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Abstract 

In  t h i s  paper I describe a conpletely new type 
of space vehicle, called a "st.atite"--a spacecraft 
that does not orbi t .  The s t a t i t e  can be used for 
placing and mintaining a splce services system so 
it is continwusly viewable from either the north 
or south  hemisphere of Earth, yet it does not take 
up space on the crowded equatorial geosynchronous 
Orbit. 'Ib properly appreciate the stat.ite concept, 
i t  is important  to r e a l i z e  t h a t  a l l  o f  t h e  
thousands of space ob jec t s  present ly  in o rb i t  
around t h e  Ea r th  u s e  t h e  cen t r i fuga l  force 
generated by their o rb i t a l  nwt.ion to balance the 
Ea r th ' s  g rav i t a t iona l  force. I n  contrast, the 
s t a t i t e  is a space ob jec t  t ha t  does not use 
cen t r i fuga l  force from o rb i t a l  mtion a b u t  the 
Earth to counteract any significant p r t i o n  of the 
Earth's gravitational force. Instead, the s t a t i t e  
uses a solar sail propulsion system to maintain the 
s t a t i t e  and its payload i n  a desired non-xbiting 
static p s i t i o n  adjacent to the Earth by balancing 
l igh tpressure  force against the Earth's gravita- 
t i on  force. In mst versions of the  system, the  
s t a t i t e  is offset  from the p l a r  axis toward the 
dark side of the Earth. The s t a t i t e  stays fixed a t  
a p i n t  a b v e  the dark side, while the Earth spins 
beneath it. The statite can be placed anywhere 
over a large a s  on the dark side of the Earth. 
This is in contrast. to the single linear arc  of the - equatorial geostationary arc. From the viewpint 
of an observer on the rotating Earth, t h i s  version 
of the statite rotates around the p l e  once every 
24 hours (a solar day). Thus, ground s ta t ions for 
cormunication w i t h  these s t a t i t e s  must have their 
antennas on a plar m u n t  with a 24 bur c l o c k  
dr ive .  Since the d is tance  between the ground 
station and the  statite does not change siqnifi- 
can t ly  in mgnitude, and the  doppler sh i f t s  are 
very l o w ,  the electronics needed for these versions 
of t i e  system are  nearly as sirple as those a t  the 
fixed p s i t i o n  ground stations. A typical distance 
of a s t a t i t e  from the center of the Earth is 30 to 
300 Earth radii .  The better the p r f o r m c e  of the 
sail, the closer the balance p i n t .  (For refer- 
ence, geostationary orb i t  is a t  6 .6  Earth rad i i  and 
the M>sn is a t  63 Earth radii .)  The round-trip 
delay tim for 100 Earth rad i i  is 4.2 seconds. The 
advantages of the s t a t i t e  concept are: it provides 
continuous serv ice  t o  a region using a single 
Spacecraft without requiring a slot on the crowded 
equa to r i a l  geostationary o rb i t ,  and it provides 
continuous coverage to regions of the  Earth that 
a re  too close to the p l e s  to use the existing 
equa to r i a l  geostationary o rb i t  sa te l l i t es .  The 
disadvantages of the s t a t i t e  concept are: constant 
cont ro l  is required to maintain station, larger 
antennas w i l l  be needed because of the greater 
communication d is tance ,  the round-trip comnuni- 
cation tim is in seconds, and in  mst versions the 
ground station antenna must rotate once a day. 
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Backqroud 

The sc ien t i f ic  p s s i b i l i t y  of launching a device 
so it remins in orb i t  around the Earth was f i r s t  
mentioned by Newton i n  the W i n c i  ia.l He imagined 

w i t h  the m t i o n  of a projectile. As s!mwn i n  
Figure 1, a project i le ,  sbt b r i zon ta l ly  from the 
top of the muntain, w u l d  f a l l  to the Earth a t  
sow distance. 

a muntain so high that a i r  + no nger interfered 

Fig. 1 - Newton Explains Rajec tor ies  and Orbits 

If the s p e d  of the project i le  was increased, the 
t r a j ec to ry  muld f la t ten  o u t  and the  project i le  
wxld f a l l  to Earth further away. hrentually, if 
the projectile was give a velocity such that  the  
curvature of its trajectory coincides w i t h  that of 
the Ear th ' s  sur face ,  the p r o j e c t i l e  would go 
ent i re ly  around the Earth and continue to c i rc le  
it. Newton used t h i s  imgery to show that the 
g r a v i t a t i o n a l  laws governing the motion of 
celestial Mies wxld also apply to a M y  ejected 
from the Earth and circl ing it in the vacuum of 
outer  space a t  a velocity high enough that  the 
centrifugal and gravitational forces balanced. M 
and a quarter centuries l a t e r ,  on 4 Wtober 1957, 
Newton's concept was realized by the launch of 
Sputn ik  1. Since the launch of Sputnik 1, 
thousands of a r t i f i c i a l  space objects have been 
placed i n  o rb i t  around the Earth. 

