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NOTICE 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Department of Energy, nor any of their employees, makes any 
warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or procass disclosed, or represents 
that i t s  use would not infringe privately owned rights. Reference 
herein to  any specific commercial product, process, or service by 
trade name, mark, manufacturer, or otherwise, does not necessarily 
constitute or imply i ts  endowment, recommendation, or favoring by 
the United States Government or any w n c y  thereof. The views and 
opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any qpncy thereof. 
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EXECUTIVE SUPMARY I 

I This study examines the potential military role, both offensive 

and defensive, of a Satellite Power System (SPS) .  The findings are 

based on unclassified documents and reports, but are believed to be 

consistent with relevant classified work. 
~ 

The very large orbital power source of the SPS could have a number 

of potential military applications. Perhaps the most arresting, but 

certainly one in the very distant future is the possibility of develop- 

ing an anti-ballistic defense weapon utilizing laser or particle beams. 

Nearer term possibilities include anti-satellite weapons and perhaps 

some form of psychological weapons. 
I 

A number of potential military support possibilities are described. 

Power relay via laser beam to other satellites or to aircraft or remote 

land sites may be feasible. 

able platform for numerous support functions such as surveillance, coin- 

munications, navigation and others. 

The satellite may provide a highly desir- 

An SPS with military capabilities may have a strong negative im- 

pact on international relations if it is not internationalized. Special 

treaties or agreements will probably be required to assure a viable SPS. 

Development of a national policy on military utilization of the SPS will 

impose certain international relations impacts. 

The SPS satellite would be vulnerable to military action of an 

enemy with good space capability, but would experience little or no 

threat from saboteurs or terrorists, except via the ground controls. 

The satellite's intrinsic survivability is high because of its size, 

robustness and redundancy. Vulnerability of the ground segment is not 

greatly different from that of other large industrial complexes, but 

its importance suggests that strong protective measures would be pro- 

vided for it. 

The paper concludes with an outline of some of the key issues 

involved, and a number of recommendations €or further study, including 

some areas for longer term efforts. 
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I. INTRODUCTION 

Th i s  r e p o r t  has  been prepared f o r  PRC Energy Analys is  Company under 

P.O. No. !J4121. It is intended t o  be one of t he  s e v e r a l  i n p u t s  t o  t h e  

p re l imina ry  assessments  be ing  made i n  t h e  S a t e l l i t e  Power System (SPS) 

Concept Development and Evalua t ion  Program. This  Program, a j o i n t  DOE- 

NASA p lan ,  i nvo lves  a series of s t u d i e s  over  a t h r e e  yea r  pe r iod ,  t o  r e s u l t  

i n  recormendat ions as t o  t h e  u t i l i t y  and d e s i r a b i l i t y  of t h e  SPS concept  

and t h e  a d v i s a b i l i t y  of i t s  development and implementation. 

The r e p o r t  addres ses  m i l i t a r y  imp l i ca t ions  of t h e  SPS, as one nf t h e  

institutional/international i s s u e s  having a s i g n i f i c a n t  b e a r i n g  on t h e  

s o c i e t a l  assessment area of the  Program. The s o c i e t a l  assessment  i n  t u r n  

is one of  t h e  t h r e e  major t a s k  areas, t h e  o t h e r s  be ing  environmental  and 

comparative assessments ,  which make up t h e  c u r r e n t  s y s t e m  s tudy ,  and which 

w i l l  b e  examined t o g e t h e r  i n  an  i t e r a t i v e  manner i n  o r d e r  t o  h e l p  i n  

a r r i v i n g  a t  a recommended system d e f i n i t i o n .  

T h e  SPS i s  a proposed means of providing u t i l i t y  e l e c t r i c a l  power 

from t h e  inexhaus t ib l e  s o l a r  resource.  I t  c o n s i s t s  of two p r i n c i p a l  

segments.  T h e  space segment is a l a r g e ,  geo-synchronous s a t e l l i t e - b o r n e  

s o l a r  c e l l  a r r a y ,  t oge the r  with microwave conversion equipment and a n  

an tenna  f o r  beaming t h e  c o l l e c t e d  energy t o  e a r t h .  The ground segment i s  

an  a p p r o p r i a t e  r e c e i v i n g  antenna a r r ay  ( r ec t enna ) ,  a l s o  wi th  conversion 

equipment t o  transform. t h e  rece ived  microwave energy t o  a form s u i t a b l e  

f o r  u t i l i t y  use .  A f t e r  be ing  transformed t h e  conver ted  power is fed  t o  

t h e  l o c a l  u t i l i t y  g r i d  f o r  d i s t r i b u t i o n .  

s a t e l l i t e  a r r a y  and the  r ec t enns  a r e  on the  order  of 100 square k i l o m e t e r s  

each  i n  s i z e ,  and t h e  n e t  ou tput  power t o  t h e  u t i l i t y  i s  t o  be  5,000 mega- 

w a t t s .  

The system is l a r g e  -- t h e  

Although, as was s t a t e d ,  t he  focus of t h i s  s tudy  is  an examinat ion 

of t h e  p o t e n t i a l  m i l i t a r y  aspects of  t h e  SPS, i t  was requ i r ed  t h a t  t h e  

s tudy  r e s u l t s  be u n c l a s s i f i e d .  I n  a d d i t i o n ,  no need-to-know a u t h o r i z a t i o n  
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w a s  a v a i l a b l e ,  i n  p a r t  because of t i m e  c o n s t r a i n t s .  

t h e  r e l evan t  l i t e r a t u r e  examined w a s  of an u n c l a s s i f i e d  n a t u r e .  Access 

t o  some c l a s s i f i e d  r e p o r t s  was a v a i l a b l e  t o  t h e  au thor  because of a n  

e x i s t i n g  r e l a t i o n s h i p  w i t h  t h e  Rand Corpora t ion ,  b u t  t h e s e  w e r e  a minor 

p o r t i o n  of t h e  sou rce  l i t e r a t u r e .  The s u b s t a n t i a l  exc lus ion  of c l a s s i f i e d  

materials from t h i s  s tudy  meant t h a t  some p r i o r  work could n o t  be  u t i l i z e d ,  

and precluded making more d e f i n i t i v e  s t a t emen t s  i n  a few key areas. A t  t h e  

same t i m e ,  a n  acquain tance  w i t h x h e  C l a s s i f i e d  l i t e r a t u r e  a s s u r e s  t h a t  t h i s  

s tudy  is c o n s i s t e n t  w i th  r e l a t e d  broad n a t i o n a l  goa ls .  

Accordingly,  most of 
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11. OBJECTIVE AXD TASK STATEXENT 

The o b j e c t i v e  of t h i s  s tudy  i s  to  determine what r o l e  t h e  SPS h a s ,  

i f  any ,  i n  the U.S. m i l i t a r y  p o s t u r e ,  both o f f e n s i v e l y  and d e f e n s i v e l y .  

T o  ach ieve  t h i s  o b j e c t i v e ,  f o u r  s p e c i f i c  t a s k s  are c a l l e d  o u t ,  as follows. 

1. I n v e s t i g a t e  SPS p o t e n t i a l i t i e s  as a weapon o r  o t h e r  s u p p o r t i v e  

element of U.S. m i l i t a r y  preparedness.  

2.  I n v e s t i g a t e  t h e  p o t e n t i a l  f o r  i m p a c t s  on i n t e r n a t i o n a l  r e l a t i o n s .  

3.  I n v e s t i g a t e  t h e  r e l a t i v e  v u l n e r a b i l i t y  t o  o v e r t  m i l i t a r y  a c t i o n ,  

t e r r o r i s t  a t t a c k s  o r  sabotage.  

I d e n t i f y  q u e s t i o n s  needing f u r t h e r  s tudy  and an  approach t h a t  can  

be  taken  (I) without  s e c u r i t y  clearanc-e and, (2)  w i t h  s e c u r i t y  

c l ea rance .  

4 .  
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111. SURVEY OF RELEVANT LITERATURE AND PSLATED WORK 

In c a r r y i n g  o u t  t h i s  s tudy ,  p r i n c i p a l  dependence f o r  sou rce  d a t a  was 

t o  b e  placed on mater ia ls  a v a i l a b l e  i n  t h e  open l i t e r a tu re .  The f a c t  t h a t  

t h e  s tudy  r e p o r t  w a s  t o  be u n c l a s s i f i e d  nean t  t h a t  on ly  l i m i t e d  u s e  could 

b e  made of c l a s s i f i e d  materials, s i n c e  t h e i r  s u b s t a n t i v e  d a t a  was u s u a l l y  

c l a s s i f i e d .  However, r e s e a r c h e r s  involved i n  r e l e v a n t  c l a s s i f i e d  areas, 

w h i l e  d e c l i n i n g  f o r  t h e  most p a r t  t o  d i scuss  the  s u b j e c t  on a n  u n c l a s s i f i e d  

b a s i s ,  d id  a i d  t h e  a u t h o r  i n  confirming t h a t  t h e r e  w a s  no breach  of s e c u r i t y  

w h i l e  a s s u r f n g  re levance  and cons is tency .  

Sources  which w e r e  used included a number of i t e m s  from t h e  e x t e n s i v e  

b ib l iog raphy  provided by t h e  sponsor .  A number of Rand s t u d i e s  were 

consu l t ed  -- t h e s e  inc luded  both  s a t e l l i t ’ e - r e l a t e d  works which were most ly  

c l a s s i f i e d ,  and s t u d i e s  r e l a t i n g  t o  tp r ro r i sm and sabotage ,  which f o r  t h e  

most p a r t  are no t .  I n  a d d i t i o n  t o  these, t h e  usua l  open l i t e r a t u r e  sou rces  

w e r e  u t i l i z e d  t o  a somewhat l e s s e r  e x t e n t .  

A s  has been impl ied  earlier,  the a v a i l a b l e  s u b s t a n t i v e  l i t e r a t u r e  on 

t h i s  ques t ion  is n o t  y e t  very ex tens ive  though growing. Although s a t e l l i t e s  

and t h e i r  a p p l i c a t i o n s  have been with us  f o r  many y e a r s ,  t he  concept  of 

ve ry  l a r g e  u t i l i t y  systems is  r e l a t i v e l y  new, and h a s  r ece ived  concer ted  

a t t e n t i o n  only  r e c e n t l y .  Correspondingly,  c o n s i d e r a t i o n  of t h e  m i l i t a r y  

s i g n i f i c a n c e  of such systems i s  a l s o  r ecen t  though of somewhat earlier 

o r i g i n .  The b ib l iog raphy  i s  included a t  t h e  end of t h e  paper .  
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IV. ANALYSIS AND EVALUATION 

To c a r r y  o u t  t h e  i n v e s t i g a t i o n s  requi red  i n  t h i s  s tudy ,  w e  addres s  

each  of t h e  t a s k s  i n  t u r n ,  i n  e f f e c t  ask ing  how i t  a p p l i e s ,  o r  what is i ts  

s i g n i f i c a n c e  t o  t h e  SPS. I n  some ins t ances  t h e  SPS h a s  t o  be e v a l u a t e d  as 

a whole, i n  o t h e r s  l o g i c  d i c t a t e s  t h a t  t h e  d i f f e r e n t  segments of  the System 

be cons idered  s e p a r a t e l y .  The work of t h e  f i r s t  t h r e e  t a s k s  is  d e s c r i b e d  

i n  t h i s  s e c t i o n ,  t h a t  of t h e  f o u r t h  i s  i n  S e c t i o n  VI. 

Task 1. 

of U.S. m i l i t a r y  preparedness .  

The SPS p o t e n t i a l i t i e s  as a weapon o r  o t h e r  s u p p o r t i v e  element 

(a) Space Segment. 

