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SUMMARY

The papers, panels, and discussions at the 28th International Astro-
nautical Congress revealed a number of foreign technical developments and
viewpoints which, in the opinions of the U.S. delegates to the Congress,
would be of considerable interest to NASA. The most important of these

are as follows:

(1) Communication Satellites. Perhaps the most significant new informa-

tion presented at the Congress was the detailed discussion of Soviet

system capability and technology, both in INTERSPUTNIK and in the domestic
EKRAN system. Other foreign technology, notably European, Canadian and
Japanese, was considered by our observers to be comparable to that of the
U.S., particulariy in maritime systems; however foreign public-service
satellite technology appears to lag that of the U.S. Key issues of interest
to NASA were identified as (a) defining the U.S. role in assisting with the
development of regional systems and their coordination with both other
systems and INTELSAT; (b) establishing and promulgating a firm U.S. position
on frequency allocation policies and plans; (c) formulating a comprehensive
computer-based planning model, and (d) defining a U.S. policy for delivering
domestic services to neighboring nations. Specific points of concern for
NASA were the French call for free use of educational satellites and the
potential availability of a FRG-developed 20 kWe solar array, particularly
if the U.S. does not proceed with the 25 kWe module which was deleted from
NASA's FY 1979 budget request. Although there was little evidence of foreign
capability in large structures (except for one instance noted later), a U.S.
paper on large antennas elicited considerable foreign interest and enthu-

siasm.



(2) Spacecraft Power Systems. A detailed description of the thermionic power

conversion system used in the Soviet Topaz nuclear space power reactor offered
considerable insight into Soviet design of the system which probably powered
the COSMOS 954 that recently impacted in Canada. The Congress also indicated
a clear Soviet lead over the U.S. in thermionics, verifying the recent (June
1977) visit by U.S. DOE and NASA thermionic specialists to Eastern European
laboratories. Soviet emphasis on the simplification of space nuclear

reactor control systems was also highlighted.

(3) Space Processing. The 28th Congress revealed that the Soviet Union has

an extensive research effort underway, including the utilization of sounding
rocket capability which appears to be at least comparable to the U.S. SPAR
program and the FRG (which the Congress also showed to have the most advanced
European activity in this field). The Soviets also detailed four different
classes of space processing experiments performed in Salyut 5 in late 1976

and early 1977 (and evidently continued in Salyut 6 after the 28th Congress).

(4) Bioastronautics. The already well-documented Soviet strength in this

field was reemphasized by the Congress presentations, which were overwhelm-
ingly dominated by USSR authors. Topics of specific interest included
requirements for remote operators (e.g., for Lunokhod), space-cabin atmos-
phere contamination, psychological behavior in closed systems, radiation
effects, fluid-electrolyte metabolism, effects of gravity on growth and
development of living organisms, and the effects of the space environment on
vestibular functions. The most interesting new data revealed at the Congress

were in the latter area.



Soviet authors reinforced the basic difference between U.S. and Soviet
views on whether or not drugs should be used to influence fluid electrolyte
metabolism (the Soviets say yes; we say no). The Congress also highlighted
continuing U.S. superiority in cardiovascular research and measurement
techniques, and again stressed the greater emphasis (as compared with the

U.S.) that the USSR places on radiation aspects of space flight.

(5) Space-Based Industry. Although the subjects of large space structures,

space-based solar power stations, and nonterrestrial resource utilization
were dominated by the U.S., the Soviets (as well as all foreign Congress
delegates) evinced extraordinary interest in the papers and sessions on
these subjects. The Soviets did demonstrate competent recognition of one
key problem: active shape control of large structures, applied to a radio-

telescope array.

(6) Propulsion. The Ariane third-stage propulsion system (HM-7) was
revealed to utilize technology comparable to languishing U.S. high-perform-
ance liquid oxygen/1iquid hydrogen upper-stage capability, and may represent
a significant area of future European competition. The FRG's ion-propulsion
technology was also shown to be comparable to that of the U.S., and may have
implications for strong future European capability in large-structure shape
control as well as for orbit trimming and station keeping. In plasma
diagnostics, the Soviets revealed a somewhat surprising sophistication in
their measurement techniques, which might imply that their capabilities in
significant new areas such as laser diagnostics could be greater than has

been indicated in the past.



Although French solar-sail technology was revealed to be far behind
that of the U.S., missions were suggested using the Ariane launcher which
could open up another area for European competition, particularly in view

of the recent U.S. decision to shelve solar-sail development.

(7) Astrodynamics. Specific subjects of interest were the use of approxi-

mations from matched asymptotic expansions (stability analysis of periodic
orbits) to estimate the number of star collisions in the galaxy, illustra-
ting the powerful capabilities of the analysis methodology; the use of
atmospheric deceleration for Mars orbiter insertion; closed-loop automatic
cortrols (a Soviet specialty); and the combination of passive gravity-
gradient attitude stabilization with a gyrodamper system, a particularly
important and competent Soviet hybridization analysis. The French, Soviets,
and Germans, in that order, demonstrated sophistication in this field

comparable to that of the U.S.

(8) Contact with Extra-Terrestrial Intelligence (CETI). The Soviet efforts,

although still behind those of the U.S. in quality, may be ahead in terms of
the total resources applied. The 28th Congress revealed strong Soviet
interest in non-technological aspects of CETI; e.g., the use of intelligence
methodology, biological evolution, and the character of messages. Principal
Eastern European competence in this field continues to reside in Czechoslo-

vakia's Rudolf PeSek.

(9) Unmanned Solar System Exploration. Lack of NASA support at the 28th

Congress, and also lack of support by other governments, reduced the
potential effectiveness of international communication in this extremely

high-interest area. Despite the enormous impact which the U.S. Viking and



Voyager programs had in unmanned exploration, only the Soviet Venera missions
were presented adeguately. As in the past, however, whereas the scientific
findings were well reported, Soviet engineering information was sparse or
nonexistent, particularly their future plans, mission and system design

details, spacecraft technology, and spacecraft performance.

(10) Lighter-Than-Air Systems for Space Operations. Considerable data and

information were given on the French super-pressure .alloon tc be utilized
as a Venus atmosphere probe on the 1983 Soviet Venera missions, in sharp
contrast to the abovementioned Soviet unwillingness to release engineering
details. Although buoyant probes were rejected by the U.S. for our Venus
orbiter/probe, the 28th Congress information could be useful to NASA in

future mission planning vis a vis Soviet and other foreign efforts,

(11) Space Rescue and Safety. Although not discussed by the Soviets ai ot

prior to the 28th Congress (aside from the Apollo-Soyuz mission, which
added considerably to USSR capability), specific Earth-surface rescue
technologies in several other countries outdistance U.S. capability in a
number of cases. However, the U.S. clearly leads in spacecraft safety and
rescue technology, due primarily to our extensive manned space flight

experience in the 1970's.

Detailed discussions of these foreign developments and viewpoints
appear in Section IlI of this report, along with information on other

developments of lesser but nevertheless considerable importance.



I. INTRODUCTION

The Congresses of the International Astronautical Federation are the only
international non-governmental forums for world leaders in space technology to
meet and exchange technical information. The 28th Congress, held in Prague,
Czechoslovakia, during the week of September 26 - October 1, 1977 (see Program,
Appendix A), offered an unprecedented opportunity for a critical assessment of
the status of foreignh space technology in many key areas. Scme 900 delegates from
38 nations participated, presenting 296 technical papers. (Appendix B) The AIAA,
as one of the member societies of the International Astronautical Federation,
utilized a number of its members who attended the Congress as delegates to compile
the data upon which to base this assessment, as described in the subsequent sections

of this report.

I1. METHODOLOGY

One or more AIAA members (Appendix C) attending the Congress were assigned
to monitor each of the sessions listed in Apperdix A.

These members, each of whum is a specialist in the subject of the sessions he
was asked to monitor, were sent advance copies of the program early in the summer
of 1977. They were asked to provide a brief review of the status of foreign tech-
nology and to identify those foreign papers which were likely to be of greatest
significance. At the Congress, they were asked to select the most important foreign
papers and to highlight those purtions or aspects of the papers which represented
significant advancements in the field. These reports comprised the basic data from
which this report was formulated.

Note that this approach resulted in a state-of-ithe-art review of the technologi-
cal basis for many of the programs and activities reported in detail in the excellent
compendium of Reference 1, and as such this report serves as supplementary material

rather than as a reiteration of the information contained in that reference.



III. TECHNOLOGY REVIEWS

The reviews in this section do not purport to present a complete picture of the
state-nf-the-art in each of the designated disciplines, but rather to identify and
summarize the principal areas of either activity or technical achievement which were
highlighted by the presentations and discussions at the 28th IAF Congress. Subject
breakdowns are in accordance with those of the Congress program; their order is

simply that of the program, and does not indicate any prioritization.

A. Space-Based Industry

1. Space Processing

The two most interesting papers in this session (References 2 and 3)
were both generated by the Federal Republic of Germany, which is unquestionablv the
most advanced of all the European nations in this field. FRG bas a well-established
rocket program comparable to the U.S. SPAR effort, which produces experimental data
from a few minutes of zero-g flight.

Dr. K. Hannig of West Germany's Max Planck Institute flew a moderately
successful electrophoresis experiment (MA-014) on the 1975 ASTP flight. The experi-
ment attempted to perform separations in a continuously flowing solution, especially
suited to preparing materials in useful quantities. It separated samples of
lymphocytes and calibrated mixtures of red blood cells. In addition, this experiment
processed samples o. the types of bone-marrow cells responsible for producing red
blood cells. Successful separation would have contributed materially to the work of
the Max Planck Institute on transplantation of btone marrow to cure leuhemia, radiation
sickness, and similar conditions of impaired red-blood-cell production. The develop-

ment cost for MA-014, it should be noted, was paid by the German qovernment.
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Other types of space processing highlighted by Reference 2 were in the rela-
tively routine areas of directional solidification, crystal growing, and a wide
range of biomedical studies. Their principal feature of interest was the definite
degree of acdvancement in proposed equipment concepts (2nd generation) as. compared
with early (1981) Spacelab experimental equipment.

The second paper (Reference 3) discussed innovative and highly promising
approaches to the casting of composite materials, utilizing unidirectional solidi-
fication of eutectic alloys and preparation of oxide-dispersed superalloys directly
from the melt. Both casting methods use skin technology -- the use of a thin-layer
coating which can retain the casting shape under zero-g conditions. This approach
has been examined by U.S. researchers, but the FRG technology appears to be at least
at a comparable level.

The two Soviet papers (References 4 and 5) did not appear to contain any new
or up-to-date technology or ideas. Up to the 28th Congress, (*) the mest recent
known Soviet efforts in space processing were the multiple material melting experi-
ments (MA-150) processed during a single run of the Apollo-Soyuz electric furnace
in 1975:

(1) A germanium rod containing 0.5% silicon was partially melted and resolidified
and the distribution of the silicon impurity studied, as in Skylab Experiment
A 562.

(2) Densely packed aluminum powder containing dispersed tungsten particles was
melted and resolidified to demonstrate the feasibility of making cast compo-
sites with components of greatly different densities.

(3) A somewhat more porous aluminum powder was melted and frozen to determine
hoew much consolication takes place when no buoyant forces make bubbles
float out of the melt.

MA 150 results were analyzed by a team of investigators from the Soviet

Academy of Sciences, but the results were never published in reports available

outside the U.S.S.R.

{(*) Salyut 5 experiments, revealed at this Congress, are described in
Section [Il C below.
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2. The Engineering of Life Science Payloads
This session, as with two other sessions devoted to bioastronautics
(to be discussed later) was dominated by Soviet papers. Three of these were of
particular interest.

In Reference 6, the Soviet authors make a good case for providing the
Earth-based operators of remotely controlied devices studying surfaces of planets
with medical support. Standard tests were used to appraise such factors as
psychic stress, e.g., heart rate, electric skin resistance, etc. The authors
concluded that (a) the operation of remote-control space vehicles requires form-
ulation of careful medical procedures covering operator selection, training,
work, rest, optimization, and streamlining of engineering parameters for data,
control, and display modules, (b) the high nervous-psychic stress imposed by
remote control of self-propelled space vehicles imposes enhanced requirements
for the psychological training of operators as well as their regular training,
and (c) in order to increase reliability of the remote-control system as a whole,
it is necessary to monitor the state of work capacity and neuro-psychic activity
of operators both before and during real work.

In Reference 7. the authors reported that investigations conducted during
the flight of Soyuz 22 detected the fo'lowing contaminants: methane, ethane,
heptane, methanol, ethanol, n-pfopanol, acetaldehyde, acetone, and ethylbenzene.
The concentrations of these substances were comparable to those recorded during
ground-based chamber experiments, and apparently evolved from non-metallic construc-
tion material, lubricants, varnishes, paints, rubber, insulators, and human waste.
Such irvestigations are critical to detailed knowlege of the formation of the

atmosphere in space cabins during long-term missions. ©
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Reference 8 is a first attempt to develop an approach to study behavior
in a closed system. The experiments showed that individual response to physical
parameters of the environment is to a large extent determined by psychological
factors such as motivation, high spiritual requirements, and social aims. One
experiment, for example, revealed that the number of contacts which the subject had
with a greenhouse, although very inconveniently located, increased significantly,
suggesting a growing need for biological stimuli.

A relatively significant non-Soviet paper, Reference 9, defired a set of
standard equipment designed for use in the Spacelab module for bio-medical and
physiological investigations in weightlessness. The main characteristics of the
environmental control chamber and other equipment which will fly within the first

German mission, scheduled for late 1981, were defired in some detail.

3. Large Structures in Space

The 28th IAF Congress revealed practically no non-US effort in this
field, aside from derivative German analyses of the type presented at the 27th
(1976) Congress (Reference 10) and the paper at this Congress by Harry Ruppe
(Reference 11). Neirther of these were considered up to U.S. analysis standards,
and neither of th~ other two foreign papers presented at this session (References
12 and 13) indicated significant technology concepts or developments.

There was, however, considerably foreign interest in the extensive U.S.
technology presented at this session, particularly on the part of the Soviets

(also see Section A-5, below).

4, “luid Dynamics Aspects of Space-Dased Industry
None of the eight papers in these sessions (Number 15 ard the first half
of 25; see Appendix A) were by U.S. authors. A1l were related to fluid motions

and interactions under low-gravity conditions, and although of some academic interest,
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were considered by AIAA delegates not to represent any significant advancement in

science or technology over comparable U.S. efforts.

5. Non-terrestrial Mining and Delivery Systems

As in large space structures (Section A-3 above), this area of technology
is dominated by U.S. research. The only two non-U.S. papers (References 14 and 15)
dealt with exploratory aspects of nonterrestrial soils based on results from Soviet
Venera-9 and Venera-10 missions which have been well documented in piior Venera
reports, and which will have little bearing on the utilization of nonterrestrial
materials for future space industrialization activities.

This session did, however, generate considerable interest among the Soviet
delegates. DOr. Petrov, although unable to attend the session, had specifically
designated one of his colleagues to attend and to report back to him on the results.
There has been subsequent communication between Dr. Petrov and Dr. 0'Neill, U.S.

co-chairman of the session.

B. Communications Satellites

The 6-session symposium on Communications Satellites held at the 28th
IAF Congress constituted a unique opportunity for a truly in-depth, up-to-date
world-wide status review of the most advanced area of space activities. The
forty-one papers, the panels, and the open discussions by Symposium participants
constitute what is probably the most significant ard informative body of technical
information yet compiled on tne international aspects of satellite comrunications.

In summary, the general state of foreign technology in the sateliite communi-
cations field was judged by the AIAA delegates to be little, if any, behind that of
the U.S., with, of course, certain specific exceptions as outlined in the subsequent
discussions. The most important factors which contributed to the closina of the
technology gap in recent vears are the ESA programs themselves; e.a., 0TS, ARQTS,

ECS, and the “"heavy platform" programs. Also, such national programs as SYMPHONIE
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and SIRIO, although not technically advanced, nevertheless helped to close the
most important gap of all: the organizational gap. Extensive participation in
INTELSAT IV and INTELSAT V was another significant factor. Nevertheless, the U.S.
continues to maintain substantial technology leads in launch capability (the
Ariane §s still very much an untested and therefore unknown quantity), in inte-
grated circuits and data processing, in engineering an? production facilities. and
to some degree in propulsion and solar-cell technology.

One specific area cited for advanced foreign capability is that of
maritime satellite technology. MAROTS is ahead of U.S. technology in a numtcr of
areas, particularly its much greater apacity which offers the opportunity teo
connect many more shore stations than MARISAT proposes. Ship terminal technology
in several countries, particularly in Japan and the UK, appears to be more advanced
than in the U.S., whereas FRG and the USSR appear to lag the COMSAT General -
developed U.S. systems.

During the sessions and the discussion periods a number of topics of direct
concern to NASA were highlighted, and are identified in the subsequent paragraphs.

1. Issues

Of the six papers presented in Session 3 (See Appendix A), by far the
most significant was the paper by Y. Krupin on INTLRSPUTNIK (Reference 1€).
Quoting from Reference 17, "The paper presented on INTERSPUTNIK is probably one of
the most comprehensive summaries to date on this Soviet-instituted system”. In
addition to its unprecedented coverage of the technical detail of the INTURSPUTHIN
system, a particularly interesting feature of Mr. Krupin's presentation was his
statement that the complete technical data on INTERSPUTNIK system capability are
available for the asking. Are these data known to NASA? Mr. Krupin also stated

the Soviet intention for INTERSPUTNIK to provide "free-feeds" of the 1980 Mympics
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to any and all telecommunications systems. Should NASA attempt a comparable
“public relations” coup?

