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Foreword

In the early days of the space age, when costs for exploration were
projected, members of government and the scientific community often
suggested that those nations with the greatest experience in space flight band
together in joint programs. The United States and the Union of Soviet
Socialist Republics, both heavily committed to space travel, were usually
identified as the countries that should cooperate rather than compete. But,
as long as the machines to accomplish such feats were little past the concept
and drawing board stages, cooperative efforts would have been possible only
with great difficulty, if at all.

By the end of the 1960s, some form of cooperation in manned space
flight made more sense from a technical standpoint. Both nations had
achieved some space goals and both had mission-proven spacecraft. Joint
development of a new spacecraft would have been no easier at this stage than
in the early years. But if each nation furnished a craft and together the
nations figured out how to use them in a cooperative orbital flight, a useful
step toward learning to work together in other fields would be taken. Even
this, however, was a monumental task.

Communication was a bigger problem than technology in developing
the joint program—and it was not necessarily a language problem. The
philosophies of spacecraft design, development, and operations were so
widely separated that a great chasm of differences had to be bridged before
the technical work could begin. Several Soviet and American Working
Groups, as this book relates, spent long hours, over many months, negotiating
and reconciling the differences to produce a successful Apollo-Soyuz Test
Project mission.

I had some concerns at the beginning of the cooperative program, We in
NASA rely on redundant components—if an instrument fails during flight,
our crews switch to another in an attempt to continue the mission. Each
Soyuz component, however, is designed for a specific function; if one fails,
the cosmonauts land as soon as possible. The Apollo vehicle also relied on
astronaut piloting to a much greater extent than did the Soyuz machine.
Moreover, both of these spacecraft, in their earlier histories, suffered tragic
failures. By the time of the mission, all aspects of the two programs
(hardware as well as procedures) that would be needed in the joint venture
had been discussed frankly.

vii



THE PARTNERSHIP

The exchange of people was perhaps a more significant gain than
coming to some mutual understanding on how programs are conducted in
the two countries and working out a joint flight project. Only about a
hundred American and no more than two hundred Soviet managers,
engineers, pilots, and technicians ever came into direct contact with each
other, but millions of their countrymen watched with interest and discussed
the activities, the families, and the ways of life (their similarities as well as
their differences).

During the Apollo-Soyuz Test Project, and even afterwards, there were
charges that the program was an American technological giveaway. These
charges were unfounded. NASA’s conduct of its space programs has been
covered by the media in great detail and descriptions of its systems can be
found in many technical journals in libraries and bookstores. However, no
one can build an Apollo or a Soyuz merely by reading a book or visiting a
factory. These craft are the products of many, many incremental steps,
lasting for years, and of the development of a personnel reservoir capable of
managing a space program from concept through operations. Both sides did
gain some new knowledge, but the benefits accrued by working together
probably outweigh any potential threat. Apollo-Soyuz was the product of an
evolutionary process of nearly 20 years. This book traces the events that led
to this cooperative flight and then introduces the reader to five men, from
two nations, as they worked together in the vastness of space.

Christopher C. Kraft, Jr.

Director, Lyndon B. Johnson Space Center
November 1977
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Preface

Apollo and Soyuz docked in space on 17 July 1975. The American and
Soviet space teams met in orbit to test an international docking system and
joint flight procedures. Sometimes lost in the extensive coverage given the
event by the media was the fact that the Apollo-Soyuz Test Project (ASTP)
was only a first step—an experiment. Implicit in the preparations for the first
international rendezvous and docking was the idea that in the future manned
space flight—both routine flights and rescue missions—could use the
hardware concepts and mission procedures developed by the National
Aeronautics and Space Administration and the Soviet Academy of Sciences.
As a first step, ASTP was a success. The hardware was sound, and specialists
from the two nations worked truly as a team. This history of ASTP is also a
first step.

Apollo and Soyuz were still 16 months away from their rendezvous
when we began this history in April 1974. But interest in an official record
of the joint effort goes back to at least the summer of 1972, when ASTP
emerged as a full-scale project after the Nixon-Kosygin summit agreement on
cooperation in space. Throughout NASA, individuals who were preparing for
the mission were aware that they were involved in a unique experience.
Nearly all these people had originally come to the space agency during the
Cold War to help ensure American preeminence in space. But with ASTP,
they were asked to cooperate with their rival. Indeed, they were expected to
build and test hardware that would permit a joint flight by mid-1975. Not
everyone in NASA was sympathetic with this goal, but nearly all were
intrigued by the challenge.

NASA employees have thrived on challenges. As members of a brand
new agency, they had dared to overcome the risks involved in putting a man
into orbit. Project Mercury had been the answer to that first bold challenge.
They mastered the difficulties of space rendezvous in the second manned
program, Gemini. And in the boldest of all challenges in the span of a single
decade, they worked together to send men to the moon and return them
safely. During the Skylab missions, they broke new barriers as man learned
to live for extended periods of time in the zero-gravity environment of space.
But flying a joint mission with the Soviet Union would be more than just a
technological feat; it would require diplomacy, hardheaded perseverance,
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and good humor. NASA accepted the new challenge, despite pessimistic
voices inside and outside the agency.

There is an infectious spirit of optimism at NASA. Individuals do not
go about saying they are optimists; they just act in ways that indicate they
are. Contracting for a history of ASTP before the hardware was finished and
before the mission was flown was one example of this positive frame of
mind. The ASTP team at the Johnson Space Center (JSC) in Houston knew
that Apollo and Soyuz would rendezvous and dock in space.

This history is an official history only because it was sponsored by
NASA. The authors were invited through a contract to record their version
of the events that led to, shaped, and emerged from the joint flight. When we
first met with Glynn S. Lunney, the American Technical Director for ASTP,
we asked, “Why do you want to have a history written?”” Lunney responded
that he had never asked himself precisely that question but that he did desire
to see preserved the subtlety of human interaction that he had observed
during the first four years of the project. Lunney went on to suggest that the
technical aspects of ASTP were not nearly as interesting, or perhaps as
significant, as the working relationships that had emerged among the
technical specialists of the two nations. Written documents tend often to be
dry and distilled, he thought. Lunney wanted a historian to see firsthand
some of the personal interplay so that the flavor of the working sessions
could be preserved along with the story that could be found in more
conventional documents.

QOur history is to a large extent based upon oral records. Sometimes
dubbed *“combat historians,” or less favorably, “instant historians,” we
stalked the halls of the joint meetings in Houston with tape recorders in
hand. Although never quite a part of the furniture, we were not an apparent
disturbance to any of the negotiations we witnessed. And although we never
traveled to the Soviet Union, those who did gave freely of their time,
recollecting their experiences or answering our questions. Sometimes we
cornered them in the halls between negotiating sessions, at other times by
telephone. But whether it was over a quick cup of coffee while they waited
for Xerox copies of a document or during a hamburger break, these men and
women went out of their way to help, to explain, and to re-explain.

In addition to this firsthand observation of ASTP activities and
interviews with participants, we had the typical “embarrassment of riches”
that has faced all those who have written history for NASA.* Several early
participants had already retired their “‘desk archives” to the JSC history
office by the spring of 1974, when the authors began receiving all

*Barton C. Hacker and James M. Grimwood, On the Shoulders of Titans: A History of Project
Gemini, NASA SP-4203 (Washington, 1977), Preface.
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PREFACE

correspondence originating from the Apollo Spacecraft Program Office
relating to ASTP as part of the daily distribution of such materials. In the
future, when researchers look at the correspondence files that we have left
behind at the Johnson Space Center and see “BE4/EZELL,” they will know
that the historians were reading everyone’s mail. Much of the material we
sifted through was extremely detailed. We could learn how many electrical
connectors for the VHF/AM transceiver were being shipped to Moscow or
what the latest revisions were to the “Joint Crew Activities Plan’; so we
spent many days separating the nitty-gritty telexes and test data from the
material that would permit us to tell the larger story.

The book that emerged from these efforts has both strengths and
weaknesses. First, we have told essentially the NASA side of the story. We
had free access to American materials and members of the NASA team. In
addition, NASA has an ongoing history program, which makes the historian’s
task an easier one. Most of the information on earlier programs is readily at
hand in published histories or works in progress. The Soviet space program
by contrast is shrouded in mystery. The Soviets have not produced any
comparable historical studies of their programs, and when we requested
Soviet assistance with this history we were informed politely, but firmly,
that they did not wish to discuss history. As a consequence, we had only
limited opportunities to speak with members of the Soviet ASTP team.
Where possible, to balance our presentation, we have cited Russian language
sources, but our story remains one told from the American perspective.

Second, history written as events are unfolding can be neither entirely
objective nor complete. But we have attempted to be fair in our judgments
as we explained what the project meant to the participants through their
personal recollections—recollections that otherwise might not have been
preserved. We have tried to write an interesting narrative, sufficient in
technical detail for the intelligent reader to grasp the mechanical elements of
ASTP, but simple enough so that pages do not become bogged down by
complex description. Those who worked on ASTP know that for every page
of description in this history there are often hundreds of pages of technical
documents, thousands of feet of computer tape, and seemingly endless hours
of work. Some will be dismayed that their efforts were passed over or given
only a line or two, but our goal has been to preserve some of the spirit of
ASTP with the hope that some historians in the future will evaluate the
project’s significance more fully. Years will pass before we know if the
partnership of so many engineers, spacemen, negotiators, and diplomats
represents a stepping stone, plateau, or pinnacle in the history of
international cooperation. Only time will determine the true perspective of
their performance.

Third, there are topics that we chose not to discuss in detail because
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they will be recorded in other NASA publications. For example, we did not
describe in depth the manufacturing history of the Apollo spacecraft, since
that is covered in the fourth volume of The Apollo Spacecraft: A
Chronology (NASA SP-4009) and is the subject of the forthcoming history
“Chariots for Apollo.” We may be accused of slighting certain groups—the
State Department, the Department of Defense, or Rockwell International,
the spacecraft contractor. But we think that our treatment of these
organizations in this history reflects adequately their participation in ASTP.
More than any single manned space flight before, ASTP was a Johnson Space
Center enterprise. Technical negotiations were conducted almost exclusively
by personnel from Houston. Even NASA Headquarters typically assumed an
advisory and supportive role, with the notable exception of Deputy
Administrator George M. Low, who played a central part in planning and
directing the program. When it came to the design of the docking system and
the docking module, the JSC engineers took the lead and basically told the
contractor in detail what they wanted. Again, this was a departure from
earlier programs and does not reflect the manner in which the Space Shuttle
was to be developed. We hope our book adequately reflects the unique
nature of Apollo-Soyuz.

Because the flight of Apollo and Soyuz can be understood only in the
international context from which it emerged, we have presented two
introductory chapters that describe the early years of Cold War competition
(chap. I) and the first efforts at cooperation (chap. II). The next chapter
describes the evolution of manned spacecraft in the U.S. and U.S.S.R. (chap.
II1), while “Mission to Moscow” (chap. IV) outlines the experiences of the
American technical specialists during their first visit to the U.S.S.R. in
October 1970. In January 1971, discussion about cooperation in space flight
turned from general talk of the “future” to specific proposals for a test
. mission using existing hardware (chap. V). During the ensuing 16 months,
NASA and Soviet Academy engineers began to learn to work with one
another, and by May 1972 the two sides were confident that they could
design and build the necessary hardware by mid-1975 (chap. VI). Once given
the official seal of approval at the Nixon-Kosygin summit in May 1972, work
began in earnest toward the creation of a test project (chap. VII). As the
hardware evolved, the United States and the Soviet Union monitored
progress with reviews, planned public release of ASTP information (chap.
VIII), and selected their crews, who began their technical and linguistic
training for the flight (chap. IX). Final reviews of the project were held in
the spring of 1975, while critics questioned the wisdom and safety of the
joint mission (chap. X). All the efforts culminated in a nearly flawless flight
in July 1975 (chap. XI), and the only unanswered question concerned what
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the future would hold for cooperation in space between two nations that
had dared to break down old rivalries.

As for accolades to those who helped us with this history, their names
are best preserved in our essay on sources, which describes the materials we
used, where they came from, and how they are arranged for future use.

On 24 July 1975 after Apollo had splashed down and the crew was
aboard the U.S.S. New Orleans, we chanced to encounter Glynn Lunney as
he left the Mission Operations Control Room. Suit coat over his shoulder, he
smiled and said, “Now you have a story to tell.” He was right.

Edward Clinton Ezell
Linda Neuman Ezell
Houston

July 1976
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Notes

Controversy often surrounds the conversion of the Cyrillic characters
used in the Russian language into the Roman letters used in English. In the
absence of a universally accepted standard, we have transliterated Russian
personal and place names after the pattern established by the Soviets
themselves and as recorded in the English language version of the ASTP
documents.

The metric system poses an equally thorny problem. NASA is
committed to the national goal of metrication, and in 1973 the space agency
prohibited the use of English weights and measures in all publications,
including its historical series. But NASA engineers were not thinking metric
all the time. ASTP documents often recorded specifications in metric form,
but they almost always added the English equivalent. Furthermore, the
actual production of the American components for the joint mission was
done on manufacturing tooling calibrated in standard American engineering
units. As some passages in the text indicate, this English/metric schizo-
phrenia caused occasional troublesome moments when the switch from
metric drawings to English tooling required extra care to determine that all
the critical dimensions were correct. In this history we have followed the
trend to metrication, and we have used the systeme internationale d'unites
(SI) with one major exception. We have chosen millimeters of mercury to
designate cabin pressures. The Soviet space community has commonly used
this measurement, while their American counterparts have used pounds per
square inch (psi). Neither side talked in pascals (newtons per square meter),
the approved SI measurement, which would have puzzled nearly everyone
who worked on ASTP.

Another metric unit requires explanation. In the English system,
“pound” is used to describe both mass and force. The creators of the metric
system devised two distinct units, the familiar gram for mass and the less
familiar newton for force-—thus pounds of weight become grams, but pounds
of thrust become newtons. Where we wrote about thrust, we used both
newtons and the equivalent in pounds. Elsewhere, we have given only the
metric units to keep from cluttering the pages with endless conversions in
parentheses.
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Prologue
The Paine-Keldysh File

Air Force One, the President’s airplane, was flying westward across the
Pacific in late July 1969 toward the anticipated splashdown site of Apollo
11. As man’s first visit to an extraterrestrial body neared its conclusion, four
men in the plane informally discussed the future of manned exploration in
space. President Richard M. Nixon, Secretary of State William P. Rogers,
National Security Adviser Henry A. Kissinger, and Administrator Thomas O.
Paine of the National Aeronautics and Space Administration all knew that
the Apollo program was a watershed, making the first lunar landing and
those that would follow the end of an initial phase of space exploration. The
age of Mercury, Gemini, and Apollo had been one of national adventure and
single-flight spacecraft. The next step into space would call for reusable
spacecraft and space stations. One question in particular remained to be
answered: Would the character of space exploration change from costly and
duplicative competition to cooperation among nations?

The concern for future cooperative space ventures was uppermost in
Paine’s thoughts. He directed his companions’ attention to the desirability of
greater substantive international cooperation in space projects, especially
with the Soviet Union. Paine argued convincingly for NASA’s plans to seek
increased multinational space ventures. The President and his advisers agreed
that this was a laudable goal, and they encouraged Paine to pursue his
contacts with the Soviets."

Tom Paine, the third administrator of NASA, brought to the agency an
abiding belief that the Soviet Union and the United States eventually would
have to consider working together, abandoning the competitive nature of
space flight. His beliefs concerning the necessity for closer working
relationships between the two superpowers went back many years. When he
returned to college after World War II, “learning the Russian language was
one of the two fields [he] selected for its long-range implications (the other
was nuclear energy).”? As he studied the future of manned space flight and
other aspects of man’s investigations of the cosmos, Paine became convinced
“that the conquest of space [was]a job of such enormity that a new
partnership of major nations should be organized with the U.S./U.S.S.R.
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leaders demonstrating the way. This required, of course, a complete reversal
of our previous rationale of U.S./U.S.S.R. competition as the justification
for NASA’s bold programs.”® Such an approach had been fine for the 1960s.
Paine later reflected on this decision:

... 1 decided—and I hope I made the right decision—that although Jim Webb
certainly had done a tremendous job of building up NASA and the program
on the basis of the Russian threat, that times had changed. The time had
come for NASA to stop waving the Russian flag and to begin to justify our
programs on a more fundamental basis than competition with the Soviets.?

Thus, throughout his time with NASA, Paine tried to tone down the
competitive aspects of Soviet-American space relations. He concentrated on
developing a rapprochement with the Soviets that might spread into other
parts of society. He also believed that elimination of the ““Russian threat”
rationale would force NASA to develop a space program based upon new
foundations. This would not mean that competition with the Soviet Union
would be eliminated; Paine saw that as a natural aspect of space exploration.
However, he thought that it should be a more open, friendly contest. He also
expressed the belief that NASA should not “scare the American public with
such a competition but ... do it as a matter of national pride.”® Paine’s
efforts to establish a new posture with the Soviets began two months before
the flight of Apolio 11.

Following his appointment as Administrator on 5 March 1969, Paine
renewed proposals made by his predecessors by calling once again for
international cooperation in the scientific study of outer space.* The efforts
to establish a foundation for cooperative space enterprises during the
post-Sputnik years, 1957-69, had been filled with recurring frustrations and
dashed hopes (see chaps. I and II). Despite skepticism on the part of some of
his staff, at the end of April Paine began official correspondence with the
Soviet Academy of Sciences. With his letter to Anatoliy Arkadyevich
Blagonravov, Chairman of the Academy’s Commission on Exploration and
Use of Space, Paine forwarded a copy of the NASA management handbook
sent to all potential participants in space scientific studies, Opportunities for
Participation in Space Flight Investigations.®

Administrator Paine urged Academician Blagonravov to solicit from his
scientific community proposals for experiments to be flown on American
spacecraft, with complete assurance that those experiments would be given
full consideration based upon their scientific merit. Paine told his Soviet
correspondent that “‘the close collaboration which would be required to

*Paine had served as Deputy Administrator from 5 Feb. to 7 Oct. 1968, at which time he
became Acting Administrator, effective with the resignation of James E. Webb.
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integrate Soviet experiments into American spacecraft should engender
closer working relationships than we have been able to achieve and establish
a basis for still further commonality of purpose and program.” Paine hoped
that the Soviet scientists would be interested in NASA’s plans to place a
laser-ranging retroreflector on the moon during the Apollo 11 lunar landing,
because this reflector would permit precise measurement of lunar orbital
phenomena. Paine concluded by saying, “The participation of Soviet
scientists in this and other opportunities will be warmly welcomed. Of
course, if the Soviet Academy should find itself in a position to extend
similar opportunities to American scientists, this too would be welcomed.™”

Later in May, Paine tried to find a suitable time and place for a
conversation with Blagonravov. In a letter dated 29 May, he suggested that
“it would be useful if we attempted at an early date to arrange a meeting and
informal discussion which could further our mutual interests in cooperative
space projects.” Such talks had not been possible during an earlier visit by
Blagonravov to New York, nor had Paine’s own travel plans for Europe
during the summer of 1969 afforded a suitable occasion. “However, another
opportunity will be presented by the launching of Apollo 11 from Cape
Kennedy, now scheduled for July 16. I would be very pleased if you could
be there.” Sensitive to possible concerns on the part of the Soviet Academy
of Sciences, Paine continued, “I appreciate the questions which arise in
connection with such an invitation. I assure you that my invitation is offered
in all sincerity and entirely for the purpose of permitting you to view an
event which is of interest to all of us who are engaged in space programs, and
to provide an opportunity for private discussions on the subject of
cooperation.” While there was the almost certain possibility that such a
meeting would be in the public eye, Paine stressed that “steps could be taken
to avoid publicity attached to such a visit by you.” Therefore, he asked if
Blagonravov could accept the invitation.® Blagonravov declined.® Un-
deterred, Paine waited for a more auspicious moment to continue his efforts.

The successful lunar landing became an important element in the course
of subsequent discussions of space cooperation between the Soviets and the
Americans. Following the landing of Eagle and the pioneering moon walks of
Neil A. Armstrong and Edwin E. Aldrin, Jr., on 20 July 1969, the Soviet
Union joined the ranks of official well-wishers congratulating the United
States. On the following day, Soviet Premier Alexsey Nikolayevich Kosygin
took the opportunity afforded by a farewell conversation with former Vice
President Hubert H. Humphrey to compliment the Americans on their
accomplishment and to express his interest in widening talks with United
States officials on the topic of space cooperation.®

The news coverage in the Soviet Union of the Apollo 11 flight was
equally warm. Scientist Cosmonaut Konstantin Petrovich Feoktistov typified
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the public comments in his press and television statements. Hailing the flight
as a landmark, he reflected in an Izvestiya article, “This without a doubt is a
major development of cosmonautics. . . . The very fact of the first landing of
human beings on another celestial body cannot but stimulate the imagina-
tion. What recently had been pure fantasy is now a reality.”!' Georigy
Ivanovich Petrov, Director of the Institute of Cosmic Research, called the
mission an ‘“‘outstanding achievement,” while suggesting that more informa-
tion for each ruble could have been obtained through the use of unmanned,
automated spacecraft, a sentiment that still has its supporters in the
American scientific community as well.!? The race for the moon had ended.

The first steps toward closer cooperation grew out of a formal ex-
change of letters between Administrator Paine and the President of the
Soviet Academy of Sciences, Mstislav Vsevolodovich Keldysh. A distin-
guished physicist who had specialized in space mechanics, Keldysh had been
among the well-wishers following the return of Apollo 11. He told Paine that
he “warmly” congratulated the United States on the successful lunar landing
and return, as ‘“‘this achievement is a great contribution to the opening up of
the cosmos in further progress of world science.”'® Paine responded with
the suggestion that Keldysh might wish to select a delegation of Soviet
scientists to attend the briefings at NASA Headquarters in Washington on
11-12 September to discuss the proposed experiments to be carried on the
Viking mission to Mars, then scheduled for 1973. The presentations were to
include findings of the 1969 Mariner investigations and also a description of
the current status of the spacecraft design and planning for the mission. The
Administrator was confident that the Soviet scientists would find the
briefings informative. Dr. Paine suggested that this occasion could also serve
as an opportunity for an informal discussion between “your scientists and a
small group of NASA personnel.” As before, the Paine rationale for this
proposal was to maximize the scientific benefits for the manpower and
money expended.

We have just completed a very extensive and detailed planning activity, and
have outlined possible courses of action for NASA over the next decades. We
would be pleased to discuss these and hope that your scientists would be able
to discuss some of the future plans for the Soviet program.

To keep the talks manageable, Paine suggested that they be limited initially
to planetary exploration.'#

The Soviets did not receive the Paine letter until 3 September; thus,
they were unable to take proper advantage of it. Keldysh was nevertheless
“very grateful” to Paine for the “courteous’ invitation, but he regretted that
he could not “gather together a group of Soviet scientists in such a short
time to participate in this meeting.” Keldysh suggested that the doors not be
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closed on expanded cooperation and asked for copies of the materials to be
distributed at the Viking briefings, “in order that Soviet scientists could
develop possible proposals from our side. Later it would be possible to
exchange opinions on this question.”!®

Paine responded in a letter on 15 September with the materials
requested by Keldysh. Speaking to the problem of timing, Paine regretted
that he had not given the Soviets more advanced notice, “‘but I believe that
this circumstance need not thwart the purpose of my invitation.” Paine went
further and said, ““In order to compensate for your inability to attend the
Viking briefing this week, we are prepared to provide a meeting for your
people as soon as you can arrange for them to get to Washington.”” Returning
to the theme of his 21 August letter, Paine suggested that such a briefing
could also be accompanied with a broader discussion of the respective plans
that the Soviet Academy and NASA had for planetary exploration.'¢

The Academy of Sciences in its subsequent decision not to participate
in the Mars landing program in no way rejected the possibility of future
cooperative efforts. After a study of the Viking materials, Keldysh
responded that immediate Soviet participation in the Viking program was
not feasible from their point of view. This response reflected a difference in
scientific philosophy and not a put-off for political reasons. Keldysh pointed
out that “the investigation of planets by automatic spacecraft requires a
complex program of measurement, which determines the flight plan and
actual design of the spacecraft. The installation of individual instruments,
which in essence would duplicate the measurements planned by your
scientists, would hardly be worthwhile.”!?

As the correspondence between Keldysh and Paine developed, the
Space Task Group* presented a report to the President: The Post-Apollo
Space Program: Directions for the Future. When President Nixon requested
this study on 13 February 1969, the lunar landing of Apollo 11 was a
foregone conclusion. Once man had reached the moon, a new set of goals
would have to be developed. In the ensuing eight months, the Task Group
provided a forum for discussions with governmental agencies, the Congress,
and participants from industry, universities, professional societies, and
the public. The completed report provided the basis for an informed dis-
cussion of the future direction of the American space effort.!®* By the
time the Space Task Group had completed its deliberations and produced its

*The Space Task Group consisted of Vice President Spiro T. Agnew, Chairman; Secretary of
the Air Force, Robert C. Seamans, Jr.; Administrator of NASA, Thomas O. Paine; Science Adviser to
the President, Lee A. Dubridge; and the following observers: U. Alexis Johnson, Under Secretary of
State for Political Affairs; Glenn T. Seaborg, Chairman, Atomic Energy Commission; and Robert P.
Mayo, Director, Bureau of the Budget.
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report, the first moon landing had passed into history; the perspective of the
report reflected a new era.

Assessing the international aspects of the Apollo 11 flight, the Task
Group stated that the “Achievement of the Apollo goal resulted in a new
feeling of ‘oneness’ among men everywhere. It inspired a common sense of
victory that can provide the basis of new initiatives for international
cooperation.” Looking back on the preceding twelve years of space flight,
the report declared that the United States and the Soviet Union had been
portrayed widely “‘as in a ‘race to the Moon’ or as vying over leadership in
space.” Candidly, the Task Group reported that “this has been an accurate
reflection of one of the several strong motivations for U.S. space program
decisions over the previous decade.”® In looking for new goals for the space
program, the Space Task Group suggested that international cooperation was
one of the themes emerging from the Apollo experience that should be an
essential element of future programs:

The landing on the Moon has captured the imagination of the world. It is now
abundantly clear to the man in the street, as well as to the political leaders of
the world, that mankind now has at his service a new technological capability,
an important characteristic of which is that its applicability transcends
national boundaries. If we retain the identification of the world with our
space program, we have an opportunity for significant political effects on
nations and peoples and on their relationships to each other, which in the
long run may be quite profound.?®

In keeping with the spirit of the Space Task Group’s report, Paine
transmitted copies of it, together with NASA’s more detailed report
America’s Next Decades in Space, to the Soviet Academy of Sciences. In his
cover letter of 10 October 1969, Paine told Keldysh that these documents
might “‘suggest to you as they do to me, possibilities for moving beyond our
present very limited cooperation to space undertakings in which the Soviet
Union and the United States could undertake major complementary tasks to
the benefit of both our countries.” Paine added that he would be pleased to
initiate discussions should Keldysh feel that “‘there may now be some
reasonable chance for progress.” In closing, the Administrator welcomed a
visit from Keldysh to the United States, or he was prepared to travel to the
Soviet Union. Tom Paine saw the glimmer of hope for a mutual space effort,
and he intended to pursue that opportunity.?!

The Keldysh response supported Paine’s belief that cooperation was
possible. Keldysh said that he fully shared Paine’s “point of view concerning
the advantages of international cooperation and the coordination of plans
for scientific investigations which are conducted in space.” The Soviet
scientist also agreed with Paine that this was an area in which Soviet-
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American cooperation was of a “limited character” and that there was “a
need for its further development.” Perhaps a meeting between representa-
tives of the Soviet Academy and NASA would be beneficial, but the
preparation for such a meeting would require time. Keldysh expected to be
able to address this matter more fully in three or four months. Then “we
could return to this matter and reach an understanding on the time and place
for our meeting and the schedule. . . .”"*? Now that the Soviets seemed to be
planning for substantive talks, American government agencies began an
internal discussion on what it would mean to engage in such talks. Following
the informal conversation aboard Air Force One, the President formed an
interagency committee to study the ramifications—positive and negative—
that would arise relative to cooperative space ventures with the Soviet
Union. The committee was then to present policy alternatives to the White
House.* With the exception of the Department of Defense representatives,
the members of this committee favored broader efforts toward cooperation.
One suggestion for joint work concerned those areas of manned space
activity affecting safety and common flight operations procedures—for
example, the development of compatible docking hardware and the
standardization of flight control and rendezvous systems to permit the
creation of a reciprocal space rescue capability. In such a project, both
countries stood to benefit; but clearly both sides would have to exchange
much more information if a rendezvous and docking system were to get
beyond the talking stage. The candid opinion in Washington, including the
State Department, was that there would be no early progress in obtaining
such-discussions with the Soviets.??

While the interagency committee deliberated, Dr. Paine responded to
Academician Keldysh’s December letter. The Administrator had hoped for
an earlier encounter; now he looked forward to receiving word in the early
spring concerning the Soviet preference for a time and place for an initial
conference.?* A key step toward a meeting between officials from NASA
and the Soviet Academy was an informal dinner in New York City at the
Lotus Club, when a serious cooperative proposal was discussed for the first
time.

Since Academician Blagonravov was in New York, Paine thought that
this was an appropriate occasion for them to become acquainted. It also
seemed to be the right time for a “‘discreet discussion™ on joint space

*This committee, formed in the latter part of 1969, consisted of representatives from the
Department of State, the Department of Defense, the Office of Science and Technology, the Space
Council, and NASA. State coordinated the activities of the committee, even though the department
had basically played an advisory role in the earlier NASA discussions with the Soviets.
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ventures.”® The amiable conversation touched on many subjects. Paine
mentioned to his guest that Neil Armstrong planned to deliver a paper at the
COSPAR* meetings scheduled for 20-29 May 1970 in Leningrad, and Paine
said he hoped that Armstrong would have an opportunity to visit some of
the Soviet scientific facilities. Blagonravov responded that the cosmonauts
would be pleased to show their American counterpart their facilities and
some of the other space-related institutes. Paine then summarized for
Blagonravov the substance of his testimony earlier that day on the problems
encountered during the unsuccessful lunar flight of Apollo 13. Paine also
described NASA’s efforts to develop increased foreign participation in the
United States space program. During the course of the evening, Paine asked
Blagonravov for his views on the possibility of developing joint programs for
planetary exploration and for work toward astronaut/cosmonaut safety.
Along this line, Paine suggested that it might be worthwhile to discuss
incorporating compatible docking mechanisms on future spacecraft, such as
space stations and shuttles. The latter concern reflected the proposals of the
President’s interagency committee.?®

While Blagonravov did not respond directly, both the Administrator
and his Assistant for International Affairs, Arnold W. Frutkin, felt that their
Soviet guest could be relied upon to transmit a favorable report on the
meeting to the U.S.S.R. policy makers. As Tom Paine was later to reflect,
“We had no reasons to expect a favorable reaction” from Moscow, but there
was no reason not to try.?? Frutkin, judging from his previous contacts with
Blagonravov, felt that some ‘“new signal’ was in the works and that it would
likely come in response to the Paine-Keldysh correspondence. Frutkin also
noted that Blagonravov was not likely to play a prominent role in later
discussions. The elder Soviet space statesman had referred several times to
his upcoming 76th birthday.?®

Closer cooperation took a step forward at the 13th annual meeting of
COSPAR in Leningrad. Soviet Premier Kosygin sent a message that seemed
to signify a new trend—‘“‘International cooperation in space exploration and
in the use of outer space for peaceful purposes must be based upon the
development of mutual understanding and trust among the peoples.”
Kosygin saw that there was ‘“‘growing cooperation on an international scale
in space research,” and he noted, “further progress in this field can open up
still greater prospects for mankind.”?® While Neil Armstrong received an
exceptionally warm reception from the predominantly Soviet audience,

*The International Committee on Space Research, or, as it is probably more widely known,
COSPAR, is a subdivision of the International Council of Scientific Unions (ICSU) to which the
United States belongs through the National Academy of Sciences.
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George M. Low, the Deputy Administrator of NASA, had significant private
talks with Soviet officials.

On the second morning of the COSPAR sessions, 21 May 1970, Low
met with President Keldysh. The two men began their conversation with an
exchange of books. Low presented a new book of photographs taken by
Lunar Orbiter, while Keldysh reciprocated with a book on the Soviet space
program. Low then told the President of the Academy that NASA officials
were still eager to hear of possible proposals for cooperation and that Dr.
Paine was prepared to meet him at any time and place. Keldysh said that he
had waited until the Academy had something positive to offer. He then
indicated to Low that such a proposal likely would be made in the near
future. Low assured Keldysh that NASA would give positive consideration to
any proposal, underscoring the fact that NASA was “most anxious” to start
cooperative efforts with the Soviet Union in space. Summarizing his
impressions for the record, Low concluded, ‘“The meeting was pleasant, and
communications between us appeared to be good.”® A less formal
discussion of this same topic had been undertaken ten days earlier by Dr.
Philip Handler of the U.S. National Academy of Sciences during his visit to
the U.S.S.R.

Handler later recounted how he became involved in the Soviet-
American space dialogue. “My personal introduction to the possibility that I
might play a useful role with respect to Soviet-American cooperation began
when I accompanied Tom Paine and Jim Webb to President Johnson’s
ranch” on 2 November 1968 for the presentation of NASA awards to
outgoing Administrator Webb and the Apollo 7 crew. On the flight to
Johnson City, Texas, conversation turned to the need for greater inter-
national cooperation. Handler recalled, “I pointed out that among my other
goals as the new President of this Academy was the development of closer
scientific ties between our Academy and that of the Soviet Union.” Both
Paine and Webb gave him encouragement but warned him not to become
discouraged if he did not meet with early success. These men were aware of
the long and unfruitful efforts in which NASA had been engaged with the
Soviets.?!

Before he had an opportunity to talk with the Soviets, Handler saw a
movie that influenced his thinking concerning manned space flight.

In the early spring of 1970, ... I saw a special showing of the film Marooned
in which . .. an American astronaut is marooned in orbit, unable to return to
earth, and has a relatively limited oxygen supply remaining. While prepara-
tions are made on earth for rescue by NASA, a Soviet spacecraft is caused to
change its course so as to closely approach the helpless American craft. A
Soviet cosmonaut then undertakes a space walk and delivers some tanks of



THE PARTNERSHIP

oxygen to the marooned American permitting him to survive until the
American rescue is possible.*

About a week before Handler’s departure for the Soviet Union, he saw Tom
Paine; Marooned was still in the back of his mind. During their conversation,
Paine and Handler reviewed various possibilities for cooperation with the
Soviets. Paine told him of his correspondence with Keldysh and urged
Handler to press the discussion of this subject with the Soviets. Handler later
reflected, “it was my clear intention to catalyze the process knowing full
well that if I could secure agreement with the Soviet Academy to begin
cooperative ventures seriously, from then on the negotiations would have to
be directly with NASA.32

The two days that Handler spent in Moscow, 11-12 May 1970, were
filled with talks on a broad range of topics relating to the whole realm of
cooperation between the two scientific communities. At one point, Handler
found an opportunity to discuss the question of space cooperation with
President Keldysh, Dzhermen Mikhaylovich Gvishiani (Premier Kosygin’s
son-in-law and Deputy Minister for Science and Technology), and a group of
younger Soviet scientists. Handler’s approach was less tactful than that
which had been pursued by NASA officials; ‘I confronted them with copies
of a recent article in the New York Times and in Science magazine
recounting the rather disgraceful history of their failure to react to the many
initiatives offered by NASA.” Handler urged closer cooperation by describ-
ing the basic scenario of the film Marooned. The fact that “an American film
should portray a Soviet cosmonaut as the hero who saves an American’s life
came to them as a visible and distinct shock.”

In response to Handler’s general comments that surely the time had
come for joint space ventures “for reasons of economy, for reasons of the
symbolism it might offer humanity, and to accelerate the pace of space
exploration,” the Soviets said they were preparing a set of replies to Dr.
Paine. Handler understood that the proposals would center on three specific
areas. First, the Soviets would suggest a more vigorous program for the
exchange of scientific data from space experiments. Second, they would
recommend a unified system of communication with spacecraft and ground
stations. Finally, they would suggest wider exploitation of both nations’
meteorological satellites.33

According to Handler, the suggestion that the two nations work toward
the development of a “mutually acceptable single docking mechanism on

*The motion picture was based upon a novel of the same title by Martin Caidin published by E.
P. Dutton, 1964. The adventure story was set in the era of Project Mercury, while the 1969 screenplay
by Mayo Simons was set in the Apollo period with a crew of three, not one as Handler recollected.
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space stations planned by both groups™ caused considerable discussion. After
some private conversation in Russian in which some of the young scientists
appeared to urge favorable consideration of this idea, Gvishiani and Keldysh
quietly told Handler that they were not in a position to give a definitive
reply at the moment; they were sympathetic, but would have to refer the
matter to higher authorities. The two Soviet officials asked Handler if he
could wait for a reply and further if he planned to discuss this proposal with
the American press upon his return home; Handler indicated that he would
remain silent until he had their reply. The Soviets promised to direct a
response to ecither Paine or Handler at an early date.3*

Neither Tom Paine nor Philip Handler could have known then how
close they were to a dramatic offer on the part of the Soviet Academy of
Sciences. On 11 July, Anatoliy Fedorovich Dobrynin, the Soviet Ambas-
sador to the United States, called Handler at the National Academy of
Sciences. Ambassador Dobrynin asked him to receive Ye. A. Belov, the
newly appointed Scientific Attache at the Soviet Embassy, who had a
message from Academician Keldysh. At the subsequent meeting, Belov,
having just arrived from Moscow and reading from his own handwritten
notes, discussed a number of the questions that had been left open after the
May talks with Handler. He also brought specific word from Keldysh that
the Presidium of the Soviet Academy, in consultation with other appropriate
groups, was prepared to discuss common docking mechanisms for space
stations.3®

The message from Keldysh indicated that the Soviet Academy would be
pleased to respond favorably if the National Academy issued an official
request for a discussion of cooperation in space. The Soviet message to
Handler could be interpreted as an indication that the Soviet space scientists
thought that the National Aeronautics and Space Administration was
subordinate to the National Academy of Sciences, just as their Institute of
Space Research is a subdivision of the Soviet Academy.* However, Handler
perceived the Keldysh request differently. The National Academy provided a
“comfortable channel” of communication through which the Soviets could

*The National Academy of Sciences, established 3 Mar. 1863 by congressional charter, has
enjoyed a close relationship with the Federal government, but it is not an official body. Instead, it is
an organization of distinguished scientists who act in an advisory capacity to governmental agencies.
The Academy does not have laboratories of its own, but seeks to stimulate scientific research for the
public welfare through existing university and government facilities. The Academy of Sciences of the
U.S.S.R. is, on the other hand, an official government institution. The Soviet Academy, which traces
its beginnings back to 1725, performs a number of significant roles. Among them is a direct
involvement in higher education, and many of the Academy’s institutes grant academic titles and
graduate degrees.
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indicate their interest in cooperative discussions. If the American govern-
ment was serious in its suggestions, then the proper agency, NASA, would
address the matter formally. Handler subsequently wrote an explanatory
letter on behalf of the National Academy of Sciences to the effect that
further discussions should be conducted between the Soviet Academy and
NASA .?*®* Meanwhile, Administrator Paine sent the official response for the
United States, clarifying the role of the space agency: “As the government
agency responsible for civil space activities, NASA has direct responsibility
for any discussions with Soviet officials regarding actions we might take
together to assure compatible docking systems in our respective manned
space flight programs.”3’

Should the Soviet Academy agree to discuss this subject, Paine
continued, the Manned Spacecraft Center in Houston, as a preparatory
measure, would welcome, in the near future, two Soviet engineers; these
visitors would have the opportunity to examine NASA’s current designs for
docking mechanisms and to discuss future docking concepts. The next step
would be joint talks between responsible officials from NASA and the Soviet
Academy. Paine saw important benefits from such discussions. “If we can
agree on common systems, and [ foresee no particular technical difficulty,
we will have made an important step toward increased safety and additional
cooperative activities in future space operations.” The Administrator then
referred to his recent decision to resign from that post for personal reasons.
He assured Keldysh that his decision would in no way alter NASA policies
concerning space cooperation. “Thus, you should understand our past and
current correspondence as official rather than personal, although this matter
has my wholehearted support.”3®

Paine followed his 31 July letter with another on 4 September 1970, in
which he told the President of the Soviet Academy that NASA was still
interested in common docking equipment. The Administrator restated his
invitation for a visit to Houston by Soviet technical experts and suggested
that the Academy officials might wish to consider the idea of a test flight in
which a Soviet spacecraft would rendezvous and dock with the American
space laboratory Skylab, then scheduled for launch in 1973. Paine said that
NASA felt it would be feasible to install a Soviet docking fixture in the
multiple docking adapter on Skylab. Explaining subsequently the motivation
for this suggestion, Paine commented, “The Skylab docking proposal was
made so that we could convince the Soviets of the reality of our proposal.
We made this specific to avoid initiating prolonged general discussions in
which everyone agreed to ‘cooperate’ but nothing actually happened.” 3°
While Paine did not expect the Soviets to accept this particular proposal, he
did hope that it would elicit workable counter-proposals and discussions. To
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give Keldysh and his associates a better idea of the nature of Skylab, Paine
enclosed a summary description of the space station in his letter.*°

Paine and Keldysh were moving rapidly toward the same goal. Paine’s
letter of 4 September crossed in the mail with a letter of the 11th from
Keldysh. Keldysh indicated that the “leadership of the U.S.S.R. Academy of
Sciences understands the entire importance and timeliness” of discussing a
compatible rendezvous and docking system. “There is no doubt that a
positive solution of this question would constitute an important contribu-
tion by Soviet and American scientists to the cause of space exploration in
the interests of world science and the progress of all mankind.” To get the
talks under way, the Soviet Academy proposed preliminary discussions in
Moscow scheduled for either October or the latter half of November—which
is to say, the Soviets wanted to meet either before or after the “October”
Revolution holidays in early November.*!

Turning to specific items to be discussed at a joint meeting, Keldysh
listed four topics for consideration. First, there were questions associated
with the alternative spacecraft configurations for a rendezvous and docking
mission. Second, it was necessary to enumerate the flight procedures to be
standardized for such a mission. Third, a decision was needed on the type
and number of technical groups to work out the hardware requirements.
And finally, time should be set aside to consider plans for future working
sessions. ‘I hope, my dear Mr. Paine, that the National Aeronautics and
Space Administration will find our proposal completely acceptable and will
promptly inform us of the precise date for the beginnings of the talks.”*?

Paine’s resignation became effective on 15 September, and the task of
responding to the Keldysh letter fell on the Acting Administrator, George
Low. On 25 September, Low reaffirmed the continuing official desire to
hold talks with the Soviets. “As Acting Administrator, I shall be continuing
Paine’s efforts to find ways in which we can develop cooperation between
our two countries in space research beyond its present limited extent.” In
accepting the Soviet invitation to send NASA personnel to visit Moscow,
Low suggested that the 26th and 27th of October would be satisfactory.*3

Turning to the agenda proposed by Keldysh, which was acceptable to
NASA, Low defined the approach the Americans would like to follow in
discussing those subjects. Under the first item, the Americans would expect
to exchange views on possible mission profiles, the types of spacecraft to be
employed, and the kinds of docking systems that might be developed. Within
the scope of the second topic, Low said NASA would be prepared to share
background on operating procedures, docking hardware, communications
links, interconnecting ground systems, spacecraft atmosphere, and crew
transfer techniques. The third subject for discussion, working groups, would

13


http:satisfactory.43
http:November.41
http:letter.40

THE PARTNERSHIP

afford the two sides an opportunity to consider the best way to approach
the technical areas listed in the second agenda item. Under the final topic,
plans for future work, Low thought it would be appropriate to arrange for
an early review of the working group findings. While waiting for the Soviet
reply, the Americans prepared for a journey to Moscow. Five men were
selected to make the trip: from NASA Headquarters, Arnold Frutkin; from
the Manned Spacecraft Center in Houston, Director Robert R. Gilruth;
Glynn S. Lunney, Chief, Flight Directors Office; and Caldwell C. Johnson,
Chief, Spacecraft Design Division; and from the Marshall Space Flight
Center, George B. Hardy, Skylab Program Office. Keldysh answered Low’s
letter with a telegram confirming the acceptability of the 26th and 27th of
October for a meeting.** The next step was a flight to Moscow.
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The Years Before

The predominant theme underlying the joint flight of Apollo and
Soyuz was international cooperation in space exploration. After conducting
separate and competitive programs for several years, the two major
spacefaring nations embarked upon a collaborative effort to rendezvous and
dock manned spacecraft in earth orbit. To understand why cooperation
came slowly, the point and counterpoint of Soviet-American relations in the
space age must be considered, because international relations and foreign
policy decidedly influenced space programs.

