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THE WHITE HOUSE 

TO THE CONGRESS O F  THE UNITED STATES: 

In accordance with Section 206(b) of the N a t i o n a l  Aeronautics 
and Space Act of 1958, I am t r a n s m i t t i n g  herewith t h e  third annual 
report on the Nation's activities in the fields of aeronautics and space. 

As this report testifies, 1960 witnessed a v a s t  e x p a n s i o n  of 
man's knowledge of the earth 's  atmosphere and of the limitless regions 
of space beyond. The Vanguard, Explorer, and Pioneer s p a  c e c r a f t  
h a v e  added substantially to our knowledge of t h e  earth's environment 
and of the sun-earth relationship. Experiments with Projects Echo and 
COURIER, TIROS I and 11, and TRANSIT I and XI have shown the promise 
of spacecraft application in the fields of communications, meteorology, 
and navigation. Among t h  e outstanding accomplishments in technology 
were a ser ies  of successful recoveries from orbit of capsules from the 
DISCOVERER s a t  e 11 i t e s and the increasing d e g r e e of reliability in 
stabilizing these satellites in the required orbit. 

Significant advances were made i n  the manned space flight pro- 
gram and in the preparation of a small fleet of powerfullaunch vehicles 
to carry out a wide var ie ty  of space missions. 

Underlying t h e  Nation's aeronautics and space programs was a 
strong basic and applied r e s e a r c h effort which resulted in constantly 
broadening scientific and technological horizons. F i n  a 11 y, the entire 
effort has been drawn together in a long-range program of space explo- 
ration which o f f  e r s every promise t h a t  in the years to come benefits 
for a l l  mankind will be extensive. 

Summarized within this report a r e  c o n  t r i b u t i o n  s of Federal 
agencies participating in the space effort. 

DWIGHT D. EISENHOWER 

THE WHITE HOUSE 

January 18, 1961 
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U. S. AERONAUTICS AND SPACE ACTIVITIES 
SUMMARY 

THIRD ANNUAL REPORT 

- - 1960 - - 
I n  1960, t h e  Nat ional  Aeronautics and Space Adminis- 

t r a t i o n ,  which d i r e c t s  t h e  Nation's nonmi l i ta ry  space 
e f f o r t ,  moved out  of i t s  formative stage,  a c c e l e r a t i n g  i t s  
space r e sea rch  and development and i t s  fundamental aero-  
n a u t i c a l  r e sea rch  programs. Adding breadth  and depth t o  
t h e  near-term o b j e c t i v e s ,  a long-range U.S.  plan  of space 
e x p l o r a t i o n  -- which e n v i s i o n s  manned exped i t ions  t o  t h e  
moon a f t e r  1970 -- was developed and set  i n  motion. 

s u b o r b i t a l  f l i g h t  i n  NASA's P ro jec t  Mercury were near ing  
t h e  f i n a l  stages. The agency p l a n s  t o  launch a s t r o n a u t s  
on both s u b o r b i t a l  and o r b i t a l  f l i g h t s  during 1961. 
Another ve ry  high p r i q r i t y  NASA p r o j e c t ,  Saturn,  was 
progress ing  s a t i s f a c t o r i l y  a s  s t a t i c  t e s t i n g  of t h e  c lus -  
t e r e d  1.5-million-pound-thrust engine went  forward. 

A t  t h e  year 's  end, p repa ra t ions  f o r  t h e  f irst  manned 

Among o the r  s i g n i f i c a n t  a c t i v i t i e s ,  NASA and Depart- 
ment of Defense e a r t h - s a t e l l i t e ,  space-probe, and sounding- 
rocke t  programs moved ahead, a long with cons t ruc t ion  of 
t r a c k i n g  and d a t a - c o l l e c t i o n  networks. 

Aeronaut ics  and As t ronau t i c s  Coordinating Board w i t h  co- 
chairmen from t h e  two agencies.  

NASA rpade headway w i t h  o t h e r  elements of  i t s  launch 
v e h i c l e  program as  t h e  f i rs t  of  a small  f l e e t  of stand- 
a rd ized  u n i t s ,  t a i l o r e d  s p e c i f i c a l l y  f o r  space mission, 
approached t h e  f l i g h t - t e s t  phase. They w i l l  r e p l a c e  in- 
terim launch veh ic l e s ,  evolved o r  modified from models 
designed o r i g i n a l l y  e i t h e r  f o r  Department of Defense pro- 
grams o r  f o r  P r o j e c t  Vanguard. 

fo'rmances of  t h e  rocket-powered X - 1 5  experimental  a i r p l a n e  
which achieved world speed (2,196 mph) and a l t i t u d e  
(136,500 f e e t )  records .  The agency continued advanced 
r e sea rch  and development work on VTOL ( V e r t i c a l  Take-Off 
and &anding) and on STOL ( s h o r t  - Take-Of7 - and - L a d i n g ) -  
a i r c r a f t .  

NASA and t h e  Department of  Defense e s t ab l i shed  an 

NASA's a e r o n a u t i c a l  program was h igh l igh ted  by per- 
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I n  U.S. f i e l d  c e n t e r s  and s t a t i o n s ,  b a s i c  r e sea rch  
cont inued i n  many areas,  inc luding:  advanced instrumenta- 
t i o n  and propuls ion,  combustion, plasmas, cryogenics ,  
s p e c i a l  materials, and s t r u c t u r e s  f o r  f u t u r e  a i r p l a n e s  and 
s p a c e c r a f t  . 

E a r l y  i n  t h e  year ,  NASA e s t a b l i s h e d  t h e  Of f i ce  f o r  t h e  
United Nations Conference t o  d i r e c t  t h i s  count ry ' s  p a r t i c i -  
p a t i o n  i n  t h e  first I n t e r n a t i o n a l  Conference on t h e  Peace- 
f u l  Uses of Outer Space. Severa l  space p r o j e c t s  were car -  
r i e d  out  j o i n t l y  wi th  o t h e r  n a t i o n s ;  agreements were made 
with f o r e i g n  governments; and d i s c u s s i o n s  were h e l d  with 
v a r i o u s  f o r e i g n  s c i e n t i s t s  and groups concerning f u r t h e r  
coopera t ive  space r e sea rch  a c t i v i t i e s .  

To d a t e  (December 31, 1960), t h e  United S t a t e s  had 
s u c c e s s f u l l y  launched 31 e a r t h  s a t e l l i t e s  and fou r  deep 
space probes;  of  t h e s e  16 s a t e l l i t e s  a re  s t i l l  c i r c l i n g  
t h e  e a r t h  and two probes are  i n  o r b i t  around t h e  sun. Data 
acc ru ing  from NASA and Department o f  Defense (DOD)  programs 
dur ing  1960 added s u b s t a n t i a l l y  t o  t h e  growing body of  
s c i e n t i f i c  knowledge of space and t o  t h e  technology of space 
a p p l i c a t i o n s .  

U.S. SPACE PROGRAM HIGHLIGHTS 

NASA A c t i v i t i e s  

During t h e  year ,  NASA launched fou r  s a t e l l i t e s  i n t o  
o r b i t  and one space probe. 

The NASA space f l i g h t  program was h igh l igh ted  by t h e  
successes  o f  t h e  Echo I pass ive  communications s a t e l l i t e  
and of t h e  TIROS I AND TIROS I1 experimental  weather sa te l -  
l i t e s  (which poin ted  the  way t o  o p e r a t i o n a l  systems having 
p r a c t i c a l  a p p l i c a t i o n s )  a s  w e l l  a s  by achievements of 
Pioneer  V, t h e  sun-orb i t ing  s p a c e c r a f t ,  and Explorer  V I I I ,  
a n  ionosphere-probing ea r th  s a t e l l i t e .  

The one-ton, bell-shaped P r o j e c t  Mercury capsule  and 
i t s  escape tower underwent numerous f l i g h t  t e s t s ,  culminat ing 
i n  a n  unmanned, s u b o r b i t a l  f l i g h t  launched by a Redstone on 
December 19. 

The seven Mercury a s t r o n a u t s  cont inued t h e i r  t r a i n i n g  
schedule ,  t o  prepare  f o r  t h e  first manned (Redstone) sub- 
o r b i t a l  f l i g h t  and t h e  f irst  manned (Atlas) o r b i t a l  f l i g h t ,  
both planned f o r  1961. A t  t h e  same t i m e ,  c o n s t r u c t i o n  o f  
t h e  worldwide Mercury Tracking and Ground Ins t rumenta t ion  
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Network approached completion. 
NASA t r a c k i n g  s t a t i o n s  abroad had e i t h e r  been s igned o r  
were n e a r  conclusion a s  1960 ended. 

Formal agreements f o r  a l l  

The NASA Pioneer  V space probe achieved t h e  o r b i t  
around t h e  sun which NASA s c i e n t i s t s  had ca l cu la t ed .  It 
t r a n s m i t t e d  inva luab le  s c i e n t i f i c  da ta  on t h e  phenomena of 
deep space,  while e s t a b l i s h i n g  t h e  greatest  range -- 
22,462,740 miles  from t h e  e a r t h  -- over which r a d i o  contac t  
has  been maintained with a spacec ra f t .  

NASA's TIROS I,  an.  experimental  meteoroJogica1 satel-  
l i t e ,  t r a n s m i t t e d  22,592 photographs of cloud cover and 
o t h e r  weather phenomena a f t e r  a t t a i n i n g  a n e a r l y  c i r c u l a r  
o r b i t  with an a l t i t u d e  averaging approximately 4.50 miles.  

Echo I, t h e  world's  first pass ive  communications ( o r  
? 'radio mirror")  s a t e l l i t e ,  a l s o  achieved a n e a r l y  c i r c u l a r  
o r b i t ,  averaging about 1,000 miles i n  a l t i t u d e .  
i n f l a t a b l e  sphere was used f o r  numerous communications 
experiments,  i nc lud ing  two-way te lephone conversat ions,  
t r a n s -  A t l a n t i c  s i g n a l  r e l a y s ,  and t ransmi  s s i o n  of f a c  similes, 
photographs, and music. 

The 

Explorer  V I 1 1  was launched by NASA i n t o  a n  o r b i t  
enab l ing  it t o  c a r r y  out t h e  first i n t e n s i v e  d i r e c t  measure- 
ment s tudy  of t h e  e a r t h ' s  ionosphere.  The da ta  a re  being 
analyzed and r e l a t e d  t o  e a r l i e r  information.  

TIROS 11, an  advanced ve r s ion  of TIROS I, are  s t i l l  be ing  
analyzed. 

The X-15 rocket-powered a i r p l a n e  (No. 1) -- a j o i n t  
NASA-Air Force-Navy p r o j e c t  -- set  a new world's speed 
r eco rd  of 2,196 mph, with NASA t e s t  p i l o t  Joseph A. Walker 
a t  t h e  c o n t r o l s .  With A i r  Force Maj. Robert M. White i n  
t h e  cockp i t ,  t h e  a i r c r a f t  f lew t o  a r eco rd  a l t i t u d e  of 
136,500 fee t  . 

I n  March, a l l  a d m i n i s t r a t i v e  and t e c h n i c a l  respons i -  
b i l i t i e s  f o r  t h e  Saturn,  t h e  powerful 1.5-million-pound- 
t h r u s t ,  c lustered-engine launch v e h i c l e ,  were t r a n s f e r r e d  
from t h e  Department of Defense t o  NASA. 

s t a t i c  t e s t s  when t h e  prototype f irst  stage was f i r e d  f o r  
'two minutes and two seconds a t  Marshall  Space F l i g h t  Center.  

Cloud p a t t e r n  photographs and r a d i a t i o n  data from 

Saturn  s a t i s f a c t o r i l y  completed a first ser ies  o f  

I n  a d d i t i o n ,  NASA c a r r i e d  out many upper atmosphere 
experiments  with sounding rocke t s .  
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Department of Defense A c t i v i t i e s  

During t h e  year ,  t h e  Department o f  Defense continued 
i n t e n s i v e  e f f o r t  on its DISCOVERER program. For t h e  f irst  
time i n  h i s t o r y ,  a man-made o b j e c t  was recovered from s a c e  
a f t e r  it had o r b i t e d  t h e  e a r t h ,  when a DISCOVERER capsu T1 e 
was r e t r i e v e d  from the  P a c i f i c  Ocean on August 11. Later 
i n  t h e  year ,  t h r e e  more capsu le s  were recovered i n  mid-air  -- a f a r  more d i f f i c u l t  opera t ion  -- by a i r c r a f t  equipped 
with s p e c i a l  s l i n g s .  

Other important "firsts" included f e a s i b i l i t y  demon- 
s t r a t i o n s  by naviga t ion  (TRANSIT) and cummunications r e l a y  
( C O U R I E R )  sa te l l i t es .  

Twenty-one launch a t t e m p t s  were made, with 1 2  success- 
f u l l y  a t t a i n i n g  o r b i t .  

Included among key Defense Department p r o j e c t s  were: 

1) GREB (Ga lac t i c  Radia t ion  Experiment Background), a 
s o l a r  r a d i a t i o n  experiment sa te l l i t e  launched pick-a-back 
on TRANSIT i n  a mul t ip l e  payload experiment; 

t h e  COURIER launching (above) was a p a r t .  
2 )  NOTUS, a communications system program of which 

3 )  

4) 

SHEPHERD, a program t o  o b t a i n  a space s u r v e i l l a n c e  

LONGSIGHT, a p r o j e c t  t o  f i n d  and remedy s e r i o u s  

t r a c k i n g  system. 

sho r t -  and long-term gaps i n  study and r e sea rch  r e l a t i n g  t o  
foreseen  m i l i t a r y  needs i n  space technology. 

5)  SAMOS - a program t o  determine t h e  c a p a b i l i t i e s  
f o r  making observa t ions  o f  t h e  e a r t h  from s a t e l l i t e s .  

6 )  VELA, a p r o j e c t  whose o b j e c t i v e  i s  a system f o r  
d e t e c t i n g  nuc lea r  explosions.  

7) SAINT ( S a t e l l i t e  Inspec tor  System) program, intended 
t o  develop and demonstrate a rendezvous and inspec t ion  sa te l -  
l i t e  . 

8 )  LORRAINE, devoted t o  advanced energy conversion. 

9 )  BLUE SCOUT, a p r o j e c t  t o  develop and s tandard ize  
and economical, v e r s a t i l e ,  and r e l i a b l e  t e s t  veh ic l e .  

10) - System. 
MIDAS, a s a t e l l i t e - b o r n e  _Missile Defense - Alarm 
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11) DYNA-SOAR, a p r o j e c t  t o  c o n s t r u c t  and t e s t  a 

To t h i s  
manned, maneuverable aerospace v e h i c l e  that  w i l l  explore  
hypersonic  f l i g h t  approaching o r b i t a l  speeds. 
p r o j e c t  NASA is  c o n t r i b u t i n g  r e s e a r c h  s e r v i c e s .  

Summary of Other Government Space-Related Programs 

The fo l lowing  space- re la ted  work went forward I n  
o t h e r  Government agencies:  

The Atomic Energy Commission cont inued cooperat ion 
wi th  NASA on P r o j e c t  Rover, d i r e c t e d  toward a t t a i n i n g  
nuc lea r  rocke t  propuls ion;  and P r o j e c t  SNAP, a se r ies  of 
nuclear-generated a u x i l i a r y  e l e c t r i c  power systems f o r  
s p a c e c r a f t .  

t o  t h e  emerging p o l i t i c a l  and legal problems of  space. 
all a c t i v i t i e s ,  which have ranged from p a r t i c i p a t i o n  i n  
United Nations General Assembly meetings t o  non-governmental 
s c i e n t i f i c  meetings, t h e  United S t a t e s  has  pursued i ts  
n a t i o n a l  p o l i c y  of f o s t e r i n g  i n t e r n a t i o n a l  cooperat ion i n  
space r e s e a r c h  and exp lo ra t ion ,  and i n  seeking e f f e c t i v e  
i n t e r n a t i o n a l  c o n t r o l  of o u t e r  space a c t i v i t i e s .  

The Nat ional  Science Foundation forged  ahead with i t s  
p o l i c y  of suppor t ing  b a s i c  r e sea rch  o f  a pioneering na tu re .  
The foundat ion made a number of g r a n t s  t o  nonpro f i t  i n s t i -  
t u t i o n s  f o r  t h e  support  o f  r e sea rch  p r o j e c t s  proposed by 
staff  s c i e n t i s t s  of t h e  i n s t i t u t i o n s  involved. 

The Department of  S t a t e  was a c t i v e  i n  matters r e l a t e d  
I n  

The Department of Commerce, through t h e  Nat ional  
Bureau of Standards,  t h e  Weather Bureau, and t h e  Coast and 
Geodetic Survey, p a r t i c i p a t e d  i n  many a s p e c t s  of  t h e  space 
program 

The Space Science Board pursued i t s  endeavors i n  both 
domestic and f o r e i g n  space programs. General s tudy groups 
were convened t o  cons ider  s p e c i f i c  problems, and a r e p o r t ,  
e n t i t l e d  "Science i n  Space" i ssued  i n  n i n e  s e p a r a t e  pam- 
p h l e t s  was d i s t r i b u t e d  i n  t h e  U.S. and abroad. The Board's 
i n t e r n a t i o n a l  a c t i v i t i e s  were c a r r i e d  o u t  mostly through 
COSPAR (Committee on Space Research) . 

The Smithsonian Astrophysical  Observatory,  under a 
NASA g r a n t ,  continued i t s  t e c h n i c a l  d i r e c t i o n  and r e l a t e d  
r e s p o n s i b i l i t i e s  of t h e  Baker-Nunn O p t i c a l  Tracking Network. 

The Federa l  Communications Commission increased  i t s  
a c t i v i t i e s ,  bo th  domestic and i n t e r n a t i o n a l ,  i n  t h e  f i e l d s  
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of space communication, r a d i o  astronomy, and ae ronau t i c s .  
Progress  was made toward implementing t h e  1959 Geneva 
Radio Regulat ions which provide s p e c i f i c  f r equenc ie s  f o r  
space communications r e sea rch  and r a d i o  astronomy. 

The United S t a t e s  Information Agency i ssued  news 
r e l e a s e s ,  photographs, pamphlets, magazine r e p r i n t s ,  and 
employed a v a r i e t y  of  communications media -- inc luding  
r a d i o ,  t e l e v i s i o n ,  motion p i c t u r e s ,  and e x h i b i t s  -- t o  
disseminate  information abroad on space a c t i v i t i e s  of t h e  
United S t a t e s .  

I n t e r n a t i o n a l  Cooperation i n  Space 

l a t e s  t h a t  NASA should cooperate  "with o t h e r  n a t i o n s  and 
groups of nat ions"  i n  a e r o n a u t i c s  and space a c t i v i t i e s  "and 
i n  t h e  peacefu l  a p p l i c a t i o n s  of  t h e  r e s u l t s  t he reo f  .w  

The National Aeronautics and Space Act of 1958 s t i p u -  

I n  keeping wi th  t h i s  po l i cy ,  NASA requested n e g o t i a t i o n  
of formal  agreements wi th  o t h e r  n a t i o n s  f o r  es tabl ishment  . 
o f  U.S. t r a c k i n g  s t a t i o n s  abroad; made a v a i l a b l e  t o  f o r e i g n  
s c i e n t i s t s ,  through COSPAR, data from s e v e r a l  U.S. experi-  
ments such a s  Echo I and TIROS 11; en te red  upon j o i n t  space 
p r o j e c t s  with s c i e n t i f i c  o rgan iza t ions  of  s e v e r a l  c o u n t r i e s  
and i n i t i a t e d  d i s c u s s i o n s  l ead ing  toward more such p r o j e c t s ;  
and e s t a b l i s h e d  t h e  O f f i c e  f o r  t h e  United Nations Conference, 
t o  s e r v e  a s  a f o c a l  p o i n t  -- with  guidance from t h e  Depart- 
ment of  S t a t e  -- f o r  U.S. p a r t i c i p a t i o n  i n  t h e  F i r s t  In t e r -  
n a t i o n a l  Conference on t h e  Peacefu l  Uses of Outer Space. 

Summary Evaluat ion of U.S. Space Goals and Problem Areas 

During 1960, t h e  p r a c t i c a l  b e n e f i t s  of space r e sea rch  -- e s p e c i a l l y  i n  t h e  f i e l d s  of  meteorology and communica- 
t i o n s  -- came i n t o  sharper  focus.  A t  t h e  same time, exper- 
iments i n  o t h e r  areas continued t o  add t o  t h e  immense 
s t o r e  of  s i g n i f i c a n t  s c i e n t i f i c  da t a .  (For example , when 
Explorer  VIIIts t ransmiss ion  ended on December 27, it had 
produced 700 miles of  magnetic t a p e ,  now being analyzed.)  

implementing i t s  Long Range Plan with t h e  f u l l  r e s o u r c e s  
a t  i t s  command. Beyond t h e  s t r i c t  research  and develop- 
ment a s p e c t ,  t h e  agency's Committee on Long Range S tud ie s  
a r ranged  f o r  f o u r  s t u d i e s  cen te r ing  on wide-ranging socio- 
economic and p o l i t i c a l  imp l i ca t ions  of space a c t i v i t i e s .  

After  conso l ida t ing  i t s  o rgan iza t ion ,  NASA began 
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The b a s i c  problem areas of  1959 -- l a c k  of h igh - th rus t  
launch v e h i c l e s  designed s p e c i f i c a l l y  f o r  space miss ions ,  
l a c k  of  r e l i a b i l i t y  i n  space experiments,  e t c .  -- were s t i l l  
i n  evidence a s  1960 ended. But new, s tandard ized  launch 
v e h i c l e s  had been developed and soon would be ope ra t iona l .  
Progress  was a l s o  being made i n  development of midcourse 
and t e r m i n a l  guidance equipment and techniques .  Research 
i n t o  t h e  performance of materials and f u e l s  i n  t h e  temper- 
a ture  extremes and stresses of space f l i g h t ,  and develop- 
ment o f  technology f o r  deep space f l i g h t  technology were 
product ive  . 

I n  sum, d e s p i t e  s e tbacks  t o  be expected i n  any new, 
h igh ly  a c t i v e  and complex, r e sea rch  f i e l d ,  t h e  c i v i l i a n  
and m i l i t a r y  space programs of t h e  United S t a t e s  had t o  
t h e i r  c r e d i t  many noteworthy s c i e n t i f i c  achievements a s  
well a s  a r e spec tab le  l i s t  of  sound t e c h n i c a l  accomplish- 
ments. Together with t h e i r  imp l i ca t ions ,  t h e  year ’s  
developments f o r e c a s t  t h a t  t h e  U.S. w i l l  e x e r c i s e  dynamic 
and f r u i t f u l  l e a d e r s h i p  a s  men range deeper and deeper i n t o  
new dimensions of  space exp lo ra t ion .  
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CHAPTER I 

N A T I O N A L  AERONAUTICS A N D  SPACE A D M I N I S T R A T I O N  

INTRODUCTION 

The Nat iona l  Aeronaut ics  and Space Adminis t ra t ion (NASA) 
was c r e a t e d  by Congress i n  1958 t o  conduct nonmi l i ta ry  aero- 
n a u t i c s  and space r e s e a r c h  and development. ( I n  p r a c t i c e ,  
NASA conf ines  i t s  ae ronau t i c s  a c t i v i t i e s  t o  research.  ) The 
Space Act s t a t e s  t h a t  t h e s e  a c t i v i t i e s  must be  pursued not  
only f o r  t h e  b e n e f i t  of t h e  U.S. but  f o r  a l l  mankind. The 
l e g i s l a t i o n  a l s o  s t i p u l a t e s  t h a t  NASA support  space-related 
m i l i t a r y  r e sea rch  programs a s  required.  

NASAvs mission encompasses exp lo ra t ion  of t h e  e a r t h ' s  
atmosphere, and of t h e  moon, p l a n e t s ,  and i n t e r p l a n e t a r y  
space. 

programs dur ing  1960 a r e  summarized below. 
Accomplishments and developments i n  p r i n c i p a l  NASA 

EXPERIMENTAL MISSIONS 

During t h e  per iod  January 1, 1960, t o  December 31, 1960, 
NASA at tempted t o  launch 10 e a r t h  s a t e l l i t e s  and space 
probes. F ive  achieved most of t h e i r  g o a l s  and s e v e r a l  ex- 
ceeded t h e i r  expected performance. These experiments, l i k e  
t h o s e  of 1958 and 1959, added t o  knowledge of t h e  ocean of 
a i r  i n  which we l i v e  and of t h e  reaches of space beyond. 
They produced inva luab le  data on t h e  Great Radiat ion Region, 
t h e  e a r t h v s  magnetic f i e l d ,  micrometeoroid d e n s i t y  i n  space, 
and on many o t h e r  phenomena. 

A l l  of  t h e s e  launchings  were from Cape Canaveral, Fla.  

Major S a t e l l i t e  and Space Probe Experiments 

... March 11 Pioneer V,  a 94.8-pound probe, designed t o  
' g a t h e r  s c i e n t i f i c  d a t a  from deep space and t o  t e s t  com- 
municat ions over i n t e r p l a n e t a r y  d i s t a n c e s ,  was launched 
by, a Thor-Able. The probe contained two r a d i o  t r a n s m i t t e r -  
r e c e i v e r s ,  one of  f i v e  watts, t h e  o t h e r  of 150 wat ts ,  as 
well a s  ins t rumenta t ion  t o  measure: 1) r a d i a t i o n  streaming 
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from t h e  sun; 2) t h e  s p a t i a l  d i s t r i b u t i o n  of e n e r g e t i c  p a r t i -  
c l e s  and medium-energy e l e c t r o n s  and protons;  3) t h e  number 
and d e n s i t y  of meteoric  dus t  p a r t i c l e s  s t r i k i n g  t h e  probe; 
and 4) t h e  s t r e n g t h  of magnetic f i e l d s .  

Four paddle-shaped 14- by 18-inch vanes j u t  from t h e ,  
globe-shaped payload, each vane studded with 1,200 solar  
c e l l s  which provide power t o  recharge  Pioneer V ' s  n icke l -  
cadmium b a t t e r i e s .  

To achieve t h e  des i r ed  o r b i t  -- p e r i h e l i o n  approaching 
t h e  sun and nea r  t h e  o r b i t  of Venus -- Pioneer V was launched 
i n  a d i r e c t i o n  oppos i t e  t o  t h a t  of t h e  e a r t h ' s  r evo lu t ion  
around t h e  sun. With a speed l e s s  t han  t h e  e a r t h ' s  -- and 
hence wi th  a reduced c e n t r i f u g a l  f o r c e  t o  o f f s e t  t h e  sun's 

7 Previous probes had been launched so t h a t  t h e i r  speed was 
added t o  t h a t  of t h e  ea r th ,  and t h e y  t h u s  moved outward, 
away from t h e  sun.) 

Pioneer V e s t a b l i s h e d  t h e  g r e a t e s t  range -- 22,462,740 
miles  from e a r t h  -- over which man has t racked ,  rece ived  
t e l eme t ry  from, and maintained c o n t r o l  over an instrumented 
vehic le .  The prev ious  record was s e t  by Pioneer I V ,  which 
was t racked  t o  4.07,OOO miles.  

The probe 's  magnetometer confirmed t h e  ex i s t ence  of an 
e l e c t r i c a l  " r i n g  cur ren t"  c i r c l i n g  t h e  e a r t h  a t  an a l t i t u d e  
of 4O,OOO miles, a g i a n t  g i r d l e  of low-energy charged p a r t i -  
c l e s .  The newly discovered c u r r e n t ,  t h e  ex i s t ence  of which 
has  been argued by geophys ic i s t s  f o r  more than  50 yea r s ,  i s  
n o t  t o  be confused w i t h  t h e  Great  Radia t ion  Region discovered 
by e a r l i e r  U. S. s a t e l l i t e s .  

r a v i t a t i o n a l  p u l l  -- t h e  probe f e l l  inward toward t h e  sun. 

The probe also: 1) repor t ed  an  i n t e n s e  zone of d i s -  
turbed magnetic f i e l d s  a t  d i s t a n c e s  of 4.0,OOO t o  60,000 
mi les ;  2) revea led  t h a t  t h e  boundary of t h e  ear th 's  magnetic 
f i e l d  i s  twice  a s  f a r  from e a r t h  a s  had been previous ly  sup- 
posed; 3 )  made a d e t a i l e d  examination of t h e  i n t e r p l a n e t a r y  
magnetic f i e l d ;  and 4)  repor ted  t h e  f i rs t  d i r e c t  observa t ion  
of  pure cosmic r a y s  a t  a l t i t u d e s  completely f r e e  of t h e  
e a r t h ' s  atmosphere. The observa t ion  was made t h r e e  m i l l i o n  
mi l e s  i n  space. 

... March 23 an Explorer  s a t e l l i t e ,  equipped t a  ana lyze  elec- 
t r o n  and pro ton  r a d i a t i o n  ene rg ie s  i n  t h e  Great Radia t ion  
Region over an extended per iod  of time, f a i l e d  t o  achieve 
o r b i t .  Communication with t h e  Juno I1 launch v e h i c l e  was 
l o s t  a f t e r  second s t a g e  burnout. Probable cause of f a i l u r e :  
a malfunct ion i n  one of t h e  r o c k e t s  i n  t h e  second s t a g e  
c l u s t e r  causing angle  d e v i a t i o n  and a decrease  i n  ve loc i ty .  
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... A r i l  1 TIROS I (Te lev i s ion  and Infra-Red* Observation 
S a t e  +IT 1 e , a 270-poGnd, drum-shapea, expzrimeztal  rneteoro- 
l o g i c a l  s a t e l l i t e ,  was launched by a Thor-Able. The s a t e l -  
l i t e  went i n t o  a nea r -c i r cu la r  o r b i t  wi th  a p e r i g e e  of 
428.7 miles and an  apogee of 465.9 miles. 

TIROS I made meteoro logica l  h i s t o r y ,  g i v i n g  s c i e n t i s t s  
a n  unprecedented oppor tuni ty  t o  s tudy  t h e  e a r t h ' s  cloud 
p a t t e r n s  and r e l a t e  them t o  t h e  weather. 
phenomena shown f o r  t h e  f irst  time were l a rge - sca l e  cyclones,  
with s p i r a l  bands sometimes covering an area one thousand 
mi l e s  across .  

Among t h e  s t r i k i n g  

Photographs t r a n s m i t t e d  by i t s  two t e l e v i s i o n  cameras 
a l s o  i n d i c a t e d  t h e  presence of j e t  streams, r eg ions  of moist  
and dry a i r ,  thunderstorms, f r o n t s ,  and o t h e r  data.  Experi- 
mental s t u d i e s  of TIROS d a t a  have a l r eady  r e s u l t e d  i n  i m -  
proved understanding and increased  accuracy i n  weather 
f o r e c a s t i n g ,  p a r t i c u l a r l y  over l a r g e  ocean areas .  

The s a t e l l i t e ' s  cameras swept t h e  e a r t h ' s  cloud cover 
between 50 degrees  n o r t h  and south l a t i t u d e s  -- a band ex- 

Argentina, i n  t h e  Western Hemisphere, and from Le Havre, 
France t o  Southern Afr ica  and from Northern Manchuria t o  
New Zealand i n  t h e  Eas te rn  Hemisphere. One camera was 
capable  of photographing hundreds of thousands of square  
mi l e s  i n  one p i c t u r e  -- t h e  a r e a  varying wi th  t h e  ang le  of 
t h e  l e n s  t o  t h e  ea r th .  The o t h e r  instrument ,  a high- 
r e s o l u t i o n  camera, could photograph an a r e a  80 miles on a 
s i d e  wi th in  t h e  a r e a  covered by t h e  first camera. The 
h igh- reso lu t ion  camera, which provided 10 t imes  t h e  d e t a i l  
of t h e  wide-angle camera, reproduced t h e  s t r u c t u r e  and 
t e x t u r e  of c louds wi th in  t h e  over-all cloud mass. 

_- t ending  roughly from Montreal, Canada, t o  Santa  Cruz, 

About midnight on June 29, a f te r  TIROS I had completed 
1,302 o r b i t s  around t h e  world, a t t empt s  t o  interrogate  t h e  
s a t e l l i t e  ceased. Its e f f e c t i v e  l i f e t i m e ,  dur ing  which it 
t r a n s m i t t e d  22,592 p i c t u r e s ,  was a t  an end. 

... Ma 
sate + t e  i n t o  o r b i t  f a i l e d  because of  an apparent  malfunc- 
t i o n  i n  t h e  second s t a g e  of  t h e  new Del ta  launch v e h i c l e  and 
f a i l u r e  of t h e  t h i r d  s t a g e  t o  r e c e i v e  t h e  i g n i t i o n  s igna l .  

1 an a t tempt  t o  launch an  Echo pass ive  communications 

* The i n f r a r e d  senso r  equipment had not  been completed by 
launch time, hence was n o t  included i n  t h e  payload. 
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... Au u s t  12 Echo I, t h e  world's  first s u c c e s s f u l  p a s s i v e  

Del ta  ( i t  was Deltats f i rs t  s u c c e s s f u l  f l i g h t ) .  
diameter,  i n f l a t a b l e  sphere of  aluminized Mylar p l a s t i c ,  
weighed 136 pounds and contained an a d d i t i o n a l  30 pounds of  
subliming chemicals t o  i n f l a t e  it. 

The sphere  went i n t o  a n e a r l y  c i r c u l a r  o r b i t  which was. 
confirmed when word of a s i g h t i n g  was rece ived  from a t r ack -  
ing  s t a t i o n  a t  Woomera, Australia. Echo's i n i t i a l  apogee 
was 1,049 miles ,  pe r igee  945 miles. During i t s  first o r b i t ,  
s c i e n t i s t s  t r a n s m i t t e d  P r e s i d e n t  Eisenhowerts tape-recorded 
voice  from C a l i f o r n i a  t o  New Je r sey ,  v i a  t h e  sphere. Since 
then, numerous communications experiments have been conducted. 
Transmissions have included t e l e t y p e  s i g n a l s ,  f a c s i m i l e  photo- 
graphs,  two-way te lephone  conversa t ions  using commercial 
equipment, t r ans -con t inen ta l  and t r ans -At l an t i c  s i g n a l  r e l a y s ,  
and experiments t o  l e a r n  more about t h e  e f f e c t s  of t h e  iono- 
sphere upon r a d i o  s igna l s .  

commun -+T- ca ons o r  " rad io  mirror"  s a t e l l i t e ,  was launched by 
The 100-foot 

Echo Its launching i s  p a r t  of NASA's program t o  i n v e s t i -  
g a t e  t h e  f e a s i b i l i t y  of s a t e l l i t e s  f o r  g l o b a l  communications 
inc luding  worldwide te lephone,  r ad io ,  and t e l e v i s i o n .  Such 
s a t e l l i t e s  may even tua l ly  l ead  t o  worldwide r ' l ivelf  TV broad- 
c a s t s .  

... Se tember 25 an a t tempt  t o  f i r e  a Pioneer  space probe i n t o  

of t h e  Atlas-Able rocke t  v e h i c l e  f a i l e d  t o  provide necessary  
ve loc i ty .  

... November 3 Explorer  V I I I ,  a 90-pound s a t e l l i t e  equipped 
t o  c a r r y  ou t  t h e  first i n t e n s i v e  d i r e c t  measurement s tudy  
of t h e  e a r t h ' s  ionosphere,  was launched by a Juno 11. The 
s p i n - s t a b i l i z e d  s a t e l l i t e ,  shaped l i k e  a t o y  top ,  went i n t o  
an i n i t i a l  o r b i t  with an apogee of  1,423 miles ,  a p e r i g e e  
of  258 miles. 

l u n a r  + o r  it en ed when abnormal burning i n  t h e  second s t a g e  

The ionosphere c o n s i s t s  o f  a s e r i e s  of reg ions  o f  
charged p a r t i c l e s  beginning about 50 m i l e s  above t h e  e a r t h ' s  
s u r f a c e  and extending f o r  hundreds of m i l e s  i n t o  space. 
Here, u l t r a v i o l e t  r a d i a t i o n  from t h e  sun a c t s  upon t h e  atoms 
of t h e  atmosphere, causing them t o  become ionized;  t h a t  is, 
t o  l o s e  t h e i r  e l ec t rons .  The r e s u l t  i s  plasma, a gaseous 
sub s tance.  

Because r a d i o  s i g n a l s  normally bounce back and f o r t h  
between t h e  e a r t h  and t h e  ionosphere,  i n t e r n a t i o n a l  r a d i o  
communications a r e  made poss ib l e ,  d e s p i t e  t h e  cu rva tu re  of 
t h e  ea r th .  However, t h e  composition of t h e  ionosphere i s  
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cons tan t ly  changing because of s o l a r  storms, a u r o r a l  d i s -  
p l ays  and o t h e r  n a t u r a l  phenomena such as s u n l i g h t  and 
shadow. These s h i f t s  sometimes d i s r u p t  cpmmunications, cause 
t h e  r a d i o  s i g n a l s  t o  be  absorbed i n  t h e  ionosphere -- o r  
cause them t o  streak r i g h t  through t h e  ionosphere i n t o  space. 

The s a t e l l i t e  h a s  two secondary o b j e c t i v e s :  1) t o  
measure t h e  charge accumulation, t h a t  is, t h e  s t a t i c  e lec-  
t r i c i t y ,  on t h e  s a t e l l i t e ' s  aluminum s u r f a c e s  which can be 
r e l a t e d  t o  t h e  problem of e l e c t r i c a l  drag;  and 2 )  t o  measure 
t h e  number of micrometeoroid impacts. 

(Explorer  VI11 t r ansmiss ions  ceased on December 27. 
The d a t a  s e n t  by t h i s  s a t e l l i t e ,  recorded on 700 mi l e s  o f  
magnetic t ape ,  i s  being analyzed. ) 

... November 23 TIROS 11, a 280-pound advanced vers ion  of 
TIRDS I , was launched from AMR by a De l t a ,  f l y i n g  i n t o  an 
o r b i t  w i t h  a 387-mile pe r igee ,  a 453-mile apogee. The s a t e l -  
l i t e  i s  equipped with a narrow-angle and wide-angle t e l e -  
v i s i o n  camera, each t h e  s i z e  of a water g l a s s ,  p l u s  i n f r a r e d  
sensors  t o  measure s o l a r  and t e r r e s t r i a l  r a d i a t i o n .  The 
r a d i a t i o n  experiment w i l l  a s s i s t  research  me teo ro log i s t s  i n  
s tudying g e n e r a l  c i r c u l a t i o n  of t h e  atmosphere and i n  de te r -  
mining many f e a t u r e s  of atmospheric composition and tempera- 
t u re .  

I n  e a r l y  December, d a t a  from t h e  s a t e l l i t e  were s t i l l  
being analyzed. A t  t h a t  time, t h e  narrow-angle camera and 
i n f r a r e d  senso r s  were working wel l ,  bu t  t h e  wide-angle 
camera was not  providing p i c t u r e s  of as high q u a l i t y  as  
t h o s e  produced by TIROS I. 

... December 4, t h e  first o r b i t a l  experiment with t h e  Scout 
launch v e h i c l e  d id  not  ach ieve  o b j e c t i v e  because t h e  second 
s t a g e  d id  not  i g n i t e .  The v e h i c l e  was intended t o  p l a c e  i n  
o r b i t  a 12-foot-diameter, i n f l a t a b l e  s a t e l l i t e  t o  measure 
d e n s i t y  of t h e  atmosphere. 

... December 15 an a t tempt  t o  launch a Pioneer  space probe 
ended w i t h  an explos ion  which destroyed t h e  Atlas-Able 
rocke t  v e h i c l e  70 seconds a f t e r  l i f t o f f  a t  an  a l t i t u d e  of 
about l+O,OOO f e e t .  Purpose of t h e  experiment was t o  probe 
t h e  environment between e a r t h  and moon and t o  develop tech- 
nology f o r  c o n t r o l l i n g  and maneuvering s p a c e c r a f t  f rom t h e  
earth. Cause of t h e  explos ion  i s  under study. 
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NATIONAL LAUNCH VEHICLE PROGRAM 

Standardized Vehicles  Come on Line 

NASA's launch v e h i c l e  program, a key element of  t h e  
Long-Range Plan, made s i g n i f i c a n t  p rogres s  i n  1960. Through 
mid-year, most NASA launch v e h i c l e s  t r a c e d  t h e i r  l i n e a g e  t o  
components developed i n  e i t h e r  t h e  Department of  Defense 
missi le  program o r  i n  P r o j e c t  Vanguard, t h e  U.S. earth- 
s a t e l l i t e  program f o r  t h e  I n t e r n a t i o n a l  Geophysical Year. 
NASA is now rep lac ing  these  v e h i c l e s  with t h e  first of  a 
f l e e t  of s tandard ized  u n i t s  e s p e c i a l l y  designed f o r  space 
missions. Through continued use of t h e  new veh ic l e s ,  t h e  
agency expec ts  t o  achieve a high degree of r e l i a b i l i t y .  

Vanguard and t h e  Army-developed J u p i t e r  C have been 
phased ou t ,  t h e  Jupiter-based Juno I1 and t h e  Thor-Able 
programs w i l l  be  completed i n  1961. 
success fu l ly  f o r  t h e  f i rs t  t ime t h i s  year  -- w i l l  not  be 
used a f t e r  1961. Moving on l i n e  t o  r e p l a c e  them are  t h e  
four-s tage,  sol id-fueled Scout, capable  of launching 150- 
pound e a r t h  s a t e l l i t e s ,  and Thor-Agena B,  which has  a 
1,600-pound e a r t h  o r b i t a l  capaci ty .  

Delta -- launched 

Scout has lO5,OOO pounds t h r u s t .  It was designed f o r  
r e l i a b i l i t y ,  ease of handling, v e r s a t i l i t y ,  and r e l a t i v e l y  
low product ion c o s t ,  i.e., about $750,.000 each. On October 4, 
t h e  first complete Scout v e h i c l e  was launched. 

Thor-Agena B i s  b a s i c a l l y  t h e  same v e h i c l e  a s  t h a t  used 
i n  t h e  DISCOVERER s a t e l l i t e  program. Agena B i s  a l 5 , O O O -  
pound-thrust l i q u i d - f u e l  rocke t ;  Thor has a t h r u s t  o f  165,000 
pounds. I n  a more powerful c l a s s  i s  Atlas-Agena B. With 
Atlas (360,000-pound t h r u s t  a t  l i f t - o f f ,  80,000-pound t h r u s t  
i n  i t s  s u s t a i n e r  s tage) ,  t h e  Agena B w i l l  be a b l e  t o  launch 
750 pounds t o  t h e  moon -- inc luding  hard-landing pay l o a d s  -- 
and 5,000-pound e a r t h  s a t e l l i t e s .  

More powerful i s  Atlas-Centaur, t h e  first U.S. launch 
v e h i c l e  t o  employ a high-energy upper s t age ,  using l i q u i d  
hydrogen-liquid oxygen (LOX) p r o p e l l a n t  i n s t ead  of hydrazine 
(kerosene)  and LOX. The Centaur second s t a g e  c o n s i s t s  of 
two rocket  engines,  each gene ra t ing  15,000 pounds of  t h r u s t .  
The v e h i c l e ' s  c a p a b i l i t y :  8,500-pound e a r t h  s a t e l l i t e s ,  
1,450-pound l u n a r  o r b i t e r s  and p l a n e t a r y  probes. 

Sa turn  whose f irst  stage,  e i g h t  c l u s t e r e d  l i qu id - fue l  
engines,  w i l l  d e l i v e r  1.5 m i l l i o n  pounds of t h r u s t .  Mounted 
on t h e  c l u s t e r  i n  t h e  first ( o r  C-1  ve r s ion )  w i l l  be  two 

The la rges t  U.S. launch v e h i c l e  under cons t ruc t ion  i s  

- 6 -  



Centaur upper s t ages .  The C - 1 ' s  capac i ty :  19,000 pounds 
i n  e a r t h  o r b i t ,  5,000 pounds on a l u n a r  t r a j e c t o r y .  Second- 
gene ra t ion  ve r s ions  of Sa turn  a r e  a l s o  under cons idera t ion .  
One of t h e s e ,  t h e  t h r e e -  o r  four -s tage  C-2, w i l l  c a r r y  a 
second s t a g e  with f o u r  200,000-pound t h r u s t ,  l i q u i d  hydrogen- 
l i q u i d  oxygen engines.  During t h e  r e p o r t  per iod ,  Saturn 
completed i t s  first s e r i e s  of s t a t i c  t e s t s  s a t i s f a c t o r i l y  
with a two-minute, two-second f i r i n g  o f  t h e  prototype f irst  
s t age  . 

Much s tudy  was devoted t o  d e f i n i n g  t h e  launch v e h i c l e  
t o  fo l low Saturn.  One of a number of p o s s i b i l i t i e s  i s  t h e  
Nova concept,  which would employ t h e  single-chamber, 1.5- 
million-pound t h r u s t  F-1 engine, now be ing  developed. Under 
t h i s  approach, s e v e r a l  F-1 engines would be used i n  t h e  
f irst  s t a g e  and hydrogen-oxygen s t a g e s  would be mounted 
thereon. 

The p r i n c i p a l  o b j e c t i v e  of t h e  F-1 i s  t o  land  a manned 
s p a c e c r a f t  on t h e  moon and r e t u r n  it t o  ear th .  

MANNED SPACE FLIGHT PROGRAM 

P r o j e c t  Mercury 

Ob ' ec t ives  -- P r o j e c t  Mercury, which e n t a i l s  t h e  first 
U.S. --+I--) manne su o r b i t a l  and o r b i t a l  space f l i g h t s ,  i s  t h e  
first s t e p  i n  NASA's long-range manned space f l i g h t  program. 
It has two b a s i c  ob jec t ives :  1) t o  demonstrate how u s e f u l l y  
a man can f u n c t i o n  i n  space f l i g h t ;  and 2) t o  d i scover  t h e  
des ign  and o p e r a t i o n a l  problems t h a t  must be solved t o  make 
advanced manned space f l i g h t  f e a s i b l e  and as  safe as pos- 
s i b l e .  ( D e t a i l e d  background, o b j e c t i v e s ,  and evo lu t ion  of 
t h e  p r o j e c t  were provided i n  t h e  P r e s i d e n t ' s  Second Annual 
Report t o  Congress on t h e  Nation's A c t i v i t i e s  i n  t h e  F i e l d s  
of Aeronaut ics  and Space. ) 

Astronaut  Tra in ing  -- The seven Mercury a s t r o n a u t s  
experienced a wide range  of t r a i n i n g  i n  1960 -- from s u r v i v a l  
t e s t s  i n  t h e  Nevada d e s e r t  t o  f l i g h t  mission s imula t ions  i n  
c e n t r i f u g e s .  

A s  t h e  yea r  opened, t h e  seven Mercury a s t r o n a u t s  had 
completed b a s i c  and t h e o r e t i c a l  s t u d i e s  i n  t h e i r  t r a i n i n g  
program and had s t a r t e d  p r a c t i c a l  engineer ing s tud ie s .  T h i s  
involved, f o r  example, a t r a n s i t i o n  from theory  of propuls ion  
t o  s tudy  of a c t u a l  propuls ion  systems. 
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Astronaut  t r a i n i n g  included a s t r o n a u t i c s ,  e l e c t r o n i c s ,  
t r a j e c t o r i e s ,  guidance, rocke t s ,  and p repa ra t ion  f o r  scien- 
t i f i c  obse rva t ions  during o r b i t a l  f l i g h t .  
numerous i n d u s t r i a l  and Government f a c i l i t i e s  engaged i n  
rocke t  v e h i c l e  r e sea rch  and development. 

The men acquired i n t e n s i v e  t r a i n i n g  i n  devices  t h a t  
s imula t e  space f l i g h t  and capsule  environment; p r a c t i c e d  
escape from a capsule  a t  s ea ;  took courses  i n  s tar  i d e n t i f i -  
c a t i o n  and c e l e s t i a l  naviga t ion ;  p a r t i c i p a t e d  i n  zero-gravi ty  
f a m i l i a r i z a t i o n  f l i g h t s ;  and observed unmanned t e s t  f l i g h t s  
of  t h e  capsule .  

They v i s i t e d  

Mercury Capsule -- The product ion model of t h e  Mercury 
f l i g h t  capsule  en tered  t h e  ttshakedownlt o r  q u a l i f i c a t i o n  s t a g e  
wi th  t h e  fo l lowing  f l i g h t s :  

... May 9. The capsule ,  with i t s  rocket-equipped 16-foot 
escape tower, was mounted on a launch pad a t  Wallops S t a t i o n  
a s  it would be on t h e  nose of  an Atlas.  
was f i r e d ,  c a r r y i n g  t h e  capsule  t o  an a l t i t u d e  of  2,540 f e e t  
where a drogue parachute  was deployed. It s t a b i l i z e d  t h e  
capsule  and dragged out  t h e  main parachute  which lowered t h e  
capsu le  i n t o  t h e  A t l a n t i c .  

The escape rocke t  

The capsule-escape tower showed good aerodynamic sta- 
b i l i t y  and no tumbling occurred. 

... J u l  29. A launch of a Mercury product ion capsule  
by a n  A t  ry--a as en ed i n  f a i l u r e  when a malfunction occurred one 
minute a f t e r  l i f t - o f f ,  r e s u l t i n g  i n  d e s t r u c t i o n  o f  t h e  launch 
vehic le .  

... November 8. An a t tempt  t o  launch a Mercury capsule  
on a s u b o r b i t a l  fI i g h t  from Wallops S t a t i o n ,  Va., ended when 
t h e  capsu le  f a i l ed  t o  s e p a r a t e  from i t s  L i t t l e  Joe  launch 
vehic le .  The L i t t l e  Joe,  with capsule  and escape tower s t i l l  
a t t ached ,  f e l l  i n t o  t h e  At l an t i c .  