In addition to descriptions of the Molniya-3 (elliptical-orbit) satellites
and the Statsionar (geostationary) system. Krupin outlined R&D efforts currently
underway to increase the capacity of the system via (a) low-noise receivers in the
Earth stations, (b) wideband low-noise amplifiers, (c) improved antenna and wave-
guide systems, transmitters, and receivers, (d) standardization of equipment, and
(e) satellite transponders having higher power and wider banrdwidths.

Important areas covered by the other papers in this session were the
extensive activities in regional and domestic satellite systems for Europe, serving
telephone, telegraph, and video needs (Reference 18); a comprehensive update of the
INTELSAT system (Reference 19), which reported two new members in the 99-nation
system -- Angola and the People‘'s Republic of China; and an emphasis by ITU
(Reference 20) that broadcast frequencies are valuable international resources, and
must be so treated by all nations.

Key issues raised during the panel discussion were as follows:

Political issues appear to pose the major barriers to increased coopera-
tion between the various international and regional systems. A particular concern
is the need for a mechanism to interface proposed regional systems (e.g., INTER-
SPUTNIK, EKRAN, Europe (ESA), Middle East Indonesia, etc.) with INTELSAT. Key
points for NASA consideration are to define the U.S. role in assisting with the
development of such regional systems and their coordination with other systems
and INTELSAT.

Frequency allocation policies among the various systems need to be
coordinated, and also correlatea with long-range system plans. A major concern
for NASA is to establish and promulgate a firm U.S. position relating to WARC so

that decisions (to be rendered in two years) do not work against current U.S.
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frequency policies and long range plans. Europeans and others are already
“politicking” for their positions; it is necessary to promote a firm U.S. position.

A planning model which incorporates technical, geographic, political,
and social data is needed to accommodate the increasing international activity in
satellite development and u.e. Such a computer-based model could be used by NASA
and other U.S. policy makers to ascertain trends, potential "traffic jams", over-
laps or interferences among the various systems, etc., and thereby to maintain U.S.
leadership in the field of communications satellites.

There are good prospects for domestic systems to provide service links
to neighboring nations. During the session, Mexico indicated a definite interest
in U.S. capability to provide domestic service to Mexico, either commercial or
non-cosmercial. NASA's reaction to such a request, which Mexico expects to file
with the FCC, needs to be formulated.

2. Operaticnal Systems

Again, the most significant revelations in this session appeared in the
Soviet presentation (Reference 21 and the subsequent discussion). In addition to
the general increase in the use of satellite transmissions in the USSR, the Soviets
indicated increased application of digital techniques and a movement away from
dependence on analog systems, including digital voice, facsimile, and television
transmission, as well as computer communications (Reference 22). It was also
pointed out that although the Molniyas (elliptical orbit) now have a capacity of
only 200 channels due to Earth station limitations, the introduction of a "new
satellite” (Statsionar?) in 1979 will increase capacity to 4,000 channels.

Another significant development is the rapid growth of Canadian TELESAT
domestic satellite service (Reference 23), which now provides local English,

French, and native language programs across over 70 Arctic communities, with
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cooperative interfacing between TELESAT Network Central and the Canadian Broadcasting
Corporation. However, TELESAT Canada's plan for expanded service has been slowed

by a recent Canadian government decision not to allow TELESAT to merge with other
Canadian communications entities, a deciston which TELESAT Canada is appealing.
NASA's position on this matter, {f any, needs to be defined.

One key area highlighted by this Symposfum was the relation between the
MARISAT and MAROTS programs for services to seafaring vessels and their relation-
ship to INMARSAT. NASA and the U.S. Maritime Administration (MARAD) should be
keenly aware of the critical need for coordination between MAROTS and MARISAT
activities (References 24 and 25), Reference 25 stated that the MAROTS satellite
will use the 6/4 GHz frequency band compatible with the MARISAT system, and proposed
that MAROTS satellites be sold to INMARSAT rather than leased, as soon as the
INMARSAT organizaticn is formed and ready to function. The discussion of these
papers highlighted the urgent need for improved communications between the inter-
ested national, regional, and international qroups in order to make INMARSAT a
reality.

3. Future 3ystems and Manning

This session (No. 12 see Appendix A) was dominated by U.S, papers, but
several of them contained international implications which could be of interest to
NASA. There were however, two foreign papers of constderable significance to NASA
(Reference 26 and 27).

Reference 26, which dealt with a global public-service system, raised
several important philosophical points. In g section on education, Muller noted
the catalytic effect of satellrtes: i.e., althouah aimmail exchanae of videotapes
could have been used with Tittle or no sacrifice in comunications eftectiveness,
the use of SYMPHONID aenerated unusual interest and excitement among educational

administrators,  This is true in the U.S. also, but is often overlooked.
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This paper offers clear evidence that French technology in public service
systems is technically far behind that of the U.S. The teleconferencing experiments
described are much more modest than those undertaken or planned for CTS. But perhaps
most significant, Muller's criteria for Earth stations clearly point in the direction
of broadcast systems like ATS-6 or CTS rather than fixed service satellites such as
SYMPHONIE.

An important policy matter raised by this paper was its call for free use
of educational satellites. In the discussion, SYMPHONIE broadcasts to Africa were
challenged as a violation of original agreements with NASA. The sense of the
discussions was that the French were perhaps “testing the water" to see how far they
would be permitted to violate earlier agreements. The policy and technical issues
are critical, since this may set an unfortunate precedent.

Reference 27 highlighted a point of major concern to NASA's FY 1979
budget proposal by reporting on the technical advances, partial implementation,
and potential availability of an FRG 20-kW solar array for advanced communications
satellites. This is of direct concern to the U.S. -- and hence to NASA -- in world-
wide competition, since a comparable 20-kW module, which is probably further advanced
technically than the FRG system, has just been deleted from NASA's Advanced Programs
FY 1979 budget proposal (in the Office of Space Transportation Systemc).

With regard to the impending battle over frequency allocation mentioned
earlier, Reference 28 warns that the 12 GHz band plan evolved at the February 1977
WARC Conference can only be useful if a number of countries utilize it within the
very near future; otherwise the Geneva plan will hinder development of broadcast
satellites using this bana and also other shared services.

Two U.S. papers (References 29 and 30) addressed methods for reducing
costs to users of public service and aeronautical/maritime satellite systems, both

of which could be of some interest in developing or aggregating foreign markets.
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Since this work is well known to NASA, it will not be elaborated upon here; it is
of interest, however, that AlAA Congress delegates considered these subjects to be
of international significance.

Another U.S. paper, Reference 3i, evoked a great deal! of foreign interest,
since it dealt in considerable detail with reliability and performance of the five
INTELSAT series satellites, highlighting specific trouble spots (e.g., rotating
bearings, traveling-wave tubes, batteries, and solar cells). The author's predic-
tion of 20-year lifetimes for high-capacity satellites by 1990 was of particular
interest to foreign delegates.

4., Experimental Systems

This session (No. 18, See Appendix A) emphasized the wide and increasing
range of activities in progress by a number of nations. Perhaps the most interest-
ino was a Soviet paper (Reference 32) describing the geostationary EKRAN domestic
satellite, which has been operating since October 1976, serving about 40% of the
land area of the USSR with multi-program television broadcasting. Sixty receiving
stations are in operation; eventually there will he a thousand. The satellite uses
a phased array of Yagi elements for tranrsmission.

In an important paper on the 0TS (Reference 33), Barthmann reported for
the European Post and Telegraph Research Group on the importance of minimizing
overlap with existing ground capabilities. CEurope's unique requirements for satellite
use, which must take into consideration the relativity short geographic distances
between points in Eturope and the need to complement an existing excellent ground
telecommunications system, constitute a major technical and political challenge for
a European direct-broadcast satellite. The recent 0TS launch failure aborted the
Curopeans' opportunity to examine, in a pre-operationa) mode, concerns relating to

tarth stations, flux density, and propacation.
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It is worth noting that the 28th IAF Congress saw the first public docu-
meatation of the OTS range of experiments, although they are probably already
well known to NASA (References 33 and 34).

A further note of interest: NASA's successful launch (August 25, 1977) of
the Italian SIRIO-SHF (Reference 35), which went into operation on September 12 with
TV news programs between Rome and Fucino, Italy, helped to “"brighten the gloom" cast
by the French report on the 0TS launch abort.

In ancther example of a U S. paper with significant foreign implications,
COMSAT's N. Helm (Reference 36) pointed out the important role that satellite
communications can play in providing disaster communications through the use of
small transportable Earth stations. Although NASA is well aware of this technology,
it is important to note the extremely high level of international interest and con-
cern in this type of service. It should receive careful attention by NASA.

5. Technology

The two principal roreign-technology features of this session were the
performance data presented c¢n a 100-150 watt, 12 GHz traveling-wave take tube. The
Soviet presentation on this latter subject (Reference 39) provoked considerable dis-
cussion as to whether their design approach for multibeam communication satellite
antennas might be better than that currently in use in the U.S.

But perhaps the most significant paper in this session in its impact on
foreign technolojy development was the U.S. presentation by C.L. Cuccia (Reference 40),
which publicly introduced the international community for the first time to the
concepts of large space structure development, deployment, and utility made possible
by the space shuttle. His discussion of such potential innovations as spot-beam
service to 40 cities, the use of large shuttle-deployed antennas to replace
traveling-wave tubes, and the novel concept of the orbital antenna "farm"

(Reference 41) elicited considerable enthusiasm on the part of delegates from many

nations. Japan, for example, has partially demonstrated how the multiple spot-beam
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public-service system might be accomplished via their present experimental satellite
program utilizing multiple 2 to 3-degree bandwidths.

The two maritime system papers (References 42 and 38) were of some
interest in that they indicated comparable technology to that of the U.S.; e.g. the
solid-state L-band amplifier described in Reference 42 and the MAROTS/New Spacecraft
comparison data cited in Reference 38. Multiple-beam antenna design data from
Reference 39 were also pertinent; e.g., the table on P.20 of that reference.

6. Transmission Techniques

Five of the seven papers in this session (see Program, Appendix A) were
by non-U.S. authors. MNo significant technical innovations were cited by AIAA
delegates, but the general high quality of these papers indicated the comparable
technical level of U.S. and European/Japanese communication satellite capability

cited previously in the summarization of this Symposium.

C. Scientific Spacecraft

0f the sixteen papers in the two Scientific Spacecraft sessions (Numbers
4 and 14; See Appendix A), only one was by a U.S. author; another had joint U.S.
authorship.

Two of the Soviet papers are particularly worthy of note. Reference 43,
although solely theoretical, deals with the automatic control of the shape of large
space structures -- a subject which has been clearly recognized in the U.S. and
elsewhere as a key technical requirement for the eventual utilization of structures
such as large antennas and solar power modules. But the recognition of the key
nature of this problem in the West has been relatively recent. Thus the principal
significance of the Soviet paper is that the importance of the need for automatic
shape control was recognized sufficiently long ago to have spawned an elaborately
detailed theoretical analysis in time to be completed, reviewed for release by
Soviet authorities, and translated into English by July 1977 (the manuscript
deadline date).
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Reference 44 is perhaps even more significant, in that it reveals for the
first time in public that the Soviets are actively continuing the space processing
experiments which were begun by V. Kubasov in Soyuz-6 in the late 1960's, renewed
in 1975 by P. Klimuk and V. Sevastyonov in Salyut 4, and, insofar as public knowledge
was concerned, ended with the multiple-furnace tests of ~pollo-Soyuz described eariier
in this report (Since the Congress, of course, apparently extensive space processing
experiments aboard Salyut 6 have been revealed).

Reference 44 notes continuing USSR sounding-rocket experiments comparable
to the FRG and U.S. SPAR efforts (but claiming 10-minute low-gravity conditions --
far in excess of the 5-7 minutes for SPAR operations). The authors then provide
elaborate detail in four different types of space-processing experiments conducted
an Salyut 5 missions.

Three separate crystallization experiments were conducted using the "Crystal"
experimental aparatus. The first of these, from July 7 to August 1, 1976, grew
crystals both as seeds and in solution. In the second experiment, from August 9, 1976
to February 11, 1977, spontaneously segregated crystals up to 3mm diameter were
obtained, with extremely interesting crystal intergrowth phenomena observed. The
third crystallization experiment, from February 11 to 23, 1977, succeeded in growing
a 5 mm crystal on a seed, but with fewer gas inclusions than on earlier crystals.

The diffusion process was studied with an experiment called "Diffusiya" to
establish such important physical data as diffusion coefficients under low-gravity
conditions.

Containerless melting, solidification, and remelting of multicomponent
alloys were studied in a device named “Sphera”, raising a number of extremely inter-
esting prospects for future experiments and analyses. Similar phenomena associated
with soldering and melting processes were studied in an experiment called "Reaktsiya",
which was performed not only at low orbital gravity but also in space vacuum con-

ditions. A particularly important result was obtained: space-soldered joints were not
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inferior to ground-prepared joints and, indeed, surpassed them in several character-
istics.

Much of the remaining material in the Scientific Spacecraft session was
either of no great significance or is relatively well known. An interesting concept
was proposed for direct sounding of the bottom of the ionosphere (E-region) via a
"dive and ascent "satellite (Reference 45), and a rather detailed feasibility study
indicated some promise. Tnis project could be worthy of NASA monitoring. But perhaps
the most illuminating philosophical concept to many of the older space-wise delegates
from all nations was the view expressed in Reference 46:

"The Challenge of the Spacelab Era. The first Spacelab mission
begins a new era in space exploration. It marks the beginning
of the operational use of the Space Shuttle where scientific and
technological research can be conducted in space using experi-
mental hardware designed, developed and tested to less stringent
envirotmental and reliability requirements. This ability to fly
hardware designed, manufactured and tested to less demanding
standards than those required in previous manned space flight
programs will permit more space research for the limited resources
available. Compliance with the safety requirements and verifica-
tion of peaceful purposes are the only prerequisites for payloads
to fly on the Space Transportation System.

The challenge to the project team for the first Spacelab mission,

and to all participants in this and subsequent Spacelab payload
missions, is to break away from doing business as in the past where
anything less than 100 percent performance was considered unaccept-
able. The payload capacity of the Spacelab and the frequency of
flights offers opportunities for corrections or adjustments to experi-
mental hardware and for reflight. This places NASA, ESA and the
scientific community in a better position to trade off their confidence
in successful hardware performance against cost. The challenge is to
reorient our thinking so that this mode of space resecrch is exploited".
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0. Cost Effectiveness in Space Operaticns

The Seventh International Symposium on this subject was generally dominated
by U.S. papers and U.S. programs discussed with little real insight by foreign
authors. Papers such as References 47 and 48, which purported to ceal with useful
and interesting subjects, turned out to be little more than idealized theoretical
exercises having little or no bearing on real systems. Reference 47, in fact,
stated an unequivocal conclusion that space-based solar power stat‘ons would ruin
space communications. This is certainly a possibility which requires considerable
study, as has been well established in c11 U.S. program planning, but Sarkar's
absolute conclusion in Reference 49 was drawn on the basis of no supporting data
whatsoever, according to AIAA delegates. In summary, these sessions contained

little of real interest to NASA.

E. Communication with Extra-terrestrial Intelligence (CETTI)

The two sessions of the Congress devoted to CETI introduced few novel
concepts or ideas not already well recognized by the U.S. SETI program (SETI stands
for Search for Extra-Terrestrial Intelligence). Despite the high scientific and
popular interest generated by this subject (e.g., a string of recent Science Magazine
articles, a popular book by Timothy Ferris, and, most recently, a major N.Y. Times
Magazine article, Reference 50), the growth of real technology in CETI continues to
be slow.

A key factor in SETI (or CETI) technology is that no radio telescope
antennas of any magnitude have been constructed solely for the purpose of SETI: all
that are used for SETI are also used for conventional radio astronomy. The essence
of sophistication in SETI at the present stage is the development of very low noise
receivers, multi-chanrel spectral analyzers, and signal recognition devices. No
foreign papers have appeared in the literature describing such developments; the

U.S. seems to have a clear lead in its embryc program.
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The Soviet efforts seems to rank second to the u.S. in quality; but perhaps
they lead in the total resources being applied to SETI. The Soviets have an intense
interest and are clearly listening more than us, although details are sketchy. At
present they tend mostly to be doing sky surveys looking for very strong extra-
terrestrial signals using small antennas, but larger antennas are coming on line.
Outside the Soviet Union and the U.S., only the Canadians have actually carried out
the search. Soon the French will follow suit.

The system designed to search for radio signals can be lcoked upon as
consisting of five major subsystems: the antenna, the detector, the signal processor,
and the system controller.

(a) The Antenna. For the lower plausible frequencies (1 to 10 GHz) the
world's premier current capability is that of the antenna at Arecibo, Puerto Rico, a
1000 foot spherical dish. However, because of the intrinsic noise caused by the
spherical design, the limited sky coverage possible, and this design's peculiar
requirements for site topography, this design is not expected to be extended for
future jow-frequency Earth-based systems. Instead, what is envisioned is a small
earth-bound array of the largest possible steerable paraboloids, or possibly one
vast aperture in space.

The former case, the array, the largest steerable paraboloid extant is
the 100 meter dish of the radio astronomical observatory at Effelsburg, West Germany.
Claims for increased area have appeared with the construction of the Soviet RATAN
600 facility, but in actual fact the performance of this strange antenna appears to
be equivalent to not much more than a 26 meter dish.

