Ph.D. on a teaching fellowship.

(Where did you get the research idea?) It began to dawn on me at
the university. The dean was the professor of mathematics. He did
a lot to impress the research spirit into me. I was very fortunate. I
always had a feeling that physics was pretty close to nature and it
seemed to be a sensible way of getting at it.

I think I just drifted into it. I always wanted to do something worth
while in science, I always felt I would like to find out about things, I
had a great deal of inquisitiveness about things. Research was sort
of a gradual concept. I think really that came when I was working
on my Ph.D. dissertation, that it wasn’t such a superhuman job to get
out a piece of research.

15. I'm not the first in the family in a scholarly profession. Father
was a professor, too. My interests in school didn’t particularly center
in physics for a good many years, but I think I probably had a career
in science or engineering in the back of my mind from an early age.

In grade school I had some tools, I liked manual work. I had two
or three fairly close friends with whom I played. The usual amount of
bicycling and I was in the Boy Scouts. As quite a young boy l. had a
Meccano set that interested me greatly and spent a lot of time with that
as a youngster and Dad even fixed up a place that I could call my sho‘p
but I didn’t put in an inordinate amount of time thcre.. I wasn't
greatly interested in athletics, except hiking and later tennis. Part ?f
the activity in the shop was tinkering with radio and other electric
things like silver plating and a certain amount of wood work. (Ball
games?) Not much, I got a bad start on account of my eyes, I was
nearsighted and had to wear glasses at ten so that set me back on ball
games. .

In high school the sciences attracted me, particularly .the physical
sciences. I had to work fairly hard to get mathematics and my
record in it wasn’t really outstanding. There was a small, loosc.: group
of us who were interested in technical subjects and did these things to-
gether. The element of competition was important.
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It was always taken for granted I would go to college. At the one
I went to the first two years are about the same for everyone includ-
ing two years of mathematics. I began in my junior year by taking
mathematical physics as I realized its value but I preferred experimental
work. My inclinations were for physics in preference to chemistry.

When I got to college I was in a state of indecision about future
work and although I went in for a science course I doubted my ability
to do well enough in astronomy or physics and had difficulty deciding
between science and engineering. In my junior year I changed to
engineering and graduated in that. Science was not popular in my class
and I felt it would give me too narrow a background.

After graduating in engineering, however, I decided I probably had
been wrong so I went back to physics to really give it a whirl and
entered the graduate school at Berkeley and got my degree there. I
think it was a lack of sustained interest in engineering, feeling per-
haps that though I could get a job I might not find the work engaging.
I was more interested in fundamentals.

His father was an active research worker so his understanding of re
search came so gradually he didn’t notice.

I think I recall two or three occasions when I was in high school when
I attempted a small research problem on my own. Half in the nature
of playing but I was trying to find out something. I tried to speed
up the action of a photographic plate by applying an electric field to it.
I used to play with electric motors of various kinds, I at one time had
a very small printing press and rigged it up for continuous printing.

- 16. Father was a clerk and a farmer and quite unsuccessful finan-
cially, but except for money our parents were able to give us more than
::.:rp:’:;nl; e;’cr .did anyone. Things were disrupted after the Civil
Srrh alw;\z 'Zlml’ly‘ went from well-to-do to refugees. Financially we
I sort of acce ‘c:i) hlnsecur& (Did you feel it?) 1In a curious way.
e pted the fact that a lot of nice things that were for other
:akc - tltelnot f"v" me. Took it as a man who has lost his leg would
Fathc: ’h;‘scrle;::“idt??t' But we were very secure in the family.
We look down oVH = a.nd is a modest, humble man but very wise.
lessons ev 2 o our fflellds as underprivileged. We all had music
: |> even when we didn’t have shoes.
ncizhlc):::ﬂ;irtloarcad ]well before I started to school. There was 2
so afternoons I l::up 3 of years older. We always played together and
as she could. The rned her lessons. They found I could read as well
him to school so IPI’mCIpal FTne tfy one day and heard it and said send
thought I wasn’t hn“’:"ienngt, e::‘l:’outhsxx and then I skipped a grade, they
same town (about $00 Peopl':\)].g to do. I went to high school in the
In the grammar school I

just was the apple Just loved the subject of grammar, that

of my eye. Arithmetic couldn’t do. The only way I
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ever passed was father worked the problems and I learned them. There
was no meaning and no intelligence in the subject for me. I now believe
that had nothing at all to do with my interest or personal harmony with
the subject but with the quality of the teachers. They weren't well
trained themselves and probably couldn’t do the arithmetic better than
I so naturally they couldn’t teach it. In the seventh. grade we had a
tall, red-headed teacher who taught agriculture. It was very good and
my first contact with anything at all like science and I liked it fine.
It just kept me on the edge of my chair all the time. Capillary action
and photosynthesis and all that. Later in high school the county agent
came around and was astonished to find that I knew about these things
because I asked him questions. It was the first time I'd had a chance
to ask anyone.

In high school I had a good teacher of algebra and a good teacher
of geometry and general science, and a bad teacher in Latin. No
trigonometry, and in the last year commercial arithmetic. The teacher
of algebra was a wonderful man. Here was something independent of
arithmetic and it was nice and clear and I had a new start, my past
deficiencies were no problem. I liked that fine. Before this last year
when the commercial arithmetic came along I had worked many sum-
mers in stores so the arithmetic was nice and easy. I had a course in
physics taught by a man who didn’t understand anything about it.
He had come really as a football coach and he taught physics on the
side. Our lab experiments there were quite awful to think about. We
had long arguments about whether a falling tree in the forest would
produce sound. For the experiments there was a cupboard full of appa-
ratus most of the pieces of which no one could identify. There was a
typical “experiment” with a Wheatstone bridge. We connected batteries
and adjusted the plugs. Finally smoke came out. I was stimulated, I
was tantalized by the lack of information perhaps more than I would
have been by a well-taught course. g

I had taken it for granted I would go to college, it was never in
question, the only question was ways and means. As far as I know
I had never met a college graduate, the teachers had mostly the
minimum of two years at normal school. There was a :\'ouflg man
older than me with whom I was friendly and he was enthusiastic about
a college he knew of and he convinced me that I should go to that col-
lege. I graduated, I think I was valedictorian and they hand out schol-
arships but there was none from that college. I wro.te to them in August
asking about a scholarship and saying I had decided to go there.' .I
blush. But I got a letter back saying I should have sent some credits.
They had somehow gotten hold of them, and thf:)’_thought I Sh"“"li g0
to a good high school to make up all my deﬁdena.es first. Then atle;
they said I could come. The president had a notion that they wou
do better to take the top kid from any school than the top 10 P‘ﬂ;l Cf-'}'l‘t
from a big school. They had entered into correspondence f“'“ hts:
principal of my school right away. They make no provision DX A
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with deficiencies, all take the same course. Everything is run on the
basis of a minimum of trouble for the faculty. There is a complete
refusal to inconvenience anyone for the benefit of the borderline student.
The courses last a year, if you flunk the first half and pass the last you
take the whole thing over. It’s all run for the good student. That's
actually my own philosophy of education.

I went to register for electrical engineering. I didn’t know about
science or technology, I just knew there were interesting things I
wanted to know more about. I was not gifted as a child at making
things. I just was attracted to the idea of machines and microscopes,
just a vague romantic wish to know about them. I didn’t know enough
to have any reason back of it. There is a more or less set course for
electrical engineering. I took it two years and then I moved out be-
cause many of the people who taught engineering were Yankees and
had a sarcastic way of speaking and placed great emphasis on trivial
things I considered to be petty foolishness and the people who taught
mathematics and physics were scholars and gentlemen. It was the
first time I had any notion of what scholars were. There were four
or five people there who had great influence on me and thank God,
I wouldn’t probably have found them anywhere else. Some of it was
so subtly done I don’'t know how it happened. There was a pro-
fessor in mathematics and I wasn’t in his freshman mathematics course
but somehow I found myself acquainted with him which in itself was
remarkable, and he invited four or five of us week-ends, he was a
bachelor then, to a little camp he had. There aren't many places
where teachers will bother with that . . . that was a wonderful help
e 4 s ot scavinance i o seholary . My i
eraimd 1h(-n~. pr ‘l“']‘g km[) s-econd year I met the head of the
point of a cnllca'gm‘- -l sli(l)loh o g tod'ay nagw. feom jthe atin
SR g u-;;d li‘k :;ve. never met his e(']ual. In all thc.ad-
I would come to him wm" mad, J‘u.st read all the Jm.:rnals al% the time.
hl‘(‘" Cl’)\'t‘fl'd by lhe C()U‘\‘a :l-’ehllon from m-" readlng. If ¥ had =
course and tcac.h to my e ~( would stop the regular work Of.the
sophomore stages \\'hcré :louut‘ﬂll'on-l K Wouleh ipasihraughs :these pciae
studied history and not ;Da(h“ou d .be comem[.)tuous f’f the people whg
time to dccid;: between the tf:mncs' S Jlesiis: Wi e el

o. That

. was more effective than any-
thing else would have been,

years T All of this happened to me in my first two
L e by v et mot e 1 o oo 1
helped out.. By t}.xe\::; '"fg my shirt in the sink. Somehow they ju'Sf
in physics or’mathemat? s _S°COnd yvear I knew I wanted scholarship
out of money by ’I‘hankl:s: ',’Ihc first year was quite rough. I ran
off as I and -wc ixeard of~gl-‘mg' There was another fellow as badly
as though it was the end < i"l)b and we tossed a coin and he won. I felt
wanted someone with e; "¢ went down and came back and said they
went down and said I perience (soda jerking). So I got busy and

) had two years experience, and I meant to g0
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places and order things and see how it was done but I got busy and
there wasn’t time. My alternate was a Mexican girl, not too communica-
tive, and I walked in and went to work. I worked from 5 to 12 every
day, except from 11 in the morning to 12 at night on Sunday. Next
afternoon a checker came in and asked for so and so and I said we were
all out, so he asked for something else. The boss was there, there
were always just two people on, and I knew that was all, so I went
out and took off my apron and walked out, and said to the boss as I
went I'm sorry I lied to you, and went on. I felt awful. I was about
a block away when he caught up with me and he said where are you
going, and I said I didn’t know anything about it, and he said why did
you say you did and I said I had to have a job, so he said, well come
on back we'll teach you and they did. He was a very unhappy man
and often we’d just say hello and goodbye but he was good to me. I
had studied so hard I was well ahead, and I decided not to try to study
at night, but to get some sleep and I depended on learning things in
class. I made good enough grades for scholarships always after that
and could do things that helped with my school work, grading papers,
working in the library and so on. I worked the rest of that year.

For my Ph.D. thesis I was able to use data I gathered during the
summers working for a big company.

17. Tll probably be a contradiction because I've always felt my
getting into physics was a stroke of luck; not much thought con-
tributed to it. My family, 1 would say, were moderately well-to-do
farming class on both sides. In the early years I grew up as all other
farm boys do, spending part of the time in the fields and going to school
in the early years probably to a seven months school. I don't think
I ever went to a nine months school until I was in high school.

My mother’s education would be the equivalent today of about first
year high school, she taught school for two or three years before
marrying. No one in that generation as far as I knew went to college.
In fact I think I was the first person on either side that ever went to
college, although many of my cousins have gone since. Dad had about
sixth grade education. {

My father and mother were rather an exception in the community
which can be pointed out in this way. We lived out in the country
about seven or eight miles from a high school. The country school to
which we went was very close but when I finished seventh grade the
school was having its usual ups and downs and the high school was no
good. So my father and mother agreed to send me to this school away
from home and it required boarding me away from home and tl.lat was
quite the talk of the area, that they would waste money boarding me.

My recreations were the usual ones, physical activity. VVh".ea-“ most
parents in that neighborhood believed that children when not in school
should work along with the hired help, both father and mother adopted
the attitude that they expected me to do that amount of work but
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didn't care when I did it. They would lay out a certain an;oun;thpci:
y i vanted to get up and work hard and be through w
i lt:)”::c That was always criticized because I was always
yas u X
:-}:ll:c::: lh:) other boys away when theyi were supposed to :)e ni;:::;
I earned the title of being one of the lazne'st l.)oys.. It washon)ly'1 i
that I do it and do it well. He (father) did it with the ot :‘r etp <o
as possible, too, like piece work. From'that I learned g ow :u“ed
time on manual things and at the same time t.o do as we 'as req “(;
But we had no tools and I did no carpente.n'ng.. Up until I wen .
graduate school I never knew I had any ability in that respect at ae.
I didn’t do a great deal of reading. In those days‘the books that wer
available were novels and I wasn’t particularly lmerest.ed. e

(Going to high school?) 1 think I wanted to go to high schood. :
least I was perfectly willing to go. It came rather suddenly. I 011l
think very much was said about it until possibly a few days bcfore.
went. I suspect my mother had more to do with it, she had th(?ugh‘ it
out very well but I don’t think she said much even to father. His reac;
tion w:;s that as long as you do well, I'll help you go to school. lIl
you fail you can come home and work. Although he alwa.ys tl{ougt
farming too hard for anyone and that anyone who had mtelllgefm
would get off it. The first year or so was pretty rugged. It was dl@'
cult to find a satisfactory place to stay. We had one little course.lﬂ
physics in high school, not a lab course, and the usual math‘em:mcs.
I think I was probably the top of the class in that. In mathematics there
was one boy, we were usually about on a par. He had to be away
4 good deal or I think he would have been the top. In both physics
and mathematics 1 never had any difficulty.

I think there is an incident there, it has always been an amusing gue
to me. The only time I had any trouble in school was with the physics
teacher. About the middle of the year she was showing how the wat?r
level in the boilers was determined. She left the gauge open and I said
all the water would 80 out. The argument got hotter and hotter and
finally I volunteered to show her at which time I got thrown out of c!ass.
There again it was what father always said, you have to think thm.gs
out for yourself. I think the study I had most trouble with was Latin.

I'm not particularly good at languages. I have to work for it. If I have
to I can.

When I went to colle
was because a young
Was 12 and I used to d
after I held a badly b
no one else there could

I went on to coll
idea shifted rather
caused a shift, One
mathematics course,
be in the section of

ge I thought I would go into medicine. That
doctor boarded in our home about the tin.]c .I
rive a car for him. I got rather interested in it
urnt child for him once and gave it ether when
manage him. s

ge, I just went to the nearest one. The medicine
gradually. Two things happened, I think, that
was that again purely by accident in the first year
in the first week of the course I was lucky to
an exceedingly good teacher. I always liked to be
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in the back of the room if I could. It seemed that during the first
week this professor would start asking questions and begin at the front
end, and by the time it came back to me I would have been able to get
the answer, from the book or by working it out. Then he began to do
another trick, if he didn’t get the answer on the first three or four he
would say “How about my old standby,” and call on me so I felt I had
to know it. From that he began to take quite an interest in my work
and before the year was out began talking about didn’t I want to work
up the second year for myself during the summer. So I promised I'd
try and he said he’'d give me an examination in the fall and then I could
go into the third year which he taught. I never have known if I passed
it or he let me by, but I went on with him. He wanted me to specialize
in mathematics and along with that there had happened another inci-
dent. I had become engaged to my wife, and she wasn’t keen about
being a doctor’s wife and undoubtedly that had an influence on me.
She wanted her husband at home a reasonable amount of the time.
So I gradually drifted into the direction of mathematics. The second
summer I worked up some other courses and in the first year I had
carried 21 hours so at the end of the third year I had completed all
the requirements and had completed four years of mathematics. Along
with it I took one course in physics, but I wasn't particularly inter-
ested. I was taking a mathematics-science major so I had physics and
one year of chemistry. The last year I found all I lacked for a B.A.
instead of a B.S. which wasn’t considered as good a degree, was a year
of Greek so I took that. It was a kind of training that to my mind is
lacking today. I even wound up with the highest grade in the class.

The idea of going to graduate school came from this mathematics
professor. (Were you thinking of teaching?) 1 don’t think I made a
distinction. When I started I only intended to go through for an
M., I didn’t see my way clear further. This professor helped ‘me
to get a fellowship, and that plus father plus my wife made it possible
for me to go. I started out intending to spend a year and a half and
get an M.A. and go out teaching in mathematics.

Then again one of these things happened. The first summer I went
there I took two courses in mathematics and for some strange
reason I was assigned a course in physics. They said I should
take a minor in physics and here’s a course you might go down and
take. The two courses in mathematics were taught by t’wo
foreigners and they were the two most discouraging courses I've
ever had in my life. The fact that one in particular was taught by a
famous English mathematician and was teaching completely over our
heads. I thought it was my own dumbness. 1 worked as hard as
I ever worked in my life and accomplished as little. A few days be-
fore the exam I happened to mention it to one of the other studcn'ts
and he was feeling the same way. So the next class he had the nc;\;
to go in before the teacher came in and he went up front and ashe
and pretty soon he discovered most of us were in the same boat so when
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the professor came in we stopped him and told him this. He asked
around the class and they mostly said the same. He had assumed we
had had two years of mathematics that we hadn’t had and so he gave
an exam I could have passed in high school. So I was thoroughly
disgusted with mathematics. The only course that was half decent
was the physics course but I wasn’t prepared for that.

