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SIGNIFICANT AChIEVEMENTS DURING SIX YEARS 
O F  SPACE RESEARCH AND APPLICATIONS 

I N  COMMUNICATIONS SATELLITES . 
I 

Ab s t rac t 
I It was recognized, as e a r l y  as 1945, that  t h e  w o r l d ' s  

expanding need f o r  more channels of  long d i s t a n c e  communica- 

. t i o n s  could be a l l e v i a t e d  by t h e  communications s a t e l l i t e ,  

provided the r e q u i s i t e  technology was made a v a i l a b l e  t o  the 

des igne r s  of ope ra t iona l  systems. T h i s  became t h e  a i m  of a 

NASA program which, from a modest s tart  i n  1959, had achieved 

s i g n i f i c a n t  technologica l  gains b y  1964. 

Ea r ly  e f f o r t s  i n  the United S t a t e s  were those by t h e  

Se rv ices  of the Department of Defense a d  consis ted o f  Moon 

Relay, Score, Courier,  and, l a t e r ,  West Ford. N A S A ' s  
- 

experimental  a c t i v i t y  i n  communications s a t e l l i t e s  began wi th  

Echo 1 i n  1960. 

between J u l y  1962 and August 1964 as the r e s u l t  o f  experience 

gained from s i x  successfu l ,  and two p a r t i a l l v  success fu l ,  

Notable technological  progress  was made 

launches o f  a spectrum o f  s a t e l l i t e  types, a l t i t u d e s ,  and 

o r b i t s  : 

T e l s t a r  I and I1 
Relay I and I1 
Syncom I, I1 and I11 
Echo I1 

b 

T h i s  e f f o r t  culminated i n  the  achievement o f  geos t a t iona ry  

o r b i t  by  Syncom 111 i n  l a t e  summer, 1964. Chart  SD64-1156 m i  

Summarizes t h e s e  sa te l l i t es  and the i r  c h a r a c t e r i s t i c s .  
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The ob jec t ives  of t h i s  experimental s a t e l l i t e  program 

were d i r e c t e d  toward  developing r e l i a b l e  a c t i v e  and pass ive  

s a t e l l i t e s ,  b o t h  narrow and wideband i n  communications capac i ty ,  

and demonstrating t h e i r  f e a s i b i l i t y  i n  the low,  e l l i p t i c a l  

medium a l t i t u d e ,  i nc l ined  synchronous and geos ta t ionary  o r b i t s .  

Ground s t a t i o n  experience confirmed t h e  v a l i d i t y  o f  c r i t i c a l  

design equations, explored a l t e r n a t e  methods of  s a t e l l i t e  

acqu i s i t i on  and t racking ,  and demonstrated experimental ly  the 

u t i l i t y  o f  t h e  communications s a t e l l i t e  and i t s  p o t e n t i a l  i n  

f u t u r e  communications systems. 

. 

Much o f  t h e  technology necessary t o  t h e  establ ishment  o f  

e a r l y  i n t e r n a t i o n a l  ope ra t ionz l  systems was thus  mad e a v a i l a b l e  

t o  count r ies  whose d e s i r e  i t  would be, using t h e  words of 

the President of t h e  United S t a t e s ,  t o  "grasp t h e  advantages 

presented to u s  by t h e  communications s a t e l l i t e s  . . .  t o  i n s u r e  

g r e a t e r  understanding among t h e  peoples of the w o r l d . "  

w i l l ,  however, continue t o  search for breakthroughs and t o  

expand the s t a t e  o f  t h e  a r t  i n  comniunications s a t e l l i t e s .  

NASA 
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Alber t  Cam1 

11 . 
PREFACE 

s, whose l i f e  spans The Great War t o  t h e  

come i n t o  the  world as Space Age w r i t e s :  Great i deas  --- 
g e n t l y  as doves. If we l i s t e n  a t t e n t i v e l y  w e  shal l  hear  i n  

t h i s  f a i n t  f l u t t e r  of wings a gent le  s t i r r i n g  o f  l i f e  and hope 

11 

tha t  i s  awakened, revived, and nourished by m i l l i o n s  o f  s o l i t a r y  

ind iv idua l s  whose deeds and works every day negate  f r o n t i e r s  

and the c rudes t  impl ica t ions  of  h i s to ry" .  

The communications s a t e l l i t e  was, i n  the realm of tech- 
11 nology, such an idea ,  and entered on the wings of a dove" 

i n  1945. 

i n t o  experimental r e a l i t y  by countless i n d i v i d u a l s  members of 

t he  i n t e r n a t i o n a l  t echn ica l  community: s c i e n t i f i c  and engineer- 

i ng .  It i s  i n  recogni t ion  of t h e i r  e f f o r t s  that  t h i s  paper 

i s  published, a t  a time marking the end of  t h e  first generat ion 

During the years  through 1964 t h e  idea was t r a n s l a t e d  

NASA program t o  achieve tha t  reali ty,  and a t  the commencement 

of the  period marking i n i t i a l  opera t iona l  communications 

s a t e l l i t e  systems. 

The need f o r  the  communications s a t e l l i t e  developed as 

a r e s u l t  o f  i nc reas ing  w o r l d  requirements f o r  long d i s t ance  real- 

time communications. Many ways of achieving a s a t i s f a c t o r y  

t e c h n i c a l  s o l u t i o n  t o  t h i s  need had been exploi ted by 1957, b u t  

a l l  represented compromise o f  some form, and most were l i m i t e d  

by t h e i r  very t e r r e s t r i a l  na tu re .  

What was needed was a very high a l t i t u d e  r e l a y  s t a t i o n ,  

h igher  than  could be supported by any p r a c t l c a l  s t r u c t u r e .  

v i i  



Arthur  C. Clarke 

s t a t i o n  i n  o r b i t  

Now the Moon 

proposed . the  $elution i n  1945, a r e l a y  

as an Earth s a t e l l i t e .  

i s  a n a t u r a l  Ear th  s a t e l l i t e ,  capable of 

pas s ive ly  r e f l e c t i n g  s i g n a l s  over t he  E a r t h ' s  curva ture ;  i n  

f a c t ,  the  U.S. Navy CMR" system ope ra t iona l ly  demonstrated 

Moon re lay .  

although an extremely high a l t i t u d e  n a t u r a l  Ear th  s a t e l l i t e ,  

had some l i m i t a t i o n c  as a communications r e l a y  f a c i l i t y .  The 

need, therefore ,  t o  develop and prove the  f e a s i b i l i t y  o f  

a r t i f i c i a l  Earth s a t e l l i t e s ,  a t  a l t i t u d e s  optimum f o r  t h e i r  

missions, became inc reas ing ly  urgent .  

1 1  

But by 1960 i t  had a l s o  demonstrated t h a t  t he  !.loon, 

Such s a t e l l i t e s  could be e i t h e r  o f  two types,  pass ive  or 

a c t i v e .  The pass ive  s a t e l l i t e  a c t s  l i k e  a m i r r o r ,  as d i d  t h e  

Moon, r e t r ansmi t t i ng  no more than tha t  energy i t  i n t e r c e p t s .  

The ac t ive  s a t e l l i t e  on the  o t h e r  hand, r ece ives  and ampl i f i e s  

a s i g n a l  before r e t r a n s m i t t i n g  i t  t o  the ground. 

This r epor t  b r i e f l y  recGunts t he  s i g n i f i c a n t  achievements 

i n  e a r l y  experimental communications s a t e l l i t e s ,  during t h e  

years  1958 through 1964. 

included, and h i g h l i g h t s  o f  t hese  achievements a r e  summarized 

below. 

A s e l ec t ed  b ib l iography has been 

********** 
These e f f o r t s  consis ted of t he  fo l lowing  p r o j e c t s :  

From 19511- t o  1959 t h e  Navy t r a n s l a t e d  t h e  Army's 

achievement ( P r o j e c t  Diana, r ada r  con tac t  w i t h  t h e  Moon, a 

form of passive r e f l e c t i o n )  i n t o  what has been c a l l e d  " the  

v i i i  
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world 1s first  ope ra t iona l  Space Communications System": 

Communication by Moon Relay, o r  "CMR". 

Score, b u i l t  by the Army and launched by the A i r  

Force on December 18, 1958, became the w o r l d l s  f i rs t  a r t i -  

f i c i a l  a c t i v e  communications s a t e l l i t e  experiment. 

In  October, 1960, t h e  Army Signal  Corps! Courier I -B 

demonstrated the p o s s i b i l i t y  o f  using a c t i v e  r epea te r s  f o r  

bo th  rea l - t ime and delayed transmission o f  high data r a t e  

messages. 

I n  t h e  e a r l y  summer o f  1963 the U.S. A i r  Force 

launched West Ford, a pass ive  s a t e l l i t e  system, a b e l t  of  

o r b i t i n g  r e f l e c t i v e  needles .  It was demonstrated that  t h i s  

method o f  d i spens ing  a b e l t  o f  mi l l i ons  o f  t i n y  f i n e  wires 

was workable and t h a t  p red ic t ions  on non- in te r fe rence  wi th  

m d i o  astronomy were v a l i d .  

N A S A ' s  experimental  communications s a t e l l i t e  program 

began i n  1959. 

Echo I, a pass ive  r e f l e c t o r  bal loon,  was 

launched August 12, 1960. This  s a t e l l i t e  has been ca l l ed  one 

of  t h e  b e s t  ambassadors the United S t a t e s  ever  had inasmuch 

as i t  has been c l e a r l y  v i s i b l e  t o  m i l l i o n s  o f  people through- 

out  t h e  w o r l d .  

Between J u l y  1962 and August 1964 NASArs program re-  

s u l t e d  i n  the  success fu l  launches of two AT&T Telstars ( J u l  10, 

1962 and Nay 7, 1963),  two Relays (December 13, 1962 and 

January 21, 1964), another  Echo (January 25, 1964), and t h r e e  

Syncoms (February 14, 1963, July 26, 1963, and August 19, 1964) .  

ix 
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Ground d iagnos is  o f  a malfunctioning communications 

s a t e l l i t e  was success fu l ly  attempted f o r  the f i rs t  t i m e  when 

Telstar I was commanded on again January 4, 1963. 

Relay I provided the f i r s t  s a t e l l i t e  communications 

l i n k  between Nor th  and South America. 

TV demonstrations, Relay I has operated through twice i t s  

designed l i f e t i m e .  

With a h i s t o r y  of 81 

Syncom 11, a l s o  ope ra t ing  beyond i t s  designed l i f e ,  

has made outs tanding  con t r ibu t ions  t o  o u r  knowledge o f  g rav i -  

t a t i o n a l  anomalies .  Syncom I1 has recorded more s a t e l l i t e  

communications ON" t i m e ,  4800 hours of experiments and t e s t s ,  

than a l l  o t h e r  communications s a t e l l i t e s  combined. 

11 

Relay 11, though only a year  o l d ,  has s u c c e s s f u l l y  

conducted 27 TV demonstrations.  

Syncom I11 was the f irst  s a t e l l i t e  t o  be s u c c e s s f u l l y  

boosted, a t t i t u d e  con t ro l l ed ,  i n j e c t e d  and maneuvered i n t o  a 

pre-selected s t a t i o n  i n  geos t a t iona ry  o r b i t ,  r equ i r ing  most 

p r e c i s e  cont ro l  t o  accomplish. 

Syncom I11 demonstrations have shown t h e  f e a s i b i l i t y  

and value of a communications s a t e l l i t e  i n  geos t a t iona ry  o r b i t  

t o  provide multichannel vo ice  communications, multichannel 

te le type,and TV, with  and without simultaneous voice .  

Syncom I11 s u c c e s s f u l l y  re layed the Olympics f rom 

Japan t o  t h e  United S t a t e s  i n  October, 1964. 

The f i rs t  phase of  coopera t ive  US-USSR experiments 
J 

i n  communications s a t e l l i t e s  was executed i n  1964 using Echo 11. 

X 



Of the n i n e  o r b i t a l  communica.$ions s a t e l l i t e  f l i g h t s  

attempted by NASA s ince  1960, only one pass ive  s a t e l l i t e ,  Echo A-10 

. f a i l e d  t o  achieve o r b i t ,  and only one a c t i v e  s a t e l l i t e ,  

Syncom I, has fa i led  t o  provide t h e  r e l a y  c a p a b i l i t y  for which 

i t  was designed. There have been, at times, s eve ra l  a c t i v e  
. ' r epea te r  spacec ra f t  i n  operat ion a t  one t i m e  (Chart sT65-3595-9.64) 

and Echo I has been a v a i l a b l e  continuously, although g e n t l y  

degrading, s i n c e  August, 1960. 

Ground s t a t i o n  experience has  confirmed the  v a l i d i t y  o f  

c r i t i c a l  design equat ions,  explored a l t e r n a t e  methods o f  

s a t e l l i t e  a c q u i s i t i o n  and tracking, and demonstrated experi-  

mental ly  t h e  u t i l i t y  o f  the communications s a t e l l i t e  and i t s  

p o t e n t i a l  i n  f u t u r e  communications systems. 

T h e  success  of NASArs experimental communications s a t e l -  

l i t e  program i s  c l e a r l y  es tabl ished by i t s  numerous and v a r i e d  

accomplishments. The p lans  o f  a consortium o f  twenty na t ions ,  

t o g e t h e r  with t h e  United States Communications S a t e l l i t e  

Corporation, t o  e s t a b l i s h  an i n t e r n a t i o n a l  ope ra t iona l  system 

i n  1965 ris c l e a r  evidence o f  t h e  impact of t h i s  program. 

The t e c h n i c a l  concept of the communications s a t e l l i t e ,  

t r a n s l a t e d  t o  the  realm of economics and sociology, w i l l ,  w i th  

l i t t l e  doubt,  have a profound inf luence  upon c i v i l i z a t i o n  

which can only be  imagined today .  

Some young people i n  school today w i l l ,  provided we so lve  

both t h e  t e c h n i c a l  and non-technical problems assoc ia ted  w i t h  

high power sa t e l l i t e s ,  see  t h e i r  own chf ldren  informed, educated, 

arid e n t e r t a i n e d  by broadcasts  received d i r e c t l y  from space.  
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I11 c 

Introduct ion 

A .  Why Communications by Satel l i te?  - A H i s t o r i c a l  Summary 
b 

of t h e  Development of t h e  Requirement. 

The ob jec t ive  o f  the United States '  p a r t i c i p a t i o n  i n  

s a t e l l i t e  communications a c t i v i t i e s  was voiced by the Pres ident  

of t h e  United S t a t e s  i n  a publ ic  s ta tement  i n  1962 i n  which 

he s a i d :  "There i s  no more important f i e l d  a t  the p resen t  t i m e  

than communications, and we must grasp the advantages presented 

t o  us  by the  communications s a t e l l i t e  t o  use t h i s  medium 

wisely and e f f e c t i v e l y  t o  i n su re  g r e a t e r  understanding among 

the peoples o f  the world. I t  

The h i s t o r y  of  c i v i l i z a t i o n  i s  a h i s t o r y  o f  man's under- 

s tanding  o f  h i s  environment and h i s  i n t e r a c t i o n s  w i t h  o t h e r  

people i n  h i s  attempts t o  master i t .  These at tempts  may take 

the form o f  t r ade ,  t r a v e l ,  explorat ion,  education, o r  m i l i t a r y  

opera t ions ,  and each o f  them requi res  rapid communications t o  

be e f f e c t i v e .  

For many mi l l en ia ,  man's communication o f  information was 

l i m i t e d  t o  spoken, wr i t t en ,  pictured,  o r  p r in t ed  words, and 

the phys ica l  d e l i v e r y  of  t h a t  information over  long d i s t a n c e s .  

Man had no rea l - t ime means of long d i s t a n c e  communications. 

Real-time communications were l i m i t e d  t o  t h e  use of smoke s i g n a l s ,  

flags, shapes, the heliograph, voice and the p r i m i t i v e  tom-tom. 

All of these  were dis tance- l imited e i t h e r  t o  a l i n e  o f  s igh t  

o r  t o  t h e  range o f  sound. 

a 



Telegraph and Telephone: Wire and Cable: Morse and Be l l  

When, i n  1844,Samuel F. B. Morse demonstrated the  

te legraph ,  mankind had a l r e a d y  witnessed the  t r aged ie s  t h a t  

can r e s u l t  from an u n f u l f i l l e d  need f o r  communications: men 

died i n  t h e  Ba t t l e  o f  New Orleans i n  1815 two weeks a f t e r  the 

Trea ty  o f  Ghent. 