I n  examining t h i s  ques t ion ,  i t  is ev iden t ,  t o  beg in  w i t h ,  

t h a t  t h e  p r i n c i p a l  i n t e r e s t  i n  t he  SPS from a m i l i t a r y  p o i n t  of 

v i e w  is i n  t h e  space segment. The ground segment, a l t hough  

having  a number of unique f e a t u r e s  t h a t  d i s t i n g u i s h  i t  from 

o t h e r  u t i l i t y  s t a t i o n s  and comparable i n d u s t r i a l  complexes, has  

l i t t l e  t h a t  could  be considered p a r t i c u l a r l y  s i g n i f i c a n t  

m i l i t a r i l y .  Perhaps t h e  one f e a t u r e  t h a t  could b e  a n  excep t ion  

t o  t h i s  s t a t emen t  l ies  i n  the  requirement f o r  communication 

between t h e  ground segment ( t h e  rec tenna)  and t h e  s a t e l l i t e .  

P i l o t  beam s i g n a l s  are requi red  t o  be s e n t  from t h e  r ec t enna  

c e n t e r  t o  t h e  s a t e l l i t e  antenna a r r a y  t o  p rov ide  c o n t r o l  f o r  

t h e  power beam. A l s o ,  te lemetry r ece iv ing  and t r a n s m i t t i n g  

equipment i s  r equ i r ed  f o r  o v e r a l l  command and c o n t r o l  of t h e  

s a t e l l i t e ,  and i t  may be advantageous t o  l o c a t e  t h i s  f u n c t i o n  

a t  t h e  r ec t enna  s i t e .  To the ex ten t  t h a t  t h e  r ec t enna  is 

connected t o  t h e  s a t e l l i t e  €or t h e s e  two f u n c t i o n s ,  i t  nay have 

some role m i l i t a r i l y ,  b u t  only because of t h e  connec t ion .  W e  

w i l l  r e t u r n  t o  t h i s  ques t ion  l a t e r .  
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The space  segment of t h e  SPS ,  i . e . ,  t h e  synchronous a l t i t u d e  

s a t e l l i t e ,  has s u b s t a n t i a l  p o t e n t i a l  m i l i t a r y  i m p l i c a t i o n s ,  

mainly because of i t s  very l a r g e  power c a p a b i l i t y  and i t s  o r b i t .  

Although many s a t e l l i t e s  have been and con t inue  t o  b e  u t i l i z e d  

a t  synchronous a l t i t u d e ,  none has e v e r  remotely approached n o r  

r equ i r ed  t h e  power l e v e l  p r o j e c t e d  f o r  t h e  SPS s a t e l l i t e .  

l e v e l s  f o r  present-day synchronous s a t e l l i t e s  are g e n e r a l l y  

measured i n  hundreds of w a t t s .  The p o t e n t i a l  of having  many 

g igawat t s  a v a i l a b l e  on o r b i t  i s  a t o t a l l y  new p rospec t .  Some 

of t h e  p o s s i b l e  p o t e n t i a l i t i e s  are o u t l i n e d  i n  t h e  fo l lowing ,  

in which weapon p o s s i b i l i t i e s  are desc r ibed  f i r s t ,  followed by 

p o s s i b i l i t i e s  f o r  o t h e r  m i l i t a r y  suppor t  e lements .  

Power 

(7:) l?eapon p o s s i b i l i t i e s  

One of t h e  most cha l l eng ing  p r o s p e c t s  f o r  m i l i t a r y  

a p p l i c a t i o n  of t h e  SPS s a t e l l i t e  i s  t h e  p o s s i b i l i t y  of 

development of a s a t e l l i t e - b o r n e  bean weapon f o r  a n t i -  

b a l l - i s t i c - m i s s i l e  (ABII) use .  One p o s s i b l e  v e r s i o n  of  

such  a weapon would b e  a high-energy laser  beam, func- 

t i m i n g  as a thermal  weapon, t o  d i s a b l e  o r  d e s t r o y  

enemy miss i les .  The synchronous o r b i t  p rov ides  a n  

e x c e l l e n t  vantage  p o i n t  from which s u b s t a n t i a l l y  an 

e n t i r e  hemisphere of t h e  e a r t h  can be  con t inuous ly  

scanned from one s a t e l l i t e ,  and t h e  a v a i l a b l e  pr imary  

power (assuming t h e  f u l l  ou tpu t  of t h e  s a t e l l i t e  can  

b e  devoted t o  t h e  laser f o r  t h i s  use)  means t h a t  Seam 

ou tpu t  powers up t o  g i g a w a t t s  might b e  p o s s i b l e .  

However, c a l c u l a t e d  v a l u e s  f o r  t h e  laser power r e q u i r e d  

f o r  m i s s i l e  k i l l  from synchronous a l t i t u d e ,  even though 

very  imprec i se ,  i n d i c a t e  t h a t  t h e  r e q u i r e d  laser 

performance i s  s t i l l  a long  way o f f .  For example, a 
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boost-phase k i l l  from such an a l t i t u d e  may r e q u i r e  laser 

beam power of t he  order  of t e n s  of g igawa t t s ,  f o r  a 

t y p i c a l  set of parameters.  E x t r a p o l a t i o n s  from today ' s  

laser beam powers, perhaps up t o  one megawatt, t o  t h e  

range of s e v e r a l  g igawat t s  are very  u n c e r t a i n ,  and make 

clear t h a t  an  e f f e c t i v e  laser  system a t  such a l t i t u d e s  

must b e  considered a r a t h e r  remote p o s s i b i l i t y .  

such h igh  ene rg ie s ,  o t h e r  approaches such as t h e  Synchro- 

beam concept which u t i l i z e s  synchro t ron  r a d i a t i o n  may 

t u r n  ou t  t o  have some advantage over  t h e  laser,  b u t  are 

more s p e c u l a t i v e  a t  p r e s e n t .  Other arrangements i n  

which, f o r  example, an  in t e rmed ia t e  laser r e l a y  p l a t fo rm 

might b e  used,  could p o s s i b l y  o f f e r  some advantages.  

However, t hese  a r c  beyond t h e  scope of t h e  p r e s e n t  s tudy .  

For  

An a l t e r n a t i v e  t o  t h e  use of lasers would involve  

p a r t i c l e  beams. Although these  have been suggested i n  

t h e  p a s t  f o r  weapon u s e  i n  s a t e l l i t e s ,  a prime stumbling- 

b lock  h a s  a l s o  been t h e  l a r g e  power requirement .  A s  

tqith l a s e r s ,  i n  the SPS case t h e  primary power a v a i l a b l e  

i s  probably s u f f i c i e n t  f o r  any fo reseeab le  weapon system, 

s o  t h a t  o t h e r  system elements  become l i m i t i n g .  The 

energy requi red  from a p a r t i c l e  beam f o r  m i s s i l e  k i l l  

or disablement  may b e  l e s s  than t h a t  from a laser beam 

because of i t s  pene t r a t ing  power, b u t  t h i s  nay b e  out-  

weighed b y  o t h e r  f a c t o r s .  

T h e o r e t i c a l l y ,  h igh ly  co l l ima ted  r e l a t i v i s t i c  

e l e c t r o n  beams can be propagated over  long d i s t a n c e s  

u t i l i z i n g  so-cal led space-charge focus ing  a r i s i n g  from 

p a r t i a l  n e u t r a l i z a t i o n  of t h e  beam's coulomb charge  by 

ambient p o s i t i v e  ions  i n  space  reg ions .  Such a n  e l e c t r o n  

beam, i f  " s t i f f "  enough, i . e . ,  a t  G e V  p a r t i c l e  levels,  
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could overcome some of  t h e  propcagation l i m i t a t i o n s  

imposed from p a r t i c l e  t r a j e c t o r y  bending i n  t h e  e a r t h ' s  

magnetic f i e l d .  Cons idera t ion  h a s  been g iven  i n  unclas-  

s i f i e d  sources  t o  propagat ion of e l e c t r o n  weapon beams 

i n  t h e  e a r t h ' s  atmosphere through u s e  of a laser  beam t o  

p rehea t  a pa th  and "pave t h e  way" f o r  t h e  fo l lowing  

e l e c t r o n  beam. 

on s u r f a c e  and a i rbo rne  t a r g e t s  from t h e  SPS. 

Th i s  cons ide ra t ion  might permi t  attack 

N e u t r a l  beam weapons i n  space  have a l s o  been d i s -  

cussed i n  u n c l a s s i f i e d  p e r i o d i c a l s ,  b u t  such beams would 

not  remain co l l imated  over  l a r g e  d i s t a n c e s  (as is  poten- 

t i a l l y  p o s s i b l e  wi th  an e l e c t r o n  beam). Even a low 

divergence beam of one microradian  w i l l  s t i l l  spread  o u t  

much t o o  f a r  a t  moderate ranges.  A t  very high beam cur- 

r e n t s ,  such a beam might be  u s e f u l  a g a i n s t  r e l a t i v e l y  

hard in-space t a r g e t s .  

Tn summary, i t  can b e  s a i d  t h a t ,  a t  t h i s  t i m e  

e i t h e r  a p a r t i c l e  o r  laser  beam ABN system is an  in-  

t r i g u i n g  p rospec t ,  bu t  r e q u i r e s  f a r  more development 

be fo re  a proper  assessment of i t s  f e a s i b i l i t y  o r  prac-  

t i c a l i t y  can be made. The e f f e c t i v e n e s s  of such a n  ABEI 

system d i r e c t e d  i n s t e a d  a g a i n s t  a i r c r a f t  i s  probably 

n o t  s u f f i c i e n t l y  d i f f e r e n t  from t h a t  a g a i n s t  missiles 

i n  t h e  boos t  phase t o  j u s t i f y  any d i f f e r e n t  conc lus ion .  

A second p o t e n t i a l  weapon a p p l i c a t i o n  of t h e  SPS 

s a t e l l i t e  is as an  a n t i - s a t e l l i t e  weapon. Th i s  also 

would r e q u i r e  a high-energy laser  o r  p a r t i c l e  beam, a s  

b e f o r e ,  t o  be used f o r  d i s a b l i n g  o r  d e s t r o y i n g  m i l i t a r -  

i l y  important  enemy sa t e l l i t e s  dur ing  states of w a r .  

For t h e  most p a r t ,  t he  k i l l / r a n g e  c o n s i d e r a t i o n s  are 

s i m i l a r  t o  those  f o r  missi les ,  except  t h a t  sa te l l i t es  
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are probably s o f t e r  t a r g e t s  than  re -en t ry  v e h i c l e s ,  so 

tha t  t h e  e f f e c t i v e  ranges a g a i n s t  s a t e l l i t e s  would be 

greater. The SPS s a t e l l i t e  i t s e l f  is  of c o u r s e  n o t  

in tended  t o  be h igh ly  maneuverable, s o  t h a t  i t s  sphe re  

of i n f l u e n c e  is  l i m i t e d  t o  t h e  space  around it .  

The a n t i - s a t e l l i t e  weapon c a p a b i l i t y  may of course 

a l s o  be used f o r  se l f -defense  purposes .  I n  t h i s  r o l e  

the  range  requirement is  g r e a t l y  reduced. I t  is  

necessa ry  t o  d i s a b l e  or d e s t r o y  a n  incoming weapon only  

f a r  enough away t o  remain ou t  of che range  of i t s  l e t h a l  

o r  damaging e f f e c t s .  I n  p r a c t i c e  t h i s  means t h a t  k i l l  

ranges  o f  a few k i lome te r s  a g a i n s t  convent iona l  weapon 

car r ie rs  and a few hundred k i lome te r s  a g a i n s t  nuc lea r  

weapon c a r r i e r s  may be adcquate  f o r  t h i s  func t ion .  

Thus, t h e  se l f -defense  func t ion  nay be  done w i t h  con- 

s i d e r a b l y  less power than  t h e  a n t i - s a t e l l i t e  weapon. 