... November 21. An a t tempt  t o  launch a capsule  from 
Cape Canaveral  ended when a s i g n a l  t r i g g e r e d  by t h e  Redstone 
rocke t  v e h i c l e ' s  ground connect ion shu t  down t h e  engine im- 
media te ly  a f t e r  i g n i t i o n .  The escape tower r o c k e t s  i g n i t e d  
almost s imultaneously wi th  t h e  Redstone engine shutdown. 
The escape tower broke loose ,  sho t  s e v e r a l  thousand f e e t  i n  
t h e  a i r ,  and f e l l  back t o  ear th .  

. . .December 19. A l l  capsule  systems worked s a t i s f a c t o -  
r i l y  i n  a s u b o r b i t a l  launch of a Mercury capsule  from Cape 
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Canaveral with a Redstone rocke t  vehic le .  The capsule  
reached an a l t i t u d e  of 135 miles  and was recovered from t h e  
A t l a n t i c  Ocean a t  a d i s t a n c e  of 235 miles .  

Capsule Modif ica t ions  Continue -- Wind t u n n e l  and f l i g h t  
t e s t s  of t h  e capsule  have demonstrated t h a t  aerodynamic heat-  
i ng  and a i r  s t r e s s e s  of "loads," during powered f l i g h t  may be 
more severe  than  o r i g i n a l l y  an t i c ipa t ed .  A s  a r e s u l t ,  t h e  
capsu le  and escape tower s t r u c t u r e s  have been s t rengthened 
and e l e c t r i c a l  condu i t s  modified t o  provide more p r o t e c t i o n  
a g a i n s t  hea t .  
examined t o  prevent  excess ive  s t r e s s e s  r e s u l t i n g  from an 
a b o r t  maneuver. 

Methods of i n c r e a s i n g  cabin  p r e s s u r e  a r e  being 

I n  a d d i t i o n ,  bery l l ium has  been s u b s t i t u t e d  f o r  a coba l t  
a l l o y  i n  t h e  a f t e rbody  s e c t i o n  housing t h e  capsu le ' s  main 
parachute ,  and t h e  e n t i r e  a f t e rbody  s k i n  has  been thickened. 
These measures were taken  as  a r e s u l t  of t h e  Big Joe  f l i g h t  
of September 9, 1959, which ind ica t ed  a peak temperature  o f  
2,300 degrees  Fahrenhei t  on t h e  af terbody.  

wide mercury Tracking and Ground Ins t rumenta t ion  Network w i l l  
become o p e r a t i o n a l  i n  e a r l y  1961 i n  r e a d i n e s s  f o r  t h e  first 
unmanned o r b i t a l  a b o r t  t e s t s ,  scheduled f o r  t h e  second 
q u a r t e r ,  and t h e  manned s u b o r b i t a l  and o r b i t a l  f l i g h t s  plan- 
ned f o r  l a t e r  i n  t h e  year. 

s u b o r b i t a l  f l i g h t s  were readied .  
remainder of t h e  network, inc luding  t h e  s t a t i o n s  aboard 
s h i p s  which will be deployed i n  t h e  Indian  and A t l a n t i c  
Oceans. 

Mercury Tracking and Communications Network -- The world- 

During 1960, t h e  s t a t i o n s  which will cover t h e  manned 
Progress  was made on t h e  

Other P r o j e c t  Mercury Developments -- Progres s  i n  o the r  
elements of  t h  e p r o j e c t  included: 

... A team of 160 m i l i t a r y  and c i v i l i a n  medical spec ia l -  
ists has  been organized t o  s e r v e  wi th  P r o j e c t  Mercury's 
recovery and t r a c k i n g  f o r c e s .  

... Department of  Defense recovery suppor t  f o r  P r o j e c t  
Mercury, which is  under t h e  d i r e c t i o n  of t h e  Commander of 
Destroyer  F l o t i l l a  4 a t  Norfolk, Va., moved ahead with p l a n s  
t o  deploy n a v a l  v e s s e l s ,  a i r c r a f t ,  h e l i c o p t e r s ,  and amphibious 
r e scue  c r a f t  t o  p ick  up t h e  manned capsule.  

... A group of young chimpanzees underwent t r a i n i n g  a t  
Holloman AFB, N.M., f o r  f l i g h t s  i n  t h e  Mercury capsule  pre- 
ceding manned f l i g h t s .  
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...The U.S. Weather Bureau made p l ans  t o  f u r n i s h  
meteorological  suppor t  t o  t h e  p r o j e c t .  

SPECIAL RESEARCH PROJECTS 

The X-15 Experimental Airplane 

The rocket-powered X-15, a s l e e k  black,  stub-winged 
experimental  a i r c r a f t ,  s e t  world speed and a l t i t u d e  r eco rds  
i n  1960. 
t h e  l a t e s t  i n  a long s e r i e s  of r e sea rch  a i r p l a n e s  t h e  f irst  
of which -- t h e  X-1 -- brought about t h e  long-awaited break- 
through t o  supersonic  f l i g h t .  

The X-15 i s  expected t o  be t h i s  countryvs f i rs t  p i l o t e d  
v e h i c l e  t o  p e n e t r a t e  t h e  f r i n g e s  o f  space. Af t e r  t h e  X-15 
w i l l  come Dyna-Soar, a manned o r b i t a l  g l i d e r  t h a t  w i l l  b e  
c a r r i e d  i n t o  space by a launch vehic le .  Dyna-Soar i s  a j o i n t  
A i r  Force-NASA p r o j e c t  wi th  NASA f u r n i s h i n g  t e c h n i c a l  a s s i s t -  
ance. 

A j o i n t  NASA-Air Force-Navy p r o j e c t ,  t h e  X-15 i s  

On August 4, a t  t h e  F l i g h t  Research Center,  Edwards 
AFB, Cal i f . ,  X-15 No. 1 s e t  a new wor ldvs  speed record of 
2,196 mph -- more than  t h r e e  times t h e  speed of sound (Mach 
3.31). NASA t e s t  p i l o t  Joseph A. Walker was a t  t h e  con t ro l s .  

The f l i g h t  began a t  Ef:58 a.m. PDT, a f t e r  t h e  a i r p l a n e  
had been r e l eased  from i t s  mother s h i p  a t  an a l t i t u d e  of 
45,000 f e e t .  Walker opened t h e  two rocket  engines  t o  f u l l  
t h r u s t .  I n  f o u r  minutes of powered f l i g h t  be fo re  t h e  f u e l  
burned out  a t  66,000 f e e t ,  t h e  X-15 a t t a i n e d  t h e  record 
speed, a s  Walker said, " f o r  j u s t  t h e  snap of a f inger . "  The 
previous  world record  was 2,094 mph. 

On August 12,  X-15 No. 1, p i l o t e d  by A i r  Force Maj. 
Robert M. White, broke another  record  by f l y i n g  t o  an a l t i t u d e  
of 136,500 f e e t ,  surpass ing  t h e  prev ious  world record  of  
126,200 f e e t .  

The X-15 climbed a t  Mach 1.9, a t  a n  angle  of 50 degrees. 
Fue l  i n  t h e  two engines  was exhausted a t  an a l t i t u d e  of about 
120,000 f e e t  bu t  momentum c a r r i e d  t h e  a i r p l a n e  t o  t h e  record 
h e i  h t  of 136,500 f e e t .  Then t h e  X-15 nosed down and g l ided  

i t s  s t a b i l i t y  was t e s t e d  and found t o  be good. 
f l i g h t  t ime o f  11 minutes,  t h e  a i r c r a f t  g l i d e d  t o  a landing  
on Rogers Dry Lake a t  Edwards. 

t o  % 0,000 f e e t  a t  about 1,000 f e e t  pe r  second, during which 
After a t o t a l  
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Dyna-Soar Support 

I n  support  of Dyna-Soar, which is  s t i l l  i n  t h e  design 
stage, NASA i s  c a r r y i n g  o u t  a wide range of r e s e a r c h  a c t i v i -  
t i e s  i n  i t s  l a b o r a t o r i e s  and wind t u n n e l  t o  determine con- 
f i g u r a t i o n s  t h a t  can b e s t  withstand t h e  s t r e s s e s  of  space 
f l i g h t  

SPACE SCIENCES PROGRAMS 

NASA space sc i ence  r e s e a r c h  i n  1960 emphasized two 
major areas: 1) s a t e l l i t e  and sounding rocke t  programs, and 
2) l una r ,  p l a n e t a r y  and i n t e r p l a n e t a r y  programs. The c h i e f  
aim is  t o  i n c r e a s e  knowledge of t h e  e a r t h  and i t s  environ- 
ment (geophys ics ) ,  and of t h e  sun, s t a r s ,  and universe  
(astronomy) . 
P r i n c i p a l  Accomplishments 

Notable NASA space s c i e n c e s  mi les tones  dur ing  t h e  year  
included: 1) t h e  Pioneer  V deep space probe (now i n  o r b i t  
around t h e  sun) t r a n s m i t t e d  i t s  f i n a l  message t o  e a r t h  from 
about 22.5 m i l l i o n  miles; 2) t h e  agency made a v a i l a b l e  t o  
s c i e n t i s t s  throughout t h e  world a d e s c r i p t i o n  of t h e  tech- 
n iques  needed t o  i n t e r p r e t  t h e  t e l eme te r ing  codes of Explorer  
V I I ,  t h e  91.5-pound r a d i a t i o n  probing s a t e l l i t e  launched on 
October 13, 1959; 3 )  NASA re l eased  r e s u l t s  from ana lyses  of 
d a t a  t r a n s m i t t e d  by Vanguard I11 (launched September 18, 1959) 
and Explorer  V I  ( launched August 7, 1959); 4.) staff  s c i e n t i s t s  
of NASA p a r t i c i p a t e d  i n  t h e  F i r s t  I n t e r n a t i o n a l  Space Sympo- 
sium of t h e  I n t e r n a t i o n a l  Committee on Space Research (COSPAR), 
Nice, France, January 8-16, 1960; 5)  t h e  first NERV (Nuclear ,  
Emulsion Recovery Vehicle)  experiment, designed t o  s t zdy  ener- 
z e t i c  p a r x i c l e s  in-the lower b e l t  of t h e  Great Radia t ion  
Region, was s u c c e s s f u l l y  launched (September 19, 1960) ; 6) 
numerous sounding r o c k e t s  were launched t o  determine t h e  com- 
p o s i t i o n  and p res su re  of t h e  atmosphere, t o  i n v e s t i g a t e  winds 
and wind s h e a r s  i n  t h e  upper atmosphere, t o  determine atmos- 
p h e r i c  temperatures ,  and t o  measure neut rons  and o t h e r  rad ia-  
t i o n s  i n  t h e  upper atmosphere; 7)  Aerobee sounding r o c k e t s  
were launched f o r  as t ronomica l  s t u d i e s  of u l t r a v i o l e t  radia- 
t i o n  from t h e  s tars  and nebulae;  and 8) s e v e r a l  small Aerobee 
r o c k e t s  were launched, c a r r y i n g  cameras t o  photograph cloud 
cover and o t h e r  weather phenomena. 

These experiments have l a i d  t h e  groundwork f o r  coming 
series of p rogres s ive ly  l a r g e r  and more e f f e c t i v e  unmanned 
s p a c e c r a f t ,  ca r ry ing  i n c r e a s i n g l y  e l a b o r a t e  ins t rumenta t ion  
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f o r  i n v e s t i g a t i o n s  of t h e  moon, i n t e r p l a n e t a r y  space,  and 
l a t e r ,  Venus and Mars. 

Coming hxperiments 

A p r i n c i p a l  g o a l  of NASA's l u n a r  program is  t o  explore  
and i n v e s t i g a t e  t h e  moon f o r  in format ion  on t h e  h i s t o r y  of 
t h e  earth-moon system and on t h e  o r i g i n  of p l a n e t a r y  bodies  
i n  t h e  s o l a r  system. F i r s t  s t e p  w i l l  be Ranger, a l u n a r  
s p a c e c r a f t  t h a t  w i l l  c a r r y  an instrument  package designed 
t o  su rv ive  a c r a s h  landing  on t h e  moon, where it w i l l  record 
and r a d i o  t o  e a r t h  data about t h e  make-up of t h e  l u n a r  sur- 
face .  I n  1961, NASA w i l l  begin t e s t - f l y i n g  Ranger with t h e  
Atlas-Agena B launch vehic le .  

Beyond Ranger, NASA has  l e t  c o n t r a c t s  f o r  advanced 
engineer ing s t u d i e s  of  a sof t - landing  l u n a r  s p a c e c r a f t  
( c a l l e d  Surveyor) ,  which w i l l  b e  t h e  first U. S. s p a c e c r a f t  
capable  of  making a c o n t r o l l e d  l and ing  on t h e  moon. Later 
s t e p s  t o  extend unmanned e x p l o r a t i o n  of space t o  t h e  n e a r e r  
p l a n e t s  a r e  i n  t h e  planning s tages .  

SATELLITE APPLICATIONS 

The p r a c t i c a l  a s p e c t s  of space e x p l o r a t i o n  -- g o a l  of 
NASA's s a t e l l i t e  a p p l i c a t i o n s  program -- were c l e a r l y  demon- 
s t r a t e d  by two extremely s i g n i f i c a n t  experiments dur ing  1960. 
One, t h e  first of a s e r i e s  of experimental  meteoro logica l  
s a t e l l i t e s ,  demonstrated t o  t h e  world t h a t  weather observa- 
t i o n  on a g l o b a l  s c a l e  i s  t e c h n i c a l l y  sound and economically 
f e a s i b l e .  
s i v e l y  advanced experiments, showed t h a t  pas s ive  communica- 
t i o n s  s a t e l l i t e s  can be  s u c c e s s f u l l y  employed a s  world-wide 
t e l e r a d i o  l i n k s .  

The second, a l s o  t h e  first of  a s e r i e s  of progres- 

The meteoro logica l  s a t e l l i t e ,  TIROS I, launched on 
A p r i l  1, and i t s  successor ,  TIROS 11, launched on November 23, 
have g iven  Weather Bureau and o t h e r  i n t e r e s t e d  s c i e n t i s t s ,  
he re  and abroad, unprecedented o p p o r t u n i t i e s  t o  re la te  t h e  
e a r t h ' s  cloud cover t o  weather obse rva t ions  from t h e  ground. 
TIROS I, f o r  example, o r b i t i n g  a t  a l t i t u d e s  averaging 459 
miles ,  t r a n s m i t t e d  n e a r l y  23,000 t e l e v i s i o n  p i c t u r e s  of t h e  
e a r t h ' s  cloud p a t t e r n s ,  o f  which an es t imated  60 pe rcen t  
were u s e f u l  f o r  ana lys i s .  Experimental use  of t h e s e  photo- 
graphs h a s  a l r e a d y  r e s u l t e d  i n  increased  accuracy i n  ana lyz ing  
t h e  world's weather p a t t e r n s ,  p a r t i c u l a r l y  i n  a r e a s  such a s  
t h o s e  over  t h e  oceans where it is  d i f f i c u l t  t o  o b t a i n  da t a  
by orthodox means. 
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The Echo I pass ive  communications s a t e l l i t e ,  launched 
on August 12, achieved equa l ly  important r e s u l t s .  
foot-diameter,  i n f l a t a b l e  aluminized p l a s t i c  sphere,  o r b i t i n g  
a t  an a l t i t u d e  of between 945 and 1,049 miles, has maintained 
s u f f i c i e n t  i n f l a t i o n  t o  permit r e l a y  experiments t o  continue. 
A t  dusk when t h e  balloon-shaped s a t e l l i t e  is  i n  s u n l i g h t  and 
passes  overhead it i s  c l e a r l y  v i s i b l e  as  a s t a r - l i k e  body, 
about as b r i g h t  as  Vega. 
o f  thousands of observers  i n  both  hemispheres. 

The 100- 

Hence it has been viewed by hundreds 

Among Echo Its n o t a b l e  "firsts" have been: r e l a y  of 
P res iden t  Eisenhower's tape-recorded voice  from C a l i f o r n i a  t o  
New J e r s e y ;  r e l a y  of  t h e  first t ransoceanic  r a d a r  s i g n a l  
(from Trinidad,  B.W.I.F., t o  Floyd, N.Y. ) ;  f i rs t  r e l a y  of a 
t r ans -At l an t i c  wireless-code r a d i o  t ransmiss ion;  f irst  r e l a y  
of  wire-photo t ransmiss ions ;  and first r e l a y  of  a t r ans -  
A t l a n t i c  vo ice  message. Other t ransmiss ions  have included 
r e l a y i n g  of t e l e t y p e  s i g n a l s ,  f a c s i m i l e  photographs, two-way 
te lephone  conversa t ions  us ing  s tandard  commercial equipment, 
and experiments t o  l e a r n  more about t h e  e f f e c t s  of t h e  iono- 
sphere on r a d i o  s igna l s .  

While t h e s e  p r o j e c t s  were being c a r r i e d  forward, NASA 
rounded out  planning f o r  other  s a t e l l i t e s  evolved from, o r  
r e l a t e d  t o ,  Echo and TIROS. Included a r e  t h e  Nimbus s e r i e s  
o f  weather s a t e l l i t e s ,  and f u r t h e r  development of i n f l a t a b l e  
p a s s i v e  communications s a t e l l i t e s ,  r i g i d i z e d  t o  g i v e  longer  
l i f e t i m e s .  

NASA is  a l s o  cont inuing  t o  s tudy t h e  p o t e n t i a l i t i e s  of 
"act ive" communications s a t e l l i t e s  conta in ing  r a d i o  r e c e i v e r s ,  
t r a n s m i t t e r s ,  and antennas,  p l u s  b a t t e r i e s ,  dev ices  f o r  con- 
v e r t i n g  s u n l i g h t  i n t o  e l e c t r i c i t y ,  o r  o t h e r  a u x i l i a r y  power 
sources. The a c t i v e  s a t e l l i t e  w i l l  r e c e i v e  messages from 
ground s t a t i o n s  and e i t h e r  t r ansmi t  them immediately t o  
d i s t a n t  p a r t s  of  t h e  earth o r  s t o r e  them on magnetic tape 
f o r  l a t e r  t r ansmiss ions  upon command s i g n a l s  from a ground 
s t a t i o n ,  perhaps on t h e  oppos i t e  s i d e  of t h e  g lobe  from t h e  
o r i g i n a t i n g  po in t  . 

SOUNDING ROCKETS 

NASA employs sounding rocke t s  t o  supplement e a r t h  
s a t e l l i t e  and space probe i n v e s t i g a t i o n s .  A t  p r e sen t ,  NASA 
p l a n s  t o  l i m i t  i t s  sounding rocket  models t o  11 and t o  
i n c r e a s e  t h e i r  r e l i a b i l i t y  by f r equen t  f i r i n g s .  These vehi- 
c l e s  range from t h e  Aerobee 100, designed t o  c a r r y  70 pounds 
t o  an  a l t i t u d e  o f  about 80 miles ,  t o  t h e  Argo D-8,  capable  
of c a r r y i n g  130 pounds t o  a d i s t a n c e  of 1,300 miles. 
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During 1960, NASA launched sco res  of sounding r o c k e t s  
i n  a broad range of experiments, ga the r ing  d a t a  about t h e  
atmosphere, ionosphere, ene rge t i c  p a r t i c l e s  and magnetic and 
e l e c t r i c  f i e l d s .  I n  t h e  astronomy a rea ,  sounding rocke t  
payloads included experiments f o r  s o l a r  spectroscopy and f o r  
d e t e c t i o n  of a r e a s  of u l t r a v i o l e t  emission i n  space. 

INTERNATIONAL PROGRAMS 

Prepa ra t ions  f o r  I n t e r n a t i o n a l  Space Conference 

NASA i s  cont inuing i t s  p repa ra t ions  f o r  p a r t i c i p a t i n g  
i n  t h e  I n t e r n a t i o n a l  Conference f o r  t h e  Peaceful  Uses of 
Outer Space. The Conference, t e n t a t i v e l y  scheduled f o r  
1961, w i l l  b e  he ld  under t h e  ausp ices  of t h e  United Nations. 

F i r s t  I n t e r n a t i o n a l  Space Science Symposium 

Sciences de l ega t ion  t o  t h e  F i r s t  I n t e r n a t i o n a l  Space Science 
Symposium of t h e  I n t e r n a t i o n a l  Committee on Space Research 
(COSPAR), i n  Nice, France, January 8-16. NASA's o f f e r  t o  
f l y  f o r e i g n  experiments i n  U.S. s a t e l l i t e s  and s p a c e c r a f t  
was reaff i rmed.  

NASA r e p r e s e n t a t i v e s  supported t h e  Nat ional  Academy of 

I n t e r n a t i o n a l  Organizat ions 

With t h e  Department of S t a t e ,  NASA a lso  gave informal  
assurances  of cooperat ion t o  s c i e n t i s t s  of 10 European 
na t ions  which a r e  cons ider ing  space e f f o r t s  modeled on t h e  
Centre Europeen pour l a  Recherche Nucleaire (CERN). I n  
a d d i t i o n ,  NASA s c i e n t i s t s  took p a r t  i n  t h e  Advisory Group 
on Aeronaut ical  Research and Development o f  t h e  North 
A t l a n t i c  T r e a t y  Organizat ion.  

I n t e r n a t i o n a l  P a r t i c i p a t i o n  i n  NASA Experiments 

NASA made it p o s s i b l e  f o r  f o r e i g n  s c i e n t i s t s  t o  t a k e  
p a r t  i n  s e v e r a l  experiments inc luding  Echo I, Explorer  V I I ,  
and TIROS I and 11. 
t r a n s - A t l a n t i c  t ransmiss ion  from t h e  U.S. us ing  Echo I a s  
a " r ad io  mirror" was r epor t ed  by t h e  French National- Tele- 
communications Establ ishment .  

For example, t h e  first r e c e i p t  of a 

The agency continued i t s  po l i cy  of  making da ta  from i t s  
experiments a v a i l a b l e  t o  t h e  i n t e r n a t i o n a l  s c i e n t i f i c  com- 
munity. 
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Agreements were made wi th  t h e  United Kingdom and Canada 
f o r  United S t a t e s  launchings  of s a t e l l i t e s  prepared by t h o s e  
coun t r i e s .  I n  a d d i t i o n ,  NASA and t h e  space o rgan iza t ions  of 
s e v e r a l  o t h e r  n a t i o n s  d iscussed  coopera t ive  sounding rocket  
experiment s. 

under a program funded by NASA and adminis te red  by t h e  
Nat ional  Academy of Sciences,  and arranged f o r  f o r e i g n  scien-  
tists, sponsored by t h e i r  governments, t o  s tudy space tech- 
nology a t  NASA l a b o r a t o r i e s .  

NASA a l s o  awarded s tudy  g r a n t s  t o  f o r e i g n  s c i e n t i s t s  

Formal agreements f o r  a l l  NASA t r a c k i n g  and da ta  
a c q u i s i t i o n  s t a t i o n s  abroad had e i t h e r  been signed o r  were 
i n  f i n a l  s t a g e s  of n e g o t i a t i o n  a s  t h e  yea r  ended. 

TRACKING AND DATA A C Q U I S I T I O N  

NASA's ground t r a c k i n g  and d a t a  a c q u i s i t i o n  networks 
must be  capable  of suppor t ing  f o u r  b a s i c  t y p e s  of o p e r a t i o n a l  
missions: 1) v e r t i c a l l y  f i r e d  sounding o r  resear.& rocke t s ;  
2 )  earth s a t e l l i t e s ;  3 )  manned earth s a t e l l i t e s ;  and 4) deep 
space probes r e q u i r i n g  communication over v a s t  reaches  of 
space. 

I n  1960, NASA began extending i t s  10- s t a t ion  Mini t rack 
earth s a t e l l i t e  net.work by i n i t i a t i n g  c o n s t r u c t i o n  a t  t h e  
fo l lowing  f o u r  h i g h - l a t i t u d e  s t a t i o n s :  Eas t  Grand Forks, 

Winkfield,  England. 
mod i f i ca t ions  and improvements t o  i n c r e a s e  i t s  scope and 
e f f ec t iveness .  

L, Minn. ; Fairbanks,  Alaska; St.  Johns, Newfoundland; and 
The network a l s o  underwent a number of 

The fo l lowing  p rogres s  was made with t h e  t h r e e - s t a t i o n  

1) New t r a n s m i t t i n g  equipment a t  t h e  Deep Space 

Deep Space Network: 

Ins t rumenta t ion  F a c i l i t i e s  a t  Goldstone, Ca l i f . ,  was i n s t a l -  
l e d  i n  t ime f o r  t h e  s t a t i o n  t o  t a k e  p a r t  i n  t h e  Echo I experi-  
ment. 

2 )  Construct ion of t h e  r ece iv ing  s t a t i o n  a t  Woornera, 
A u s t r a l i a ,  moved t o  completion. 

3 )  S i t e  surveys and o t h e r  ground work f o r  t h e  s t a t i o n  
a t  Krugersdorp, Union of South Africa,  were completed. 

NASA began s t u d i e s  of  l a r g e r  an tennas  f o r  i t s  deep space 
s t a t i o n s .  The J e t  Propuls ion  Laboratory, Pasadena, Calif., 
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which d i r e c t s  t h e  deep space t r a c k i n g  network, has  publ ished 
requirements  f o r  a l a r g e  antenna i n  t h e  25O-foot c l a s s  t h a t  
would i n c r e a s e  t h e  Goldstone s t a t i o n s  range 10 t o  20 times. 

Another s i  n i f i c a n t  development was t h e  ex tens ion  t o  
December 31, 19 % 1 of  NASA's c o n t r a c t  with t h e  Un ive r s i ty  of 
Manchester, Manchester, England f o r  use of t h e  J o d r e l l  Bank 
r a d i o  t e l e s c o p e  i n  NASAts space program. 

ADVANCED RESEARCH PRIMARILY I N  SUPPORT OF SPACE ACTIVITIES 

Propuls ion 

NASA p l a n s  f o r  coming space miss ions  r e q u i r e  t h e  des ign  
and development of  a fami ly  o f  l a r g e r ,  more powerful launch 
veh ic l e s ,  r e q u i r i n g  advanced methods of propuls ion.  The 
agency i s  employing s e v e r a l  approaches, extending from t h e  
development of l i q u i d  p r o p e l l a n t s  t h a t  hold promise o f  y i e ld -  
i ng  h ighe r  e n e r g i e s  and t h e  improvement of s o l i d  p r o p e l l a n t s ,  
t o  propuls ion  systems based on s e v e r a l  d i f f e r e n t  t ypes  and 
combinations of  nuc lea r  and e l e c t r i c a l  power. 

Liquid P r o p e l l a n t s  -- A t  p r e sen t ,  n e a r l y  a l l  major U.S. 
v e h i c l e s  ( excep t  Scout, a l a r g e  s o l i d  rocke t  a r e  f u e l e d  wi th  
kerosene and l i q u i d  oxygen, a r e l a t i v e l y  low-energy propel- 
l an t -ox id ize r  combination. However, NASA is  developing 
liquid-hydrogen and liquid-oxygen engines  whose 25  percent  
g r e a t e r  s p e c i f i c  impulse w i l l  s u b s t a n t i a l l y  i n c r e a s e  payload 
and mission c a p a b i l i t i e s .  
which w i l l  be  employed i n  a c l u s t e r  of two a s  t h e  second 
s t a g e  of t h e  Atlas-Centaur v e h i c l e  and w i l l  produce 15,000 
pounds of t h r u s t .  A scaled-up vers ion ,  t h e  XLR-119 -- 
producing 17,500 pounds of t h r u s t  -- w i l l  be  used i n  a 
c l u s t e r  of f o u r  f o r  t h e  second s t a g e  (des igna ted  S-IV) of 
t h e  Sa turn  C-1. Two XLR-119 engines  w i l l  be c l u s t e r e d  f o r  
t h e  second s t a g e  of l a t e r  Centaur v e h i c l e s  and i n  t h e  t h i r d  
s tage .  

Such an  engine i s  t h e  XLR-115, 

NASAts i a n t  Sa turn  v e h i c l e  w i l l  use  t h e  H-1 rocke t  
engine, a 188,000-pound-thrust u n i t  based on t h e  Thor  design -- modified t o  improve s i m p l i c i t y  and r e l i a b i l i t y .  Eight  
of t h e s e  kerosene-l iquid oxygen engines  w i l l  be  c l u s t e r e d  
i n  Sa turn ' s  f i r s t  s t a g e  t o  produce 1.5-mill ion pounds of 
t h r u s t ,  quadruple  t h a t  of t h e  At l a s ,  t h e  most powerful U.S. 
rocke t  today. 

A s e r i e s  o f  Sa turn  c l u s t e r - f i r i n g  ( u s i n g  an in t e r im  
165,000-pound t h r u s t  engine i n  t h e  c l u s t e r )  t e s t s  have been 
made, s t a r t i n g  with two engines,  and progress ing  t o  t h e  f u l l  
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e i g h t  which have produced approximately 1.3-million pounds 
of t h r u s t  f o r  s h o r t  per iods.  Several  engine components are  
be ing  redesigned t o  withstand higher  o p e r a t i n g  temperatures.  

Development of  t he  5-2, a single-chamber, 200,000-pound 
t h r u s t ,  l i q u i d  hydrogen-liquid oxygen engine, was begun i n  
September. Clus te red ,  t h e s e  engines w i l l  be i n s t a l l e d  i n  
t h e  second s t a g e  of t h e  advanced C-2 ve r s ion  of t h e  Saturn. 

million-pound-thrust single-chamber engine being considered 
f o r  Nova, t h e  next gene ra t ion  v e h i c l e  beyond Saturn. Work 
was completed a t  NASA's F l i g h t  Research Center ,  
Ca l i f . ,  on a new t e s t  s tand  (2A) t o  check out  t h e  F-1 a t  
f u l l  r a t e d  capaci ty .  Unfortunately,  t e s t s  were delayed n ine  
t o  14 weeks when a t r i a l  run on August 21  damaged t h e  stand. 
The long-range development p l a n s  c a l l  f o r  a pre l iminary  
f l i g h t - r a t i n g  t e s t  of t h e  F-1 engine i n  February, 1963. 
i s  not  y e t  known whether t ime l o s t  because o f  t h e  August 
acc iden t  can be made up and schedules  met. 

NASA extended development work on a l i q u i d - f l u o r i n e  
liquid-hydrogen rocke t  engine,  t h e o r e t i c a l l y  capable  of very  
high performance. The combination i s  extremely r e a c t i v e  and 
t o x i c ,  however, and imposes severe  handling problems. The 
engine i s  now i n  t h e  llbreadboard,ll o r  l a b o r a t o r y  (workable 
but  nonf lyable)  s t age ,  and t e s t  r e s u l t s  have been encour- 
aging. 
has been operated with high performance and no damage t o  
equipment. 

During 1960, development continued on t h e  F-1, t h e  1.5- 

Edwards, 

It 

A chamber capable  of producing 7,000 pounds of t h r u s t  

NASA has  continued i n v e s t i g a t i n g  t h e  'Iplug nozzlet1 con- 
cep t  f o r  rocke t  engines. I n  t h i s ,  t h e  rocke t  exhaust gases ,  
i n s t ead  of f l a r i n g  ou t  from a bell-shaped vent ,  push i n t o  
t he  atmosphere o r  space from combustors arranged i n  segments 
around a c e n t r a l ,  i nve r t ed  cone, o r  plug. The plug d e f l e c t s  
t h e  hot  gases  and permi ts  them t o  expand i n  cone fash ion ,  
t h u s  providing g r e a t e r  t h r u s t  area.  Use of small, segmented 
chambers, i n s t e a d  of t h e  much l a r g e r  chambers of convent ional  
rocke t s ,  has  t h i s  advantage -- combustor u n i t s  can be arranged 
t o  produce engines  of  v a r i o u s  s i z e s  o r  t h r u s t s .  

Work has  a l s o  gone forward on o t h e r  problems d i r e c t l y  
r e l a t e d  t o  chemical propulsion. Included a r e  s t u d i e s  of 
propel lan t - tank  i n s u l a t i o n  m a t e r i a l s  f o r  cryogenic (extremely 
c o l d )  p r o p e l l a n t s ,  s t u d i e s  of  t h e  mechanics of combustion, 
and i n v e s t i g a t i o n s  of t h e  e f f e c t s  of s o l a r  r a d i a t i o n  and 
o t h e r  space-environment cond i t ions  on f u e l s  and o x i d i z e r s  
such a s  liquid-hydrogen, liquid-oxygen, hydrocarbons, and 
hydrazine.  
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Sol id-Propel lan t  Rockets -- A number o f  advantages a r e  
inhe ren t  i n  r o c k e t s  u t i l i z i n g  s o l i d  p r o p e l l a n t s .  NASA i s  
expanding work on t h e  technology of ihi 'S approach t o  space 
propuls ion.  The s o l i d  rocke t  concept i s  r e l a t i v e l y  simple. 
I n  theo ry ,  l a r g e  powerful models should r e q u i r e  l e s s  time t o  
develop and should be  less expensive t o  manufacture t h a n  ' 

t h e i r  l i q u i d  coun te rpa r t s .  They r e q u i r e  no pumps, va lves ,  
t u r b i n e s ,  and o t h e r  e l a b o r a t e  components o r  launching crews 
wi th  long  t r a i n i n g  i n  m u l t i p l e  s p e c i a l t i e s .  Despi te  these  
and o t h e r  advantages,  s o l i d  r o c k e t s  have been l i t t l e  used 
except f o r  sounding r o c k e t s  and f o r  comparatively small 
(3,000 t o  5,000-pound-thrust) f i n a l  stages f o r  such launch 
v e h i c l e s  a s  Thor-Able, Atlas-Able, and Delta.* The l i m i t -  
i n g  f a c t o r  i s  t h a t  s o l i d  p r o p e l l a n t s  have no t  t h u s  f a r  been 
developed t o  u l t r a - h i g h  energy l e v e l s .  

Seve ra l  NASA-sponsored s t u d i e s  have i n d i c a t e d  t h e  pos- 
s i b i l i t y  of  developing a so l id -p rope l l an t  f irst  stage 30 per- 
cen t  s m a l l e r  and l i g h t e r  t han  a l i q u i d  counterpar t .  During 
1960, NASA l e t  t h r e e  c o n t r a c t s  f o r  d e f i n i t i v e  s t u d i e s  of  
very  l a r g e  so l id -p rope l l an t  engines  t o  s e r v e  a s  f i r s t  stages 
of launch veh ic l e s .  Such v e h i c l e s  could c a r r y  added weight 
i n  t h e i r  upper s t a g e s  and t h u s  g r e a t l y  i n c r e a s e  payload 
s i z e s .  

Three NASA c o n t r a c t o r s  a re  working concur ren t ly  on six- 
month s t u d i e s  f o r  two s p e c i f i c  veh ic l e s .  The f i rs t  v e h i c l e  
w i l l  b e  i n  t h e  one-million-pound g r o s s  weight c l a s s ,  about 
t h e  same a s  t h e  l iqu id- fue led  Sa turn ;  t h e  second w i l l  weigh 
about seven m i l l i o n  pounds. Basic  f a c t o r s  t o  be considered 
a r e  economy and r e l i a b i l i t y .  Designs w i l l  employ e x i s t i n g  
p r o p e l l a n t s  and materials.  Methods o f  s t e e r i n g  these  l a r g e  
so l id -p rope l l an t  r o c k e t s  w i l l  a l s o  be s tudied .  

During t h e  year ,  NASA l e t  a number of  new c o n t r a c t s  t o  
develop high-performance, so l id -p rope l l an t  rocke t  engines.  
Work cont inued on s i m i l a r ,  e x i s t i n g  p r o j e c t s ,  i nc lud ing  an 
experimental  rocke t  engine with l t layeredlr  cons t ruc t ion ,  an  
unconvent ional  "nozz le less"  rocke t ,  and a sounding r o c k e t  
combining s e v e r a l  advanced des ign  f e a t u r e s  t o  i n c r e a s e  per- 
formance over  p r e s e n t  u n i t s  by an estimated 40 percent .  

* The one n o t a b l e  except ion  i s  Scout, NASA's 36,000-pound, 
four -s tage  launch v e h i c l e ,  which can p l a c e  a 150-pound 
payload i n  a 300-mile o r b i t .  
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Nuclear Energy App l i ca t ions  f o r  Space -- The most 
advanced l i q u i d -  and s o l i d - p r o p e l l a n t  rock'et eng ines  a r e  
r a p i d l y  approaching t h e  performance l i m i t  s e t  by t h e  a v a i l -  
a b l e  energy o f  chemical combustion. Nuclear r e a c t o r s ,  on 
t h e  o t h e r  hand, a r e  capab le  of  e s s e n t i a l l y  un l imi t ed  energy 
r e l e a s e ,  so  t h a t  even f i r s t - g e n e r a t i o n  n u c l e a r  r o c k e t  engines  
promise tw ice  t h e  performance of t h e  b e s t  chemical rocke t s .  

an o p e r a t i o n a l  n u c l e a r  r o c k e t  ( P r o j e c t  Rover) a s  e a r l y  as 
p o s s i b l e .  
by developing complementary non-nuclear equipment which can 
be  used i n  engines  and v e h i c l e s .  NASA i s  r e s p o n s i b l e  f o r  
i n t e g r a t i n g  t h e  r e a c t o r  i n t o  engines  and f l i g h t  v e h i c l e s ,  
and f o r  supplying t h e  l i q u i d  hydrogen p r o p e l l a n t  f o r  a l l  
phases  of t h e  program. 

E f f o r t  is  a l s o  con t inu ing  on n u c l e a r  e l e c t r i c  power 
g e n e r a t i n g  systems, p a r t i c u l a r l y  SNAP-8, a j o i n t  AEC-NASA 
p r o j e c t  t h a t  appears  doubly promising because it may be  
s u i t a b l e  f o r  bas ic  p ropu l s ion  a s  w e l l  a s  f o r  a u x i l i a r y  
g e n e r a t i n g  systems. 

Now i n  t h e  r e s e a r c h  s t a g e  a r e  h ighe r  power systems t o  
f o l l o w  SNAP-8. New t e c h n o l o g i e s  w i l l  be  r e q u i r e d ,  based on 
t h e  use  o f  l i q u i d  me ta l  working f l u i d s  ( c o o l a n t s )  t h a t  can 
o p e r a t e  a t  h i g h e r  t empera tu res  t h a n  t h e  mercury employed i n  
SNAP-8. Methods m u s t  b e  devised  f o r  con ta in ing  me ta l  vapor, 
f o r  l u b r i c a t i n g  r o t a t i n g  p a r t s ,  and f o r  d i scha rg ing  excess ive  
hea t  through space r a d i a t o r s .  A program of a p p l i e d  r e s e a r c h  
i s  i n  progress .  

t r a c t s  f o r  a one-year compe t i t i ve  p r o j e c t  t o  develop a 
l a b o r a t o r y  model of a 30-kw a r c - j e t  engine. Th i s  system, 
f o r  pr imary p ropu l s ion  on space mis s ions  where long  o p e r a t i n g  
l i f e t i m e s  and h igh  e f f i c i e n c y  w i l l  be  r equ i r ed ,  employs an  
e l e c t r i c  a r c  through which a p r o p e l l a n t  such as  l i q u i d  
hydrogen i s  passed and hea ted  t o  s e v e r a l  thousand degrees  F. 
The hea ted  p r o p e l l a n t  t h e n  expands a s  a g a s  and i s  e j e c t e d  
through a rocke t  nozzle .  The t h r u s t  from t h i s  engine,  which 
w i l l  be  about  t h e  s i z e  of  a s t anda rd  thermos b o t t l e ,  i s  only  
about a half-pound -- very  low, bu t  of  extremely h igh  j e t  
v e l o c i t y  and hence, of g r e a t  e f f i c i e n c y  i n  space where g rav i -  
t a t i o n a l  f o r c e s  a r e  weak. 
e l e c t r i c  g e n e r a t i n g  p l a n t  such a s  t h e  SNAP-8 n u c l e a r  system. 

I n  September, NASA i s sued  a c o n t r a c t  f o r  a one-year 
program t o  develop a 1-kw a r c - j e t  engine,  producing a t h r u s t  
of about  1/100th of a pound. 

I n  coopera t ion  w i t h  t h e  AEC, NASA i s  working t o  develop 

NASA s u p p o r t s  t h e  AEC's r o c k e t  r e a c t o r  f i e l d  t e s t s  

E l e c t r i c  Propuls ion  -- I n  A p r i l ,  NASA awarded two con- 

It w i l l  r e q u i r e  an a u x i l i a r y  

Operat ing on p r i n c i p l e s  similar 
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t o  t h o s e  of t h e  l a r g e r  u n i t  mentioned above, t h i s  dev ice  
would be used f o r  s p a c e c r a f t  a t t i t u d e - c o n t r o l  and s t a b i l i z a -  
t i o n  systems. 
i o n  engine,  about  8 inches i n  diameter  and 12 inches  long, 
which it i s  hoped, w i l l  produce 1/100th of  a pound of  t h r u s t .  

Also under c o n t r a c t  s tudy  i s  an experimental  

ADVANCED RESEARCH 
PRIMARILY I N  SUPPORT OF AERONAUTICS ACTIVITIES 

Typica l  Advanced Aeronaut ics  Research 

A i r c r a f t  Aerodynamics -- During 1960, NASA's Langley 
and A m e s  Research Centers  cont inued t h e i r  r e s e a r c h  a c r o s s  
t h e  e n t i r e  speed range o f  a i r c r a f t ,  extending from VTOL 
( V e r t i c a l  Take-Off and Landing) a i r c r a f t  t h a t  can t a k e  o f f ,  
l z n d ,  and Kover-at zero-forward speed, t o  t h e  rocke t -  
launched Dyna-Soar manned o r b i t a l  g l i d e r  wi th  which t h e  
U.S. A i r  Force p l a n s  t o  explore  v e i o c i t i e s  between 4,000 
and 18,000 mph. 

A t  Ames Research Center,  a s tudy  was made of f l y i n g  
and performance requirements  o f  VTOL and STOL ( S h o r t  Take- 
O f f  and Landing) a i r c r a f t .  A v a l u a b l e  t o o l  i n  T h i s  r e s e a r c h  
xas  been-an X-14 d e f l e c t e d  a i r c r a f t  modified t o  s imula t e  
c h a r a c t e r i s t i c s  o f  va r ious  VTOL/STOL a i r c r a f t .  
s p e c i a l  equipment t o  va ry  s t a b i l i t y ,  damping, and c o n t r o l ,  
t h i s  X-14 i s  be ing  used t o  check o u t  t h e  performance of many 
t y p e s  o f  a i r c r a f t  du r ing  any p o r t i o n  o f  t h e i r  f l i g h t ,  from 
hovering through a l l  t r a n s i t i o n  phases  t o  forward f l i g h t  a t  
f u l l  speed. 
ments and d a t a  from ground-based s imula tors .  

F i t t e d  w i t h  

S t u d i e s  a re  augmented by wind t u n n e l  experi-  

A t  Langley Research Center,  f l i g h t  s t u d i e s  and wind 
t u n n e l  t e s t s  w i t h  t i l t - w i n g  VTOL have been cont inued,  t o  
l e a r n  more about t h e i r  f l y i n g  q u a l i t i e s ,  
been improved apprec iab ly .  
o f  a jet-powered tu rbofan  engine t h a t  combines v e r t i c a l  o r  
s h o r t  take-off wi th  high subso6ic  c r u i s e  speeds. 

f e r  experiments a r e  being c a r r i e d  o u t  i n  a f low t u b e  and i n  
a shock tube ,  t o  i n v e s t i g a t e  p rocesses  t h a t  occur  a t  t h e  
molecular  l e v e l .  Other s t u d i e s  involve  i n t e r a c t i o n s  of  
i on ized  gases  a t  very  high tempera tures  o r  i n  t h e  presence  
of  s t r o n g  e l e c t r i c  and magnetic f i e l d s .  Knowledge from 
t h i s  b a s i c  r e s e a r c h  can be a p p l i e d  t o  problems such a s  t h e  
coo l ing  of  hypersonic  engines  and v e h i c l e s ,  and t h e  d rags  
and p r e s s u r e s  on v e h i c l e  bodies.  

Performance has  
Langley has a l s o  made s t u d i e s  

F l u i d  Mechanics -- A t  L e w i s  Research Center ,  h e a t  t r a n s -  
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Aeronaut ica l  Propuls ion  Systems -- Research on a i r -  
b r e a t h i n g  engines  a t  Lewis  and Langley cont inued t o  be  
p r i m a r i l y  devoted t o  problems of a i r  i n l e t s .  
conc lus ions  have been drawn from wind t u n n e l  s t u d i e s .  For 
example, a p ipe- l ike ,  o r  duc t - l ike ,  three-dimensional  i n l e t ,  
i n  which a i r  i s  compressed i n t e r n a l l y  a s  it p a s s e s  through, 
appea r s  t o  hold s p e c i a l  promise f o r  hypersonic  a p p l i c a t i o n s .  
Another design,  c a l l e d  t h e  "spiken i n l e t  because of i t s  
shape, i s  a l s o  undergoing t e s t s ,  

Seve ra l  b a s i c  

Seve ra l  o t h e r  s t u d i e s  were c a r r i e d  ou t  t o  improve per- 
formance of  je t -engines  a t  speeds and a l t i t u d e s  o t h e r  than  
t h o s e  f o r  which they  were designed. 
s t r eaml ined  t e rmina l  f a i r i n g s  around t h e  nozz le  e x i t  of  a 
j e t  engine may improve performance a t  near-sonic speeds 
wi th  l i t t l e  e f f e c t  on c h a r a c t e r i s t i c s  a t  t h e  supersonic  
speeds f o r  which t h e  engines  were designed. 

F l i g h t  Sa fe ty  -- A s  i n  former yea r s ,  NASA devoted 
much a t t e n t i o n  t o  problems of  f l i g h t  safety,  o p e r a t i o n s ,  
and environment. S t u d i e s  were c a r r i e d  ou t  t o  i n c r e a s e  t h e  
accuracy of a i r c r a f t  a l t i m e t e r s  over  long  p e r i o d s  o f  s e r v i c e ,  
s i n c e  r e g u l a t i o n s  c a l l  f o r  an  a l t i m e t e r  t o  be c a l i b r a t e d  
f o r  accuracy only once. Th i s  i s  p a r t i c u l a r l y  important  
because a p i l o t  must know h i s  a l t i t u d e  a c c u r a t e l y  i f  he is  
t o  main ta in  t h e  necessa ry  v e r t i c a l  s e p a r a t i o n  between h i s  
f l i g h t  pa th  and t h o s e  of o t h e r  c r a f t  f l y i n g  on t h e  same air-  
way. To a cons ide rab le  degree,  ass igned  s e p a r a t i o n  de te r -  
mines how much t r a f f i c  an  airway can accommodate. Other 
con t inu ing  i n v e s t i g a t i o n s  concerned n o i s e  sou rces  on super- 
son ic  t r a n s p o r t s ,  ndownwash" e f f e c t s  on VTOL a i r c r a f t ,  
"wake" e f f e c t s  of l a r g e  t r a n s p o r t  a i r c r a f t ,  measurements 
of winds and wind shea r s ,  and assessments  of p h y s i o l o g i c a l  
c o n d i t i o n s  of p i l o t s  under v a r i o u s  environmental  stresses. 

It was found t h a t  

NASA ORGANIZATIONAL CHANGES 

NASAts personnel  increased  from 9,755 t o  more than  
15,600 dur ing  t h e  yea r  -- r e f l e c t i n g  f o r  t h e  most p a r t ,  t h e  
t r a n s f e r  t o  t h e  agency of  t h e  Development Operat ions 
D i v i s i o n  of t h e  Army B a l l i s t i c  Missile Agency, Redstone 
Arsenal ,  Hun t sv i l l e ,  Ala. On J u l y  1, NASA o f f i c i a l l y  t o o k  
over  t h e  D i v i s i o n t s  personnel ,  f a c i l i t i e s  and 1,200 a c r e s  
a t  t h e  Arsenal. P r e s i d e n t  Eisenhower named it i n  honor of 
t h e  so ld ie r -s ta tesman General  George Ca t l e t t  Marshall .  

and f a c i l i t i e s ,  t h e  agency c rea t ed  t h e  Launch Opera t ions  
D i r e c t o r a t e  (LOD) w i t h i n  t h e  O f f i c e  of  Launch Vehic le  
Programs. LOD w i l l  launch most NASA v e h i c l e s ,  suppor t  t h e  

' To f a c i l i t a t e  s t a n d a r d i z a t i o n  of launch o p e r a t i o n s  
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l aunch  o p e r a t i o n s  of t h e  remainder, and provide  launch sup- 
p o r t  f o r  s e v e r a l  Army veh ic l e s .  

NASA a l s o  es tab l i shed  t h e  fo l lowing  Offices: 

... t h e  O f f i c e  f o r  t h e  United Nat ions  Conference, t o  
d i r e c t  t h i s  count ry ' s  p a r t i c i p a t i o n  i n  t h e  F i r s t  In te rna-  
t i o n a l  Conference on t h e  Peacefu l  Uses of  Outer Space. 

. . .the Of f i ce  of L i f e  Sciences,  t o  o p e r a t e  a r e s e a r h  
program d e a l i n g  wi th  1) s u r v i v a l  and performance o f  man i n  
space;  2 )  t h e  e f f e c t  of t h e  space environment on b i o l o g i c a l  
organisms, systems and processes ;  and 3 )  t h e  sea rch  f o r  
e x t r a t e r r e s t r i a l  l i f e  forms. 

. . . t h e  O f f i c e  o f  R e l i a b i l i t y  and Systems Analysis ,  t o  
s u p e r v i s e  a program t o  eva lua te  and improve o p e r a t i o n a l  
r e l i a b i l i t y  o f  NASA launch v e h i c l e s  and payloads.  

... t h e  j o i n t  Atomic Energy Commission-NASA Nuclear 
P ropu l s ion  O f f i c e  t o  f a c i l i t a t e  t h e  coope ra t ive  e f f o r t  i n  
t h e  development of n u c l e a r  rocke t ry .  
s i b i l i t y  f o r  development of  a l l  r e a c t o r s  and t h e i r  components, 
i n c l u d i n g  t h o s e  f o r  f l i g h t  miss ions  s p e c i f i e d  by NASA. NASA 
w i l l  have primary r e s p o n s i b i l i t y  f o r  r e s e a r c h  and develop- 
ment of  engines  and r o c k e t  v e h i c l e  systems. 