The problem o f  spanning t h e  w o r l d ' s  oceans always has 

been a p r inc ipa l  chal lenge i n  man's e f fo r t s  t o  improve h i s  

means o f  communications. I n  1866 t ransoceanic  e l e c t r i c a l  

communications began, with t h e  completion o f  t h e  f irst  t r a n s -  

A t l a n t i c  te legraph cable  i n s t a l l a t i o n  providing v i r t u a l l y  

instantaneous te legraph  communication between Nor th  America 

and Europe. I n  1861 Reis demonstrated t h e  magneto-telephone 

by which i t  became p o s s i b l e  t o  t r a n s l a t e  t h e  human voice i n t o  

wire- t ranspor tab le  e l e c t r i c a l  s i g n a l s .  Long d i s t a n c e  communica- 

tions achieved the rea l - t ime r e a l i t y  o f  human conversat ion 

a f t e r  B e l l ,  i n  1876, developed a p r a c t i c a l  telephone and patented 

i t f o r  commercial use.  

"Hertzian Waves I '  

Communications were s t i l l  l imi t ed  by man's a b i l i t y  t o  

s t r i n g  wire o r  cable ,  however, u n t i l  James Clerk  Maxwell 

postulated',  and Hertz (about 1885) demonstrated, the  ex i s t ence  

of electromagnetic wave r a d i a t i o n .  

modulated i n  accordance wi th  some i n t e l l i g e n c e ,  i t  could provide - 

real-time communications no t  r e l y i n g  on wires o r  cab les :  w i r e l e s s  

rad io ,  telegraphie sans f i l s  (TSF). 

* 

If t h i s  r a d i a t i o n  could be 

. 
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Countless i n v e s t i g a t o r s  searched f o r  p r a c t i c a l  methods 
L 

t o  achieve t h i s ;  b u t  one m a n  s t a n d s  ou t ,  Guglielmo Marconi. 

- H i s  experiments p r i o r  t o  the tu rn  of  the century are ca l cu la t ed  

t o  have been a t  microwave l i ne -o f - s igh t  f requencies ,  and he 

had s u c c e s s f u l l y  demonstrated shor t  range communications by 

1896, It i s  a t r i b u t e  t o  h i s  i n t e l l e c t u a l  courage tha t  he 

planned , and executed , a notab le  communications experiment: 

t r a n s - A t l a n t i c  low frequency r a d i o  from Poldhu, Cornwall t o  

S t .  Johns, Newfoundland, i n  1901. 

Ref lec t ing , long  a f t e r  t h i s  experiment, on h i s  e a r l y  

years ,  IVIarconi himself said : The idea of' t r a n s m i t t i n g  

messages through space came t o  me suddenly as a r e s u l t  of 

having read i n  I t a l i a n  e l e c t r i c a l  Journal  about t h e  work 

and experiments o f  Her tz .  My chief t roub le  was t h a t  t h e  idea 

was s o  elementary, s o  s imple i n  l o g i c ,  t h a t  i t  seemed d i f ' f i -  

c u l t  t o  me t o  b e l i e v e  no one e l s e  had thought o f  p u t t i n g  i t  

I I  

II in50  p r a c t i c e .  

Marconi f e l t  that  the f u t u r e  o f  w i r e l e s s  te legraphy 

could only be assured by a convincing and dramatic demonstra- 

t i o n  of  i t s  p o t e n t i a l i t i e s  f o r  long d i s t a n c e  communication. 

He decided t h a t  nothing less than b r idg ing  t h e  A t l a n t i c  would 

meet the s i t u a t i o n !  
d 

Cornwall, i n  t he  southwest of  England, quickly 

suggested i t s e l f  as a t ransmi t t ing  loca t ion ,  and a s a t i s f a c t o r y  

s i t e  was found a t  Poldhu Point .  On December 12, 1901, on a 

- 



Newfoundland h i l l t o p ,  Marconi heard a r a d i o  s i g n a l  t ha t  had 

spanned t h e  At l an t i c ,  t r a v e l l i n g  nea r ly  2100 m i l e s  f rom the  

Poldhu t r ansmi t t i ng  s t a t i o n .  

It i s  worthy of no te  t ha t  the  Goonhilly s t a t i o n  i n  

England which 1a.t .e~ yec.eived Telstar and Relay s i g ~ a l s  i s  

wi th in  a s t o n e ' s  throw o f  Poldhu, and t h a t  the i n t e l l e c t u a l  

courage demonstrated by Marconi charac te r ized  many o f  t h e  

men associated with the  achievements o f  the communications 

s a t e l l i t e  s i x t y  years  l a t e r .  

Explo i ta t ion  o f  T e r r e s t r i a l  Relay 

These next  s i x t y  years  saw a succession of a t tempts  

t o  improve real-time wi re l e s s  communications a t  long d i s t a n c e s .  

Among these were: 

a .  Ionospheric relay using high frequency 

s h o r t  waves" relayed by ionospheric  r e f l e c t i o n .  By 1927, I f  

t r ans -At l an t i c  telephone communications began, f i rs t  a t  longer  

wavelengths, and, i n  the 1 9 3 0 ' ~ ~  a t  high f requencies ,  s h o r t  

waves I f .  

11 

b .  Underseas high q u a l i t y  cable .  I n  1956 a newly 

developed type of cable  was l a i d  t ha t  provided 36 high q u a l i t y  

t r ans -At l an t i c  telephone c i r c u i t s .  By 1965, approximately 

400 telephone channels had been established a c r o s s  the  Nor th  

A t l a n t i c  using such cables .  

C. Microwave ground r e l a y s  became a common s igh t  

from U.S. highways i n  the 1950's.  Expanding telephone and. Tv 

t r a f f i c  requirements on overland r o u t e s  were m e t  through the 

use of such microwave repeater systems. Terrestrial  l i n e  Of 

1 
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s i g h t  r epea te r s ,  however, must be spaced a t  i n t e r v a l s  averaging 

only twenty t o  t h i r t y  mi les .  To extend t h i s  i n t e r v a l ,  one 
* 

- may inc rease  the height of t h e  t o w e r s  on which the  antennas 

were mounted -- b u t  a s i n g l e  mid-Atlantic tower supported 

relay s t a t i o n  would r e q u i r e  a s t r u c t u r e  more than 400 miles 

high! 

d .  By t h e  e a r l y  19601s t ropospheric  s c a t t e r ,  

ca l l ed  "White Al ice"  was i n  common use i n i t i a l l y  i n  far  North 

m i l i t a r y  Ea r ly  Warning Networks. It la ter  l inked the  U.S. 

and Cuba f o r  TV and island-hopped" the A t l a n t i c  and P a c i f i c  

f o r  defense t r a f f i c .  

11  

e. Airplane broadcast  was p r o f i t a b l y  used f o r  a 

namber of' years  f o r  mid-western educat ional  TV broadcast ing.  

Ce r t a in  m i l i t a r y  over-the-horizon t a c t i c a l  l i n k s  were es tabl ished 

i n  t he  same way. 

f .  Ionospheric s c a t t e r  r e l a y  was proven feasible 

as e a r l y  as 1951, and some opera t iona l  t ransoceanic  c i r c u i t s  

were established. 

g. Meteor s c a t t e r ,  c a l l e d  " J u l i e t "  i n  Canada, 

had been of i n t e r e s t  t o  both m i l i t a r y  and c i v i l i a n  system 

des igne r s .  e 

h.  And f i n a l l y ,  knife-edge d i f f r a c t i o n  of  micro- 
.L 

wave t ransmiss ions  had ca r r i ed  telephone t r a f f i c  over the 

.* Andean Mountains from Chile.  

A r t i f i c i a l  S a t e l l i t e s  

But the real so lu t ion ,  for which a l l  those l i s t e d  



I 

b 

above were mere s u b s t i t u t e s  , would be an o r b i t i n g  sa te l l i t e ,  

f o r  an o r b i t i n g  sa te l l i t e  reduces the number o f  engineering 

o r  geographic compromises t ha t  must be  made. 

B. 1957: The Dilemma Confronting the Communications Engineer 
yne di-ieIruTia tiie corriiii-uiica~Lions eiigiiieer in ;557 

th i s  : 

Using low frequency long waves he could propagate 

s i g n a l s  t ha t  followed the curvature  of  the earth, and even 

penetrated sea water t o  submarines. T h i s  was Marconi's tech- 

nique. S t i l l  widely used, these very low f requencies  r e q u i r e  

large and expensive antennas and t r a n s m i t t e r s  and are l i m i t e d  

i n  the amount of information they can c a r r y .  A s  a medium for 

voice, TV, o r  data communications, very low f requencies  f a i l .  

The higher f requencies  corresponding t o  the ' ' short  

wave"-lengths provided a form of overseas  voice  communications , 
b u t  were l imi ted  i n  c i r c u i t  r e l i a b i l i t y  by the vagar ies  of 

the ionosphere. They were l i m i t e d  t o o  i n  spectrum w i d t h ,  

p a r t i c u l a r l y  during per iods  of  low sunspot numbers when the 

frequency range r e f l e c t i b l e  by the ionosphere was reduced t o  

i t s  minimum: a dozen megacycles. 
0 

Only microwave f requencies  were i d e a l l y  s u i t e d  t o  

car ry ing  the tremendous communication loads  of the then not -  

too-d is tan t  fu tu re ,  b u t  microwave f r equenc ie s  were l i m i t e d  t o  

l i n e - o f - s i g h t  by t he i r  s t ra ight  l i n e  propagat ion c h a r a c t e r i s t i c .  

A high a l t i t u d e  r e l a y  was the obvious s o l u t i o n ,  b u t  a l l  the 

compromises noted above were a l t i t u d e  l i m i t e d  by the i r  very 

terrestrial  na ture .  

'- 
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2 Moon Relay 

b On January 11, 1946, the  U.S. Army Signal  Corps' 

Pro jec t  Diana was successfu l  i n  i t s  ob jec t ive ;  r ada r  contac t  

wi th  the  moon, a n a t u r a l  Ear th  s a t e l l i t e .  Radar contac t  i s  a 
. 

. form o f  pass ive  r e f l e c t i o n .  From 1954 t o  1959, t he  Navy 

the re fo re  t r a n s l a t e d  t h e  Army achievement i n t o  what has been 

ca l led  " the  w o r l d ' s  f i r s t  opera t iona l  Space Communications 

System.'' An a c t u a l  l i n k  between Washington and H a w a i i  v i a  

Moon Relay was opera t iona l  f r o m  1959 t o  1963. 

C .  Descr ipt ion of  Mater ia l  i n  t h i s  Report 

The Moon, a l though an extremely high a l t i t u d e  Earth 

s a t e l l i t e ,  has many l i m i t a t i o n s .  It would be d e s i r a b l e  t o  

o r b i t  an a r t i f i c i a l  Earth 's  s a t e l l i t e  a t  an a l t i t u d e  optimum 

f o r  i t s  mission. 

Such s a t e l l i t e s  were considered a s  being of two types:  

pass ive  o r  a c t i v e .  The pass ive  s a t e l l i t e ,  a c t i n g  l i k e  a mi r ro r ,  

would r e t r ansmi t  no more than that energy i t  i n t e r c e p t e d .  

It appeared tha t  i t  must be phys ica l ly  l a r g e  t o  be e f f i c i e n t .  

Proposed by Pierce  i n  195gand O'Sullivan i n  1956, t he  

launching o f  such a s a t e l l i t e  therefore  had t o  awai t ,  u n t i l  

1960, t h e  s o l u t i o n  of the engineering problem of  e r e c t i n g  a 

l a r g e  s t r u c t u r e  i n  space.  An a c t i v e  s a t e l l i t e  r e l a y  was f i rs t  
4 

w r i t t e n  about by Arthur C .  Clarke i n  1945 . Technical d e t a i l  e 

was added ,  by J .  R .  P ie rce  i n  1954, and by o t h e r s  soon  a f t e r .  

For t h e  purposes of c i t i n g  t h e i r  h i s t o r y ,  w e  s h a l l  recount  
r 

the achievements of t he  pass ive  s a t e l l i t e  first, then t h e  

a c t i v e  s a t e l l i t e .  
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IV 

Passive S a t e l l i t e s  b 

A .  Echo I 5  

With the s o l u t i o n  o f  the engineer ing problem of e r e c t i n g  

a l a r g e  ba l loon  i n  space,  Echo I here,  i n  Chart S61-fJ'77, 

W ~ S  launched i n t o  o r b i t  by NASA on A u g u s t  12,  1960. 

s i g n a l s  had previous ly  been experimental ly  r e f l e c t e d  from 811 

o r b i t i n g  T i r o s  weather s a t e l l i t e ,  Echo I was the r e l a y  medium 

f o r  a l a r g e  number o f  wel l  planned communications experiments, 

t r anscon t inen ta l  and I n t e r c o n t i n e n t a l .  Most important,  

Echo I proved tha t  i t  i s  p r a c t i c a l  t o  use a man-made pass ive  

s a t e l l i t e  t o  r e f l e c t  two-way telephone conversat ions a c r o s s  

the United S t a t e s .  

aluminum-coated Mylar, i t  was large enough t o  be seen by the 

naked eye. 

seen Echo I sa i l  on schedule ac ross  the  sky i n  i t s  1000-mile- 

h igh  c i r c u l a r  o r b i t .  Four yea r s  l a t e r ,  a l though wrinkled and 

d e f l a t e d ,  the  ba l loon  i s  s t i l l  i n  o r b i t ,  w i t h  a pred ic ted  

fui-ther l i f e  of  a t  l e a s t  two yea r s .  

Although 

A 1 0 0 - f o o t  i n f l a t e d  ba l loon  made from 

People throughout t h e  wor ld  have subsequently 

Echo I provided d a t a  va luab le  t o  t h e  work i n  s a t e l l i t e  

communications t h a t  followed; it confirmed, t o  a remarkable 

degree, t he  v a l i d i t y  of c a l c u l a t i o n s  used f o r  ground s t a t i o n s  

d e s i g n  - an achievement of no s m a l l  importance. It a l s o  pro-  

vided a mechanism for t h e  measurement of s o l a r  p re s su re  

e f f e c t s .  

- 
- 

6 

Two-way conversat ions o f  good q u a l i t y  were s e n t  between 

t h e  B e l l  Labora tor ies  Holmdel ,  New J e r sey  s t a t i o n  and the 





Je t  Propulsion Laboratory i n  Goldstone, C a l i f o r n i a  and 

s.uccessfu1 t ransmiss ions  were m a d e  t o  o t h e r  p o i n t s  i n  the 

United S t a t e s  and  Europe, a l l  relayed v i a  Echo I. The 

H o l m d G l  scaled-up ho rn - re f l ec to r  antenna proved i t s e l f .  A 

method of r ece iv ing  microwave s igna l s  known as frequency 

modulation with feedback (FMFB)7, o r i g i n a l l y  described by 

J .  G. Chaffee i n  1939 b u t  l i t t l e  used f o r  two decades, per-  

formed very  wel l ,  as d i d  the use of phase lock  loops wi th in  

rece ivers .  N e w  types o f  low-noise amplifiers using s o l i d -  

s ta te  masers gave e x c e l l e n t  r e s u l t s .  Tracking of t h e  satel-  

l i t e  by computer p red ic t ion ,  by radar, and by te lescope ,  

proved t o  be extremely re l iable .  

B. West Ford 8 

Conceived i n  1959 under m i l i t a r y  auspices  was a d i f f e r e n t  

form of pas s ive  s a t e l l i t e  system, a b e l t  of m i l l i o n s  of ha i r -  

t h i n  o r b i t i n g  r e f l e c t i v e  needles" (whence i t s  o r i g i n a l  p r o j e c t  

name). 

an experimental.West Ford b e l t  was authorized bu t  placed u n d e r  

severe  launch c o n s t r a i n t s  by t h e  P res iden t  of  the United S t a t e s ,  

upon advice  of the National Academy of Sciences due t o  world- 

wide  concern expressed by r a d i o  and o p t i c a l  astronomers. 

l i m i t e d - l i f e  b e l t  was successfu l ly  launched by the United 

States A i r  Force i n  the e a r l y  summer of 1963. Although i t s  

format ion  was a t  a slower r a t e  than  f i rs t  a n t i c i p a t e d ,  i t  

demonstrated tha t  p red ic t ions  of non- in te r fe rence  wi th  r a d i o  

astronomy were v a l i d ,  that the  method of d i spens ing  a b e l t  

of m i l l i o n s  of t i n y  f i n e  wires was workable, and tha t  a few 

I I  

Originated and prosecuted by the MIT Lincoln Laboratory,  

A 
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such bel ts  could provide worldwide, r e l i a b l e ,  low data rate 

communications a l m o s t  immune f rom phys ica l  d e s t r u c t i o n .  