At the end of the summer I thought I wouldn’t go on with graduate
school and I decided to go down town and get a job and if I still felt
the same way I'd just continue working instead of going back next
term. So I got a job as a salesman. That was another lucky stroke.
I went down and started putting the same effort into that. I began
selling boys’ shirts, and I'd never bought a shirt in my life, mother
always did. So I went to the library and got out three books on cloth.
| I read two that night and by the second day I understood a little more.

I thought that you wanted to be helpful in selling and it would be
your job to learn what you were selling and it paid off as far as sales
were concerned. Of course, then it was said I was a sales grabber so
I was told to take my turn. I said that was all right and did take
my turn but I still maintained the highest sales, but it was because
by then I was selecting out the good quality. I got called down for
that, they said there would be a lot of returns but I asked them to
check it and there were hardly any. Then I had a run-in with the
i l\u._\‘cr and was transferred upstairs to sports goods and the same
| thing happened there. It was the same old trouble. No one ever
‘ bothered to study their stuff. At the end of the month I saw very
: clearly tha(.in an industrial job you didn’t get anywhere by knowing
| more or do.lng more than anyone else. By that time I was convinced
' lhx;;‘. l:?:nsidcl-‘a(:lf atlhc :'or'ld was a I,)rctty sorry one. : :
! That LA CSO‘. ecided I didn't want to go on in mathematics.
‘ ¢ convinced me that physics was what I wanted. I

had my fellowship transferred and had a long fuss with the dean who
wanted to assi

B0 courses and I want ; x
started out f st el ol e

rom there and with essentially undergraduate courses.
hands and \-:-.::ys:)”c;' b'ﬂter and I found I had somehow time on my
had any tools in o’nh Wanted ‘f’ try my hand in the lab. I had never
the Pl'(;fcsso;- nn:in) ,“"d: -‘\_83"1 a lucky break, I went down and told
opening boxes o safd‘ld like to try, and I'd be glad to begin by |
pltiod fhess w": an_;thmg else, and he laughed and said as it hap- l
Presumably | in da ot of .boxes to open, and so he put me to work.
I had. \\"it){inga ormant in my fingers was an ability I didn’t know
scope work better :;:onth I challenged him I could make an electro-
let me do it; he ne e dng I. won. TI've always wondered if he

I found tl"lat alnro"t Would.adn}" it but I wouldn’t expect him to.
culty in doing, Glas: blany-thmg In experimental work I had no diffi-
learned mainly just b :w.mg' and so on, just came to me overnight. I
the same way, Hﬂldly oing it. MaChine work was all pretty much
Ing the tools just came naturally as if I had been
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doing it for years. So much so that when I came here and took over
the shop I said I'd never ask them to do anything I couldn’t do myself.
At first they sometimes said they couldn’t do things, but I always showed
them and since then there hasn’t been any question.

(When did you get the research idea?) In college you were assigned
something to do. In research you do another thing. If I have an idea
on a research problem I often go ahead and do enough to know what
I'm getting before I ever look up the literature. I suppose the first
introduction might have been in C’s lectures. The idea I could find
things out for myself came more gradually and apparently rather early.
1 became interested in thinking out things that ought to be done. There
were two tolerant people who would listen to me. I would go to one
of them with an idea and he would say yes, that would be a good thing
to do and as a matter of fact so-and-so has done it and you will find
it about the middle of a certain volume. I finally said apparently
I can’t think of anything to do that hasn’t been done.

My choice of field was primarily due to a professor. My thesis was
a problem that had been worked on before. I don’t remember if I
suggested I would like to work on it or whether he did. By that time
we were working so closely together it would be hard to say. The
first year 1 thought probably by the end of that year I'd have to go
out and start teaching and I completed the requirements for an M.A.
but by the time I had done that the university gave me an instructor-
ship which paid all my university expenses.

18. He was brought up in a rather small town, where his father had a
sectarian school, although he was not an ordained minister. His father
was also a scout master, and a radio ordered for a minstrel show the
troop was putting on was delayed so long in coming that the son and
his chum (now also a famous physicist) “inherited” it, but it took them
a year to get it working. Then a boy a mile away got some equipment and
they received some local publicity when they carried out tests with an
orphan five miles away in the orphans’ home.

We played at it for a couple of years before we heard from any
distance. I went far enough that I received the daily news'dlspatchcs
from Germany during the first war and copied our declarauon- of war
from Arlington. That and music were in competition for my interests.

When I was a freshman in high school we went to the nearest big
town and visited a radio amateur there and he had a vacuum tube and
I worked all the next summer to get money enough to buy my own tube.
Once we got those things began to happen much more effectively.

When he was 19 a group of them set up some s?ur;')lus tubes and tr;ns-
mitted music from a phonograph. He thinks this is probably thc. t:st
broadcast in that state. They worked at it for some time but when it be-
came a public thing he stepped out.

|
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I think it's a fair statement that for me and I believe for most
radio amateurs, the procedure is not to learn from books what people
know about something but to get a small assembly of apparatus and then
to see what you can do with it, then you read a book, and find out
(@) how people have explained the things you knew, and (%) how much
more they know about it. You have to know something in advance.

I took physics in my sophomore year in prep school. That was
really a wonderful experience, that was excellent. Just like opening
a cookbook when you can’t cook. I felt much enriched by my experi-
ence in high school physics—that these things could be put into quite a
simple framework. That you could understand all the things that happen
and they were simple.

When father died just as I finished at the academy I did not have
my career chosen. I thought of music, too. I worked for a year in a
dry goods store to keep the home together. That gave me all the stimu-
lus I needed to go into scholarship. I studied chemistry behind the
counter. That gave me a chance to spend my working hours with some-
thing of significance.

I had finished high school in

any time I was not sure I could st
months,

three years, and college also. At
ay in for more than three additional
I started with $149 and a widowed mother. I started as a
chemistry major but found it took
jumped into too advanced a course, so I went into engineering, not with
the idea of studying physics but to keep my feet on the ground (so he
could earn a living.) Then I took college physics and liked it still
better but I wanted something of the training of the engineer, so I
took my degree in electrical engineering. But I finished that course
.wuh the full knowledge that I was going into physics. (He had en-
Joyed mnt!lemalics and took a lot of it He is fac.i]e in languages but
t.ook few' In school.) I dislike memory work and highly complex sub-
:‘c.cu Wwhich lead to no reasonably firm conclusions. I have rather a
f;::;‘(;pc;t for economics. T studied music theory, that has a satis-
0 for me. But these argumentative subjects I haven’t liked.

too much memory work. Also I

a discover
as offered an N

as been ever since,

(When di ’
I qupp:::: i:'.:x IS Seurk abvis research?) It was no definite time.
I realiz;d 3 iad beel‘l Pretty much an ideal even from my early days.
n pa . :
tube. I g part in connection with the development of the vacuum

as the id tes* the probability of doin

e :

throughl te::ic:r,}!ﬂt there are things to do. A radio amateur doesn’t work

ifieans "p"img i a!l. I don’t think any actual teaching was a sig-

which wasg myc:\?n u::l : Cc']lme to my Ph.D. The particular challenge
s N as : -

found sources for myaelf.exrl’ edng things that were abcendy Joowndl

really tried to get the broad viewpoint ex-

g it personally came as early

v by accident of some importance. Fol
RC fellowship, but went to the research
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pressed in a whole organized subject. (a4) To imagine how could any-
one do that the first time which left me bafled. I still feel baffled.
() The way in which they have simplified the progress for us. Be-
cause facts relate so much more to each other.

Rather specifically I like to do something where a small number of
people are doing things like it so I can know all of them and know
what’s happening. In nuclear physics today you just could not keep
up with it. So much going on. It's a thing I do for private satisfac-
tion, not for consequence, I feel out of place. (In public notice.)

19. His father was a farmer and active in church work. They had a
home in a small town and one on a farm, four miles out.

I presume the early aptitude towards physical science and mathe-
matics came with my very early interest in counting and telling time.
I was exhibited by my parents (in counting) when I was about one year
old and was regarded as somewhat of a phenomenon in the neighbor- \
hood. I could count and add and tell time before I was three years old.
I don’t remember how I got into this. I was the youngest of seven so i
I had the benefit of my older brothers and sisters. I was the baby and
remained the baby so I was watched over by an older brother (10 years
older) who protected me against some of the scraps kids get into; he :
wasn't going to have his baby brother picked on by the gang. I think
he and my mother encouraged these early evidences of interest in count- 4
ing and telling time. Throughout my early elementary grades arith- |
metic appealed to me more than other subjects. In my early childhood :
engineering appealed to me, I'd seen surveying work. My elder 7]
brothers took to the farm more than I did and very early 1 was set
apart as one who wouldn’t go on with the farm. I worked on the
farm in the summer and looked on it as an unpleasant experience that
took me away from school.

The first conscious efforts I can recall were associated with civil en-
gineering because that was what I saw. I worked on the farm in

summer until I was a senior in high school and about that period I
I was more interested in the

|
|
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1
!
|
|

Ia Tt wawy ¢

oY
i .

i

——r—p—— 2
Se AW Hey 2

got a job as assistant to a surveyor.
transit and level than I was in moving the chain and the
were of more interest than the field work. o '

I went out to sell books between my sophomore and jumo'r years in |
college, I wasn’t adapted to that at all, it was a tortuous job. Some | l
enterprising organizer came around and told us what a wonder.ful
thing it would be. We were expected to sell a book ca]le.d Pushing
to the Fromt, in two volumes, a lot of sentiment on making a go. |
Quite a number of my classmates also were engaged for that summer |
work. My territory was in Eastern Oregon. After- two weeks o(j
Pushing to the Front 1 got a job with a survey par.ty in Portland an
spent the rest of the summer as a surveyor. 1 didn’t want fo go home
and have it seem that I couldn’t manage things, but I couldn’t stand the
book selling.
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Very early my parents recognized I was not g.oing to be a f'an!:er.

They were not only resigned but they encouraged it from the 'beg;mmng.
In that respect I was given some privileges my brother? didn’t have
such as not having to miss school for farm work except in case of an
emergency. There was a definite effort on the .part of my .flther to
make it possible for me to go on with my schooling. I was interested
in engineering until I met X who has influenced me more .than any other
person. He was then professor of physics and math.cmaucs at the lo?al
university. Engineering as a department didn’t exist and my assc.ma’-
tion as a student with him convinced me as a freshman that I didn't
want engineering. [ wanted physics. It was his example more than
anything else, it was the belief that that was the kind of man I wantsd
to be. If he had been in engineering I might not have gone on in
physics. I think this early predisposition to engineering has mamfc.st‘ed
itself throughout my life; I've never wanted to be a pure phymclft,
I've always been on the borderland. Most of my research has been in
applied physics. While I have some work in pure physics it came as 2
necessary part of an investigation in applied physics. I know that the
early trend toward engineering has persisted throughout my life. (Was
there any particular person in that first survey party that influenced
you?) No.
In my junior year in college I was encouraged to pursue an aca-
demic career by an unusual experience that may be significant. The
vice president in charge of faculty appointments called me in and told
me he had watched with interest my career and said they hoped to have
a chair of mathematics and they would like me to prepare for that
I wasn't a mathematical genius, T got A’s but I was no Richard Tolman,
I had no feeling at any time that I belonged to the genius class. .I
knew I had the capacity to rise high but not to world eminence in
mathematics or physics, my natural bent was more in between. But
of course this gave me a lift.

In high school I had physics and chemistry, no biology. I had mathe-
matics, trigonometry, and analytic geometry. I think geometry appealed
to me more than algebra. I had aj) my upper division mathematics and
all my physics from H. He Was a one man department there. And
he made me his research assistant. That was another potent influence.
I got the research idea from him. I had no concept of research before

then. It wasn’t a faculty of great scholars, but it was one of good
teachers. I think interes

q t in research would have come earlier if the
environment had been there, But once I met it I had no doubts

There was nothing of the sort in high school or in the town.

went to work w
After two years
in continuing the

years in church work, but combined this with Stufi.‘"
ith a big industrial concern, to which
he went back to college, where bt
study of physics and undertook tht

L



investigation of a problem in applied physics.
jobs were plentiful and he selected a position at the university where he
has been ever since.
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20. As a kid I was very fascinated by mechanical things, as lots of
children are in high school and I took all the science they gave and
at that time I was quite sure I would be a scientist. I had decided
on science or engineering as soon as the question came up. There was
no struggle on my part. I did a lot of reading as a child, too.

Father was a physician and the family hoped I would go into that
but it dido’t interest me so much. We lived near a technical insti-
tute; they had lectures Friday evening and when I was in high school
I started attending these things, I'd go down every Friday and hear
all these wonderful things and that made me more certain. So I applied
there, passed the exams and got in. The first year is about the same
for everyone so I didn’t have to decide but by the end of that year I
was sure I wanted to be in a pure science because I liked it better
and knew I wanted physics, not chemistry and pure science not en-
gineering. So it seems quite simple. It started by being fascinated by
gadgets and having contact, it just seemed natural that that was where
I would go. College was always a matter of course.

This is very difficult because for one thing I have a very poor
memory of past times. I know people who can remember everything
but I can’t. DIl just say that as far back as I can remember I've liked
things like mechanics. 1 used to play around with stuff, I'd go to
junk heaps and pick up stuff and try to fasten things together. I
think I was pretty little. I'm not saying I was a boy mechanical genius,
but somehow I've always had a liking for junk piles and bringing
home all kinds of things.

About the only thing I can remember that I'd made quite early
that worked was a buzzer and I can tell you how it was made but
can't tell you how big I was . . . it must have been before I was 11
There was an old magnet, it came out of an old electric auto horn and
a lid of a tin can and this was fastened to a stick which was pinned
on a nail. I think I knew how buzzers worked before I made that.

Another thing I did which would be in early high school, I made
various high frequency things, coils and bottles full of water f?r con-
densers. Just for fun. Probably read it in Popular Mechanics 'and
things like that, there are ways of finding out things. There is a
lot of lore going among high school kids you kiiow, | EAFAS, INGEE 168
less solitary at that point. I just did this in my LoyFa b°d'°°m'_l had
a pile of junk in the corner. Father had some discarded electn'c stuff
which I pulled apart, but there was no concerted eﬂ’ort‘ to provide me
with stuff to fiddle with. Father wasn’t mechanically minded. He had
a lot of electrical stuff but he never understood how it W_ork?d' i
had no help at all in this. I was the only one in the family interested
in this kind of playing around.
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In high school I had one course called physical science, physics
and chemistry, a long course. It was a very good course, a very good
teacher. And a course in biology, which I liked but not as much as
physics. It was interesting. We had a lot of taxonomy and since then
I've liked to poke around the seashore and find these little beasts. I
still remember from that the orders of insects and different kinds of
things. Now the thing that interests me most in biology is biochemistry.
If for some reason I couldn’t do physics the next science I would
choose is biochemistry, not physical chemistry which is no fun. I
like the taxonomy. It's fun to find an animal and know what order it
belongs to but it isn’t important.

(Why physics?) 1 just thought that pure physics was more inter-
esting.  You work at the schools of engineering and you find that it's
pretty much handbook stuff. What interested me was the principles,

the research, the finding out. I've done some electrical designing since
’ and I know how to use a handbook, too.

(Where did you get the research idea?) 1 suppose from the lec-
tures I went to and from my teacher in high school who was a very good
guy and had the true scientific spirit and from bothering research men
at the college. I was not very advanced socially, I think, at that

| point and thought nothing of going down and bothering these people.,l
must have been an awful pest. ‘That was while I was still in high
school, I was just trying to find out what they were doing just trying
to puzzle out what it was for. I'd see some things and I'd ask what
does that mean? How do you do it? I never got thrown out.

I knew research existed before I went to college and I knew I
wanted to do it and the first research I did was when I was a freshman.
I'actually did a problem and published it as a freshman. It probably
helped my decision, to have gotten some published research and I got 2

i great deal of satisfaction. I didn’t do any more actually published
' work until my graduate work. y

Chemistry as practiced

there is close to physics anyhow and I

::L'(‘(.l the .ph_\'slca] aspects more than the pure chemistry. I started out
tha”'n]g this liking for the manual aspects. So far as I can remember
€ 1de

out A never occurred to me that T would sit down and work things
o g ik § i
n paper. I like to study the theory but I never intended to do

it on my ; ik L . ;
: ny own., I like to have some little thing that I can do with my
ands, part of it is just that

lectual content in my case.
know the theory, 7

For my Ph.D.
plicated problem,
thcoreticinn,

but there’s also a pretty strong intel
" I like to understand things, I like to
l.hke to talk, you’'ve probably noticed that.
thesis I hunted around and decided on a very com-
but my professor left and I finished up under 2
lished it, j¢ turncd“::t l::)aﬂicall_\' working on my own. I ne"'er pu
with about the same :hA- meone. else came out just as I ZOLEUACE dor.le
But it would have jnv ing. 'Il}e:v were always mad at me about it
d have involyed Writing it up and there was no point t0

it
of course. | chose it out of a set of things. The ide2

so I

y It was too long,
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came originally from a professor; the design of the apparatus was my
idea but the problem wasn’t. That's the way those things go.