Satellites are  placed i n t o  various o rb i t s  for 
different tasks. The purpse of these o rb i t s  is to 
allow the satellite to remain adjacent to the Earth 
so it w i l l  be u s e f u l  for some purpose. For 
example, it is des i r ab le  t h a t  communications 
satellites remain stationary over a single p i n t  of 
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the  E a r t h ' s  surface.  This allows the ground 
s t a t i o n s  used for  receiving s i g n a l s  from the 
communications satel l i tes  to use simple fixed 
p a r a b o l i c  ant.ennaS t h a t  p o i n t  i n  a s i n g l e  
direction. The laws of o r b i t a l  mechanics provide 
only a single orb i ta l  arc, called the geostationary 
o r b i t a l  a r c ,  where the o r b i t a l  period o f  a 
s a t e l l i t e  is the sam? as the rotational period of 
the  Earth.  The geostat ionary o r b i t a l  arc is 
situated over the Faith 's  equator, a t  a distance of 
a b u t  42,000 kilomters from the ce.nter of the 
Earth (36,000 kilometers from t.he surface). A 
s a t e l l i t e  placed in  t h i s  geostationary Orbital  arc 
w i l l  remain fixed over a single sp t  on the Earth's 
equator, as i f  it *re a t  the top of a t a l l  tower. 

The fact  t'nat there is only one such orb i ta l  
arc, and it is uniquely useful for comunication, 
broadcast, wather ,  and other service satellites, 
creates a limited remurce -- the p s i t i o n s  along 
the orbit.al arc. Access to th i s  l i m i t e d  remurce 
is controlled by an international organization, the 
In te rna t iona l  Te lecomnunications Union (ITU) . I 

Allocation o f  pos i t ions  OK "slots" along the 
geost.ationary o r b i t a l  arc is hotly debated by the 
Wrld Administ.rative Radio Bnference, which is an 
organ of the IlW. The geostationary o r b i t a l  a r c  is 
mst useful for comnunications between the p i n t s  
on the Earth that l i e  near the equator where the 
ground s t a t i o n  ant.ennaS may p i n t  m r e  or less 
toward the wni th .  

m-ver, because of local toFography and high 
attenuation through the atnvsphere a t  l o w  elevation 
angles ,  geostat ionary sat-eilites a re  relatively 
useless at. high lati tudes on the Earth near t.he 
polar regions. For the near polar regions it is 
necessary to use other types of orb i t s  for comuni- 
cations. me exar@le is the "nvlniya" o r b i t  used 
by Soviet satellites. This orb i t  has an apgee  a t  
roughly geostationary al t i tude over the North &le, 
while thr  perigee near the South pole is only a few 
hundred kilometers. This orb i t  has an o r b i t a l  
p e r i o d  o f  twelve  hour s  and requires  three  
s a t e l l i t e s  to  maint.ain cont.inuous sa te l l i t e  
presence within fi€t.een degrees of the zrnith over 
t h e  no r the rn  1at. i tudes.  Further ,  s ince  the  
s3tellit.es do not. remain mt ionless  in  tine sky, the 
ground s t a t i o n s  m u s t  be equipped with complrx 
tracking antennas and electronic receivers which 
add great~ly to their axt.. 

Introduction 

In order to reduce pressure on the geostationary 
o r b i t a l  arc so as to relieve m r l d  tensions over 
t h i s  "limited natural resource" and, in addition, 
to provide continuous space services to the p l a r  
regions of the Earth, I propose the use  of a nrw 
type of spacecraft. A spacecraft that  dops not 
orb i t  the Earth. Since the spacecraft dops not 
o r b i t  t.he Earth,  i t  is wt a satellite of the 
Ear th .  Indeed, the  def in i t ion4  of the word 
"satrllite" is: "the lesser component. of a tw W y  
system revolving, together with thr pr imry,  around 
a c o m n  center  o f  mass". Since th i s  type of 
spacecraft is rot a sa t e l l i t e ,  I have coined the 
generic name of "stati te"4 for i t ,  since it remains 
e s s e n t i a l l y  s t a t i c  or stat.ionary in space with 
respect  to the  center  of mass of the combined 
system of the Earth and s t a t i t e .  

m properly appreciate the s t a t i t e  concept, it 
is imprtant to realize tha t  a l l  of the thousands 
of space o b j e c t s  presently in orb i t  around the 
Earth f a l l  in  an rssent , ia l ly  closed trajectory 

around the Earth under the influence of gravity. 
Although the s a t e l l i t e s  m y  carry a small reserve 
of f u e l  to a l te r  their  o rb i ta l  trajectory, a l l  
space objects currently adjacent to the Earth spend 
the vast majority of their existence freely fall ing 
such that  the centrifugal force generated by their 
o r b i t a l  motion exac t ly  balances the E a r t h ' s  
gravitational force. In contrast, the statite is a 
space object that  does wt use  centrifugal force 
from o r b i t a l  notion a b u t .  the Earth to counteract 
any  s i g n i f i c a n t  p o r t i o n  o f  t h e  E a r t h ' s  
gravitational force. 

Instead, as is sbwn in  Figure 2, the statite 
uses a s o h r  sail l igh t  pressure propulsion system 
to maintain the s t a t i t e  and its payload in a 
desired mn-orbit.ing fixed p s i t i o n  a b v e  the north 
or south hemisphere of Earth by exactly halancing 
the Earth 's  gravitation force with l ight pressure 
force. 
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Fig. 2 - Schematic Diagram of S ta t i te  Concept 

In some versions of the system, to be described 
later, the stat.ite is kept direct ly  over the Mrth  
o r  South Pole o f  the spinning Earth.  To an 
observer o n  the Earth, the stati te stays fixcd 
atove thr  p l e  while thr  s t a r s  rotate around i t .  
I n  these vers ions o f  the syst.em, the ground 
s ta t ions can use fixed munted antennas and siinplr 
fixed gain, fixed frequency electronics similar tn 
t h a t  used i n  the ground s t a t i o n s  for s imilar  
services supplied by s a t e l l i t e s  operating in thr 
equatorial gmstationary orbi t .  