C .  Echo I1 

On January 25, 1964, Fcho I1 was success fu l ly  orb i ted  by 

' I  a Thor-Agena veh ic l e  f rom the Pac i f i c  Miss i le  Range. 

s a t e l l i t e  conf igura t ion  deviated somewhat from tha t  of  Echo I 

s i n c e  a c a r e f u l  review o f  radar data taken on two sub-o rb i t a l  

t e s t  f l i g h t s  i n  1962 indica ted  tha t  t h e  ba l loons  used had n o t  

been pressurized s u f f i c i e n t l y  to remove the wrinkles  i n  t h e i r  

s k i n .  A s  a r e s u l t ,  an i n t e n s i v e  program was i n i t i a t e d  t o  

develop a novel cont ro l led  i n f l a t i o n  and p r e s s u r i z a t i o n  system, 

The 

and t o  study i n  g r e a t e r  d e t a i l  t h e  r e l a t i o n s h i p  between sphere 

p r e s s u r i z a t i o n  and su r face  smoothness and s p h e r i c i t y .  

involved s t a t i c  i n f l a t i o n  t e s t s  i n  1963 i n  a d i r i g i b l e  hangar 

a t  Lakehurst, N e w  J e r sey ,  and many p r e c i s e  measurements o f  

s u r f a c e  condi t ion  at various p re s su re  l e v e l s ,  using s t e r e o -  

mapping techniques as wel l  as n e a r - f i e l d  monostatic and b i -  

s t a t i c  radar  observa t ions .  

T h i s  

It was d e f i n i t e l y  concluded a f t e r  these  t e s t s  t h a t  an 

increase  i n  p r e s s u r i z a t i o n  provided a marked improvement i n  

bal loon s p h e r i c i t y  and RP r e f l e c t i v i t y  c h a r a c t e r i s t i c s .  A s  

a r e s u l t ,  the  %on t ro l l ed  i n f l a t i o n  s y s t e m  was incorporated 

i n  the  &ho 11 crb i ta -1  payload. 

t h e  next c h a r t  (ST 64-539) each conta in ing  about one-half 

l? number of bags,  shown i n  

pound of  c a s t  pyrazole,  were sea led  closed w i t h  temperature 

s e n s i t i v e  wax and a t tached  to t h e  i n s i d e  of t h e  ba l loon  p r i o r  





t o  fo ld ing  and packing i n  i t s  can i s t e r  f o r  launch. Af t e r  

launch and c a n i s t e r  opening, t h e  sphere was i n i t i a l l y  i n -  

f la ted  wi th  only r e s i d u a l  a i r  (approximately lmm o f  Mercury). 

T h i s  i n i t i a l l y  i n f l a t e d  t h e  balloon t o  f u l l  extension,  bu t  d i d  

no t  p re s su r i ze  it. A s  t h e  sphere absorbed h e a t  f rom t h e  sun, 

the wax melted, allowing the bags t o  open and the pyrazole t o  

gradual ly  sublime and p res su r i ze  the sphere. I n  a l l ,  i t  took 

about 42 minutes a f t e r  c a n i s t e r  opening f o r  the Echo I-I sphere 

t o  reach maximum p r e s s u r i z a t i o n  o f  218 microns, c lose  t o  the 

design goal .  

- 

The process  i s  shown i n  Chart ST 64-710. 

Echo I1 was i n t e n s i v e l y  studied a f te r  launch by means of  

o p t i c a l ,  radar, and te iemet ry  measurements, and by a n a l y s i s  

of communications experiments. I n  genera l ,  the behavior of 

Echo I1 was as expected. 

I n  a d d i t i o n  t o  experiments conducted i n  the United States 

t o  determine the  condi t ion  of t he  sa te l l i t e ,  a cooperat ive 

experimental  program with the USSR was implemented. 

e a r l y  o r b i t s  of Echo I1 th is  program involved o p t i c a l  observa- 

t i o n  by s t a t i o n s  i n  the USSR, and a series of communications 

experiments between the  J o d r e l l  Bank Radio Observatory of the 

Un ive r s i ty  of Manchester, England ope ra t ing  on NASA's behalf,  

and the Zimenki Observatory of t h e  Gorki S t a t e  Universi ty ,  

n o r t h e a s t  of Moscow. 

During 

Like a l l  NASA experiments involv ing  

* i n t e r n a t i o n a l  cooperation, t h i s  one was based on a w r i t t e n  

agreement, i n  t h i s  case a Memorandum of  Understanding implementing 

the B i l a t e ra l  Space Agreement reached a t  Geneva on June 8, 1962, 
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between the USSR Academy o f  Sciences and t h e  National 

Aeronautics and Space Adminis t ra t ion.  

During t h e  pre-launch and immediate post-launch phases 

o f  Echo 11, the Academy of Sciences of t he  USSR was n o t i f i e d  

o f  nominal o r b i t a l  elements aiid k e p t  Infsmx?c? nf lai-inch 

rescheduling. 

of Sciences was n o t i f i e d  o f  t he  launch scheduling information, 

as we l l  as t h e  type of  o p t i c a l  observat ions o f  t h e  e a r l y  Echo I1 

o r b i t s  t ha t  would be  h e l p f u l  i n  eva lua t ing  s a t e l l i t e  i n f l a t i o n  

and p res su r i za t ion .  

prel iminary o r b i t a l  parameters were t ransmi t ted  t o  Zimenki 

Cbservatory. The USSR supplied t o  t h e  U . S .  t h e  r e s u l t s  o f  

t h e i r  o p t i c a l  and photographic observat ions f r o m  var ious  

s i tes  taken during t h e  e a r l y  l i f e  o f  t h e  s a t e l l i t e .  

The Astronomical Council of t h e  USSR Academy 

Confirmation o f  s a t e l l i t e  i n f l a t i o n  and 

Soviet  

US-USSR experiments wi th  Echo I1 pass ive  communications 

s a t e l l i t e  involved r e c e i p t  o f  162 Mc/s t ransmiss ions  a t  Zimenki. 

These transmissions o r ig ina t ed  a t  t h e  Un ive r s i ty  o f  Manchester 

s t a t i o n  i n  the United Kingdom from which t h i r t y - t h r e e  communica- 

t i o n s  experiments were conducted between February 21 and 

IlIarch 8, 1964. 

v 
Active Communications S a t e l l i t e s  

A .  Early A r m y  Communications S a t e l l i t e s  
9 1. Score - t h e  f i rs t  a c t i v e  c o r n m i c a t i o n s  s a t e l l i t e  

experiment. 

Most immediately feasible  i n  1958 was a b a t t e r y -  

. 

I 

powered a c t i v e  r e l a y  s a t e l l i t e ,  one which amplified the s i g n a l  
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i t  received be fo re  r e - t r ansmi t t i ng  i t  t o  t h e  ground. Score, 

meaning "Signal - Communications by - Orbi t ing  Relay Equipment ' I ,  

was b u i l t  by the Army l abora to ry  a t  For t  Monmouth, New Je rsey ,  

and was launched by t h e  A i r  Force on December 18, 1958, thus  

becoming the world t s  first  a r t i f i c i a l  a c t i v e  communications 

s a t e l l i t e  experiment. It was capable, as w e l l ,  o f  rea l - t ime 

r e l a y  o f  voice,  code and t e l e t y p e  and demonstrated its capa- 

b i l i t y  d r m a t i c a l l y  during i t s  s h o r t  l i f e :  twelve days.  One 

o f  these demonstrations was Christmas Greetings f r o m  Pres ident  

Eisenhower. The repeated t ransmissions were t r i gge red  b y  

ground command. 

2. Courier10 

On October 4, 1960 t h e  Army Signal  Corps '  Courier  I - B  

was launched i n t o  a 500-600 mile-high o r b i t .  A sphere weighing 

500 pounds and -measuring 51 inches i n  diameter,  t h e  Phi lco 

Courier s a t e l l i t e  was powered by 20,000 solar c e l l s  and con- 

ta ined  f o u r  r ece ive r s ,  f o u r  t r ansmi t t e r s ,  and f i v e  tape 

r eco rde r s .  It was designed t o  demonstrate t he  p o s s i b i l i t y  o f  

us ing  a c t i v e  repeaters f o r  b o t h  real- t ime and delayed t r a n s -  

mission of  high data r a t e  messages. S igna l s  were received,  

s to red  on t h e  tapes ,  and then re t ransmi t ted  back t o  E a r t h  when 

the s a t e l l i t e  had moved on. A f t e r  18 days i n  o r b i t ,  t e c h n i c a l  

d i f f i c u l t i e s  ended Courier I-B's a b i l i t y  t o  send s i g n a l s ,  b u t  

i t  received and r e t r ansmi t t ed  118 m i l l i o n  words dur ing  its 

a c t i v e  l i f e .  

B. Twenty-five Months of In tense  A c t i v i t y  - J u l y  1962 t o  Aug 1964 
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11 1. T e l s t a r  I 

The man i n  the s t r e e t  f e l t  t he  personal  impact of 

s a t e l l i t e  communications i n  1962. Proposed by t h e  B e l l  System i 

as ear ly  a s  J u l y  6, 1960, and approved by the Federal  Communi- 

c a t i o n s  Commission on January 19, 1961, T e l s t a r  I, p ic tured  

i n  the next char t  (ST 64-242) was success fu l ly  launched on 

J u l y  10, 1962. 

Pro jec t  Tels tar  had these  ob jec t ives :  

. t o  prove that  a broadband communications s a t e l l i t e  

could t ransmi t  telephone messages, data, and 

t e l e v i s i o n ;  

. t o  t e s t ,  unde r  the stresses of an a c t u a l  launch and 

t h e  hazards of space, some o f  t h e  e l e c t r o n i c  

equipment t ha t  had been developed f o r  s a t e l l i t e  

communications ; 

. t o  measure the r a d i a t i o n  tha t  a s a t e l l i t e  would 

meet i n  space; 

t o  r i n d  out  the b e s t  ways t o  t r a c k  accu ra t e ly  a 

moving s a t e l l i t e ;  

. t o  provide a r e a l - l i f e  t e s t  for the  s p e c i a i  s a t e l l i t e  

communications antennas and o t h e r  ground s t a t i o n  

equipment. 

For  its e a r l y  experiments* i n  s a t e l l i t e  communications, 

B e l l  Laborator ies  b u i l t  a l a r g e  antenna of t h e  type known as 

*Much of t h e  system technology incorpora ted  i n  t h e  Tels tar  
p r o j e c t  was developed o r  confirmed by work w i t h  Echo, 
discussed under Passive S a t e l l i t e s .  



I 8 m 
rn 

ur 
h 

4 

c 

c 
3= 
0 - 
5 

QL 
0 

tJ 

d 
cr) 

Y 

c 
I 
c) 

I 
- 
W 

Y c 
l- 

c 
tA 
a - e 

4 

c 

0 
0 
'* 
cv) 

PL 
4 
)I 
m 
.111 
Y c 

PL 
4 
l- rn 
d 
w 
l- 

n 
W 
S 
U z 

c 
v) 

14a 



I- 5 
a horn - re f l ec to r  i n  Holmdel, New Je r sey .  For  P ro jec t  T e l s t a r ,  

a similar b u t  l a r g e r  antenna was designed . It was loca ted  

i n  a r e l a t i v e l y  i s o l a t e d  spot  a t  Andover, i n  t he  western p a r t  

of Maine, c l e a r  o f  microwave l i n k s  wi th  which i t  might i n t e r f e r e .  

12 

The g i a n t  Andover horn (Chart F62-46) i s  a s t e e l  and 

aluminum s t r u c t u r e  177 f e e t  long and 94 f e e t  high tha t  weighs 

380 t o n s .  A t  one end i s  a g i a n t  opening of 3600 square f e e t ;  

f rom there  t h e  horn t a p e r s  down t o  a cab i n  which the  very 

s e n s i t i v e  r ece ive r  and powerful t r ansmi t t i ng  equipment i s  

l o c a t e d .  

A ground s t a t i o n  very s i m i l a r  t o  t h e  Andover i n s t a l l a -  

t i o n  was b u i l t  soon t h e r e a f t e r  by the  French Nat ional  Center 

of Telecommunications S tud ie s  (CNET) at Pleumeur-Bodou i n  

B r i t t a n y .  The B r i t l s h  General P o s t  Off ice  e s t ab l i shed  i t s  

station’* a t  Goonhilly, nea r  Marconi’s Poldhu s i t e  i n  Cornwall. 

It uses a l a r g e ,  deep pa rabo l i c  d i s h  r a t h e r  than a ho rn - re f l ec to r  

antenna. Both the 3ritish and French s t a t i o n s  p a r t i c i p a t e d  i n  

the first Telstar experiments. 

s a t e l l i t e  communications ground s t a t i o n s  had been set up i n  

Fucino, I t a l y ;  i n  Rais t ing ,  Germany; and near  Tokyo, Japan. 

Chart ST65-687 shows the  t o t a l  complex o f  ground s t a t i o n s  as 

they l a t e r  came i n t o  being. 

By l a t e  1964 experimental  T e l s t a r  

On T e l s t a r ’ s  s i x t h  o r b i t  a t  7:26 p.m. EDT, J u l y  10, 

1962 t h e  f irst  t ransmission t o  and from t h e  s a t e l l i t e  took 

p l ace .  During t h i s  pass telephone c a l l s ,  W ,  and photos were 

transmitted between Andover and Holmdel. Some of t h e s e  
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s i g n a l s  were a l s o  picked up i n  Europe. On the  next  

taped TV program was s e n t  from France t o  t h e  United 

and a l i v e  program came f r o m  England v i a  T e l s t a r .  

day,  a 

S t a t e s ,  

During the next  f o u r  months, more than 400 t ransmissions were 

handled by Tels tar  I - including 50 TV demonstrations (both 

black-and -white and c o l o r ) ,  t he  sending o f  telephone c a l l s  

and data i n  both d i r e c t i o n s ,  and t h e  re lay ing  of f a c s i m i l e  

and te lephotos .  

I n  addi t ion ,  the  s a t e l l i t e  performed more than 300 

v a l u a b l e  t echn ica l  tests.  A l m o s t  a l l  of them showed remarkably 

successfu l  r e s u l t s .  Rad io  transmission was a t  l e a s t  as good 

as expected. Telstar 1's communications equipment worked 

e x a c t l y  as  i t  should, wi th  no damage from t h e  shock and 

v i b r a t i o n  of the launch. Temperatures i n s i d e  t h e  s a t e l l i t e  

were wi th in  design range and t h e  s o l a r  c e l l s  worked almost 

e x a c t l y  as expected. The ground s t a t i o n s  a c c u r a t e l y  tracked 

the  fast-moving s a t e l l i t e ,  i n  almost r o u t i n e  f a sh ion .  

However, Telstar I unexpectedly encountered extreme 

man-made r a d i a t i o n  l e v e l s  i n  space, estimated t o  have been 

100 t i m e s  more poten t  than n a t u r a l l y  expected. A s  a r e s u l t ,  

d i f f i c u l t i e s  a rose  dur ing  November 1962 i n  some o f  the  t r a n s i s -  

t o r s  i n  i t s  command c i r c u i t .  Ground d iagnos is  of a m a l -  

func t ion ing  communications s a t e l l i t e  was success fu l ly  attempted 

f o r  the first t i m e ,  and Te l s t a r  I was commanded on aga in  on 

January 4, 1963. The s a t e l l i t e  l a t e r  fa i led t o  respond t o  

commands from the ground, and on February 21 went s i l e n t .  

? 

I 
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2. Relay IL3 

I NASA launched Relay I (Char t  ST 64-531) on December 13, 

I 1962, an a c t i v e  r e p e a t e r  t h a t  r e c e i v e d  telephone, TV and o t h e r  

e l e c t r o n i c  s i g n a l s  and retransmit ted them t o  a d i s t a n t  p o i n t .  