21. I really can’t say when I got interested in things mechanical but
it's just about as early as I can remember, about six or so I was
interested in pretty much anything electrical, the usual things that
kids are interested in, autos and so on. My father has a strong me-
chanical bent and I learned quite a bit from him, I guess, without
realizing it. So I was just interested in that sort of thing as early
as I can remember and by the time I was 12 or so there were several
of us in it. We made a radio set. I was sort of leader and I did
most of the designing and construction, the others did the operating.
This was a transmitting and receiving station. I was always sure I
wanted to be something of the engineering sort. I had never heard
the word physicist, of course, and neither had either of my parents.

I had fairly large kinds of sets, Meccano and Erector at a rather
early age. You can get a lot of action for a reasonable amount of
time. (Where did you get other equipment?) 1 don’t know. To begin
with the folks would buy motors for toys and when I got to be old
enough to be a radio amateur I was more organized and then it was
mainly a question of making up my mind what I needed. We had all
kinds of complicated arrangements. For a while we formed a small
company to manufacture transformers. It was sort of a joke. The
power company was putting in a lot of new transformers, and so we
got any amount of stuff given us (one of the boys had a relative or
something and he handed over a lot of the discontinued equipment to
them), and then we cooked up a deal with another’s uncle to dig a
cellar for $20 or $30 worth of wire, and we made some transformers
and sold them. I never worked so hard in my life. We sure found
out things the hard way.

We had considerable instruction from books, but it was practically
all of it from books, and we found out how to do it the wrong way
first always. It just happened there were no radio amateurs around
who knew more than we did so they learned from us.

Father was a traveling salesman and he ran an auto. .From the
age of ten or so I was entrusted with keeping the car serviced. i

Father never helped me make anything. On the other hand if I
asked him how to do something he always knew and he had tools arou.nd
which he got for his own purposes and which I aPPTOPTi“‘."d so it's
hard to describe. He never gave me any formal instruction but I
learned a lot. Not about electricity, but about mechanical things he
was very, very good. e ¥

I got rhroug;gx high school quite young and my folks didn’t think
I ought to go to college quite so soon so they sent me for & yeas &
the technical high school there, so I had perhaps better training than
ordinary in that way. I still think that was a well run course. hl
spent most of my time in the machine shop. I took one or two of the
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courses but it didn’t amount to much and I spent most of my time in the
shop. '

(Was college taken for granted?) No, going to college w'as.nt taken
for granted. It was mother’s idea. Her father was a mlmste.r and
she was of a fairly well educated family. Father was all for it .ab-
solutely, but it was mother’s idea in the first place. I liked anything
sciemi;ic or mathematical and was all in favor of more school.

I got a scholarship and went to college intending to become an elec-
trical engineer, that being the nearest thing we knew of to what
I was interested in. Then my money ran out so I went home and con-
tinued in college there. About then I had to take sophomore courses
in physics and the professor thought well of me and he said, “Wh'}'
don’t you go into physics?” and I said I'd never heard of it but it
seemed a lot of fun and he thought he could stir me up a job here
(his present institution) and said there wasn’t much difference between
the physics and the electrical engineering courses and I could change
back if I wanted to. I guess he must have done some considerable
wangling, but he got me a job as assistant when I was a junior and
I came up and thought that was a lot of fun.

Then I, well 1 was pretty young and I guess not any too noticing
about some things. I didn’t realize there was such a thing as research
cither at that time but one fine day I was downstairs and saw someone
wandering down the hall with a soldering iron, something I recognized.
He was a student and didn’t look like he knew what he was going to do
so I went with him to help and spent most of my junior year working
on his research and had a high old time working on it, but never pub-
lished it, I suppose I should.

The boy (above) was a graduate student working for his Master’s
degree. This was a small place in those days. You see no one told
me how things ran. I didn't know about any of the places where people
gathered. I'd seen this fellow around the teaching labs but . .. I'd
never heard of the idea of research. I'd taken courses and I thought
that teaching was what professors did. The fellow I assisted for was

one of the few that did not do research and I just saw him in his
teaching laboratory.

By the time I Bot to be a senior
Was pretty useful in the lab so they g
search Fellow for research associate.

and talked of taking me with him, and | told the department head this,
and after a couple of weeks I got an offer of an instructorship at my
collcge.and so I stayed here to get a Ph.D. I just hadn’t thought much
:bou! 1t, T was kind of unconscious I guess. I was only 20 and just
ad hardly grown up yet, | took chemistry and got along well in it and
sure I would have been happy as a d'emi?t
ground and experience of thinking mechani-
o fit into physics better.

d on several problems at once, but the one

it got to be recognized that I
ave me to an International Re-
He went to another university

had a good time and I'm
only I just had more back
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I did my thesis on was a joint paper with the head, so he really sug-
gested the problem and I just worked with him. It's a very rare stu-
dent that can tell a good problem when he sees one, can start it off
and carry it through. I certainly couldn’t have.

Then I got an NRC fellowship and went to another college for a
couple of years and spent one summer at Michigan. I had a whack at
theoretical physics for a while as a change from being an experi-
menter. I liked it quite well. . . . I did fairly well at it but I'm
a better experimenter than theorist so I learned a lot and did some
work that has stuck. It was valuable training, it sort of broadened me
out. I always liked mathematics and there hadn’t been much oppor-
tunity to learn it here. At the time I went to school they hadn’t any-
one in mathematical physics and I have more training for the experi-
mental end, so I felt there was a big gap there and I lacked mathematics
so I thought I better learn some mathematical physics. I didn’t do any
experimental work at the other college at all.

22. Of course I've always been interested in mechanical things,
that's one of the things that an experimental physicist has to have
competence in. I did all the things that boys do who are mechanically
inclined. Erector sets, taking things apart and sometimes putting
them together again. I haven’t any memory of when I wasn't inter-
ested in mechanical things. We always had tools around the house,
and I got blocks and construction sets for gifts.

Father was a physician and spent half his time in research and he
had a laboratory. I went over and played in his laboratory on Sundays.
He had lots of experimental animals and all sorts of electrical gadgets.
T didn’t pay any attention to the dogs, I liked the electrical stimulators
and had no interest at all in the biological side. So I think that's
one thing that indicated an early interest. Also I had some chemical
interests, but just mixing up blue and white powders and that sort
of thing. I can’t remember a time when I didn’t know how to fix elec-
trical plugs and do things with tools.

I tinkered with radio when I was in the sixth grade but not l_nuch.
I just didn't have any friends in amateur radio. Most of my friends,
we spent our time playing tennis and having a good time. When I
was a senior in high school, I built a model of a Spanish gnllcon and
that took a year and a half and I worked a lot on it. The galleon
was out of Popular Science. 1 really have always been sorry that 1
didn’t get into amateur radio because I had to pick it up the hard way.

The first time I ever heard of a physicist was when I was a sopho-
more in high school. Father was wondering what I should be and
had been reading about individual physicists, the phonograph de‘”’l°‘."
ment was new and he had read about how it was the refult of the basic
physics of sound reproduction. So he told me about this. .

When I was a sophomore in high school I said I was going to be

a physicist. (All he knew at that time was the industrial end of it.)
I think my father must have had a pretty g00

d idea I was going into’
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something like that because when I was a ;umo.r a:d cs'::;:rs‘:nlh;f:
school, he arranged for me to be a shop hc.lper in the o iy
two summers of marvellous training, learning to usch prec Ihad;
He also apprenticed me to the glass blower. at th.c shop so' e
kg in that before I got into science, a thing physi
pretty good background in : ' e R
cists used to have to know but don’t n'u-d to any mf)rc.
science and the biographies of scientists at that '(lme. £ H
I always assumed I'd go to college, and that I'd do gra ualtc h‘.c.
It's a p;'()fc.nl'()nal family. Both grandfathers and m;{ uncc:du:w
graduate degrees, and all my aunts and uncles are col ege gr $
Cept one. )
”‘l;i high school when I was a junior or senior I fiecn.ied to l?:t:
chemist, so when I went to college I decided to major in chcm!. r_'
and I took chemistry for two and a half years, I always l:nd chemls(r:
courses but I got only B’s, solid B’s in all the courses. When I' wasCh
junior I took physics and could get 4’s without trying a.nd founfi n'mud
more interesting and I found I was falling behind in chem.lstr) an
realized there was no future in that for me if I had to think about
studying, whereas in physics I liked to study. : .
(Do you know wwhat the things awere about chemistry that you idx
like?) Chemistry was sort of like cooking, you spent all your umhe
mixing up solutions in bottles and making dirty messes all over t;
table top, whereas in physics you work with nice clean apparatu's ﬂ!;I
get nice clean results. It just fits in with my nature, thats’ a(,
there is no other way to explain it. Chemistry is a dirty business,
I didn't like it and the finer points of the theory left me cold. .Iq
physics I dug into the literature, and spent a lot of my time reading
the original articles; in chemistry I just read the textbooks. :
In my junior year I decided to be a physicist, I¢ was'a comb'lﬂa'
tion of the fact that I was obviously not a first rate man in chemistry
and physics became so much fun so the two things were coming together.
aduate I built some apparatus for one of the profes-
sors and got to know the head of the department personally, it's always
2 good thing for a student to get to know a man of his status. [
did a problem I thought up for myself for an M.A. No one paid much
attention to the students there, you floundered around or you did youlr
work yourself. I think it was the best thing that happened to me, it

was much better thap being spoon fed like a lot of graduate students
are now. [ had spent a fair amount
in the courses, I ne

As an undergr

of time learning things not required
ver learned the stuff that was in the lectures be-
off doing experiments in the basement. To get 2
¢ to attend courses, you had to pass a long oral
Was a good thing because I had to learn the stuff

cause I wasg always
Ph.D. you didn’t hay
examination and that
myself to pass it
I'm not very good a

: t languages. I was reasonably good at mathe-
matics, and made Phi

Beta Kappa by the skin of my teeth, if any grm.ie
2 wer 1 wouldn’t have made it. I got my letter it
athletics anq | was in I didn't really study very hard
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the first two years, just had a good time. I played bridge and base-
ball and things like that. I can’t remember doing anything serious the
first two years.

Geometry in high school was completely effortless. I could look
at the proof and know it at once. It’s been interesting to notice as I
went further along in college mathematics and classes got smaller, I
dropped behind and as a senior I got my first B. It was very funny,
you could just see this. (That as more and more people who had been
like him at the top of their class began to come in, he didn’t maintain
his lead, but dropped down.) Right now I feel I'm not a very good
mathematician, I feel that my mathematics is a weak point. Mathe-
matical minds are very special things. I got good grades in high
school, I was second or third in my class including everything.

I took piano lessons for five years and didn’t learn a thing (under
pressure? Yes). And then when I was a graduate student I became
interested in playing again. (M hat?) Almost entirely Chopin. I don't
play well enough for anyone to hear me. I occasionally play four-
hand with my wife and when I was a graduate student used to play a
lot until the rest of the people where we lived presented me with a
petition.

I think I've done things in more fields than a lot of physicists have.

One thing that characterizes my work is that it isn’t a narrow field.
I've done what you might call pioneer work in a number of fields
and as soon as it's been developed I've gone off into something else.
That suits my temperament better than cleaning up odds and ends.

I think one thing worth while knowing in a study like this: I've
consciously spent a lot of time thinking about problems. My father
advised me to when I was young. He said he had often thought that
he would have gotten much farther if he had just stopped working at
problems and sat and thought about them a while, about which ones to
pick and so on. He said, “You ought to consciously spend time sitting
down, just sit down in an easy chair and let your mind wander,” so 1
do consciously and often sit down and see what comes in mind. 3

I think my creative thinking probably started when I wa.s in my
first year of graduate school or thereabouts. I used to write down
ideas in a notebook, most weren’t any good or had been done by some-
one else but at least it shows I was thinking up ideas of experiments and
ways of looking at things.

2. Summary
The general difference in family background between the e..\:penmcn-
talists and theorists is quite noticeable. There are fewer professional men
among the fathers of the experimentalists, and while in the case of three
of them it was taken for granted that the children would go to CO]_I"I-'-C-
for the others it was a matter of special planning, often o the part of t:“:
parents, and sometimes quite contrary to the usual social custom of the

group,
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Although these subjects, too, liked school, there is less spontaneos
mention of it and only two said that they did a good deal of readin
It seems probable that the others did do some reading, particularly of sut
things as popular science journals but with none was it so importat :

factor as it quite usually was with the group of theorists.

There is rather less early interest in and experience with gadgets, or wit
Meccano sets, or radio, and so on in this group than in the other. Th
may be because of the number brought up on farms and in small tows
where such things are not so common. Only four of them, Nos. 6, 89
and 10 mention a good deal of work of this sort, and with these it bz
been a considerable preoccupation.

Most of them had some early interest in mathematics or science, whl
was usually stimulated further by high school courses, but the interests of
this group were much more definitely mechanical and engineering thu
those of most of the theorists. Two of them originally planned to be
physicians, several originally took work in engineering. This was in el
instance because these were conceived of as the only ways in which to stud
science, the possibilities of careers in research or in physics or chemistry
mathematics not being understood by them. Again the interest had usuall
u\\t.:nllm-d by the second or third year of college, although with severd
the r.n.n:nl choice was not made until graduate school.

With most, also, the idea of research came rather gradually, and without
any particular incident to clarify it.

.\nt one ’

Ap of this group made any spontaneous mention of poor health ®
a child.

One was nearsighted which interfered with his playing ball; one
said he had always felt inferior physically but didn’t know why. Later
one remembered, when asked ahout.it, that at four or five he had b
thought to have had heart trouble and been kept in bed, but there seefl
to have been no later difficulties; and one had lost most of his first /¥
e \d.""’l because of measles and other childhood diseases. One other spoke
of being weak, large for his age, and not athletic. ;

Like the thfzorists, there is striking evidence of intense concentratio?
upon the vocation from a relatively early age in these men, and even more
(-,\f ,.::]c"? t.hﬂn l:n, the other group had to get an education’ the hard W4}
h:lk\"c nculxtnl:lr:tbrl]c:\'l:;-g that the pressure comes from within. Since I & anL
devotion to ;vurk I:t:1::] thhe leaSt' SL'ICCessful gl e thaltkzl‘
Certainly in the case of tch:"aCtC“Stlc gt gl .lfnlh'

men who are less obviously endowed with

intellectual ity i :
cpis bcapacxt,\,. this constant preoccupation with professional ke
> flave been a highly important factor




IV. PROFESSIONAL HISTORY

This group has changed from one institution to another somewhat less
than the biologists but it should be remembered that they are younger
on the whole. The number of institutions at which each man has worked
since receiving his doctorate, not including fellowships, brief lectureships,
etc., is shown in Table 5. If he left one institution and later returned to
it, it is recorded twice.

TABLE 5

NuMmBer oF InstriTruTions WitH WHICH SuBJECT HAs BEEN CONNECTED SINCE
DOCTORATE

No. of institutions No. subjects
i - 5
3 2
2 7
1 8
2.18

Mean
A few of the men had quite a bad time during the depression, and several
who were at no time out of a job felt extremely insecure during this period,
because of the fact that departments were being cut down. In general
however, this was not the case, and the younger men, who got into rh,(.
field just before its sudden rapid expansion have no acquaintance with this
situation. :
Most of them have been able to carry on research without any serious
difficulties. Of course, before the war, they were frequently not as well
financed as they are now, so that equipment was short, but in general they
were in situ:ltio.ns where research was a normal part of the work.

not true of one of them, whose academic history for some years was on¢ o
even he, however, is

This was
(lf
the most intense frustration of his research interests;
now well situated. >

So far as I can tell, individual research interests have ;_'c.n(‘rul]y shifted
comparatively little in this group, except as the field itself has changed.
One of then'1 remarked: “This lack of shift in interests may be correlated

i y ing. Perhaps be-
with the manner in which the science has been developing. I(.rhqp )
people stayed on the things they
a general field by

it, but this is not

cause it has been developing so rapidly :
started out with.” Most of the men had settled into

the finish of their doctorate work, and few have left e '
“My research has changed too much for my
i r very long. I think that

1 about five years I get

invariably true. One says: .
own good. I get bored sticking with one line fo \
I jump around more than I should but I find that ir
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sick of it. . . . When the cream is skum I'm not terribly interested.” Severd
others also remarked that once they had started a new line and others had
moved in they lost interest and wanted to go on to something new, but thi
of course does not always involve a change of field. Only a few of then
have had several main lines of research. One of the theorists became :
theorist after considerable experimental work, and two of them have don
experimental work but spend most of their time on theory.

All of them were involved in various war projects and with most of
them this meant considerable interruption of their own work, sometims
for a period of years. Most still have some governmental connections in
the way of consulting jobs, but the majority have gotten rid of as many
of these as they can. Two have completely changed their research interests
largely as a result of their war experiences :

“I had had enough of my ideas classified. . . . I don’t want any more of
my ideas in the clutches of these arbitrary men who run war projects.”

“I wanted to do problems which had no conceivable practical importanc
but were only dedicated to philosophical interests.”




V. PSYCHOSOCIAL DEVELOPMENT

In very general terms, the psychosocial development of most of this group
was slow and in its major outlines often much like that of the majority
of the biologists. And for the most part, they are not now very interested
or at ease in social activities. In tracing the development of patterns of
interpersonal relations, it was sometimes possible to get some direct informa-
tion about parent-child relationships, and in some cases to make inferences
from the test material.