I n  other versions of the system, the stat.itr is 
ofEset from the p l a r  axis. It stays fixrd at a 
p i n t  a b v e  the dark side of t.he Earth, while the 
Earth spins beneath it. It should k noted that 
thr  st.atire does no2 have to be positioned directly 
opposite from the Sun. The statite can k placed 
anywhere over a large a 3  on t h e  dark side of the 
Earth. This is in  contrast. to the single linear 
arc of t h e  equatorial geostationary Orbit. 

From t h e  viewpoint of an observer on the 
rotatina Earth. t h i s  version of the s t a t i t e  rotates 
around The p i e  once every 24 hours (a solar day). 
Thus, ground stations for cornnunication with thesc 
versions of the stat.ite systems m u s t  have their 
antennas on a p l a r  rmunt with a 24 b u r  clock 
dr ive.  Since the d is tance  between the ground 
s t a t i o n  and the stat.ite does not change signi- 
f icantly in magnitude, and the doppler sh i f t s  are 'u 
very low, the electronics needed in the ground 
s t a t i o n s  €or these vers ions of the system are 



nearly as simple as  those at  the  fixed position 
ground s ta t ions for the equatorial geostationary 
sa t e l l i t e s .  

A s  w i l l  be shown l a t e r ,  the typical distance of 
a s t a t i t e  from the center of the Earth is 30 to 300 
E v t h  radii .  (Fur reference, geostationary o rb i t  
is a t  6 .6  Earth rad i i  and the m n  is a t  63 Earth 
r a d i i . )  Thus, one disadvantage of the statite 
system is that  the round-trip delay time w i l l  be a 
number of seconds, making it nwre su i t ab le  for 
broadcast, data transmission, and heather services 
than tm-wav teleuhone conversations. Fur 30 Earth 
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rad i i ,  the-round-trip delay tiw is 1 .3  seconds, 
while for 100 Earth rad i i ,  it is 4.2 seconds. 

Although the a l t i tude  of the s t a t i t e s  w i l l  be 
comparabie t o  the dis tance to t h e  Moon, the 
statites w i l l  be atove the p l a r  regions of the 
Eartin while the Won w i l l  be a b v e  the equatorial 
regions. Thus, although the  Moon w i l l  cause 
s i g n i f i c a n t  g rav i t a t iona l  perturbations of the 
statite that w i l l  have to be handled by the s t a t i t e  
control system, there is no danger of collision. 

m e  basic advantage of the s ta t i te  system over 
existing Earth services systems is that the statite 
can provide cont inuous service to any region of the 
Earth, including the polar regions, using only one 
space vehicle, and without requiring a p s i t i o n  on 
the equatorial geostationary o rb i t a l  arc. 

oeployment and Cwration 

Since the  operation of a statite requires the 
constant control of the thrust and direction of the 
l ight pressure propulsion system in order to keep 
t h e  s t a t i t e  o n  s t a t i o n ,  the deployment and 
operation of a stat.ite is significantly different 
from t h e  deDloYment and oceration of a satellite. - Launching a -satkllite invoives siinply "throwing" it 
into space, where it w i l l  "float" in its e l l i p t i c a l  
o rb i t  u n t i l  it is c o m d e d  to mve into a differ-  
e n t  o rb i t .  A Sta t i te  must he kept under active 
control a t  a l l  times OK it w i l l  s m n  f a l l  to the 
Earth and be los t .  

The  s t a t i t e  w i l l  have some Sort  of Earth 
se rv i ces  payload, s u c h  a s  a standard two-way 
communications, one-way broadcasting, navigation, 
mapping, weather, or other swveillance system; a 
solar l ight pressure propulsion system such a s  a 
standard f l a t  so l a r  sai16-11 or  t h e  improved 
performance Solar Photon Thrustor discussed i n  
another paper1:! presented a t  t h i s  meeting: a 
sensing system capable of determining the direction 
to the Sun, the direction to a guide Star off the 
ec l ip t ic ,  such a s  Camps, and the direction and 
distance to the  Earth: and a Control system that  
uses the output of the sensing system to auto- 
mat ical ly  cont ro l  the l ight pressure propulsion 
system to keep the S ta t i te  a t  a desired ps i t ion  
with respect. to the center of the Earth. 

The sensing system to determine the distance to 
the Earth could be a passive one t h a t  masures the  
angular diameter of the Earth wi th  a rotating 
infrared s e n s x ,  or it could bp. an active one that  
picks up a radio signal froin a cooperative s ta t ion 
or s t a t i o n s  on Earth and uses those signals to 
determine the range and range rate. 