Relay I provided the  f i r s t  s a t e l l i t e  communications l i n k  

between t h e  U . S .  and South Amer ica  w i t h  Japan, and with 

Germany and Scandinavia.  Relay s a t e l l i t e s  a r e  33 inches long 

and weigh 172 pounds. A mast-like antenna a t  one end i s  used 

t o  rece ive  and t ransmi t  a s ing le  TV broadcast  o r  1 2  simultaneous 

two-way telephone conversat ions.  Four whip antennas a t  t h e  

o t h e r  end o f  t h e  prism handle c o n t r o l ,  t rack ing ,  and te lemet ry  - 

t u rn ing  experiments on and o f f  and sending information on t h e  

behav io r  of i t s  components and on t h e  amount o f  r a d i a t i o n  i t  

encounters i n  space.  Relay s a t e l l i t e s  a r e  powered by n i cke l -  

cadmium s to rage  b a t t e r i e s  t h a t  a r e  charged b y  more than 8,000 

s o l a r  c e l l s  mounted on i t s  e ight  sides.  They contain two 

i d e n t i c a l  rece iv ing ,  amplifying, and t r ansmi t t i ng  systems, 

ca l l ed  t ransponders ,  each wi th  an output  o f  10 wat t s .  

Relay I i n  1965 i s s t i l l  t r a v e l i n g  i n  an o r b i t  that 

ranges from 820 t o  4,630 miles h i g h ,  c i r c l i n g  the  earth about 

every 185 minutes.  Soon a f t e r  launch, Relay 1's t e lemet ry  

reported t roub le  i n  the  vol tage regula tor -swi tch  f o r  one of 

the t ransponders ,  which caused excessive power d ra in .  On 

January 3, 1963, the a l t e r n a t e  transponder was switched on, 

and a successfu l  s e r i e s  o f  t e s t s  began - inc luding  l i v e  TV 
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broadcas ts  between the United S t a t e s  and Europe. Relay I 

corltained a b u i l t - i n  switch intended t o  terminate  i t s  use fu l -  

nes s  automatical ly  a t  t h e  end of 1963, b u t  f o r t u n a t e l y  the 

switch f a i l e d  t o  func t ion ,  and Relay I continued t o  be opera- 

t i o n a l ,  although g r a c e f u l l y  degrading, f o r  s eve ra l  t imes i t s  

one-year design l i f e .  

3. Syncom I 14 

February 14, 1963 saw the  f irst ,  b u t  only pa r t i a l ,  

success  i n  the  Syncom Pro jec t ,  NASA's mos t  ambitious undertaking 

i n  t h e  f i e l d  of  zc-cive communications s a t e l l i t e s ,  t he  ob jec t ive  

o f  which was t o  p lace  a c t i v e  r e p e a t e r  s a t e l l i t e s  i n t o  syn-  

chronous o r b i t .  Syncom I was t h e  f i r s t  s a t e l l i t e  t o  achieve 

a near-synchronous orbit (Chart F63-133). 

There a r e  two p r i n c i p a l  advantages i n  f a v o r  o f  a 

synchronous15 s a t e l l i t e .  

i s  a c h a r a c t e r i s t i c  which a l l o w s  few s a t e l l i t e s  t o  cover most  

o f  t he  e a r t h ' s  su r f ace .  A second advantage i s  tha t  i t  w i l l  

permit s i m p l e r  ground s t a t i o n s ,  d e s p i t e  i t s  g r e a t e r  d i s t a n c e  

from t h e  ea r th .  Low and in te rmedia te  a l t i t u d e  s a t e l l i t e s  move 

r a p i d l y  through t h e  f i e l d  of view o f  a given p a i r  of ground 

s t a t i o n s ,  therefore  a t  l e a s t  two antennas a r e  needed t o  maintain 

uninterrupted se rv ice .  One antenna t r a c k s  the s a t e l l i t e  u n t i l  

it l eaves  the fielcl of view. Meanwhile, a second antenna must 

stand r e a d y  to acqui re  t h e  next  s a t e l l i t e  as i t  comes i n t o  v iew.  

Message t r a f f i c  m u s t  then be "handed over"  from one t o  the  

o t h e r .  When very large antennas are used t o  capture  a s i g n a l  

One advantage of  a synchronous o r b i t  
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from a s a t e l l i t e  t h e i r  beamwidths a r e  on t h e  o r d e r  o f  one- 

t e n t h  of a degree.  Point ing l a rge  antennas w i t h  such narrow 

beams a t  r a p i d l y  moving s a t e l l i t e s  i s  no easy task, and the 

equipment needed i s  expensive. Synchronous s a t e l l i t e s ,  however, 

can be q u i t e  s a t i s f a c t o r i l y  used w i t h  n e a r l y  f ixed  antennas.  

Of course,  while they  could be permanently pointed a t  one s p o t  

i n  space, some s t e e r a b i l i t y  must be  included i n  o r d e r  t o  t r a c k  

s m a l l  motions of the s a t e l l i t e  and t o  permit t r a n s f e r r i n g  

opera t ions  t o  a second s a t e l l i t e  i n  the event  t he  first f a i l s .  

NASA's Pro jec t  Syncom was a f i rs t  s t e p  toward providing 

experience i n  the synchronous o r b i t .  A d i s t i ngu i shed  f e a t u r e  

o f  Syncom sa t e l l i t e s  was t h e  fac t  t h a t  they  c a r r i e d  wi th in  

themselves an apogee k ick"  rocket motor. Such a motor was 

required t o  supplement t h e  c a p a b i l i t i e s  o f  the  e x i s t i n g  launching 

v e h i c l e  t o  p l ace  the  75-pound s a t e l l i t e  i n  a near  synchronous 

o r b i t .  Syncom sa t e l l i t e s  a l s o  carr ied a gas j e t  system f o r  

o r i e n t i n g  the s a t e l l i t e  i n  the proper d i r e c t i o n  with r e spec t  t o  

the earth, and f o r  maintaining the s a t e l l i t e ' s  r e l a t i v e l y  sta- 

t i o n a r y  p o s i t i o n  wi th  r e spec t  t o  p o i n t s  on the Earth 's  s u r f a c e .  

One a d d e d  complexity of a synchronous s a t e l l i t e  over an i n t e r -  

m e d i a t e  a l t i t u d e  s a t e l l i t e  stems from t h e  f a c t  t h a t  a d d i t i o n a l  

propuls ion  subsystems must work i n  o rde r  t o  complete the mission 

s u c c e s s f u l l y .  

I f  

The first experimental  Syncom sa te l l i t e ,  Syncom I, 

was launched from Cape Canaveral on February 14, 1963. The 
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launch was nea r -pe r fec t ,  and t h e  s a t e l l i t e  was placed i n  an 

e l l i p t i c a l  o r b i t ,  t h e  peak a l t i t u d e  o f  which was about 22,300 

s t a t u t e  mi les .  At t h a t  po in t  the on-board rocke t  was t o  be 

f i r e d ,  adding t h e  v e l o c i t y  necessary t o  s u s t a i n  t h e  s a t e l l i t e  

at synchrnfieus z l t i t l l6e .  Dgying t h e  f'ix;e heurs  it for 

Syncom I to reach t h i s  22,300 mile  a l t i t u d e ,  i t s  communications 

equipment was checked o u t  by the  USNS KINGSPORT i n  Lagos, 

Nigeria;  wi th  s a t i s f a c t o r y  r e s u l t s .  

a f t e r  the on-board rocke t  was f i r e d ,  however, a l l  s i g n a l s  from 

t h e  spacec ra f t  ceased, and Syncom I has been s i l e n t  s i n c e .  1-1; 

was subsequently e s t ab l i shed ,  through t e l e s c o p i c  observat ions,  

that  Syncom 1 achieved a 33' i nc l ined  o r b i t  w i th  a period o f  

n e a r l y  24  hours .  NASA had achieved a f i r s t  by succeeding i n  

p l ac ing  a s a t e l l i t e  i n t o  nea r ly  synchronous o r b i t .  

16 

Approximately 20 seconds 

14. Telstai. JI 

Competing f o r  t he  s t a g e  among a c t i v e  s a t e l l i t e s ,  w i t h  

Relay T and Syncorn I, i n  early 1363, was q'elstar T T .  On May 7, 

Telstar 11 was launched i n t o  an  e l l i p t i c a l  orbit ranging from 

an apogee of 6697 miles t o  a per igee o f  604 m i l e s ,  wi th  a 

period o f  225 minutes.  The higher  a l t i t u d e ,  a l m o s t  twice t h a t  

o f  T e l s t 2 . r  I, provided T c l s t a r  1 7  w i t h  longe r  per iods  o f  v i s i -  

b i l i t y  a t  Andoveii and doiam:;porldirly; gIzounrl s t a t i o n s  i n  Europe, 

and i t  kept ' I ' e l s t a r  L I  o u t  01' t he  h i z h - r a d i a t i o n  1.egions of 

space for a g;reat,er. p a r t  o f  the  t i m e .  

was much t h e  same as T e l s t a r  I, except  for a few minor changes 

The s a t e l l i t e  i t s e l f  , 
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t h a t  made L t s  weight 175 r a t h e r  than 170 pounds. 

measuring devices  had a g r e a t e r  range o f  s e n s i t i v i t y ,  and 

t h e r e  w e r e  s i x  new measurements t o  be reported back t o  e a r t h .  

Telemetry could be sen t  on bo th  the microwave beacon and, 

as before, oii ihe LJo-megacycle beacon. To he lp  prevent  

t he  kind o f  damage tha t  occurred i n  T e l s t a r  1's command decoder 

t r a n s i s t o r s ,  T e l s t a r  I1 used a d i f f e r e n t  type o f  t r a n s i s t o r ,  one 

Its r a d i a t i o n  

7 

from which t he  gases had been removed from the cap enclosures  

t ha t  surround the  t r a n s i s t o r  elements. A s impl i f ied  method 

of operat ing t h e  g i a n t  Andover horn antenna was i n s t i t u t e d  

w i t h  au to t rack  alone being used f o r  p r e c i s e  t r ack ing  and po in t -  

i ng .  

on May 7, 1963 and a new s e r i e s  o f  t e c h n i c a l  t e s t s ,  r a d i a t i o n  

measurements, and experiments i n  t ransoceanic  communications 

T e l s t a r  11's f l r s t  successfu l  TV t ransmission took  p l ace  

began. 

5. Syncom I1 

Syncom I1 was launched with complete success  on J u l y  26, 

1363. 
about 33' t o  t h e  E a r t h ' s  e q u a t o r i a l  p lane .  

a s a t e l l i t e  i n  such an o r b i t  appears t o  wander n o r t h  and south  

a t  t he  longitude over which i t  i s  s t a t i o n e d .  A t r u l y  s t a t i o n a r y  

s a t e l l i t e ,  on the  o the r  hand, r e q u i r e s  synchronous o r b i t  and 
zero i n c l i n a t i o n ,  and the  next  c h a r t  (ST64-543) compares the 

The o r b i t  o f  the  very successfu l  Syncom I1 i s  inc l ined  

From t h e  ground, 

i nc l ined  synchronous o r b i t s  of Syncom I and I1 w i t h  the  geo- . 
s t a t i o n a r y  o r b i t  l a t e r  achieved by Syncom 111. 
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Syncom 11 achieved f i r s t  success fu i  synchronous o r b i t  

w i t h  f u l l  spacec ra f t  c a p a b i l i t y .  

voice,  and f a c s i m i l e  experience with a s a t e l l i t e  i n  24 h o u r  

o r b i t  and became the f i r s t  s a t e l l i t e  maneuvered t o  a s p e c i f i c  

longi tude  (55' West). 

s a t e l l i t e 1 5  was achieved f o r  t he  f irst  t i m e  i n  o rde r  t o  s t a t i o n  

Syncom 11, and i t  provided the  world many demonstrations 

between N o r t h  America, Afr ica  and Europe. It ca r r i ed  t h e  

w o r l d ' s  f i rs t  telephone conference between heads of s t a t e  v i a  

s a t e l l i t e ,  between Pres ident  Kennedy and Prime Minis te r  Balewa 

of Niger ia .  The f i r s t  s a t e l l i t e  communications p r e s s  conference 

became a r e a l i t y  on the occasion o f  t h e  success fu l  conclusion of 

cile 1963 Extraordinary Administrative R a d i o  Conference on Space 

Communications i n  Geneva. 

It provided f i rs t  t e l e v i s i o n ,  

P e r i o d  and a t t i t u d e  con t ro l  o f  a spinning 

Syncom I1 made s e v e r a l  cont r ibu t ions  o f  d a t a  use fu l  t o  

s c i e n t i f i c  determinat ion of t h e  shape o f  t h e  e a r t h  and t o  t h e  

d r i f t  behavior  of synchronous s a t e l l i t e s 1 7 .  

lend themselves p a r t i c u l a r l y  well t o  making accu ra t e  observa- 

t i o n s  o f  anomalies i n  the  e a r t h ' s  g r a v i t a t i o n a l  f i e l d .  Because 

of t h e i r  high a l t i t u d e ,  e f f e c t s  o f  l o c a l  uneveness of t h e  E a r t h ' s  

topography a r e  minimized. The accuracy o f  t hese  observat ions 

was g r e a t l y  enhanced by the Syncom range-and-range-rate system, 

capable of  measuring range a t  synchronous a l t i t u d e  t o  less than 

50 meters. Some very b a s i c  information r e su l t ed  r e l a t i n g  t o  

t he  s i z e  and l o c a t i o n  of the  bulges a t  the Ear th ' s  equator,  as 

shown i n  the next  c h a r t  (ST 64-1546), and i t  was concluded, 

The Syncom o r b i t s  
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i n  add i t ion ,  t h a t  i t  takes  considerably less energy t o  keep 

a synchronous s a t e l l i t e  on s t a t i o n  than was formerly be l ieved .  
z 

6. Relay I1 

i a .  Relay 11, containing modif icat ions p r i n c i p a l l y  intended 

t o  i n c r e a s e  i t s  r e l i a b i l i t y  and i t s  r e s i s t a n c e  t o  r a d i a t i o n  

damage, was launched i n t o  a s l i g h t l y  higher  o r b i t  than Relay I, 

p o s s i b l e  due t o  improved launch veh ic l e  performance. It was 

s u c c e s s f u l l y  checked ou t  on t h e  f i rs t  pass a f t e r  launch on 

January 21, 1964, and warked well i n t o  1965 a t  least .  It 

added i t s  c a p a b i l i t y  t o  tha t  of Relay I and Tels tar  11. 

7 .  I n t e r n a t i o n a l  Ground S t a t i o n  Cooperation 1 2  

I n t e r n a t i o n a l  cooperation was necessary t o  f u l l y  e x p l o i t  

the experimental  p o s s i b i l i t i e s  o f  Telstar,  Relay  and Syncom 

s a t e l l i t e s .  A s  a r e s u l t ,  not t h e  i ea s t  u f  t h e  b e n e f i c i a l  results 

of  t h e s e  p r o j e c t s  was the  i n t e r n a t i o n a l  cooperat ive experimenta- 

t i o n  demonstrated by t h e  experimental ground s t a t i o n s  o f  the 

United S t a t e s ,  Great B r i t a i n ,  France, B r a z i l ,  Germany, I t a l y ,  

Japan, Spain, Scandinavia and Canada. USSR p a r t i c i p a t i o n  i n  tests 

between the  USSR and t h e  United Kingdom involving t h e  Echo I1 

s a t e l l i t e  was prev ious ly  described. 

8. Syncom III 

Syncom 111 represented the f i r s t  at tempt  t o  p l ace  a 

The ground synchronous s a t e l l i t e  i n t o  geos ta t ionary  o r b i t .  

t r a c k  of a geos t a t iona ry  s a t e l l i t e  i s  a po in t  i n s t ead  of a 

f i g u r e  8. Considerably more energy was required t o  achieve 



t h i s  o r b i t ,  than the 33' i nc l ined  o r b i t s  of  Syncom I and 11. 

Zero  i n c l i n a t i o n  of the Syncom I11 o r b i t  became poss ib l e  

w i t h  t h e  a v a i l a b i l i t y ,  i n  1964, o f  the Thrust  Augmented Delta 

(TAD), a more powerful X-258 t h i r d  s t age ,  and the added  t h r u s t  

o r  tiie secoiiii hydrogen peroxide jii2W2 j spacec ra f t  con t ro l  

system. 