For the study of geophysical questions of common international
interest, man-made satellites had initially been promoted as valuable
scientific instruments. But it soon became apparent that scientific endeavors
could not easily cross national boundaries nor could science policy be
separated from the realities of international politics. The technology that
launched satellites could also deliver warheads. Thus, early proposals made in
the name of scientific knowledge were frustrated by national interests and
the demands for military security. From the beginning, the barriers to truly
cooperative space projects seemed insurmountable. Before Apollo and Soyuz
could fly together, the Americans and the Soviets had to seek out a rationale
for cooperation.

Initial efforts to explore the new ocean of space developed as a result of
the International Geophysical Year (IGY), a cooperative international
program established to study a broad spectrum of scientific questions. The
idea for an IGY, first suggested by a group of scientists gathered at the Silver
Spring, Maryland, home of James Van Allen in the spring of 1950, grew
rapidly in scope. Early discussions on the best way to obtain simultaneous
measurements and observations of the earth and the upper atmosphere from
a point above the earth had prompted Lloyd V. Berkner, head of the
Brookhaven National Laboratory, to propose a re-creation of the Inter-
national Polar Years (1882 and 1932), in which the scientists of many
nations had studied a common topic—the nature of the polar regions.
Berkner proposed shortening the interval between such programs to 25
years, to coincide with a period of maximum solar activity. The European
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scientific community endorsed the concept through the International
Council of Scientific Unions, but expanded the project to study the whole
planet and renamed it the International Geophysical Year, which embodied
an |8-month period of study from 1 July 1957 through 1958. Ultimately,
scientists from 67 nations took part.’

Several participants believed that the IGY would be enhanced by using
artificial satellites to gather geophysical and astrophysical data from above
the atmosphere. In September 1954, Berkner, as President of the Inter-
national Scientific Union and Vice President of the Comité speciale de
Uannée géophysique internationale (CSAGI), set up two informal commit-
tees to study the utility of a scientific program. These committees were
chaired respectively by S. Fred Singer of the University of Maryland and
Homer E. Newell, Jr., of the Naval Research Laboratory. From these
deliberations came resolutions favoring the use of such satellites. Berkner
then sought endorsement by CSAGI.

The Comité speciale included members of the Soviet Academy of
Sciences. At first, the Soviets had not responded to the invitations, and when
the May 1954 deadline for submitting proposals passed without a word from
the Academy, there was concern that the Cold War climate would prevent
any significant cooperation. Then on the eve of the IGY meetings in Rome,
the Soviet embassy there announced that U.S.S.R. scientists would attend.
But during the meetings that followed, the Soviet representatives were
remarkably silent. They sat without comment through the discussion and
approval of an American proposal for orbiting an artificial satellite.>

The resolution drafted by the Americans at the IGY meeting presented
a bold challenge:

In view of the great importance of observations during extended periods of
time of extra-terrestrial radiations and geophysical phenomena in the upper
atmosphere, and in view of the advanced state of present rocket techniques,
CSAGI recommends that thought be given to the launching of small satellite
vehicles, to their scientific instrumentation, and to the new problems
associated with satellite experiments, such as power supply, telemetering, and
orientation of the vehicle.?

Two nations had the wealth and the technology to respond to this challenge,
the United States and the Soviet Union. Berkner and his colleagues knew
that more than scientific riches would result from the first successful flight
of a man-made moon. Political and psychological prestige would also
proceed from such an accomplishment.

The competition between the United States and the Soviet Union for
international prestige was part of the Cold War between those countries.
Their alliance to defeat the Axis powers in World War II had been in many
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ways an uneasy one. With victory over the common enemy, they began to
view each other with increasing apprehension and mistrust. Many in both
countries decided that their respective ideologies were fundamentally
incompatible and that, sooner or later, their countries would clash. This
attitude fueled the flames of mistrust, as each side perceived hostility and
threat in the other’s behavior and responded in such a way as to reinforce
the initial suspicions.?

In the resultant rivalry, technology, as translated into both industrial
capacity and military hardware, became a major indicator of national
prestige and power. Both the United States and the Soviet Union had
emerged as victors from World War IT because the industrial sector of their
societies could provide troops in the field with the machines of war in
quantities that German industry proved incapable of sustaining. Among the
new weapons devised during that war, two would become critical in the
postwar world. One was the atomic bomb developed by the United States;
the other was the V-2 rocket created by Germany. The significance of the
first atomic weapons was immediately apparent after Hiroshima and
Nagasaki. The implications of ballistic rockets were less clearly seen
immediately following the war, since the V-2s had been less than perfect
as military weapons. Nevertheless, both the United States and the Soviet
Union developed rockets and nuclear weapons.

By the early months of 1955, the CSAGI proposal for IGY satellites
was a topic of serious consideration by scientific and military leaders in
America. Alan T. Waterman, director of the National Science Foundation,
spearheaded the effort to convince President Dwight D. Eisenhower that the
IGY satellite project should be pursued. The military services hesitated to
engage in purely scientific investigations because of the expense; however,
enthusiasm over the opportunity to participate did exist. A Department of
Defense study supported the scientific satellite proposal as long as it did not
hinder the development of military satellites or impede other military
programs. Further, a Defense spokesman said, *“‘the satellite itself and much
of the information as to its orbit would be public information; the means of
launching would be classified.”s

While the discussion of an American satellite developed, the Soviets
announced on 15 April 1955 that they had created a “permanent high-level,
interdepartmental commission” within the U.S.S.R. Academy of Sciences
“for interplanetary communications.” Moscow Radio announced on 26
April that the Soviet Academy of Sciences planned not only to launch a
satellite but also to explore the moon by means of a remote-controlled
vehicle. These statements fueled a growing belief within the Eisenhower
administration that the Soviet Union was about to announce plans for an
IGY satellite. At least one man in the administration, Nelson A. Rockefeller,
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was concerned over the propaganda potential of such an announcement.
Rockefeller, the President’s special assistant, had reviewed the military
comments on the proposed scientific satellite. He concluded that the project
should be approved and announced before the Soviets made their statement:

I am impressed by the costly consequences of allowing the Russian initiative
to outrun ours through an achievement that will symbolize scientific and
technological advancement to people everywhere. The stake of prestige that is
involved makes this a race we cannot afford to lose.

The military comments, somewhat more cautious, noted that the
“unmistakable relationship™ of the IGY satellite ““to intercontinental
ballistic missile technology might have important repercussions on the
political determination of free world countries to resist Communist threats.”
The Central Intelligence Agency reportedly was convinced in the spring of
1955 that the Soviet Union intended to be the [irst nation to orbit an IGY
satellite. Implicit in these attitudes and statements is acceptance of
competition between the United States and the Soviet Union in space.” On
29 July 1955, Presidential News Secretary James C. Hagerty officially
announced that the United States would launch *‘small earth-circling
satellites’ as part of its participation in the IGY.

The announcement elicited an interesting response from the Soviets
observing the sessions of the International Astronautical Congress in
Copenhagen. Leonid Ivanovich Sedov, who headed the Commission on
Interplanetary Communications, in a press conference held at the Soviet
Legation in Copenhagen made the following comments on 2 August:

Recently in the U.S.S.R. much consideration has been given to research
problems connected with the realization of interplanetary communications,
particularly the problems of creating an artificial earth satellite. The
practicability of technological artificial satellite projects is already well
known to engineers, designers, and scientific workers engaged in or interested
in rocket technology. In my opinion, it will be possible to launch an artificial
earth satellite within the next two years, and there is a technological
possibility of creating artificial satellites of various sizes and weights.

From a technical point of view, it is possible to create a satellite of larger
dimensions than that reported in the newspapers which we had the
opportunity of scanning today. The realization of the Soviet project can be
expected in the comparatively near future. | won’t take it upon myself to
name the date more precisely.®

While this statement was reported in various ways in the American
press, there was general agreement that this was an official announcement
that the Soviets would indeed launch a satellite. The edited official version
of Sedov’s statement that appeared in Pravda was certainly more circumspect
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than the reports in the Western press. Reaction among American scientists
was mixed. Some were alarmed, others were disdainful, but the majority
were more curious about Soviet plans than they were concerned that the
first satellite would not be launched by the United States.’

Against this backdrop of ideological differences and technological
competition, the orbiting of Sputnik I by Soviet technicians on 4 October
1957, followed a month later by Sputnik [l with its canine passenger
Laika—and its implications for manned space flight—assumed great signifi-
cance. The Soviets had obtained a visible and indisputable technological first
and had apparently developed a rocket technology that also could be used
for military purposes. Americans not only perceived the technological
challenge of this accomplishment but also saw the obvious meaning of this
first earth satellite for prestige and military power. As their Soviet
counterparts reaped political, military, and scientific returns from their new
star, American leaders embarked upon a period of deep, worried self-
examination. The obvious response to the Soviet feat was an intensification
of the American program to launch a satellite and an increase in the tempo
of military rocket research. Declared or not, a bilateral technological
competition had begun in space exploration and military rocketry.!®

At the beginning it was impossible to separate the military and civilian
aspects of the new competition—a circumstance that would complicate later
attempts to cooperate in space. Soviet satellites were launched on military
rockets, as was the first American satellite. Before it was transformed into
NASA and entrusted with the civilian portion of the American space

At the Sovier Legation in Copenhagen,
August 1955, interpreter Sannikov relays
news from Professor K. F. Ogorodnikoy
and Academician L. I. Sedov who are
seated next to him that the Soviet Union
intends to launch an artificial earth satel-
lite during the IGY (Associated Press
photo).
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program, the National Advisory Committee for Aeronautics (NACA) showed
a tendency to lump the scientific and military aspects of space into the single
package of Cold War competition. NACA’s Special Committee on Space
Technology surveyed the problem in the spring of 1958 and recommended
an integrated program of development for long-range missiles and space
vehicles, saying:

One of the prime objectives established in preparing this report was that of
accomplishing a manned lunar landing in advance of the Soviets. Such an
accomplishment would firmly establish Western technological supremacy and
be of great psychological value. Due to the strategic location of the moon for
space travel and warfare, an even greater and more permanent value would be
derived by such a landing—that of claiming the moon for the United Nations
of the Western World.

Clearly, the dominant theme was “to catch up with and ultimately surpass
the Soviets in the race for leadership on this planet and for scientific and
military supremacy in space.””*!

Ironically, the cooperative spirit of the IGY that had spawned projects
to orbit satellites became overshadowed by the urge to either maintain the
lead or surpass the leader in this new technological arena. Two conflicting
goals thus emerged. First was the desire to establish national pre-eminence in
science and technology, as an adjunct to the broader Cold War rivalry.
Second was the wish to develop international ties through cooperative
studies of the cosmos, as reflected by the aims of the IGY. To meet the
Soviet challenge, the American government created a separate space agency,
and the conflicting themes of competition and cooperation were present in
the discussions that led to the creation of the National Aeronautics and
Space Administration. While the establishment of a space agency was in large
measure a response to the Soviet achievement in launching the first satellite,
the fact that the new organization was under civilian leadership testified to
the desire of President Eisenhower to avoid, if at all possible, an extension of
the military aspects of Cold War into outer space. From the very beginnings
of the American satellite project, Eisenhower had supported the position
that space exploration should be undertaken for peaceful purposes only.!?

Through the months of work by various executive and congressional
groups, the drafting and redrafting of bills, and the inevitable compromising
on and off the floor of Congress, the two potentially conflicting themes
survived.!? The National Aeronautics and Space Act of 1958 opens with a
declaration of policy that includes two specific purposes:

Sec. 102.
(c) (5) The preservation of the role of the United States as a leader in
aeronautical and space science and technology . . . ;
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(7) Cooperation by the United States with other nations and groups of
nations, ..."

Arnold Frutkin, who was given the responsibility of directing the Inter-
national Programs office of NASA™* in 1959, later commented on the dual
challenge placed before the new agency:

While facing up to the grim reality of competition between the great powers,
the Congress nevertheless elected to place some hope, if not faith, in the
simultaneous practice of cooperation. ... both courses of action-—the
competitive and the cooperative—were pursued simultaneously in the early
years of the space age.

This parallel approach was entirely conscious. NASA’s second Administrator,
James E. Webb, said on more than one occasion that “space, like Janus,
looks in two directions.”” As Frutkin perceived this complex process, “This
was only part and parcel of the age old strategy of pursuing the battle
vigorously while seeking and preparing for an armistice.”'® NASA’s Office
of International Programs faced a unique and difficult task.

ORIGINS OF THE OFFICE FOR INTERNATIONAL PROGRAMS

It was not altogether clear at first exactly what role the Office of
International Programs was to play in the overall mission of NASA. The
Space Act of 1958 was signed into law on 29 July, and T. Keith Glennan and
Hugh L. Dryden were sworn in as Administrator and Deputy Administrator
on 19 August. NASA officially came into existence on 1 October. In the
whirlwind rush, the question of international programs was just one of a host
of pressing concerns.

As early as May, draft organization charts had shown a position for an
Assistant for International Activities.'® The idea for this staff office
reflected the view of the National Advisory Committee for Aeronautics on
organization. When Glennan was appointed, he asked the management
consultant firm McKinsey and Company to study the various proposals for
NASA managerial structure. McKinsey suggested the creation of an office
devoted solely to international questions. First, it would provide a central
point of coordination and assistance for the Administrator and other
officials in the development of a cooperative international program of “‘space
research and development,” and, second, the office would provide staff
support to the State Department on matters that concerned foreign policy
and space affairs. The International Office was also to serve as a

*See appendix A for the 29 Jan. 1959 NASA organization chart.
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clearinghouse and coordinating body for exchange of scientific and technical
information, arrangement of cooperative facilities in other countries, and
coordination of a host of scientific activities, such as weather observation.!”

Glennan accepted the recommendation and appointed a Director of
the Office of International Cooperation, who, within nine months was
replaced by Arnold Frutkin.'® The forty-one-year old Frutkin brought with
him a sober realism born of his experiences during the IGY. In May 1957,
Frutkin had joined the staff of the National Academy of Sciences as Director
of the Office of Public Affairs of the U.S. Committee for the IGY.
Concurrently, he served as Deputy to the Executive Director of that
committee. As a consequence, Frutkin had witnessed firsthand many of the
frustrations of working with other national committees, especially the
difficulties encountered with the Soviet committee.

Frutkin reflected on the IGY and its meaning for the exploration of
space in his book, International Cooperation in Space. Looking at the
day-to-day efforts of the IGY, he held that the idea of ‘“‘shoulder-to-shoulder
cooperation” was “a substantially misleading picture.” In short, Frutkin saw
the IGY as “a collection of national programs, independently working
toward purely scientific objectives loosely coordinated by a nongovern-
mental mechanism.” While the IGY did construct “scientific bridges across
political chasms,”” he argued that ““the bridges had no effect on the chasms;
these remained and no traffic other than scientific crossed them.”!?

From Frutkin’s vantage point, the broad success that characterized
many cooperative scientific endeavors did not extend into space research.
Scientific representatives of the Soviet Union “‘stubbornly restricted IGY
agreements for the exchange of information in this area. ... attempts to
improve the situation . .. were unavailing.” Frutkin summarized: “Extensive
efforts to apply the usual IGY data exchange formulas to space came to
naught. . .. Clearly, the cold war had reached into the IGY and frostbitten
one of its major arms, the space program.”2°

But what did the experiences of the IGY say to the man who would be
responsible for government-to-government considerations of collaboration in
space activities? First, “it remains most important to recognize that those
who molded the IGY were probably far freer from disabling political
considerations than would have been the case if governmental representatives
had attempted to frame a similar program.” Second, the IGY “was a notable
element among the forces that gave the U.S. national space program its
peculiar shape” when NASA was created in 1958. Clearly, Frutkin perceived
that the difficulties experienced by his non-government colleagues in the
IGY would be magnified within NASA should that agency negotiate for
international cooperation with the representatives of other governments. His
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earlier experiences with the IGY and his concern for realism in international
negotiations were to temper his approach to cooperative ventures in the
years that followed.?!

FIRST EFFORTS TO ESTABLISH A BASIS FOR COOPERATION

By the fall of 1959, NASA had the mandate to cooperate, and it had
set up the administrative machinery to formulate policy concerning
international programs; but what did cooperation and international programs
mean? How and with whom would NASA cooperate? What would be the
subject matter for international agreements? There were, of course, those
areas in which NASA needed the assistance of other nations, notably to
establish tracking stations for both manned and unmanned spacecraft. Also,
NASA hoped to encourage other nations to join in scientific experiments
involving American spacecraft. And there was a third category of possible
cooperation—the Soviet Union. Skillful negotiation would be required in this
pursuit, as the Soviet Union was a coequal, perhaps the technological leader,
in space flight. Thus, while it was difficult enough to deal with nations
nominally friendly, negotiations with the Soviets were always to be a special
case. How and for what reasons would cooperative programs be developed
between the Americans and the Soviets???

Before Frutkin arrived at NASA, Deputy Administrator Hugh Dryden
had made several important contacts with other nations. Homer E. Newell,
Jr., Assistant Director for Space Sciences, had taken the lead to organize the
international community interested in space flight by convening the first
organizational meeting of the International Committee for Space Research
(COSPAR) in November 1958. COSPAR had been created to perpetuate the
cooperative aspects of space investigation that had been part of the IGY,*
but the international body quickly became a victim of Cold War politics.??

A debating society environment plagued the United Nations discussions
of cooperation on the new frontier; nuclear disarmament was the stumbling
block. Following Sputnik I, much had been said about preventing the
introduction of weapons into space. Indicative of the divergence of opinion
between the Americans and the Soviets on this subject were the letters
exchanged during the spring of 1958 between Eisenhower and Soviet
Premier Nikolai Bulganin. Eisenhower asserted that the peaceful use of

*Over the years, COSPAR has grown in stature, but it still remains a non-governmental body,
hence an unofficial point of contact at which scientists can exchange views. While delegates from the
Soviet Academy of Sciences are official spokesmen for their country, representatives of the National
Academy of Sciences do not speak for the U.S. government.
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space—prohibiting the use of space for military gain—was “the most
important problem which faces the world today. ... We face a decisive
moment in history. . ..” Addressing the problem of developing rockets for
military applications, Eisenhower raised the question of learning from past
failures:

... a decade ago, when the United States had a monopoly of atomic weapons
and of atomic experience, we offered to renounce the making of atomic
weapons and to make the use of atomic energy an international asset for
peaceful purposes only. ... The nations of the world face today another
choice perhaps even more momentous than that of 1948. That relates to the
use of outer space. Let us this time, and in time, make the right choice, the
peaceful choice.

There are about to be perfected and produced powerful new weapons
which, availing of outer space, will greatly increase the capacity of the human
race to destroy itself. ... can we not stop the production of such weapons
which would use or, more accurately, misuse, outer space, now for the first
time opening up as a field for man’s exploration? Should not outer space be
dedicated to the peaceful uses of mankind and denied to the purposes of war?
That is my proposal.*®

Premier Bulganin responded that reserving space for peaceful purposes
depended on prior solution of the problem of disarmament in general:

We, of course, do not deny the importance of the question of using outer
space for peaceful purposes exclusively, i.e., first of all, of the question of the
prohibition of intercontinental ballistic missiles with nuclear warheads. 1
hope, however, Mr. President, that you will agree that this question can be
considered only as a part of the general problem of the prohibition of nuclear
and rocket weapons. It is for that very reason that the Soviet Union, in the
interest of strengthening peace and reaching agreement on questions of
disarmament, is also prepared to discuss the question of intercontinental
missiles, provided the Western powers are prepared to agree on the
prohibition of nuclear and hydrogen weapons, the cessation of tests of such
weapons and the liquidation of foreign military bases in the territories of
other states. . . 5

In the succeeding exchange of letters between the two states and in the
debates in the U.N., the discussions bogged down over the relation of space
to questions of national security and disarmament. The two space powers,
who also were the two nuclear powers, defined differently the problem at
hand. American leaders sought to ban the militarization of outer space; this
seemed a logical step and an opportunity that should not be lost. The
Soviets, however, saw sinister motives behind the American proposals. The
Russians saw themselves surrounded by American and allied military power.
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In addition to their bases in the continental United States, the Americans
had installations in the U.K., Western Europe, the Middle East, and the Far
East. With such facilities, outer space was not needed to launch an attack.
The Soviets, lacking such advanced bases, relied upon the development of
the intercontinental ballistic missile (ICBM)—a strategic weapon whose
parabolic trajectory arced into space. America’s proposal to neutralize space
was thus seen as an attempt to deprive the Soviet Union of her only defense
against the nuclear strike capabilities being developed by the Americans.
Both nations sought to neutralize outer space, but only on terms that would
be advantageous to themselves.?¢

Debate in the U.N. divided along ideological lines, and NASA’s desire to
use that body as the foundation for developing a program of space
cooperation foundered.* Glennan and his colleagues came to believe that
negotiations with the Soviets would have to be direct, bilateral, and more
private than the open forum of ecither COSPAR or the UN. As a
consequence, the NASA leadership sought to engage the Soviets in less
formal talks. Typical of these early contacts were the discussions between
representatives of the Soviet Academy of Sciences and NASA during the
annual meetings of the American Rocket Society. At the mid-November
1959 meeting of the Society in Washington, for example, Soviet space
scientists Sedov, Blagonravov, and V. I. Krassovsky presented papers on the
nature of Soviet space research.?” Dryden met privately with the Soviets to
exchange views. They agreed that their countries should cooperate more
closely in space science, and Dryden made it clear that NASA was ready to
talk about issues of mutual interest. The Soviets warned that such an
undertaking should proceed “‘step by step.” However, Frutkin reported that
“when pressed, they were not prepared to identify the first possible step.”’?8

In an effort to demonstrate American willingness for closer relations,
George Low gave the Soviet guests a tour of the Langley Research Center in
Virginia, where among other things he showed them a model of a Mercury
spacecraft. The Soviets were polite but noncommittal, and the hoped-for
invitation to see Soviet space-flight facilities never materialized.?°

The Soviets continued to insist that the proper forum for discussing
space cooperation was the United Nations; and the Americans remained
acutely aware that discussions in that arena, as long as the Soviets enjoyed
the technological lead, could only result in a Soviet propaganda advantage.

*In Jan. 1960, NASA created an ad hoc Office for the U.N. Conference that was to address the
issues raised by the General Assembly call for an international conference on the peaceful uses of
outer space. This office was headed by John Hagen. When the conference failed to materialize, the
office was disbanded in Sept. 1961. Rosholt, Administrative History of NASA, pp. 127-128.
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COMPETITION VERSUS COOPERATION: 1959-1962

For NASA personnel interested in fostering cooperative projects with
the Soviet Union, the political climate of 1959-1962 was frustrating. These
were the years of Soviet Premier Nikita Sergeyevich Khrushchev’s foreign
policy that on the one hand sought detente with the West while on the other
exploited ‘“‘every major trouble spot, every embarrassment’” to damage
Western influence and prestige. To quote one assessment:

There appeared to be two Khrushchevs: one, a “coexistentialist™ eager for
enhanced intercourse between the U.S. and the U.S.S.R.; dropping hints (to
be sure so obscure as to remain at the time undecipherable) about the
necessity for a virtual alliance of the two powers; the other, a militant
Communist and bully ready to cash in on each and every weakness and
hesitation of the West, threatening nuclear obliteration if his opponent would
not submit.

Khrushchev did not want a crisis that would lead inexorably to nuclear
disaster, but he was a skillful poker player who successfully bluffed the
leaders of the country that had originated the game, until the confrontation
over missiles in Cuba.?°

Nineteen fifty-nine was a year of political maneuvering. Vice President
Richard Nixon and Premier Khrushchev held their “kitchen debate” at an
American exhibition in Moscow’s Sokolniki Park,®® and Khrushchev later
made his ostentatious, but largely ceremonial, visit to the U.S. It was also the
year of the first Soviet lunar probes. Luna /, launched in January, was the
first spacecraft to penetrate interplanetary space; Luna I, launched during
the Premier’s visit to the U.S., was the first spacecraft to hit the moon. Then
in October, Luna Il swung around the moon and photographed its back
side. But the debates and visits did nothing to solve international problems;
successful moon probes certainly did not enhance the chances for coopera-
tion between the two nations—especially when contrasted with the high
number of U.S. launch failures in 1959.

In the next year, however, Soviet and American heads of state had to
deal with realities of international politics that could not be brushed aside.
Khrushchev had wanted a summit meeting for several years; now such a
meeting seemed less than desirable. Following his visit to the United States,
Khrushchev had visited Peking. From the Soviet standpoint, discussions with
the Chinese were unsatisfactory, causing the ideological split between the
two nations to widen and heading the Chinese on an increasingly
independent course. This problem, together with the hardening positions of
the American, British, and French on the question of two Germanys, made a
summit meeting with the Americans undesirable. Just as the potentially
embarrassing get-together approached, American pilot Francis Gary Powers
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became an unintentional celebrity when his Lockheed U-2 high-altitude
reconnaissance aircraft was downed deep in Soviet territory.

The U-2 incident had three immediate consequences. First, it solved
Khrushchev’s dilemma. He could now avoid the summit meeting without
accepting the responsibility for wrecking it. Second, the United States
suffered a serious international embarrassment when President Eisenhower
took personal responsibility for the U-2 flight.3? Third, the credibility of the
National Aeronautics and Space Administration was questioned because it
had served as a cover for this clandestine, intelligence-gathering overflight,

On 5 May 1960, on orders from the White House, NASA stated that
one of its U-2 research planes used ““‘to study gust-meteorological conditions
found at high altitude™ had been missing since | May. Then six days later,
Eisenhower admitted publicly that the flight actually had been part of a
military reconnaissance program conducted with his permission. While the
administration had to cope with the impact of the U-2 mission at the
abortive Paris summit conference and later during Khrushchev’s visit to the
United Nations in September, NASA had to fight the notion that there was
more to the civilian program than was being admitted in public.

An immediate issue was Soviet participation in the Tiros weather
satellite program, “It’s part of our national policy that space research is for
peaceful purposes,” Arnold Frutkin told a Wall Street Journal reporter. “We
want to have an open program. And the best way to prove this to other
countries is to have them participate in our experiments.””> NASA had long
planned to solicit the cooperation of other nations, including the U.S.S.R.,
in studying cloud photographs taken by the Tiros satellite. Soviet participa-
tion would have gone a long way to allay fears that Tiros was looking at more
than the weather patterns, but the Soviets saw—or purported to see—the
satellite as another U-2. A vyear later NASA Administrator James E. Webb
labeled as “‘political opportunism” their attacks on the Tiros program and
their refusal to participate.®*

Even without the U-2 incident, 1960 was not a propitious time to talk
about cooperative ventures in space. The American public was watching a
very close political contest between John F. Kennedy and Richard Nixon;a
key campaign topic was the state of the nation’s defenses against nuclear
attack by the Soviet Union. During the campaign, the trade journal Missiles
and Rockets invited the candidates to respond to a series of statements on
space and defense. The first proposition asked if they would ‘“‘recognize as
national policy that we are in a strategic space race with Russia.”” Kennedy’s
response was published first:

We are in a strategic space race with the Russians, and we have been losing.
The first man-made satellite to orbit the earth was named Sputnik. The first
living creature in space was Laika. The first rocket to the moon carried a Red
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flag. The first photograph of the far side of the moon was made with a Soviet
camera. If a man orbits earth his year his name will be Ivan. These are
unpleasant facts that the Republican candidate would prefer us to forget.
Control of space will be divided in the next decade. If the Soviets control
space they can control earth, as in past centuries the nation that controlled
the seas dominated the continents. This does not mean that the United
States desires more rights in space than any other nation. But we cannot run
second in this vital race. To insure peace and freedom, we must be first.’

Nixon responded later in a manner that was uncharacteristic of the
Eisenhower administration, which had played down the idea of a space race.
Candidate Nixon argued:

If the Eisenhower Administration had not long ago recognized that we were
in a strategic race with Russia, our space record would not be as creditable as
it is today.

Twenty-six satellites and 2 space probes have been launched successfully
by the United States.

Six satellites and 2 space probes have been launched successfully by the
Soviet Union.

Today 13 United States satellites are in orbit; only 1 Russian satellite
remains in orbit.

Eight United States satellites in orbit are still transmitting; the sole Russian
satellite in orbit is not transmitting.

The United States has recovered 2 satellite payloads from orbit while the
U.S.S.R. claims to have recovered one.

Despite the greater weight of U.S.S.R. space vehicles, the United States has
gathered far more scientific information from space. In instrumentation,
communications, electronics, reliability, and guidance, United States space
vehicles have made gigantic strides.

In short, the United States is not losing the space race or any other race
with the Soviet Union. Today we are ahead of the U.S.S.R. From a standing
start in 1953, we have forged ahead to overcome an 8-year Russian lead. And
we will continue to maintain a clear cut lead in the race for space.3

While the candidates debated, NASA and the Eisenhower administra-
tion attempted to keep a line open with the Soviets on space cooperation.
Frutkin had talked informally with Academician Anatoliy Arkadyevich
Blagonravov about the possibility of using Echo I, the balloon-like passive
communications satellite, for communications experiments between the
United States and the Soviet Union. Echo I had been launched on 12 August
1960, three days before the International Astronautical Congress convened
in Stockholm, and the delegates had heard a message recorded by President
Eisenhower, transmitted part of the way by the satellite.’” On 22
September, the President in an address to the United Nations suggested a
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four-point proposal for the peaceful exploration of space, using as his
precedent the 1959 Antarctic Treaty, which had prompted scientific
research and barred military activity from that continent.®® However, the
future of Eisenhower’s hope for an agreement on the peaceful uses of outer
space would depend upon the efforts of the new President and the
individuals within NASA.

Kennedy’s election in November 1960 portended a number of changes
for defense and space programs, Subsequently, Kennedy asked his Vice
President-elect to serve as his senior adviser on space policy and as chairman
of the National Aeronautics and Space Council. Lyndon B. Johnson’s first
task was to recommend a new Administrator for NASA, Glennan having
resigned effective the last day of the Eisenhower administration. As Johnson
began the search, Kennedy announced on 11 January 1961 the appointment
of Jerome B. Wiesner of MIT to be his assistant for science and technology.
The same month appeared the “Wiesner Report,” prepared by a committee
of science advisers who had worked with the Kennedy campaign.

Expanding upon campaign themes, this document criticized the space
program under the Eisenhower administration. But while belaboring some
aspects, especially the manned space-flight project, the report foresaw
“exciting possibilities for international cooperation” in space exploration
and communications. Such projects would prosper if “carried out in an
atmosphere of cooperation as projects of all mankind instead of in the
present atmosphere of national competition.””3® Kennedy pursued the same
theme in his inaugural address.

Kennedy’s speech was notable because of its hopeful and skillful
rhetoric, expressing the desire for new beginnings in foreign policy, including
a reduction in the level of conflict between the United States and the Soviet
Union. To that end, he appealed to the Soviets: “Let both sides seek to
invoke the wonders of science instead of its terrors. Together let us explore
the stars, conquer the deserts, eradicate disease, tap the ocean depths and
encourage the arts and commerce. . ..”” And Kennedy continued to espouse
the cooperative theme in his State of the Union address on 30 January 1961.
The President invited all nations, including the U.S.S.R., “to join with us in
developing a weather prediction program, in a new communications satellite
program and in preparation for probing the distant planets of Mars and
Venus, probes which may someday unlock the deepest secrets of the
universe.” He repeated the hopes of his science advisers that the arms race
could be kept from spreading into space. “Both nations would help
themselves as well as other nations by removing these endeavors from the
bitter and wasteful competition of the Cold War.” This was to be a recurring
theme in Kennedy’s public comments.*®

At the time of these pronouncements, and to this day, debate has
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existed over the depth of the new President’s initial understanding of the
space issue relative to the realities of international power politics.*! Missiles
and space had been a warm issue during the campaign: Kennedy had insisted
that the previous administration had allowed national defense to slip in
relation to Soviet strength. After Kennedy assumed the Presidency, the
“missile gap” proved to have been a myth; but the problem remained to fit
the national space program into the power equation by which American
military and political leaders would evaluate the “‘strength” of their nation
versus that of the Soviet Union.

Ten days after his inauguration, Kennedy followed the recommenda-
tion of his Vice President and nominated James E. Webb to be Administrator
of the space agency. At first hesitant to accept the position, which he felt
would have been more satisfactorily filled by a scientist or engineer, Webb
had agreed once he understood that Kennedy was seeking a policy maker
who could manage scientists and engineers. Upon accepting the assignment,
Webb announced that Hugh Dryden, the other presidential appointee in
NASA, would continue as Deputy Administrator. With directions from the
President to make a comprehensive review of NASA programs, Webb went
before the Senate for hearings on his confirmation. He was confirmed on 9
February and sworn in on the 14th.*?

As the first months of 1961 slipped away, Kennedy and Webb became
convinced that second place in space exploration would carry the negative
impression that the United States was second rate in military strength as
well. This conclusion once again pointed to the dilemma of competition
versus cooperation in space exploitation. On the one hand, Kennedy
genuinely wanted to cooperate in this arena with the Soviets; on the other
hand, military and technical superiority had to remain with the United
States. Events during the spring of 196! swiftly determined his choice
between these conflicting goals.

The successful one-orbit flight of Yuri Alekseyevich Gagarin on 2
April 1961 was a significant element in the subsequent American delibera-
tions. While this event was anticipated by the Kennedy administration, the
Soviet feat was still another blow to the American image at home and
abroad. The Soviet Union constantly stressed three themes in exploiting the
first manned space flight:

1. the Gagarin flight was evidence of the virtues of “victorious socialism’;

2. the flight was evidence of the global superiority of the Soviet Union in
all aspects of science and technology;

3. the Soviet Union, despite the ability to translate this superiority into
powerful military weapons, wanted world peace and general disarmament.**

Such a challenge could not go unanswered. Theodore Sorenson later
commented, overdramatically perhaps, that ““As the Soviet Union capitalized
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on its historic feat in all corners of the globe, Kennedy congratulated
Khrushchev and Gagarin and set to work.”%

Even as John Kennedy was rolling up his sleeves and consulting his
advisers, other events were unfolding that would complicate the political
scene. None too secretly, a band of approximately 1500 Cuban refugees was
preparing to launch an invasion of Fidel Castro’s Cuba. The exact impact of
this military and political fiasco on the subsequent decision to go to the
moon has been repeatedly argued by many of those associated with the
Kennedy administration. John Logsdon concludes in his study of the events:

The fiasco of the Bay of Pigs reinforced Kennedy’s determination, already
strong, to approve a program aimed at placing the United States ahead of the
Soviet Union in the competition for firsts in space. It was one of the many
pressures that converged on the president at the time, and thus its exact
influence cannot be isolated. As president, Kennedy could treat few issues in
isolation anyway, and there seems to be little doubt that the Bay of Pigs was
in the front of his mind as he called Lyndon Johnson to his office on April 19
and asked him to find a “‘space program which promises dramatic results in
which we could win.”*

By the end of April 1961, Kennedy had decided that the dramatic
program would be a manned lunar landing. The suborbital flight of Alan B.
Shepard in his Freedom 7 spacecraft on 5 May was a much needed positive
accomplishment, which brought favorable public response. On 8 May, Vice
President Johnson presented to the President a memorandum prepared by
NASA Administrator Webb and Defense Secretary Robert S. McNamara—
“Recommendations for our National Space Program: Changes, Policies,
Goals.” The Webb-McNamara memorandum suggested that manned space
flight could be an effective means of enhancing national prestige:

Major successes, such as orbiting a man as the Soviets have just done, lend
national prestige even though the scientific, commercial or military value of
the undertaking may by ordinary standards be marginal or economically
unjustified. . . . The non-military, non-commercial, non-scientific but “civil-
ian”’ projects such as lunar and planetary exploration are, in this sense, part of
the battle along the fluid front of the cold war.*¢

John Kennedy agreed.

On 25 May in a speech on “Urgent National Needs,” the President
reminded the Congress that “‘these are extraordinary times. We face an
extraordinary challenge.”” After addressing himself to a number of other
important issues, Kennedy turned to the subject of space. This new frontier
was just another aspect of the “battle that is going on around the world
between freedom and tyranny....” Therefore, “Now it is time to take
longer strides—time for a great new American enterprise—time for this nation
to take a clearly leading role in space achievement, which in many ways may
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hold the key to our future on earth.” One of those “‘longer strides” Kennedy
proposed was the landing of an American on the moon. The President
believed “‘that the Nation should commit itself to achieving the goal, before
this decade is out, of landing a man on the moon and returning him safely to
earth.” This goal was that bold type of challenge that had peculiar appeal to
the young President. “No single space project in this period will be more
impressive to mankind, or more important for the long-range exploration of
space; and none will be so difficult or expensive to accomplish.”*?

Thus, space competition between the United States and the Soviet
Union was reaffirmed by Kennedy’s speech. What did this mean to NASA,
and particularly what did it mean for NASA’s mandate to cooperate? During
1961, the NASA position on the prospects of Soviet-American space
cooperation was one of basic skepticism. Administrator Webb was com-
mitted by the Webb-McNamara memorandum of 8 May to support a
program of American technological pre-eminence in space. Any program of
cooperation would have to occur within a framework that would not
jeopardize America’s chances of establishing that position,

In June 1961, in response to questioning, NASA submitted a series of
formal statements to the Senate Committee on Aeronautical and Space
Sciences. “In general, how cooperative have the Soviets been in sharing the
results of their space experiments?”” NASA responded that the difference
between the attitude of the U.S. and that of the U.S.S.R. was one of degree.
The Soviets were judged to have been quite active in international meetings.

In a 25 May 1961 address to joint session
of the U.S. Congress, President John F.
Kennedy establishes the goal “of landing
a man on the moon and returning him
safely to earth” before the decade is out.
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They had presented papers and discussed problems of mutual interest with
their international colleagues, but it was the NASA opinion that they had
not operated with an openness comparable to that of scientists from other
nations.*® Throughout 1961, NASA spokesmen told Congress and the
American public that while NASA still sought space cooperation with the
U.S.S.R., the attitude and actions of the Soviets left little hope for success.

Public remarks by Soviet officials in 1961 on space cooperation were
equally ambivalent, On 13 February, Kennedy congratulated Khrushchev on
the launch of a space probe to Venus.*” In his reply two days later,
Khrushchev thanked Kennedy for his “high appraisal to this outstanding
achievement of peaceful science.” The Soviet leader, in referring to
Kennedy’s inaugural and State of the Union invitations to the Soviets, said
that “‘such an approach . . . impresses us and we welcome these utterances of
yours.” But the Soviet Premier still saw disarmament as the key to the
problem: “We consider that favorable conditions for the most speedy
solution of these noble tasks facing humanity would be created through the
settlement of the problem of disarmament.”5°

With Gagarin’s Vostok I April flight, the tone of the Soviet statements
on cooperation in space changed. Clearly the Soviets enjoyed their sense of
technological superiority, but still they did not totally abandon the thought
of cooperation with the U.S. Academician Sedov,* in his public congratula-
tions to Alan Shepard for suborbital flight, was careful to point out that the
Gagarin flight was of greater significance. He also restated the Soviet position
on the relationship of international cooperation in space flight to the
question of disarmament:

Soviet scientists and scientists of other countries, who are occupied with
scientific research in space, are participating in mutual discussions on the
results achieved, and we can speak on the beginning of fruitful cooperation.
Nonetheless, the problem of international scientific cooperation on space
flights in general is still not resolved. It is evident that such cooperation will
be successful only upon the favorable development of international relations
and the realistic solution of the problem of disarmament. !

Later at the Washington meetings of the International Astronautical
Federation during October, Sedov was asked if the U.S. and the U.S.S.R.
would be able to collaborate in launching large payloads. Sedov replied, “I
think it will be possible in the future, not only between the Russians and
Americans but with other countries as well.”” Deputy Administrator Dryden

*Sedov was Chairman of the Commission for the Promotion of Interplanetary Flights, U.S.S.R.
Academy of Sciences, as well as President of the International Astronautical Federation.
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observed at the time that “Sedov and I have discussed this possibility many
times. If the decision were ours alone, there would be no problem.”%?

Coming at a time when East-West tensions had worsened, optimistic
statements about cooperation in space hardly seemed realistic. The two-day
confrontation between Kennedy and Khrushchev during the June 1961
Vienna summit was from Kennedy’s perspective a disaster. But in one of the
rare moments of amicability, Kennedy suggested that the two nations pool
their space efforts and “‘go to the moon together.” Khrushchev’s immediate
response was “‘all right,”” but upon reflection the mercurial Soviet leader
decided that such a venture would not be practical. The boosters used for
manned space flight had military implications. That triggered considerations
of disarmament, and that brought the discussions back to the Cold War.
There the proposed joint trip to the moon died.53

The unsuccessful Vienna summit was followed by the crisis over the
Berlin Wall. With that physical barrier between East and West Berlin erected
on 13 August 1961, Khrushchev once again raised the question of the
divided status of Germany. For the second time in three years, Khrushchev
threatened to sign a separate peace treaty with the East German Govern-
ment, thus forcing the Americans to deal with a separate communist state.
On 25 July, Kennedy told the nation in a somber television address that the
United States would go to war should that become necessary to defend a
free Berlin. Khrushchev reacted strongly to what he perceived to be an
ultimatum from the President of the United States, and while the two sides
negotiated the Berlin issue, the Soviet Union dramatically broke the
three-year old moratorium on atmospheric nuclear weapons tests. Beginning
on 1 September 1961, the tests continued for two months. They were
culminated with a 58-megaton explosion, the most powerful hydrogen
device to have been tested at that time by either nation.®® While events such
as these would seem to pose insurmountable barriers to cooperation in space,
Russian and American scientists managed to keep the discussions alive.

Threats to world peace posed by the succession of summer and autumn
crises, while not unnoticed, secemed far distant from the pleasant atmosphere
of the lodge at Smugglers Notch, Vermont. For four days, 5-8 September
1961, scientists from ten countries, including the U.S.S.R., gathered for the
Seventh International Conference on Science and World Affairs.* Included

*Americans present included E. Rabinowitch, Professor of Biophysics, University of [linois; H.
Brown, California Institute of Technology: P. Doty, Harvard University; and 1. 1. Rabi, Professor of
Physics, Columbia University. The Soviets included A. A. Blagonravov; A. V. Topchiev, Vice President,
Soviet Academy of Sciences; I. Y. Tamm, physicist; and N. N. Bogolubov, physicist. British
representatives included Professor P. M. S. Blackett, physicist, London University; Sir John Cockeroft,
nuclear physicist, Cambridge University; and the Rt. Hon. Philip Noel-Baker. Henry Kissinger,
Harvard, and George Kistiakowsky, former science adviser to President Eisenhower, attended the
sessions on disarmament.
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in a broad spectrum of proposals relating to greater cooperation among the
world’s scientists were suggestions for a program of space cooperation
between the U.S. and the U.S.S.R. Four areas in which the scientists felt that
cooperation was possible were (1) a worldwide system of weather satellites
and forecasting; (2) an international program of communications satellites;
(3) an international exchange of data relating to space biology; and (4) a
joint program for the scientific exploration of the moon and the planets.®s
Despite the international debate engendered by the Soviet resumption of
nuclear arms tests, there was an atmosphere of good will at Smugglers
Notch.%¢ The fragility of such scientist-to-scientist efforts was clearly
demonstrated two months later.

In November 1961, NASA and the U.S. Department of Commerce
sponsored an International Satellite Workshop in Washington. American
representatives explained their plans for the further exploitation of weather
satellites and encouraged other nations to participate in the gathering and
use of satellite data. The Americans expected delegates from the U.S.S.R.,
Poland, and Czechoslovakia, since visas had been sought by representatives
of those countries. On the second day of the workshop, it became apparent
that the Soviets would not attend. To most contemporary observers the
lesson was clear: cooperation in space matters was a political consideration
that could be understood only in the broader context of East-West
relations.’” Nineteen sixty-one, the fifth year of the space age and NASA’s
third, had not been a good year for space cooperation. Indeed, as one
commentator has reflected: “For all the style and excitement of the new
team, and all the great promise, 1961 was a terrible year for the Kennedy
Administration.”®® International tensions would not lessen during 1962, but
the opportunity for cooperation in space would seem more real. Two men
would work hard to give that opportunity a chance to mature—Hugh Dryden
of NASA and Anatoliy Blagonravov of the Soviet Academy of Sciences.
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Dryden and Blagonravov

Soviet-American discussion about cooperation in space received new
impetus in the spring of 1962. Following the successful three-orbit flight of
John H, Glenn, Jr., on 20 February, Premier Khrushchev sent a congratula-
tory message to President Kennedy. This letter, which called for closer
cooperation in space activities, might first have appeared disingenuous when
viewed against the tense political background of the preceding year. But
there had been considerable planning in the Soviet Union for just such an
overture.

At its Twenty-second Congress on 17 October 1961, the Communist
party of the Soviet Union considered closer cooperation with other nations
and urged the Soviet government to pursue such a policy “‘in the fields of
trade, cultural relations, science, and technology.”! An early step toward the
implementation of this goal came in December 1961 when the Soviet
delegation to the United Nations ended its boycott of the Committee on the
Peaceful Uses of Quter Space and other international organizations, such as
the World Meteorological Organization.? These actions were but a prelude.