AEC w i l l  have respon- 

LONG RANGE STUDIES 

NASA has  e s t a b l i s h e d  a Committee on Lon Range S t u d i e s  
pursuant  t o  Subsect ion (4) ,  of  s e c t i o n  1 0 2 ( c  f of  t h e  
Na t iona l  Aeronaut ics  and Space Act of  1958. The committee 
has  awarded c o n t r a c t s  t o  p r i v a t e  r e s e a r c h  o r g a n i z a t i o n s  t o  
s tudy  t h e  wide-ranging socio-economic and p o l i t i c a l  impli-  
c a t i o n s  o f  space technology a c t i v i t i e s .  

I n  October, t h e  American Bar Foundation completed a 
s tudy  e n t i t l e d  "Report t o  t h e  Nat iona l  Aeronaut ics  and Space 
Adminis t ra t ion  on t h e  Law of  Outer Space" ( s e e  Appendix A ) .  

NASA AND DOD ORGANIZE C O O R D I N A T I N G  BOARD 

On September 13, 1960, NASA and t h e  Department of  
Defense announced format ion  of  an Aeronaut ics  and 
A s t r o n a u t i c s  Coordina t ing  Board. 
one from NASA and one from DOD. 
n a u t i c s  and space  a c t i v i t i e s  i n  t h e  two agenc ie s  make up 
membership of  t h e  board. 

The Board has  co-chairmen, 
O f f i c i a l s  managing aero- 
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DEPARTMENT OF DEFENSE 

CHAPTER II 

INTRODUCTION 

The Department of  Defense (DOD]  con t inues  t o  be prima- 
r i l y  i n t e r e s t e d  i n  app ly ing  t h e  new c a p a b i l i t y  f o r  space 
f l i g h t  t o  achieve  a more e f f i c i e n t  m i l i t a r y  f o r c e  f o r  t h e  
United S t a t e s  and i t s  a l l i e s .  Space e f f o r t s  of  t h e  Depart- 
ment are  i n t e g r a l  t o  t h e  o v e r - a l l  m i l i t a r y  program, comple- 
menting o r  supplementing o t h e r  m i l i t a r y  a c t i v i t i e s .  

i nc reased .  Seve ra l  noteworthy successes  were achieved ,  
among them: 
launching  of m u l t i p l e  payloqds from one v e h i c l e ;  and 3 )  
f e a s i b i l i t y  d e m o n s t r a t i m s  of s a t e l l i t e s  f o r  a c c u r a t e  a l l -  
weather nav iga t ion  and communications r e l a y .  

During 1960, t h e  tempo of  m i l i t a r y  space a c t i v i t i e s  

1) r ecove ry  of  c a p s u l e s  from o r b i t ;  2 )  

The m i l i t a r y  departments  coopera te  i n  developing space 
a p p l i c a t i o n s  under t h e  c l o s e  supe rv i s ion  of  t h e  D i r e c t o r  of 
Defense Research and Engineer ing.  M i l i t a r y  space p r o j e c t s  
a re  a s s igned  t o  a p p r o p r i a t e  departments  a f t e r  due cons ider -  
a t i o n  of  t h e i r  p a r t i c u l a r  i n t e r e s t s ,  r e s p o n s i b i l i t i e s ,  o r  
s p e c i a l  competence. For example, development o f  reconnais -  
sance and e a r l y  warning s a t e l l i t e s  was a s s igned  t o  t h e  
A i r  Force,  n a v i g a t i o n a l  s a t e l l i t e s  to t h e  Navy, and commu- 
n i c a t i o n  s a t e l l i t e s  t o  t h e  Army. O the r  p r o j e c t s  a r e ,  o r  
w i l l  be,  handled i n  a s i m i l a r  manner. Space a c t i v i t i e s  a re  I 

c l o s e l y  coord ina ted  between departments  concerned. The A i r  
Force i s  r e s p o n s i b l e  f o r  launching  a l l  m i l i t a r y  s a t e l l i t e s .  

To i n s u r e  c l o s e  working r e l a t i o n s h i p s ,  and t o  i n t e g r a t e  
DOD and NASA space a c t i v i t i e s  i n t o  a s i n g l e  n a t i o n a l  e f f o r t ,  
a NASA-DOD Aeronaut ics  and A s t r o n a u t i c s  Coordinat ing Board 
was e s t a b l i s h e d .  The Board i s  co-chaired by t h e  Deputy 
Adminis t ra tor  of NASA and t h e  D i r e c t o r  of  Defense Research 
and Engineer ing of DOD. Through t h e  Board membership and 
s ix  f u n c t i o n a l  area pane l s ,  p r o j e c t s  and p r o j e c t  suppor t  
a re  planned, reviewed, de f ined ,  and a d j u s t e d  t o  e l i m i n a t e  
d u p l i c a t i o n s  and t o  augment e f f o r t  i n  a r e a s  r e q u i r i n g  it. 

Twenty-one launch a t t e m p t s  were made w i t h  1 2  success-  
f u l l y  a t t a i n i n g  o r b i t .  

A b r i e f  summary of t h e  major programs follows: 
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MAJOR PROGRAMS 

DISCOVERER 

P a r t i c u l a r l y  emphasized was t he  DISCOWF3R s a t e l l i t e  
program, t e s t i n g  components, p ropuls ion ,  and guidance systems 
and t echn iques  t o  be  u t i l i z e d  i n  va r ious  U . S .  space  p r o j e c t s .  
Capsule recovery  i s  foremost among techniques  be ing  s t u d i e d .  
On August 11, the U.S. recovered  from the P a c i f i c  Ocean a 
DISCOVERER capsu le  that  had been i n  o r b i t  about  a day. This 
event  marked the first t i m e  that  any n a t i o n  had s u c c e s s f u l l y  
recovered a man-made o b j e c t  a f t e r  i t  had o r b i t e d  the e a r t h .  
The capsu le  was donated t o  the Smithsonian I n s t i t u t i o n .  An 
American f l a g  t aken  from the payload was donated t o  t he  
Eisenhower Memorial Museum, Abilene,  Kan. 

I n  l a te r  experiments ,  a d d i t i o n a l  U.S.  capsules*  were 
recavered  i n  mid-air  by a i r c r a f t  equipped wi th  s l i n g s .  

Inc luded  i n  the DISCOVERER Program i s  the AGENA upper 
stage v e h i c l e ,  which i s  a l s o  used as a s a t e l l i t e  v e h i c l e  
f o r  MIDAS, SAMOS, and o t h e r  programs. AGENA has proven t o  
be  a h i g h l y  r e l i ab le  v e h i c l e .  The p ropu l s ion  system has 
never  f a i l ed .  The s t a b i l i z a t i o n  system, which makes recovery 
p o s s i b l e ,  i s  the f i r s t  t o  ma in ta in  an  e a r t h - o r i e n t e d  a t t i t u d e .  
AGENA has a l s o  exhibited accuracy and e f f e c t i v e n e s s .  The 
l a t e s t  ve r s ion ,  AGENA B, w i th  double the  t a n k  c a p a c i t y  and 
t w i c e  the  burn ing  time of  AGENA A ,  was s u c c e s s f u l l y  tes ted on 
DISCOVERER X V I I  i n  November. Every th ing  worked acco rd ing  t o  
p lan ,  i n c l u d i n g  e j e c t i o n  of the capsu le  from AGENA, and mid- 
a i r  recovery  a f t e r  50 hours  of o r b i t a l  f l i g h t .  

TRANSIT 

The TRANSIT s a t e l l i t e  n a v i g a t i o n  system, i n i t i a t e d  e a r l y  
i n  1958, i s  i n  the  second phase of the  program: 1) developing  
sh ipboard  n a v i g a t i o n  gea r ,  2 )  i n c r e a s i n g  system r e l i a b i l i t y ,  
3) improving accuracy-- including research and experiments  i n  
the  r e f r a c t i o n  and g e o d e t i c  areas, 4 )  s i m p l i f y i n s  system and 
sh ipboard  o p e r a t i o n ,  and 5) s tudy ing  a i r c r a f t  n a v i g a t i o n a l  
systems and making p re l imina ry  des ign .  

TRANSIT sa t e l l i t e s  p l aced  i n  o r b i t  were completely success-  
ful. A l l  subsystems opera ted  p rope r ly  and all f o u r  r a d i o s  
t r a n s m i t t e d  normally.  E x c e l l e n t  r e f r a c t i o n  data and l i m i t e d  
data  on the shape of the ear th  were ob ta ined .  P o s i t i o n  

* T o t a l  of three mid-air r e c o v e r i e s  t o  date. 
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de te rmina t ion  experiments from these sa t e l l i t e s  have proven 
TRANSIT fixes t o  be a c c u r a t e  t o  w i t h i n  one-quar te r  of a m i l e .  

P lans  are under way f o r  an o p e r a t i o n a l ,  completely 
p a s s i v e  system t o  i n s u r e  r e l i a b l e ,  a l l -wea the r  nav iga t ion .  
Ships  anywhere on the globe w i l l  be able t o  r e c e i v e  not  only 
n a v i g a t i o n a l  in format ion  but  a l s o  the exac t  times and t h e  
p r e d i c t e d  o r b i t s  of the sa te l l i t es .  Voyages f o r  ships of 
a l l  n a t i o n s  can t h u s  become safer and more e f f i c i e n t .  

- GREB 

The S o l a r  Rad ia t ion  Sa te l l i t e  GRET3 (Ga lac t i c  E a d i a t i o n  - Experiment Background) launched pick-a-back on TRANSIT, t r a n s -  
m i t s  cont inuous measurements of s o l a r  a c t i v i t y  i n  the X-ray 
and u l t r a - v i o l e t  r a d i a t i o n  bands.  These s o l a r  "weather 
r e p o r t s , "  c o r r e l a t e d  wi th  a hos t  of ground l e v e l  obse rva t ions ,  
help t o  un rave l  the mys te r i e s  of ionosphe r i c  behavior  and the 
mechanisms of s o l a r  s torms .  

T h i s  s a t e l l i t e  system has c o n t r i b u t e d  s i g n i f i c a n t l y  t o  
s c i e n t i f i c  knowledge. For example, i n  August there occurred  
a s o l a r  f l a re  l a s t i n g  18 minutes .  J u s t  as the f lare  began, 
a sa te l l i t e  came w i t h i n  range of a ground r e c e i v i n g  s t a t i o n ,  
and six minutes of c l e a r  s i g n a l s  d e p i c t e d  the h i s t o r y  of the 
way that u l t r a v i o l e t  and X-ray emission developed. 
sequence of even t s  i n  the e a r l y  l i f e  of a s o l a r  s torm is 
extremely r a p i d .  No previous  obse rva t ions  provided a con- 
t i n u o u s  r eco rd  of the f irst  minutes of a so la r  s torm's  b i r t h .  

The 

MIDAS 

The g o a l  of the MIDAS p r o j e c t  i s  development of a r e l i -  
able, o p e r a t i o n a l  s a t e l l i t e - b o r n e  missile defense  alarm system. 
MIDAS will p l a c e  i n  o r b i t  payloads having i n f r a r e d  d e t e c t i o n  
scanne r s  that can d e t e c t  the launching of b a l l i s t i c  missiles. 

I n  1960, the first two r e s e a r c h  and development MIDAS 
sa te l l i t es  were launched from the A t l a n t i c  Missile Range ( A M R ) .  
The second launch, which p l aced  an  i n f r a r e d  scanning satel- 
l i t e  i n t o  o r b i t  f o r  the first t ime,  ob ta ined  v a l u a b l e  i n f r a -  
red background data r e l a t i n g  t o  the earth 's  s u r f a c e .  

ARGUS 

The ARGUS experiments ,  i n  which n u c l e a r  exp los ions  were 
se t  o f f  i n  t h e  exosphere,  were s u c c e s s f u l l y  completed i n  1959. 
However, d a t a  are s t i l l  be ing  analyzed and used i n  o t h e r  space 
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r e s e a r c h  and a i r  de fense  programs, f o r  example, VELA (see pp. 
127-28). 
n a t u r e  of  the Van Al len  be l t s  (Great Rad ia t ion  Restion) and on 
the earth's magnetic f i e l d .  

The r e s u l t s  cont inue  t o  shed l i g h t  on the fundamental 

NOTUS 

This  p r o j e c t ,  f o r  developing a communications system 
u t i l i z i n g  satel l i tes  t o  provide long-range r a d i o  communi- 
c a t i o n s  links, was r e o r i e n t e d  t o  emphasize two programs: 
COURIER and ADVENT. 

COURIER demonstrated the f e a s i b i l i t y  of  a delayed re- 
p e a t e r  s a t e l l i t e  t o  r e l i e v e  crowded poin t - to-poin t  communi- 
c a t i o n s  when the COURIER IB sa t e l l i t e  was s u c c e s s f u l l y  
launched i n  October.  V a s t  q u a n t i t i e s  of in format ion  were 
r e l a y e d  between the ground s t a t i o n s  a t  Puer to  Rico and N e w  
J e r s e y .  The COURIER p o r t i o n  of the NOTUS p r o j e c t  i s  now 

c completed. 

ADVENT is in t ended  t o  demonstrate  the f e a s i b i l i t y  o f  
an  in s t an taneous  repeater loca ted  a t  a fixed p o s i t i o n  above 
the earth, r evo lv ing  a t  t he  same speed as the earth.  The 
p r o j e c t  should provide  broadband, po in t - to-poin t  c o m u n i -  
c a t i o n  and g round- to -a i r c ra f t  communication. Organiza t ion  
f o r  management was completed and the  p r i n c i p a l  program con- 
t r a c t o r s  were s e l e c t e d .  

SHEPHERD 

The o b j e c t i v e  of t h i s  program i s  t o  o b t a i n ,  a t  the 
ear l ies t  p r a c t i c a b l e  date,  a space s u r v e i l l a n c e  t r a c k i n g  
sys tem that  can s a t i s f y  m i l i t a r y  and o t h e r  requi rements .  
P re sen t  systems are SPASUR (@ace s u r v e i l l a n c e  System) and 
SPACETRACK (Na t iona l  Space S u r v e i l l a n c e  Cont ro l  C e n t e r ) ;  
b o t h  were p laced  under  c o n t r o l  of the Commander-in-Chief, 
C o n t i n e n t a l  A i r  Defense Command, i n  November. 

SPASTJR, a network of radars, can d e t e c t  and determine 
the o r b i t  of  any o b j e c t s  i n  space pass ing  over  the United 
S t a t e s  a t  a l t i t u d e s  up t c  1,000 miles, r e g a r d l e s s  of whether 
they  are sending  out  s i g n a l s .  A s  an  exemple of the capa- 
b i l i t y  of t h i s  system, e a r l y  i n  1960 SPASUR d e t e c t e d  an 
unknown o b j e c t  i n  o r b i t  around the ear th .  The o r b i t  was 
determined and, from t h i s ,  t he  o b j e c t  was i d e n t i f i e d  as a 
part  of a p r e v i o u s l y  launched DISCOVERER s a t e l l i t e  v e h i c l e  
that  had been n l o s t w  f o r  some t i m e .  
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d The primary 
' are t o  c a l c u l a t e  

f u n c t i o n s  of SPACETRACK a t  Bedford,  Mass., 
o r b i t a l  e lements  of a l l  s a t e l l i t e s  and t o  

ma in ta in  a c a t a l o g  of these elements  and d i s t r i b u t e  t h e  
in fo rma t ion  t o  the  m i l i t a r y  s e r v i c e s ,  i n t e l l i g e n c e  agenc ie s  
and the s c i e n t i f i c  community. The c e n t e r  was c o n s t r u c t e d  
i n  1959 and began o p e r a t i o n  i n  January 1960. Data a r e  
r e c e i v e d  from many sources ,  i nc lud ing  SPASUR. Information 
i s  given out  on a coopera t ive  bas i s .  A s tudy  was completed 
o f  a n t i c i p a t e d  f u t u r e  requirements  i n  space  d e t e c t i o n ,  t r a c k -  
ing  and c a t a l o g i n s  t o  a i d  i n  determining f u t u r e  requirements  
f o r  an o p e r a t i o n a l  m i l i t a r y  system. 

LONGSIGHT 

The purpose of P r o j e c t  LONGSIGIIT was t o  f i n d  and remedy 
s e r i o u s  s h o r t -  and long-term Saps i n  s tudy  and research re- 
l a t i n s  t o  f o r e s e e n  m i l i t a r y  needs i n  space  technology.  Durine: 
the  r e p o r t  pe r iod ,  the  s tudy  was concluded. A sub -p ro jec t ,  
ORION, con t inues .  It i s  a s tudy  of t h e  f e a s i b i l i t y  of pro- 
p e l l i n g  very large payloads through space  by means of a 
s e r i e s  of' n u c l e a r  exp los ions .  E a r l y  i n  1960, a f t e r  i n i t i a l  
e n g i n e e r i n g  f e a s i b i l i t y  s t u d i e s ,  the  p r o j e c t  was r e o r i e n t e d  
toward answer ins  b a s i c  q u e s t i o n s  t o  de te rmine  performance. 
Eng inee r ins  s t u d i e s  were cont inued  a t  a l e v e l  tha t  should 
g ive  approximate estimates of des ign  parameters .  I n  a d d i t i o n ,  
the  Atomic Xncrgy Commission l a b o r a t o r i e s  were r eques t ed  t o  
a id  i n  des ign  s t u d i e s  of n u c l e a r  dev ices  f o r  p ropu l s ion  
v e h i c l e s  of t he  O R I O N  t y p e .  

s A I3 os 
P r o j e c t  SAMOS i s  a r e s e a r c h  and development program 

t:, de termine  t h e  c a p a b i l i t i e s  f o r  making o b s e r v a t i o n s  of 
t h e  e a r t h  from s a t e l l i t e s .  The f i r s t  SAMOS f l i g h t  t e s t  
was i n  October ,  when SAMOS I was launched from t h e  P a c i f i c  
Missile Range (PMR). However, due t o  equipment mal func t ion  
du r ing  launch ,  o r b i t  was no t  a t t a i n e d .  Research and devel-  
opment on e s s e n t  i a l  components i s  c o n t i n u i n g  . 
VELA - 

The Department o f  Defense, i n  c o l l a b o r a t i o n  wi th  AEC, 
NASA, and t h e  Departments of  Commerce and  I n t e r i o r ,  h a s  
developed P r o j e c t  VELA, whose o b j e c t i v e  i s  a system f o r  
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d e t e c t i n g  n u c l e a r  exp los ions ,  bo th  underground and a t  h igh  
a l t i t u d e s .  
development programs: 

VELA i s  subdivided i n t o  t h r e e  r e s e a r c h  and 

VELA Uniform: d e t e c t i o n  of underground n u c l e a r  
explos ions ;  
VELA S i e r r a :  ground-based d e t e c t  i on  o f  n u c l e a r  
t e s t s  i n  space;  and 
VELA Hote l :  satell i te-based d e t e c t i o n  of n u c l e a r  
tests i n  space .  

The S a t e l l i t e  I n s p e c t o r  System (SAINT) program, in tended  
t o  develop and demonstrate  a rendezvous and i n s p e c t i o n  sa te l -  
l i t e ,  w i l l  p l a c e  i n s p e c t i o n  payloads i n  o r b i t  i n  c l o s e  prox- 
imi ty  t o  s p e c i f i e d  ta rge ts .  

LORRATNE 

Research i n  advanced energy convers ion  i s  be ing  high- 
l i g h t e d  by the es tab l i shment  o f  t h i s  new p r o j e c t .  
t i n u i n g  basis, LORRAINE w i l l  suppor t  advanced program needs 
w i t h i n  t he  Department of Defense.  Progress  cont inued  on 
energy  conversion techniques  and energy s t o r a g e  and c o l -  
l e c t i o n .  

On a con- 

BLUE SCOUT 

The BLUE SCOUT program i s  d i r e c t e d  toward developing and 
s t a n d a r d i z i n g  an economical, v e r s a t i l e ,  and re l iab le  tes t  
v e h i c l e  t o  improve components, subsystems, and s p e c i a l i z e d  
techniques  re la ted  t o  m i l i t a r y  space  a c t i v i t i e s  and b a l l i s t i c  
missile development. 

Ava i l ab le  f a c i l i t i e s  a t  Cape Canaveral  were used t o  
launch  two BLUE SCOUT v e h i c l e s .  On September 21, one achieved  
a probe a l t i t u d e  estimated a t  more t han  14,000 miles dur ing  a 
seven-hour f l i g h t .  The second, launched on November 8, blew 
up a f t e r  68 seconds.  

PROJECT TRANSFER TO NASA 

I n  March, a l l  a d m i n i s t r a t i v e  and t e c h n i c a l  r e s p o n s i b i l -  
i t i e s  f o r  P r o j e c t  S a t u r n  were t r a n s f e r r e d  t o  NASA.* 

* See Chapter  1 
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DYNA-SOAR AEROSPACE SYSTEM DEVELOPMENT* 

The Dyna-Soar system development i s  a j o i n t  DOD-NASA 
program, f inanced  and adminis te red  by DOD, t o  c o n s t r u c t  and 
t e s t  a manned, maneuverable aerospace  v e h i c l e  t h a t  w i l l  
exp lo re  hypersonic  f l i g h t  up t o  o r b i t a l  speeds.  The p r o j e c t  
w i l l  e s t a b l i s h  and confirm t h e  b a s i c  technology t o  develop 
weapons systems o r  o t h e r  v e h i c l e s  capable  o f  o r b i t ,  atmos- 
p h e r i c  e n t r y ,  and maneuver t o  a convent iona l  l and ing  a t  a 
p re - se l ec t ed  a i r  base 

features,  t h e  program was approved i n  Apr i l .  
t h e  launch v e h i c l e ,  and launch  v e h i c l e  eng ines  were con- 
t r a c t e d  f o r .  

After a n  i n t e n s i v e  three-month review of t e c h n i c a l  
The g l i d e r ,  

S t u d i e s  cover ing  more t h a n  20 areas were completed. 
A comprehensive wind t u n n e l  t e s t  program t o  develop per- 
formance, s t a b i l i t y ,  and c o n t r o l  d a t a  f o r  a range o f  Mach 
0.3 t o  Mach 18 was conducted. S t r u c t u r e s  and m a t e r i a l s  
a r e  being r e f i n e d  and  t e s t ed  a t  a n  a c c e l e r a t e d  r a t e .  

SPACE FLIGHT SUPPORTING RESOURCES 

During 1960, 10 NASA and 21 DOD space v e h i c l e s  were 
launched from AMR, and from t h e  Vandenberg AFB and P t .  
Arguel lo  launch areas of PMR, u t i l i z i n g  t h e  suppor t  of t he  
Na t iona l  Missile Ranges. To a s u b s t a n t i a l  e x t e n t ,  t h e s e  
l aunches  were supported by e x i s t i n g  f a c i l i t i e s  and equip- 
ment i n i t i a l l y  provided f o r  missi le  requi rements .  I n  a 
number of  cases ,  however, f a c i l i t i e s  have been augmented 
wi th  equipment t o  support  t h e  newer upper-stage rocke t  
engines .  

provide a launch c a p a b i l i t y  f o r  t h e  Atlas-Centaur combina- 
t i m  and t h e  Sa tu rn  v e h i c l e .  

Cons t ruc t ion  was begun and i s  proceeding a t  AMR t o  

ro! See Chapter 1 
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CHAPTER 111 

U. S. ATOMIC ENERGY COMMISSION 

INTRODUCTION 

During 1960, the Atomic Energy Commission (AE=C) expanded 
i t s  e f f o r t s  i n  connec t ion  with the N a t i o n a l  Space Program. 
Work has cont inued  on P r o  e c t  Rover (an e f f o r t  t o  a t t a i n  
n u c l e a r  rocke t  p ropu l s ion  3 and P r o j e c t  SNAP (a ser ies  of 
nuc lear -genera ted  a u x i l i a r y  e l e c t r i c  power systems f o r  space- 
c r a f t ) .  The Commission's Los Alamos S c i e n t i f i c  Laboratory 
(LASL) i s  a l s o  conduct ins  research on a plasma thermocouple 
f o r  d i r e c t  convers ion  of f i s s i o n  hea t .  

PROJECT ROVER 

Roclcet r e a c t o r  development under the j o i n t  AEC-NASA 
P r o j e c t  Rover i s  c e n t e r e d  a t  LASL. A v igorous  program i s  
under way t o  develop a f i rs t  gene ra t ion  r e a c t o r  s u i t a b l e  f o r  
e a r l y  f l i g h t  t e s t s .  A concurren t  e f f o r t  i s  d i r e c t e d  toward 
developing  l i g h t e r ,  higher-powered r e a c t o r s .  

During 1960, K i w i - A  P r i m e  and K i w i - A 3 ,  t h e  second and 
t h i r d  expe r imen ta l  r e a c t o r s  i n  t he  K i w i *  series,  were suc-  
c e s s f u l l y  t e s t ed  a t  the Nevada Test S i t e ,  Both r e a c t o r s  
used h igh-pressure  hydrogen gas as p r o p e l l a n t ,  bu t  conta ined  
m o d i f i c a t i o n s  and des ign  improvements over  t h e  ea r l i e r  des ign  
f o r  i n c r e a s e d  performance. F a b r i c a t i o n  and assembly of K i w i -  
B, t he  f irst  expe r imen ta l  r e a c t o r  o f  a f l y a b l e  des ign ,  were 
I n i t i a t e d  du r ing  the y e a r .  F a c i l i t y  m o d i f i c a t i o n s  and con- 
s t r u c t i o n  began a t  t he  Nevada Tes t  S i t e  i n  p r e p a r a t i o n  f o r  
the f i r s t  of a ser ies  o f  Kiwi-B tes ts  scheduled  f o r  1961. 
The new r e a c t o r  se r ies  w i l l  involve  t h e  use of l i q u i d ,  r a t h e r  
t han  gaseous,  hydrogen as t h e  c o o l a n t - p r o p e l l a n t .  This  1s a 
requirement  i n  a f l y a b l e  system. 

PROJECT SNAP 

The SNAP (systems f o r  _Nuclear A u x i l i a r y  Power )  prosram 
has been developing  compact, l i gh twe igh t ,  long- l ived ,  n u c l e a r  

* K i w l - A  was t e s t ed  i n  1959. See Chapter 3, Second Annual 
Report  t o  Congress from the P res iden t  of the United States .  
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e l e c t r i c  power packages f o r  use  i n  sa te l l i t es  and space  
v e h i c l e s .  Two developmental  approaches have been fol lowed:  
1) radioisotope-powered systems, and 2 )  small reactor-powered 
u n i t s  . 

The r a d i o i s o t o p e  u n i t s  are b e i n s  developed by the Nuclear  
D iv i s ion  of  The Mart in  Company, Bal t imore ,  Md. The r e a c t o r  
u n i t s  are be ing  developed by Atomics I n t e r n a t i o n a l ,  a d i v i s i o n  
of North American Avia t ion ,  Inc . ,  Canoga Park, Cal i f .  

The SNAP program a l s o  inc ludes  the development of t ech -  
n iques ,  materials, and equipment f o r  advanced h e a t - t o - e l e c t r i c i t y  
convers ion  systems capable  of o p e r a t i n g  i n  t h e  space  environment.  
The SNAP program has demonstrated compact t u r b o e l e c t r i c  conver- 
s i o n  u n i t s ,  u s i n g  mercury vapor as a working f l u i d .  F u r t h e r -  
more, t o  conver t  heat d i r e c t l y  t o  e l e c t r i c i t y  wi thout  moving 
pa r t s ,  banks of s o l i d  s ta te  t h e r m o e l e c t r i c  e lements  have been 
s u c c e s s f u l l y  designed and conf igured  as s t a t i c  g e n e r a t o r s  s u r -  
rounding the SNAP heat source .  Development e f f o r t s  are be ing  
conducted t o  demonstrate  the  advantages o f  high-temperature  
thermionic  conversion systems f o r  space a p p l i c a t i o n s ,  and t o  
p rov ide  the long-term r e l i a b i l i t y  e s s e n t i a l  t o  o p e r a t i o n  i n  
space .  

Companies p a r t i c i p a t i n g  i n  the  energy convers ion  p o r t i o n  
of t he  SNAP program, i n  a d d i t i o n  t o  Mar t in  and Atomics I n t e r -  
n a t i o n a l ,  are Thompson-Ramo-Wooldridge, Inc. ,  Cleveland, Ohio: 
Aerojet-General  Corp., Azusa, Cal i f . ,  Minnesota Mining and 
Manufacturing Co., S t .  Paul, Minn.; Thermo-Electron Engineer- 
i n g  Corp . , Cambridge, Mass. ; and West inghouse Corp . , P i t t s b u r g h ,  
P a .  

Radio iso tope  Space Power Systems 

The SNAP-3 g e n e r a t o r  was developed t o  demonstrate  the 

The f i r s t  SNAP-3 u n i t  was d e l i v e r e d  t o  the AEC by 

f e a s i b i l i t y  of u s i n g  r a d i o i s o t o p e s  as a heat sou rce  f o r  a 
completely s t a t i c  (no moving pa r t s )  t h e r m o e l e c t r i c  g e n e r a t o r  
system. 
The Mart in  Company i n  January 1959. Four SNAP-3 u n i t s  have 
been fueled and demonstrated i n  Washington, D.C. ;  Cleveland 
and C i n c i n n a t i ,  Ohio; Tops f i e ld ,  Mass,; San Franc isco ,  Calif.; 
Bal t imore ,  Md. ; Tokyo, Japan; and Buenos Aires, Argent ina .  
SNAP-3 produces f o u r  watts f rom 2,000 curies of Polonium-210 
and weighs f o u r  pounds. This  u n i t  has been s u b j e c t e d  t o  shock, 
v i b r a t i o n ,  and a c c e l e r a t i o n  o p e r a t i o n a l  t e s t s ;  f i r e ,  exp los ion ,  
h igh  v e l o c i t y  impact ,  co r ros ion ,  and plasma j e t  s a f e t y  tests;  
and a 10-month l i f e  t e s t .  Performance has i n d i c a t e d  i t  t o  
be sui table  as a low-power g e n e r a t o r  f o r  space use. 
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The SNAP-1A t h e r m o e l e c t r i c  g e n e r a t o r  i s  being  developed 
t o  demonstrate  the use of h i g h e r  powered space  g e n e r a t o r s  of 
the SNAP-3 type ,  f’ueled with f i s s i o n  waste p roduc t s .  SNAP-lA, 
designed t o  produce 125 watts of e l e c t r i c a l  energy for one 
y e a r ,  i s  f u e l e d  w i t h  880,000 c u r i e s  of Cerium-144. It weighs 
approximately 200 pounds. Environmental  tes ts  of an e l e c t r i -  
c a l l y  heated u n i t  have been completed. S a f e t y  studies and 
t e s t s ,  very s imilar  t o  t h o s e  run  on SNAP-3, have been can- 
duc ted ,  and ground equipment, t o  a s s u r e  safe handl ing  i n  
ground o p e r a t i o n s ,  has been f a b r i c a t e d .  
f u e l e d  SNAP-1A w i l l  be i n i t i a t e d  i n  1961 when the u n i t  is 
f u e l e d  with t h e  proper  q u a n t i t y  o f  Ce-144 and des ign  tes ted 
through i t s  ope ra t  i n %  performance . 

The SNAP i s o t o p i c  power program a l s o  inc ludes  s t u d i e s  of 
a curium f u e l  technology and n u c l e a r  s a f e t y ,  bo th  d i r e c t l y  
a p p l i c a b l e  t o  space power u n i t s .  The s a f e t y  e f f o r t  i nc ludes  
atmospheric  e n t r y  burn-up tes ts ,  launch t r a j e c t o r y  s t u d i e s  
from Cape Canaveral ,  and l u n a r  impact s t u d i e s .  Much of t h i s  
c u r r e n t  work i s  d i r e c t e d  t o  suppor t ing  requirements  f o r  
r a d i o i s o t o p e  t h e r m o e l e c t r i c  g e n e r a t o r s  f o r  the U.S. Navy 
n a v i g a t i o n  s a t e l l i t e  (TRANSIT) and t h e  NASA l u n a r  s o f t  land- 
ing  mission (SURVEYOR). 

A thermionic  g e n e r a t o r  i s  be ing  developed tha t  w i l l  pro- 
duce 7-10 watts and weigh about n ine  ounces. E l e c t r i c a l l y  
heated p r o t o t y p e s  have been f a b r i c a t e d  and tested f o r  as long 
as 2,100 hours .  These dev ices  use close-spaced,  high-vacuum, 
thermionic  d iodes  developed under the SNAP program by t h e  
Thermo-Electron Engineer ing Corp. A demonstrat ion device  
f u e l e d  with curium-242 w i l l  be d e l i v e r e d  i n  1961. 

Hot c e l l  tests of a 

Reac tor  Space Power Systems 

i s  based  on a small zirconium-hydride-moderated r e a c t o r ,  
homogeneously f u e l e d  wi th  three ki lograms of U-235. The 
r e a c t o r  p o r t i o n  of t h e  sys tem weighs approximate ly  220 
pounds and  produces t h r e e  k i l o w a t t s  of e l e c t r i c a l  energy a t  
1,2000F o u t l e t  t empera ture .  The t u r b o e l e c t r i c  conversion 
equipment ( c o n s i s t i n g  o f  t h e  t u r b i n e  and a b r u s h l e s s  
i n d u c t o r  e l e c t r i c a l  g e n e r a t o r )  i s  mounted on a s i n g l e  s h a f t  
which a l s o  powers t h e  necessa ry  a u x i l i a r y  pumps f o r  t h e  
system. The e n t i r e  u n i t  i s  h e r m e t i c a l l y  s e a l e d .  The over- 
a l l  weight of SNAP-2 i s  approximately 600 pounds, e x c l u s i v e  
of s h i e l d i n g .  The SNAP Experimental  Reac tor ,  a f t e r  complet- 
i n g  a one-half  year  t e s t  -- o p e r a t i n g  a t  des ign  power and 
tempera ture  f o r  50 pe rcen t  of t h e  time -- was s h u t  down on 
November 18 f o r  pos t -ope ra t iona l  examination. The SNAP-2 
Development System i s  be ing  i n s t a l l e d  i n  a t e s t  f a c i l i t y  

SNAP-2 -- The SNAP-2 space power system f o r  s a t e l l i t e s  
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completed i n  October a t  t h e  AECts s i t e  i n  Los Angeles 
County. 
t e s t s  w i l l  begin e a r l y  i n  1961. 

I n t e g r a t e d  r e a c t o r  and power conversion system 

SNAP-R -- SNAP-8 i s  a j o i n t  AEC-NASA p r o j e c t  t o  develop 

The SNAP-8 r e a c t o r  

The r e a c t o r  weighs 

Reac tor  tests w i l l  prove out  

Two of these u n i t s  

a r e a c t o r  and power conversion system t o  produce e i t h e r  30 o r  
60 e l e c t r i c a l  k i l o w a t t s  of u sab le  power. 
i s  being developed by the AEC as an  ex tens ion  of the SNAP-2 
r e a c t o r  and w i l l  use  similar components. 
approximately 300 pounds, i s  f u e l e d  w i t h  5.2 ki lograms of 
U - 2 3 5 ,  aud w i l l  produce 700 thermal  k i l o w a t t s  r e a c t o r  power 
a t  1,350 F o u t l e t  t empera ture .  
the r e a c t o r  des ign  and c o n f i g u r a t i o n .  The t u r b o e l e c t r i c  con- 
v e r s i o n  system developed by NASA i s  designed as a module con- 
cep t  t o  produce 30 e l e c t r i c a l  k i l o w a t t s .  
can be  powered from the SNAP-8 r e a c t o r  t o  produce a u s e f u l  
ou tput  of 60 e l e c t r i c a l  k i l o w a t t s .  
systems w i l l  be combined and t e s t e d  as a f u l l  system i n  f a c i l i -  
t i e s  t o  be c o n s t r u c t e d  a t  the  AEC s i t e  i n  Los Angeles County. 
T h i s  space power p l a n t  i s  expected t o  weigh approximately 
900 pounds, e x c l u s i v e  of  s h i e l d i n g .  

SNAP-1OA -- SNAP-1OA i s  an AEC p r o j e c t  o r i g i n a t e d  through 
A i r  Force i n t e r e s t  f o r  a low-power, l igh tweish t ,  s t a t i c ,  
e l e c t r i c  power source  f o r  space a p p l i c a t i o n s .  
a c t o r  core  w i l l  be u t i l i z e d  wi th  sodium potassium l i q u i d  metal 
coo lan t .  An e l ec t romagne t i c  pump f o r c e s  t he  coolan t  from the 
r e a c t o r  co re  t o  the t h e r m o e l e c t r i c  elements where the heat i s  
conver ted  d i r e c t l y  i n t o  e l e c t r i c i t y .  
designed t o  weigh less t han  750 pounds inc lud ing  s h i e l d i n g .  
SNAP-1OA w i l l  produce 500 watts of e l e c t r i c i t y  con t inuous ly  
f o r  a t  least one y e a r  i n  a space environment.  

The r e a c t o r  and conversion 

A SNAP-2 re- 

The SNAP-1OA system i s  

PLASMA - THERMOCOUPJX 

The work a t  LASL on d i r e c t  conversion of f i s s i o n  heat by 
thermionic  ( e l e c t r o n )  emission from a n u c l e a r  f u e l  (z i rconium 
carbide-uranium c a r b i d e )  i n  a cesium plasma diode con t inues  
t o  show promise.  
conducted by several  i n d u s t r i a l  c o n t r a c t o r s  b o t h  as "in-house" 
and government -supported p r o j e c t s  . 
s i n g l e  c e l l  experiment i n  t he  LASL Omega West Research Reac tor  
gave a maximum power of about 85 watts, and a maximum c u r r e n t  
of about  130 amps. The estimated e f f i c i e n c y  was about  13 per- 
c e n t ,  a reasonable  e f f i c i e n c y  f o r  t h i s  e a r l y  s t a g e  of develop- 
ment. T h e o r e t i c a l  e f f i c i e n c i e s  as h i g h  as 50-60 pe rcen t  have 
been p r e d i c t e d  f o r  the f u t u r e ,  but only a f t e r  a prolonged 
p e r i o d  of development. I n  a n o t h e r  experiment,  t h r e e - u n i t  
c e l l s  were combined i n  e l e c t r i c a l  ser ies  i n  a t r i p l e - c e l l  

Add i t iona l  work of t h i s  n a t u r e  i s  be ing  

Recent r e s u l t s  from a 

- 34 - 



assembly and ope ra t ed  i n  the Omega West Reac tor .  A s  ex- 
pec ted ,  t h e  output  v o l t a g e  of  approximately n ine  v o l t s  was 
roughly t h r e e  times the v o l t a g e  of each u n i t  c e l l .  Suf- 
ficient power was developed t o  ope ra t e  a s i x - v o l t  c a r  fan. 
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CHAPTER I V  

DEPARTMENT OF STATE 

INTRODUCTION 

Throughout 1960, t h e  United S t a t e s  cont inued t o  p l ay  
a l e a d i n g  r o l e  i n  encouraging i n t e r n a t i o n a l  c o n s u l t a t i o n  
on t h e  o p p o r t u n i t i e s  and problems a r i s i n g  from t h e  explo- 
r a t i o n  and use  o f  o u t e r  space.  Forums o f  d i s c u s s i o n  have 
ranged from t h e  United Nat ions t o  non-governmental s c i en -  
t i f i c  meet ings  and from m u l t i - l a t e r a l  c o n s u l t a t i o n  t o  b i -  
l a t e r a l  n e g o t i a t i o n .  
S t a t e s  h a s  v igo rous ly  pursued i t s  n a t i o n a l  p o l i c y  o f  
f o s t e r i n g  i n t e r n a t i o n a l  coopera t ion  i n  space r e s e a r c h  and 
e x p l o r a t i o n  and i n  seeking  e f f e c t i v e  i n t e r n a t i o n a l  c o n t r o l  
o f  o u t e r  space a c t i v i t i e s .  

I n  a l l  t h e s e  a c t i v i t i e s  t h e  United 

ACTIVITIES W I T H I N  THE UNITED NATIONS GENERAL ASSEMBLY 

The p o s i t i o n  of t h e  United S t a t e s  on t h e  urgent  prob- 
lem of a p p r o p r i a t e l y  c o n t r o l l i n g  t h e  use of o u t e r  space 
was c l e a r l y  s e t  f o r t h  i n  t h e  P r e s i d e n t ' s  Address of 
September 22, 1960, t o  t h e  General Assembly of t h e  United 
Nat ions.  The P res iden t  po in ted  t o  t h e  importance o f  reach-  
i n g  speedy i n t e r n a t i o n a l  agreement on measures t o  "enable 
f u t u r e  g e n e r a t i o n s  t o  f i n d  peace fu l  and s c i e n t i f i c  p rogres s ,  
no t  a n o t h e r  f e a r f u l  dimension i n  t h e  arms r a c e ,  a s  t h e y  
exp lo re  t h e  universe." To t h i s  end t h e  P res iden t  proposed 
t o  t h e  members of  t h e  General Assembly t h a t :  

"1. We agree t h a t  c e l e s t i a l  bod ie s  are not s u b j e c t  t o  

"2. We agree t h a t  t h e  n a t i o n s  o f  t h e  world s h a l l  not  

" 3 .  We agree, s u b j e c t  t o  a p p r o p r i a t e  v e r i f i c a t i o n ,  

n a t i o n a l  a p p r o p r i a t i o n  by any c la ims  of sovere ignty .  

engage i n  war l ike  a c t i v i t i e s  on t h e s e  bodies .  

t h a t  no n a t i o n  w i l l  put i n t o  o r b i t  o r  s t a t i o n  i n  o u t e r  
space weapons of mass d e s t r u c t i o n .  
c r a f t  should be v e r i f i e d  i n  advance by t h e  United Nations. 

We p r e s s  forward wi th  a program of i n t e r n a t i o n a l  
coope ra t ion  f o r  c o n s t r u c t i v e  peacefu l  uses o f  o u t e r  space 
under t h e  United Nations. Better weather f o r e c a s t i n g ,  
improved worldwide communications, and more e f f e c t i v e  

All l aunchings  of space 
t 

1'4. 
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e x p l o r a t i o n  not  on ly  of o u t e r  space but  of our  e a r t h  -- 
t h e s e  a re  bu t  a few of t h e  b e n e f i t s  o f  such cooperation." 

I n  a d d i t i o n ,  t h e  United S t a t e s  h a s  been engaged s i n c e  
t h e  beginning of t h e  year  i n  n e g o t i a t i n g  t h e  o r g a n i z a t i o n  
of  t h e  United Nat ions Committee on t h e  Peacefu l  Uses of 
Outer Space. This  Committee, composed o f  twenty-four mem- 
b e r s  of  t h e  United Nations,  was e s t a b l i s h e d  by t h e  Four teenth  
General Assembly and a s s igned  a number of t a s k s  proceeding 
l a r g e l y  from problems i d e n t i f i e d  by t h e  J u l y  14, 1959 
Report of  t h e  Ad Hoc Committee on t h e  Peacefu l  Uses of  Outer 
Space. The Committee's t a s k s  i n c l u d e  s tudying  s c i e n t i f i c  
and t e c h n i c a l  programs i n  t h e  peace fu l  u ses  of o u t e r  space 
t h a t  could a p p r o p r i a t e l y  be undertaken under United Nat ions 
a u s p i c e s  and  s tudying  t h e  n a t u r e  o f  t h e  lega l  problems t h a t  
might a r i se  from t h e  e x p l o r a t i o n  of o u t e r  space.  The 
General Assembly a l s o  decided t o  convene before  t h e  end of  
1961 under t h e  a u s p i c e s  o f  t h e  United Nat ions an i n t e r n a -  
t i o n a l  conference for  t h e  exchange of  exper ience  i n  t h e  
peace fu l  u ses  o f  o u t e r  space.  The Outer Space Committee was 
r eques t ed  t o  work out  p roposa l s  wi th  regard t o  t h e  convening 
of  such a conference.  

OTHER INTERNATIONAL ACTIVITIES 

During 1960 t h e  Department of S t a t e  has  cont inued i t s  
a c t i v i t i e s  r e l a t e d  t o  t h e  emerging p o l i t i c a l  and lega l  prob- 
lems of  o u t e r  space.  The Department has  a l s o  maintained i t s  
e f f o r t s  i n  suppor t  o f  t h e  t e c h n i c a l  requi rements  of  t h e  
United S t a t e s  o u t e r  space e f f o r t  and i n  implementing cooper- 
a t i v e  arrangements  w i th  o t h e r  c o u n t r i e s .  

t h e  
Pro 
fac  

Agreements have been s u b s t a n t i a l l y  completed r e s p e c t i n g  
worldwide t r a c k i n g  and communications network suppor t ing  

j e c t  MERCURY, t h e  i n s t a l l a t i o n  o f  deep space t r a c k i n g  
i l i t i e s ,  and t h e  ex tens ion  of  t h e  Mini t rack  network.* 

Arrangements were a l s o  made f o r  o t h e r  f a c i l i t i e s  needed i n  
connect ion wi th  governmental programs of  o u t e r  space r e s e a r c h  
and development. 

The Department h a s  worked c l o s e l y  w i t h  NASA t o  f a c i l i -  
t a t e  s c i e n t i f i c  coopera t ive  arrangements  and, on a n  i n t e r -  
agency b a s i s ,  t h e  Department h a s  i n i t i a t e d  p r e p a r a t i o n s  f o r  
t h e  Ex t rao rd ina ry  Adminis t ra t ive  Radio Conference t o  be he ld  
i n  1963 t o  cons ide r  f u r t h e r  t h e  a l l o c a t i o n  o f  f r equenc ie s  
f o r  space communications. 

* See Chapter 1. 
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CHAPTER V 

THE N A T I O N A L  SCIENCE FOUNDATION 

INTRODUCTION 

One of t h e  p r i n c i p a l  o b j e c t i v e s  of t h e  Nat ional  Science 
Foundation i s  t o  support  b a s i c  r e s e a r c h  of  a p ionee r ing  
n a t u r e .  
i n s t i t u t i o n s  f o r  t h e  support  o f  r e s e a r c h  p r o j e c t s  proposed 
by s taff  s c i e n t i s t s  of t h e  i n s t i t u t i o n s  involved. A sub- 
s t a n t i a l  p a r t  o f  t h e s e  e f f o r t s  i s  i n  support  of s c i e n t i f i c  
i n v e s t i g a t i o n s  t h a t  seek an understanding of t h e  fundamental 
laws of t he  p h y s i c a l  un ive r se .  A l i m i t e d  number of g r a n t s  
have been made and c o n t r a c t s  awarded t o  develop s p e c i a l  
i n s t rumen ta t ion  o r  f a c i l i t i e s  deemed e s p e c i a l l y  important  
f o r  improving r e s e a r c h  i n  p a r t i c u l a r  f i e l d s .  

This  i s  done p r i m a r i l y  through g r a n t s  t o  nonprof i t  

PROGRAMS I N  BASIC SCIENCE RELATED TO SPACE 

The more b a s i c  a r e s e a r c h  r e s u l t ,  t h e  wider  i t s  area 
of p o t e n t i a l  a p p l i c a t i o n .  It i s  t h e r e f o r e  d i f f i c u l t  t o  
e s t a b l i s h  exac t  c r i t e r i a  f o r  determining t h e  r e l a t i o n s h i p  
o f  a p a r t i c u l a r  p r o j e c t  t o  sc ience  i n  space.  I n  t h e  case  
of phys i c s  r e s e a r c h  p r o j e c t s  -- f o r  example, nuc lea r  phys ics ,  
plasma phys ics ,  low temperature r e s e a r c h ,  and s o l i d  s t a t e  
r e s e a r c h  -- it i s  d i f f i c u l t  t o  t h i n k  of a n  area of i n v e s t i -  
g a t i o n  t h a t  does not  have some a p p l i c a t i o n  t o  sc i ence  o r  
technology i n  space.  I n  the  b i o l o g i c a l  and medical  s c i ences ,  , 

t h e  Foundation s u p p o r t s  a very s u b s t a n t i a l  program o f  
r e s e a r c h ,  much o f  which w i l l  f i n d  important  a p p l i c a t i o n  i n  
t h e  space s c i e n c e s .  I n  c o n s t r u c t i n g  t h e  t a b u l a t i o n  given 
i n  Appendix B, t h e  r u l e  has  been t o  inc lude  among t h e  
p r o j e c t s  a c t i v e  dur ing  ca lendar  year 1960: 

1. All p r o j e c t s  i n  t h e  Astronomy Program. 

2. Only t h o s e  p r o j e c t s  i n  t h e  Atmospheric Sc iences  
Program which d e a l  w i t h  t h e  e f f e c t s  o f  o b j e c t s  o u t s i d e  t h e  
e a r t h ' s  atmosphere ( such  a s  t h e  sun) upon t h e  e a r t h ' s  
atmosphere,  o r  which employ e x t r a - t e r r e s t r i a l  v e h i c l e s  i n  
t h e  r e s e a r c h  procedure.  

3 .  
d e a l  s p e c i f i c a l l y  wi th  t h e  chemis t ry  of f r ee  r a d i c a l s  and 
wi th  t h e  behavior  of subs t ances  a t  extremely high o r  
ex t remely  low t empera tures .  

Only t h o s e  p r o j e c t s  i n  t h e  Chemistry Program which 
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4. Only t h o s e  p r o j e c t s  i n  t h e  E a r t h  Sc iences  Pro- 
gram which d e a l  w i t h  m e t e o r i t e s ,  w i t h  geophys ica l  proper-  
t i e s  a f f e c t i n g  t h e  e a r t h  a s  a whole o r  w i t h  p r o p e r t i e s  
t h a t  a r e  d e t e c t a b l e  a t  great d i s t a n c e s  above t h e  s u r f a c e ,  
such a s  t h e  magnetic f i e l d .  