The launch maneuver t o  achieve geos t a t iona ry  o r b i t  

w i t h  t h e  TAD veh ic l e  required that  the second and t h i r d  Delta 

stages be yawed through an angle  of about 38' so t h a t  f i r i n g  

of the t h i r d  s t a g e  would r e s u l t  i n  reducing the i n c l i n a t i o n  

of the transfer o r b i t  from 28' t o  16'. 

t i o n  could then be  removed by the f i r i n g  of the  apogee kick 

rocke t  m o t o r  i n  t h e  s p a c e c r a f t .  

The remaining i n c l i n a -  

The o r b i t a l  c h a r a c t e r i s t i c s  of the t r a n s f e r  o r b i t  were 

determined during the  f i r s t  r evo lu t ion  of the s a t e l l i t e  by 

using range-and-range-rate measurements from the  communication 

ground s t a t i o n s  a t  C l a r k  Field i n  the Phi l ipp ine  I s l a n d s ,  and 

the USNS KINGSPORT, a t  Guam. The s p a c e c r a f t  was then p r e c i s e l y  

reoriented a t  t h e  t i m e  o f  the  second apogee s o  t ha t  t h e  t h r u s t  

of the apogee moto r  would cause i n j e c t i o n  i n t o  a synchronous 

o r b i t  of a near-zero-degree i n c l i n a t i o n .  

then f i r e d  b y  ground command a t  t h e  t i m e  of t he  t h i r d  apogee. 

F i n a l  o r b i t a l  adjustments were made w i t h  the H202 c o n t r o l  

system and t h e  s a t e l l i t e  d r i f t e d  t o  its s t a t i o n ,  nea r  t h e  

I n t e r n a t i o n a l  Date Line. 

The apogee motor was 

.. 
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The TAD (Char tS r657 l~ )  with i t s  t h r e e  TX 33 Thiokol 

rocke ts  a t tached to the  Thor, added 162,000 pounds o f  t h r u s t  t o  
4 t h e  Del ta  f irst  s t a g e  and t h u s  provided  a p a r t  of t h e  energy 

required t o  reduce o r b i t a l  i n c l i n a t i o n  t o  nea r  zero degrees .  

Experience showed t h a t  the n i t rogen  con t ro l  system 

o r i g i n a l l y  used i n  Syncom I and I1 f o r  purposes o f  ve rn ie r  

adjustments was no t  required s ince  the  v e r n i e r  func t ion  could 

be adequately handled by t h e  H202 system. 

second H202 system, i n  p l ace  of t he  N2 system, considerably 

increased the  c a p a b i l i t y  of the  spacec ra f t  for maneuvering 

The a d d i t i o n  o f  a 

and s t a t i o n  keeping, and N-on-P s o l a r  c e l l s  w i th  1 2  m i l  g l a s s  

s h i e l d i n g  gave s i g n i f i c a n t l y  g r e a t e r  r a d i a t i o n  p r o t e c t i o n  and 

longer  use fu l  l i f e  expectancy. 

9. Public  Demonstrations via Active S a t e l l i t e  

I n  a d d i t i o n  t o  s c i e n t i f i c  and engineer ing tests of 

spacecraft-to-ground s t a t i o n  systems, arrangements were ear ly  

made to t ransmi t  r e a l  t r a f f i c  of d i f f e r e n t  types.  A b roader  

based s u b j e c t i v e  a p p r a i s a l  o f  s y s t e m  performance could be  made 

and the real  s t a t u s  of t h e  work could be demonstrated t o  t h e  

pub l i c ,  i n  the mos t  understandable form.  The number o f  t hese  

pub l i c  demonstrations was s u b s t a n t i a l  and v i r t u a l l y  every type 

of telecommunications t r a f f i c  was represented .  Through J u l y  

1964, t h e  t o t a l  number of demonstrations ca r r i ed  by Relay I 

and 11, Telstar I and 11, and Syncom I1 were, r e spec t ive ly ,  

133, 358, and 110. A l l  o f  the  resu l t s  of t h e s e  demonstrations 

were i n t e r e s t i n g ,  and some were most i n s t r u c t i v e .  One c l e a r  
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r e a c t i o n  from persons using t h e  sa te l l i t es  was amazement a t  

the  high-qual i ty  of the voice c i r c u i t .  A no tab le  r e s u l t  o f  

these  demonstrations was tha t  the a v a i l a b i l i t y  of  two t o  three 

working s a t e l l i t e s  created a s u b s t a n t i a l  demand f o r  t r a n s -  

oceanic TV transmission se rv ices  - a demand that most economic 

s t u d i e s  o f  the preceding few years  predicted would be non- 

e x i s t e n t  o r  t r i v i a l .  

Following a r e  i l l u s t r a t i o n s  of t he  p r a c t i c a l  uses of 

communications s a t e l l i t e s  which have been demonstrated:. 

On Apr i l  25, 1963, Relay I transmit ted an e l e c t r o -  

encephalogram from the  Burden Neorological I n s t i t u t e  i n  B r i s t o l ,  

England, t o  the Mayo C l i n i c  i n  Rochester, Minnesota. The 

electro-encephalogram was introduced i n t o  a computer, which 

pr in ted  out  r e t u r n  data from which a d iagnos is  was made. 

d iagnos is  was immediately s e n t  back v i a  s a t e l l i t e  t o  the p a t i e n t ' s  

doc tors  i n  England. 

The 

S imi la r ly ,  on May 28, 1963, a fe ta l  e l ec t roca rd io -  

gram was transmitted f rom Mount S i n a i  Hospi ta l  i n  Milwaukee, 

Wisconsin, t o  o b s t e t r i c i a n s  i n  P a r i s ,  and two-way consu l t a t ion  

took p l ace .  

An i n t e r n a t i o n a l l y  t e l e v i s e d  explana t ion  of  a new 

medical procedure, hyperbaric  p r e s s u r i z a t i o n ,  was c a r r i e d  on 

November 6, 1963 from the  Royal College of Surgeons i n  England 

t o  the  American Socie ty  of Anes thes io l cg i s t s  i n  convention a t  

the Mayo C l i n i c  i n  Rochester, Minnesota. 
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Consul t a t i o n ,  d iagnos is ,  p r e s c r i p t i o n ,  and medical 

t r a i n i n g  on an i n t e r n a t i o n a l  basis thus  appear t o  be  a b e n e f i t  

f o r  e x p l o i t a t i o n  by opera t iona l  communications s a t e l l i t e  syst5ms 
- .  

, of t h e  f u t u r e .  

Communications s a t e l l i t e s  have a l s o  been used success-  

f u l l y  t o  synchronize master time s tandards loca ted  i n  d i f f e r e n t  

cont inents .  T h i s  was f i rs t  accomplished i n  August 1962, between 

t h e  United States and the United Kingdom v i a  T e l s t a r  Ill. 

accuracy of 1 microsecond was achieved, compared t o  2000 micro- 

second accurac i e s  prev ious ly  a t t a i n a b l e .  Fur ther  tes ts  between 

the  U.S. and Japan over Relay w i l l  extend t h i s  f e a s i b i l i t y  t o  

another  con t inen t .  

An 

The wideband s a t e l l i t e ,  even though s t i l l  i n  the experi- 

mental s t age ,  provided s o l u t i o n s  t o  many i n t e r c o n t i n e n t a l  t i m e -  

l a g  problems of  t he  news media.  

demonstrations,  u se fu l  simulations of what might occur  i n  a 

Relay I ca r r i ed  76 network TV 

real"  system. I I  

The s k i l l s  and techniques developed t o  t h a t  p o i n t  were 

d rama t i ca l ly  employed i n  November 1963, when Relay I handled 11 

TV s p o t  newscasts, 8 between t h e  United S t a t e s  a n d  Europe, and 

3 t o  Japan, i n  j u s t  three days a t  the t i m e  of Pres ident  

Kennedy's a s s a s s i n a t i o n .  A l l  the u s e f u l  passes of the s a t e l l i t e  

were scheduled i n  order  t o  br ing  t o  the wor ld  immediate coverage 

of t h e  t r a g i c  events .  

The United S t a t e s '  open a t t i t u d e  about i ts space 

program was c l e a r l y  ind ica ted  t o . a l l  who saw n e a r l y  real-time 



re lay ing  Of t h e  Mercury f l i g h t  o f  Astronaut Cooper, i n  May, 

1963, and acknowledgement o f  t h i s  a t t i t u d e  was r e f l e c t e d  b y  

the  r e tu rn  r e l a y i n g  of European r e a c t i o n s  t o  t h e  f l i g h t .  

The peoples o f  Europe saw t h e  American h o s p i t a l i t y  

extended t o  t n e  Russian Cosmonauts and t o  t h e  Mona L i sa .  The 

American people, i n  t u rn ,  saw t h e  recept ion  given t o  Pres ident  

Kennedy during h i s  con t inen ta l  t o u r .  Coverage o f  t he  l a s t  

days of Pope John X X I I I ,  h i s  death and f u n e r a l ,  and t h e  e l ec -  

t i o n  and coronat ion o f  h i s  successor ,  was o f  s i m i l a r  deep 

i n t e r e s t  t o  people etverywhere. Relay I l a t e r  ca r r i ed  TV o f  t h e  

1964 Winter Olympics from Europe t o  t he  United S t a t e s .  

The f e a s i b i l i t y  o f  comparing newly taken oceanographic 

d a t a  w i t h  known h i s t o r i c a l  re fe rences  to check quickly t h e  

accuracy o f  shipboard measurement equipment was demonstrated 

on September 19, 1963. The U.S. Bureau of Commercial F i s h e r i e s  

v e s s e l ,  GERONIMO, was p a r t i c i p a t i n g  i n  Equi lan t  11, an i n t e n -  

s i v e  survey o f  t h e  t r o p i c a l  A t l a n t i c  i n  t h e  Gulf of  Guinea. 

GERONIMO encoded and t ransmi t ted  i t s  processed d a t a  t o  t h e  USNS 

KINGSPORT at Lagos, Nigeria ,  f o r  r e l a y  v i a  t h e  NASA Syncom I1 

communications s a t e l l i t e  t o  t he  Nat ional  Oceanographic Data 

Center, NODC, Washington, D.C .  A t  NODC the data were compared 

f o r  consistency w i t h  a v a i l a b l e  h i s t o r i c a l  d a t a  f r o m  the  5' 
square within which the  readings were made. Had those measure- 

' 
4 

ments been t o t a l l y  i n c o n s i s t e n t  w i th  the o t h e r s  prev ious ly  

taken, oceanographers could have been a l e r t e d  t o  an anomaly 



t o  be explained, confirmed, o r  corrected a t  minimum c o s t  i n  

time and money. 

One of the most w i d e l y  known communications s a t e l l i t e  

demonstrations was the i n t e r n a t i o n a l  TV coverage o f  the  Olympics 

from Japan i n  October 1964. TV programs were t ransmi t ted  n o t  

on ly  t o  the U . S . ,  b u t  t o  Europe as w e l l .  The European t r a n s -  

mission marked the f i rs t  t i m e  t h a t  two s a t e l l i t e s  had been 

employed i n  tandem f o r  TV purposes. The programs were t r a n s -  

m i t t e d  f r o m  Japan t o  the  U . S ,  v i a  Syncom I11 over  the P a c i f i c  

t o  P t .  Mugu, Calif. and Petransmitted v i a  Relay I over t h e  

A t l a n t i c  t o  Europe. Communications s a t e l l i t e s  a r e  t h e  only 

p r a c t i c a l  means of t r a n s m i t t i n g  It l i v e "  TV programs over these  

d i s t a n c e s .  

I n  a d d i t i o n  t o  U . S .  viewers, more than 50 m i l l i o n  

Europeans behind t h e  I ron  Curtain viewed same-day t ransmission 

of the  Tokyo Olympic games v i a  U . S .  s a t e l l i t e s .  The Tokyo 

Olympic coverage t ransmi t ted  from Japan was received throughout 

Europe as f a r  east  as Poland. 

I n  a d d i t i o n  t o  transmission t o  Europe v i a  Relay I, 

Tokyo Olympic p i c t u r e s ,  s e n t  from P t .  Mugu, Ca l i fo rn ia ,  by 

l a n d l i n e q  were videotaped i n  Montreal and flown t o  Europe f o r  

b roadcas t  throughout the continent v i a  the Eurovision network 

and behind the I r o n  Curtain by I n t e r v i s i o n .  Because o f  the 

- t i m e  d i f f e r e n t i a l ,  European viewers saw Tokyo events  on the  

evening of the same day they  had taken p lace .  
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Tota l  viewers i n  Spain, I t a l y  and Portugal were I 

estimated a t  16 mi l l i on ;  t he  United Kingdom counted an audience 

o f  approximately 13 m i l l i o n .  From Warsaw, t h e  American Embassy 

reported tha t  85 percent  o f  Poland's 1,500,000 t e l e v i s i o n  I 

r ece ive r s  were tuned t o  the  Olympic programs. 
I 

"Pol ish TV proudly c r e d i t e d  the  Syncom and Relay 
11 sa t e l l i t e s ,  t h e  Embassy repor ted .  "There was considerable  

p r e s s  comment about the  s p e c i a l  t ransmissions and the f a c t  tha t  

t hese  f a c i l i t i e s  were t h e  r e s u l t  of American technology i s  
w i d e l y ,  if n o t  un ive r sa l ly ,  known here .  11 

I n  West Germany, where the audience i s  bel ieved t o  have 

exceeded 20 mi l l i on ,  the Olympic t ransmissions were c red i t ed  

wi th  inc reas ing  the sale  o f  t e l e v i s i o n  s e t s  by more than 50,000 

over the  previous month's sales. 

In  a t o t a l l y  d i f f e r e n t  kind of  demonstration, NASA 

p a r t i c i p a t e d  w i t h  the  FAA, A i r  Transport  Associat ion,  and 

p r i v a t e  industry,  i n  t r a n s m i t t i n g  t e l e t y p e  tes t  messages t o  a 

commercial a i r c r a f t ,  opera t ing  between Hawaii and Ca l i fo rn ia ,  

v i a  Syncom I11 on November 22, 1964. T h i s  was the f i rs t  t e s t  

demonstrating such f e a s i b i l i t y ,  and has impl i ca t ions  a f f e c t i n g  

t h e  so lu t ion  of  communications, naviga t ion ,  air-sea rescue,  

t r a f f i c  control  and small ground s t a t i o n  problems.  Chart 

ST65-783 p i c t u r e s  the  t e s t .  

10.  Experimental Conclusions 

By t h e  end of 1964 i t  was p o s s i b l e  t o  conclude tha t  

T e l s t a r  I and 11, Relay I and 11, and Syncom I1 and I11 had 

demonstrated tha t :  





. Communications qua l i t y  v i a  s a t e l l i t e  r e l a y  was 

good out  t o  a t  l e a s t  23,000 s t a t u t e  m i l e s ;  

Ground s t a t i o n s  existed which operated r o u t i n e l y  

and e f f e c t i v e l y ;  

. 

. 

. 

. 

Ground s t a t i o n  technology was n o t  l i m i t e d  t o  the U.S.; 

Accurate antenna point ing was p r a c t i c a l ;  

Orbi ta l  information could be r o u t i n e l y  derived 

and disseminated; 

. There had been no reported i n t e r f e r e n c e  t o  sur face  

microwave se rv ices ;  

Control of a number of ground s t a t i o n s  was feasible;  . 
. and that,  t he re fo re  space communications technology 

was adequate for early comlunications s a t e l l i t e  

systems. 