The U.S. has the capability of building antennas the equivalent of or
superior to that of the Germans, should funding materialize, but until this
capability is 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,
but with the advent of the United States VLA (Very Large Array), we can probably
claim to be the current champion.

The Soviets afid some U.S. researchers have proposed CETI programs using
large apertures in space. At the moment, there is little question that the U.S.
has a substantial lead in the technologies that might enable such a structure to
be built, including an extrapolation of the Arecibo design to a space-based
configuration which would not have the topographical limitations of its Earth-based
counterpart.

For high frequency searches (10-100 GHz) the U.S. is clearly outstripping
any rivals both in grourd-based instruments and in consideration of space-based
devices free from the substantial atmospheric degradations which appear at these
frequencies.

(b) The Receiver. In the microwave window (1 to 100 GHz) there is one type
of receiver which is clearly of pre-eminent performance: the cryogenically cooled
maser amplifier. The U.S. is the unquestioned leader in this technology and seems
likely to remain so in the current funding environment. These receivers may
ultimately be required for space-based operation which will require leng-lived
closed-cycle crycgenics. Here again, the U.S. is probably well ahead ia such
developments, although there is no particular reason to suppose that othei- could
not advance to this level rather quickly if they so desired.

(c) The Detector and (d) The Signal Processor. The key requirement for both
of these devices is accommodating enormous complexity at reasonable cost and power.
For example, the most promising type of detector is a spectrum analyzer of
millions or billions of channels, and the signal processor is then a device which
can handle this large output and discern which date are worth saving. In order

to do this at reasonable cost the most promising current technology involves the
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heavy use of large scale integrated circuits (LSI). Here again the U.S. is the
uynquestioned leader in the appropriate technology, both in circuit and system
design.

(e) The System Controller. For a search system to operate efficiently over
the many years required for some substantial hope of success, the system must be
automated. The system cont:oller is defined here as that device which will permit
such operation. At that moment, control of a large antenna facility and its
associated equipment is being developed by the U.S. Deep Space Network. Tnus,
this is probably the system furthest along for this effort. However, there is
reason to believe that many others would be capable of this technology, as the
automation processes are straightforward and can be implemented with any of a
number of technologies, if space, mass, and power are not particular problems.

Intense interest in the Soviet Union in non-technological aspects of SETI
was evidenced at the Congress; e.g., the use of intelligence technology, biological
evolation, the character of messages, etc. Many papers have appeared in this area,
but they seem to be rather soft and speculative. Elsewhere, as in the U.S. publi-
cations cited earlier, there is also considerable interest because of the general
appeal of the subject, but little substantive work. The papers from Eastern European
count-ies are highly speculative, difficult to follow, and do not contribute very
much to the science of technology of CETI or SETI, with the possible single exception
of Dr. Rudolf PeSek of Czechoslovakia, who has a firm theoretical handle on SETI as

a whole.

F. 8iocastronautics

The IAF 8th Invited Lecture, presented by Professor 0.G. Gazenko of the
USSR on the subject "Man in Space Today and Tomorraow", gave some general results of

the scientific information gathered from a broad ! -5R program of pre- and post-
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flight cosmonaut examination. Gazenko reviewed the reactions of the body's func-
tional systems during the adaptation process; ¢.g., in cardiovascular activity; in
the muscular systems; in bone tissue {including the calcium deficit); and the
decrease in erythrocyte count, as well as prophylactic measures, medical super-
vistion, and flight safety. This excellent review paper unfortunately did not
establish the characteristics of man as a subsystem having some very real frailties.
We need to understand this subsystem better if man is to do all the things that the
engineers expect him to do in space.

0f the remaining 18 papers in the two Bioastronautics sessions (Nos. 13
and 19; see Appendix A), 15 were by Soviet authors and two by Czechoslovaks. The
eleven most significant of these are summarized briefly below.

In Reference 51 the author suggests that the well-known differences in
radiation resistance may be due to individual functional characteristics of organisms.
Experiments had already been reported aimed at establiching correlations between
the functional state of the organism prior to irradiation and the subsequent
differences in radiation resistance The report summarizes the results obtained
in the author's laboratory with experiments with animals. He concludes that “"the
experiments presented in this paper chowed that the functions of urine, electrolyte,
excretion, corticoadrenal activity, and intensity of metabolism on the one hand and
manifestations of radiation resistance on the other hand are related by nonlinear
relationships suggesting an unfavorable prognostic significance of the extreme
values of spontaneous valuability of the functional parameters used".

The author nas published only one paper which does rot seem related to the
present article. NWe are not avare of any serious attempts in the U.S. to follow this
line of research, nor do we feel that it would be of particular value. The USSR has
typically placed more emphasis in the radiation aspects of space flight and should

be competent.
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The main author of Reference 52 has pudblished eleven previous papers deal-
ing with vascular responses to space flight. The other authors have contributed
approximately thirty-six papers in the area of space cardiovascular physiology.
Although the USSR has followed the lead of the U.S. Skylab experience, their total
capability still does not match ours. We have continued to develop new measurement
techniques, and it is expected we will remain ahead in this area.

Reference 53 presents an attempt to correct the changes in fluid and
electrolyte metabolism using drucs. The paper contains some new and useful druq
reaction information. The authors of this paper have published many previous papers
related to the subject matter. The U.S. has had a continuing program of pharma-
cological agents as applied to calcium loss and orthostatic tolerance with bed rest,
but not overall fluid and electrolyte metabolism. Since we are not sure of the
mechanisms or adaptive significance of some of the changes in fluid-electrolyte
metabolism, it would seem risky to apply pharmocological correction. 1t appears
that the USSR does not agree and has conducted many experiments with pharmacological
countermeasures.

References 54 and 55 deal with specific aspects of the overview paper,
Reference 56. The experiments were made on wWistar rats who had spent twenty days on
board the Cosmos 782 space biosatellite. Results obtained with these animals were
compared with results obtained with various control groups. The authors conclude
that “the weightless state does not represent a severe stress stimilus, since the
activation of both cortex and medulla by the adrenal failed to show the character-
istic signs of a chronic and severe stress. The weightless state as a .omponent of
space flight can be considered as a stress stimulus with no areat final impact in

the activation of the adrenal-cortical and medullary system".
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The main task of the experiments carried out during this flight was to
further the study of mechanisms of the effect of zero-g and altered g on the
morphogenes is, structu-:, and physiology of animals and plants. The biosatellite
Cosmos 782 was equipped witn a centrifuge which made it possible for the first time
to carry out in space an experiment to study weightlessness and artificial gravity
effects on a comparative basis.

Genetic investigations were conducted on fruit flies, and the findings
demonstrated that weightles:ness cannot be an obstacle for normal growth and
development of drosophila flies. One of the four US/USSR joint experiment on Cosmos
782 was a study of Fundulus heteroclitus eggs and fry. The study found that embryo-
genesis of fish has demonstrated that weightlessness may influence the embryonic
development at the very early stages that precede gastrula; however, abnormalities,
if they have developed, disappear in the course of subsequent gqrowth. Experiments
with the higher plants, including pine and crepis seeds, were also conducted to
examine the spatial orientation of over and underground organs of plants grown in
weightlessness, and to study the anatomy of support tissues and the state of nuclear
structures in meristematic cells. These experiments have vividly demonstrated that
geotropism is not a genetically determined property. It is of exogenous nature and
may manifest in response to environmental changes. However, it seems very likely
that polarity of the primary growth of roots and shoots is genetically determined or
programmed.

Reference 57 describes experiments with male rats which were irradiated by
220 and 800 rad of gamma rays within 24 hours during the flight aboard the biosatel
lite Cosmos 690. In the terrestrial modeling experiments, animals were irradiated
with the same doses and examined in the same way. The increasing triglyceride and
total cholesterol concentration in tissues, the increase of liver triglycerides, and

especially the increase in bone marrow triglyceride concentration were more intensive
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in animals frradiated aboard the biosatellite. On the other hand the reparative
processes in these groups, as compared with the terrestrial experiment in animals,
were more perfect.

In the experiment described in Reference 58, the authors report that a
long-term (20 days) space flight of rats on board the biosatellite indicated some
biochemical changes in their skeletal muscles as compared with ground-based syn-
chronous and vivarium contrels. In fast skeletal muscles there has been an increase
of GP "a" activity, while total and enzymic catalytic activity was retained. The
change of GP “a" activity was irreversible and was maintained on the 25th postflight
day. Dehydration of m. plantaris and m. phrenicus disappeared on the 25th postflight
day. The authors conclude by saying "an analysis of data leads to a conclusion
about necessity of creation on board the spaceship of artificial load on slow-twitch
antigravitational skeletal muscles”.

Reference 59 concludes that neither the space flight nor the irradiation
of rats by 220 and 800 rads for 24 hours caused any substantial changes of
deoxyribonucleoprotein and nucleic acid amount in liver. In contrast, a consider-
able decrease in nucleic acid amount and increase in the level of soluble polyde-
oxyribonucleotide occurred in spleen of rats exposed in space flight environment,
probably as a result of so-called gravity stress. Ho accumulation of effects was
observed in rats irradiated in space, though the damage is a little more pronounced
in comparison with the effect of single space flight factors.

In Re.erence 60, detailed data are presented on the reparative processes
in spleen, bone marrow, and peripheral blood of adult mice after continuous irradia-
tion with daily dose rates of 50, 10C, and 500 rads, up to a total dose of 1000 rads.
The white pulp in all qroups was more aqed than the red pulp. The bone marrow
similarity appears to be almost normal within 28 days after outset of irradiation,
and the changes in peripheral blood after irradiation and durina recoverv were

similar to the changes in spleen.
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In Reference 61 determination of the activity of enzymes involved in
animoacid metabolism in liver showed the marked increase of thyrosine, amino, trans-
pherase, and tryptophen pyrolasc activity in postflight rats killed 6 to 10 hours
after landing. The authors suggested the results indicate that immediately enhanced
enzyme activity in liver could be the consequence of the exposure to acute stress
factors.

Perhaps the most interesting new data in these sessions appeared in
Reference 62, an "add-on" paper by the Soviets. Its purpose was to study the effects
of the space flight environment on vestibular function (otolithic and that of semi-
circular canals) as well as spatial perception function of the cosmonauts that parti-
cipated in the ASTP, Soyuz 21 - Salyut 5, and Soyuz 22 missions. The paper gave new,
exciting data relating space flight reactions to several vestibular tests done pre-
and post-flight. Some unusual asymmetries in vestibular function noted in the testing
might have predictive value for space motion sickness. This was an excellent paper

of new data.

G. Unmanned Solar System Exploration

The U.S. and U.S.S.R. are, of course, the only two nations who have con-
ducted solar system exploration missions. Nonetheless, there is interest and
activity in Europe and Japan in this area.

Western Europe: ESA has excellent capability in spacecraft technolouy and

is developing a sound low-level capability for all aspects of unmanned exploration
missions. Their mission design/software/operations state-of-the-art is rudimentary,
but by working with the U.S. they will be able to conduct missfons., [SA continues

to study other missions on the forefront of technology including the solar probe,
possibly solar sailing, Mercury orbiters, etc. In particular, the technolouy required
to shield the solar probe and still maintain communications represents a sionificant

contribution to probe construction techniques (Reference 63).
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West Germany is building the orbit insertion motor for the U.S. Jupiter
Orbiter Probe mission. France continues to work on balloons and experiments for
the Russian Venera program. The Netherlands is involved in a joint U.S. venture for
an infrared astronomy satellite. Britain and other European countries are developing
synthetic aperture radar capability and other instruments for planetary application.
In summary, Western Euf%pe is remaining active and involved in planetary
missions. The usual problem of limited resources and uncertain commitment prevents
what is possible from being realized. Technology advances in particular hardware
areas (instruments, spacecraft subsystems, etc.) seem to be continuing. Europe
will continue to be behind in software. mission design, celestial mechanics, and
navigation technologies, and this will probably prevent them from being an independ-
ent force in deep space exploration for the near future.

Eastern Europe (other than the USSR): Little work is being done in solar

system exploration except for occasional papers tying U.S. and U.S.S.R. results to
theoretical and/or Earth observational studies. Several papers from Eastern Eurcpe
at this Congress reflect some specialized work on such topics; e.g., References 64,
65, and 66.

Japan: Japan has considerable electronics capability and is developing a
capability for building spacecraft subsystems. They showed some specific interest
(at the University of Tokyo) in working with the U.S. on the Jupiter Orbiter Probe
mission, but nothing materialized. Beyond their interest in some subsystem areas,
there has been no Japanese contribution in this topic; it is possible that some
will be forthcoming in 5-10 years.

U.5.5.R.: The Russians continue to maintain an active and significant
planetary program. Their Venera program is an outstanding success--both in engineer-

ing and in science. Mary papers analyzing, utilizing, and elucidating results from
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Veneras 9 and 10 are appearing in the scientific 1it@ature, including several at
this Congress; e.g., References 67 and 68 in the Unmanned Solar System Exploration
sessfon. In addition to the invaluable methodology descriptions in these papers,
which are important in future mission planning, Reference 67's results are signifi-
cant in adding to the understanding of Venus atmospheric turbulence, which ultimately
will give us a complete picture of Venusian (and later Earth) climatology and meteo-
rology. The success of the Soviet landings on Venus cannot be overemphasized--it is
an advance of technology. Indications are that the Russians will carry these advances
further in the continuing Venus exploration program.

At Mars the Soviet Union failures are as great as their success at Venus.
This 1s somewhat mystifying, since the technology requirements are not as great.
Russian subsystem technology, especially electronics, seems to be less than it
should be. The'r mission design ability appears sound and is probabiy backed with
excellent analytical capability.

While Russian science is well reported, their engineering is not. A
ridiculous paranoia about revealing future plans seems to exist, and details on
mission and system design, spacecraft technology, and performance capabilities are
almost always unreported. The USSR program is far less broad than the United States,
and outer planet missions, comet rendezvous, and other ideas do not seem to be getting
much attention. There does appear, however, to be a large number of workers in their
planetary program, and about once every three months a paper or two appears on
advanced ideas (low thrust propulsion, gravity assist, outer planet mission ideas,
etc.). The Russian secrecy prevents us from knowing whether this is the tip of an
jceberg or random individual interest.

An important matter for NASA attention is the fact that although the
subject of unmanned solar system explanation is perennially one of the highest -

interest subjects at the IAF Congresses, the sessions this year were considerad
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wholly inadequate by the AIAA delegates, principally because of the marked lack of
U.S. support of the Congress in this area. It necessitated a number of inadequate
or inappropriate "fili-in" papers; e.g., References 69 and 70. In the 1ight of the
unqualified Viking successes, this was one of the most discussed subjects at the

Congress.

K. Fluid Dynamics

The bulk of the papers in fluid dynamics at the IAF Congress appeared in
the session on Fluid Dynamics Aspects of Space-Based Industry (See section A-4 above).
Of the remaining five papers in Session 25 (see Appendix A), none of which incident-
ally were by U.S. authors, all were highly theoretical. Three of the five dealt
with subjects having little to to with space technology, and there appeared to be no
significant new information developed by the other two, which were largely academic

exercises.

I. Earth and Ocean Dynamics

Of the six foreign papers presented in this session (see Appendix A, Session
26) only two were considered by the U.S. delegates to contain advanced technology
elements. Reference 71 demonstrated a successful technique for determining orbit
perturbations (it was able to detect a 25 cm orbit perturbation, as compared with the
usual v 2 m resolution), by analyzing sequential passes of GE0S-3, and Reference 72
presented what appears to be a valuable procedure for high-accuracy calibration of

satellite altimeters. Developed for Seasat, it is to be tested using 4 Black Sea site.

J. Earth Observations

The sessions devoted to this subject at the 28th IAF Congress Nos. 29,42,
and 47; see Appendix A) included no less than 20 non-U.S. papers; and it has been
decided by the Programme Committee for the 29th Congress (in 1978) to make Earth

Observations one of the major Symposia, with perhaps 5 or 6 sessions at Dubrovnik
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in 1978. VYet, despite the extremely high international interest in this subject,
which is perhaps the most important practical application of space technology to
follow communications and meteorology satellites, there was a disappointingly meager
show of foreign technology at the 28th Congress.

Several of the papers simply presented summaries of specific uses of Landsat
(References 73-75), all of which are familiar to NASA. The only substantive USSR
papers (References 76-83) were all theoretical studies, and although they demonstrate
an excellent understanding of microwave sensing theory, the Soviets have released
little or no data since Cosmos 243, which first flew a passive microwave sensor in
1968 (prior to the U.S.). The French papers (References 84-87) dealt with relatively
primitive technology vis a vis both current Landsat and the forthcoming Landsat C and
D efforts. Perhaps the only innovative foreign paper in the three sessions was Refer-
ence 88, (*) which, although technically naive, nevertheless raised an interesting

prospect for determining first-order ozone concentration estimates.

K. Lighter-than-Air Systems for Space Operations

The only significant foreign technology in this session (Reference 89) is
the French superpressure balloon design to be utilized as a Venus atmosphere probe
in a 1983 Soviet Venera project. The design is well established as to missicn
requirements; systems data such as tarth/Venus transit requirements, deployment
and inflative sequences, flight conditions (e.g.; gas loss due to diffusion and
leakage, thermal flux, vertical-wind variations, overloading due to skin particulate
collection, etc.); and specific reference design features such as balloon size,
material and structural design, sensors, pressu.e regulation devices, inflation
subsystems, etc.

