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The papers, panels, and discussions a t  the 28th In te rna t iona l  Astro- 

nautical Congress revealed a number o f  fore ign technical  developments and 

viewpoints which, i n  the opinions of the U.S. delegates t o  the Congress, 

would be of considerable i n t e r e s t  t o  MSA. The most important of these 

are as follows: 

(1) Coumunication Sate l l i tes .  Perhaps the most s ign i f i can t  new informa- 

t i o n  presented a t  the Congress was the deta i led discussion o f  Soviet 

systein capab i l i t y  and technology, both i n  INTERSPUTNIK and i n  the domestic 

E W  system. Other foreign technology, notably European, Canadian and 

Japanese, was considered by our observers t o  be comparable t o  tha t  of the 

U.S., p a r t i c u l a r l y  i n  maritfme systems; however fore ign publ ic-service 

s a t e l l i t e  technology appears t o  l a g  tha t  of the U.S. Key issues of i n te res t  

t o  NASA were iden t i f i ed  as (a)  def in ing the U.S. r o l e  i n  ass is t ing  w i th  the 

development of regional systems and t h e i r  coordination w i th  both other 

systems and INTELSAT; (b) establ ishing and promulgating a firm U.S. positior: 

formulating a comprehensive 

a U.S. po l i cy  f o r  de l i ver ing  

on frequency a l loca t ion  

computer-based planning 

domestic services t o  ne 

po l i c i es  and plans; (c )  

model, and (d) defining 

qhboring nations. Spec f i e  po ints  o f  concerti f o r  

NASA were the French c a l l  f o r  f ree  use of educational s a t e l l i t e s  and the 

po ten t ia l  a v a i l a b i l i t y  of a FRG-developed 20 kWe solar  array, p a r t i c u l a r l y  

i f  the U.S. does not proceed w i th  the 25 kWe module which was deleted from 

NASA's FY 1979 budget request. Although there was l i t t l e  evidence of fore ign 

capab i l i t y  i n  large structures (except for  one instance noted l a t e r ) ,  a U.S. 

paper on large antennas e l i c i t e d  considerable foreign i n t e r e s t  and enthu- 

siasm. 



(2) Spacecraft Power Systems. A deta i led descr ip t ion o f  the thermionic power 

conversion system used i n  the Soviet Topaz nuclear space power reactor offered 

considerable i n s i g h t  i n t o  Soviet design o f  the system which probably powered 

the COSMOS 954 tha t  recent ly  impacted i n  Canada. The Congress also indicated 

a c lear  Soviet lead over the U.S. i n  thermionics, ver i f y ing  the recent (June 

1977) v i s i t  by U.S. DOE and NASA thermionic spec ia l i s ts  t o  Eastern European 

laboratories. Soviet emphasis on the s i m p l i f i c a t i o n  of space nuclear 

reactor control  systems was also high1 ighted. 

( 3 )  Space Processing. The 28th Congress revealed t h a t  the Soviet Union has 

an extensive research e f f o r t  underway, inc lud ing the u t i l i z a t i o n  of sounding 

rocket capab i l i t y  which appears t o  be a t  leas t  comparable t o  the U.S. SPAR 

program and the FRG (which the Congress a lso showed t o  have the most advanced 

European a c t i v i t y  i n  t h i s  f i e l d ) .  The Soviets also deta i led four  d i f f e r e n t  

classes o f  space processing experiments performed i n  Salyut 5 i n  l a t e  1976 

and ear ly  1977 (and ev ident ly  continued in Salyut 6 a f t e r  the 28th Congress). 

( 4 )  Bioastronautics. The already well-documented Soviet strength i n  t h i s  

f i e l d  was reemphasized by the Congress presentations, which e r e  overwhelm- 

i n g l y  dominated by USSR authors. Topics of spec i f i c  i n t e r e s t  included 

requirements for remote operators (e.g., for  Lunokhod), space-cabin atmos- 

phere contamination, psychological behavior i n  closed systems, rad ia t ion  

ef fects ,  f lu id -e lec t ro ly te  metabolism, effects o f  g rav i ty  on growth and 

development o f  l i v i n g  organisms, and the ef fects 3f the space environment on 

vest ibu lar  functions. The most in te res t ing  new data revealed a t  the Congress 

were i n  the l a t t e r  area. 
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Soviet authors reinforced the basic d i f ference between U.S. and Soviet 

views on whether or  no t  drugs should be used t o  inf luence f l u i d  e l e c t r o l y t e  

metabolism ( the Soviets say yes; we say no). The Congress also h igh l ighted 

continuing U.S. super io r i t y  i n  cardiovascular research and measurement 

techniques, and again stressed the greater emphasis (as compared w i th  the 

U.S.) t h a t  the USSR places on rad ia t i on  aspects o f  space f l i g h t .  

(5)  Space-Based Industry. A1 though the subjects o f  large space structures, 

space-based so lar  power stat ions, and nonter res t r ia l  resource u t i l i z a t i o n  

were dominated by the U.S., the Soviets (as wel l  as a l l  fore ign Congress 

delegates) evinced extraordinary i n te res t  i n  the papers and sessions on 

these subjects. The Soviets d i d  demonstrate competent recogni t ion of one 

key problem: ac t ive  shape contro l  o f  large structures, appl ied t o  a radio- 

telescope array. 

(6) Propulsion. The Ariane third-stage propulsion system (HM-7) was 

revealed t o  u t i l i z e  technology comparable t o  languishing U.S. high-perform- 

ance 1 i qu id  oxygen11 i q u i d  hydrogen upper-stage capabi 1 i ty, and may represent 

a s ign i f i can t  area o f  fu tu re  European competition. The FRG's ion-propulsion 

technology was also shown t o  be comparable t o  tha t  o f  the U.S., and may have 

imp1 icat ions for  strong future European capabi 1 i ty i n  large-st ructure shape 

contro l  as w e l l  as f o r  o r b i t  trimming and s ta t i on  keeping. 

diagnostics, the Soviets revealed a somewhat surpr is ing sophis t icat ion i n  

t h e i r  measurement techniques, which might imply tha t  the1 r capabi 1 i t i e s  i n  

s ign i f i can t  new areas such as laser  diagnostics could be greater than has 

been indicated i n  the past. 

I n  plasma 
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A1 though French so lar -sa i l  technology was revealed t o  be f a r  behind 

tha t  o f  the U.S., missions were suggested using the Ariane launcher which 

could open up another area f o r  European competition, p a r t i c u l a r l y  i n  view 

o f  the recent U.S. decision t o  shelve so la r -sa i l  development. 

(7) Astrodynamics. Speci f ic  subjects o f  i n t e r e s t  were the use o f  approxi- 

mations from matched asymptotic expansions ( s t a b i l i t y  analysis o f  per iod ic  

o r b i t s )  t o  estimate the number of s t a r  c o l l i s i o n s  i n  the galaxy, i l l u s t r a -  

t i n g  the powerful capab i l i t i es  o f  the analysis methodology; the use of 

atmospheric decelerat ion f o r  Mars o r b i t e r  insert ion;  closed-loop automatic 

contro ls  (a Soviet special ty) ;  and the combination o f  passive grav i ty-  

gradient a t t i t u d e  s t a b i l i z a t i o n  w i th  a gyrodamper system, a p a r t i c u l a r l y  

important and competent Soviet hybr id izat ion analysis. The French, Soviets, 

and Germans, i n  t h a t  order, demonstrated sophis t icat ion i n  t h i s  f i e l d  

comparable t o  t h a t  o f  the U.S. 

(8)  Contact w i th  Extra-Terrestr ia l  In te l l igence (CETI). The Soviet e f for ts ,  

although s t i l l  behind those of the U.S. i n  qua l i t y ,  may be ahead i n  terms of 

the t o t a l  resources applied. The 28th Congress revealed strong Soviet 

i n te res t  i n  non-technological aspects o f  CETI; e.g., the use o f  i n te l l i gence  

methodology, b io log ica l  evolut ion, and the character o f  messages. Pr inc ipa l  

Eastern European competence i n  t h i s  f i e l d  continues t o  reside i n  Czechoslo- 

vaki a ' s Rudolf Pefek. 

(9) Unmanned Solar System Exploration. Lack o f  NASA support a t  the 28th 

Congress, and also lack o f  support by other governments, reduced the 

po ten t ia l  effectiveness of in ternat ional  comnunication i n  t h i s  extremely 

h igh- in terest  area. Despite the enormous impact which the U.S. Vik ing and 
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Voyager programs had i n  unmanned explorat ion, only the Soviet Venera missions 

were presented adequately. As i n  the past, however, whereas the s c i e n t i f i c  

f ind ings were wel l  reported, Soviet engineering informat ion was sparse o r  

nonexistent, p a r t i c u l a r l y  t h e i r  fu tu re  plans, mission and system design 

deta i ls ,  spacecraft technology, and spacecraft performance. 

(10) Lighter-Than-Air Systems f o r  Space Operations. Considerable data and 

information were given on the French super-pressure ~ a l l o o n  t c  be u t i l i z e d  

as a Venus atmosphere probe on the 1983 Soviet Venera missions, i n  sharp 

contrast  t o  the abovementioned Soviet unwi 11 ingness t o  release engineering 

deta i ls .  Although buoyant probes were re jected by the U.S. f o r  our Venus 

orbiter/probe, the 28th Congress informat ion could be useful  tlr NASA i n  

fu tu re  mission planning --- v i s  a v i s  Soviet and other foreign efforts. 

(11) Space Rescue and Safety. Although not discussed by tie Soviets a t  ot 

p r i o r  t o  the 28th Congress (aside from the Apollo-Soyut mission, which 

added considerably t o  USSR capabi 1 i ty) , spec i f i c  Earth-surface rescue 

technologies i n  several other countr ies outdistance U.S. capab i l i t y  i n  a 

number o f  cases. However, the U.S. c l e a r l y  leads i n  spacecraft safety and 

rescue technology, due pr imar i l y  t o  our extensive manned space f l i g h t  

experience i n  the 1970's. 

Detai led discussions o f  these foreigr! developments and viewpoints 

appear i n  Section I11 of t h i s  report ,  along w i th  information on other 

developments o f  lesser but nevertheless considerable importance. 
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I. INTRODUCTION 

The Congresses o f  the Internat ional  Astronautical Federation are the only 

in ternat ional  non-governmental forums f o r  world leaders i n  space technology t o  

meet and exchange technical information. The 28th Congress, held i n  Prague, 

Czechoslovakia, during the week o f  September 26 - OctDber 1, 1977 (see Program, 

Appendix A), offered an unprecedented opportunity f o r  a c r i t i c a l  assessment of 

the status o f  foreign space technology i n  many key areas. 

38 nations part ic ipated, presenting 296 technical papers. 

as one of the member societ ies o f  the In ternat ional  Astronautical Federation, 

u t i l i z e d  a number o f  i t s  members who attended the Congress as delegates t o  compile 

the data upon which t o  base t h i s  assessment, as described i n  the subsequent sections 

o f  t h i s  report.  

Scme 900 delegates from 

(Appendix B) The A I A A ,  

I I. METHODOLOGV 

One o r  more RIAA members (Appendix C )  attending the Congress were assigned 

t o  monitor each o f  the sessions l i s t e d  i n  Apperdix A. 

These members, each o f  whom i s  a spec ia l i s t  i n  the subject o f  the sessions he 

was asked t o  monitor, were sent advance copies o f  the program ear ly  i n  the summer 

o f  1977. They were asked t o  provide a b r i e f  review o f  the status o f  foreign tech- 

nology and t o  iden t i f y  those foreign papers which were l i k e l y  t o  be of greatest 

s igni f icance. 

papers and t o  h igh l igh t  those purt ions o r  aspects o f  the papers which represented 

s i g n i f i c a n t  advancements i n  the f i e ld .  These reports comprised the basic data from 

which t h i s  repor t  was formulated. 

A t  the Congress, they were asked t o  select  the most important foreign 

Note t h a t  t h i s  approach resul ted i n  a state-of- the-art  review o f  the technologi- 

ca l  basis f o r  many o f  the programs and a c t i v i t i e s  reported i n  d e t a i l  i n  the excel lent  

compendium of Reference 1, and as such t h i s  repor t  serves as supplementary material 

ra ther  than as a r e i t e r a t i o n  of the information contained i n  t h a t  reference. 
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I I I . TECHNOLOGY REVIEWS 

The reviews i n  t h i s  section do not purport  t o  present a complete p ic tu re  of the 

state-of- the-art  i n  each o f  the designated d isc ip l ines,  but ra ther  t o  i d e n t i f y  and 

sumarize the pr inc ipn l  areas o f  e i t h e r  a c t i v i t y  o r  technical achievement which were 

h igh l ighted by the presentations and discucsions a t  the 28th I A F  Congress. 

breakdowns are i n  accordance w i t h  those o f  the Congress program; t h e i r  order i s  

simply tha t  of the program, and does not ind icate any p r i o r i t i z a t i o n .  

Subject 

A. Spacc-Based Indust ry  

1. Space Processing 

The two most in te res t ing  papers i n  t h i s  session (References 2 dnd 3 )  

were both generated by the Federal Republic o f  Germany, which i s  unquestionablv the 

most advanced o f  a l l  the European nations i n  t h i s  f i e l d .  

rocket program comparable t o  the U.S. SPAR e f f o r t ,  which produces experimental data 

from a few minutes o f  zera-9 f l i g h t .  

FRG bas a well-establ ished 

Dr .  K. Hannig o f  West Germany's Max Planck I n s t i t u t e  f lew a moderately 

successful electrophoresis experiment (MA-014) on the 1975 ASTP f l i g h t .  The experi- 

ment attempted t o  perform separations i n  a continuously f lowing solut ion,  especial ly 

sui ted t o  preparing materials i n  useful quant i t ies .  

lymphocytes and ca l ibrated iriixtures o f  red blood ce l l s .  

I t  separJted samp:es o f  

I n  addi t ion,  t h i s  experiment 

processed samples 0, the types of bone-marrow c e l l s  responsible f o r  producing red 

blood c e l l s .  

the Max Planck I n s t i t u t e  on transplantat ion o f  bone marrow t o  cure leuheniia, rad ia t ion  

sickness, and s i m i l a r  condit ions of inpaired red-blood-cel l  production. The develop- 

ment cost f o r  MA-014, i t  should be noted, was paid by the German government. 

Successful separation would have contr ibuted mater ia l l y  t o  the work o f  
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Other types o f  space processing h igh l ighted by Reference 2 were i n  the re la -  

t i v e l y  rout ine areas o f  d i rec t iona l  s o l i d i f i c a t i o n ,  c rys ta l  growing, and a wide 

range o f  biomedical studies. Their  p r inc ipa l  feature o f  i n t e r e s t  was the d e f i n i t e  

degree o f  advancement i n  proposed equipment concepts (2nd generation) as, compared 

w i t h  ear ly  (1 961 ) Spacelab experimental equipment. 

The second paper (Reference 3 )  discussed innovative and h igh ly  promising 

approaches t o  the cast ing o f  composite materials, u t i l i z i n g  unid i rect ional  s o l i d i -  

f i c a t i o n  of eutect ic  a l loys and preparation o f  oxide-dispersed superalloys d i r e c t l y  

from the melt. Both cast ing methods use sk in  technology -- the use of a th in- layer  

coating which can r e t a i n  the cast ing shape under zero-g conditions. 

has been examined by U.S. researchers, but the FRG technology appears t o  be a t  leas t  

a t  a comparable leve l .  

This approach 

The two Soviet papers (References 4 and 5)  d i d  not appear t o  contain any ntw 

o r  up-to-date technology o r  ideas. Up t o  the 28th Congress, (*) the mcst recent 

known Soviet e f f o r t s  i n  space processing were the m u l t i p l e  mater ia l  melt ing experi- 

ments (MA-150) processed during a s ing le run o f  the Apollo-Soyuz e l e c t r i c  furnace 

i n  1975: 

A germanium rod containing 0.5% s i l i c o n  was p a r t i a l l y  melted and r e s o l i d i f i e d  

and the d i s t r i b u t i o n  o f  the s i l i c o n  impuri ty studied, as i n  Skylab Experiment 

,I 562. 

Densely packed aluminum powder containing dispersed tungsten p a r t i c l e s  was 

melted and r e s o l i d i f i e d  t o  demonstrate the f e a s i b i l i t y  of making cast compo- 

s i  tes w i t h  components of g rea t ly  d i f fe ren t  densi t ies.  