KHRUSHCHEV-KENNEDY LETTERS: FEBRUARY-MARCH 1962

John Glenn’s flight in his Mercury spacecraft Friendship 7 was good for
NASA, good for the United States, and excellent for international relations.
Previously, the news media and public figures in the U.S.S.R. had spoken
disparagingly of the American suborbital missions flown by Alan Shepard
and Virgil 1. Grissom. For example, at a session of the Twenty-second Party
Congress, Cosmonaut Gherman Stepanovich Titov made a typical critique
of the American space program. “We fly in orbit around the earth, and they
jump up in ballistic curves. . .. We should like to wish them success in mak-
ing orbital flights.” Adding a touch of comparative politics, he commented
further, “if they do want to emerge into orbital flights let them build a
reliable launching pad, let them build socialism.”3

After Friendship 7’s 4-hour and 55-minute flight, the Soviet attitude
changed. Although quick to point out that this achievement was simply a
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repeat, and a briefer one at that, of Titov’s day-long mission, the Soviet news
media did give extensive coverage to the American flight.* More signifi-
cantly, newspapers that reported the details of the flight also carried the text
of a congratulatory letter to Kennedy from Khrushchey.

Khrushchev congratulated the American people and their President for
“the successful launching of a spaceship with a man on board.” The Premier
saw this to be one more step “toward mastering the cosmos”; this time an
American had been “‘added to the family of astronauts.” Khrushchev hoped
that:

... the genius of man, penetrating the depth of the universe, will be able to
find ways of lasting peace and insure the prosperity of all peoples on our
planet Earth which, in the space age, though it does not seem so large, is still
dear to all of its inhabitants.

If our countries pooled their efforts—scientific, technical, and material—to
master the universe, this would be very beneficial for the advance of science
and would be joyfully acclaimed by all peoples who would like to see
scientific achievements benefit man and not be used for “cold war” purposes
and the arms race.’

While the words of the Soviet leader could have been dismissed as a
propaganda ploy, President Kennedy and his White House advisers decided
to take the Soviet message at its face value and respond positively.
Kennedy’s reply was direct and immediate. ‘I welcome your statement
that our countries should cooperate in the exploration of space.” Moreover,
he told Khrushchev that he had “long held this same belief” and that he had
championed such cooperation in his speeches to the American public. While
supporting the supervisory role of the U.N. in the field of space cooperation,

President Kennedy rides with John H.
Glenn and General Leighton I. Davis
following Glenn’s orbital flight aboard
Friendship 7.
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the President saw that the U.S. and the Soviet Union had a peculiar
responsibility to lead the way toward international cooperation. As a
consequence, Kennedy said that he had asked certain members of his
administration to prepare “new and concrete proposals for immediate
projects of common action” that he hoped would be discussed by
representatives from the two countries at an early date “in a spirit of
practical cooperation.”®

In a news conference on 21 February, the President reported that he
found Khrushchev’s proposal ‘““most encouraging” and ‘“‘beneficial to the
advance of science.” The President also indicated, It is increasingly clear
that the impact of Colonel Glenn’s magnificent achievement yesterday goes
far beyond our own times and our own country,” or, as Kennedy phrased it
later in his press conference, now we “have more chips on the table than we
did some time ago.”” When asked by reporters how far the U.S. would go in
cooperating with the Soviet Union, Kennedy responded that it would be
“premature’” for him to say, but he added that “we all know from long
experience that it’s more difficult to transform these general expressions into
specific agreements.” Only time would tell if practical results would follow,
and the President promised to withhold judgment until “we see whether the
rain follows the warm wind in this case.”®

At NASA, the Kennedy response to the Khrushchev suggestion for
closer scientific and technological collaboration was a surprise.®* The White
House staff had prepared a reply to Khrushchev after an inquiry to Arnold
Frutkin’s NASA International Programs Office concerning the possibility of
developing a list of “concrete” proposals.” Following the dispatch of the
Kennedy letter to Khrushchev, representatives from the White House and the
State Department worked with a list of possible joint activities drawn up by
the space agency for inclusion in a more detailed letter to the Soviet Premier.
During the work on these proposals, neither NASA Deputy Administrator
Hugh Dryden nor Frutkin had any direct contact with the President or his
White House staff. NASA worked at a distance with the Department of State
acting as an intermediary.’{r 10 They knew the President wanted to cooperate
with the Soviets on space projects if possible. But what was possible? Was
the President willing to sacrifice other aspects of NASA’s programs to obtain

*Dryden and Frutkin indicated that the initiative for the Kennedy response of 21 Feb. came
from the White House, although NASA received the message through the State Department. Dryden
felt that Presidential Science Adviser Jerome Wiesner might have been the source of this particular
response, but he was not certain.

TThe NASA contactsin the State Department were George C. McGhee, Under Secretary of State
for Political Affairs; Philip J. Farley, Special Assistant to the Secretary of State for Atomic Energy and
Quter Space; and Robert F. Packard, Farley’s assistant.
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a closer cooperative relationship with the Soviets? In the absence of a clear
mandate from the President, Frutkin’s conservative approach toward
cooperation prevailed. While not the dramatic stand desired by some
Kennedy staff members, the NASA efforts were based upon previous
experience with the Soviets in space negotiations.

The 7 March 1962 letter that Kennedy sent to the Soviet Union was
based on a conscious strategy aimed at enhancing the possibility of obtaining
a cooperative relationship.*!! Negotiations would be conducted at the
technical level, not at the head of state level where politics might intrude.
Such discussions would involve coordination of efforts in space research
without calling for the integration of experiments of one nation into the
spacecraft or ground equipment of the other. This parallel effort would be
coupled with the reciprocal exchange of data.

Amold Frutkin has summarized the key topics proposed in Kennedy’s
letter to Khrushchev:

(1) the establishment of an operational world weather satellite system
through the coordinated launching by the US and the USSR of weather
satellites in complementary orbits, the resulting data to be distributed
globally through existing meteorological channels;

(2) the exchange of spacecraft tracking services, each side providing
equipment suited to its own requirements to be erected and operated on the
other’s territory by the other’s technicians;

(3) mapping of the earth’s magnetic field in space, a matter “central to
many scientific problems,” by satellites which the countries would launch,
one each, in complementary orbits;

(4) an invitation to the Soviet Union to join in programs already under
way with other countries for the joint testing of intercontinental communica-
tions satellites (each country providing a ground terminal suitable for working
with US communications satellites and participating in an international
ground station coordinating committee).?

Beyond these four points, Kennedy briefly touched on the possibility
of pooling and exchanging data gathered in space medicine and of exploring
plans for future manned and automated space flight. This effort on the part
of the White House staff to keep broader topics open for discussion was

*There have been some charges that the Kennedy proposals represented nothing new. Former
Kennedy White House science aide Eugene Skolnikoff also charged NASA with selecting “only those
projects which it thought would be technically and politically desirable.” Accordingly, NASA was
interested only in the exchange of information and not “intimate cooperation that would have
involved joint research and development programs.” Arnold Frutkin would not disagree with the
specifics, but he would take exception with the interpretation. He felt that NASA should deal with
those projects that were possible, not with those that were desirable simply because they were
idealistic and dramatic.
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indicative of a desire to let the Soviets know that dialogue could evolve into
something larger. Kennedy therefore stressed that the points raised in his
letter were not intended ‘“‘to limit our mutual consideration of desirable
cooperative activities.”!?

As the work on the Kennedy letter progressed, NASA, the State
Department, and the President’s Science Adviser decided to go ahead and
appoint a technical negotiator in anticipation of a positive response from
Khrushchev.* Dryden, NASA’s Deputy Administrator, was the unanimous
choice, and President Kennedy approved the appointment on 19 March. The
following day the President received a reply from the Soviets. In Dryden’s
words, “Now events moved very rapidly.”*

Chairman Khrushchev’s 20 March response to the Kennedy proposal
contained a lengthy preamble restating a desire to preserve space for peaceful
exploration and exploitation of those studies that would benefit all nations.
Khrushchev’s shopping list of proposals contained some that were nearly
identical to those suggested by Kennedy, plus two new ones. Suggestions
that were similar centered on cooperation in communications and weather
satellites, data collection relating to the earth’s magnetic field, exchange of
space medicine information, and organization of a system for observing and
tracking vehicles launched to the moon or the planets. The new topics dealt
with the rescue of spacecraft and with space law.'s

Khrushchev was agreeable to drafting an international pact providing
“for aid in searching for and rescuing spaceships, satellites and capsules that
have accidentally fallen.” This agreement secemed particularly important
“since it might involve saving the lives of cosmonauts....” Rescue
operations and returning space hardware pointed also to the further
necessity of attending to the “‘important legal problems” of space that
confronted the spacefaring nations.'®

To begin the dialogue, Khrushchev told Kennedy that the Soviet
representatives to the U.N. Committee on the Peaceful Uses of Outer Space
were being instructed to meet with their American counterparts. Further,
Khrushchev seemed to indicate a relaxation of one of the barriers that had
been hindering concrete discussions: disarmament no longer was held to be
the basic prerequisite to such talks, though it was a conditioning factor. It
seemed obvious to the Soviet leader ““that the scale of our . . . cooperation in
the peaceful conquest of space ... is to a certain extent related to the
solution of the disarmament problem.” Therefore, Khrushchev felt that
“until an agreement on general and complete disarmament is achieved, both

*Administrator James E. Webb represented NASA in this discussion, with George McGhee of
the State Department and Science Adviser Jerome B. Wiesner.
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our countries will . .. be limited in their abilities to cooperate in . . . space.”
If the question of disarmament could be satisfactorily resolved, “Consider-
ably broader prospects for cooperation and uniting our scientific-
technological achievements, up to and including joint construction of
spacecraft for reaching other planets—the moon, Venus, Mars—will
arise. . . .V

In a news conference on 21 March, President Kennedy announced that
he was gratified by the Khrushchev reply, and that steps would be taken to
initiate an early discussion with the Soviets, with Dryden as his technical
representative. Kennedy said that the U.S. would make “‘all possible efforts
to carry forward the exploration and use of space in a spirit of cooperation
for the benefit of all mankind.”'® The rhetoric sounded promising, but the
work remained. As Kennedy said, “an agreement to negotiate does not
always mean a negotiated agreement.”?

THE FIRST DRYDEN-BLAGONRAVOV AGREEMENT-1962

As Soviet and American reporters analyzed the exchange between their
political leaders, NASA officials prepared for discussions with the Soviets.?®
With State Department help, the NASA Office of International Programs
drafted three informal position papers expanding the major points of
Kennedy’s 7 March letter.?! Dryden and Frutkin then traveled to New York
City to meet with Academician Blagonravov on 27 March for their first
exploratory talks; the exchanges were informal and preliminary.* Both
parties had agreed in advance that formal negotiations would begin later. The
Kennedy-Khrushchev letters were discussed, but to Dryden “It became
obvious as the talks proceeded that Academician Blagonravov had left
Moscow [either] before the exchange of letters between Chairman
Khrushchev and President Kennedy, or so soon thereafter that he had not
discussed the several proposals in any detail with other scientists, and that he
had received few instructions from Moscow.”?? Blagonravov promised to
study the NASA position papers and respond with formal position
statements at a subsequent meeting.

Dryden believed that these first conversations were ‘“‘generally free of
cold-war propaganda. On one or two occasions there were remarks that
cooperation could be on a much larger scale if the disarmament negotiations
were successful, but the main interest seemed to be ... finding possible

*The American delegation also included D. F. Hornig, J. W. Townsend, Jr., P. 8. Thacher, R. W.
Porter, and L. Bowdin. The other Soviet participants were Y. A. Barinov, G. S. Stashevsky, R. M.
Timberbaev, and V. A. Zaitzev.
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A. A. Blagonravoy and H. L. Dryden have
an informal chat in the lobby of the U.S.
Mission to the United Nations before
beginning their talks on space coopera-
tion, March 1962 (New York Times
photo).

beginning steps for cooperation.” At one juncture, Blagonravov raised the
issue of American nuclear tests in the atmosphere, and subsequently at a
meeting in the Soviet mission in New York City, he briefly mentioned spy
satellites. Dryden replied politely but firmly that his authority was limited to
technical matters; political and legal issues were outside his authority.?
Frutkin later reported that “Blagonravov accepted this position philo-
sophically, not raising such issues again.”?

As Frutkin saw it, the Soviets seemed hesitant to discuss the possibilities
of cooperative efforts in space medicine, even though this topic had been
proposed by Khrushchev, and Blagonravov quickly dismissed the American
proposal to conduct experiments with high-altitude balloons, He said that his
country disliked balloons, an obvious reference to American programs to
disseminate propaganda leaflets from balloons over Eastern Europe.?s On
the question that had been raised by Khrushchev’s letter concerning
outer-space pollution, Blagonravov “expressed concern” regarding the
negative impact of one nation’s experiments on the scientific work of
another. Specifically, he was referring to Project West Ford, a target for
Soviet criticism.* Frutkin also perceived that the Soviets were not eager to
become immediately involved in joint space flight. “Blagonravov stated that

*Project West Ford, a USAF program conceived at MIT’s Lincoln Laboratory, involved launch-
ing into earth orbit 350 million copper threads (17.78 millimeters long and 0.254 millimeters in
diameter), which would serve as reflector antennas for short wavelength communications (8000
megahertz). The experiment promised to make global radio coverage invulnerable to jamming. Project
West Ford, approved on 4 Oct. 1961 by the White House, met with mixed international scientific
reactions, being criticized by many scientists as a possible threat to the study of radio astronomy or as
an alteration to the environment of space, but the project was praised by NATO politicians as a
significant deterrent defense system. On 10 May 1963, a second attempt to orbit the disputed payload
was successful; the dipoles ejected and formed a compact cloud, circling the earth every 166 minutes
in a near-polar orbit at a height of 3704 kilometers. Science on 16 Dec. reported that nearly all of
Project West Ford’s dipoles had reentered the atmosphere.
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current programs were too far along to permit coordination at this date. The
coordination of future programs . . . seemed possible.”2¢

The guarded sense of optimism felt by Dryden and Frutkin was
expressed only in private.?” In a brief joint statement from Blagonravov and
Dryden on 30 March, the press was told that the representatives of the
two nations “have now concluded their preliminary discussions.”” They also
announced that they intended to meet again during either the COSPAR
sessions scheduled for 30 April-10 May in Washington or the meeting of the
Scientific-Technical and Juridical Subcommittee of the U.N. Outer Space
Committee. Additional scientists from both nations would join in these
technical discussions. This was not hard news, but the statement indicated
that both parties realized their work had just begun.?®

Soviet public reaction to the proposed cooperation was favorable. On
12 April 1962 at the government-sponsored Cosmonautics Day celebrations,
both Gagarin and Titov were quoted in the Soviet press as favoring
cooperation between the two countries, especially if it led to a reduction in
armaments.*?° Mstislav Vsevolodovich Keldysh, President of the Soviet
Academy of Sciences, declared that he favored Soviet-American space
cooperation as a route toward the solution of many scientific concerns.3°
This basic theme was repeated in an interview with Khrushchev by Gardner
Cowles, editor of Look magazine. Khrushchev saw a joint expedition to the
moon as technically and scientifically possible; only the political problem of
the military character of space rockets stood in the way.?!

Reaction in the U.S. to space cooperation with the Soviets was mixed.
Glenn’s flight had reassured many Americans who had been worried about
the nation’s position in the space race. Most public figures were still
committed to establishing American pre-eminence in space. Senator Margaret
Chase Smith, the ranking Republican member of the Aeronautical and Space
Sciences Committee, felt that the United States had little to gain from
cooperation, especially since the nation was committed to “‘superiority over
Russia on really important space development.”3? However, Representative
George P. Miller, Chairman of the House Committee on Science and
Astronautics, approached the possibility of cooperation in a more positive
fashion. In welcoming the Khrushchev overture to cooperate, Congressman
Miller said, ““This is something we must do. We must accept their offer in
good faith unless, and until, proven otherwise. The world expects this of

*Cosmonautics Day, 12 Apr., was created by the Presidium of the Supreme Soviet not only to
celebrate the anniversary of Gagarin’s first space flight but also to remind the Soviet public and the
world of the accomplishments and goals of the Soviet space program. It has become annually
customary for Pravda and [zvestiya to feature articles at this time written by the cosmonauts on
different aspects of space flight. Gagarin, until his death in an aircraft crash in Mar. 1968, and Titov
were frequent authors of items promoting international peace and cooperation.
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us.”¥® The wider public reaction seemed to mildly favor cooperation so long
as it did not have a negative impact on the American goal in space—the
Kennedy-inspired goal to reach the moon during this decade.®*

Vice President Lyndon Johnson, on 10 May 1962, summed up the
feelings of many American politicians in a speech dedicating the NASA
Space Exhibit at the Seattle World's Fair. Cooperation in space could be the
route to greater understanding between the United States and the Soviet
Union. Joint scientific efforts might make other political areas easier to
discuss, but the burden of cooperative programs was a mutual one. The Vice
President, “with a spirit of cautious optimism,” was able to tell his audience
“that the Soviet Union appears to realize that—in outer space, at least—there
may be something to be gained by cooperating with the rest of
humanity.””3%

Meanwhile, Dryden was preparing for the next round of discussions
with the Soviets, to be held at the end of May in Geneva.?® Dryden was
concerned about the political considerations behind the Kennedy
administration desire to discuss collaboration; thus, he sought to determine
the President’s position. Unfortunately, Dryden never had the opportunity
to discuss the matter directly with Kennedy or his top White House advisers.
His closest contact to the President was George C. McGhee at the State
Department.

Dryden, a scientist turned administrator called upon to be an
international negotiator, sat down with McGhee on 18 May and asked him
how the President wanted the negotiations conducted. Were these
discussions intended to arrive at true cooperation, or were they only
propaganda? Was it a sincere effort to get negotiations going or merely
something for public display? As Dryden told McGhee, the nature of the
goal “would make some difference in the approach.” McGhee assured
Dryden that “the President had in mind real cooperation, that he was as
anxious to go just as far as the Soviets would go.” With the nature of his
mission somewhat more clear, Dryden made ready for his trip to Europe.3’

Dryden and Blagonravov met in Geneva on 27 May 1962. Both men
had traveled to the Swiss city for the first meeting of the Technical
Subcommittee of the U.N. Committee on the Peaceful Uses of Outer Space.
While there was no direct connection between the bilateral Soviet-American
talks and the U.N. meeting, the negotiators found such an occasion
convenient to pursue their private discussions. The two men, despite their
obvious political constraints, worked well together. In 12 days, they
succeeded in hammering out agreement on three points.*38

*Frutkin in International Cooperation in Space gives a detailed account of the negotiations and
some of the difficulties encountered by Dryden and Blagonravov.
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As reported by Frutkin, “this first agreement embraced three projects,
following the US proposals on meteorology and geomagnetism very closely
and reflecting Blagonravov’s new interest in the Echo experiment in satellite
communications.” The two principal negotiators were satisfied with their
progress. Dryden commented to reporters that approval of the agreements
by the American and Soviet governments would mark an “important step”
in space cooperation. At the joint news conference on 8 June, Blagonravov
added that they would have been wasting their time if they had not
“believed the work to be of major significance.””®® The two men departed to
their respective capitals to secure the necessary government approvals for
their proposals.

The Dryden-Blagonravov agreement provided for a two-month study
period, during which either party could suggest changes to the proposals. As
it developed, neither country sought amendments, and Soviet Academy
President Keldysh and NASA Administrator Webb exchanged letters on 18
and 30 October 1962 that formalized the agreements.*® Much political and
technical work lay ahead -work that was hindered by the grave situation
created by the discovery of Soviet Intermediate Range Ballistic Missiles in
Cuba.*4!

When the joint announcement of the bilateral space agreement was
made to the U.N. on 5 December 1962, the somber and tense days of
October lingered in the minds of many American and Soviet political figures.
Indeed, the joint announcement had been postponed until December
because of a Presidential order during the Cuban crisis decreeing ““that there
be no further action on the U.S.-U.S.S.R. outer space bilateral until the
Cuban situation has been settled.”® An atmosphere of restraint
accompanied the official announcements when they were made.
Administrator Webb indicated simply:

This is an important step toward cooperation among nations of the world
to increase man’s knowledge and use of his special environment. The careful
preparation for such a joint cooperative effort made by Academician A. A.
Blagonravov and Dr. Hugh L. Dryden is a sound basis on which to proceed.
The United States will make every effort to facilitate this undertaking.*

The official Soviet news agency, Tass, stated briefly: “There is no doubt that
this agreement will make a great contribution to the conquest of the universe

*Kennedy publicly announced on 22 Oct. 1962 the presence in Cuba of Soviet missiles capable
of striking a large part of the U.S. A naval blockade was imposed to intercept further shipments, and
the President bluntly demanded that the Soviets withdraw their missiles. By early November, aerial
reconnaissance showed that the Cuban bases were being dismantled and the missiles crated for return
to the U.S.S.R.
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and to the further advance of international cooperation between
scientists.”%*

The next step in implementing the agreements called for creating joint
working groups. To facilitate the establishment of those technical parties,
Dryden and Blagonravov met in Rome on 11-20 March 1963 and again in
Geneva during the following May. The result of these two meetings was a
document—the “First Memorandum of Understanding to Implement the
Bilateral Space Agreement of June 8, 1962.”*° The details for the weather
satellite launching and the data exchange project were concluded with
relative ease. But the agreement on the communications satellite experiments
with Echo II was more difficult to arrange because of technical complexities.
Proposals for a coordinated launch of geophysical satellites to study the
earth’s magnetic field were finalized at the May meeting.*4®

The process for conducting the negotiations followed an unofficial
protocol, which established a precedent for subsequent discussions. In
Rome, the first two days were essentially ceremonial. Following the
formalities held first at the American Embassy and then at the Soviet
Embassy, the working sessions began. Generally, the pattern of the meetings
called for the discussion of draft documents, during which the two
negotiating teams compared points and argued matters of substance and
wording until an agreed document was assembled in both English and
Russian.?’

In testimony before the Senate Committee on Aeronautics and Space
Sciences, Dryden reflected on the possible motivations that underlay the
Soviet decision to subscribe to these cooperative agreements. It was Dryden’s
personal belief that “this group of scientists who are interested in
collaboration have been given a hand to see what they can come up with.”
Both groups of negotiators had decided that they *‘could not agree on
anything which did not show a benefit to both countries.” Looking at the
nature of the joint discussions, Dryden felt that there was a “possibility that
the political elements in Russia may at some point shut this off.”* Dryden
was assuming, as did other American scientists, that Blagonravov and his
associates in the Soviet Academy represented *‘what you might call a liberal
group in Russia,” which sought to begin “limited cooperation within the

*For details of the discussions, see Frutkin's International Cooperation in Space, pp. 97-105.
The co-chairmen of each of the three Working Groups were as follows: Working Group 1 (weather)—M.
Tepper, Director, Program of Weather Satellite Applications, NASA, and V. A. Bugayev, Director,
Central Institute of Weather Forecasting, U.S.S.R.; Working Group 2 (communications)—L. Jaffee,
Director, Communications Systems, NASA, and [. V. Klokov, Deputy Minister of Communications,
U.S.5.R.; and Working Group 3 (geomagnetic study)—L. Cahill, Director of Physics, Office of Space
Sciences, NASA, and Yu. D. Kalinin, Deputy Director of the Institute of Terrestrial Magnetism,
U.S.S.R.
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political climate of their own country and of the times.”*® Frutkin,
however, challenged the notion expressed by Dryden and others that
“technical cooperation does not involve a party political line.””*®

The concept that scientists have a unique position in the scheme of
things, as a result of the international character of their work, has a long
history. Equally strong is “‘the notion that the scientist can play a special
role and effective role in establishing and cementing improved relations
among nations. . ..”%% In the post-World War II era, there has been a strong
feeling of internationalism within the community of science and technology,
especially in the U.S. where a number of scientists urged their fellows to lead
the way toward greater scientific cooperation among nations. But among
scientists, as among all peoples, there are both internationalists and
nationalists. Frutkin contends:

The evidence appears to be overwhelming that scientists confronted with
the exigencies of national need have reacted much as other patriotic citizens,
professional and nonprofessional. In part, this follows from an interaction
between science and government which produces a rough alignment even in
democratic countries. International ties, real or fancied, have not weighed
in the balance in any significant way. . . . When we say that science is inter-
national we mean that it is international where scientific matters of essen-
tially professional character are concerned, and not really where political
matters are concerned.!

Thus, Dryden was correct in his report that both teams of negotiators
could only agree to those activities that were of mutual benefit, but he may
have been too generous in his analysis when he said that politics did not
influence technical cooperation. Simply, in some areas of negotiations,
politics were less obtrusive than in other areas. Indeed, the passage of time
would show that there were political considerations behind all the technical
agreements,

American public response to the 16 August 1963 announcement of the
Soviet-American bilateral space agreement was conditioned by the successful
conclusion of the nuclear test ban treaty and speculation over rumors of a
joint manned space flight. On 25 July 1963, representatives of the U.S., the
Soviet Union, and the United Kingdom initialed a treaty prohibiting nuclear
weapons tests in the atmosphere and space and under water; relaxation of
nuclear tension made the space agreement between the Americans and
Soviets seem all the more promising. A New York Times article on the
Dryden-Blagonravov “Memorandum of Understanding” termed the idea of
cooperative manned space flights “a logical outgrowth of the present
agreement.”? Rumors circulated that there might possibly be a joint lunar
mission in the planning, speculation developed partly as a result of the visit
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of British astronomer Sir Bernard Lovell. In the latter half of 1963,
according to Frutkin, there ensued in the story of U.S.-U.S.S.R. space
relationships “‘by all odds the strangest chapter....”

THE KENNEDY PROPOSAL FOR A JOINT MOON FLIGHT

Sir Bernard Lovell, a professor at the University of Manchester and
Director of the Jodrell Bank radio telescope facility, had been active in the
international astronautics community for many years. The Jodrell Bank
observatory was scheduled to play a key role in the Soviet-American
communications satellite experiments agreed to in Rome. During June and
July 1963, Sir Bernard was the guest of the Soviet Academy of Sciences on
an unprecedented tour, for a Western scientist, of the major optical and
radio observatories. In a letter to Dryden dated 23 July 1963, Lovell
described his visit:

During this time I was taken to the major Soviet optical and radio
observatories and to the deep space tracking network, a station which has not
so far been seen by Western eyes or by many Soviet scientists so I was told, I
mention this at the beginning of this letter because it does seem to underline
the apparently genuine desire of the Academy to extend its cooperation with
the West.*

After describing the “cooperative programs” that he had negotiated with the
Soviets, he reported on conversations in which his hosts had discussed the
plans for future Soviet efforts in space. Included in Soviet comments was an
apparent postponement of a manned program of lunar exploration. Lovell
told Dryden that President Keldysh of the Soviet Academy had given three
reasons for favoring automated unmanned spacecraft for exploring the lunar
surface:

(1) Soviet scientists could see no immediate solution to the problem of
protecting the cosmonauts from the lethal effects of intense solar outbursts.

(2) No economically practical solution could be seen of launching
sufficient material on the moon for a useful manned exercise with reasonable
guarantee of safe return to earth.

(3) The Academy is convinced that the scientific problems involved in the
lunar exploration can be solved more cheaply and quickly by their
unmanned, instrumented lunar program.

Sir Bernard reported that he had argued in favor of a manned lunar
expedition, and Keldysh said that a Soviet program to send cosmonauts to
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the moon might be revived if the issues raised in the three objections could
be overcome. Furthermore, Keldysh was reported to have suggested:

. that the Academy believed that the time was now appropriate for
scientists to formulate on an international basis (a) the reasons why it is
desirable to engage in the manned lunar enterprise and (b) to draw up a list of
scientific tasks which a man on the moon could deal with which could not be
solved by instruments alone. The Academy regarded this initial step as the
first and most vital in any plan for proceeding on an international basis.*®

In concluding his report to Dryden, Lovell said that he had promised
Keldysh to convey the substance of these discussions to the “‘appropriate
authorities in the United Kingdom and the United States of America.”” Now
that Lovell had discharged his promise, a major question remained. What did
his conversation with President Keldysh signify?

There were various American interpretations of the Lovell letter. To
some observers, this seemed to be strong, reliable data from a prominent
scientist that the Soviets had dropped out of the race to the moon.
Furthermore, the Soviet Union seemed willing to talk about cooperation in a
joint program of lunar exploration. This would mean a dramatic shift from
the concept of coordinated space ventures to integrated programs, a change
that would require deeper study and extensive discussions between the U.S.
and the Soviet Union. Other commentators on the Soviet space program,
including Dryden, viewed the Keldysh remarks to Lovell simply as a
propaganda ploy that would require the Americans to submit their lunar
program to an international body for scrutiny.>®¢ Whatever the motivation,
the conversations reported by Lovell were newsworthy, and the press asked
President Kennedy to address the substance of these remarks on 17 July.

“Would we still continue with our moon program” if the Soviets should
drop out of the lunar race, the press asked? The President said that he knew
only what he had heard or read in news reports; therefore, he had to
conclude that only time would tell what the true Soviet intentions were.
Kennedy did see that the Soviets were “carrying on a major [technological]
campaign and diverting greatly needed resources to their space effort. With
that in mind,” the President thought, “‘we should continue” our effort to go
to the moon. Betraying a sense of skepticism, he suggested that “‘the
prediction in this morning’s paper that they are not going to the moon . ..
might be wrong a year from now.” When pressed to defend Apollo and the
moon landing should the Soviets quit the race, Kennedy touched on the
strategic importance of sending an American to the moon:

The point of the matter always has been not only of our excitement of
interest in being on the moon, but the capacity to dominate space, which
would be demonstrated by a moon flight, I believe is essential to the United
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States as a leading free world power. That is why I am interested in it and
that is why I think we should continue, and I would be not diverted by a
newspaper story.s‘Ir

But two months later on 20 September, President Kennedy in a surprise
address before the General Assembly of the United Nations raised the
possibility of a “joint expedition to the moon.”®® How are Kennedy’s two
positions to be reconciled? At one point, the President called for American
domination of the space frontier in the 1960s, and at another time he argued
that “space offers no problems of sovereignty,” so “why, therefore, should
man’s first flight to the moon be a matter of national competition? Why
should the United States and the Soviet Union, in preparing for such
expeditions. become involved in immense duplications of research,
construction, and expenditure?”®® The “why” of competition versus
cooperation had been a matter of much discussion among the White House
staff prior to Kennedy’s U.N. address.

Two days before Kennedy’s speech, McGeorge Bundy. a Presidential
assistant, addressed the question of cooperation and competition in a
“Memorandum for the President.” NASA Administrator Webb had reported
to Bundy that the agency anticipated continued suggestions from the Soviets
that the two nations cooperate in space. Indeed, the subject of the Lovell
letter and the idea of cooperative lunar exploration had been discussed by
Blagonravov and Dryden in a New York luncheon meeting.®® The dramatic
newspaper reports of the meeting raised questions that Bundy passed along
to Kennedy.®' “The obvious choice was whether to press for cooperation or
to continue to use the Soviet space effort as a spur to our own.” In this same
memorandum, which was prepared as background for the President’s
meeting that same morning with Administrator Webb, Bundy indicated that
there was some “‘low-level disagreement™ on this topic within NASA.* He
argued that in his own “hasty judgment” a decision was called for on
competition or cooperation. If competition was favored, then the U.S.
should make every effort to meet the goal of a lunar landing before the end
of the 1960s. “If we cooperate, the pressure comes off, and we can easily
argue that it was our crash effort [in] 61 and ’62 which made the Soviets
ready to cooperate.” %2

Later on the morning of 18 September, the President met briefly with
James Webb. Kennedy told him that he was thinking of pursuing the topic of
cooperation with the Soviets as part of a broader effort to bring the two

*The *‘low-level disagreement” Bundy mentions refers to press accounts of a 17 Sept. 1963
speech in which Manned Spacecraft Center Director Robert Gilruth had told the National Rocket Club
that a joint American-Russian space flight—especially one to the moon—would present almost insuper-
able technological difficulties.
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countries closer together. He asked Webb, “*Are you sufficiently in control to
prevent my being undercut in NASA if I do that?” As Webb remembered
that meeting, “So in a sense he didn’t ask me if he should do it; he told me
he thought he should do it and wanted to do it....” What he sought from
Webb was the assurance that there would be no further unsolicited
comments from within the space agency. Webb told the President that he
could keep things under control.%?

Late on the following day, Bundy called Webb to tell him that the
President had decided to include a statement about space cooperation with
the Soviets in his U.N. address. Bundy informed Webb that Kennedy wanted
“to be sure that you know about it.”®* The new paragraph, drafted by
Arthur M. Schlesinger, Jr., another Kennedy aide, had not been included in
the earlier drafts of the speech circulated at NASA.®5 Upon receiving the
President’s message, Webb immediately telephoned directions to the various
NASA centers “to make no comment of any kind or description on this
matter.”"66

The President’s proposal for a joint expedition to the moon was
intended to be a step toward improved Soviet-American relations. The
impact of the speech was quite the reverse. Moscow and the Soviet press
virtually ignored the U.N. address.*7 Officially, the Soviet government did
not comment.®® In the U.S., the public remarks either strongly supported
the idea of a joint flight or equally forcefully opposed it.%°

Reaction within NASA itself was varied. During a news conference in
Houston on the day of the President’s address, Associate Administrator
Robert C. Seamans, Jr., stated that Kennedy’s proposals came as no great
surprise. He said that many ‘large areas” for cooperation existed, such as
exchanges of scientific information and space tracking data, but he
emphasized that there were no plans for cosmonauts to fly aboard an Apollo
spacecraft. Deputy Associate Administrator for Manned Space Flight George
E. Mueller shared Seamans’s view. He compared future U.S.-U.S.S.R.
cooperation in space to joint explorations in Antarctica. Scientists from both
nations worked in the same region, but “‘they got there in different ships.”
Robert Gilruth, Director of MSC, expressed the concerns of technical
specialists about an integrated mission.”®

Speaking before the National Rocket Club three days before the
Kennedy address to the U.N., Gilruth had said that he “‘would welcome the
opportunity to go behind the scenes in the Soviet Union and see what

*The paper Za Rubezhom saw the Kennedy proposal as a propaganda stunt. A Walter Lippman
column reprinted by Pravda saw the primary value of Kennedy's speech to be the opportunity it
offered the U.S. to escape a unilateral visit to the moon.
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they’re doing, what they have learned.” But then he added that a joint space
flight involving the melding of equipment would pose difficulties. I tremble
at the thought of the integration problems.” Gilruth emphasized that he was
speaking as a working engineer and not as *‘an international politician.” He
said that American space engineers had enough difficulties mating the
hundreds of electrical, mechanical, and pyrotechnic connections between
American launch vehicles and spacecraft. Noting ‘“how difficult these
integration problems are” from a technical standpoint within a single agency,
he said that the engineering problems inherent in combining the hardware of
two nations would be “hard to do in a practical sort of way.” At the 20
September MSC news conference, he added that such problems “are very
difficult even when [the hardware components] are built by American
contractors.””" Gilruth’s fears were unfounded for the time being; there
would be no joint missions in the foreseeable future.

Thus the optimism generated by the Lovell report regarding joint flight
ventures turned into disillusionment.*?? The political climate -domestic and
international-would not support bold proposals for cooperation. Most
Americans believed that the U.S. was firmly committed to be the first nation
on the moon: an executive or scientific wish to cooperate should not deter
the country from obtaining that goal. The clearest statement of the national

*The Lovell letter was disavowed by the Soviets in the winter of 1963. Keldysh repudiated the
letter in a radio broadcast on 14 Oct., while Khrushchev indicated that the U.S.S.R. was still part of
the race to the moon.

Copyright © 1963 Chicago Sun-Times
and reproduced by courtesy of Wil-Jo
Associates, Inc., and Bill Mauldin.
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Thomas Turner of the Republic Av-
iation Corporation teamed up with
Mel Hunter to suggest a way that
the Americans and the Soviets
could go to the moon together.
Drawings for Life by Mel Hunter
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attitude toward the Kennedy proposal of a joint moon venture came in
December, when Congress passed an appropriations bill carrying the
following stipulation:

No part of any appropriation made available to the National Aeronautics
and Space Administration by this Act shall be used for expenses of partici-
pating in a manned lunar landing to be carried out jointly by the United
States and any other country without consent of the Congress.”™

This basic provision was repeated in the NASA appropriations acts for fiscal
years 1964-1966. President Lyndon Johnson called this clause an “un-
necessary and undesirable restriction.””*

Johnson attempted throughout the winter of 1963 to keep the door to
cooperation open. On 2 December, Ambassador Adlai E. Stevenson told the
Political Committee of the U.N. that the President had instructed him to
reaffirm the Kennedy proposal for a joint Soviet-American expedition to the
moon. Without referring to the political storm in Congress over the idea of
any proposals for joint flight ventures, Stevenson said, “If giant steps cannot
be taken at once, we hope that shorter steps can. We believe there are areas
of work, short of integrating the two national programs, from which all
could benefit.”” Therefore, he suggested that “we should explore the
opportunities for practical cooperation. . ..”" The task of negotiating these
“small steps™ fell once more upon the shoulders of Hugh L. Dryden and
Anatoliy Arkadyevich Blagonravov.

THE DRYDEN-BLAGONRAVOV TALKS—1964-1965

At the outset of 1964, a tangible result of the initial Dryden-
Blagonravov discussions came when NASA launched the communications
satellite Echo II. Two weeks before the launch, Blagonravov had notified
Dryden that the Academy of Sciences would participate in the tracking and
communications experiments with Echo Il as agreed in the Geneva talks of
May 1963. In the same message. he informed Dryden that information
would be forthcoming shortly detailing their plan for cooperation in
meteorological studies. The Americans were cautiously enthused by this step
forward.”®

From Vandenberg Air Force Base on 25 January, the balloon satellite
of laminated Mylar plastic and aluminum was placed in near-polar orbit.*7”
Two days later, Academician Blagonravov announced that Soviet ground

*Echo IT, placed into orbit by a Thor-Agena B launch vehicle, weighed 243 kilograms, but when
inflated it had a diameter of 41 meters.
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stations were tracking Echo II. Some of these optical facilities had observed
the inflation of the satellite, and three observatories had succeeded in
photographing it.”® On that same date, NASA received raw tracking data,
and later the Soviets forwarded photographic materials and a preliminary
analysis of orbital data obtained when the satellite was not being observed
by U.S. tracking facilities. The second phase of the experiments with the
communications satellite, beginning 22 February and continuing into March,
consisted of 34 communications exercises between the Manchester
University radio telescope at Jodrell Bank in the U.K. and Zimenki
Observatory at Gorki University in the Soviet Union.”

Dryden discussed with guarded enthusiasm the meaning of the joint
U.S.-U.S.S.R. tests with Echo II in testimony before the Senate Committee
on Aeronautical and Space Sciences in March 1964. At first glance, Dryden
thought that the real significance of the tests was that the two teams had
taken “advantage of existing programs, approved and executed on their own
merits, to provide an opportunity for scientists and engineers of both
countries to gain experience in working together for their mutual benefit.”
This was “‘a pioneer venture . .. designed as a coordinated rather than joint
effort.” Dryden thought it interesting that the Soviets had re-christened
Echo II the “Friendly Sputnik.’8®

A year later in March 1965, Dryden’s remarks to the Senate were to be
less effusive. He prefaced his comments on cooperation with the U.S.S.R.
with the statement: “we engage in cooperative international activities for
two reasons—to further the NASA mission and to advance the foreign policy
objectives of the United States.” He then bluntly presented a final
assessment of the Echo I test project:

The Soviet side observed the critical inflation phase of the satellite optically
and forwarded the data to us. They did not provide radar data, which would
have been most desirable, but they had not committed themselves to do so.
The Soviets provided recordings and other data of their reception of the
transmissions via ECHO from Jodrell Bank. On the other hand, the
communications were carried out in only one direction instead of two, at less

Echo II passive communications satellite
undergoes pre-flight inflation tests.
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interesting frequencies than we would have liked, and with some technical
limitations at the ground terminals used. I do not want to over-emphasize any
technical benefits from this project. It was, however, a useful exercise in
organizing a joint undertaking with the Soviet Union.®

The intervening year had bred some caution and doubt at NASA as to the
future of cooperation between the two space powers. At the end of May,
Administrator Webb had commented on the twin goals of cooperation and
competition. He did not see any inconsistency in pursuing both goals
simultaneously:

I think it makes good sense. The greater our lead in space, the more willing
the Soviet Union may become to give up its hopes for world domination and
the victory of communism everywhere. The greater our lead in space the
more ready the Soviet Union may become to cooperate with us in mutually
beneficial ways that will lessen the dangers of nuclear war and advance the
cause of freedom.

Webb also cautioned his audience not to expect cooperation overnight.3?

Dryden and Blagonravov met twice in 1964, but their negotiations were
short on concrete results. The first meeting, which coincided with the May
COSPAR sessions in Florence, Italy, was limited to discussing an agenda for
a second meeting to be held at Geneva during the convocation of a U.N.
subcommittee on the Peaceful Uses of Outer Space.®® During late May and
early June, the two negotiators discussed the progress of implementing the
details of the 1963 “First Memorandum of Understanding.” One major new
point centered on an accord to publish several joint volumes of material on
space biology and medicine, a field that Dryden indicated “has a
considerable bearing on the future of manned space flight, although there
was no talk at Geneva of a joint manned flight.”*%*

In reviewing the results of his 1964 meetings with Blagonravov, Dryden
told the press that he had discussed cooperation with President Johnson
prior to his departure for Geneva and that he had been instructed *““to seek to
widen the areas of cooperation with the Soviet Union” in space activities. In
private conversations with Blagonravov, Dryden conveyed the President’s
willingness to go as far with cooperative efforts as the Soviet government
wished to proceed. As Dryden summarized the American position, “We are
always, always have been, prepared to go somewhat farther than they have
been willing to do.”®

Dryden also gave the press his perception of the Soviet attitudes toward

*As a result of these negotiations, which were formalized in Oct. 1965, NASA and the Soviet
Academy of Sciences jointly published in 1975 and 1976 a three-volume work in four books called
Foundations of Space Biology and Medicine.
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cooperation. He noted “evidence of a very great desire to have cooperative
agreements” and an equally strong wish to begin cooperation in space
biology and medicine. Counterbalancing this apparent willingness to
cooperate was the Soviet concern for secrecy. The “‘secrecy with regard to
engineering and rockets and instruments and spacecraft”™ had assured a very
slow pace and meager results for the two years of negotiations. Dryden felt
that as long as the Soviets pursued this course of keeping space data
classified, the future of Soviet-American efforts to cooperate would be
determined by the pace that the U.S.S.R. wished to follow. Thus, the
Deputy Administrator concluded that much patience was called for on the
American side, but he also believed that patience was justified since “‘the
prospects are good for a very slow widening of the area of
cooperation. . . . %86

Dryden’s cautious testimony during the March 1965 congressional
hearings indicated that progress had been slow. Data from ground-based
magnetic observatories had been exchanged, and the transmission of weather
data on the “‘cold line,” a special cable link between Moscow and Suitland,
Maryland, had been started in October 1964.787 Dryden summarized the
status of the joint efforts; “I would describe the situation as a form of
limited coordination of programs and exchange of information rather than
true cooperation.” He continued his report saying, “‘they have not responded
to any proposals which would involve an intimate association and exposure
of their hardware to our view.”” Nor had the Soviets demonstrated “anything
in the nature of a joint group working together.” When asked if the prospect
for the future was one of continued competitiveness, Dryden answered in
the affirmative, ““As near as we can tell at the moment.”%®

But Dryden’s work was coming to an end. Since late 1961, he had been
waging a quiet personal battle with an incurable malignancy. He had not
yielded to his illness but instead had doubled his work load, as he labored to
see Project Apollo and other key NASA programs started toward successful
conclusions. In the last four years of his life, he seemed always on his way to
attend an in-house conference or to catch a plane for an international
meeting. On 16 November 1965, after a series of transcontinental speaking
engagements, he entered the National Institutes of Health. Sixteen days
later, on 2 December, Dryden was dead at the age of 67.%°

*Pravda carried a Tass communique from Geneva listing the points of the Dryden-Blagonravoy
talks and noting that the joint efforts in space biology and medicine would be *“of great practical value
for assuring the life, health, and safety of cosmonauts making orbital flights, as well as for future
flights into deep space.”

TThe “cold line” was so designated to differentiate it from the emergency “hot line,” which
had been agreed to in 1963 by the Soviets and Americans to reduce the risk of war by miscalculation
or accident.
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The decade of the 1960s witnessed an increasing tempo of manned
space flights; a central theme surrounding these flights was competition
between the United States and the Soviet Union. From March 1962 to
November 1964, Dryden and Blagonravov had met six times to formulate a
basis for cooperation, but the element of competition had prevailed. With
Dryden’s death, a strong voice for cooperation with the Soviets disappeared.
Administrator Webb’s primary concern now was the goal of placing a man on
the moon ahead of the Soviet Union. As the U.S. and the U.S.S.R. ventured
forth on their separate routes to the conquest of space, the idea of
cooperation remained, but only as a dream.%°
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Routes to Space Flight

By the mid-1950s, the idea of manned space flight emerged from the
realm of fantasy to become a topic of serious technical discussion. Frederick
C. Durant III, President of the International Astronautical Federation (IAF),
told the delegates gathered in 1954 at Innsbruck, Austria, that “the feasibil-
ity of space flight is no longer a topic for academic debate, but a matter of
time, money and a program.” To illustrate his point, Durant showed the
Walt Disney Productions motion picture Man in Space during the August
1955 Sixth Congress of the IAF in Copenhagen.