Although buoyant probes were considered for the U.S. Venus orbiter/probe

system, they were not selected. This paper could be of some interest for subsequent

(*) This paper was addeu at the Congress
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U.S. mission consideration. Note also that some of the technical data utilized for

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

L. Propulsion
Papers presented in these sessions (Nos. 31 and 36) which were identi. ied

as having particular significance are listed here as References 91-97. Key elements
of significance in these papers were as follows:

(1) Reference 91: The review of HM-7 (Ariane third-stage prooulsion system)
highlighted a number of developments comparable to U.S. efforts on high-performance
1iquid oxygen/liquid hydrogen rocket engine systems. In view of reduced U.S. (NASA)
efforts in this discipline, this development represents a potential area for future
European competition; e.g., in the sorely-needed advanced orbit transfer vehicle
application.

(2) Reference 92: This paper introduces an interesting theoretical approxima-
tion to the POGO instability characteristic, permitting simplified preliminary engine
design approaches to avoid this bothersome phenomenon.

(3) Reference 93: Again, an interesting theoretical approach to the truly diffi-
cult (but critical) problem of liquid-propellant engine startup. Should the hydro-
dynamic model proposed in this paper be validated experimentally, it could offer
significant reducticns in preliminary development testing requirements.

(4) Reference 94: Another theoretical analysis aimed at modeling cooldown require-
ments, with potentially significant implications for reducing experimental requirements
to establish these parameters.

(5) Reference 95: This paper indicates a high level of development in ion pro-
pulsion engine technology, which will be required extensively for future large-
structure development, configuration control, and station-keeping as well as for
present geostationary satellite station-keeping requirements. The technological
capability indicated by this paper is comparahle to current U.S. developments in

ion propulsion.
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(6) Reference 96: This paper, which bears on plasma propulsion, demonstrates
a rather sophisticated Soviet capability in experimental dense-plasma diagnostics,
indicating some value in searching for comparable sophistication in plasma diagnostic
techniques not propulsion-related; e.g., gas lasers.

(7) Reference 97: This paper is a relatively simplistic solar sail study,
indicating a level of capability Tar below that of recent JPL studies. However, the
appiication cited as an example in the paper, a Mercury mission using the Ariane
launcher, suggests a potential area of competition for NASA now that the U.S. solar

sail project (for a cometary rendezvous) has been shelved.

M.  Space Rescue and Safety

The state of foreign technology in space rescue and cafety is basically
several years or more behind that of the U.S., principally as a result of the much
more intensive and broad-scope U.S. effort in manned and unmanned space missions
during the 1970's. Missions such as Apollo and Skylab placed man in space for
continuous periods as long as 84 days and at distances as far away as the Moon.

As part of these unique program accomplishments the safety and rescue technology
was advanced considerably more in the U.S. than in other countries, although the
Soviet participation in the Apollo/Soyuz mission, which illustrated potential space
rescue capability, obviously added considerably to their space-rescue technology.
Currently, the space shuttle program is building on the U.S. technology base.
Future foreign development will probably continue to lag those of the U.S. in space
rescue and safety.

Space rescue efforts and capabilities per se have not been discussed by
the USSR to date, other than in the Apollo/Soyuz mission. One receives the impres-
sion that the value of life and comfort in the USSR system is reflected in the

reduced attention given to the duress to which cosmonauts may be exposed; e.g., less
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elaborate treatment on landing as well as total unconcern about potential problems
which led NASA to impose medical quarantine examinatioms.

With resp~ct to recovery following Earth surface touchdown, Japan and
Europe are quite active in international rescue efforts. The USSR is a comparatively
new member of ICAQ. Safety statistics and accident prevention are cloudy areas,
and the USSR does not discuss them There is little USSR activity in response to
emergency situations involving vehicles/personnel of other nations, although they
have participated in international maritime rescue discussions.

Foreign methods in several specific rescue technologies outdistance those
in the USA in a numoer of cases; e.g., mountain rescue techniques carried out by
overflying aircraft or rescue operations involving touchdown on mountainsides;
fishing vessel fleet response (communications possibilities and mother ship);
emergency transmission equipment on vessels; organized volunteer response to
shipping difficulties; and organization of medical assistance communications to vessels.

Foreign developments discussed at the 28th Congress (Session Nos. 37, 48 and
Current Events III) represent some excellent systems, some of which have the same
objectives as those addressed by NASA in several experimental projects, particularly
Satellite-Aided Search and Rescue. The development reported by FNG for maritime
purposes (Reference 98) (*) may in the future be applied to aircraft search and rescue
operations. It is receiving good attention and is appropriate to this report because
it transmits directly to satellites for maritime use on L-band frequencies ond does
not involve the more complex accommodations that would be required if the frequency
406.0-406.1 MHz were used for the "ground" transmitter.

Other papers of interest included Reference 99, in which Bereaovoy's
approach to identifying 50 common words is innovative and professional. He had

earlier pointed to the need for a simple universally understood space language to

(*) This paper was added at the Concress
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avoid misunderstandings. In general, it seems that the USSR devotes much more
effort to means of evaluating potential degradatior in human performance aboard
spacecraft. It might be interesting to consider why this may be so; less rapport
with the individual? In Reference 100, Ponov, whose work bears following, reported
how he conducted "voice signature” possibilities for detecting unadmitted difficul-

ties in spacecraft cockpits.

N. Materials and Str:.-tures
Papers in thir session (No. 34) concentrated cn three principal areas:

(1) The Ariane launcher (References 101-102), which is of decreasing interest to the
U.S. with its current deemphasic on expendable launch vehicles; (2) thin-wall cylin-
drical structures, of which the first paper (Reference 103) deals with the Spacelab
module and is undoubtedly quite well known to NASA (it uses NASTRAN for its computa-
tions); the secoend (Reference 104) is a rather classical treatment of the USSR
radiotelescope parabolic antenna as rigid or flexible anisotropic shells of reso-
lution; and (3) thermal problems with several different kinds of space structures
(References 105-107), none of which go beyond known U.S. research and technology
capabilities in thermal stress and thermal vibration analysis using both semi-coupled
and fully-coupled theories and, for complex structures, finite-element methods. In

summary, there was little of innovative interest to NASA in this session.

0. Astrodynamics

The three "classical" sectors of astrodynamics have characteristically
been trc Led in three separate sessions at iAF Congresses: (1) Natural Moticn and
Orbit Estimation (Session 37; see Appendix A); (2) Optimization, Transfer and
Rendezvous, and station-keeping (Sessior 41); and (3) Attitude Dynamics (Sessicn 45).
Recent progress in all three of these sections as evidenced at the 28th Congress ir

Prague has been summarized in Reference 108, which identified the two principal
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new areas (both in the Attftude Dynamics section) as (a) flexibility and shape
control, required for large solar arrays, radiotelescopes, and large communication-
system antennas, and (b) the coupling between the motion of liquids contained in
satellite tanks with the overall motion of the satellite, particularly in spimning
satellites.

Specific papers of interest in these and other areas of astrodynamics
presented at the 28th Congress are described in the subsequent paragraphs.

Five foreign papers (References 109-112) were identified by the AIAA
delegates as being of some significance. Reference 109 utilized approximations
from matched asymptotic expansions, used in the stability analyses of periodic
orbits, for the estimation of the number of star collisions in the galaxy. This
is a result of considerable scientific interest to astronomers, but it is also of
interest to NASA in that it demonstrates the extremely broad applicability of new
analytical developments in periodic orbit stability analysis.

The use of atmospheric decleration for Mars orbiter insertion as described
in Reference 110 was considered by AIAA delegates as being quite feasible, and this
paper was identified as a typical example of high-quality Soviet astrodynamic
analysis capability.

Reference 111 was i1dentified by several delegates as being a particularly
sigaificant development in the analysis of large-structure deployment mechanics,
especially stability criteria. Reference 112, which treated the problem of optimum
gyrodamper orientation, was considered by the AIAA delegates as one of the
analytical highlights of the astrodynamics sessions (it has since been invited to
appear in the Jouinal of the Astronautical Sciences), as a prime examr'c of hybrid
attitude control concepts, i.e, combination of passive gravity-gradient stabiiization

with a gyrodamper system. Reference 112 was identified as a good analysis of the
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complex astrodynamic systam of a satellite with s~lar panels, but suffered from
its neglect of radiation pressure effects.

To summarize the state of forefgn capability in astrodymamics vis a vis the
U.S., the French, Russians, and Germans show the greatest degrees of sophistication,
in that order. The Russians are hampered by poor computational equipment, although
the gap seems to be closing. The French strength is greatest in applied mathematics;
they are weakest in the guidance area. Both European and Soviet abilities in
analytical trajectory optimization and orbital analysis and estimation procedures
are comparable to those of the U.S.; their numerical optimization techniques are
catching up to us. European attitude control capability is abreast of that in the
U.S., but information about the Soviets in this area is poor.

More specifically, the French, particularly Marchal and Marec (who was,
fncidentally, trained in aerospace science at Princeton's graduate school), are
leading authorities in celestial mechanics and trajectory optimization, and also have
very advanced and tnnovative spacecraft control hardware (CALTUS low-level acceler-
ometer, magnetically suspended reaction wheels, etc.). Soviet thcoretictans,
especially Sarychev and Beletski, are very advanced. Sarychev's practical analyses
support spacecraft design, but he does not appear to interface with the design
engineers. Beletski does highly original theoretical work.

In the specific area of attitude dynamics and control highlighted by
Reference 108 as the primary area for current astrodynamic innovation, emphasis in
Europe, as well as in the U.S., Canada, and Japan, seems to be on the attitude
dynamics a~4 modeling of spacecraft with flexible and/or deployable movable members,
as well as on the application of modern ccntrol theory and computers to provide
expanded on-board control capability to accommodate such vehicle flexibility. Three
recent international sywmposia (besides the 28th IAF Congress) have been held on this

specific subject (References 114-116).
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The Soviets have not produced many papers on the effect of flexibility on
satellite attitude dynamics and control, but have emphasized closed-locp active
control systems and also hybrid-type control systems (e.g., Reference 112). Reference
117 demonstrates the importance they place on closed-loop automatic control systems;

Petrov's authorship of this paper is significant.

P. Space Observations of Long-Term Climatic Changes

The subject of possible climatic change due to fossil-fuel combustion-
gew.erated carbon dioxide and particulates, as well as powerplant thermal dissipation,
has become one of considerable global interest and concern. This new Symposium
(Session 38) was instituted at the 28th IAF Congress to explore the applicability
of satellite observation programs for definitive monitoring of such changes, to
improve on the ability to detect and identify them early enough to implement corrective
policies.

The bulk of the effort in climatic-change analysis has been in the U.S.,
with the notable exception of the Austrian-based internationally staffed Inter-
national Institute of Applied Systems Analysis. Although nc technology, foreign
or U.S., yet exists in the utilization of space-based observation techniques for
monitoring of such changes, cne of the two foreign papers given at this Symposiuwm
(Reference 118) is of special interest because of the primary role its author
(W. Hafele) played in developing world-wide recognition of the near-term potential

magnitude of the CO, problem.

Q. Spacecraft Power Systems

By far the most significant paper in this session, in the light of subse-
quent developments, is the quite detailed Soviet description (Reference 119) of
the Topaz space nuclear reactor's thermionic generating system. Technical papers on

this system have appeared reqularly in the Soviet journals since the late 1960's,
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along with equally detailed descriptions of the thermoelectric Romashka reactors,

but publication of so detailed a description at an international meeting is relatively
rare, Topax, incidentally, was probably the power system in the satellite which
impacted in Canada recently.

It is particularly interesting to note that the Soviets continue to
develop the in-core thermionic concept, whereas the only recent U.S. efforts (at
Los Alamos and JPL) have considered only out-of-core thermionics. Clearly, therm-
ionic technology is one area in which the Soviets seem to have a good lead over the
u. S.

A second Soviet paper of significance (Reference 120) suggests a relatively
direct approach to the control of a space nuclear reactor, utilizing a mechanical-
thermal servo system to "un-complicate" the normally complex automatic control
system needed for such reactors. One U.S. delegate considered this a major step
forward in the kind of thinking the U.S. nuclear engineering community needs to be
exposed to.

The only other new concept suggested by non-U.S. authors in this session
(Reference 121) was the use of hydrogen and oxygen as an energy storage medium for
interplanetary missions, with replenishment by electrolysis of water during planetary-
flight periods. Although the concept does not appear viable as a storage mechanism,
it is interesting because of its conceptual similarity to recent U.S. (General
Dynamics) proposals which utilize excess shuttle mass capability to ferry water to
a solar-powered space-based electrolysis facility located in a modified shuttle
propellant tank carried all the way to orbit.

A post-deadline paper, (Reference 122) suggested the idea of using high-
temperature radiators on the backs of solar-cell power modules employing concentra-
tors. The author's projected specific mass of 5 to 6 kg/kWe does not seem likely,
however, in view of the reduced efficiency of photovolitaic cells at higher tempera-

tures.
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R. Space Relativity

The consensus of U.S. delegates to the Congress was that aside from the
US/FRG Helios mission, there was little foreign activity in space relativity research,
and essentially none in advance of U.S. work in this field. Only one paper (Reference
125) was highlighted as having some significance. This solar probe concept suggested
unique technology approaches for shielding the probe and maintaining communications
in the near-solar environment, which could represent significant contributions to
solar-probe construction methodology.

None of the other three foreign papers (References 124-126) were considered

to represent advanced technology or concepts.
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Hotel International
Prague, Czechoslovakia
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international Programme Committee for the
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Co-Chanrman: G.G. Cherny: {USSR)
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A. Azcarraga(Spain)
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J. Singer (Israel)
F.Sonnenschein
(The Netheriands)
F.O Vonbun (USA)
D. Winter (USA)
O Wolczek (Poland)
IAF Bureau Ex ofticio Members

Congress Location

The Czechoslovak Academy of Sciences and its
Commission on Astronautics are the hosts for the
28th iInternational Astronautical Congress of the
International Astronautical Federation. The
Congress (except for the opening ceremony) will be
held 1n the Hotel International, Praha 6, namesti
Druzby 1, telephone 32 10 51, telex 121 055. The
hotel is located 7 km from the center of Prague.

Registration

The registration and information center, tocated
in the Hotel international, witl be open daily from 8
AM to 6 PM, Saturday September 24 through
Sunday October 2. Information services will be
provided there daily till 8 PM.

Registration fees for the Congress must be paid
in advance and are as follows:

Full Participants: $80.00

Accompanying persons: $50.00

Students: $40 00 it accommodated in student
hotels. This will cover accommodations and lun-
cheons in student canteens for the duration of the
Congress. Otherwise $10.

No fee 1s to be paid by accredited journalists.

The participants attending the Congress for two
days only will pay 50% of the registrauus. fee. The
day of arrival to Prague and departure are included.

The registration form 1s to be filled out and sent
i duplicate as soon as possible to:

28th IAF Astronautical Congress
The Astronomical Institute
Czechoslovak Academy of Sciences
Budecska 6

12023 Praha 2, Czechoslovakia

Registration forms may be obtained trom AlAA,
1290 Avenue of the Amerncas. New York, N.Y,
10019

Note that in the event of your cancellation after
August 25th, a cancellation fee of fitty dollars
($5000) will be charged. f your cancellation
reaches Prague after September 24. no refund will
be made

Languages

Simultaneous interpretation in Enghsh, French,
Russian and Czech will be available tor the opening
ceremony, the forum session on Monday, and the
IAF General Assembhies

Group Flight tinerary

Saturday. September 24. 1977 - Departure at 9.15
PM trom New York JFK Airport on Pan Am Fhight 44
to Copenhagen

Sunday. September 25— Arnive Copenhagen at
950 AM. transfer to SAS Flight 743 departing at
12 10 PM for Prague. arriving at 1-35 PM Transter
by bus to the Hotel of your selection

Sunday. October 2- Bus transportation 10 the
airport tor departure on Lufthansa Flight 351 at
1105 AM. arniving in Frankfurt at 12 10 PM. Transfer
to Pan A rught 73, departing at 155 PM and
arrving at JFK New York at 4.20 PM Cost for the
arrtare only 1s $493 (subject to change). This
compares to $757 for the reqular round tnp
economy tare
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Social and Cultural Evenis

Sunday, Septembaer 25— T7:30 to 10 PM — intormal
gathering at the Hotel International (no charge).

Monday, September 26— 8 to 10 PM - Reception
(no charge)

Tuesday, September 27—8 PM - Concert by the
Czech Philharmonic Orchestra in the Municipal
House, Smetana Hall. (no charge)

Wednesday, September 26— 1:30 PM - Bus trp
to the Observatory of the Astronomical Institute of
the Czechoslovak Academy of Sciences at On-
drejov. Return around 6 PM. (no charge)

Thursday, September 29— Evening performance
at Laterna Magica. ($4 t0 $5, seating limited.)

Thursday, September 29— Concert ot chamber
music in the Mirror Hall, Kiementinum. ($4 to $5,
3eating limited).

Friday, September 30—Closing dinner at the
Hote! International. ($25 per person, seating
limited).

Requests for tickets for functions with hmited
seating capacity should be indicated on the
registration form. All social functions are informal.

in addition to the above social events for all
participants, there will be a program planned for
accompanying persons without charge.

Travel Arrangements and Hotel Accommodations

AlAA has appointed Capital Travel International,
Suite 455, 4340 Connecticut Avenue, Washington,
D C. 20008, Tele: (202) 362-1922, to handle all travel
arrangements for the Congress AlAA, n
cooperation with Capital Travel International, s

organizing a one week group flight to the Congress.
Capital Travel will also handle individual trips for
those persons who cannot travel with the group. It
will also handie visas that are needed to travel to
Czechoslovakia.

Land Arrangements

Hotel International ($250.00 - Dout le; $290.00 -
Single), Park Hote! ($160.00 - Double; $190.00 -
Single); Park Olympic Il ($125.00 - Double;
$145.00 - Single).