A somewhat more porous aluminum powder was melted and frozen t o  determine 

hGw much consolidation takes place when no buoyant forces make bubbles 

f l o a t  out of the melt. 

MA 150 resu l ts  were analyzed by a team o f  invest igators  from the Soviet 

Academy of Sciences, but the resu l ts  were never pub1 ished i n  reports avai lab le 

outside the U.S.S.R. 

I*) Salyut 5 experiments, revealed a t  t h i s  Congress, are described i n  
Section 111 C below. 
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2. The Engineering o f  L i f e  Science Payloads 

This session, as w i t h  two other sessions devoted t o  bioastronautics 

( t o  be discussed l a t e r )  was dominated by Soviet papers. 

p a r t i c u l a r  i n t e r e s t  . 
Three o f  these were of 

I n  Reference 6, the Soviet authors make a good case for  providing the 

Earth-based operators o f  remotely contro l  l e d  devices studying surfaces of planets 

w i t h  medical supbort. 

psychic stress, e.g., heart rate,  e l e c t r i c  sk in  resistance, etc.  The authors 

concluded that  (a)  the operation o f  remote-control space vehicles requires form- 

u l a t i o n  of careful medical procedures covering operator select ion, t ra in ing,  

work, rest, optimization, and stream1 i n i n g  o f  engineering parameters for  data, 

control ,  and display modules, (b)  the high nervous-psychic stress imposed by 

remote control  o f  sel f -propel led space vehicles imposes enhanced requirements 

f o r  the psychological t r a i n i n g  o f  operators as wel l  as t h e i r  regular t ra in ing,  

and ( c )  i n  order t o  increase r e l i a b i l i t y  o f  the remote-control system as a whole, 

i t  i s  necessary t o  monitor the s ta te  o f  work capacity and neuro-psychic a c t i v i t y  

o f  operators both before and during real  work. 

Standard tests were used t o  appraise such factors as 

I n  Reference 7. the authors reported tha t  invest igat ions conducted during 

the f l i g h t  of Soyuz 22 detected the fo:lowing contaminants: methane, ethane, 

heptane, methanol, ethanol , n-propanol , acetaldehyde, acetone, and ethy l  benzene. 

The concentrations of these substances were comparable t o  those recorded during 

ground-based chamber experiments, and apparently evolved from non-metall ic construc- 

t i o n  material,  lubr icants,  varnishes, paints, rubber, insulators,  and human waste. 

Such i w e s t i g a t i o n s  a r e  c r i t i c a l  t o  deta i led knowlege of the f o r r a t i o n  o f  the 

atmosphere i n  space cabins during long-term missions. 

/- 



Reference 

i n  a closed system. 

8 I s  a f i r s t  attempt t o  develop an approach t o  study behavior 

The experiments showed t h a t  ind iv idua l  response t o  physical 

parameters o f  the environment i s  t o  a la rge  extent determined by psychological 

factors  such as motivation, h igh s p i r i t u a l  requirements, and soc ia l  aims. One 

experiment, f o r  example, revealed t h a t  the number o f  c m t a c t s  which the subject had 

w i th  a greenhouse, a1 though very inconveniently located, increased s ign i f i can t l y ,  

suggesting a growing need f o r  b jo log ica l  s t imu l i .  

A r e l a t i v e l y  s i g n i f i c a n t  non-Soviet paper, Reference 9, defived a set  of 

standard equipment designed f o r  use i n  the Spacelab module f o r  bio-medical and 

physiological invest igat ions i n  weightlessness. The main charac ter is t i cs  of the 

environmental cont ro l  chamber and other equipment which w i l l  f l y  w i t h i n  the f i r s t  

German mission, scheduled f o r  l a t e  1981, were defired i n  some d e t a i l .  

3. Large Structures i n  Space 

The 28th I A F  Congress revealed p r a c t i c a l l y  no non-US e f f o r t  i n  t h i s  

f i e l d ,  aside from der iva t ive  German analyses o f  the type presented a t  the 27th  

(1976) Congress (Reference 10) and the paper a t  t h i s  Congress by Farry  Ruppe 

(Reference 11). 

and nei ther  o f  th- other two foreign papers presented a t  t h i s  session (References 

12 and 13) indicated s ign i f i can t  technology concepts o r  developments. 

Neither o f  these were considered up t o  U.S. analysis standards, 

There was, however, considerably fore ign i n te res t  i n  the extensive U.S. 

technology presented a t  t h i s  session, p a r t i c u l a r l y  on the pa r t  of :he Soviets 

(a lso  see Section A-5, below). 

4. ‘ l u id  Dynamics Aspects o f  Space-Eased Indue-try 

None o f  the e igh t  papers i n  these sessions (Number 15 a r d  the f i r s t  h a l f  

o f  25; see Appendix A) were by U.S. authors. 

and in te rac t ions  under low-gravity conditions, and although o f  some academic i n te res t ,  

A l l  were re la ted  t o  f l u i d  motions 
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were considered by AIM delegates not t o  represent any s ign i f i can t  advancement i n  

science o r  technology over comparable U.S. e f f o r t s .  

5. Non-terrestr ia l  Rining and Del ivery Systems 

As i n  large space structures (Section A-3 above), t h i s  area o f  technology 

i s  dominated by U.S. research. The only two non-U.S. papers (References 14 and 15) 

deal t  wi th  exploratory aspects o f  nonter res t r ia l  s o i l s  based on resu l ts  fm, Soviet 

Venera-9 and Venera-10 missions which have been well docurnmted i n  pi-for Venera 

reports, and which w i l l  have l i t t l e  bearing on the u t i l i z a t i o n  of nonter res t r ia l  

materia?s f o r  future space i n d u s t r i a l i z a t i o n  a c t i v i t i e s .  

This session did, however, generate considerable i n t e r e s t  amn9 the Soviet 

delegates. 

designated one of h i s  colleagues t o  at tend and t o  repor t  back t o  him on the resir l ts.  

There has been subsequent communication between Dr .  Petrov and O r .  O 'Kei l l ,  C . S .  

D r .  PetrOv, although unable t o  at tend the session, had spec i f i ca l l y  

co-chairman of the session. 

B. Comnunications S a t e l l i t e s  

The 6-session symposium on Comnunications S a t e l l i t e s  held a t  the 28th 

I A F  Congress const i tuted a unique opportunity f o r  a t r u l y  in-depth, up-to-date 

world-hide statuc review o f  the most advanced area o f  space a c t i v i t i e s .  

forty-one papers, the panels, and the open discussions by Synposium par t ic ipants  

cons t i tu te  what i s  probably the most s i g n i f i c a n t  aad in fornat ive bod!, of  technical 

information yet compiled on +he in ternat ional  aspects o f  s a t e l l i t e  comunications. 

The 

I n  summary, the general s ta te  of foreign technology i n  the s a t e l l i t e  comuni- 

cations f i e l d  was judged by the A I M  delegates t o  be l i t t l e ,  i f  any, behind that o f  

the U.S., with, of course, cer ta in  speci f ic  exceptions as out l ined i n  the subsequent 

discussions. 

technology gap i n  recent vears a r e  the ESA programs themselves; e . $ . ,  OTS, YAROTS, 

ECS, and the "heavy platform" programs. Also, such nat ional  programs as SVF!PtiOllIE 

The most important factors which contr ibuted t o  the c losinp o f  the 
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and SIRIO, although nQt technica l ly  advanced, nevertheless helped t o  close the 

most important gap of a l l :  the organizational gap. Extensive pa r t i c i pa t i on  i n  

INTELSAT I V  and INTELSAT V was another s ign i f i can t  factor.  

continues t o  maintain substant ia l  technology leads i n  launch capab i l i t y  ( the 

Ariane i s  s t i l l  very much an untested and therefore unknown quant i ty) ,  i n  i n te -  

grated c i r c u i t s  and data processing. i n  engineering anf productfon f a c i l i t i e s ?  and 

t o  some degree i n  propulsion and so la r -ce l l  technology. 

Nevertheless, the U.S. 

One spec i f i c  area c i t e d  fo r  advanced fore ign capab i l i t y  i s  tha t  of 

maritime s a t e l l i t e  technology. HAROTS is  ahead o f  U.S. technology i n  a nmnbcr of 

areas, p a r t i c u l a r l y  i t s  muck greater apaci t y  which of fers  the opportunity t o  

connect many more shore s tat ions than WRISAT proposes. Ship terminal technology 

i n  several countries, pa r t i cu la r l y  i n  Japan and the UK, appears t o  be more advanced 

than i n  the U.S., whereas FRG and the USSR appear t o  lag  the COMSAT General - 
developed U. S. systems. 

During the sessions and the discussion periods a number o f  topics of d i r e c t  

concern t o  NASA were highl ighted, and are i den t i f i ed  i n  the subsequent paragraphs. 

1. Issues 

O f  the s i x  papers presented i t 1  Session 3 (See Appendix A) .  by f a r  the 

mst s ign i f i can t  was the paper by V. Krupin on IEXRSPUTNIK (Reference l e ) .  

Quoting fmi Reference 17, "The paper presented on INTERSPUTNIk i s  probably one o f  

the most comprehensive sunar ies  t o  date on t h i s  Sov ie t - ins t i tu ted  syster i " .  

addit ion to  i t s  unprecedented coverage of the technical detai  1 of the INTCRSPUTNik 

system, a pa r t i cu la r l y  in te res t ing  feature of llr. Krupin's presentation was h i s  

statement tha t  the complete technical data on INTERSPUTNIk system capabi 1 i ty  a r e  

avai lab le for  the asking. Are these data known t o  NASA? F l r .  Kr'upin also stated 

the Soviet in ten t ion  fo r  INTERSPUTNIK t o  provide "free-feeds" of  the 1?SO Olyripics 

I n  
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to any and a l l  telecommunications system. S h w l d  NASA attempt a conparable 

'pub1 i c  re la t ions"  coup? 

In  addi t ion t o  descr ipt ions o f  the k l n i y a - 3  ( e l l i p t i c a l - o r b i t )  s a t e l l i t e s  

and the Statsionar (geostationary) system; Krupin out1 ined R60 e f f o r t s  cur ren t ly  

underway t o  increase the capacity o f  the system v ia  (a )  low-noise receivers i n  the 

Earth stat ions, (b) wideband low-noise ampl i f iers,  ( c )  improved antenna and wave- 

guide systems, tranraritters, and receivers, (d)  standardization o f  equipment, and 

(e) s a t e l l i t e  transponders having higher power and wider barrduidths. 

Important areas covered by the other papers i n  t h i s  session were the 

extensive a c t i v i t i e s  i n  regional and domestic s a t e l l i t e  systems f o r  Europe, serving 

telepbone, telegraph, and video needs (Reference 18); a comprehensive update of the 

!NTELSAT system (Reference 19). which reported two new members i n  the 99-nation 

system -- Angola and the People's Republic of China; and an emphasis by ITU 

(Reference 20) tha t  broadcast frequencies are valuable in te rna t iona l  resources, and 

must be so treated by a l l  nations. 

Key issues raised during the panel discussior! were as fol lows: 

P o l i t i c a l  issues appear t o  pose the major bar r ie rs  t o  increased coopera- 

A pa r t i cu la r  concern 

. 
t i o n  between the various in ternat ional  and regional systems. 

i s  the need for a mechanism t o  in te r face  proposed regional systems (e.g., INTER- 

SPUTNIK, EKRAN, Europe (ESA), Middle East Indonesia, e tc . )  w i t h  INTELSAT. Key 

points for  NASA consideration are t o  def 

development of such regional systems and 

and IMELSAT.  

. Frequency a l loca t ion  po l i c ies  

ne the U.S. r o l e  i n  ass is t ing  w i th  the 

t h e i r  coordination w i th  other system5 

mong the various systems need t o  be 

coordinated, and also correlatea w i th  long-range system plans. A major concern 

f o r  NASA i s  t o  establ ish and promulgate a f i r m  U.S. posi t ion r e l a t i n g  t o  NARC so 

that  decisions ( t o  be rendered i n  two years) do not work against current U . S .  
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frequency po l i c i es  and long range plans. Europeans and others are already 

"po l i t i ck ing"  fo r  their posit ions; i t  i s  necessary t o  promote a f i r m  U.S. pos i t ion.  

. A planning d e l  which incorporates technical,  geographic, p o l i t i c a l ,  

and social  data i s  needed t o  accoaaodate the increasing in te rna t iona l  a c t i v i t y  i n  

s a t e l l i t e  development and bJe. Such a conputer-based model could be used by NASA 

and other U.S. po l i cy  makers t o  ascertain trends, po ten t ia l  " t r a f f i c  jams", over- 

laps or interferences among the various systems, etc., and thereby t o  maintain U.S. 

leadership i n  the f i e l d  of coamnications s a t e l l i t e s .  

. There are good prospects f o r  domestic systems t o  provide service l i n k s  

to  neighboring nations. During the session, k x i c o  ind icated a de f i n i t e  i n te res t  

i n  U.S. capab i l i t y  to  provide domestic service t o  Mexico, e i t h e r  conmercial o r  

non-carwrcial .  NASA's react ion t o  such a request, which Mexico expects t o  f i l e  

w i th  the FCC, needs t o  be formclated. 

2. Operatir nal  Systems 

Agin, the most s ign i f i can t  revelat ions i n  t h i s  session appeared i n  the 

I n  addi t ion t o  Soviet presentation (Reference 21 and the subsequent discussion). 

the general increase i n  the use o f  s a t e l l i t e  transmissions i n  the USSR, the Soviets 

indicated increased appl icat ion o f  d i g i t a l  techniques and a movement away from 

depenrfence on analog systems, including d i g i t a l  voice, facsimi le,  and te lev is ion  

transmission, as wel l  as computer comnunications (Reference 22). 

poiqted out tha t  although the Molniyas ( e l l i p t i c a l  o r b i t )  now have a capacity o f  

only 200 channels due t o  Earth s ta t i on  l im i ta t ions ,  the in t roduct ion o f  a "new 

s a t e l l i t e "  (Stats ionar?) i n  1979 w i l l  increase capacity t o  4,000 channels. 

It was also 

Another s ign i f i can t  development i s  the rap id  growth o f  Canadian TELESAT 

domestic s a t e l l i t e  service (Reference 23). which now provides loca l  English, 

French, and nat ive language programs across over 70 Arc t i c  comnunities, w i th  
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cooper r the  ln te r fac lng  between TElESAT Network Central and the Canadian Bmadcastlng 

Corporatlon. However, TELESAT Canada's plan f o r  expanded service has been slowed 

by h recent Canadlan government declslon not t o  al low TECESlrT t o  merqe wi th  other 

Cansdlan c m u n i c a t l o n s  en t l t l es ,  a declslon whlch T€LESAT Canada i s  appeal lng. 

NASA's pos i t lon  on t h l s  matter, f f  any, needs t o  be deflned. 

One key area h igh l lghted by t h l s  Symposlum was the r e l a t l o n  between the 

MARISAT and MAROTS programs for services t o  seafaring vessels and t h e l r  re la t lon-  

ship t o  INMARSAT. 

keenly aware o f  the c r l t l c a l  need f o r  coordination k t t m e n  MAROTS and MARISAT 

a c t i v i t i e s  (References 24 and 25) .  Reference 25 stated tha t  the MAROTS s a t e l l i t e  

w i l l  use the 6/4 CHr frequency band compatlble w l th  the MARISAT system, and proposed 

tha t  WAROTS s a t e l l i t e s  be sold to  INWARSAT ra ther  than leased, as soon as the 

INMARSAT a r g a n i r a t l m  i s  formed and ready t o  functlon. 

payers h igh l ighted the urgent need for Improved c m u n i c a t l o n s  between t.he i n t e r -  

ested nat!ona\, region&\, and lnternat iona\ qroups i n  order t o  nMAe INMARSAT a 

r e a l i t y .  

NASA and the U.S. Marl t ine Admtnistration (MARAD) should be 

The discussion o f  thcsr 

3 .  Future 5ystenis and l'lanning 

l h i s  session (No. 1;'; see Rppcndix A )  was domiriated by \ I .$ .  pqwt-s, hut 

several o f  them contained in tcr t id t ional  imp1 icat lons which could be of  i n t e r e s t  t o  

NASA. There wt'e howvcr,  two foreign papers o f  Lorisidet-able s iqni f icance to  NASA 

(Reference 26 and 27). 