Very few of them speak of or give any indication of closeness to their
fathers as children, but there are none among the physical scientists who
did not respect their fathers even though they may have rebelled against
them. (One with a stepfather seems to have identified strongly with his
own father in some respects and with his mother’s family, but clearly had
little regard for his stepfather with whom he was in frequent conflict, al-
though he admitted that no distinction was made between him and his step
sibs.) Of those who seem not to have been close, it nevertheless appears in
three instances that the father took a very real interest in the son.

In six instances, it is clear that there were covert or open rebellions
on the part of the sons, there being occasional sharp conflicts although these
are relatively rare. The more usual pattern is that of concealed rebelliousness,
where it seems to occur at all. One said his father was an independent
thinker, and he himself had been a rebel from the age of ten, perhaps be-
cause of his father’s urging him to think for himself, and disagreed violently
with his father's views. Nevertheless it is clear that he was allowed con-
siderable freedom and apparently his disagreement did not resulF in' dls:Cl-
plinary action. Another spoke of his father as being a great inspiration
to him, but that the father made a point of not interfering. As a result
he did not ask his help and advice, and went through a period of w'hat seems
to have been an unsuccessful attempt at getting away from fairly close
identification with his father. In another instance, there was se?'ere, con-
cealed rebelliousness on the part of the subject, who, knowing .hlS parent.s
dearly wanted him to go to college, concealed his intenFion of douyx’g s0 untfl
after he had enrolled, “perhaps because I was still being a man. In this
instance, the test material shows continued suppressed rebellxous.ncss. Ar}-
other received, he felt, some preference in the matter of fellowships bccau:sc
of his father's connections and definitely resented this,—but accepted it.
Another has concealed his present family life from his parents because of
religious differences. Still another reports having had severe,
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with his father during adolescence, but some understanding was L
achieved.

On the other side of the picture is one of the experimentalists who vz
especially privileged by both parents from the start, and excused from mu
of the work expected of his older sibs. Another spoke of having been quit
close to his father in understanding. Two others speak of great admiratin
for their fathers, apparently receiving from them, if not great warmth,
considerable attention and trust. One of these who had put it that k
worshipped his father until his death (when the subject was 15) def
identified with him closely in many ways. There is one other who spkt
very warmly of the close family life; they were very poor but felt othr
children were underprivileged, because they didn’t have the same sort of
parents. Nevertheless, the test results do not give any similar picture.

There is less information about the relationship to the mother. In g
eral there seems to have been somewhat more warmth, for most of the
and more closeness, at least during the early years. A number rather grev
away. Only one subject spoke in such a manner as to indicate very gred
warmth and approval. Two, however, said there were considerable casie
one remarking he always disagreed with his mother and always had, althoug
not too unpleasantly. (‘This had appeared so clearly in the T4T that e
b5 asked specifically about it. ) Another said, “Mother is a fuss budget. . -
I've been taught wrong by a lot of women.” Another said, “Mother al
. usc.d to have awful fights over anything and then she would go arout
;}::“‘:”;K‘::’::‘u: wg:}n a model son I was which made others mad becaust thf‘

asn't, ¢ was very emotional about things, she was a sketch.
; In summ.ary, very great closeness or serious disagreement is not ¥
I e 517y e e, S i o b
respect for the § Y present problems here. The general attitu e
; r the father, even among those who went through 2 rebelliov
pcm')d, should be emphasized.
and ill at ease. A few thiu huat;:.SChOOl’ and speak of having bf:eln ; ;)lem;v
and it is true thes irclingsi ght this was la.rgely a result of financia Pdf; 5
done much Py thatt \em hhald so little money they could har )rescﬂt
from the stare ar;d certainl oy t;se L 1 p(?ver‘t).' .had ooy But
there are others with the sar{l 0 el be‘en e et factOf-to ex
Press interest whe had no sc": el l?te lr.lterest' g {'reedom ay
Tious financial difficulties. I think there ™%
ree who did not follow this course. One sudden!
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became interested in girls half way through college, and then had inter-
mittent periods of much dating, alternating with periods of concentrating
on his studies. Only one could say, “I've been going with girls ever since 1
was six. | always had one. Of course I had several serious ones in col-
iege. When I got to the university I didn’t do any studying for a long
time, I just raised hell, chased around, went down to the dance hall and
investigated what kind of prohibition booze one could get.” At least three
of them have serious sexual problems at the present time, on the basis of test
evidence and general observation, but all of them seem, as one of the others
put it, to have learned to adjust. The fact that only one of the group has
been divorced is probably significant here.

The more general social development was also very slow, and with many
of them there is still very little interest in other persons generally. In the
case of many of the theorists, particularly, this was in part associated with
the physical disabilities of various sorts which have already been discussed.
Under these circumstances many of them had considerable isolation as chil-
dren. On the other hand, certain of these difficulties were clearly psy-
chosomatic. Whatever the cause, the incidence of feeling alone, or outside
is very high, but the feeling of apartness is not always accompanied by
feelings of inferiority, e.g., one remarked, “I soon became clear where what
was known ended and where I would have to take on.” Among the theorists,
these situations obtained :

“I have always felt like a minority member.” :

“I developed the sort of personality that used to be called introspectl'\'c.
... I got along with other children except for the fact of not l.wcing pushing
and tending to be somewhat shy and self-conscious and not having as good a
time as other children would . . .” (in college). “I slipped back to lonely
isolation.” This was later much relieved. !

“My mother was quite worried about my staying indoors and reading s,o
much and my lack of social contacts, but more worried about my health. . . .

“I carried on what seemed like a perpetual flight froym two or three over-
grown louts who like to catch us and twist our wrists.”

“I was very much an isolated person.”

Among the experimentalists, there are
culties, and some of them seem to have gotten along very
But some had problems:

“I always felt inferior physically but I could run. . .. 3

&Y was alvevs a couple 'of years younger, 1 was fievet GI of t}}c R

y : : idn’t li I didn’t have

“I was always lonesome, the other children didn’t like me,

fewer with such obvious diffi-
well generally.

”
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friends, I was always out of the group. Neither the boys nor the girls liked
me, I don’t know why but it was always that way. I can see the remnas
DOW.i's ot

There was somewhat more tendency among the experimentalists to hay
one or two friends interested in the same things, and with whom they shared
quite a little, although general social adaptation might not have been very
broad. Also several of them spoke of relatively brief periods of difficulty,
due usually to particular circumstances, which did not persist. Neverthelss;
it is clear that both groups were slow developing socially. It is also clear
that many of them are still somewhat non-participant socially although most

have worked out acceptable techniques,




VI. RELIGION

The present religious attitudes of this group are of considerable interest,
particularly in view of the current campaign of a well-known newspaper
publisher whose Sunday supplement carries quotations from well-known
scientists.  (His carefully undescribed sampling procedure is such as to
make it inevitable that all the scientists he quotes are fairly orthodox, or at
least favorably disposed towards the established churches.) Such informa-
tion as I have refers to religious attitudes as manifested in attendance at or
interest in established churches. (Two of the men come from Jewish, the
others from Protestant families.) Of religious sentiments, mention was made
by very few and my impression is that probably only one of the group has
more than a very vague feeling of the sort, and I doubt that his is very
developed. I do not have the information for two of the subjects. 1
usually inquired about present recreational and social interests, and had
church affiliations had any significance they would pretty surely have been
mentioned.

Two of the men had no early religious training to speak of and have
no religious interests now. Apparently such problems just do not exist
for them.

The other 18 for whom there is positive information had varying amounts
of religious experience. Of these, 13 are now indifferent. Some who
are personally indifferent, are, however, uncertain of what to do about
the training of their children.

I've had no church activities since I have been an adult.

I don’t go to church even occasionally.

We were Episcopalian. Like most people in science I abandoned that
many years ago.

I went to church when I was a boy every Sunday and a couple of
times a week. But I think I did enough of that. My kids go if they
want to, it's a very occasional business with the family all the way
around. (Do you hawe any stromg convictions?) No.

My life was too easy. There weren’t any crises. Some people seem
to have crises over religion and things but I never did. Mother was
and still is a Presbyterian I guess; father was originally a Methodist
but is now a Presbyterian. It’s not a very churchly family. I .went
to Sunday school as a kid. Sometimes children have a great emotional
crisis, I never took it seriously. I drifted away. 1 suppose I should
g0 now, our kids will grow up. I think it’s ri.ght they should have
some religion but I haven’t done anything about it. L

No, I never go to church. I'm afraid I don’t believe in it in the
first place and there doesn’t need to be any second place. I was ex-
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posed to it very mildly and tentatively at an early age and didn't like
it and my parents never insisted, so—.
I have no church interests now. I went to church as a youngster,
I never joined a church, it has no interest for me. I've never seen my
father in a church and the only time I've ever seen my mother in
one was when I was married. When 1 was a child a neighbor lady
got upset about us and got us started going, and I was a model scholar
and got prizes. There is one thing that I don’t understand in this
attitude of mind. As near as I can make out the religious is the same
attitude as in lots of political groups, Nazis and so on and lots of
scientists go in for advanced political groups but don't get taken in
by religion. 1 can see some purpose for the church, our culture is
based on the importance of a moral idea, and the churches have been
the place to pass this on. I don’t know what we'll do about the children.
I'd been taken to church regularly and had a very considerable emo-
tional reaction to it, the singing particularly, but I was never very well
satisfied. I'm sure that was partly the result of the absence of any
attitude on father's part or very much on mother’s part in religious
matters. They went to support the minister and to show a little interest
for his sake. It was a Unitarian church. The aesthetic elements were
strong and that's the principal value for me. . . . I gradually developed
& very mechanistic view of life and of people. . . . I often thought I
would have been a fine preacher if I had had some faith.
As a boy I went to the Baptist church. I sort of quit about the time
I went to college. 1 think it was rather accidental. My parents were
was more disu;rhed “"‘":8 thhe h_)’Pocrmy o.f e Whib e MOth-"
Boniod i kb w:n t e kids got religion than when they'.|0ft it.
§ christened because the grandmother insisted

on it a .
.nd the preacher was so nice. I have a lot of reverence for
something.

Father $: 2 :
took care of al] our religious teaching and was quite active

in the ch ; .
unfo"unax:rlch.h Hc" gave us all a very intense religious training which
oy m:ﬂy: asn’t done. much good. I threw things overboard. There
sonally t ict or planning aboyut it. I had no disturbance over it per-
s o ut I have kept it from my parents
was ex igi :
o3 wm?o:}e'd to r.chglon constantly. In high school I went through
a backsliding aleq:cvn’al meetings and conviction of sin. There Wwas
€ age of nine to wor igi 9
g ry about, ¥ pranse
of the region were orgiastic. e s
w‘as essential to salvation,
slid several times ang then t

l. Mmanaged to get through
tion was,

but I just

A severe emotional crisis at conversion
I was in a worse state than some. I back-
?.lere was the necessity for public confession-
e b::'lth considerable doubt as to what my P°5id‘
gradually picked leged b.y overwhelming doubts about Go
I took a course in evoluti up the idea. My freshman year at college
I've always had g ution of morals and in social psychology and

Peculiar tolerance about the things you are sup-
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posed to be frightened of. I had the interesting thought early in the
class that this was that awful higher criticism some visiting minister
would fulminate about. Just the constant preoccupation with a set of
reality that clicked and which just didn’t have anything to do with
those superstitions seems to have done the job. My more religious
colleagues seem to have water tight compartments. I'd as soon call
myself a materialist but not an atheist. I've not become violently
anti-religious. I think that kind of religion served a purpose on the
frontier, one had to be a drunken wretch or one had to be one of the
godly. I am pretty completely agnostic as to what is behind the
scene of things. I'm willing to take my chances on its being a funda-
mentalist or Catholic god. If such a being should turn out to be in
charge I think the only self-respecting thing is to be damned but I
suppose I have a vagfie humanisic attitude towards the situation.

I am nominally an Episcopalian but haven’t particular convictions.
Except that people who say there is nothing in it have no more evi-
dence than those that say there is. I haven’t found religion much com-
fort. In the face of a great loss you just have to take it there is nothing
to do, but religion isn’t a comfort. I don’t attend church but I sent the
children, partly for social reasons and partly because I felt it was a
part of life that they should experience.

I suppose I'm a very religious man. (But he does not go to church.)
I found the church far too arrogant. The Protestant attitude is to
make poetic statements and then to interpret them as literal statements
of actual fact. I went through a phase of rebellion, but I have reached
a surprising point of complacency and even affection in dealing with
the religious people. I know they are dealing with poetry but they don’t
know it. This is recent. I went through a revulsion for 20 years
of my life. In my early twenties. I avoided it for about five years.
I had one earlier experience where I gave up. I decided I must have
committed the unforgivable sin. I was a little disturbed then for two
weeks, From 20 to 40 I was pretty much against the churc?, an
allergic reaction I now feel more comfortable about. Arrogance is the
thing that bothers me most. I have always felt even during the years
of revulsion that my whole life is a worship in my way.

The other five (four of them experimentalists) have maintained somc;
church connections for various reasons, but as the quotations show, none o

them is personally of very strong convictions.

“My family were Baptists and it was just accepted that you would go
to church. Both my parents were quite tolerant.
was 10 or 11, but I've no idea where I got those idea
father was an independent thinker an
whatever he said he would say there are many t
life and there are many things you have to think o
might have been it came out in that w

I was a rebel since I
s. Perhaps because
d from my earliest childhood on,
hings you learn in
ut for yourself. It
ay although I'm sure we disagreed
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violently on our views.” In the second interview, when I asked about
his other activities, he said, “We are rather active in the Baptist
church here.” 1 asked how this had followed his earlier rebellion,
and he explained, “My feeling is that what I think internally doesn't
matter to anyone else. Some of my closest friends have been ministers
even though they knew we disagree. 1 have no sympathy at all for
some of the ideas. I don’t advertise what I think on some things. I
have found as a practical expedient that the friends I pick up there are
more interesting to me than others. Jealousies creep out in the uni-
versity. Outside of the church so many friendships are based on how
people can use you. This is a fairly exceptional church. It grew out
of several churches who didn’t subscribe too literally.”

I'm not very much of a church goer. I'm a great believer in church
but don’t get around to it. I always went as ‘a boy. Mother was a
very good church woman. I'm not attached to any church but I go
occasionally. I usually go where my wife wants to go. I had no sort
of religious crisis, if anything science strengthened me on that. It was
so clear that one doesn’t understand things. There is this business
of checking back on nature and finding you were wrong in your ideas.
I've had so many clear cut ideas and set up the apparatus and it came
out a different way, it makes you pretty humble when you think
about it.

I occasionally go to the Presbyterian church. I go largely because
of my wife although I have attended it most of my life. We like
to hav.e our children go there. I would say I'm not particularly inter-
ested in the religious aspects. If I go it's in hopes that the minister
will have something to say. (I asked him if he is a theist and his
";’I)"’r‘i‘;::d'h;:”::c d:: :ot wish to be pushed about it.). ,
Mke'to give the in:" odoxy on such matters as evolution. I'wouldnt
RN e L pre.ssmn that th? church influence was not important
Our children w"e" ’sﬁ ¥y ?ubstnute for these things of characte.r-
belong. 1It's a "ri;‘)" l’{ned s BT G go.’ I
severed my con;lectionreg"ne e e teught fo o

N e and they haven’t excommunicated me. :

pel once a month. I come from a churchgoing family.

I jus .
'Julﬂ get a little lazy but when there js a Sodl iRii T ik
nitely go more than the average.




VII. RECREATION

In respect to activities outside of their work they are a varied group. I
do rot have the information for three of them. They range all the way
from one who says, “I have none, my work is my life,” and means this
quite literally (although he spends as much time as he can with his children
whom he adores, and he reads T'ime), to one who not only reads a good
bit of non-science as well as of other fields of science, but likes camping and
skiing, plays some bridge, goes to occasional concerts and is extremely fond
of parties and social gatherings,—so much so that sometimes they are out or
have people in seven nights a week.

There are three others who like parties and have fairly active social lives
and two more whose liking for social living is more limited, but who enjoy
small gatherings, dinners with another couple or two rather than parties.
The others seem to have very little social life. They are like the biologists,
none of whom cared for parties. It is the more interesting because from
the Rorschachs of most of this group who go in for parties I would not have
expected this activity. All but one of this group had been or were then at
a particular university where one or two unusually socially inclined pro-
fessors had started what is almost a tradition of partying among the physicists
which is still maintained.

Only two of them play cards regularly with pleasure; a few others
play because it is the custom with their particular groups, but the rest do
not care for them. :

Five of them are interested in some form of sports,—skiing, camping,
swimming, climbing, tennis, fishing, and sailing were mentioned, but such
activities are curtailed somewhat because of lack of time.

Nine of them say that they read a great deal. The subjects may vary,
but a number mentioned biography and travel, three mentioned detective
stories, two included specifically Astounding Science fiction, a few read
other fiction, and a -few read science in other fields. A numbcr.of them
said that they read chiefly magazines. Three of them do PmCt.'Ca”Y no
reading outside of their professional work, and the rest read a little now
and then but it is not a major activity with them.

I usually asked specifically about music, because one hears so often of

= ~ . - - = -‘ ‘1
an association between musical talent and mathematical interests. Sxx’h d
two on the clarinet, and others on the piano.