After an introductory discussion on the evolution of rockets, three
American proponents of “‘man in space’ addressed different aspects of
manned space flight. Willy Ley described the prospects for utilizing rockets
in space travel and the steps required to build a space station that could orbit
1730 kilometers above the earth. Through the medium of an animated car-
toon character, “Homo Sapiens Extra-Terrestrialis,” Heinz Haber explained
some of the questions raised by “space medicine,” illustrating the physiologi-
cal hazards—acceleration loads, weightlessness, cosmic radiation, meteorites
—that the first space travelers would encounter. Finally, Wernher von Braun
closed the film with a discussion of his conceptual design for a 55-meter tall,
1280-metric ton, four-stage interplanetary rocket that could carry a crew of
six into the cosmos.*2 The IAF delegates were enthusiastic about this 33-
minute movie, especially in the light of President Eisenhower’s earlier an-
nouncement that the United States would launch artificial satellites during
the International Geophysical Year.

Among the viewers of Man in Space were Leonid Ivanovich Sedov and
Kyril Feodorovich Ogorodnikov, the first Soviets to attend an IAF Congress.
They spoke with Durant about borrowing the film for use in the Soviet Un-
ion, saying it would be “very good to have here a copy of Walt Disney’s

*In 1955, Ley was a writer of factual science publications centering on rocketry and space
exploration; Haber was a member of the physics department at UCLA, after having worked five years
as a research scientist with the Air Force School of Aviation Medicine; and von Braun was Chief of the
Guided Missile Development Division at the Army’s Redstone Arsenal.
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excellent film for private demonstration.””® It is likely that the Soviets
viewed Man in Space as proof of growing American interest in solving the
basic problems associated with manned space flight. Sedov and Ogorodnikov
wanted to use the Disney picture to promote their own nation’s efforts in
rocketry and space research. To Soviet space enthusiasts, the movie was at
once an encouragement and a warning.

Seven years after that Copenhagen meeting, both the U.S.S.R. and the
U.S. orbited and returned their first space pilots. Vostok and Mercury were
possible within such a short span of time because engineers and scientists had
amassed a wealth of basic engineering and scientific data directly applicable
to the questions posed by manned space flight. In those early years, much of
the work was duplicative, as security restrictions forced Soviet and American
researchers to repeat the same fundamental investigations; but if the compet-
itive environment was wasteful, it also spurred the development of space
flight technology. Seemingly, man would have crossed the barriers of the
space frontier without the element of international competition, but it was
precisely that element that did give rise to the space program—and made

Heinz Haber, Wernher von Braun, and
Willy Ley examine a prop from the
Disney movie Man in Space (©Walt Dis-
ney Productions).

Wernher von Braun points to the final
stage of the manned spacecraft he de-
scribed in the movie Man in Space (©
Walt Disney Productions).




ROUTES TO SPACE FLIGHT

funds available. Fantasy yielded to reality; and that reality was the orbiting
hardware.

THE CHALLENGE OF SPACE FLIGHT

Vostok and Mercury were first steps, designed to explore the concept
of manned space flight. Maxime A. Faget, chief designer of the Mercury
spacecraft, summarized their importance:

Since these flights were initial efforts, the purpose of the flights was limited
to the basic experience of launching the spacecraft and crew into orbit, hav-
ing them remain there for a period of time, and then having them return safe-
ly to earth. These flights were made at low altitude with the spacecraft barely
high enough to avoid appreciable drag from the upper fringes of the atmos-
phere. . .. the amount of energy required for launching was minimized, and
the flight was made safer, since the difficulty of making a reentry maneuver
was also minimized. . .. these flights . .. proved that it was practical for man
to fly in space.*

While providing valuable lessons in the design and operation of spacecraft,
Vostok and Mercury also demonstrated two different approaches to accom-
plishing the same tasks.

The rapid onset of multi-gravity forces accompanying the rocket launch
was one of the primary concerns that faced the two technical teams. During
the powered ascent from earth, crewmembers had to be protected from the
increased ‘“‘g-loads,” vibration, and noise. It was known, from aircraft and
centrifuge experiments, that human tolerance to increased gravity forces var-
ied with the duration of exposure and the attitude of the body with refer-
ence to the force. Soviets and Americans agreed that the reclining position
permitted a pilot to absorb heavy acceleration loads more comfortably than in
any other posture.* In the U.S., Faget, William M. Bland, Jr., Jack C.
Heberlig, and their engineering colleagues decided in favor of a couch con-
toured to the form of each individual astronaut to protect him from g-loads.
Soviet designers also used the form fitting couch, and all Mercury and
Vostok pilots rode semi-supine in their own tailor-made seats.®

Once a pilot overcame the initial acceleration forces of flight, he would
encounter the phenomenon of gravity balanced by centrifugal force, generally
called weightlessness or zero g. Flight physicians contended that the absence
of gravity might affect man’s physical and mental performance, but in the

*Experiments with rocket sleds and the centrifuge indicated that pilots could endure forces 20
times that of the earth’s gravity, a load well in excess of those anticipated in normal flights and above
those expected under emergency conditions.
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face of limited information, the effect of zero g was mainly a topic of specu-
lation. Some medical doctors wondered if the human organism, tailored to
earth’s gravity, would continue to function normally when suddenly de-
prived of that force. Other physicians worried about the reaction of particu-
lar internal organs to the succession of changes imposed by acceleration,
weightlessness, and deceleration. Heinz Haber and Otto Gauer, who had
studied the question of weightlessness in Germany, had concluded that more
experimental data were needed to permit a better analysis of the role of zero
g in manned space flight.®

Since it was impossible to duplicate weightlessness on earth, scien-
tists conducted tests with animals borne aloft by rockets. In the U.S. in
1947, experimenters began launching live organisms with V-2 rockets. On 20
September 1951, the monkey Yorick and 11 mice were recovered after an
Aerobee flight to 72 kilometers. From this and two subsequent Aerobee
monkey launches, James P. Henry and David G. Simon concluded that
weightlessness and acceleration forces did not adversely affect the animals.*”

Soviet rocket engineers and physicians also sent animals to high alti-
tudes, and their canine experiments led them to the same conclusions that
the Americans had reached with primates and rodents. At first, the Soviet
tests were conducted using pressurized capsules; then they experimented
with dogs wearing special space suits and traveling in unpressurized cabins. In
one case, Albina and Tsyganka were ejected from the descending launch ve-
hicle at an altitude of 85 kilometers; both dogs rode safely back to earth in
their space suits and ejection seats.” These experiments convinced the
Soviets that acceleration and weightlessness did not pose impossible barriers
to manned flight. The significance of this conclusion was made clear to the
rest of the world when the Soviets sent Laika into orbit with Sputnik Il on
23 November 1957. Although she was not returned to earth, Laika ate,
barked, and moved about in her space cabin for seven days without apparent
ill effects.?

LIFE SUPPORT SYSTEMS

But there were other questions raised by the unknowns of space envi-
ronment. Man in space would be absolutely dependent upon an artificial en-

*Both physicians played subsequent roles in aerospace medicine. Henry became director of the
animal program in Project Mercury. Simon went on to pilot a Project Man High balloon to 31 kilome-
ters for a 32-hour study of man’s performance in near space in Aug. 1957.

TAlbina and Tsyganka were veteran travelers and members of the first group of nine canine
cosmonauts. Subsequently, the Soviet scientists trained eight more dogs for experimental flight and
landing by parachute.
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vironment. One Soviet author described the life support system as “‘a set of
engineering, physical-chemical and medical-biological resources” that will
“satisfy the needs of man for oxygen, food and water” in order to create
“normal living conditions for man in a flight vehicle.”® The atmosphere on
earth is a mixture of 80 percent nitrogen and 20 percent oxygen, with small
quantities of water vapor and carbon dioxide, plus traces of other gases.
Since the astronaut would continually breathe oxygen and generate carbon
dioxide and water vapor, the spacecraft needed devices to replenish oxygen
and to eliminate excess carbon dioxide. While both the Soviet and American
engineers removed carbon dioxide and humidity by using lithium hydroxide
canisters, they approached the problem of oxygen supply differently.

The Soviets decided upon a cabin pressure equal to about one atmos-
phere (760 millimeters of mercury [mm Hg]) and an 80/20 nitrogen-
oxygen composition, which would be essentially the same as on earth. The
Americans adopted a cabin pressure of 258 mm Hg, or the equivalent of ap-
proximately 1/3 atmosphere, and elected to use a pure oxygen environment.
While the Soviet system had the advantage of simplicity and minimal danger
from fire (always present with oxygen), it had the disadvantage of exposing
the cosmonaut to potential decompression should he have to switch to his
space suit life support system in an emergency. American cabin and suit pres-
sures were similar, so that a switch from cabin to suit system oxygen would
not subject the crew to the “bends.” Astronauts were required to prebreathe
oxygen prior to launch to remove the nitrogen from their blood streams,
reducing the possibility of decompression sickness, or aeroembolism. This
absence of nitrogen in the atmosphere also generated the requirement for
flameproofing all materials used in the cabin.*!©

Soviet and American technicians also differed in the manner by which
they replenished spacecraft oxygen. There are three ways to store oxygen—as
a high-pressure gas: as a cryogenic fluid; or as a solid, chemically combined
with other elements. Storage as a gas requires strong, high-pressure tanks,
which are heavier than the oxygen with which they are filled. Liquid oxygen
can be stored in lighter and smaller tanks than those required for gaseous
oxygen, but it must be kept very cold, below 90 kelvins (-297° F): this
would require special thermal insulation. Chemical systems that release oxy-
gen upon contact with carbon dioxide and water vapor have three draw-
backs—weight; volume; and variable performance, based upon a number of

*Since life has evolved in the 80/20 nitrogen-oxygen atmosphere, over long periods of time
breathing undiluted oxygen at sea level pressure (760 mm Hg) can be toxic. Toxicity diminishes as the
pressure is reduced, and when pure oxygen is breathed at a pressure approximating the partial pressure
of oxygen at sea level (181 mm Hg), there are no detectable adverse effects. For this reason, American
engineers chose 258-mm-Hg pressure for use in Mercury, Gemini, and Apollo spacecraft.
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factors, such as the crewman’s metabolic rate, cabin temperature, and hu-
midity.!!

To replenish cabin oxygen, Soviet environmental control system design-
ers selected a “‘chemical bed” system based upon alkali metal superoxides,
which liberate oxygen as they absorb moisture and form more alkali, which
in turn absorbs carbon dioxide. Despite the lack of precision control and the
amount of space required for the apparatus, the Soviets favored the chemical
bed because it eliminated the problems encountered with high-pressure bot-
tles for gas and the precise temperature controls required for liquid oxygen.
In the U.S., John F. Yardley, John R. Barton, Richard S. Johnston, and
Faget were successful in arguing for pure oxygen atmosphere at a pressure of
258 mm Hg, since it met the weight and volumetric requirements imposed
by the design limitations of the Mercury spacecraft. Although the develop-
ment of spherical pressure bottles for gaseous oxygen was a challenge, the
American designers felt that the effort was justified by reliability.'? A key
goal of Project Mercury engineering was reliability, to be established through
use of proven concepts, redundant systems, and extensive testing. Soviet and
American engineers selected an environmental control system that satisfied
their respective design goals and criteria for reliability.

REENTRY VEHICLES: SPHERES VS. BLUNT BODIES

The choice of reentry vehicle configuration reflected additional differ-
ences in approach. The central and most visible difference between the
Vostok and Mercury spacecraft was their external configuration. Beneath the
streamlined launch shroud, the orbital/reentry portion of Vostok was spheri-
cal, while the basic shape of Mercury was a truncated cone. The spacecraft
designers studied the alternative shapes for reentry vehicles and made their
choices based upon standards established within their own programs.

The Soviets, under the leadership of Sergei Pavlovich Korolev, chief de-
signer of spacecraft, reviewed the different possibilities and chose the sphere
for their reentry configuration. According to Korolev, among non-lifting
shapes the spherical reentry body alone possessed an inherent dynamic sta-
bility as it plunged back into the earth’s atmosphere. He rejected the conical
craft, because its tendency to pitch and yaw would have required an elab-
orate attitude control system, plus greater reliance upon man as pilot rather
than man as passenger.*

*The role of man in space flight has been one of the basic and continuing philosophical differ-
ences between the Soviet and American space programs. Americans have sought to make the astronaut
a central figure in the operation of the spacecraft, especially in his ability to veto automatic systems.
The Soviets have preferred to rely upon automated systems on the ground and in the air, with the
cosmonaut playing a secondary and more limited role.
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The orbital configuration of Vostok consisted of a spherical cabin with
an attached equipment cluster.*'?® Prior to descent, the spacecraft was ori-
ented for reentry by means of a solar sensor located in the equipment com-
partment. This maneuver aimed the retrorockets so that they fired along the
line of flight, slowing the craft as it entered its descent trajectory. Upon ter-
mination of retrofire, the cabin separated from the instrument section,
which subsequently burned up as it entered the atmosphere. Vostok was
then a simple sphere, descending along a ballistic trajectory, protected from
the intense reentry temperatures by an ablative coating that shielded the en-
tire craft.T 14

Vostok reentered like a bullet, following the path dictated by the retro-
rocket impulse; there was no attitude control. By placing the sphere’s center
of gravity behind and below the cosmonaut, the spacecraft designers assured
Vostok pilots from Gagarin to Bykovskiy and Tereshkova the proper orienta-
tion for ejection from the “lander” when it reached 7000 meters. At that
altitude, the bolts securing the pilot’s hatch were severed explosively, and
the hatch was blown away. Two seconds later the cosmonaut and his couch
were ejected from the craft to begin a parachuted descent to 4000 meters.*
At that height, the cosmonaut continued his return by means of his own
parachute. Also at 4000 meters, a parachute opened to slow the final descent
of the spacecraft.!s

In their study of reentry, the Americans evolved their own theories re-
garding optimum spacecraft configuration. In June 1952, H. Julian Allen of
the NACA Ames Aeronautical Laboratory addressed the problem of struc-
tural heating during atmospheric reentry. His research led to the formulation
of the “‘blunt-body principle,” a radical departure from the streamlined air-
craft of the early fifties. Allen’s work indicated that a blunt shape would be
most suitable for a body reentering the earth’s atmosphere, since 90 percent
of the friction heat would be dissipated through the bow shock wave. Tests
five years later, in 1957, with a scale model Jupiter-C nosecone demon-

*K.P. Feoktistov, who had prime responsibility for design details of Vostok, described the two
sections as “‘a recoverable capsule (accommodating the spaceman and his life-support equipment, flight
controls, communication, on-board systems controls and landing controls) and an instrument compart-
ment (housing various instruments and units of spaceship systems controlling orbital flights, com-
munications, telemetering measurements, orbit parameters, power supply, etc.); that is, all that contri-
buted to orbital flight alone.”

Tl—lanley A. Soulé recalls that in American circles the spherical “‘shape was specifically crit-
icized because the weight of the material to completely shield the surface from reentry heat would
[have precluded| launching with programmed ICBM boosters.” The Soviets had the launch vehicle
capability that kept this extra weight from being such a serious concern. Some American designers
favored the spherical shape to reduce the problems associated with attitude control, but others feared
that “the lack of orientation might result in harm to the occupant during the deceleration period.”

According to one source, this delay was incorporated after the loss of a pilot who was testing
the ejection seat system during a drop test of the Vostok.
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strated that the remaining heat could be dissipated through use of an ablative
coating on a heatshield. Although his studies were directed toward resolving
the nosecone reentry problem of the ballistic missile, they were later appli-
cable to the Mercury spacecraft. During the ensuing years, heat-resistant ma-
terials of the ablative and heat sink types were perfected by government and
industry.

Beginning in 1954 and continuing through 1958, Allen and two associ-
ates, Alfred J. Eggers, Jr., and Stanford E. Neice, examined the relative mer-
its of three types of hypersonic spacecraft—ballistic, skip, and glide. They
prepared in early 1954 a theoretical discussion of the alternative configura-
tions that could be used for manned spacecraft, “A Comparative Analysis of
the Performance of Long-Range Hypervelocity Vehicles.” For manned satel-
lite missions, any of the three craft could be boosted to orbital velocity by a
rocket and then be separated from the launch vehicle for either free flight or
earth orbit. The skip vehicle, which would reenter the atmosphere by an in-
tricate series of dips and skips, would require the greatest boost capacity,
and would encounter excessive aerodynamic heating during reentry. The
glider-type craft, although heavy, would require a smaller boost capacity and
would have a greater degree of pilot control during the reentry phase of the
mission; the glider was a promising concept, but it would also be a long term
project, since it would require extensive engineering and development. The
third option was the ballistic shape, which was simply a blunt, non-lifting,
high-drag projectile. Although without aerodynamic controls, its blunt con-
figuration would provide superior thermal protection to the pilot, and its
lighter weight would permit longer range missions. Moreover, the decelera-
tion forces would be minimized if the vehicle reentered at the correct angle.
The Ames researchers concluded that “the ballistic vehicle appears to be a
practical man-carrying machine, provided extreme care is exercised in sup-
porting the man during atmospheric entry.”!¢
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As time passed, Eggers became convinced of the superiority of the man-
ned satellite glider over the ballistic satellite, but he also knew that the rock-
ets then on the American drawing boards could not put the glider into orbit.
He had two concerns when he thought of using the ballistic vehicle—the de-
celeration loads and the absence of control once the craft entered the atmos-
phere. The latter problem dictated a large landing area, perhaps as much as
several thousand square kilometers. By late 1957 Eggers was proposing a
semi-ballistic vehicle in which the best elements of the glider and the ballistic
shapes were combined. Further progress on manned spacecraft was influ-
enced by the Air Force and by research in progress at the Langley Memorial
Aeronautical Laboratory.!?

On 29-31 January 1958, the Air Research and Development Command
held a closed conference at Wright-Patterson Air Force Base, during which
11 aircraft and missile firms outlined for Air Force and NACA representa-
tives their classified proposals for manned satellites. These variations on the
three basic configurations discussed previously ranged in projected weight
from 454 to 8165 kilograms and involved mainly the use of multistage
launch vehicles. Since there was such a difference in technology among the
various proposals, the estimated development time ranged from one to five
years. Looking back on this period, Robert R. Gilruth recalls: *

Because of its great simplicity, the non-lifting, ballistic-type of vehicle was
the front runner of all proposed manned satellites, in my judgment. There
were many variations of this and other concepts under study by both govern-
ment and industry groups at that time. The choice involved considerations of
weight, launch vehicle, reentry body design, and to be honest, gut feelings.
Some people felt that man-in-space was only a stunt. The ballistic approach,
in particular, was under fire since it was such a radical departure from the
airplane. It was called by its opponents “‘the man in the can,” and the pilot
was termed only a “medical specimen.” Others thought it was just too undig-
nified a way to fly.'®

While subject to considerable criticism, the concept of a simple ballistic
manned satellite gained important support from a group of NACA engineers
who started work on just such a spacecraft, borrowing on the experience and
technology available in recent research on nosecones for intercontinental
ballistic missiles. Max Faget was one of the key members of the NACA group
interested in this effort. In January 1958, he had identified himself as a sup-
porter of the ballistic reentry vehicle when he proposed to NACA Headquar-
ters that a non-lifting spherical capsule be considered for orbital flight.

*Robert R. Gilruth had been Assistant Director of the Langley Aeronautical Laboralory since
1952 and was named Manager of the Space Task Group, which was assigned responsibility for Project
Mercury on 5 Nov. 19358,
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NACA expressed little interest in the idea, but Faget continued his studies of
ballistic vehicles and spoke out for adoption of this concept when occasions
arose. Less than a week after an Air Force man-in-space conference in March
1958,* Gilruth called Faget and a group of top Langley engineers together to
discuss a NACA conference on high speed aerodynamics, scheduled to begin
at the Ames laboratory on 18 March. The “Langley position” that emerged
from the conference reflected the thinking of Faget and his colleagues on a
ballistic spacecraft launched by a ballistic missile booster.!®

The Ames conference was the last in a series of formal symposia; as
such it attracted nearly 500 people from NACA, the military, and the air-
craft and missile industry. The 46 papers presented during the three-day
meeting summarized the most advanced aerodynamic thinking within the
Advisory Committee’s laboratories on hypersonic, orbital, and interplanetary
flight. Faget presented the first paper, “Preliminary Studies of Manned Satel-
lites—Wingless Configuration: Non-lifting,” in which he and his co-authors
pointed out the inherent advantages of the ballistic-approach. First, ballistic
missile research, development, and production experience was directly appli-
cable to this type of spacecraft. Equally significant, the choice of a ballistic
flight trajectory minimized the amount of automatic stabilization, guidance,
and control equipment required on board the craft, thus saving critical
weight and reducing the chance of equipment malfunction. Faget and his
associates also demonstrated that their proposed craft could be returned
from orbit by a modest-power retrorocket system. The Langley engineers
went so far as to propose a specific ballistic configuration—a cone, 3.4 me-
ters long and 2.1 meters in diameter, protected on the blunt end by a heat-
shield. He concluded that “‘as far as reentry and recovery is concerned, the
state of the art is sufficiently advanced so that it is possible to proceed confi-
dently with a manned satellite project based upon the ballistic reentry type
of vehicle.”?0

The Mercury spacecraft grew out of this 1958 conceptual study pre-
pared at Langley. After an additional two months of design studies, prelimi-
nary specifications for a manned satellite were drafted during June by
Langley personnel under the supervision of Faget and Charles W. Mathews.
Following a number of revisions and additions, these specifications were
used for the Project Mercury spacecraft contract with McDonnell Aircraft

*The Air Force held a working conference on 10-12 Mar. at the Air Force Ballistic Missile
Division, Los Angeles, in support of its program “Man in Space Soonest” (MISS). At that time, the Air
Force concept consisted of three stages—a high-drag, no-lift, blunt-shaped spacecraft to get man in
space soonest, with landing to be by parachute; a more sophisticated approach by possibly employing
a lifting vehicle or one with a modified drag; and a long-range program that might end in a space
station or a trip to the moon.
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Corporation. All this work occurred during the months in which the Nation-
al Aeronautics and Space Act was being drafted and enacted by Congress.
Gilruth remembered working out of the old NACA building in Washington
during the summer of 1958; it had been hot, humid, and busy.?!

In designing the Mercury spacecraft, the key word was simplicity. The
goal was a spacecraft that represented ‘‘the simplest and most reliable ap-
proach—one with a minimum of new developments and using a progressive
buildup of tests.” Employing these criteria, “It was implicit . . . that we use
the drag-type reentry vehicle; an existing ICBM booster; a retrorocket to ini-
tiate descent from orbit; a parachute system for final approach and landing;
and an escape system to permit the capsule to get away from a malfunction-
ing launch rocket.”?? Although Vostok and Mercury emerged from the de-
sign process with different external configurations, their designers had met
the same problems and had made some remarkably similar decisions. Un-
doubtedly, the key decision was to keep the first step into space a simple
one. While the Mercury space vehicle would become more complex and so-

Comparative cutaway views of Mercury
and Vostok spacecraft drawn to the same
scale. Note ejection seat in the Soviet
craft.
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phisticated during the developmental process, the emphasis on reliability and
relative simplicity remained.

VOSTOK AND MERCURY: FIRST FLIGHTS INTO SPACE

The years 1958-1961 were busy ones in both the United States and the
Soviet Union for the development of manned space vehicles.* According to
Konstantin Petrovich Feoktistov, the details for mockups and breadboard
models of Vostok were worked out and then built during 1959. Final devel-
opmental work on the “carrier rocket™ was being conducted simultaneously
at the launch site.?®> By 15 May 1960, the Soviets had progressed sufficient-
ly with the development of their spacecraft and the adaptation of their
ICBM boosters as launch vehicles to commence a series of five unmanned
test flights. These Vostok precursor flights, Korabl Sputnik I through V,
were designed to collect additional data on the effects of space environment
(especially solar radiation) on biological specimens and to test the spacecraft
systems. The flights included no unforeseen physiological problems associ-
ated with manned space missions, but the first and third spaceships did en-
counter trouble upon reentry. The problem centered on the proper orienta-
tion for retroengine firing, a difficulty that was worked out by the time the
fourth and fifth test missions were flown in March 1961. Feoktistov indi-
cated that a round of technical discussions led to major changes in the space-
craft during September-December 1960. “In late 1960-early 1961 the revised
technical documentation was used for the manufacture of the spaceships.”
The Soviets were ready to begin manned space flight operations.?*

The rationale of the six Vostok flights has been summarized by design
engineer and cosmonaut Feoktistov. Yuri Gagarin’s flight on 12 April 1961
was a single-orbit checkout of the spacecraft systems. Rather than the ballis-
tic shots used at first by the Americans, the Soviets preferred an orbital mis-
sion to collect additional data on weightlessness, a topic of considerable con-
cern to Soviet flight surgeons. Indeed, for the second mission, flown by
Gherman Titov on 6 August 1961, the medical specialists had urged that the
duration be held to just two or three orbits so they could judge the effects of
zero gravity, but the designers and Titov wanted to go for a day-long mis-
sion, a goal that coincided with political considerations as well. Feoktistov
later hinted that the one year hiatus in manned flight following Vostok II
may have been related to the motion sickness experienced by Titov. Andri-
yan Grigoryevich Nikolayev and Pavel Romanovich Popovich in Vostok 11T

*Appendix B lists the major Soviet and American developmental (unmanned) and manned
flights.
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At left, Cosmonaut B. V. Volynov examines radio transmitter, while unidentified
comrade reaches inside Vostok spacecraft during winter training exercises (Tass from
Sovfoto). At right, Charles J. Donlan, Assistant Director, Project Mercury (left); Robert
R. Gilruth, Director, Project Mercury; and Maxime A. Faget, Chief, Flight Systems
Division, stand in front of recovered Mercury-Redstone 1A unmanned spacecraft after its
recovery 19 December 1960.

and /V completed their dual mission in August 1962. Though they did not
actually rendezvous, they appear to have been within 5 kilometers of each
other, thus giving the Soviet trajectory specialists an opportunity to study
the problem of rendezvous and to track two spacecraft simultaneously. In
June 1963, Valeriy Fedorovich Bykovskiy’s flight aboard Vostok V lasted
nearly five days, and during the last three days he was accompanied in orbit
by Vostok VI, piloted by Valentina Vladimorovna Tereshkova, the only
woman to fly in space to date. Vostok was the “necessary foundation for . . .
further development of manned space vehicles in the Soviet Union.”?

While the Soviet cosmonauts were monopolizing world headlines, work
on Project Mercury continued. NASA had embarked upon a step-by-step
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program of spacecraft and booster qualification trials in 1959. The test pro-
gram, divided into two parts, sought first to qualify the Redstone and Atlas
missiles as launch vehicles for manned spacecraft, and second to “man rate™
the Mercury spacecraft itself. The Mercury-Redstone phase of the program
covered a 31-month period, during which six missions were flown. The re-
sults were mixed. On the very first launch attempt (MR-1), early separation
of an electrical ground line to the booster aborted the mission. On the sec-
ond flight (MR-1A), all systems worked satisfactorily, but problems again
appeared in the primate “Ham’ mission (MR-2), when over-acceleration
caused a higher trajectory and longer downrange travel than had been antici-
pated. As a consequence, an extra flight was scheduled before a manned
launch was attempted. Then on 5§ May 1961, less than a month after the
Gagarin mission, Alan Shepard became the first American in space, flying a
suborbital trajectory in his spacecraft Freedom 7. Gus Grissom in Liberty
Bell 7 made the second suborbital flight on 21 July. The data gathered from
these two successful missions justified canceling the remaining Mercury-
Redstone flights.

Then came the step to orbital flight for which the Atlas missile had
been selected as the launch vehicle. When the program was approved in
October 1958, no other booster could have been chosen if the objectives of
the program were to be accomplished in a reasonable length of time. So, as
had the Soviets, the Americans decided to ‘“man rate’ an intercontinental
ballistic missile. The 57-month flight phase for Atlas began with the launch
of the Big Joe Atlas with a boilerplate model of the Mercury spacecraft on 9
September 1959. The first production spacecraft mounted on an Atlas
launch vehicle (MA-1) was launched on 29 July 1960. After about 60 sec-
onds, launch vehicle and adapter failed structurally. Because no spacecraft
escape system was used, the spacecraft was destroyed upon impact. Follow-

First American into space, Alan Shepard,
practices for his suborbital mission in the
Mercury procedures simulator.
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ing an intensive seven-month investigation, modifications were introduced to
stiffen the adapter between the launch vehicle and the spacecraft and to
otherwise improve the structural integrity of the entire upper part of the
Atlas. An interim version of the alteration was used without difficulty on the
flight of MA-2, while the final version was not tested until the unmanned
orbital flight of MA-4 on 13 September 1961. More than two months later
on 29 November, Enos, a trained chimpanzee, was launched on a planned
three-orbit mission. During the flight of MA-5, the attitude control system
performed abnormally, and ground control brought the spacecraft down
after two orbits. The problem, as demonstrated on later flights, could have
been corrected by an astronaut, thus confirming the American judgment fa-
voring manual overrides of automatic control systems.

After a series of frustrating delays caused by unfavorable weather and
fuel leaks, John Glenn became the first American to orbit the earth. His
flight was followed by a three-orbit mission flown by M. Scott Carpenter, in
which the only problem was an attitude misalignment at the time of retro-
fire, causing a 402-kilometer landing overshoot. As the next step toward a
day-long mission, Walter M. Schirra piloted a six-orbit mission on 3 October
1962. By drifting in flight, he conserved critical fuel and demonstrated the
feasibility of longer duration missions. The 34-plus-hour mission of L.
Gordon Cooper on 15-16 May 1963 was Project Mercury’s last flight.?¢

Mercury and Vostok demonstrated the feasibility of placing a human
being in orbit, observing his reactions to the space environment, and return-
ing him safely to earth at a known point. While the Soviet designers assigned
limited tasks to their cosmonauts, NASA went one step beyond to demon-
strate that man could function as *“‘an invaluable part of the space flight
systems as pilot, engineer and experimenter.” The next stage was the devel-
opment of more flexible and multi-place spacecraft for the conduct of more
intricate missions—the era of Gemini and Voskhod.

VOSKHOD AND GEMINI: INTERMEDIATE STEP

Even as the Vostok and Mercury programs were entering their opera-
tional phases, engineers in the U.S. and the U.S.S.R. were undertaking the
design of a second generation manned spacecraft. The Americans began with
an effort to extend the capabilities of the Mercury craft, the so-called Mark
IT version, and ended up designing an essentially new two-man vehicle capa-
ble of greater maneuverability, rendezvous and docking, and flights of a dur-
ation that would equal the period anticipated for the lunar mission of
Project Apollo. The Soviets, apparently spurred by the goals set for Project
Gemini, decided to modify their Vostok spacecraft for multi-man flights.
Where Voskhod was an attempt to exploit more fully a tested design, Gemini
became geared to the creation of new systems and to the testing of unproven
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flight concepts that would be applied to even bolder missions in the future.

By December 1961, Project Gemini received formal approval from
Washington as the second major project in NASA’s manned space program;
however, much of the design work had been done and many of the major
decisions had already been made.?” The character of the new effort was
shaped by two converging lines of thought. The most influential considera-
tion was President Kennedy’s decision in May that committed the U.S. to a
manned lunar expedition before the end of the 1960s. NASA advance plan-
ners had been thinking about a mission to the moon, but in the time frame
of the 1970s, dependent upon the development of a new, larger launch ve-
hicle called Nova. This rocket would be capable of lifting a spacecraft that
could fly directly to the moon, land, and then return to earth. This method
of reaching the moon—called direct ascent—was readily accepted because it
would almost certainly work. However, within NASA there was a group of
engineers who supported the development of an alternative route involving
the orbital rendezvous of two or more spacecraft.

John C. Houbolt of Langley and a group of his associates felt that orbit-
al rendezvous promised significant savings in fuel, weight, and time, espe-
cially if it were done in lunar orbit rather than earth orbit. A lunar expedi-
tion based upon the rendezvous concept might be assembled with much
smaller rockets than a direct mission would need, launch vehicles that could
be available well before Nova. Orbital rendezvous had the disadvantage, how-
ever, of being a new and untested idea. No one could predict how difficult or
hazardous a rendezvous and linkup in space might be. As long as there was
no pressing deadline for a lunar mission, direct ascent offered the easier and
safer approach, but with the Presidential creation of a specific timetable, the
supporters of rendezvous could press their case for a quicker and cheaper
path to the moon. The idea still had to be tried to determine its feasibility,
and “Gemini was first and foremost a project to develop and prove equip-
ment and techniques for rendezvous.”?®

Project Gemini was also influenced by a second important considera-
tion, the desire to make a major jump in the state of spacecraft technology.
The engineers who had worked on Mercury had seen a number of possible
improvements that could have been used if they had not been held back by a
combination of considerations—weight, time, and the desire to keep the first
spacecraft simple. While the Mercury designers had justifiably been preoccu-
pied with solving the basic problems of manned space flight, it had taken too
long to build and check out the handcrafted spaceship. James A. Chamber-
lin, chief designer of Gemini, described the difficulties in Mercury brought
about by numerous design constraints:

Most system components were in the pilot’s cabin; and often, to pack them in
this very confined space, they had to be stacked like a layer cake and com-
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ponents of one system had to be scattered about the craft to use all available
space. This arrangement generated a maze of interconnecting wires, tubing,
and mechanical linkages. To replace one malfunctioning system, other sys-
tems had to be disturbed; and then, after the trouble had been corrected, the
systems had to be checked out again.?®

Chamberlin saw an opportunity to make Mercury Mark II, which be-
came Gemini, a more easily assembled and serviced vehicle. He began by
modularizing all systems and assembling the components of each system into
compact packages, which were so placed that any system could be removed
without tampering with another. Simultaneously, he sought to arrange most
of the packages on the outside walls of the pressurized cabin for easy access;
this would also permit several technicians to work on different systems at
the same time.

In an effort to eliminate some of the trouble spots identified in
Mercury, Chamberlin simplified his systems wherever possible. He reduced
the complexity of the relays that controlled the automatic systems on board
the craft. The new design relied upon pilot control with automatic backup
flight systems. The result was a much simpler machine. Another change was
the elimination of the rocket-powered escape tower used in Mercury, cutting
hundreds of kilograms of extra weight, numerous relays, and much complex
wiring. This in part was made possible by the change from the liquid-fueled
Atlas rocket to the less explosive, hypergolic-fueled Titan II.* Whereas safety
required an antomatic abort system to propel the pilot away from the highly
explosive Atlas in a launch emergency, Chamberlin could equip the new
spacecraft with pilot-actuated ejection seats.

The year 1961 was a creative one for Gemini. It began with discussions
at Langley in January and continued with the March Wallops Island talks
regarding post-Mercury possibilities for manned space ﬂight.T By mid-1961,
the desire for an advanced technology spacecraft and the Presidential deci-
sion to press forward with the Apollo lunar program had led to a concrete
proposal for a new spacecraft.

Project Gemini owed its origins to its predecessor—it built on the technol-
ogy and experience of Project Mercury—and to its successor—it derived its
chief justification from Project Apollo’s concerns. The new project acquired
other objectives as well: testing of the concept of controlled landing, deter-
mining the effects of lengthy stays in space, and training ground and flight

crews.39

*Hypergolic fuel ignites spontaneously upon contact with its oxidizer, thereby eliminating the
need fqr an ignition system, as well as being less dangerous in some emergency situations.

TIn attendance were Abe Silverstein, Robert Gilruth, George Low, James Chamberlin, Walter
Williams, Paul Purser, Maxime Faget, Charles Mathews, and Charles Donlan.
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With the creation of a Gemini Project Office at the Manned Spacecraft Cen-
ter in Houston, the program moved into its development phase.

Throughout the development period, 1962-1963, Gemini engineers and
managers worked to solve technical problems and to meet a tight budget.
“Within NASA and without, Apollo and the trip to the moon always held
center stage.”®' Toward the end of 1963, the first Gemini launch vehicle
and spacecraft were being prepared for qualifying trials. Early April 1964
saw the first of Gemini’s 12 flights, an unmanned test of the spacecraft and
booster which produced excellent results. Further test flights were post-
poned as hurricane season arrived on the Florida coast. Meanwhile, the
Soviets had launched their first multi-place spacecraft.

When given the assignment to place three cosmonauts into orbit in the
same spaceship, designer Korolev set about to redesign Vostok.3? Apparent-
ly, the most important consideration in his decision to modify an existing
design rather than to create a new one was the boost capacity of the launch
vehicles at his disposal. From the fragmentary details available, it appears
that by 1963 Korolev and his colleague Leonid Aleksandrovich Voskresen-
sky were already well along in the design work of an advanced spacecraft
capable of long-duration earth orbital missions. This vehicle, which would
later publicly emerge as Soyuz, was much heavier than Vostok, and the

Simplified interior view of Voskhod and \
Gemini spacecraft. Voskhod Gemini
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Soviets planned to launch it with the standard Vostok launch vehicle, plus a
new and still untested upper stage that would provide the necessary addition-
al thrust.®® The evidence suggests that as this design work progressed, the
Soviet political leadership grew concerned over the possibility that the U.S.
would launch a two-man vehicle before the Soviets could.® In particular,
Khrushchev wanted the Soviet multi-man space mission to come first to
maintain the Soviet lead in space accomplishments.?* Since Korolev could
not hope to perfect his advanced spacecraft and improved launch vehicle in
the time remaining before the first Gemini flight, he turned to the task of
modifying Vostok to carry a three-man crew.

As he approached the task of altering the Vostok interior, Korolev had
two problems of equal magnitude—how to make room for three persons, and
how to keep the weight of the completed vehicle as close to that of the orig-
inal as possible. He first eliminated the ejection seat. This change saved
weight and made it possible to accommodate three form-fitting couches. To
make room for the crew, Korolev planned to have the Voskhod cosmonauts
fly in a “‘shirt sleeve environment.”” The Soviet designer could risk eliminat-
ing sEace suits since he and his staff had created a virtually leakproof space-
ship.! Removal of the ejection apparatus would force the crew to ride to
earth in the spacecraft, thus necessitating the development of a “soft-
landing” system. Korolev attacked this problem by adding two pieces of
equipment, a second parachute to supplement the one previously used to
slow the Vostok reentry sphere and a rocket-powered landing apparatus in
the parachute shroud lines that would reduce the craft’s velocity to less than
one meter per second at touchdown.

There appears to have been a number of unsuccessful trials with the
soft landing system, including some tests in which monkeys were killed. Ac-
cording to an official Soviet publication, “At Korolev’s instructions, a series
of Voskhod-type spacecraft were launched, until he was convinced that the
soft-landing system worked impeccably.””® This series included Cosmos 47,
launched on 6 October 1964 and identified subsequently as an unmanned
precursor to Voskhod I, which flew six days later.?7

The flight of Voskhod I was another space spectacular for the U.S.S.R.
On board were Command Pilot Vladimir Mikhaylovich Komarov; Dr. Boris

*According to the U.S. public announcement of Project Gemini made on 8 Dec. 1961, the first
manned flight would occurin 1963-1964. At NASA, Deputy Administrator Dryden had “long expected
the U.S.S.R. to make every effort to modify a Vostok, which is large enough to carry more than one
man, to obtain an earlier flight”” than those scheduled with Gemini.

+The design of the life support system had required a very tightly sealed spacecraft, because the
760-mm-Hg pressure represented the total volume of gas on board. The chemical replenishment system
changed only the composition of the gases, not the volume. In the absence of a capacity to repressur-
ize the cabin, the Soviets built and tested their craft to ensure that they were leak free.
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Borisovich Yegorov, a medical doctor serving as flight physiologist; and the
spacecraft engineer Feoktistov, who acted as an onboard technical scientist.
The day-long mission, equivalent to three man-days for the life support
system, was completed without reported difficulty. Toward the end of the
flight, Komarov expressed the crew’s eagerness to continue the flight for
another day, but Korolev, quoting Shakespeare, replied, “There are more
things in heaven and earth, Horatio,” vetoing the request. Longer missions
would come, but for the present it was best to adhere to the flight plan. On
13 October, the retrorockets fired, and the craft began its reentry.

As on the Vostok flights, the spacecraft’s parachutes opened at an altitude of
7 kilometers. When it came close to the ground, the soft-landing system auto-
matically went into operation. Streams of gases, expelled from nozzles in the
direction of the ground, reduced the touchdown velocity to virtually zero.
The cosmonauts did not feel the impact.>®

With the success of this first flight, Korolev and his associates were ready to
fly again. Meanwhile, NASA was preparing for a second unmanned Gemini-
Titan flight.

Both space teams were fully occupied during 1965. The second Gemini
mission was launched from the Kennedy Space Center on 19 January. This
suborbital qualification test of the spacecraft’s structure, onboard systems,
and reentry heat protection was a success, and the spacecraft was recovered
two hours after splashdown. Just over a month later on 22 February, the
Soviet launch crews sent aloft Cosmos 57, a rehearsal for Voskhod I, which
flew on 18 March.?®* The two-man crew, Command Pilot Pavel Ivanovich
Belyayev and Copilot Alexei Arkhipovich Leonov, completed a 26-hour mis-
sion, during which Leonov took the first extravehicular steps into space. The
Soviets equipped Voskhod Il with a special inflatable airlock, and Leonov,
prior to entering it, prebreathed pure oxygen for over an hour to reduce the
amount of nitrogen in his bloodstream and body tissues. After entry, he
pressurized his space suit, checked it for leaks, adjusted his helmet, and
tested the closed oxygen life support system; Belyayev then closed the hatch
between the main cabin and the airlock. Following the gradual depressuriza-
tion of his narrow compartment, Leonov stepped out into space.*® This air-
lock arrangement resulted in a minimum reduction of the original cabin pres-
sure, apparently necessitated by the lack of an onboard repressurization
system. The Soviets continued to rely upon a chemical bed for generating
oxygen, modified only to the extent required to support a second or third
crewman.

Belayayev and Leonov had to land their spacecraft manually when the
solar-orientation system malfunctioned. Reentry by means of the auto-
matic-descent sequence and solar-orientation system, the technique used in
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Soviet technicians complete checkout of
Voskhod 1l spacecraft. Note the aero-
dynamic shroud that protects the reentry
vehicle during launch (Novosti from Sov-

foto).

all previous Soviet manned space flights, had been planned for the 17th or-
bit. When trouble was discovered, Belyayev asked permission to undertake a
manual reentry on the 18th orbit. Korolev counted off the seconds until ret-
rofire, and the command pilot fired the retrograde rockets high over Africa.
Voskhod II overshot the recovery area and landed in a dense forest on the
snow-covered slopes of the Ural Mountains. After hours of searching, heli-
copters dropped supplies to Belyayev and Leonov, who had to spend that
night in the snow. Another day passed before the cosmonauts and their res-
cuers could be airlifted to safety.*! While the U.S.S.R. celebrated the rescue
of the crew and Leonov’s | 2-minute sortie into the void of space, the Ameri-
can team was preparing for the first manned Gemini flight.

On 23 March, Gus Grissom and John W. Young flew their spacecraft
“Molly Brown” in a four-hour evaluation flight of the craft and launch ve-
hicle.* Grissom and Young established a space-flight first by maneuvering in
orbit. They employed the orbit attitude and maneuver system 90 minutes
after launch for a precisely timed 75-second burn, which cut the spacecraft
speed by 15 meters per second and dropped it into a nearly circular orbit.

Three quarters of an hour later, during the second revolution, Grissom fired
the system again, this time to test the ship’s translational capability and shift
the plane of its orbit by one-fiftieth of a degree. During the third pass, the
pilot completed the fail-safe plan with a two and a half minute burn that
dropped the spacecraft’s perigee to 72 kilometers (45 miles) and ensured re-
entry even if the retrorockets failed to work.*?

The retroengines did work, but there were still some surprises. At first
all went well, but then “Molly Brown™ seemed to be off course. The Gemini

*“Molly Brown,” the ‘“‘unsinkable™ heroine of a Broadway stage hit, had seemed a logical
choice for Grissom’s second ship, as his Mercury Liberty Bell 7 had sunk shortly after splashdown.
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spacecraft produced far less lift than predicted, and as a consequence Gemini
3 was about 84 kilometers short of its intended splashdown point. After a
few nervous minutes, Navy swimmers arrived on the scene via helicopter to
attach a flotation collar.

With the basic success of the first Gemini flight, the project gained mo-
mentum, permitting a routine launch nearly every other month throughout
1965 and 1966. There were difficulties, to be sure, but the simplified manu-
facture and checkout procedure permitted holding to this busy schedule.
Beginning on 3 June 1965, James A. McDivitt and Edward H. White II con-
ducted a four-day mission aboard Gemini IV.* This was the first long-
duration flight, best remembered for White’s 20-minute space walk, which
added a new abbreviation to the public vocabulary—EVA (extravehicular ac-
tivity). Gemini IV’s difficulties with a practice rendezvous meant that the
next Gemini crew would be concerned with practicing that capability before
the full-dress rendezvous experiment planned for the sixth mission. Andre J.
Meyer, Jr., of the Gemini Project Office commented, “There is a good ex-
planation on what went wrong with rendezvous. . . .”” The crew and some of
the flight planners “‘just didn’t understand or reason out the orbital mechan-
ics involved. . . .”