Refet'ence 26, which deal t  w i th  a global public-service systmr, r a i s e d  

seve ra l  iniyortant phi losophical points.  In  il scctiotr OII cd\ccatioti, M t i l l t \ t -  tiotpd 

thp ca t , \ l y t l c  effect O f  Satellites; ! .P . ,  a l t , h o ~ \ ~ h  a i t n l a i l  P ~ c ~ ~ ~ I \ ~ I P  of videotaprs 

~*ould  have b w n  uscd wi th  1 i t t l e  o r  no sac r i f l cc  i n  ctonnlnnic,\t ions ef f rc t ivcncss,  

the lisp o f  SYMfltilNiI' ! i ~ n r r ~ i t e d  m~srrlrl intcrmt and c \c i  t.clnirtit ,II~NVI\I c\d\ccat ioti,tl 

,tdnrinistratars. T h i s  i s  trur in the (1.S. a l s o ,  brit i s  nftr t i  o v p r . l o ~ t , t - d .  



This paper of fers  c lear  evidence tha t  French technology i n  publ ic  service 

systems i s  technica l ly  f a r  behind tha t  o f  the U.S. The teleconferencing experiments 

described are much more modest than those undertaken or planned f o r  CTS But perhaps 

most s ign i f icant ,  Mul ler 's  c r i t e r i a  f o r  Earth s tat ions c l e a r l y  po int  i n  the d i r e c t i o n  

of broadcast systems l i k e  ATS-6 or CTS ra ther  than f ixed service sate11 tes such as 

SYMPHONIE. 

An important po l i cy  matter raised by t h i s  paper was i t s  c a l l  for  free use 

o f  educational s a t e l l i t e s .  

challenged as a v i o l a t i o n  o f  o r i g i n a l  agreements w i t h  NASA. 

discussions was t h a t  the French were perhaps " tes t ing  the water" t o  see how far they 

would be permitted t o  v i o l a t e  e a r l i e r  agreements. 

are c r i t i c a l ,  since t h i s  may set an unfortunate precedent. 

I n  the discussion, SYMPHONIE broadcasts t o  A f r i ca  were 

The sense of the 

The p o l i c y  and technical issues 

Reference 27 h igh l ighted a po int  o f  major concern t o  NASA's FY 1979 

budget proposal by repor t ing on the technical advances, p a r t i a l  implementation, 

and potent ia l  a v a i l a b i l i t y  o f  an FRG 20-kW solar  array f o r  advanced comnunications 

s a t e l l i t e s .  This i s  o f  d i r e c t  concern t o  the U.S. -- and hence t o  NASA -- i n  world- 

wfde competition, since a comparable 20-kW module, which i s  probably fu r ther  advanced 

technical ly than the FRG system, has j u s t  been deleted from NASA's Advanced Programs 

FY 1979 budget proposal ( i n  the Of f i ce  o f  Space Transportation System:). 

With regard t o  the impending b a t t l e  over frequency a l loca t ion  mentioned 

e a r l i e r ,  Reference 28 warns tha t  the 12 GHz band plan evolved a t  the February 1977 

WARC Conference can only be useful i f  a number o f  countr ies u t i l i z e  i t  w i t h i n  the 

very near future; otherwise the Geneva plan w i l l  hinder development o f  broadcast 

s a t e l l i t e s  using t h i s  band and also other shared services. 

Two U.S. papers (References 29 and 30) addressed methods for reducing 

costs t o  users of publ ic service and aeronautical lmarit ime s a t e l l i t e  systems, both 

of which could be of some in te res t  i n  developing or aggregating foreign markets. 
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Since th is  work i s  we l l  known t o  NASA, i t  w i l l  not be elaborated upon here; i t  i s  

o f  interest, however, tha t  AIM Congress delegates considered these subjects t o  be 

o f  international signif icance, 

Another U.S. paper, Reference 3: , evoked a great deal o f  toreign i n t e r e s t  , 
since i t  deal t  I n  considerable d e t a i l  w i t h  r e l i a b i l i t y  and performance o f  the f i v e  

INTELSAT series s a t e l l i t e s ,  h igh l igh t ing  speci 7ic t rouble spots (e.9. , r o t a t i n g  

bearings, traveling-wave tubes, batter ies,  and solar c e l l s ) .  The author's predic- 

t ion o f  20-year l i f e t i m e s  f o r  high-capacity s a t e l l i t e s  by 1990 was of particular 

in te res t  t o  forefgn delegates, 

4,  Experimental Systems 

This session (No. 18, See Appendix A )  emphasized the wide and increasing 

range o f  a c t i v i t i e s  i n  progress by a number of nations. Perhaps the most in te res t -  

incr was a Soviet paper (Reference 32) describing the geostationary EKRAN d m s t i c  

s a t e l l i t e ,  which has been operating since October 1976, serving about 40% of the 

land area o f  the USSR w i th  multi-program te lev is ion  broadcgsting. S ix ty  receiv ina 

stat ions are I n  operation; eventual ly there w i l l  be a thousand. The s a t e l l i t e  uses 

a phased array of Yagi elements for  transmission. 

I n  an important paper on the QTS (Referenco 33) .  Barthmann reported f o r  

the European Post and Telegraph Research Group on the importance of nfnini iz ing 

overlap with ex is t ing  ground capabi l i t tes.  Curope's unique requirements for  s a t e l l i t e  

use, which niust take i n t o  consideration the r e l a t i v i t y  short geographic distances 

between polnts i n  turope and the need t o  complement an ex is t ing  excel lent  ground 

telecomrunications systm,  const i  t G t c  n major technical and pol 1 t i c a l  challenge f o r  

d European direct-hrocdcast s a t e l l i t e .  The recent OTS launch f a i l u r e  nborted the 

Europeans' opportunity to exmine, i n  I\ pre-operational mode, concrrns w l a t  inq t o  

Earth stat ions, f lux  drnsi ty,  and propagntian. 
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It i s  worth not lng tha t  the 20th I A F  Congress saw the f i r s t  pub l i c  docu- 

mentation o f  the OTS range o f  experiments, although they are probably already 

w e l l  known t o  NASA (References 33 and 34). 

A fu r ther  note o f  in te res t :  NASA's successful launch (August 25, 1977) Of 

the I t a l i a n  SIRIO-SHF (Reference 35), which went i n t o  operation on September 12 wi th 

TV news programs between Rome and Fucino, I t a l y ,  helped t o  "brighten the gloom" cast 

by the French repor t  on the OTS launch abort. 

I n  ancther example o f  a U S. paper wi th  s i g n i f i c a n t  foreign impl icat ions,  

COMSAT's N. Helm (Reference 36) pointed out the important r o l e  tha t  s a t e l l i t e  

c m u n i c a t i o n s  can play i n  providing d isaster  comunications through the use of 

small transportable Earth stat ions. 

i t  i s  important t o  note the extremely h igh l eve l  o f  in ternat ional  i n t e r e s t  and con- 

cern i n  t h i s  type of service. 

Although NASA i s  well aware o f  t h i s  technology, 

It should receive carefu l  a t ten t ion  by NASA. 

5. Technology 

The two pr inc ipa l  roreign-technology features of t h i s  session were the 

performance data presented cn a 100-150 watt, 12 GHz traveling-wave take tube. 

Soviet presentation on t h i s  l a t t e r  subject (Reference 39) provoked considerable dis-  

cussion as t o  whether t h e i r  design approach for mu1 tibeam communication s a t e l l i t e  

antennas might be be t te r  than tha t  current ly  i n  use i n  the U.S. 

The 

But perhaps the most s i g n i f i c a n t  paper i n  t h i s  session i n  i t s  impact on 

foreign technology development was the U.S. presentation by C.L. Cuccia (Reference 40).  

which pub l ic ly  introduced the in ternat ional  comnunity f o r  the f i r s t  time t o  the 

concepts of large space s t ructure development, deployment, and u t i l i t y  made possible 

by the space shutt le.  

service t o  40 c i t i e s ,  the use of large shuttle-deployed antennas t o  replace 

traveling-wave tubes, and the novel concept o f  the o r b i t a l  antenns "farni" 

(Reference 41) e l i c i t e d  considerable enthusiasm on the par t  o f  delegates from many 

nations. Japan, for  example, has p a r t i a l l y  demonstrated how the mu1 t i p l e  spot-beam 

His discussion o f  such potent ia l  innovations as sqot-bean 
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public-service system might be accomplished v i a  t h e i r  present experimental s a t e l l i t e  

program u t i l i z i n g  mu l t i p le  2 t o  3-degree bandwidths. 

The two maritime system papers (References 42 and 38) were of some 

interest i n  tha t  they indicated comparable technology t o  t h a t  of the U.S.; e.g. the 

so l id -s ta te  L-band amp1 i f i e r  described i n  Reference 42 and the MAROTS/New Spacecraft 

comparison data c i t e d  i n  Reference 38. Wultiple-beam antenna design data from 

Reference 39 were a lso pert inent; e.g., the tab le  on P.20 o f  t h a t  reference. 

6. Transrni s s i  on Techniques 

Five of the seven papers i n  t h i s  session (see Program, Appendix A )  were 

by non4.S. authors. 

delegates, but the general high q u a l i t y  o f  these papers ind icated the comparable 

technical leve l  o f  U.S. and European/Japanese communication sate1 1 i t e  capabi 1 i ty 

c i t e d  previously i n  the summarization o f  t h i s  Symposium. 

110 s i g n i f i c a n t  technical innovations were c i t e d  by A I A A  

C. S c i e n t i f i c  Spacecraft 

O f  the sixteen papers i n  the two Sc ien t i f i c  Spacecraft sessions (Numbers 

4 and 14; See Appendix A) ,  on ly  one was by a U.S. author; another had j o i n t  U.S. 

authorship. 

Two o f  the Soviet papers are p a r t i c u l a r l y  worth] o f  note. Reference 43, 

although so le ly  theoret ica l ,  deals w i th  the automatic contro l  o f  the shape of la rge  

space structures -- a subject which has been c l e a r l y  recognized i n  the U.S. and 

elsewhere as a key technical requirement f o r  the eventual u t i l i z a t i o n  of s t ructures 

such as large antennas and so lar  power modules. 

nature o f  t h i s  problem i n  the West has been r e l a t i v e l y  recent. 

signif icance o f  the Soviet paper i s  t ha t  the importance o f  the need f o r  automatic 

shape contro l  was recognized s u f f i c i e n t l y  long ago t o  have spawned an e laborate ly  

de ta i led  theoret ica l  analysis i n  time t o  be completed, reviewed for release by 

Soviet au thor i t ies ,  and t rans lated i n t o  English by Ju ly  1977 ( the manuscript 

dead1 ine date). 

Uut the recogni t ion o f  the key 

Thus the p r inc ipa l  
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Reference 44 i s  perhaps even more s ign i f i can t ,  i n  tha t  i t  reveals for the 

f i r s t  t ime I n  publ ic tha t  the Soviets are ac t ive ly  continuing the space processing 

experiments which were begun by V. Kubasov i n  Soyuz-5 i n  the l a t e  1960's. renewed 

i n  1975 by P. Klimuk and V. Sevastyonov i n  Salyut 4, and, Insofar as publ ic  knowledge 

was concerned, ended wi th the mu1 t ip le- furnace tes ts  o f  Apollo-Soyuz described e a r l i e r  

i n  t h i s  repor t  (Since the CongressI o f  course, apparently extensive space processing 

experiments aboard Salyut 6 have been revealed). 

Reference 44 notes continuing USSR sounding-rocket experiments comparable 

t o  the FRG and U.S. SPAR e f f o r t s  (but  claiming 10-minute low-gravi ty condit ions -- 
f a r  i n  excess o f  the 5-7 minutes for  SPAR operations). The authors then provide 

elaborate detai  1 i n  four  d i f f e r e n t  types o f  space-processing experiments conducted 

an Salyut 5 missions. 

Three separate c rys ta l  1 i r a t i o n  experiments were conducted using the "Crystal I '  

experimental aparatus. The f i r s t  of these, from July 7 t o  August 1, 1976, grew 

crys ta ls  both as seeds and i n  solut ion.  

t o  February 11, 1977, spontaneously segregated c rys ta ls  up t o  3mm diameter were 

obtained, w i t h  extremely in te res t ing  c rys ta l  intergrowth phenomena observed. The 

t h i r d  c r y s t a l l i z a t i o n  experiment, from February 11 t o  23,  1977, succeeded i n  growing 

a 5 mm c rys ta l  on a seed, but w i t h  fewer gas inclusions than on e a r l i e r  crysta ls .  

I n  the second experiment, f r o m  August 9, 1976 

The di f fusion process was studied w i t h  an experiment ca l led  "Di f fusiya" t o  

establ ish such important physical data as d i f fus ion coef f i c ien ts  under low-gravi t y  

condi t i  ons . 
Containerless me1 t ing ,  so l id i f i ca t ion ,  and reniel t i n g  o f  multicomponent 

a l loys were studied i n  a device named "Sphera". r a i s i n g  a number o f  extremely i n t e r -  

est ing prospects for future experiments and analyses. 

w i t h  soldering and melt ing processes were studied i n  an experiment ca l led  "Reaktsiya", 

which was performed not  only a t  low o r b i t a l  g rav i ty  but a lso i n  space vacuuni con- 

d i t ions,  

S i m i l a r  phenoincna associated 

A p a r t i c u l a r l y  important r e s u l t  was obtained: space-soldered j o i n t s  were not 
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i n f e r i o r  t o  ground-prepared j o i n t s  and, indeed, surpassed them i n  several character- 

i s t i c s .  

Much o f  the remaining mater ia l  i n  the S c i e n t i f i c  Spacecraft session was 

e i t h e r  of no great s igni f icance o r  i s  r e l a t i v e l y  we l l  known. An in te res t ing  concept 

was proposed for d i r e c t  sounding of the bottom o f  the ionosphere (E-region) v i a  a 

"dive and ascent "satel  1 i t e  (Reference 4 5 ) ,  and a rather  deta i led feasi b i  1 i ty study 

indicated some promise. This p ro jec t  could be worthy of NASA monitoring. But perhaps 

the most i l l umina t ing  phi losophical concept t o  many o f  the older space-wise delegates 

from a l l  nations was the view expressed i n  Reference 46: 

"The Challenge o f  the Spacelab Era. The f i r s t  Spacelab mission 
begins a new era i n  space explorat ion. It marks the beginning 
of the operational use o f  the Space Shut t le  where s c i e n t i f i c  and 
technological research can be conducted i n  space using experi- 
mental hardware designed, developed and tested t o  less s t r ingent  
enviroimental and r e l i a b i l i t y  requirements. This a b i l i t y  t o  f l y  
hardware designed, manufactured and tested t o  less demanding 
standards than those required i n  previous manned space f l i g h t  
programs w i l l  permit more space research f o r  the l i m i t e d  resources 
avai lable. Compliance w i t h  the safety requirements and v e r i f i c a -  
t i o n  of peaceful purposes are the only prerequis i tes f o r  payloads 
t o  f ly  on the Space Transportation System. 

The challenge t o  the pro ject  team for the f i r s t  Spacelab mission, 
and t o  a l l  par t ic ipants  i n  t h i s  and subsequent Spacelab payload 
missions, i s  t o  break away from doing business as i n  the past where 
anything less than 100 percent performance was considered unaccept- 
able. The payload capacity of the Spacelab and the frequency of 
f l i g h t s  of fers  opportuni t ies for correct ions o r  adjustments t o  experi- 
mental hardware and f o r  r e f l i g h t .  This places NASA, ESA and the 
s c i e n t i f i c  community i n  a be t te r  pos i t ion  t o  trade off t h e i r  confidence 
i n  successful hardware performance against cost. The challenge i s  t o  
reor ien t  o w  th ink ing so tha t  t h i s  mode of space resezrch i s  exploi ted".  
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D. Cost Effect iveness i n  Space Operations 

The Seventh Internat lonal  Symposium on t h l s  subject was general ly dominated 

by U.S. papers and U.S. programs discussed w i t h  l i t t l e  rea l  I n s i g h t  by foreign 

authors. Papers such as References 47 and 48, which purported t o  deal w i t h  useful 

and in te res t ing  subjects, turned out t o  be l i t t l e  more than ideal ized theoret ica l  

exercises having l i t t l e  o r  no bearing on rea l  systems. Reference 4?, i n  fact, 

stated an unequivocal conclusion tha t  space-based so lar  power stat'ons would r u i n  

space communications. This i s  c e r t a i n l y  a p o s s i b i l i t y  which requires considerable 

study, as has been wel l  establ ished i n  c l l  U.S. program planning, but Sarkar's 

absolute conclusion i n  Reference 49 was drawn on the basis of no supporting data 

whatsoever, according t o  AIM delegates. 

l i t t l e  o f  rea l  in te res t  t o  NASA. 