One said he hadn’t

was a

had music lessons as children,
The pianists all play some still, the other two do not.. :
learned anything with five years of lessons on the piano when he
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child, but had resumed playing in graduate school and had then leared
much more. One of the clarinetists said he had played a good deal untl
he was in college but then gave it up because he got a sore throat every time
he played. One other has picked up the piano himself; another now spends
most of his spare time studying it. Most of these have also an interest in
listening to music and spend some time with radio or phonograph programs
Of the others, four are mildly interested and five have a considerable interes
and spend quite a little time listening to radio programs or have amased
large record libraries. Interest in music is clearly stronger in this grou
than it was in the biologists.

Only two of the men mentioned a particular interest in art.

One of them had in the past been active politically; one is active now.
Another has done a good deal of speaking on international problems. None

of the others has ever been very interested, although I gather that most of
them do vote.

i Four of them mentioned a special interest in travel.
X A few of them go to the movies occasionally, but often it is to take their

children unless there is some very special program. Most of them find movies
dull.

Few of them
Two of them
for amusement ;

are really active in professional organizations.
mentioned that they occasionally studied another languagt
one has a special interest in dictionaries and encyclopedias
and one does some photography. Two of them do a little gardening.
Two of them said that they spent all of their spare time writing. On
says his only recreation is loafing. Another says: “Actually my greatst
enjoyment of life comes from being alone. Very frequently at home I prefe
to be In a room by myself. It’s kind of a dream state. There seems to b
an enjoyment in it.”
S.cveral of them mentioned spending time with their families and childrer
This was less marked than with the biologists, but I think it may be b

cause their children are younger on the whole and problems seem somewhat
less acute,

There are no noticeabl

N t ¢ differences between these theorists and exper
mentalists in their recreati

onal interests,




V1II. THE VERBAL-SPATIAL TEST

This test comprises the first two sections of the Verbal-Spatial-Mathemati-
cal Test which was compiled for the biologists by the College Educational
Testing Service. The mathematical section is not difficult enough for this
group and it was shortly dropped. The verbal section comprises 79 items,
the task being the selection of antonyms. Time limit was 15 minutes.
The spatial section comprises 24 items. KEach item consists of four views
of solid figures, the problem being to select the two views of the same figure.
The time limit was 20 minutes. Examples of both are given in Figure 1.

Verbal: Decide which two words in each group are most nearly opposite, and un-

derline them.
1. Predictable 2. Precarious 3. Stable 4. Laborious

Spatial: Each set of four drawings contains two views, and only two views,
of one solid figure, taken from different angles. The other two drawings represent
solid figures which differ in some particular from the one solid of which two views
are shown. You are to identify the two drawings of the same solid figure and
underline them.

FIGURE 1

Several expressed considerable difficulty while taking the test, and great
dislike for the task. This more often happened with the spatial test. A
number completed the task in considerably less than the allotted time; most
of them used the rest of it to check but a few did not. One gave up alto-
gether after 10 minutes.

The test results are given in Table 6. The experimental and theoretical
groups are listed separately. It is evident that the experimentalists had
considerably more difficulty with the verbal test than the theorists did: the
difference between the means is significant at the 5 per cent level. Although
the experimentalists are also lower on the spatial test in terms of number
right, this difference is not significant.

TABLE 6
VERBAL-SPATIAL TEST :
i ici Experimental Physicists
Theoreucaéi;l’\ly;sxcsx::’sre' xpe Fiate Scori‘
Subject vV s Subject 21;0 i
TP1 +.16 —1.63 EP3** —2. —2.
TP3 +.86 —.20 EP4 -gg; _-4;22
TP4 +1.04 +.82 EPé6 ——-—.49 —{»—1:84
TPs +.57  +1.22 EP7 o b
TP6 +.92 =220 EPS - 4
TP7 —.08 —.20 EP9 1-.25 A
TP +.45 —.20 EPC3 . .
TP9 —19 +1.02
TPC1 +.63 0
TPC2 +.39 +.82
TPC4 =31 +.41 ;
Mean Score 64.2+2.4 13.8+1.2 Mean Score 46.6+8.8 11724

*Computed on the distribution for all the physicists.
**This test is probably representative but not valid.
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Comparisons with the group of biologists previously reported are given

in Table 7.
Means for the two groups on the verbal test are almost the same. On the

spatial, however, the mean for the physicists is significantly higher (5 =.02).

TABLE 7
ComPARISON WITH BioLoGIsTS ON VERBAL-SPATIAL TEST u
Biologists Physicists
Verbal:
/ ri 28-73 8-75
i b i 56.6+2.8 §7.3%4.1
| .
Spatial:
‘ ! e
| N right, range 3-20 3-2
- mcai 9.4+1.0 13012

" In both groups the ranges are extremely wide, and the lower !imu w
expectedly low. Intelligence is unquestionably a factor in the emmcflct of
these men, but clearly it is not the only one, nor does an extraordinarly
high level (of the kind of intelligence measured by these tests) seem to be
sine qua non.

The groups are too small for much discussion of this point, but becaist
of its theoretical interest correlations were run between the tests. For t_h'
theoretical physicists » is 4-.091; for the experimentalists, r is +.72 (for
both .55). For the biologists it was —+.445. The narrower range on te
verbal test of the theoretical physicists must be noted.

[ usually inquired as to how they had done the spatial test, and alm§t
invariably the response indicated an attempt to shift the pictured figures 10
imagination and then to compare them with the others. A typical s
ment was: “My procedure was to actually carry out in my mind, ey
ing one figure fixed, the operation of rotation and reflexion. I can do .d",t'
but then the comparison of the two figures is sometimes baffling. I didnt
check when I got an approximate figure.”

Another remarked that when he had difficulty with the rotation he s
times had recourse to verbalization. Another said, “In some cases [.tnt‘._
to stand on my head. In some cases I was visually following these tey |
(particular bits) ; “in some I turned them around in my mind. In &%
you could rule one of them out quickly and that was a help.” i |

One of them, however, reported very differently, “I just moved )
around. Look at this one. I just walked down here and the narro¥ paﬂ
was on my left. Then I came over here and this is on the left, s0 -
(b dm?ons"ated on one example. Apparently he had a kinaesthetic imagt
of Iw:l;:;:gszroun.d th.c.structure, whi.ch was larger than .he).. :
s s 9 0 s il e
e F i y ese subjects shift from dealing with atoms -

galaxies. The data are not altogether satisfactory, and will be repo

e.lsc\‘vherc. Thcy are mentioned here with the comment that it may " |
significant point to investigate.

W of the
dealing

e



IX. THE THEMATIC APPERCEPTION TEST

The Thematic Apperception Test, devised by Murray and his associates
(4), is a technique for personality analysis. It consists of a set of pictures,
the task of the subject being to tell a story about each picture, which in-
cludes the events leading up to the picture, what is going on, including
what the characters are thinking and feeling, and what is going to happen
in the future. Only nine of the usual 20 cards in the series were used for
this research. They are Cards 1, 2, 4, 6, 7, 10, 13, 15, and 11, from the
male series of 1943, presented in that order.

Card 1 shows a boy, seated, looking at a violin on a table in front of him.

Card 2 is a farm scene, with a man plowing in the background, a woman
leaning against a tree, and a young girl carrying books in the foreground.

Card 4 shows a young man and woman, the woman facing the man, with
her hands on his arms and the man looking away from her. There is a
picture behind them, showing a partially dressed woman.

Card 6 shows an elderly woman looking out of a window, a young man,
hat in hand, looking away from her.

Card 7 is a close-up of an older and younger man, the boy looking away.

Card 10 is a close-up of two heads, incomplete, the forehead of one
against the chin of the other, and one hand as though on the other’s chest.
They are usually interpreted as a man and woman.

Card 13 shows a girl lying on her back on a narrow cot, her breasts
exposed, a man standing turned away from her with his arm over his face.

Card 15 is a stylized picture of a man standing in a graveyard with his
hands together, pointing down in front of him.

Card 11 is a vaguely delineated scene, apparently in a deep canyon,
with some indefinite figures at the edge of a bridge, and a web:footcd
long-necked creature emerging from a hole in the canyon wall. None of
the details is very clear.

A. ANALYSIS OF THE PROTOCOLS

Interpretation of the 74T protocols (the responses to t}?e.card.?‘) has
not been codified. Clinically it is particularly of value in giving hints as
to the genesis of any difficulties that may be present, which the R(.)rschach
does not do. It is also useful for getting at attitudes toward family, etc.,
which may be of significance. ;

The stories were scored formally, following Wyatt (14) with some
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| emendations, and the data® are given in Tables 8 through 12. In all
‘ | the tables, the entries in the columns are the numbers designating par-

ticular pictures. Numbers are placed in parentheses when the colum
heading applies to part of the story but not to all of it. Three subject
declined to give stories to one or two of the cards.

In Table 8, the first aspect considered is the relative amounts of nam
tion (§) and description (D) which are given in the stories. The tu
is set as narration. Some subjects, however, give a good deal of desrip
tion, either accompanying a narrative or by itself. The latter, if generd
throughout, is usually a form of non-compliance, often on a subconscios
basis. Subjects who have difficulty thinking of a story to a particular !
| will also often resort to description as a way out instead of refusing ti

card. Responses limited to description (D) or dominantly description but
with some story (DS§) are not common except in the protocol of £P§
who had great difficulty with both this and the Rorschach tests. It occur

l
: } most often with the others in response to Card 11, which is the vagues of
the cards.

. The first column under perception refers to the amount of notice of p-
ticular details in the picture, which is only common with 7P 3 and TPC L.
Perceptual distortions were so rare in this group that they have not b
tabled.

The column headed Deviation refers to unusual stories or (listed ir‘l
parentheses) stories with unusual twists to them. It is clear that Card I
;();ovokcs more unusual stories from this group than any other card, and that

f‘”ds i ‘nnd I3 are next. These stories often relate to the aftermath
B A (It was interesting in administering the test to find that
a n';x‘x'nbcr of this group recognized this picture.)
abo s trfnd Is given in the last section of Table 8. It can be seen that
G ' l:lt a third of all the stories are limited to the present, but that ncarlyya
9 th'r include all dimensions of time. It seems to be a little easier

. IS group to H . K
! Outco:1 fpro_u:ct a story into the future than to infer the past. .
It often hc or the stories which have a future is recorded in Table "

a n 1 ot
for anoth b4 ] o Card 4, that success for one character means 6
other, and in this case the oW h heading

It is not card will be entered under bo
eworthy that the incide : ; 5 feat for O
- character or another ; nce of endings involving defea d
€r i1s much higher among the experimentalists than an®*

the theoris : )
statements, 7 Oan: s t.hc theorists are considerably more certain 1 b
S e ther entries in this table are self-explanatory.
‘In additio i
technique. Hl:-'r 5;1:'::‘ ?f“{ Aron scored all of the protocols using her 00 i
¥ysis has contributeq to the general discussion here.
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TABLE 9

B
;
@
2
~

Certainty of Outcome

Personal
Opinion

Personal
Reference

Possible

Probable

Certain

2,4,6,10
6,7,10,13,11

1,2,7,10?

1,7,10,13

2, %, 6,7, 18

2,4,6,7,10

§3,715,:14

6,7,10,13,11

2,4,6,13

TABLE 10
TAT SUMMARY: PHYSICISTS
Level Tone = — — -
Make- Contem- Melo- Aggres-
Endopsychic Symbolic Mythical Believe Conditional Indifferent Detached plative Cheerful Serene dramatic Unhappy  Tense Anxious Morbid sva R T X
1,13 15 (1)10,11  1,7,10,13,15 6? 1 S ST —

2,6,7,10 13,15, 11 1 NG T Y T e
4,6,7,10,13, 15 2 (1) (6) (13) 1,7 10 i P e :

1,2 (6),15 415 10 4,13 1 2 - g5 = —

1, (4a) (4b) 15 4,6 7 2? 1, 6b, 10, 13 “Ad.Ab, &a — ariosl

6a, b, 10, 13 1511

13,15 4 2, 6,7 10, 15 Tah 1 —— =

1, (6) 7,10, 13 (2) 1.7 6,13 vols o T e T -

(15) (11) ?
7 (15) 18,741 6,15 L R S e
2 (13) 11 15 11 4,15 1,6,10 T —_—
1,6,7,10,15 2 oF 15 PR T T S e
16274 ]

1,2 (13) 15 (1) 4 10, 15, 11 13 1,2,7 p e oy
N06)57,10,13 2, (10), 15, 11 (13) 1,2,15 ST 13, 11 10 R
1,2,4,6,7,10,13 11 15 (10) 152 11?2 1 6,7,10 13 2.4 S ————— . -

1(6) (13) 11 15 10 15 2,11 B e ————
1,2,6,7,10,15 4 6 11 10 15 2.4, 6,7 T R R
1(2),6,7,10,15 11 (6) 7,10, 11 6,15 120413 i e

1 11 (4)7 10.13, 11 1 6.7,10,13 .2 SV, AT A
1, (6) (15) 11 15 2 1,4,6,10 7 b 11 “:”‘;3”* = L
(6),13 e
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In Table 10, the general level of interpretation and the feeling-tone
of the story are recorded. There are no great differences in level between
the experimentalists and theorists—both tend somewhat more to stick to
the concrete-factual, but also give a fairly high incidence of stories (recorded
as endopsychic) in which the thoughts and feelings of the characters are
of major importance. The somewhat larger number of conditional stories
among the experimentalists reflects their greater uncertainty about out-
come. Feeling-tone of the stories is quite varied. Comparison is somewhat
easier if the groups are combined, as is done in Table 11.

TABLE 11
ToNg oF TAT STORIES
Indifferent Unhappy Melo-
Detached  Cheerful Tense Morbid dramatic
Contemplative Serene Anxious Aggressive  Sardonic
Theorists 11 14 28 5 12
Experimentalists 7 22 19 B 2

Table 12 summarizes the choice of languages and diction, the style of
the story under the heading Quality, and the nature of the personal rela-
tions and the presses in the stories. Clearly a generally literate style is
the most common. There are very few instances in which the subject
has resort to clichés, but an excessively critical attitude is somewhat more
common. There is some evasiveness, that is, the subject apparently made
a determined effort to produce a non-committal reponse.

Personal relations are most often formal for both groups, that is, they fall
into recognized social structures, husband and wife, father and son, e{c.
It is notable, however, that emotional relations are relatively commoner 1n
the stories of the theorists. These appear particularly in response to Cards
4 and 13 for both groups and to Card 15 for the theorists. In both Cards 4
and 13, the protagonists are a man and a woman; Card 15 is the graveyard
scene, and the relationship is to the person buried there. .

The sources of pressures exerted upon the central figures in the stories
are classed as friendly, unfriendly, impersonal and internal, where thes.c can
be determined. Highest incidence is in the impersonal group with fr.lendly
a close second. But friendly presses are relatively more important in .the
protocols of the experimentalists and impersonal ones in those (?f ic theorists.
It is noticeable, too, that certain cards are particularly diﬁerel?na'tmg. Card 10
(a couple embracing) is interpreted with friendly presses §1gnxﬁc§|1tl)' more
frequently by the experimentalists and a similar trend is noticeable in Card -1»:
To the theorist, Card 10 most often represents a couple under pressure of
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a death or other misfortune. For the other group it is a scene of reconciliation
or pleasure.

This sort of formal analysis does not give much information by itself
to the non-expert, and is particularly lacking in content analysis. In general,
this group give quite satisfactory stories, which are rich and meaningful.

The attitude they manifest with regard to family relations is rather an
unusual one. Its chief aspect is of independence of parents, usually without
conflict over it. In a few instances there is some indication of feelings of
succorance and warmth in the family relationship but these are rather rare.
The duty of the parent toward the child is rather taken for granted, and
quite broadly conceived, but it is also taken for granted that the child should
go off on his own.

A similar independence of other personal relations is generally noticeable.
But here, particularly with respect to sexual relations, there is a strong
tendency to evade an emotional situation, to give it distance in some way.
These are relations in which for the most part they seem not to be at ease.
There is more apparent conventional morality among them than there is
independence of thought in this area. There is almost complete absence of
any feeling of need for or the naturalness of warmth and closeness to other
persons.

A number of them give evidence of a considerable passivity, which often
overlies an unexpressed rebelliousness, and over which there may be con-
flict, although obvious conflict is not very common. On the other hand,
some free aggression is present. But there is an interesting factor here. In
most of the stories where aggression is clearly apparent, it is relegﬂff.d to a
fairly distant past, and as a rule the aggressor suffers severely for it. .At
the same time, there is a sort of acceptance of aggression as an admissible
form of behavior.

B. Responses To Carp 10

It is impossible, because of limitations of space, to reproduce al.l of the
protocols here4 In order to give some idea of the nature of the differences
between these groups and for a comparison with the biologlst.s (6) the
responses to Card 10 are given below: (?) indicates a question by the
experimenter.

TP 1: 1 should think this was happening in France, and as to what it

(e 4 rell
is I'd say comfort in sorrow would be a possibility. Or rcumo}:'l.. We S,
not knowing what it is I don’t know what will happen but this seem

‘Copies will be made available to other workers on request.
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to be the thing that is happening here is the end and so there is no need
of anything else to happen. The satisfactory culmination of an episode
in so far as it can be satisfactory.