A t ? i i r d  poss ib l e  weapon a p p l i c a t i o n  oE t h e  SPS 

s a t e l l i t e  i s  perhaps b e s t  considered as  a psycho log ica l  

weapon, d i r e c  t r d  p r i n c i p a l l y  a t  enemy personnel  - Two 

p o s s i b l e  v a r i a n t s  a r e  i n d i c a t e d  h e r e .  I n  t h e  f i r s t ,  i t  

i s  sugges ted  t h a t  i t  might be feas ib le  t o  r e d i r e c t  t h e  

main microwave power beam away from i t s  r ec t enna  and 

onto  areas where enemy personnel  a r e  p r e s e n t ,  e i t h e r  i n  

m i l i t a r y  ope ra t ions ,  o r ,  p o s s i b l y ,  c i v i l i a n  a c t i v i t i e s  

of var ious  k inds .  Th i s  might also be done bv a sma l l e r ,  

perhaps lover-powered bean  from a n  antenna des igned  i o r  

t h e  purpose,  s o  as  no t  t o  i n t e r r u p t  t h e  main power bean. 

The object i \ .e  of t h i s  t a c t i c  would be t o  t r y  t o  d i s r u p t  

normal ope ra t ions  and a c t i v i t i e s  by i n d u c i n s  f ea r  o r  

pan ic ,  and causing personnel  t o  seck  s h e l t e r  f r o m  t h e  

r a d i a t i o n .  Appropriate  s h e l t e r  from t h e  microwave 
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r a d i a t i o n  is n o t  u s u a l l y  r e a d i l y  a v a i l a b l e ,  so  that  t h e  

psycho log ica l  e f f e c t  may b e  q u i t e  s t r o n g .  

The second means sugges ted  f o r  accompl ish ing  a 

sonewhat similar r e s u l t  i s  t o  u t i l i z e  a h i g h  energy 

laser beam from t h e  sa te l l i t e ,  i n s t e a d  of t h e  main 

power beam, as a n  an t i -pe r sonne l  weapon. It  might be 

p a r t i c u l a r l y  e f f e c t i v e  i f  a n  I R  wavelength w e r e  used ,  

so  t h a t  t h e  beam is n o t  v i s i b l e .  A s  a f u r t h e r  e x t e n s i o n  

of t h i s  approach, i t  might b e  f e a s i b l e  t o  t r a n s m i t  h i g h  

enough energy t o  i g n i t e  combustible mater ia ls ,  t h u s  

adding t o  t h e  psycho log ica l  e f f e c t .  A high-energy 

p a r t i c l e  beam might a l s o  b e  used i n  p l a c e  of or i n  

a d d i t i o n  t o  t h e  laser  beam. 

fii) Suppor t ive  elements 

The ways i n  which t h e  SPS space  segment might 

provide  suppor t ive  e lements  f o r  U.S. m i l i t a r y  prepared-  

n e s s  fall broadly  i n t o  two areas. One of t h e s e  is  a 

d i r e c t  r e s u l t  OE the high power a v a i l a b l e  on t h e  

s a t e l l i t e ,  and t h e  o t h e r  comes about  because  a t  synchro- 

nous a l t i t u d e  t h e  s a t e l l i t e  r e p r e s e n t s  a v e r y  d e s i r a b l e  

p l a t fo rm wi th  t h e  added advantages  of ample power and 

payload c a p a b i l i t y .  Most of t h e  u n c l a s s i f i e d  a p p l i c a -  

t i o n s  or  func t ions  noted h e r e  are n o t  new, b u t  are  

inc luded  f o r  completeness,  o r  because  new o r  improved 

c a p a b i l i t i e s  may b e  p o s s i b l e  as a r e s u l t  of t h e  greater 

power, weight and suppor t ing  services a v a i l a b l e  a t  t h e  

o r b i t a l  a l t i t u d e .  

The f i r s t  a r e a  of i n t e r e s t  t h a t  may have i n t e r e s t i n g  

d e f e n s i v e  m i l i t a r y  i m p l i c a t i o n s  i s  t h e  concept of a power 

r e l a y  us ing  l a s e r  beams as t h e  t r a n s m i s s i o n  means. While 
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power t ransmiss ion  by means of a microwave beam i s  of 

course  a key element of t h e  SPS, t h e  use of laser beams 

f o r  t r ansmiss ion ,  w i th  t h e i r  d i f f e r e n t  c h a r a c t e r i s t i c s ,  

g i v e s  rise t o  systems w i t h  q u i t e  d i f f e r e n t  advantages.  

Among t h e  no tab le  d i f f e r e n c e s  between laser  and microwave 

t ransmiss ion  are the beam and t a r g e t  s i z e s  -- t h o s e  f o r  

t h e  laser be ing  a very  s m a l l  f r a c t i o n  of  t h e  cor responding  

microwave dimensions. T h e s e  sma l l e r  dimensions for laser  

power t ransmiss ion  are e s s e n t i a l  e lements  i n  t h e  proposed 

ideas .  Three p o s s i b l e  a p p l i c a t i o n s  of laser  power r e l a y  

are noted i n  t h e  lo l lowing  paragraphs.  

The f i rs t  a p p l i c a t i o n  is  one i n  which t h e  l a s e r  

beam power r e l a y  would be  made from the  SPS s a t e l l i t e  

to o t h e r  s a t e l l i t e s  o r  p la t forms ,  f o r  m i l i t a r y  u s e s .  

One such u s e  might b e  t h e  so-ca l led  h u n t e r - k i l l e r  

sa te l l i tes .  FOT such a p p l i c a t i o n s ,  conversion t o  

e l e c t r i c i t y  on t h e  r e c e i v i n g  s a t e l l i t e  i s  probably  t h e  

p r e f e r r e d  r o u t e .  Conversion e f f i c i e n c i e s  f o r  a re la-  

t i v e l y  low-power thermoelec t ronic  conver te r  f o r  t h i s  

purpose have been c a l c u l a t e d  a t  over 40%, and i t  is  

l i k e l y  t h a t  scale-up t o  s e v e r a l  megawatts is p o s s i b l e .  

I t  is evident  then  t h a t  t h i s  kind of approach may 

be  capable  of providing ample  anounts  of power t o  v a r i o u s  

s a t e l l i t e s ,  e i t h e r  on a cont inuous or  i n t e r m i t t e n t  on- 

demand b a s i s ,  a n d  t hus  remove what has  a l w a y s  been a 

d i f f i c i i l t  and f r u s t r a t i n g  des ign  r e s t r i c t i o n .  The 

e f f e c t s  might be  t o  s i m p l i f y  t h e  r ece iv ing  s a t e l l i t e s  

or  reduce t h e i r  c o s t s ,  extend t h e i r  l i f e t i m e s ,  expand 

t h e i r  c a p a b i l i t i e s ,  provide s i l e n t  unenergized s p a r e s  

f o r  s u r v i v a b i l i t y  improvement, o r  coEbinat ions of t h e s e  

and o t h e r  f a c t o r s .  
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The second a p p l i c a t i o n  r e l a t e s  t o  t h e  p o s s i b l e  use  

of laser power r e l a y  t o  a i r c r a f t .  One example of t h i s  

k ind  of proposed usage has been desc r ibed  i n  a system 

i n  which a l a r g e  commercial a i r  t r a n s p o r t  may b e  powered 

du r ing  c r u i s i n g  f l i g h t  by a con t inuous .h igh  energy  laser 

beam. The a i r c r a f t  u t i l i z e s  convent iona l  j e t  eng ines  

f o r  take-off and climb t o  c r u i s i n g  a l t i t u d e .  I t  i s  

equipped wi th  a laser-powered tu rbofan  engine  which 

t a k e s  over for t h e  c r u i s e  regime. The tu rbofan  receives 

t h e  focused laser energv d i r e c t l y  i n  i t s  "combustion" 

chamber t h u s  producing t h e  r equ i r ed  h igh  t empera tu re  

gas f o r  i t s  o p e r a t i o n .  

For a m i l i t a r y  miss ion ,  such as t h a t  of t h e  Airborne  

Ea r ly  Warning and Command a i r c r a f t  for example, laser 

r e l a y  power from t h e  SPS s a t e l l i t e  would pe rmi t  a sub- 

s t a n t i a l  o p e r a t i o n a l  inprovement, s ince it  would a l l o w  

e s s e n t i a l l y  unl imi ted  on - s t a t ion  ( c r u i s e )  t i m e .  Also ,  

d i f f e r e n t  o p e r a t i o n a l  procedures  might be  p o s s i b l e  and 

d e s i r a b l e .  For example. i t  might b e  q u i t e  f e a s i b l e  and 

e f f e c t i v e  t o  keep some bonbers a l o f t  c o n s t a n t l y ,  lo i ter-  

i n g  n e a r  a l o c a t i o n  of i n t e r e s t .  

The t h i r d  a p p l i c a t i o n  of laser power r e l a y  would 

be t o  t r ansmi t  power t o  remote m i l i t a r y  o p e r a t i o n s  on 

e a r t h .  

power where perhaps long supply l i nes  are t h e  o n l y  

a l t e r n a t i v e ,  o r  p a r t i c u l a r  demands f o r  m o b i l i t y ,  o r  

cove r tnes s  mi l i ta te  a g a i n s t  earth-based supply .  

method t o  be used f o r  convers ion  from laser energy  

would l i k e l y  b e  d e t e r s i n e d  by t h e  end use  r e q u i r e d .  

Here the p o s s i b l e  advantage would be t o  prov ide  

The 

The second main area of i n t e r e s t  i n  t h e  SPS 

s a t e l l i t e  f o r  m i l i t a r y  suppor t  comes abou t  because  of 
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i t s  d e s i r a b i l i t y  as a p l a t fo rm on which o r  from which 

v a r i o u s  ope ra t ions  might b e  c a r r i e d  o u t .  

ea r l ie r ,  the  reason f o r  i t e r a t i n g  t h e s e  h e r e  i s  n o t  t o  

imply t h a t  they a r e  newly-conceived f u n c t i o n s ,  b u t  rather 

t o  p o i n t  ou t  that they may a c q u i r e  new o r  improved 

c a p a b i l i t i e s  because of t h e  advantages  o f f e r e d  by t h e  

SPS pla t form.  

As w a s  sugges ted  

An example o€ t h e  use  of t h e  sa te l l i t e  as a p l a t f o r m  

f o r  f u n c t i o n s  of m i l i t a r y  i n t e r e s t  would b e  f o r  an in- 

s p e c t i o n  s t a t i o n  from which examination of o t h e r  satel-- 

l i t e s  or v e h i c l e s  could be  c a r r i e d  o u t .  I t s  l a r g e  pay-- 

l oad  and power capac i ty  means t h a t  a v a r i e t y  of bo th  

p a s s i v e  and a c t i v e  sens ing  systems could b e  c a r r i e d .  

The f a c t  t h a t  manned assembly of t h e  s a t e l l i t e  is 

planned t o  t a k e  p l ace  a t  synchronous a l t i t u d e  i m p l i e s  

t h e  p o s s i b i l i t y  of  a manned i n s p e c t i o n  s t a t i o n ,  wh ich  

would c e r t a i n l y  enhance t 3 r  inspc:tion p o t e n t i a l .  I t  

may well b e  t h a t  r o u t i n e  rx in t cnance  and r epa i r  f u n c t i o n s  

f o r  t h e  SFS s a t e l l i t e  would r e q u i r e  t h a t  t he  s a t e l l i t e  

b e  manned more ut- less cont inuous ly .  I t  may a l so  be  of 

some i n t e r e s t  i n  t l i i s  con tex t  t o  cons ide r  t h e  p o s s i b i l i t y  

of p rov id ing  a r e p a i r  f u n c t i o n  f o r  o t h e r  sa te l l i t es ,  

a l though a c c e s s i b i l i t y  t o  them may be a problem. 