Catching a target in orbit is a game played in a different ball park than chas-
ing something down on Earth’s essentially two-dimensional surface. Speed
and motion in orbit do not conform to Earth-based habit, except at very
close ranges. To catch something on the ground, one simply moves as quickly
as possible in a straight line to the place where the object will be at the right
time. As Gemini IV showed, that will not work in orbit. Adding speed also
raises altitude, moving the spacecraft into higher orbit than its target. The
paradoxical result is that the faster moving spacecraft has actually slowed rel-
ative to the target, since its orbital period, which is a direct function of its
distance from the center of gravity, has also increased. As the Gemini IV crew
observed, the target seemed to gradually pull in front of and away from the
spacecraft. The proper technique is for the spacecraft to reduce its speed,
dropping to a lower and thus shorter orbit, which will allow it to gain on the
target. At the correct moment, a burst of speed lifts the spacecraft to the
target’s orbit close enough to the target to eliminate virtually all relative mo-
tion between them. Now on station, the paradoxical effects vanish, and the
spacecraft can approach the target directly.*?

Gemini V’s first day in space was a worrisome one, during which a wire
to a heater that pressurized the fuel cells was found to be faulty. The lowest

*After Gus Grissom had given the quasi-official name of “Molly Brown’ to his spacecraft,
NASA’s top triumvirate, James Webb, Hugh Dryden, and Robert Seamans, JIr., decided that “all
Gemini flights should use as official spacecraft nomenclature a single easily remembered and pro-
nounced name, Consequently, the next mission will be called *Gemini IV’ and the code name will be
‘Gemini.” ™
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pressure at which the fuel cell would function was determined after Gordon
Cooper powered down the craft and consulted with the ground. But the ren-
dezvous evaluation pod with which Gemini V' was to maneuver had already
been released and had drifted away, so the Gemini crew had to practice its
rendezvous with coordinates radioed to them by Houston. Charles “Pete™
Conrad, Jr., and Cooper would rendezvous with a phantom vehicle. The suc-
cess of each “phantom rendezvous” made the Gemini flight planners more
confident about the feasibility of bringing two manned spacecraft together.
The next step was a rendezvous of Gemini with an Agena target vehicle.

But plans went awry when the Agena target vehicle exploded before
going into orbit on 25 October 1965. The flight of Gemini VI, ready for
launch with Walter M. Schirra, Jr., and Thomas P. Stafford, was postponed.
Walter F. Burke and John F. Yardley of McDonnell Aircraft Corporation be-
gan to discuss a Gemini-to-Gemini rendezvous within minutes of the Agena
failure. Three days of intensive deliberation led to a decision for a Gemini
VII/VIA rendezvous mission. The two-shot mission was inspired by the con-
cern that the Soviets might be planning similar flights, as well as by the de-
sire to turn a minor defeat into a major accomplishment.

That a plan of such scope could be suggested, thought about, decided upon,
and announced in scarcely three days was a sign of the managerial and techni-
cal trust that Gemini had already come to inspire. William D. Moyers, the
President’s Press Secretary, told the news media about the plan and answered
questions from reporters. Moyers said the mission was targeted for January
but gave no specific date. Back at MSC, however, everyone from Gilruth on
down was working toward an early December flight.**

After 38 days of extensive crew training and spacecraft preparation, the
dual Gemini mission began on the afternoon of 4 December 1965. For 11
days, Frank Borman and James A. Lovell, Jr., aboard Gemini VII carried out
their tests on the effects of long duration in space, especially the problems
associated with personal hygiene and comfort. On the morning of 15 Decem-
ber, Schirra and Stafford were launched on the fifth manned Gemini flight
and the first genuine rendezvous mission.* Their third launch attempt was a
success, and Gemini VIA was on her way to meet V/I. During the ensuing six
hours, Schirra and Stafford executed a series of maneuvers that brought
them closer to the Borman-Lovell spacecraft. After 3 hours and 15 minutes
into the mission, the VIA crew locked onto VII's radar transponder, 434

*An earlier scheduled launch on 12 Dec. did not take place because an electrical umbilical con-
nector separated prematurely; the crew did not eject but waited removal by the ground crew, some-
thing that would have been impossible in Mercury. See Hacker and Grimwood, On the Shoulders of
Titans, pp. 514-517.
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Meeting in space: Gemini VII/VIA ren-
dezvous, 15 December 19635.

kilometers distant. There followed a series of precise maneuvers that led to
the first sighting of the target vehicle at five hours and four minutes into the
mission. At 05:56:00 ground clapsed time, the two vehicles met in space
with only 37 meters separating them; the first manned rendezvous was a
fact.

There was some controversy over the claim by the Americans that they
had been the first to rendezvous in space. Nikolayev and Popovich had been
given credit for the same feat by Pravda when they flew together in Vostok
III and IV. When Popovich was asked by an [zvestiya correspondent if it
were possible to compare his formation flight with Nikolayev to that of
Gemini VII and VIA, Popovich said:

I think it is possible. The first formation flight in cosmonautics history
at an orbit near earth was made in August, 1962 by Andrian Nikolayev and
myself flying the space ships Vostok-3 and Vostok-4. As you remember, at
that time our ships came to within five kilometers distance in space. Thus, in
principle, the American experiment of an orbit rendezvous repeats in some
degree what we did. But of course there are differences too. During the three
years which elapsed since our flight the cosmonautical techniques advanced a
great deal. This allowed the Gemini-6 Command Pilot, Walter Schirra, to ac-
complish with exactitude a series of maneuvers to approach Gemini-7. Of
course, the skill of Walter Schirra played a great part in it.**

Wally Schirra saw more to rendezvous than Popovich claimed:

Somebody said . .. when you come to within three miles [five km], you've
rendezvoused. If anybody thinks they’ve pulled a rendezvous off at three
miles, have fun! This is when we started doing our work. I don’t think rendez-
vous is over until you are stopped--completely stopped—with no relative
motion between the two vehicles, at a range of approximately 120 feet [37
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m]. That’s rendezvous! From there on, it’s stationkeeping. That’s when you
can go back and play the game of driving a car or driving an airplane or push-
ing a skateboard—it’s about that simple.*®

For more than three revolutions of the earth, the two NASA spacecraft
flew together, separated by ranges of 0.3 meter to 91 meters, while the crew
of VIA tested stationkeeping® and flyaround techniques. After a five-hour
sleep period during which they had “parked” 16 kilometers away from the
other craft, Schirra and Stafford prepared to go home. With a brief transmis-
sion, “Really a good job, Frank and Jim,” Schirra flipped VIA around,
blunt-end forward, jettisoned the equipment section, and waited for the
automatic retrofire.?” As the Gemini VIA crew went through the process of
reentry, recovery, and return to the U.S., Borman and Lovell worked with
Mission Control to ensure that the remaining time of their scheduled 14-day
mission did not hold any surprises. Two days later, after some anxious mo-
ments over the fuel cell, Gemini VII returned safely to earth, proving that
man could work and survive in space for the length of time that it would
take him to travel to the moon and back.

Each of the five remaining Gemini flights strengthened the conviction
and technical certainty that an American could land on the lunar surface and
return before 1970. On 16 March 1966, Neil A. Armstrong and David R.
Scott conducted the first manned docking when they nosed Gemini VIII
into the docking adapter of an Agena target vehicle. But shortly after the
two vehicles had locked together, a spacecraft thruster stuck open, sending
the two astronauts into a dizzying ride through space. They undocked from
the Agena, but Gemini VIII only spun faster. They were forced to use their
reentry control thrusters to restore stability, so ground control told the crew
to prepare for immediate reentry. While the early termination of the mission
at 10 hours and 41 minutes was most exasperating, the crew did return safe-
ly. And they had proved that docking two spacecraft in orbit was possible.

Tom Stafford and Eugene A. Cernan rode Gemini IXA into orbit on 3
June 1966 to work further on orbital maneuvers, but when they completed
their first rendezvous with the target vehicle, the crew discovered a problem
with the docking adapter that precluded the docking phase of the flight.
They did continue rendezvous exercises, however, simulating the meeting of
an Apollo command module with a lunar module in lunar orbit. Gemini IXA
also provided an important lesson on the difficulties of working outside a
spacecraft in zero gravity, as Cernan left the spacecraft to perform some ex-
periments to get the feel of this new environment.*®

*A definition of stationkeeping is “‘remaining in a particular, precise orbit with a constant ve-
locity, usually at a given distance from a companion body or another vehicle.”
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The final three Gemini missions in 1966 built upon the experiences of
the earlier flights. They were complex missions with multiple maneuvers;
they were designed to test rendezvous and docking, to explore more fully
the problems of working outside the spacecraft, and to conduct other experi-
ments that would yield valuable information for Project Apollo. Gemini X
and X7 reduced the worry about radiation, demonstrating that it could be
avoided during trips into deep space. Gemini XI’s first-revolution rendezvous
with an Agena target vehicle simulated the meeting of an Apollo command
module and lunar module. The automatic reentry of these last two flights
gave additional proof that man could return from long missions in space with
both manual and automatic control over the final approaches to the landing
site. Gemini, in accumulating 1940 man-hours in space flight as opposed to
55 in Mercury, had seasoned flight and ground crews for Apollo; had devel-
oped the techniques for rendezvous, docking, and EVA; and shown that as-
tronauts could stay in space as long as two weeks without physical damage.

SOYUZ-DEVELOPMENT OF THE SPACE STATION;
APOLLO-VOYAGE TO THE MOON

Less than two weeks after the splashdown of Gemini XII, on 28
November 1966, the Soviets launched Cosmos [33, an unmanned test of
their new manned spacecraft—Soyuz. In the 18 months between the last
flight of Voskhod and the first unmanned test of Soyuz, the Soviet space
program had lost three important advocates. Premier Khrushchev had step-
ped down from his post on 14 October 1964, the day following the return of
Voskhod I; L.A. Voskresensky, Korolev’s top assistant, had died on 15 De-
cember 1965 after preparing Voskhod II for flight; and a month later the
Chief Designer himself was dead.** While the new Soviet leaders reviewed
the competitive space program they had inherited from Khrushchev, the
space design group continued the development of Soyuz.

Two elements appear to have slowed the initial pace of the Soyuz proj-
ect. Soviet engineers needed time to perfect a new upper stage for their
basic launch vehicle to provide sufficient power to boost the heavier Soyuz
into orbit, and the political requirements to launch a multi-manned Voskhod
after Vostok had diverted them. By the end of 1966, the Soviets resolved
their various design questions and launched a series of four Cosmos precursor
flights that led to the 23 April 1967 launch of Soyuz I.* That new space-
craft was designed to exploit knowledge gained in earlier flights, permitting
extended missions that would allow Soviet specialists to gather additional

*The unmanned Cosmos flights are summarized in appendix B.
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Artist’s conception of Soyuz interior as
prepared in 1969 by W. M. Taub at the
Manned Spacecraft Center.

data on man in space and to investigate the problems of rendezvous and
docking. According to the Soviets, the basic purpose of these Soyuz missions
was the development of an earth-orbiting space station; others speculated
that Soyuz was their entry into the competition to reach the moon.5®

Work on Soyuz combined elements both old and new. The spacecraft
consisted of three major components—the cosmonauts’ cabin (descent ve-
hicle), occupied during the launch and reentry phases of the flight; an orbital
module, partitioned from the descent vehicle by an airtight hatch; and an
instrument assembly module. The descent vehicle had evolved from the ear-
lier Vostok and Voskhod spheres but was fitted with a new heatshield which
gave the cabin a bell-shaped external appearance. Unlike its predecessors,
Soyuz was designed to have stabilized and controlled reentry.

Various equipment and apparatus for spacecraft control, communication
and life support systems are installed in the cosmonauts’ cabin. The main and
reserve parachute systems are located in special containers. The spacecraft
control console, on which are mounted the instruments for monitoring the
operation of systems and assemblies, navigation equipment, a television
screen and switches for controlling the onboard systems are installed directly
in front of him. Lateral auxiliary consoles, for example, the console for medi-
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cal monitoring of the state of the cosmonauts . . . are arranged alongside the
center console. An optical sighting device—a navigation device—is installed in
a special porthole.5!

The Soviet design team retained the form-fitting couches and equipped the
descent vehicle with landing rockets located beneath the heatshield, which
was jettisoned shortly before touchdown.

Nearly spherical in shape, the orbital module was designed to house
equipment for scientific experiments and serve as an airlock for extravehicu-
lar activity. The crew would eat, rest, and sleep here. Television, movie, and
still photography cameras, along with food, medicine, and personal hygiene
gear were stowed in the orbital compartment, which also had an oxygen gen-
eration system typical of those used in earlier Soviet spacecraft.>?

The cylindrical instrument module housed the two 3.9-kilonewton
(880-pound-of-thrust) spacecraft engines, the attitude control thrusters, and
onboard equipment that otherwise would have cluttered the interior of the
spacecraft. In the pressurized portion of this compartment were the tempera-
ture controls for the cabins, the radio and telemetry transmitters, and the
attitude control system. A set of solar panels attached to the instrument/
equipment section provided electrical power during the mission. Protected
by a shroud at launch, these panels unfolded once the craft reached orbit.
The radio and radar antennas, also folded at launch, deployed subse-
quently.®?

Soyuz 1, a test mission, was flown with a crew of one, Vladimir
Komarov. This initial mission was fraught with trouble and ended in disaster.
The first indication of problems came on the second day of flight, 24 April

Soviet space pioneers Yuri Gagarin and
Vladimir Komaroy, on the eve of the
latter’s ill-fated flight aboard Soyuz 1
(Soviet Academy of Sciences photo).
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1967, when the spacecraft began to tumble during the 15th and 16th revolu-
tions. Komarov experienced difficulty in bringing his ship under control and
found that he was expending far more control fuel than was desirable. As
with Voskhod I, the automatic orientation system did not function proper-
ly, and after communicating with ground control, a process that was im-
paired by the tumbling, Komarov decided to attempt a manual landing dur-
ing the 17th orbit. He was unable to obtain the proper orientation for retro-
fire and went into the next orbit, where he succeeded in bringing his craft
under control. He jettisoned the orbital and instrument assembly modules
and fired the retroengines at the proper moment, but the Soyuz reentry ve-
hicle continued to revolve about its axis. This motion caused the shroud lines
to become entangled when he attempted to deploy the parachute at 70 000
meters. With no parachute, the descent vehicle crashed to earth at a velocity
of 450 kilometers per hour. At 6:15 a.m. Vladimir Mikhailovich Komarov
was dead.5

The loss of a cosmonaut on his return from space struck sorrow in
hearts around the globe. President Johnson and Vice President Humphrey
expressed their sadness at the loss of ““this distinguished space pioneer.” Just
three months earlier on 27 January 1967, American astronauts Gus Grissom,
Edward White, and Roger B. Chaffe had perished when fire swept through
their Apollo spacecraft (Apollo 204) as it underwent tests at KSC. NASA
Administrator Webb, in voicing his regret at the Soviet loss, suggested that
Komarov’s death and those of the Apollo astronauts indicated the need for
closer cooperation between the two space programs. “Could the lives already
lost have been saved if we had known each other’s hopes, aspirations and
plans? Or could they have been saved if full cooperation had been the order
of the day?”’%® But the competitive motivation behind manned space flight
still outweighed the desire to cooperate. While a Special State Commission
investigated the Soyuz mishap, NASA and American aerospace industries
were implementing the recommendations and changes contained in the re-
port of the Apollo 204 Review Board.>®

Apollo design and development had progressed with reasonable speed
since the first consideration of that project in 1959. After 16 months of pre-
liminary study and work, Robert Gilruth on 1 September 1960 called for the
creation of an Apollo Projects Office which would have the responsibility of
defining the spacecraft configuration. This office became a subordinate part
of Max Faget’s Flight Systems Division and was headed by Robert O. Piland.
Building upon earlier discussions, the initial work began. The command-
center module became the crew quarters for all phases of the mission, and
the propulsion module held all redundant and orbital maneuvering systems.
Willard M. Taub, working for Caldwell Johnson, took all these ground rules
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and prepared a set of rough sketches of the command module, and by the
end of October he had evolved a fairly detailed layout of the crew quar-
ters.®” All of this work preceded the first manned flights of Project Mercury
and the conception of Project Gemini.

Concurrent with in-house design efforts, NASA awarded contracts to
three aerospace companies to conduct independent feasibility studies for an
advanced manned spacecraft, but it was the work conducted by Taub for
Johnson which survived. The General Electric D-2 reentry vehicle proposal
bears remarkable external similarity to the Soyuz descent module.

As NASA and industry specialists worked to define the Apollo space-
craft, President Kennedy on 25 May 1961 established manned lunar landing
as the primary American goal in space. NASA had not yet issued spacecraft
specifications, selected a spacecraft contractor, chosen a family of launch ve-
hicles, or settled the question of direct ascent versus a form of orbital ren-
dezvous for the moon voyage. During the next 18 months, several key deci-
sions gave Apollo more form and direction. On 9 August 1961, NASA selec-
ted the Instrument Laboratory of the Massachusetts Institute of Technology
to develop the guidance and navigation equipment. At the end of November,
following formal presentations by potential spacecraft contractors, North
American Aviation, Inc., was selected as prime contractor for the command
and service modules. In January 1962, the Saturn C-5 was chosen as the
Apollo launch vehicle. Then on 11 July 1962, NASA announced at a press
conference in Washington that lunar orbit rendezvous had been approved as
the mission mode.* Grumman Aircraft Engineering Corporation had already
begun development of the third Apollo craft—the lunar excursion module.>®

As itevolved through the processes of conceptualization, design, and de-
velopment, the Apollo spacecraft was composed of two parts, the command
and service modules. Called CM for short, the command module was a multi-
purpose space cabin internally organized to function as a combined cockpit,
office, laboratory, communications center, galley, sleeping quarters, and per-
sonal hygiene center. It was constructed with an inner pressure shell to pro-
vide structural and environmental integrity and an outer wrap-around heat-
shield for thermal and radiation protection during flight and reentry. This
form of construction yielded maximum strength for minimum weight (5450
kilograms). Conical in shape, the CM was 3.23 meters high and 3.91 meters
at the base. The service module (SM), which had an overall length of 7.54
meters and a launch weight of 23 950 kilograms, contained the main space-

*This decision climaxed one of the most extensive and intensive studies ever conducted by
NASA. The final decision was based on the conclusion that lunar orbit rendezvous was more desirable
from the standpoint of meeting the proposed schedule, budget, and mission goals.
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Early conceptual drawing of Apollo cabin
interior sketched by C. C. Johnson,

Couch suspension system inside the
Apollo command module.

craft propulsion system, reaction control system, and most of the spacecraft
consumables (oxygen, water, propellants, and hydrogen). Work on both the
spacecraft and the launch vehicle during the years 1962-1966 progressed at a
pace that permitted the first manned Apollo flight to be scheduled for 21
February 1967. These plans were altered, however, when the flash fire occur-

red that year.
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THE END OF THE SPACE RACE?

Both the Soviet and American space programs went through a period of
appraisal and re-examination before they next sent a man into space. After
the Apollo fire, manned flight was delayed for 21 months while NASA and
North American Rockwell* completely reworked the command module. Un-
manned flights were flown on 9 November 1967 (4Apollo 4), 22 January
1968 (Apollo 5), and 4 April 1968 (Apollo 6) to check out the modified
spacecraft. The Soviets carried out five unmanned launches prior to the joint
Soyuz 2 and 3 mission. On 27 October 1967, the U.S.S.R. sent Cosmos 186
into a low circular orbit, and three days later it performed an automatic ren-
dezvous and docking mission with Cosmos 188. Once /88, launched for a
direct, one-revolution rendezvous, came within 24 kilometers of /86, the
two spacecraft began an automated, preprogrammed closure and docking on
the far side of the earth from the U.S.S.R. so that they would pass over
Soviet territory in a docked configuration. The two spacecraft remained
docked for 3.5 hours, after which they returned to earth, reentry commands
having been given to each one day apart. A second automatic rendezvous and
docking mission was conducted with Cosmos 212 and 213, launched on 14
and 15 April 1968. The five-day missions were successful, and the rigid dock-
ing was televised to ground control by onboard cameras. After an apparent
final check-flight with Cosmos 238 on 28 August, the Soviets launched
Soyuz 2, which was to act as an unmanned target for Georgiy Timofeyevich
Beregovoy, the pilot of Soyuz 3, who rode into orbit the following day, 26
October.>?

Beregovoy’s mission remains unclear. After making an automatically
controlled rendezvous, the cosmonaut took control of his craft and guided it
from a distance of 200 meters to within only a few meters of Soyuz 2, but
he did not dock. While Western observers speculated over this non-event, the
Soviets were preparing for a second flight in which rendezvous, docking, and
crew exchange would take place.®® Meanwhile, in the wake of the successful
ten-day manned flight of Apollo 7, NASA was planning to launch the first
circumlunar mission.

The December 1968 launch from Florida was a major step to realizing
man’s dream of traveling to the moon. Apollo 8 demonstrated that the dis-
tance between the earth and the moon could be safely traversed. On Christ-
mas Eve as they orbited the moon, Frank Borman, Jim Lovell, and William
A. Anders shared their impressions of the stark lunar landscape, read a few

*In Mar. 1967, North American Aviation, Inc., and Rockwell-Standard Corporation merged to
form the North American Rockwell Corporation,
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; ‘ Stark Ilunar landscape described by
W Apollo 8 crew on Christmas Eve 1968.

verses from the first chapter of Genesis, and wished their earth-bound view-
ers a Merry Christmas. A New York Times article suggested that the space
frontier was so vast that “there is no need here for wasteful rivalry deriving
from earthbound nationalistic and political ambitions.” But the Washington
Post viewed the Christmas mission with a cynical eye; NASA was still racing
to get to the moon before the Soviets preempted the feat. Columnist Joseph
Kraft suggested a reappraisal of America’s space goals now that the country
was clearly ahead of the U.S.S.R. “There is no need for the United States to
race Russia to every new milestone in space.” He felt that the country
needed a “‘program closely connected to explicit American requirements—a
program of exploration for its own sake, not for the sake of beating the
Russians.”*®!

In Houston, Apollo 8 was viewed as the pivotal flight in the Apollo
Program. Christopher C. Kraft, Jr., Director of Flight Operations, later
stated:

It proved so many things that had a bearing on the progress of the program—
things that might have been disproved. The navigation to and from the moon,
the ability of the spacecraft systems to survive the deep space environment,
all hinged on the Apollo 8 mission.

He also believed that the flight changed the competitive position of the
United States and the Soviet Union in space. He had thought that “‘the
Russians planned to fly a circumlunar mission, sending a manned spacecraft
looping around and returning without orbiting the moon. That way they
could say they sent the first man to the vicinity of the moon.” Once Apollo
8 made her voyage, ““there was nothing left for them to do.”%?

But from the Soviet Union came another perspective. Boris Nikolaevich
Petrov, Chairman of the Council for International Cooperation in Investiga-
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tion and Utilization of Outer Space (Intercosmos) of the Soviet Academy of
Sciences, called the Apollo 8 flight an “outstanding achievement of Ameri-
can space sciences and technology” and praised the “courage of its three as-
tronauts.” Academician Petrov also indicated that the Soviet Union would
continue to explore the moon, but with unmanned automatic spacecraft.
“The major tasks still ahead in the study of the moon will . . . be carried out
by automatic means, although that does not exclude the possiblity of man-
ned flight.”’® Petrov’s words would remain a puzzle. Had Apollo 8 won the
space race? Had the Soviets ever really been in the race to send a man to the
moon? Surely Administrator Paine still had these questions in mind seven
months later when he sought to renew NASA’s search for a cooperative
route to negotiations with the Soviets.

By 1969 Thomas Paine hoped that a change in Soviet-American space
relations might be possible. Since the U.S. was clearly ahead in any race to
the moon, an offer to cooperate would not jeopardize the lunar prize. And
now the Soviet Union had more to gain from cooperation. By working with
the nation that had led the way to the moon, the Soviets could create the
image of technological parity. Paine perceived this period as an opportunity
for new beginnings and began again the effort to discuss cooperation with
Soviet space officials. Twelve years of bitter rivalry, during which each side
had cooperated only in limited ways, could give way to closer relations if the
Soviets were willing.
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Mission to Moscow

Between the spring of 1969 and the fall of 1970, the Paine-Keldysh
correspondence had set the stage for serious discussions on developing com-
patible equipment and flight procedures. Tom Paine thought that coopera-
tion in space was an important and timely idea and pushed for talks in
furtherance of that goal—and he got them. Paine’s success with the Soviet
officials was vastly different from the experiences that had spanned the
preceding twelve years. In this instance, the spirit of the past was definitely
not the prologue.

Knowledge of the letters between the NASA Administrator and the
Soviet Academician had been shared by a limited number of NASA people.
As long as the communications were general and exploratory, action was
concentrated in the offices of the Administrator and his Assistant for Inter-
national Affairs. On 10 July 1970, however, President Nixon publicly con-
firmed his interest in pursuing discussions of space cooperation, stating that
negotiations should be conducted at the technical agency level.! Thus, when
talks with the Soviets appeared likely, NASA Headquarters geared up in
preparation. Philip E. Culbertson’s Advanced Manned Missions Planning
Group in the Office of Manned Space Flight (OMSF) was one of the first to
be drawn into the widening discussions, having been assigned to consider the
development of compatible rendezvous and docking systems.

In mid-August, OMSF began to “work the problem,”* an exercise in
defining the technical considerations that would be involved in any Ameri-
can-Soviet negotiations. Dale D. Myers, Associate Administrator for Manned
Space Flight, sent a note on 19 August to Culbertson, who in turn assigned
Eldon W. Hall and James Leroy Roberts of the Advanced Developments
Office the primary responsibility for coordinating this effort among Head-
quarters and Center offices.?

*Working the problem, a commonly used phrase in NASA, has descriptive significance beyond
the convenience of jargon; it means the analysis of systems and the manner in which they impinge or
“interface” with one another. By laying out all possible factors on paper, the NASA managers and
engineers can begin to see more clearly the nature of a given task. “Working the problem” is shorthand
for the NASA appreach to understanding technological relationships.
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After a 12-day “quick look,” Roberts submitted a draft report entitled
“International Cooperation in Space,” which presented his initial thoughts
on developing joint systems. Roberts felt that the interest expressed “by the
Soviets for discussion leading to the possibility of a common docking
mechanism at space stations™ came at an appropriate time since NASA was
getting into detailed hardware discussions relating to the Space Shuttle (a
reusable spacecraft) and Space Station concepts.* While Roberts and others
believed that the Soviets might greatly benefit from an “open discussion of
our system,” they argued that “‘regardless of the Soviet intentions for the
proposed discussions they should be pursued in depth.”

The Advanced Developments staff explored two possible types of
missions employing compatible docking equipment—a rescue mission using
either an Apollo or a Soyuz spacecraft to assist a disabled vehicle of the
opposite type, or a mission to test out rendezvous and docking procedures.
For several reasons, rescue possibilities appeared to be limited to an Apollo
retrieving the crew of a crippled Soyuz. It would have been very difficult for
the Soviets to accommodate all three Americans aboard their spacecraft
unless they attempted an unmanned rendezvous with Apollo, and Soyuz was
essentially an earth orbital craft, while Apollo was designed for lunar
missions. Also, the opportunities during which Soyuz could provide
assistance were limited since the two spacecraft normally flew in different
orbital paths." Roberts concluded that “‘while a mission of this type is not
impossible it is highly improbable.”

“With Apollo orbital and maneuvering capabilities we could provide
assistance” to Soyuz, assuming an extravehicular transfer. Roberts went on
to say that for NASA to seriously consider an actual rescue backup to a
Soyuz mission, the Soviets would have to make their flight schedules and
launch parameters available well in advance so the American agency could
divert the necessary Apollo spacecraft and launch facilities in time for the
Soviet missions. Roberts pointed out that such an equipment set-aside could
also be used for an Apollo rescue, “‘thus negating consideration of a Soyuz
mission as a back up for Apollo.”* Space rescue was a far more complex and
costly enterprise than it first appeared. Once the two countries shifted from

*Space Shuttle and Space Station were advanced programs in 1970. By the time of ASTP,
Shuttle had advanced into the mockup stage. Space Station was terminated in 1972 because of cuts in
NASA’s budget.

TThe problems of the Apollo 13 flight in April 1970 were still fresh in the minds of NASA
planners. At 56 hours into the mission, a service module oxygen tank had burst, forcing the
cancellation of the lunar landing and emergency planning for the return trip. The spacecraft had to
continue on, swing around the moon, and travel back to earth. A rescue capability limited to an earth
orbit would have been of little assistance in this kind of emergency. Later, in the Skylab era, Soyuz
might be capable of rendering aid in the event of trouble.
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one-mission spacecraft to reusable craft such as the Space Shuttle, space
rescue would become a more feasible and realistic topic for discussion.

While Roberts could see little justification for developing a compatible
docking capability simply to provide a space rescue system, he did see some
promise in applying a universal docking system to Skylab or Space Station.
With the creation of standardized international hardware, it would be rela-
tively easy for the Soviets to conduct joint missions with American space
laboratories or vice versa. Roberts suggested further:

It is essential for any fruitful discussion of common hardware to have a clear
understanding of the Soviet system of rendezvous and docking. There is a
possibility that our hardware may have to be modified to assist the Soviet
spacecraft in rendezvous operations. The system can be made to work but an
exchange of information by representatives as proposed is a necessary step in
that direction.

Looking to the immediate future and the possibility of Soviet participation
in Skylab, Roberts felt that it was “not likely that arrangements can be made
and hardware requirements incorporated in time to meet the Skylab A
mission.”” But he was of the opinion that “‘there should be sufficient time . . .
to match the systems for later flights of Skylab and Space Station if there is
a genuine interest in doing so.”*

Implicit in Roberts’ comments -were several important “ifs.” NASA
could develop the necessary rendezvous and docking systems if the Soviets
were genuinely interested in cooperation and if such participation could be
integrated into NASA’s schedule for manned missions. OMSF was not likely
to recommend proposals that would seriously delay programs or adversely
affect its budget. Clearly, those responsible for planning would have
preferred to incorporate joint projects into future missions, thus giving them
the opportunity to plan more leisurely and still not lose the opportunity to
cooperate. Perhaps the Americans’ biggest ““if” concerning cooperation lay in
the uncertain future of manned space flight in the post-Skylab era.

Culbertson responded to the Roberts memo with some suggested
changes. He thought it might be a good idea to break the problem into three
major areas—rendezvous, docking, and transfer. “In each case a brief
description of the difference in technique and hardware (U.S.S.R. vs U.S.A.)
could be given as available from open literature.” Then it would be pos-
sible, he wrote, to describe solutions to these differences “in very brief
fashion.” Culbertson also cautioned against making the topics under
discussion too complex. I wouldn’t use this memo as a mechanism for
explaining the further opportunities for international cooperation. Let’s
keep it on one topic.” He believed that one subject “should say something
about early (Apollo) implications and follow on possibilities.”” Culbertson
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added one final caveat: “Let’s also, in this memo, not question the U.S.S.R.
motive. Leave that for other discussion.”®

Following Culbertson’s suggested format, Roberts sent memos to the
Kennedy Space Center (KSC), the Manned Spacecraft Center (MSC), and the
Skylab, Space Station, and Shuttle Offices at Headquarters. From Raymond
J. Cerrato at KSC, he sought information concerning the technical feasibility
of a standby rescue vehicle that could support Soviet space missions. Roberts
especially wanted information about the problems associated with making a
Saturn IB or Saturn V launch vehicle available for such an operation; for
example, the lead time required for launch once the Soviets advised NASA
of their intentions to conduct a manned flight.” Queries to MSC were much
broader in scope. Jack C. Heberlig and Willard M. Taub were asked to
provide answers to a number of questions in Culbertson’s three categories.
Specifically, they were requested to describe the known differences between
American and Soviet hardware and techniques and to suggest possible steps
toward eliminating those differences. The Office of Manned Space Flight
that first week in September was doing its homework.?

One of the first responses to OMSF came from Skylab Program
Director William C. Schneider. After taking “‘a fast look at the proposition of
entertaining distinguished visitors in orbit,” his Skylab office had concluded
that “there doesn’t seem to be ainything that says it can’t be done,” but
“there sure is a potful of things that would take a lot of joint planning. . ..”
Schneider felt that an on-time launch, rendezvous, docking, and EVA
transfer were all capabilities that had been proven within the Soviet and
American programs. On the other hand, he did see areas in which
considerable joint development would be necessary. We would need to
interconnect the ground systems for tracking, mission control, and launch
control, and develop a spacecraft-to-spacecraft voice communications link.
After listing ten other topics that would have to be considered, Schneider
said that his personnel would be glad to go into the subject of a joint mission
at greater depth when needed.®

While there was limited enthusiasm for a joint flight in the Skylab
Program Office, Paine on 4 September wrote a letter to Keldysh in which he
proposed a Soyuz rendezvous with Skylab.'® NASA was still awaiting
Keldysh’s response to the Administrator’s earlier letter of 31 July, in which
he had suggested joint talks on compatible docking systems. Meanwhile,
Leroy Roberts was coordinating the collection of technical data, which no
one was certain would ever be used.

On 10 September, Roberts circulated a new draft memorandum to Hall,
Culbertson, and Charles W. “Chuck” Mathews,* which Roberts had prepared

*Mathews was Deputy Associate Administrator of OMSF and acting Space Station Task Force
Director.
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for Dale Myers’ signature. Concentrating on the desirability of the Soviets
providing information on docking mechanisms that might be used in future
space stations, Roberts reported, “Soviet docking arrangements as we know
them have been reviewed . . . and fruitful discussions at this time will be very
helpful in defining design requirements for hardware still to be built for the
space station.”'! Besides the work being conducted at MSC, North
American Rockwell and McDonnell Douglas Aircraft Corporation were
engaged in preliminary design studies of possible future docking mechanisms.
Since these concepts were still in the drawing stage, it appeared to be an
excellent time to obtain Soviet comments.

In addition to looking at future systems, Roberts appended to his
memo the MSC materials comparing existing spacecraft. Will Taub,* one of
the few NASA employees known to have followed closely the evolution of
Soviet spacecraft, had prepared a series of sketches which compared the
Soyuz and Apollo. These illustrations and MSC-prepared briefing charts
permitted Headquarters personnel to develop a better understanding of the
differences that existed between the American and Soviet approaches to
space flight. These materials indicated that Soyuz was capable of either
automatic or manual rendezvous and docking using radar and attitude
control system responses from the target vehicle. The Soviet spacecraft
could be flown unmanned or with crews of one, two, or three. Normal crew
transfer from one Soyuz to another was an extravehicular maneuver, as
demonstrated by the January 1969 flight of Sovuz 4 and 5.'* Direct
(internal) transfer would require modification of the docking end of the
orbital module.

By comparison, Apollo rendezvous and docking maneuvers were
conducted manually, not requiring target participation. While the Apollo
command module usually was operated with a crew of three, that number
could be reduced or the cabin structurally modified to accommodate five
astronauts. Transfer between the command module and the lunar module
was made through a passageway between the two craft, the probe and
drogue assembly having been removed after docking. Although extravehicu-
lar transfer was possible, it had not been a feature of Apollo missions.
Another significant difference between Soyuz and Apollo was the cabin
pressures. The Soviets continued to use a pressure equivalent to one earth
atmosphere, while the Americans still relied on their pure oxygen environ-
ment at a much lower pressure. In the opinion of MSC specialists, however,

*While many persons within NASA had followed the Soviet space program over the years, they
had not concentrated sufficiently on technical details to develop an in-depth knowledge of the
hardware. Taub had made an avocation of this subject and became especially useful in this early
period.
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Four sketches by W. M. Taub outlining Soviet and American spacecraft characteristics
and possible joint missions with existing spacecraft. Prepared in 1969 for G. M. Low.

none of the differences between the spacecraft posed a significant barrier to
a joint mission.'?

Chuck Mathews passed Roberts’ material along to Dale Myers on 15
September. Since there still had been no response from Keldysh, Mathews
commented, “I hear that this item has cooled a bit but I think it is still good
to send this . .. along.”'* Myers signed the memo on the 17th and sent it to
the Administrator’s office.'> OMSF and the Centers had investigated three
possible types of cooperative missions—Apollo-Soyuz, Soyuz-Skylab, or
future American-future Soviet spacecraft. Now the question remained as to
the value of the exercise. When would the Soviets respond? What would they
propose?

Acting Administrator George Low received a letter from Academician
Keldysh on 23 September that brought an end to the suspense. Keldysh
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Artist’s conception of Soyuz 4 and S extravehicular transfer as prepared in 1969 by W. M.
Taub at the Manned Spacecraft Center.

suggested that either October or late November would be a suitable time for
the first talks, and he proposed that they be held in Moscow.'® Since
President Nixon had given NASA the go-ahead to develop discussion with
the Soviet Union, Low responded to Keldysh on the 25th, accepting the
invitation and suggesting a meeting a month later."?

During the next several weeks, OMSF concentrated on preparing an
agenda for the upcoming talks. On 23 September, Mathews, Hall, and
Roberts met with Oscar E. Anderson, Jr., of the International Affairs Office
to discuss the agenda and delegation for the Moscow trip. As the plans for
the meeting went through several drafts, Low and Myers met to decide upon
a suitable chief for the American group.'® Since Low felt it was premature
for the head of NASA to go to the Soviet Union, he selected Robert Gilruth,
Director of MSC, because of his technical background and common-sense
approach to complex negotiations.'?

Low and Myers asked Gilruth to select the necessary technical
specialists to complete the delegation. From MSC, Gilruth chose Caldwell
Johnson and Glynn Lunney. Gilruth took only two men from Houston,
because he felt that a small delegation would have a better chance for
success. Since he wanted men with a breadth of knowledge, Johnson and
Lunney were the obvious choices. Johnson, *‘a very, very talented
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mechanical designer,” could discuss the mechanical and electrical questions
associated with developing a compatible docking system. Lunney, “‘an expert
flight controller,” had the necessary background in orbital mechanics and
mathematics to discuss the mission planning aspects of a joint flight. In an
effort to include the Marshall Space Flight Center in the talks, Gilruth called
Director Eberhard Rees at Huntsville, Alabama, and asked him to nominate
one person who could talk about Skylab. Rees recommended George B.
Hardy, Chief of Program Engineering and Integration for Skylab, who by
virtue of his position had a broad understanding of the program. Arnold
Frutkin, Assistant Administrator for International Affairs, represented
Headquarters. William Krimer, an interpreter from the State Department,
completed the six-man delegation.?®

The news that they were going to Moscow came as a surprise to
Johnson, Lunney, and Hardy. Lunney was presenting a speech on 7 October
to the 1970 National Airport Conference in Oklahoma when he got the call
telling him that he was going to the Soviet Union. “For me it was out of the
clear blue sky. [ did not know anything about [the proposed talks] until
that time.” These three specialists met with Gilruth on the 9th to discuss the
nature of their presentations to the Soviets. They would seek to provide
their counterpart specialists with enough information to give them a
common basis for further discussions, but not so much as to overwhelm the
Soviets or to encourage comments at home that they were giving away too
much.?' In Washington, Frutkin’s staff was preparing a briefing to inform
the press about the mission to Moscow.

The head of the International Office met the press at NASA
Headquarters in mid-October and summarized the background to the talks.
He explained that the emphasis on compatible docking systems just
happened to be the specific American proposal to which the Soviets had
responded affirmatively.?

It is simply that the Soviets have chosen out of this long list of initiatives
from the U.S. side this one case to explore in some depth at this time. It
could have been something else. This one seems to be more meaningful to
them.

So just as I say we regard it as important, presumably also they regard it as
important.

Frutkin took care to point out the very preliminary nature of the talks and
to make certain that his questioners did not make too much of the space
rescue capabilities inherent in the development of compatible docking
systems. But reporters were especially interested in that aspect of the story
because of announcements at the 21st IAF Congress in Konstanz, Germany,
that the United States and Soviet Union had agreed to sponsor a space-rescue
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symposium.?® Frutkin cautioned that the IAF proposal was purely
coincidental:

When you see a release out of Konstanz that says the Soviet Union and the
United States have agreed to a symposium of that sort, this is simply a
shorthand way of saying that some individuals from the United States who
are interested in space rescue on a professional basis are going to meet with
some individuals from the Soviet Union who are interested in the same
subject, and talk about this matter, just as they talk about a lot of other
things. But there is no correspondence between their private professional
discussions and our governmental official discussions, there is no relationship
whatever.??

Despite Frutkin’s statements about the nature of the discussions, the
reporters still pressed him for a prediction on the earliest date that a joint
mission might occur. The NASA representative responded that it was just
too early to make such statements, but that Skylab was likely to be the first
occasion. “We don’t know how long—we don’t know what the pace of our
discussions is going to be.” Reflecting on his experiences in negotiating with
the Soviets, Frutkin said that such talks tended to progress slowly. He
conceded that the question of timing was ‘“‘very difficult to answer. . ..”%5
While the reporters went off to file their speculations about the future,
Frutkin and his colleagues conducted a dress rehearsal of their presenta-
tions.?¢

Gilruth, Lunney, Johnson, and Hardy flew to Washington for the
“dry-run” on 16 October. Johnson recalled that the Headquarters staff,
especially George Low, seemed to be interested in the type of presentation
that each man planned to make. Low appeared to be particularly curious
about the extent to which each man could vary his approach and think on his
feet. Since so little was known about what the Soviets wanted to discuss, it
was very likely that each man would have to sense out his audience as he
spoke. The key to success might lie with a flexibility of mind and ability to
react quickly to whatever direction the discussions might take. During the
two-hour meeting. the five men were also briefed by representatives from the
State Department, the Department of Defense, and the intelligence
service.?’

STEPS FORWARD

As the American delegation left New York’s Kennedy International on
23 October, each man wondered about the reception he would encounter in
Moscow and reflected upon the warnings that had been given by representa-
tives from the foreign service, defense, and intelligence communities. Gilruth
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later recalled that these professionals had been unanimous in their negative
prognosis and had told the NASA specialists not to build up their hopes for
early or easy agreements with the Soviets. It was the prevailing opinion that
the Soviets would talk and talk, but in the end they would ‘“‘break our
hearts” by their refusal to cooperate.?® Caldwell Johnson remembered the
final leg of the journey, the flight from Copenhagen to Moscow, particularly
clearly. The NASA group had the plane nearly to themselves, and there was a
sense of solitude and uncertainty as they approached their destination.

Gilruth and his colleagues reached Moscow’s Sheremetyevo airport late
in the afternoon on 24 October 1970. The mid-afternoon sky had grown
dark: visibility was limited by fog and a light mixture of snow and sleet.
Looking back on his first steps onto Russian soil, Johnson commented, I
was awed by the situation and kind of uptight.” Seeing a large number of
military uniforms and figures in heavy overcoats, he became uneasy because
as he later put it, I grew up in that period of history where those things
were impressed upon me and my generation . . . as bad things.” However, his
sense of concern quickly dissipated.?

Bob Gilruth sensed almost immediately that they were embarked upon
a positive adventure. He had seen that same line of men waiting, but he had
also noticed Cosmonaut Feoktistov, whom he had met the year before in
Houston. Though his name momentarily eluded Gilruth, the smile did not.
All the Soviets were smiling, and the motion picture cameras were at the
ready. Instinctively, Gilruth felt that all would be well. He turned to the
others and said, “It’s going to be all right, because they are welcoming us in
style.””30

The airport greeting was warm and cordial. Immediately upon their
entry into the airport terminal, the Americans were taken to a lounge where
they exchanged introductions with Academician Boris Nikolayevich Petrov
and his colleagues. After their luggage was gathered and cleared through
customs, the Americans and their hosts were off to Moscow proper and their
first introduction to the monumental Hotel Rossiya.?! Tired by their long
journey, the NASA contingent was ready to turn in for the night when
Petrov asked Gilruth if 40 minutes would be enough time for them to
freshen up before dinner. Following a pleasant meal at the Rossiya, the
Soviets took their guests on a tour of Moscow, which included a ride up the
Lenin Hills for a view of the city, Moscow State University, and the Moscow
River. From there, they drove through central Moscow for a visit to the
Space Monument on the Avenue of the Cosmonauts.

Looking back on that experience, Gilruth recalled that the night had an
eerie quality. The lights, reflected from the low clouds and diffused by the
mist sweeping around the monument, made this impressive structure all the
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more awesome. Although the Americans were bone-tired when they finally
reached their hotel at 11 o’clock, they felt more sure of success. To Gilruth,
it was like something out of a dream, a pleasant dream.