In  s u m r y ,  these sessions contained 

popular 

a r t  i c l  es 

Magazine 

be slow. 

antennas 

tha t  are 

E. Conmunication w i t h  Ex t ra - te r res t r ia l  I n t e l  1 igence (CETTI) 

The two sessions o f  the Congress devoted t o  C E T I  introduced few novel 

concepts or ideas not already wel l  recognized by the U.S. SETI program (SETI stands 

f o r  Search f o r  Extra-Terrestr ia l  In te l l igence) .  Despite the high s c i e n t i f i c  and 

nterest  generated by t h i s  subject (e.g., a s t r i n g  of recent Science Magazine 

a popular book by Timothy Ferris, and, most recently, a major N.Y. Times 

a r t i c l e ,  Reference 50). the growth of rea l  technology i n  C E T I  continues t o  

A key fac to r  i n  S E T I  ( o r  CETI) technology i s  that  no rad io telescope 

o f  any magnitude have been constructed so le ly  f o r  the purpose of SETI ;  a l l  

used f o r  SETI  are also used f o r  conventional rad io astrononiy. The essence 

o f  sophist icat ion I n  SETI  a t  the present stage i s  the development o f  very low noise 

receivers, mu1 ti-channel spectral analyzers, and signal recogni t ion devices. No 

foreign papers have appeared i n  the 1 i terature describing such developments; the 

U.S. seems t o  have a c lear  lead i n  i t s  embryc program. 
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The Soviet e f f o r t s  seems t o  rank second t o  the U.S. i n  qua l i t y ;  but  perhaps 

they lead In the t o t a l  resources being applied t o  SETI. The Soviets have an intense 

in te res t  and are c l e a r l y  l i s t e n i n g  more than us, although d e t a i l s  are sketchy. A t  

present they tend mostly t o  be doing sky surveys looking f o r  very strong extra- 

t e r r e s t r i a l  signals using small antennas, but  l a rge r  antennas arc! coming on l i n e .  

Outside the Soviet Union and the U.S., only  the Canadians have ac tua l l y  ca r r i ed  out  

the search. Soon the French w i l l  fol low su i t .  

The system designed t o  search f o r  rad io  signals can be looked upon as 

consist ing o f  f i v e  major subsystems: the antenna, the detector, the signal processor, 

and the system cont ro l le r .  

(a) The Antenna. For the lower p laus ib le  freqsencies (1 t o  10 GHz) the 

world's premier current capab i l i t y  i s  t h a t  o f  the antenna a t  Arecibo, Puerto Rico, a 

1000 foo t  spherical dish. However, because o f  the i n t r i n s i c  noise caused by the 

spherical design, the l i m i t e d  sky coverage possible, and t h i s  design's pecu l ia r  

requirements f o r  s i t e  topography, t h i s  design i s  not  expected t o  be extended fo r  

fu tu re  iow-frequency Earth-based systems. Instead, what i s  envisioned i s  a small 

earth-bound array o f  the la rges t  possible steerable paraboloids, o r  possibly one 

vast aperture i n  space. 

The former case, the array, the la rges t  steerable paraboloid extant i s  

the 100 meter d ish of the rad io astronoinical observatory a t  Effelsburg, West Germany. 

C la ims fo r  increased area have appeared w i th  the construction o f  the Soviet RATAN 

600 f a c i l i t y ,  but i n  actual fact the perfxmance o f  t h i s  strange antenna appears t o  

be equivalent t o  not  much more than a 26 meter dish. 

The U.S. has the capab i l i t y  of bu i ld ing  antennas the equivalent o f  or 

superior t o  tha t  of the Germans, should funding mater ia l ize,  but u n t i l  t h i s  

capab i l i t y  i s  demonstrated, the Germans are the ones who have done it, and indeed 

the design which they implemented was a substantial advancement over previous 

construction. 
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In array technology, Europe has long been using large ancenna arrays, 

bu t  w i t h  the advent o f  the United States VLA (Very Large Array), we can probably 

claim to  be the current champion. 

The Soviets and some 1I.S. researchers have proposed CETI programs using 

large apertures in space. A t  the moment, there is  l i t t l e  question t h a t  the U.S.  

has a substantial lead in the technologies t h a t  might enable such a structure to 

be b u i l t ,  including an extrapolation of the Arecibo design t o  a space-based 

configuration which would not have the topographical limitations o f  i t s  Earth-based 

counterpart. 

For high frequency searches (10-100 G H z )  the U.S. is  clearly outstripping 

any rivals both i n  groupd-based instruments and i n  consideration of space-based 

devices free from the substantial atmosphzric degradations w h i c h  appear a t  these 

frequencies . 
(b)  The Receivw. I n  the microwave window (1 t o  100 GHz) there i s  one ty?e 

of receiver which i s  clearly o f  pre-eminent performance: the cryogenically cooled 

mser amplifier. The U.S .  i s  the unquestioned leader i n  this technology and seems 

likely to remain so i n  the current funding environment. 

ultimately be required for space-based operation which will require lmg-l ived 

closed-cycle crycgenics. Here again,  the U.S.  is  probably well ahead i .1  such 

developments, a1 though there i s  no particular reason t o  suppose t h a t  o t t v .  could  

not  advance t o  this level rather quickly i f  they so desired. 

These receivers may 

( c )  The Detector and ( d )  The Signal Processor. ?he key requirerent f o r  both 

of these devices i s  accomnodating enormous complexity a t  reasonable cost and power. 

For example, the most promising type of detector i s  a spectrum analyzer. o f  

millions or billions of channels, and the signal processor i s  then a device w h i c h  

can handle this large o u t p u t  and discern bh:ch d a t e  are worth sav ing .  

t o  do this a t  reasonable cost the most promising current technology involves the 

I n  order 
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heavy use o f  large scale integrated c i r c u i t s  (LSI). tiere again the U.S. i s  the 

mquestioned leader i n  the appropriate technology, both i n  c i r c u i t  and system 

design. 

(e) The System Control ler. For a search system t o  operate e f f i c i e n t l y  over 

the many years required f o r  some substant ia l  hope o f  success, the system must be 

automated. The system cont:oller i s  defined here as t h a t  4evice which w i l l  penni t  

such operation. A t  t ha t  moment, cont ro l  o f  a large antenna f a c i l i t y  and i t s  

associated equipment i s  being developed by the U.S. Deep Space Wetwork. Thus, 

t h i s  i s  probably the system fu r thes t  along for t h i s  effort.  However, there i s  

reason t o  bel ieve tha t  many others would be capable o f  t h i s  technology, as the 

automation processes are straightforward and can be implemented with any of a 

nlanber o f  technologies, i f  space, mass, and parer are not pa r t i cu la r  problems. 

Intense in te res t  i n  the Soviet Union i n  non-technological aspects of SETI 

was evidenced a t  the Congress; e.g., the use o f  i n te l l i gence  technology, b io log ica l  

evolJt ion, the character of messages, etc. Many papers have appeared i n  t h i s  area, 

bu t  they seem t o  be rather  s o f t  and speculative. Elsewhere, as i n  the U.S. publ i -  

cations c i t e d  ea r l i e r ,  there i s  a lso considerable i n te res t  because o f  the general 

appeal of the subject, but  l i t t l e  substantive work. The papers from Eastern European 

countries are h igh ly  speculative, d i f f i c u l t  t o  fo l low, and do not  cont r ibute very 

much t o  the science of technology o f  CETI o r  SETI, w i th  the possible s ing le exception 

of Dr. Rudolf Pegek of Czechoslovakia, who has a f i rm theoret ica l  handle on SETI as 

a who1 e. 

F . Bioastronautics -- 
The I A F  8 th  Inv i ted  Lecture, presented by Professor O.G. Gazenko o f  the 

USSR on the subject "Man i n  Space Today and Tomorrow", gave some general resu l ts  o f  

the s c i e n t i f i c  information gathered from a broad I,.;R program o f  pre- and post- 
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f l ight  cosnonaut examination. Gatenko reviewed the reactions o f  the body's func- 

t lonrl  systems during the adaptation process; c.9.. i n  cardiovascular a c t l v l t y ;  i n  

the muscular systems; I n  bone t issue ( inc lud ing the calcium d e f i c l t ) ;  snd the 

decrease i n  erythrocyte count, as well as prophylactic lllcasulys, medical super- 

vision, and f l i g h t  safety. 

estab l ish the character is t ics  of man as a subsystem having some very rea l  f r a l l t l e s .  

Ye need t o  understand t h i s  subsystem be t te r  i f  man i s  t o  do a l l  the things tha t  the 

engineers expect him t o  do i n  space. 

This excel lent  review paper unfortunately did not  

O f  the remaining 18 papers i n  the two Bioastronautics sessions (Nos. 13 

T h e  and 19; see Appendix A), 15 were by Soviet authors and tuo by Czechoslovaks. 

eleven most s i g n i f i c a n t  of these are sumnarized b r i e f l y  below. 

I n  Keferenco 51 the author suggests tha t  the well-known differences i n  

rad ia t i on  resistance MY be due t o  ind iv idual  functional charac ter is t i cs  o f  organisms. 

Experlnwnts had already been reported aimed a t  estab l ish ing corre la t ions k t m e n  

the functional s ta te  of the organism p r i o r  to  i r r a d i a t i o n  and the subsequent 

differences i n  rad ia t ion  resistance 

i n  the author's laboratory w i t h  ekperiments w i t h  animals. He concludes tha t  "the 

experiments presented i n  t h i s  paper showed that the functions o f  urine, e lec t ro ly te ,  

encretion, corticoadrenal a c t i v i t y ,  and in tens i ty  o f  metabolism on the one hand and 

manifestations of rad ia t ion  resistance on the other hand are re la ted  by nonlinear 

re la t ionships suggesting an unfavorable prognostic s lyn i f icance of the ehtrenre 

values of spontaneous v a l u a b i l i t y  of the functional parameters used". 

T h e  report sumnarizes the resu l t s  obtained 

The author. has published only one paper which does Rot seem re la ted  t o  the 

present art i c l e .  Ue are not a w r c  of any serious attempts i n  the U.S. t o  fol low t h i s  

l i n e  o f  research, nor do WP feel that  I t  would he of pa r t i cu la r  value. The USSR has 

t yp i ca l l y  placed more enphasis i n  the rad ia t ion  dspects o f  space f l i q h t  and should 

be conipetent. 
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The main author o f  Reference 52 has published eleven previous psptrs deal- 

ing w i th  vascular responses t o  space f l i g h t .  

approximately th i r ty -s i r  papers i n  the area of space cardiovascular physioloqy. 

Although the USSR has f o l l o w d  the lead of the U.S. Skylab eqwrience, t h e i r  t o t a l  

capab i l i t y  s t i l l  does not match ours. We have continued t o  develop new nleasurment 

techniques, and i t  i s  expected we w i l l  remain ahead i n  t h i s  area. 

T h e  other authors have contr ibutcd 

Reference 53 presents an attempt to  correct  the changes i n  f l u i d  and 

The paper contains some new and useful drug e lec t ro l y te  metabolism using drucs. 

react ion Information. 

re la ted  t o  the subject matter.  

co log ics l  agents as applied t o  calcium loss and or thos ta t i c  tolerance w i th  tvJ rest .  

but  not overa l l  f l u i d  and e lec t ro l y te  metabolisnr. Since we are not surv of  the 

ncchanisms o r  adaptive s ign i f icance o f  some o f  the changes i n  f l u i d - e l e c t r o l v t e  

metabolism, i t  would seun r isky t o  apply pharmocoloqical correct ion.  

tha t  the USSR does not agree and has conducted many experiments w i th  phatit+dc'olw1c,tl 

countermeasures. 

The authors o f  t h i s  paper have published rrany previous papers 

T h e  U.S. has had a continuing proyram of phamu- 

I t  .tpprtai*s 

References 54 and 55 deal w i th  speci f ic  aspects of the ov rvv ieu  p.tptv. 

Reference 56. 

board the Cosmos 782 space b i o s a t e l l i t e .  

compared w i th  resu l ts  obtained w i t h  various conti'ol jraups. The authors ionilt1,1t8 

that  "the weightless s tate does not represent n severe s t ress s t im i lus ,  z inc tb  t h e  

act iva t ion  of both cortex and medulla by the ndrenal f a i l e d  t o  show t h c  t.h.it-fit-tt-1.- 

i s t i c  signs of a chronic and severe s t r e s s .  The weightless s t a t e  as  ,i , iwnp~mwt  o f  

space f l i g h t  can be considered as a s t r r s s  stimulus w i th  no ilre,it r iwl i1:yw-t i n  

the ac t iva t ion  o f  t h r  adrenal-cort i c n l  nnd 1 v d u 1 1 ~ 1 * ~  svsttw". 

The experiments were nmde on K i s t a r  rats who had spent twwtv  Atys on 

Results obtained u i t h  there dtrint,qlz w t w  
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The maln task o f  the experiments car r ied  out  during t h i s  f l i g h t  was t o  

further the study o f  mhan lsms o f  the e f f e c t  o f  zero-g and a l te red  g on the 

mrphogenesis, structlr:;, and physiology o f  animals and plants. The b i o s a t e l l i t e  

Cosmos 782 was equlpped w i t n  a centr i fuge which made i t  possible f o r  the f l r s t  t ime 

t o  carry  out  i n  space an experiment t o  study weightlessness and a r t i f i c i a l  g rav i t y  

effects on a comparative basls. 

Genetic invest lgat tons were conducted on f ru i t  f l i es ,  and the f ind ings 

denonstrated tha t  weightlesrness cannot be an obstacle f o r  normal growth and 

developent  o f  drosophila f l f e s .  One o f  the four  US/USSR j o i n t  experiment on Cosmos 

782 was a study o f  Fundulus heteroc l i tus  eggs and fry. The study found tha t  embryo- 

genesis of f i sh  has demonstrated tha t  weightlessness may in f luence the embryonic 

development a t  the very ea r l y  stages tha t  precede gastrula; however, abnormalities, 

i f  they have developed, disappear i n  the course o f  subsequent growth. 

w i th  the higher plants, inc lud ing pine and crepis  seeds, were a lso conducted t o  

examine the spat ia l  o r i en ta t i on  o f  over and underground organs o f  plants qrown i n  

weightlessness, and t o  study the anatomy of support t issues and the s ta te  o f  nuclear 

structures i n  mer i s temat i c  c e l l s .  

geotropism i s  not a genet ica l ly  determined property. 

nlay manifest n response t o  environmental changes. 

tha t  p o l a r i t y  of the primary growth af roots  and shoots i s  genet ica l ly  determined or 

programed. 

Experiments 

These experiments have v i v i d l y  demonstrated that 

I t i s  o f  exogenous nature and 

However, i t  seems very 1 i ke ly  

Reference 57 descrtbes experiments w i th  male r a t s  which were i r r a d i ~ t e d  by 

220 and 800 rad of gama rays w i t h i n  24 hours during the f l i g h t  aboard the b iosate l  

l i t e  Cosmos 690. I n  the t e r r e s t r i a l  modeling experiments, animals were i r rad ia ted  

w i th  the same doses and examined i n  the same way. The increasiny t r i g l y c e r i d e  and 

t o t a l  cholesterol concentration i n  tissues, the increase of l i v e r  t r ig lycer ides ,  and 

especial ly the increase i n  bone marrow t r i g l y c e r i d e  concentration were i1iot.e intensive 
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I n  anlmls I r rad ia ted  aboard the b l o s a t e l l i t e .  On the other hand the reparat ive 

processes I n  these groups, as compared w l t h  the t e r r e s t r i a l  experinrent i n  nnimals, 

were more perfect. 

In the experlment described i n  Reference 58, the authors report  that  a 

long-tern (20 days) space f l i g h t  o f  r a t s  on board the b i o s a t e l l i t e  indicated some 

biochemical changes in the i r  ske leta l  muscles as compared w i t h  ground-based syn- 

chronous and vivarium controls.  I n  f a s t  skeletal  muscles there has been ail increase 

o f  GP "a" a c t i v i t y ,  whi le t o t a l  and enzymic c a t a l y t i c  a c t i v i t y  was retained. The 

change of GP "a" a c t i v i t y  was i r r e v e r s i b l e  and was maintained on the 25th p o s t f l i g h t  

day. 

day. 

about necessity of creat ion on board the spaceship of a r t  f i c i a l  load on slow-twitch 

ant i g rav i  t a t  ional  skel eta1 muscles" . 