Presumably some type  of  space  r e t r i e v a l  and r e p o s i t i o n -  

i n g  ve l i ic le  system would  b e  r equ i r ed ,  s o  t h a t  sa te l l i t es  

r e q u i r i n g  r e p a i r  could be brought t o  t h e  SPS. and a f t e r  

reyclir be replaced i n  t h e i r  proper o r b i t a l  l o c a t i o n s .  

Another example of  a suppor t ing  m i l i t a r y  f u n c t i o n  

t h a t  might b e  advantageously c a r r i e d  on t h e  SPS s a t e l l i t e  

is  t h a t  of s u r v e i l l a n c e  and e a r l y  warning. Here a g a i n  

t h e  reso i i rces  a v a i l a b l e  on the  p l a t fo rm make p o s s i b l e  
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c a r r y i n g  a w i d e  range of sens ing  systems so t h a t  it may 

be  expected t h a t  s u b s t a n t i a l  g a i n s  i n  performance would 

be poss ib l e .  Secur i ty  c l a s s i f i c a t i o n  r e s t r i c t i o n s  

prevent  d i scuss ion  of s p e c i f i c  p o s s i b i l i t i e s .  

Other m i l i t a r i l y  important  f u n c t i o a s  t h a t  might be  

advantageously implemented v i a  t h e  SPS p l a t fo rm would 

inc lude  : 

Communications 

Jamming 

Navigation 

Meteorological/Geological/Geographical Survey 

ELF Link t o  Submarines 

A p o t e n t i a l l y  very important  m i l i t a r y  f u n c t i o n  

f a l l i n g  i n  a c e r t a i n  sense  under t h e  Communications 

heading i s  t h a t  of jamming of enemy c o m u n i c a t i o n s .  

With the  s c a l e  of power r ep resen ted  by t h e  SPS and i t s  

near-hemispheric coverage,  its m i l i t a r y  u t i l i t y  f o r  

jamming and c r e a t i n g  communications havoc is p o t e n t i a l l y  

g r e a t .  I t  could perhaps be r e d i r e c t e d  t o  j a m  nearby 

space sys tems -- p a r t i c u l a r l y  t h e  up-links.  

terrestr ia l  communications, bo th  tactical  and s t r a t e g i c ,  

could be a f f e c t e d  i n  a major way. 

C e r t a i n l y  

The i n c l u s i o n  of a number of f u n c t i o n s  on one 

s a t e l l i t e ,  of course ,  raises t h e  ques t ion  of vulnera- 

b i l i t y  and s u r v i v a b i l i t y .  

numbers of func t ions  t o  b e  p laced  on one sa te l l i t e  

p la t fo rm w i l l  be guided by c o n s i d e r a t i o n s  of vulnera-  

b i l i t y  and s u r v i v a b i l i t y ,  numbers of  sa te l l i tes  a v a i l -  

a b l e ,  c o s t s  versus  r i s k s ,  e t c .  It i s  noted t h a t  a 

mature SPS c a l l s  for many s a t e l l i t e s  i n  o r b i t ;  w i t h  such 

S p e c i f i c  d e c i s i o n s  about  
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ample redundancy a range of op t ions  i s  l i k e l y  t o  be 

a v a i l a b l e .  

(b) Ground segment. 

A s  has  been ind ica t ed  i n  t h e  preceding s e c t i o n s ,  t h e  

p r i n c i p a l  p o t e n t i a l s  of m i l i t a r y  s i g n i f i c a n c e  of t h e  SPS l i e s  

i n  t h e  space  segment. 

should be  noted as poss ib ly  be ing  of i n t e r e s t  as a s u p p o r t i v e  

element i n  t h e  m i l i t a r y  context .  Th i s  i s  involved  w i t h  t h e  

communication p rov i s ions  between t h e  r ec t enna  and s a t e l l i t e .  

However, one f e a t u r e  of t h e  ground segment 

The system r e q u i r e s  t h a t  a coded microwave p i l o t  beam b e  

s e n t  from t h e  rec tenna  center  t o  the  s a t e l l i t e  an tenna  a r r a y  t o  

provide  c o n t r o l  of t h e  power beam. 

f e rence  wi th  t h e  power beam ope ra t ion  by unauthorized persons ,  

such as  s a b o t e u r s  o r  t e r r o r i s t s . )  Also ,  i t  may be  t h a t  t e l eme t ry  

equipment f o r  o v e r a l l  control of t h e  s a t e l l i t e  would be  l o c a t e d  

a t  t h e  rec tenna  as well. T h u s ,  t h e  rec tenna  may b e  a key 

communications c e n t e r  i o r  S?S ope ra t ion .  ‘..Jith e x t e n s i v e  and 

unique communications c a p a b i l i t y  i n  place,  i t  may be  l o g i c a l  t o  

provide s p e c i a l i z e d ,  secure  l i n k s  f o r  m i l i t a r y  use  a t  such sites. 

These l i n k s  may extend on ly  t o  the  s a t e l l i t e  under c o n t r o l  and 

t o  i t s  piggyback systems,  o r  may u t i l i z e  t h e  s a t e l l i t e  as a 

r e l a y  f o r  a more ex tens ive  system, inc lud ing  l i n k s  t o  o t h e r  

p o i n t s .  It  might be of cons iderable  i n t e r e s t  t o  exp lo re  ihetlier 

o r  no t  t h e  main power bean could be  u t i l i z e d  i n  any way t o  

provide 3 secu re  down l i n k .  

(Coding i s  t o  p reven t  i n t e r -  
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Task 2. lmpacts on International Relations 

A basic difficulty exists in planning for SPS development with 

regard to the applicability of existing international treaties and 

space laws. 

conditions for space usage in an era dominated by scientific, communi- 

cation, navigation, and surveillance satellites having relatively modest 

transmission link powers. This body of space jurisprudence did not 
anticipate systems of the magnitude and numbers of vehicles projected 

for SPS. In fact, there i s  some concern that the existing regulatory 

structure is even adequate for the burgeoning communication field let 

alone the great increases estimated for programs of the scale contem- 

plated for the SYS (and other) concept(s). This difficulty is further 

aggravated by the fact that the problem must be resolved EOLI i’n order . 
to assure the future for SPS and to permit pursuit of ttie extensive 

fiscal and programmatic commitments necessary for its accomplishment. 

These agreements and conventions were adopted to cover 

It will probably be desirable to adopt extraordinary procedures 

and measures to guarantee the SPS concept viability. Such measures 

could include special treaties with major world powers and/or interna- 

tionalizing of SPS.  

of societal and economic demands of the twenty-first century, and the 

status of technology and international law in that era to establish a 

framework within which the SPS can be structured. 

It will be necessary to make accurate forecasts 

A militarily-oriented SPS would inevitably have a much stronger 

impact on international relations than one with no military capability, 

unless of course it were truly international, in which case the military 

aspect tends to lose its significance. For an SPS which has, or is 
thought to have some military capability, it is believed that there are 
at least three areas of particular concern: 

Communication Interactions (EH Spectrum Usage) 
Orbital Position Allocations 

Self-Defense Yeasures Permitted 
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Although t h e  f i r s t  two O F  these  areas are covered t o  some e x t e n t  

under e x i s t i n g  treaties and regula tory  riechanisms (as noted above) ,  

t h e s e  may be i l l - s u i t e d  t o  cope w i t h  systems of t h e  scale and c h a r a c t e r -  

i s t i c s  of SPS. I n  t h e  fo l lowing  s e c t i o n ,  t h e  t h r e e  areas are d i scussed  

i n  more d e t a i l .  

SPS Communication I n t e r a c t i o n s  

The radio-frequency crowding due t o  Comsat and I n t e l s a t  a long  w i t h  

t h e i r  m i l i t a r y  c o u n t e r p a r t s  and with o t h e r  space  systems is  a l r e a d y  

approaching c r i t i c a l  p ropor t ions .  Crowding e x i s t s  bo th  i n  f requency 

spectrum and i n  p o s i t i o n  assignments a long  t h e  geosynchronous track. 

T h i s  is  expected t o  g e t  worse as a consequence of growth i n  telecommuni- 

c a t i o n s  frequency requi rements  and from d a t a  n e t s ,  c a b l e  t e l e v i s i o n ,  

i n t e r a c t i v e  s a t e l l i t e s  (such as the  Canadian Anik),  n a v s a t s ,  metsats, 

and upgraded Landsat s y s t e m s .  

There is  p resen t  s p e c u l a t i o n  as  t o  f u t u r e  s o l u t i o n s  of t h i s  problem 

a lone  -- even wi thout  t h e  i n t roduc t ion  of SPS. Some space p l a n n e r s  have 

sugges ted  r e s e r v i n g  space  u t i l i z a t i o n  f o r  space-unique f u n c t i o n s .  T h i s  

would mean abandonment of commercial (and pence-time m i l i t a r y )  t e l econ-  

munica t ions  and r e p l a c i n g  them w i t h  l a n d - l i n e s  and under-sea c a b l e s .  

Such a t r a n s i t i o n  would be enhanced by r e c e n t  developments i n  laser 

f i b e r - o p t i c  c a b l e s ,  packet-switching computer sys tems,  and microminia- 

t u r i z a t i o n  of sending and r ece iv ing  equipment. 

These c a b l e  s y s t e m s  will probably be demanded i n  any case w i t h  t h e  

advent  of v ideo  te lephone  which w i l l  r e q u i r e  orders-of-magni tude  increase 

i n  communication t r a f f i c  volume -- and a l s o  will no t  tolerate the  one- 

quar te r -second communication delays i n h e r e n t  i n  comsats on geosynchronous 

o r b i t s .  

F u r t h e r ,  t h e  burgeoning i n  teleconuaunication d a t a  volumes w i l l  be 

aggrava ted  because  of f u t u r e  e l e c t r o n i c  m a i l  and computerized tex tua l  

e d i t i n g  and hand l ing  systems.  O t h e r  forms of d a t a  communications w i l l  
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a l s o  inc rease .  Computing power ( i n s t r u c t i o n  complexi ty ,  etc.) con t inues  

t o  inc rease  a thousand-fold every  t e n  y e a r s .  

M i l i t a r y  usage of space telecommunications w i l l  con t inue  i n  t h e  

f u t u r e  b u t  w i th  hardened l i n k s  which w i l l  i nc lude  t r a n s m i s s i o n  media 

o t h e r  than  r f  -- laser beams, f o r  example.  

(p ro t ec t ed )  l a n d  and sea c a b l e  systems is l i k e l y  t o  i n c r e a s e ,  r e f l e c t -  

i n g  t h e  computerized communication and laser d a t a  l i n k  improvements 

d i s c u s s e d  above. 

M i l i t a r y  employment of 

A l l  of t h i s  adds up t o  t h e  obse rva t ion  t h a t  a l though some t y p e s  

of f u t u r e  commercial communications via  space may be phased out  i n  

f avor  of g r e a t l y  improved te r res t r ia l  c a b l e ,  space  usage f o r  r f  comun- 

i c a t i o n s  w i l l  cont inue  t o  be c r i t i c a l  -- p a r t i c u l a r l y  f o r  p r o j e c t e d  

Landsat  requirements .  

form w i l l  i n t roduce  a quantum jump i n  r f  telecommunication i n t e r f e r e n c e  

and spectrum crowding. 

Supe rpos i t i on  of SPS i n  i t s  p r e s e n t l y  contemplated 

One p o s s i b l e  way t o  a l lev ia te  t h e s e  problems t empora r i ly  might be  

t o  i n v i t e  o the r  u s e r s  t o  s h a r e  SPS p la t fo rms  and t o  employ SPS power 

l i n k s  as modulated carriers. Perhaps some f r a c t i o n  of SPS so la r -de r ived  

energy could be t r a n s m i t t e d  by laser beams which are then  s imul t aneous ly  

employed f o r  d a t a  t r ansmiss ion ;  t h e  value of such t r ansmiss ion  might  

o f f s e t  t h e  lower laser  l i n k  e f f i c i e n c y  f o r  power t r a n s f e r  purposes .  