5.  S e l e c t e d  p r o j e c t s  from t h e  Engineer ing  Sc iences  
Program d e a l i n g  d i r e c t l y  wi th  mater ia ls  a t  h igh  tempera- 
t u r e ,  combustion, gas and plasma dynamics and wi th  high- 
t empera tu re  h e a t  t r a n s f e r .  

6. 
a l though  t h e  Foundat ion 's  suppor t  o f  computers f o r  re- 
s e a r c h  w i l l  f i n d  a p p l i c a t i o n  i n  many phases  o f  space 
s c i e n c e  -- o r b i t  computation, aerodynamics,  and  t h e  l i k e .  

No p r o j e c t s  i n  t h e  Mathematical  Sc iences  Programs, 

7. Only t h o s e  p r o j e c t s  i n  t h e  Phys ic s  Program con- 

8 .  

cerned  w i t h  pr imary cosmic r a y  phenomena. 

Program, a l though  a s  noted ,  much o f  t h e  supported r e s e a r c h  
w i l l  f i n d  a p p l i c a t i o n  i n  space s c i e n c e .  

No p r o j e c t s  i n  t h e  B i o l o g i c a l  and Medical Sc iences  

I n  some i n s t a n c e s ,  a p r o j e c t  w i l l  be l i s t e d  under one 
Program even though t h e  name of t h e  p r o j e c t  would imply 
t h a t  t h e  r e s e a r c h  i s  i n  t h e  area of a n o t h e r  Program. I n  
t h e s e  c a s e s ,  it should  be assumed t h a t  t h e  background, i n -  
t e res t s ,  and s p e c i a l  t echn iques  o f  t h e  i n v e s t i g a t o r s  stem 
from an  area o f  t h e  Program under which t h e  l i s t i n g  i s  
made 

S e v e r a l  p r o j e c t s  i n  t h e  r e g u l a r  programs i n  suppor t  o f  
b a s i c  r e s e a r c h  warran t  s p e c i a l  mention. 

The Na t iona l  Radio Astronomy Observa tory  

The l o c a t i o n  o f  t h e  Observatory -- Green Bank, W. Va. -- was e s p e c i a l l y  s e l e c t e d  because r a d i o  n o i s e  i n t e r f e r e n c e  
t h e r e  was a t  a v e r y  low l e v e l .  The i n s t r u m e n t a t i o n  i n c l u d e s  
one 85-foot e q u a t o r i a l l y  mounted r a d i o  t e l e s c o p e  (now i n  
f u l l  o p e r a t i o n )  and one 140-foot t e l e s c o p e  s i m i l a r l y  mounted 
(p lanned  t o  go i n t o  o p e r a t i o n  i n  1962). Both t e l e s c o p e s  are  
o r  w i l l  be useab le  over  t h e  e n t i r e  range  of  wavelengths  em- 
ployed i n  r a d i o  astronomy down t o  3 cen t ime te r s .  The Ob- 
s e r v a t o r y  i s  be ing  c o n s t r u c t e d  and ope ra t ed  under c o n t r a c t  
by t h e  Assoc ia ted  U n i v e r s i t i e s ,  I n c .  All q u a l i f i e d  U.  S. 
as t ronomers  have a c c e s s  t o  t h e s e  f a c i l i t i e s ,  wi th  p r i o r i -  
t i e s  determined by t h e  s c i e n t i f i c  mer i t  o f  t h e i r  r e s p e c t i v e  
p r o j e c t s .  
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The K i t t  Peak Nat iona l  Observatory 

40 miles southwest of Tucson, Ar i z . ,  a f t e r  ex tens ive  sur -  
veys i n d i c a t e d  t h a t  l o c a t i o n  o f f e r e d  t h e  most promising 
s i t e  i n  t h e  southwestern p a r t  of  t h e  United S t a t e s  f o r  re- 
s e a r c h  wi th  ve ry  large as t ronomica l  t e l e s c o p e s .  The in -  
s t rumen t s  now planned inc lude  a 36-inch r e f l e c t o r  and an 
80-inch t e l e s c o p e  and a 60-inch s o l a r  t e l e s c o p e  (scheduled 
f o r  completion i n  1962). The s o l a r  t e l e scope  w i l l  be sev- 
e r a l  t imes larger than  any instrument  of  i t s  kind now i n  
e x i s t e n c e .  The Observatory is being cons t ruc t ed  under con- 
t r a c t  by t h e  Assoc ia t ion  o f  U n i v e r s i t i e s  f o r  Research i n  
Astronomy. A l l  q u a l i f i e d  U.S. astronomers  w i l l  have a c c e s s  
t o  t h e s e  f a c i l i t i e s ,  with p r i o r i t i e s  determined by t h e  s c i -  
e n t i f i c  merit of t h e i r  r e s p e c t i v e  p r o j e c t s .  

The Observatory i s  a l s o  undertaking long-range design 
s t u d i e s  on a moderately large ( a p e r t u r e  of  about 50 inches )  
space t e l e scope .  The i n t e n t i o n  is t o  des ign  a n  ins t rument  
u s e f u l  f o r  a wide v a r i e t y  o f  r e s e a r c h  problems -- involv ing  
spectroscopy,  d i r e c t  photography, and photometry i n  t h e  u l -  
t r a v i o l e t  reg ion  -- and wi th  an o p t i c a l  r e s o l u t i o n  as  c l o s e  
a s  p o s s i b l e  t o  t h e  t h e o r e t i c a l  l i m i t  determined by t h e  aper -  
t u r e ,  It i s  hoped t h a t  t h e  t e l e scope  might be p laced  i n  a 
twenty-four hour o r b i t  and remain ope rab le  f o r  a t  l eas t  a 
year ,  perhaps f o r  10 yea r s .  If s u c c e s s f u l ,  t h e  t e l e s c o p e  
would be made a v a i l a b l e  t o  a l l  q u a l i f i e d  U. S. astronomers .  
No t ime schedule f o r  completion o r  launching has  been se t .  
It is  intended t h a t  t h e  work proceed f r e e  from t h e  p r e s s u r e  
o f  launching  schedules  a s  long as  i s  p o s s i b l e .  Close l i a i -  
son i s  being maintained wi th  NASA; when it i s  agreed  t h a t  a 
workable instrument  can be produced, perhaps f i v e  o r  10 
y e a r s  hence, v e h i c l e s  capable  of p l a c i n g  it i n  o r b i t  w i l l  
probably have been developed. 

This  new i n s t a l l a t i o n  was e s t a b l i s h e d  on K i t t  Peak, 

A t  p r e sen t ,  photographic p l a t e s  c o n s t i t u t e  t h e  b e s t  
method f o r  record ing  information which a t e l e s c o p e  c o l l e c t s  
from an extended a r e a  of  t h e  sky (such as  t h a t  occupied by 
a ga laxy  o r  a s t a r  c l u s t e r ) .  However, even t h e  fas tes t  
photographic  emulsions a v a i l a b l e  have a ve ry  low e f f i c i e n c y .  
It i s  g e n e r a l l y  found t h a t  on ly  one photon i n  eve ry  thou- 
sand which s t r i k e  t h e  p l a t e  forms a d i s t i n c t  blackened 
image. Accordingly,  it takes  approximately 1,000 times a s  
long  t o  photograph a f a i n t  galaxy as  t h e o r e t i c a l l y  should 
be necessary .  

A number of p h o t o e l e c t r i c  dev ices  g i v i n g  promise of  
g r e a t l y  inc reased  e f f i c i e n c y  i n  t h e  photographic  procedure 
have been developed s i n c e  1945. They a l l  depend on t h e  
f a c t  t h a t  photons, when s t r i k i n g  an  a p p r o p r i a t e  photoemissive 
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s u r f a c e ,  w i l l  c a u s e  one e l e c t r o n  t o  be e m i t t e d  for approx- 
i m a t e l y  eve ry  t e n  photons.  Each e l e c t r o n  can t h e n  be g iven  
a h igh  energy by means of  a c c e l e r a t i n g  e l e c t r o d e s ,  s o  t h a t  
it subsequent ly  produces a d i s t i n c t  blackened image on a 
photographic  p l a t e .  

The purpose of t h e  image t u b e  p r o j e c t s  i s  t o  develop 
s imple ,  inexpens ive ,  e f f i c i e n t  l i g h t  a m p l i f i e r s  f o r  a s t r o -  
nomical purposes.  For c e r t a i n  a p p l i c a t i o n s  t h e s e  d e v i c e s  
i n  e f f e c t  m u l t i p l y  t h e  a p e r t u r e  o f  an e x i s t i n g  t e l e s c o p e  by 
5 t o  10 times. 

High A l t i t u d e  Astronomy 

The a n g u l a r  r e s o l u t i o n  o b t a i n a b l e  i n  a s t ronomica l  
photographs t a k e n  from ground-based o b s e r v a t o r i e s  i s  l i m i t e d  
by t h e  f l u c t u a t i o n s  i n  t h e  r e f r a c t i o n  of  t h e  e a r t h f s  atmos- 
phere  which a re  r e s p o n s i b l e  f o r  t h e  t w i n k l i n g  o f  t h e  s t a r s  
and produce t h e  c o n d i t i o n  known a s  poor  a s t ronomica l  "see- 
ing." When photographs are  t a k e n  a t  n i g h t  w i th  p r e s e n t  t e l e -  
scopes,  t h e  a n g u l a r  d iameter  of a p o i n t  image (such a s  a 
s t a r )  i s  never  l e s s  t h a n  0.3 seconds o f  a r c .  

The most promising means o f  o b t a i n i n g  b e t t e r  r e s o l u t i o n  
i n  a s t ronomica l  photographs i s  t o  mount a t e l e s c o p e  on a 
p l a t fo rm a t  a n  a l t i t u d e  w e l l  above most o f  t h e  e a r t h f s  
atmosphere.  The P r ince ton  i n v e s t i g a t o r s  have a l r e a d y  suc- 
c e s s f u l l y  t aken  photographs of t h e  sun with a 12-inch re- 
f l e c t o r  suspended from a ba l loon  a t  an  a l t i t u d e  of  80,000 
f ee t  

T h i s  program i s  now be ing  ex tended;  a 36-inch bal loon-  
borne t e l e s c o p e  i s  be ing  designed and c o n s t r u c t e d  f o r  ob- 
s e r v i n g  o b j e c t s  i n  t h e  n i g h t  sky. The technique  opens up 
t h e  p rospec t  o f  g r e a t l y  i n c r e a s i n g  o u r  d e t a i l e d  knowledge 
o f  t h e  s u r f a c e  f e a t u r e s  of  t h e  moon, Mars, and s imi la r  ob- 
j e c t s .  F i r s t  f l i g h t s  are c u r r e n t l y  planned f o r  1961. 

Th i s  p r o j e c t  i s  be ing  suppor ted  by t h e  Foundation co- 
o p e r a t i v e l y  w i t h  t h e  Office of Naval Research and t h e  Na- 
t i o n a l  Aeronau t i c s  and Space Admin i s t r a t ion .  

Phys ic s  Program 

Cosmic r a y s  o r i g i n a t e  i n  o u t e r  space .  Some a l s o  come 
from t h e  sun o r  a r e  i n f l u e n c e d  by it. The energy  spectrum 
and p a r t i c l e  spectrum o f  t h e s e  r a y s  are  d i r e c t l y  r e l a t e d  
t o  p h y s i c a l  p r o c e s s e s  o c c u r r i n g  i n  o u t e r  space.  D i r e c t i o n a l  
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s t u d i e s  of  cosmic r a y s  a t  h igh  e n e r g i e s  are  used t o  h e l p  
determine t h e  g a l a c t i c  o r i g i n  of cosmic r a y  p a r t i c l e s .  
Information on t h e  p a r t i c l e  spectrum b e a r s  d i r e c t l y  on t h e  
o r i g i n  of t h e  un ive r se  and i t s  composition. 

Neutron f l u x  s t u d i e s  today  are of s p e c i a l  i n t e r e s t  t o  
p h y s i c i s t s  because of t h e  informat ion  t h e s e  measurements 
g i v e  on t h e  sun and t h e  magnetic f i e l d s  between t h e  e a r t h  
and sun. 

Balloon f l i g h t s ,  r o c k e t s ,  and s a t e l l i t e s  are used t o  
get informat ion  on t h e  cosmic r a y  p a r t i c l e s  i n  t h e i r  v i r g i n  
s ta te  be fo re  t h e y  break  up i n  t h e  e a r t h ' s  atmosphere. 
These high a l t i t u d e  s t u d i e s  are a l s o  t i e d  i n  with t h e  
e a r t h ' s  magnetic f i e l d  and s o l a r  a c t i v i t y .  
may use emulsions,  coun te r s ,  o r  i o n i z a t i o n  chambers. Ter- 
r e s t r i a l  t e l e s c o p e s  which a re  s e n s i t i v e  t o  a i r  showers are 
a l s o  employed t o  o b t a i n  informat ion  on t h e  cosmic source o f  
very  h igh  energy p a r t i c l e s .  

These f l i g h t s  

Atmospheric Sc iences  Program 

s tudy  f o r  decades.  The problems today  are not  new, but  
unique f a c i l i t i e s ,  such as  s a t e l l i t e s ,  o f f e r  a method o f  
o b t a i n i n g  o b s e r v a t i o n s  and hence of improving r e s e a r c h  i n t o  
atmospheric  phenomena of i n t e r e s t  t o  both  a e r o n a u t i c s  and 
space r e s e a r c h .  The i n v e s t i g a t i o n s  inc lude  such s t u d i e s  
a s  t h e  phys ic s  o f  atm-ospheric motions; t,he e a r t h ' s  plane-  
t a r y  a lbedo;  t h e  e f f e c t  of s o l a r  a c t i v i t y  on atmospheric  
c i r c u l a t i o n  and d i s t r i b u t i o n  of me teo ro log ica l  phenomena i n  
t h e  s t r a t o s p h e r e ;  t h e  v a r i a b i l i t y  i n  t h e  composition o f  t h e  
s t r a t o s p h e r e ;  and t i d a l  o s c i l l a t i o n s  i n  t h e  s t r a t o s p h e r e .  

The atmosphere around u s  h a s  been r e c e i v i n g  i n c r e a s e d  

Engineer ing Sc iences  Program 

The supersonic  f l i g h t  of  a high-speed v e h i c l e ,  o r  m i s -  
s i l e ,  i n  t h e  upper atmosphere poses  a number of  eng inee r ing  
problems. 
s u r f a c e  t o  t empera tu res  so extreme t h a t  no t  on ly  i s  t h e  
s t r u c t u r e  of  t h e  v e h i c l e  endangered bu t  a l s o  t h e  f l i g h t  
behavior  i s  changed. The gas l a y e r s  a d j a c e n t  t o  t h e  hea ted  
s u r f a c e s  a l s o  become red-hot and t h e  gaseous  molecules  be- 
come s t r i p p e d  o f  t h e i r  e l e c t r o n s ,  i on ized ,  and e l e c t r i c a l l y  
conducting. Under t h e s e  extreme c o n d i t i o n s  t h e  f low be- 
h a v i o r  becomes d r a s t i c a l l y  a l t e r e d  and extremely complex. 
To understand t h e s e  flow p a t t e r n s ,  p h y s i c a l  measurements 
and t h e o r e t i c a l  s t u d i e s  are  no t  o n l y  made a t  h igh  speed of 
t h e  drag  of v a r i o u s  shapes,  bu t  a l s o  t h e  r a t e  o f  hea t  loss 

The f r i c t i o n a l  drag qu ick ly  h e a t s  up t h e  s o l i d  
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by v a r i o u s  mechanisms, and t h e  in f luence  of t h e  e x t e n t  of 
i o n i z a t i o n  and t h e  n a t u r e  of  t h e  gaseous medium on t h e  maxi- 
mum t empera tu res  a t t a i n e d .  
tempera ture ,  i o n i z e d  gas are so unusual  t h a t  it is  g iven  a 
s p e c i a l  name -- a plasma -- and i s  t h e  s u b j e c t  o f  a large 
amount o f  t h e o r e t i c a l  and exper imenta l  s tudy ,  p a r t i c u l a r l y  
when t h e  p r e s s u r e  i s  a l s o  low. Other  s t u d i e s  seek t o  exp lo re  
t h e  thermal  c o n d u c t i v i t i e s  and o t h e r  p r o p e r t i e s  o f  subs t ances  
a t  t h e  extreme tempera tures  involved.  

I n  f ac t  t h e  p r o p e r t i e s  of a high- 
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DEPARTMENT OF COMMERCE 
CHAPTER V I  

THE NATIONAL BUREAU OF STANDARDS 

While t h e  Nat iona l  Bureau of  S tandards  (NBS) i s  not  
s p e c i f i c a l l y  charged wi th  a primary r e s p o n s i b i l i t y  f o r  na- 
t i o n a l  a e r o n a u t i c s  and space a c t i v i t i e s ,  i t s  work c o n t r i b -  
u t e s  t o ,  and must be cons idered  an e s s e n t i a l  p a r t  o f ,  t h e  
t o t a l  n a t i o n a l  program. Space technology programs a r e  not  
independent o f  p rev ious  exper ience  i n  r e s e a r c h  and engi-  
nee r ing ,  bu t  must draw upon e x i s t i n g  knowledge a s  w e l l  a s  
o b t a i n  new unders tanding  of  t h e  p h y s i c a l  phenomena with 
which t h e y  are concerned. 

Because NBS i s  r e s p o n s i b l e  f o r  developing and improv- 
i n g  p h y s i c a l  s t a n d a r d s  and f o r  advancing t echn iques  o f  
measurement, i t s  programs have an important  bea r ing  on a l l  
r e s e a r c h  programs. The r e l a t i o n s h i p  i s  b a s i c  t o  space ex- 
p l o r a t i o n ,  which depends h e a v i l y  on p r e c i s i o n  measurement. 
NBS prov ides  t h e  s t a n d a r d s  t o  meet space measurement prob- 
lems and requi rements  and t o  f u r n i s h  b a s i c  da t a  on proper- 
t i e s  of m a t t e r  s o  t h a t  s c i e n t i s t s  and e n g i n e e r s  can develop 
d e v i c e s  t h a t  w i l l  o p e r a t e  a t  t h e  g r e a t  speeds,  h igh  tem- 
p e r a t u r e s ,  and o t h e r  s eve re  c o n d i t i o n s  encountered i n  space 
and i n  e n t r y  o f  v e h i c l e s  i n t o  t h e  e a r t h ' s  atmosphere. 

The r e p o r t  on a e r o n a u t i c s  and space a c t i v i t i e s  f o r  
ca l enda r  year 1959 desc r ibed  NBS programs t h a t  were d i -  
r e c t l y  r e l a t e d  t o  space technology.  During ca l enda r  year  
1960, t h e s e  a c t i v i t i e s  cont inued.  

S t anda rds  and Measurement Methods 

t h e  product ion  of many components of space d e v i c e s  has 
placed  a premium upon improved measurements of  l eng th .  
P rogres s  can be r e p o r t e d  i n  t h r e e  a s p e c t s  o f  t h e  s e a r c h  
f o r  u l t r a p r e c i s i o n :  1) During t h e  year ,  t echn iques  were 
developed t o  permit a f i v e f o l d  improvement i n  accuracy-  
o f - l eng th  measurements. For t h e  first t ime i n  h i s t o r y ,  t h e  
Bureau c a l i b r a t e d  commercial gage b locks  t o  b e t t e r  t han  
one p a r t  i n  f i v e  m i l l i o n .  2) S i g n i f i c a n t  p rogres s  was 
achieved  i n  developing gage block m a t e r i a l s  t h a t  are f a r  
more s t a b l e  t h a n  t h e  b e s t  i n  c u r r e n t  use. 3 )  These 

Length -- Demand f o r  c l o s e r  dimensional t o l e r a n c e s  i n  
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advances t a k e  on added s i g n i f i c a n c e  i n  t h e  l i g h t  of a c t i o n  
i n  October by t h e  1 1 t h  General Conference on Weights and 
Measures which e s t a b l i s h e d  a new i n t e r n a t i o n a l  s t anda rd  of 
l eng th .  R e d e f i n i t i o n  of  t h e  meter i n  terms o f  t h e  wave- 
l e n g t h  o f  a s p e c i f i e d  l i g h t  emission from the  element kryp- 
t o n  should f o s t e r  f u r t h e r  i n c r e a s e  i n  accuracy  i n  l e n g t h  
measurement . 

Frequency and Time  I n t e r v a l  -- For s e v e r a l  yea r s ,  NBS 
has been c a r r y i n g  o u t  i n t e n s i v e  r e s e a r c h  t o  e s t a b l i s h  atomic 
s t a n d a r d s  f o r  f requency and time measurement. Based on an 
unchanging p rope r ty  of t h e  atom, such s t a n d a r d s  would have 
decided advantages over t h e  p re sen t  one -- t h e  pe r iod  o f  t h e  
e a r t h t s  r o t a t i o n  about  t h e  sun. During 1960, two cesium- 
beam atomic s t a n d a r d s  f o r  f requency and t i m e - i n t e r v a l  meas- 
urement were p laced  i n  opera t ion ,  provid ing  NBS and t h e  
n a t i o n  wi th  t h e  world 's  most p r e c i s e  f requency  s tandard .  
This  makes it p o s s i b l e  t o  r e f e r  t h e  n a t i o n a l  s t anda rd  of  
f requency t o  a n  atomic resonance wi th  a n  accuracy  b e t t e r  
t h a n  two p a r t s  i n  100 b i l l i o n .  Radio b roadcas t s  o f  s tandard  
frequency s i g n a l s  by t h e  Bureau are now monitored by refer- 
ence t o  t h i s  p r e c i s e  f requency s t anda rd .  

Work a l s o  progressed  on an  atomic frequency s t anda rd  
f o r  use i n  a NASA s a t e l l i t e  t h a t  w i l l  check t h e  g r a v i t y -  
dependent f requency  s h i f t  p r e d i c t e d  by E i n s t e i n t s  g e n e r a l  
t h e o r y  o f  r e l a t i v i t y .  A proto type  rubidium vapor s t anda rd  
was cons t ruc t ed  and found t o  be s t a b l e  t o  one p a r t  i n  100 
b i l l i o n  over  a pe r iod  of  a month. Exposure t o  r a d i a t i o n ,  
corresponding t o  t h a t  of  t h e  Van Al len  Radia t ion  Belts 
(Great Radia t ion  Region) ,  produced no observable  change i n  
measurement accuracy.  The s t anda rd  i s  being m i n i a t u r i z e d  
f o r  t h e  s a t e l l i t e .  

S c i e n t i s t s  and e n g i n e e r s  engaged i n  rocke t  t e s t i n g  and 
i n  s a t e l l i t e  and miss i le  t r a c k i n g  u r g e n t l y  need improvement 
i n  t h e  a c c u r a c i e s  w i t h  which r a d i o  s i g n a l s  o f  s tandard  fre- 
quency and time i n t e r v a l  can be t r a n s m i t t e d  t o  remote loca-  
t i o n s .  
e r r a t i c  v a r i a t i o n s  caused by changes i n  t h e  he igh t  and den- 
s i t y  o f  t h e  ionosphere from which t h e  s i g n a l s  are r e f l e c t e d .  
To reduce e r r o r s  ( i n s i  n i f i c a n t  be fo re  t h e  s t r i n g e n t  r e q u i r e -  
ments of  t h e  Space Age 7 , t h e  Bureau h a s  undertaken an expe r i -  
mental  program o f  b roadcas t s  a t  a low f requency  (60 k c )  and 
a t  a v e r y  low f requency  (20 k c ) .  

Accuracy of  NBS r a d i o  s i g n a l s  i s  l i m i t e d  by small, 

Temperature -- Todayts requi rements  f o r  high-temperature 
materials r e s i s t a n t  t o  high speeds,  f r i c t i o n ,  and i n c r e a s i n g  
propuls ion  e f f i c i e n c i e s  p lace  a premium on t h e  upward exten-  
s i o n  o f  t h e  tempera ture  s c a l e  and on t echn iques  f o r  measuring 



it. During 1960, NBS cont inued p r o j e c t s  t o  i n c r e a s e  tem- 
p e r a t u r e  measurement p r e c i s i o n  and t o  extend it i n t o  ex- 
treme high-temperature  r eg ions .  Recent advances inc lude  a 
p h o t o e l e c t r i c  o p t i c a l  pyrometer t h a t  improves c a l i b r a t i o n s  
up t o  4OOOOC, and a s p e c i a l  type  of  high-temperature r e s i s t -  
ance thermometer t h a t  g r e a t l y  improves c a l i b r a t i o n  p r e c i s i o n  
i n  t h e  630°-10630C range .  
s o u r c e s  r e s u l t e d  i n  a h igh-cur ren t  a r c  t h a t  appea r s  promis- 
i n g  a s  a s t a b l e  and r ep roduc ib le  s t anda rd  f o r  t h e  r eg ion  
from 10,0000 t o  20,OOOOC. 

Force -- Measuring l a r g e  f o r c e s  p r e c i s e l y  has  become 
e s p e c i a l l y  c r i t i c a l  i n  determining t h e  t h r u s t s  of  powerful, 
advanced rocke t  eng ines  t h a t  t h e  U. S .  is  developing. Dur- 
i n g  rocke t  engine development, r e l a t i v e l y  small  i n c r e a s e s  
i n  t h e  accuracy of l a r g e  f o r c e  measurements w i l l  save m i l -  
l i o n s  of  d o l l a r s  by reducing  t h e  number o f  t es t  f i r i n g s .  
Moving toward t h i s  g o a l ,  NBS has completed b a s i c  des igns  
f o r  dead-weight, force-measuring machines o f  3OO,OOO-pound 
and 1,000,000-pound c a p a c i t y  and f o r  a l a b o r a t o r y  t o  house 
them. By provid ing  improved a c c u r a c i e s ,  t h e s e  machines 
should make it p o s s i b l e  t o  develop b e t t e r ,  p o r t a b l e  second- 
a r y  s t a n d a r d s  t h a t  can be u t i l i z e d  i n  o t h e r  l a b o r a t o r i e s .  

Research on high-temperature 

Pressure  -- The extremely low p r e s s u r e s  obta ined  i n  
high-vacuum f a c i l i t i e s  roughly correspond t o  p r e s s u r e s  en- 
countered  many m i l e s  above t h e  e a r t h ' s  s u r f a c e .  The need 
i s  growing f o r  p r e c i s e  measurement i n  t h i s  p re s su re  range, 
t o  assist i n  space v e h i c l e  development as  wel l  a s  i n  funda- 
mental  space r e s e a r c h .  NBS has  e s t a b l i s h e d  a vacuum s tand-  
a r d s  l a b o r a t o r y  t o  concen t r a t e  on evolv ing  s t a n d a r d s  f o r  
ex t remely  low p r e s s u r e s .  I n i t i a l  e f f o r t  i s  aimed a t  gen- 
e r a t i n g  r ep roduc ib le  p r e s s u r e s  t o  se rve  as  f i x e d  p o i n t s  on 
a p r e s s u r e  s c a l e .  A t  t h e  same t ime,  p rogres s  i s  being made 
i n  e s t a b l i s h i n g  h igh-pressure  s t anda rds  and a wel l -def ined  
s c a l e  f o r  them. 

Radio S tandards  -- Space e x p l o r a t i o n ,  communications, 
guidance and command systems, and m i n i a t u r i z a t i o n  a r e  sub- 
j e c t i n g  e l e c t r o n i c  equipment t o  novel  and complex uses  and 
t o  extreme environments.  Consequently, t h e  need f o r  ac-  
curacy  on t h e  product ion  l i n e  becomes i n c r e a s i n g l y  impor- 
t a n t .  To produce uniform and extremely a c c u r a t e  components 
r e q u i r e s  a cha in  of c a l i b r a t i o n s  l e a d i n g  f rom t h e  assembly 
l i n e  back t o  t h e  p r e c i s e  e l e c t r i c a l  s t a n d a r d s  maintained by 
NBS. The Bureau h a s  expanded i t s  program on r a d i o  s tand-  
ards r e s e a r c h  and c a l i b r a t i o n ,  seeking improvements i n  t h e  
e n t i r e  r a d i o  and microwave frequency. During 1960, NBS 
c a l i b r a t i o n  s e r v i c e s  inc reased  about 45 pe rcen t  over t h e  
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previous  year ,  and new o r  b e t t e r  s t anda rds  were e s t a b l i s h e d  
f o r  a number of q u a n t i t i e s .  

Plasma Physics  and Astrophysics -- Many newer f i e l d s  
of  technology -- f o r  example, a s t r o n a u t i c s ,  u l t r a s o n i c  
aerodynamics, thermonuclear power, and ionospheric  communi- 
c a t i o n s  -- concern a medium whose c h a r a c t e r i s t i c s  are 
poorly understood: an ionized gas,  o f t e n  a t  very  high tem- 
pe ra tu re ,  whose p a r t i c l e s  are  cont inuously i n t e r a c t i n g .  A t  
p r e sen t ,  a number of l a b o r a t o r i e s  working i n  t h i s  medium 
are  fo rced  t o  r e l y  on expensive and i n e f f i c i e n t  empir ica l  
methods because they  l ack  p r e c i s e  measurement techniques  
and b a s i c  da ta  on fundamental p r o p e r t i e s .  To h e l p  so lve  
t h i s  problem, NBS has  u n i f i e d  and s t rengthened i t s  work i n  
providing s tandards  and measurement methods f o r  plasma and 
a s t r o p h y s i c s  da t a .  
measurement s tandards ,  bas i c  da t a ,  t h e o r e t i c a l  guidance, 
and i n t e r p r e t a t i v e  techniques f o r  determining t h e  r e l e v a n t  
p r o p e r t i e s  of ion ized  gases .  I n v e s t i g a t i o n s  involve b a s i c  
r e sea rch  i n  atomic c r o s s  s e c t i o n s ,  t r a n s i t i o n  p r o b a b i l i t i e s ,  
r e a c t i o n  r a t e s ,  s t a t i s t i c a l  mechanics, and t h e o r e t i c a l  as- 
t rophys ic s .  The NBS g o a l  i s  t o  provide understanding fund- 
amental  t o  phys i ca l  i n t e r p r e t a t i o n  of experiments and ob- 
s e r v a t i o n s  of t h e  t e r r e s t r i a l ,  p lane tary ,  s o l a r  and s t e l l a r  
atmospheres. 

The Bureau i s  a t tempt ing  t o  develop 

P r o p e r t i e s  of Materials 

p r o p e r t i e s  of materials under extreme environmental condi- 
t i o n s  and f o r  completely new a p p l i c a t i o n s  have underscored 
t h e  r o l e  of NBS i n  t h i s  area of research .  
primary emphasis was given t o  reorganiz ing  and r e o r i e n t i n g  
materials r e sea rch  t o  make it more responsive t o  t h e  l a t e s t  
needs f o r  bas i c  data .  

Requirements o f  t h e  space program f o r  b a s i c  da t a  on 

During 1960, 

The program has  been d i r e c t e d  toward t h e  p repa ra t ion  
and a n a l y s i s  of t h e  extremely pure and p r e c i s e l y  descr ibed  
materials r equ i r ed  f o r  s t u d i e s  of fundamental p r o p e r t i e s .  
Emphasis has  been given t o  techniques  of p r e c i s e  determina- 
t i o n  of  composition, s t r u c t u r e ,  and presence of  i m p u r i t i e s  
o r  imperfect ions,  a s  wel l  a s  t h e  development of methods of 
p repa ra t ion  of pure materials and of  in t roducing  minute 
i m p u r i t i e s  and imperfect ions i n t o  pure ma te r i a l s .  Funda- 
mental  NBS Programs i n  chemical k i n e t i c s ,  chemical thermo- 
dynamics, and r e a c t i o n  mechanisms a l s o  rece ived  grea te r  
support  . 

Cryogenic Engineering -- NBS work on p r o p e r t i e s  of 
materials a t  extremely low temperatures  has  been p a r t i c u l a r l y  
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r e l e v a n t  t o  space technology because cryogenic  f l u i d s  a r e  
e x t e n s i v e l y  employed f o r  rocke t  propuls ion .  
year ,  t h i s  work was extended ( through d i r e c t  cooperat ion 
wi th  NASA and NASA c o n t r a c t o r s )  t o :  1) provide fundamental 
da t a  on l i q u i d  hydrogen; 2) undertake s t u d i e s  of cryogenic 
in s t rumen ta t ion ;  3 )  compile da t a  on low temperature proper- 
t i e s  of  a number of materials; and 4) s tudy  cryogenic prob- 
lems i n  p a r t i c u l a r  developmental programs so  t h a t  des ign  
p r i n c i p l e s  and materials u t i l i z a t i o n  c r i t e r i a  could be 
e st a b l  i shed . 

During t h e  

Radio Propagat ion 

t i o n  systems should r e v o l u t i o n i z e  r a d i o  telecommunications 
wi th in  t h e  next  few years .  The work of  t h e  Cen t ra l  Radio 
Propagation Laboratory (CRPL) of NBS i s  l a y i n g  t h e  ground- 
work t o  e x p l o i t  t h i s  major t echno log ica l  advance. Much of  
t h e  b a s i c  r e s e a r c h  of CRPL on upper atmosphere phys ics  and 
r a d i o  propagat ion through t h e  atmosphere -- a s  w e l l  a s  re- 
sea rch  i n  communication theory ,  antennas,  and components -- w i l l  s t r eng then  t h e  e n t i r e  f i e l d  of space telecommunica- 
t i o n s .  Development of advanced in s t rumen ta t ion  f o r  com- 
munication, nav iga t ion ,  and guidance of s p a c e c r a f t  r e q u i r e s  
more and more knowledge about composition of  t h e  atmosphere 
and i n t e r p l a n e t a r y  space,  and t h e  r e f r a c t i o n ,  abso rp t ion ,  
and s c a t t e r i n g  of r a d i o  waves i n  t h e s e  media.  CRPL a c t i v i -  
t i e s  suppor t ing  space communications are h igh - l igh ted  below: 

The use of pas s ive  and a c t i v e  s a t e l l i t e  telecommunica- 

S a t e l l i t e  Ionospheric  S t u d i e s  -- Following i t s  d e t a i l e d  
obse rva t ions  of  ionospher ic  e f f e c t s  on r a d i o  s i g n a l s  from 
s a t e l l i t e s ,  CRPL has  been p a r t i c i p a t i n g  i n  planning f o r  s i m -  
i l a r  ionospher ic  experiments  t o  come, inc luding:  1) r e f r a c -  
t i o n  obse rva t ions  a t  two o r  more f r equenc ie s ,  2 )  r a d i o  
beacons, and 3 )  s a t e l l i t e  soundings of t h e  ionosphere from 
above. 

Atmospheric Turbulence -- Extensive CRPL s t u d i e s  of 
phase s t a b i l i t y  of r a d i o  waves propagated over point- to-  
po in t  pa ths  have provided information r equ i r ed  i n  t h e  
des ign  of guidance systems,  a s  w e l l  a s  b a s i c  da ta  on t h e  
na tu re  and e f f e c t  o f  tu rbulence  i n  t h e  atmosphere between 
t r a n s m i t t i n g  and r e c e i v i n g  antennas.  

D i rec t ion  Finding -- Using r a d i o  s t a r s  a s  a source o f  
r a d i o  waves, CRPL h a s  s tud ied  t h e  p e r t u r b a t i o n s  o f  r a d i o  
waves pass ing  through t h e  ionosphere.  The fundamental i n -  
formation on t h e  d i s t o r t i o n  o f  d i r e c t i o n a l  s i g n a l s  by sc in -  
t i l l a t i o n  and r e f r a c t i o n  e f f e c t s  i s  a i d i n g  i n  determining 
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and improvin accu racy  of r a d i o  s i g n a l s  t o  and from vehi-  
c l e s  i n  and [eyond t h e  atmosphere. 

Upper Atmosphere Phys ics  -- Broad CRPL s t u d i e s  o f  t h e  
dynamics, composi t ion,  and p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  
ionosphere and upper atmosphere have provided important  
in format ion  f o r  use i n  des igning  space communication sys- 
tems. 

Work h a s  progressed  on t h e  des ign  and i n s t a l l a t i o n  of 
a high-power s c a t t e r  r a d a r  f a c i l i t y  t o  e x p l o i t  a new t ech -  
nique t h a t  provides ,  f o r  t h e  f irst  time, a p r a c t i c a l  means 
of  u s i n g  ground-based equipment t o  measure e l e c t r o n  d e n s i t y  
v a r i a t i o n s  of t h e  ionosphere o u t  t o  great d i s t a n c e s .  Such 
d a t a  could p r e v i o u s l y  be ob ta ined  o n l y  through expensive 
s a t e l l i t e  and r o c k e t  measurements. 
v a r i a t i o n ,  o r  p r o f i l e ,  i s  of  great importance t o  s c i e n t i s t s  
concerned wi th  t h e  dynamic and s t a t i c  s t r u c t u r e  of  t h e  
o u t e r  atmosphere.  
a n  a b s o l u t e  n e c e s s i t y  i n  a l l  miss i le  and s a t e l l i t e  a c t i v i -  
t i e s  r e q u i r i n g  r a d i o  t r a c k i n g  o f  t h e  v e h i c l e  t r a j e c t o r y  o r  
o r b i t .  

T h i s  e l e c t r o n  d e n s i t y  

Accurate  measurement of t h e  p r o f i l e  i s  

The h i g h l y  s e n s i t i v e  s c a t t e r  radar f a c i l i t y  i s  ex- 
pec ted  a l s o  t o  provide p rev ious ly  u n a v a i l a b l e  informat ion  
on k i n e t i c  tempera ture  o f  heavy ions ,  i d e n t i t y  o f  i o n i z e d  
c o n s t i t u e n t s ,  hydromagnetic a s p e c t s  of coherent  i r r e g u -  
l a r i t i e s ,  and t h e  p h y s i c a l  p rocesses  of a b s o r p t i o n  of 
r a d i o  energy i n  t h e  lower ionosphere.  T h i s  in format ion  
should a i d  i n  overcoming s e v e r a l  s e r i o u s  l i m i t a t i o n s  t o  
p r a c t i c a l  a p p l i c a t i o n s  of r a d i o  propagat ion  through t h e  
ionosphere.  

WEATHER BUREAU 

Seve ra l  a s p e c t s  of t h e  United S t a t e s  space program 
are  of great importance i n  Weather Bureau p l ans .  The 
Bureau's a c t i v i t i e s  i n  r e l a t i o n  t o  me teo ro log ica l  sa te l -  
l i t e s  c e n t e r  l a r g e l y  i n  i t s  Meteoro logica l  S a t e l l i t e  Lab- 
o r a t o r y  (MSL) which i s  suppor ted  by  t h e  Nat iona l  Aeronau- 
t i c s  and Space Adminis t ra t ion  (NASA). The Bureau i s  
p a r t i c i p a t i n g  wi th  o t h e r  a g e n c i e s  i n  a me teo ro log ica l  sound- 
i n g  r o c k e t  program. Meteoro logica l  obse rva t ion  and f o r e c a s t  
suppor t  i s  provided by t h e  Bureau t o  t h e  P a c i f i c  Missile 
Range and NASA's Wallops S t a t i o n  and P r o j e c t  Mercury. In-  
t e r n a t i o n a l  a s p e c t  s of me teo ro log ica l  s a t e l l i t e s  are re- 
c e i v i n g  much a t t e n t i o n  i n  t h e  Bureau's a c t i v i t i e s  and plan- 
n ing ,  i n  c o o r d i n a t i o n  wi th  NASA. 
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TIROS I and Cloud Cover Analysis* 

The TIROS I s a t e l l i t e ,  launched by NASA on A p r i l  1, 
1960, provided 22,592 p i c t u r e s  of t h e  e a r t h ' s  cloud cover 
by means of  wide-angle and narrow-angle t e l e v i s i o n  cameras. 
The c loud  p a t t e r n s  seen by TIROS ranged i n  s i z e  from l a r g e  
cyc lones  t o  small cumulus clouds.  These p i c t u r e s  a r e  be- 
i n g  s t u d i e d  i n  d e t a i l  by r e s e a r c h  me teo ro log i s t s  i n  t h e  
MSL t o  exp lo re  t h e  meteoro logica l  s i g n i f i c a n c e  of t h e  cloud 
forms . 

Among t h e  most s t r i k i n g  cloud p a t t e r n s  photographed by 
TIROS are t h e  l a r g e - s c a l e  cyc lon ic  v o r t i c e s  ( o r  s torms)  
whose s p i r a l  bands are  sometimes more t h a n  1,000 miles i n  
d iameter .  For example, when p i c t u r e s  o f  s e v e r a l  of t h e s e  
v o r t i c e s  were s t u d i e d  i n  conjunct ion  wi th  convent ional  
meteohological  d a t a ,  Weather Bureau s c i e n t i s t s  l ea rned  t h e  
s t r u c t u r e  of moisture  f i e l d s ,  t h e  cloud s t r u c t u r e  of f r o n t a l  
zones,  t h e  r e l a t i o n  of  s p i r a l  cloud bands t o  t h e  wind flow, 
and t h e  cloud p a t t e r n s  a s s o c i a t e d  wi th  j e t  streams. TIROS 
p i c t u r e s  t aken  over t h e  oceans have a l r e a d y  i n d i c a t e d  p o i n t s  
i n  t h e  s t anda rd  meteoro logica l  a n a l y s e s  tha t  could be i m -  
proved, bo th  i n  connection wi th  cyc lon ic  v o r t i c e s  and f ron-  
t a l  and non-f ronta l  c loud bands of  cons ide rab le  h o r i z o n t a l  
e x t e n t  i n  t h e  t r o p i c s  and middle l a t i t u d e s .  

Perhaps most important  are  t h e  c o n t r i b u t i o n s  t h a t  
TIROS d a t a  are making toward a be t t e r  understanding of  t h e  
p h y s i c a l  p rocesses  a s s o c i a t e d  with cyc lon ic  v o r t i c e s  and 
widespread oluwd areas. A c e l l u l a r  arrangement of cumulus 
c louds  h a s  been found t h a t  may be s i g n i f i c a n t  i n  t r a n s f e r  
o f  energy and mois ture  from ocean s u r f a c e s  t o  t h e  atmos- 
phere.  Cloud lvstreets,vv o r  long  narrow l i n e s  o f  c louds,  
o f t e n  observed i n  TIROS p i c t u r e s ,  have been t h e o r e t i c a l l y  
a s s o c i a t e d  wi th  t h e  wind f i e l d .  The p i c t u r e s  of  c e l l s  and 
s t reets  are  being compared wi th  c o n d i t i o n s  p re sc r ibed  by 
t h e o r y  o r  p r e v a i l i n g  i n  l a b o r a t o r y  experiments . 

The s a t e l l i t e  p i c t u r e s  are a l s o  c o n t r i b u t i n g  t o  de- 
t e c t i o n  and s tudy  o f  s eve re  l o c a l  storms. Very b r i g h t  cloud 
images have been observed f r e q u e n t l y  i n  TIROS p i c t u r e s .  
several cases, r e s e a r c h  has  v e r i f i e d  t h a t  pronounced cumulus 
c louds  produced t h e  images. I n  one i n s t a n c e ,  a n  i s o l a t e d ,  
b r i g h t  c loud area has  been d e f i n i t e l y  a s s o c i a t e d  with a zone 
o f  s eve re  thunderstorms t h a t  produced to rnadoes  a few hours  
l a t e r  . 

I n  

* For o t h e r  in format ion  on TIROS I, TIROS 11, and o t h e r  
me teo ro log ica l  a c t i v i t i e s ,  see Chapter 1. 
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Other phenomena r evea led  i n  TIROS p i c t u r e s  are cloud 
and snow cover i n  mountain r e g i o n s  i n  v a r i o u s  p a r t s  of t h e  
world, i c e  on s i z e a b l e  bodies  of  water, and s u n l i g h t  on 
t h e  oceans. 

Judging from s t u d i e s  of TIROS I photographs, it i s  
obvious t h a t  s a t e l l i t e  p i c t u r e s  add a n  e n t i r e l y  new dimen- 
s i o n  t o  meteoro logica l  observa t ions .  
bo th  g r o s s  and d e t a i l e d  features o f  c loud p a t t e r n s  makes 
it p o s s i b l e  t o  d e t e c t  and o b t a i n  va luab le  informat ion  on 
t h e  s t r u c t u r e  of  s torms and o t h e r  c i r c u l a t i o n  systems over  
a lmost  any p o r t i o n  of t h e  globe.  Experiments c a r r i e d  on 
dur ing  t h e  l i f e  o f  TIROS I i n d i c a t e  t h a t  t h e  informat ion  
can be used t o  improve a n a l y s e s  o f  s u r f a c e  and upper a i r  
weather c h a r t s  i n  r e g i o n s  where, h e r e t o f o r e ,  d a t a  has  been 
spa r se ,  and t o  provide d e t a i l e d  cloud informat ion  -- now 
d i f f i c u l t  t o  o b t a i n  -- f o r  c e r t a i n  a i r c r a f t  ope ra t ions ,  
rocke t  t e s t i n g ,  and o t h e r  s p e c i a l i z e d  a c t i v i t i e s .  

The a b i l i t y  t o  view 

TIROS I1 

The second TIROS s a t e l l i t e  was launched by NASA on 
November 23, 1960. I n  a d d i t i o n  t o  t e l e v i s i o n  cloud cameras 
similar t o  t h o s e  c a r r i e d  by TIROS I, t h e  second TIROS pay- 
l o a d  inc luded  in s t rumen t s  f o r  measuring s o l a r  and t e r r e s -  
t r i a l  r a d i a t i o n .  These w i l l  a s s i s t  r e s e a r c h  m e t e o r o l o g i s t s  
i n  s tudying  g e n e r a l  c i r c u l a t i o n  o f  t h e  atmosphere and i n  
determining many f e a t u r e s  of a tmospheric  composition and 
tempera ture .  
t e l e v i s i o n  camera system have worked s a t i s f a c t o r i l y ,  but  
t o  d a t e  t h e  wide-angle camera system has  n o t  provided p ic -  
t u r e s  o f  a s  h igh  q u a l i t y  a s  t h o s e  obta ined  from TIROS I. 

Based on TIROS I resu l t9 ,  an  inc reased  program f o r  t h e  
exper imenta l  o p e r a t i o n a l  use of  t h e  s a t e l l i t e  cloud p i c t u r e  
d a t a  was c a r r i e d  o u t  f o r  t h e  second meteoro logica l  sa te l -  
l i t e .  Teams under Weather Bureau l e a d e r s h i p  were l o c a t e d  
a t  readout  s t a t i o n s  t o  ana lyze  t h e s e  cloud p i c t u r e s  promptly 
and t r a n s m i t  t h e  f i n d i n g s  t o  t h e  Bureau's Nat iona l  Meteoro- 
l o g i c a l  Center ,  nea r  Washington, D. C .  The data w i l l  be 
used a t  t h e  NMC and a l s o  r e l ayed  by facsimile and t e l e t y p e  
c i r c u i t s  t o  m i l i t a r y  and c i v i l i a n  meteoro logica l  c e n t e r s  
e lsewhere . MSL is  employing t h e  Bureau's e l e c t r o n i c  com- 
p u t e r  f a c i l i t i e s  f o r  much of  t h e  process ing  of r a d i a t i o n  
d a t a  obta ined  from t h e  second TIROS. 

The r a d i a t i o n  experiment and narrow-angle 

I n  prep,l i n g  t h e  second TIROS s a t e l l i t e ,  MSL worked 
c l o s e l y  wi th  NASA, p a r t i c u l a r l y  i n  c a l i b r a t i n g  t h e  t e l e -  
v i s i o n  cameras and r a d i a t i o n  senso r s ,  i n  developing 



sys t ems  f o r  d a t a  p rocess ing ,  and i n  t r a i n i n g  personnel  f o r  
o p e r a t i o n a l  phases  of t h e  second TIROS program. 

Explorer  VI1 S a t e l l i t e - H e a t  Budget Experiment 

Explorer  V I I ,  launched by NASA on October 13, 1959, 
c o n t a i n s  a h e a t  budget experiment designed by P ro fes so r  
Suomi of  the  U n i v e r s i t y  of Wisconsin. I n  t h i s  experiment,  
measurements a r e  be ing  made of t h e  energy r e c e i v e d  by t h e  
e a r t h  (bo th  atmosphere and ground) from t h e  sun, t h e  s o l a r  
energy r e f l e c t e d  by t h e  e a r t h  t o  space,  and t h e  i n f r a r e d  
energy emi t t ed  by t h e  e a r t h .  Measurements of t h e  n e t  hea t  
( h e a t  budget)  r ece ived  from t h e  sun by t h e  e a r t h  from day 
t o  day w i l l  a i d  i n  unders tanding  t h e  g e n e r a l  c i r c u l a t i o n  of 
t h e  atmosphere . 

To i n c r e a s e  d a t a  coverage from Explorer  V I I ,  MSL ar- 
ranged ear ly  i n  1960, t o  i n s t a l l  f i v e  a d d i t i o n a l  d a t a  r e -  
c e i v i n g  s t a t i o n s  which ope ra t ed  most of t h e  year .  
a r e  l o c a t e d  a t  Weather Bureau o f f i c e s ;  one i s  opera ted  by 
t h e  A i r  Weather Se rv ice  of t h e  USAF. MSL e d i t e d  t h e  d a t a  
r ece ived  from t h e s e  s t a t i o n s  be fo re  sending it t o  P ro fes so r  
Suomi f o r  process ing .  The Laboratory a l s o  provided assist- 
ance t o  t h e  Un ive r s i ty  of Wisconsin i n  coding t h e  machine 
program f o r  process ing  t h e  d a t a .  Some of t h e  d a t a  were a l s o  
processed by t h e  MSL. 