Early Sunday morning, the five Americans and their hosts went off to
Zvezdny Gorodok (Star City), the cosmonaut training center, 40 minutes by
car northeast of the capital. There they were greeted by Commandant
General Andrei G. Kuznetsov, Major General Georgiy Timofeyevich Bere-
govoy, and Colonel Vladimir Aleksandrovich Shatalov. Following a brief
greeting ceremony, the Americans were taken to the simulation facility
where the cosmonauts practiced flight procedures. According to Lunney, the
opportunity to examine the Soyuz simulators was one of the highlights of
the visit.

The working part of the trip had begun. The simulators were arranged
very much like those in Houston, with the training specialists seated at
consoles where they could monitor replicas of the spacecraft control
displays. Gilruth and Johnson were given a briefing on the simulators by
Beregovoy, while Lunney and Hardy were accompanied by Shatalov. They
were shown the general purpose trainer first. This simulator was situated in a
vertical fashion, with the command/descent module positioned below the
orbital module. Upon entering the latter, Lunney was impressed by the
roomy feeling of the 2.2-meter by 2.65-meter interior. Although this cabin
was the primary work and living station for the crew during a mission,
Lunney was struck by the simplicity of the controls and instruments. As far
as he could determine from his conversation through an interpreter with
Shatalov, the crew seemed to be limited to controlling and monitoring the
airlock, experiment, and biomedical functions carried out in the orbital
module.

Passing through the airlock hatch that separated the orbital module
from the command module during launch, docking, and EVA maneuvers, the
three men entered the command module. “For three men this is a small
volume,” reported Lunney, “but it is only used during takeoff, landing and
rendezvous, and periodically in orbit. . . .”” He felt that the interior space was
adequate since the cosmonauts flew in flight coveralls and wore suits only
for EVA. Additional space was obtained by lowering the couches during
flight; for landing, they were raised toward the control panel and supported
by shock-absorbing attenuators during reentry.

Lunney and the others were particularly interested in the descriptions
of the Soyuz control systems provided by Shatalov and Beregovoy. While
occupied with the U.S. programs, the NASA representatives had followed
the U.S.-U.S.S.R. competition only from accounts in American aerospace
publications, but now they had the chance to hear those systems described
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At left, illuminated and shrouded by mist, the space obelisk at the main entrance of the
National Exhibition of Economic Achievements was one of the memorable sights of the
October 1970 trip to Moscow. (Tass from Sovfoto). At right, replica of Vostok and
launch vehicle displayed at the National Exhibition of Economic Achievements, Moscow.

At left, greeting at Star City. From left to right: V. A. Shatalov, G. T. Beregovoy, A. G.
Kuznetsov, G. B. Hardy, W. N. Harbin (shaking hands with Shatalov), W. Krimer, R. R.
Gilruth, A. W. Frutkin, and B. N. Petrov. At right, a group portrait against the pine forest
backdrop at Star City. Left to right: W. N. Harbin, G. S. Lunney, V. A. Shatalov, a
Soviet interpreter, A. G. Kuznetsov, B. N. Petrov, W. Krimer, A. W. Frutkin, G. B. Hardy,
G. T. Beregovoy, R. R. Gilruth, C. C. Johnson, and K. P. Feoktistov (Soviet Academy of
Sciences photos).
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first-hand by men who had worked with and flown the Soyuz. Lying in the
command module couches, the Americans could see and touch the controls,
getting a better feel for the Soviet approach to manned space flight.

Lunney later thought about the briefing he received while lying in the
commander’s couch. Directly in front of him was the main control console.
Starting at the upper left-hand corner of the instrument panel and
proceeding clockwise, Shatalov explained the equipment. First, there was the
rotating globe—the ‘“‘'space navigation indicator”—that gave the pilot his
approximate position relative to the earth’s surface. Adjacent to that
instrument was a panel of lights that displayed the status of various space-
craft systems. Next, Shatalov indicated a television screen through which the
commander could observe the docking. Then there was a projection screen
for displaying aspects of the flight program visually, while other data were
presented on a digital data display. Above that latter unit was a chronometer
to keep track of flight times.

Shatalov then pointed to an optical device located just above Lunney’s
right knee. This navigation sight, used in conjunction with the television
display during rendezvous and docking, gave the commander a fixed view of
the scene directly ahead of the spacecraft. Next to this apparatus were a
series of gages, switches, and additional clocks. With these, the commander
could keep track of cabin pressures, temperature, and power levels and could
also monitor time-critical control commands. On either side of the main
console were located “‘command signal™ panels with rows of lights and push
buttons that permitted the crew to execute specific commands to the
spacecraft systems. Manual control of the Soyuz was accomplished through
two hand controllers at the commander’s side. Both Lunney and Johnson
noted the large blank spaces on the walls of the command module covered
by an off-white, felt-like padding. For Lunney, “‘the very strong impression
was one of simplicity—no circuit breaker panels, no large number of
switches, not many displays.”’3?

After getting a general orientation to the various Soyuz systems, the
Americans were given an opportunity to look at the docking simulators. This
set of trainers consisted of two command module mockups—one for active
and another for passive rendezvous. These two simulated spacecraft could be
maneuvered into the docked position with other small models of Soyuz,
viewed by the cosmonaut either on the television monitor or through the
docking periscope. After watching these replicas of the regular flight
systems, Lunney and his associates felt that they had a much better
understanding of Soviet rendezvous techniques. There were still unanswered
questions, but this introduction proved to be a great aid in the technical
discussions that occupied the next two days.??
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After the familiarization session with the spacecraft trainers, the men
walked to the main building of the Cosmonaut Training Center, where they
watched a motion picture about Yuri Gagarin’s flight, following which they
visited a manned space flight museum. Gilruth and the others saw the
reconstruction of Gagarin’s office, as well as all the memorabilia collected by
the first man in space on his subsequent trips around the world. After the
tour, the group retired to a mid-afternoon luncheon.

General Kuznetsov began the pre-meal formalities with a long, carefully
prepared toast. He spoke directly to the NASA representatives and said in
effect that he was relying upon them to exert their influence on the
American government to ensure cooperation in space. He wanted the U.S.
representatives to convey to their leaders the necessity for keeping space
endeavors peaceful; he expressed his hope that space would not be turned
into something evil. Lunney especially felt the personal nature of this
message: “‘He was talking directly at and to us. He was saying to me that he
was holding us responsible to see that space continued to be a peaceful
place.””3* Shatalov followed with a toast comparing the histories of the
United States and the Soviet Union, in which he stressed the similarities of
the two countries and their aspirations. The vodka and the meal behind
them, the Americans and Soviets walked about the grounds at Star City.

As if this were not enough to occupy a full day, the Americans were
taken back to Moscow for a visit to the major space museum housed on the
grounds of the Exhibition of Economic Achievements. Following a
ten-minute stop at the Rossiya, their evening was capped by a trip to the
Bolshoy Theater for a performance of Rimsky-Korsakov’s opera The Tsar’s
Bride.

Monday, 26 October, was given over to discussions®* of rendezvous
experiences and techniques and to descriptions of spacecraft docking
assemblies. Glynn Lunney gave the first presentation, describing the
spacecraft hardware capabilities NASA considered essential for orbital
rendezvous, communications, guidance, and propulsion systems. For an
international rendezvous, he saw that a number of issues would have to be
studied—compatible equipment to provide information on the range between
spacecraft and their rate of closure; suitable docking lights, reflectors, and
targets; and vehicle-to-vehicle voice communications. Lunney also summa-
rized for the Soviets rendezvous techniques as they had evolved through
Gemini and Apollo. While there were many adequate techniques, the specific
approach to the problem would ultimately depend upon the degree of

*The Soviets present in addition to Petrov included K. P. Feoktistov, V. S. Syromyatnikov, V.
V. Suslennikov, I. V. Lavrov, and N. Khabarin. Also joining the Americans was W. N. Harben, Science
Attache, U.S. Embassy, Moscow.
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automatic or manual control in a given spacecraft. Therefore, an accommo-
dation would have to be reached whereby the basically automatic,
radar-controlled rendezvous of Soyuz could be matched with the essentially
manual approach of Apollo. These were by no means irreconcilable
differences, but they would require much study. Lunney closed by telling
the Soviets that NASA expected its future rendezvous techniques to be an
outgrowth of the ones he had described.®®

Next Feoktistov explained the Soviet methods of rendezvous, which
were designed to work either manually or automatically from ground
commands, though they definitely favored the latter approach. According to
Feoktistov, the Soviets considered rendezvous in three distinct phases—
delivery of the active spacecraft to the vicinity of the target spacecraft,
automatic rendezvous maneuver to stationkeeping distances, and final
approach to docking. Going into more detail, Feoktistov said that the first
phase could be approached in two ways, direct ascent or rendezvous
following placement of both ships in orbit. Direct ascent required precise
timing, so that the second craft could catch the target within its first
revolution. More satisfactory, they had found, was a rendezvous after the
two vehicles were in basically similar orbits. The path of the active craft
would be adjusted by engine burns generated by ground-based computers
and transmitted by radio to the onboard guidance and propulsion systems.
This maneuver would bring the two ships to a range at which a mutual
automatic search would begin by the spacecraft tracking systems.

Phase two of the Soviet rendezvous process started when the radar
antennas locked on and the guidance system oriented the ships in the proper
attitude—nose-to-nose. The main engine of the active Soyuz would be fired
automatically as directed by the guidance system to bring the two craft to
within a range of 300 to 400 meters. During the third phase, the final
approach to docking (prichalivaniye, literally mooring) would be completed
by firing the 9-newton (2-pound) translational thrusters. While this final
phase could be completed in either an automatic or manual mode, the Soviet
specialists seemed to prefer the hands-off approach.3¢

When discussion turned to the docking systems used to lock spacecraft
together following rendezvous, Caldwell Johnson presented a description of
the systems NASA had used during Gemini and Apollo, to preface his
outline of future docking concepts.* According to Johnson, the configura-

*Johnson defined the terms used in discussing docking equipment as follows: “The term
docking as applied to spacecraft operations defines the mechanical, temporary joining together of two
spacecraft, generally for the purpose of crew and cargo interchange. In that same context, docking
systems refer to the collection of spacecraft equipment designed to perform the docking operation.
Docking gear refers more specifically to the mechanisms that accomplish the mechanical joining.”
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tions of Gemini and the Agena target vehicle were nearly optimum for
manually controlled docking. “The Gemini crewmen were in an excellent
position visually to monitor the condition of the docking gear and to control
their docking maneuvers.”” Furthermore, “both craft had full attitude and
translation control capability, both as separate and connected vehicles.” In
Apollo, the command and service module geometry did not permit the crew
to see the docking gear on either the command or the lunar module. This
had not posed a serious problem, but Johnson noted the desirability of visual
monitoring of the docking mechanism and process in future spacecraft.

After some further discussion of Gemini and Apollo docking experi-
ences and a short film illustrating the final approach of the Apollo 12
command and service modules to the lunar module, Johnson turned to a
fuller description of future concepts for docking gear. He told the Soviets
that previous systems had functioned satisfactorily enough, *“but our
experiences . .. have pointed out areas where we feel that the docking gear
of future spacecraft can be significantly improved.” He then went on to
outline seven design features that he and his designers believed would greatly
facilitate docking operations in future spacecraft. The first four criteria
emerged from the experiences with Gemini and Apollo; the latter three came
from studies of future systems. Johnson elaborated on each of these points
in turn.

Safety, of course, was the preeminent consideration. The docking gear
should be fail-safe, “at least to the extent that the gear suffer no damage
during impact when the spacecraft are misaligned too greatly to allow
capture,” Johnson said, and there should arise no situation in which
automatic disengagement would be prevented. A failure to complete docking
should under no circumstances preclude another attempt at capture.
Johnson and his colleagues also believed that the astronauts should be able
to transfer from one spacecraft to another without donning a spacesuit. This
“worthwhile convenience” of shirtsleeve transfer required that the coupled
spacecraft contain compatible atmospheres. While the Apollo and Soyuz
cabins had dissimilar environments, Johnson told the Soviets that NASA was
planning to use sea level pressure in the future, thus eliminating any transfer
problems from that source. Another transfer-related consideration centered
on eliminating any docking gear that might block the passageway between
spacecraft. The Apollo probe assembly, which had to be removed after the
command and service modules were latched to the lunar module, had proved
very inconvenient. “Every attempt should be made to select a docking gear
that does not block the very passage it intends to effect.”?

The docking gear of all spacecraft to date—American and Soviet—had
employed some variation of the probe and drogue. The probe, or male-like
configuration, on one spacecraft would enter the drogue, or female-like
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configuration, on another spacecraft for docking. Johnson pointed out the
shortcomings of such an approach:

There was or is no manner in which two spacecraft with only “probe” gear
can dock together, nor is there any manner in which two spacecraft with
“drogue” gear can dock together. That constraint has not been inconvenient
to our limited spaceflight activities to date; but, we think we should avoid
that constraint in future docking gear. We think future docking gear should
exist in a limited number of standard classes, and that any new gear of a given
class should be able to dock properly with any other gear of the same class.*®

Such an androgynous* docking gear should be designed so that either of the
two spacecraft could dock and undock without the active support of the
second vehicle.

As the final requirement in his list, Johnson saw the need for two
structural modes for future docking gear, since subsequent spacecraft were
expected to be much larger than the existing generation. Johnson doubted
the desirability or practicality of using the docking mechanism to effect the
structural joint between such craft. “We believe, rather, that the docking
gear should be expected to provide only a relatively compliant structural
joint; that the burden of rigid joining be assumed by the particular
spacecraft’s structural system.” Caldwell then projected a Vu-graph of an
androgynous docking system that combined all the design features he had
mentioned.?’

Described as a double ring and cone docking mechanism, this concept
was one of Johnson’s pet ideas. As was the case with many of his colleagues
at MSC, Johnson had never really been satisfied with the Apollo probe and
drogue arrangement. The history of that docking mechanism dated back to
May 1962, when NASA and North American Aviation prepared a prelimi-
nary outline for space docking. As the investigation of docking gear
progressed, seven different concepts were considered before the November
1963 decision to adopt the North American probe and drogue design.?®
Among the rejected ideas was the ring and cone concept designed in 1963 by
Houston’s Preliminary Design Section of the Advanced Spacecraft Technol-
ogy Division. But rejection of this idea did not mean that it was dropped.
Over the years, several men including Johnson continued to propose
variations on this theme.

Johnson revived a variant of this docking gear in 1967 for the orbital
workshop of the Apollo applications program, which became Skylab. He
called his 1967 androgynous design a double interrupted ring and cone. The

*Androgynous, a term taken from the life sciences, suggests the possession of characteristics of
both sexes—sometimes called neuter.
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cone was divided into 12 discrete fingers or guides so that the “‘cone” of one
gear would match the “ring” of the mating gear and vice versa. “The fingers
of one will exactly intermesh with the fingers of the mating gear.” The
proposed mechanism, which would not block the passageway between
spacecraft, was androgynous, could accept a passive partner, and was
fail-safe. Furthermore, Johnson had separated the capture latching mode
from the structural latching mode.*' His proposal was rejected again because
the existing hardware was acceptable; the new concept did not possess
sufficient superiority to merit such a change. Johnson had been working on a
four-*‘finger™ version of his earlier gear when he received word that he had
been selected to visit Moscow. When Gilruth called his delegation together
on 9 October, the designer had proposed to discuss his docking system with
the Soviets, as being illustrative of one of the future approaches that NASA
might take. Nobody knew how the Soviets would react to a discussion of
hardware, but as it turned out, they were eager to talk about mechanical
systems.*?

While there were no specific Soviet comments regarding Johnson’s
presentation, they did give the Americans a detailed briefing on their Soyuz
docking equipment. Vladimir Sergeyevich Syromyatnikov,* their 37-year-old
mechanical design expert for docking systems, described the probe and
drogue system currently used on Soyuz.** While similar in concept to the
Apollo system, the Soviet “pin and cone” gear was not designed for internal
transfer. Syromyatnikov told the Americans that the U.S.S.R. had adopted a
docking mechanism without provision for internal transfer because it could
be developed in less time. (This reinforced Johnson’s opinion that there had
been a “‘sense of urgency” associated with the development of Soyuz.)
Returning to the main theme of this discussion, he reported that once
capture was made, the Soviets employed an electric motor to retract the
probe for final structural latching. In Apollo, the probe assembly was
automatically retracted when the capture latches actuated the argon-gas-
operated retraction mechanism. Lunney noted that the Soviet approach
permitted repetitive docking and undocking, whereas Apollo was limited to
two prime and two backup retractions. While the American system was
sufficient for lunar missions, the heavier Soyuz docking equipment was more
flexible.

The difference in approach to docking taken by the Soviets and NASA
was also illustrated by the degree of precision required in the Soyuz docking

*While Syromyatnikov was unknown personally to the NASA representatives, his reputation as
an aerospace engineer had been known to the NASA community since his appearance at the Fifth
Aerospace Mechanisms Symposium at the Goddard Space Flight Center, 15-16 June 1970, where he
spoke on aspects of the Soyuz docking system.
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procedure. The Soviet docking equipment included electrical umbilical
connectors contained in the face of the docking ring. These multiple prong
and socket connectors required precise alignment, which the Soviets
obtained by using 152-millimeter by 25-millimeter (6-inch by l-inch)
diameter guide pins. Once the head of the probe was engaged in the drogue,
basic alignment having been accomplished by using docking targets, further
alignment was completed by the guide pins of one craft entering sockets of
the other craft. Like the American system, the Soyuz docking required
matched pairs of spacecraft.

Syromyatnikov also talked briefly about a modified docking system
that would permit internal transfers of crews and equipment. While this
system had not vet flown, it appeared to be something that the Soviets
planned to use in the relatively near future. Docking would be accomplished
as in previous missions, but once the two ships were joined together the

ber 1970 Meeting in Moscow
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probe and drogue assembly could be unlocked and swung out of the way.
The passageway between the two vehicles would then be open for a
shirt-sleeve transfer. This new mechanism was a real step forward from the
first-generation docking system with its solid face, and the Soviets agreed to
provide NASA with a fuller description.**

After a lunch break, the talks resumed with a discussion of Skylab by
George Hardy. Skylab had grown from the desire to exploit more fully the
launch vehicles and spacecraft that had been developed for the Apollo
program. He told the Soviets that the Skylab hardware was designed in such
a manner to permit it to be revisited, resupplied, and reused for extended
earth-orbital missions. The flight lengths being projected for the three
missions—28, 56, and 56 days—appeared to intrigue his audience, especially
in light of the Soyuz 9 flight the preceding June, which had lasted for a
record 18 days. Hardy concluded with discussion on the rendezvous and
docking operation associated with the program, showing the Soviets a model
of the proposed spacecraft.*s

Following a late afternoon adjournment, the Americans gave a party for
their hosts at the home of the U.S. Embassy’s Science Attache. During the
socializing, Gilruth and Feoktistov shared stories and views on manned space
flight. Since both men were among the *old timers” in their respective
programs, they had a lot in common. Gilruth had wondered for years about
who had been responsible for the development of the Soviet spacecraft, and
he was particularly interested in Feoktistov’s comments about having done
the majority of the design work for Vostok, Voskhod, and Soyuz. But
having risen to the position of Deputy Director of the Soviet manned space
program, Feoktistov did not want to dwell on himself, so the conversation
turned to other aspects of space flight—to Skylab, rotating space stations,
and the ways one justifies manned space programs to scientists who prefer to
use automatic probes. At evening’s end, the Americans felt as if they had
been to a reunion with old colleagues.*®

Meeting again on Tuesday morning, the first hour was given over to
further comments on Skylab by George Hardy and a description of Soyuz
radio guidance equipment by V. V. Suslennikov. After that basic exchange
of information, the men turned their attention to the topic of compatible
systems to determine which aspects of that subject should be studied. At the
end of this discussion, Feoktistov gave Gilruth a list of technical questions
for which he felt the two sides should share answers. These questions
indicated a basic concern in working toward compatible systems, and it
seemed logical to all present that these problems should be divided into
subject areas that teams of specialists could address. At Feoktistov’s
suggestion, three working groups were formed, following the precedent set
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by the 1962 Dryden-Blagonravov agreement. One working group would
ensure the compatibility of overall methods and means for rendezvous and
docking; another would concentrate on establishing compatibility between
radio, optical, and other guidance and communications systems, and the
final group would attend to compatibility questions related to docking
assemblies and tunnels that might be created. The representatives then
worked up a schedule of events that would guide their efforts during the
next six months.

Assuming that there would be a joint meeting of the working groups in
about six months, the two parties agreed to exchange further data. During
November by correspondence they intended to trade technical materials on
radio guidance and rendezvous systems, spacecraft atmospheres, and systems
for voice communications, Later that winter, each side would send its
counterpart a draft outline of those technical requirements that were
considered essential to compatibility. This paper work would allow the two
groups of engineers to get an idea of how the other worked. The spring 1971
meeting would then concentrate on further defining technical specifications
for compatible systems, both sides having worked independently on
preliminary designs. While all the men present were ready to get to work, no
one expected their work to bear early fruit.

After lunch on Tuesday, Frutkin, Lunney, Feoktistov, and Ilya
Vladimirovich Lavrov drafted an agreement incorporating the points
discussed that morning. Feoktistov was ready once again with a draft. As
Lunney later reported, they discussed the document for a relatively short
time before coming to full agreement. Feoktistov’s original proposal was
“98% of what we signed the next day.”*” It became clear to the Americans
that Feoktistov was a very efficient person d4nd one of the prime movers
behind the Soviet desire to develop complementary systems as soon as
practical.

With their work out of the way, the Americans went on a tour of the
lunar science laboratories and then had a brief discussion with M. V.
Keldysh. The NASA representatives were impressed with both, developing an
even deeper appreciation for the capabilities and accomplishments of Soviet
space personnel. Gilruth especially understood Keldysh’s comments about
having to continually justify the space program to budgetary planners. After
reviewing with his guests the progress that had been made, Keldysh invited
them to dinner at the Prague restaurant. Following a pleasant evening of
“shop talk” with Keldysh, Blagonravov, Petrov, and Feoktistov, the
Americans returned to their hotel to rest up for their final day in Moscow.

On the morning of 28 October, the NASA and Soviet representatives
assembled at the Presidium of the Soviet Academy to sign the “Summary of
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At the negotiation table, signing the
October 1970 agreement for the Ameri-
cans: left to right, C. C. Johnson, G. B.
Hardy, W. Krimer, A. W. Frutkin, and R.
R. Gilruth (Soviet Academy of Sciences
photo).

Results.” In contrast to the ornate physical surroundings, the ceremony was
simple but impressive. There was no smugness in their sense of accomplish-
ment, but a feeling that the time had come for the two nations to cooperate
in space. In just three days, they had reached an agreement to work together;
now they would have to make good their pact.

WORKING THE PROBLEM

When they returned to Houston, Gilruth, Lunney, Johnson, and Hardy
sat down to discuss their accomplishments and the tasks ahead of them. The
four men agreed that the discussion had been open and frank, and the
problems they had anticipated had never materialized. Language differences
had been their only barrier. Hardy felt that the Soviets “seemed very
interested in achieving . . . and implementing some agreement to capabilities
for compatible docking.” He believed that they had done everything ‘‘that
they knew how to do, to exchange information. ... It was their sugges-
tion . .. that we exchange additional information with more details.” Hardy
and the others, however, did not get a feeling for the Soviets’ motives. Hardy
continued, “I don’t say this suspiciously, I just say it wondering. ... it
would seem to me that a rather significant policy decision on the part of
NASA or maybe the Administration is in order.” Now that the door was
cracked, he saw the possibility of making an overture to engage in “a signifi-
cant venture of some sort in the immediate future, or . . . to continue to dis-
cuss compatible docking in . . . the abstract.”*®

Caldwell Johnson was concerned about attempting to design systems in
the abstract. He felt that considerable substance needed to be added to the
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discussions; for example, designing systems adaptable to current spacecraft
rather than designing hardware for some unknown future vehicles. Gilruth
suggested that the initiative lay with him and his three companions. “We’re
the ones who are going to have to determine whether or not it’s feasible.
And whether or not we want to do it.” Policy decisions would follow after
their recommendations. Realizing the significance of their position, the men
agreed that they would have to “wring out™ thoroughly any proposals and
not “‘go off half cocked.”

Speaking to the question of a real versus an abstract project, Lunney
argued that a decision in favor of a more concrete effort was implicit in the
schedule proposed by Feoktistov. Lunney believed that the Soviet Deputy
Director realized the implications of the schedule. ““I think he knew that we
would have to go home and decide what applicability we were interested in.”
Hardy added that he remembered hearing Keldysh say that he had invited
George Low to visit Moscow for wider ranging talks on cooperation in space
science. While the NASA delegation had not commented on it at the time,
Hardy felt that should Low accept the invitation and should the timing of
his visit coincide with the January exchange of technical requirements, “then
he could possibly bounce this thing around a little bit . .. to see if we’re in
fact on the right track or way out in left field.” Gilruth concurred, and said
further that it might be appropriate for Low to present a gift to the Gagarin
Museum at the same time, since the U.S. was conspicuous for its failure to
remember the first man in space.*’

Pursuing this thought on the need for concrete discussions, Caldwell
Johnson decided to set down on paper some ideas for possible missions. In a
3 November document, “Initial Efforts toward the Development of
Compatible Rendezvous and Docking Hardware and Software for USSR and
US Spacecraft,” he presented several considerations to be studied by the
personnel of the Spacecraft Design Office. He strongly felt that the designers
should concentrate on developing hardware for a spacecraft currently being
flown by the two nations, and he explained his rationale:

Since the approved manned spaceflight programs of the US [are]
comprised of Apollo and Skylab A, and possibly, exploitation of surplus
Saturn and Apollo hardware; and, since the USSR manned space-flight
program appears to be limited to earth-orbital missions utilizing a single or
two docked Soyuz spacecraft, initial efforts toward the development of
compatible rendezvous and docking hardware and software should emphasize
those spacecraft and missions.

Johnson thought that this approach would not prevent consideration of
rendezvous and docking between spacecraft still in the planning stages, but
he felt that work on future systems should be limited to “development of
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generalized requirements and concepts rather than engineering solutions for
hypothetical problems.”°

The American designer believed that the initial efforts toward develop-
ment of compatible systems should begin by studying the technical
possibilities of two broad classes of Soviet-American flights—scheduled and
non-scheduled earth-orbital missions. The scheduled flights provided three
possibilities: Soyuz could dock with Skylab to demonstrate the feasibility of
such an operation, conduct an experiment in cooperation with the American
crew, or occupy Skylab after the NASA crew had departed. Or Apollo could
dock with Soyuz or act as a propulsion stage to place the Soviet craft in a
“different orbital situation.” Finally, Soyuz could dock with Apollo to
prove its ability as the active rendezvous partner. The non-scheduled
possibilities were essentially rescues performed by one nation for the
other.5!

To implement these studies, Johnson drew up a list of tasks to be
performed at MSC. These spacecraft docking studies called for further work
on the double ring and cone docking gear, a clearer definition of the new
internal transfer docking gear developed by the Soviets, an initial investiga-
tion of mounting the new Soyuz probe or drogue in the Apollo CSM, and a
“first-cut” study of the technical feasibility of docking existing Soviet and
American spacecraft. While Clarke Covington of the Advanced Earth-Orbital
section of the Spacecraft Design Office supervised this investigation, René
Berglund of the Advanced Missions Office collected materials to send to the
Soviets in November. At Headquarters, George Low and Arnold Frutkin
briefed the White House (Henry Kissinger) and the State Department (U.
Alexis Johnson). Low confirmed the acceptability of the “Summary of
Results” by letter to Keldysh and prepared a response to Keldysh's letter
inviting the Acting Administrator to Moscow.52

As he had indicated to his visitors, Keldysh wanted Low to visit the
Soviet capital to discuss the broader possibilities of cooperation in the space
sciences. Low responded in late November, the day following the transmittal
of the docking documents from MSC, saying that he would be very happy to
travel to the U.S.S8.R. for discussions with Keldysh and the Soviet Academy
of Sciences. He had been “influenced by the technical discussions on
rendezvous and docking which began so auspiciously in Moscow last month

. it may be that we should give priority to a few selected items which
could be defined and treated in a very concrete fashion analogous to the’
rendezvous-and-docking case.” Low then went on to list four areas in which
substantive cooperation could be undertaken—updating the mid-1960
agreements on developing better weather forecasting; broader sharing of
scientific data (including the exchange of lunar samples); pooling knowledge
of space biology and medicine; and jointly exploring the oceans by satellite.
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In a letter sent to Washington on 4 December, Keldysh agreed to Low’s
agenda proposals and the mid-January meeting date his counterpart had
suggested.>?

With the initial docking studies underway, Low’s pending visit to the
Soviet Academy of Sciences in January 1971 would give him an opportunity
to discuss further the topic of manned space flight with the Soviets. Indeed,
the in-house studies at the Manned Spacecraft Center took on new
significance, as Clarke Covington oversaw the preparation of a document
that would outline the various docking methods for Apollo and Soyuz. By
the end of December, NASA was preparing to suggest to the Soviets that a
real test mission might be not only feasible but more desirable than drawn-
out discussions about abstract, hypothetical missions at some unspecified
time in the future.
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Proposal for a Test Flight

In October 1970, Academician Keldysh responded to a September
1969 letter from Administrator Paine, agreeing that the “limited character”
of Soviet-American cooperation in space science and applications could be
broadened.! After the two sides had decided on a January 1971 meeting in
Moscow to discuss this subject, NASA Acting Administrator Low set about
choosing a delegation and determining the agency’s position on those topics
proposed for the agenda.? Acting on the advice of Arnold Frutkin, Low
opted for a small delegation composed of individuals able to discuss a broad
range of subjects rather than specialists.* Low and Frutkin thought it best to
draft beforehand the agreements as they would like to see them signed, so
that the Acting Administrator would always have in front of him the goals
they wished to achieve. When he left Washington, he had a complete set of
proposed agreements and a draft press release, as well.?

Before departing, Low was briefed by Under Secretary of State Alexis
Johnson on the heightening diplomatic tension between the Soviet Union
and the United States. The Soviets had just concluded a trial viewed in the
U.S. as having anti-Semitic overtones, involving a group of accused airplane
hijackers. Even as two of the Soviet Jews charged with the crime appealed
their death sentences, the first ever levied for hijacking in the U.S.S.R., the
Jewish Defense League had undertaken a campaign of bombing Soviet
installations and intimidating Soviet personnel in New York and Washington.
On 4 January, Soviet Ambassador Dobrynin delivered a note to the State
Department accusing the American Government of “‘connivance” in these
hostile acts and warned that the Soviet Government could not guarantee the
safety of American officials and businessmen in Moscow.* Although
Johnson told Low that he did not anticipate any difficulties for an official
delegation, he did voice his concern about public statements that Low might

*Low was accompanied by Frutkin; John D. Naugle, Associate Administrator for Space Science
and Applications; Arthur W. Johnson, Deputy Director, National Environmental Satellite Service;
William Anders, Executive Secretary, National Aeronautics and Space Council; and Robert F. Packard,
Director, Office of Space-Atmospheric and Marine Science Affairs, Department of State.
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make at the end of the negotiations and cautioned him to check with the
Embassy in Moscow before making a favorable release to the press if the
diplomatic situation were to worsen.®

As preparations in Washington progressed for George Low’s visit to the
U.S.S.R., the manned spacecraft team in Houston was working on a set of
alternative proposals for a flight using Apollo and Soyuz hardware. Shortly
after returning from the Soviet capital in October, Bob Gilruth had suggested
to Low that subsequent discussions with the Soviet Academy would be more
productive if the two sides began talking about specific missions using
existing spacecraft.® Gilruth and Caldwell Johnson had conducted an
intensive feasibility study at the Manned Spacecraft Center (MSC) and
presented their findings to Low on 5 January.

Based upon the rapid exchange of technical data and the tone of his
recent correspondence with Keldysh, Low decided that it might be
worthwhile to raise the possibility of a joint flight.” He was willing to
increase the tempo of the compatibility talks with the Soviets, for both he
and Frutkin believed that the whole approach of the U.S.S.R. toward
cooperation had changed. Reflecting on the October 1970 meeting, Frutkin
later said “‘that meeting was clearly different from anything we had ever had
before with them.” In the Dryden-Blagonravov era, meetings involved only
the very senior personalities in the Academy of Sciences; “you didn’t feel
that you were dealing with people who got grease on their hands.” October
had been different. “The protocol was minimal, and business was clearly
foremost,” Frutkin added. He had been impressed by Suslennikov, Syrom-
yatnikov, and especially Feoktistov, whom Frutkin had found “‘extremely
able and very efficient . . . with no nonsense.”® NASA’s interest in obtaining
more immediate results with the Soviets was boosted by this new working
relationship.®

On 12 January 1971, a week before leaving for Moscow, Low and
Frutkin flew to San Clemente, California, to discuss NASA’s negotiating
plans with the President’s Foreign Policy Adviser, Henry Kissinger. Low
briefly outlined the events leading to Keldysh’s invitation and summarized
his strategy for the meeting on space science and applications. In response to
Low’s request for the Administration’s position on an actual test mission
using Apollo and Soyuz spacecraft, Kissinger replied that as far as the White
House was concerned Low had a completely free hand to negotiate in any
area that was within NASA’s overall responsibility. The President, Kissinger
said, was in full support of these meetings and personally wanted Low to
express to the Soviets his desire for cooperative efforts in space research and
technology. Kissinger had only one request of the Acting Administrator; he
would prefer that NASA personnel not contribute to the false notion that if
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they could reach technical agreements they could also solve political
problems if given the opportunity. Kissinger felt that in the past some of the
astronauts had tried to suggest that since it was easy to negotiate with the
Soviets on space topics it should be equally simple in other areas. Such
naivete on the part of highly publicized individuals only hampered the work
of diplomats on both sides. In parting, Kissinger told Low: ““As long as you
stick to space, do anything you want to do. You are free to commit—in fact,
I want you to tell your counterparts in Moscow that the President has sent
you on this mission.”?

Low and his party arrived in Moscow late Saturday afternoon, the 16th
of January. Their reception at the airport was warm, and Keldysh was there
to greet them. While the Americans waited for customs formalities to be
completed, Low chatted with Keldysh and the Vice President of the
Academy, Aleksandr Pavlovich Vinogradov, who had just returned to
Moscow from Houston. They talked about the upcoming Apollo 14 mission,
Luna 16—the topic of Vinogradov’s presentation at MSC*—and Lunokhod,
the unmanned moon rover that was still ranging widely over the lunar
surface. There was no sign of any coolness or hostility, and once again it
appeared that the desire to cooperate in space exploration outweighed any
extraneous political events.!!

Although Low asked for a reprieve from extensive sightseeing that
night, he and his colleagues had a pleasant dinner with Keldysh, Blagonravov,
and several other Soviets. Low and Keldysh talked about manned versus
unmanned flights and the importance of space programs to the support of
science and technology. Manned flights, they agreed, were essential “‘to lift
the human spirit.” They both felt that the United States and the Soviet
Union must compete and cooperate in space—-compete because they needed
the contest to spur the nations on and cooperate because of the vastness of
the universe and the number of problems that needed to be solved.!?

*Vinogradov presented a paper, "Preliminary Data on Lunar Ground Brought to Earth by
Automatic Probe ‘Luna-16"," at the Second Lunar Science Conference sponsored by the Lunar
Science Institute, held in Houston, 11-14 Jan. 1971.

Academician Aleksandr Paviovich Vino-
gradov, left, examines a lunar rock col-
lected on the Apollo 12 mission. Assisting
the visitor to the Manned Spacecraft
Center is Dr. Michael B. Duke, center,
curator in the Lunar and Earth Sciences
Division. MSC Director Robert R. Gilruth
looks on.
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At the Presidium of the Soviet Academy of Sciences, the Soviet and American negotiators
face one another at the conference table in January 1971. Dr. Low and Academician
Keldysh (below) headed the delegations and signed the agreements (Soviet Academy of
Sciences photos).

After four days of detailed and physically exhausting negotiations,*
Keldysh and Low initialed an agreement calling for fuller cooperation in five
specific areas:

1. to improve the current exchange of data from meteorological satellites
and consider alternative possibilities for coordinating systems;

*The Soviet delegation consisted of M. V. Keldysh; A. P. Vinogradov; B. N. Petrov; G. 1. Petrov,
Director, Institute for Space Research; 1. P. Rumyantsev, V. S. Vereshchetin, 1. V. Meshcheryakov,
and A. L. Tsarev, Intercosmos; M. Ya. Marov, Institute of Applied Mathematics; Ye. K. Federov, Chief,
and L. A. Aleksandrov, Deputy Chief, Main Administration Hydrometeorological Service; N. N.
Gurovskiy, Chief, Directorate, Ministry of Health; O. G. Gazenko, Director, Institute of Medical-
Biological Problems, Ministry of Health; Yu. A. Mozzhorin, Professor, Moscow Physics-Technical
Institute; V. P. Minashin, Chief, Main Administration of Space Communication, and I. Ya. Petrov,
Deputy Chief, Main Administration of Space Communication, Ministry of Communications; and K. G.
Fedoseyev, Deputy Chairman of the USA Section, Ministry of Foreign Affairs.
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2. to formulate cooperative provisions for a program of meteorological
rocket soundings;

3. to study the possibility of conducting natural environment research by
coordinated surface, air, and space measurements over international waters
and specific ground sites;

4. to define and exchange information on the objectives of space, lunar
and planetary exploration, to consider the possibility of coordinated lunar
exploration, and to exchange lunar surface samples already obtained; and

5. to develop procedures whereby detailed space biology and space
medicine data could be more regularly exchanged.'?

Although the Soviets would have preferred to sign a more general set of
statements, Low and the other Americans stressed the need for specific
agreements. The U.S. delegation felt that the Soviets were surprisingly
cooperative and open in their approach, aside from some routine haggling
over wording. From the start, Keldysh had understood Low’s concern for
specificity and practicality in the agreements and had seen to it that a
compromise was reached.'® While the news media reported favorably on the
proposal to exchange lunar samples, Low and Keldysh met privately to
discuss an even bolder plan.'$

A NEW PROPOSAL

Early on Wednesday, the 20th, while the negotiations were still in
progress, Low and Frutkin met with Keldysh to talk about rendezvous and
docking. Having been advised of the subject, Keldysh had asked Feoktistov
to join them. Low said that NASA would like to propose the development
of compatible systems for use with Apollo and Soyuz rather than with future
spacecraft. He explained this idea in some detail, pointing out to Keldysh
that the Americans did not yet want to make this a formal proposal but
instead only wished to present it for the Soviets’ consideration. Low
remarked that Gilruth favored focusing on the development of equipment
and systems for existing spacecraft to give the specialists in the two countries
something much firmer with which to work.

Both Keldysh and Feoktistov were intrigued, and they said that
although they were not free to commit their government to such a project
they wanted to pursue this subject further and hear more details. Then they
could advise their superiors and obtain a decision. Low agreed to send with
the exchange of technical requirements scheduled for February a fuller
description of the type of project he was proposing. Keldysh asked Low to
refrain from mentioning this conversation publicly until there had been
consultations internally. The two sides would subsequently make a public
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announcement if this developed into a formal topic for negotiation. Low

agreed to this arrangement.*'®

Low based his discussions with Keldysh concerning a joint rendezvous
and docking mission on the “USSR/US Docking Studies” prepared at MSC

in late December

1970. In Houston, Clarke Covington had prepared

materials on the two aspects of possible docking activities—the near and far
term. For the former, he and his colleagues proposed feasibility studies of

*At this meeting in Moscow, Low had also presented to the cosmonauts a plaque designed by
Gilruth to be placed in the Gagarin museum. As Low said to Gilruth in a 27 Jan. 1971 letter, “It was
an emotional moment, and it was obvious that they were pleased at the recognition by us of their

being first in space.”
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specific docking missions and specific hardware systems that could be flown
between 1972 and 1975. For the far term, the specialists suggested that the
Joint Working Groups develop technical requirements and general concepts
for the docking of future systems “as a continuing show of good faith.”1?

In effect, the MSC proposal inserted a new activity into the scheme of
things as they had been agreed to earlier in Moscow. The primary focus of
the October agreement had been work on compatible systems for future
spacecraft. Now Caldwell Johnson, Covington, and their associates were
pushing for a real mission using existing hardware. MSC specialists had listed
several important guidelines. Such a joint mission should provide a public
demonstration of a viable joint activity and as such should allow both
countries to exhibit equal skill and effort. But above all, it should be an
open, non-military enterprise that would continue NASA’s philosophy of
peaceful exploration in space.

To define the hardware needed for a rendezvous and docking mission,
Will Taub had drawn a series of sketches showing variations on an
Apollo-Soyuz mission. Covington used these in December 1970 when he
briefed MSC management on five mission possibilities:

Concept 1 CSM and Soyuz dock without a crew transfer.

Concept 2 CSM and Soyuz dock with an extravehicular transfer.

Concept 3  CSM and Soyuz dock with an internal transfer, possibly without
prebreathing; i.e., a “shirtsleeve transfer.”

Concept 4 CSM and Soyuz dock to an adapter module that would permit
shirtsleeve transfer.

Concept 5 CSM and Soyuz dock to a more elaborate “experiment module”
that would permit extended scientific activities.'®

Gilruth and his deputy, Chris Kraft, quickly decided that the fifth
concept was too elaborate; they argued for keeping the system simple. They
believed that in the absence of a political commitment from the Nixon
Administration and because this was an unsolicited proposal, it would be
best to suggest a “‘minimum meaningful™ activity to the Soviets and then
await their reaction. Thus, when Covington later briefed Headquarters before
Low’s trip, he dropped concepts 1 and 5 and replaced them with a new
suggestion that called for both spacecraft, flying without structural
modification. to rendezvous and stationkeep, but to make no attempt to
dock. In addition, he described a possible rendezvous—with and without
docking—of Soyuz with Skylab.'?

Two important points had to be considered for any of the docking
missions—the docking gear to be used and the impact of cabin atmosphere
on crew transfers. For an Apollo-Soyuz linkup, the hardware proposals
ranged from a simple adaptation of the existing gear to the creation of a
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special docking module with Apollo gear on one end and Soyuz gear on the
other. The minimal changes to the docking equipment called for building an
adapter that would permit the installation of a lunar-module-type drogue
into the cone of the Soyuz. Then the Apollo could dock and latch its probe
into this adapted Soyuz. This particular modification could be varied for
use with either the solid face or the swing-away Soyuz docking mechanisms.
A more claborate alternative called for building an “airlock docking
adapter,” a mini-spacecraft that would be carried into orbit in the
spacecraft/lunar module adapter (SLA) behind the command and service
module (CSM).* Following the CSM’s docking and removal maneuver with
the airlock module, the Soyuz could dock with it, employing the standard
Soyuz probe. While crew transfer in the simple system would be either
internal or external depending upon the type of Soyuz docking interface, the
airlock module concept assumed the use of the swing-away hatch on Soyuz.

Docking was only half the story; the differences between spacecraft
environments had to be considered in any plans to transfer crews. Based on
the rather limited information available about the Soyuz life support
system,” NASA specialists assumed that crew transfer would likely occur at
the normal operating pressures for both spacecraft, requiring the men
moving from the higher to the lower pressure to pre-breathe. The cabin
pressure of Apollo could not be raised above 414 millimeters of mercury (8
psi) because of structural limitations in the CSM, and the Soyuz cabin
pressure could not be lowered much below that without significantly
increasing the risk of fire, as the percentage of oxygen increased in the total
volume of the remaining gases. While the obvious solution would have been
compromise on cabin pressure at about 414 millimeters, this would have
required substantial modifications, which at the time seemed to be contrary
to the desire to make the fewest possible changes to the basic spacecraft. If
the two spacecraft were flown with their standard atmospheres, oxygen
would have to be pre-breathed prior to entering Apollo to prevent the bends.
In an effort to provide for crewmember oxygen without adding additional
oxygen to the Soyuz atmosphere, the MSC environmental control specialists
fully expected to develop a new closed system portable life support
mechanism to provide oxygen and recycle carbon dioxide for the Americans.
Work had begun on such a unit in an cffort to eliminate the problem of
oxygen enrichment and any increased danger of fire during the pre-breathing

*The SLA, an 8.5-meter truncated cone between the service module and the launch vehicle
instrument unit, enclosed the lunar module (LM) during launch and on its way to the moon.

TThe information available to NASA included materials that had appeared in the American
press over the years, those obtained during the October 1970 trip, and the report sent to Houston in
the first technical exchange.
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period. And as always, the risk of fire was the primary worry of the
American environmental control systems designers.?°

Developing an airlock module would have solved some of the problems
involved in changing the pressure in either spacecraft. If the astronauts
wanted to transfer to Soyuz, they would enter the airlock, close the hatch
behind them, raise the pressure to 760 millimeters, and then enter the Soviet
spacecraft. Going the other direction, they would enter the airlock after
pre-breathing oxygen aboard Soyuz (or alternatively in the airlock itself) and
when it was safe lower the pressure to 258 millimeters. Throughout this
process, the pressure in each craft would remain virtually unchanged.