These prices are per person and include visa fee,
seven nights at the hotel of your choice, breakfast
and one other meal daily, roundtnp airport/hotel
transfers, half-day tour ot Prague, and baggage
handling at the airport.

Visas

U.S citizens are required to have a visa to enter
the Czechoslovak Socialist Republic. Special visa
forms stamped by the Astronomical Institute of the
Czechoslovak Academy of Sciences will be needed
in order to be exempted from the otherwise
compulsory exchange ot $10 per person per day for
the duration of the stay when crossing the border

IMPORTANT NOTE. Please make sure to make
your travel arrangements early to get the ac-
commodation you request We strongly suggest
that you use the travel agent appointed by AlAA to
receive the special visa form exempting you from
the travel fee. For further information on travel
arrangements, contact Ms. Mireille Gerargd at AlAA
Headquarters.
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Lord, Spacelah Program, N 454 MHeadguariers
Wasiingron D

Monday September 26
230 PM . Room B

Session 2 (Continued)
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28, — Design Problems and Mission
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Tth international Symposium on Cost
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Organized by the International
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General Chairman
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Socio-Economic Benetits of Space
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Chairman
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Forecasting of Space Systems Optimal Program
Elnboration
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77241
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77242
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Socrwety. Warsaw, Poland

Tuesday ' September 27
900 AM 'Room E

Session 10

7th International Symposium on Cost
Etfectiveness in Space Operations 2

Organized by the Intemational
Academy of Astronautics

General Charman
8D HABER (USA)

Cost Reduction in Space Operations

Chairman
HH KOELLE (FRG)

77.A 8§

Organinng (or Low L ost vpace Transportation
C lec, NS4 Heudguarters, Bavhingion,
DC. LN

71-A So

Doubie Payloads Launch with Ariage on
(rostationsn Orbil

R Hergot, Centre Nanonai d'F tudes N\patiaies,
Eers, France, and M Thoby, Cenire Nanional
L rudes Spatiales. Toulouse, France

7.4 87

Future {.ow Cast Space Tramporiation Systems
Ansh iy - Part 1) Preliminany Size
Optimization

Db Noelle, Messerschmize Bolkow Blohkm
GmbH. Orobrunn, FRG, and HH Noelle,
Tevhnual U miversity of Berlin, Bertin, FRG
77-A 58

Reliability Trade Off for Covi-k Mective Satellite
Systems

R Chautnasse, Cemtre National d 'Frudes
Spatiates, Touwlouse, France

77.A 89

Maintsinabifity and Maintenance Oplimisation
Techniques for Reusable Spacecraft

1 Leupen, Amterdum, The Netheriands

1A 60

Concepts and Procedares for | ow ot
Production of the Shuitle Tank

G b oSsmuh, Martin Manetia Corp . New
Orleans, la, US4

Tuesday/September 27
9:00 AM/Room F

Session 11

Round Table on Scientitic and Legal
Aspects of International Cooperation
in Remote Sensing

Organized by the internstional
Academy ol Astronautics

Co-Chairmen
P CONTENSOU (France)
V KOPAL (Czechosiovakia)

Speaken:
M.C.M. Bigaier, Spacelad Program, Europecs
Space Agerxy, Pans, France

V.D. Bordenev, /nstitute of State and [aw.
USSR Academy of Scrences, Moscow, USSR
b E. Doyle, Innmulooul Program, \NAS4

di ters, W gion, D C , US4
M.A. l'mel’. Institute of Air and Space L aw.,
Unwersity of Cordoba. Cordobda, Argenting
K.Y. Kondratyes, Department of 4imospheric
Phvsucs, University of Lemingrad, | emingrod,
USSR
G. Lafferranderie, Europeun Space 4gency,
Pans, France
1. Pereh. Outer Space Affairs Divwsion, Umited
Nanons, New York, N Y, U'S4
S. aaito, Instituie of Indusrarl Scrence,
Umiversiy of Tokvo, Tokvo, Jupan

Tuesday/September 27
200 PM/Room C

Session 12

Communications Satellites
Symposium

3. Communications Satellites — Future
Systems and Planning

Co-Chanmen
H L VAN TREES (USA)
VM KRYLOV (USSR)

1730

Heahth, Educatioa, Cultace- Mudy for s Global
System by Satellite

) Muller, Cenmtre Naqnional J'F tudes Spattales.
Toulouse, France

1787

Natellite for Joint Maritime and Acronaunical
Services

W I Pritchard, Satetlue Svstems b nginerring.
Washington, D C , and R Stammnger, Future
Svetems Inc . Gauhersburg, Md . [ 84

7718

Steps for Development of an Operntional Tele-
Health System

1) Pwnson, duburn Unirersits,
Usa

7709

Commuaications Satellite for Public “ervice

J P Witherspoon and F W Notwood, Pubin
Service Sateltie Consortium, San Dego, (Calit |
US4

.20

Broadeast Satellite Plan at 12 GH? Band

SN Sarkar, Genera! [irectorate of Swiss PT T,
Bern Swirzeriand

.2

Design Factors Affechng Commanications
Satellite | ietimes

R Sttauss, COMNAT [ aboratories,
Communmications Satelliee Corp | Clarhsburg,
Md . and 1 R Owens, INTHINAT,
Wavhneton, DC ., 1'S4

duburn, Ala .
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22

Past Experience ~ Basis lor Falure Advanced

Power Systems for Communications Satellites
B. Gohrbandt and ). Rath, AEG-Telefunken,
Hamburg, FRG

Tuesday/September 27
2:00 PM/Room B

Session 13
Bioastronautics 2
Space Medicine and Applications

Co-Chairmen:
A. EGOROV (USSR)
D. WINTER (USA)

71-250

On ihe Passibilities of Prediction of Differences

in the Tolerance of Individuals to the Effect of

Jonizing Radiation

M. Pospisil, Czechasiovak Academy of

Sciences, Prague, Czechastovakia

77-251

One the Role of the Diurnal Variation of
Functions for tbe Tolerance of the

Subject 1o the Factors of Space Flight

A. Vacek, Ju P. Druainin, A M. Podluznaia

and J. Slotova, Czechasiovak Acedemy of

Sciences, Prague, Czechoslovakia

77282

Cardiovascuiar Responses in Space Fligh's

1.1. Bryar.ov, A.D. Egorov, V.A. Degtyarev

and A.P. Polyakova, /ntercasmos Counctl,

USSR Academy of Sciences, Moscow, {/SSR

71-253

Problems of Relabilitation and Recovery of

Altered Physiofogical Functions After Space
t

T.N. Krupma, B.M. Fyodorov, Kh. Kh
Yarulhin, N A. Belaya, V.T. Olefirenko and
E.l1 Matsnes, /ntercosmos Council, USSR
Academy of Sciences, Moscow, USSR

77-254

Pharmacological Corvection of Changes in

Fluid-Elecirolyte Metabolism During Prolonged

Bed Rest

V.S. Shashkov, L.I. Kakunn, B.B. Egorov,

A 1. Grigonev, G.1 Kozyrevskaya, V 1.

Bogdanov and Yu Yu. Osipov, /ntercosmos

gc;c;nnl. USSR Academy of Sciences, Moscow,
SSR

77-285

Remote Delivery of Heslth Care—*"Starphac”™
N Belasco, J Stonesifer and R.S. Johnston,
NASA Johnson Space Center, Houston, Texas,
Usa

77-256

Experi in Utilization of Preventive Load
Providing Suit for Prolonged Space Flights

A S. Barer, G.I Severin, V.I. Stepanzev and
Ye P Tikhomurov, Intercosmos Councid, USSR
Academy of Sciences, Moscow, USSR

7-257

Electric Dynamic Catathermometer as 3 Tool
for Automatic Measuremeni of Factor
Determining the Cooling Effect of Space Cabin
Microclimate

L. Novak, Institure of Biophvsics,
Czechoslovak Academy of Sciences, Brno,
Czechoslovakia

Tuesday/September 27
2:00 PM/Room F

Session 14
Scientitic Spacecraft 2

Co-Chairmen:

R.E LO(FRG)

A REMONDIERE (France)
P TRISKA (Czechoslovakia)

7487

Spacelsh Onbasrd LIDAR lastrument for
Atmosphere Study

J. Runavol, Centre National d Etudes Spatialy

T7-201

Liquid Motions in Coataimers in Zevo-Gravity
J.P.B. Vrecburg, National Aerospece

Lab ry, Amsterdom, The Netheriands

Toulouse, France

77-188

A Coeperstive NASA /USAF lavestigation of
Charging ia the

Msagnetosphere
M_H. Bunn, Las Angeles Awr Force Station,
Los Angeles, Ca.f., USA
T1-189
The Shuttle Pallet Satellite Concept (SPAS)
H. Kellermeier and D. Davidts, Messerschmuti-
Botkow-Blohm, Ottobrunn, FRG

T1-19%

The Assess Programme — Preparing for the First
Spacelab Flight

D.J. Shapland, J. de Waard and B. Noland,
European Space Agency, Pans, France

T7-191

The First Spacelab Payload - A Joint
NASA/ESA Veature

R. Kennedy, NASA Headguarters, Washington,
D.C., USA; and R. Pace, NASA Marshali
Space Flight Center, Alabama; and ). Coller
and J.P. Sanfourche, Eurapean Space Agency,
Pans, France

71192

;ln Faint Object Camera for NASA's Space

H. Schwille, A. Ortil and G. Rausch, Dorneer
Systems, Fnedrichshafen, FRG

17-193

AK/KP, Airborne C ion-Distributi
System with lotermediate Analog-to-Digits!
Conversion

B.l1. Blazhkevich, V.A Pognbnoy and 1.V
Rozhankovsky, Intercosmas Council, USSR
Academy of Sciences, Mascow, USSR
77194

Automstic Coatrol of Large Space
Radiotelescope Surface Shape

V.1, Bujakas, A.S. Gvamichasva, L N. Lupicher
and Yu. V. Chekulaev, Institute of Control
Sciences, Moscow, USSR

Tuesday/September 27
2:00 PM-Room E

Session 15
Symposium on Space-Based Industry

Fluid Dynamics Aspects ot Space-
Based Industrial Activities

Part 1: The Spacelab Fluid Physics
Module Experiments

Co-Chairmen
J BOUTTES (France)
L. G. NAPOLITANO (ltaly)

77-19

Positioning and Damping of Liquid Spheres in
Microgravity

H Rodot, CNRS, Meudon, France

719

Wetting of Solids by Liquids in Zero Gravity
Experiments

1 M. Haynes, Umwversuy of Bristol, Bristol, U K

77-198

Some Problems on the Structure of the Floating
2one

| da Rwa and J Meseguer, Escuela Tecmica
Superior Ingemieros Aeronauticos, Madrid, Spamn

717-199

Thermally Induced Convection Flows in Low
Gravity Environments

L.G Napolitano and G Carlomagno, lnstitute
of Aerodvnamucs, Uniiersiyv of “aples, Naples,
ltalv

77-200

Solid-Liqoid loteractions in Gravity Free
Menisci

1.F. Padday. Research Du . Kodak Lid .
Harrow, UK

’ Tuesday/September 27

(For Part 2, see Session 24, Thursday, AM).

2:00 PM/Room D

Session 18

Gth international Review Meeting of
Communication with Extra-Terrestrial
Intelligence (CET! 2)

Organized by the intermational
Academy of Astronautics

Co-Chairmen
J. BILLINGHAM (USA)
R. PESEK {Czechoslovakia)

A Review of CETI Activities in North Americs,
with a Description of the Algonguin Ser <h for
Extraterresiris) Bescons st the 22 GHz
Frequescy of Water Vapor

P.A Fecldman, Herzberg Insttuie of
Astrophysics, Natonal Research Council of
Canada. Ottawa, Canada

T-A 49

Review of Coatemporary Opinions o the
Problem of the Origin of Life

L M Muhim, Intercasmos Council, USSR
Academy of Sciences, Moscow, USSR

77-A 50

To the Problem of the Definition of Intelligence
.M, Kron, Intercosmos Councii, USSR
Acaderiy of Sciences, Moscow, L'SSR

Adv d CET? Techniy
A T. Lawion, Shepperton, Middiesex, U A

71-A 82

Title to be annoum et

N S. Kardachev, Intercosmos Councd, USSR
Academy of Sctences. Moscow, USSR

77-A 53
Natural Law for All Sentient Beings
E Fasan, Neunkirchen, Austria

Tuesday/September 27
200 PM/Room A

Session 17

20th International Space Law
Colloquium 1

Organized by the International
Institute of Space Law

Part A: Showld There be
Space Agency?

World international

7781 01
Introductory Report
E Galioway, US4, and ¥ S Vereshehetin, USSR

7781 02

Obswervations on 1CAO and an Eventual World
Space Ageacy

1 H Ph Diedenhs-Verschoor, The Netherlands
775103

Le probleme des agences internationales

! Hercreg, Hungary

7781 04
Observations sur une agence spatiale mondiale
F W Mon, Partuga’

7781 05

The Project of an Inicrnationsl Space Agency
and the Bogota Declaration

M Marcoft, Swerzerland

71l 06

An O Proposal fur the Establishment and
Operatinn of 3 World Space Law Centes

S Goronve. U'SA
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Part B: Matters Relating to the Definition
and/or Delimitation of Outer Space and Outer
Space Activities

TISL 07

latroductory Report
N.M. Matie, Canada

71581 03
Masters Relatiag to the Definition sad/or
Delimitation of Quter Space and Outer Space

Activities
P.P.C. Haanappel, Canada

TS 09
WMNAS\WS&MWNNNWN
& Specific Abitude to be Chosen as the Legnl
Boundary Between Alr Space and Ouier Space
G.P Soup, USA

Wednesday/ September 28
9:00 AM/Room B

Sassion 19
Bicastronautics 3
Space Biology

Co-Chairmen
0 G. GAZENKO (USSR)
H. PLANEL (France)

259
Study of Mechanisms of Physhlogk-l Effects
o( \lﬁghlkm in the COSMOS 182

Tuesday/Sentember 27

5:00 PM/Room A

Current Events Session il

Dysamic Testing of Structures with Rocket
B. Runcka, Bmo, Ciechosiovaka

Wednesday/ September 28
9:00 AM/Room C

Session 18

Communications Satelflites
Symposium

4. Communications Satellites —
Experimental
Systems

Co-Chairmen
A.H. DaCOSTA (Braz)
R SERRADEIL (France)

n-2s

The Programme of Experiments Pianned for
the Orbiesl Test Satellite

P Bartholome, European Space
Agency / ESTEC, Noordwyhk, The Netherlamds

2e

Results of the SYMPHONIE System Operations
I Muller. Cenrre Nattonal d 'Frudes Spatiales,

1 oulouse, France

27

Results of ATS-6 AIDNAT Eaperiment

3 K Wihclm et al , Agencs for International
Development, Washingion, [ C, US4

71-28

Commusications T«hoho Satellite \!nhk
Terminal Dis C sthons Expe

N R Helm, COMSAT lLaboratores,
Communications Satellite Corp | Clark sburg,
Md ., USA

17-29

Technical Experiments with CTS

G R Thoma, Lister Hill Nauonal Center tor
Biomedical Communications, Bethevds, Md |
ts4

-3

Expefimeatal Nystem of Japanese Satellite,
Eagineenng Test Satellite Type §1 (ETS-1D-
(KIKU-2D)

J Tabata, M Ohara. ¥ Ishizawa, T Ishida
and N Fugono, Nanonal Space Development
Agency, Tokvo, Japan

773

Satellite TV Broadeasting “ystem “FARAN
S\ Boradich, Intercosmos Council, USSR
Academy of Sciences, Moscow, AR

732

The SIRIO-SHF Experiments, Pre-lLavach Test
Results and Further Propagation baperiments -
Description

S Twroand | S Ciaboh Cortelh, Telespna o,
Rome, laly

N.N, Gurossky, O G Gazenko, | Ahlers, 5
Baranski, D Winter, AM Guemin, E A (lymn,
L Macho, VV Portugalos, L Sabo, L V
Serova and R A Tigraman, In:ercosmas
Councit, USSR Academy of Sciences, Moscow,
USSR

71-260

Mechanism of Development o
Chaages in Mamaaks Flown on erd
Biolopscal Satellivs

vV Por ug o, Iater osmos Councid, USSR
Acadern:. &mu'ﬁ Moscow, USSR

7-261
The Reaction of Adrenal Cortex and Medulla t0
Prolonged Space Flhght in Rans
V Murgas, | Kvetnanshy . R A Tigraman, )
Torda, A Repeehona and K Janova,
Czechasloruh Academy of Sciences, Prague,
Czecholovahig

77-262
Some Results of Brological Stadies Carried Oot

hotasical

! on Biosateilite COSMON 782

G P Partenon, R N Platonova, MG
Tairhckor, v N Belenes V P Olhhovenho.
AV Rostopshina and B A Oigenblick,
Iniercosmos Councid, USSR Academ of
Scrences, Moscow, { SSR

77-263

Plasma and Tissue 1 1pid ( hanges 10 Ratn
Veradiated in Conmuc Space

t Ahlert, R A Tigranan. b Ashlersona Ju
G Gngonev . M Prashcha and B Paubkova,
Ciechoslorak doadems o Saenaes, Prague,
Crevhosotak g

77-264

£ ffect of Space Hight bactors oa basnyme
Sustems of Carbohsdrate Phosphone
Metabolism 10 Skeletal Muscie of Rats
NP Nzseron /P Zheludhora and |\
Rusnetsona, Intercosmon Councid, USSR
Hcadernns of Scwnces Mowow, USSR