The s t a t i t e  w u l d  be launched by standard 
launchers either direct ly  to the desired operating 
pos i t i on ,  where the l i g h t  pressure propulsion 
system is deployed, or to a l o w  Earth o rb i t  that is - high enough t h a t  the propulsion system can be 
deployed and the s ta t i te  "flown" into p s i t i o n  
using the Light pressure propulsion system. Since 

the f ina l  velocity of the  statite with respect to 
the center of the Earth during the  operation of the 
system is essentially zero i n  mst inplemntations, 
t h e  d i r e c t  placement meuver  involves a sinple 
" p p u p "  type launch, w i t h  considerable savings in 
fue l  over a launch into an orb i t  a t  that six 
alt.itude. Cnce the s t a t i t e  is near its desired 
p s i t i o n  and the l igh t  pressure propulsion system 
deployed, the sensing system acquires the Sun, 
Canopus, and Wth, determines the statite position 
with respec t  to  the center of the Earth, then 
adjust.s the l igh t  pressure propulsion system thrust 
level and direction to bring the statite to the 
desired p s i t i o n  and maintain it there. 

I n  some implementations, the  l igh t  pressure 
propulsion system could be combined with a solar 
powered e l e c t r i c a l  power generation system that 
could provide much higher levels of onbard p e r  
than present  so la r  ce l l  systems. With proper 
design of the l igh t  pressure propulsion system, 
even t h e  waste heat  from the s o l a r - e l e c t r i c  
conversion system could provide a cmqxment of 
propulsive th rus t .  T h i s  avai labi l i ty  of large 
a m u n t s  of onboard e l e c t r i c a l  power would be 
advantageous fo r  s t a t i t e s  provid ing  d i r e c t  
broadcast service. 

When the s t a t i t e  is i n  its fixed p s i t i o n  w i t h  
respect to the center of the  Earth, the  sum of the 
gravitational forces from the Earth and Sun, and 
t h e  cen t r i fuga l  force froin the  orbiting of the  
Earth ahout the Sun, w i l l  attempt to p l l L  the non- 
orbiting statite of f  p s i t i o n .  (The usual resul t  
being tha t  the statite w i l l  s t a r t  to f a l l  down 
toward the Earth.) The statite then uses the l igh t  
pressure force from the sunlight to cancel o u t  the 
sum of the gravitational and ine r t i a l  forces and 
remain balanced a t  the desired fixed p s i t i o n  with 
respect to the center of the Earth. mis fixed 
p i n t .  can be a t  any p s i t i o n  around the spinning 
W t h ,  although positions over the dark side of the 
Earth result i n  lower statite alt.itudes for a given 
l e v e l  o f  performance o f  the l i g h t  pressure 
propulsion system. 

Fbrce Baldme rinalysis 

The basic force diagram for the sinplest version 
of the s t a t i t e  system is shown in Figure 3 .  

INCIDENT SUNLIGHT FLUX S _ _ _ _ _ _ _ _ _ _ _ _ _ - _  

Fp = Fg 

GMc m R2  = _ _ -  
2s $inn o A 

Fig. 3 - Statit.e FOrce Diagram 
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For s impl ic i ty ,  the  l i g h t  pressure propulsion 
system is shown as a f l a t  solar sail .  In practi'e, 
however, it is l i k e l y  t h a t  an improved l i g h t  
pressure oropls ion  system, called the Solar Photon 
Thrust~rl:! w i l l  be used. In Figure 3, the plane of 
the  diagram is not normal to the plane of the 
ecliptic, but has been rotated a b u t  the Earth-Sun 
l ine unt i l  the p l a r  axis  is in the plane of the 
paper. In Figure 3,  the North mle of the Earth is 
t i l t e d  a t  an angle d with respect to the terminator 
(the s h a d o w  l ine around the Earth), which is normal 
to the Earth-Sun line.  The angle $i is due to the 
tilt of the p l a r  axis of the Farth with respect to 
t h e  ecl ipt ic  and varies from k23.5O during the 
year. 

The s t a t i t e  is placed a t  a distance R from the 
Earth a t  an angle 8 with respect to the p l a r  
a x i s ,  in  t h i s  example, the North Pole. For 
s l p l i c i t y ,  e have assumed in  Figure 3 that the 
statite is also in  the plane of the paper. In 
general, t h i s  w i l l  not be the case, as the statite 
can be anywhere over the dark side of the Earth and 
does not have to be exactly on the o p s i t e  side of 
the p l e  from the Sun. me sail on the stati te is 
then oriented tangent to the radial  direction to 
t h e  Earth. The l ight from the Sun s t r ikes  the 
ref lect ive sail a t  an angle 9. Simple geometric 
cons idera t ions  w i l l  show t h a t  9=p+ when the  
statite is direct lv  oowsi te  the wle from the sun. - .. 

The sunlight reflect.ing of f  the m i l  produces a 
I f  the f l a t  solar sail is l igh t  pressure force Fo. 

highly r e f l e c t i n g  (khich is relatively easy to 
achieve in  practice),  then the direction of the 
l ight  pressure force is mrmal to the back of the 
s a i l .  Since the sail is tangent to the radial  
direction, and the l ight pressure force on a f l a t  
solar sa i l  is normal to the back of the sai l ,  the 
l ight  pressure force w i l l  be direct ly  away from the 
Earth. The inaynitude of t h i s  l ight  pressure force 
for a f l a t  solar sa i l  is given by the ell-known 
rektion: '  

F~ = 2 sin% (w'c) (1) 

Where S is the solar flux, which a t  the Farth is 
1 . 4  kW/m2, A is the area of the solar sai l ,  and 
c=300 m/s is tine speed of l ight.  