TP 3: Oh, my God. All I can think of is mush. There was once an
artist who yearned to be a great architect and to build churches and
other monuments which would be a true decoration to the Mediterranean
civilization in which he lived. As he studied more and more he be-
came interested in the details of the great edifices which he had planned
to erect and finally discovered that these meant more to him than the
cold architectural drawings in which he had been originally most inter-
ested. He ended up by designing statues of saints who were of a par-
ticular nature which stood in the corners of the churches built to his
plan by someone else and gradually became covered with dust which
was to the best interests of the people who came there. As for himself
he realized that this was the inexorable working of the second law
of the thermodynamics which stated Murphy’s law “If anything can
go wrong it will” I always liked Murphy’s law, I was told that
by an architect. (Are the figures in the picture the saints?) These were
saints in a niche, at first I thought they were two men then possibly the
man who did it, but they are the saints.

TP 4: Well, this could very well be the reunion of two people who
have a great deal of affection for each other. I should say a young
man and his mother probably or some older woman. There is a sug:
f‘"""’" that they are both very content to be back together and whatever
it is that has separated them it isn’t evident whether that's over of
i ot that they may be separated again, but at least there is no indi-
i 8 = il pration o s i o e i o

s S dcﬁni!c;r'n:un‘xlon. (?) Man on the left. g >
Bty e foe ik Yy mother and son I guess .although it's a little
ey e hcr and. son. The boy has just come back from
B ek .wou!d other evidently wasn't sure that he would ext!ler
T e o ghr‘cet her as exubefantly as he seems to be doing
i her face. The >bog' : exdprﬁes?lon of triumph or pleasure or something
back, I think he's goi)n “t einitely a weak 'character, it gl.ad ot
the hand is rather weakg e that.he‘s going to stay & while. Eve'n
had a h i » in fact practically a child’s hand. The woman's

ard life. (?) He hasn’t hel

TP 7: What sort otin Dioast b ped her. "
being consoled by her hust R ey th.at? Well, this' wife presum.ab])' 3

) sband following some tragedy in the family, all

my stories are

pretty sour aren't 5 2 f
5 3 of 2
Son into the service, { fliey3 Perhaps the drafting

TP 8: The di -
difficulty is only because there are just an infinite variety

of gushy stori ) .
4 Foe sad I'm trying o pick out something that I don'

borc m\'self .
3 with. Let's F
of topic here we have see.  Well, to pick out a standard sort

years absence and hj s S-OIdi" returning from war after three or four
tially suggests th l:s fanhfu} wife clasps him fondly and this essen-
¢ hopeful life in the future and the possibility of
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going on together although the possibility of irreparable damage as
far as they can see at the moment it hasn’t been done and they can look
forward. Only they are four years older, for the happiness they have
planned on. Of course they don’t know how much mental damage may
have been done to him but at the moment they feel they can go on as
they have planned. Is writing scenarios as easy as this?

TP 9: There is a certain sad cast to this picture. A couple, say
their child is very sick. The man has come home to find his wife fran-
tic and worried and the child very ill and he is comforting her the
best he can under the circumstances and as many things happen it passes
away and everything recovers.

TPC 1: You can do almost anything with this. Let's make this a
man and his wife. They are not newly married but they are relatively
young and they have no children. Let's see where we'll put them? I
think I better make this a parting rather than a reunion. Let us make
them Russian. He is an engineer who has been brought up in the Soviet
tradition being young at the time of the revolution, in fact both of them
have. And through his ability and industry he has become the factory
manager. We'll make it in the Urals. However he possesses an inde-
pendent mind and has been unable to accept certain changes in policy
which came during the years. He has at times been indiscreet in ex-
pressing his divergent opinions and has been betrayed by his subordinates
one of whom wishes to displace him. This has resulted in a de-
nunciation and he is on his way to a labor camp and this is the part-
ing. This was very one sided because I have left the wife out but I
think I have said enough. I could have him going off to war.

TPC 2: Well that is a rather small hand. These noses suggest you see
they aren’t Japanese I would say but central European, perhaps possibly
Polish and yet the woman’s hair it'’s hard to be sure about her age, it
gives the impression of being blond rather than black. It's very diffi-
cult for me to ascribe a geographical location to this scene. The woman’s
hand is small and dainty and not what I would expect from what
I see of her face. She isn’t a pianist, I think more a working girl.
There isn’'t grief indicated in the man’s face but rather pleasure and
tenderness. 1 don’t think that there is a parting occurring here. Thfcre
isn't a feeling of joy expressed on the woman’s face so I don't think
there is a reunion either with some . . . with a loved person. I would
think that this indicated that this showed husband and wife after an
accident or illness to one of their children or perhaps to their child.
The man is clearly young, about 30, and the woman may be probably
is somewhat younger still. This illness is such as to have made them
sad and the husband is consoling his wife about it. It seems c}ear to
me that he is sad, too, but also full of affection and I don’t think his
expression is such as to indicate that they are parting. That eye-
brow doesn’t look like Poland. %

TPC 4: This is kitchig. (?) Kitchig is to sentimentality as sac-
charine is to sugar. I don’t know, I mean this is a woman and a
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man approximately the same age I suppose, perhaps husband and wife
and it looks like it's . . . it doesn’t look like it's a story, it looks like the
artist was trying to tell a story and doing it poorly. Maybe she's
telling him they are just going to have a baby or else she’s bidding
him good-bye for years, it would fit either way. (?) It would, no the
story for which this sort of picture is appropriate must have a sad
ending. She at least dies in childbirth and he gets killed in the war.

EP 2: This again is one of the things which is foreign to my mental
processes and I find it very difficult to make any sort of story. This
doesn’t seem to be a starting point for fiction, it’s an abstraction. It
has to be a tale of woe. (?) Probably one that a father senses for 2
fallen woman, probably his daughter here his wife even, in which there
is forgiveness and understanding and infinite remorse that would be
the general thing. The girl? Yes. Remorse but can’t reverse things.
That would have to be the motive in the fiction.

EP 3: This looks like a soldier’s farewell although, wait a minute,
that's an older man. I can’t make up my mind whether it’s a farewell,
it doesn’t look like the clear cut features of youth, it looks like an
older person. 1 can give you one either way you can either have 2
soldier’s farewell or a consolation. (W hich do you prefer?) 1 think
Iof’ki"“ at the actual ages of the faces it's a husband consoling his
wife that some sadness has come into the lives, this is the photograph
of the consolation. I take it that that is the case because her expres-
sion and the way her hand is placed and all, indicates that she is not
(o? g of what she is doing, as well as the rather firm deter-
mination of his face indicates that his is an hour of strength rather

than weakness. I suppose all you can say is that those hours are the
hours that build homes.

EP 4: Well
of lovers, I ¢
ried or not;
quarrel

, "hi' is quite a conventional scene I would say. A pair
ant say what the relation between them is, whether mar-
could be, could not be. I think they possibly have had 2

and are just § i it : ;
I can’t make mu:h m::eﬂ:;a:mthzft making up but it’s nothing serious.

EP 7:1 suppose :
but their expressio
were telling the

you might say that this young couple were dancing
°ns look too serious for that. He looks as though he
looks as though f;urel Lh" e g P" and wants to marry her and she
just what sort of ad been hoping he would say that and wonders
R T caction she should have. She’s obviously very happy

saying since she’s always wanted him to say that. Her

Past training te]l
a litde bic gcoy, s her she shouldn’t be too enthusiastic but should be

feelings about th:'hich is very hard for her in view of her strong
"y matter.  I'm sure she will, it'’s just how she will
EP 8: Well, th
tures. Oh, I, ca:r’: ’ | 4 .gouh, I don’t get any feeling out of these pic-
his daughter-in-] tell if someone is in love with someone or if it's
EP 9: Wen th.i:'- I have no idea who’s young or old.
) must be a father ang daughter, small hands suggest
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a young person here. And they are happy, I guess she’s really just telling
him good-night. In the immediate future she will have to, well after
all this daughter isn’t so very young, so she has probably reached the
age of responsibility and will go to bed without fuss. Which is a very
good thing.

EPC 3: This is hard to interpret, I suppose mother and daughter,
or father and daughter, I can’t make out, surely this is a daughter over
here. Well, or is it husband and wife? I rather think husband and
wife probably. It represents a very happy and congenial union. He's
just returned from a trip I should judge and they are glad to see each
other. Or else he’s just left, one of the two. It doesn’t quite look that
way. I think he’s coming home.

C. Comparison WitH BioLocisTs

On the whole this group gave rather longer stories than the biologists
did. Too, the biologists gave more description, and less straight narration
than the physicists did, and many fewer stories with full time sequence. The
biologists more often gave incidents in which no future was possible, and
the physicists more often interpreted the future as a defeat or with unre-
solved tensions, and were more certain in offering these outcomes than the
biologists were. In addition the physicists, while also much given to
interpretation at the concrete-factual level, were less so than were the biolo-
gists and more inclined to show interest in the thoughts and feelings of
the protagonists. There are also some over-all differences in the “tone”
of the stories, as Table 13 shows.

TABLE 13
ToNE OF TAT STORIES:
COMPARISON OF PHYSICISTS AND BIOLOGISTS

Indifferent Unhappy ; Melo-
Detached  Cheerful Tense Morbid dramatic
Contemplative Serene Anxious Aggressive  Sardonic
Physicists 18 36 89 14 2
Biologists 12 15 110 9

These differences in tone, combined with those noted earlier worjld
suggest that the physicists have found it easier to accept the fac.:t of diffi-
culties in life, and less inclined to gloss them over or to put dlst.ancc !)e-
tween themselves and the problem. Nevertheless, they are a group in YVthh
anxiety is easily mobilized, as the Rorschach shows, and as may be. mdlcated'
also by their greater acceptance of situations of unresolved tension. Any

; 2 e : i nted
further generalizations in this extremely intricate situation are unwarra
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on these data, particularly since not every member in each group follow
the line characteristic of the group as a whole.

Both groups are dominantly literate in expression. They show no p-
ticular differences in types of personal relations, but do show slight dife
ences in regard to type of presses, with the physicists using somewhat few:
unfriendly and internal ones, and leaving more unanalyzable ones. Thr
are a few differences on particular cards, for example for the physicists press
in Card 10 are more often friendly, for the biologists more often impersonl
Again on Card 10, the biologists give the greatest number of deviations o
the story, but for the physicists it is Card 15 that evokes the most deiix
tions (and sometimes the freest aggression).

In content, the biologists, like the physicists, show considerable lack d
need for interpersonal relations, and somewhat more facility in avoidst
them, as well as somewhat more incidence of guilt feelings. In the field of
interpersonal relations there is one very striking difference—the biologiss
appear much more concerned about their children. To some extent t
is an age factor, their children are older, more of them are adolescent, and
more problems are apparent. This relationship which is one in which te
biologists feel at ease, and which has particular value for them, has K"
haps a larger independent element in it than any other close one, at let
f?r d?c parent. Even here, however, the general independence of the physt
Cists 1s stronger.

,Am'f"“_i“'.‘ is much freer in expression among the physicists, Wit te
biologists it is more likely to be a form of stubbornness.




X. THE RORSCHACH

Results of the Rorschach Method of Personality Diagnosis are available
for 19 of the subjects. This test employs a set of 10 standardized cards,
each bearing an ink blot. The subject’s task is to tell what the ink blot,
or any part of it, looks like to him, or reminds him of. Responses were
recorded verbatim. The cards are run through a second time, in order to make
certain of just how and where each response was seen, and what features
of the blot were significant for the concept. The tests were scored according
to Klopfer’s system (3) and again by the use of the Munroe Inspection Tech-
nique (5). This technique makes the results easier to handle as a group
and makes allowance for variation in total number of responses.

A. ANALYSIS OF THE PROTOCOLS

The test data are presented in Tables 14, 15, 16, and 17.

Discussion will be limited chiefly to the Inspection Technique, from Table
17. Throughout the table minus entries indicate a relative deficiency and
plus entries a relative excess of the item, the number of each indicating
degree. Excessively poor or vague forms are noted by B or V, either with
respect to whole or original responses in particular or to all responses in
general. Checks indicate refusal of a card or cards or the presence of shad-
ing or color shock. Other entries are explained in the discussion of the par-
ticular item.

The number of responses (R) varies from 10 to 81, with a mean of
33.7. The theoretical and experimental groups are quite different i? this
respect, mean for the former being 40.9 and the latter 23.8, a significant
difference. Number of responses may be taken to indicate something about
the energy available to the subject for more or less intellectual effort.

The next line, T/R refers to the amount of time required Per resp().ns?,
minus entries indicating that it is less than 30” and plus entries that it is
more than 60”. Reaction time (see Table 15), that is, the time elﬁpsed
between presentation of a card and the first response, averages 11.9” for
the theorists and 17.0” for the experimentalists. The differences are not
great, but it would seem that the theorists are a little quicl_(er, and perhaps
a little freer to react in this situation than the experimentalists.

1. Location

. W
These entries refer to the portion of the blot chosen for each concept,

indicating that the whole blot was used, Dd, an unusual POl’tllon of t}:
blot, and 8 the white space. The entry — 100 indicates that whole responses
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were given to nearly every card. Succession (Suc) refers to the orde
in which these were used in the responses to each card. If responses i
first to the whole blot, then to large and small usual details, to unus
details and to the white space in that order the succession is regular. An
entry of 1 indicates considerable relaxation of this order, and of 11 ths
responses followed no order at all in this respect.

The relative frequency with which different portions of the blot are us
is associated with the usual manner of approach to problems. For examp,
according to usual Rorschach theory, the subject who gives a preponderan:
of W responses is likely to view problems in a large setting, not to both
about details but to be more concerned with abstracting and generalizinz
and the converse is true. The quality of the W responses is very importat
here, however, vague sweeping Ws being much less significant of high orde
work than Ws in which the separate parts are carefully related to ¢
whole. A high incidence of use of unusual aspects of the blots is evidert
and this seems an important factor in the success of these men—ability
look at things a little differently than other people do, to see what other
miss. Very often, in this group, the Drs are unusual combinations of usl
small details. White space responses have usually been taken to indicit
oppositional tendencies. Even more than the Drs they indicate ways of ©
garding problems which are very different from the usual ones.

It is possible, from the intricate balance of these factors to deduce Wil
some accuracy the manner in which each man goes about his profession)
work, such as his relative interest and competence in broad or more restricted
at his more special sort of contribution has been.

; One of the striking things is that the theoretical group does not tend e
ticularly to high W. 1t s true that very few of them do much 1
the way Uf“ahS“ﬂCling on a really broad scale. One of them, for examplt
e, S5 Grna ot ;;derst 'Wh(‘) had an unusually low numbtfr of VY, §

y standing is not the over-all comprehensive sort.

Ihe precise meaning of the W response needs clarifying. It is far from

ac . N T
Ccurate to suppose that high W% by itself can be taken gs an india
of a tendency to 3

St o Signiﬁc'm::s‘tr:lc;].thought and preference for gene'ralizzlltions. Itn;t

limited to thoee‘d d m'blt S o sy Glharpel be

true that somé t'c \UCI b the: sorts of W given. It appears alsg to‘-a

different r;rocess;p:; % pue thinking (if not of generalizing, ik l>n

Certainly it i; of é Ry tf’ be reflected in W responses of any 50“2

activity is n h ConSlder?ble importance for Rorschach theory that
°f what theoretical physicists characteristically do.

theorizing, and wh
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EP 7, who had an extraordinary number of white space responses, most
of them original ones, said, “I don’t like to make small improvements. If
I can’t do something quite different I'd rather not work at all. . . . People
are always saying, ‘How do you think up these things?’ I have that ability
to think up unusual things in odd fields.” This is amply confirmed by his
colleagues.

Other aspects, such as freedom in shifting concepts, or their stickiness, and
the presence or absence of general attitudes of criticalness are also quite
clearly shown in the Rorschach.

There is considerable difference between the theoretical and experimental
group in succession, although this is not statistically significant with these
small groups. To some extent this difference is just a function of the
difference in total number of responses—where few responses or few types
of response are given it is not possible to judge succession. Nevertheless it
is noteworthy that the theorists are much less rigid, and show not only
greater variety in their responses but also less orderliness.

2. Content

(See also Table 16.) The entries in this section refer to the content of
the responses, humans, animals, plants, and so on. P refers to the number
of Popular responses, that is, responses most commonly given. Subjects
who have very few of these are likely to be unable to see things as other
people do. Only three of this group have fewer than the desirable minimum
of these but none of them lacks such responses altogether.

Entries under O refer to unusually large numbers (over 35 per cent) of
original responses, which are defined as responses given by fewer than one
person in a hundred. Only one subject, TP 5, has an unusually high num-
ber of these, and only one, EP 3, gave original responses with particularly
poor form,

Five of the theorists had an excessive number of anatomy and sex responses
(At), but none of the experimentalists. I think this may reflect a real
difference although it is not statistically significant. It will be remembered
that many of the theorists have been ill a good deal ; several seem pres?ntly
somewhat concerned over physical problems; and there is probably a higher
incidence of sexual problems in this group. In one case at least, this seems
to be a definitely physical problem.