VI 

Technology Developed by t h e  U.S. f o r  U s e  By 
Designers of Early Systems 

A .  Ce r t a in ty  of Technical F e a s i b i l i t y  

Sure ly  i t  was i n  expectation o f  these communications 

s a t e l l i t e  successes t h a t  t h e  President of the  United S t a t e s  

s t a t e d  i n  1962 "our in t ens ive  research and development i n  t h e  

f i e l d  of communications s a t e l l i t e s  have brought us  t o  the po in t  

where w e  are now c e r t a i n  o f  t h e  t echn ica l  f e a s i b i l i t y  o f  

t r a n s m i t t i n g  messages t o  any part of the world by d i r e c t i n g  

them t o  s a t e l l i t e s . . . . . . .  The ac tua l  opera t ion  of  such a 

system would provide a dramatic demonstration o f  our  leader -  

sh ip  i n  t h i s  area of space a c t i v i t y  ... The d i r e c t  b e n e f i t s  - 
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economic, educat ional ,  and p o l i t i c a l  - o f  t h i s  improved 

world-wide communication w i l l  be inva luable .  I 1  

Even p r i o r  t o  t h i s  firm convict ion,  work had been begun 

i n  1960 t o  b r ing  about t h e  l e g i s l a t i o n  necessary t o  executing 
I .  

t h i s  leadersh ip  through a p r i v a t e  corporate  e n t i t y :  the 

Communications S a t e l l i t e  Corporation. 

B. Summary o f  the  Communications S a t e l l i t e  Corporat ion 's  
Formation and Plans 

The Communications S a t e l l i t e  Corporation (Comsat )  was 

authorized by Act o f  Congress on August 31, 1962, and inco r -  

porated on February 1, 1963 . The A c t  s t i p u l a t e d  tha t  NASA 

was t o  launch s a t e l l i t e s  f o r  t he  privately-owned Corporation, 

f u r n i s h  technica l  consul ta t ion ,  and cooperate wi th  t h e  Corpora-  

t i o n  i n  research and development. Comsat ' s  f irst  experimental/  

operat ional  s a t e l l i t e  was t o  be launched l a t e  i n  March, 1965, 

and plans ca l l ed  f o r  deployment o f  a g loba l  commercial system 

beginning l a t e  i n  1966. 

18 

The decis ion of Congress, t o  p l a c e  commercial e x p l o i t a t i o n  

o f  communications s a t e l l i t e s  i n  the h a n d s  o f  a p r i v a t e  Corpora- 

t i o n ,  was preceded by more than two yea r s  o f  i n t e n s i v e  s tudy  

and discussion,  i n  and o u t  of Government, concerning opera- 

t i o n a l  use of s a t e l l i t e s  for i n t e r n a t i o n a l  communications. 

One of t h e  e a r l i e s t  o f f i c i a l  a c t i o n s  d i r e c t e d  s p e c i f i c a l l y  

a t  operat ional  use o f  communications sa te l l i t es  was a Notice 

of Inquiry18 issued by the Federal Communications Commission 

(FCC) i n  May, 1960, concerning a l l o c a t i o n  of f requencies  f a r  
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space communications. 

Government s tudy which concluded, i n  March, 1961, that  i t  was 

T h i s  Inquiry prompted a j o i n t  indus t ry-  

I f e a s i b l e  f o r  communications s a t e l l i t e  systems t o  share f re-  
_ .  

. . quencies with t e r r e s t r i a l  microwave r ad io  r e l a y  systems. 

This and o t h e r  s t u d i e s  formed the basis f o r  U.S. proposals  

t o  the I n t e r n a t i o n a l  Telecommunications Union that  f requencies  

f o r  communications s a t e l l i t e  systems be a l l o c a t e d  on a shared 

basis.  18, 1 9  Such a l l o c a t i o n s  were made i n  November 1963 

Meanwhile, the FCC i n s t i t u t e d  another  Inquiry,  i n  A p r i l  

1961, i n t o  "the A d a i n i s t r a t i v e  and Regulatory Problems Rela t ing  

t o  t h e  Authorizat ion o f  Commercially Operable Space Communica- 

s ions  Systems I f .  This  Inqu i ry  prompted ex tens ive  d i scuss ion  

on t h e  s u b j e c t  among Government agencies  and communications 

c a r r i e r s ,  s e p a r a t e l y  and together .  The U.S. Congress held 

hear ings  on var ious  a spec t s  o f  the establ ishment ,  ownership, 

ope ra t ion  and r egu la t ion  o f  a communications s a t e l l i t e  system, 

and i n  J u l y  1961, t h e  Pres ident  issued a p o l i c y  s ta tement  

f avor ing  p r i v a t e  ownership o f  the U.S.  po r t ion  of' a w o r l d -  

w ide  communications s a t e l l i t e  s y s t e m .  

A t  t h e  opening o f  the  2nd session o f  t h e  87th  U.S. Congress 

s e v e r a l  bills were introduced,  proposing b o t h  p r i v a t e  and 

p u b l i c  ownership of communications s a t e l l i t e  f a c i l i t i e s .  

A f t e r  cons iderable  d i scuss ion  and debate,  an Act au tho r i z ing  

p r i v a t e  ownership was passed on August 31, 1963, and  t h e  

Communications S a t e l l i t e  Corporation (Comsat) was incorporated 

on February 1, 1963. 
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The new Corporation had two p r i n c i p a l  tasks before  i t ;  

one was t o  de f ine  and develop a t e c h n i c a l l y  f e a s i b l e  and 

economically v i a b l e  communications s a t e l l i t e  system, and the 

o t h e r  was t o  secure  p a r t i c i p a t i o n  by fo re ign  c a r r i e r s .  These 

two e f f o r t s  proceeded concurrent ly .  

By the Summer of 1963, Corporation and S t a t e  Department 

r ep resen ta t ives  were engaged i n  d i scuss ions  w i t h  those 

European countries which by t h e i r  possession o f  experimental  

ground s t a t i o n s ,  were obviously i n  a p o s i t i o n  t o  p a r t i c i p a t e  

i n  an e a r l y  ope ra t iona l  system. These d i scuss ions  were l a t e r  

broadened t o  inc lude  most  of the coun t r i e s  i n  Western Europe, 

and Japan, Aus t r a l i a ,  and Canada. The d i scuss ions  and nego- 

t i a t i o n s  culminated, i n  August 1964, i n  two m u l t i l a t e r a l  

Agreements, one a General Agreement among the Governments i n -  

volved, t h e  o t h e r  a Spec ia l  Agreement among t h e  e n t i t i e s  

chosen t o  implement the g loba l  system18. 

1965, the coun t r i e s  p a r t i c i p a t i n g  were: 

AS of February 20, 

A u s t r a l i a  
Aus t r ia  
Belgium 
Canada 
Denmark 
France 
Germany 
I r e l and  
Israel 
I t a l y  
Japan 
Netherlands 
Norway 
Portugal  
Spain 
Sweden 
Switzerland 
United Kingdom 
United States 
Vatican C i t y  

B r a z i l  
Jordan 
Kuwait 
Sudan 
Lebanon 
Libya 
S y r i a  
Algeria 
T u n i s i a  
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On the  t echn ica l  s i d e ,  t he  Corpora t ion ' s  s t u d i e s  led them t o  * 

choose a two-part program. The i n i t i a l  e f f o r t  would be a 

synchronous a l t i t u d e ,  low-incl inat ion s a t e l l i t e ,  based on the 

NASA Syncom design, f o r  s e r v i c e  between Nor th  America and 

. 
_ .  

Europe. The l a t e r  second phase was t o  be a t r u l y  g loba l  system. 

I n  December, 1963, t he  Hughes A i r c r a f t  Co., des igners  of 

Syncom, submitted a proposal  t o  the Communications S a t e l l i t e  

Corporation for t h e  i n i t i a l  s a t e l l i t e ,  known as HS-303 or 

"Ear ly  B i r d . "  The r e l a t i o n s h i p  o f  HS-303 t o  Syncom i s  shown 

i n  Chart S164-1761. E a r l y  i n  1964 NASA agreed to launch one o r  

more o f  t hese  s a t e l l i t e s ,  a n d  t o  provide r e l a t e d  se rv ices ,  

on a reimbursable basis, as required under t h e  Act. I n  

December, 1964, NASA and the Corporation signed a formal  

Agreement d e t a i l i n g  t h e  serv ices  to be provided, t h e  methods 

for determining c o s t s ,  and re lated d e t a i l s .  Under the  Agreement, 

NASA was t o  procure and launch Thrust-augmented Thor-Delta 

veh ic l e s ,  and provide r e l a t ed  serv ices .  The s p e c i f i c  NASA 

r e s p o n s i b i l i t i e s  are to : 

. Procure and t e s t  launch veh ic l e s  

. Procure and t e s t  spacecraf t  apogee motors 

. Manage launch vehic le -spacecraf t  i n t e g r a t i o n  

. Assure t h a t  launch  vehic les  a r e  q u a l i f i e d  for f l i g h t  

. Nanage and schedule launchings 

. Provide t racking,  o r b i t a l ,  po in t ing  data and 

te lemet ry  recordings during t r a n s f e r  o r b i t  

. P r o v i d e  camera coverage of apogee f i r i n g  i f  f e a s i b l e  

. Perform o the r  data, and communications se rv ices  
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as requested by the  Corporation and agreed t o  

by NASA. 

The launching requirements of the HS-303 program were as 

fol lows : 

. Ini.t.ia-l l a ~ ~ ~ . ? c h  SE c y  zbcut ??;arch 23, 1965 

. Backup, i f  necessary,  60-120 days l a t e r  

. 

. Up t o  f i v e  op t iona l  launches between A p r i l  1, 1966 

Optional launch during 2nd half of CY 1965 

and March 31, 1967 

. Replacement launches as necessary subsequent t o  

March 31, 1967 

C o s t s  t o  the Corporation f o r  HS-303 support  were based on 

the  p r i n c i p l e  of " i d e n t i f i a b l e  a d d i t i o n a l  cos t" ,  the p r i n c i p l e  

advocated by NASA before  Congress dur ing  testimony preceding 

adoption of t h e  Act, and the basis f o r  charging the American 

Telephone and Telegraph Company (AT&T) f o r  s e r v i c e s  rendered 

by NASA i n  launching Telstar. 

For  the follow-on g loba l  system the Corporation had three 

separate design s t u d i e s  under way. 

. One by Radio Corporation of America (RCA) and 

AT&T ( B e l l  Telephone Labora to r i e s )  s tud ied  a system 

of randomly spaced medium a l t i t u d e ,  s p i n - s t a b i l i z e d  

. 
. -  

s a t e l l i t e s  a t  an a l t i t u d e  on the o rde r  of 6000 m i l e s .  

Another with Space Technology Labora tor ies  (STL) 

of Thompson Ram0 Woolridge, considered a medium 

a l t i t u d e  system of "phased" satel l i tes  us ing  g r a v i t y  

. 

grad ien t  a t t i t u t e  c o n t r o l .  
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. A t h i r d  study, by Hughes A i r c r a f t  Company, on an 

improved synchronous, geos t a t iona ry  system. 

The dec i s ion  on which system t o  employ was t o  be made l a t e  

i n  1965, based on r e s u l t s  o f  these design s t u d i e s ,  experience 

wi th  HS-303, and o ther  f a c t o r s .  

C .  Major Problems Ripe f o r  Attack, NASA Near Term Plans 1965-1970 
1. Applicat ions Technology S a t e l l i t e  - The Technological 

B r i d g e  t o  Future  Promise 

Constant i n c r e a s e  i n  launch veh ic l e  c a p a b i l i t y ,  and 

p a r a l l e l  improvement i n  space f l i g h t  techniques,  l e d  n a t u r a l l y  

t o  the  idea o f  an unmanned s a t e l l i t e  performing s e v e r a l  n o t  

n e c e s s a r i l y  r e l a t e d  func t ions ,  o r  providing a c a p a b i l i t y  f o r  

meeting s e v e r a l  no t  n e c e s s a r i l y  r e l a t e d  mission ob jec t ives .  

NASA i n i t i a t e d  the Applicat ions Technology S a t e l l i t e  (ATS) 

p r o j e c t  i n  1964 as a f i rs t  s t e p  toward  the idea of a mul t i -  

mission s a t e l l i t e  f o r  u s e f u l  s a t e l l i t e  a p p l i c a t i o n s .  

The p r i n c i p a l  ob jec t ives  of the ATS program a t  that  

t i m e  were t o :  

. Insu re  continuing a v a i l a b i l i t y  of the spacec ra f t  

technology required f o r  the u s e f u l  a p p l i c a t i o n  

of s a t e l l i t e s  with p a r t i c u l a r  emphasis on 

s t a b i l i z a t i o n  and o r i e n t a t i o n  techniques; 

. Provide means f o r  conducting space experiments 

i n  var ious technological a p p l i c a t i o n s  of 

sa te l l i t es ,  w i t h  p a r t i c u l a r  emphasis on t h e  

s t a t i o n a r y  orbit; 



. Conduct a d e f i n i t i v e  experiment i n  g r a v i t y  

g rad ien t  s t a b i l i z a t i o n ,  designed t o  provide 

b a s i c  information f o r  use i n  design of 

s t a b i l i z a t i o n  systems. 

The e a r l y  h i s t o r y  of t h i s  Program and these  o b j e c t i v e s  

a r e  important, and l e t  us d i g r e s s  f o r  a moment and recount 

that  h i s t o r y :  

All o f  t h e  experimental communications discussed thus  

f a r  i n  t h i s  r epor t  radiated when t r ansmi t t i ng ,  f a r  more r a d i o  

energy than was d i r ec t ed  toward  Ear th .  I f ,  i n s t ead  of a 

spinning s a t e l l i t e ,  one could be devised which would always keep 

one f a c e  pointed toward Earth,  d i r e c t i v e  antennas could be 

used, and the  energy i n c i d e n t  on t h e  Ea r th  enhanced. 

NASA has thus far ,  through 1964, demonstrated the  

use fu l  app l i ca t ion  o f  s a t e l l i t e s  i n  meteorology and communica- 

t i o n s ,  using r a t h e r  simple s t a b i l i z a t i o n  techniques.  I n  o rde r  

t o  p r o v i d e  f o r  f u t u r e  growth, cons iderable  spacec ra f t  t ech-  

nology remained t o  be developed, w i t h  emphasis on s p a c e c r a f t  

s t a b i l i z a t i o n  and o r i e n t a t i o n .  T h i s  i s  p a r t i c u l a r l y  t r u e  i n  

the h igher  a l t i t u d e  o r b i t s .  Many a p p l i c a t i o n s  r e q u i r e  E a r t h  

o r i e n t a t i o n  of s p a c e c r a f t  i n  in te rmedia te  a l t i t u d e  o r b i t s ,  

and for very p rec i se  s t a b i l i z a t i o n ,  o r i e n t a t i o n  and s t a t i o n -  

keeping i n  t h e  synchronous o r b i t .  I n  o r d e r  t o  reduce c o s t s  

i t  became evident t h a t  a s i n g l e  s p a c e c r a f t  be developed capable  

o f  s eve ra l  d i f f e r e n t  missions.  Communications, meteorology, 

and navigation, f o r  example, were a p o s s i b l e  combination that  

could be accomplished from a s i n g l e  s p a c e c r a f t  i n  synchronous o r b i t .  
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One form of s t a b i l i z a t i o n  was recognized which required 

no on-board power. T h i s  "gravi ty  g rad ien t  s t a b i l i z a t i o n "  i s  

the mode o f  s t a b i l i z a t i o n  keeping the same f a c e  of the Moon 
b 

. . always pointed toward Ear th .  Several  t e s t s  of a g r a v i t y  

g rad ien t  a t t i t u d e  con t ro l  system had been conducted ea r l i e r  

a t  low a l t i t u d e s ,  bu t  none a t  t h e  h igher  a l t i t u d e s  of i n t e r e s t  

t o  communications s a t e l l i t e s .  NASA formulated p lans ,  t he re fo re ,  

f o r  a thorough technological  tes t  of g r a v i t y  g rad ien t  s t a b i l i z a -  

t i o n  a t  higher a l t i t u d e s  under i t s  ATS Program. 

A s tudy e f f o r t  conducted between 1962 and 1964, 

d i r e c t e d  toward a l a r g e  communications sa te l l i t e ,  r e s u l t e d  i n  

a systems concept and a subsystem and component engineer ing 

d e s i g n ,  f o r  a sp in - s t ab i l i zed  synchronous s a t e l l i t e  r equ i r ing  

an Atlas-Agena c l a s s  launch vehicle  p lus  a l a r g e  11 apogee k ick"  

stage?. The design o f  t h i s  satell i te proved t o  b e  adaptab le  t o  

o t h e r  s t a b i l i z a t i o n  systems and t o  provide a c a p a b i l i t y  t o  

c a r r y  s e v e r a l  types o f  func t iona l ly  unrelated a p p l i c a t i o n s  

experiments.  NASA proceeded therefore  t o  a f u l l  f l i g h t  p r o j e c t  

based on t h i s  spacec ra f t  concept in o rde r  t o  tes t  d i f f e r e n t  

types of s t a b i l i z a t i o n  technology and t o  provide a means for 

c a r r y i n g  out  research  i n  seve ra l  engineer ing and technologica l  

- d i s c i p l i n e s  on one spacec ra f t .  