I f  a Solar Photon ?heustor,l2 shown schemati- 
cal ly  in Figure 4 ,  is used instead of a f l a t  solar 
sai l ,  the net thrust direction wuld  be adjusted to 
also be direct ly  away from the Earth. Por t h i s  
typ: of solar l ight pressure propulsion system, the 
magnit.ude of the l ight  pressure force is in roved 
by a factor of l/sine over a f l a t  snlar s a i l : p 2  

Fp = 2 s in  9 (SA/c) (2) 

Where A is now the area of the collector p r t i o n  of 
the Solar Photon Thrustor. 

The gravitational force Fg of the Earth of mass 
M on a s t a t i t e  of mass m a t  the radial  distance R 
is: 

Fg = GWn/R2 (3) 

Where G=6.67x10-11 m3/kg.s2 is the Newtonian 
gravitational constant. 

I n  the operation of a st.atite, the gravitational 
p u l l  of the Earth is counteracted by the l iqht 
pressure force: 

Fp = Fg (4) 

REFLECTED \ \ 
SUNLIGHT a " ' '' 

Fig. 4 - Solar Photon ThrustDr Concept 

Substituting equations (l),  ( 2 ) ,  and (3) i n t o  ( 4 )  
gives: 

2 sin% (SA/C) = W R ~  (5) 

Were n=2 for a f l a t  solar sa i l  and n=l for a Solar 
Photon T h ~ ~ s t o r .  

I€ we solve equation (5) for the equilibrium 
distance R of the stati te from the center of the 
Earth, ie obtain: 

Where m/A is the effective total mss-to-area rat io  
of the statite. 

Substituting in  values for the various const.ant.s 
and using the values for the solar flux a t  the 
Earth and the P a t h  mass, equation (6) reduces to: 

4.3~1019 m4/1<9 m 
R2 = ______________ - 

sin% A 
(7) 

The square r m t  of  Equation (7) is plotted in 
Figure 5 for  the t'm di f fe ren t  types of l ight 
pressure propulsion systems, as a €unction of mass- 
to-area ratio and incoming solar f lux  angle e.  lie 
can see t h a t  the s t a t i t e  a l t i t u d e s  vary from 
approximately 30 to 300 Earth radi i ,  with the 
operational a l t i tude decreasing as the performance 
( in  terms of total  spacecraft mass to s a i l  area) of 
the snlar sa i l  system improves. The round t r i p  
communications time delay of these systems w i l l  
always be greater than one sewnd, making them m r e  
suitsble for broadcast and Earth rivnitoring than as 
t.elephone comnunication sa t e l l i t e s .  xe can also 
see that the Solar Photon Thrustor type of s a i l  
g ives  s ign i f icant ly  irproved performance over a 
f l a t  sa i l  for operation close to the p l e s ,  where 
the effective sun angle is small. 
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Fig. 5 - St.atite Alt.itude for Various Systems 

To g i v e  some estimate of what could  be 
accomplished in a f i r s t  generation version of a 
s t a t i t e ,  we w i l l  assure a sail or light collector 
bu i l t  usin the technoloq studied in de ta i l  by JPL 
i n  1976.8ry Ihe mss per un i t  area ( d A )  of their 
design was 3 . 3  gm/m2. Substituting th i s  value into 
equation (7) produces: 

v 
1.4~1017 m2 

RZ = ---______-_ (3) 
sin% 

If .WE put t h i s  in terms of Earth rad i i  % and take 
the square r m t ,  we get: 

Since s ine< l ,  th i s  mans that  the minilnwn distance 
from t h e  Earth for a s ta t i te  using 1976 sail 
technology is 60 Earth r ad i i  OK a b u t  9 times 
geost.ationary o rb i t  distanrr?. Second and third 
generation sail and reflector technolcqy w i l l  have 
smaller mass-to-area ra t ios  and w i l l  allow the 
s t a t i t e s  t o  operate  a t  lower a l t i tudes  and a t  
angles closer to the poles. 

I €  a second generation f l a t  solar sail is mde 
w i t h  a t o t a l  mass-to-area ra t io  of 1.0 g / d ,  and 
used at. a fixed p l a r  angle of 47.50 off from the 
north p l a r  axis ,  then the  wxst Sun angle 9 w i l l  
be 47.50-23.50=240 a t  the Sumner Solst.ice. lcoking 
up a f l a t  solar sail a t  .m/Fi=l.O g/m2 and E 2 4 3  i n  
Figure 5 gives  a s t a t i t e  a l t i t u d e  of 80 Earth 
radii. The s t a t i t e  can be kept a t  that a l t i tude 
during the year by decreasing the thrust level. 

I€ a third generation Solar Pbton ~hrus to r l2  is 
made w i t h  a total mss-to-area r a t io  approaching 
tha t  of Drexler ' s  high performance solar s a i l  
designs11 of 0 . l  g/m2 and used as a fixed p l a r  - angle statite a t  3 5 . 9  off from the  north p l a r  
axis, then the  ~ m r s t  Sun angle w i l l  be 120 at the 
Summer So l s t i ce .  I n  Figure 5,  a Solar P b t m  

Thrus tor  w i t h  m/A=O. l  g/m2 and 8=120 has  an 
a l t i t ude  of 22.5 Earth r ad i i  and a round t r i p  delay 
time of less than 1.0 sec. The s t a t i t e  a u l d  be 
lowered i n  a l t i tude during the r e s t  of the year to 
the p i n t  where the t ime  delay becoms comparable 
to that exprienced with equatorial geostationary 
oomnunication systems, especially longer c i r cu i t s  
where double bunces +tween Earth and o rb i t  occur. 