77-265

intlueace of lrradstion and Space Flight
Factors on Naclexe Aot and
Deovsrihonucieonprotem 1o | iver and Spleen of
Rats

E Miurova, R A Tigranan, K Rropacova,
iu G Grigories and M Prashoka,
Crechostorah Acudems of Saences, Prague,
Cechodorukia

77-266

Reparative Proceses in wpleen Aller the Outvet
of Continnous Irradiation

N Sacncvaand M Prashicha, € zechosiorak
Lademy 0! Saences, Prague, Ciechoslovak

17-267

Lhe Lffect of Prolonged Space Fhght on Liver
Enzssme Activity and on | ipogenesis in Adipose
Tinsue of Rats

b Macho, Z Semeth, 1 Pathovic, O Strbak
and R A Tieraman, Czechoviorah Academy of
Scences, Prague C Cechostordkia

77-268

Results of Iasestigations on | eltuce Seeds,
Vobacco Seeds and Artemia Cssis Mown in
COSMOS 782

H Panc Yu G Groponey, M Delpous, ¥
Gaubm Blanguet, 1V Neveopoding, B

Puane 71, G Gasset, vV E Popov, A M
Marcamy, Yu A Vinogrados, R Prohl and
facquot, Groupe de Revherches Biologiques
Spatiales, Toulowse Trance tand Intercosmon,
USSR

Wednesday/September 28
9:00 AM/Room D

Session 20
Unmanned Solar System Exploration 1
Co-Chairmen:

L.D FRIEDMAN (USA)
O WOLCZEK (Poland)

715
The Pioneer Veaus Mission and Futore
Errdoration lanticatt

L Colin, NASA Ames Research Center,
Moffeir Field. Calif . USA

71152

Results of luvestigations of Veuns Aimosphere

and Surface by the Method of Radioscuuding

Using Artificial Venus Satellites *Venera 9°°

aad “Venera 10

M.A Kolosos. O] Yakoviev, Al Efimos,

S S Matyugos, TS Timofeeva, E.V Shub,

A G Pavelyev, A1 Kuchervavenkov, 1 E

Kalashnikov and O E. Miletun, Intercosmos

{/ ouncl, USSR Academv of Sciences, Mascow,
SSR

77183

Some Preliminary Results of Simultanecus
Utilization of the Two Sateflites *“Venera 9
and “Veaners 10’ for Dual Frequency Radio
Occulistion Measurements of the Night-Time
Joa of Veaus

MB Vaulyes, AS Vishlon, M A Kolosoy,
A P Moesterton, N A, Sarich, V A Samorvol,
L.N Samornaer and A 1. Sudorenko,
Intercosmos Councd, USSR Academv of
Scrences. Moscon, USSR

T-154

Ten Years of “'lotercosmos’ Solar Space
Research in the Astromomical Instituie of the
Crechosiovak Academy of Screnves

B Valmiceh Astronomcal Institute of the
Czechostorak 4cademy of Sciences, Prague,
Clechoslovakg

77188

Derclopment of lnformatien Possibilities of
Sceuntific Setellite F ypenments

AN B Serafimor, S N Chaphunos, T N
hanova and | 8 Ivanow, Bulgaran {cudem
of Sarences, Sotw, Bulgariu

Wednesday: September 28
900 AM/Room E

Session 21
Symposium on Space-Based Industry

Non-Terrestrial Mining and Delivery
Systems

Co-Chairmen
A DUPAS (France)
G K O'NEILL (USA)

.72

Systems Anabus af Space Manufacturing
G R Dnggers, Scuthern Research Institute
Birmingham, Ala | {54

7.7}

Pachaging of | unar Malterials for Transport
D Criwwell, { unar Saence [nstitute, Houston,
Tews, UM

1774

Mass Driver: bor L unar Transport and as &
Reaction b ngine

G A ONalband HRolm, MassacAuseris
Imvritute of Technofogs . Cambrufee Mass
(Y]

778

On the Physcal and Mechamcal Properties of
VY enusian Saif

AN Leonovinh, VA Gromov PN
Semyonos, Yu A Suthov, v G Permimos and
A D Dmutnies, Imtercovmn ¢ ouncd, U NSR
Qeademy of Suences, Moscon, { SR
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N

At»uknnk-lusndyh:mw
and Mechanical of Planetary Soil

A.K. Alexandrov, | B. Borsovs, V.V. Gromov,
V.V. Zakharov et al., “tntercasmos Counctl,
USSRAmM,vq/S:m Moscow, USSR

"

Asteroidal Resowrces for Space Manulacturing
B. O'Leary, Prurceton University, Princelon,
N.J., USA

nmn
Ecenomics 6f Non-Tetvestrial Mining end
Delivery Systems

K.P. Heiss, ECON, Inc , Princeton, N.J , USA

Wednesday, September 28
9:00 AM/Room A

Session 22

20th International Space Law
Colloquium 2

by the International
Institute of Space Law

Part C: W-nolCMudn;Smsdrum
and Technology with Spsce Law

TISL 10
|

atroductory
M.G. Bourley, Fronce

nsLu

The 1974 Brussts Coavention Relatiag to the
Dissridution of Larrying Signals
Transmitted by te: ity Strengths and

W eaknesses

C.Q Christol, USA

nsL 12

Coaseasus as a Basis for lnternational Space
Cooperation

E. Galloway, USA

TSL 3

Space Operndons and Rsdio Regoistions. Ways
to Cooedinate Space Science and Technology
with Space Law

S K. Sarkar, Swizertand

Part D: Various Subjects

7TSL 4
Setilement of Disputes Regarding Activities in

K.H Bocksuegel. FRG

TI8L 18

Cooperation Among States in the Explorstion
and Use of Outer Space and International
Organizations

E P. Kamenewskaya, USA

7SL 6

Position ol | ik
Corpus Juris Spatiaks

G.C.M Reynen, The Netherionds
nsL v

International Space Law as s Branch of
Internations! Law

P4 Lukwn, USSR

7S

The Impact of Sclected United Mates Municipal
Laws Upon the Space Shuitle Program, snd
Their Relationship to 4 ional Spaw Law
G P Sloup, US4

3} Organizations in the

Wednesday,/September 28
9:00 AM;Room F

Session 23

11th International History of
Astronautics Symposium

Organized by the international
Academy of Astronautics

Co-Chairmen
EM EMME (USA)
V N SOKOLSKY (USSR)

T1A 09

K s “The Dresm, or Lunar Asironomy** as
redecessor of Space Research

Z Horsky, Astronomicel Institute of the

Coechaslovak Academy of Scrences, Progue,

Coechoslovakia

17-A 10

Flest USSR Rocket Exgeriments for Shorn-Wave
Solar Radistion Resenrch

G.S. IvanovCholodny, L.A. Vedeshin and
A.B. Yakovieva, Intercosmas Councd, USSR
Academy of Scrences, Moscow,

AN
On Compuier-Oricated Dyassc Modeting of
Spececraft: Historical Evolution of Eufertan
Mulllbo‘y Formalism Since 1750
R.E. Roberson, Umersity of Coliforna, La
Jolla, Calyf., USA

A 12

Developmest of Soviet Rochetry from 194S-
1957 and Preparstions for Launching the First
Astificial Exrth Satellite

A.A. Eremenko and Yu. V. Buryukov,
Intercasmos Counc ISSR Academy of
Scrences, Mascuw, USSR

A

tion and Results of Early Wark at the
USSR Scieace Centre for Rocketry
1 A Mctkulov, latercosmas Council, USSR
Acacemy of Scrences, Moscow, USSR

AW

Albert Fono: A Pioncer of Jet Propulsion,
188119

1 G Nagy, Budapest, Hungary

TI-A NS

S.P. Korolev aad Soviet Rocketny

B V. Rauschenbach, Institute of Control
Scences, Moscow, USSR

TI-A 10

Genesis of Liquid Rydrogen Propulsion
Through 1948

J 1. Sloop, Bethesdu, Md , USA

Thursday/September 29
900 AM/Room C

Session 24

Communications Satellites
Symposium

5. Communications Satellites ~
Technology

Co-Chaumen
S H HUBBARD (USA)
G QUAGLIONE {italy)

7734

Communication Satetite Technologies in the
1990°s - A Projection into the PostANTELSAT
N Era

C 1 Cucna, Ford Aerospace and
Commumications Corp . Pulo Alto, Calif , US4
71738

Acquisition and Tracking of Laser Beams in
Space Commuonications

I M Teplvakov. Imtercosmaos Council, USSR
4caderms of Sciences, Moscow, USSR

1730

Orh . ¢ -2ired of Large Communication
.atrn, ~s with the RIT 10-don Thruster

o Bassner, Messerschmitt-8olkow-8lokm
GmbH. Munich, FRG, and HW | ob,
Uriversity of Gressen, Giessen, FRG

7737

A High-tficiency 100 to 150 W - 12 GH2 Helin
Traveling-Wave Tube for Sateflite Uw

G Fleurs and 1 C hunizmann, Thompon
CNF. Boulogne Billancourt, France

1.3

Impact of Shutile on Technology and Uiility of
Communication Satellites

H S Braham, General Flectrie Co
Philadeiphig, Pa , US4

halid

The MAROTS Satallity Commuaications

hyhul and Is L-Band Solid State Multicarrier
Trassmitter

\V R. Wignall, Mercom: Space and Def ence
Systems Lid., Stanmore, Muddiesex, U K.

7140

Multi-Beam Arvay. Designed (or Use in a
Maritime System U an OTS Phtform

Ph Charas and L.M. Encsson, Molndal Sweden

At

Dasign Considerstions for Multibeams
Commusication Satellites Antcanss

B8.1. Chirkov, G K Hahmov, M.B. Vysoiskaya
and A_A. Snesareyev, /ntercosmos Counc,
USSR Acodemy of Scrences, Moscow, USSR

Thursday: September 29
9:00 AM/Room E

Seasion 25

Fluid Dynamics Aspects of Space-
Based industrial Activities: Part 2

Co-Chairmen:
J. BOUTTES (France)
L.G NAPOUITANO (italy)

T7-282
Significance of Fluid Dynamics Aspects for
Materis) Science Experiments

Pabst, Max-Planck Institute, Stuttgart, FRG:
and Oertel, University Fndenicana Karisruhe,
Rarisruhe, FRG

71-203
A Micvo-Gravity Simulstion of the Marangoni
Convection
W Wuest, DFVLR. Goitingen, FRG
71-204

vation of Bubbles Under Various Force
Fiel
J Swekmann and J Johann, Technausche
Hochschule Darmstadt, Darmsiadt, FRG

(For Pari 1, see Session 15, Tuesdsy, PM.)

Thursday/ September 29
10.30 AM/Room E

Session 25 (Continued)
Fluid Dynamics

Co-Chairmen
S BERNDT (Sweden)
VV SYCHEV (USSR

T7-148

Numericat Simulntion of Exteraal and Internsd
Gasdynamic Problems

M Ja Lvanos and AN Kesko, Intercosmos
Council, USSR Acudemy of Sciences, Moscow,
USSR

T-146

{nvestigation of Mass { oss and Shape Change
Acluated by Radistive Flux While Entering a
Hydrogen-Helium Atmosphere

E A Gershbein, E Ya Sukhodol'skava, S 1
Sukhodolsky and G A Tirsky, Iatercasmas
Council, USSR Academs of Sciences, Moscow,
USSR

T7-147

Theoretical and Eaperimenial Investigation of
the Diffusion Flame on Plane Jet Pairs and Fan
Jets us Applied to Air Bresthing Engines

G N Abramovich and V B Butosshy,
Iniercosmos Council, USSR 4cademy of
Sviences, Moscow, {/SAR

17148

On the Theory of Drag Calculstion and Profite
()‘ptiminuon in Shockless Near Feee Molecular
Flow

R Monaco, Ivitute di Meccana Razondle,
Politecrico di Torino, Tunin, ltalv
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7-149

Boundary Layer with Diffusion Controlled
Combusties

E.Y. Chen, Tamkang College, Taipei, Taiwan,
Ching

Stmilur Solutions for the Compressidle Laminar

Thursday/September 29
9:00 AM/Room B

Session 26
Earth and Ocean Dynamics

Co-Chairmen:
K.Y. KONDRATYEV (USSR,
J.W. ROUSE, JR. (USA)

na

New Portrait of Esrth’s Contineats

V.D. Skaryatin, /ntercosmos Council, USSR
Academy of Sciences, Moscow, USSR

na3
The Derivatien and Use of Satellite Gravity and
Presesses 1 for Modeling Geodynmmic

3.P. Murphy, NASA MHeadquarters,
Washingion, D.C.; and F.O. Vonbun, NASA
Goddard Space Flight Center, Greenbelt, Md.,
USA

T84

Muhiband Survey ss a Method to Study
Suspension Distribution in the Sea

L.A. Labutina and G.A. Safyanov, /atercosmos
5?‘571“1' USSR Academy of Sciences, Moscow,

7788

Observation of Transient Upwellings in the
Mediterranean Sca with the NOAA WHRR
Imagery

M. Crepon, Laboratoire d Oceanographie
Phvsiqic du Museum, Panis, France

77386

Satellite Imagery in the Study of the Danube
Delta Dynamics

V.l. Kravtsova, L. A Ushakova and T 1.
Chekalina, Intercosmos Council, USSR
Academy of Sciences, Mascow, {/SSR

7787

The Role of Geodetic Techniques in Remote
Sensing the Surface Dynamics of the Oceans
R S. Mather, University of New South Wales,
Kensington, Aus:raha

788

Fundamentals snd Design of a Calibration
Procedure for High Precision (+ 10 cm)
Satellite Altimetry

D Lelgemann, /asntut fur Angewandte
Geodase, Frankfurt, FRG

1189

Mesoscale Sea Ice Dynamics by Sequential
Radar Imagery

W.J. Campbell, Umiversity of Puget Sound,
Tacoma, Wash , USA

Thursday/Sepiember 29
900 AM

Session 27
International Student Conference

To be announced

Thursday/September 28
2:00 PM/Room C

Session 28

Communications Satellites
Symposium

6. Communications Satellites -
Transmission
Techniques

Co-Chairmen:
T. SEKIMOTO (JAPAN)
D.J. WITHERS (UK)

TI44

Digitsl SingleChanne) and Multi-Channel per
Carrier Transmission for Satellite Service
A.M. Werth, Digual Communcations Corp.,
Gaithersburg, Md., USA

7148

Comparison of Different Types of Redundancy

Microwave Switch Matrices for TDMA System

;. Funck, Thomson-CSF, Meudon-a-Forel,
rance

1146

tion E with Jap: Satellite,
Elgheellag Test s-telmr Type 11 (ETS-I)-
(KIKU-21)
1. Ishida, N. Fugono, T Tabata, M. Ohara,
and Y. Ismzawa, Mimsiry of Posts and
Telecommunications, Tokyo, Japan

4

HO-DPCM Enceding of NTSC Color TV
Sigus! for Satellite Commuanications

N Suzuki, Y hyma, T. Ishiguro and T
Osluma, Nippon Electric Company, Lid |
Tokyo, Japan

77148

Performance Analysis of a Direct QPSK
Modulator on a Communications Link Using
Satellite

A Ribes et al , Centre National d 'Eiudes
Spanales, Toulouse, France

49

Digital Modulation Methods for Use in Satellite
Communications

J Simsa. Czechoslovak Academv of Sciences,
Praguc, Czechoslovakia

711-50

Design of Phase-l.ocked Loop for Multiple
Access Communication System Via Boards
Signal Processing Satellites

V1 Moguchev, Intercocmos . incil, USSR
Academy of Sctences, Moscow, USSR

751

Future Outlook for Satellite Switched TDMA
Satellites

T Muratam. Y I and K. Koga, Kokusai
Denshin Denwa Company, Lid., Tokyvo, Japan

Thursday/September 29
2:00 PM/Room 8

Session 29

Earth Observations (William Nordberg
Memorial Session)-1: Systems

Co-Chairmen:
L LAIDET (France)
F O VONBUN (USA)

77-109

An Operstional 1 ANDSAT

A P Colvocoresses, U S. Geological Survev,
Dept of the Interior, Reston, Va . USA

77-110

Le systeme SPOT d'observation de la Terre par
satellite

G Brachet, Cenire Nationa! d 'Etudes Spatiales,
Paris, and A. Cazenave and M Couriows,
Centre National d 'Etudes Spatiales, Towlouse,
France

-
mmma-sw Atmosphere in

the Viaible m egion According to
Theoretics) tions and Measuremenis

from Msaned Spacecrafl

K.Y. Kondratyev, G.1. Marchuk, A A.
Buznikov, G.A. Mikhallov, Sh.A. Nazaralev
and O.1. Smotky, Unwversity of Lemngrad,
Lemingrad, USSR

7112

Analyse de Is qualite des images multispectrales
issues ¢'un instrumeat a bals mecanique
moate sur le satellite d°o SPOT

A de Leffe, Centre Nattonal d ’Etudes
Spauwles, Toulouse, France

77-113

Cemparison of (he Discriminate Possidilities of
Some Transformatioas of the Specirs)
Reflective Characteristics

D. Mishev and T Yanev, Central Laboratory
for Space Research, Sofig, Bulgara

77-114
Choice of Spectrat fntervals for Aerospace
Survey of Natural Formations in the Range of

S dm.
AlA. Grigoryev, G.A Ivanyan and G.A
Petrosyan, Intercosmos Council, USSR
Academy of Sciences, Moscow, USSR