A t  t h e  long l i n k  d i s t a n c e s  involved,  r educ t ion  i n  temporal  coherency 

of t h e  l a s e r  beam might r ende r  such l i n k s  as  u s e l e s s  f o r  communication 

purposes ,  however. 

Fu tu re  space  u s e r s  w i l l  n e c e s s a r i l y  tend  towards GHz f r e q u e n c i e s  

(such as kU band) and toward laser l i n k s  (from lower o r b i t  a l t i t u d e s )  

for wide-band d a t a  t r ansmiss ion .  However, i n t e r f e r e n c e  from SPS h i g h e r  

harmonic s i d e b a n d s  o r  from sum-and-difference f r e q u e n c i e s  from i n t e r -  

f e r i n g  p a i r s  of SPS t r ansmiss ions  w i l l  c o n t i n u e  t o  r e p r e s e n t  a problem 

f o r  t h e  bulk of space  u s e r s .  

The r egu la to ry  machinery f o r  p r e s e n t  space  frequency a l l o c a t i o n  
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is geared t o  e x i s t i n g  space  systems and t o  reasonable  f u t u r e  ex t r apo la -  

t i o n s  from t h i s  base.  It w i l l  be ?zecssszzy for t h e  U . S .  t o  a i r  the 

p o t e n t i a l  SPS r f  i n t e r f e r e n c e  problem from t h e  o u t s e t  and t o  seek  bind- 

i n g  i n t e r n a t i o n a l  agreements t o  a l low c l e a r  channels  a t  t h e  SPS 2 .45  3lHz 

fundamental t r ansmiss ion  frequency and its h ighe r  harmonics be fo re  

embarking on t h e  p rod ig ious  e n t e r p r i s e  t h a t  SPS r e p r e s e n t s .  The poten- 

t i a l  problem f o r  r f  i n t e r f e r e n c e  by the SPS, un le s s  r e so lved  by p r i o r  

t reaties w i t h  major powers, c o u r t s  danger t h a t  such powers can, i n  t i m e s  

of h o s t i l i t i e s ,  u s e  such i n t e r f e r e n c e  as an  excuse f o r  a c t i o n  agaixist  

t h e  SPS. 

I n  t h e  above d i s c u s s i o n  in-space i n t e r f e r e n c e  w i t h  o t h e r  space  

systems is h igh l igh ted .  However, t h e r e  are a number of  o t h e r  ways i n  

which SPS can i n t e r a c t  wi th  o t h e r  r f  emitters and receivers i n c l u d i n g  

through Pntenna s i d e  lobes  t o  ground equipment, p h y s i c a l  changes i n  

ionospher ic  r eg ions  used f o r  broadcas t  r a d i o  r e f l e c t i o n ,  and i n t e r a c t i o n  

i n  these same reg ions  w i t h  h igher  frequency s i g n a l s  through the anomalous 

a b s o r p t i o n  phenomenon -- t o  name a few. 

c a t i o n  encroachments must be i d e n t i f i e d  and t r e a t e d  i n  t h e  ensuing  i n t e r -  

A l l  of t h e s e  p o t e n t i a l  communi- 

n a t i o n a l  agreements. 

I n  a d d i t i o n ,  i t  i s  p o s s i b l e  t h a t  high power beams employed b y  t h e  

SPS -- p a r t i c u l a r l y  a t  laser wavelengths -- could d i s t u r b  upper atmos- 

p h e r i c  energv ba lances  v i a  r a d i a t i v e  t r a n s p o r t  phenomena i n  a s i m i l a r  

f a s h i o n  t o  t h a t  f o r e c a s t  f o r  SST thermal p o l l u t i o n .  The e x t e n t  t o  

which t h i s  p a r t i c u l a r  problem would e x i s t  f o r  r eg ions  not  d i r e c t l y  

over  U.S. ground r e c e i v i n g  s t a t i o n s  is not known, b u t  as i n  t h e  cornu- 

n i c a t i o n  i n t e r f e r e n c e  c a s e  i t  could be a propaganda p o i n t  f o r  a h o s t i l e  

power, p a r t i c u l a r l y  one vying f o r  third-world suppor t  a g a i n s t  t h e  U.S. 

I f  SPS is i n t e r n a t i o n a l i z e d  i n  a n  e f f o r t  t o  s h a r e  the b e n e f i t s  -- 
and the r e s p o n s i b i l i t i e s  -- among o the r  n a t i o n s ,  presumably t h e s e  

n a t i o n s  w i l l  a l s o  have r e c e i v i n g  s t a t i o n s .  

requirement  i f  such c o u n t r i e s  are on d i f f e r e n t  c o n t i n e n t s ;  b u t  even  wi th  

Th i s  w i l l  c e r t a i n l y  be a 
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a d j a c e n t  l ands ,  i t  is uneconomical t o  t r ansmi t  power ove r  e x c e s s i v e l y  

long  land- l ines .  I n  t h e s e  o t h e r  r e g i o n s  of t h e  world t h e  above envi-  

ronmental and communication i n t e r f e r e n c e  wi th  s u r f a c e  (and a i r b o r n e )  

sys tems may be  more a c u t e .  

It  w a s  no ted  earlier t h a t  t ac t ica l  and s t r a t e g i c  m i l i t a r y  s p a c e  

systems could be q u i t e  s u s c e p t i b l e  t o  jamming from upper space ,  such  

as might be provided by t h e  SPS. T h i s ,  of cour se ,  is a symmetr ical  

problem -- w e  can  i n t e r f e r e  w i t h  m i l i t a r y  systems of f o r e i g n  powers o r  

vice versa .  I f  SPS i s  i n t e r n a t i o n a l i z e d ,  t hen  another  n a t i o n  having  

such  a s y s t e m  could  employ i t  a g a i n s t  u s .  A l t e r n a t i v e l y ,  a h o s t i l e  

power could commandeer SPS elements  -- t a k e  over  a country t h a t  h a s  

one,  cap tu re  c o n t r o l  of t h e  space  s y s t e m ,  etc.  

O r b i t a l  P o s i t i o n  Al loca t ions  

The b a s e l i n e  des ign  of t h e  SPS c a l l s  f o r  s a t e l l i t e  o p e r a t i o n  i n  

g e o s t a t i o n a r y  o r b i t .  Because t h a t  o r b i t  i s  a l r e a d y  h e a v i l y  used,  and 

t h e  t o t a l  number of p o s i t i o n s  a v a i l a b l e  i n  i t  i s  l i m i t e d  (though t h e  

l i m i t  i s  not wel l -def ined) ,  i t  m u s t  be  cons idered  as a l i m i t e d  r e s o u r c e ,  

i n  an  analogous sense  t o  t h a t  of t h e  e l ec t romagne t i c  spectrum. The 

minimum s e p a r a t i o n  between sa te l l i t es  depends on f a c t o r s  such as 

s a t e l l i t e - t o - s a t e l l i t e  o c c u l t a t i o n ,  r f  s i g n a l  formats ,  t r a n s m i s s i o n  

power, s ta t ion-keeping  per€ormance, e t c . ,  w i t h  a p r i n c i p a l  c r i t e r i o n  

be ing  t h e  amount of r f  i n t e r f e r e n c e  t h a t  can  be t o l e r a t e d  between 

s a t e l l i t e s .  

A t  the p r e s e n t  t i m e ,  t h e r e  i s  disagreement  as t o  t h e  a c t u a l  mini- 

mum spac ing  needed f o r  s a t e l l i t e s  i n  g e o s t a t i o n a r y  o r b i t .  C a l c u l a t e d  

v a l u e s  range from 2" t o  0 .2" .  The o r b i t  i s  c u r r e n t l y  occupied by up- 

wards of 100 a c t i v e  s a t e l l i t e s ,  and t h i s  number i s  l i k e l y  t o  more than  

double  i n  the next  t e n  t o  twelve y e a r s .  

should reduce t h e  r equ i r ed  minimum s p a c i n g ,  though probably not  to  a 

major e x t e n t .  

Improvements i n  technology 
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Since t h e  d e t a i l e d  c h a r a c t e r i s t i c s  of t h e  sa te l l i t es  t h a t  might  

occupy t h e  o r b i t  cannot  be known beforehand, i t  is  no t  p o s s i b l e  t o  

s p e c i f y  e x a c t  s e p a r a t i o n s  t h a t  w i l l  be  needed, and t h e r e f o r e  t h e  f u t u r e  

c a p a c i t y  of t h e  o r b i t  cannot  b e  p r e c i s e l y  determined. What is urgently 

needed i s  proper  i n t e r n a t i o n a l  s p e c i f i c a t i o n  and r e g u l a t i o n  of goesta- 

t i o n a r y  sa te l l i t es ,  so t h a t  t h e  l i m i t e d  o r b i t a l  space  can  b e  u t i l i z e d  

i n  a n  opt imal  way. T h i s  is p a r t i c u l a r l y  s i g n i f i c a n t  f o r  t h e  SPS system 

because  of both  i t s  v e r y  l a r g e  r a d i a t e d  microwave power, which m a y  p l a c e  

a d d i t i o n a l  c o n s t r a i n t s  on o r b i t  s e p a r a t i o n ,  and t h e  need, i n  a ma tu re  

system, f o r  p o s i t i o n s  f o r  as many as twenty t o  t h i r t y  satell i tes.  

It should be noted  t h a t  some e a r l y  s t e p s  have been t aken  towards 

i n t e r n a t i o n a l  management of t h e  geos t a t iona ry  o r b i t ,  and i t  i s  to be 

expected t h a t  they w i l l  b e  extended f u r t h e r  w i th  t h e  u l t i m a t e  a i m  of 

a f u l l y  r e g u l a t e d  system. The achievement of  t h i s  u l t i m a t e  g o a l ,  as 

w i t h  many i n t e r n a t i o n a l  ven tu res  i s  l i k e l y  t o  be  a l engthy  and complex 

p rocess ,  however, and one t h a t  i s  made much more d i f f i c u l t  by the 

i n c l u s i o n  of m i l i t a r i l y - o r i e n t e d  Sa te l l i t e s .  

A m i l i t a r y  SPS, or a t  least  one wi th  acknowledged m i l i t a r y  capa- 

b i l i t y ,  makes t h e  requirement  f o r  o r b i t  space  more demanding, w h i l e  a t  

t h e  same t i m e  i n c r e a s i n g  t h e  d i f f i c u l t y  of o b t a i n i n g  such space .  

Presumably most, i f  n o t  a l l  n a t i o n s  would, i n  t h e i r  own b e s t  i n t e r e s t s ,  

resist having a m i l i t a r y  c a p a b i l i t y  p laced  i n  o r b i t  by ano the r  unless 

i t  w e r e  t o  o f f e r  them some p a r t i c u l a r  b e n e f i t  which outweighed the 

m i l i t a r y  t h r e a t .  If m i l i t a r y  c a p a b i l i t y  i s  n o t  acknowledged, bu t  only  

suspec ted ,  t h e  r e s i s t a n c e  t o  i t  may h e  j u s t  a s  g r e a t  and in some cases 

g r e a t e r ,  because of susp ic ion  of t he  unknown. The f a c t  t h a t  the SPS 

i s  a space  system, w i t h  t h e  p o t e n t i a l  of c a r r y i n g  powerful new and 

unknown k inds  of weapons, wi th  a very l a r g e  power c a p a b i l i t y ,  and 

p o t e n t i a l l y  having "access" t o  ( threa t .en ing?)  most areas of t h e  e a r t h ,  

would i n d i c a t e  t h a t  it c o n s t i t u t e s  a d i f f i c u l t  ques t ion  f o r  i n t e r n a t i o n a l  

agreement.  Unless t h e  SPS i s  t r u l y  i n t e r n a t i o n a l i z e d  t o  a l a r g e  deg ree ,  
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q u e s t i o n s  such as t h i s  may make i t s  e f f e c t i v e  development i n  a n  o r d e r l y  

world d i f f i c u l t  i f  no t  imposs ib le .  