Pre l iminary  examination of t h e  hea t  budget d a t a  i n d i -  
c a t e s  a l o g i c a l  p h y s i c a l  r e l a t i o n s h i p  t o  t h e  weather pa t -  
t e r n s  seen on s t anda rd  weather maps. When t h i s  r e p o r t  was 
prepared ,  t h e  Explorer  V I 1  hea t  budget experiment was s t i l l  
o p e r a t i n g  du r ing  d a y l i g h t  . Following t h e  launching of  
TIROS 11, d a t a  were t o  be c o l l e c t e d  from t h e  Explorer  V I 1  
s a t e l l i t e  f o r  comparison wi th  t h o s e  ob ta ined  by TIROS 11. 
Addi t iona l  comparisons, made by launching r a d i a t i o n  i n s t r u -  
ments a t t a c h e d  t o  ba l loons  r e l e a s e d  from U.S. Weather 
Bureau s t a t i o n s  f o r  Explorer  V I 1  w i l l  be cont inued f o r  

Four 

TIROS 11. 

S t u d i e s  have been conducted t o  determine v a r i o u s  
energy parameters  and atmospheric  hea t  t r a n s p o r t  which are 
r e l a t e d  t o  g e n e r a l  c i r c u l a t i o n  o f  t h e  atmosphere. As 
l a r g e  amounts of Explorer  V I 1  and TIROS I1 hea t  budget 
d a t a  become a v a i l a b l e ,  measurements w i l l  be r e l a t e d  t o  com- 
puted atmospheric  hea t  t r a n s p o r t  and energy parameters  and, 
t h u s ,  t o  t h e  g e n e r a l  c i r c u l a t i o n  of t h e  atmosphere. 
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Advanced Meteoro logica l  S a t  e l l  it e Experiment s 

MSL h a s  been working c l o s e l y  w i t h  NASA on developing  
t h e  Nimbus s a t e l l i t e ,  t h e  first of which i s  scheduled f o r  
launching  i n  1962. T h e o r e t i c a l  s t u d i e s  have been com- 
p l e t e d  and l a b o r a t o r y  work is  i n  p r o g r e s s  t o  develop a 
p ro to type  i n f r a r e d  spec t rometer  f o r  s a t e l l i t e  use. The 
ins t rument  w i l l  assess worldwide tempera ture  d i s t r i b u t i o n  
i n  t h e  s t r a t o s p h e r e  and upper t roposphe re  by measuring 
r a d i a t i o n  emi t t ed  i n  t h e  15-micron carbon d iox ide  band. 
The in s t rumen t  would a150 o b t a i n  measurements i n  t h e  11.1 
micron water vapor which can be used t o  d e t e r -  
mine t h e  tempera ture  a t  t h e  e a r t h ' s  s u r f a c e  o r  c loud  t o p s .  

A p r e l i m i n a r y  eng inee r ing  f e a s i b i l i t y  s tudy  h a s  been 
completed on t h e  use o f  s a t e l l i t e - b o r n e  r a d a r  t o  d e t e c t  
p r e c i p i t a t i o n .  F u r t h e r  eng inee r ing  s t u d i e s  a r e  be ing  con- 
duc ted  by MSL i n  con junc t ion  wi th  t h e  U.S. Army's Diamond 
Ordnance Fuze Labora to r i e s .  T h e o r e t i c a l  s t u d i e s  have been 
completed on a technique  f o r  measuring atmosphere ozone 
from meteo ro log ica l  s a t e l l i t e s .  The p o s s i b i l i t y  o f  meas- 
u r i n g  t h e  he igh t  of  cloud t o p s  from s a t e l l i t e s  u t i l i z i n g  
pulsed  l i g h t  t echn iques  h a s  a l s o  been i n v e s t i g a t e d .  

Planning f o r  Opera t iona l  Meteoro logica l  S a t e l l i t e  System 

p o t e n t i a l i t i e s  of  me teo ro log ica l  s a t e l l i t e s  f o r  p rov id ing  
worldwide weather  obse rva t ions .  T h i s  w i l l  no t  o n l y  meet 
U.S. requi rements ,  but w i l l  enhance t h i s  count ry ' s  e f f o r t s  
t o  employ space f o r  t h e  b e n e f i t  o f  a11 mankind. The 
Weather Bureau h a s  prepared a p r e l i m i n a r y  p l an  f o r  e s t a b -  
l i s h i n g  and o p e r a t i n g  a j o i n t  system of  me teo ro log ica l  ob- 
s e r v a t i o n  s a t e l l i t e s  f o r  a l l  U.S. Government a g e n c i e s  con- 
cerned i n  weather  a c t i v i t i e s .  

The dramat ic  s u c c e s s  o f  TIROS I h a s  emphasized t h e  

Meteo ro log ica l  Rocketsondes 

The Weather Bureau i s  con t inu ing  t o  p a r t i c i p a t e  wi th  
o t h e r  Government a g e n c i e s  i n  t h e  development and u t i l i z a -  
t i o n  of me teo ro log ica l  sounding r o c k e t s  t o  extend observa- 
t i o n s  above t h e  maximum a l t i t u d e s  t h a t  can be ob ta ined  wi th  
conven t iona l  b a l l o o n  sounding t echn iques .  A pre l imina ry  
me teo ro log ica l  r o c k e t  network, ope ra t ed  by t h e  Department 
o f  Defense and NASA dur ing  1960, i s  provid ing  meteorologi-  
c a l  d a t a  f o r  r e s e a r c h  and t o  determine atmospheric  condi- 
t i o n s  encountered by h igh  a l t i t u d e  v e h i c l e s .  The Bureau 
p a r t i c i p a t e s  i n  c o o r d i n a t i n g  d a t a  a n a l y s i s  and r e s e a r c h ,  
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and i s  making t h e  da t a  a v a i l a b l e  through t h e  Bureau's 
Nat iona l  Weather Records Center .  

Meteoro logica l  Support f o r  Space A c t i v i t i e s  

A team of  Weather Bureau m e t e o r o l o g i s t s  t a k e s  mete- 
o r o l o g i c a l  obse rva t ions  a t  NASA's Wallops S t a t i o n .  They 
a l s o  p repa re  f o r e c a s t s  and provide me teo ro log ica l  advice  
t o  suppor t  o p e r a t i o n s  a t  t h e  s t a t i o n .  

The Weather Bureau p rov ides  ex tens ive  meteoro logica l  
suppor t  f o r  t h e  P a c i f i c  Missile Range through o p e r a t i n g  
weather observing s t a t i o n s  i n  C a l i f o r n i a  and t h e  P a c i f i c ,  
some o f  which were e s t a b l i s h e d  s p e c i f i c a l l y  f o r  range sup- 
p o r t .  

A t  t h e  r e q u e s t  of NASA, t h e  Weather Bureau i s  provid- 
i n g  meteoro logica l  f o r e c a s t i n g  support  for P r o j e c t  Mercury. 
Three me teo ro log ica l  groups are o p e r a t i n g  a t  t h e  Nat ional  
Meteoro logica l  Center ,  n e a r  Washington, D. C .  and a t  Cape 
Canaveral  and M i a m i ,  F l o r i d a .  Arrangements have been made 
t o  a c q u i r e  meteoro logica l  d a t a  a long  t h e  p a t h  o f  t h e  
Mercury capsule  t o  be used i n  f o r e c a s t i n g  f o r  t h e  p r o j e c t .  

By provid ing  c l i m a t o l o g i c a l  d a t a  and s t u d i e s ,  t h e  
Weather Bureau a l s o  s e r v e s  a s  meteoro logica l  consu l t an t  t o  
o t h e r  groups  engaged i n  space a c t i v i t i e s .  

I n t e r n a t i o n a l  A c t i v i t i e s  

a s p e c t s  of meteoro logica l  s a t e l l i t e s .  Represent ing  t h e  
United S t a t e s ,  t h e  Bureau has  kept  t h e  World Meteorological  
Organiza t ion  (WMO) informed about  U.S. meteoro log ica l  sa te l -  
l i t e s .  As a r e s u l t ,  p a n e l s  and working groups have been 
e s t a b l i s h e d  i n  t h e  WMO t o  s t i m u l a t e  p r o g r e s s  and t o  p lan  
and coord ina te  t h e  i n t e r n a t i o n a l  use of  me teo ro log ica l  data.  
I n  a d d i t i o n ,  Bureau personnel  s e r v e  on o t h e r  i n t e r n a t i o n a l  
bod ie s  such a s  t h e  Committee on Space Research (COSPAR) and 
t h e  I n t e r n a t i o n a l  Union of Geodesy and Geophysics ( I U G G )  . 

The Weather Bureau is p a r t i c i p a t i n g  i n  i n t e r n a t i o n a l  

Following t h e  success  of' TIHOS I ,  Bureau personnel  
p re sen ted  s e v e r a l  s c i e n t i f i c  papers  a t  meet ings of  i n t e r n a -  
t i o n a l  committees and s c i e n t i f i c  bodies .  The Bureau has  
a l s o  d i s t r i b u t e d  a l i m i t e d  number o f  TIROS I p i c t u r e s  and 
suppor t ing  da ta  t o  weather s e r v i c e s  and r e s e a r c h  groups i n  
o t h e r  c o u n t r i e s .  
t o  i n t e r e s t e d  i n t e r n a t i o n a l  groups e a r l y  i n  1961. 

A l l  TIROS p i c t u r e s  w i l l  be made a v a i l a b l e  
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The Weather Bureau is  working with NASA on a program 
of i n t e r n a t i o n a l  p a r t i c i p a t i o n  i n  support  o f  t h e  TIROS I1 
s a t e l l i t e  experiment.  
t a k e  s p e c i a l  meteoro logica l  obse rva t ions  when TIROS I1 i s  
pass ing  over  t h e i r  country.  These obse rva t ions  and satel-  
l i t e  da ta  w i l l  be exchanged. Later, a l l  TIROS I1 d a t a  w i l l  
be made a v a i l a b l e  t o  any group d e s i r i n g  them. 

Severa l  c o u n t r i e s  have agreed  t o  

COAST AND GEODETIC SUEZVEY 

C a l i b r a t i o n  and t e s t i n g  of  i n s t rumen t s  designed by 
NASA and i t s  c o n t r a c t o r s  have been c a r r i e d  on a t  t h e  
Freder icksburg  (Md.) Magnetic Observatory and Laboratory.  
The unique f a c i l i t y  a t  t h e  observa tory  f o r  t h i s  work i s  a 
s e t  of c o i l s  about  18 f ee t  i n  d iameter  which provide  a 
working space i n  which t h e  geomagnetic f i e l d  a t  any p o i n t  
on t h e  e a r t h ' s  su r f ace  o r  i n  i n t e r p l a n e t a r y  space can be 
dup l i ca t ed .  Moreover, s p e c i a l  c o n t r o l s  permit ho ld ing  t h e  
magnetic f i e l d  cons t an t  -- f r ee  from t h e  d i s t u r b a n c e s  of  
normal, almost cont inuous,  v a r i a t i o n s  o f  t h e  f i e l d ,  which 
a re  o c c a s i o n a l l y  severe  enough t o  be c a l l e d  a "magnetic 
s torm . w 

Ins t rumen t s  f o r  a r t i f i c i a l  s a t e l l i t e s ,  and f o r  high 
a l t i t u d e  r o c k e t s  ( inc lud ing  moon s h o t s )  have been t e s t e d  
and c a l i b r a t e d  i n  t h e  Freder icksburg  c o i l s  t o  determine 
no t  on ly  t h e  performance c a p a b i l i t y  of  t h e  magnetic equip- 
ment, but  a l s o  t o  measure q u a n t i t a t i v e l y  t h e  induc t ion  
e f f e c t s  a t  v e r y  low f i e l d  i n t e n s i t i e s  o f  o t h e r  equipment 
and of  t h e  v e h i c l e  i t s e l f .  



SPACE SCIENCE B O A R D  
CHAPTER VI1 

INTRODUCTION 

The Space Science Board was established i n  June 1958 by 
the  P res iden t  of the N a t i o n a l  Academy of Sc iences  t o  s e r v e  
as the focus  of  t he  Academy's i n t e r e s t s  i n  space  s c i e n c e .  
The Board i s  in tended  t o  be adv i so ry  and c o n s u l t a t i v e .  

Domest ical ly ,  the  Board s e r v e s  i n  a n  adv i so ry  c a p a c i t y  
t o  agenc ie s  of the F e d e r a l  Government having execu t ive  re- 
s p o n s i b i l i t i e s  i n  the  f i e l d  of space s c i e n c e .  These agenc ie s  
are the  Na t iona l  Aeronaut ics  and Space Admin i s t r a t ion  T N A S A )  
t h e  Na t iona l  Sc ience  Foundation (NSF), and the Department of 
Defense (DOD).  Because NASA and NSF have primary r e spons i -  
b i l i t y  f o r  c i v i l i a n  space s c i e n c e ,  the  r e l a t i o n s  of the Board 
t o  these agencies  have been p a r t i c u l a r l y  c l o s e ,  and the Board 
i s  suppor ted  by these two i n s t i t u t i o n s .  The Board has pro-  
v ided  adv ice  and recommendations on a v a r i e t y  of  s u b j e c t s  
r e l a t i n g  t o  b a s i c  r e s e a r c h ;  it has se rved  t o  r e p r e s e n t  the 
i n t e r e s t s  of  s c i e n t i s t s ;  and i t  has sousht  t o  provide  a broad 
s c i e n t i f i c  base f o r  c u r r e n t  and f u t u r e  U.S .  space  s c i e n c e  
e f f o r t s  by s t i m u l a t i n g  the s c i e n t i f i c  community t o  take an  
i n t e r e s t  i n  space  research. 

v i d e s  f o r  coope ra t ion  wi th  s c i e n t i s t s  o f  o t h e r  c o u n t r i e s .  
The v e h i c l e  f o r  such  coope ra t ion  i s  the Committee on Space 
Research (COSPAR) of the I n t e r n a t i o n a l  Counci l  o f  S c i e n t i f i c  1 

Unions (ICSU). Adherence t o  th i s  committee i s  provided by 
the  Academy through the Board's Committee on I n t e r n a t i o n a l  
R e l a t i o n s ,  whose chairman s e r v e s  as the delegate t o  COSPAR. 
The Board, i t s  committees, and Academy staff have devoted 
c o n s i d e r a b l e  e f f o r t  t o  problems of i n t e r n a t i o n a l  coope ra t ion  
du r ing  1960. 

I n t e r n a t i o n a l l y ,  the Board, as the Academy's agen t ,  pro- 

The members of the  Board s e r v e  as chairmen of f i f t e e n  
s p e c i a l i z e d  committees cover ing  the v a r i o u s  s c i e n t i f i c  d i s -  
c i p l i n e s  and f i e l d s  of a c t i v i t y  a s s o c i a t e d  w i t h  the  count ry ' s  
space  s c i e n c e  prosram. The Board and i t s  committees are 
composed of approximately 150 l ead ing  s c i e n t i f i c  s p e c i a l i s t s .  
(Membership of  the Board and i t s  committees i s  given i n  
Appendix A .  ) 

- 57 - 



DOMESTIC ACTIVITIES 

The Board has devoted a major p o r t i o n  of  i t s  time and 
a t t e n t i o n  du r ing  t h i s  year t o  t h e  l o n g e r  range o b j e c t i v e s  
of space sc i ence .  The Board convened i t s  s p e c i a l i z e d  com- 
mittees i n  each d i s c i p l i n e  t o  cons ide r  development o f  com- 
prehensive program g o a l s  f o r  p l a n e t a r y  e x p l o r a t i o n  i n  t h e  
1970's, fol lowed by a similar s tudy  o f  t h e  r e s e a r c h  programs 
f o r  t h e  1960 decade t o  a s c e r t a i n  what would be r equ i r ed  t o  
i n s u r e  t h e  s u c c e s s  of  t h e  l a t e r  p l a n e t a r y  program. Compre- 
hensive b r i e f i n g s  by NASA personnel  supplemented and expanded 
on p rev ious ly  prepared program documents and recommendations 
a t  each committee meeting. 

The v a r i o u s  committees o f  t h e  Board have he ld  20 formal  
meet ings du r ing  t h e  year  and a large number of in formal  d i s -  
cuss ion  s e s s i o n s .  The Board i t se l f  met i n  Washington (March) 
and i n  Arcadia ,  Cal i f .  ( J u n e ) .  As a r e s u l t  of t h e s e  d e l i b e r -  
a t i o n s ,  rev iews  and p l a n s  have been t r a n s m i t t e d  i n  formal  

'recommendations f o r  c o n s i d e r a t i o n  by t h e  a p p r o p r i a t e  a g e n c i e s  
of t h e  Government. 

Study Groups 

I n  a d d i t i o n  t o  i t s  r e g u l a r  ad  hoc committees, t h e  Board 
h a s  convened s e v e r a l  s p e c i a l  s tudy  groups  t o  cons ide r  s p e c i f i c  
problems. Six such groups he ld  a t o t a l  of t e n  meetings dur ing  
t h e  per iod .  The fo l lowing  b r i e f  d e s c r i p t i o n s  are  i n d i c a t i v e  
of  t o p i c s  which t h e  Board h a s  cons idered  t o  be of importance 
i n  t h e  conduct of t h e  space r e s e a r c h  program. 

P r o j e c t  West Ford -- This  communications system h a s  been 
c r i t i c a l l y  reviewed throughout t h e  year  by a s p e c i a l  s t u d y  
group i n  o r d e r  t o  assess i ts  impact on a number of f i e l d s  o f  
s c i ence ,  such a s  atmospheric  and ionosphe r i c  phys ics ,  r a d i o  
and convent iona l  astronomy, e t c .  As a r e s u l t  of i t s  s tudy ,  
t h e  Board h a s  made recommendations t o  t h e  Government con- 
ce rn ing  t h e  conduct of t h e  experiments  and has  a r ranged  f o r  
p r e s e n t a t i o n  and d i scuss ion  o f  t h e  t e c h n i c a l  d e t a i l s  i n t e r -  
n a t i o n a l l y .  It con t inues  t o  provide adv ice  and informat ion  
t o  p r o j e c t  personnel  through a small s p e c i a l i z e d  group of 
s c i e n t i s t s .  

P l ane ta ry  Atmospheres -- With t h e  focus ing  of a t t e n t i o n  
on p l a n e t a r y  e x p l o r a t i o n ,  t h e  Board recognized  t h e  need t o  
b r i n g  t o g e t h e r  t h e  s p e c i a l  competences of a number of  s c i -  
e n t i f i c  d i s c i p l i n e s .  I n  o r d e r  t o  examine t h e  s t a t e  of  cur- 
r e n t  kmwledge about  t h e  atmospheres o f  t h e  p l a n e t s ,  t h e  
Board convened a conference i n  conjunct ion  wi th  i t s  June 
meeting. Meteoro logis t s ,  bo th  t h e o r e t i c a l  and observa- 
t i o n a l ,  and p l a n e t a r y  astronomers  met wi th  upper atmos- 
phere and ionospher ic  p h y s i c i s t s  t o  d i s c u s s  and assess ways 
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and meens of improving and! expanding t h i s  in fo rma t ion .  P r o -  
c e e d i n m  of t h i s  conference  are scheduled f o r  Dub l i ca t ion  i n  
the Transac t ions  of the American Geophysical &ion i n  e a r l y  
1961. A s  a r e s u l t  of t h i s  conference a small working group 
of  s p e c i a l i s t s  besan work i n  December t o  compile a d e f i n i t i v e  
s t u d y  of the p l a n e t a r y  atmospheres;  t h i s  s tudy  w i l l  s e r v e  as 
a r e s e a r c h  guide i n  t he  immediate years ahead and w i l l  s t imu- 
l a t e  i n t e r e s t  i n  p l a n e t a r y  r e s e a r c h ,  s o  that t h e  necessary  
informat ion  about p l a n e t a r y  environments w i l l  be a v a i l a b l e  on 
a t i m e l y  bas i s .  

Bal loon ,  Rocket and Ground-based Observat ions -- The 
Board has cont inued t o  recommend t o  the Government and t o  
t he  s c i e n t i f i c  community t h a t  t h o s e  i n v e s t i g a t i o n s  which can 
be performed wi th  h igh  a l t i t u d e  b a l l o o n s ,  r o c k e t s  o r  from t he  
ground should be suppor ted  t o  the maximum e x t e n t ,  cons ide r ing  
t h e i r  va lue  i n  r e l a t i o n  t o  the more expensive s a t e l l i t e  and 
space probe exper iments .  Conventional ground-based astronomi-  
c a l  s tudies  of t he  p l a n e t s  car r ied  out  by exper ienced  observ- 
ers  supplemented by work wi th  bal loon-borne t e l e s c o p e s ,  can 
p r o v i d e  much informat ion  about  p l a n e t a r y  atmospheres. 
l a r l y ,  the use  of r o c k e t s  as geophys ica l  and a s t ronomica l  
t o o l s  should  no t  be overlooked.  To t h i s  end, t he  Board has 
established a committee on rocke t  r e s e a r c h  under  the cha i r -  
manship of D r .  W i l l i a m  W .  Kellogg, which c o o r d i n a t e s  t h e  
s e v e r a l  d i s c i p l i n e s  i n  the e x p l o i t a t i o n  of t h i s  research t o o l .  

S i m i -  

Chemical Analys is  of Me teo r i t e s  -- Late i n  1959, as a 
r e su l t  of cont inued  Board concern f o r  the l a c k  of  a coord i -  
n a t e d  program t o  c o l l e c t  and ana lyze  m e t e o r i t e s ,  the Board 
convened a small group of chemical a n a l y s t s  and c u r a t o r s  o f  
m e t e o r i t e  c o l l e c t i o n s  under the chairmanship of P ro fes so r  
Har r i son  Brown. Implementation of the Board recommendations 
endor s ing  the f i n d i n g s  of t h i s  conference  has established 
t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology as a c l ea r inghouse  
f o r  ca t a logu ing ,  ana lyz ing  and o the rwise  c o o r d i n a t i n s  and 
f a c i l i t a t i n g  the chemical  a n a l y s i s  of m e t e o r i t e s ,  as a s t e p  
toward u n d e r s t a n d i n s  of the  space environment.  

Laboratory Ast rophys ics  -- The Board has r ecosn ized  t h e  
e v e r  i n c r e a s i n g  demand from o b s e r v a t i o n a l  g e o p h y s i c i s t s  and 
a s t r o p h y s i c i s t s  f o r  va lues  of t h o s e  p h y s i c a l  parameters  t h a t  
t h e y  need f o r  the i n t e r p r e t a t i o n  of resu l t s ,  such  as c o l l i -  
s i o n  c r o s s  s e c t i o n s  f o r  va r ious  p h y s i c a l  p rocesses ,  wave- 
l e n g t h s ,  i n t e n s i t i e s ,  and t r a n s i t i o n  p r o b a b i l i t i e s  i n  energy 
r anges  l i k e  the f a r  u l t r a v i o l e t  tha t  have only  now become 
a c c e s s i b l e  th rough obse rva t ions  from o u t s i d e  our  atmosphere, 
and i n  t h i s  connec t ion  has noted  the e x c e l l e n t  work of  the 
N a t i o n a l  Bureau of S tanda rds .  Recommendation f o r  cont inu-  
ance and expansion of such l a b o r a t o r y  work t o  provide  the  
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answers t o  these needs was forwarded t o  t h e  S e c r e t a r y  of 
Commerce and o t h e r  i n t e r e s t e d  Government agenc ie s .  

P r o f e s s o r s  Donald F . Hornig and Harold C .  Urey, has kept  the 
Board informed of  the  n u c l e a r  p ropu l s ion  programs f o r  space  
v e h i c l e s .  A s  a resu l t  of t h i s  in format ion ,  the Board has 
urged that  no r easonab le  r e s e a r c h  p r o j e c t  aimed a t  p rov id ing  
some r a d i c a l  and d i f f e r e n t  means of  p ropu l s ion  should be over-  
looked, because some way must be found t o  break  through the  
l i m i t a t i o n  on s p e c i f i c  impulse imposed by chemical fuels .  
Cont inuing emphasis on c u r r e n t  n u c l e a r  propuls ion  i n v e s t i g a -  
t i o n s  has been recommended. 

Nuclear  Propuls ion  -- A small pane l ,  under Board members 

Geodetic S a t e l l i t e  -- On adv ice  from NASA tha t  t he  s c i -  
e n t i f i c  s a t e l l i t e  planned f o r  t h e  improvement of geode t i c  
data had been canceled,  the Board convened a small group of  
g e o d e s i s t s  t o  conduct a p re l imina ry  i n q u i r y  i n t o  the  matter,  
and fo rma l ly  r eques t ed  the P r e s i d e n t ' s  Sc ience  Advisory Com- 
mittee t o  determine whether o r  not  the program now proposed 
meets t he  requirements  recommended by informed g e o d e s i s t s .  

B i o l o g i c a l  Contamination -- The Board has cont inued  t o  
emphasize the need for avoidance of b i o l o g i c a l  contaminat ion 
of the Moon and p l a n e t s  u n t i l  s u i t a b l e  b i o l o g i c a l  i n v e s t i -  
g a t i o n s  can be conducted. It i s  a l s o  noted tha t  t he  r e t u r n  
o f  probes t o  the ear th  wi th  lunar o r  p l a n e t a r y  samples 
ra i ses  problems of back contaminat ion.  

Other B i o l o g  -- During 1960, i n  suppor t  of the newly 
established NASA Of f i ce  of L i f e  Sc iences ,  the  Board has i n -  
c r e a s e d  i t s  emphasis on the b i o l o g i c a l  s c i e n c e s  with the 
a d d i t i o n  of t h r e e  committees: Exobiology, Dr. Joshua Lcderb 
Chairman; Environmental  Biology, D r .  Col in  S. P i t t e n d r i g h ,  
Chairman; and Man-in-Space, D r .  C h r i s t i a n  J. Lambertsen, 
Chairman . 

ers, 

Auroral  Zone Rocket Launching S i t e  -- The va lue  of rocke t  
launching s i tes  i n  t h e  a u r o r a l  zone, and the  s c i e n t i f i c  re- 
s u l t s  ob ta ined  from rocke t  l a u n c h i n g  a t  F t .  C h u r c h i l l  du r ing  
the  IGY i n  p a r t i c u l a r ,  provided the basis f o r  the Board recom- 
mendation that  cont inued  f i n a n c i a l  suppor t  by t h e  U.S. is  i n  
the s c i e n t i f i c  i n t e r e s t .  

Space Mathematics -- A s p e c i a l  s tudy  group of eminent 
mathematicians has been convened w i t h i n  the Na t iona l  Research 
Counci l  t o  examine the problem of  space  r e s e a r c h  s u s c e p t i b l e  
of s o l u t i o n  by mathematical  t echniques ,  f o r  example, data 
r educ t ion ,  information theory ,  o r b i t  computation and satel-  
l i t e  p r e d i c t i o n  in fo rma t ion .  
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Sate l l i t e  Tracking Requirements -- A s p e c i a l  s tudy  group 
has been organized t o  assess' c u r r e n t  s a t e l l i t e  t r a c k i n g  and 
o r b i t  r e s u l t s  and procedures  i n  r e l a t i o n  t o  s c i e n t i f i c  
requi rements .  
a v a i l a b l e  e a r l y  next  y e a r .  

Radio Freauencs Al loca t ions  -- I n  cont inuance o f  1959 
a c t i v i t i e s ,  the Board has provided adv ice  t o  NASA,  Fed- 
eral  Communications Commission, and o t h e r  governmental agen- 
c i e s  on the requirements  f o r  a l l o c a t i o n  of r a d i o  frequency 
bands t o  meet s p e c i a l  r e s e a r c h  requi rements .  It cont inues  
t o  work c l o s e l y  wi th  t h e  r e s p o n s i b l e  government agencies  a s  
well  as the Na t iona l  Academy o f  Sc iences  Committee on Radio 
Frequency P r o t e c t i o n  and the r e l e v a n t  committees of the 
I n t e r n a t i o n a l  Radio S c i e n t i f i c  Union (URSI ) .  

"Science i n  Space" -- During t h e  e a r l y  part  of t h i s  
pe r iod ,  t h e  Board devoted cons ide rab le  e f f o r t  t o  a r e p o r t  on 
the research p o s s i b i l i t i e s  and o b j e c t i v e s  of space sc i ence ,  
c a l l e d  Science i n  Space. The r e p o r t  was i s sued  i n  n ine  sepa- 
ra te  pamphlets, d i s t r i b u t e d  bo th  domes t i ca l ly  and i n t e r n a -  
t iona l ly .  

World Data Center  A ,  Rockets and S a t e l l i t e s  -- During 
1960, the ope ra t ion  of the Data Center  w i t h i n  t h e  Academy 
cont inued  t o  provide  a means f o r  i n t e r n a t i o n a l  exchange of  
s c i e n t i f i c  data r e s u l t i n g  from r o c k e t  and s a t e l l i t e  pro- 
grams. A t  the r eques t  of COSPAR, the  Center  w i l l  con t inue  
t o  s e r v e  the needs o f  i n t e r n a t i o n a l  coopera t ion  i n  f u r t h e r -  
i n s  the peace fu l  e x p l o i t a t i o n  of space r e s e a r c h .  
added some synop t i c  d a t a  from the Meteoro logica l  Network t o  
i t s  ca t a loaue  and has s y s t e m a t i c a l l y  exchanged d a t a  with 
Centers  B TSoviet Union) and C (United Kingdom). The fo l low-  
i n g  r e p o r t s  were i s s u e d  du r ing  the p e r i o d :  

The r e p o r t  of t h i s  group i s  expected t o  be 

The Center  

Sa t e l l i t e  Report S e r i e s  : Number 10, Determinat ion of  
Ionospheric  E l e c t r o n  Content and D i s t r i b u t i o n  from 
S a t e l l i t e  Observat ions;  Number 11, Observat ions of 
Corpuscular Rad ia t ion  with S a t e l l i t e  and Space Probes; 
Number 12, Ionosphe r i c  Research wi th  S a t e l l i t e s  

Rocket Report S e r i e s :  Number 6, A Second Compilation 
of US/IGY Rocket Program R e s u l t s .  

S e v e r a l  a d d i t i o n a l  volumes i n  esch s e r i e s  are be ing  prepared 
f o r  i s s u e  e a r l y  i n  1961. 
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INTERNATIONAL ACTIVITIES 

COSPAR Charter Adopted 

COSPAR was es tab l i shed  by I C S U  i n  October 1958, and i t s  
i n i t i a l  o rgan iz ing  meet inss  were held i n  November 1958 and i n  
March 1959. A t  t he  t h i r d  meeting, he ld  i n  Nice, France,  January 
8-16, 1960, d e l e g a t e s  from 13 c o u n t r i e s  and from 6 ICSU Unions 
adopted the  p resen t  COSPAR Charter. Na t iona l  members p re sen t  
a t  t h i s  meeting inc luded  Argent ina,  A u s t r a l i a ,  Belgium, Canada, 
France,  Germany (West ), I n d i a ,  Japan, Poland, South Af r i ca ,  
United Kingdom, US and USSR. 

R e s u l t s  of COSPAR Meeting a t  Nice 

Among the  more s i g n i f i c a n t  a c t i o n s  taken  a t  the meeting 
were the fo l lowing:  An I n t e r n a t i o n a l  Rocket I n t e r v a l  f o r  1960 
(September 16-22) was es tab l i shed ,  and rocke t  experimenters  
from a l l  c o u n t r i e s  were ursed  t o  perform rocke t  soundings 
d u r i n g  the q u a r t e r l y  world me teo ro log ica l  i n t e r v a l s  f o r  1961. 
B i o l o g i s t s  were reques t ed  t o  undertake experiments  t o  develop 
b a s i c  data f o r  q u a n t i t a t i v e  s p e c i f i c a t i o n s  t o  be used i n  
decontaminat ing and s t e r i l i z i n g  s p a c e c r a f t .  Action was t aken  
t o  i n s u r e  c o l l a b o r a t i o n  w i t h  the I n t e r n a t i o n a l  Telecommunica- 
t i o n s  Union i n  a l l o c a t i n g  r a d i o  f r e q u e n c i e s  f o r  space r e s e a r c h  
purposes .  
in format ion  on s a t e l l i t e  launchings,  i n c l u d i n g  pre- launch and 
pos t - launch  data and o r b i t a l  e lements .  The world-wide com- 
municat ion system, known dur ing  I G Y  as A G I W A R N ,  was endorsed 
f o r  t h i s  purpose under t he  new name SPACEWARN. P lans  were 
developed f o r  an  i n t e r d i s c i p l i n a r y  s tudy  of  the remarkable 
geophys ica l  even t s  that  occurred  d u r i n g  J u l y  1959; a sympo- 
sium on t h i s  s u b j e c t  was held du r ing  the IUGG Assembly a t  
H e l s i n k i  i n  August 1960. A p r e p a r a t o r y  group was organized  
t o  develop an  i n t e r n a t i o n a l  r e f e r e n c e  atmosphere f o r  the 
p r o p e r t i e s  of the upper atmosphere, above t h e  p r e s e n t  32 k m  
a l t i t u d e  l i m i t .  Reso lu t ions  were adopted i n i t i a t h g  t h e  
p u b l i c a t i o n  of a monthly COSPAR B u l l e t i n ,  an annual  compi- 
l a t i o n  of rocke t  f l i g h t  summaries and a conso l ida t ed  l i s t  of 
pub l i shed  sources  of in format ion  on r e s u l t s  of space  r e s e a r c h .  
COSPAR fo rma l ly  adopted a r e s o l u t i o n  n o t i n g  with s a t i s f a c t i o n  
t h e  r e s o l u t i o n s  passed by the  General  Assembly of the United 
Nat ions t o  e s t a b l i s h  a Committee on the Peace fu l  Uses of Outer 
Space and t o  convene an  i n t e r n a t i o n a l  s c i e n t i f i c  conference 
f o r  the exchange of exper ience  i n  the p e a c e f u l  u ses  of o u t e r  
space .  T h i s  r e s o l u t i o n  a l s o  o f f e r e d  the  s e r v i c e s  of COSPAR 
i n  any matters w i t h i n  i t s  competence t o  the  United Nations 
Committee. Subsequent ly ,  COSPAR has confe r r ed  w i t h  the UN 
Committee and has o f f e r e d  i t s  s e r v i c e s  i n  p a r t i c u l a r  for t h e  
purpose of  o rgan iz ing  the s c i e n t i f i c  program of  t h e  UN conference.  

Recommendations were adopted on t h e  exchange of 
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Other COSPAR Accomplishments 

COSPAR was held i n  Stockholm from Ausust 11-13, 1960. The 
Bureau reviewed the budgets  f o r  1960 and 1961, cons idered  
r e p o r t s  on the  three working groups of COSPAR and developed 
p l ans  f o r  the f o u r t h  COSPAR meeting scheduled f o r  A p r i l  1961. 

ence Board and i t s  staff  helped coord ina te  the U.S.  c o n t r i -  
b u t i o n  t o  the COSPAR Rocket I n t e r v a l  f o r  1960. Approximately 
35 r e s e a r c h  r o c k e t s  were launched by U.S. s c i e n t i s t s  du r ing  
the pe r iod  September 16-22, 1960. The g r e a t e r  number of 
these -- approximately 27 -- were f o r  me teo ro log ica l  purposes .  
R e s u l t s  of rocke t  experiments du r ing  t h i s  pe r iod  w i l l  be re- 
p o r t e d  by the Space Science Board t o  COSPAR f o r  d i s t r i b u t i o n  
t o  t h e  world s c i e n t i f i c  community and w i l l  a l s o  be depos i t ed  
i n  t h e  World Data Centers  established dur ing  the IGY. Two 
ma jo r  i n t e r n a t i o n a l  rocke t  i n t e r v a l s  have been scheduled by 
COSPAR f o r  1961. The f i r s t ,  f r o m  February 12-18, w i l l  be 
concerned p r i m a r i l y  wi th  s o l a r - t e r r e s t r i a l  e f fec ts  r e l a t e d  
t o  t h e  t o t a l  s o l a r  e c l i p s e  of 15 February and the atmos-  
p h e r i c  s t r u c t u r e  du r ing  t h e  Northern Hemisphere's w i n t e r .  
Launchings d u r i n z  t h e  second i n t e r v a l ,  J u l y  16-25 w i l l  
emphasize atmospheric s t r u c t u r e  du r ing  the Northern Hemi- 
sphe re ' s  summer. Rocket f i r i n g s  devoted t o  upper  atmosphere 
and s o l a r  obse rva t ions  a l s o  w i l l  be made dur ing  t h e  q u a r t e r l y  
me teo ro log ica l  world i n t e r v a l s  i n  January,  A p r i l ,  and October, 
1961. 

A meeting of the Bureau of the Execut ive Counci l  of 

Pocket  I n t e  r v a l  -- On behalf of COSPAR, the  Space S c i -  

The 1959 J u l y  Event -- COSPAR has i n i t i a t e d  an i n t e r -  
d i s c i p l i n a r y  s tudy  o f  the remarkable s e r i e s  of geophys ica l  
e v e n t s  t h a t  occurred du r ing  J u l y ,  1959. A s  pa r t  of th 'h 
s tudy ,  COSPAR was i n s t r u m e n t a l  i n  o rgan iz ing  a symposium on 
t h i s  s u b j e c t  a t  t h e  IUGG Assembly held i n  H e l s i n k i  i n  August, 
1960. The Board took  an a c t i v e  par t  i n  organiz ing  the par- 
t i c i p a t i o n  of U.S .  s c i e n t i s t s .  

I n t e r n a t i o n a l  Symposium -- I n  a d d i t i o n  t o  t h e  adminis- 
t r a t i v e  s e s s i o n s  a t  t h e  t h i r d  COSPAR meeting, t h e  d a t e s  o f  
January 11-15, 1960, were set  aside f o r  t h e  F i r s t  I n t e r n a -  
t i o n a l  Space Sc ience  Symposium. 
was organized i n t o  s e p a r a t e  s e s s i o n s  on t h e  fo l lowing  sub- 
j e c t s :  Earth's Atmosphere, Ionosphere,  Cosmic Rad ia t ion  and 
I n t e r p l a n e t a r y  Dust, S o l a r  Rad ia t ion ,  
Me teo r i t e s ,  and Tracking and Telemeter ing.  About 300 s c i -  
e n t i s t s  from 20 c o u n t r i e s  a t t ended ;  and 101 s c i e n t i f i c  papers  
were read by s c i e n t i s t s  of 12 c o u n t r i e s .  
were p resen ted  by s c i e n t i s t s  f r o m  the U.S.  
ceedings of t h e  symposium have been publ i shed  by the North- 

T h i s  s c i e n t i f i c  meeting 

The Moon and P l a n e t s ,  

Forty-seven papers  
The full pro-  
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Holland Pub l i sh ing  Company. 
n a t e d  U.S. p a r t i c i p a t i o n  and c o n t r i b u t i o n s  t o  t h i s  symposium, 
and assisted i n  p lanning  and p u b l i c a t i o n  a s p e c t s .  

The Space Sc ience  Board coord i -  
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CHAPTER V l l l  

SMITHSONIAN ASTROPHYSICAL OBSERVATORY 

INTRODUCTION 

The Smithsonian As t rophys ica l  Observatory,  under a NASA 
g r a n t ,  h a s  t e c h n i c a l  d i r e c t i o n  of t h e  Baker-Nunn O p t i c a l  
Tracking Network -- a worldwide system of 1 2  s t a t i o n s  
equipped w i t h  s p e c i a l  cameras of great p r e c i s i o n  and power. 
The Observatory i s  a l so  r e s p o n s i b l e  f o r  o p e r a t i n g  t h e  net-  
work and reducing  and ana lyz ing  t h e  data  it ob ta ins .  

T R A C K I N G  AND DATA SYSTEMS 

Baker-Nunn O p t i c a l  Network 

Tracklng Network c o n s i s t s  of‘ nonmobile p r e c i s i o n  cameras 
capable  of photographing a ve ry  f a i n t  o b j e c t  ( 1 3 t h  magni- 
t u d e )  t o  a n  accuracy o f  4 seconds of  a r c  and 2 m i l l i s e c o n d s  
of time. Associated a r e  110 i n t e r n a t i o n a l  v o l u n t e e r  v i s u a l  
Moonwatch s t a t i o n s  i n  22 c o u n t r i e s ,  which supply a d d i t i o n a l  
approximate obse rva t ions  and a c t  a s  a s u r v e i l l a n c e  system 
f o r  l o s t  s a t e l l i t e s .  

D i r e c t i o n  and Operat ion -- The Baker-Nunn O p t i c a l  

C a p a b i l i t i e s  and Locat ions  -- The network makes it pos- 
s i b l e  t o  de te rmine  p r e c i s e l y  tfie i n i t i a l  t r a j e c t o r i e s  of  
space  probes  and t h e  o r b i t s - o f  s a t e l l i t e s .  It is  a l s o  use- 
f u l  f o r  g e o d e t i c  r e s e a r c h  l e a d i n g  t o  p r e c i s e  informat ion  on 
t h e  shape of t h e  e a r t h  and t h e  r e l a t i v e  p o s i t i o n s  of t h e  
con t inen t s .  The 12  s i t e s  of t h e  Baker-Nunn cameras are: 
J u p i t e r ,  F l o r i d a ;  Curacao, Nether lands  West I n d i e s ;  
Arequipa, Peru;  V i l l a  Dolores,  Argent ina;  O l i f a n t s f o n t e i n ,  
Union of South Af r i ca ;  San Fernando, Spain;  Sh i r az ,  I r a n ;  
Nain i  Tal,  I n d i a ;  Woomera, A u s t r a l i a ;  Tokyo, Japan; Maui, 
Hawaii; and Organ Pass, N e w  Mexico. 

Accomplishments -- Approximately 17,200 s a t e l l i t e  pas- 
sages have been photographed by t h e  network a s  of September 
30, 1960, and 17,000 recorded v i s u a l l y  by Moonwatch. The 
c u r r e n t  ou tpu t  i s  approximately 1,200 u s e f u l  photographs 
p e r  month. A number of  s c i e n t i f i c  r e s u l t s  r e l a t i n g  t o  t h e  
upper atmosphere and t h e  g r a v i t a t i o n a l  p o t e n t i a l  o f  t h e  
e a r t h  have been der ived.  

had b m a n n e d  a s  t h i s  r e p o r t  per iod  ended. 
Fu tu re  -- No new Baker-Nunn O p t i c a l  Tracking S t a t i o n s  
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CHAPTER I X  
FEDERAL COMMUNICATIONS COMMISSION 

INTRODUCTION 

The F e d e r a l  Communications Commission’s a c t i v i t i e s  i n  
the f i e lds  of space communication, r a d i o  astronomy, and aero-  
n a u t i c s  g r e a t l y  inc reased  dur ing  1960, mostly because of the 
many new and unique problems a r i s i n g  from r a p i d  t e c h n o l o g i c a l  
and s c i e n t i f i c  developments i n  telecommunications.  For  ex- 
ample, a p p l i c a t i o n s  f o r  exper imenta l  l i c e n s e s  were f i l e d  by 
p r i v a t e  e n t e r p r i s e  t o  permit r e s e a r c h  on c i v i l  communication 
systems employing space s a t e l l i t e s ,  the f e a s i b i l i t y  of which 
was demonstrated by the Echo p r o j e c t  du r ing  1960.* 

These and similar even t s  dur ing  the y e a r  have served  t o  
emphasize the many d i f f i c u l t  telecommunication problems that  
must be so lved ,  e s p e c i a l l y  t h o s e  a n t i c i p a t i n g  the o p e r a t i o n a l  
use  of such  systems.  Progress  has a l s o  been made toward i m -  
plementing the 1959 Geneva Radio Regula t ions  which provide  
s p e c i f i c  f r equenc ie s  f o r  space  communications r e s e a r c h  and 
r a d i o  astronomy. Emphasis was a l s o  p laced  on the p r e p a r a t o q  
work f o r  the forthcoming s p e c i a l  I n t e r n a t i o n a l  Telecommunica- 
t i o n s  Union ( ITU)  conference on space ,  scheduled f o r  la te  
1963. Two FCC a l l o c a t i o n  proceedings r e l a t i n g  t o  space com- 
municat ion frequency requirements  were i n s t i t u t e d  du r ing  the 
y e a r ;  VHF a e r o n a u t i c a l  f r equenc ie s  underwent major r e a l l o c a -  
t i o n  t o  provide  snore space f o r  Government a i r  t r a f f i c  c o n t r o l  
o p e r a t i o n s .  Study was i n i t i a t e d  on the t e c h n i c a l  a s p e c t s  of  
s h a r i n g  between space communication ground t e r m i n a l s  and 
conven t iona l  microwave r e l a y  communications systems.  

SPACE C O M ” I C A T I 0 N S  

Although the Commission is not  r e s p o n s i b l e  f o r  any over- 
a l l  space programs o r  f o r  launch v e h i c l e  technology,  r ap id  
developments i n  the space  f i e l d  have c rea t ed  many telecom- 
municat ion problems. 
the Communications Act of 1934, as amended, t o  n...make 
a v a i l a b l e ,  s o  f a r  as p o s s i b l e ,  t o  a l l  of the people  of the 
United S t a t e s  a rapid,  e f f i c i e n t ,  nationwide, and world- 
wide wire and r a d i o  communication s e r v i c e . .  .” i nvo lve  t h e  
F C C  t o  a major e x t e n t .  The assignment of f r e q u e n c i e s  f o r  
space  communication and exper imenta t ion  d i r e c t e d  toward the 

These, by v i r t u e  of the o b l i g a t i o n  under  

* See Chapter 1. 
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imminent development of a c i v i l  communication system employ- 
i n g  space sa te l l i t es  are of  d i r e c t  concern t o  the FCC. During 
the  p a s t  y e a r ,  P r o j e c t  Echo e f f e c t i v e l y  demonstrated the  
t e c h n i c a l  f e a s i b i l i t y  of such a system on an  exper imenta l  
basis.  However, the a n t i c i p a t e d  development and o p e r a t i o n a l  
use of communications sa te l l i t es ,  e i t h e r  a c t i v e  o r  pas s ive ,  
p r e s e n t  a mul t i t ude  of a d d i t i o n a l  telecommunication problems 
w i t h  which the F C C  must cope. Not the  least  of these i s  the 
matter of p r o v i d i n s  enough sui table  f r equenc ie s  and i n s u r i n g  
c o m p a t i b i l i t y  between space  and s u r f a c e  systems s o  that the  
p u b l i c  i n t e r e s t  w i l l  bes t  be served .  Many o t h e r  r e g u l a t o r y  
problems w i l l  s t e m  f rom the combined o p e r a t i o n a l  use  of space 
satel l i tes  and r a d i o .  

The s o l u t i o n s  t o  such problems involve  b o t h  n a t i o n a l  and 
i n t e r n a t i o n a l  c o n s i d e r a t i o n s .  Accordingly,  the Commission i s  
fo l lowing  a p o l i c y  of c l o s e  coord ina t ion  and coopera t ion  wi th  
all of the i n t e r e s t s  involved.  There has been inc reased  c o l -  
l a b o r a t i o n  between the  FCC and NASA a t  a l l  l e v e l s  t o  ensure  a 
common approach t o  space problems invo lv ing  b o t h  agenc ie s .  
For  example, c o n s u l t a t i o n s  were r e c e n t l y  concluded between 
t h e  l e g a l  s t a f f s  on c e r t a i n  q u e s t i o n s  of j u r i s d i c t i o n .  Other  
In te ragency  a c t i v i t i e s  of the  FCC inc lude  p a r t i c i p a t i o n  i n  
the fo l lowing :  

The Telecommunication Coord ina t in s  Committee ( T C C )  
of t he  Department of S t a t e  -- The TCC has organized  
a n  Ad Hoc t iorkine Group under  the chairmanship of 
FCC Commissioner Craven t o  draf t  f o r e i g n  p o l i c y  
recommendations on space  communication systems.  

The Telecommunication P lanning  Committee (TPC), 
which a d v i s e s  t he  O f f i c e  of  C i v i l  and Defense 
Mobi l i za t ion  (OCDM) -- The F C C  p a r t i c i p a t e s  i n  
Panels  I and I1 which are concerned wi th  space 
matters. FCC r e p r e s e n t a t i v e s  p a r t i c i p a t e d  i n  a 
p re l imina ry  r e p o r t  accepted  by t h e  TPC. 

FCC/OCDM Coordinat ion -- The FCC and the  CCDM have 
j o i n t  r e s p o n s i b i l i t y  f o r  n a t i o n a l  f requency a l l o c a -  
t i o n s .  S t a f f  work i s  through j o i n t  meetings of FCC 
r e p r e s e n t a t i v e s  with the In te rdepar tment  Radio 
Advisory Committee ( I R A C )  and i t s  Subcommittee on 
Frequency A l l o c a t i o n s  (SFA) . 
The U.S. Committee f o r  Study Groups IV and VI11 of 
the I n t e r n a t i o n a l  Radio Consu l t a t ive  Committee ( C C I R )  
of the I n t e r n a t i o n a l  Telecommunication Union ( ITU)  -- 
The Commission p a r t i c i p a t e s  i n  subgroups d e a l i n g  
with m a t t e r s  such  as the  n p r e f e r r e d  c h a r a c t e r i s t i c s "  
of o p e r a t i o n a l  s a t e l l i t e  r e l a y  communications systems 
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. .  

and techniques  of  monitor ing,  measuring and i d e n t i -  
f y i n g  space v e h i c l e  r a d i o  t r ansmiss ions .  This i s  
i n  p r e p a r a t i o n  f o r  t h e  next  CCIR Plenary Assembly 
( N e w  Delhi, 1963) .  

Space Science Board (SSB) -- The Commission's Chief 
Engineer  s e r v e s  as a member of the I n t e r n a t i o n a l  
R e l a t i o n s  Committee of the SSB which is  concerned 
with i n t e r n a t i o n a l  b a s i c  space r e s e a r c h  a c t i v i t i e s ,  
working i n t e r n a t i o n a l 1  through the Committee on 
Space Research (COSPAR 3 . 
The I n t e r n a t i o n a l  Radio S c i e n t i f i c  Union (URSI) -- 
The FCC i s  r ep resen ted  on t h i s  group, which i s  a 
member of the I n t e r n a t i o n a l  Council  of  S c i e n t i f i c  
Unions (ICSU) . 
Nat iona l  Bureau of S tandards  -- The FCC main ta ins  
s c i e n t i f i c  l i a i s o n  wi th  t h e  C e n t r a l  Radio Propaga- 
t i o n  Laboratory of t h e  Na t iona l  Bureau of Standards 
through membership on the Interdepartment Council  
on Radio Propagat ion and Standards .  