7118

Camers maltx fe a haute tuti
spstiale pour § ‘observation de s tesre

G. Otno, Centre National d ‘Etudes Spatiales,
Toulouse, France

T77-116

Cu-onlh——OpenIon of Faperiments on
Terrestrial Studies

G.A. lvanyan, Intercasmos Counci, USSR
Academy of Sctences, Mascow, USSR

Thursday/September 29
2:00 PM/Room E

Session 30

Lighter-Than-Air Systems for Space
Operations

Co-Chairmen
N J MAYER (USA)
L.G NAPOLITANO (italy)

77-163

A Review of Lighter-than-Aw Progress in the
United States and Its Technological Significance
N J Maver, NASA r{eadquarters. Washingion,
L C.USA and R H Knda, Navul Air
Syvstems Command, Washingion. D.C , L'SA
7-164

P#m in Scientific Balioon Technology in

t

M. Audebert, Centre Nanonal d ‘Etudes
Spatiales, Toulouse, France

17-168

ATMOSAT-A Progress Report

T F Hemnsheimer and P ¢ Neu-hul, derospace
Corp . El Segundo, Calif , USA

77-166

Tethered Balloons as Remote Sensing Platforms
to Study the Diffusion of Pollutants 10 the Sea
L.G Napohtano, S Vetrella an® C. Trpod,
Institute of Aeradvnamcs, U- .cersiy oof
Naples, Naples, ltaly

77-167

A Masthematica) Mode! of Transcontinental
Balleon

CiD la Padula and C F Polaro, | aboratorio
Astrofisico Spa: ale, Cenire Nazionale delle
Ricerche, Frascan, Italv

77-168

Study of « Balloon Drifting in Venus
Atmosphere

P Fouchard. Centre National d'Etudes
Spatiales, Toulouse, France

July/August 1977
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Thursday/Septembder 29
2:00 PM/Room F

Sesasi .. 31
Propulsion |

Co-Chairmen:
R. BUMLER (FRG}
S. ROSEN (USA)

L]

Development Progress of hm7 LOX /L2
Rochet Eagine for the Ariane Third Stage
Propulsion System

M. Pouliquen, Socwete Europeenne de
Propulsion, Vernon, France

7792

The Main Eagise Program te Support POGO
Preveatioa on the Space Shuttle Vehicle

J. R Fenwwh and G. H. Kangan, Rock well
International, Rockeidyne Dinsion. Canoga
Park, Calif, USA

7193

Contribution a |'etude du phenomene POGO
D Lourme, J J. Dordan and D. Schawti,
ONERA, Chatillon-sous-Bagneux, France

77494

Hydrodynamic Medeling of the Operation
Process in the Liquid-Prepeilant Engine
Systents on e Stert

V M. Kalnin and V. A, Sherstanmikov,
Intercasmos Council, USSR Academv o}
Scrences, Mascow, USSR

795

Coeldown of Cryogenic Systems

E K Kahmn, /ntercosmos Councsl, USSR
Acodemy of Sciences, Mascow, USSR

7196

Parametric Evaluation of 8 Vortex Valve for
Thruwt Modutatioa of Sotid Propellant Rockets
A Birk and H Wolft, Techmon - Israel
Institute of Technolugy, Haifa, Israel

9N

Thrust Augmentation by Secondary Oxidizer
lajection into Rocket Nozzles

A | Ei-Sharkawy, Virging Polviechnie
Institute, Blacksburg, Vo . USA

7108

Reliability and Compatability Consid:

and Testing of the RIT-10 Electric Propulsion
System

G Kruelie and ¥ Zevfang, Iastitut fur
Techmische Phvsik, DFVLR, Stuicart, FRG,
and W Klein, BPT, DFVLR, Cologne-Por:,
FRG

Thursday:September 29
200 PM

Session 32
International Student Conference

To be announced

Thursday:September 29
2.00 PM/Room A

Session 33

20th International Space Law
Colloquium 3

Organized by the International
Institute of Space Law

Part D—Various Subjects (continued)

TSL 19

Some Lega! Aspects of the Remote Seasing of
the Earth

V.D. Bordunov, USSR

7ns8L 20
Remote Seasing aad (nternational Law
T Kosuge, Japan

7sL 2
les upeﬂ: Juridiques des satellites

TS0 22

A Draft Treaty on the Mooa and Legal Status
of 1ts Natural Resourees

R. V Dckanozov, USSR

175123
The Cosrelation of Alr and Space Law
J.M Kolosov, USSR

IS0 24

Customary Law Rules in Regulating Outer
Space Aclivities

D Krsix, Yugasiavg

T1SL 28

Some Legal Problems of Applied Usage of
Quter Space T

V N Kulebyakin, USSR

7180 26

1) Teledetection et Introspection:
2)%in ans du Tenite Spatial

P Magno, laly

77827
Responsabilite et asurances dans le domaine
spatial

P Magno and B Satom, Naly

Thursday;/September 29
500 PM/Room A

Current Events Session NI

Worldwide Disaster and Rescue
Programs

(Extension of IAA Space Rescue and
Safety Symposium)

Panel Discussion: Toward selection of
optimum terrestrial and space
elements tor disaster and rescue
response systems (land, sea, and air)

introduction to Panel Discussion:
Annual Supplement to Survey of
Recovery Capabilities: G.W. Heath,
SAR-ASSIST, Inc., USA

Panelists:

77-A7

Reguirements for Transportiable Earth Station
for Disaster Response Coordination

1 C Nichols, Communicanions Services, Uniied
Natrons

17-A N
hescue-Related Rapoust ¢ -uumm of
Maritime Aer sl C

Sstellite System

C Donan, Maritime Operations, COMSAT
(US4

AN

Distress (ommuanications Link with
Internationa! Commanications Systems
N Helm, COMSAT (U'S4)

77-A 1)

A Space-Based Public Service Platform for
Terrestrial Rescue Operations

R Flewig and ) Beinsten, Grumman
Aerospace Corp (US4,

77-A 4

Sateilites (or Distress Alerting and Locating
W N Redisch, Commumcanons & Navigation
D . NASA Goddard Space Flight Center
(LU'sA)

AT

Disaster Detection Location and Commenications
LUsing Advanced Space Technology

W E Siverison, Jr., NASA Langley Research
Center (USA)

AT
Sigaificance of Jadividusi Space and Terrestrial
Elements in Respect to Disaster /Rescue
:e-oom (Cost, Performance, User

)
S.N Sivo, Applications Div , NASA Lews
Research Center (USA)

nAmM

Distress Respoase Limitations Imposed by
Geophysica) Festures, Communications
Cagpabilities, Rescue Force Equipment and
Peesonnel Capabilities

D. indano, MR Mansiry of Communications
(Indonesia)

Friday/September 30
9:.00 AM/Room B

Session 34
Materials and Structures

Co-Chairmen’
J S. PISARENKO (USSR)
P. SANTINI {italy)

7233

ktude du comportement dy
atiles sur le lanceor Ariane
A Gurard and ) F imben, Centre Nunonal
d ‘Etudes Spatiales. Toulouse, France, and M
Vedrenne, Centre National d 'k tudes Spatiales,
Lury, France

17-234

Jettison Dynamics of Ariane Nose Fainmgs
M Boutin and B P Rao, Centre National
d 'Etudes Spanales, Evev, France, and R
Schneder and M Macchiusst, Coatrares 4 G '
Zurich, Swuzerland

11238
Spaceladb Modute Structure Developmeni
E Valleram, 4eruaha, Turin, lialy

77230

Matic snd Dyaamic Analysis of Space
Radiotelescope Thin Wall Structure blementy
V I Usyuhin and V A Tereshchenho,
Intercosmos Council, USSR 4cademy o/
Sciences, Moscow, USSR

723

Thermostructural Problems of High Accuracy
Antenaas Mounted oa Telecommunication
Satellites

P Santim, Istiruto di Tecnologia derovy iale,
Rome, lalv

77-238

The Influence of Ouigas on the Performance of
Maultilayer Insulstion Blank '« with Perforated
Shields

J b Heemsherh and A A M Delit, Nanonal
derospace Laboratory, Emmeloord, the
Netherlands

7729

Variation of Praperties of Reinforced Plastics
Under Repeated Thermal | oads, (ccuring in
Opersiion of Shuttle-Type Spacecraft

E S Umansky, £ A Eshin and AS Peires,
Intercosmos Coumt’ 1'SSR Acadermy of
Scwences, Moscow, « SR

77-260

Numerical Analysis for & Comparative Sudy of
the Pointing Acruracy of Flevible Satellites

1 C Huang and A Das, Univeran of
Wisconsin, Madison, Wie , 184

des charges

Friday/September 30
9:00 AM/Room E

Session 35

Astrodynamics 1 - Natural Motion and
Orbit Estimation
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Co-Chairmen.

J.V. BREAKWELL (USA)
J.P. MAREC (France)
V.A. SARYCHEV (USSR)

207

Collisior: of Stars by Oscillating Orbits of the
Second Kind

C. Matchal, ONERA, Chatllon-sous-Bagneux,
France

71208

On the Motion of s Test Body in an Externsl
Gravitational Field

V. Mileva and Y Popov, Bulgartan Academy
of Scrences, Sofia, Bulgara

T7-209

Luni-Selar Per in the Extended Phase
Space Representation of the Viati Problem

B. Kaufman, K T. Alfnend and R R
Dasenbrock, U.S. Naval Research Laboratory,
Washington, D C , USA

7210

Anglyticsl Ephemeris Prediction for Moderate
Altitude Satellites

D L. Richardson and D W Dunham, Computer
Sctences Corp ., Silver Spring. Md USA

211

Noa Gravitational Perturbations in Artificial
Satellites

EP Aksenov. S N Vashkovjak and VN
Noskov, Intercosmas Council, USSR Academvy
of Sciences, Moscow. USSR

T2

Orbit Determinstion When the Kaowledge of
Error Expectation and C ( Matrix is
Incomplete

B.T. Bakhshian, R R Nazirov and T E.
Ehasberg, Intercosmos Councid, USSR
Academy of Sciences. Moscow, USSR
213

Systeme d'observalion de |3 terre 3 double
rythme

). Peutfourt, SNIAS, Les Mureaux, France

i

Friday/September 30
9:00 AM/Room F

Session 38
Propulsion

Co-Chairmen
JJ DORDAIN (France)
R MONTI (ITALY)

71100

In Orbit Propuision: ESA’s Prese~t. Plaaned
Activities

E Slachmuylders, Europeun Space
Agencv/ESTEC, Noordwyk, The Netherlands

T1-101

Advanced Sp. ‘e Engine for the Space Tug

H Diem, Rockwell International, Rocketdvne
Dw , Canoga Park, Calif . USA

77-102

Anslyse du fonctionnement d'un propulseur 3
propergol sofide a ejection modulee

M Barrere, ONERA. Chatllonsous-Bagneu,
France

71103

Plasma Accelerators for Space Apparatus
LV Leskov, Intercosmos Council, USSR
Academyv of Sciences, Moscow, USSR

77-104

Experimental Research of Oscillations in the
Discharge G.ap of & Plasma Accelerator

K V Evdokimosy and V P Shadoy, Iercosmos
Council, USSR Academy of Sciences, Moscow,
USSR

77-10%

len Engine Matus by Hughes Research

J Moltor, Hughes Research Laboratory,
Malibu, Calif , USA

17-106

Propulsioa par pression de radiation — Criteres
defficarite d'un voile solaire - Application s un
vehicule 1ance par Arisne

J Caubel, A Cazcnave, G Riviere and 1
Runavor, Cen, e Nanonal d'Etudes Spahiales,
Toulouse. France

7707

Etude des phenomenes de collision et de
photofragmenistion qui interviennent pendant
Is combustion

B Petropoulos, Hellenic Astronautical Society,
Athens Greece

Friday/September 30
9:00 AM/Room D

Session 3/

10th Internationa! Space Rescue and
Satety Symposium )

Organized by the International
Academy of Astronautics

Co-Chairmen
PH BOLGER (USA)
P A CAMPBELL (USA)

T1-A M

Space Shuttle Approsch and Landing Test
Project

DK Siavton and T McElmurry, M 454
Johnson Space Center, Houston, Teras, 'S4

17.A 32

The NonSpecific Training as a Factor 1o
Ensure Space Flight Safety

GM holesmkov, NV Knlova V A Popon
and | D Solovveva, /ntercosmos « vuncid,
USSR Acader  of Sctences, Moswcon, USSR

7-A M

The Synthesis of a Control Algorithm for
Mancuvering the Space Shuttle b ehicle

A A Zhesmin, Intercosmos Council, USSR
Academy of Sciences, Moscow, USSR

T1-A 3§

Survey of Space Flight Safety Systems
Nt Brown, McDonnell Douglas Corp |
Seabrook, Tevas, US4

T1-A 30

Designing Payloads for Safety on the Space
Transportation System

G'S Caneth, Rochwell International Downev,
Calif US4

friday ' September 30
900 AM 'Room C

Session 38

1st International Symposium on
Space Observations ot Long-Term
Ctimatic Changes

Organized by the International
Academy of Astronautics

Co-Chairmen
M BARRERE (France)
S S PENNER (USA)

77.A 01

Introductory Remarks: Space Ob . ovations of
1 ong-Term Climane Changes Produced by
F.acalating Energy (e

S5 Penner, Cnneraiiy of (alifornig, San
hego, {a Jolla, Calit | US4

17-A 02

Faergy Use and Chmate Changes

W Hatele and § Wilhamy, faternational
Insiinte for Apphed Svstems Analvas, Schfoaw
favenbure  Awsirig

T1-A 03

Laergy Use and ( limate € hange

S Schneder, Nanonal Cemter 1or Atmosphera
Research, Is wlder. Colo 184

1A 04

Satellite Monitoring of Global Air Pollution
and Climate Change

W Bach, Center for Applied Climatology and
Enmvironmental Studies, University of Munster,
Munster, FRG

7-A 08

Monitoring of Thickae s Changes of the
Continental Ice Sheets by Satellite Altimetry

R L. Brooks and H R Sianley, Washingron
Anatvtical Services Center, Inc.. Wolf Research
and Development Group, Pocomoke Citv, Md ,
UsA

17-A 06

Space Observations of Long-Term Climate
Changes

L laffe, NASA Headquarters, Washingion,
DC., UsA

Friday/September 30
900 AM/Room A

Session 39

20th International Space Law
Colloquium IV

Organized by the International
Institute of Space Law

Part D—Vanous Subgects (continued)

718128

Telecommunications and the Common Heritage
of Mankiad

E Galloway, US4

781 29
Savereign Rights in Outer .pace
S Gorove, U'SA

7751 30
Legal Ties of a8 Space Communily to karth
S Gorove, US4

7780 N
Sovereignty and the Quier Space Treaties
Tt Wolcotr, ('S4

778132
1iberie ef controle dans i television directe
P Magno and ¢ Verdaceh, frahy

TIS5 3}
Legal Impacts of WARC-77 on DBS
W von hnies, FRG

7781 34

Modern Internstional Legal Problems of the
Use of the Geostanonary Orbat

B O Dudakoy, { SSR

7181 38
The Geostationary Orbu
1 Pereh &N

7181 36

Geostationary Orbial Positions for Space
Stations

S K Sarhar, Swirzerland

751 37

Fxceptions “*Faplanation™ and *Use’ of the
Natural Resources of ( eleshal Bodies

b G Vasalevshava, { SSR

7751 8

The Program “‘Intercosmos™”
latergovernmental Agreement
A S MVeteshohenin, USSR

TTIS M

INMARSAT —International Organization of the
Montime Satellites

M Volaun, USSR

TN W
a) International L egal Aspects of the Use of
Solar b nergy,

hilnternanonal { egal Probiems of Remole
Senving

G P Ihikaon

A New

NRYY.