Plans f o r  a f i v e - f l i g h t  program, beginning i n  1966, 

'. and cont inuing  through 1968, now include two spacec ra f t  sp in-  

s t a b i l i z e d  i n  the synchronous orbit, a 6500-mile t echnologica l  
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g r a v i t y  grad ien t  experiment, and two Earth-or iented i n  the  

synchronous o r b i t  us ing a g r a v i t y  g rad ien t  technique. I n  a d d i -  

t i o n  t o  t h e  g r a v i t y  g rad ien t  experiments, o t h e r s  i n  the  areas 

o f  communications , m e  t eorology , navigat ion,  r a d  i a  t i o n  d e t  ec  - 

t i o n ,  and r a d i o  propagation w i l l  undoubtedly be ca r r i ed  ou t .  

A p i c t u r e  o f  ATS-A a s  conceived i n  1964 i s  shown i n  Chart 

ST65-642. 

VI1 

Summary and Outlook 

A .  Achievements Specif ied 

1. Technology o f  Communications S a t e l l i t e s 2 0 ,  21 

a.  Passive 

The e r e c t i o n  i n  o r b i t ,  by i n f l a t i o n ,  o f  a large 

s p h e r i c a l  pass ive  r e f l e c t o r ,  was accomplished by the Echo 

P ro jec t  5 . Experience and experimentation r e su l t ed  i n  improved 

m a t e r i a l s  and i n f l a t i o n  systems. The large area t o  mass r a t i o  o f  

the Echo sphere provided data ffom which atmospheric d e n s i t y  and 

s o l a r  pressure measurements have been ex t rac ted  from Echo 

o r b i t a l  observationsb. Echo I, be ing  i n i t i a l l y  o f  known s i z e ,  

smoothness and r e f l e c t i v i t y  permitted t o t a l  communications system 
3 ca lcu la t ions  that agreed wi th  theory  t o  w i th in  one d e c i b e l  . 

Future passive s a t e l l i t e s  have been w e l l  s tudied22.  

With Echo 11, a long- l ived ,  r i g i d i z e d  s p h e r i c a l  

pass ive  s a t e l l i t e ,  the  technology f o r  e r e c t i n g  large s t r u c t u r e s  

strong enough t o  maintain themselves a g a i n s t  the env4.ronment 

was demonstrated. 
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b.  Active 

The communications capaci ty  of spacec ra f t  t ransponders  

was increased from narrowband (voice, teletype, and f a c s i m i l e )  

* t o  wideband, s u i t a b l e  f o r  TV, o r  hundreds of telephone channels.  

Transponder design has been a f r u i t f u l  a rena  f o r  the appl ica-  

t i o n  of a growing f i e l d  wi th in  e l ec t ron ic s :  the design of 

re l iable  t r a v e l l i n g  wave tubes,  components, c i r c u i t s ,  and 

systems. 

The e f fec t  o f  so l a r  r a d i a t i o n  on many spacecraft 

components, p a r t i c u l a r l y  solar cells’’, has been observed 
- I  

and 

improvements made”. 

t o  the s p a c e c r a f t  components has  been measured. The p o s s i b i l i t y  

of diagnosing the f a i l u r e  of a spacecraf t  and i t s  r e a c t i v a t i o n  

from the ground, has been demonstrated . 

The r a d i a t i o n  environment and damage 

11 

2 .  Ground S t a t i o n  Design 

Design parameters and sys tem c a l c u l a t i o n s  have been 

confirmed by Echo I, and the value of n o i s e  reduct ion  by 

a p p l i c a t i o n  of  cryogenic techniques (masers and paramet r ic  

amplifiers) was confirmed as well. The lowering of the n o i s e  

th re sho ld  a t  which a f r e q u e n t l y  modulated (FM) s i g n a l  becomes 

readable, by use of FM w i t h  feedback (FMFB), has been amply 

demonstrated7. 

Propagation anomalies have been i d e n t i f i e d  and are 

understoode3. 

small enough t o  be t r anspor t ab le  o r  shipborne16 was experienced 

with Relay and Syncom ground s t a t i o n s .  Tracking data have been 

As a r e s u l t ,  the u t i l i t y  o f  ground s t a t i o n s  
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generated which a r e  s u f f i c i e n t l y  p r e c i s e  t o  provide accura te  

po in t ing  information f o r  communications antennas.  

4. Orbi ta l  C h a r a c t e r i s t i c s  - Effec t s  on System Design 

The l i m i t a t i o n s  of the low a l t i t u d e  o r b i t  f o r  ope ra t iona l  

systems a re  known. 

no t  only a s  a method o f  minimizing r a d i a t i o n  damage t o  t h e  

spacecraf t ,  bu t  a s  a means o f  i nc reas ing  o r  decreasing mutual 

v i s i b i l i t y  per iods  between c e r t a i n  ground s t a t i o n s  a t  c e r t a i n  

times, has been demonstrated. 

The use of e l l i p t i c i t y  a t  medium a l t i t u d e s  

O f  great importance was Syncom 111's achievement of geo- 

s t a t i o n a r y  o r b i t ,  w i th  a t t i t u d e  and p o s i t i o n  con t ro l  and f u l l  

spacecraf t  communications c a p a b i l i t y .  

Early,  sub jec t ive , r eac t ions  t o  t h e  f r a c t i o n  of  a second 

t i m e  delay involved i n  communicating v i a  synchronous s a t e l l i t e  

i n d i c a t e  a l e s s  se r ious  problem than  o f t e n  p red ic t ed .  

design considerat ions,  more genera l ly ,  have been thoroughly 

examined24 and des igners  of f u t u r e  ope ra t iona l  communications 

s a t e l l i t e  systems now stand on more f i r m  ground inasmuch as 

a l l  o r b i t  types have been proven feasible.  

System 

Computers have been used as an a i d  t o  op t imiza t ion  

of system parameter t r ade -o f f s  f o r  given boundary condi t ions .  

5. Impact on Operational Users by Publ ic  Acceptance of  
Demonstrations 

A precedent f o r  government l i c e n s i n g ,  and government 

launching o f  a p r i v a t e l y - b u i l t  s a t e l l i t e  and system has been 

establ ished by the Telstars. The Communications S a t e l l i t e  
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Corporation has been es tab l i shed  b y  t h e  U . S .  Congress, and 

a consortium formed.  American and European audiences are 

conditioned and e n t h u s i a s t i c  abou t  i n t e r c o n t i n e n t a l  TV. The 
11 . d e l i v e r y  o f  f a c s i m i l e  copy of  s p e e d m a i l "  l e t t e r s  by communica- 

t i o n s  s a t e l l i t e  has been demonstrated. Cooperative exper i -  

mental programs, bo th  inter-agency and i n t e r n a t i o n a l ,  have 

been proven feasible and valuable.  Real-time r e l i a b l e  t r a n s -  

missions o f  conferences,  bo th  by t h e  press and between heads 

o f  s ta te ,  have been demonstrated. 

6. Economic and Other Considerations 

Problems o f  economics, and p o l i t i c a l  cons idera t ions  
25 have been well examined . 

7. Frequency Considerations 

Frequency problems have undergone19 s u f f i c i e n t l y  

thorough examination t o  i n s p i r e  reassurance tha t  p re sen t  

assignments are adequate f o r  a decade, and f u t u r e  changes w i l l  

be made based on t h e  sound base of a consensus o f  i n t e r n a t i o n a l  

expe r t s  i n  t h e  C C I R  and CCITT. 

8. Typfcal Technical Results - Relay I 

Typical  o f  the technica l  r e s u l t s  of each o f  the  satel-  

l i t e s  descr ibed are those of  Relay I, summarized here  as an 

example. 

The genera l  conslusions drawn from Relay I were tha t  
., 

the planned techniques o f  communications w i t h  a communications 

s a t e l l i t e  resulted i n  a l i n k  of commercial C C I R  q u a l i t y .  A low 

c o s t  ground s t a t i o n  wi th  a smaller 30 f o o t  antenna could be 
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used successful ly ,  furthermore,  t o  work 12 telephony channels 

with a spacec ra f t  o f  the Relay type.  

Propagation and noise  

I n  p r a c t i c a l l y  a l l  cases,  the measurements made 

of received c a r r i e r  power agreed wi th  pred ic ted  va lues  wi th in  

measurement e r r o r .  The s p i n  modulation o f  received c a r r i e r  

signal s t r e n g t h  caused by t h e  spacec ra f t  antenna p a t t e r n  was 

not iceable ,  bu t  became objec t ionable  only when the received 

s i g n a l  was nea r  FM threshold;  where 3-cycle sp in  modulation 

car r ied  i t  i n  a n d  out  o f  th reshold .  S igna l  s t r e n g t h  a t  low 

e leva t ion  angles  showed the same f l u c t u a t i o n s  due t o  ground 

propagation e f f e c t s  as observed on T e l s t a r .  Above 30J t hese  

e f f e c t s  were n e g l i g i b l e .  

Overall  r ece iv ing  system n o i s e  temperatures held 

q u i t e  well a t  each s t a t i o n  over a per iod of  t ime. A t  t he  

Pleumeur-Bodou and Andover s t a t i o n s ,  r a i n  a c t u a l l y  caused 

sys t emno i se  temperature t o  be  worse a t  z e n i t h  than a t  low 

e leva t ion  angles .  T h i s  was a t t r i b u t e d  t o  r a i n  impinging more 

d i r e c t l y  on the t o p  than on the s i d e s  of the  radome. 

Measurements o f  continuous random n o i s e  - b o t h  

wideband and narrowband - a t  a l l  s t a t i o n s  ind ica t ed  tha t  

predicted values  of n o i s e  were n o t  q u i t e  being obta ined .  

Departure from the predic ted  FM t r i a n g u l a r  n o i s e  spectrum 
T 

had been observed a t  the  lower base-band f requencies ,  b u t  t h e  * 

increase  was a t t r i b u t e d  t o  r e s i d u a l  n o i s e  i n  t h e  ground base- 

band equipment. The discrepancy between p red ic t ed  and a c t u a l  
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pos t -de t ec t ion  S/N was l a r g e l y  a t t r i b u t e d  t o  t h i s ,  and o the r ,  

extraneous n o i s e  sources i n  t h e  base-band equipment. Repre- 

1 s e n t a t i v e  values  were a s  follows - pred ic t ed ,  54 db;  a c t u a l ,  

46 db (Plemeur-Bodou); predicted,  45 d b ;  a c t u a l  37 db 

(Goonhilly Downs) . 
Linear  d i s t o r t i o n  

C C I R  (Recommendation 267) standard v i d e o  t e s t  

s i g n a l s  and s t e a d y - s t a t e  response measurements were bo th  u t i l i z e d  

t o  determine l i n e a r  d i s t o r t i o n  of the  systev. Bo th  methods 

ind ica t ed  tha t  the spacec ra f t  caused l i t t l e  d i s t o r t i o n  o f  

t h i s  type .  The l i n e a r  d i s t o r t i o n  noted was caused mainly by 

t h e  ground base-band equipment. Measurements i n  t h e  wideband 

mode of b o t h  video and audio s t eady- s t a t e  response a t  base- 

band ind ica t ed  tha t  t he  Relay I objec t ives ,  based on t h e  CCIR 

recommendations, were met. Representat ive va lues  were: Video- 

f l a t  w i th in  - M.3 db  f rom 50 kc  t o  5 mc.; Audio - down 3 db  a t  

50 cyc le s  and a t  8 kc.  The general  conclusion was t h a t  l i n e a r  

d i s t o r t i o n  d i d  no t  o f f e r  a problem f o r  communication space- 

c r a f t  l i n k s  of t h e  Relay I type, over  and above that inhe ren t  

i n  ground microwave l i n k s .  

Nonlinear d i s t o r t i o n  

Data obtained r e l a t i v e  t o  nonl inear  d i s t o r t i o n  - 
i nd ica t ed  that  the CCIR-oriented Relay I o b j e c t i v e s  f o r  

- d i f f e r e n t i a l  ga in  and phase across  the r.f. and i.f, passband were 

n o t  q u i t e  m e t  a t  a l l  t imes.  Pre-emphasis a t  base-band was 

recommended t o  improve the d i f f e r e n t i a l  ga in  c h a r a c t e r i s t i c s ,  
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from e a r l y  measured values  o f  2.8 d b  peak-to-peak, t o  t h e  

objec t ives  of 2 d b .  D i f f e r e n t i a l  phase measurements as high 

as 4.5' were obtained, jnd ica t ing  that an ob jec t ive  of 5 O ,  as 

r e q u i r e d  for co lo r  TV, was n o t  a t t a i n a b l e .  Delay equal iza-  

b iu i i  and FiTe-ei-ilPhaSis was recornmended as an a i d  i n  decreasing 

t h i s  phase s h i f t .  

6 

L 

L a - . . .  

It was t e n t a t i v e l y  concluded tha t  nonl inear  d i s t o r -  

t i o n  i n  the Relay I system was completely wi th in  l i m i t s  f o r  

black-and-white TV, b u t  d i d  n o t  meet C C I R  s tandards  for color ,  

even though it appeared adequate sub jec t ive ly .  

Multichannel telephony, intermodulat ion no i se  

Measurements made a t  t h e  wideband s t a t i o n s  o f  

300- and 600-channel intermodulat ion no i se  ind ica t ed  tha t  t h e  

ob jec t ive  (of 15,000 picowatts  f o r  the  sum o f  thermal and 

intermodulation no i se )  was no t  always met. Equal iza t ion  o f  

de l ay  i n  a l l  the  r e spec t ive  ground equipments was recommended. 

Representative values  measured a t  Andover were 10,000 picowatts  

of thermal no i se  and 12,000 picowatts  of intermodulat ion no i se .  

Narrowband measurements, mainly a t  the Nutley, 

N e w  Jersey I T T  s t a t i o n  were made o f  envelope de lay  d i s t o r t i o n ,  

harmonic performance, and i n d i r e c t  measurements o f  intermodula- 

t i o n  noise .  Resul ts  ind ica ted  that  the s p a c e c r a f t  m e t  t h e  

Relay I objec t ive  of  7500 picowatts  f o r  intermodulat ion noise .  

Delay equal iza t ion  i n  the ground equipments was aga in  recom-. 

mended t o  reduce intermodulat ion n o i s e .  
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Envelope de lay  d i s t o r t i o n  and harmonic s i g n a l  

. 
k 

t e s t i n g  were pointed out  as a f ford ing  a means o f  measuring 

multichannel telephony interchannel  no i se  i n d i r e c t l y .  

Two-way (12-channel) telephony, i n t e l l i g i b l e  c r o s s t a l k  

AM-to-FM conversion i n  the spacec ra f t  t r a v e l l i n g  

wave tube appeared the cause f o r  c r o s s t a l k  from base-band of 

one c a r r i e r  t o  the o t h e r .  Complementary channel opera t ion  

reduced th i s  c r o s s t a l k  t o  s a t i s f a c t o r y  l e v e l s .  

Transmission Tests 

Televis ion  t e s t s  involving the main wideband s t a t i o n s  - 
Goonhilly, Pleumeur-Bodou, and Andover, were conducted numerous 

times. Relay I was used t o  t ransmit  both video and audio 

through t h e  spacec ra f t ,  o3viating t h e  need f o r  any use of the 

t r a n s a t l a n t i c  cable  f o r  sound transmission. Subjec t ive  per -  

formance o f  t h e  TV l i n k  on Relay I proved e x c e l l e n t  on many 

t e s t s  and demonstrations.  C o l o r  t e l e v i s i o n  without sound was 

conducted through the spacec ra f t  i n  l o o p  conf igura t ion  from 

Andover, w i t h  q u a l i t y  s u f f i c i e n t  t o  put  the program m a t e r i a l  

on U.S.  commercial network f a c i l i t i e s .  