Dehydration o f  m. p lan tar is  and m. phrenicus disapp ared on the 25th p o s t f l i g h t  

The authors conclude by saying "an analysis o f  data leads t o  a conclusion 

Reference 59 concludes tha t  ne i ther  the space f l i g h t  nor the i r r a d i a t i o n  

o f  r a t s  by 220 and 800 rads f o r  24 hours caused any substant ia l  changes o f  

deoxyribonucleoprotein and nucleic ac id  amount i n  1 i ve r .  

able decrease i n  nucleic ac id  amount and increase i n  the leve l  of soluble polyde- 

oxyribonucleotide occitrred i n  spleen o f  r a t s  exposed i n  space f l i g h t  environment * 

pwbably as a r e s u l t  o f  so-called grav i ty  stress. !io accumulation o f  cffec.ts was 

observed i n  r a t s  i r r a d i a t e d  i n  space, though the damage i s  a 1 i t.t le more pronounced 

i n  comparison w i t h  the ef fect  of s ing le space f l i g h t  factors.  

I n  contrast, a consider- 

I n  Reierence 60, deta i led data are presented on the reyarnt ivp processes 

i n  spleen, bone marrow, and peripheral blood of adul t  r i c e  a f t e r  continuous i w a d i n -  

t i o n  w i th  d a i l y  dose rates of  50, l O C ,  and 500 rads ,  up t o  ,I t o t a l  dose of 1000 rads. 

The white pulp i n  a l l  qroups was nmre nqcd than the red pulp. 

s i m i l a r i t y  appears t o  hc almost normal w i th in  26 days  Ijfto* otrtspt 01' i r r , ~ d i a t i o n ,  

and the changes i n  peripheral blood a f t e r  i r rad i , i t  ion and durinti r w o v t ' r v  wprc 

s i m i l a r  t o  the changes i n  spleen. 

Tht- botw i:\,irr,.nw 
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I n  Reference 61 dateminat ion o f  the a c t i v i t y  o f  enzymes involved i n  

rnimoacid metabolism i n  l i v e r  showed the marked increase o f  thyrosine, amino, trans- 

pharase, and tryptophan pyrolasc a c t i v i t y  I n  p o s t f l i g h t  r a t s  k i l l e d  6 t o  10 hours 

a f t e r  landing. The authors suggested the r e s u l t s  ind icate tha t  i m d i a t e l y  enhanced 

enzyme a c t i v i t y  i n  l i v e r  could be the consequence of the exposure t o  acute stress 

factors. 

Perhaps the most in te res t ing  new data i n  these sessions appeared I n  

Referance 62, an "add-on" paper by the Soviets. 

o f  the space f l i g h t  environment on vest ibu lar  function ( o t o l i t h i c  and that  of semi- 

c i r c u l a r  canals) as we l l  as spat ia l  perception function o f  the cosmonauts that  p a r t i -  

cipated i n  the ASTP, Soyur 21 - Salyut 5, and Soyuz 32 missions. The paper gave new, 

exc i t ing  data r e l a t i n g  space f l i g h t  reactions t o  several vest ibu lar  tests  done pre- 

and post - f l ight .  S m  unusual a s y m t r i e s  i n  vest ibu lar  funct ion noted i n  the tes t ing  

might haw? pred ic t i ve  value for  space nmtion sickness. This was an excel lent  paper 

of new data. 

I t s  purpose was t o  study the effects 

G. Unmanned Solar System Exploration 

The U.S. and U.S.S.R. are, o f  course, the only two nations who have con- 

ducted so lar  system explorat lon missions. 

a c t i v i t y  i n  Europe and Japan i n  t h i s  area. 

Nonetheless, there i s  in te res t  and 

Western Europe: ESA has excel lent  capnbl l i  t y  i n  spacecraft technoloqy and 

i s  developing a sound low-level capab i l i t y  for a l l  aspects of  unmanned explorat ion 

missions. The1 r mission des1 gn/sof tware/opera t ions s t a  tcb-of - the-art  i s rudimentary , 

but by working k i t h  the U.S. they w i l l  be able t o  conduct missions. 

t o  study other missions on the forefront of techno1og.v including the solat. protra. 

possibly solar sa i l ing ,  Mercury orb i ters ,  rrtc. 

t o  sh ie ld  the solar probe and s t i l l  maintain conmuriicatfoiis r-rprt!sents a si!:nific-nnt 

contr ibut ion t o  probe coristruct ion techniques (Rt\ferrncc! 63) .  

[SA continues 

I n  par t i cu la r ,  the  techiwloqv required 



33 

West Gemany i s  bu i l d ing  the o r b l t  i nse r t i on  motor f o r  the U.S. Jup i te r  

Orb i ter  Probe mission. France continues t o  work on balloons and experiments for  

the Russian Venera program. The Netherlands Is involved i n  a j o i n t  U.S. venture for  

an in f ra red  astronomy s a t e l l i t e .  B r i t a i n  and other European countr ies are developing 

synthet ic aperture radar capabi 1 i t y  and other instruments for  planetary appl icat ion.  

I n  sunmnary, Western Eufape i s  remaining ac t ive  and involved i n  planetary 

missions. The usual problem o f  l i m i t e d  resources and uncertain comnitment prevents 

what i s  possible from being real ized. 

areas (instruments, spacecraft subsystems, etc. 1 seem t o  be continuing. 

w i l l  continue t o  be behind i n  software. mission design, ce les t i a l  mechanics, and 

navigation technologies, and t h i s  w i l l  probably prevent them from being an independ- 

ent  force i n  deep space explorat ion for  the near future. 

Eastern Europe (other than the USSR): L i t t l e  work i s  being done i n  so lar  

Technology advances i n  pa r t i cu la r  hardware 

Europe 

system explorat ion except for  occasional papers ty ing  U.S. and U.S.S.R.  resu l ts  t o  

theoret ica l  and/or Earth observational studies. Several papers from Eastern Eurcpe 

a t  t h i s  Congress r e f l e c t  some special ized work on such topics; e.g., References 64, 

65, and 66, 

Japan: Japan has considerable e lect ron ics capab i l i t y  and i s  developing a 

capab i l i t y  for  bu i ld ing  spacecraft subsystems. They show+ some spec i f i c  i n te res t  

(a t  the Univers i ty  o f  Tokyo) i n  working w i th  the U.S. on the Jup i te r  Orb i ter  Probe 

mission, but nothing material ized. Beyond t h e i r  in te res t  i n  some subsystem areas, 

there has been no Japanese contr ibut ion i n  t h i s  topic; i t  i s  possible tha t  some 

w i l l  be forthcoming i n  5-10 years. 

-- U.S.S.R.: The Russians continue t o  maintain an a c t i v e  and s ign i f i can t  

planetary program. Their Venera program i s  an outstanding success--both i n  engineer- 

ing and i n  science. Mary papers analyzing, u t i l i z i n g ,  and e luc idat ing resu l ts  from 
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Weneras 9 and 10 are appearing i n  the s c i e n t i f i c  l i t g a t u r e ,  inc lud ing several a t  

this Congress; e.g., References 67 and 68 I n  the Unmanned Solar System Explorat ion 

session. 

which are important i n  fu tu re  mission planning, Reference 67's resu l t s  are s i g n l f i -  

cant i n  adding t o  the understanding o f  Venus atmospheric turbulence, which u l t imate ly  

w i l l  g ive us a complete p i c tu re  o f  Venusian (and l a t e r  Earth) cl imatology and metea- 

rology. The success o f  the Soviet landings on Venus cannot be overemphasited-it I s  

an advance o f  technology. 

fur ther i n  the continuing Venus explorat ion program. 

In addi t ion t o  the Invaluable methodology descr ipt ions i n  these papa%, 

Indicat ions are tha t  the Russians w i l l  car ry  these advances 

A t  Mars the Soviet Union fa i l u res  are as great as t h e i r  success a t  Venus. 

This i s  somewhat rgs t i f y i ng ,  since the technology requirements are not as great. 

Russian subsystem technology, especial ly electronics,  seems t o  be less than i t  

should be. The'r mission design a b i l i t y  appears sound and i s  probably backed w i th  

excel l e n t  ana ly t i ca l  capabi 1 i ty. 

While Russian science i s  wel l  reported, t h e i r  engineering i s  not. A 

r id icu lous  paranoia about reveal ing future plans seems t o  ex is t ,  and de ta i l s  on 

mission and system design, spacecraft technology, and performance capab i l i t i es  are 

almost always unreported. The USSR program i s  f a r  less broad than the United States, 

and outer planet missions, comet rendezvous, and other ideas do not seem t o  be ge t t ing  

much at tent ion.  There does appear, however, t o  be a large number of workers i n  t h e i r  

planetary program, and about once every three months a paper o r  two appears on 

advanced ideas ( l ow  th rus t  propulsion, grav i ty  assist ,  outer planet mission ideas, 

etc.). The Russian secrecy prevents us from knowing whether t h i s  i s  the t i p  o f  an 

iceberg o r  random ind iv idual  in terest .  

An important matter fo r  NASA a t ten t ion  i s  the fact  t h a t  although the 

subject of unmanned solar system explanation i s  perennial ly one o f  the highest - 
i n te res t  subjects a t  the I A F  Congresses, the sessions t h i s  year were considered 
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wholly inadequate by the AIM delegates, p r i n c i p a l l y  because of the marked lack of 

U.S. support of the Congress i n  t h i s  area. It necessitated a number of inadequate 

o r  inappropriate " f i l . i - in"  papers; e.g., References 69 and 70, 

unquali f ied Vik ing successes, t h i s  was one o f  the most discussed subjects a t  the 

Congress. 

In the 1 i g h t  o f  the 

H. F l u i d  Dynamics 

The bulk of the papers i n  f l u i d  dynamics a t  the I A F  Congress appeared i n  

the session on F l u i d  Dynamics Aspects of Space-Based Industry (See section A-4 above). 

9 f  the remaining f i ve  papers i n  Session 25 (see Appendix A), none o f  which incident-  

a l l y  were by U.S. authors, a l l  were h igh ly  theoret ical .  Three of the f i v e  dea l t  

wi th subjects having l i t t l e  t o  t o  w i t h  space technology, and there appeared t o  be no 

s ign i f i can t  new information developed by the other two, which were la rge ly  academic 

exercises. 

1. Earth and Ocean Dynamics 

O f  the s i n  foreign papers presented i n  t h i s  session (see Appendix A, Session 

26) only two were considered by the U.S. delegates t o  contain advanced technology 

elements. Reference 71 demonstrated a successful technique f o r  determining o r b i t  

perturbations ( i t  was able t o  detect a 25 cm o r b i t  perturbation, as compared w i t h  the 

usual ?, 2 m resolut ion),  by analyzing sequential passes of GEOS-3, and Reference 72 

presented what appears t o  be a valuable procedure f o r  high-accuracy c a l i b r a t i o n  of 

s a t e l l i t e  alt imeters. Developed for  Seasat, i t  i s  t o  be tested using J Black Sea s i t e .  

3 .  Earth Observations 

The sessions devoted t o  t h i s  subject a t  the 28th I A F  Congress Nos. 29,42, 

and 47; see Appendix A )  included no less than 20 non-U.S. papers; and i t  has been 

decided by the Programne Comnittee for the 29th Congress ( i n  1978) t o  make Earth 

Observations one of  the major Symposia, w i th  perhaps 5 o r  6 sessions a t  nubrovnik 
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I n  1978. Yet, desplte the extremely h igh in ternat ional  i n t e r e s t  I n  t h i s  subject, 

which I s  perhaps the most Important p rac t ica l  appl icat ion o f  space technology t o  

fo l low comunications and meteorology s a t e l l i t e s ,  there was a disappoint ingly meager 

show o f  foreign technology a t  the 28th Congress. 

Several o f  the papers simply presented sumnaries o f  spec i f i c  uses o f  Landsat 

(References 73-75), a l l  o f  which are f a m i l i a r  t o  NASA. The only substantive USSR 

papers (References 76-83) were a l l  theoret ica l  studies, and a1 though they demonstrate 

an excel l e n t  understanding o f  microwave sensing theory, the Soviets have released 

l i t t l e  o r  nci data since Cosmos 243, which f i r s t  f lew a passive microwave sensor i n  

1968 ( p r i o r  t o  the U.S.). The French papers (References 84-87) dea l t  w i t h  r e l a t i v e l y  

p r i m i t i v e  technology - v i s  .- a - v i s  both current Landsat and the forthcoming Landsat C and 

0 efforts. Perhaps the only Innovative foreign paper i n  the three sessions was Refer- 

ence 88, (*) which, a1 though technica l ly  naive, nevertheless raised an in te res t ing  

prospect for  determining f i r s t - o r d e r  ozone concentration estimates. 

K. Lighter-than-Air Systems f o r  Space Operations 

The only s i g n i f i c a n t  fore ign technology i n  t h i s  session (Reference 89) i s  

the French superpressure bal loon design t o  be u t i l i z e d  as a Venus atmosphere probe 

i n  a 1983 Soviet Venera pro ject .  

requirements; systems data such as Earth/Venus t r a n s i t  requirements, deployment 

and i n f l a t i v e  sequences, f l i g h t  condit ions (e.g.; gas loss due t o  di f fusion and 

leakage, thermal f l ux ,  vert ical-wind var iat ions,  overloading due t o  sk in  p a r t i c u l a t e  

co l lect ion,  etc. 1; and speci f ic  reference design features such as bal loon size, 

mater ia l  and s t ructura l  design, sensors, pressui e regulat ion devices, i n f l a t i o n  

subsystems, etc.  

The design i s  wel l  establ ished as t o  missic:: 

A1 though buoyant probes were considered for  the U. S. Venus orb i  ter/probe 

system, they were not selected. This paper could be of some i n te res t  f o r  subsequent 

_- ----- 
(*) This paper was addecl a t  the Congress 
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U.S. mission consideration. Note also tha t  some o f  the technical data u t i l i z e d  for  

the reference design are discussed i n  a general French survey paper (Reference 90). 

L. Propulsion 

Papers presented i n  these sessions (Nos. 31 and 36) which were i d e n t i .  ied 

as having p a r t i c u l a r  s igni f icance are l i s t e d  here as References 91-97. 

of s igni f icance i n  these papers were as follows: 

Key elements 

(1) Reference 91: The review o f  HM-7 (Ariane third-stage prooulsion system) 

highl ighted a number o f  developments comparable t o  U.S. e f f o r t s  on hiqh-performance 

l i q u i d  oxygen/liquid hydrogen rocket engine systems. 

e f f o r t s  i n  t h i s  d isc ip l ine,  t h i s  development represents a po ten t ia l  area fo r  fu tu re  

European competition; e.g. , i n  the sorely-needed advanced o r b i t  t ransfer  vehic le 

appl icat ion. 

( 2 )  

I n  view o f  reduced U.S. (NASA) 

Reference 92: This paper introduces an in te res t ing  theoret ica l  approxinla- 

t i o n  t o  the POGO i n s t a b i l i t y  character is t ic ,  permi t t ing s imp l i f ied  prel imin6ry engine 

design approaches t o  avoid t h i s  bothersome phenomenon. 

( 3 )  Reference 93: Again, an in te res t ing  theoret ica l  approach t o  the t r u l y  d i f f i -  

c u l t  (but c r i t i c a l )  problem o f  l iqu id-propel lant  enyine startup. Should the hydro- 

dynamic model proposed i n  t h i s  paper be val idated experimentally, i t  could of fer  

s ign i f i can t  reductions !n prel iminary development tes t ing  requirements. 

( 4 )  Reference 94: Another theoret ica l  analysis aimed a t  modeling cooldown require- 

nents, w i th  po ten t ia l l y  s i g n i f i c a n t  impl icat ions f o r  reducing experimental requirements 

t o  establ ish these parameters. 