I n t e r n a t i o n a l  Adminis t ra t ive  Radio Conference 

The I n t e r n a t i o n a l  Adminis t ra t ive  Radio Conference he ld  
i n  Geneva i n  1959 under the ausp ices  of the ITU l e d  t o  the 
adopt ion  of an i n t e r n a t i o n a l  table of frequency a l l o c a t i o n s  
which, f o r  t h e  first t i m e ,  provided bands of  f r equenc ie s  f o r  
t h e  space and ear th-space  s e r v i c e s .  These s e r v i c e s  were a l s o  
inc luded  i n  the new i n t e r n a t i o n a l  d e f i n i t i o n s .  It should be 
noted,  however, that the bands f o r  space  a l l o c a t e d  i n t e r n a -  
t i o n a l l y  a t  Geneva are f o r  r e s e a r c h  purposes only and are 
u s e f u l  p r i n c i p a l l y  f o r  t r a c k i n g ,  c o n t r o l  and t e l e m e t r y  func-  
t i o n s .  Although no bands were a l l o c a t e d  i n t e r n a t i o n a l l y  f o r  
use  by o p e r a t i o n a l  space  s a t e l l i t e  r e l a y  communication sys- 
tem, a s p e c i a l  ITU Adminis t ra t ive  Radio Conference was 
scheduled t e n t a t i v e l y  f o r  l a te  1963 t o  deal s p e c i f i c a l l y  wi th  
space problems on the b a s i s  of developments as of that t i m e .  
I n  that connect ion,  a t  the  r e q u e s t  of the Department of State,  
p r e p a r a t o r y  work d i r e c t e d  toward fo rmula t ing  t h e  U.S .  p o s i t i o n  
f o r  that  conference has been i n i t i a t e d  j o i n t l y  by the  FCC and 
the In te rdepar tment  Radio Advisory Committee ( I R A C ) .  

Domest ical ly ,  s t e p s  have been t aken  by t h e  FCC toward 
implementing the 1959 Geneva Radio Regula t ions  n a t i o n a l l y ,  
pending t h e  ra t  i f  i c a t  i o n  of the Geneva t r e a t y  . (Rat i f  i c a t  i o n  
i s  expected i n  t h e  f irst  s e s s i o n  of t h e  8 7 t h  Congress.)  
i s  hoped that  b a s i c  rule-making a c t i o n s  w i l l  be completed i n  
t i m e  t o  meet the May 1, 1961, implementation d a t e .  T h i s  w i l l  

It 



r e q u i r e  many amenCments t o  t h e  Commission's Table  of Frequency 
A l l o c a t i o n s  and cor responding  amendments t o  t he  Rules govern- 
inE the v a r i o u s  s p e c i f i c  r a d i o  s e r v i c e s  admin i s t e red  by the  
FCC. 

As a r e s u l t  o f  developments i n  space communications, 
d u r i n g  1960 the FCC reopened i t s  p roceed ins  i n  the  g e n e r a l  
matter of a l l o c a t i n g  f r equenc ie s  above 890 mc (Docket 11866) .  
The o b j e c t  was t o  determine,  i n  t he  l i g h t  of  a l l  evidence 
t h e n  a v a i l a b l e ,  whether the frequency requi rements  f o r  comu-  
n i c a t i o n s  v i a  space  s a t e l l i t e s  would r e q u i r e  a mod i f i ca t ion  
of the Commission's d e c i s i o n  i n  t ha t  p roceed ins  t o  permit 
some a d d i t i o n a l  c l a s s e s  of u s e r s  t o  e s t ab l i sh  communications 
systems u t i l i z i n g  f r e q u e n c i e s  between 1,000 and 10,000 mc. 
Af te r  a c a r e f u l  a n a l y s i s  of a l l  the evidence,  the  Commission 
concluded tha t  i t s  e a r l i e r  d e c i s i o n  need not  be modif ied a t  
tha t  t i m e .  

I n  a n t i c i p a t i o n  of the  proposed s p e c i a l  a d m i n i s t r a t i v e  
conference of ITU t e n t a t i v e l y  scheduled f o r  1963, t h e  Com- 
mi s s ion  i s s u e d  a Notice of I n q u i r y ,  Docket; 13522; t he  purpose 
of th is  proceeding i s  t o  accumulate a l l  a v a i l a b l e  data 
p e r t i n e n t  t o  t h e  q u e s t i o n s  o f  f requency a l l o c a t i o n s  f o r  com- 
municat ions u t i l i z i n g  space s a t e l l i t e s .  A cou r t  appea l  from 
t h e  Docket 11866 d e c i s i o n  has been taken  by t h e  American 
Eioclzet S o c i e t y .  
p u b l i c  i n  Docket 13522 i s  ?larch 1, 1961. ( F u r t h e r  comments 
may l a t e r  be r eques t ed  by dates s t i p u l a t e d  by the F C C . )  

It now appears t h a t  f u t u r e  a l l o c a t i o n s  t o  provide  ade- 
q u a t e  f r e q u e n c i e s  n a t i o n a l l y  and i n t e r n a t i o n a l l y  f o r  space- 
s a t e l l i t e  relay-communication systems w i l l  be f a c i l i t a t e d  
by conc lus ive  knowledge of' t he  e x t e n t  and techniques  whereby 
such s y s t e m  2 2 n  op=ra te  on a shared basis  w i t h  o t h e r  r a d i o  
s e r v i c e s  i n  the  sgectrum. 
t i o n a l  i n f o r m t i o n  on t h i s  s u b j e c t ,  t h e  FCC has been a c t i v e  
i n  s t i i n u l a t i n g  a p p r o p r i a t e  cDosera t ive  s t u d i e s  and expe r i -  
n e n t a l  prozrzr,s by b o t h  i n d u s t r y  and Government o r g a n i z a t i o n s .  

The f i r s t  da te  f o r  comments from the  z e n e r a l  

Plfth 8 view toward o b t a i n i n g  addi -  

Need P c r  I n t e r n a t i o n a l  Coordinat ion 

w i t h  o p e r a t i o n a l  space s a t e l l i t e  re lay  conmunication systelns 
f o r  use i n t e r n a t i o n a l l y  was emphasized by v i s i t s  of f o r e i g n  
space  e x p e r t s  d v r i n z  1960. These groups consu l t ed  with Govern- 
ment and i n d u s t r y  o r g a n i z a t i o n s  having an i n t e r e s t  i n  space 
a c t i v i t i e s ,  i n c l u d i n g  the  FCC. Space m a t t e r s  of mutcal  i n t e r e s t  
were d i s c u s s e d .  
z l l o c a t c d  i n t e r n a t i o n a l l y  f o r  such systems, c a r e f u l  cons idera-  
t i o n  must be g iven  t o  t h e  i n t e r f e r e n c e  tha t  might r e s u l t  f r o m  

r-tl ~ n s  need f o r  i n t e r n a t i o n a l  coord ina t ion  i n  connect ion 

I n  view o f  t h e  f a c t  t h a t  no f r equenc ie s  a r e  
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the  o p e r a t i o n s  be ing  conducted i n  t h i s  and o t h e r  c o u n t r i e s  i n  
accordance wi th  the i n t e r n a t i o n a l  table  of f requency a l l o c a t i o n s .  

Monitoring of Channels f o r  Space Communications 

Another FCC a c t i v i t y  d u r i n g  1960 has been the cont inued  
moni tor ing  cf channels  be ing  used f o r  space  communication 
purposes  t o  p reven t  t h e i r  unau thor i zed  use  by o t h e r  s t a t i o n s ,  
and t o  i d e n t i f y  and l o c a t e  sou rces  of i n t e r f e r e n c e .  A t  a 
number of moni tor ing  s t a t i o n s ,  s p e c i a l  f a c i l i t i e s  have been 
i n s t a l l e d ,  i n c l u d i n g  s e n s i t i v e  r e c e i v e r s ,  h i g h  g a i n  d i r e c -  
t i o n a l  an tennas ,  and automatic  f requency scannine: d e v i c e s .  
These f a c i l i t i e s ,  which are be ing  f u r t h e r  developed, have 
been employed i n  handl ing  s p e c i f i c  r e q u e s t s  to monitor  f r e -  
quencies  that have been employed f o r  space  v e h i c l e  r a d i o  
t r a n s m i s s i o n s .  They have a l s o  helped l o c a t e  i n t e r f e r e n c e -  
f r e e  f r e q u e n c i e s  f o r  such t r a n s m i s s i o n s .  

RADIO ASTEOXOMY 

A s  p o i n t e d  o u t  i n  t he  p w v i o u s  s e c t i o n  on space commu- 
n i c a t i o n s ,  t h e  I n t e r n a t i o n a l  Admin i s t r a t ive  Rad io  Conference 
he ld  i n  Geneva i n  1959 r e s u l t e d  i n  the adopt ion  of a r e v i s e d  
i n t e r n a t i o n a l  t a b l e  of f requency a l l o c a t i o n s .  This  t ab l e ,  
f o r  the f i r s t  time i n  h i s t o r y ,  i nc luded  p r o v i s i o n s  f o r  pro-  
t e c t i n g  s p e c i f i c  f r e q u e n c i e s  f o r  r a d i o  astronomy use.  Among 
o t h e r  t h i n g s ,  t h i s  has the s i g n i f i c a n c e  of app ly ing  t o  r a d i o  
astronomy the p r o v i s i o n s  i n  the I n t e r n a t i o n a l  Radio Regula- 
t i o n s  r e g a r d i n g  the  e l i m i n a t i o n  of harmful  i n t e r f e r e n c e .  
The groundwork l ead ing  t o  such  amendments has a l r e a d y  been 
completed by the FCC and coord ina ted  wi th  the IRBC du r ing  
1960. However, u n t i l  the new Geneva Radio Regu la t ions  can 
be r a t i f i e d ,  i t  i s  no t  f ea s ib l e  t o  i n c o r p o r a t e  t h e s e  pro-  
v i s i o n s  i n  t h e  n a t i o n a l  t a b l e  of f requency a l l o c a t i o n s  
through a p p r o p r i a t e  amendments t o  t he  FCC Rules. Accord- 
i n g l y ,  t he  r a d i o  astronomy i n t e r e s t s  i n  t he  U.S. are  com- 
p e l l e d  t o  await r a t i f i c a t i o n  of t h e  Geneva Radio Regula t ions  
b e f o r e  f u l l y  r e a l i z i n s  the  b e n e f i t s  t o  r a d i o  astronomy con- 
t a i n e d  t h e r e i n .  

The FCC i s  con t inu ing  t o  s tudy  t h e  f u t u r e  needs of t h e  
r a d i o  astronomy i n t e r e s t s  i n  c o o r d i n a t i o n  with t h e  OCDM, 
which i s  concerned w i t h  Government p o l i c y ,  and looks t o  t h e  
Na t iona l  Academy of  Sc iences  f o r  adv ice  i n  t h i s  f i e l d .  
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AERONAUTICS 

The FCC p r e s c r i b e s  the manner and cond i t ions  under  which 
f r equenc ie s  may be a s s igned  t o  non-Government l i c e n s e e s  f o r  
a i r c ra f t  communications ( i n c l u d i n g  telemetry), f o r  a e r o n a u t i -  
c a l  rad io-naviga t ion ,  and f o r  t h e  c o n t r o l  and telemetry i n  
t he  development of missiles, r o c k e t s  and s a t e l l i t e s .  

The higher speeds tha t  resul t  f rom the commercial use  of 
j e t  a i r c r a f t  have c r e a t e d  inc reased  demands on communication 
and a e r o n a u t i c a l  rad io-naviga t  i o n  f a c i l i t i e s  . Expansion of 
such  f a c i l i t i e s  has a l s o  been necessa ry  t o  meet the inc reased  
volume of a i r  t r a f f i c  r e s u l t i n g  from normal growth i n  a i r  
t r a v e l .  A l l  of  these demands have had t o  be accommodated 
w i t h i n  the l i m i t e d  frequency space a v a i l a b l e .  

F l i q h t  Safety Requirements 

A major r e a l l o c a t i o n  of spectrum space  was completed i n  
the band 108-132 mc t o  provide a d d i t i o n a l  f r equenc ie s  f o r  a i r  
t r a f f i c  c o n t r o l  f a c i l i t i e s  b e l i e v e d  necessary  f o r  flisht 
s a f e t y .  More than  800 a e r o n a u t i c a l  en rou te  s t a t i o n s  were 
redeployed t o  permit the band 126.825-128.825 mc t o  be made 
a v a i l a b l e  f o r  e x c l u s i v e  use by a i r  t r a f f i c  c o n t r o l  f a c i l i -  
t i e s  a f t e r  J u l y  1, 1960. Frequencies  i n  t he  band 132.05- 
134.95 mc a l s o  became a v a i l a b l e  f o r  a i r  t r a f f i c  c o n t r o l  a f t e r  
that date .  However, the  announced requirements  of t he  FAA 
i n d i c a t e  t ha t  t he  f r equenc ie s  c u r r e n t l y  a v a i l a b l e  f o r  oper- 
a t i n g  the a i r  r o u t e  s t r u c t u r e  w i l l  soon be  s a t u r a t e d  and a 
d e f i n i t e  sho r t age  w i l l  develop by 1963. 

F l i g h t - T e s t  Communication Requirements 

Because of  the cont inued i n c r e a s e  i n  f l i g h t - t e s t  commu- 
n i c a t i o n  requi rements  i n  connect ion wi th  t h e  t e s t i n g  of 
missiles, r o c k e t s  and s a t e l l i t e s ,  as wel l  as a i r c r a f t ,  by 
manufac turers ,  f u r t h e r  e f f o r t s  were made toward assigning: 
adequate  f r e q u e n c i e s  t o  meet these requi rements .  Meeting 
such requi rements  involves  more e f f e c t i v e  a d m i n i s t r a t i o n  i n  
u t i l i z i n g  the l i m i t e d  f r equenc ie s  a v a i l a b l e  and i n  e x p l o i t i n g  
t e c h n i c a l  advances t ha t  w i l l  p e r m i t  g rea te r  conse rva t ion  of 
f requenc ies . 
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CHAPTER X 
UNITED STATES I N F O R M A T I O N  AGENCY 

The United S t a t e s  Information Agency (USIA) i s  respon- 
s i b l e  f o r  d i sseminat ing  information abroad on both  c i v i l i a n  
and m i l i t a r y  space a c t i v i t i e s  of  t h e  United S t a t e s .  I n  
c a r r y i n g  out  t h i s  func t ion ,  USIA i s s u e s  news releases and 
photographs of  i n d i v i d u a l  events ,  and g i v e s  more g e n e r a l  
t reatments  of  space achievements through d i s t r i b u t i o n  of 
pamphlets, photographs and magazine r e p r i n t s .  Other com- 
municat ions media used f r e q u e n t l y  inc lude  r a d i o ,  t e l e v i s i o n ,  
motion p i c t u r e s ,  and e x h i b i t s .  Information i s  obta ined  
from t h e  Nat ional  Aeronaut ics  and Space Adminis t ra t ion ,  t h e  
Department of Defense, t h e  Atomic Energy Commission, and 
o t h e r  government a g e n c i e s  p a r t i c i p a t i n g  i n  t h e  r e s e a r c h  
and development o f  space and a e r o n a u t i c s .  

f a c i l i t i e s  a r e  presented  herewith,  subdivided by t h e  
v a r i o u s  media employed. 

I n s t a n c e s  of worldwide d isseminat ion  through USIA 

News  Releases 

During 1960, USIA prepared and d i s t r i b u t e d  more than  
250 news and f e a t u r e  s t o r i e s ,  t o t a l l i n g  more t h a n  100,000 
words, on U.S. space a c t i v i t i e s  dur ing  1960. About 175 of 
t h e s e  s t o r i e s  covered t h e  a c t i v i t i e s  of NASA; t h e  remain- 
i n g  75 covered m i l i t a r y  s a t e l l i t e s .  A l l  t h e s e  s t o r i e s ,  
and many o t h e r s  no t  t a b u l a t e d ,  were t r a n s m i t t e d  over  t h e  
r e g i o n a l  wireless f i l e s  (news s e r v i c e s  d i r e c t e d  t o  USIA 
o f f i c e s  i n  t h e  European, Near Eas t  and Afr ican ,  L a t i n  
American, and Far  Eas t e rn  areas) and t h r e e  s p e c i a l  wireless 
f i l e s  (Eas t e rn  Europe, Rio de J a n e i r o ,  and Ottawa). 

H igh l igh t s  o f  NASA coverage were 18 s t o r i e s  on Pioneer  
V ,  20 s t o r i e s  on TIROS I and TIROS 11, and 20 s t o r i e s  and 
o r b i t  t i m e t a b l e s  on Echo; t h e  l a t t e r ,  d i s t r i b u t e d  i n  about 
150 f o r e i g n  c i t i e s ,  were e s p e c i a l l y  e f f e c t i v e  i n  drawing 
a t t e n t i o n  t o  t h e  United S t a t e s '  i n c r e a s i n g l y  s u c c e s s f u l  
space program. Vanguard I and Explorer  V I 1  were f e a t u r e d  
prominent ly  t o  show t h e i r  long-term va lues .  The p r o g r e s s  
o f  t h e  X-15 exper imenta l  rocket-powered a i r p l a n e  was 
c l o s e l y  covered . Seven "Space Summaries" were prepared 
and t r a n s m i t t e d  t o  t h e  f i e l d ;  t h e s e  emphasized t h e  U.S.  
accomplishments i n  engineer ing  f e a t u r e s  of i t s  s a t e l l i t e s  
and probes.  De ta i l ed  summary s h e e t s  on i n d i v i d u a l  space 
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v e h i c l e s  were obta ined  from NASA and were d i s t r i b u t e d  t o  
a l l  o v e r s e a s  p o s t s .  I n  a d d i t i o n ,  s p e c i a l  s t o r i e s  were 
w r i t t e n  on t h e  Scout launch v e h i c l e  (which i s  be ing  o f f e r e d  
t o  launch  coopera t ive  experiments  f o r  f o r e i g n  n a t i o n s ) ,  
P r o j e c t  Mercury, Sa tu rn ,  and n u c l e a r  r o c k e t  p r o g r e s s  ( A E C ) .  
Major speeches by ou t s t and ing  p e r s o n a l i t i e s  i n  t h e  space 
program were a l s o  f e a t u r e d .  

P u b l i c a t i o n s  and Photos 

Overseas p o s t s  were given q u a n t i t y  r e p r i n t s  of  twelve 
s e l e c t e d  a r t i c l e s  on space from American magazines such a s  
l*Science,t t  "Saturday Evening Post,I1 "Sky and Telescope,lV 
'IThe New York T imes ,v1  I tscience World," "Saturday Review," 
l t S c i e n t i f i c  American,f1 and "Johns Hopkins Magazine." The 
p o s t s  a l s o  r ece ived  s i x  I1Astrologstr -- a compi la t ion  o f  
material  from "Missiles and Rockets" magazine. 
photographs (6,915 p r i n t s  and 2,441 n e g a t i v e s )  on 53 space- 

' r e l a t e d  s u b j e c t s ,  i nc lud ing  c a p t i o n s  and b r i e f  s t o r i e s ,  
were s e n t  t o  120 ove r seas  p o s t s  f o r  d i s t r i b u t i o n  t o  f o r e i g n  
p r e s s  and p u b l i c a t i o n s .  P l a s t i c  mat p i c t u r e s  t o t a l l i n g  
50,731 p l a s t i c  p l a t e s  on 21  s u b j e c t s  were a l s o  sen t  t o  t h e  
p o s t s  f o r  d i s t r i b u t i o n ,  a s  were some 17,000 photo p r i n t s  
and 7,000 n e g a t i v e s  on 14-6 s u b j e c t s  r e l a t ed  t o  space 
a c t i v i t i e s  . 

"America I l l u s t r a t e d , * 1  a magazine d i s t r i b u t e d  w i t h i n  
Sov ie t  Russia  ( i n  exchange f o r  our  agreement t o  d i s t r i b u -  
t i o n  o f  "USSRt1 h e r e ) ,  c a r r i e d  f o u r  space s t o r i e s  i n  i t s  
1960 e d i t i o n s .  The s u b j e c t s  were "Weather S a t e l l i t e s , "  
I'Dangers of Meteo r i t e s  i n  Space F l i g h t  , I t  "Education of 
Young S c i e n t i s t s , I f  and "New F r o n t i e r s "  ( t h e  cha l l enge  of  
space)  . 
Radio and Te lev i s ion  

S e l e c t e d  

U.S. space a c t i v i t i e s  cont inued t o  be a f e a t u r e d  theme 
on Voice of America ( V O A )  b r o a d c a s t s  dur ing  1960, i n  t h e  
form of  newscasts ,  s p e c i a l  even t s ,  and s c r i p t s ,  prepared 
f o r  use  abroad both  i n  f o r e i g n  languages  and i n  Engl ish.  
Newscasts, which c o n s t i t u t e  about  one-half  o f  a l l  VOA 
s e r v i c e s ,  c a r r i e d  d e t a i l e d  accoun t s  o f  launchings .  F a i l u r e s  
were r e p o r t e d  b r i e f l y  and f a c t u a l l y ;  each s u c c e s s f u l  m i s -  
s i o n  was c a r r i e d  a s  long  as  t h e  news v a l u e s  j u s t i f i e d  con- 
t i n u e d  coverage. 
l e a d  s t o r i e s  i n  a p a r t i c u l a r  day's programming. After t h e  
launching of Echo I, over-pass  t i m e t a b l e s  were supp l i ed  
t o  t h e  worldwide Engl i sh  and f o r e i g n  language s e r v i c e s  
f o r  broadcas t  use.  I n  a d d i t i o n ,  each announcement of a new 

Successfu l  launchings  were i n v a r i a b l y  t h e  
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l aunch ing  inc luded  a b r i e f  r e c a p i t u l a t i o n  o f  p rev ious  suc- 
c e s s e s ,  showing t h e  s t e a d y  i n c r e a s e  i n  t h e  number o f  U.S. 
s a t e l l i t e s  a l o f t ,  t o g e t h e r  w i t h  a b r i e f  mention of t h e  
number of  Sov ie t  s a t e l l i t e s  s t i l l  up. Comparisons were 
l e f t  t o  t h e  l i s t e n e r ,  r a t h e r  t h a n  be ing  inc luded  i n  t h e  VOA 
announcements. Whenever p o s s i b l e ,  t h e  peace fu l  purposes  o f  
U.S. space l aunch ings  were s t r e s s e d .  N e w s  roundups a l s o  
r e p o r t e d  a l l  major space l aunch ings  and a c t i v i t i e s ,  making 
use of  recorded  i n t e r v i e w s  and news conferences ,  recorded  
s c i e n t i f i c  r e p o r t s  i n  f o r e i g n  languages,  and  s p e c i a l  t r i p s  
t o  launching  i n s t a l l a t i o n s ,  NASA r e s e a r c h  and development 
f a c i l i t i e s ,  u n i v e r s i t i e s  and l a b o r a t o r i e s .  Launchings 
covered inc luded  Pioneer  V, TIROS I, T r a n s i t ,  P o l a r i s ,  
Cour ie r ,  Discoverer  X I I I ,  Echo, and TIROS 11. After t h e  
launching  of Echo I, VOA a r ranged  t o  have t h e  words of 
ambassadors and d ip lomat s  from 15 n a t i o n s  bounced o f f  t h e  
s a t e l l i t e  and recorded  f o r  l a t e r  d i r e c t  b r o a d c a s t s  and 
o t h e r  u s e s  i n  t h e  coun t ry  of o r i g i n  of t h e  person concerned. 

I n  p repa r ing  s c r i p t s  on space a c t i v i t i e s  f o r  use  i n  
ove r seas  r a d i o  s t a t i o n s ,  34 s p e c i a l  s c r i p t s  were produced, 
a s  w e l l  a s  i t ems  t o  be inc luded  i n  each e d i t i o n  of  a weekly 
s c i e n c e  s c r i p t  and a n o t h e r  weekly f e a t u r e  e n t i t l e d  
"America This  Week." A s p e c i a l  h a l f  hour documentary 
program "Success I n  Space -- Twelve Hours t o  Zero" was a 
dramatized account  of  a n  a c t u a l  space launching .  

For use  by t e l e v i s i o n  s t a t i o n s  ove r seas ,  t h e  TV s e r v i c e  
of  USIA gave worldwide d i s t r i b u t i o n  (53 p o s t s ,  i n c l u d i n g  
f o r e i g n  language sound-track u s e r s )  t o  t h e  fo l lowing  s p e c i a l  
space programs: 1) " A r c h i t e c t s  of Space" -- 15-minute 
program made a t  Convair A s t r o n a u t i c s ;  2 )  " P r o j e c t  Echo" -- 
four-minute background s t o r y  on communications s a t e l l i t e ;  
3 ) "Courier  Communications S a t e l l i t e "  -- background i n f o r -  
mation d i s t r i b u t e d  t o  f o r e i g n  p o s t s  i n  advance of  launch- 
ings .  
t ime o f  a c t u a l  launching .  

t h e  20 L a t i n  American Hepubl ics  included:  "Panorama 
Panamericana" -- a weekly news program i n  Spanish which 
covered Echo, t h e  X-15 r e s e a r c h  a i r p l a n e ,  Discoverer ,  t h e  
As t ronau t s ,  Cour i e r ,  Scout ,  and TIROS,; "Challenge o f  
Space" -- f o u r  15-minute programs on space a c t i v i t i e s  i n  
t h e  U.S. Two s p e c i a l  25-minute programs were a l s o  pre-  
pared and t e l e c a s t  i n  c o l l a b o r a t i o n  wi th  t h e  B r i t i s h  
Broadcast ing Company. They were t i t l e d  "The American 
Space E f f o r t "  1) '"on-Inhabited S a t e l l i t e s "  2 )  "Man i n  
Space" 

These were t e l e c a s t  on f o r e i g n  TV s t a t i o n s  a t  t h e  

S p e c i a l  programs prepared  f o r  TV use by s t a t i o n s  i n  
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Motion P i c t u r e s  

e f f e c t i v e  method of t e l l i n g  t h e  s t o r y  of U.S. space a c t i v i -  
t i e s  t o  aud iences  abroad.  During 1960, t h e  fo l lowing  f i l m s  
on space s u b j e c t s  were s e n t  i n  m u l t i p l e  c o p i e s  t o  form p a r t  
of r e g u l a r  .USIA pub l i c  f i l m  showings overseas :  1) "Pro jec t  
Mercury," 2) "Exploring by S a t e l l i t e  tt 3 )  0X-15," 4)  
t tPioneer  i n  I n t e r p l a n e t a r y  Space," 5 j  "Echo i n  Space," and 
6) "Survey o f  As t ronaut ics . "  I n  a d d i t i o n ,  newsreel s h o r t s  
on a l l  major U.S. space e v e n t s  were made a v a i l a b l e  t o  
r e g u l a r  movie t h e a t e r s  abroad. 

Worldwide d i s t r i b u t i o n  of  motion p i c t u r e s  was a n o t h e r  

E x h i b i t s  and L i b r a r i e s  

Among t h e  e x h i b i t s  d i sp l ayed  by USIA ove r seas ,  t h e  
Pioneer  V Space Probe e x h i b i t  and t h e  TIROS I model e x h i b i t  
were s t a n d o u t s .  E ight  sets of  t h e  TIROS I e x h i b i t  were 
s e n t  t o  a s  many ove r seas  p-osts,  and a r e  now being e x h i b i t e d  
s imul taneous ly .  The TIMS'exhib i t  was a l s o  shown a t  t h e  
Technica l  Un ive r s i ty ,  Stockholm, Sweden, dur ing  t h e  meeting 
of  t h e  1 1 t h  I n t e r n a t i o n a l  A s t r o n a u t i c a l  Congress. A t  t h e  
Space Development E x h i b i t i o n  of  t h e  I n t e r n a t i o n a l  Trade  
F a i r  i n  Tokyo ( J u n e - J u l y ) ,  sponsored by t h e  f o u r  l a r g e  
r e g i o n a l  newspapers of Japan, a U.S. e x h i b i t  made of com- 
ponents  s u p p l i e d  by NASA and o t h e r  U.S. a g e n c i e s  was 
immensely popular .  An e x h i b i t  on "Space Unlimited" was 
r e p o r t e d  a "c l ea r - cu t  f a v o r i t e "  a t  t h e  Kokura ( Japan)  
Trade F a i r  where it was d i sp layed  between a Sov ie t  e x h i b i t  
and a Communist China e x h i b i t .  

Lec tu re  materia Is, co lo r -  s l i d e  t r a n s p a r e n c i e s ,  books 
and pamphlets on U.S. space s u b j e c t s  have been s e n t  regu- 
l a r l y  t o  USIA ove r seas  l i b r a r i e s  and Informat ion  Centers .  
I n  a d d i t i o n ,  some 350 s e t s  of  t h e  Na t iona l  Academy of 
Sc iences '  s p e c i a l  se r ies  of b o o k l e t s  "Science i n  Space" 
and about  200 c o p i e s  of t h e  NASA p u b l i c a t i o n  ItNASA 
I n d u s t r y  Program P lans  Conference" were supp l i ed  t o  t h e  
l i b r a r i e s .  A s p e c i a l  "Space Lecture" packet  was a l s o  
d e l i v e r e d  t c  l i b r a r i e s  and Informat ion  Centers  abroad where 
it w i l l  be used a s  l e c t u r e  material t o  i l l u s t r a t e  t h e  
a p p l i c a t i o n  of exper imenta l  d a t a  ob ta ined  through U.S. space 
a c t i v i t i e s  t o  improve meteorology, n a v i g a t i o n ,  and communi- 
c a t i o n s  f o r  t h e  b e n e f i t  o f  t h e  peoples  of  t h e  world. 
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EVORT TO NASA ON THE LAW OF OUTER SPACE 
(October 1960) 

(This is an analysis of a 205-page report prepared by the  
American B a r  Foundation under a NASA contract. The report 
is  not a statement of NASA policy but represents a compre- 
hensive compilation of thoughts both i n  the U. S. and abroad 
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The American Bar Foundation deems it a privilege t o  publish as a 
Foundation volume this ItReport t o  the  National Aeronautics and Space 
Administration on the Law of Outer Space." The document prepared by 
Professors Leon Lipson of Yale Law School and Nicholas deB. 
of t he  University of Chicago Law School, under the  guidance of the 
Advisory Committee, is, we believe, a valuable and scholarly contri- 
bution t o  the  ever expanding volume of literature on the subject. 

Katzenbach 

Shortly after the launching of the  first a r t i f i c i a l  satellite in 
1957, the  American Bar Association, through i t s  Section of Internation- 
al. and Comparative Law, formed a Special Committee on Law of Outer Space. 
David F. Maxwell, Esquire, a past President of t h e  Association, was 
named i t s  Chairman; i t s  membership included leading authorit ies i n  the  
United States on international l a w ,  air l a w ,  and space l aw,  as w e l l  as 
certain government o f f i c i a l s  with responsibil i t ies fo r  lega l  aspects 
of space programs. In  1958, the  Committee, noting the  existence of a 
growing body of information and scholarly writing on space l a w ,  sugges- 
ted the need of a systematic survey of the  literature as a first step 
toward developing recommendations with regard t o  a l a w  of outer space. 
The Committee recommended that the  American B a r  Foundation undertake 
tha t  survey. 

Early i n  1959, the Foundation entered into a contract with the 
National Aeronautics and Space Administration whereby the Foundation 
undertook t o  "conduct research on the l a w  of outer space, including, 
but not limited t o  review and analysis of a l l  available space l i ter-  
ature and proposals which have been made fo r  the  control and adminis- 
t ra t ion  of Outer space activities." The Board of Directors of the  
Foundation designated the American B a r  Association Section Committee 
on Law of Outer Space as  an Advisory Coxuittee t o  the project, and 
appointed Professors Lipson and Katsenbach as Project Reporters i n  
charge of conducting the  research. 

This Report sets for th  the results of the research performed 
under the  contract. 
assisted i n  the task by Roger H. Bernhardt, J. Lani Bader, Eliezer 
E r e l i  and Mrs. S y b i l l e  Fritzsche, a l l  members of the  Foundation staff. 
The abstracts of the  literature and the  final Index were largely the  
work of Messrs. Bader and Bernhardt. M r .  Bader took responsibil i ty 
for preparing the Tables and Bibliography. 

Professors Lipson and Kataenbach have been 

The Board of Directors and staff of the  Foundation wish t o  express 
the i r  very sincere appreciation t o  those who have helped i n  bringing 
this task t o  completion, - t o  the authors fo r  t h e i r  dedicated service 
and the i r  scholarly product, t o  the  Advisory Committee for i t s  guidance 
and helpful suggestions, t o  the  research staff for  i t s  di l igent  service, 
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and t o  the  National Aeronautics and Space Administration fo r  i t s  
encouragement and support. 

Attention should be called t o  the fact tha t  the  l a w  of outer 
space is not only far from being an exact science, but in many of its 
aspects it is still i n  a highly controversial state. In  view of this 
fact ,  no attempt has been made t o  obtain Committee approval of t he  
Report or i ts  corrtents. The Committee members do not assume responsi- 
b i l i t y  f o r  any of the  positions taken by the  Reporters. These respon- 
s ib i l i t i es  are assumed by the Reporters themselves. 
however, upon t h e  high scholarly quality of the  Report, and the  Ameri- 
can Bar Foundation is proud t o  publish it as a worthy addition t o  t h e  
literature of a new, fascinating and f lu id  f i e l d  of the  law. 

All are agreed, 

Chicago, Illinois E. BLYT€B STASON 
Administrator 
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i 

I. ANALYSIS 

A. General Problems 

1, Introduction 

a, Backmound of L e a l  Writing 

Before the  successful orbit ing of Sputnik I in October 1957, 
legal  scholars gave re la t ive ly  l i t t l e  consideration t o  the problems 
that would accompany mants entry in to  outer space. Works on aviation 
law made occasional mention of the poss ib i l i ty  of flight at very high 
al t i tudes and of a r t i f i c i a l  satellites, but only a handful of experts, 
with in te res t  in aviation, astronautics o r  international organiz;ation, 
had the  vision t o  see and forecast publicly some of the d i f f i c u l t  and 
important questions that would soon have t o  be faced by lawyers and 
statesmen. 
Schachter, Bornecque, Mandl and Meyer. Since 1957, the  streams of 
lega l  l i t e r a tu re ,  fed by the  general in te res t  i n  space science atd the 
po l i t i ca l  and mili tary significance of space ac t iv i t ies ,  have been 
flowing more abundantly, and considerable in t e re s t  has been shown by 
the organized Bar, governments, and universit ies in many countries. 

on the ideas put forward by the  ea r l i e r  scholars. While part icular  
proposals, solutions and argumentation have differed, much of the 
l i t e r a t u r e  revolves around the problems of "sovereignty" posed by 
Cooper and others i n  the  early l i t e ra ture .  
have taken as a star t ing point universal agreement that national 
sovereignty extends t o  "air space". 
important questions the following: (1) Does "air space" (or does 
national sovereignty) extend indefinitely out  from the ear thfs  surface? 
(2) (3) What is t he  legal. 
s ta tus  of space beyond air space? 
ty over a r t i f i c i a l  o r  natural bodies in space and, if  so, how? 

Among the  most notable of these were Cooper, Haley, 

The great bulk of legal. writing has been patterned closely 

Almost all the  writers 

They have posed as central  and 

If it does not, at what point does it end? 
(4)  May a state acquire sovereign- 

A second area of lega l  problems explored in the  l i t e r a tu re  
virtually f romthe outset concerns the l i a b i l i t y  of s t a t e s  conducting 
space ac t iv i t i e s  fo r  damage t o  persons and property in other s t a t e s  or  
elsewhere. The factual hypothesis most commonly put forward i s  that of 
a misfired or runaway rocket, and the  legal question most often treated 
is  whether l i a b i l i t y  for  unintentional damage depends on a showing of 
negligence. 

A th i rd  area of l ega l  problems was identified somewhat 
l a t e r  in the  l i t e r a t u r e  and even yet has not, perhaps, been thoroughly 
explored. T h i s  i s  the problem of deciding whether, and how, t o  l i m i t  
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the  use of space t o  'peaceful pUrposes.lt It enta i l s  questions of 
interpretation of the United Nations Charter and the possibi l i ty  of 
various forms of international regulation o r  control of space activi- 
ties. In  par t  this problem i s  related t o  the question of the meaning 
and range of sovereignty. 

With the advance of space science and technology, and in- 
creased public knowledge and discussion of various potential  uses of 
space, legal problems related t o  particular uses have come t o  be more 
fu l ly  discussed than before. 
quencies t o  countries on a geographical formula has not been adaptable 
t o  communication with s a t e l l i t e s  which rapidly move through existing 
radio-frequency regions; the  possibi l i ty  of using satellites fo r  m e t e o r -  
ological purposes has suggested the need f o r  lega l  ru les  governing the 
dissemination of weather information and, eventually, fo r  the control of 
weather control; the poss ib i l i ty  of observing ac t iv i t ies  on the ground 
(or elsewhere) from space has raised the question whether such observa- 
t i on  could be considered unlawful - a question made sharper by the U-2 
incident of May 1, 1960 and Soviet charges of U. S. ltaggression" i n  the 
Security Council. 
problems of sovereignty, discussions of particular legal  arrangements 
t o  deal with defined space ac t iv i t i e s  are meager. 

For example, t h e  allocation of radio fre- 

But, as compared with the  l i t e r a tu re  dealing with 

Finally, crossing all these problems, are the questions how 

Here the writers diverge as t o  the desirabi l i ty  of international 
t o  proceed t o  develop a l a w  of outer space and how t o  make t ha t  l a w  ef- 
fective. 
agreement, the  matters on which agreement should be sought, the l i ke ly  o r  
desirable forms of agreement, and the  role of existing o r  new international 
organizations o r  agencies. 
additional impetus by the progress of space ac t iv i t i e s  i n  quantity and 
quality, the  increasingly apparent military and economic significance of 
various ac t iv i t i e s  and the  sc ien t i f ic  knowledge derived from them, the 
extent t o  which lawyers and sc ien t i s t s  interested i n  space problems have 
organized themselves on national and international l ines ,  and the dis- 
cussion of both sc ien t i f ic  and legal problems i n  the United Nations. 

Discussion of these problems has been given 

b. Pertinent Factual Developments 

While this i s  not t h e  place fo r  a narrative of man's activi- 
t i e s  i n  space, we ought t o  take brief note of some of the  more important 
events t ha t  have affected the  legal literature. 
%pace powers'? are the  Soviet Union and the  United States. 
has been stimulated by, and used in, the Cold W a r .  Whether o r  not outer 
space can be described today as a theater of potential  military action 
( if  we leave t o  one side the temporary presence of ba l l i s t i c  missiles at 
very high alt i tudes),  the technical f eas ib i l i t y  of some military use of 
outer space is taken more and more seriously i n  statements by off ic ia ls ,  
sc ient is ts ,  engineers, and journalists. In a broader sense of t h e  term 

the Soviet Union has exploited i t s  space prowess intensively 

A t  present, the two 
Their prowess 
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for  Cold-War advantage. Expressions of hope tha t  space could be somewhat 
divorced from international po l i t i cs  have been disappointed, as they were 
doomed t o  be. 

From the beginning of man's ac t iv i ty  i n  outer space, and even 
before it began, t h e  United States has cherished and expressed the hope 
that outer space could be devoted exclusively t o  peaceful uses. 
early as January, 1957, the  United States urged i n  the United Nations 
tha t  studies on space disarmament be undertaken without delay. In  
August, 1957, our Government was joined by Canada, France, and t h e  
United Kingdom in proposing a technical committee i n  the U. N. t o  study 
the creation of a system of inspection tha t  could effectively insure 
tha t  objects would be sent through space f o r  peaceful purposes only. 
These in i t ia t ives ,  it may be noted, preceded the first successful 
launchings of a r t i f i c i a l  satellites. 
the United Nations General Assembly on November 14, when it adopted 
Resolution 1148 (XII). 
the launching of Explorer I, President Eisenhower began his corres- 
pondence with Bulganin aimed at the  solution of the  sensit ive and 
d i f f icu l t  disarmament problem connected with space act ivi t ies .  

As 

The approach was endorsed by 

Again, in January, 1958, immediately after 

Official  spokesmen have been generally cautious i n  stating 
principles of a l a w  of space. 
have dictated circumspection before the advocacy of rules  t h a t  might 
inh ib i t  ac t iv i t i e s  regarded as essential  t o  national security o r  might 
at some future time favor one of the space powers over another i n  ways  
yet unforeseen. The problem has been made even more complicated by 
the f ac t  t h a t  space technology i s  i n  a state of rapid development and 
it is d i f f i cu l t  t o  arr ive today at conclusions one can be confident 
w i l l  long endure. 
formula t o  segregate military from non-military uses of space tech- 
nology, except a t  the  extremes l i k e  nuclear warheads. 
denced by the reluctance of the United Nations Ad Hoc Committee on 
Peaceful Uses of Outer Space t o  reach detailed conclusions on t h e  
m e a  of "peaceful uses'' i n  advance of the discussion and resolution 
of related issues i n  disarmament negotiations. 

Awareness of military potential  may 

Furthermore, it i s  d i f f i cu l t  t o  devise a workable 

T h i s  was  evi- 

To find a r ea l i s t i c ,  effective method of insuring that  
space is used exclusively for  peace continues t o  be a prime and urgent 
goal of the United States. T h i s  might be called the  prohibitory, or  
negative, side of space l a w .  It means tha t  a way has t o  be found t o  
some form of international agreement o r  understanding, effectively 
promoting general s t ab i l i t y  of expectation tha t  outer space will not 
be used i n  ways  t o  threaten the peace. The United States Government 
has continued t o  work toward tha t  goal within the framework of the  
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U n i t e d  Nations, through international agreements and through posit ive 
unilateral action aimed at insuring that outer space w i l l  be used only 
f o r  non-aggressive purposes. Although on the  international side there 
i s  a l i t t l e  progress as pt f r o m  which we can take encouragement, the 
goal remains important and should, by every reasonable means, be pur- 
sued . 

The posit ive par t  of space l a w  is no less important. The 
U n i t e d  States  has taken the  view that the family of nations should 
encourage all ac t iv i t i e s  in outer space with the  exception of those 
whose prohibition shall have been o r  should be internationally agreed 
upon. 
are presently contemplated are, i n  the main, uses i n  which it is  
possible f o r  several participants t o  engage without serious mutual 
interference. Space holds great promise not only f o r  sc ien t i f ic  
information, but also f o r  important benefits i n  connmtnications, trans- 
portation, meteorological information, and other inclusive or  sharable 
uses. While particular ac t iv i t i e s  may require regulation-for example, 
an agreed allocation of radio frequencies-there i s  no sound reason 
f o r  the  community of nations t o  to le ra te  general claims t o  exclusive 
uses of any part  of this vast, sharable resource. 

T h i s  i s  sound. The uses of outer space that haw been made and 

A second posit ive side is the fostering of international 
collaboration on space act ivi t ies .  
1348 (XIII), t he  U n i t e d  Nations General Assembly created an Ad Hoc 
Comittee t o  examine peaceful use8 of outer space and t o  report t o  t he  
General Assembly at i ts  next session. 
in  Paragraph 1 of the  Resolution were: 

On December 12, 1958, by Resolution 

The terms of reference l a i d  down 

"a. The ac t iv i t i e s  and resources of the  United Nations, 
of its specialized agencies and of other international 
bodiea r e l a t a  t o  the  peaceful uses of outer space; 

"b. The area of international cooperation and programs 
i n  the peaceful uses of outer space which could 
appropriately be undertaken under United Nations 
auspices t o  the  benefit of States irrespective of 
t he  state of t h e i r  economia o r  sc ien t i f ic  develop- 
ment, taking in to  account the  following proposals, 
among others: 

( i )  Continuation on a permanent basis of the 
outer space research now being carried on 
within the  framework of t h e  International 
Geophysical Year; 

( i i )  Organization of mutual exchange and dis- 
semination of information on outer space 
research; and 
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(iii)Coordination of national research programs 
fo r  the  study of outer space, and the  
rendering of a l l  possible assistance and 
help towards the i r  realization; 

nc. The future organizational arrangements t o  faci l -  
i ta te  international cooperation in this f i e ld  
within the framework of t he  United Nations; 

"do The nature of lega l  problems which may arise i n  
the camsing out of programs t o  explore outer 
space." 

The Resolution proceded from the  premise that international 
encouragement of space ac t iv i ty  can stimulate sc ien t i f ic  progress and 
i t s  application t o  economically and socially beneficial ends. It can 
fos te r  the collaboration of sc ien t i f ic  and technical workers of many 
lands-not only the  c i t izens of States now capable of launching objects 
in to  outer space, but men of skill and ta lent  throughout t h e  world. It 
can stimulate international cooperation in the arts of peace. 

The Soviet Union, Czechoslovakia, and Poland refused t o  
take par t  i n  the  deliberations of the  Ed Committee; the United Arab 
Republic and India took the  view tha t  that refusal precluded the  Com- 
mittee from accomplishing any useful function. The Soviet refusel was 
expressly based upon t h e  %nequality" of representation on the Conunit- 
tee. 
game, Soviet spokesmen stated tha t  t h e  Committee should have equal 
representation from the NATO and Warsaw Pact countries. 

As i f  declaring outer space t o  be within bounds of a Cold-War 

The Committee m e t ,  nonetheless, in May, June, and July, 
1959, with th i r teen  countries represented. 
(Document A/UU, July 14, 1959), t o  which representatives of all par- 
t ic ipat ing countries unanimously adhered. With due allowance for  the 
exigencies of international compromise, the  U.N. report was a useful 
first step towards the basic goal of building a Sensible legal  frame- 
work for  ac t iv i t i e s  in space. This report was presented t o  t h e  U. N. 
General Assembly; i n  the  meantime a new committee with larger  national 
membership was named in December, 1959. 
action this new committee w i l l  take, including any action on the 
report of the  Ad Hoc Committee. 

It completed a report 

It remains t o  be seen w h a t  

A fur ther  f ac t  t o  be taken in to  account by both govern- 
ments and scholars i s  the  strong support f r o m  t h e  international 
sc ien t i f ic  community f o r  the  broadest possible exchange of sc ien t i f ic  
data and information derived f r o m  space. It would be a fair state- 
ment tha t  two most interested professional groups, the  mili tary and 
the sc ien t i f ic ,  are i n  agreement that ac t iv i t i e s  i n  space should not be 
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hampered by t h e  imposition of a lega l  system which, fo r  example, would 
recpire p r io r  consent of all subjacent states f o r  sll ac t iv i t ies .  
Sc ien t i s t s  and the  mili tary may disagree on the type of information t o  
be disseminated, on techniques of control, and on particular ac t iv i t i e s  
that should be fostered o r  prohibited; but they are united i n  opposition 
t o  a l ega l  regime tha t  would regard space as subject t o  national sover- 
eignties. It i s  not, therefore, surprising t o  find tha t  scholars i n  
aJ.1 countries have been overwhelmingly i n  support of t h e  proposition 
t h a t  at some point, defined in  terms of location or  of function, 
national sovereignty ceases and something else begins. The U. N. 
Committee took substantially the  same position, with qualifications 
t o  be discussed l a t e r .  

Related t o  both the  negative and posit ive aspects of space 
l a w  are the  f ac t s  t h a t  no nation has as yet requested permission f r o m  
another t o  f l y  satellites and space vehicles at very high a l t i tudes  
'bver'? the other's t e r r i to ry ,  and that no nation has as yet protested 
such overflight as a violation of i t s  sovereignty. Earlier writers 
had t o  regard t h i s  fac t  as one for  future speculation, noting, f o r  
example, Soviet protests  at  the overflight of United States high- 
a l t i tude  balloons as poteritially indicating a cer ta in  Soviet v i e w  of 
space ac t iv i t ies .  
overflights. 
launchings t h a t  took place at almost the  same time as the downing of 
the U-2: TIROS, a photographic s a t e l l i t e  widely supposed t o  be among 
other things the  forerunner of a reconnaissance satellite, and an 
ear ly  form of MIDAS, a device designed t o  l'sense') the flashes of heat 
from missile launchings below. Although the evidentiary value of the  
absence of protest  i s  i tself  not free from dispute, the present 
po l i t i ca l  and factual  context would seem t o  lend an exceptional impor- 
tance t o  the  absence of protest  i n  this case. 

To these might be added the  protests at the U-2 
Yet no protests  were lodged against two  satellite 

It has been observed tha t  the v i e w s  of lawyers have been, 
as they ought t o  be, influenced by increasing knowledge about space 
ac t iv i t i e s  and the i r  significance f o r  communication, meteorology, 
navigation, observation and other uses. Two examples w i l l  suffice t o  
make t h i s  introductory point. The first has t o  do with technical 
aspects of regulation. The range and 'bitel' of any system of inter- 
national control of space ac t iv i t i e s  must depend in substantial measure 
on the technical poss ib i l i t i e s  of verifying compliance and detecting 
evasion. 
agreement may,  t o  an (uncertain and varying) extent, i nh ib i t  violation 
even i f  t h e  violation be considered undetectable; it i s  only t o  point 
out t ha t  one must expect different  things from a system of registra- 
tion, reporting, o r  inspection depending on the  technical means at hand 

To say this i s  not t o  deny that the very existence of an 
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For the second i l lus t ra t ion  we may advert again t o  the 
protested aerial reconnaissance by the  U-2. 
able, t ha t  similar reconnaissance i s  o r  becomes technically feasible 
from satellites, would the differences i n  a l t i tude  and i n  vehicles 
make the  ac t iv i ty  po l i t i ca l ly  and lega l ly  acceptable t o  states whose 
t e r r i t o r y  i s  observed? 
Can such problems be resolved i n  terms of the location of the  observ- 
er, o r  must they be solved in terms of the  nature of the  activity? 
Unfortunately, as this study indicates, problems of this sor t  are ubiq- 
uitous. One cannot avoid the conclusion tha t ,  at some time and i n  
some manner, a l a w  of space will have t o  come t o  grips with some method 
of determining and defining what ac t iv i t i e s  in space, i f  any, are t o  be 
discouraged or prohibited. 
des i rab i l i ty  of such classif icat ion and classification i tself  i s  pos- 
s ib le  technically, then it may be tha t  problems of the general. legal  
s ta tus  of space are-even Klegally"-less important than problems cast 
in terms of the par t icular  ac t iv i ty  under consideration. 