SPS Self-Defense. 

The p resen t  t reat ies  p r o h i b i t i n g  space s y s t e m s  bea r ing  "nuclear  

weapons o r  weapons of mass-destruct ion",  wh i l e  p e r m i t t i n g  s e l f - d e f e n s e  

weapons, are i n  a s i m i l a r  s t a t u s  t o  t h e  communication spectrum agree -  

ments d iscussed  earlier i n  t h a t  t h e s e  t rea t ies  w e r e  made i n  a n  era t h a t  

d i d  n o t  contemplate  systems l i k e  t h e  SPS. For one t h i n g ,  t h e  s c a l e  of  

SPS is such t h a t  new d e f i n i t i o n s ,  r e l a t i o n s h i p s ,  and weapon concep t s  

may need t o  be  e l a b o r a t e d .  

Se l f -defense  systems designed t o  p r o t e c t  SPS v e h i c l e s  might a l s o  

be cons idered  a s  "weapons of mass-destruct ion".  For example, t h e  SPS 

power beam i t s e l f  might be cons t rued  as a p o t e n t i a l  weapon of m a s s -  

d e s t r u c t i o n  i f  i t  were t o  be r e d i r e c t e d  e i t h e r  by U.S. m i l i t a r y  f o r c e s ,  

or  by o t h e r s  who may have commandeered the  space  p l a t fo rm.  

I n  t h i s  ca tegory  also, a p o t e n t i a l  problem area i s  t h e  sugges ted  

use  of SPS t o  laser-power a i rcraf t  dur ing  h i g h - a l t i t u d e  c r u i s e  phases  

as desc r ibed  i n  S e c t i o n  IV-1. It is  p o s s i b l e  t h a t  t h e  same lasers 

employed f o r  a i r c r a f t  p ropu l s ion  could be r e d i r e c t e d  f o r  SPS s e l f -  

p r o t e c t i o n .  However, when used wi th  bombers o r  c r u i s e  m i s s i l e  c a r r i e r s ,  

t h e  SPS could be viewed as  a component of a weapon of mass-des t ruc t ion  

a l though  the weapon i tself  is  n o t  i n  space .  

Also,  t h e r e  i s  concern t h a t  t h e  a i r c ra f t -power ing  laser s p o t  be 

s u f f i c i e n t l y  smaller than  t h e  a i r c r a f t ' s  c o l l e c t o r ,  and t h a t  c o n t r o l  

mechanisms b e  a c c u r a t e  enough, t h a t  t h e r e  is  no o v e r - s p i l l .  A t  a i r c r a f t  

p rog res s ion  rates t h e  dwel l  t i m e  f o r  such o v e r - s p i l l  t o  i l l u m i n a t e  

pe r sonne l  on t h e  ground would b e  a number o f  m i l l i s e c o n d s ,  w h i l e  i t  i s  

es t ima ted  t h a t  i n j u r y  would r e s u l t  from on ly  a f r a c t i o n  of t h i s  expo- 

s u r e  t i m e .  Each SPS p la t fo rm would have t h e  power c a p a c i t y  t o  cont inu-  

o u s l y  o p e r a t e  50 such lasers ( o r  1 ,000 f o r  a f l e e t  o€ 20 SPS's). 
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Particle beams of electrons or neutralized protons might be 

employed for self-defense, and providing that the particle energy is 

held below GeV levels, the atmosphere and/or earth's magnetic field 

may provide adequate shielding for ground systems. However, the 

existence whether real or only suspected, of particle beam weapons on 

an orbital platform, is likely to raise suspicions about the operator 

of the platform even though the weapons have no capability against 

earth targets. Here again, the appearance of aggressive intent, in a 

nationalistic environment could cause a substantial negative impact on 

international relations. 
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Task 3.  

t e r r o r i s t  a t t a c k s  o r  sabotage .  

R e l a t i v e  v u l n e r a b i l i t y  of t h e  SPS t o  o v e r t  m i l i t a r y  a c t i o n ,  

I n  t h i s  task as  i n  Task 1, w e  examine each of t h e  main segments 

of t h e  SPS i n d i v i d u a l l y  s i n c e  v u l n e r a b i l i t y  c o n s i d e r a t i o n s  for them 

d i f f e r .  A s  b e f o r e ,  t h e  breakdown i s  i n t o  t h e  space  segment and t h e  

ground segment. The space  segment i n c l u d e s  t h e  SPS s a t e l l i t e ,  t h e  

necessary ground-based communications f a c i l i t i e s  € o r  sa te l l i t e  c o n t r o l ,  

and any e s s e n t i a l  on-orb i t  assembly or  maintenance f a c i l i t i e s ,  s i n c e  

t h e s e  are unique t o  t h e  SPS, and may b e  s i g n i f i c a n t  i n  v u l n e r a b i l i t y  

c o n s i d e r a t i o n s .  The  ground segment i n c l u d e s  t h e  r ec t enna  complex and 

t h e  necessary  i n t e r c o n n e c t i o n s  to  t h e  u t i l i t y  g r i d ,  bu t  n o t  manufactur- 

i n g  and c o n s t r u c t i o n  f a c i l i t i e s  s i n c e  they a r e  b a s i c a l l y  n o t  u n l i k e  

t h o s e  f o r  o t h e r  systems and t h u s  d o  not i n t r o d u c e  unique new s i t u a t i o n s  

o r  problems. 

(a )  Space Segment. 

I n  cons ide r ing  t h e  SPS s a t e l l i t e  i t s e l f ,  t h e  p r i n c i p a l  

a r e a  of concern about: v u l n e r a b i l i t y  h a s  t o  do  w i t h  o v e r t  

m i l i t a r y  a c t i o n .  I t  i s  h i g h l y  u n l i k e l y  t h a t  t e r r o r i s m  cou ld  

pose a d i r e c t  t h r e a t  t o  t h e  s a t e l l i t e  on o r b i t  because of 

its i n a c c e s s i b i l i t y ,  a l though i t  c e r t a i n l y  could  d u r i n g  the 

manufacture and p r e p a r a t i o n  on e a r t h ,  and might p o s s i b l y  be  

a f a c t o r  d u r i n g  o r b i t a l  assembly. S i m i l a r l y ,  t h e  p o t e n t i a l  

f o r  sabotage  may p o s s i b l y  extend t o  t h e  on-orb i t  assembly 

phase, bu t  is very  u n l i k e l y  i n  o r b i t a l  o p e r a t i o n s .  

On t h e  o t h e r  hand, i n d i r e c t  t e r r o r i s t  o r  s a b o t e u r  a c t i o n  

could be  taken  a g a i n s t  t h e  s a t e l l i t e  v i a  t h e  ground c o n t r o l  

f a c i l i t y .  Th i s  could  be done f o r  example, by p h y s i c a l l y  

a t t a c k i n g  and g a i n i n g  c o n t r o l  o f  t h e  f a c i l i t y  so a s  t o  send 

i n c o r r e c t  o r  damaging commands t o  t h e  s a t e l l i t e ,  o r  by  

damaging o r  d e s t r o y i n g  t h e  f a c i l i t y ,  i n t e r r u p t i n g  i t s  power, 
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o r  o the rwise  i n t e r f e r i n g  with i t s  o p e r a t i o n  s o  that  no com- 

mands could b e  s e n t .  S i m i l a r l y ,  a t t a c k s  could  b e  d i r e c t e d  

a t  t h e  r e c t e n n a ,  s o  as t o  i n t e r r u p t  t h e  p i l o t  beam o p e r a t i o n .  

The s u s c e p t i b i l i t y  of t h e  s a t e l l i t e  t o  such k i n d s  of a d v e r s e  

a c t i o n s  w i l l  b e  t o  some e x t e n t  a f u n c t i o n  of t h e  sys tem d e s i g n  

philosophy, s i n c e  t h e  d i f f e r e n t  s a t e l l i t e  f u n c t i o n s  can be 

des igned  to  va ry ing  levels of independence from earth comand .  

The des ign  can ,  of c o u r s e ,  a l s o  be  u t i l i z e d  t o  make t h e  a c t u a l  

o p e r a t i o n  of cormand equipment d i f f i c u l t  f o r  anyone b u t  h i g h l y  

s k i l l e d  o p e r a t o r s ,  and thus  p l a c e  ano the r  o b s t a c l e  i n  t h e  

t e r r o r i s t s ’  way. 

Sabotage of t h e  s a t e l l i t e  is  also cons ide red  a rather 

u n l i k e l y  t h r e a t .  

manufacture of t h e  myriad of components f o r  t h e  s a t e l l i t e  

g i v e s  a m p l e  o p p o r t u n i t i e s  f o r  s a b o t e u r s  because  o f  t h e  g r e a t  

q u a n t i t i e s  involved ,  t h e  na tu re  of t h e  s a t e l l i t e  is such  t h a t  

at s u c c e s s i v e l y  l a t e r  stages i n  i t s  c o n s t r u c t i o n  and o p e r a t i o n ,  

t h e s e  o p p o r t u n i t i e s  become s u c c e s s i v e l y  more r e s t r i c t e d .  ?arts 

and materials are  subjec ted  t o  e x t e n s i v e  i n s p e c t i o n  and test- 

i n g  because of t h e i r  end u s e ,  and t h i s  should  be q u i t e  e f f e c -  

t i v e  a g a i n s t  sabotage .  Also, t h e  f i n a l  assembly is to  b e  

done on o r b i t ,  a h ighly  i s o l a t e d  environment t o  s a y  t h e  least ,  

by o p e r a t o r s  who a r e  n e c e s s a r i l y  c a r e f u l l y  sc reened  and 

s e l e c t e d ,  a l lowing  even l e s s  scope f o r  s a b o t e u r s  i n  t h i s  phase.  

The t h r e a t  of o v e r t  m i l i t a r y  a c t i o n  a g a i n s t  the s p a c e  

Although c e r t a i n l y  t h e  p r e p a r a t i o n  and 

segment -- bo th  s a t e l l i t e  and ground-based c o n t r o l  system -- 
i s  real, a l though  as  would b e  expec ted ,  i t s  execu t ion  would 

c l e a r l y  c o n s t i t u t e  a n  act of war. 

k i l l e r  c a p a b i l i t y  up t o  synchronous a l t i t u d e s ,  i f  n o t  opera- 

t i o n a l l y  a v a i l a b l e  today, almost c e r t a i n l y  w i l l  b e  w i t h i n  

t h e  t i m e  span of i n t e r e s t  he re .  Thus, a l though v a r i o u s  

S a t e l l i t e s  w i t h  hunter -  
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hardening  measures and se l f -de fense  p r o v i s i o n s  can be imple- 

mented, i t  i s  undoubtedly s a f e  t o  s a y  t h a t  a b s o l u t e  p r o t e c t i o n  

of t h e  s a t e l l i t e  cannot be  a s su red .  In t h i s  as i n  o t h e r  k i n d s  

of m i l i t a r y  exchanges some weapons must b e  expec ted  to  g e t  

through.  