At this point, complexities of design seemed to abound. If the crewmen
pre-breathed in the airlock module, then a full life support system would
have to be included in that mini-spacecraft. If the pre-breathing occurred in
Soyuz, a simpler life support system could be used in the airlock module,
but the Americans would have to transfer in their suits, requiring provision
for suit cooling circuits aboard Soyuz. Walter W. Guy of the Crew Systems
Division urged the specialists to find a simpler way to conduct the transfers.
Otherwise, life was going to be too complex for the crews.

In addition to making the transfer process somewhat easier and
reducing further the possibility of oxygen enrichment to the Soviet craft, the
airlock had several good features from a designer’s point of view. In the first
instance, all Soyuz docking aids could be secured on the exterior of the
module, thus eliminating major changes to the CSM. Second, the interior
surfaces of the airlock module would provide places for mounting various
communication and power units that would otherwise have to be added to
the CSM or to the Soyuz. But the airlock module was a new piece of
hardware that would have to be designed, built, and tested. This was the
major objection raised by both MSC and Headquarters.?!

George Low, Wernher von Braun,* and others at Headquarters were
interested in pursuing the simpler drogue-in-cone adaptation, and it was this
type of system that Low had considered in January when he had talked to
Keldysh in Moscow. So in February 1971, NASA transmitted two
documents to the Academy of Sciences, the first fulfilling the 1970
agreement to exchange “‘technical requirements for rendezvous and dock-
ing.” “Preliminary Rendezvous and Docking System Requirements for
United States Spacecraft’™ was generated to provide the Soviets with only an
“overview of NASA . .. requirements and systems,” not specific solutions to
compatibility issues. From this general paper, the planners hoped to move on
to more detailed discussions.??

*Von Braun had been appointed Deputy Associate Administrator for Planning in Mar. 1970.
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The second paper—“A Concept for a Union of Soviet Socialist
Republics/United States of America Rendezvous and Docking Mission™ —was
prepared by MSC personnel under the direction of René Berglund.
Although drawn up in a relatively short time and based upon a still limited
understanding of the Soyuz docking system, the document drafted by
William K. Creasy and Thomas O. Ross, among others, was a rather detailed
study of the docking interface for Apollo and Soyuz, presented as an
illustration. Similar details were given for the necessary docking targets,
communications equipment, and pre-breathing apparatus. These studies were
designed to outline the way NASA would create compatibility and conduct a
joint mission.??

In his letter of 17 February transmitting the two documents to Petrov,
Gilruth explained why he sent the paper proposing a joint Apollo-Soyuz
flight. Since this topic had been discussed by Low, Keldysh, Frutkin, and
Feoktistov during January, the MSC staff had looked into the whole
question of compatible systems. “In the process of our deliberation on this
subject,” Gilruth noted, “we have found the postulation of a specific
docking mission and spacecraft configuration useful in understanding
potential problem areas.” He also told Petrov that analysis of such a typical
mission concept—Apollo and Soyuz—should “be a beneficial way of assessing
compatibility during the March/April Working Group Meetings.”**

Gilruth then addressed the agenda for that spring gathering. “With
regards to these detailed Working Group activities, [ believe that a
preliminary meeting . .. should be held to establish the types of spacecraft
to be considered by the Working Groups.” Not everyone need be present,
Gilruth suggested, but he did “feel that the participation of the chairmen of
our respective Working Groups would be most beneficial.” For such
discussions, Gilruth had appointed Glynn Lunney, Donald C. Cheatham, and
Donald C. Wade to chair groups one through three respectively, and they
would be joined by Arnold Frutkin, George Hardy, Caldwell Johnson, and
René Berglund. “Should this suggestion meet with your approval,” Gilruth
continued, *I would like to invite you and your delegation ... to the
Manned Spacecraft Center, Houston, Texas. in March to conduct these
discussions.” Afterwards the full Working Groups could meet and begin their
efforts.?®

During the six months following the October meeting, MSC had begun
to find some minor problems that would have to be worked out as they
continued to expand the scope of their joint work—language and communi-
cations being two examples. Preliminary studies conducted at Houston,
based on available Soviet data, opened as many questions as they answered.
These new questions confirmed the necessity for additional information
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exchanges. There was also evidence that both sides would have to come to
agreement on technical translation, so that each side could be assured that
the other understood precisely what had been meant by specific words,
phrases, and documents.?%
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Then there was the time-gap problem in coordinating these communica-
tions. For instance, when Gilruth sent a draft of his letter to Petrov to
Washington for approval on 12 February. Houston was still thinking about a
meeting scheduled for March/April. But these plans were to be altered
several times before the meetings finally took place. Academician Petrov sent
his response on 15 March to Gilruth’s letter dated 17 February. Petrov’s
response, along with seven documents that constituted the Soviet technical
requirements for compatibility, was sent via diplomatic pouch from the
American Embassy in Moscow to the State Department in Washington. That
agency passed the material over to NASA Headquarters, where Frutkin’s
office received them on the 24th. The documents were next sent out for
translation, and MSC finally received them at the end of the month. Gilruth
got a preliminary briefing of their contents on 1 April and dispatched his
reply on the 9th. For both the February letter from Gilruth and the March
letter from Petrov, the turn-around time had been almost a month. Much
faster communications would be essential to any joint enterprise.?’

In his letter, Petrov approached the question of an actual test flight:
**As far as your new proposal ... of an actual example of docking of the
‘Soyuz’ and ‘Apollo’ type spacecraft, it requires further study which our
specialists are now engaged in.” Noting that this was apparently “an
intermediate solution™ toward the development of compatible systems,
Petrov felt that the two sides should stick to the schedule as agreed upon in
the Moscow “‘Summary of Results.” He did agree to the preliminary
discussions suggested by Gilruth for planning the agenda more fully, and he
proposed that they be held immediately before the Working Groups met.
After asking Gilruth to select a date for the meetings, Petrov added, “From
our point of view, the meeting of the Working Groups could be ...
conducted in the middle of May.”*® Gilruth in turn suggested the period
17-21 May for their meeting and provided a summary of the agenda and the
activities planned for the Soviets’ stay in Houston.?®

While his staff prepared for the Working Group meetings, Gilruth tried
for an even earlier discussion with Petrov. The American Ambassador to
Moscow, Jacob D. Beam, had reported to NASA via the State Department
that one of Petrov’s deputies had said that the installation of a compatible
rendezvous and docking system on Soyuz and Apollo would be “difficult.”
Nevertheless, the deputy had indicated that this might be a proper topic for
discussion during an upcoming visit by Petrov to the U.S. for an
international symposium. Donald Morris, Frutkin’s deputy, attempted to
find a suitable time for Petrov and Gilruth to meet during this visit, but he
was unsuccessful. Any consideration of the American proposal would have
to wait until May.3°

Hearing nothing to the contrary from the Soviets, MSC assumed that
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the May dates were acceptable and continued planning for the meetings.
Late on the afternoon of 7 May. they received word that there was going to
be a change. Leonard S. Nicholson, Berglund’s assistant, remembered sitting
in a briefing session in which Gilruth and Frutkin were being given a report
on the preparations for the visit, when Frutkin received a call from his office.
The U.S.S.R. delegation would not be coming.?' The full text of the cable
from Petrov, received the following morning in Houston, read: “To my
regret I have to ask vou to postpone meetings of our working groups [until]
June due to engagements of our specialists. [ shall let you know names of
Soviet participants and desirable date of meeting in the near future.”3 The
men gathered that Saturday morning were perplexed; Gilruth asked them to
study the implications of slipping the meeting date to June and then report
back to him by the following Friday.

Unknown to the Americans, the Soviets were planning another
significant manned launch for early June. But the Americans also had a flight
in the final stages of preparation. René Berglund reported to Gilruth on 14
May that ‘““the unanimous conclusion of the working group chairmen and
myself is that a meeting in June would be very inconvenient.” Glynn Lunney
was particularly concerned since Apollo 15 was scheduled to be launched on
26 July. As he was deeply involved with the mission as Chief of Flight
Qperations, any meeting within the last 30-45 days prior to launch would
pose serious scheduling difficulties. Berglund told the Director that he and
the chairmen were proposing that the meeting be delayed until early
September, and they had drafted a letter to that effect. He continued,
“There is some question as whether we should bother to reply at all until
such time as Petrov proposes a date.” Clearly there was some unhappiness,
but Gilruth’s calm and measured approach prevailed. NASA, he decided,
should await the Soviets’ next move.?3

SPACE STATION I: PROMISES AND PROBLEMS

The Soviets, in fact, did have their hands full. They were preparing a
second manned rendezvous with Salyut I, which they had placed in orbit on
19 April. Billed as the first “space station,” Salyut was designed for
long-term flights of approximately one month. As early as March 1971, the
Soviets had begun to hint that they were preparing for a flight that would
exceed the 18-day record mission of Soyuz 9. The unidentified “‘Chief
Designer of Spaceships™* said that such a flight would be the prelude to
creating a permanent space laboratory. The interview in Sotsialisticheskava
Industriyva indicated that the Soyuz had “‘undergone necessary modifications

*Although the “Chief Designer” was tentatively identified by the New York Times as being M.
K. Yangel, it was more likely that K. P. IF'eoktistov was speaking to the Soviet press.
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to insure fulfillment of a long and extensive program” and suggested that
the spacecraft, which were in ‘‘serial production,” would remain the
standard spaceship for some time.3*

On 23 April 1971, the Soviets had placed Soyuz 10 into orbit.
Following an early morning launch, Soyuz began its rendezvous maneuvers
and docked with Salyut I on the afternoon of the 24th. The final docking
took place in two stages. The automatic systems brought the manned craft
within 180 meters of the target vehicle, and then spacecraft commander
Vladimir Alexandrovish Shatalov took over. After ninety minutes, he guided
the Soyuz to a successful docking. The two vehicles remained joined for five
hours and thirty minutes while a series of experiments were conducted with
the flight systems of both Soyuz and Salyut. Much to the surprise of most
observers, there was no attempt to transfer either Alexei Stanislavovich
Yeliseyev or Nikolai Nikolayevich Rukavishnikov into the space station.
After separation from Salyut, the crew of Soyuz 10 conducted circular
maneuvers around the station, taking photographs and transmitting live
television pictures of it to the ground.3®

Even as the three-man crew returned safely to earth, there was
considerable speculation over the success of the mission. The Soviets had
themselves given rise to the questions. After the mission, designer Feoktistov
indicated that there had been some difficulties in the rendezvous and
docking aspects of the flight. First, there had been a number of orbit changes
during rendezvous. “In the course of this experiment ‘Soyuz 10’ changed its
orbit three times and ‘Salyut’ station four times on commands from the
earth.” With respect to the docking, Feoktistov said:

In servicing orbital stations . . . it will become necessary in the future to learn
to dock a relatively small transport spaceship with a huge flying multipurpose
laboratory. . .. The docking of this type is a more difficult task as compared
with the docking of two “Soyuz™ or “Cosmos’ spaceships—craft of roughly
the same mass.*®

While second guessing continued over the “problems” encountered by Soyuz
10, the Soviets launched Soyuz 11 on 6 June 1971. As the preparations
advanced for the second rendezvous with Salyut I, Petrov cabled Gilruth on
24 May, proposing a 20 June arrival date in Houston for the Working Group
members. Gilruth, wishing not to lose the momentum of the joint talks,
accepted that date and requested information on the size and arrival time of
the delegation.®’

WELCOME TO HOUSTON

A 19-man delegation arrived at Houston’s Intercontinental Airport at
8:30 on Sunday evening, the 20th, in very good spirits, basking in the
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reflected glory of their space station, which the Soyuz 11 crew had manned
on 7 June. A NASA party led by Gilruth met the Soviets and accompanied
them on their hour-long ride south to the Kings Inn near MSC. Leroy
Roberts, who was representing the Office of Manned Space Flight, recorded
at the time that it was evident from the beginning that the Soviets had come
with the intention of “getting down to business and getting as much
accomplished as possible.” They were particularly eager to get NASA's
comments on the technical materials that they had transmitted to the U.S. in
March.3®

Monday morning was set aside for general introductory remarks by
Gilruth and Petrov and for planning the week’s activities. The MSC team had
prepared a booklet in English and Russian that outlined the tentative
schedule—both business and social-for the five-day visit. The Soviets
requested only one minor change, to switch the summary presentations from
Tuesday morning to that afternoon. That change would give them the
morning to review the comments on their technical materials and to read the
additional papers given them by the Americans.*

Monday afternoon was spent touring the center, with the press in tow
taking pictures and watching the Soviets. Astronauts Fred W. Haise, Jr.,
Thomas K. Mattingly, and John W. Young assisted with the tour, which
included the Visitor Orientation Center, the Mission Simulation and Training
Facility, the Space Environment Simulation Laboratory, Mission Control,
and the Flight Acceleration Facility. The Soviet visitors spent much of the
afternoon at the Apollo simulator facility asking questions and taking turns
performing simulated docking operations. They were also very interested in
the display of Apollo docking hardware, and the Americans gave their guests
an explanation of the equipment and its operation. Likewise, at Mission
Control all of the Soviet questions concerning the staffing and operation of
the center during missions were answered. A full day of activities was topped
by a seafood dinner at Jimmie Walker’s Restaurant on the Galveston Bay
waterfront.

Since private consultations were scheduled for Tuesday morning, the
U.S.S.R. delegation stayed at the Inn, studying the documentation NASA
had prepared for its members. Meanwhile, the American Working Group
members met with Gilruth to discuss for one final time the summary
presentation that they were going to deliver to the entire Soviet delegation.
Gilruth urged his chairmen to be flexible in their negotiating stance without
yielding unnecessarily on essential points. The Americans and Soviets
gathered in Room 966 of the Project Management Building shortly after
lunch.?°

Caldwell Johnson spoke for the American side and outlined the
minimum requirements necessary for rendezvousing and docking U.S. space
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Touring the Manned Spacecraft Center,
Astronaut J. W. Young (right) and Soviet
docking specialist V. S. Syromyatnikoy
discuss the inside of the Apollo docking
tunnel (above), assisted by Yu. P. Kho-
manko, Soviet interpreter; at right, Don
Wade (left) answers questions from V. S.
Syromyatnikov and V. Zhivoglotov in-
specting the Apollo docking probe; and at
far right, Boris Petrov, head of the Soviet
delegation, gets a close look inside the
Apollo command module simulator,
while Robert Gilruth, MSC Director,
explains.

Soviets visit Houston, 21-25 June 1971

At left, from his ninth floor office,
Robert Gilruth points out features of the
Manned Spacecraft Center to B. N. Petrov
(right). Partially obscured behind Petrov
is Christopher C. Kraft, MSC Deputy
Director; below left, the Americans (left)
and the Soviets discuss agendas for the
joint Working Group meetings; below,
Working Group 2 takes time out for sight-
seeing in Houston,
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vehicles—for example, the ability of one spacecraft to locate another in
orbit, the status of control systems at the time of docking, and internal and
external crew transfer. These requirements were, in other words, the ground
rules for conducting manned rendezvous and docking, and the ever-present
key element was crew safety. After talking about the design features of the
American docking system and environmental control systems, Johnson listed
a number of features that would have to be standardized before a joint
mission could be undertaken.*!

Petrov then spoke for the Soviets. He said that his specialists had read
the documents given to them upon their arrival, and while they had some
specific questions, he felt that both sides were in basic agreement on how to
approach a joint mission. He then turned to his Working Group leaders, who
discussed the topics related to their specialty. Valentin Nikolayevich Bobkov
of Working Group 1 (responsible for rendezvous methods and overall
compatibility) saw only two major topics that would require further
discussion—the size of the hatch opening and the question of pre-breathing.
Of these two, he expected that the hatch question was the one that would
take some lengthy negotiation.*?

The issue over the diameter of the transfer tunnel and hatch was
indicative of the minor problems that could develop when the two sides
failed to understand each other’s thinking fully. NASA, in discussing future
systems, had proposed the adoption of a 1.5-meter diameter for hatches and
tunnels, which would permit easier transfer between spacecraft than had
been experienced with the 0.8-meter tunnel used in Apollo. The Soviets, for
reasons unknown to the MSC group, wanted to retain the 0.8-meter size.
Only with the passage of time and many conversations would the question
be resolved. For the June meeting, this would remain an unclear and
unanswered problem.

Speaking for the Soviet guidance specialists assigned to the second
Working Group, Viktor Pavlovich Legostayev said that there were virtually
no differences in the two groups’ approaches. Indeed, they expected to reach
an early agreement in writing. The only difficulties came from the different
terminology the two countries used, and they hoped to resolve that with
relative ease. Legostayev suggested that this Working Group be divided into
three subgroups to work on radio, optical, and target systems.

Syromyatnikov, the Soviet leader for Working Group 3, was equally
optimistic in his predictions. Docking hardware terminology seemed to pose
few problems, and Syromyatnikov and Caldwell Johnson seemed to agree on
the approach to be taken in studying the technical considerations posed by
mating two spacecraft.

These comments were followed by another statement by Academician
Petrov, who said that considerable thought had been given to the
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Apollo-Soyuz test flight that the United States had proposed. However, the
Soviet Academy thought that the simple drogue-in-cone approach was not
very productive. Clarke Covington remembered Petrov’s reasoning—it was a
dead end, with no application to future spacecraft. Petrov felt that such a
flight would be considered a “space stunt”; instead, he suggested a test
mission with a universal docking mechanism. The alternatives were Apollo
docking with Salyut/Soyuz or Soyuz with Skylab/Apollo. Caldwell Johnson
was surprised that the Soviets wanted to go ahead immediately and study the
development of a universal docking mechanism. But he was pleased by the
Soviets’ apparent desire to attempt in the near future a joint mission that
would create hardware with long-term utility.*

With opening remarks out of the way and agreement reached on
Working Group agendas, the three teams assembled in their respective
conference rooms to begin their deliberations. Leroy Roberts jotted down
his impressions of the Tuesday afternoon sessions: “... got off to fast
start—more agreements—good working relationship—no language problem—
eagerness to find solutions. . . .”%

After the working sessions that day, the Soviets were given an
opportunity to visit a suburban shopping mall, where they could make
purchases and fill the requests of friends and family. In addition to space and
Texas souvenirs, the Soviets made a number of specific purchases. High on
their lists were children’s clothes. To everyone’s pleasant surprise, Penney’s
was having a sale, in which large quantities of children’s garments were
priced at two dollars each. Of the 19-member delegation, 15 bought
something at this bargain table. A number of requests intrigued the
Americans who accompanied the Soviets on their shopping trip. One man
said that he had a little house in the country and wanted to change some
things. Therefore, he needed something that would drill into concrete: the
solution to his problem was a five-dollar star drill. One fellow purchased
several pairs of tennis shoes with steel arch supports. And yet another
shopper who needed a saw was quite pleased with his purchase of one with
five interchangeable blades. Thus it went for several hours. Many things
about the American consumer scene amazed, amused, or perplexed the
Soviets. Free shopping bags were a surprise, as was being able to open
packages to examine goods before paying for them. The use of credit cards
by Americans disturbed the visitors, who reported that credit sales of major
items—cars and appliances—were increasing in the U.S.S.R. but that credit
purchasing often led to financial troubles. Finally, sales tax perplexed the
Soviets and was never fully understood.

If the Soviets had a good time partaking of the Texas consumer
economy, the Americans who waited on them and met them appeared to
enjoy themselves equally. At one point during the evening, Academician
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Petrov was shopping by himself in Woolworth’s when three grade school
children, a girl and two boys, approached him and asked him if he were from
the Soviet Union. In English, Petrov replied that he was. The girl then gave
an impromptu speech of welcome, saying that she was happy that they had
come to the U.S. and hoped that their work would be successful. Petrov was
moved to tears by this spontaneous greeting.*

The remainder of the June meeting followed this pattern of working
during the day but sightseeing and socializing during the evening. The
Working Groups began to concentrate on technical detail. Documentation of
the technical agreements that the groups reached took a large part of the
members’ time, but it was very necessary to ensure the compatibility of
hardware and systems. Not only did the two sides speak different languages,
but also they had evolved different engineering styles and terminology. Once
the negotiators reached agreement on a topic of discussion, a document had
to be prepared in both English and Russian, verified as to meaning and
technical content, and then signed by the engineers and interpreters. This
could be a slow and tedious process, but it was an integral aspect of creating
compatibility.

Working Group | members reached early agreement on the coordinate
systems that govern a joint mission. A coordinate system is the mathematical
method for exactly defining the position of a craft in space relative to a
particular celestial body, and of the several possible alternatives, the Working
Group chose an earth-centered system. The American representatives agreed
to prepare a single document reflecting their negotiated understanding and
mail a draft to the Soviets within two months. After review and assurance
that the document was acceptable, it would be signed off by both sides and
thereby become the standard reference document for the subject.

In turn, the Soviets were to prepare a single technical requirements
document treating the combined subject of spacecraft atmospheres, hatches,
and crew transfer. That paper, based upon exchanges in February and the
deliberations in June, would be reviewed, exchanged, and verified after the
fashion of the coordinate systems paper.*® Other life support considerations
that would have to be documented included cabin pressure limits, trace gas
concentrations, carbon dioxide pressure limits, portable pre-breathing sys-
tems, drinking water quality, and color coding of equipment. In addition,
after Working Group | members talked about communications between
ground centers and locations for various types of equipment, they agreed
that these topics also required further discussion. Next, they turned to
consider real test missions.

After agreeing that they should jointly prepare models for different
missions that might be flown, the delegates decided to base their planning on
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an experimental flight in which Apollo would dock with “‘a manned orbital
scientific station of the Salyut-type.” They also suggested that a subsequent
experimental flight might be conducted with Soyuz and Skylab. Looking at
such a test mission, the Working Group | signatories stated:
In principle the technical feasibility to do this exists. For the purpose of a
concrete study thereof, the parties have agreed to do some additional work
on these problems with primary attention given to the following problems:
(1) Location and design of docking assemblies
(2) Atmospheric parameters
(3) The need to provide airlocks
(4) Location of equipment, apparatus, and components of the rendezvous
and docking system.*”

Working Groups 2 and 3 discussed, negotiated, and drew up agreements
in their areas of responsibility in a similar fashion. Group 2 members
concentrated on such subjects as requirements for light beacons, radio
guidance and communications systems, and spacecraft attitude control
systems. Working Group 3 reached agreement on the basic functions and
design features of a universal docking system, as well as on the design
approach to obtain necessary compatibility. They also agreed to discuss
details about hatches, docking ring seals, and electrical connectors with
Group 1. Likewise, they would hold a joint session with Group 2 to discuss
questions associated with the conditions for initial physical contact between
spacecraft. As in the case of the first Working Group, the other two divided
among the Soviet and American teams the responsibilities for drafting and
exchanging the necessary documentation.*®

Gilruth and Petrov reported that the deliberations had been successful,
and they stressed the possibility of a test mission. Such an experimental
flight was technically feasible, and both parties agreed *“‘that the technical
and economic aspects of these possibilities should be additionally studied
and discussed. . ..” To expedite their work in the months before the next
joint meeting, which was tentatively scheduled for the end of November in
Moscow, Glynn Lunney and Konstantin Davydovich Bushuyev were ap-
pointed Project Directors for their respective sides. They would act as focal
points for all communications and technical exchanges. In a joint statement,
Petrov and Gilruth reported that the meetings had been conducted in a
businesslike atmosphere, and both men expressed their “‘gratification at the
very rapid and substantive progress of their specialist working groups toward
a comprehensive set of agreed requirements.” While the reporters puzzled
over the nature of the progress and fussed about not having an opportunity
to grill Gilruth and Petrov, the American and Soviet delegations bid
farewell.*
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MEETING THE PRESS

Later, on Monday, 28 June, six Americans who had worked with the
Soviets held a news conference in Houston. Until that time, there had been
some speculation in the press concerning the nature and tenor of the joint
deliberations. In fact, during the negotiations, the Soviet side had asked that
the discussions as a general rule be kept confidential. Gilruth and Frutkin
flatly declined to agree to such an embargo of information, and Frutkin
stated that NASA could not and would not proceed with the talks on that
basis. Only in the area of agreements pending official ratification, such as the
June Summary, of Results, did the agency reserve the right to remain silent.
Once signed, however, those documents would become part of the public
record.5®

Characterizing the preceding week’s activities as friendly, Gilruth
commented to the press:

It was a period of intense hard work covering very difficult technical areas. As
you all know, rendezvous and docking is not simple for one country or one
organization to conduct, and so I think everyone could imagine some of the
complexity of trying to work out the arrangements between two different
countries, particularly countries that speak such different languages.®

When Nick Chriss of the Los Angeles Times asked about the language barrier,
Gilruth said that he would not be leveling if he did not admit that it was a
formidable one. None of the American technical people spoke Russian and
therefore had to rely upon interpreters. While they had been able to work
around the language problem, it had been fortunate that several of the
Soviets could speak and write English. Gilruth noted that there would be a
need for additional simultaneous interpreters in the future, but English-
Russian interpreters were not the most plentiful people in the world.

While careful not to give the impression that a joint mission was a sure
thing, Gilruth answered a question raised by Paul Reiser of the Associated
Press about timing. He said, “the mid-70s would be a reasonable time frame
to think about. Certainly I don’t believe it would be any sooner than that,
and of course even that is contingent on the rate of progress we are able to
make.” Gilruth was quick to add that there had been no decision to conduct

The American team meets the press. Left
to right: C. C. Johnson, G. S. Lunney, R.
R. Gilruth, D. C. Cheatham, D. C. Wade,
and R. A. Berglund.
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a joint flight, only discussions on the merits of such an experimental mission.
The desirability of an actual flight would be a topic for continued discussion.

To inquiries about the candidness of the discussions, the Americans
reported that there was indeed a high degree of openness. Don Wade,
chairman of Working Group 3, said that their candor had surprised him, but
he added that this was relative to the pre-agreed list of discussion items,
which they “stuck pretty close to.” In those areas ‘“‘they were very, very
open with us,” he said. Both publicly and privately, Wade’s colleagues agreed
with his appraisal.$?

One of the recurring questions raised by the newspeople centered on
the “give away” issue—giving away to the Russians hardware or technical
know-how. Jim Maloney of the Houston Post asked about this first in the
context of rendezvous and docking. He suggested that NASA was going to
“donate” knowledge in this area, since the U.S. had much more experience
than the Soviets. Peter Mosely of the Reuters news service asked if Gilruth
would characterize the efforts so far as an exchange of technology. Gilruth
answered that NASA may have had more rendezvous and docking experience
but that the Soviets had had their share as well and clearly understood the
flight mechanics involved. In response to the question of transferring
technological knowledge, the MSC Director pointed out that the present
talks were simply exchanges of views on how two nations might fly together.
He did not anticipate any major changes in either nation’s spacecraft as a
result of the compatibility meetings. All that was really required, he said,
was an agreement on the docking interface—the docking gear, and the
like—and assurance that the interface requirements are adequate.

There were also questions about the wider implications of the
negotiations. Jay C. Russell of KTRH radio of Houston asked Gilruth, aside
from being able to sit down and work at making equipment that would fly
together, “what does all this mean to the world?”’ Gilruth responded:

Well, I think you’d have to decide that for yourselves. None of us here are
politicians or politically inclined people. I think we all are impressed with the
fact however, that we have been able to meet with the delegation from the
Soviet Union in an area of great technical difficulty, work together, and with
a friendly atmosphere come to a number of important general agreements and
I think that it’s always good when people can meet and work together in
harmony.*?

SOYUZ 11: TRIUMPH AND TRAGEDY

As the Soviets departed from Houston, Soyuz 11 was completing its
20th day in orbit docked with Salyut I. This record breaking flight had been
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heralded by Keldysh as beginning a new era in space exploration. On 9 June,
Blagonravov had declared in an article prepared for Krasnaya Zvezda that:

In the opinion of Soviet scientists, such stations with replacement crews
constitute mankind’s main highway into space. They can become unique
launching pads for flights to other planets. Large scientific laboratories will
spring up for research into space technology and biology, geophysics and
medicine, astronomy and astrophysics.... In time, such stations will be
linked with earth not only by radio but by a regular space mail. By
periodically putting small supplies of fuel aboard, it is possible to insure the
station’s long-term existence by switching on the engines and reestablishing
the velocity lost as a result of braking in the upper layers of the
atmosphere.®*

The three-man crew of Soyuz 11 (call signal “Yantar™), Georgi
Timofeyevich Dobrovolskiy, Vladislav Nikolayevich Volkov, and Viktor
Ivanovich Patsayev, had entered the space station on 7 June. The joined
configuration of Soyuz and Salyut was 21.4 meters long with a total living
space of 100 cubic meters, which gave the cosmonauts a place to conduct
scientific experiments, relax, and sleep. For the next 23 days, each
crewmember performed his scheduled experiments, which emphasized the
study of human performance under, and reaction to, prolonged weightless-
ness. On the 29th, after completing their flight plan, the space dwellers
transferred their scientific records, film, and log books to Soyuz in
preparation for their return home.

At 9:28 in the evening, Dobrovolskiy undocked the ship and drifted
free from the space station. After three additional orbits, the Soyuz 11 crew
notified ground control that they were beginning their descent. Mission

Crew of Soyuz 11 (left to right): V. I
Patsayev, G. T. Dobrovolskiy, and V. N.
Volkov train for their mission (Tass from
Sovfoto).
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Control radioed: “Good bye, Yantar, till we see you soon on mother earth.”
Dobrovolskiy replied: “Thank you, be seeing you. I am starting orienta-
tion.”%% At 1:35 a.m. the retrorockets were fired automatically for a
seven-minute burn, and the parachutes were deployed on schedule. Mission
Control tried repeatedly to contact the crew at this time, but to no avail.
When the recovery crews reached the descent vehicle and opened the access
hatch, Dobrovolskiy, Volkov, and Patsayev were dead in their contoured
couches.*®

The accident was a stunning blow to both the Soviet Union and the
international aerospace community. Once again, the experimental and risky
nature of man’s venture into space had been made clear. While the three
bodies lay in state and a Special Commission investigated the cause of the
multiple deaths, wide speculation spread in the West over the significance of
the tragedy for the continuation of manned space flight.

One of the prevailing theories was that man might not be able to survive
long periods of weightlessness. For several years, there had been a serious
debate among scientists about the effects of prolonged weightlessness.
During Project Gemini, there had been *‘signs” that the human heart grew
lazy after an extended time in zero gravity. Then in July 1969, the monkey
Bonny aboard the U.S. Biosatellite 3 died of heart failure after recovery
from a 9-day flight.

However, there were other theories regarding the Soviet disaster.
George Low discounted the heart failure story, and Dr. Walton Jones,
Deputy Director of Life Sciences in the Office of Manned Space Flight
suggested that the men had died as the result of their cabin decompressing
rapidly. The crew was found strapped in their seats with no apparent
indication of any struggle. (The crew did not rely on space suits.) Dr. Jones
said that this is how they would have appeared if a valve had leaked or the
shell of the cabin had ruptured. In Houston, Dr. Charles Berry, flight surgeon
to the astronauts, thought that the accident might have been caused by the
release of a toxic substance. MSC Director Gilruth favored the decompres-
sion theory. Whatever the cause, both Soviet and American aerospace leaders
realized the seriousness of the problem and its implications for manned flight
in general and for the compatibility discussions in particular.®’

As thousands of Muscovites filed by the funeral bier of the three
cosmonauts on | July, Soviet President Nikolai V. Podgorny, Premier
Kosygin, and Party General Secretary Leonid I[. Brezhnev took turns
standing watch as part of the honor guard. President Nixon on behalf of the
United States told the Soviet leaders:

The American people join in expressing to you and the Soviet people our
deepest sympathy on the tragic deaths of the three Soviet cosmonauts. The
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whole world followed the exploits of these courageous explorers of the
unknown and shares the anguish of their tragedy. But the achievements of
cosmonauts Dobrovolsky, Volkov and Patsayev remain. It will, I am sure,
prove to have contributed greatly to the further achievements of the Soviet
program for the exploration of space and thus to the widening of man’s
horizons.>®

In addition, the President sent U.S. astronaut Thomas P. Stafford to Moscow
as his official representative for the funeral ceremonies held in Red
Square.®®

Soviet space leaders were quick to reaffirm their plans to continue
manned space flight. Writing for Pravda on 4 July, Petrov spoke of the
conquest of space as a “difficult path,” but he repeated Brezhnev’s earlier
statement—‘‘Soviet science considers the creation of orbital stations with
replacement crews to be man’s highway to space.” The scientist argued that
man could play his most important exploratory role in the study of the earth
and in astronomy from platforms positioned in ‘‘near-earth space.”
Furthermore, such earth orbital investigation is only valuable when it is
conducted for extended periods on a regular schedule. Petrov said that “‘the
seventies will be the epoch of development and broad application of
long-term manned orbital stations with replacement crews, which will make
it possible to switch from episodical experiments in space to a regular watch
by scientists and specialists in space laboratories.”

Summarizing the work conducted on board Salyut by the crew of
Soyuz 11, Petrov restated the value of their contributions to science. In
addition to the medical and biological experiments, they had carried out a
number of studies related to weather and earth resources. According to the
Soviet spokesman, the data returned in Soyuz would be used by students of
agriculture, land reclamation., geodesy, and cartography, as well as by
meteorologists to improve their forecasts. With words apparently aimed at
domestic critics of the Soviet manned space program, Petrov reported:

The experience of the cosmonauts’ work has shown that the Salyut manned
station is a space laboratory well adapted for experiments in orbital flight
conditions. Such stations are opening broad prospects for the continuation
and development of the research carried out by the first Salyut crew....
Ahead lie new flights into space and the creation of new inhabited orbital
stations of the Salyut type. Undoubtedly, even larger and more complex
manned multipurpose and specialized space stations will be built. But the
significance of the work carried out by the first crew of the first manned
orbital station . . . will never fade.®

The Special State Commission investigating the Soyuz 1 deaths
released a public statement on 12 July. After reporting that the flight had
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proceeded normally up to the beginning of reentry, the Commission stated:

On the ship’s descent trajectory, 30 minutes before landing, there occurred a
rapid drop of pressure within the descent vehicle which led to the sudden
deaths of the cosmonauts. . . . The drop in pressure resulted from a loss of the
ship’s sealing. An inspection of the descent vehicle . . . showed that there are
no failures in its structure.®!

The reasons for the “‘seal” failure were still under investigation, this terse
statement continued.

While the official report apparently eliminated weightlessness and
physical deconditioning as causes for the accident, the seal failure statement
raised a new question. Americans preparing for Apollo 15 wondered if the
Soyuz problem was of the type that might be experienced with an Apollo
spacecraft. MSC Director Gilruth wrote Petrov shortly after the accident and
asked him that question. Petrov reassured the Americans that “the drop in
pressure resulted from a concrete failure of one of the elements of the
descent vehicle system. Since it is a matter of specific and particular defect
we are sure that it cannot be related to ‘Apollo’ spacecraft.”®? Sovuz 11's
misfortune did not affect NASA’s plans for the launch of Apollo 15, but it
did lead to some discussions outside the space agency on the safety of Soviet
hardware.®?

AFTER APOLLO: WHAT?

As the Soviets recovered from their tragedy and evaluated their manned
space flight plans, NASA continued its preparations for Apollo 15. The
agency’s leadership was also looking with uncertainty to the future of its
man-in-space efforts. Prior to his departure from NASA the previous
autumn, Tom Paine had announced a reshuffling of the remaining Apollo
missions. In a press conference on 2 September 1970, the Administrator had
discussed these decisions, which reflected a husbanding of NASA’s dwindling
share of the national budget. The agency wanted to accomplish many goals,
but these had to be attained with a limited number of dollars. As the 1969
Space Task Group studies had suggested, NASA would have to balance its
present wants against future budgets. A shifting of current project monies
would have to take place if NASA wanted not to jeopardize its plans for the
future.®

Paine and his colleagues realized that during the 1980s there would be
no manned missions to Mars, no other bold ventures equivalent to the lunar
goal of the 1960s. Paine said that the principal decision facing the agency
was “how best to carry out the Apollo and other existing programs to realize
the maximum benefits ... while preserving adequate resources for the
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future.” NASA had decided to concentrate its manned efforts on three
earth-orbit programs—Skylab in 1973 and Space Shuttle and Space Station
in the 1980s. The earth-oriented unmanned program would include early
development of the Earth Resources Technology Satellites and the Applica-
tions Technology Satellites. An unmanned planetary program would involve
the Grand Tour flights to distant planets, the Viking Mars orbiters and
landers, and the Pioneer missions to Venus, Mercury, and Jupiter. Add “a
healthy aeronautical research program” to that list, and the demands on a
shrinking budget were obvious.

One immediate way to conserve money was to reduce the number of
Apollo moon landings. To pare $42.1 million from the fiscal year 1971
budget, two missions were canceled, and manpower levels at the manned
space centers were scaled down accordingly. These decisions were taken not
only reluctantly, but also against the advice of scientific agencies external to
NASA. Apollo’s remaining missions were redesignated 14 through 17, and
the so-called “‘residual” hardware would be made available for Skylab, Space
Station, and other programs that might follow the final lunar landing in
1972.

With astronauts Alan B. Shepard, Stuart A. Roosa, and Edgar D.
Mitchell aboard, Apollo 14 conducted a successful lunar exploratory trip in
1971. The 31 January-9 February mission was slightly marred by the failure
of the probe assembly to operate smoothly as Commander Shepard tried to
dock the CSM with the LM. Shepard and Mitchell spent their 9 hours and 24
minutes on the lunar surface exploring the terrain, but NASA hoped to
increase considerably time spent on the moon during the next flight.5®

Apollo 15 stressed longer EVA periods and use of the lunar roving
vehicle. One hundred hours after a 26 July launch, David R. Scott and James
B. Irwin separated their lunar module Faleon from the CSM Endeavor
piloted by Alfred M. Wordon and headed for a touchdown in the
mountainous Hadley-Appenine region near Salyut Crater. The results of their
exploratory work were excellent, and Scott and Irwin set several records in
the process. They had spent over 63 hours on the moon’s surface, conducted
a total of 18 hours and 35 minutes in extravehicular activity and traveled 28
kilometers in their moon buggy. But for all its success, Apollo 15 did not
bring much joy to the NASA people in Washington, Houston, and Huntsville,
for only two more lunar missions remained.%®

When James Chipman Fletcher was sworn in as the fourth Administra-
tor of NASA on 27 April 1971, he became the head of an agency that was
entering a new era. Fletcher, a physicist by professional training and a
university president during the turbulent 1960s, had a personal background
in the aerospace world and understood some of the problems that NASA
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Apollo 15 astronaut James Irwin, on the
moon, unloads equipment from the lunar
rover. This photo, in which Mt. Hadley
looms against the horizon, was taken by
David Scott. August 1971.

would be facing in the years ahead. Reflecting the spirit of both the
adventurer and the realist, he commented to the press after the announce-
ment of his appointment that an important goal faced the agency-—‘to
achieve . .. balance between manned and unmanned programs. It would be
very exciting for man to go beyond the moon but that . . . is a little beyond
the nation’s budget right now.” Such a statement might at first appear to
have been somewhat flippant, but it could be taken as a manner of saying to
the NASA team, Do not despair; there is still important and exciting work
to be done.”®?

Dr. Fletcher also announced very early that he supported closer
cooperation with the Soviets. On 10 March, during a one-hour hearing before
the Senate Committee on Aeronautical and Space Sciences, Fletcher told the
Committee that the U.S. had made *“‘some small steps™ toward cooperation
with the U.S.S.R.; now “we can make even larger steps.” But the possibility
of reducing the long hiatus between the Skylab missions in 1974 and the
first Shuttle flights in the 1980s was another reason why Fletcher was
interested in talks about a joint mission with the Soviets. %8

At a pre-launch press briefing for Apollo 15, Dale Myers, Associate
Administrator for Manned Space Flight, had spoken about the post-Skylab
studies under way. He pointed out that there would be four Apollo CSM’s
left over, three from the canceled moon flights and one that had been set
aside as a backup for Skylab. Studies conducted in Houston indicated that
these spacecraft could be flown in earth-orbital missions for about $75 to
$150 million each. One possible use for these CSMs would be to launch onea
year, beginning in 1975, for earth resources surveying missions lasting from
16 to 30 days each. Of these four spacecraft, one could be set aside for a
rendezvous and docking mission with the Soviets. Still another possibility
would be orbiting a second Skylab, using the backup CSM for the flight
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planned for 1973, but that would be very expensive and would require
developing new mission goals for Skylab B.%°

An interim manned program of some kind was highly desirable. In the
first place, it would permit NASA to hold together its launch and flight
control teams. Keeping these people together was as much a question of
morale as it was money. The men working at Houston and Cape Canaveral
were action-oriented; they needed the challenge of actual flights. And
second, the crewmembers who trained for the last Apollo flights would still
be eligible to fly in the Shuttle period, but they too might grow restless and
disinterested if there were a four- or five-year break in flights. Availability of
funds would determine the feasibility of an interim project for the space
agency.

Myers said that there would probably not be money enough for both a
full-scale Shuttle program and interim Apollo flights. If NASA decided to
develop the Shuttle booster and orbital stages simultaneously, then there was
little likelihood of any flights between the last Skylab visit and the first
Shuttle launch. He pointed out, however, that a second approach might be
taken. NASA could develop the Shuttle orbital spacecraft first, and while
glide tests were being conducted with the early prototypes continue
development on the reusable launch boosters. Under such a “‘phased
approach,” it might be possible to finance some other missions. But the key
guideline was to undertake only those efforts that could be carried out
without draining resources from the major effort—Shuttle.”®

A STUDY TASK TEAM

As work progressed in Houston during the summer of 1971, two teams
emerged. Most visible was the one under the direction of Glynn Lunney,
comprised of the Working Groups that were organized to establish ground
rules for working effectively with the Soviets. At the same time there existed
a less formal organization, headed by René Berglund, charged with
coordinating work within NASA and dealing with contractors after outside
studies had been ordered. Membership in these two groups overlapped
somewhat.

Shortly after the 21-25 June meeting with the Soviets, Berglund’s team
presented to Gilruth and his senior staff a paper outlining the basic hardware
needed for a Soviet-American flight. Berglund proposed for purposes of
discussion—planning toward a mid- to late-1974 launch; everyone agreed that
“with all that has to go on to make it work, this was an extremely tight
schedule.” Chris Kraft directed Berglund and Lunney to generate by
September a realistic schedule and a cost figure for one CSM-Salyut flight.
The earlier talk of four Apollo earth orbital missions was dropped.
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Caldwell Johnson’s spacecraft designers were given an equally challeng-
ing assignment. Director Gilruth wanted the docking adapter design pushed
ahead rapidly, with a working model prepared for the November meeting
with the Soviets. Johnson quickly pointed out several tasks that would
require further investigation. The first, called project engineering, was
assigned to Clarke Covington, who had the overall responsibility for
integrating the engineering done by the other designers and technical
specialists. In addition, Covington was serving as a systems engineer to
Lunney’s Working Group | and to Berglund’s Study Task Team. Covington
became one of several engineers who found himself putting in 12- and
13-hour days.

Bill Creasy and his fellow mechanical engineers were working to a
similar schedule on the design of a compatible docking system. Johnson,
who believed that it would be most difficult to reach an agreement on the
docking gear, wanted to proceed with a variation of that same ring and cone
system he had illustrated for the Soviets the preceding October in Moscow.
Since Petrov had rejected the simple adaptation of Apollo and Soyuz as a
“‘space stunt” and since the Soviet space expert had proposed developing a
universal docking mechanism, Johnson suggested that MSC draw up a
“design specifically adequate to requirements of a particular CSM/Salyut
mission, the design being representative only of the fundamental form and
function of docking gear satisfying the requirements for compatible docking
system for future spacecraft.” Creasy was asked to conduct a preliminary
design study to determine the nature, weight, and characteristic dimensions
of the functional components of an androgynous docking mechanism. This
study was to be of sufficient depth to allow a demonstration system to be
built that would permit further engineering and development. While the
preliminary design was to be adapted to a CSM-Salyut mission, it should be
adaptable to future spacecraft as well.”
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Responsibility for designing the airlock module was given to James C.
Jones. Rejected earlier in favor of the simpler Apollo-Soyuz drogue-in-cone
concept, this adapter had revived engineering interest, and preliminary
designs were directed toward CSM-Salyut. These studies for the docking
nodule (DM) were to be so detailed that the concepts could be engineered
and developed by outside contractors. Jones was also assigned responsibility
for the preliminary integration of the environmental control system into the
DM and the first cut at designing a mounting for the airlock module inside
the launch adapter.”

Building on these early design efforts, Berglund’s team drew up a
“Statement of Work,” issued on 29 July 1971 to North American Rockwell,
for a detailed study of all the eclements required for an International
Rendezvous and Docking Mission (IRDM). This four-month study was
intended to expand upon the basic concepts and provide a fuller description
of the hardware as it could be used in a rendezvous and docking mission and
independent CSM earth survey. North American would consider which of
the remaining CSM’s (111, 115, 115A, or 119) would be best suited for
modification and completion as the prime and backup spacecraft for a
mission with the Soviets.”®

In essence, the MSC Statement of Work and subsequent Document
Change Requests told North American what NASA wanted; then the
contractor was to carry out the engineering and development. For example,
the agency documents proposed that the mission be 14 days long, with a
joint docked phase of one to two days, after which Apollo would conduct
earth survey experiments. The sequence of events during the mission was
outlined:

Saturn B stage boost

CSM separation, transposition and docking with extraction of the DM

CSM transport of DM to a Salyut-type vehicle

Rendezvous and docking of CSM-DM with Salyut-type vehicle (CSM active)
Docked orbital operations (solar inertial attitude)

Separation of CSM-DM from Salyut-type vehicle

CSM maneuver to earth resources survey orbit condition

Conduct earth resources survey activities

EVA retrieval of experiment data

CSM deorbit and entry”

With these guidelines, North American was to plot out the details of a joint
flight and define all the hardware considerations involved in preparing a CSM
and a DM for such a mission.