Assuming, as seems reason- 

If not, what consequences may o r  should follow? 

To the extent tha t  fac ts  bear out the 

2. Problems of Sovereimts 

a. Sovereignty over Air Space 

Most of the writing on space law regards as the central 
problem of the subject the determination of the legal  s ta tus  of space; 
that is ,  how far tbp# o r  'butat does national sovereignty extend, and 
what i s  the s ta tus  of space beyond these limits i f  such limits exist? 

The s tar t ing point of all these discussions i s  the exist- 
ing l a w  on sovereignty i n  n a i r  spacetc. 
t ional  conventions and most national legislation, national s ta tes  have 
complete and exclusive sovereignty in the "air spacett above the i r  
t e r r i to r ies .  No writer, whatever his v i e w s  de lepe ferenda, has 
questioned tha t  all states make this claim on the i r  own behalf and 
acknowledge it when claimed by others. No government official. has 
suggested any general lack of agreement as t o  the existence of sover- 
eignty over air space. 

Under the terms of interna- 

Whether existing international agreements and customary 
l a w  with regard t o  air space apply of t h e i r  own force t o  ac t iv i t i e s  
i n  (outer) space has, therefore, been exhaustively discussed by publi- 
c i s t s .  
How far out does "air space" extend? Does "air spacet1 include a l l  
space "above', national terr i tory? Is there legal ly  a distinction 
between *'air space" and "space": (or ,'outer space," ltcosmic space,t1 
and various other names for  what, i f  anything, l i e s  beyond)? 
great majority of writers who have concluded that "air spacet@ (and 
Whereforen sovereignty) does not extend indefinitely, two further 
problems are necessarily raised: Where does %ir spacen cease? What 
i s  the s ta tus  of space which l i e s  beyond? 

Essentially the same question can be put i n  a number of ways :  

For the 



From the terms and history of the relevant international 
agreements which provide tha t  every s t a t e  "has complete and exclusive 
sovereignty over the air space above i t s  t e r r i t o w '  arguments of 
interpretation have been put forward by most writers. Identical  
language i s  used i n  the P a r i s  Convention of 1919 and the superseding 
Chicago Convention of 1944. 
of % i r , t t  '*air spacett o r  foreign equivalents l i t e r a l l y  translated as 
Itatmosphere" and "atmospheric space.*) 
with, and re fer  to ,  %ircraft,I' *'air navigationtt and equivalents, and, 
i n  annexes t o  both the  P a r i s  and Chicago Conventions, %drcraft" a r e  
defined as machines which can derive support in the atmosphere from 
reactions of the air. There i s  general agreement among the writers 
tha t  the draftsmen of the pertinent sections of the P a r i s  and Chicago 
Conventions had no thought, at  the time, of space vehicles and space 
travel. 
w a s  i n  some use, required aerodynamic l i f t .  

In  each case the phraseology i s  i n  terms 

Furthermore, the agreements deal 

A l l  c raf t ,  with the  exception of the V-2 rocket which i n  1944 

While no writer has as yet examined definit ively all national 
s ta tutes  regulating f l igh t ,  those that  have been cited employ jurisdic- 
t ional  language closely paral le l  t o  that  of international conventions. 
Even i f  some did not, it would be d i f f i cu l t  t o  infer from the language 
of such unilateral  claims an international acquiescence i n  a greater 
ver t ical  sovereignty than that  provided fo r  i n  the multi lateral  con- 
ventisfi6-whatever tha t  m a y  be. 

.C 

From the use of words such as rlair,lt '*atmosphere" and 
%ircraft,tt most writers have concluded tha t  the conventions do not 
apply automatically t o  ac t iv i t ies  i n  space, although the  "boundary'? 
(discussed below) between "air space't and %pace" i s  as  yet undeter- 
mined; tha t  i s ,  although the area i n  which the  agreements do operate 
i s  not clearly defined and distinguished from that  i n  which they 
ei ther  do not o r  may not. 

The fact  tha t  the ambit of existing conventions acknow- 
ledging the sovereignty of subjacent s t a t e s  over air space i s  over- 
whelmingly regarded as a limited one leaves the s ta tus  of space an 
open question. One cannot on this evidence alone infer  an abnegation 
of sovereignty over space beyond air space. 
doubtful tha t  s ta tes  have already agreed t o  the extension of national 
sovereignty t o  higher alt i tudes.  

One can say tha t  it i s  

Commentators have persuasively supported this interpre- 
ta t ion  by pointing t o  other evidence t o  rebut claims t o  sovereignty 
at  very high alt i tudes.  Most significant i n  this connection i s  the 
fact ,  already mentioned, tha t  states signatory t o  the conventions, 
as w e l l  a s  nonsignatory states whose legis la t ion claims sovereignty 
over air space, have not as yet protested any launching of objects 
at  high al t i tudes as violative of t h e i r  sovereignty. The orbi t  of 
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one or another of these objects has at some t h e  taken it t o  a point 
i n  space that i s  direct ly  above the t e r r i t o ry  of almost every other 
state on the earth, in the sense t h a t  the object would have been W i t m  
by the projection of a radial  line drawn from the center of the ear th  
through some point on the surface of that state's land mass (or  terri- 
t o r i d  waters). 
an area subject t o  their  sovereignty, one would have expected protest  
or objection or, at a minimum, public statement reserving the i r  r igh ts  
and s ta t ing the  conditions of their  acquiescense t o  present act ivi t ies .  
I n i t i a l l y  scholars predicted o r  anticipated such protests. When they 
fai led t o  materialize after the  first successful oiwbiting of satellites 
a number of writers pointed out that the acquiescence might have been 
implicit ly limited by the circumstances of the International Geo- 
physical Year, and tha t  i n  view of this world-wide sc ien t i f ic  e f for t  
the acquiescence need not be construed as a general consent o r  waiver. 
The pattern of acquiescence has now, however, continued w e l l  beyond 
the IGY and has included a wide variety of objects with varying pur- 
poses. This continuing silence seems consistent only with the  absence 
of claims t o  sovereignty i n  overlying space at the al t i tudes a t  which 
s a t e l l i t e s  have orbited and space probes have flown. 

If states regarded those objects ais passing through 

This conclusion i s  bolstered by the attitudes of states 
participating within the United Nations. In  the  debates preceding the 
passage of General Assembly Resolution 13@ (XIII) creating the  Ad Hoc 
Committee on Peaceful Uses of Outer Space, most states took the v i e w  
that space was  distinguishable from air space, and tha t  national sover- 
eignty did not extend indefinitely. The Ad Hoc Committee i tself ,  i n  
i ts  Report and i n  i t s  public debates, expressed the same opinion, i n  
guarded language. While t he  Soviet Union did not participate in the 
Camittee, Soviet scholars seem to be in accord on this point, and, by 
implication from its space activities, the Soviet government 8eems t o  
proceed f r o m  a similar position. In the debates that took place i n  
the Security Council i n  May, 1960, on the Soviet charges of aggression 
i n  the U-2 overflights, several speakers (not from the Soviet bloc) 
did allude to  outer-space ac t iv i t ies ;  but they seemed not so much t o  
be pushing airspace concepts upward as t o  be p a n g  outer-space 
concepts downward. 

ments i n  support of the contention tha t  national sovereignty does not 
extend indefinitely. It has been pointed out that, the moon and other 
bodies i n  space pass d i rec t ly  "over" t h e  t e r r i t o ry  of various s ta tes ,  
but no states have ever claimed tha t  they have sovereignty over them. 
Nor, it i s  urged, could they do so i n  v i e w  of t h e  f ac t  tha t  other s t a t e s  
would have as  good a claim. Since the  notion of bodies i n  space being 
at one moment subject t o  one statevs sovereignty end at  another moment 
subject t o  another statevs sovereignty seems incompatible with the  
idea of comprehensive sovereignty, it has been urged tha t  sovereignty 
i n  space must i n  any case stop short of the moon. 

A number of writers have pointed a lso  t o  p r a c t i c d  argu- 
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In addition, many scholars have observed tha t  claims t o  
sovereignty over air  space his tor ical ly  bore a close relationship t o  
national security and defense. 
subjacent state also w a s  conceived t o  be important in terms of trans- 
portation, commerce and safety. 
never a precisely definable limit and which varies with par t icular  
factors),  the  f ac t  tha t  an object i s  located, o r  an ac t iv i ty  is 
taking place, naboven a certain spot on the  surface of the earth has 
no necessarily close o r  intimate objective connection with tha t  spot. 
Some ac t iv i t i e s  i n  space require line-of-sight connection with a 
given area on t h e  earth but do not require tha t  the particular l i n e  
of sight remain w i t h i n  the  projected ver t ical  boundaries enclosing 
tha t  area. Evem from the point of v i e w  of defense against missiles, 
i f  something is  dropped o r  pushed from space t o  f a l l  on a given area 
on the earth it i s  not a necessary incident t ha t  the descent be 
commenced at  a point d i rec t ly  *@above*? tha t  area, and i n  the majority 
of cases it would not be so. Similarly, countermeasures designed t o  
protect a given area on the earth from attack tha t  issues from, o r  
passes through, space may for  physical reasons have t o  make contact 
at some point i n  space that  i s  not 'taboven the defended terr i tory.  
Indeed, the energy cost of arranging fo r  a path '?straight up*' o r  
astraight down" between an object i n  outer space and a point on earth 
would probably be prohibitive under present technology fo r  payloads 
of considerable weight. 

Subsequently regulation by the 

Yet, beyond some l i m i t  (which i s  

T h i s  l a t t e r  argument points t o  the  lack of u t i l i t y  i n  
extending sovereignty t o  very high al t i tudes from the point of view 
of subjacent s t a t e s  potentially %ffected*t by an activity.  The 
t rad i t iona l  feature of claims t o  sovereignty, as distinguished from 
lesser  jurisdictional. c la ims,  i s  simply the  lega l  capacity t o  forbid 
v i r tua l ly  any ac t iv i ty  within the area claimed unless consent t o  such 
ac t iv i ty  i s  e q r e s s l y  given o r  can be implied from past conduct. It 
i s  f o r  this reason that  one would have expected protest had any s ta tes  
regarded existing s a t e l l i t e s  as having violated t h e i r  air space. 
Since satellites and space probes pass through space which i s  "over" 
several s ta tes ,  a claim t o  sovereignty at very high al t i tudes would, 
i n  effect ,  be a claim t o  a veto power over any space ac t iv i ty  what- 
soever of which any subjacent s t a t e  disapproved. There would be no 
need t o  assert an Wnterest" o r  any adverse effect;  the disapproval 
could be en t i re ly  arbitrary. 

Such a regime would be undesirable and for  po l i t i ca l  
reasons unlikely. In  view of the military potential  of space, it i s  
highly unlikely tha t  major space powers would acquiesce i n  a rule 
which-given the character of orb i ta l  trajectories-permitted a veto 
by another state of ac t iv i t i e s  that  they regarded as essential  t o  
t he i r  national security and defense. 

- 90 - 



T h i s  i s  not t o  suggest that minor powers have no in te res t  
A l l  people every- i n  cur ta i l ing claims t o  high a l t i tude  sovereignty. 

where have an in te res t  i n  the benefits tha t  space ac t iv i t i e s  can bring 
t o  a l l .  The benefits t h a t  mankind can gain from space ac t iv i t ies ,  
both f o r  sc ien t i f ic  knowledge and fo r  a variety of other social ly  
useful and desirable purposes, would be endangered by a rule which 
permitted a few states, acting arbi t rar i ly ,  t o  hold up space progress. 
Furthermore, states presently having space capabi l i t ies  are endowed 
with sufficient t e r r i t o r y  and adjacent high seas t o  launch missiles 
without violating the  t rad i t iona l ly  understood t e r r i t o r i a l  air space 
of other states. States with smaller t e r r i t o r i e s  hemmed i n  by other 
sovereignties w i l l  be less fortunate i n  t h e i r  capacity t o  launch 
missiles o r  bring them back t o  earth without a technical violation of 
some other s ta te 's  sovereignty, i f  a "boundary" i s  conceded t o  exist 
below which spacecraft are  held t o  be trespassers on air space. The 
higher the  llboundary," the more d i f f i cu l t  the si tuation potentially 
will be f o r  such states.  
probable tha t  m a n y  s t a t e s  w i l l  have space capabi l i t ies  i n  the  future. 
The present high costs of rocketry l i e  i n  experiment and development. 
Once these costs have been absorbed, the rocket production and launch- 
ing will  not be so dear as t o  preclude m a n y  users. 

Nor i s  the s i tuat ion hypothetical, f o r  it i s  

Not all writers have been persuaded by these arguments; 
at least one believes tha t  national sovereignty extends outward with- 
out l imit .  But the overwhelming majority of commentators take the 
view tha t  at some point national sovereignty ceases, and this view 
appears t o  have the support of governments. 

Three f i n a l  points should be borne in mind: (1) t o  say 
that existing conventions do not of t he i r  own force apply i n  space i s  
not t o  say t ha t  t h e i r  provisions may not be relevant i n  many respects 
t o  space act ivi t ies ;  (2) writers who agree tha t  sovereignty does not 
extend indefini te ly  do not agree on where it ceases t o  exist; (3) 
general agreement that  space beyond the tlboundary** i s  not subject t o  
the sovereignty of the subjacent state does not of i t s e l f  establish 
the lega l  status of space, the  terms and conditions on which s ta tes  
can use such space, o r  the  r igh ts  and duties of states with respect 
t o  one another with regard t o  ac t iv i t ies  i n  space. 

b. The Boundary Between Air Space and Space 

As we have seen, there i s  formal agreement tha t  air space 
i s  subject t o  national sovereignty and substantial agreement tha t  
what l i e s  in outer space i s  subject t o  a different l ega l  regime or  
regimes. It has seemed t o  most observers t o  follow as a matter of 
inexorable logic  t h a t  at some a l t i tude  sovereignty ceases. 
deal of t h e  writing on space l a w  has been concerned with discovering 
o r  proposing the location of this "boundary** and prescribing t h e  
upper limits of national sovereignty. 

A great 
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Before examining the various proposals tha t  have been 
advanced, we m a y  note tha t  the logical  existence of such a boundary 
would not, without further argument, establish the importance of 
expl ic i t  o r  implicit agreement as t o  where it is. 
ta tors  regard t h i s  problem as the most bpor tan t  problem of space law 
presently facing lawyers and governments, others regard it as having 
a low pr ior i ty  and l i t t l e  practical  importance. 
positions w i l l  be discussed after we have examined proposals on the 
location of the boundary. 

Though many commen- 

These conflicting 

It is not always easy t o  distinguish between boundary 
suggestions put forward as i f  reflecting an interpretation of existing 
conventional l a w  and proposals recommended fo r  future agreement. 
Since conflicting interpretations of existing l a w  would require some 
form of agreement fo r  t he i r  resolution, it may make re la t ively l i t t l e  
difference whether a writer i s  talking de lene la ta  or  ferenda. Many 
proposals have been based upon supposed geophysical o r  astronomical 
constants; some on bel iefs  as t o  the maximum height attainable by 
a i rc raf t ;  some on more than one boundary, o r  zone, o r  belt.  M a n y  
proposals have been withdrawn by writers in i t ia l ly  proposing them. 

The most frequent approach has been t o  r e l a t e  the proposals 
i n  some way t o  the  existing conventions. 
t ions refer t o  %irl@ o r  ltatmospherelt and deal with %ircraftlt as 
defined i n  annexes. National l a w s  also use terms identical  with or  
similar t o  those included i n  the P a r i s  and Chicago Conventions. It 
can be and has been argued, therefore, tha t  under these conventions 
and l a w s  the use of the terms %ir,t* "air space,a "atmosphere,l' o r  
"atmospheric space,tt o r  the expressed purpose of regulating r1aircraft 
affords a cr i ter ion fo r  measuring sovereignty. 

As we noted, these conven- 

One proposal, relating % i r m  t o  Wircrafttt , suggests t h a t  
claims t o  sovereignty acknowledged i n  existing conventions and custom 
go only t o  the height t o  which ttaircraft,?, as defined i n  the annex t o  
the Chicago Convention, can ascend i n  the atmosphere while "deriving 
support from reactions of the air.,* From this perfectly legitimate 
interpretation would follow certain d i f f icu l t ies ,  acknowledged even 
by i t s  proponents. 
"boundary" in very precise terms. Second, if  offered as a proposal 
for  the future it i s  thwarted by the likely ac t iv i ty  of Qircraftt* 
such as the X-15, which use aerodynamic l i f t  at  lower al t i tudes but 
can with the aid of other devices be f lown out of the  l i f t  area. 

Firs t ,  it does not provide a fixed location of the 

A variation of this proposal i s  the Won Karman 
As put forward by Haley and others, it accepts the  basic concept of 
aerodynamic l i f t  but argues that such l i f t  need not be the  only 
%mpportlt and tha t  present l a w  could be interpreted as extending 
sovereignty up t o  the point where any aerodynamic l i f t  i s  available. 
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For an object traveling a t  25,OOO feet per second, tha t  l i n e  i s  said 
t o  be about 275,000 f ee t  from the earth's surface. 
i s  thought t o  have more stability than the  proposal first put forward, 
it would also vary with atmospheric conditions and with design changes 
and other factors affecting the  f l i gh t  of objects. 

While this l i n e  

A th i rd  approach, similar but distinguishable, lays s t ress  
upon the word "air" o r   atmosphere,^^ rather than %ircraft,n and seeks 
t o  use a scient i f ic  definit ion of the earthcs atmosphere t o  determine 
the reach of sovereignty. T h a t  interpretation, again a perfectly per- 
missible one, runs in to  rather more d i f f i cu l t i e s  than the first two 
suggestions. Firs t ,  there i s  no agreed definit ion among sc ien t i s t s  
any more than lawyers of the word 'tatmosphere,lt whose meaning varies 
with conditions as w e l l  as the purpose of the inquiry. 
of the possible definit ions would certainly put the  l i m i t  far above 
many satell i te orb i t s  and missile f l i gh t  paths, though it may be 
doubted whether the proponents intended t o  claim that the  s a t e l l i t e  
f l i gh t s  had trespassed upon national air space. In  short, it would 
be too high and too uncertain. 

Second, several 

A number of other proposals, suggesting more or less 
arbitrary l i nes  based on variations of the reasoning described above, 
have been put forward. 
the conventions or fixing the  boundary afresh at an a l t i tude  roughly 
related t o  l i f t ,  o r  drag, or atmosphere. 

These suggest agreement e i ther  interpreting 

A somewhat different approach, which takes advantage pri- 
marily of the  inferred at t i tudes of s ta tes  t o  satellites already 
orbited but s t i l l  i s  capable of doctrinal harmony with existing l a w ,  
i s  t o  se t  the boundary at that al t i tude at which unpowered f l i gh t  i s  
possible; or, with somewhat more precision, at  which an unpowered 
satellite w i l l  o rb i t  the ear th  at least once. This proposal would 
bestow express lega l i ty  on previously launched sa te l l i t es ,  and it can 
also be related t o  many of the  definit ions of aerodynamic l i f t  and 
atmosphere. 
presently certain that a reasonably exact distance for  all par t s  of 
the earthcs surface, all relevant velocit ies and alt i tudes,  and all 
possible orb i t s  can be calculated. 

It has the  d i f f icu l ty  (among others) tha t  we are not 

Variations of these formulas which take account of some of 
the uncertainties i n  eq res s ing  an exact boundary are those tha t  add 
t o  the  area of sovereignty a further contiguous zone, supposedly 
analogous t o  tha t  of the high seas, i n  which subjacent states may 
exercise jurisdiction but over which they do not have sovereignty. 
Similar suggestions had played a role br ie f ly  i n  the early debates on 
air space sovereignty, during the early years of the century. While 
Cooperts proposal t o  this effect  fo r  outer space was init ially 
approved by others, he has not recently urged i t s  acceptance, and t h e  
more recent literature generally ignores it. 
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A different theory of sovereignty over air space, not 
related t o  the words of existing conventions but capable of being 
related t o  the i r  purposes, i s  that which Kelsen proposed in 1944 in 
connection with the P a r i s  Convention. 
eignty, recognized by that Convention, as going as far out as the 
subjacent s t a t e  could exercise effective control. 
under t h i s  theory there would be not one single boundary but several 
boundaries, since some states were more technically proficient than 
others, and t ha t  the boundary would keep going up as science added 
new techniques fo r  controlling space ac t iv i t ies .  For these reasons 
the proposal seems unlikely t o  be acceptable t o  many states.  
at ion suggested by Cooper i n  1951 (and later withdrawn) called fo r  the 
extension of s t a t e  t e r r i t o r y  '*as far as then sc ien t i f ic  progress of 
any s t a t e  i n  the international community permits such s t a t e  t o  control 
space above it.'* T h i s  would have eliminated the diversity of boundaries 
existing at any one time but not the d i f f i cu l ty  of determining the 
uniform boundary o r  the  in s t ab i l i t y  of t ha t  boundary once determined. 

H e  viewed the claim t o  sover- 

He recognized that 

A vari- 

S t i l l  another proposal i s  tha t  which argues t ha t  a state 's  
sovereignty extends as  far as  i t s  interest extends. 
ment of a basic purpose behind claims t o  sovereignty, this v i e w  i s  
sound. But it i s  d i f f i cu l t  t o  define a state's interest ,  and its 
in te res t  i n  some ac t iv i t i e s  would extend t o  a very high a l t i tude  and 
t o  others much less .  Some  ac t iv i t i e s  i n  which a s ta te  was v i t a l ly  
interested would be outside i t s  air space thus defined because the  
line-of-sight connection would not require a space object t o  be 
t*overhead'*; at the same $ h e  a state could use i t s  claim t o  sovereignty 
t o  exclude ac t iv i t i e s  in which it had no legitimate in te res t  whatso- 
ever and which bore no special relationship t o  i t s  terr i tory.  

In  its acknowledge- 

Finally, proposals have been made for  several l i n e s  rather 
than one, We already noted the existence of proposals for  a contiguous 
zone. Knauth, fo r  example, goes much further. Instead of endeavoring 
simply t o  distinguish air space from outer space, he proposes several 
"belt s'*: 
f a i lu re  area, '*belt i n  which the Moon orbits.'* He believes tha t  each 
b e l t  should be subject t o  i t s  own l ega l  regime, and tha t  a;U bel t s  in 
cis-lunar space should be presently given lega l  s ta tus  appropriate t o  
each . 

'*airspace, '* "air-nonair fringe, n "orbit-sat e l l i t  e, n rocket 

A rough and incomplete tabulation of altitude-boundaries 
inferred, reported, suggested, or  proposed by several of the writers 
on space law may serve t o  i l l u s t r a t e  the controversy. 
"ascendingn order, they are  as  follows: 

In generally 
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30 miles 

275,000 feet 

52 miles 
53 Miles 
60 mi les  

100 mi les  

150-225 miles 
200-300 km. 

300 lan. 

250 miles 
200-300 miles 

300 mi les  
300-500 miles 

310-620 miles 
500 miles 
650 miles 
7000 miles 

Inf in i ty  

Abstract # o r  Source 

616 

636 

594 
643 
584 

606 
Source 272 
609 
599 

Neumann 
626 

555, 559 
Source 35 

605 
603 
Source 62 
Source 74 

700; Source l l5  

Remarks o r  Reasons Given 

400 miles for neutrals 
i n  wartime. 
Objects traveling at 
35,000/sec. 
Limit of atmospheric lift. 
Von Kannan l ine.  
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Citing Western meteoro- 
logists.  

From what has been said it i s  clear t h a t  the  d i f f i cu l t i e s  
of f k h g  a stationary boundary by reference t o  supposed geophysical o r  
astronomical constants are at least formidable, perhaps insuperable. 
k n y  proposals have been withdrawn o r  varied in the  l i gh t  of new 
sc ien t i f ic  information. Whether t he  physical characterist ics of t he  
air, the  physical characterist ics of f l igh t  craf t ,  or  other relevant 
factors can be reasonably expressed with reference t o  a fixed alti- 
tude i s  a subject of dispute. 
may be a source of sc ien t i f ic  disagreement. 
d i f f icu l t ies ,  an a rb i t ra ry  limit were t o  be chosen, it might be dif-  
f i c u l t  t o  get agreement on a height that  was not related ei ther  t o  
the  purpose of space ac t iv i t i e s  o r  the  language of e ~ s t i n g  conven- 
tions. 

The measurement of t h a t  fixed a l t i tude  
If ,  t o  avoid these 

Yet disagreement stemming from such difficulties may be 
exaggerated. Let us examine the  area of agreement. 
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F i r s t ,  it seems clear t ha t  the  sovereignty over air space 
acknowledged by the  various air conventions and customary l a w  extends 
at  least as far as i s  required by and f o r  t h e  purposes that those 
conventions envisage; t ha t  is, t o  the  a l t i t ude  presently used fo r  
normal a i r c ra f t  flight, and so much more of the  air space as might 
reasonably be envisaged as usable f o r  similar purposes. Since the 
conventions speak of atair space" rather than the  objectives of comer- 
c i a l  aviation, one cannot delimit a boundary by referring t o  any &st- 
i n g  usage or  a l t i tudes  achieved at any given time; "air space" may be 
the  area used f o r  %ircraftcLas several scholars have suggested-but 
t ha t  area does not seem more easi ly  defined by this suggestion, nor i s  
it the  only permissible interpretation of the  conventions o r  customary 
law.  
%he" boundary, i f  it existed, would be somewhere above the a l t i tude  
now in common use f o r  aviation purposes. The recent U-2 f l igh ts ,  at 
a l t i tudes  of some 12 miles or  more, were not formally defended as being 
beyond t rad i t iona l  "air space" and weather balloons at  a l t i tudes  of 
over 100,000 feet have been protested. 

In any event, we should have no d i f f i cu l ty  in concluding that 

On the  other hand, the failure of any state t o  protest  as 
an invasion of i t s  Sovereignty any space ac t iv i t i e s  t o  date strongly 
supports contentions tha t  Whe boundary of sovereignty, i f  one were 
t o  be fixed, should not be placed at higher than, roughly, the probable 
perigee of durable satellite orbits.  This View would be consistent 
with several of t he  proposals made by scholars seeking t o  in te rpre t  the 
existing conventions; aerodynamic l i f t ,  von Karman l i n e  and some other 
definit ions of atmosphere as  related t o  f l i gh t  could be brought into 
approximate harmony with it. Earlier proposals which took atmosphere 
( in  the lega l  sense) much further i n to  space seem inconsistent with 
practice since 1957. 
at  some such point would be consistent with present contentions about 
effective control (though not with future  possibi l i t ies) .  
such altitude, a lso  most ac t iv i ty  i s  less and less related t o  any 
special interest of an 9mderlying" state. 
sovereignty over air space did not extend beyond such an a l t i t ude  would 
not mean t ha t  states with space capabi l i t ies  could lawfully do anything 
they wished nabovem t h i s  line, o r  t ha t  "underlying0 states did not 
possess some r igh ts  with regard t o  par t icular  ac t iv i t ies ,  analogous t o  
those that coastal states possess beyond t e r r i t o r i a l  waters, based not 
on sovereignty but on a legitimate in t e re s t  with regard t o  the partic- 
ular activity.  

Arguably, too, a cei l ing on national sovereignty 

Beyond some 

Furthermore, the  f ac t  tha t  

We might provisionally conclude, therefore, with wide 
support f r o m  scholars and from governmental actions, t ha t  '%he" bound- 
ary lw somewhere between these two possibi l i t ies :  
d i t iona l  f l i gh t  (say, twelve miles) and lower than the  perigee of past 
satellites ( s a y  a hundred miles). The gap between a twelve-mile f loor  
and a hundred-mile cei l ing might seem t o  leave room enough f o r  the  
placing of an a r b i t r a r y l i n e  or  even a zone; yet there are grounds t o  
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believe tha t  the gap i s  unstable and may become meaningless. 
thing, experiments such as the  X-15 indicate that it is  possible t o  
have a craf t  tha t  i s  both an "aircraft" and a "spacecraft." There- 
fore, the limit of conventional air space in terms of usage o r  purpose 
at least potentially may be moving up to,  and even above, areas now 
regarded as beyond national sovereignty. There is somewhat similar 
evidence that typical "space" uses may move downward toward present 
conventional air space. For example, power-assisted satellites ms3p 
come t o  move continuously at  an s l t i tude  lower than tha t  i n  which f ree  
f l i g h t  is nowpossible, and such satellites may be even more advanta- 
geous f o r  some uses than s a t e l l i t e s  res t r ic ted t o  higher alt i tudes.  

For one 

Thus, it seems probable that our provisionally assumed 
minimum altitude and maximum altitude may be i n  the process of con- 
verging and also possible tha t  they may even cross each other; t ha t  
is, some typical air ac t iv i t i e s  may at some future time be conducted 
at altitudes higher than some typical space act ivi t ies .  

It is  not an answer t o  this observation t o  point out tha t  
the  extremes may be clear despite fuzziness at the  border-line. 
present inquiry i s  not whether the extremes should be treated different- 
ly ,  but whether a borderline should be drawn. With present knowledge 
of space ac t iv i t i e s  and technologyin a relat ively infant and rapidly 
develop- state, it is importantto examine arguments for and against 
drawing a %oundar~t i n  precise terms at  this time. Is it important? 
Is it possible? 

The 

Is it l ike ly  t o  serve any useful purpose? 

A t  the  outset it should be noted that w h i l e  many writers 
have urged that agreement on the  boundary be achieved at  the  earliest 
moment possible some of these same writers have recently urged caution 
and do not seem t o  attach the  same urgency t o  its resolution. 
change of position i s  not necessarily a change of viewpoint, but may 
simply ref lect  new environmental and pol i t ica l  factors. 
was feared that ,  without agreement, space ac t iv i t ies  would be hampered 
by contentions tha t  sovereignty was being violated. 
these protests t o  develop, and the gradual growth of a customary l a w  
which appears t o  l i m i t  claims t o  sovereignty t o  re la t ively low alt i tudes,  
are important new developments, which may remove much of the force that 
once w a s  thought t o  underlie the argument for a formal boundary agree- 
ment. 

, 

This 

Init ially it 

The failure of 

The strongest arguments f o r  determining with precision the 
boundary between air space and space seem t o  be these: 
formal agreement would help t o  preclude states f r o m  making unjustified 
claims in the future t o  sovereignty i n  large regions of space   above^^ 
t h e i r  t e r r i t o ry  on the contention tha t  it i s  Qir space.(( Some 
legitimate verbal formulas (for example, definit ions of %irn  o r  
natmospherett) would go t o  one thousand o r  more miles. 

(1) That 

Efforts of some 
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of the  most distinguished scholars, wary of our past d i f f i cu l t i e s  i n  
coping with similar claims with regard t o  the high seas, unoccupied 
t e r r i t o ry  and the like, have undoubtedly been directed at t h i s  objective. 
(2) That given cer ta in  possible interpretations of existing conven- 
t ions,  there i s  a l w a y s  the  possibi l i ty  tha t  some s ta tes  w i l l  protest 
space ac t iv i t i e s  as violative of t he i r  sovereignty. Acceptance of such 
contentions would greatly hamper space ac t iv i t ies  favored by sc ien t i s t s  
and mili tary special is ts  alike, and would permit re la t ively smaU 
s ta tes  t o  exercise what could amount t o  an arbitrary veto over particu- 
lar  act ivi t ies .  That disputes as t o  the  extent of air space could 
lead t o  international tensions and serious controversy, (4) T h a t  the 
United States, supporting as it does the  Rule of Law i n  international 
as i n  domestic matters, should amid  being put i n  the position of making 
uni la teral  decisions on the  interpretation of existing conventions and 
should urge resolution through international agreement and other coop- 
erat ive means. (5) T h a t  the resolution of this fundamental l ega l  
question would help t o  induce cooperative at t i tudes toward building 
l a w  in  regard t o  space and tha t  these at t i tudes could help t o  shape 
desirable technological trends. 

(3) 

Arguments against e f for t s  t o  resolve the  boundary problem 
by f k i n g  on an agreed al t i tude can be summed up as followsi 
the  absence of expl ic i t  agreement has not yet led t o  international 
tensions and does not appear l i ke ly  t o  do SO. 

expl ic i t  agreement on establishment of an a l t i tude  boundary would inv i t e  
m a n y  s ta tes  t o  m a k e  claims t o  sovereignty which, in analogous cases such 
as the high seas, have led t o  immoderate demands. 
be harder t o  close than t o  open. (3) 
t o  be se t  too high. 
mum being established by custom (the roughly one hundred mile figure 
suggested above) would seriously hamper some space activity.  A figure 
of a hundred miles, while l e s s  serious i n  effect ,  might also hamper at  
l e a s t  some future act ivi t ies .  
through agreement would seem t o  be negligible, primarily because fear 
of the  unknown would lead s ta tes  t o  claim as much as they could. 
the other hand, future ac t iv i t ies  at lower al t i tudes may be acceptable 
i f  there i s  no expl ic i t  agreement on the extent of air space. 
an agreed a l t i tude  once achieved w i l l  be next t o  impossible t o  reduce. 
States will not gladly give up sovereignty over terr i tory.  
agreement reached l a t e r  i s  l i ke ly  t o  fix on a lower al t i tude than an 
agreement reached sooner, and tha t  the  lower figure would be i n  the 
general interest .  ( 6 )  That an arbi t rary l ine ,  even i f  low enough t o  
permit more space act ivi ty ,  might encourage rather than avert disputes 
because it might provoke technical complaints about violations which 
at high al t i tudes would be d i f f i cu l t  t o  verify. 

(1) That 

That an attempt t o  reach 

Pandorats box might 
That any boundary set might have 

An al t i tude beyond tha t  which seems t o  be the m a x i -  

The possibi l i ty  of gett ing anything less 

On 

(4) That 

(5) That an 

T h i s  l a s t  point perhaps requires elaboration. 
the premise tha t  the boundary question i s  inextricably tied t o  the  

It re s t s  on 
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question, what ac t iv i t i e s  a re  permissible beyond it; tha t  is, what 
rules govern space? The claim t o  sovereignty amounts t o  a statement 
that  within the specified area only ac t iv i t ies  permitted by the s u b  
jacent state may be carried on, and assumes some intimate connection 
between tha t  area and the  state. 
Beyond the boundary not every ac t iv i ty  i s  l e g d l y  permissible; but a t  
the moment it i s  very d i f f i cu l t  t o  specify what ac t iv i t i e s  are permitted 
and what are not. 
problem except perhaps t o  the limited extent of sh i f t ing  the burden of 
proof. 
an activity,  the less the  space **above" national t e r r i t o ry  bears any 
special relationship t o  the underlying area, whether f o r  reasons of 
defense, transportation, commerce o r  safety. 

The converse i s  not, of course, true. 

Drawing the  boundary w i l l  not help t o  solve this 

It has already been pointed out that the higher the  a l t i tude  of 

Two examples may i l l u s t r a t e .  First, a r t i f i c i a l  s a t e l l i t e s  
launched i n  geocentric orb i t s  have come much closer t o  the  earth at 
some points than at  others, although i n  no case interfer ing with any 
obvious in te res t s  of any subjacent state.  In  some cases the perigee 
f e l l  within one o r  more of the boundaries proposed by publicists,  while 
the apogee fe l l  beyond. It would make l i t t l e  sense t o  impose one legal  
regime o r  s ta tus  on a s a t e l l i t e  a t  perigee and another on the  same 
satellite at  apogee, at least under present technology. This is, of 
course, an argument only against establishing the l i n e  Woo high," not 
against an arbi t rary l i n e  that would be YLow enought'; but, as indicated 
above, doubts have been raised whether under present conditions of the  
international po l i t i ca l  process a boundary could be set %ow enough." 

Second, i n  the U-2 incident the Soviet Union charged the  
United States  with %ggressiont' and accused it of "espionage.tQ 
has been frequently stated i n  the  West t h a t  the  U-2 was Violating 
Soviet air space and tha t  f o r  t h i s  reason the Soviet Union could 
legitimately object t o  the  unpermitted overflight. 
amount t o  "aggression.*' But was the  Soviet objection based primarily 
on the location of the U-2 o r  on the  character of i t s  activity? 
the near future satellites may be able t o  perform equivalent functions 
from al t i tudes of (sv) two t o  three hundred miles. 
s e t  at  a hundred miles remove Soviet objections t o  such activity? 
True, it would fo re s t a l l  objections based on violation of air space. 
But it would not of i tself  establish the l ega l i t y  of the ac t iv i ty  i f  
there were other grounds t o  consider it i l legal .  

It 

This would not 

In 

Would a boundary 

Finally, the  U-2 incident has pointed up the  need 
f o r  international agrement on the question of how 
high sovereignty extends skyward. This question i s  
certain t o  become more acute i n  the future  as air 
craf t  fly at higher a l t i tudes and as space f l ights ,  
many of them equipped with cameras o r  other devices, 
become more common. It is a question full of dif- 
f i cu l t i e s  and one which demands the  f u l l  attention 
and consideration of the  United Nations as w e l l  as 
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the individual nations themselves. 
hopes tha t  e f for t s  w i l l  be pushed t o  pursue U.N. 
studies with a view t o  bringing about agreement. 

The Committee 

The foregoing par t  of this analysis, however, would indicate rather 
that the  U-2 incident underlined the extreme di f f icu l ty  of an attempt 
t o  agree on the  permissibility or impermissibility of space ac t iv i t i e s  
by reference t o  an a l t i tude  boundary, and lends support t o  the  action 
of the  United Nations Ad Hoc Committee, which at  i t s  meeting i n  1959, 
c lass i f ied the  boundary problem among those not susceptible of p r io r i ty  
treatment. 
of drawing a fixed boundary, i n  par t  because other members had doubts 
as t o  i t s  f eas ib i l i t y  at t ha t  time. The Committee also suggested the  
poss ib i l i ty  of using functional rather than spat ia l  c r i t e r i a  t o  regulate 
and control ac t iv i t i e s  in space. Were it possible t o  build up, through 
understanding, custom and agreement, adequate functional c r i t e r i a  fo r  
space ac t iv i t i e s  then the  boundary problem would be obviated. 
ac t iv i t i e s  might be prohibited; others might be permitted under certain 
res t r ic t ions  as t o  time, place, mode and disclosure; all others would 
remain free. 
up of some specific formal agreements and some general understanding, 
t a c i t  or at l eas t  informal, confirmed by practice and doctrine. 

It did this in part  because other members doubted the wisdom 

Certain 

The system establishing these arrangements might be made 

C. Savereimty over Bodies i n  &ace 

The entry t o  outer space raises legal  problems with regard t o  
the  use and occupation of bodies presently i n  space, such as the moon 
and planets, and of the  use and occupation of a r t i f i c i a l  s a t e l l i t e s  
placed i n  space by one or more states. 

Scholars have much discussed whether it i s  possible f o r  a 
t e r r e s t r i a l  nation-state t o  acquire sovereignty over all o r  par t  of a 
natural  ce l e s t i a l  body, and what would be required under existing inter-  
national l a w  t o  make such a claim lega l ly  valid. 
doctrine of terrestrial .  international law with regard t o  discovery, 
contiguity, occupation and annexation of pa r t s  of the  earth has been 
applied t o  t h i s  problem. 
This analogy has seemed par t icular ly  apt because it poses in contemporary 
context conflicting claims t o  sovereignty on one of t he  few yet unoccu- 
pied par t s  of the  earth, and because these claims have not been based 
on occupation or settlement i n  any clear-cut sense. A t  present, and 
f o r  some years past, conflicting claims t o  sovereignty over par t s  of 
Antarctica by a number of states have not been resolved, and claims t o  
bodies i n  space, or par t s  of them, would be unlikely t o  be acknowledged 
by other states.  
Antarctica and space bodies though apt i s  scarcely a helpful one save, 
perhaps, as it indicates the unlikelihood tha t  claims t o  sovereignty 
would be widely honored by other states. If the  present military im- 
portance of Antarctica i s  greater, and tha t  of ce les t ia l  bodies less, 
than i s  commonly supposed, the  analogical value of the Antarctic agree- 
ment seems all the higher. 

Quite understandably, 

A frequently employed analogy i s  Antarctica. 

Several writers have noted tha t  the analogy between 
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There i s  agreement among several commentators t ha t  under 
existing international l a w  "discovery" of space bodies scarcely provides 
a basis, factual ly  o r  legally,  suff ic ient  t o  support claims t o  sover- 
eignty, and that the  same is  t rue  of various symbolic ac t s  of occupation 
such as planting flags,  photographing terrain,  mapping, or exploration. 
In  themselves it i s  doubtful i f  these acts  would be sufficient t o  
ju s t i fy  a state tha t  has made claims t o  sovereignty i n  excluding others 
from the bodies involved and preventing other states from carrying out 
exploration or  s c i en t i f i c  experiments. 
i s  noted tha t  acta of this sor t  are presently the  basis fo r  the suspended 
o r  frozen claims i n  Antarctica. 
doctrinal doubts . 

A t  t h e  same time, however, it 

A s  a result t h e  issue i s  not free from 

Extensions of principles of continuity and contiguity via 
nvectorsn which have marked the  Antarctic claims of Argentina and other 
Latin American states have not seemed applicable t o  space as they have 
not been widely acknowledged by other s ta tes  with regard t o  Antarctica 
i tself .  
only those states llover(t which a body passes would have a basis f o r  
claiming sovereignty. 
States but not over Red China, a fac t  which might exclude the  latter's 
claim i n  his view. 

One commentator, however, has expressed the conjecture tha t  

The moon, f o r  example, passes over the  United 

A number of writers have expressed the view t ha t  it i s  not 
possible t o  acquire sovereignty i n  space by any means, tha t  space bodies 
are t o  be regarded as res communis o r  res extra commercium, like the  
high seas, and not res null ius  capable of appropriation. Such writers 
see space, and everything i n  space, as a common resource of all states 
and mankind, open t o  a l l  on a basis of equality, and incapable ,afdsub- 
jection t o  t h e  control and sovereignty of a singly earthly state. 
have jus t i f ied  this approach by saying that ours is a Werrestrial" 
system and tha t  the  moon, f o r  example, is not %erritory't but a 
ncelest ia l  body+' and par t  of a different %orld.n Others state the  
posit ion more i n  terms of preference, deploring any s ta tus  t h a t  would 
permit one state t o  exclude others from par t s  of space and preferring 
t o  regard the whole of space as a sharable resource. 
should not, it has been asserted with some wistfulness, be projected 
in to  space; sovereignty i n  space is  undesirable. 

Some 

Earthly disputes 

T h i s  l a t t e r  viewpoint has led t o  a number of proposals that 
space be "internationalized," t h s t  bodies i n  space be subjected t o  
United Nations ownership and control, and t h a t  exploitation be under 
United Nations, rather than national, auspices and law. 
this i s  a v iew tha t  is dominant among the smaller s ta tes  which presently 
do not have space capabili t ies.  A t  the  meetings of the  United Nations -- Ad Hoc Committee a suggestion i n  the United States working paper as t o  
t h e  potential  relevance of analogies from the  Antarctic experience was 
deleted on a Latin American objection. 
be relevant because they dea l t  with bases fo r  sovereignty and no one 
could legit imately claim sovereignty i n  space. 

Understandably 

It was said t h a t  they could not 
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There is a good deal of merit in, and support for, a regime 
with regard t o  ce les t ia l  bodies which prohibits recognition of claims 
t o  exclusive sovereignty by any state. It would be useful f o r  both 
public and private groups t o  work towards formulating standards and 
procedures tha t  w i l l  guarantee access by a l l  t o  these resources on 
equitable terms and prevent interference by one state with sc ien t i f ic  
programs of another. 
in space, l i k e  the vast reaches of space itself, represent sharable 
assets of the  whole comnunity. Scientific exploration of the moon o r  
Venus under national auspices of any one country does not require, and 
should not without cause involve, the prohibition of similar  explora- 
t i on  by other countries. We may look t o  similar ventures elsewhere i n  
space. 
t o  sovereignty over such bodies; nor should t h e i r  acceptability depend 
on the  recognition of such claims. 

To a l a r g e  extent the resources of natural bodies 

These should not be precluded by claims made on various grounds 

The present trend of both private and public views is clearly 
against the permissibility of claims t o  sovereignty over natural bodies. 
Soviet writers have taken this view, although a t  the same time suggest- 
ing t h a t  it was not the  v i e w  of the United States  and t ha t  the  Soviet 
Government would, i n  such a situation, have t o  protect i t s  own interests-  
The American Government has expressed doubts as t o  whether space bodies 
are capable of appropriation. The American B a r  Association i n  1959 
passed a resolution %hat i n  the  common in te res t  of mankind. . . . 
ce les t ia l  bodies should not be subject t o  exclusive appropriation." 
The U.N. Ad Hoc Committee took the position tha t  present ac t iv i t i e s  
would not be a basis for claims t o  exclusive sovereignty and expressed 
the  belief tha t  problems involved i n  such claims would not arise until 
it became feasible t o  s e t t l e  on such bodies and exploit t he i r  resources. 

Ar t i f ic ia l  bodies i n  space raise comparable problems. while 
generally such bodies seem more analogous t o  ships on the high seas, or 
Texas Towers, o r  l ightships,  than t o  natural ce les t ia l  bodies, problems 
as t o  control and exclusion of others nonetheless may arise. 
stations, used t o  stage fur ther  space exploration, raise questions as 
t o  co-ordination of ac t iv i t ies ,  control of access by the launching state 
o r  by international agencies, access t o  such s a t e l l i t e s  by other states 
o r  by private groups, and c r i t e r i a  and standards of peaceful possession. 
Once again it has been observed tha t  it would be unfortunate i f  a legal  
regime premised on sovereignty o r  exclusive jurisdiction by t h e  launch- 
ing state were t o  result i n  needless interference between two national 
space programs, such as might occur if, fo r  example, experiments by one 
nation were t o  create hazards t o  personnel using another nation's satel- 
l i t e  f o r  admittedly legitimate purposes. 
i f  standards for  cooperative use of space s ta t ion  f a c i l i t i e s  could be 
worked out by participants, thus avoiding unnecessary duplication and 
waste. 
of i t se l f ,  t o  provide m a n y  answers t o  important questions which it is 
not too early t o  discuss and explore in a preliminary w a y  looking t o  
effective international rules and sanctions. 

Space 

It would, also, be desirable 

Once again, the presence o r  absence of sovereignty does not seem 
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d. Conflict of Laws 

Problems of sovereignty are i n  some respects related t o  
potential  problems of conflict  of laws. 
f l i c t s  doctrine i s  premised upon the  concept that the national l a w  
governing events i s  tha t  of the  t e r r i t o ry  i n  which some pertinent act  
takes place. 
what national l a w  would govern? 

A considerable amount of con- 

If space was  not subject t o  the  sovereignty of any nation, 

Writers have posed such problems i n  the t radi t ional  terms of 
terri torial  jurisdiction based on sovereignty, and have then proceeded 
t o  run through the almost endless l ist  of conflicts questions t o  which 
a terr i tor ia l  connection is  relevant. 
place of a part icular  act  i s  not subject t o  the  sovereignty of a 
particular state, o r  even that it i s  not ascertainable, does not make 
t h e  problem insoluble o r  even par t icular ly  diff icul t .  
are available fo r  choice of law.  

The fact ,  however, t ha t  t h e  

O+,her principles 

Problems of national l a w  w i l l ,  indeed, arise, as w i l l  t he  
need t o  amend various statutory provisions with regard t o  jurisdiction 
and venue. E!y comparison with other problems of space l a w ,  these seem 
ei ther  re la t ively simple o r  re la t ively routine. It might, however, be 
unfortunate i f  t h e  meaning of terms such as "air space,'* having special 
diplomatic and pol i t ica l  ramifications, were l e f t  t o  judicial  resolution 
i n  conflict-of-laws cases i n  connection with relevant national l aws .  A 
more delicate and comprehensive treatment of the  conflicts question 
might require, and be secured by, international agreement. 

3. The Legal Status of Space 

a. General Observations 

If it is  assumed tha t  national sovereignty does not 
prevail i n  outer space, w h a t  i s  the  s ta tus  of space? 
i f  any, is it subject, and by whom are they prescribed? 
of the contention tha t  subjacent states have sovereignty does not com- 
pel us t o  discern a legal  vacuum. For example, as has been observed, 
there m a y  in some instances be a special and intimate relationship 
between a par t icular  space ac t iv i ty  and a particular subjacent state. 
Similarly, general principles of l a w  governing the  relations of states, 
such as those contained i n  the United Nations Charter, would seem t o  be 
as relevant t o  space ac t iv i t i e s  as t o  other s t a t e  ac t iv i t i e s  wherever 
conducted. 
t o  national sovereignty, there are valid analogies from customary law 
governing other areas which may w e l l  be applicable t o  ac t iv i t i e s  i n  
space. 