The l a r g e  scale of t h e  s a t e l l i t e  t ends  t o  make i t  some- 

what less  v u l n e r a b l e  than  would b e  t h e  case o the rwise .  T h i s  

is so because of bo th  i t s  p h y s i c a l  s i z e  and t h e  ve ry  h i g h  

power genera ted .  The l a r g e  s i z e  means t h a t  redundant  sub- 

systems can  r e a d i l y  be  provided,  and indeed may b e  mandatory 

f o r  r e l i a b i l i t y  reasons .  The h igh  power l e v e l  means t h a t  

many p a r a l l e l e d  (redundant)  energy c i r c u i t s  can  b e  used i n  

t h e  des ign .  Both of t h e s e  f a c t o r s  act  t o  prevent  a t o t a l  

loss  of power o p e r a t i o n  i n  t h e  event  of weapon damage s h o r t  

of t o t a l  d e s t r u c t i o n .  The one p r i n c i p a l  i t e m  which is n o t  

provided wi th  redundant back-up i n  t h e  c u r r e n t  base - l ine  

concept i s  t h e  t r a n s m i t t i n g  an tenna ,  and a l though i t  i s  a 

r e l a t i v e l y  massive s t r u c t u r e ,  i t  may b e  t h e , m o s t  v u l n e r a b l e  

component of t he  s a t e l l i t e .  I t  may b e  argued t h a t  a redundant  

an tenna  des ign  ought t o  be cons idered  € o r  s u r v i v a b i l i t y  rea- 

sons. The l a r g e  scale a l s o  means of cour se  t h a t  s u b s t a n t i a l  

weapons are needed t o  do more than  p a r t i a l l y  d i s a b l e  t h e  

s a t e l l i t e .  It  may t u r n  ou t  t h a t  because of t h i s  l a r g e  s i z e ,  

t h e  h igh  o r b i t a l  a l t i t u d e  and t h e  f a c t  of be ing  i n  a s p a c e  

environment,  nuc lea r  weapons would b e  t h e  only  l i k e l y  ones  

w i t h  a good p r o b a b i l i t y  of a c h i e v i n g  a s s u r e d  d e s t r u c t i o n .  

I f  t h e  s a t e l l i t e  w e r e  t o  r e q u i r e  manned o p e r a t i o n ,  i t  

appea r s  t h a t  t h e  v u l n e r a b i l i t y  t o  m i l i t a r y  a c t i o n  could  be 

g r e a t l y  i n c r e a s e d .  Th i s  comes about  b a s i c a l l y  because  t h e  

human body i s  very f r a g i l e  i n  3 s p a c e  environment,  and can- 

not  s u r v i v e  wi thout  e x t e n s i v e  and e l a b o r a t e  l i f e - s u p p o r t  
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systems.  Such systems would be very d i E f i c u l t  t o  harden  

adequate ly  a g a i n s t  t h e  range of weapons t h a t  might b e  used  

a g a i n s t  them. Accordingly,  t h e  l i f e - s u p p o r t  systems would 

probably be  a p r e f e r r e d  s o f t  s p o t  i n  such a manned satel l i te .  

(b) Ground Segment. 

The ground segment as considered h e r e  c o n s i s t s  b a s i c a l l y  

of t h e  r ec t enna  complex wi th  a s s o c i a t e d  i n t e r c o n n e c t i o n s  t o  

t h e  u t i l i t y  g r i d .  For t h e  most p a r t ,  such i n t e r c o n n e c t i o n s  

w i l l  be w i t h i n  and p a r t  of  t h e  r ec t enna  complex. D i s t r i b u -  

t i o n  systems t o  more than  one u t i l i t y  f o r  example, i f  l o c a t e d  

away from the  r ec t enna  a r e  cons idered  p a r t  of t h e  o v e r a l l  

u t i l i t y  system r a t h e r  than  t h e  rec tenna .  

The v u l n e r a b i l i t y  of t he  r ec t enna  f a c i l i t y  t o  o v e r t  

m i l i t a r y  a c t i o n  i s  e s s e n t i a l l y  no t  g r e a t l y  d i f f e r e n t  from 

t h a t  of o t h e r  l a r g e  i n d u s t r i a l  complexes o r  o t h e r  u t i l i t i e s .  

C l e a r l y  t h e  € a c i l i t y  i tself  i s  s u b j e c t  t o  a l a r g e  r ange  of 

m i l i t a r y  a c t i o n s ,  and p r e s e n t s  a l a r g e r  t a r g e t  than  most 

present-day u t i l i t i e s .  Although i t s  o p e r a t i o n  is  n o t  depend- 

e n t  on a c r i t i c a l  f u e l  supply l i n e  such as c o a l  o r  o i l ,  which 

can be r a t h e r  e a s i l y  i n t e r d i c t e d ,  i t  does r e q u i r e  o t h e r  k inds  

of materials and s u p p l i e s  f o r  maintenance and cont inued  oper-  

a t i o n .  Concealment, hardening,  p r o t e c t i v e  s h e l t e r i n g  and 

o t h e r  s i m i l a r  measures provide l i m i t e d  p r o t e c t i o n .  

t h e  r ec t enna  i s  most l i k e l y  t o  b e  p a r t  of a n  i n t e r c o n n e c t e d  

u t i l i t y  g r i d ,  so t h a t  t he  l o s s  of any one s t a t i o n  i s  n o t  

n e c e s s a r i l y  c r i t i c a l ,  i t s  l a r g e  c a p a c i t y  makes i t  a v e r y  

a t t r a c t i v e  t a r g e t .  

evidence of the d e s i r a b i l i t y  of reducing  an opponent 's  indus- 

t r i a l  c a p a c i t y  by a c t i o n  a g a i n s t  h i s  power g e n e r a t i o n  systems.  

Although 

The h i s t o r y  of r e c e n t  w a r s  g i v e s  ample 

S u s c e p t i b i l i t y  t o  t e r r o r i s t  a t t a c k  o r  sabotage  of t h e  
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ground segment and i t s  ope ra t ions  is probably n o t  subs tan-  

t i a l l y  d i f f e r e n t  from t h a t  of o t h e r  u t i l i t y  s t a t i o n s  o r  indus- 

t r ia l  complexes. I n  one r e spec t  t h e  t e r r o r i s t  t h r e a t  may be 

somewhat less f o r  a r ec t enna  f a c i l i t y  than  f o r  o t h e r  smaller 

u t i l i t y  s t a t i o n s  f o r  example. 

power c a p a c i t y  of t h e  rec tenna ,  p l u s  i t s  l i k e l y  key r o l e  i n  

c o n t r o l l i n g  t h e  incoming power beam imply t h a t  i t  would be 

l o g i c a l  t o  provide  a s u b s t a n t i a l  p r o t e c t i v e  f o r c e  for i t  i n  

order  to  a s s u r e  cont inuous ope ra t ion .  T h i s  might t ake  t h e  

form of p r o t e c t i v e  b a r r i e r s  around t h e  r ec t enna ,  guard f o r c e s ,  

warning and a l e r t  systems,  and o t h e r  such i n s t a l l a t i o n  secu r -  

i t y  measures. The e x i s t e n c e  of such measures may tend  t o  

make t h e  job of t e r r o r i s t s  very d i f f i c u l t ,  and may d e t e r  a l l  

but t h e  most determined and s o p h i s t i c a t e d  ones,  and l e s s e n  

the  impac t  of those a t t a c k s  which a r e  undertaken.  Saboteur  

a c t i v i t i e s  a l s o  would probably be  hampered somewhat by such 

measures,  a l though perhaps not as s u b s t a n t i a l l y  as t h o s e  Of 

t h e  t e r r o r i s t s .  I n  n e i t h e r  c a s e  is  t h e  t h r e a t  removed, bu t  

i ts dimensions may be  a l t e r e d .  

The l a r g e  p h y s i c a l  s i z e  and 

F e a r  of the unknown e f f e c t s  of microwave r a d i a t i o n  might 

a lso o p e r a t e  t o  i n h i b i t  t e r r o r i s t  a c t i o n s  t o  s o m e  e x t e n t .  A t  

p r e s e n t ,  t h e  f u l l  range of e f f e c t s  of microwave energy on  hu- 

mans is not  understood. For example, t h e  a c c e p t a b l e  m a x i m u m  

exposure l i m i t s  t o  microwave power i n  t h e  U.S. versus t h o s e  

i n  t h e  Sov ie t  and some o t h e r  European n a t i o n s  d i f f e r  by a 

f a c t o r  of one thousand. Th i s  l a c k  of unders tanding  and 

agreement f i n d s  p a r t  of i t s  expres s ion  i n  widespread p u b l i c  

susp ic ion  and perhaps f e a r  of microwave r a d i a t i o n ,  somewhat 

ak in  t o  t h a t  regard ing  nuc lear  r a d i a t i o n .  T o  t h e  e x t e n t  t h a t  

such susp ic ion  o r  apprehension i s  s t i l l  p r e s e n t  a t  t h e  t i m e  

of an  o p e r a t i o n a l  SPS, some t e r r o r i s t  a c t i o n s  i n v o l v i n g  
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p h y s i c a l  p resence  a t  the rectennil s i t e  may well be avoided .  

T h i s  would n o t  of course  have any e f f e c t  on t h e  u s e  of weap- 

ons  o r  o t h e r  t a c t i c s  a t  a d i s t a n c e ,  o r  perhaps  a t t a c k s  involv- 

i n g  l i m i t e d  exposure t o  t h e  r a d i a t i o n ,  though it  might l e s s e n  

t h e i r  s e v e r i t y .  

I n  pre-opera t iona l  s t a g e s  of manufacture ,  assembly and 

t e s t ,  t h e  ground segment i s  expected t o  be as v u l n e r a b l e  t o  

the t h r e a t s  of adve r se  a c t i o n s  as o t h e r  k inds  of i n d u s t r i a l  

p roducts  o r  systems. There i s  no th ing  p a r t i c u l a r l y  unique 

about  t h e  r ec t enna  components and sub-assemblies t h a t  might  

p l a c e  them i n  a d i f f e r e n t  ca tegory  of hazard.  
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V. KEY ISSUES AND GENERAL OBSERVATIONS 

There are many questions with military significance impinging upon 

the concept, structure and operation of a future SPS system. Among the 

chief ones are those listed in the following section, where they are 

shown grouped into four different categories. It should be emphasized 

that many of these questions are interrelated and thus cannot be re- 

solved independently; also the grouping is not necessarily the preferred 

one. The order of listing has no particular significance. 

Military Implications 

- 
- Is there any U.S. military benefit to be had from an interna- 

Of what value would an SPS ABM weapon be? 

tional SPS? 

- Should a laser power relay be developed for military use? 

- Of what value are psychological weapons on the SPS? 
- Should military aspects of an SPS be overt or covert? 

- Does military application of the SPS justify its economics? 

National Policy 

- Should an SPS be national or international? 

- Should an SPS have any weapon-related functions? 

- Should the U.S. start an SPS with the ultimate aim of making it 

international? 

- Would a U.S. SPS have a negative effect on foreign relations? 

International Issues 

- How should the EM spectrum usage be determined to accommodate 

SPS equitably? 

- How should geostationary orbit usage be resolved? 

- Should the SPS carry internationallshared weapons? 

- Would any nation be trusted to have such large power sources 

on orbit? 
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- What p r o v i s i o n s  should be  made f o r  a c c i d e n t a l  l o s s  o f  c o n t r o l  

of the power beam? 

Technology Ques t ions  

- Is a n  ABM weapon feasible  us ing  t h e  SPS? 

- Is a power r e l a y  t o  a i r c r a f t  or other sa te l l i t es  f e a s i b l e ?  

- Can a n  SPS o p e r a t e  unmanned? 

- How can loss of  c o n t r o l  o f  t h e  power beam be prevented?  

A s  i n d i c a t e d  ear l ier ,  SPS p l a t f o r m s  could b e  modif ied t o  h o s t  a 

number of m i l i t a r y  as w e l l  as u t i l i t y  u s e r s .  In f a c t ,  combining SPS 

w i t h  m i l i t a r y  f u n c t i o n s  could  enhance bo th  sets of systems. Although 

the SPS i s  p r o j e c t e d  t o  be  economically compe t i t i ve  as a major U.S.  

energy source -- and c e r t a i n l y  one t h a t  would n o t  d e p l e t e  U.S. energy  

r e s o u r c e s  -- t h e r e  may be c o n s i d e r a b l e  i n e r t i a  t o  overcome i n  i n i t i a t -  

i n g  a p r o j e c t  o f  t h i s  scope and novel  n a t u r e .  Correspondingly,  l a r g e  

space  weapon p la t forms ,  such as  f o r  midcourse ABM, w i l l  a lso be  d i f f i -  

c u l t  t o  "sell",  a g a i n  because of magnitude, b u t  a l s o  because they  may 

s i t  for y e a r s  i n  space  a w a i t i n g  thy a la rm.  The  combination of t w o  st1c.h 

f u n c t i o n s  may b e  h i g h l y  s y n e r g i s t i c  from a programmatic s t a n d p o i n t .  