Mx%s of Cgeration 

Depending u p n  the operational requiremnts, the 
s t a t i t e  system can be operated in a nlrmber of 
d e s .  These d e s  of operation include the fixed 
p h r  angle d e ,  variable p s i t i o n  d e ,  a node 
involving "formtion flying" with the W r t h  in a 
levitated solar orb i t ,  and a "halo" o r b i t  d e .  

Fixed 24nqI.e WJ& 

In the norm1 d e  of operation the s t a t i t e  is 
always kept a t  a fixed angle from the p l a r  axis. 
This angle w i l l  have to be greater than 23.50 
because the  tilt of the p l a r  axis  of the Earth 
t a k e s  each p l e  23.50 to the sunward side of the 
Earth during one of the slst.ices and the statite 
has to stay over the dark side. 

As is sbwn in Figure 6 ,  the w r s t  case for a 
statite serving the northern hemisphere mws a t  
the Sul~ner Solstice, when the p l a r  axis  angle with 
respect to the terminator is $=-23.50. In t .h i s  
case, t!!e closest an ideal s t a t i t e  can cow to the 
p l a r  axis is 23.50, and r ea l i s t i c  s t a t i t e s  w i l l  be 
a t  angles  of 300 to 450 from the  p l a r  axis. 
S ta t i tes  a t  these angles could provide services to 
the Uni t ed  States, Gurope, Alaska, Canada, a l l  of 
the USSR, Northern China, Argentina, Chile, New 
zealand, Southern Australia, and, of course, the 
Arctic and Antarctic, h i c h  cannot use sa t e l l i t e s  
on ?ne equatorial geostationary orb i ta l  arc  a t  a l l .  

I 

;P 

@ =-23.5"/ 

\ 
Fig. 6 - Fixed Polar Angle Operation of S ta t i t e  
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A t  a w r s t  case example of Sumner Solstice and 
an a n g l e  from the p l a r  a x i s  of  P=3U0, the 
angle of the incoming sunlight w i l l  be e6.50. A t  
t h i s  "close-hauled" angle to the sunlight, the 
performance of  t h e  f l a t  solar s a i l  is severely 
degraded, since s inSO.11.  Imking a t  equation 
(91,  th i s  means that for the  f l a t  solar sail the 

operational a l t i tude is l / s i n e 9  t L i s  the minimum 
alt.itude for a s a i l  with a given mass-to-area 
ratio.  I n  wnt ras t ,  the operational a l t i tude for a 
Solar Photon ~hrus to r  is only l/(sin0)1/2=3 tims 
the minimum al t i tude i f  it has a l ight collector 
w i t h  a similar mss-to-area ratio.  This shows the 
significant advantage of the Solar Photan Thrustor 
over the f l a t  s o h  s a i l  i n  providing service tu 
the p l a r  regions. 

Variable Pbsition pbde 

Instead of keeping the s t a t i t e  a t  a constant 
angle froin the p l a r  axis and a constant distance 
from the center of the Earth, another d e  of 
operation wuld be to keep the s t a t i t e  a s  close to 
the p l a r  axis a s  possible. The s t a t i t e  muld be 
put direct ly  over the p l e  during that  t ime of the 
year when the polar region being served is on the 
dark side of the Earth (acoun? the Winter Solstice 
for  the North Pole),  so a s  to provide mximum 
service area. hv ing  the SUIWWK, when the Mrth  
h l e  is in sunlight and there is an unfavorable Sun 
angle, the s t a t i t e  wuld have to be nwved off the  
p l a r  axis  p s i t i o n .  This &e of operation wuld 
require  nwre complicated ground station antennas 
capable of nodding once per year in addition to 
rotating around the p l e  once per day, and service 
to the nwre equatorial areas w u l d  be interrupted 
during some times of the year. A version of tinis 
ncde of operation wuld be to allow the s t a t i t e  to 
d r i f t  higher i n  a l t i tude a t  unfavorable Sun angles 
i n  order to lower the  gravitational force and allow 
the  statite to be operated a few degrees closer to 
the zenith. 

Pbrmation Flyins pbde 

A very diEferent  mode of operat ion of the 
s t a t i t e  system is p s s i b l e  that  wuld allow the 
statite to be placed a t  % p i n t  around the  Earth 
(specifically over the p l e s ) ,  a t  a s  times of the 
year, even over the side, a t  the expense of 
a s l ight ly  greater operating distance. Instead of 
the s t a t i t e  being balanced by sunlight in the 
gravitational f ie ld  of the Earth, the stat.ite wuld 
be placed i n  an orb i t  around the Sun, a t  such a 
d i s tance  from the Earth that  tine gravitational 
f ie ld  of the  Earth plus Wmn is only a perturkation 
on the gravitational f ield of the  Sun. 

The propulsion system vnuld t.hen be controlled 
so t h a t  t h e  s t a t i t e  t raveled in a s l i g h t l y  
e l l i p t i c a l  o rb i t  around the Sun w i t h  a period equal 
to the Earth orb i ta l  period of one year. The light 
pressure wuld be used to "levitate"l3 the  plane of 
t h e  s t a t i t e  o r b i t  above OK below the ec l ip t ic  
plane, and to vary the radius of the o rb i t  luring 
the year so t h a t  the s t a t i t e  nwved inside and 
outside the orb i t  of the Earth. The result. wuld 
be that, to an observer on the Earth, the statite 
stayed fixed a b v e  one of the p l e s  of the Earth. 
Thus, although the spacecraft is a "sa te l l i t e"  of 
the Sun, it is a "s ta t i te"  of the Earth. This d e  
of operat ion is shown i n  Figure 7, showing the 
statite atove the  Mrth Fole a t  the Equinoxes and 
the Solstices. 