( 5 )  Reference 95: This paper indicates a high leve l  of  development i n  ion pro- 

puls ion engine technology, which w i l l  be required extensively f o r  fu ture larqe- 

structure development, configuration control ,  and station-keeping as \vel 1 as f o r  

present geostationary s a t e l l i t e  s ta t  ion-keeping requircments. The technological 

capab i l i t y  indicated by t h i s  paper i s  comparahle to current U.5. developments i n  

ion propulsion. 
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(6) Reference 96: This paper, which bears on plasma propulsion, demonstrates 

a rather sophist icated Soviet c a p a b i l i t y  I n  experimental dense-plasma diagnostics, 

ind icat ing some value I n  searching f o r  comparable sophis t icat ion i n  plasma diagnostic 

techniques not propulsion-related; e.9. , gas lasers. 

(7)  Reference 97: This paper i s  a r e l a t i v e l y  s i m p l i s t i c  solar s a i l  study, 

ind icat ing a leve l  of capab i l i t y  ,?ar below tha t  o f  recent JPL studies. However, the 

appl icat ion c i t e d  as an example i n  the paper, a Mercury mission using the Ariane 

launcher, suggests a potent ia l  area o f  competit ion f o r  NASA now tha t  the U.S. solar  

s a i l  pro ject  ( fo r  a cometary rendezvous) has been shelved. 

M, Space Rescue and Safetx 

The s ta te  o f  foreign technology i n  space rescue and sJfety i s  ba:!cally 

several years o r  more behind that  o f  the U.S., p r i n c i p a l l y  as a r e s u l t  of the much 

more intensive and broad-scope U.S. e f f o r t  i n  manned and unmanned space missions 

during the 1970's. Missions such as Apollo and Skylab placed man i n  space for 

continuous periods as long as 84 days and a t  distances as f a r  away as the Moon. 

As par t  o f  these unique program accomplishments the safety and rescue technology 

was advanced considerably more i n  the U.S. than i n  other countr ies, although the 

Soviet p a r t i c i p a t i o n  i n  the ApollolSoyuz mission, which i l l u s t r a t e d  ootent ia l  space 

rescue capabi 1 i ty, obviously added considerably t o  the1 r space-rescue technology. 

Currently, the space shut t le  program i s  bu i ld ing  on the 1J.S.  technology base. 

Future foreign development w i l l  probably continue t o  l ag  those o f  the U.5. i n  space 

rescue and safety. 

Space rescue ef for ts  and capab i l i t ies  per - se have not been discussed by 

the USSR t o  date, other than i n  the Apollo/Soyuz missiori, 

sion tha t  the value of l i f e  and comfort i n  the USSR system i s  r r f l e c t e d  i n  the 

reduced a t ten t ion  given t o  the duress t o  which cosmonauts may be exposed; e.g., less 

One receives the impres- 
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elaborate treatment on landing as well as t o t a l  unconcern about potent ia l  problems 

M l c h  l e d  NASA t o  impose medical quarantine examinations. 

Y i t h  resp-ct t o  recovery fo l lowing Earth surface touchdown, Japan and 

Europe are q u i t e  act ive I n  in ternat ional  rescue e f f o r t s .  The USSR i s  a comparatively 

new member o f  ICAO. 

and the USSR does not discuss them There i s  l i t t l e  USSR a c t i v i t y  i n  response t o  

emergency s i tuat ions invo lv ing vehicles/personnel o f  other nations , a1 though they 

have par t ic ipated i n  in ternat ional  marit ime rescue d scussions. 

Safety s t a t i s t i c s  and accident prevention are cloudy areas, 

Foreign methods i n  several spec i f i c  rescue technologies outdistance those 

i n  the USA i n  a numoer o f  cases; e.g., mountain rescue techniques carr ied out by 

over f ly ing a i r c r a f t  or rescue operations invo lv ing touchdown on mountainsides; 

f i sh ing  vessel f l e e t  response (communications p o s s i b i l i t i e s  and mother ship); 

emergency transmission equipment on vessels; organized volunteer response t o  

shipping d i f f i c u l t i e s ;  and organization of medical assistants communications t o  vessels. 

Foreign developments discussed a t  the 28th Congress (Session Nos. 37, 48 and 

Current Events 111) represent some excel lent  systems, some o f  which have the same 

objectives as those addressed by NASA i n  sevsral experimental projects,  p a r t i c u l a r l y  

Satel l i te-Aided Search and Rescue. 

purposes (Reference 98) (*) may i n  the future be applied t o  a i r c r a f t  search and rescue 

operations. 

i t  transmits d i r e c t l y  t o  s a t e l l i t e s  for maritime use on L-band frequencies 2nd does 

not involve the more complex accomnodations that  would be required i f  the frequency 

406.0-406.1 MHz were used for the "ground" t ransmit ter .  

The development reported by FrG f o r  maritime 

I t  i s  receiv ing good a t ten t ion  and i s  appropriate t o  t h i s  report  because 

Other papers of in te res t  included Reference 99, i n  which Bereqovoy's 

approach t o  ident i fy ing 50 conmmn words i s  innovative and profes;ional. 

e a r l i e r  pointed t o  the need f o r  a simple un iversa l ly  understood space lnnquaae t o  

He had 

I*) This paper was added a t  the Congress 
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avoid misunderstandings. 

e f f o r t  t o  means of evaluating po ten t ia l  degradation i n  human performance aboard 

spacEcraft. 

w i t h  the ind iv idual? I n  Reference 100, Popov, whose work bears fo l lowing, reported 

how he conducted "voice signature'' p o s s i b i l i t i e s  f o r  detect ing unadmitted d i f f i c u l -  

t i e s  i n  spacecraft cockpits. 

I n  general , i t  seems t h a t  the USSR devotes much more 

!t might be in te res t ing  t o  consider why t h i s  may be so; l e %  rapport 

N. Mater ia ls and SU L.-m 

Papers i n  t h i r  session (No. 34) concentrated cn three pr inc ipa l  areas: 

(1) The P r i m e  launcher (References 101-102), which i s  o f  decreasing in te res t  t o  the 

U.S. w i th  i t s  current deemphas'e on expendable launch vehicles; ( 2 )  th in-wal l  c y i i n -  

dr*ical structures, o f  which the f i r s t  paper (Reference 103) deals w i th  the Spacelab 

modcle and i s  undoubtedly q u i t e  wel l  known t o  NASA ( i t  uses NASTRAN for i t s  computa- 

t ions);  the second (Reference 104) i s  a ra ther  c lass ica l  treatment o f  the USSR 

radiotelescope parabolic antenna as r i g i d  o r  f l e x i b l e  anisotropic shel ls  of reso- 

lu t ion ;  and ( 3 )  thermal problems w i th  several d i f fe ren t  kinds of space structures 

(References 105-1071, none o f  which go beymd known U.S. research and technology 

capab i l i t ies  i n  thermal stress and thermal v ib ra t ion  analysis using both semi-coupled 

and fully-coupled theories and, for complex structures, f i n i  te-element methods. 

sumary, there was l i t t l e  of innovative in te res t  t o  NASA i n  t h i s  session. 

I n  

0. As t rodynami cs 

The three "c lass ica l "  sectors o f  astrodynamics have character is t  i c q l l y  

been t r c  Led i n  three separate sessions at , IAF _. Congresses: (1) Natural Moticn and 

Orb i t  Estimation (Session 35; see Appendix A ) ;  ( 2 )  Optimization, Transfer and 

Rendezvous, ar.C Station-keeping (Sessior 41); and ( 3 )  A t t i tude  Dynamics (Sessicn 45 ) .  

Recent progress i n  a l l  three of these sections as evidenced a t  the 28th Congress i t -  

Prague has been summarized i n  Reference 108, which i d e n t i f i e d  the t w o  p r inc ipa l  
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new areas (both i n  the Attltude Dynamics section) as (a) f l e x i b i l i t y  and shape 

control, required f o r  large so lar  arrays, radiotelescopes, and large coamnication- 

system antennas, and (b) the coupling between the motion o f  l i q u i d s  contained i n  

s a t e l l i t e  tanks w i t h  the overa l l  motion of the s a t e l l i t e ,  p a r t i c u l a r l y  i n  spinning 

sate1 1 i tes. 

Speci f ic  papers o f  i n t e r e s t  i n  these and other areas o f  astrodynamics 

presented a t  the 28th Congress are described i n  the subsequent paragraphs. 

Five foreign papers (References 109-112) were i d e n t i f i e d  by the A IAA 

delegates as being o f  some signif icance. Reference 109 u t i l i z e d  approximations 

from matched asymptotic expansions, used i n  the s t a b i l i t y  analyses of per iod ic  

orbits, for the estimation of the n h r  o f  s ta r  c o l l i s i o n s  i n  the galaxy. This 

i s  a r e s u l t  of considerable s c i e n t i f i c  in te res t  t o  astronomers, but i t  i s  also of 

i n t e r e s t  t o  NASA i n  tha t  i t  demonstrates the extrenely broad a p p l i c a b i l i t y  of new 

analy t ica l  developments i n  per iod ic  o r b i t  stabi  1 i t y  analysis. 

The use o f  atmospheric declerat ion f o r  Mars o r b i t e r  inser t ion  as described 

i n  Reference 110 was considered by AIM delegates as being qu i te  feasible, and t h i s  

paper was ident i f ied  as a typ ica l  example o f  h igh-qual i ty Soviet astrodynamic 

analysis capabi l i ty .  

Reference 111 was i d e n t i f i e d  by several delegates as being a p a r t i c u l a r l y  

si5;;ificant development i n  the analysis of large-structure deployment mechanics, 

especial ly s t a b i l i t y  c r i t e r i a .  

gyrodamper orientat ion, was considered by the A I A A  delegates as one o f  the 

analy t ica l  high1 ights  of the astrodynamics sessions ( i t  has since been i n v i t e d  t o  

appear i n  the Jew-nil of the Astronautical Sciences), as a prime examp'= o f  hybr id 

a t t i t u d e  control  concepts, i .e, combination of passive gravi ty-gradient s t a b i l i z a t i o n  

w i th  a gyrodamper system. Reference 113 was i d e n t i f i e d  as a good analysis o f  the 

Reference 112, which t reated the problem o f  optimum 
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conplex astrodynafalc systam o f  a sc r te l l l t c  wlth sf i lar panels, but suffered from 

I t s  neglect of rdd la t l on  pmssum effects. 

To sumarlte the s ta te  o f  fore lgn capab l l l t y  I n  astrodpamlcs a VIS the 

U.S., the French, Russlans, and Germans show the greatest degrees o f  sophlst lcat lon,  

i n  that order. The Russlans are hanpcrcd by poor cmputat lonal  qulpmcnt,  although 

the gap seems t o  be closlng. The French strength I s  greatest I n  appl ied nwthanatlcs; 

they are weakest I n  the guidance area. Both European and Soviet a b l l l t l e s  I n  

ana ly t l ca l  t ra jec to ry  opt lmlzat lon and orb1 t a l  analysis and cst lmat lon procedures 

a m  c-rable t o  those o f  the U.S.; t h e l r  nunwrlcal opt lmlzat lon techniques are 

catchlng up t o  us. European a t t i t u d e  contro l  capab l l l t y  I s  abreast of thdt  I n  the 

U.S., but  lnformatlon about the Sovlets I n  t h l s  area 1s poor. 

N o n  spec l f l ca l l y ,  the French, p a r t i c u l a r l y  Marchal and Marec (who was, 

fncldental ly,  t ra lned I n  aerospace sclence a t  Princeton's graduate school) , are 

leadlng au thor l t les  I n  ce les t i a l  mechanics and t ra jec to ry  o p t l m l a t l o n ,  and also have 

very advanced and lnnovatlve spacecraft control  hardware (CALTUS low-level acceler- 

ometer, magnetlcal ly suspended react ion wheels, e t c .  1. 
especial ly Sarychev and BeletskI*  are very advanced. 

support spacecraft deslgn, but he does not appear t o  in ter face w l th  the deslgn 

englneers. Beletskl  does h igh ly  o r l g i n a l  theoret ica l  work. 

Soviet thcoret ic l ims, 

Sarychev's p rac t ica l  analyses 

I n  the speci f ic  area of a t t i t u d e  dynamics and control  h iqh l ighted by 

Reference 108 as the primary area for current astrodynamlc Innovation, emphasis i n  

Europe, as well as I n  the U.S., Canada, and Japan, seems to  be on the a t t i t u d e  

dynamlcs s-d modellng of  spacecraft HI t h  f l e x i b l e  and/or deployable mavable nmbers, 

as well as on the appl icat ion o f  modern c c i t r o l  theory and computers to  

expanded on-board contro l  capabi 1 I t y  t o  a r c o m d a t e  such vehicl t x  f l e x i  b 

recent In ternat ional  synyosla (besides the 28th IAF Congress) have been 

spec 1 f I c subject (References 1 1 4- 1 16) . 

prov i de 

l i t y .  

held on 

hree 

th lh  
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The Soviets have not produced many papers on the e f f e c t  o f  f l e x i b i l i t y  on 

s a t e l l i t e  a t t i t u d e  dynamics and contro l  , but  have emphasized closed-locp ac t f vc  

contro l  systems and a lso hybrid-type contro l  systems (e.g., Reference 112). Reference 

117 demonstrates the importance they place on closed-loop automatic contro l  systems; 

Petrov's authorship of t h i s  paper i s  s ign i f i can t .  

has become one o f  considerable global i n te res t  and concern. This new Sympos 

(Session 38) was i n s t i t u t e d  a t  the 28th IAF Congress t o  explore the applicab 

o f  s a t e l l i t e  observation programs f o r  d e f i n i t i v e  monitoring of such changes, 

improve on the a b i l i t y  t o  detect and iden t i f y  them ear ly  enough t o  implement 

po l ic ies.  

The bulk o f  the e f f o r t  i n  climatic-change analysis has been i n  the 

P. Space Observations o f  Lonq-Term Cl imat ic Chanqes 

The subject o f  possible c l ima t i c  change due t o  f o s s i l - f u e l  combustion- 

gelaerated carbon dioxide and part iculates,  as wel l  as powerplant thermal dissipat ion,  

urn 

l i t y  

t o  

correct  i ve 

U . S . ,  

with the notable exception of the Austrian-hased in te rna t iona l l y  s ta f fed  I n t e r -  

nat ional  I n s t i t u t e  o f  Applied Systems Analysis. A1 though no technology, fore ign 

o r  U.S., y e t  ex is ts  i n  the u t i l i z a t i o n  of space-based observation techniques f o r  

monitoring o f  such changes, one ~f the two foreign papers given a t  tnis Synipusfii;;; 

(Reference 118) i s  o f  special in te res t  because o f  the primary r o l e  i t s  author 

( W .  Hife le)  played i n  developing world-wide recogni t ion o f  the near-term poten t ia l  

mgnitude o f  the CO2 problem. 

Q. Spacecraft Power Systems 

By f a r  the most s ign i f i can t  paper i n  t h i s  session, i n  the l i g h t  

quent developments, i s  the qu i te  deta i led S o v i e t  descr ip t ion (Reference 1 

the Topaz space nuclear reactor 's  thermionic generating system. Tcchnica 

t h i s  system have appeared rcqu la r ly  i n  the Sov ie t  journals s ince the l a t e  

of subse- 

9 )  o f  

papers on 

1960' 5 ,  
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along with equal ly de ta i led  descr ipt ions o f  the thermoelectr ic Romshka reactors, 

but  publ icat ion o f  so deta i led a descr ip t ion a t  an in ternat ional  meeting i s  r e l a t i v e l y  

rare. Topax, inc identa l ly ,  was probably the power system i n  the s a t e l l i t e  which 

impacted i n  Canada recent ly.  

I t  i s  p a r t i c u l a r l y  i n te res t i ng  t o  note tha t  the Soviets continue t o  

develop the in-core thermionic concept, whereas the only recent U.S. e f for ts  ( a t  

Los Alamos and JPL) have considered only out-of-core thermionics. Clear ly,  therm- 

i on i c  technology i s  one area i n  which the Soviets seem t o  have a good lead over the 

u. 5. 

A second Soviet paper o f  s igni f icance (Reference 120) suggests a r e l a t i v e l y  

d i r e c t  approach t o  the contro l  of a space nuclear reactor, u t i l i z i n g  a mechanical- 

thermal servo system t o  "un-compl i ca te"  the normal l y  complex automatic contro l  

system needed f o r  such reactors. 

forward i n  the k ind of th ink ing the U.S. nuclear engineering community needs t o  be 

exposed to. 