Range is very wide in two instances—that is, the content of the responses
is distributed through a very large number of categories. In two other in-
stances categories are very limited (minus entry). In both of these the
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number of animal responses was very high. The entry ¢ was given ol
to theorists, but to five of these. This means that the same response wis
given to at least three cards, and indicates some concept domination. The
particular concept varies—for TP 3 it was maps, of harbors, lakes, etc;
for TP 6, it was central canals; for TPC 1 and TPC 2 it was pelves; fur
TPC 4, it was bats. The specific content has only individual significancs
but the fact that there are persistent concepts for so many in the grou
might mean a general tendency for concept domination, which is not pathr
logical, but which means in this setting that the men are relatively litte
constrained by external reality. This does not seem inappropriate to
theoretical physicist.

The responses were also scored for technical content. There are relatively
few of these—the only one that occurs with any frequency is the respors,
governor, to Detail 12 in Card X (the wishbone), always seen in motion.

3. Form

Responses determined solely by the form of the blot, or blot ares, and
not at all by shading or color or apparent movement are scored as F Ie-
sponses. High numbers of responses of this type indicate greater relian
on intellectual control—if extremely excessive (as they are not in any .
this group), they tend to show a very pedantic, limited sort of approach 0
life. Another factor of importance is the clarity of the forms perceived:
and the care with which the details of the blot are worked into the concept
A few of these subjects are not particularly concerned with or critical of
form, as is shown by the B and V entries. The double entry, VB indicat®

that 30 to 40 per cent of the responses are either poor or vague (such
cloud formations) in nature,

4. Shading

The first item in this group is
It is supposed to be quite uncomm
when the reaction to the more diff
fn any respect from the reaction
in increased time before a respons
or in decrease of form level.
because its roots lie deep in

“shading shock,” a not very precise tem
on in normal groups. The entry is &7
erentially shaded cards is notably diﬁe.rfm
to other cards. This is manifested chicf!
e, change in manner of response or cont’
Beck says, “It signalizes that anx{cr-v'“fhldl'
B s s it o the very Farly experiences 'of the i"d“ilil;i
o : 'arac.ter force diffusing his energies and para.)_',“'

a most.all of life’s crises . . . It signifies a low threshold sensitil!
f0 events bearing potency of danger . . . it bespeaks a chronic readines ©
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be upset” (2). It is shown clearly by over half of this group, and in ad-
dition to those noted, five more showed some indications of it but not quite
sufficient to warrant a check. There seems to be no difference between the
theorists and experimentalists in this respect.

There is no discernible relation in this group between early traumatic
experiences and presence of this characteristic. It seems to be common in
groups of high achievement, and it is probable that it is related to the
presence of enough drive to carry the person to the top. In groups such as
this, with few exceptions, vocational activity has been intense and concen-
trated over many years and tremendously strong drive is necessary to main-
tain this. It is important that recovery from the shock is fairly good in most
of the group.

The entries for FK, Fc refer to the presence or absence of responses con-
ditioned primarily by the form, secondarily by the shading. Absence of FK
responses, in which the shading is interpreted as light or vista does not
indicate any particular hazard ; absence of Fc responses, in which the shading
has textural qualities, is more serious and a number of this group are lacking
in them. These responses seem to indicate capacity for sensitive appreciation
of others which is important in mediating interpersonal reactions, particularly
where the type of adjustment indicated by Fc responses is not well developed.

The few entries for ¢ indicate too many responses in which the main
determinant is texture, with form secondary or lacking. These are indicators
of excessive sensitivity, anxiety and poor control. C' responses are tho:sc
determined by the blackness or grayness of the blot areas; they are rare in
this group.

Entries for K, and k are unusually high. These are considered to be
open indicators of anxiety which is very prevalent, and unstructured. I ht"y
are of considerable importance in this group. The theorists and experi-
mentalists show some difference here as can be seen from Table 14: the
theorists tend more to k and the experimentalists to K. The k rt?sp(?nSCS
are a sort of toned-down, intellectualized form of K responses, and indicate
somewhat more efficient controls. This may be due to greater ’awareness
of problems, which would seem to be indicated by the fact that Fh Tesponses
occur among many of the theorists and among none of the exPCflmcmah.Sts-
Presence of FK always indicates awareness of problems'and that the subject
is to a considerable extent able to cope with his anxieties.

AWl ALY
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5. Movement

This group of responses refers to concepts into which movement is pr-
jected. These may be human movement (M), animal movement (FM)
or inanimate movement (m). Movement responses as a whole are considered
indicative of the richness and intensity of the inner life of the subject, =
well as its level of maturity (ratio of M to FM), and the subject’s ese
with his instinctual drives (relatively few m).

A large number of human movement responses have usually been taken
as indicative of creative ability, but this apparently is not necessarily the
case. It would seem that the primary meaning of good M responses is that
the subject has developed an adequate concept of human personality and
its functions and has been able to accept this concept as applied to himseli
In addition, production of M responses requires not only good natural e
dowment, but also the ability to delay response in order to achieve an in
tegration of the elements. It requires a rich and active ideation, but I thirk
this may be present without being manifested in M responses. As can be
seen, this group tends to underproduction of these responses. The r entries
indicate that, although there are a sufficient number of such responses, the
action of the figures is very restricted—a modified form of limitation. FM
responses are not consistently high, or lacking, and m responses, although
commoner in the group than usual, are not of great significance in the whol

group. Their greater frequency among the theorists ties in with the greate
awareness of conflict in these men.

The last row in this set,

' for sum of movement responses indicates thit
it 1s generally adequate,

neither too many nor too few.

r' 5 6. Color
: | ((i?o‘lor ;hock is analogous to shading shock, but very much commont’
L S
| ‘ u: in mi d fo.rms not indicative of serious disturbance, but rather of somt |
; ] case in emotionally toned situations. It is about as frequent in this grov?

' The FC responses are those in which

The number and adequacy of these indicate capacity for en”
particularly social adaptivity. They should outnumber CF
€s in which color is the dominant element, but some elemen"
esent), which are indicative of egocentric emotional respor
g nun‘lbers of which show considerable affective reactivity
The greater the preponderance of FC over CF th

tional adaptation,
responses (respons
of form is also pr
siveness, and larg,

Rorschach remarked: ¢
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more stable the affect and the greater the adaptability and capacity for forma-
tion of rapport. The closer CF comes to FC the greater the moodiness, insta-
bility and egocentricity” (10). In 11 of this group (about the same in the
theorists and experimentalists), CF are more numerous than FC. In this group
there seems to be present a tendency to impulsiveness, to emotional responsive-
ness when logical considerations are not effective and for poor tolerance of
delay in reaching satisfactions and a tendency to disregard the emotional
needs of others. All of these make for difficulties in socialization, and for
some self-centeredness.

The total number of color responses tends to be high, and to be larger
than the number of movement responses. This suggests greater tendency
to responsiveness to environmental than to internal stimulation.

7. Inspection Technique Score

This score is a rough indication of the general clinical adjustment of the
individual, the higher scores indicating greater degrees of maladjustment.
Averages are 11.1 for the theorists and 11.3 for the experimentalists, 11.2
for the total group. The two groups of physicists seem to be equally well
adjusted, on this very course measure, but the nature of the adjustment is
somewhat different.

B. GEeNERAL DiscuUssION

The data given above do not give a clear picture of the quite varied in-
dividuals that compose this group of subjects. These men, although they
have much in common, range in personality from the rather blunt and
determinedly practical to the sensuous aesthete. Some attempt at fuller
summary, from the qualitative as well as quantitative aspects of the pro-
tocols will be given here.

The theorists, on the Rorschach, seem to break down into two well-
separated groups. The larger number (six) are characterized by large
numbers of responses, generally loose or confused succession, low per cent
of whole responses, very high per cent of responses seen in unuSuz.xl areas,
and wide use of determinants and content categories. They give rich
protocols, with much evidence of high intelligence and a consider;}ble amount
of emotional and intellectual energy. This energy, however, is not' very
well disciplined, for the most part, although it is generally readil): available.
They are likely to go at things in a somewhat hit or miss fashion, Tather
than in a highly ordered, logical one. With this much energy available,
however, this is not serious, and in fact it is very possible that it is an element
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in their creative thinking. On the other hand, not the method of attac
on problems, but the concept once developed, may be a little sticky, either
hard to drop, or recurring from time to time with little appropriatenes,
The formal aspects of reality do not concern them very much. Almost
of them show much concern for space and space-filling things—three dimer-
sional perceptions come easily to them. The fact that psychologically thi
is an indication of anxiety is mitigated in this group by their fair ability t
control its expression. The bilateral symmetry generally means to them a
insistence of biological responses—for a number of them these are ur
pleasant. In a few “biology” is specifically equated to “sex,” but it is not
clear if this is true of all of them. They are rather likely to give technicd
responses, not in large numbers, but of other than the “governor’ ty,
and of a sort unique in my experience. For example, to Card I (apparently
meant as W) “It suggests to me a repeating figure in that there is enough
symmetry between the two pairs of white spots to indicate there might be
a symmetrical translation that might produce an infinitely long figure but
I see the upper pair is not identical so I would have to abandon this. ... Ifs
the repetition of a unit with a symmetrical operation.” There is usuly
evidence of conflicts, which are not as a rule too repressed or too badly
handled. They seem, for the most part, to be rather mature socially. Thos
who have apparently not developed good socially adaptive techniques hare
considerable sensitivity which probably serves moderately well where it
: an sensitivity. In most of this group, too, aggresive
tendencies are plain but are usually adequately controlled, even though

th(’-'\" may be the source of some anxiety,
I'he other four present a strikingly different picture. Their protocus
e, Thy e ! o i e
i ) sual areas. As a rule the whole responses o
:\:;-tcpmﬂ .'fn‘d ljurm\ is often poor. They come to conclusions quickly and
Hte uncritically. 'With the smaller e of deter
mm"l’m i’_ naturally much curtailed, a::r::eiz :én::;‘z?nff‘;’e;aZfz)Pmamlly
B s e e e
himsel f by withdrawal. Thlirs] e"‘u lnsftance g SRR :asblp.m“-orke
pretty well for them, but they g prob]em‘s % g i"kel\‘ to
be impatient ang jumpy, and t}h T group, rfxt.her irritable, I ], 5
should be stressed that .t'he\‘e res ey srei rather msensTtlve = o‘ther g e.in‘,.
fullness are nevertheless b o pmt(.)COls’ while not Wlth-om mf“’:h;
subjects. Tha e Si’]dr:o means ?atls.factor_v repre.sentanons of g"-e
extraordinarily high achievement can £

“

isn’t more irritability th
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protocols which are so flat raises another note of caution with regard to the
Rorschach. Absence in the protocol of any indications of capacity for high
achievement does not mean necessarily lack of the capacity. It will be in-
teresting, when other groups of scientists have been added, to make a special
study of those who give this sort of protocol.

The experimental physicists do not divide so neatly into subgroups, and
there is quite a little variation in most factors. With two exceptions, how-
ever, they seem to have developed few adequate social techniques, and in
general although they are far from lacking in aggressiveness, they tend to
handle it by getting out of the situation as far as possible or by resorting to
a superficial passivity. One or two of them, however, may have explosive
outbursts,

C. Comparison Wit THE BioLocisTs >

Comparative quantitative data are given in Tables 18 and 19. The
1 differences are very striking. The individual physicists generally used more
determinants than did the biologists—this in part is due to the greater
number of responses offered by the physicists but only in part. The major
differences are in the use by the physicists of k and K responses, which were
extremely rare ‘among the biologists, the differences in the amount and
balance of color responses and in the domination of form. These are con-
sistent with the general summary that the biologists, who manifested con-
siderable basic anxiety as shown by the incidence of shading shock (high in
both groups, but somewhat higher in the biologists) have this anxiety pretty
well structured for the most part. Their general control is better; they
are less interested in other people and the social environment but they have
\ developed better techniques for coping with it than the physicists have.
The physicists, on the other hand, are severely burdened with a considerable

TABLE 18
COMPARISON OF RORSCHACHS OF PHYSICISTS AND BIOLOGISTS s A
e s 8 P
N > 1 for main Fk, kF, k, K or KF 5.41 ’02-'8;
N > 1 for main m BAY '(1)5—.02
N > 2 for m including additionals as %% s -02—‘01
N > 1 for de, dd or di 5.41 '02:-05
N > 1 for object as content 4.61 ; 02
N > 1 for Fe 6.57 .01 —.02
FC > CF +C 9.53 <'O}
ZC not over 214 158 5 .85 02
S 4.71 05 — .02
Check list ies:
o entrie 4.33 .05 —.02
) 10.80 <.01

CF +, no entry, —
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TABLE 19
CompAr1sSON OF RORSCHACHS OF PHYSICISTS AND BIOLOGISTS

Physicists  Biologists P of

Mean Mean difference

Number of responses 33.7 22.1 02—05

Inspection Technique Score 11.2 8.9 02—.05

W% 39.8 44.5 > 05

F% 40.9 43.1 > .05

F 4+ %* 85.6 83.8 > .05

» 4+ %" 75.3 80.3 > 05

% non-F-dominated responses® 17.4 7.0 <

A% 39.6 42.6 > .05

Number of M 2.9 2.6 > 05

i Sum of C 4.3 1.9 <
: Number of Technical responses 1.3 3.1 02— 15

:F‘ + 9 refers to form level of F responses only.
’F' + % refers to form level of all responses. ;
This is the per cent of responses in which form does not enter or enters secondarily.

) amount of free anxiety, mobilized with the greatest readiness (this W&
¢ striking not only in the greater difficulty of making arrangements with i
physicists but also in the interviews) ; their affects are relatively strong
' their social techniques are often not very good. The contrast between the
two groups is very like that between obsessive-compulsives and anxiety-
hysterics among the neurotics.®

There are also some differences in content of the responses. The biologists
gave more technical responses than did the physicists. The blots lend them-
.'s’clvcs so readily to interpretation as animals or animal structures that i
1s not surprising that the biologists do give more responses which are clmd.
as t?chnical, although such responses only receive the designation technical if
specific scientific knowledge is involved. The physicists gave more responses the
content of which was objects of various sorts, such as pliers (not technical)
or governor of a gasoline engine (technical ), although even their total of these
's not very high (9 per cent of all responses). One of them explained
very well—“Why didn’t he make some with four-fold symmetry? Thet
would be a lot more possibilities in it. This two-fold symmetry gives an wfi”

3 advantage to anij :

+ 5 animal likenesses., If i strac
‘ . " . ou were after mechanical or 2

s things this doesn’t do.” 4 e

' The physicists are also a
j may be masked under a sup

; however, it is more open an
in whom it is ch

generally more aggressive group, although this
erficial passivity in some instances. As r.“k'
ks d stronger in this group than in the biologssts
aracteristically expressed more as stubbornness.

I do not wa ! A
It Ob'e"iv"c"mp:ltsi?e b: tasunderstood as having implied that biologists are generdlt
p It is to the difference ;uroucs and physicists anxiety-hysterics, which is 10t L
ctween these groups that the analogy is drawn.

e



XI. COMPARISON WITH RORSCHACH STUDIES
OF OTHER PHYSICISTS

In addition to the individual studies so far reported, the faculties in physics
and physical chemistry in six institutions were asked to take a Group Ror-
schach. In making the comparison it must be remembered that there are
some differences between the individual and group administration of the
Rorschach and that the nature of these has not been clearly established
experimentally. This point is more fully discussed in the monograph on the
biologists. It would seem, however, from such evidence as is available, that
these are less than would be expected by anyone who has not seen many group
protocols. These have as much variety of response as the individual pro-
tocols do, and in my experience are very nearly as useful clinically. It is
not direct evidence, but certainly merits consideration, that the differences
shown on the Rorschachs individually administered to biologists and physi-
cists are precisely the differences which appear on the group administration.

Considerable difficulties were encountered in securing subjects for this,
but eventually 65 subjects took part. These records have been analyzed in
detail and are reported elsewhere (7). The subjects included (there is only
one woman) are of all university ranks. A few of them are extremely
well known but were not considered for the individual studies because of
age or foreign birth.

These subjects were requested to record a preference for teaching or
research, and the field of research. Those who did not specify a research
field, or who reported a decided preference for teaching are not included
in the subgroup selected for comparison with these individual records. This
subgroup, reported below, includes 11 men doing theoretical research and
37 doing experimental research. Comparative data are given in Table 20.

That the groups studied individually are older than the others is a natural
result of the process of selection. The difference is statistically significant
for the total groups. No mean comparisons between individual and‘group
Rorschachs for the theoretical, experimental, or total groups are significant,
although differences between the means in some instances are present.