LEVITATED OFFSET 
TRAJECTORY OF 
STATITE STATITE 

OVER EARTH 
POLE 
I SUMMER 

SOLSTICE 

~ 

SOLSTICE 

Fig. 7 - Solar Orbit Dominated Earth S ta t i te  

The mjor  c r i t e r i a  for t h i s  d e  of opfrat.ion 
is that  the perturbing gravitational forces of the 
Earth-Moon system be small  compared to  t h ?  
gravitational force of the Sun. This occurs when: 

W % 2  >' %/%2 (10) 

Where M, and are the mss of the Earth and Sun, 
and R, and % are the distances from the s t a t i t e  to 
the Earth and Sun. 

Solving equation (10) for the distance of  
the st.at.ite from the Earth gives: 

W 
R, '> (M,&)1/2 RS (11) 

Put.ting i n  the mss of the Qrth and Sun, and the 
distance from the Earth to the Sun for the  average 
distance % between the Sun and the  stat.ite, we 
get: 

>> 260,000 km = 40 Q (12) 

This shows that the gravitational f ie ld  of the Sun 
and the Earth are  the saw mgnitude a t  40 Earth 
radii .  Since the Earth is i n  o rb i t  around t.he Sun, 
the centrifugal force due to the Orbital notion is 
also of the same magnitude (and is cancelling the 
gravitational force of the Sun to f i r s t  order).  

Because the gravitational f ield of the Eartin 
f a l l s  off as tine square of the distance, a factor 
of  th ree  increase in s t a t i t e  a l t i t u d e ,  OK an 
s t a t i t e  distance of 120 Earth rad i i ,  wuld make the  
Earth's f i e ld  a b u t  10% of the Sun's field.  Xbr 
s t a t i t e  operational distances greater than that,  
t h e  mtion of the s t a t i t e  would be determined 
predominantly by its o r b i t  around the Sun, as 
deliberately nodified by the constant thrust from 
t.he l ight pressure propulsion system. 

The cont . ro1 e x e r t e d  by a l i g h t  pressure 
propulsion system on it.s o r b i t  around a l ight 
source  l i k e  t h e  Sun is  determined by i t s  
'"lightness" L, OK the ra t io  of the l ight pressure 
force to the gravitational force: 
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Where % is the distance of the  Earth from t.he Sun, 
and So is the solar flux a t  the  Earth. NOtice that 
since the  l igh t  flux from the Sun and the gravity 
force from the Sun b t h  € a l l  off wi th  t'ne square of 
the distance of the l igh t  pressure propulsion 

1 system from the Sun, the  liqhtness is independent 
of the distance from the Sun and is predominantly 
determined by the  mass-to-area ra t io  of the  l igh t  
pressure propulsion system. 

A l i gh tness  oE uni ty  means t h a t  the l i g h t  
pressure propulsion system can levi ta te  i t s e l f  i n  
t h e  l i g h t  from the Sun. Spacecraft with a 
lightness less than less than unity have to orb i t  
t h e  Sun to keep from fal l ing i n .  For a l i q h t  
pressure propulsion system to achieve a lightness 
of unity requires a mass to area ra t io  of :  

m/A = 2.5Qb2/W = 1.6 g/m2 ( 1 4 )  

S ince  the 1976 JPL  s a i l  technolagy projected a 
mass-to-area r a t i o  of 3.3 g/m2, any reasonable 
design for a l i g h t  pressure propulsion system, 
whether it. be a f l a t  solar s a i l  or a Solar PhotDn 
Thrustor, should be close enough to a lightness of 
unity t'hat it w i l l  have a!nple reserve propulsive 
capab i l i t y  t o  allow it t o  carry out the orb i t  
l e v i t a t i o n  and o r b i t  e 11 i p t  ic i t y  maneuvers 
necessary to place a stati te over the p l e s  of the 
Earth a t  a l l  times of the year using the d i f i e d  
solar orb i t  "formation flying" d e .  

Balo Qbit bbde 

A f ina l  d e  of operation i6 called a HALOSAT 
system s ince  t h e  s t a t . i t e  is not completely 
stationary with respect to the center of the Earth. 
Although the  s t a t i t e  is nuving, it is no2 i n  o rb i t  

W around the Earth, and therefore is not a satellite 
of t h e  Earth. The s t ruc tu re  of the HALOSAT 
spacecraft is the  sane as  the statite spacecraft, 
only the operation is 3iEferent. FLS is shown in 
Figure 8 .  i f  a S t a t i t e  keeps its o r i en ta t ion  
i n e r t i a l l y  f ixed  while it is displaced off its 
norm1 fixed operating p i n t ,  the l ight pressure 
force  Fp w i l l  compensate the conpnent of the 
yravitat.iona1 force Fgz normal to the  s a i l ,  but 
there  w i l l  be a compnent oE the gravitational 
force Fyr tangent to the sail t h a t  w i l l  attenrpt to 
pull  the st .at i te back to the  normal fixed operating 
pint.,  a s  if there were a mass a t  that p i n t .  The 
dis turbed stat-i te can either OScillate back and 
fo r th  through that. point, or c i rc le  in a "halo 
orb i t "  around that p i n t .  