One U . S .  delegate considered t h i s  a major step 

The only other new concept suggested by non-U.S. authors i n  t h i s  session 

(Reference 121) was the use of hydrogen and oxyqen as an energy storage medium for  

interplanetary missions, w i th  replenishment by e lec t ro l ys i s  o f  water during planetary- 

f l i g h t  periods. 

i t  i s  in te res t ing  because of i t s  conceptual s i m i l a r i t y  t o  recent U.S. (General 

Dynamics) proposals which u t i l i z e  excess shut t le  mass capab i l i t y  t o  f e r r y  water t o  

a solar-powered space-based e lec t ro l ys i s  f a c i l i t y  located i n  a modif ied shu t t l e  

propel lant  tank car r ied  a l l  the way t o  o r b i t .  

Although the concept does not appear v iab le as a storage mechanism, 

A post-deadline paper, (Reference 122) suggested the idea of using high- 

temperature rad iators  on the backs of so la r -ce l l  power modules employing concentra- 

tors.  The author's projected speci f ic  mass of  5 t o  6 kg/kWe does not seem l i k e l y ,  

however, i n  view of the reduced ef f ic iency of photovoltaic c e l l s  a t  higher tenipera- 

tures. 
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R. Space R e l a t i v i t y  

The consensus o f  U.S. delegates t o  the Congress was t h a t  aside f rom the 

US/FRG Helios mission, there was l i t t l e  foreign a c t i v i t y  i n  space r e l a t i v i t y  research, 

and essent ia l ly  none i n  advance o f  U.S. work i n  t h i s  f i e l d .  Only one paper (Reference 

125) was h igh l ighted as having some signif icance. This so lar  probe concept suggested 

unique technology approaches f o r  shielding the probe and maintaining comnunications 

i n  the near-solar environment, which could represent s i g n i f i c a n t  contr ibut ions t o  

sol  ar-probe construction method01 ogy. 

None o f  the other three foreign papers (References 124-126) were considered 

t o  represent advanced technology o r  concepts. 
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112M . . --- 
SoUd-IJqoid In lmr l iom in Gravity F n r  
Mrnhci 
J.F. Padday. Rerearrh Dii. .  K d a k  L id .  
Harrow. UA’ 

Yuesday/Seplembw 27 
2.m PM/Room 0 

Session 16 
6th Intunationrl Rsrtea N W h  of 
Communicrtion WHh Extra’Temestrial 
Intelligence (CETI 21 
Organized by the IntesMtionsl 
Academy ot Astronautics 

CUCnaIrmM 
J. BILLINGHAM (USA) 
R. PESEK (Czechoslovak@ 

A Mi e f . C F I  Activilks in Womb A d .  
* i t b a l h m $ a I w  of the A m t n  Srrrb for 
w.*rmubl Baronrat tbr 22 CHI 
Cmqoemty of Watn V . ~ 6 t  
P.A Fcldman. Hnrbrg Ins:t:u:e of 
Astro&vsm. Natmmi Resawrk Courml of 
Canada. Ortawa. Cam41 
nA 09 
Rcr*rr O f C ~ r 7  Opnlomon thr 
prablra, el *c ol6gin of Life 
L M Muhim. ln:Cnormos Cwnrrl. ti= 
Amk.w of Srmn-es. .Um*. USSR 

To L e  P m ~ m  of I k  WiDiti d Idgrm’e  
I.M. Kmn. Inremxma Coum-11. USSR 

?FA 50 

Am&m.v Of h-. .umC-Ob, L’SSR 
n - A  51 
A d v a a d  C m  Tfcbiqu8 
A T .  Lauton. Shepperlon. .HrddIrrsor. Lr A 
n - A  52 
Titk u, k a-mrl 
N S. Kardachcv. Intemmos Cmnril. USSR 
Amdrrn! of Srtenrrs. Mawow. C:S.SR 

\atom1 l a w  for All Swtircll Mnp 
E Fasan. Veunkirrhen. 4usma 

n - A  53 

Tuesday1 Septem ber 2 7 
2.00 PM!Room A 

Session 17 

20th International Space Law 
Colloquium 1 

Organized by the International 
Institute of Space Law 

Part A: Sboald Thrw be 
Space Agency : 

lnlrodnrlop Repon 
E Galloua). L‘54. ond V C Vcrr,hchcfin. L‘SSR 
77RI. 02 
OBvrratioa on K‘4O and an Eirnlual Hndd 
\psce Axem) 
I H Ph Dicdrril\-Verwhnor. Thr Verhrrlundr 
77A. 03 
1.r prohlemc d e  agrnm intcmationalo 
I Hercrrg, Humfar& 
77SI. 04 
Ohunntinns wr uw aRcnrc .patiale mondialr 
1- H Mort. Porr:red 
77*il.05 
Tbr Prnjrrt of an Intrrnatinnrl \prc AgenQ 
and the Bngolr Dwlnnlion 
W Harcoff. Swi!:dund 

17-31.06 
15n OM Ptnpcnsl ftw Iht E-.lahli*hmenl and 
Optntion nf a Hnrld ripam I a* Crntrr 
S (rorobc. L”iA 

HorM IntrmPtinml 

7761. 01 
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Tues&?y/September 27 
5.08 PMI Room A 

WednesUaylSeptember 28 
, 9.08 AMIRoom C 

Current Events Session II 

D y e  Testing of Smnbur, w i L  Rocka 
Eahcl 
8. Runcha. Boo. Ca-hadoiwha 

Wednssdaylseptember 28 
9.90 AMI Room 8 

Wednesday/Septmber 28 
9.do A Mi Room D 

WednesdayiSeplember 28 
900 AMiRoom E 

session 21 

Symposium on Space-Based Industry 

Non-Terrestrial Mining and Delivery 
Systems 

CoChair.men 
4 DUPAS (France) 
J K O'NEILL (USA) 
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28th iAF Congress 

WednesdayiSeptember 28 
9.m AMI Room A 

Wednesday/September 28 
9:OO A M /  Room F 

Session 23 

11th Internstionel History of 
Astronautics Symposium 

Organized by the International 
Academy of Astronautics 

Co Cherrmrn 
EM EMME(USA) 
V N SOKOLSKY (USSR) 

ThursdayiSeptember 29 
9.00 AMI Room C 

ThursdayiSeptember 29 
10.30 AMlRoom E 
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September 250ctober 1.1977 
I 

lhursday/S6prernbw 29 
9.m Awaoom B 

Session 28 
Earth and Ocean Dynamics 

co.clmimen: 
K.Y. KONOAATVEV (USSR, 
J.W. ROUSE. JR. (USA) 

New Porlmil of EMhk CoaUmmB 
V.D. SLaryatin. Infrrmmos Council, USSR 
Amdeny ofsnCnm. Marrow. USSR 

M . t w c k  Mdrfor M-Cmdy.Mk 
R.ora 

' J.P. Murphy. N.4- Ha&partm. 
Washington. D.C.: and F.O. Vonbun. NASA 

1 Goddwd Spocr t?& Cenfer. Gmnbrlr. Md.. 
USA 

M.Dib.ad S o w  u a M . c W  to Smdj 
SInpNnh Disa(bclcloa la tbc sa 
I.A. bbulina and G.A. Safyamv. Infenusmor 
Couwtl. USSR Aoodrmy of Seem. Manvw.  
USSR 

O b m 8 h O  .I Tmm*.t Up- In t k  
M d l r m n n o  !h nltb thr NOAA WHRR 

M. Crrpan. Labomrorrr d h a o w o p h i e  
P b v s q r c ,  du Museum. &?a. Franw 
l ld6 
SoHlitr in Ihr Study of thr Danubr 
-DYoad= 
V.1. Krabuova. L.A Usbakma and T.I. 
Chckalina. Inrmsmos Council. USSR 
Atv&n!v of Scwnces. Marcow. (fSSR 

Tbr R e k  of Ccadrtlr Trcbaiquo in RraDtc 
Srosiog thr Srrfrcr Dyamla et tbr h a  
R S. Mather. Uniwrsilv of Nrw South Wales. 
Kensington. Aw:raIia 
7-7- 
F u o d a ~ b  and Drsigo of a Callbration 
P r o d u n  for Hkh Pmbion t + I O  em) 
SalrlUcr AIthoel~y 
D Lelsnnann. lnrfirur fur Angewndrr 
Gadasa. FrankJurl. FRG 

Mesoscsk Sm Ice D)na& by Srqocalial 
Radsr Imam 
W.J. Campbell. Unicvrsil,v of Pugrr Sound. 
Tamma. Wash, USA 

n a  

n a  
DCrhSUOA & UW Of ! h e  CnWbY and 

nu 

nas 

nm 

na 

Thursday/ Sepiember 29 
9.00 AM 

Session 27 

International Student Conference 

Tobeannounced 

July / A  ugus I I 977 

ThursdayfSeptember 20 
2.m Pwaoom c 

Semion 38 
Communications Satellites 
Symposium 
8. Communications Satellites - 
rnnunlsrkn 
rschntques 

CeChermen: 
r. SEKIMOTO (JAPAN) 
D.J. WITHERS (UK) 

n44 
Dlgiml Sa#kCb..rl and M . ) Y C M  per 
C . n k r T m m m b h  forSa&lW Sccrkr 
A.M. Wmh. Digtfal Communmtians Carp.. 
Gottksbug. Md.. VSA 

C- .I Dllfcrru T y p n  ol pcdudrrr 
Hkrouarr SI- Ma- fw TDMA System 
R. Funck. ThomrCMCSF. Mrudm-lO$orrl. 
francr 

nu 

n a  
E- d t b  J.p~wsr SIUUllr, 

E&merhg Tat Sotcllltc Type II (?XUlb 

I. Ishida, N. Fugono. T Tabata. M. Ohara. 
and Y. Irhiuwa. Minarrv of Pears and 
Tkranrmunmtions. Tokyo, Japan 

HODPCM E ~ ~ d h g  of NTSC CJor N 
Si@ lor SauoItc Coamo.lrrtiom 
N Suzuki. Y IIJIM. T. lshisuro and T 
Drhima. Ntppon Ekwric Comp0n.v. Lrd . 
Tokya. Japan 
7 7 4  
Pd-ocr Aoalysb of a D*ca QPSK 
Modohtor on a Commuak.Uona L i d  Udng 
sllc*itc 
A Rib6 et al . Cmlrr Narronal d Erudrs 
.&mtialOlrs. Todour. Franrr 
n49 
Dirit.C Moddrllon Mrthods for U u  in Satrllltr 
Commuuicaliom 
J Timu. Cxrhosloim& Aradrmv of .%wnrrs. 
PraKua C ~ h a r l n t r k m  
77-50 
D d g n  of Pbau-l.orkrd 1.00~ for Mrltiplc 
A m  Conmuo&atioa Syslrm V b  Boards 
Signal Procrdng Satrltrs 
V I Mquchn. lnrrrrormos . mol. USSR 
Ac0drm.v of Srnnm. Afasmw. USSR 
7751 
Frhn  Outlook for Sotcnitr Swilchrd TDMA 
SoCniln 
T Muratani. Y 11.- dnd Y. Koga.  Kokusai 
Drnshin D r n w  Company. Lld.. Tok.vn. J a p n  

(KIKU-21) 

n4t 

Thursday/September 29 
2:OO PM~Roorn B 

Session 29 
Earth Observations (William Nordberg 
Memorial Session)-1: Systems 

CoC hairmen: 
L LAIDET (France) 
F 0 VONEUN (USA) 

77-109 
An Oprntional I A l D W T  
A P Colvororcw\. (i S. GrologicaI Surirv. 
&pi 01 rhr Interior. Rmron. c'a . USA 
77.1 I O  
I# systrmr SPOT d'ohmrnrtlon dr la T c m  par 
utrl l i tc 
(i Brachct. Crnrrr ,Valionol d Frudrr Sprialrr. 
Paris. and A. ('atenave and M Couriois. 
Crnrrr .Varional d 'Eruder Spatioln. Touloutr. 
Francr 

n-tit 
Rdhau W d  d a Spbwkd AlllwoLnc la 

from M.ud !3pwudl 
K.Y. Kondralycv. G.I. Marrhuk. A.A. 
Buuukov. G.A. Mikhailov. .%.A. Naurrlirv 
and 0.1. Smotky. Untwmry of Leningmd. 
Leningrad. USSR 

A d y w  de b ~ d r s l m c m  mull- 
blaad'n-taL.b nlradqw 
moatc sor k nWlltc d*o& SPOT 
A dc Lcffc. Crnlre AbIwml d 'Ehrdrs 
Qmtmks. Toulouw. Fmnm 
n-lu 

Somr TnmfomuUom of lbr Spcan) 
Rdkctivr CLurrccrhth 
D. Mlrhcv a d  T Yam.  Cmtrol L o ~ r o v  
/or .Spare Racrrrrh, Sofm. Bulgam 

Cbok af S p m d  1rzn.L for Acmrpcc 

0.44. s dr. 
ALA. Ghoryrv. G.A lvanyan and G.A 
Pnrosyan, Inlrmosnac CounriI. USSR 
A m y  of h n m .  MOSCOW. USSR 

C . r m  a b r t c  moWion 
spmlhk pow I oQr*aUoa Bc la C m  
G .  Otrio. C n t n  Noftmal d 'Etudes Sparialrs, 
Toulowt-. France 
n-i 16 
CosmonWs--Opmton 01 Eiprrimrnls on 
Trmrtrb) sc.dkr 
G.A. Ivanyan. lntrrcarmar Council. USSR 
Amdrmy of Scum. MOIICDW. USSR 

the vub* PowamdM-ments R.lb.-I. 

n-112 

camporboll d lh D b c r l d n W  PCdbUltln of 

n-114 

of Nahml Fonnalioar in thr Rmgr 01 

n-11s 

Thursda y t  September 29 
2.m PMiRoom E 

Session 30 
Lighter-Than-Air Systems for Space 
Operations 

C&Cherrmen 
N J MAYER (USA) 
L.G NAPOLITANO (Italy) 

17-163 
A R r v h  of L@btrr-Shan-An Prngms in lk 
Ilnitrd SI.- and In Trrbodogical S igd fhnr r  
N J Maver. NAS.4 iiradquorrrn. Himhinipion. 
C C . USA; and R H lirida. ,\ocrrl.4ir 
S.vsrrmr Command. H.+rhmRron. D.C , L'SA 

P q m s  in ScirnUfic Balloon Terhnolopy in 
1977 
M. Audcbcr~. Crnrrr Nariorrol d 'Eludrr 
Spariab. Toulousr. Franrr 

n-tu 

n-io 
ATMOSAT-A Pmgrrss R w n  
T F Hctnshcimer and P ( %it,.hul. .4rrorpcu 
Corp . El .Squndn. Cali/ ,  USA 

Trtbcnd Bafloons as Rrmotr Smsi~p Platforms 
lo Study tbr Diffusion of Pdlutants in thr 
L.G Napoliiano. 5 Vctrclla an/ <'. 1 rtpodi. 
1nsliIuk of Arrodvnornicx. U , i , r n i r v  4 
Naplrs. Naples. Iralv 
71.167 
A Matbcmatlral Modrl of Transcontinental 
Balloon 
C.D l a  Padula and C I. PAaro. I ohnrarorio 
.4 rrro/itiro S p a :  ok ,  Crnrrr .Vo:mnak drllr 
Rarrrhr. f'rarrorr. lrulv 
11-1611 
Study of q Balloon Drifting in \rnur 
Almorphrrr 
P Fcuchard. Crnrrr Yorional d Zrudrs 
Spariukr. Tnulousc. Froncr 

n.w 
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28th IAF Congress 

Thursday .I September 29 
200 PM 

Session 32 
International Student Confewnce 

lobeannounced 

ThursdayiSeptember 29 
2.00 PMi Room A 

Session 33 
20th International Space Law 
Colloquium 3 
Organized by tho International 
Inslltute of Space Law 

Thursday/ September 25, 
5 0 0  PM/ Room A 

Current Events Session Ill 

Worldwide Disasler and Rescue 
Pfograms 

(Extension of IAA Space Rescue and 
Safely Symposium) 

Panel Discussion: Toward sdecllon 01 
optimum terrestrial and space 
elements for disaster and rescue 
response systems (land. sea. and air) 

lntroduclion to Panel Discussion: 
Annual Supplemenl lo Suney of 
Recovery CapaMHtkr: G.W. Heath, 
SAR-ASSIST, Inc.. USA 

Panelists: 

Friday/ September 30 
9:OO AMIRoom B 

F rrday i September 30 
9.00 AMfRoom E 

Session 35 

Aslrodynamics 1 - Natural Molion and 
Orbit Estimation 
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September 2IOctober 1,1977 