July /August {977
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Friday/September 30
2:06 PM/Room C

Session 40
Spacecratt Power Systems

Co-Chairmen

E MOLLAX (DDR)

J P LAYTON (USA)
G M ULANOV (USSR)

nm

A Prospectus for the IAF Working Group on
space Energy and Power

J P Laston, Princeion Umiversity, Princeton,
NT,USA

77138

High Relisbidity Control —lnformation Systems
for Space Power Plants

V V Bugrovshy, Yu ¥ Kosachich, BN
Petrov and A A Sheviakor, Iatercosmos
Council, USSR Acudemy o Suences, Moscow,
USSR

171}

Development of an Improved Rigid Solar Array
for Point 10 Point Communication Satelhtes

G Barkats and G Leguilly, Savtete Nattonale
4¢rospatiale, Cannes, France, and 3 N
Giraudbin and G Mowthasvrat, Centre Nationa!
d Etudes Spangles, Toulouse, Frame

T1-140

Gaseous-Fuel Suciear Reachion Research for
Muitimegawatt Power in Space

K Thom, N 4SA Headquarters, Washineton,
DC,USA R T Schnewder U nwersiy of
Florida. Gainesville, Fla , US4, and H H
Helmick, Unersity of Calitorma 1 os Ylamos
Sctenntic Laborators, Loy Aamos, N M 0S5

77141

A New (ycle for Oposmum Energy Slorage
Interpiznetary Missions

L igenberg, Technische L nitersitat Mundchen,
Munich, FRG

77-142

Automatic Optimization of Operating Modes
for Thermoemission knergy Ssalems

1M Galkin, BN Petros and G M Ulanoy,
Intercosmos Councid, USSR Acudermy of
Sctences, Moscon, USSR

77-143

(eomobile wpace Eleciric Power Station with a
Honzontal and Vertical Seff -Batanced Space
Hectric Dininbution [ine

NONdles, Facudty of Transpors al the Hicher
Imsistute o Mechamcd! & Flediroa!
Eneineering, 8 1 Lenn Sota Bulvariad

Friday: September 30
200:PM.Room E

Session 41
Astrodynamics il

Optimization, Transfers and
Rendezvous, Station-Keeping

Co-Chairmen

JV BREAKWELL (USA)
J P MAREC (France)

V A SARYCHEV (USSR

77214

An Optimum Regime of the Fhght of the Space
Devices Morving on a Curviinear Trajedtors
AR Simeones, Higher Institure o Meconamcal!
and Fhoctral Fagineerine, VL Lemn Soti,
Bulearia

77-08
Bitangential Aepler's Orbits
K Mison, Prague, Coechosingakia

77.216

Constrained Impubive Tragectors Cptimization
for Orbii-toLrbnt Iransfer

R G Biusch, Generad [vnarmioy € oneair, S
Diego, Calit 1S

77217

Targeting with Fived Propetlant 1 oad

GS Gedeon, TRHW Svviems, Redondo Beuch,
Caliy . USA

77-218

Changing Inclination for Shutile Payloads
O Porcelis, FatrcRild Space and Eledtironacs
Co, Germantown, {d  USd und 1M
Spencer, Ball Brothers Reseurch Corp
Boulder, (‘olu, 184

77-219
Changement de poste de sy mphonie A
Opti thon, realisation et evaluation des

p
corrections d 'orbites
N obsterle and M egendie, entre Ndtional
R rades Spetiales, Toulowse Franve

77220

Man Orbiter insertion by U ve of Almosphenc
Deceleration

DE OMhotsumshy, Yu S Golubies and Yo G
Sivharubidze, Intercosmos Councl ENSR
deadents of Saences, Moscon, (SR

Friday September 30
200 PM Room B

Session 42
Earth Observations |l
Microwaves and Systems

Co Chairmen
L LAIDET (France)
F O VONBUN (USAY

RaBty

New Developments in Microwave Remote Sensing
IW Rouse, it Tewns &M L agern

Colivee Stquion Tovas Uy

718

1he Progress in Micrc wase Radmton
Investigations of C ontinental ¢ overs Duning
1967-1977

NV Avrmand AL Hashanimoy and A M
Shisthay forrers iserton (ot {SSR O aondemy
Moncaow SR

OF Seaeoes
77119

On Micronase Remaote Senvng of Preapitation
Intenwty

VEoBoenko VOV Meloniey and YN
\L'\ RIS I’I Proase (o ( \\l\
Boadadee e o Santaes Moo SR

TTA20

Pasvive Macrowase Remote Senving 08 Sl
Menture

NY Aoemdrasvey VAV NMdonraoy Yo |
Rabiovich and BN Shalvina, (a
Lemingerag Lenoerad CSKR

IR M|

NOAA satcHite Momtonag of Snow Coveran
the Northern Hemasphere during the Wanters of
1977

DR Wioanar
Ny
772
Raduatine Characterstios of Clouds as Inferred
from Spacecraft and Aircraft Observattons

EY Moo NP Puatocdhay and G
Sahunos farerconmon Cogrs o OSSR Wk
of Sceroos Movwon (SR

TN

Vanahon of Temperature bield and Outgong,

eriy o f

M ONon ad DY
NMESN Wovknron Dt

Mot
AR

© Radiation Depending on Clond Amaouant

SN oDvachomhe and ST Raranoy
Tracrconemos o UASR A0 rier o
Mooy Mo {WWR

77124

Resultals d une smulation de pouesarie de
satelline 1 deun orbites bassees) entre Spacelab
el un sous-satelbue

I Rowcher 1o astelband o
Noomm s Spatie
77128

A Muttdeaiphnars (HIARSvwem Misvions,
A and [echaology

Waim e enice

Toveonese drar e

b Achroomanoand b Wobar Doer e
Sivrern Froedtnbihyten FRG W Moo
DEVIR W ok FRG ara W
MWocsemann Muite e I ar Franktar FRG

Friday:September 30
2 00 PM/Room D

Session 43

Supervised Experimental Model
Rocketry

Cou Chairmen
G S JAMES (USA)
O SAFFEK (Czechoslovakia)

77-17t

The Influence of britz Y on Opel’s bapenments
t pon Rocket Propelled Model Aircraft
Develepments During the 1930«

F H Wanter, Nauional Air and Space Museum,
Semithvonian Instiitunion, Washingion, D C |
{54

77472

Rochets, from Design (0 Lauach: Student and
Teachers” Manuah for a One Semester High
Schuot Coune

1 J Malewichy, Tusnn, Caltf |, US4, and D (
Svhwenn, Sun Clemente High School, San
Ciememie, Calit . U'SA

7717

119 *«d Rocket Test Programs i the Rocket
Research Invhitute Perhins Center

C Piper HEL N Mason aad GS James Rocket
Researit Imstitate, Giendale, Calit , 1S4
77-174

A Review of the Freach Natonal Y outh
Aerospace Club Program 1962-1977

H L ebaron, Centre Satwonal d'F tudes
Sowctales, Pares, Frasoe

3778

Model Rocketes 1in ( zechoslosahia

O Satteh, Prague Crechootdhig

fridav September 30
200 M Room F

session 44

4th International Space Relalivity
Symposium |

Organized by the international
Academy of Astronautics

Jo Charrmen

F ESTABROOK (USA)

S HORAK (Crechoslovahiar
W WRIGLEY (USAY

TTAY

Geodesy Iaformation it a Modified Relativity
Missmion with 1wo C ounterdrbihing Polar
Satelhites

PN Breakwedl € W
and R v van Patten
Neanford et US L

TT-A 0

An Optical Deternmunation of the Grasviational
Detlection of 1ight by the Sun

boHandler and R Matener, Umitersa of
Tovay Vastn Tevas (SR

“T.421

Testing taravily Yheories by 2 Solar Probe

Py Roth Faropean Space teenos Darnsiad:
PR

RS W

Gravity Rescarch 3t Cottrell Obsersaton

VN baman, Cantornw Saie College
Nty Turtock, Catit LS LD

trnders vtand £ 8 e et Propulsion
Lanordrony Pasadena Cadit (S0 ang R
Chehamunnt Cmitersdy or ¢ alitorng, Beeseley
(A}

Eaertt D Sohaedhier
Stuntord Unicersiiy,

i’
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September 25-October 1, 1977

Saturday/October 1
9:00 AM/Room E

Session 45
Astrodynamics (Il
Attitude Dynamics

Co-Chairmen
G N DOUBOCHINE (USSR)
M H KAPLAN (USA)

7-224

Ususual Maneuvers on Mimbus and Landsal
Spacecralt

S H Siegel and A Das, Ceneral Eleciric Co ,
King of Prussa, Pa, USA

77-228

Transiemt Attitude Dynamics of Satellites with
Deploying Flexible Appendages

V ]} Modiand K W Lips, Uniwersity of Briish
Columbia, Vancouver, B C , Canuda

71-226

Rotation of a Flexible Spacecraft About the
naxis

KT Alfriend and D Grant, U' S Narval

Research Laboratory, Washington, D C . L 4

77-227

The Use of a Movable Telescoping k.nd Mass
System for the Time-Optimsil Control of
Spinning Spacecraft

P M Bainum ond R Sellapan, Howard
Uniiersity, Washingron, D C, LS4

77228

Possible Informational Approsches to
Transport Spacecraft Angular Motion Control
atl Yarious Stages of Fhght

BN Petrov, AB Rhrymos and £ | Mutroshin,
Intercosmos Council, USSR 4cademy of
Science,, Moscow, USSR

77-229

Gyrodampers in Passive Atutude Control
Systems

V A Sarvwwhey and S A Mirer Jawercosmos
Counci, USSR Academy of Sciences, Mosiomw,
USSR

717-230

Ftude de la stabilite d'attitude d'un satelhte
mum de pannesux solsires

M Pascal, Umiversite Pierre ¢f Murie Curie,
CNRS, Panis France

Saturday,October 1
900 AM 'Room A

Session 46
Unmanned Solar System Exploration I

Co-Chairmen
L D FRIEDMAN {USA)
O WOLCZEK (Polang)

7-156

Possible Planetary Musions U sing the
‘Ariane’” Launcher

G Riviere, A Ammar, A (azenave, )
Runavot, J Caubel, J P Dulout, R Herpgom,
A Perret and J C Piepiu, Centre NSational
d’Ftudes Spatiaies, Toulouse, France

77187

About the Studs of the Radio Wave
Propagation in the Turbulent Solar Plasma with
Mars-2, 7 snd Venera 10

O1 Yakovles Al Ltunov, W M Rasmanomy
and Wk Strshoy, Imvtitute ot Radio
Fngineering und £ lecironics, USSR dcademy of
Sciences, Moscow, [ SSR

77-158

Future Thrusts 1n U S Planetars Hyploration

I D Foedman, Jer Propulsion [ abortaors,
Pasadena, Caltf | L 5A

77-189

Jupiter’s Red Spot Sounding

M Subotowiez and O Wolczeh, Poink
fstronauinal Socetn. Warsaw, Poland

7-160

The Investigation of Meteors by Artificial
Satellites and Space Probes

vV Guth, Ondrejor Observatory, Ondrejor,
Czechaoslovakia

7-161

Airglow Applications for Atmospheric
lavestigation of the Planets .nd Their Satellites
M Gogoshes and N B Serafimov, Bulgarian
Qeadem of Saences, Sotic, Bulgaria

Saturday/October 1
900 AM Room B

Session 47

Earth Observations Wi
Appucations

Co-Chairmen
L LAIDET (France)
F O VONBUN (USA}

77127

Applicabion of the Theory of Radiation
Transfer to the Interpretation of the Farth'y
Brghiness Measurements from Spsce

N Y hondratves and O T Smokty, L nirersiny
of Lemingrad, [ emngrad, { 3SR

77-128

Apphcations of 1 ANIDSAT Satelhte Emagery in
Assesang the Regioaal Geological, Structueal,
Lavironment and Groundwasve Conditions
the Quattara Depresvion Area, Fgvpt

o M O BIShash oM A Ahdel Hadv, M A B
Ghawaby. S M Rhawavih and M M| Shazls,
Remaote Sensing Center, Cairo, Fgavpr

77129

Weather satellste Imagersy as an Axd n th:
Assessment of Ramfall 1 essons | earned from
2 Detailed ( sve Studs 1n the Sultanate of Oman
E C Barrett, Unicersiny of Bristo:, Bristol, LA

77-130

Remaote Senving Methads of Interpretation of
Anthropogenic ¢ hanges of F nvironment

VP Burov, PV Glshkoand 1 G Frmakos
Intercosmon Council, USSR doudemy of
Sorences, Mosconw L SSR

1793

Favironmental Pattern ¢ hange 3« Revealed by
FANDSAT MSS Data

K Tauching, Sutiomn Space I elopment
tgencs, Tokvo Jupan ana H Ochiay Tobar
Nanongd Merchant Muarime College, Tokvo,
lupan

77102

The Determmnanon of the Relation RBetween
Tectonic Struciures ang Water Pownts in
Southeast Anatoha by Lang | ANDSAT,
Arrcraft Black and White and € olor
Compostes

NoOAtUk Ddetier Sic e, Ankara, Turkey

77133

Remote Sensiag of { louds Against Snow
Bachground

[ | Tohapurshy amd AP fohernenho
Intercosmos Councl, USSR Academy of
Sorences Moweaw, [ SSR

77134

Apphcatoion of the ( ATART Remote Seaung
ssstem 10 | and U se in C ampanig

S obvetrella, b GO Napobitano and ¢ Triipods
Institute ! Aerodvnamuos, Unicersiy of
Suples Saples Tah

Saturday October 1
; 900 AM Room D

| Session 48

. 10th International Space Rescue and
| Satety Symposium 1|

Organized by the International
Academy of Astronautics

Co-Chairmen l
PH BOLGER (USA)
P A CAMPBELL (USA)

1AW

Principles to Develop a Model of Danger in Space
G T Beregovov, G P Shibanov, V 1 Yarpolov
and | | Baranetsky, Intercosmos Council,

USSR Academy of Sciences, Mascow, USSR

77-A 38

Shuttle Remote Manipulator System Safety and
Rescue Support Capabilities

G D Whitchead, Spur Aerospace Products Lid ,
Toronto, Ont | Canada, and )} W Brown, N4ASA
Johnson Space Center, Houston, Texas, USA

17-A 39

Radiation Protection for Manned Orbital Stations
N N Gurovsky, E £ Kovaley and V.M

Petrov, Intercosmos Council, USSR Academy

ot Sciences, Moscow, USSR

71-A 40

Advanced Vehicles for Space Rescue and Other
Space Operations in Far Orbits

R Salkeld, Svstem Development Corporation,
Malibu, Calif | U'SA, and R S Skulsky,
Northrop Awrceaft Div , Hawthorne, Caltf, USA

77-A 41

The Probabihity of Decompression Sickness as 8
Result of Going Out in a Pressure Suit from a
Spacecraft with an Atmosphere Close 10 That
on Earth

A A Barer, 1 G Golovkin, S N Filipenkos,

I' N Chernsakos and A A Sheikin,
Intercosmos Councid, USSR Academy of
Saiences, Muscow, [ SSR

17-A 42
Advances Vehicle Concepts for Farth s, bit
1ransportation and Rescus

R ¢ Haeteh Marun Ma t 1tu Aerospace,
Do over, Cono | (54
77-A 43

bali ¢ 1

survey of Recovery ( s—lnter
Dsaster Response —-Space Syslems and
Terrestriat Elements

G W Heath, SAR-4SSIST. Inc
Conn , US4

Greenwich,

Saturday October 1
900 AM Room F

Session 49

4th international Space Relativity
Symposium Il

Organized by the International
Academy ot Astronautics

Co Chairmen

F ESTABROOK (USA)

Z HORAK (Czechoslovakia)
W WRIGLEY (USA)

77.4 2

Inertial rrames Determined from the Rotation
1 aws Observed 1n Spiral Galasies

7/ Horak, Techmical Umiversity of Prague,
Praguc Crechoslotakia

77-A 24

Method for Yenfication of the Time Diatation
of the Special Theory of Relativity by Means of
1 asers

Ir 1V 1cupen, 4dmerdam, The Netherlands

77-428

The Results of the Graviational Redshft
Rocket Probe Fypenment

REC Vessotand MW | evine, Saonthsonan
Iviiunion  Agrophvsaal Obsertatory,
Curhridee, Mass ) U854

77-A 26

The Techmical Feaubihis of a General
Retatinity Fapeniment Fatending to the Sun
REC Vessor, MW [evine and K Nordtvedt,
It Smuthsonwn Insutunion, Astrophysical
Ohsertators, Cambe 2o Maw US4

774 27

L ong Yires 1n Space As Gravia' onal Wave
Detectors

B Bertotte, Cnersity o Paza, Patig Taly

Julv i August 1977
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APPENDIX B

Breakdown by country of Technical Papers Presented
at the 28th International Astronautical Congress,
Prague, Czechoslovakia, September 26 - October 1,

1977.
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28th Internaticaal Astronautical Congress

Total Number of Technical Papers Presented
(excluding Student and Space Law Papers): 296

Countries

United States

USSR

France

Federal Republic of Germany
Czechoslovakia

Italy

Bulgaria

The Netherlands

Japan

Switzerland

United Kingdom

German Democratic Republic
Canada

European Space Agency
Poland

Austria

Spain

Sweden

China (Taiwan)
Australia

Israel

Indonesia

Norway

Greece

Egypt

Number of Papers

—t et ot e d d et = S PO N W WS BV

296
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APPENDIX C

List of Contributors to the Report
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28th International Astronautical Congress

List of Contributors

Bainum, Peter M.
Billingham, John
Breakwell, John V.
Brusch, R.G.

Bunn, M.H.

.ook, Frank

Diem, Harold G.
Dowdall, G.F.
Edelson, Burton I.
Edelson, Robert F.
Filep, R.

Friedman, Louis
Garibotti, Joseph F.
Haefeli, Rudolph C.
Handler, F.A.
Harford, James J.
Heath, Gloria W.
Helmick, Herbert H.
Huang, T.C.
Johnson, Richard S.
Kadish, Jules E.
Kaplan, Marshall H.
Kline, Richard
Matzner, R.

Mayer, Norman J.
Norwood, F.W.
Penner, Stanford S.
Porcelli, G.
Pritchard, Wilbur i.
Rosen, Stanley G.
Rouse, J.W., Jr.
Schaechter, David B.
Spencer, T.M.

Thom, Karl-Heinz

Von Bun, Friedrich O.

Waltz, Donald M.
Wiesnet, D.R.
Winter, David

Howard University

NASA Ames Research Center
Stanford University

General Dynamics/Convair

SAMSO

University of California-Irving
Rockwell International

Rockwell International

Comsat Laboratories

Jet Propulsion Laboratory
University of Southern California
Jet Propulsion Laboratory
McDonnell Douglas

Martin Marietta Corp.
University of Texas

American Institute of Aeronautics & Astronautics

Sar-Assist

Los Alamos Scientific Laboratory
University of Wisconsin

NASA LBJ Space Center
Scientific-Atlanta

Pennsylvania State University
Grumman Aerospace Corp.

University of Texas

NASA Headquarters

Public Service Satellite Corp.
University of California-San Diego
Fairchild Space and Electronics Company
Satellite Systems Engineering, Inc.
SAMSO

Texas A&M University

Stanford University

Ball Brothers

NASA

NASA Goddard Spaceflight Center
TRW

NOAA

NASA Headquarters