The development oE a n  SPS system would r e p r e s e n t  a major c o m m i t -  

ment whether undertaken as a n a t i o n a l  o r  i n t e r n a t i o n a l  p r o j e c t .  T h e  

choice ,  on t h e  p a r t  o f  t h e  U.S. ,  a s  t o  whether  t o  a t t e m p t  such  a pro- 

gram a l o n e ,  o r  i n  c o n c e r t  w i th  o t h e r s  on a n  i n t e r n a t i o n a l  b a s i s ,  w i l l  

r e q u i r e  some p r i o r  d e c i s i o n  as t o  p o s s i b l e  m i l i t a r y  u t i l i z a t i o n .  I t  

seems c l e a r  f o r  example t h a t  i f  t h e  U.S. i n t e n t  i s  t o  t a k e  E ~ l l  advan- 

t a g e  of whatever m i l i t a r y  p o t e n t i a l  may b e  a v a i l a b l e  from the SPS,  

then  s h e  s h o u l d  implement t h e  s y s t e m  a l o n e ,  o r  perhaps wi th  some 

s e l e c t e d  a l l i e s .  I n  t h i s  way  independent c o n t r o l  of t h e  o v e r a l l  

system opera t ion  as well a s  t l i n t  O F  t h e  m i l i t a r y  a d j u n c t s  could  b e  

r e a d i l y  maintained. O n  thc o t h r r  h a n d ,  if t h e  i n t e n t  from t h e  o u t s e t  

i s  f o r  a n  i n t e r n a t i o n a l  s y s t e m ,  t hen  i t  Seems e q u a l l y  c l e a r  t h a t  
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military applications would play no part in the SPS system. 

If the SPS were to be successfully implemented, whether with or 

without associated military functions, it seems inevitable that this 

would give a very strong impetus to the development of some form of 

ABM weapon. 

continuation of recent and current efforts in this direction) is just 

the fact of the existence of a very large power source on orbit, and 

the demonstrated success of high power microwave transmission. These 

two factors inevitably imply high power beam weapon potential. Laser 

or particle beams would be the likely candidates. The achievement of 

a successful ABM system could have far-reaching consequences. 

it is clearly many years in the future, this factor deserves the most 

careful attention, since it may be extremely important in determining 

the course of SPS development. 

The rationale for this (apart entirely from simply a 

Although 
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VI. RECOMMENDATIONS FOR FURTHER STUDY 

I t  is  recammended t h a t  t h e  fol lowing t o p i c s  b e  cons idered  f o r  

s t u d y  d u r i n g  f i s c a l  y e a r  1979 i n  order  t o  a i d  i n  p rov id ing  answers t o  

t h e  key i s s u e s  i d e n t i f i e d  i n  t h i s  s tudy.  

- What is t h e  worth of t h e  expected m i l i t a r y  c o n t r i b u t i o n  of t h e  

SPS system? 

- I d e n t i f y  the  f a c t o r s  t h a t  would b e  used t o  determine t h e  desir- 

a b l e  e x t e n t  of m i l i t a r y  a p p l i c a t i o n  of t h e  SPS. 

- Provide  an e v a l u a t i o n  of t h e  worth of having a power r e l a y  from 

t h e  SPS s a t e l l i t e  t o  o t h e r  s a t e l l i t e s  and t o  a i r c r a f t .  

- Determine t h e  p o t e n t i a l  impact of SPS on f u t u r e  world m i l i t a r y  

p o s t u r e s .  Would i t  have a d e - s t a b i l i z i n g  e f f e c t ?  Would it 

have p o t e n t i a l  b e n e f i t s  i n  times of i n t e r n a t i o n a l  a l e r t s ?  

- Is i t  f e a s i b l e  t o  cons ider  developing an  " i n t e r n a t i o n a l  lZBM 

weapon" r a t h e r  than  a U.S. ver s ion ,  and i f  so what are the 

re la t ive  advantages and disadvantages? 

Give a comparison of t h e  advantages and d isadvantages  of  hav- 

i n g  a U.S. SPS s y s t e m  ve r sus  an i n t e r n a t i o n a l  one. 

- 

- What are t h e  p r o s p e c t s  f o r  developing a s u c c e s s f u l  ABX weapon 

w i t h  t h e  SPS system? 

- How can t h e  problem of r f  spectrum crowding be re so lved  satis- 

f a c t o r i l y  so  t h a t  t h e  SPS spectrum requi rements  can be s a t i s f i e d ?  

How can  t h e  g e o s t a t i o n a r y  o r b i t  p o s i t i o n s  b e  determined o r  

a l l o c a t e d  i n  such a way t h a t  t h e  SPS w i l l  b e  a s su red  of s u f f i -  

c i e n t  space ( s )?  

- 

- What are t h e  p r o s p e c t s  t h a t  t h e  SPS could o p e r a t e  unmanned? 

- I d e n t i f y  t h e  p r o v i s i o n s  t h a t  a r e  necessary  t o  a s s u r e  adequa te  

i n v u l n e r a b i l i t y  oE t he  SPS s y s t e m .  
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S e c u r i t y  Clearance 

I n  cons ide r ing  t h e  two s tudy  approaches to  b e  taken ,  e i t h e r  w i t h  

or without  s e c u r i t y  c l e a r a n c e s ,  i t  would be a p p r o p r i a t e  t o  c o n s i d e r  a 

somewhat d i f f e r e n t  s tudy  con ten t  f o r  t h e  two cases. For t h e  approach 

t o  be  taken wi thou t  s e c u r i t y  c l ea rance ,  t h e  s tudy  should emphasize a n  

SPS without  m i l i t a r y  f u n c t i o n s  o r  a d j u n c t s ,  or a t  least a minimal m i l i -  

t a r y  con ten t .  

more l i k e l y  U.S. p l u s  o t h e r  n a t i o n s ,  or  a t r u l y  i n t e r n a t i o n a l  system. 

Because t h e  e n t i r e  c l a s s i f i e d  area is  avoided,  t h e  s t u d y  ou tpu t  is max- 

imized i n  t h e  areas where t h e  g r e a t e s t  e f f o r t  is  app l i ed .  Although t h e  

avoidance of c l a s s i f i e d  areas can s i m p l i f y  t h e  work cons ide rab ly ,  t h e  

o t h e r  s i d e  of t h e  co in  i s  t h a t  a n  e f f o r t  aimed a t  m u l t i - n a t i o n a l  involve-  

ment i n t roduces  ano the r  d i f f e r e n t  set of problems. 

t h e  program, a t  a la ter  time when m i l i t a r y  a p p l i c a t i o n  q u e s t i o n s  are 

r a i s e d  and w i l l  have t o  be answered. 

It could poss ib ly  be a s o l e l y  U.S. ven tu re ,  b u t  pe rhaps  

I t  may a l s o  d e l a y  

A study t o  be done wi th  s e c u r i t y  c l ea rance  should be d i r e c t e d  a t  

i d e n t i f y i n g  or  recommending o p p o r t u n i t i e s  of m i l i t a r y  u t i l i t y  which 

t h e  SPS may p resen t .  The s tudy  should examine a l l  p o s s i b l e  m i l i t a r y  

a s p e c t s  of t h e  SPS, i nvo lv ing  a l l  p e r t i n e n t  c l a s s i f i e d  materials and 

sources .  

cons f o r  each p o t e n t i a l  a p p l i c a t i o n  t h a t  can be  i d e n t i f i e d .  

a n a l y s e s  a v a i l a b l e ,  d e c i s i o n s  on system ques t ions  can then  b e  made a t  

t h e  n a t i o n a l  l e v e l  which are c o n s i s t e n t  w i th  n a t i o n a l  aims and objec-  

t i v e s .  

would n e c e s s a r i l y  be  a c lose ly-he ld  U.S. program, or a t  t h e  m o s t  one 

invo lv ing  a small number of c l o s e  a l l ies .  

I t  should ana lyze  as c l e a r l y  a s  p o s s i b l e  a l l  of t h e  p r o s  and 

With such  

It seems s e l f - e v i d e n t  t h a t  a m i l i t a r i l y - o r i e n t e d  SPS system 
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V I I .  LONGER TEILY STUDIES 

As one outcome of t h i s  b r i e f  pre l iminary  s t u d y  of t h e  proposed 

SPS system, i t  is sugges ted  t h a t  t h e r e  are s e v e r a l  areas t h a t  are de- 

s e r v i n g  of a much more e x t e n s i v e  s tudy  because of t h e i r  importance t o  

t h e  system. 

I n  t h e  f i r s t  of t h e s e  w e  emphasize t h e  importance of a thorough 

e v a l u a t i o n  of  t h e  ABM weapon p o t e n t i a l  of t h e  SPS system. Th i s  poten- 

t i a l  may be such  t h a t  at  one extreme i t  might cause  t h e  abandonment o r  

e l i m i n a t i o n  of ICBY systems as w e  know them. It would undoubtedly in-  

v o l v e  major p o l i c y  q u e s t i o n s  and dec i s ions  as w e l l  as s t r i c t l y  t echn i -  

cal  and eng inee r ing  m a t t e r s .  

The second s tudy  area sugges ted  involves  t h e  u s e  of t h e  r f  spectrum, 

and i n  p a r t i c u l a r  how p rov i s ions  can be made f o r  t h e  SPS (and o t h e r  sys-  

t e m s )  t o  b e  provided w i t h  necessary frequency a l l o c a t i o n s  when they  are 

needed. As has  been i n d i c a t e d  earlier i n  t h i s  paper ,  t h e  d i f f i c u l t i e s  

a t t e n d a n t  on rf spectrum usage, crowding, i n t e r f e r e n c e ,  e t c .  have be- 

come severe, and t h r e a t e n  t o  ge t  much worse. They may become so c r i t i -  

c a l  as l i t e r a l l y  t o  prevent  t h e  implementation of  new systems. 

e s s e n t i a l  t h a t  means be e s t a b l i s h e d  t o  prevent  such an  occurrence .  

I t  is 

A t h i r d  s tudy  area, probably c l a s s i f i e d ,  would involve  examining 

t h e  k i n d s  of services t h a t  t h e  SPS could p rov ide  t h a t  might be  of bene- 

f i t  i n  t ac t i ca l  o r  s t r a t e g i c  warfare .  For example, could laser power 

r e l a y  b e  extended t o  c r u i s e  missiles and a c t u a l l y  be use fu l  on a world- 

wide b a s i s ?  

The f o u r t h  s tudy  would i n v e s t i g a t e  what measures a n  a g r e s s o r  n i g h t  

t a k e  a g a i n s t  an  SPS such as degrading i ts  performance, o r  c a p t u r i n g  o r  

i n  some way hold ing  t h e  system hostage.  

F i n a l l y ,  a f i f t h  s tudy  is suggested t h a t  would i n v e s t i g a t e  t h e  

o r g a n i z a t i o n  and c o n t r o l  o€ a shared  c i v i l / m i l i t a r y  SPS system. 

t u r n  o u t  t h a t  t h e  p r o j e c t e d  development c o s t s  of  a n  SPS s y s t e m  are too 

It  may 
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high f o r  t h e  c i v i l  s e c t o r  a l o n e ,  so t h a t  they  are sha red  by t h e  m i l i t a r y .  

For t h i s  e v e n t u a l i t y  it is  of i n t e r e s t  to examine how t h e  SPS system 

c o u l d  b e  organized  t o  o p e r a t e  in different s i t u a t i o n s .  
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