1 J Caubcl. A Cazrnavc. Ci Ririerc and J 
Runrrot. Crn, r hulionul d T r u d n  Spoliulrs. 
Toulousr, Frann 
ll.lO1 
Etudr des pbrnoncon dc cdlilion e l  de 
phoIofNpmyllaUo0 qui intervknncnl prodanl 
In rombuslloo 
B Pnropoulo*. Hellenic 4srronuuricul Socir1.v. 
Afhrnr G r m r  

C@-Chairmon. 
J.V. BREAKWELL (USA) 
J.P. MAREC (Fraflce) 
V.A. SARVCHEV (USSR) 

CoDhio~ of S b n  by O.rillatlng Orblls of tbc 
Sccand K W  
C.  Harchal. ONERA. Chcrr.llon~ous-6a~nru. 
F M  

On ibe Motkn 01 a Tea Body In an f3ernal 
CnvlIaUond F W  
V. Milcva and Y Popov. Bulgarian Acodemv 
of SMnm. Sofii. Bulgana 

W4.l.r pcrCrrb.ll00 Ln t k  E ~ t e . l r d  Phuc 
!+pace Repmenbllon of ik V b t l  PmMcm 
E. Kaufman. K T. Alfncnd and R R 
Oasenbroch. U.S. Now1 Research Loboralory. 
Washtngfon. D C . USA 

Al.trlksl wzl.crir Prrdkllon for Modrntc 

njOl 

n.w 

njop 

n.210 

F ride y l Sep tember 30 
9:OO AMI Room 0 

Session 31 

10th International Space Resrde and 
Safety Symposium I 

nai 
Nan Cnrilallonal Pnturbrlions in Artilirial 
salclllcn 
E P Akrcnov. S N Varhhovjah and V N 
Noskov. I n a m m a s  Council. USSR Amdrmv 
OJ Scirnm. Marrow. USSR 

Orbit DccmioUon Wbrn lk K.or*kdge 01 
Enor ExpecbUon and Coruianrr Malrix & 
Inmmpku 
B.T. Bakhrhian. R R Narirov and T E. 
Eliasbcrg. lnirrrosmos Council. USSR 
Acodrmv of Sruncrs. Marrow. USSR 

Syrctau d'obscnalloo de la am a doublr 
vlbm 
J. Pctitfourt. SNIAS. Lrs Mureour. Frunir 

77-212 

n-2 13 

Friday/ September 30 
9:00 A Mi  Room F 

Session 36 

Propulsion If 

Co-Chairmen 
J J OOROAiN (Francel 
R MONTl (ITALY) 

n.iw 
In Orbit Propulsion: KSA'I Pnu-t. Phnnrd 
Artiwilies 
E Slachmuyidrr\. Europrun S p o r r  
AgrncvIESTEC. .Yonrdwrjh. Thr Nrihrrlunds 
n-io1 
Advanced Sp. x Enginr for thc S p m  Tup 
H Dum. Roch wrlt Inlrrnalionul. Rochrrdvnr 
Drip . Canogu Parh, Calrl . USA 
n.102 
Analyx du Iout lonnrrnc d'un propulrrur a 
proprrgd rolldr a ejucloo modulu 
M Barrcrc. ONERA. I'hurillnn-rour-BrrRnru~, 
Franrr 
17-103 
Plasma Arcrlenlon lor Space Apparatus 
I. V Lrtkm, Inrrrcosmn% Council. L'SSR 
Acorhm v of Scimrer. ,Uorco w. USSR 
77-101 

Cochairmen 
P H BOLGER (USA) 
P A  CAMPBELL (USA) 

71-A 31 
Spmce Shulllr Approach and Landing T n t  

U ti Siarton and T Mst-lmurr\.  \ 4 5 4  
Johnron Space Crnrer. Hourton. Trru.\. l ' S 4  

The Sondpcrific Tnioing as a Factor lo 
Ensurr Space Fliahl Safrl) 
G M holcsnilor. N V tirilova V 4 PoWn 
and I D %lo~w\a .  In f r r~or rnn~  c u u n d .  
LISSR 4cubrr of Soencrr. .How)*, L'SSR 

Tbe S)nibds of a Conlrd Algoritbm for 
Mnncuverinu the S p w  Shuttle \.chir\t 
A A Zhcsnin. Inrerro\moc ( ' o u n d .  L'SSR 
4cudrrn, of Srlencn. .Uou.nw. 1'SSR 
77-A 35 
Survey 01 Soarc Fligbl Saki)  3)slcmr 
N t- Broun. HiLWnnrll Doug/us ('orp , 

G.lrhrrmA. Tram. L'\4 
17-A 3b 
I-ning Pa)loads for 3aIrt? on thc 'ipacr 
Trrn%pnrtallon Y)rlrm 
C i  S <'dnCItI. Rcwhwdl /nrrrnurif)nu/ Ih)nnrv. 
('o/r/ 1 3 4  

Prol+cl 

7 1 4  32 

77-A 34 

Crrday ,Sepfember 30 
900AM,Room C 

Session 38 
1 st International Symposium on 
Space Observations of LongTerm 
Climatic Changes 

Organized by the international 
Academy of Astronautics 

CpChairmen 
M BARRERE (France) 
S S PENNER (USA) 

7 1 4  0) 
Salcllllc Modloring ol Global Alr PdluUon 
aid CILmIlc Chrnge 
W Bach. Crnfrr /or Applird Climalo1og.v and 
Enoironrnrnral Studirs. Uniiursirv of Mumirr.  
Munsrrr. FRG 
77-A OS 
Monitorlug of TbkLar 8 C b b w  of Cbe 
Cooiinenlal Irc S h u  by Sakilllc AltLaeiq 
R 1.. Brooks and H R Stanley. WPrhtngfon 
.4nulvrical Srriwr3 Crnirr. Inr , H d J  Rrsrarrh 
und Drirloprnrnr Group. Poromokr Cifw. M d  , 
us.4 
7t-A 06 
S p r c  Uburvallons of Long-Ten Climate 
Chroges 
L Jaffc. N 4SA HrOdQUeWtm. Washington. 
D C .  U5.4 

FrrdayiSepfember 30 
9 DG AMIRoom A 

Session 39 

20th International Space Law 
Colloquium IV 

Organized by the International 
Institute of Space Law 

Part 0-Vanous 4ubjerU (continued) 

71SI.  28 
rrluommunitalionr and lhr Common HcrMagc 
of Mankind 
t Ciallo*a\. ( '54  
7 7 4  29 
kvrrr ign Ripbls in Outrr ;parr 
S 1;orn.c. l'S.4 
77.51 20 
I.rgal Tws o l  a Spacr Cammunil? to b r t h  
S Goro\c. LT4 
7 7 h l .  S I  
Sorrrrigntr and thc Outer Space Trratiw 
T C Holcot t .  ('$4 

7 l h l .  32 
I ibcnr rl ronlrolr dam la trhviriun dirulc 
P \lrgno and C Verdxshi. Irulb 
7 l A l  33 
I.rgal Impact* of H 4RC-77 on I>BS 
H \en hric,, t M ;  
77.41 34 
Modern Inlrrnilionai L q a I  Prehlrms al the 
I'u a1 the Lrmlaltonan Orhil 
I3 <I I)udAho\. \SH 
l l -S l  35 
Thr I;to*talionar) Orbit 
I t'rrrh ( \ 

71A1 36 
(;roslalinnan Orbilal Pnritisms l o r  spacr 
%tation\ 

77-31 51 
k rrrplion* .*E rplanation" and "I v" 01 thr 
Iatural Urwurrcr o l  ( dcsliai Bodit* 
I c; \ , l \ . l lc \ \h\ . l .  i \5R 
77.41 31 
The Pnqram "lnlerco\mos" 4 I r n  
IntrrRorrrnmrntal 4~mmcnt  
\ 4 \cfc\hhhciin, 1',\5R 
77-41 39 
I I H  &Us \ 1 --Intrrnationsl Organtmlien 01 thr 
Hrritimr 4alrllilr\ 
\I I 
7 7 h l  40 
a )  Inlrrnalional I pya1 4\pertr of Ihc I ' w  of 
Solar f nrrRi, 
h)lnlcrnalional I ryr l  Prnhlrmr nl  Hrmolr 
4 m m y  
( I  I' /hiib.an , \\K 

4 h Sdlkdr, . ~ U l ~ : t ' ~ ~ t f J f d  

\ < 7 1 ' h b l \ ,  1 ' $ \ R  
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281h IAF Congress 

frrde y i September 30 
2:OG PMIAoom C 

Session 40 

Spacecrstt Power Systems 

CeCnairmen 
E HOLLAX (DDR) 
J P LAYTON (USA) 
G M ULANOV (USSR) 

Friday September 30 

Session 42 

Earth Observations II 

, 200 PM Room E 

Microwaves and Systems 

co Chatrmen 
L LAIDET (Franre, 
F 0 VONBUN (USA) 

F ride y / September 30 
2 00 PMIRoom D 

Frrdav September 30 . 1". . I ' M  Room F 

session 44 



September 25-October 1,1977 

11.121 
4pplval1on ef Ihr  rhron 111 Radialion 
rnn4rr  l o  Ihr Inlrrprrlalion nf thr tsrth'\ 
Rnphlnnr Mrarurrmrnlr from %parr 
h \ hnndrdt\c\ and 0 I \ino,L!\. 1 n i i r r \ i r i  
of L c n i n r r d .  1 zninproii, ( \ W  
71-128 
4ppliralion\ of I 4 \ l h 4 l  Srlrllilr Imaym in 

SaturdayiOcrober 1 
9:OO AMIRoom E 

Session 45 

Astrodynamlcs 111 

Attitude Dynamics 

Go-Chairmen 
G N DOUBOCHINE (USSR) 
M H KAPLAN (USA) 

n - 2 ~  
Unnrual Msnrurrn OD Nimbus and Landsel 
Spamnf l  
S H Siege1 and A Dab. Zrnrrul Elrrrric Co , 
King o/ Pnusia. Pu , USA 

Tnr*ni  AIliludr Dymmks of Sr:tl l i ln wilh 
Deploying Ckxiblc Appendag?~ 
V J Modi and li W I ips. Unrwnirr of Brimh 
Colurnbm, b'anrwcur. E C . Canada 

RM.eioo 01 a Fkrlblc Spamnf l  4boul Iht 

I( T Alfriend and D Grdnl. L' \ Yuiul  
Rrswrrh Laborarorv. Hathinglun. D (. , t Y- l  

11-221 
Tbr Ilu of a Morabk Trksopiap Lnd Mar* 
Syswm for lhr TimeOpUmal Control of 
Spinoinp Spamnf l  
P M Bainurn 2nd R Scllapan. H o w a r d  
Unoierjilb. HashinRron, D C .  L 3 4  

Pouibk Infonnaliolul Apprarhn Io 
Tnnrporl Sparrcnfl AnpUbr Motion ('onlrol 
a1 \ arious Slopes of Fllphl 
B N Pclro\. A B hrvmor and I I \liIrmhin, 
Inlrrrmrnos Council. 1:SSR 4t'U11mti r)! 
kirnrr,. kfosrow. USSR 

7 7 - 2 8  

n-za 
upcnslir 

n-ZM 

muni dr panwux robirn  
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Seasion 46 

Unmanned Solar System Exploration I1 

CPChairmen 
L D FRIEDMAN tUSAl 
0 WOLCZEK (Poland) 

S d f u r d c j v  Ocfober I 
900 AM Room D 

P H BOLGER (USA) 
P A  CAMPBELL (USA) 

11-A J l  
Principles lo Dcrclop a Modrl of h n g r r  In S p a  
b T Rerego\ov. G I' Shibanob. V I Yarplob 
and I I Barancttkv. Inrrrrosmo~ Council. 
I'SSR 4c'udrmv (I./ Seirnc.e>, Morc.ow, L'SSH 
11.4 38 
Sbuttk Rrmolr Maaipulmlor System Safrly and 
R w u r  Support Capabililie 
(i D Whilchrad. Spur 4rro~poc.r Producrr L i d .  
Torunro. On1 , Canada. and J W Brown..YASA 
Johnron Spair Cznler. Houron. Term. LIS4 
11-A 39 
Radialion Proleclion lor Manned Orbital hlsrionr 
N N Ciurob%kv. F. t Yoraleb and V.M 
I 'c!ro\ ,  lnlrrcarmor Cwnci l .  USSR Acadrrnv 
01 Seirncrs. Hoscow. USSR 

Adranrrd \ rh rk$  for S p a  Rrsrur and Olhrr 
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R Salkcld. Fvslrrn (kwloprnrnf Corporurron. 
%lihu. ('ulij , ( 5.4. und R S Skul.,kb, 
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on Earlh 
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Session 49 

4th International Space Relativity 
Symposium II 

Organized by the International 
Academy of Astronautics 

Co Chairmen 
F ESTABROOK IUSA) 
Z HORAK (Czechoslovakia) 
W WRIGLEY (USA) 

77.4 1' 
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2 8 t h  Internatic,ial Astronautical Congress 

Total Number o f  Technical Papers Presented 
(excluding Student and Space Law Papers): 296 

Countries 

United States 
USSR 
France 
Federal Republic of Gemny 
Ctec hos 1 ova k i  a 
I ta ly  
Bulgaria 
The Netherlands 
Japan 
Switzerland 
United Kingdom 
German Dmocratic Republic 
Canada 
European Space Agency 
Pol and 
Austria 
Spain 
Sweden 
China (Taiwan) 
Austral i a 
Israel 
I ndones i a 
Norway 
Greece 
Egypt 

Number o f  Papers 

81 
85 
30 
23 
13 
9 
7 
7 
6 
4 
4 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

296 
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APPENDIX C 

L i s t  o f  Contr ibutors t o  the  Report 
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28th In ternat ional  Astronautical Congress 

L i s t  o f  Contr ibutors 

Bainum, Peter M. 
Billingham, John 
Breakwell, John V. 
Brusch, R.G. 
Bunn, M.h. 
Look, Frank 
Diem, Harold G. 
Dowdall, G.F. 
Edelson, Burton I. 
Edelson, Robert F. 
Fi lep, R. 
Friedman, Louis 
Garibott i ,  Joseph F. 
Haefel i , Rudo? ph C. 
Handler, F.A. 
Harford, James 3. 
Heath, G o r i a  W .  
Helmick, Herbert H. 
Huang, T C. 
Johnson, Richard S .  
Kadish, Jules E .  
Kaplan, Marshall il. 
Kline, Richard 
Matzner, R. 
Mayer, Norman 3. 
Norwood, F.W. 
Penner, Stanford S .  
Porcel l i ,  G. 
Pritchard, N i lbur  i. 
Rosen, Stanley G. 
Rmse, J.W., Jr. 
Schaechter, David B. 
Spencer, T .M. 
Thom, K a r l  -Hei nz 
Von Bun, Fr iedr ich 0. 
Waltz, Donald M. 
Wiesnet, D.R. 
Winter, David 

Howard Univers i ty  
NASA Ames Research Center 
Stanford Universi ty 
General Dynamics/Convair 
SAMSO 
Univers i ty  o f  Cal i f o r n  
Rockwell Internat ional  
Rockwell Internat ional  
Cornsat Laboratories 
Jet  ?repulsion Laborat 
Univers i ty  o f  Southern 

a- I r v i n g  

r Y  
Cal i f o r n i  a 

Jet  Propulsion Laboratory 
McDonnel 1 Douglas 
Mart in Mariet ta Corp. 
Univers i ty  of Texas 
American I n s t i t u t e  of 
Sar-Assist 
Los Alamos S c i e n t i f i c  
Univers i ty  o f  ‘vliscons 
NASA LBJ Space Center 
Scient i f i c- A t 1  anta 

Aeronautics & Astronautics 

La bora t ory 
n 

Pennsylvania State Univers i ty  
Grumnan Aerospace Corp. 
Univers i ty  o f  Texas 
NASA Headquarters 
Pub1 i c  Service Sate1 1 i t e  Corp. 
Univers i ty  o f  California-San Diego 
F a i r c h i l d  Space and Electronics Company 
S a t e l l i t e  Systems Engineering, Inc. 
SAMSO 
Texas A&M Univers i ty  
Stanford Universi ty 
Ba l l  Brothers 
VASA 
NASA Goddard Spaceflight Center 
TRW 
NOAA 
NASA Headq ua r t e r  s 