In Figure 8 ,  the s t a t i t e  is orbiting i n  a c i rc le  
of radius r a t  an angular velocity Q. The plane of 
the halo o rb i t  is tangent to the Fnrth, while the 
center  of the halo o r b i t  is the normal fixed 
operating p i n t .  of the statite i€ it w r e  not in a 
halo orb i t .  Fqat ing th? gravitational centripetal 
force  tangent to  the sail w i t h  the centrifugal 
force of the "orbital" mtion gives: 

cz$oT/R3 = m22r (15) 

Note that  'mth t.he mass of the s.pacecraft and the  
of the  orh i t  cancel out. of equation (15). 

These halo orbi t s  are driven only by t h e  gravity 
grad ien t  of t.he Earth a t  that al t i tude and the 
orb i ta l  period of the HALOSAT is independent of the 
radius a€ the haln orbi t :  

$ = cM/R3 (16) 
v 

(Note that i f  R is large enough, the mass M should 
include the mass of the M>sn a s  w e l l  a s  the Earth.) 

INCIDENT 
SUNLIGHT 

i" 
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[INDEPENDENT OF rl  

EARTH-SUN LINE 

Fig. 8 - Force Diagram of Halo Orbit 

There is an interesting distance of 340 Earth 
rad i i ,  where the period of the halo orb i t  is one 
year. The Earth gravity at. t h i s  distance is so 
weak that it muld  he easi ly  reached by a 1976 JPL 
s a i l  c a r r y i n g  a 5 ton payload and having a 
r e s u l t a n t  mass-to-area r a t io  of 10 gm/m2. The 
center of the halo orb i t  wuld be chosen a t  sone 
distance over on t.he dark side of the B r t h  that  
would give a mm€ortable sail t . i l t  angle e and 
plenty of light. pressure force. The radius of the 
halo orb i t  w u l d  be chosen so that  the angle in 
Figure 8 were equal to 8. If  t he  phase of the 
orb i t  were adjusted s11 that the HALOSAT star ted out 
over the northermost p r t i o n  of the  terminator 
when the  Folar axis were tilt .ed toward the  Sun, the 
aALOSXr wuld be a b v e  the Arctic Circle, 23.59 
away Erom the  polar axis, where the terminator and 
Arctic Circle jus t  touch. W i n g  the year, a s  the  
Farth goes around t h e  Sun, the  HAUXNr, with its 
one year per iod,  will c i r c l e  around a b v e  the 
Arctic Circle, keeping i t s e l f  p s i t i oned  over that  
p o i n t  where the northernmost port ion of the 
terminator crosses  the Arct ic  Circle .  To an 
observer on the ground it w i l l  spin around t.he p l e  
once a day, staying on the o p p s i t e  side of the 
Earth from the  Sun. V i t h  an angle of 23.50 from 
the mla r  axis and its lame distance of 340 Earth 
rad i i ,  the one-year HAILSk' can be seen anywhere 
north of 240 latitude. 

%!E?zri 
I have proposed the use  of a new type of 

spacecraft, called a statite. Un l ike  a s a t e l l i t e ,  
the stati te does not o rb i t  the Zarth. Instead of 
cancelling the  gravitat.iona1 pul l  of the Earth by 
using centrifugal force f r m  o rb i t a l  nution, the 
s t a t i t e  uses l i g h t  pressure force Erom a solar 
s a i l .  
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The s t a t i t e  can  be used for placing and 
maintaining a space se rv ices  system so it is 
continuously viewable from either the m r t h  or 
south hemisphere of Earth, yet it does not take up 
space on the  crowded equator ia l  geosynchKomus 
orb i t .  In  mst versions of the  system, the S ta t i te  
is of fse t  from the p l a r  axis toward the dark side 
of t h e  Earth. The statite stays fixed a t  a p i n t  
a b v e  the dark side, while the Earth spins beneath 
it. From the  viewpoint of an observer on the 
rotating Earth, the s t a t i t e  rotates around the p l e  
once every 24 hours (a solar day). Tnus, ground 
stations for comunication with these Statites must 
have their antennas on a p l a r  munt with a 24 hour 
c l o c k  drive. 

A typical distance of a s t a t i t e  from the center 
of the Earth is 30 to 300 Earth radii .  The k t t e r  
the  Rrformance of the sail, the closer the balance 
p i n t .  (For reference, geostationary o rb i t  is a t  
6.6 Earth rad i i  and the Mmn is a t  63 Earth radii.) 
The round-trip delay time for 100 Earth r ad i i  is 
4.2 seconds. 

The advantages of the s t a t i t e  concept are that 
it provides continuous service to a region using a 
single spacecraft without requiring a slot on the 
already crowded equatorial geostationary Orbit, and 
it. provides continuous coverage to regions of the 
Earth that are tcc close to the  p les  to use the 
existing equatorial geostationary orb i t  satellites. 
The disadvantages of the  s t a t i t e  concept are: 
constant control is required to maintain station, 
l a rger  antennas w i l l  be needed because of the 
greater l i n k  distance, the round-trip link time is 
i n  seconds, and i n  mst versions the ground station 
antenna must  rotate once a day. 
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