B. S i g n i f i c a n t  Technical Questions Undergoing 
Continuing Analysis 

The technology represented by t h i s  e a r l y  genera t ion  o f  

f l i g h t  tests i s  demonstrably adequate f o r  the  establ ishment  

of first genera t ion"  operat ional  communications s a t e l l i t e  I f  

systems. A number o f  important t echn ica l  ques t ions  s t i l l  need 

t o  be answered, however, and are under i n t e n s i v e  s tudy.  

Thea are:  
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1. Frequency Al loca t ions  

It was apparent  f rom t h e  o u t s e t  i n  1959 that  frequency- 

sha r ing  w i t h  su r face  systems was mandatory f o r  communications 

s a t e l l i t e s ,  s i n c e  the 1-10 GcLs region, which i s  best  su i t ed  

f o r  space communications, was a l r eady  f u l l y  a l l o c a t e d  t o  

terrestr ia l  s e r v i c e s .  S tudies  conducted i n  1960-1962 con- 

cluded t h a t  frequency-sharing would be  f e a s i b l e .  I n  November, 

1963, the I n t e r n a t i o n a l  Telecommunications Union a l l o c a t e d  

2800 Mc/s of spectrum space f o r  s a t e l l i t e  communications 

systems on the basis o f  sha r ing  with t e r r e s t r i a l  systems 

(Char t  ST64-712) . 
and f u r t h e r  experience may w e l l  provide a basis f o r  d e s i r a b l e  

r e l axa t ion ,  desirable s i n c e  f l u x  d e n s i t i e s  a t  the  Earth 's  su r -  

f ace  required f o r  opera t ion  o f  small and inexpensive ground 

terminals  are h igher  than a l l o w e d  by t h e  p r e s e n t  c r i t e r i a .  

1 9  

Sharing c r i t e r i a  are very conservat ive,  

26 2.  Time Delay and Echo 

A second important t e c h n i c a l  problem i s  the time de lay  

inhe ren t  i n  synchreonous a l t i t u d e  s a t e l l i t e  systems i n  which t h e  

round t r i p  de lay  i s  about 6/10 o f  a second. 

i t s e l f  i s  n o t  u sua l ly  d e t e c t a b l e  by a te lephone u s e r .  When 

terminat ions a r e  imperfect ,  however, an echo occurs ,  and 

a c c e p t a b i l i t y  and u s a b i l i t y  of the c i r c u i t  dec reases  r a p i d l y  

T h i s  de l ay  Q 

wi th  increas ing  echo amplitude.  Echo suppressors  are used 

t o  e l imina te  t h e  echo, b u t  echo suppressors  a r e  e s s e n t i a l l y  

voice-operated switches and they  in t roduce  undesirable s i d e  

e f f e c t s .  The adverse e f f e c t s  o f  long-delayed echo l e d  t o  a 
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1960 tentative international agreement that round-trip delays 

should not exceed 300 milliseconds, as recorded in the Annex 

to Question 6/XII in the CCITT "Red Book", 1960. 

Additional laboratory and subjective tests o f  user 

reaction to time delays and echo were conducted f o r  three 

years, 1962-1964, but with inconclusive results. The last in 

this group of tests was conducted by AT&T in collaboration with 

FCC, NASA, and the Communications Satellite Corporation. The 

most important results of these tests were submitted by the 

United States to the Plenary Assembly of the CCITT in Geneva 

in May, 1964. Based on these results and on information 

submitted by other administrations, particularly those of the 

United Kingdom, the CCITT provisionally recommended the 

following limitations on mean one-way propagation times when 

echo sources exist and echo suppressors are used. 

Acceptable without reservation, 0 t o  150 ms. 

Provisionally acceptable, 150 t o  400 ms. 
In this range, connections may be permitted; 

in particular, when compensating advantages 

are obtained . 
Provisionally unacceptable, 400 ms and higher. 

Connections with these delays should not be 

used except under the most exceptional cir- 

cumstances. 

The problem o f  time delay and echo is q o t  limited to 

voice communications. In fact, the conclusions may well be 

different when considered in connection with high speed data 
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communications, p a r t i c u l a r l y  i f  automatic e r r o r  de t ec t ion ,  

querying, and co r rec t ion  i s  included. 

automatic s i g n a l l i n g  and rout ing  systems may be s e n s i t i v e  t o  

Cer ta in  high speed 

the amount of  de lay .  

3. Multiple Access - 

The successfu l  a p p l i c a t i o n  of s a t e l l i t e - b o r n e  r epea te r s  

for global telecommunications provides  t h e  p o t e n t i a l  f o r  extend- 

i n g  high q u a l i t y  telephone communications s e r v i c e  t o  many 

p o i n t s  now served poorly o r  n o t  a t  a l l .  

r e a l i z e  t h i s  p o t e n t i a l ,  a number of t e c h n i c a l  problems must 

be solved. 

However, t o  f u l l y  

One o f  t he  most  s i g n i f i c a n t  problems i s  ca l l ed  "mult iple  

access" ,  how t o  employ a s i n g l e  s a t e l l i t e - b o r n e  r e p e a t e r  simul- 

taneously f o r  communication among a number of  ground s t a t i o n s ,  

each communicating wi th  one o r  more of the others .  

Various methods o f  modulation and mul t ip lex ing  can be 

employed t o  provide a mul t ip l e  access  c a p a b i l i t y .  

each scheme is  s e n s i t i v e  t o  t he  conf igura t ion  of the s a t e l l i t e  

system (medium o r  synchronous a l t i t u d e ) ,  the number of p a r t i c i -  

p a t i n g  g round  s t a t i o n s ,  t h e  t r a f f i c  demands of each, t h e  

required f l e x i b i l i t y  of rou t ing ,  e t c .  

However, 

Many Papers2' d i s c u s s  the  genera l  a t t r i b u t e s  of t he  

f o u r  p r inc ipa l  ca t egor i e s  o f  mu l t ip l e  access  technology 

(mul t ip l e  FM c a r r i e r s ,  SSB i n  the  up-l ink,  t i m e  d i v i s i o n  

mult iplex,  and common spectrum), a n d  make an assessment Of 

c 

t h e i r  r e l a t i v e  m e r i t s .  . 



Every evidence now e x i s t s  that  e f f o r t  on t h i s  problem 

w i l l  continue t o  a success fu l  r e so lu t ion .  

f 

C .  Outlook - The Near Future  

1. Foundation L a i d  

The f i rs t  phase of the  NASA Communication S a t e l l i t e  

R8cD Program was completed w i t h  the launch of Syncom I11 on 

August 19, 1964. T h i s  was the  l a s t  scheduled launch d i r ec t ed  

exc lus ive ly  toward developing the  techniques a n d  technology 

f o r  high t r a f f i c  d e n s i t y  point- to-point  communication s a t e l l i t e  

systems. The r e s u l t s  o f  Telstar I and 11, Relay I and 11, and 

!Syncom I1 and I11 have made adequate technology a v a i l a b l e  

f o r  the development o f  t he  commercial communications s a t e l l i t e  

s y s t e n  which the  Communications S a t e l l i t e  Corporation w i l l  

establish,  f o r  example. 

2. B r i d g e  B u i l t  

The Applicat ions Technology S a t e l l i t e s  (ATS) Program, 

i n i t i a t e d  e a r l y  i n  1964, w i l l  provide a s p a c e c r a f t  t o  be used 

f o r  research ,  development and f l i g h t - t e s t i n g  common t o  a 

number of a p p l i c a t i o n s .  The f i v e  ATS f l i g h t s  w i l l  develop t h e  

a c t i v e  and pass ive  three-axis .  s t a b i l i z a t i o n  techniques f o r  

s p a c e c r a f t  i n  s t a t i o n a r y  o r b i t ,  and w i l l  a t t a i n  f u r t h e r  tech-  

n o l o g i c a l  goals by perfomning c r i t i c a l  experiments i n  

communications, meteorology, and naviga t ion .  

3. The 1970's 

The technology now ava i l ab le  w i l l  permit establishment 

of e a r l y  ope ra t iona l  systems capable of heavy t r a f f i c  d e n s i t i e s ,  
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b u t  only through the use of r a t h e r  soph i s t i ca t ed  and expensive 

ground terminals.  Those se rv ices ,  which f o r  many reasons 

r e q u i r e  smaller te rmina ls  can only u t i l i z e  s a t e l l i t e s  i f  t h e  

power flux at t h e  su r face  of the  e a r t h  could be increased 

s e v e r a l  o r d e r s  o f  magnitude above that prnduced by  t h e  first 

generation of communications s a t e l l i t e s .  Notable examples 

of such serv ices  would be  a i r  t r a f f i c  con t ro l  and naviga t ion ,  

broadcast  s e rv i ces ,  m o b i l e  s e rv i ces  and o t h e r s .  An i n c r e a s e  

i n  e f f e c t i v e  r a d i a t e d  power'' (ERP) from the spacec ra f t  i s  

required and a t t a i n a b l e  by inc reas ing  the spacec ra f t  power 

output, by inc reas ing  spacec ra f t  antenna ga in  (Chart ST64- 542) 

r equ i r ing  improved spacec ra f t  s t a b i l i z a t i o n ,  o r  by a combina- 

t i o n  of both.  Any of these a l t e r n a t i v e s  n e c e s s i t a t e  l a r g e r  

spacecraf t  than a r e  required f o r  systems using l a r g e r  

ground s t a t i o n s .  Consideration should soon be  given t o  

f l i g h t  pro Sects  d i r ec t ed  toward h ighe r  power and improved 

s t a b i l i z a t i o n  and antenna gain,  i n  t h e  time p e r i o d  a f t e r  the 

ATS A through E launches; i . e . ,  dur ing  the e a r l y  1970's. System 

types which might be considered could be naviga t ion  and 

t r a f f i c  control  sa te l l i t es ,  and r a d i o  and TV broadcas t  s a t e l -  

l i t e s ,  shown i n  Chart ST65-782. The i n t e r i m  period must be 

devoted t o  support ing research  i n  components and techniques 

a reas ,  d i rec ted  toward technology f o r  meeting requirements 

f o r  higher spacec ra f t  power and antenna ga in ,  and improved 

spacec ra f t  s t a b i l i z a t i o n .  Work on m u l t i p l e  access  techniques,  

and on highly d i r e c t i o n a l  e l e c t r o n i c a l l y  s t e e r a b l e  antennas 

must continue. 

1 1  
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Under s tudy a t  NASA are naviga t ion  s a t e l l i t e s  t o  meet 

these  needs.  These naviga t ion  spacecraf t  could determine 

the  f e a s i b i l i t y  o f  s a t e l l i t e  techniques as a nav iga t iona l  a i d  

f o r  ships  and over-ocean a i r c r a f t ,  f o r  a i r  t r a f f i c  con t ro l ,  

f o r  coordinat ion of a i r - s e a  emergency and rescue, and f o r  

t r ack ing  o t h e r  s a t e l l i t e s  and spacecraf t  as well as communica- 

t i o n s  between small mobile terminals  such as sh ips  and 

a i r p l a n e s .  Two o f  the s a t e l l i t e s  under conceptual s tudy  

(Chart ST65-785) u t i l i z e  many o f  t h e  technologica l  advances 

of the synchronous a l t i t u d e  Applications Technology S a t e l l i t e .  

One would weigh approximately 700 PoUnds, be placed i n  a 

22,300 m i l e  c i r c u l a r  o r b i t  by the Atlas-Agena, and be  designed 

f o r  a 3-year lifetime. The technology required f o r  t h e  success- 

f u l  accomplishment of  t h i s  mission w i l l  become l a r g e l y  a v a i l -  

a b l e  from t h e  ATS Program. In o r d e r  t o  accomplish the 3-year 

l i fe t ime however, advancements i n  spacec ra f t  components w i l l  

b e  requi red ,  as w i l l  technology f o r  a p r e c i s i o n  spaceborne 

in t e r f e romete r .  

Such a mission would t y p i c a l l y  depend on the ATS 

Program f o r  b a s i c  technology i n  the a r e a s  of Spacecraf t  

s t a b i l i z a t i o n ,  component f l i g h t - t e s t i n g  and environmental 

data. No such missions w i l l  be  attempted until these and 

o t h e r  requi red  technologies  flow toge ther ,  no tab ly  those  of  

launch v e h i c l e s  and spacec ra f t  power sources .  

Fur ther  advances i n  higher power communications 

s a t e l l i t e s  are u l t i m a t e l y  foreseen. Ca l l ed  broadcast  
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28 s a t e l l i t e s  , they  could be capable of broadcast ing e i the r  

voice o r  t e l e v i s i o n  d i r e c t l y  t o  the average home r a d i o  o r  

t e l e v i s i o n  r e c e i v e r s  o f  e n t i r e  populat ions.  

l i t e s  should  be placed i n  t h e  synchronous o r b i t ,  s o  they 

w i l l  n o t  move r e l a t i v e  t o  t h e  r e c e i v e r s  i n  t h e  homes. Having 

accomplished t h i s ,  t h e  s imples t  o f  rece iv ing  antennas could 

be used. 

Broadcast s a t e l -  

Broadcasting s a t e l l i t e s  can f u r t h e r  provide f o r  

emergency and C i v i l  Defense communications t o  an e n t i r e  country.  

A s  an educational a i d  they  can be used t o  b r i n g  t h e  b e s t  o f  

educational material t o  t he  remotest  of communities. They can 

provide f o r  g loba l  dissemination o f  information, and can 

u l t ima te ly  serve  t o  u n i t e  and e l e v a t e ,  educa t iona l ly  and 

c u l t u r a l l y ,  t h e  people of e n t i r e  geographic a r e a s  more  r a p i d l y  

than would conventional techniques.  

A broadcast  s a t e l l i t e  f o r  t e l e v i s i o n ,  however, would 

r equ i r e  t e n ' s  of k i lowa t t s  of  rad ia ted  power t o  cover even 

l i m i t e d  a r eas  on t h e  earth.  The development o f  nuc lear  reac-  

t o r s  however could provide an i n i t i a l  c a p a b i l i t y  perhaps by 1975. 

The problems o f  r e l i a b l y  handling large power l e v e l s  i n  space 

a r e  g r e a t ;  t he re fo re ,  an in te rmedia te  s tep  which uses a one t o  

three k i l o w a t t  power supply t o  power an a u r a l  r a d i o  broadcast  

s a t e l l i t e  i n  synchronous o r b i t  appears des i rab le .  Such satel-  

lites, perhaps by 1971, could provide vo ice  broadcas ts  t o  home 

rece ive r s  over n e a r l y  an e n t i r e  hemisphere, and provide t h e  

necessary experience with t h e  problems o f  high power i n  

space, as well. 
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It i s  important t o  emphasize, however, that  any concept 

of a broadcast  s a t e l l i t e  m u s t  include an assessment o f  the  

a p o l i c y  quest ions i t  raises, concurrent w i t h  the  t e c h n i c a l .  

Resolution o f  those quest ions - legal ,  economic, 

and p o l i t i c a l  - must be sought a t  a pace appropr i a t e  t o  t h a t  

a t  which t h e  t echn ica l  quest ion i s  resolved.  
I .  

A hopeful s ign  o f  a t o l e r a n t  and o p t i m i s t i c  a t t i t u d e  

toward broadcast ing f rom s a t e l l i t e s  i s  contained i n  Recommenda- 

t i o n  Number 5 A  o f  the Extraordinary Adminis t ra t ive R a d i o  

Conference (EARC) held i n  Geneva i n  196328. 

recommended tha t  the CCIR expedi te  i t s  s t u d i e s  ( o f  t echn ica l  

The Conference 

f e a s i b i l i t y )  and make e a r l y  recommendations on t e c h n i c a l  

c h a r a c t e r i s t i c s  of s y s t e m ,  and frequencies  f o r  opera t ion .  

It i s  s i g n i f i c a n t  t o  note, t he re fo re ,  t ha t  there i s  

hear ten ing  evidence tha t  e f f o r t s  t o  develop the  technology 

of b roadcas t  s a t e l l i t e s  can be matched by concurrent e f fo r t s  

t o  r e so lve  those non-technical  quest ions forming the keystone 

t o  t h e i r  u l t ima te  p o t e n t i a l .  

NASA, f o r  i t s  pa r t  will work t o  provide information 

on the t e c h n i c a l  f e a s i b i l i t y ,  need, and economic j u s t i f i c a t i o n  

of these h igher  powered s a t e l l i t e s ,  as it becomes required to 

assist i n  t h e  making of these  dec is ions  in a t imely  k m n e r .  
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