To what rules, 
A rejection 

Again, i f  space i s  t o  be regarded as a place not subject 

As we have reported above in connection w i t h  claims t o  
ce les t ia l  bodies, the majority of t h e  writers discussing the  problem 
of a l a w  f o r  space have urged tha t  space be regarded as communis 
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or  res extra commercium, l i k e  the high seas. 
this s b l y  amounts t o  a denial that it is, under current conventions, 

In terms of "status" 

subject i o - the  sovereignty of subjacent s t a t e s  o r  capable of appropria- 
tion. 
of encouraging all non-exclusive, or  sharable, uses of space. If space 
i s  not subject t o  o r  capable of subjection t o  national sovereignty, 
then it i s  '*freel*to a l l  users on terms of equality. The United Nations 
Committee, somewhat cautiously, agreed with commentators by stat ing that 
Where may have been in i t i a t ed  the recognition or  establishment of a 
generally accepted rule t o  the effect  that ,  in principle, outer space 
is, on conditions of equality, freely available fo r  exploration and use 
by all i n  accordance with existing or  future international law or  
agreements .I* 

Stated positively, it amounts t o  affirming a community policy 

The primary d i f f icu l ty  with saying simply tha t  space i s  "free'* 
i s  t h a t  it says l i t t l e  more than that it i s  not subject t o  unilateral  
control and regulation by some, o r  many s t a t e s  claiming sovereignty over 
portions of it. In many respects the two possibilities-sovereigntg 
of subjacent s ta tes  VS. freedom, o r  exclusive use VS. sharable use- 
are almost polar opposites. In the one instance a state conducting 
ac t iv i t i e s  i n  space can do nothing without the consent of subjacent 
states; i n  the other it can do anything not forbidden by international 
law. The second alternative i s  generally regarded as the  more desirable; 
but, at the same time, it imposes obligations t o  work out standards and 
rules  not necessarily i n  the form of expl ic i t  conventions, f o r  imple- 
menting the policy of the international community i n  space. 
enough t o  say tha t  space i s  **free'*. 

It is not 
T h a t  i s  a good s t a r t i n g  point. 

In recommending a legal  regime fo r  space some authorities, 
hoping t o  make fast a l i n e  from the known t o  the unknown, have suggested 
the adaptation of the rules that ,  regardless of t he i r  source, are 
thought t o  prevail i n  the law of the air, i n  the l a w  of the high seas, 
o r  i n  the law of the polar regions o r  i n  particular regions of Ant- 
arctica. Few, if any, have proposed the l i t e r a l  and indiscriminate 
adoption of an ent i re  body of supposed rules  from any one of these 
special areas. 
space i s  distinguished by m a n y  features, not a l l  of which are  now 
precisely known, t ha t  render many of i t s  legal  problems probably unique. 

Many have recognized, as has the U.N. Committee, that 

As compared with ac t iv i ty  on the high seas, fo r  instance, 
the present use of space exhibits fewer commercial. and economic aspects; 
i t s  mili tary potent ia l i ty  represents a relat ively higher fraction of i t s  
present apparent t o t a l  importance; the users f o r  some time t o  come will 
be relat ively few and wil l  probably be, fo r  the most part ,  governmental 
e n t i t i e s  or  international organs. 
i n  the recently accelerated development of communications sa te l l i t es ;  
indeed, the rapidity of potential  change i n  the uses of space serves 
by i t s e l f  t o  distinguish the f i e ld  from ac t iv i t i e s  on the high seas. 
As compared with Antarctica, space represents, of course, a vastly greater 
area, of l e s s  well defined l imits ,  susceptible of exploration-to s a y  

This picture may change rapidly, as 
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nothing of permanent sett lement-only under very different conditions. 
As compared with conventional air space, the  distances and speeds and 
times involved i n  the use of outer space are different; the  methods of 
launching and, eventually, of landing a r e  different; the effects  of 
gravity and of radiation are  different; the mi l i t a ry th rea t  is of a 
different character and, fo r  the time being, of a different order of 
magnitude; the commercial and economic poss ib i l i t i es  are  less well 
known, though potentially even more extensive, than those of aer ia l  
transportation. 

The f u t i l i t y  of mechanical adoption does not mean tha t  the 
experience of decades o r  centuries i n  these other f i e lds  is irrelevant 
t o  the control of space. On the contrary. reflection on t h a t  experience 
mutatis mutandis w i i l  help t o  anticipate-problems of space and suggest 
ways of dealing with them. Particular solutions or  devices may commend 
themselves for-adaptation; his tor ic  failures may enable US t o  guard 
against repetition. The l a w  of the sea may afford some hints for  the 
accommodation of inclusive uses l i k e  navigation (space f l igh t ) ,  fishing 
(exploitation of mineral. o r  energy resources), and cable-laying (com- 
munications) t o  defensive o r  exclusive uses like naval maneuvers, pro- 
tect ion of customs, and protection of neutrality, and vice versa. 
of space navigation may draw upon the  experience of the l a w  of the see 
and of the  l a w  of air space. 
vehicles, and on the  consequences of registration, may be fac i l i t a ted  
by a look at the successes and failures of similar e f for t s  i n  air l a w  
and maritime law.  Recent experiences in Antarctica may tend t o  show 
tha t  i n  certain circumstances international cooperation and national 
enterprise are furthered by the conscious and agreed absention from 
pressing claims t o  sovereignty. 

Rules 

Decisions on the regis t ra t ion of space 

In general terms the objectives of rules regulating space 
ac t iv i t i e s  are those which, in addition t o  t h e i r  independent validity, 
are expressed in the Charter of the United Nations. 
objectives not expressly stated as binding legal norms, they would be 
the  goals of decent men everywhere, t o  be pursued at  every level of 
public or private activity,  national o r  international. 
2 oblige those nations tha t  have and will have space capabili t ies t o  
conduct t he i r  programs i n  a manner consistent with the  principles and 
purposes of the Charter. It i s  clear tha t  space i t s e l f  and the knowledge 
gained from space exploration should not be used fo r  aggressive purposes; 
tha t  disputes tha t  may a r i se  from space ac t iv i t i e s  should be set t led laby 
peaceful means i n  such a manner tha t  international peace and security 
and justice,  are  not endangered"; that ,  i n  short, the  mere f ac t  tha t  an 
ac t iv i ty  i s  conducted in outer space does not release any nation from 
i t s  existing international obligations t o  promote, and t o  cooperate 
with others i n  promoting, peace, just ice  and human dignity fo r  mankind. 

Even were these 

Articles 1 and 

The problem i s  t o  give more explicit  content t o  these objec- 
t ives  and principles asserted i n  extremely general terms. How do states 
assure one another that ac t iv i t i e s  i n  space are not aggressive; t ha t  t he  
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ac t iv i t i e s  of one s t a t e  w i l l  not unreasonably in te r fe re  with legitimate 
ac t iv i t ies  of another; tha t  ac t iv i t i e s  w i l l  not be negligently o r  hap- 
hazardly conducted i n  such a way as t o  endanger others; tha t  the benefits 
of space science w i l l  be widely shared t o  the benefit of all mankind; 
that  such ac t iv i t i e s  w i l l  not be incompatible with legitimate in te res t s  
of s ta tes ,  whether or  not subjacent, i n  which, o r  on which, the ac t iv i ty  
has some impact? No s t a t e  may exclude another from access t o  space i f  
space i s  f r ee  and open t o  all. 
lay down meaningful rules t o  state the terms and conditions q o n  which 
states should o r  should not conduct particular ac t iv i t ies?  
the problems of a r ea l i s t i c  l a w  of space. 

But how does the community of nations 

Those are  

We have suggested tha t  the international community i s  on i t s  
w a y  t o  the rejection of a spat ia l  regime i n  which each of the  several 
s ta tes  may veto ac t iv i t ies  i n  a particular location, and t o  the adoption 
of a regime tha t ,  i n  broad terms, permits space ac t iv i t i e s  unless pro- 
hibited. 
standable concern t o  all states with a potential  stake i n  this vast, 
sharable resource. 
the space ac t iv i t i e s  of another w i l l  demand a voice i n  the conduct o r  
control of those ac t iv i t ies ,  o r  i n  the establishment of standards fo r  
such conduct o r  control. T h i s  i s  one of the reasons f o r  the d i f f icu l ty  
i n  drawing t h e  nboundary,tt for,  i f  a l l  e lse  fails, an affected s t a t e  
m a y  attempt t o  i n s i s t  tha t  i t s  sovereignty extends t o  very great heights, 
o r  indefinitely,  as  a device fo r  claiming a voice i n  a particular activi- 
ty. Agreement on a low al t i tude boundary, i f  achieved and i f  adhered to, 
could fo re s t a l l  th i s ,  but the preceding analysis has indicated tha t  such 
agreement i s  unlikely and would not correspond t o  the  needs of a l l  o r  
most affected states. Even i f  a general boundary agreement were con- 
temporaneously o r  subsequently modified by the extension of contiguous 
source, the irrelevance of ver t ical  distance t o  most of the pressing 
problems would keep al ive the concern of affected s ta tes  over m a n y  of 
the ac t iv i t i e s  tha t  would be taking place. 

That leaves m a n y  questions unresolved and i s  a matter of under- 

A s t a t e  tha t  believes i t s e l f  adversely affected by 

One obvious device would be.a system of international control. 
But this i s  d i f f i cu l t  t o  accomplish, and even i n  i t s  absence it i s  im- 
portant t o  press on with space technology and science, which might be 
unduly hampered i f  non-launching s ta tes  sought t o  impose unjustified 
restr ic t ions.  
In any event cooperative discussion may help t o  moderate unilateral  
decisions by space powers and set up functional c r i t e r i a  i n  furtherance 
of the objectives common t o  all mankind. 

Perhaps modest international schemes can be soon adopted. 

b. The Problem of "Peaceful Purp oses": Military Uses 

I n  some respects the  problems of space resemble the  problems 
of the  atom. 
energy may be compared t o  i t s  in te res t  i n  the peaceful uses of space. 
Like v i r tua l ly  every atomic activity,  vir tual ly  every act ivi ty  i n  space 
has a possible mili tary connotation; military and non-military uses are 

The interest of mankind i n  the peaceful uses of atomic 
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extraordinarily interdependent. The sc ien t i f ic  knowledge relevant t o  
atomic power was, broadly speaking, equally relevant t o  atomic bombs; 
the  possession of fissionable material f o r  power plants created a pos- 
s ibi l i ty  of possession fo r  military purposes. A similar interdependence 
of uses and objectives exists with regard t o  space act ivi t ies .  
knowledge about cosmic radiation may be useful for radiological w a r f a r e ;  
television and radio relay s ta t ions may be used t o  hinder as well as 
promote communication; geodetic and meteorological observations have the 
same potential  duali ty of function; and much of the technology relevant 
t o  the  exploration of space is equally relevant t o  the launching of 
intercontinental ba l l i s t i c  missiles or the  stationing of weapons i n  
space. 
extensive, does not of course preclude all comparative characterization 
i n  terms of objectives, and such evaluation may become more accurate 
and reliable as experience and knowledge develop. 

Scientific 

This interdependence of mili tary and non-military uses, while 

Nor are those problems peculiar i n  kind t o  space and the  atom. 
A panoramic view of the high seas, seenthrough time and space, shows a 
history of e f for t s  t o  exclude, f a l l i ng  before a sounder policy of en- 
couraging sharable uses and opening this great resource t o  a l l ,  only t o  
have i n  our time a new crop of unjustifiably extensive claims t o  ex- 
clusive rights.  
uses, a d  of ef for t s  by the community of nations t o  s t a t e  norms of use 
i n  peace and w a r  which limited unilateral action where unjustified by 
self-defense or, i n  ear l ie r  times, by legitimate uses of violence. 

It, too, i s  a history of interdependence of non-military 

I n  modern times, we have seen new aspects of old problems i n  
the  controversy tha t  has surrounded matters such as atomic tests i n  the  
Pacific, controversies which are obviously close t o  those involved i n  
comparable space ac t iv i t ies .  I n  1946 the  United States, despite the  
monopoly that it then possessed over atomic knowledge and successful 
atomic experience, took the  position ( i n  the Baruch proposal) tha t  
nothing less than definit ive,  enforceable international control of atomic 
energy could be counted on t o  achieve the  objectives of the Charter, and 
t h a t  nothing less than foolproof international inspection and enforceable 
regulation of atomic ac t iv i t i e s  was consistent with either the  aspira- 
t ions  of all men for  peace and security or the r ight  of self-defense 
inherent in customary international l a w  and recognized i n  Article 51. 
In  common with many other nations, the United States has taken the same 
position with regard t o  space act ivi t ies .  
fect ive controls, t h e  United States must beware of unsafeguarded agree- 
ments that might not deter violators but a t  the same time could foreclose 
us f r o m  taking steps necessary t o  preserve our national existence. 

Without enforceable and ef- 

Space power i s  military power, too, and i n  the future it may 
become the decisive element of all military power. Until an appropriate 
inspection and control system can be created by international agreement, 
nations can work toward the fullest international cooperation i n  peace- 
ful uses of space and space technology, as i n  peaceful uses of atomic 
energy, only i n  the shadow of i t s  potential  fo r  aggressive military use. 
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They must, therefore, act  within the  l e g a l  framework of t h e  Charter 
and of customary international law,  imposing posit ive duties upon 
s t a t e s  t o  pursue the  paths of peace. 

I n  this connection an important point may be made. Nothing 
i n  the  Charter prevents the  maintenance of an eff ic ient  and modern 
mil i tary establishment o r  declares the mere a b i l i t y  t o  defend onets 
self inconsistent with posit ive obligations toward peaceful settlement 
of disputes. 
of self defense and does not preclude t h e  lawfulness of such devices 

' 
as contiguous zones f o r  security. 
clusively upon Article 5 1 t o  jus t i fy  the  capacity of t h e  United States, 
and of its allies, t o  defend themselves against attack or  even the  
threat of attack by maintaining a sufficient force i n  being. 

Article 51 i s  not an exhaustive statement of the  r igh ts  

There is, thus, no need t o  r e ly  ex- 

One d i f f i cu l ty  i s  tha t  the word "peacefull( i s  used i n  various 
I n  t h e  sense of the Charter, and i n  international law gener- 

It seems t o  
contexts. 
ally, it is employed i n  contradistinction t o   aggressive.^^ 
have been used in this sense-which we believe t o  be a proper one-in 
various Congressional resolutions dealing with space ac t iv i t ies .  
any use of space which did not i tself  consti tute an attack upon, or 
threat against, t he  t e r r i t o r i a l  in tegr i ty  and independence of another 
state would be permissible; the high seas, f o r  example, can be used f o r  
t he  maintenance of a naval force-in-being without any violation of 
international l aw,  and may be employed 1)peacefully" f o r  maneuvers and 
t es t ing  of weapons. The word "peaceful" has, however, been used i n  
other contexts; for example, it is used i n  the agreement setting up the  
International Atomic Energy Agency i n  the  sense of n n o n 4 i t a r y . n  
And it may have been used i n  this sense i n  the effor ts ,  referred t o  
above, t o  insure tha t  space i s  used only f o r  *@peaceful purposes.ll A 
disarmament agreement, which the United States  Government has been seek- 
ing through the United Nations, implie3 a system of control t h a t  
seriously inh ib i t s  mil i tary usage and limits it i n  specific ways .  By 
the  same token, a United Nations Committee on *$eaceful uses" of outer 
space cannot, without impinging on the  terms of reference of its dis- 
armament counterpart, attempt t o  classify def ini te ly  what uses are 
*peaceful" i n  the sense of being contrasted t o  those that raise problems 
of international control aimed at insuring security. 

Thus 

That t h e  problem i s  i n  pa r t  a semantic one does not make it 
less real .  For the  time being it seems tha t  t he  only uses of space t h a t  
are prohibited are  those tha t  fall within t h e  prohibition of the Charter, 
and tha t  u n t i l  a disarmament agreement dealing with space activities can 
be arrived at, the United States i s  Just i f ied in using space f o r  non- 
aggressive mili tary uses consistent with the terms of t he  Charter. Such 
use i s  clear ly  i n  accordance with existing international l a w ,  and the 
United States  would have no embarrassment i n  asserting tha t  it i s  *peace- 
ful." Whether it falls without the jurisdiction of U. N. Committees 
employing the word "peaceful" i n  another sense i s  irrelevant t o  its 
characterization i n  general. 
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To compare the course of thinking on space l a w  with the  ear ly  
his tory of international air l a w  may be hazardous f o r  several reasons, 
one of which is t h a t  we cannot now know whether the  period from 1956- 
1960 is  best compared t o  (say) 1901-1910 o r  1901-1914. One tentat ive 
contrast may be suggested. 
assumed progressively greater importance i n  t h e  literature. 
and now, considerations of security seemed t o  c a l l  in to  question the  
des i rab i l i ty  of a regime of uncontrolled overflight. The responses, 
however, may w e l l  prove from the vantage-point of tomorrowts historian 
t o  have differed significantly. 
the century was  t o  es tabl ish the  exclusive sovereignty of the under- 
lying state; the  main response today i s  t o  focus attention on inter- 
national control o r  regulation. 
i s  accurate, must be found, we submit, only par t ly  i n  the  physical and 
psychological d i f f icu l ty  of projecting sovereignty far "out"; they l i e  
also in the massive changes tha t  have taken place i n  the past f i f t y  
years i n  t h e  structure of the international community, the increasing 
consciousness of interdependence, and t h e  substantial  though uneven pro- 
gress made i n  the techniques and efficacy of international organization. 
If conventional a i rc raf t  were t o  be invented only i n  1961, and i f  we 
could imagine tha t  a l l  the  rest of twentieth-century history had been 
as it was, it i s  arguable that the international community would not h i t  
upon airspace sovereignty as we actually know it. 

Both then and now, t h e  security-threat has 
Both then 

The main  response i n  the  first par t  of 

The reasons f o r  this contrast, i f  it 

Until and unless a l l  space ac t iv i t i e s  can be brought under 
unified international control, we can safely assume t h a t  space programs 
will continue t o  be carried on by nation-states individually and perhaps 
( a s  with atomic energy) collectively as well.; tha t  these programs w i l l  
increase i n  scope, intensi ty  and frequency; and tha t  they will develop 
basic s c i en t i f i c  knowledge of great though now unpredictable signifi-  
cance t o  mankind, and technology which may be employed t o  a variety of 
non-military as w e l l  as mili tary ends. 

The factual interdependence of non-military and mili tary uses 
of space and space technology complicates t h e  tasks of creating a lega l  
system i n  l i n e  with our basic goal. It cannot but affect  t he  lega l  
doctrine relevant t o  par t icular  ac t iv i t i e s  and the  role and power of 
international ins t i tu t ions  t h a t  can now be created; but it does not 
r a i se  an insuperable obstacle t o  international cooperation i n  set t ing 
up lega l  principles and ins t i tu t ions  governing many space ac t iv i t ies .  
Ehperience with regard t o  similar problems raised by t h e  atom indicates 
the  broad and worthwhile areas i n  which cooperation can be achieved, as 
w e l l  as the limits imposed by considerations of national security. 

I 

The reluctance of some states to  assert unequivocally tha t  
national sovereignty stops at a relatively low altitude and beyond tha t  
point space i s  "free" l i e s  par t ly  i n  the  fear tha t  t h e  tw space powers 
might ac t  immoderately wi th  regard t o  each other, o r  might do things in 
space which non-space powers regarded as inimical t o  t h e i r  in terests .  
Hence, t h e i r  emphasis on a lega l  regime which i n s i s t s  tha t  uses of space 
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be Veaceful ," that  space powers ac t  +easonably,Wthat due regard be 
given t o  principles of "equality," and so forth. While they do not 
appear t o  desire  a regime that would allow t o  each subjacent state an 
unqualified veto ( the effect  of urilimited sovereignty in space Ibverw 
t e r r i t o ry )  neither would they wholeheartedly approve a regime t h a t  
authorized the  space powers t o  decide uni la teral ly  (or even, conceivably, 
b i la te ra l ly)  what was  permissible. 
cal l ing tha t  the l a w  of the  sea, which many urge as t h e  most appropriate 
analogy, w a s  worked out over the years by a variety of doctrines adjust- 
ing special claims of coastal states t o  the common in te res t  i n  free ac- 
cess, navigation, and so forth. We can e q e c t ,  and perhaps anticipate, 
similar developments in space. 

I n  this connection it i s  worth re- 

A t  the  same time, as many have pointed out, the f ac t s  of space 
are i n  many ways distinguishable from those of other areas; as yet we 
have re la t ive ly  l i t t l e  knowledge of t h e  d i f f i cu l t i e s  t h a t  may arise and 
the  measures that might best be taken t o  promote the objectives as t o  
which there seam considerable consensus. 
cantly t o  the  solution of legal  problems ar is ing from known and predicta- 
ble contingencies; they cannot sensibly recommend in de ta i l  rules t o  deal 
with contingencies wholly o r  largely unknown and beyond human experience. 
With the gradual accumulation of experience and speculation we sha l l  
become bet ter  able at least tentat ively t o  state the main lega l  problems 
i n  t h e i r  relationship t o  facts ,  on the one hand, and t h e  objectives of 
t he  United States  and of the international community on t h e  other. 

Lawyers can contribute signifi- 

B. Selected Lend Problems Ar ish  from Space Activities 

A number of writers have urged tha t  we work towards a code of 
Others, including governmental representatives, have pre- space law.  

ferred t o  take problems one at a time rather than attempt what they 
regard as a premature codification. 

Clearly there i s  consensus tha t  uses of space should be subject 
t o  rules of l aw,  whether o r  not they now are, and tha t  the objectives of 
shared benefit f o r  all mankind should be pursued through international 
cooperation and regulation of some space act ivi t ies .  

From th i s ,  however, it does not follow t h a t  the time has be- 
The rule of l a w  come t o  draw up a code of rules for  t h e  use of space. 

i s  neither dependent on, nor assured by, comprehensive codification, 
which may help or  hinder depending on circumstances. 
know very l i t t l e  about the  actual. and prospective uses of outer space 
i n  all t h e i r  possible var ie t ies  of technical significance, po l i t i ca l  
context, economic u t i l i t y ,  and military advantage. I n  this situation 
an e f fo r t  t o  agree on any comprehensive code might e i ther  come t o  naught, 
o r  yield a smaU set of pious maxims of extreme generality, o r  produce 
an unworkable regime that would be all the  more dangerous f o r  giving the  

A t  present we 

- 110 - 



temporary i l l u s ion  of certainty. 
i n  the  present loose structure of relations among s t a t e s  a m u l t i -  
lateral convention once agreed upon would be no easy thing t o  amend 
when circumstances called fo r  i ts  amendment. 

It should be kept i n  mind, also, that 

A detailed and comprehensive code, o r  convention, t o  govern 
the  use of outer space would seem t o  be premature and might even be 
harmful today. 
examination i n  the  l i gh t  of new facts;  among other things, the labors 
of scholars and sc ien t i f ic  and l ega l  groups may i n  time contribute t o  a 
state of affairs i n  which the preparation of such a code could be 
r ea l i s t i ca l ly  considered. 
problems already raised by ac t iv i ty  i n  outer space or looming i n  the 
near future and t o  discuss the wisdom of various measures, including 
express international agreement, proposed f o r  dealing with them. 

The idea can properly be reserved f o r  periodic re- 

Meanwhile, it i s  f i t t i n g  t o  take particular 

The U. N.  Ad Hoc Committee, i n  1959, rejected as premature 
the  notion tha t  states should now attempt t o  codify, d i rec t ly  or in- 
d i rec t ly  the  Law of Space. It pointed out tha t  the  l a w  of the sea and 
air space might provide I t f r u i t f u l  analogies" but t ha t  ,router space 
ac t iv i t i e s  were distinguished by m a n y  specific factual conditions, not 
all of which were now known, t h a t  would render m a n y  of i t s  legal  problems 
unique.*@ 
t i e s .  

It affirmed t h e  appl icabi l i ty  of the Charter t o  space activi-  

In  l i n e  with this approach, the U.N. Committee l i s t e d  six 
general questions as "susceptible of pr ior i ty  treatment.', These were 
(1) Question of Freedom of Outer Space for  Exploration and Use; (2) 
Liability f o r  Injury o r  Damage Caused by Space Vehicles; (3) Allocation 
of Radio Frequencies; (4) Avoidance of Interference between Space 
Vehicles and Aircraft; (5) Identification and Registration of Space 
Vehicles and Coordination of Launchings; (6) Re-entry and Landing of 
Space Vehicles. Equally important, it classified as %her Problems" 
-that is, not susceptible of p r io r i ty  treatment-the following: (1) 
Question of Determining Where Outer Space Begins; (2) Protection of 
Public Health and Safety; Safeguards against Contamination of Outer 
Space o r  from Outer Space; (3) Questions relating t o  Exploration of 
Celestial Bodies; (4) Avoidance of Interference among Space Vehicles . 
I n  each case, the  Committee l imited i t s e l f  t o  ident i f icat ion of t h e  
problem and did not, save by indirection, attempt t o  pronounce the 
relevant doctrinal standards. 

Only a few of these questions have been discussed i n  any de- 
t a i l  in t h e  existing l i t e ra ture .  
review some of the conclusions and recommendations which have been m a d e  
even if, as with the  U. No Committee, l i t t l e  more has been done than t o  
ident i fy  and state the problem. 

However, it i s  perhaps useful t o  
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1. Radio Spectrum Mananement 

Radio-equipped space satellites and project i les  raise new 

Previous international agreements and custom 
problems relat ing t o  the allocation and use of radio frequencies and 
power specifications. 
which allocated frequencies on a geographical basis have been pa r t i a l ly  
outmoded as t o  outer space. Law relating t o  international radio spec- 
trum management may have t o  be amended and adjusted t o  take account of 
new conflicts and new capacities made possible by radio broadcasting 
from objects i n  space. For example; 

(1) Tracing of radio-equipped space vehicles i s  of sc ien t i f ic  
importance t o  space exploration. 
cation on wave-lengths tha t  w i l l  be known i n  advance. 
t o  the success of scient i f ic  experiment t o  know what wave-lengths m a y  
be used without interfering with other space programs or with other 
normal radio act ivi t ies .  
formal agreement by cooperating IGY scient is ts ,  are obviously & & 
and of limited capacity. 
overburden existing f a c i l i t i e s  and result i n  disputes over the pro- 
pr ie ty  of using a particular frequency. 

Typical methods involve identifi-  
It is important 

Present arrangements, i n  par t  related t o  in- 

Any large increase i n  space ac t iv i t i e s  w i l l  

( 2) Radio-equipped sa t e l l i t e s  with self-generating equipment 
m a y  continue t o  emit signals almost indefinitely, thus Wsing up" a 
frequency f o r  years-perhaps centuries-unless standards, e.g., fo r  
automatic cutoff, are recommended, adopted and followed. 
of a limited frequency band t o  each nation engaged i n  space ac t iv i ty  
will encourage caution i n  such uses. 

The allotment 

(3) A fa i lure  t o  allocate frequencies f o r  national space 
programs increases the d i f f i cu l ty  of prescribing norms with regard t o  
e i ther  intentional or unintentional jamming of communication f ac i l i t i e s .  
Interference by one state with anotherts space program, or  interference 
by space vehicles with normal commutation channels, could lead t o  re- 
t a l i a t ion  and a serious dispute. 

What has been said could be extended but i s  sufficient t o  
indicate the  need for  radio spectrum management under legal  norms based 
on informed scient i f ic  appraisals and recommendations. The U.N. Com- 
mittee took note of the problems of radio frequency allocation and 
termination of transmissions tha t  have outlived the i r  usefulness and 
called attention t o  the technical studies t o  be presented i n  August, 
1959, t o  the  Administrative Radio Conference of the International Tele- 
communications Union. 
m a y  be found i n  Dr. Wenkts study prepared fo r  the Senate Committee on 
Aeronautical and Space Science. 

A detailed analysis of the  work of the conference 
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2. Conservation of Space 

There is sc ien t i f ic  opinion t o  the effect  tha t  a state with 
space capabili t ies could propel in to  orb i t  a large quantity of "junk" 
(for example, radioactive waste) the effect  of which would be t o  pre- 
.dude much further sc ien t i f ic  experimentation and increase t h e  hazards 
of space t rave l  and the  possibi l i ty  of surprise missile attack. Such 
a program would overload tracking f a c i l i t i e s  and could d i s to r t  communi- 
cations. Presumably an effor t  would be made t o  jus t i fy  it as a measure 
of self-defense. 

It is important tha t  a l l  nations with space capabili t ies use 
them with discretion and reserve i n  the in te res t  of future scient i f ic  
and technological programs. As space capabili t ies increase, the pos- 
s i b i l i t y  of an iron curtain holding back sc ien t i f ic  progress for  years 
t o  come increases as well. Steps t o  limit the number of s a t e l l i t e s  that  
can be put into orbi t  and t o  furnish some assurance tha t  each serves a 
useful function would be constructive contributions t o  t h e  l a w  of space. 
It would be unconscionable t o  future generations for  us unnecessarily t o  
hamper t h e i r  opportunities. 

3. Radio and Television Relay Sa te l l i t es  

It has been predicted tha t  space may be used t o  establish a 
world-wide network for  point-to-point communication and fo r  broadcasting, 
through the use of satellites carrying relay equipment. This possibi l i ty  
w i l l  r a i se  problems of frequency allocation. In  addition it may have 
repercussions on program content (censorship), use by commercial ent i t ies ,  
application of laws regarding defamation, and the allocation of costs 
among governments and between governments and users. Again the prospect 
of jamming occurs, both i n  the form of interference with programs being 
relayed and i n  the form of the  improper use of relay equipment t o  inter- 
fere with loca l  communications. 

Much of the  experience and l a w  already familiar i n  other areas 
m a y  be applicable t o  si tuations i n  space. But not a l l  t he  experience 
has been productive of satisfactory lega l  norms, Snd space techniques 
w i l l  make what have usually been b i la te ra l  conflicts in to  multilateral 
ones. Generally, analogous d i f f i cu l t i e s  have arisen between adjacent 
states; soon, i n  respect t o  this problem, s ta tes  widely separated on 
the  ea r th ' s  surface w i l l  be brought in to  direct  and immediate contact. 

It i s  common knowledge tha t  the  United States has  deep-rooted 
convictions and policies about the importance of free communication 
among peoples everywhere. 
munications could be a gigantic step forward i n  bringing the people of 
the world in to  contact, which might i n  turn help promote understanding 
of one another's culture, ideas, and problems. 
dictable miracle in communication should be studied and analyzed further 
with a view t o  recommending the necessary rules and procedures tha t  w i l l  
a l l o w  it t o  proceed with a minimum of f r i c t ion  and dispute. 

The advent of a world-wide network of com- 

Therefore, this pre- 
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4. Weather Forecastinst and Control 

A number of problems may arise in the  use of space f o r  weather 
forecasting and, possibly, weather control. 

A l l  nations have an in te res t  i n  accurate weather forecasting. 
For security reasons, some may be reluctant t o  acquiesce in foreign 
national s a t e l l i t e s  fo r  weather forecasting i f  these remain exclusively 
under national control without effective assurances of f ree  and accurate 
dissemination of all information. Poss ib i l i t i es  fo r  resolution of this 
d i f f icu l ty  include duplicate f ac i l i t i e s ,  b i l a t e ra l  collaboration (Ats 
satell i te transmitting t o  B ~ S  read-out station),  international controls, 
and agreements as t o  the  nature and content of information t o  be dis- 
seminated by the operating state.  

The possibi l i ty  of power over some weather conditions raises  
more d i f f i cu l t  problems. 
example, the breaking up of conditions l ikely t o  produce local  disasters 
such as hurricanes m a y  be technically feasible without substantial harm 
done elsewhere. 
ways, virtually all aspects of l i f e  w i l l  be dramatically affected and 
all states w i l l  be r ight ly  concerned. 
standards where weather-control would have far-reaching effects  on crop 
production, for  example. Analogous problems have arisen from ef for t s  
t o  create r a in fa l l  through cloud-seeding, and give some evidence of t h e  
d i f f icu l ty  of balancing the  various in te res t s  involved. 

Some, however, m a y  be readily resolved; fo r  

If science enables us t o  alter climate i n  important 

It may be d i f f icu l t  t o  agree on 

Other problems m a y  arise out of the f ac t  t ha t  s a t e l l i t e s  used 
f o r  forecasting m a y  have a capacity t o  perform other functions; fo r  
example, t o  observe par t s  of the earth's surface. 

5. Damage t o  Subjacent States. Aircraft and Vessels: Safetg 
Standards 

Space vehicles and space c raf t  must t rave l  fo r  at l e a s t  some 
periods within al t i tudes sometimes used f o r  normal air travel. 
covery of space c raf t  creates a t  l e a s t  a poss ib i l i ty  of surface damage 
i f  the place of recovery i s  miscalculated. 
of misfiring and failure of safety equipment t o  operate satisfactorily.  

Re- 

There i s  also the  possibi l i ty  

The possibi l i ty  of agreement on safety standards (notification 
of firings, policing areas of danger on the high seas, safety equipment 
on missiles t o  insure harmless destruction i n  the event of misfire) 
might usefully be explored with a v i e w  t o  minimizing dangers t o  non- 
participants and creating standards of care tha t  wuuld have t o  be m e t  
t o  avoid entail ing state l iabi l i ty .  
specify si tuations where s ta tes  should be willing t o  assume absolute 
l iabi l i ty ,  regardless of negligence, fo r  certain kinds and amounts of 
damage ar is ing from space act ivi t ies .  
gested i n  t h i s  connection tha t  early consideration should be given t o  

In addition, it may be possible t o  

The U. N. Ad Hoc Committee sug- 



agreement on submission t o  the  compulsory jur isdict ion of t he  Inter- 
national Court of Just ice  in disputes between states as t o  l i a b i l i t y  
of states for injury o r  damage caused by space vehicles. 

6 .  Repossession of Space C r a f t  and Repatriation of Space 
Personnel 

Through miscalculation a spacecraft or "ship" may be brought 
back t o  ear th  i n  a country not intended as the  place of landing. What 
standards sha l l  be applied t o  determine the duty of t he  state of land- 
ing t o  return the  equipment and repatr ia te  any personnel, without in- 
voking various loca l  s ta tutes? 
seems both possible and desirable in the  in te res t  of reducing areas of 
dispute and tension. 
def ini te  recommendation, rules of international l a w  already exist on 
r ights  and duties with respect t o  a i rc raf t  and airmen landing on foreign 
t e r r i t o ry  through accident, mistake, or distress; these rules may w e l l  
deserve t o  be applied i n  the  event of similar landings of space vehicles. 

Agreement i n  advance on these points 

As the  U. N. Committee noted without making a 

7. Observation Sa te l l i t e s  

A number of writers have mentioned the poss ib i l i ty  of satel- 
l i t e s  with relay television cameras capable of observing t h e  earth i n  
considerable detai l .  The United States project Samos has this objec- 
t ive.  
U-2 incident of May, 1960 and subsequent developments. 

It has recently taken on considerable importance because of the 

It w i l l  be recalled tha t  t he  Soviet Government characterized 
the U-2 as ttaggressionlt and strongly objected t o  i t s  activity-aerial 
photography-as well as t o  i t s  intrusion in to  Soviet air space. Im- 
mediately after the Security Cowcil debates, the latest Soviet dis- 
armament proposal included as a first stage of Wismamenta' the  
cessation of aerial reconnaissance, which may be some indication of the 
importance the Soviet attaches t o  the preservation of secrecy. 
Soviet Union viewed reconnaissance as aggressive on the theory tha t  i t s  
purpose was t o  locate and ident i fy  targets. 
ized it as essentia3. t o  self-defense +nd helping t o  deter aggression by 
i t s  capacity t o  ident i fy  i n  advance ac t iv i t i e s  tha t  might be of an 
aggressive nature. The polar characterization of the  same events indi- 
cates some of the  d i f f i cu l t i e s  in present doctrine. 
might serve ei ther  purpose, o r  both purposes, and various kinds of 
reconnaissance devices might have different u t i l i t y  fo r  the two purposes. 

The 

The United States character- 

Reconnaissance 

Poss ib i l i t i es  for  resolving this d i f f icu l ty  of characteriza- 
tion may exist i n  set t ing up and equipping a United Nations Reconnais- 
sance U n i t .  I n  Par is  a f t e r  the  breakdown of the Summit Conference i n  
M a y  1960, President Eisenhower stated that he planned 'Yn the near 
future t o  submit t o  the U n i t e d  Nations a proposal f o r  t he  creation of 
a United Nations ae r i a l  surveillance t o  detect preparations for  attack." 
No def ini te  proposal, however, was conveyed in the  President's address 
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t o  the  General Assembly i n  September, where he only referred generally 
t o  t h e  poss ib i l i ty  of reducing the danger of w a r  by miscalculation Y n  
times of c r i s i s ,  by the  intervention when requested by any nation seek- 
ing t o  prove i t s  own peaceful intention, of an appropriate United Nations 
surveillance body.'? One o r  more observation satellites (Samos, Midas, 
or  other) o r  systems of observation satellites could be operated as 
t rus tee  satellites on behalf of the  United Nations t o  which the operating 
country w u l d  turn over a l l  infoxmation obtained. 
ac t iv i ty  need not be prohibited and might be supported as a check. 

P a r a l l e l  unilateral  

8. Coordination of Space Programs 

Connected with the  problem of conservation, yet independent 

Objects propelled in to  space must be tracked by tracking 
of it, i s  t h e  task of coordinating national space programs fo r  various 
purposes. 
f a c i l i t i e s  all over the  world i f  their  sc ien t i f ic  significance and tech- 
nological performance are t o  be properly appraised. 
precipitated by human agency often require coordinated observation and 
interpretation from many points on the  e a r t h .  As we have already pointed 
out, the more objects i n  space and t h e  more ac t iv i t i e s  in space, the more 
d i f f i cu l t  this task w i l l  be. 
capability and dimension, the likelihood of near-simultaneous f i r ings  
in to  related paths w i l l  increase. This contingency could lead t o  the 
mutual f rustrat ion of expensive and important experiments and argues for  
a common in te res t  i n  cooperative efforts.  It could result i n  more than 
the  desirable amount of duplication of sc ien t i f ic  experiment. One pos- 
s ib le  solution l i e s  i n  proposals fo r  advance f i l i n g  of f l i gh t  plans and 
coordination of launch times. It may be premature and unnecessary t o  
spe l l  out "rules of the  road'? i n  detai l ,  but it i s  not too early t o  take 
first steps i n  t h e  direction of creating lega l  norms and inst i tut ions 
t h a t  could avoid the  contingencies even now t o  be foreseen. 

Phenomena i n  space 

I n  addition, as space programs advance in 

C. International Ornanization for  Space A c t i d t i e s  and Space Law 

Some space ac t iv i t i e s  are already conducted internationally, 
i n  the  sense tha t  representatives o r  nationals of more than one state 
take par t  i n  them. Whether existing arrangements, m a n y  of them casual 
and provisional, should be altered, continued, confirmed, o r  imitated 
i s  a matter with which lawyers w i l l  have much t o  do although it is not 
usually regarded as a *?Legal" problem. 

The forms of international ac t iv i ty  i n  outer space may be 
determined, and w i l l  be affected, by t he  purposes, overlapping and per- 
haps i n  part  conflicting, with which the  ac t iv i ty  i s  undertaken. 
from the standpoint of the United States,  but indirect ly  as w e l l  from 
the  perspective of a larger  community, some of those purposes may be 
br ie f ly  mentioned as follows: 

Stated 

Technical factors m s y  require some type of international co- 
operation, if only i n  the form of agreement on the  approach t o  take t o  

- 116 - 



specif ic  problems. 
Paragraph l(b) of the  General Assembly Resolution 13@(XZII), some 
i l l u s t r a t i v e  topics for  international agrementt 
quencies, registration of o rb i t a l  elements, continuing radio transmission, 
ranoval of spent satellites, re-entry and recovery of space vehicles, 
return of equipment, identification of origin, and contamination. 
these ac t iv i t ies ,  and others tha t  might be named, intern&ional agreement 
seems necessary either because no one country has a l l  t h e  necessary tech- 
nical. f a c i l i t i e s  or  possibi l i t ies ,  o r  because the par t icular  ac t iv i ty  i s  
one where the ob3ective depends upon the consistency of all unilateral 
action, as i n  the case of ndecontaminationn. 

The U.N. Ad Hoc Committee listed, i n  i t s  Report on 

use of radio fre- 

For 

Some forms of international space action can be used, from the 
point of view of alaunching power, to obtain the  benefit of scient i f ic ,  
technical, o r  even financial contributions of other nations, t o  share 
with other nations the burdens as w e l l  as the benefits of space activi- 
ties, t o  give evidence of the  peaceful intent  of the launching power, 
t o  provide training for  technical personnel on both (or on a l l )  sides, 
t o  channel economic and technological developmental assistance, and t o  
furnish a model for  other kinds of international cooperation, fo r  ex- 
ample i n  connection with disarmament or  arms control. 

Not all of these objectives are necessarily of equal importance 
or  urgency; not a l l  of them can be direct ly  reflected i n  forms and methods 
of organization. 
objectives, not necessarily less important than the "space-connected" 
objectives. The number of participants i n  any international organization 
set up f o r  space ac t iv i ty  can be bi la teral ,  regional (bloc), multilateral, 
o r  global. The participating members may be governments o r  organizations 
of sc ien t i s t s ,  engineers, lawyers, etc. The powers of the organisation 
may be weak o r  strong along a spectrum of re la t ive  *Mqxw-mtionality." 
The organization might be a specialized agency of t he  United Nations; 
it might be a committee of technical advisers t o  the General Assembly 
or  t o  the  Secretary General; it might i n  some respects resemble existing 
agencies such as the International Atomic Energy Agency. It need not 
duplicate the  work now being done, or  capable of being done, i n  such 
quasi-off ic ia l  bodies as OOSPAR, or  i n  such other organs as the Inter- 
national Telecommunications Union, the International C i v i l  Aviation 
Organization, or the  World Meteorological Organization. 

Those may perhaps be determined by reference t o  other 

On the U.S. side, the National Aeronautics and Space Adminis- 
t r a t ion  i s  engaged i n  four basic types of international activity,  which 
one of i t s  o f f i c i a l s  describes as operational, informational, joint ,  
and personnel exchanges and training. 

The operational programs consist of space probe tracking 
ac t iv i t ies ,  conducted o r  about t o  be conducted i n  19 countries abroad. 
Some of the  s ta t ions are operated by U.S. technicians, some joint ly  
with technicians of the host countries, some by foreign technicians 
under contract o r  grant arrangements. Informational programs are an 



outgrowth of IGY operations. Launchings of sounding rcdreta, satellites, 
and space probes are  reported by various means; periodic catalogs of in- 
formation are made; results of experiments are published and distributed, 
f o r  example, through world data centers; NASA sc ien t i s t s  take part  i n  
sc ien t i f ic  meetings. 

I n  March, 1959, the U.S. delegate t o  the meeting of COSPAR a t  
The Hague offered on behalf of NASA a program t o  include experimental 
payloads, designed by foreign scient is ts ,  i n  vehicles launched by the 
United States; t o  launch sa t e l l i t e s  designed by foreign scient is ts ,  with 
agreed payloads up t o  a certain weight in a certain range of orb i ta l  
alt i tude; and t o  inv i te  space experimenters t o  work on the i r  projects 
i n  the U.S. laboratories. 
of this in i t ia t ive ,  and more elaborate joint  projects are  going forward 
with the Canadians and the British. 
t o  foreign sc ien t i s t s  (as well as domestic scient is ts)  through the  
National Academy of Sciences for  post-doctoral and senior resident as- 
sociateships. 
support and guidance fo r  foreign scient is ts ,  sent and supported by t h e i r  
governments, t o  work i n  U.S. space laboratories. 

A number of projects and plans have grown out 

NASA makes a s m a l l  number of grants 

In  addition, NASA i s  endeavoring t o  provide laboratory 

The sc ien t i f ic  section of the 1959 U.N. Committee's report 
proceeded on the premise What a principle of open and orderly conduct 
l i e s  at  the root of international cooperation directed towards the peace- 
f u l  use of outer space.l@ It ca l l s  fo r  a rallying point related t o  the 
United Nations, s m a l l  i n  s ize  but w e l l  informed, @@a center t o  which in- 
quiries can be directed at any time, and by which information can be 
communicated effectively t o  the appropriate body i n  much the same w a y  
as ICSU meets a similar need fo r  the existing international sc ien t i f ic  
unions . I@ 

The United Nations & Committee as a whole decided ' tha t  
it would not be appropriate at the present time t o  establish any autono- 
mous inter-governmental organization fo r  international cooperation i n  
the f ie ld  of outer space1@, o r  nto ask any existing autonomous inter-  
governmental organization t o  undertake over-all responsibility i n  the 
outer space field.@' I t s  other organizational recommendations were on 
the whole limited t o  the set t ing up of study groups; it deal t  with the 
"focal point@@ recommendations of the sc ien t i s t s  by suggesting tha t  
%onsideration might...be given t o  provision fo r  a small advisory com- 
mittee, advisory t o  the Secretary General, which could include repre- 
sentatives of t h e  appropriate specialized agencies, sc ien t i s t s  designated 
by international sc ien t i f ic  organizations, and representatives of member 
s ta tes ,  as necessary.# It noted the poss ib i l i ty  of establishing a com- 
mittee of the U.N. & n e r d  Assembly, %omposed of representatives of 
member s ta tes  and having such membership as the Assembly m a y  decide," 
t o  study international cooperation, t o  study lega l  problems, and t o  
review, Itas appropriate,l@ the subject matter covered i n  the terms of 
reference of the Ed Committee. 
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Whatever organization emerges from these recommendations, even 
i f  they are  confirmed by the  re-constituted U.N. Committee scheduled t o  
meet i n  1960, i s  unlikely t o  possess formal powers t o  exert general 
regu3ation over national programs o r  make binding lega l  norms f o r  space 
ac t iv i t ies .  
standards tha t  may as  a matter of optional acceptance be followed by 
states engaged i n  national programs remains yet t o  be seen- 

Whether it w i l l  be able t o  m a k e  recommendations and suggest 

Legal scholars have, i n  several instances, gone much fur ther  

Some of the recom- 
than the  U.N. Committee in recommending international regulation, co- 
ordination, control, operation, o r  even ownership. 
mendations appear t o  proceed from a preoccupation with par t icular  
d i f f icu l t ies  or  conflicts, i n  particular the security threat. 
appear t o  have proceeded from po l i t i ca l  objectives, not necessarily 
tkpace-connected". 
abolish the complexities tha t  m a k e  international cooperation d i f f i cu l t  
and a belief, not a l w a y s  expressed o r  examined t h a t  the m a x i m a l  "inter- 
nationalist" solution would be t i dy  and comprehensive. Here, one might 
s a y ,  the  objective i s  not so much po l i t i ca l  as anti-political. 

Others 

S t i l l  others appear t o  be based on a desire t o  

The present Report does not contain any recommendations on 
the  form of organization of an international agency fo r  space, o r  even 
on t h e  future desirability of such an agency. 
t ha t  seem particularly relevant t o  the present stage of space ac t iv i ty  
and organization f o r  space: 

We would make two points 

(a) It i s  at the level of fact ,  as it seems t o  us, tha t  an 
international agency of some kind, able t o  d r a w  upon the  ta len ts  of 
highly-trained scientists,  t o  appraise poss ib i l i t i es  and alternatives, 
can play i t s  most useful role  in promoting lega l  standards fo r  national 
o r  other space programs. 
t a l en t s  of t h e  international scient i f ic  community i n  making responsible 
recommendstions f o r  the consideration of national states, e i ther  as a 
basis f o r  subsequent formal international agreement o r  as a considera- 
t i on  tha t  w i l l  be relevant t o  unilateral decisions. It would not thereby 
supersede national authority and control. 

Such a group could help t o  lnobilize the 

(b) If an international organization, &sting o r  t o  be 
established, i s  t o  conduct any space operations, as t o  which we likewise 
make no recommendation, it may usefully begin by appropriate provisional 
arrangements with s t a t e s  having space capabilities. Such arrangements 
might take the form of t r u s t  agreements, t h e  operation of vehicles being 
carried out under terms and conditions roughly comparable t o  those 
presently applicable t o  t r u s t  t e r r i t o r i e s ;  or  they might take the form 
of "guest payloads," prepared by international bodies but launched on 
t h e i r  behalf by particular national governments. They might be particu- 
l a r ly  suited t o  the operation of space vehicles and space c raf t  fo r  some 
of the  purposes canvassed i n  subsection B above, and t h i s  operation might 
promote agreement on norms and procedures applicable t o  purely national 
space ac t iv i t i e s  . 
arrangements, might turn out t o  have unexpected las t ing  quali t ies.  

The 'provisional" arrangements, l ike  other 'provisional" 
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International agreement on the problems raised i n  this report 
i s  not a prerequisite t o  national ac t iv i ty  i n  space, unless the term, 
%peementat i s  interpreted broadly. On the  other hand, s t a t e s  should 
act reasonably and with moderation regardless of the presence or  absence 
of formal legal  norms. To the extent t h a t  workable formal agreement can 
be achieved, d i f f i cu l t i e s  and f r i c t ion  may be obviated thereafter; even 
an unsuccessful attempt t o  reach such agreement on a well-defined se t  
of practical ,  impending problems may be helpful in the making of national 
decisions i f  it influences s ta tes  with space capabili t ies t o  conduct t he i r  
space ac t iv i ty  i n  such a way as t o  avoid major disagreements and reduce 
international tension. The area of disagreement at the  negotiating table  
may prove t o  be narrow by comparison wi th  the area of agreement; the num- 
ber of s t a t e s  taking one position may be shown t o  be insignificant by 
comparison with the number taking a different  position; the reasons urged 
in support of one position may be f a r  more persuasive t o  the  international 
community than those urged for  another; t ha t  subject matter i n  which the 
difference of opinion re la tes  t o  soluble technical questions may be sepa- 
rable from others. By clarifyin@; and proposing legal  arrangements within 
the modest scope se t  out i n  this report, lawyers can contribute, i n  com- 
mon with public of f ic ia l s ,  t o  fostering a climate i n  which durable in- 
s t i t u t iona l  machinery and, eventually, comprehensive codes fo r  space 
ac t iv i ty  can be launched when that appears pract ical  and necessary. 
the  same s p i r i t ,  the  United States may well be urged t o  encourage paral- 
lel international and national ac t iv i t i e s  whenever security considerations 
permit. 

In 
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