A table of Check List entries for the groups has not been included ; there
are no significant differences between individual and group Rorschachs for
the theorists, the experimentalists, or the total groups. SN Ry

The major finding here is that the physicists teaching in universities, in
general, do not differ on the Rorschach from their most eminent colleagues.
There is in these data no clue as to what brought the men studied indi-
vidually to a higher level of professional success than many of the others.
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TABLE 20
ComrarisoNn oF INDIVIDUAL AND GROUP RORSCHACHS

I'heoretical Experimental All Al
Group Indiv. Group Indiv. Group  Individul

\ 11 11 37 8 48 1
Age Range 24-65 31-53 28-56 38-56 24-65 3156
Mean 39.3 44.0 36.8 45.7 37.3 #5

s.D 11.9 6.0 7.7 7.0 8.9 66

R Range 15-48 14-81 13-68 10-44 13-68 1041
Mean 32.3 40.9 34.0 23.8 336 337

s.D 9.0 23.6 14.8 10.3 13.7 2€9

ITs Range 6-17 7-15 2-25 6-19 2-25 619
Mean 11.3 11.1 11.3 11.3 113 117

S.D 3.1 2. 5.0 4.0 47 33

W% Range 7-67 6-65 8-68 11-70 768 6N
Mean 35.6 35.3 37.0 46.1 36.7 404

S.D 18.6 20.9 18.0 17.0 18.2 al

F% Range 14-63 18-60 4-72 14-80 472 140
Mean 40.4 41.1 35.8 41.1 59 U

§.D 14.6 12.4 17.8 19.5 172 184

bR Lt ot L T




XII. DISCUSSION

This study is part of an attempt to find out whether there are factors in
life history, in level of intelligence, or in personality structure which are
relevant to vocational choice or success. The data would indicate that there
are certain factors which, because of their higher incidence in this group
than in others, probably do have such relevance, although a directly causal
relation cannot be demonstrated. Only one, sustained devotion to work, is
present in all of this group and in all of the group of biologists previously
reported. For such sustained interest, it is required, psychologically, that
the activity somehow be satisfying to strong basic drives. They must be
strong to account for the depth of the absorption; they must be basic to
account for their constancy. It is of course evident that most vocational
activities beyond a mechanical level, may satisfy the autonomous drives, at
least in our cultural setting. What is unique here is the extent to which the
vocation is called upon for these satisfactions. It is very probable that the
creative nature of much of the work of these men carries also homonony-
mous satisfactions and that this furthers the extent to which their lives are
dominated by their work.

The reasons for the development of such a channel of satisfactions to the
near exclusion of others seem to vary. Some special situations appear to
recur in these life histories. It does not follow that they are causal, but it
seems improbable that they are not relevant. Dependence on intellectualized
forms of satisfactions may develop when other channels are not continuously
clear, and this one is available, either in the family setting or elsewhere.
With the biologists a recurring situation was loss of a parent at an early
age; this did not appear in this group. Among the theoretical physicists
a common situation was early severe illness, or generally “poor constitution”
which obviously would function to increase social isolation and in certain
settings, increase recourse to intellectual satisfactions. Illness was not com-
monly a factor among the experimentalists, and although there were various
isolating factors among them, and although the incidence of.feelmgs of
apartness is high, the elements contributing to this are more varied.

That physical science took the lead over other forms of scientific .activ'incs
in these men is only in part, I think, due to obvious environmental :ﬂltuatlons.
It was usually the case that the only science courses available in high school
were physics or chemistry, but this was also true of the biologists. 1 suspef:t
that subtle differences in modes of thinking may have already developed in
these two broad groups, so that for some form was important and for others
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not, and that this played a part, bu't the origin of these differences i s
mT— R Wi‘;t ¥ g‘;‘" d;::'vehel::;ng.zcsted and so far &
i ar as these ) .

ln“”f‘aual funmc:;::i; i)of them, do differ somewhat in the groups i
el el iking i ide range in all of them. Physic
studied, but most striking is the very wide rang S e
however, are generally better at a space test, although the di
""‘l )?f;:::nccs in personality structure are more marked, but ar:l in :::;:‘:
the others reported. The general indifference to clo_se- person ::m 11
striking in both groups of scientists, with the physicists 'demdgﬁcation 2
free of any guilt in this respect. It is very probabl.e that i cln i
the father was relatively easier in this group than in the biologis i
too, may be related to a choice of a profession which has a more -
“masculine” tone than has biology. '

It is as yet too early to develop any general theories on thcsehdata,O:l;
as noted above, some hints are beginning to emerge. When other g:hc«s
have been studied it should be possible to construct a number of hypothe
which can be tested on larger samples. o b

It is not too early, however, to point out some of the pedal.gog'ca i
tions of the data. These derive chiefly from the life histories. It l; ;n .
that early opportunity to become acquainted with the field and WOfd e
is a great help but is by no means an essential to final su'ccc.SS, an 1%
the boy who is entering college may well not know what he is mtel'l&ﬁt‘flv '
or his final interests (as expressed in his behavior) may change Ct?mp etc.~thc

Several things are of major importance in any attempt 0 mcn;chaps
number of students interested in research in a physical sc1e'nce.. criust
the first and most important is high school teaching. Here it Is ﬂ(’t;of
the fact of having a course in physical science available, but the H.liiﬂ"‘Thc
teaching the course, and this applies equally well to college teaching: k.
vital point is to give the student the opportunity to find things out f.orl i
self. It makes no difference if the fact is well known or not at this ; bv‘
what is important is that the student not learn it by rote, but learn l,tb ¢
discovery. Admittedly this may often be pedagogically very difficult 2
it is part of the way research scientists become research scientists, and it =
factor susceptible to control. The students who can’t work on their o

i j i . . . t th!
may be in the majority, although I doubt it, but it is essential t}:gm
others be given a chance to learn that they can work on their own.

i . ity
many boys learn this through gadgeteering, but not all have this oppol'tUAn i
Even at a quite different level this general principle seems to apply-
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port on “Productivity, Supervision and Employee Morale” (12) states
that: “The findings suggested that persons are more effectively motivated
when they are given some degree of freedom in the way in which they do
their work.” Certainly top-level research scientists have an extraordinarily
large degree of such freedom, but it was certainly not given all of them at
first. They took it.

The personal influence of a teacher or someone else may be of great im-
portance also, although I think it secondary. And it should be noted that
the final effect on the student may not be so different whether a teacher
leaves his students alone to work on their own because he doesn’t want to

be bothered or whether he stimulates them to work on their own because

he is personally interested in them. (I refer only to the effect on vocational
development. )

Once, however, a boy learns the satisfactions of research, good pedagogy
may be a help, but bad pedagogy, unless it is completely stultifying probably
won’t be much of a hindrance. Given the drive and even the faintest
chance at it, the devoted student will carry on, on his own. I strongly sus-
pect that some of the new programs of assistance are defeating their own
ends by giving too much assistance.







XIII. SUMMARY

This monograph reports a study of the personalities of physical scientists.
The major portion is devoted to individual study of 22 men selected, by a
group of their peers, for their eminence in research. This is supplemented
by a brief Rorschach study of 48 other research physical scientists now on
faculties at large universities.

The men studied individually include nine theoretical physicists, nine
experimental physicists, three physical chemists primarily engaged in theo-
retical research, and one physical chemist primarily engaged in experimental
research. As presented here the major division retained for the study is
that of theoretical or experimental work. In a few instances the subjects

have worked in both fields.

The number of physicists who would qualify for this study is not large.
Of the 30 physicists who were selected, 22 were willing to be interviewed,
but the data from one of these are very curtailed. Although the absolute
sample size is small, it is a relatively very large sample of a very small uni-
verse.

The age range of the subjects studied individually is 31 to 56, with an
average of 45. All but one were American born; that one came here at a
very early age. They have all received the major part of their training in
this country and have done their major work here. All of the men are
married ; only one has been divorced. This is socially a very stable group.

Data on family backgrounds show that the group as a whole is very
unlike the population at large and that there are marked differences between
the theorists and the experimentalists. The major difference here is in the
occupations of the fathers of the subjects: 84 per cent of the fathers of the
theorists were professional men, and 50 per cent of the fathers of the
experimentalists. Four of the experimentalists, and none of the theorists
were the sons of farmers. Among the theorists, also, most of the mothers
came from families which included a number of professional men, and
this was not true to the same extent of the experimentalists. It follows, too,
that the educational level of the parents of both groups, and in particular
of the theorists is considerably above that of the population at large. Further-
more, so far as I could determine, none of the sibs of any of this group are
unskilled or skilled workmen. It is clear, then, that a family background
of learning is generally present. .

It seems probably of considerable importance that, among the theorists,
but not among the experimentalists, there are a number who reported early
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very poor health, frequently of a repeatedly disabling sort, or generd;
poor constitution, often necessitating long interruptions in schooling.
For all but two of the theorists, a college course was taken for grantei;
this was true of only three of the experimentalists. This is not to say th
the parents of the others did not spontaneously wish their sons to g v
college or did not plan for it—a number of them did—but it was a matt
which required debate and special planning, and this was not necessarly
entirely financial. There is a great difference between the two groups in t
amount of early liking for and interest in school and particularly in reading
It is characteristic of the theorists that they were early and omnivoros
readers, and while some of the experimentalists also were, it is unus

" They showed little more than the average interest in gadgetry, on the whol

although here the range is very wide.

The school course for the theorists was somewhat more accelerated thn
that for the experimentalists. In part, of course, this reflects an econon
difference, since more of the experimentalists had to work their way through
With most in both groups, there was no crystallization of scientific interes:
before high school, and here it was likely to come with a particular cours,
very often a course in chemistry, which was more generally available ther
The usual point of decision to enter physics as a career was about the jun"
ong of college, although with several it was later than this, There seer
in general to have been no sudden understanding of the nature of researc)
and the possibility of a research career. On the contrary this developed
somewhat gradually. Entrance into theory as a field was necessarily delat
until some situation arose—such as working with a teacher interested in
‘hf(ffy rather than in experimentation—in which the possibility of such ¢
choice became clear; it was not known as a vocational possibility before t
college level, usually not before the later years in college.

B e < l:[)' nt, with relatively few changes in research o i
in war project:. U’st:lfl hs::);lihatlll)?se Qo tth,‘ 4 co'ull;se;h::vi‘x’:reoll:iw“::’rk
under new circumstances with oth e C('mtmumg ?’Vlt. he work itself

- e Pimiiens te";‘s hO.t ers, a consx.derable shift in t eVlV 1
course which a » -heir  psychosocial development. fol'owe 3
That is, intell PPcar.s to. be the pattern with educated men in this coun
ey st of s vy we s i
terests, particularly of scxuol P mh:?nted e Mlerpument thsoq that
marriages are generally | ? OnFs’ with the result, among o-t - in

y late in this group. Furthermore, social interest
’
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general, is not the rule in the group. Most of them don’t particularly like
to be with people socially, outside of the family, although there is a small
group who are much given to parties. It is very probable that early illness
contributed to the comparative isolation of some, but with others it seems
to have been a matter of preference for books. Among the experimentalists
this is not so true. But the spontaneous expressions of feelings of isolation
in childhood and continuing to the present time are numerous and striking.
In some measure I think this is due to a probably greater awareness of the
self which, it would seem, must inevitably promote consciousness of isolation.
As regards parental relations, neither great closeness nor great distance is
common, but it is noteworthy that genuine and continuing respect for the
father is characteristic.

Only a very few of this group are church goers; perhaps not more than
two of them are emotionally involved in an established church in any way.

In their general intellectual and social development they are quite like
the group of biologists previously reported. The incidence of illness was
not noted to any significant extent among the biologists but it was found
that 40 per cent of them suffered the loss of a parent before the age of ten.
This was not true of the physicists. Incidence of professional fathers among
the biologists was 45 per cent, about that among the experimentalists in
this group. Resemblances throughout between the experimental physicists
and the biologists are close.

The Verbal-Spatial test is the same that was used for the biologists. The
mathematical subtest had to be discarded for this group as it was not difficult
enough for most of them. On the verbal test, the theorists average 64.2
correct and the experimentalists 46.6, a difference not quite at the 5 per cent
level of significance. On the spatial test the averages are 13.8 and 11.7
respectively. This difference is not significant. The experimentalists tended
to have a higher sigma score on the spatial test and the theorists on the
verbal test, but this was not consistent. For the biologists, the verbal average
is 56.6 and the spatial is 9.4. The physicists as a group are significantly
higher on the spatial test. In both biologists and physicists the'rang.es are
extremely wide and the lower limit unexpectedly low. Clearly lntelllanCC,
as shown in these tests, while a factor in the eminence of these.men,. is by
no means the decisive one, and this particularly applies to verbal intelligence.

In the results of the Thematic Apperception Test, some differences appear

with regard to particular details, but on the whole the pro.tocols. for the
e stories do not differ in length

he theorists are more certain

two groups of physicists are very like. Th
or in degree of narration and description. But t
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in their statements of outcome, and give many fewer stories involving defeat
of the protagonist or stories with conditional endings than the experimen-
talists do. Both tend to stick to stories that are dominantly concrete-factud,
but to a considerably greater extent than did the biologists; they also con-
sider the thoughts and feelings of the subjects. The theorists also seem
considerably freer in their construction of personal relations, and less insis
tent that presses be friendly.

Perhaps the most striking aspect of the protocols in general is, for both
groups, the feeling of independence of parents that is so strongly presen,
and in addition, the lack of feelings of guilt over this. This is accompanie
by a similar independence of personal relations generally, although with
some, particularly sexual situations, there is present a definite attempt ©
get distance, hence this independence is achieved with some difficulty, and
there is more conventional morality among them than there is independenct
of thought in this area. There is a general acceptance of aggression a 2
permissible element in behavior, although not a great deal of obvious &
gression is present, and where it is, it is generally relegated to the past.

They gave longer stories than the biologists, with more narration and les
description, and with more stories of full time sequence (ie., including
past a.nd future as well as present). They also gave many more storie
"“'OIV""H unresolved tension or defeat than the biologists did, and wert
more interested in the feelings of the characters. The biologists, like the
physicists, showed considerable independence of need for personal relation
except for the. fact that they were remarkably concerned over their childrer
:‘:;alt):r:n ‘:;::Zi‘(i::’;i apPe:r at a!l in the .stories of. the thSiCiSts'::f_
- of :lggrc&eio;l o Wl}t) fage differences in the .cblldren. The cthhc
biologists as was the acctjn tu " o amon'g i s thSlC.IStS than’ i

0 Scirel. e Rorqchp ahnce of aggressive elFments in behavior. 4
Wt tinny dftl‘l‘minant; a:fi protocols were nch'and most of these "‘a
few restricted ones amon "}‘]any iy Ci:ltcgonesz siumgp g are[hc
evidences of great and oftef Bt i K . |
iy h . not too well controlled intellectual and emotion?

v oe. ety high percentage of responses seen in unusual aress, the
very general use of some form of shadi 2 : di psiondl
perception, and th ading response involving three-dime
res . \¢ unusual extent to which they use inanimate movemen!

ponses. There s also 3 high incid o incidenct
of human movement respons g, s!]admg Smekand s lo»'v s

es. The theorists seem to be classifiable in®

two quite homo
- AT geneous groups,® byt the experimentalists are rather heter™

“The work
of these
tWo groups should pe analyzed for common factors. As 3 S
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geneous by comparison. In general the theorists show somewhat greater
awareness of personal problems, and a more controlled handling of anxiety.

‘ The theorists also show some inability to get away from concepts, once de-
vised. Socially, both theorists and experimentalists are usually somewhat
poorly adjusted. This is in some instances due to considerable impulsiveness
and egocentricity and in others to general apathy with regrd to social
relations. :

The physicists gave many more responses than the biologists did, and differ
markedly from them in some other respects, although both groups share
the only slightly higher than average W%, the much greater than average
use of rare details, and the restriction in use of human movement responses.
They differ primarily in the relative emphasis on form and shading responses.
The biologists in general are more concerned with form, more careful about L
it and more likely to embody it as a main determinant; they show very
little concern with shading in three-dimensional terms. The latter is common

to the physicists who also use much more inanimate movement than the
biologists do. In conventional Rorschach terms, one would infer that the
biologists, while having considerable basic anxiety have this anxiety pretty |

well structured and rely heavily and effectively upon intellectual control ‘

of behavior, and that the physicists have a strikingly large amount of free ‘
! anxiety, readily mobilized, and have considerably more emotional responsive- |
ness than the biologists do. Perhaps, however, the vocationally relevant
point is a simpler one. Biologists are deeply concerned with form, to an E l
extent that permeates their whole personality development; physicists have
relatively little concern with form as such, but they are much concer.ncd :
with space, and with inanimate motion, and this, too, is deeply ingrained i |
in them. These aspects are so much a part of the personalities of the‘two
groups that I doubt very much that they can be the result of vocational

| interests, although it cannot be said on these data that this is impossible. ‘It
ion of such personality [
|

would, however, seem much more likely that the possessi : . §
structures as these men have would be important factors in their choice of
vocations. |

It would seem that various factors contribute to choice of and .emmcnce
is only one thing which seems i
|
|
|

in physical science as a vocation, but there

to characterize the total group and that is absorption in their work, over l

f theorists is more like the ?xperimentalist.s
heorists who have done conslfierable experi-
derable technical knowledge

I might note that the smaller group o
generally, and that it includes the two t i :
mental work. Further analysis would require a consi
of physics.
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long years, and frequently to the exclusion of everything else. This ws
also true of the biologists. This one thing alone is probably not of it
sufficient to account for the success enjoyed by these men but it appes
to be a sine qua non. It needs to be accompanied by a certain amount o
intelligence, and by sufficient emotional and social adjustment that it's;t«-
sible to maintain a position in which the work can be done. I think, tw
that some early success or encouragement is a potent factor in maintainiy
this work level, as it often must be maintained, in the face of contin!
incomplete closure.

The psychological dynamics are probably somewhat different in different
instances. What must be common is a channeling of emotional energy int
intellectualized forms of satisfaction, and a considerable amount of energ
to be channeled. What may vary is the source of the energy, but thatin
most instances it derives from basic insecurities is clear. It seems possdl
that the unusual amount of free anxiety, which seems characteristic of ths

group, is related to the extent to which symbolization is part of their vocx
tional activity,
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