While the contractor personnel began their work, Gilruth created a
formal Study Task Team at MSC to direct the IRDM study. René Berglund,
appointed manager of this group, convened its first meeting on 4 August
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1971 to discuss the general status of the IRDM work and the management
philosophy to be used during North American’s effort. At this meeting, the
schedule for the next four months was mapped out so that the proper pace
of activities could be ensured.” During August and September, work
progressed on several fronts in preparation for the winter meeting with the
Soviets.

DEFINING THE DOCKING MODULE

At the time the IRDM Statement of Work was issued, the docking
module was still only partially defined. The initial ground rules for such a
design were presented by Clarke Covington at an IRDM Study Team staff
meeting on 16 August. First and foremost, the docking module should be
built to accommodate (externally or internally) any additional equipment
required by a joint mission so that the modifications to the basic CSM design
could be kept to a minimum. There were a number of other fundamental
considerations, too. Where possible, the DM should draw on the CSM for its
power needs, the major exception being the DM life support system. The
designers, James R. Jaax and Gerald P. Mills, agreed that normal crew
transfers should not depend upon Salyut life support systems; the DM
should have its own environmental control system. Covington and the Crew
Systems Division engineers favored an independent system that provided the
American crew with a sanctuary to withdraw to if there were difficulties
during transfer.”®

Since the Americans returning to the CSM would have to pre-breathe
for four hours before reentering the command module, he “liked the idea of
knowing that we were just minutes away from a U.S.-designed piece of
equipment that you could jump back into....” Even though the crew was
a couple of hours away from stepping into the CSM, they would still be “in
a piece of equipment that we understood . .. and which had been through
our qualification program and our safety program.”*77 Further, the DM
would have to be able to withstand the 760-mm-Hg pressure used in Salyut
and accommodate the equipment required to communicate on the Soviet
frequency. During August and September, several MSC teams worked further
to define the preliminary design of the docking module, and Covington then
took these materials and drew them together into a single document that
could be passed on to the contractor.”®

The *“‘Docking Module Design Study™ presented by Covington to MSC
and North American representatives on 29 September was a full-scale outline

*The length of time required for pre-breathing was the subject of considerable discussion

between the environmental control system engineers and the medical staff at MSC. The engincers
wanted to reduce the time, but the doctors called for a conservative period of three to four hours.
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of the design elements to be incorporated into the DM. In fact, the 110-page
document really was quite specific on details, more so than might ordinarily
have been expected. MSC was telling the contractor precisely what it
wanted.” The DM was to serve five functions:

Primary Functions

® Serve as structural adapter between CM docking mechanism and new

docking mechanism
® Serve as atmosphere adapter between CM and Salyut

® Provide habitable environment for crew while occupied
® House communications gear operating on the Soviet frequency

Additional Function

® Provide additional volume for 3-man CSM ERS [Earth Resources Survey]
phase.8°

This study also spelled out the basic dimensions for that new piece of
hardware. The length of the DM from the CSM docking interface to the
point at which the international docking mechanism would be attached was
to be 2.54 meters,* with an additional 0.254 meter allowed for the new
docking gear. The interior diameter was to be .42 meters with a hatch
diameter at the CSM end of 0.84 meter, or the same as that used previously
on the lunar module. At the Salyut end, MSC was proposing a 0.9-meter
hatch.8!

Hatch size was still a topic of considerable discussion in Houston. At
the end of August, Glynn Lunney had written to Gilruth suggesting that a
distinction be made between the hatch sizes used in an Apollo-Salyut
mission and the diameters suggested for future systems. The planners looking
forward to Shuttle and Space Station wanted a 1.5-meter hatch, but Lunney
doubted that it was reasonable to impose that dimension on the designers
preparing for Apollo-Salyut. He thought it was “‘fair to question whether this
is the correct answer for the present and ... foreseeable future since the
schedule for the large space station will remain unclear, but it must be at
least 10 or 15 years away.” Since the hatches on the docking module could
be made to a smaller dimension without serious design impact on future
efforts, NASA would propose a 0.9-meter hatch diameter to the Soviets at
the next joint talks.®?

While work on defining the docking module progressed at MSC, North
American at Downey, California, moved ahead with their IRDM study. The
Downey engineers had made an initial presentation in Houston on 24
August, containing materials that were being generated almost daily at MSC

*This is the space required to house two average size men in space suits, allowing for the inward
swing of the hatches. The diameter of the hatch was defined by the minimum size that would
accommodate a suited man and his portable life support system.
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and North American. This process of evolving a document or presentation
was called “‘iteration.” Draft after draft was prepared, into which the latest
findings or ideas were incorporated. Only after several iterations was a final
report submitted.®® The second status review made by the contractor on 29
September reflected the joint effort with MSC to that date.®® Contractor
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personnel who came to the space center for this review also received a full
presentation on the progress of MSC’s Docking Module Study. They took
this study home to California to use in preparing their final iteration of the
IRDM study, due on 16 November.®

In five months, the combined NASA-contractor teams had drawn
together a detailed outline of the multitude of considerations involved in the
American half of a mission with the Soviets. Called “International
Rendezvous and Docking Mission Final Briefing,” this document began with
a restatement of the basic objectives of such a flight. North American then
reported that a “‘meaningful” dual mission could be performed. The
modifications necessary on the CSM were reasonable, in terms of both
expense and time. Looking at the docking module, the contractor reported
the design to be straightforward, well within current engineering abilities,
and the basic subsystems had been previously qualified in Apollo. Communi-
cations equipment that operated on the Soviet frequency was one new
element that would have to be designed, manufactured, and qualified. While
the DM could likely be ready to go in time for a 1974 launch, the Downey
personnel responded that work on an international docking gear would have
to be very carefully orchestrated to get it completed in time. The North
American staff felt that a 1975 launch date would give them more flexibility
and leeway but that they could have a spacecraft ready a year earlier if
NASA so wished.3®

The bulk of the final briefing was devoted to describing mission details,
describing changes to the CSM, outlining the design and manufacture of the
DM and its subsystems, and listing current Apollo hardware that could be
used. Many highly technical orbital mechanics questions were addressed, not
only to explain the launch time considerations for a joint docking but also to
delineate such problems as the effect of lift-off schedules on the lighting
available for the earth resources part of the proposed mission. The report
looked into questions like the amount of reaction control system propellant
that would be required, with equal attention being given to electrical power
and other onboard consumables. The contractor also discussed possible areas
for scientific experiments, describing some of the hardware that was
available. Materials dealing with the docking module and its fabrication were
equally detailed. A 249-page briefing, entitled “IRDM Programmatic
Considerations Summary,”” and eight other sets of documents illustrated the
technical feasibility of a rendezvous in earth orbit with the Soviets and
testified to the ability of the NASA-industry team to work a problem in a
short time.®” René Berglund’s Study Task Team had done its job, and Glynn
Lunney’s people were getting ready for a November departure to Moscow to
talk turkey with the Soviets.
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VI
Forging a Partnership

In planning for the third round of Soviet-American compatibility talks
in the summer of 1971, Glynn Lunney wrote to Professor Bushuyev,
expressing his condolences to the families and colleagues of the Soyuz 11
cosmonauts. “This sad accident has further strengthened our emphasis on
the solution of the common docking problems.” Turning to the work being
done in Houston, he commented, “As no doubt you are finding, there are
many questions which arise as we have time to reflect upon and plan the
work for our meetings later this year.” One of these questions concerned the
diameter of the Salyut port. Bill Creasy and his design colleagues had
planned to propose a docking mechanism for the Soviets to study, but they
needed to know what size gear would fit beneath the Salyut launch shroud,
which provided the space station with aerodynamic streamlining. Lunney
enclosed in his August letter a sketch that reflected the Manned Spacecraft
Center’s (MSC’s) understanding of the dimensional liminations that would
govern the mounting of such a docking system on Salyut, and he asked
Professor Bushuyev to verify the sizes involved, which he did on 9
September.!

During September, Lunney again sent correspondence to Moscow
regarding a proposed agenda for their joint meeting; NASA would prefer a
two-part approach. “As we agreed in June,” he wrote, “we have given
priority consideration to a test mission between the Apollo spacecraft and
the Salyut-type station,” but our two countries must also continue “work on
the technical requirements and solutions for long-term capability.” To meet
both needs, the NASA agenda separated the topics to be discussed into two
categories—long range compatibility issues and a near term test mission.
Lunney hoped that this format would clarify the distinctions between the
immediate and longer range goals of the negotiations. He also pointedly
played down the possibility of a joint mission with Skylab, by saying that it
was much too early to talk about using such an untested, complex scientific
space station.?

Bushuyev replied in October, agreeing that it appeared possible to look
at both long range questions and an Apollo/Salyut mission “in parallel.”® He
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also sent lists prepared for each Working Group regarding documents that
the Soviets believed could be put into final form at this meeting. A fourth
list presented several general documents that they felt should be agreed upon
ultimately. Finally, the Professor suggested the joint meetings be held from
29 November to 7 December in Moscow. Since this was well within the time
for which NASA had targeted, Lunney accepted and advised the Soviets that
the Americans would plan to arrive on the evening of Saturday, the 27th.?

PREPARATION IN HOUSTON

Technical Director Lunney had already prepared an outline to guide his
associates as they prepared for their discussions with the Soviets. (See box
on next page.) He thought that “this outline should facilitate a comparison
between the near- and far-term activities; it should also form the basis for
summarizing our results to NASA personnel, and for our discussions with the
Soviets this fall.”® On 6 and 7 October, a detailed technical review was held
at MSC, followed two weeks later by a management review for Gilruth and
Kraft. Lunney, the Working Group chairmen, Berglund, and Johnson then
went to Headquarters on 10 November to brief George Low.®

The Headquarters briefing identified a number of items that would have
to be cleared up in the joint negotiations. The long range questions naturally
tended to be broader in scope than the Apollo/Salyut issues, which were
concrete and specific. But some top level decisions were needed in both areas
before the trip to Moscow. For example, the MSC representatives wanted to
know Headquarters’ position on scheduling a command and service module
(CSM)/Salyut mission—1974 or 1975? Caldwell Johnson argued that a
mid-1974 target date for launch would depend primarily upon the progress
made in defining, developing, building, and testing a docking system. MSC
also needed to know how and where Headquarters wished the docking
system to be built. The Houston engineers assumed that the American half
of the system would be built by a contractor, but would the United States
try to build both halves, or would we negotiate a common interface
specification and leave each side to fabricate its own part? The same
questions arose concerning radio equipment. Would the U.S. lend the Soviets
American receivers, or would we give them the technical specifications for
the hardware and let them build the radios? Though this issue embraced the
sticky subject of technology transfer, NASA knew that the radio and
frequency used in Apollo would never be incorporated into Shuttle. So if
they should be asked to build receivers for the Apollo frequency, the Soviets
would be building a piece of hardware that was obsolescent, but which might
contain technological concepts that were not.
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Apollo-Salyut Test Mission Planning Activities—Manned
Space Center

A. Objectives
B. Schedules
C. Mission model
1. Summary (inciude questions for the Soviets)
2. Overall mission
a. Assumptions {include questions for the Soviets)
b. Ground rules
c. Profiles (altitude, phasing, etc.)
d. Timelines
e. Consumables
3. Docked mission
a. Assumptions (include questions for the Soviets)
b. Ground rules
c. Timelines (procedures, equipment transfer, cooperative experiments, restrictions,
etc.)
D. Technical subjects®*—requirements and solutions
1. Atmospheres, life support
a. Composition and characteristics of atmosphere
b. Crew transfer (nominal and others)
2. Constraints
a. During docking
b. While docked
3. Coordinate systems
4. Guidance systems

a. Optical
b. Radio
c. Lights

d. Docking targets
5. Control systems
a. During docking
b. While docked
6. Communications
a. Air to air
b. Air to ground
7. Docking mechanism
a. Functions
b. Capabilities
c. Parameters (geometry, kinematic envelope, etc.)
E. Other subjects
1. Training
a. Crew
b. Mission team
2. Mission control
3. Mission rules, contingency procedures, etc.

"Each of these subject areas should be organized with separate paper on at least the
following topics: (1) subjects and issues for discussion with U.S.S.R.; (2) recommended
position and/or numerical values relative to discussion subjects; (3) expected implication of
“recommended position”’ to the U.S. program; (4) technical analysis, trades, other options; (5)
recommended methods to implement solutions (e.g., exchanged hardware); (6) qualification,
testing; (7) launch checkout requirements, and (8) questions for the Soviets.
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Because MSC specialists wanted to develop an equal-partner relation-
ship with the Soviets, they preferred to develop common specifications for
that basic interface, the docking mechanism. Uniformity was absolutely
necessary in the docking mechanism; elsewhere, compatibility was all that
was required. The actual detailed execution of the design could vary as long
as the functioning of the system met agreed specifications. When it came to
equipment like the Apollo radio, MSC preferred to loan the Soviets the
hardware, if possible, and save everyone time and needless work. Further
away from the interface, understanding some systems would likely have to
be based upon mutual assurances. MSC pointed out to Headquarters, “*Con-
duct of such a mission warrants a measure of trust and the need to accept
less than-100% knowledge and understanding of each other’s equipment.”
But the critical areas in which full disclosure was necessary would be an issue
to be resolved within each of the Working Groups.’

Looking at the long term, the planners saw here some important
considerations that would also demand comment from Headquarters, On the
American side, long-range requirements were being drafted with Shuttle-era
spacecraft in mind (Shuttle Orbiter, modular stations, and space stations),
but MSC was still unable to state specific needs for a number of Shuttle
subsystems—communications, guidance, and tracking. The Houston repre-
sentatives told the Washington staff that “In a number of technical areas, we
should not agree on requirements (step A) [with the U.S.S.R.] until our
long-term programs are better defined.” But the Soviets would seem
prepared to finalize their technical requirements after their next meeting and
move on to step B, the preliminary design of hardware. Caldwell Johnson
had felt all along that there was a problem of semantics in using the word
“future.” NASA tended to reserve this adjective for concepts that were still
rather nebulously defined, while the Soviet engineers used future to describe
any spacecraft that had not yet been flown.®

Even though the Americans were in the dark about the Soviets' plans
for the 1980s and unclear about details of their own next generation of
hardware, Lunney and the others were sure that an actual test mission would
have specific benefits. First, the Soviets and the Americans would learn to
work together. Second, jointly designing a docking mechanism would be an
opportunity to work out the specific issues involved in bringing two
different engineering approaches together in a compatible piece of hardware.
And third, an Apollo/Salyut mission would provide NASA time to define
more fully its requirements for Shuttle-era subsystems. Clearly, the Manned
Spacecraft Center favored a test mission not only for its educational value
but also because it would permit NASA to “work the problem™ of creating
compatible systems with the Soviets in their discussions of future systems
without prematurely foreclosing flexibility in Shuttle design.’
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ROUND THREE-MOSCOW

Glynn Lunney, Bob Gilruth, and their 18 companions arrived in
Moscow on Saturday evening, 27 November 1971, where their welcome by
members of the Soviet delegation was given considerable attention by the
Soviet news media. The Americans were processed quickly through
immigration and customs formalities, arriving at the Hotel Rossiya about 90
minutes after landing. On the way to the hotel, Lunney and Bushuyev,
accompanied by an interpreter, had a pleasant chat about their past work
and plans for the coming week, a discussion which was continued later that
evening at a Soviet-hosted dinner at the Rossiya. Sunday was essentially a
free day, and most of the Americans went on a special bus tour of Moscow,
which included the People’s Exhibition of Economic Achievements. Lunney
noted that the space display at the exhibition grounds had some new
exhibits—two full-scale Soyuz in docked configuration, the Luna 16 lander,
which had visited the moon and returned with a small sample of lunar soil,
and a replica of the moon rover Lunokhod.'°

On Monday morning, the NASA delegation went to the Institute of
Automatics and Telemechanics, a 30-minute bus ride from the hotel. The
Institute, sponsored by the Soviet Academy of Sciences and devoted to the
study of automatic control systems (cybernetics), was also home base for
Academician Petrov. The NASA group gathered with the Soviets for a
plenary session in a large lecture room. After introductory remarks and some
discussion of the week’s agenda, Lunney gave the Soviets two papers. One
summarized the present status of the American long-term technical require-
ments and the other details of a possible Apollo/Salyut mission.!! When the
Soviets reciprocated at the end of the morning session, the two groups spent
the remainder of the day translating and studying. The Soviets were reluctant
to begin any detailed discussions until they had an opportunity to more
fully understand this new material. While one of the American interpreters
read aloud in Russian to the Soviets from the NASA papers, a quickly tran-
scribed version of shorthand notes taken from a verbal translation of the
Soviet materials was prepared for the Americans.

In addition to these basic documents, Lunney and his colleagues argued
for and obtained a chance to present for the entire Soviet group highlights of
the U.S. mission model and docking mechanism studies. The quick summary
gave everyone, including Academician Petrov and his executive staff, a basic
understanding of the NASA ideas for a joint mission. With this background,
the three Working Groups could go their separate ways, but they would be
negotiating within a more clearly understood framework.

Lunney reported that in Working Group 1, which he chaired, the Soviet
side had *‘very capable experts on the subjects of life support and mission
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planning.” At various times during the week, the men were able to divide
into smaller subgroups to discuss specific topics. With the aid of the
interpreters, “a good deal of understanding was reached, and several
enclosures on specific subjects were prepared for inclusion in the minutes.”
Looking at the experiences of the other groups, Lunney commented,
“Working Group #2 also used the splintering technique because of the
multitude of systems that were covered. ... Working Group #3 on the
docking mechanism tended to work more as a group ... because of the
nature of their [topic].” He believed that by following the Low precedent—
preparing ahead of time documents similar to those agreements that were
desired—the NASA representatives in Working Groups 1 and 2 “were able to
lead most of the discussions and focus on the parts of the problem that we
felt [were] significant.’!?

The remainder of the week (29 November-3 December) was spent in
Working Group sessions, with the specialists devoting most of Friday and
part of Saturday documenting their results. Those who could get free that
weekend were taken to Star City, where they toured the cosmonaut training
facilities. Lunney saw K. P. Feoktistov there, and the designer-cosmonaut
gave his American friend an in-depth briefing on the Soyuz control systems.
After a stand-up buffet luncheon given by the Commanding General of Star
City, the Working Group members returned to Moscow. Sunday was spent
sightseeing, with a trip to the Zagorsk monastery, about 81 kilometers from
Moscow.

On Monday, 6 December, the delegations met a final time at the
Institute to verify and sign the minutes of their meetings, with the executive
staffs reading and authenticating their minutes and those of the Working
Groups. The Summary of Results, which included the minutes of each
Working Group as attachments, was signed at the House of Scientists that
evening.* Lunney subsequently commented that this whole procedure was
“a fairly tedious process, [but] sufficient time must be programmed for this
not-very-productive necessity.”’"?

ISSUES AND ANSWERS
The negotiations conducted in Moscow had indicated by their variety
and scope the growing complexity of the joint effort. At the executive level,
the question of more rapid and frequent communications between the Soviet
and American Technical Directors had been raised. In the November briefing

*The names of the signatories to these and subsequent joint minutes are presented in appendix
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to Headquarters before the trip MSC had pointed out that preparations for a
test mission could never be conducted by the slow process of exchanging
letters through diplomatic mail: “If such a test mission is to be developed,
we need to establish a method for more timely communications with the
Soviets.”* In Moscow, Chris Kraft had raised this matter, urging NASA and
the Soviet Academy to establish weekly or biweekly telephone conference
calls between the Technical Directors, with these discussions being con-
firmed by telex. At first, Petrov had balked, saying that it would be too
expensive. He argued besides that they would have to bring in their
telephone people before they could have direct telephone conversations with
the Americans. For this reason, he could not discuss the topic. Kraft insisted
that telephone conferences and telex exchanges had been required in the
American manned space program since Project Mercury. Gilruth added, “It
was essential to permit an easy flow of information and to establish a system
for reassurance that progress was being made.” He told the Soviets that they
“had to agree to this point or the mission would be impossible.” Kraft and
Gilruth hammered away on this subject for some time, and finally Gilruth
told the Soviets that should they be unwilling to agree to the telephone
conversations the NASA delegation might as well pack up and go back to
Houston. After some hesitation, the Soviets decided to try the telephone/
telex approach, and this agreement had been included in the Summary of
Results. '3

During the executive group meetings, having declared that “a test
mission appears technically feasible and desirable,” the two sides did
determine that it would be necessary to make an early decision about the
practicality of scheduling a flight for 1975. With the American side proposing
that the launch occur in the spring or summer of the year, the parties had
included in the Results an agreement that each side would send the other by
1 April 1972 “a statement of its position on the prospects for the actual
conduct of the test mission in 1975” and their concepts of such a mission. To
pace the implementation of these decisions, the executive staff had drawn up
a preliminary list of milestones, or major events, for the planning, design,
and implementation phases of preparing for a test flight. (See box on next
page.) This schedule was patterned after a standard NASA format, and the
original draft would be subjected to further discussion prior to the April
deadline. As the list grew, the need for closer communication became even
more apparent. It also became clear that all letters, telexes, and telephone
conversations should be coordinated by the Technical Directors. Many hands
would work on the joint project, but they would have to be carefully
orchestrated to assure success.'®

Various questions and issues had been raised in each of the Working
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Groups, and for the most part they had been resolved as the talks progressed.
Group 1 completed the general documentation of its agreements on life
support systems, coordinate systems, constraints on spacecraft configura-
tion, and communications links between ground control centers. With
respect to the proposed Apollo/Salyut test mission, the two sides spelled out
the objectives of such a flight and listed the project documents that would
have to be prepared for the mission. The chairmen of the Group agreed to a
mutual exchange of data on launch windows within two months, on program
information for the test mission by April, and on communications channels
for the respective control centers within three months.The Americans also
planned to provide a draft of an interface organizational plan for the
project.!”

Working Group 2 had also come to a number of significant decisions.
They developed a list of guidance and control systems and other onboard
equipment in the Soviet and American spacecraft that would have to be
made compatible. The preparation of documentation covering the subjects
of docking lights, docking targets, and contact conditions between space-
craft, as well as the technical data on control systems and radio tracking,
progressed satisfactorily. This group planned to reorganize the documenta-
tion into two volumes covering general requirements for the future and
specific demands on the systems proposed for Apollo/Salyut. For the test
mission, the two sides would need to develop communications and tracking
systems to an agreed set of technical requirements. An Apollo-type VHF
ranging system would be installed in the Salyut as a backup system, and the
Soviets had said they would study the issue of building their part of the
onboard communications system versus using equipment provided by NASA.

Group 2 had also delved into the control and guidance problems
relating to docking. For example, by considering the relative velocity of the
two spacecraft, the docking system engineers established numerical values
for the force with which the two vehicles might dock. The two sides also
concurred on docking targets. One would be mounted in the center of the
Salyut docking hatch, providing the Apollo CSM pilot with a dynamic visual
reference for alignment. A second target, of the passive type used in the
Apollo program, would be placed on Salyut where it could be seen from the
command module through the crewman optical alignment sight. In addition,
each side had been assigned work on control stabilization requirements for
the two spacecraft and had been asked to look further into the design, devel-
opment, evaluation, and installation of the docking target concepts.'® Mean-
while, Group 3 had concentrated on the problems of creating a universal
docking mechanism.
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AN INTERNATIONAL DOCKING SYSTEM

Before the winter meeting, both Caldwell Johnson and Vladimir
Syromyatnikov had been thinking about what they would like to incor-
porate into a compatible docking system. Johnson had been urging that the
group accept the double ring and cone docking concept he had described to
the Soviets on his first trip to Moscow. In June, he had had an opportunity
to chat with Soviet docking specialist Valentin Nikolayevich Bobkov during
a free-wheeling round table conversation among the engineers. In addition
to Johnson and Bobkov, George Hardy, Robert “Ed” Smylie, Edgar “Ed”
Lineberry, Leroy Roberts, Ilya Vladimirovich Lavrov, and Igor Petrovich
Shmyglevskiy took part in the shop talk. While Shmyglevskiy was the only
one present who spoke both English and Russian, Bobkov could read and
write English, so the eight men drew sketches, translated words verbally and
on the drawing pad, and made hand gestures to understand one another.

During this conference, Bobkov had indicated that the Soviets also
favored some version of the double ring and cone. Bobkov illustrated
through rough sketches that the overall diameter of the docking system could
not exceed 1.3 meters, because any larger system would require a change in
the launch shroud. When Johnson raised the question of altering the shroud,
the Soviets stressed the major impact that such a modification would have.
In addition to having to design a new shroud, they would have to test out
the launch aerodynamics of the altered hardware. The Americans had hoped
to argue for a larger tunnel, but such a change appeared to be too great for
their counterparts. The Soviets in turn understood the American’s thoughts
on an airlock module."?

After the June meetings in Houston, Johnson had put Bill Creasy and
his mechanical designers to work on the preliminary design of a docking
mechanism. By the time the NASA delegation left for Moscow, Creasy’s
crew had designed and built a 1-meter double ring and cone docking system
that had four guide fingers and attenuators on both rings, so either half
could be active or passive during docking. The Structures and Mechanics
Laboratory at MSC made 16-millimeter movies demonstrating this system in
action, which Johnson took to Moscow in November, along with a booklet
describing the system and a model of the capture latches. He had gone
prepared to sell his idea.?°

Once he was in the U.S.S.R., Johnson discovered, however, that his job
was that of an engineer, not a salesman. Since October 1970, Syromyatnikov
had been working on a variation of NASA’s ring and cone concept. Instead
of the four guide fingers in the American proposal, Syromyatnikov suggested
three, and in lieu of hydraulic shock-absorbers, he proposed electro-
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NASA proposal for a four-guide docking mechanism is shown to the Soviets during the
November 1971 meeting in Moscow. Note the 900-millimeter-diameter tunnel.

mechanical attenuators. In essence, the Soviets had accepted the idea of
using a set of intermeshing fingers to guide the two halves of the docking
gear from the point of initial contact to capture. The concept of using shock
absorbing attenuators on the active spacecraft’s capture ring to buffer the
impact of two spacecraft coming together was also acceptable. Both groups
of engineers planned to retract the active half of the docking gear using an
electrically powered winch to reel in a cable. Once retracted, structural or
body latches would be engaged to lock the two ships together. Three basic
issues had to be resolved—the number of guides, the type of attenuators, and
the type of structural latches—before the design of a universal system could
proceed.?!

Johnson, Creasy, and the other engineers in the Spacecraft Design
Division had wanted to use four guides because they believed that it provided
the best geometry when using hydraulic attenuators. As Bill Creasy
subsequently explained it, the most probable failure situation using
hydraulic attenuators would be a leak that would cause one shock absorber
to collapse on impact. A study of various combinations had led the MSC
specialists to conclude that four guides and eight shock absorbers was the

171



3AWENKA

HANPABNAKOWMKA BBICTYN
Guide

ABYXCTENEHHOM WAPHWP KONsUO

Girnbals Ring

NPYXMHHBIA MEXAHHAM

PEIEPBHMIA HANPAB Spring-loaded SAWLEAKA

NRIOWNNA BMCTYN mechanism
. ; Latch
Backup guide ; WAPHKO ~BHHTOBOMN /
7 . NPECBPA3IOBATEND
Ball -screw

assembly

NMACCMBHNLIN ATPErAT AXKTHMBHLIN ArPErAT
Passive assembly Active assembly

Docking system proposed by Soviet designer Syromyatnikov during the November 1971
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optimum design. Creasy pointed out too that the most likely trouble with an
electromechanical system would be a freeze-up or binding of one of the pairs
of attenuators. Thus, the Soviets had sought to minimize the number of pairs
in their system for the same reason that the Americans had preferred a larger
number—to limit the probability of something going wrong. *22

As Johnson talked this out with Syromyatnikov, it became clear that
they both wanted to stay with systems that would give them maximum con-
fidence in the design. But they agreed that a compromise could be reached.
Johnson reported on his discussions with Syromyatnikov:

Since there was no conflict in principle, nor was there envisioned to be a
conflict in subsequent engineering detail between interfacing features of the
proposed US and proposed Soviet docking mechanisms, and since the US had
no significant engineering or hardware equity in its proposed design, and since
the USSR had considerable equity in its proposed design, the Soviet design
was selected as a baseline for the next phase of study.?

By the end of the November-December meeting, the two Group 3 teams had
signed a set of minutes outlining the basic concept for a universal

*At an earlier meeting, V. Zhivoglotov had told R, D. White that the Soviets were opposed to a
system using eight attenuators because the electrical device they had planned to employ to dissipate
the docking energies could not be used with eight attenuators but it could be used with the six shock
absorbers.
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androgynous docking system. The formal statement read, *“The design
concept includes a ring equipped with guides and capture latches that were
located on movable rods which serve as attenuators and retracting actuators,
and a docking ring on which are located peripheral mating capture latches
with a docking seal.” Basic information on shapes and dimensions of the
guides were also included in the minutes. They were to be solid and not
rodlike, as first proposed by the Soviets, and three in number. As long as the
requirement for absorbing docking forces was met, each side was free to
execute the actual attenuator design as it best saw fit. The Soviets planned to
use an electromechanical approach designed for the Soyuz docking probe,
and the Americans proposed to stick with hydraulic shock absorbers similar
to those used on the Apollo probe. This proposal also called for developing
docking gear that could be used in either an active or passive mode; when
one ship’s system was active, the other would be passive.

Looking into the detailed design of the mechanism, the two sides had
further agreed that the capture latches would follow the design developed at
MSC and the structural latches and ring would follow the Soviet pattern.
These paired sets of hooks had been successfully used on both Soyuz and
Salyut. In addition, Group 3 concurred on details regarding the alignment
pins, spring thrusters (to assist in the separation of the spacecraft at undock-
ing), and electrical connector locations. To evaluate the docking system con-
cept and to ensure the establishment of compatibility at an early point in the
development, the men planned to build a two-fifths-scale test model, the
exact details of which would be decided at the next joint meeting.?*

Upon his return to Houston, Caldwell Johnson prepared a memoran-
dum to document some of the informal understandings reached in Moscow.
He indicated that this reflected “‘upon the manner in which the two
countries will conduct and coordinate the next phase of the engineering
studies of those systems. ... The understandings ... were reached more
often than not outside of formal meetings, and so are not likely otherwise to
be reported.” For example, in the area of hatch diameter, he noted that *it
became apparent from the beginning . .. that a hatch diameter greater than
about 800 mm could not be incorporated into the Salyut spacecraft without
great difficulty,” but MSC had “long since reconciled itself” to a test hatch
diameter of less than 1 meter. Johnson went on to comment that “‘the
capture ring assembly had variously been called ring and cone, double ring
and cone, and ring and fingers. It was agreed henceforth to call the capture
ring ‘ring’ and the fingers ‘guides.” Thus it went—negotiation, understand-
ing, compromise, and accommodation.?’

The docking talks in Moscow had convinced Johnson that frequent face
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to face communications were necessary. He believed that an acceleration of
the design process was also in order if they were to settle on a single design
by June 1972. It would not be possible to develop a design through corre-
spondence or meetings every six, three, or even two months. He saw two
possible alternatives:

Accelerate the iterative process by very frequent and informal, face-to-face
negotiation between the key designers—each having authority to make
technical decisions on the spot; or, assign design responsibility for each
interfacing element of the mechanism to one country or the other. Of the
two alternatives, only the first is practicable, since apportionment of
responsibility would likely take just as long as the design process.”

While tentative arrangements had been discussed for telephone and
Teletype exchanges, Johnson thought that limited progress had already been
made when it came to ‘“the exchange of [a] vast amount of technical detail
data such as drawings, diagrams, performance analyses, etc., that are
necessary for each side to understand the nature of the interfacing system.”
The concerns expressed in Johnson’s memo reflected the thoughts that other
members of the American delegation had as they returned home. A joint
mission with the Soviets was clearly feasible from a technical standpoint, but
the key to such a complex project would be creating the proper management
format. That task would fall on Glynn Lunney’s shoulders.

After a day of shopping for gifts in Moscow, the NASA delegation had
left the Soviet capital on 7 December via England, where they briefly visited
the Royal Aircraft Establishment at Farnborough. This pleasant diversion,
according to Lunney, took “many of us back to the NACA days.” In
Houston, the Working Group members soon found that they had their work
cut out for them. On 16 December, Lunney distributed a memo outlining
tasks to be done and clarifying who was responsible for each. Lunney
anticipated convening special joint sessions for the Group 2 members
involved in radio tracking discussions and for the Group 3 members
concerned with the docking mechanism. “In considering our experience so
far in these discussion,” Lunney commented, “we have found it absolutely
essential to have well-prepared documents for each meeting in order to
efficiently conduct and steer the discussions and resultant agreement
documents.” He believed most of the documents that had to be ready in the
near future were relatively “‘straightforward” and easy to prepare, but they
must schedule the work carefully and pursue it in a businesslike manner.?’
(See box on facing page.) While Lunney and his colleagues began to work
their specific tasks, the Office of Manned Space Flight (OMSF) staff in
Washington was looking more deeply into the costs of an international flight.
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Schedule for Next Six Months*

Mid-February (two months)
Long-term
Exchange papers on:
e Connection of liquid cooled garments LOG's to other ship
o Quantitative characteristics and possible solutions for pre-breathing
Apollo/Salyut
Exchange papers on launch window constraints and solutions to daylight Apollo
launch
U.S. provide agendas for ““Special Subject Meetings’' in March
Finalize Working Group 2 documents agreed to in December meeting
March 1 meeting
Special meetings in Houston on:
e Docking mechanism
® Radio tracking system
Mid-March (three months}
Apollo/Salyut
® U.S.S.R. comments on U.S. proposal for communication between control
centers
e U.S. proposal of organization plan
® Exchange outlines for project documentation
e U.S5.S.R. provide Salyut life support system data
Mid-April (four months)
Apollo/Salyut
e Each country exchange "'Statement of Position”
® Each country exchange "'Project Technical Proposal Document’”
May to June (five to six months)
Next full-scale meeting

*Informal planning schedule distributed by G. S. Lunney, Dec. 1970, after trip to
Moscow.

ESTIMATING THE COSTS OF A MISSION

The possibility of flying a joint mission with the Soviets in mid-1975
posed some interesting problems for Dale Myers’ staff in OMSF. When they
began to look at this problem in the fall of 1971, it became apparent that
they would have to make some quick decisions about this yet-to-be-
authorized project if they were to meet the proposed launch date. MSC
would need to start the development work on the docking module and the

docking system in early 1972. And modification of the CSM should start

immediately. Limits on time and money were not the only problems. OMSF
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had been advised by North American Rockwell that beginning in October
1971 the labor force that had been building the command and service
modules (CSMs) would be reduced. A decision on which CSMs to set aside
for an international rendezvous and docking mission (IRDM) had to be made
quickly. Gilruth had requested that 115 and 115A be completed because
they were of the most recent series of CSMs, with a scientific instrument
module (SIM) bay into which earth resources survey instruments could be
placed. The older 111 CSM was closer to being ready for launch, but it did
not have a SIM bay. CSM 119, the Skylab backup and rescue spacecraft,
could not be allocated to IRDM until the final Skylab visit, then scheduled
for 1974. When the money, time, and labor issues were balanced against the
wishes of the mission planners, some hard choices had to be made.?®

Dale Myers had written to Bob Gilruth four days before the
delegation’s departure to Moscow to ask him to look over a list of
“*Suggested Guidelines for a Minimum Cost International Docking Module.”
This list, prepared by William C. Schneider, Director of the Skylab Program,
reflected OMSF’s concern for keeping the IRDM equipment simple and cost
effective. Schneider, drawing from his experiences with Skylab, suggested
that the module be kept as small as practical and that it be designed with a
high safety factor. He thought it best to follow the Gemini design principle
of placing many systems, particularly wiring, on the outside of the docking
module, thus lowering flammability concerns. At the end of his recital of 20
items, he said:

The fundamental, you can see, is keep it simple. Of course, that’s how
Skylab started in 1966. I have no solution to maintain that posture other
than a generalized observation that an active Headquarters staff is invaluable
in detecting and controlling policy variations. . . .

I strongly urge that the Skylab system of PRR, PDR, CDR[*] be adhered
to and that short cuts be resisted despite the immediate lure of maintaining
schedule. Each time we’ve rushed, cancelled, or hurried by one of these
milestones, I’ve come to regret it later on.

Schneider had additional thoughts when it came to keeping costs to a
minimum. He proposed that Marshall Space Flight Center in Huntsville,
Alabama, develop and build the docking module; according to Schneider
they had a proven capability (Saturn launch vehicles, Apollo telescope
mount, multiple docking adapter for Skylab), existing facilities, and the

*Preliminary Requirements Review, Preliminary Design Review, and Critical Design Review
were elements of the NASA spacecraft development cycle, which had evolved since the early days of
Apollo.
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proper labor mix. These elements would permit Marshall to do the job more
cheaply than MSC and a contractor. Furthermore, he believed that with
Shuttle Orbiter and Skylab drawing heavily on Houston’s personnel, the
docking module development “probably would not receive much attention
or would divert talent from the other tasks.” Schneider could see only one
area in which MSFC might have some difficulties—working with the Flight
Operations Directorate at MSC. To solve that problem, he recommended
that Clifford E. Charlesworth, Eugene F. Kranz, or Glynn Lunney be
transferred to Marshall as “Module Manager to insure a clean interface.”3°

Myers sent Schneider’s list of 20 guidelines to Gilruth, with the request
that the MSC program plan include these points, but Schneider’s other
thoughts about building the docking module at Marshall were not in-
cluded.?' Gilruth responded that his team basically agreed with Schneider’s
guidelines but countered that these points had already developed somewhat
differently. He enclosed the fourth revision of the “‘International Rendez-
vous and Docking Mission Guidelines and Constraints Document™ for
OMSF’s perusal. Gilruth told Myers that MSC ““would be glad to discuss the
guidelines and the method of implementation in detail with you and your
personnel at the appropriate time.”®* Implicit in his remarks was the idea
that the IRDM was a Houston project. It involved Apollo spacecraft, and
MSC knew how to get the job done. Only Frutkin, the interpreters, and
several secretaries from Washington had joined the Houston delegation that
went to Moscow in November. As the joint effort progressed, Marshall would
be noticeably absent during the negotiations. The Americans might fly with
Salyut, but it was not likely that the Soviets would rendezvous with
Marshall’s Skylab. At the November-December meeting, the Soviets and
Americans ruled out a union with the first Skylab; if such a mission was
ever undertaken, it would be with “a Skylab or another type [of station] to
put into orbit after 1975.7733

Continuing his dialogue with Gilruth, Myers sent his comments on the
International Rendezvous and Docking Program Plan to MSC on 14
December 1971. Myers agreed that this document could serve as the basis for
further discussions with the Advanced Missions Program Office at Head-
quarters, and he advised Gilruth that Phil Culbertson’s staff would “work
with you and your people in finalizing such a plan.” OMSF and Advanced
Planning had some specific items that they wanted Houston to look at again.
MSC had proposed that North American Rockwell undertake developing the
docking module on a sole source procurement plan. Myer’s staff questioned
the justification for not soliciting other contractors in open competition, and
they wanted Gilruth to think about competitive selection. Likewise, OMSF
preferred that the prebreathing requirement during transfer be eliminated, if
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possible, and that the planing schedules be further refined.® Gilruth’s staff
worked on these problems throughout December and into February 1972.

MSC’s studies of the costs of an International Rendezvous and Docking
Mission and the best way to contract for its equipment produced an
avalanche of paper. Data indicated that such a mission, using CSM 115 and
115A, would cost in excess of $267 million and could run nearly as high as
$280 million for three docking modules (one test, one backup, and one
flight), seven docking mechanisms (two flight, four test, and one spare), and
experiment packages. These investigations convinced the Center management
that experience would produce economy in this case, so North American
Rockwell should develop and fabricate the docking module and docking
mechanism. As the builder of the CSM, Rockwell would be able to work
with the command module/docking module interface with minimum
difficulty. In addition, they had the Apollo manufacturing equipment and
the necessary labor skills, if the job were begun before the company started
laying off their experienced employees. However, the ultimate decisions
about how much money NASA could afford to allocate to the mission and
who the contractor would be had to come from Headquarters.3*

Dale Myers met with the top management® on 24 February to discuss
the cost of the proposed docking mission, and they reached three key
decisions. First, the planning effort was to be oriented toward a program
that would include a demonstration flight, but the total program effort was
not to exceed $250 million. Based upon the data already generated, this ceiling
precluded the use of either CSM 115 or 115A. Second, Houston would have
to base its planning on the use of CSM 111 as the likely flight test vehicle
and CSM 119 as a potential backup vehicle (assuming that it was not flown
during Skylab). The budget included the necessary modifications for CSM
119 to make it flight ready, but it did not cover the expense of an actual
mission based on 119. The final decision made on 24 February concerned
experiments. Since the 111 and 119 service modules did not have scientific
instrument bays, the experiments would have to be much simpler than the
earth resources survey originally proposed. Of the $250 million total, $10
million were allocated for developing experiments that could be housed in
the command and docking modules. No more work on CSM 115 and 115A
was contemplated.3®

Managing the development of the IRDM hardware was the task of the
Manned Spacecraft Center and its new Director, Christopher C. Kraft.
Effective 14 January 1972, Robert Gilruth had assumed the position of

*Those present were Administrator J. C. Fletcher, G. M. Low, W. H. Shapley, and A. W. Frutkin.
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Director of Key Personnel Development for NASA, and Deputy Director
Kraft had moved into the number one position. Like his predecessor, Kraft
was an old-timer in the American space program, joining NACA in 1945 and
becoming one of the original members of the Project Mercury team. Before
becoming Gilruth’s deputy in 1969, he had been Director of Flight
Operations in Houston. The tasks facing his center in 1972 included
preparing for Skylab, developing the multipurpose Space Shuttle,* and pro-
ceeding with Apollo/Salyut—whose teams were already preparing for the next
round of discussions with the Soviets as Kraft settled into his new office.%’

NEGOTIATION BY TELEPHONE

On 27 January 1972, Glynn Lunney wrote to Professor Bushuyev,
proposing a list of questions to be discussed in their first telephone
conference.® The basic purposes of the conversation were to clarify
arrangements for the March meeting of Group 3 in Houston, to clear up
some technical questions associated with the design of the docking
mechanism, and to discuss arrangements for the Group 2 meeting tentatively
scheduled for June in Moscow. During January and February, the number of
letters between Houston and Moscow had increased, indicating the growing
complexity of the joint effort. The specialists needed faster answers; at the
request of the Soviets MSC initiated a telephone call to Bushuyev on the
morning of 2 March. Because the overseas circuits were busy, nearly 40
minutes passed before the NASA party reached the Academy of Sciences.
For 75 minutes, the two sides struggled with the initially awkward process of
talking through an interpreter over a not-too-perfect overseas telephone
connection. On the Soviet side, the process was complicated by the fact that
they were using two telephone handsets, but in Houston a conference
arrangement circumvented the necessity of passing the phone from one per-
son to the other.?®

Glynn Lunney was in Washington at the time of the call so Caldwell
Johnson spoke for MSC.T Bushuyev and Johnson discussed several questions
associated with fitting the docking mechanism under the launch shroud of
Salyut. The Soviets agreed to ease up on their height requirement for the
docking mechanism, a change that would be discussed at the Houston talks

*The Space Shuttle had received Presidential approval on 5 Jan. 1972.

TPresent in Houston for the telecon were C. C. Johnson, D.C. Wade, R. D. White, J. C. Jones,
J. C. Waite, W. K. Creasy, R. Reid, E. N, Harrin, and W, Karakulko. On the Soviet side, K. D.
Bushuyev, V. P. Legostayev, V. 8. Syromyatnikov, 1. V. Lavrov, V. N. Bobkov, and B. P. Artemov
were near the phones. Harrin, Karakulko, and Artemov acted as interpreters.

179



THE PARTNERSHIP

scheduled for later in march. No date was selected for the Moscow visit of
Working Group 2, but the American side restated its desire to hold the
meeting after the 16 April launch of Apollo 16. After several minutes of
speaking with Syromyatnikov about other docking mechanism questions and
with Legostayev about Group 2 matters, Johnson bid Professor Bushuyev do
svidaniyva [good-bye]. The Professor in turn wished his best to Johnson and
asked him to convey greetings to Lunney.*® (See box on facing page.)

The first telecon was helpful but difficult. The Americans sent a
transcript of the tape recorded conversation to Moscow, and the Soviets sent
their version to Houston. Thereafter, exchanging minutes became another
way to assure clear understanding of such communications. Nevertheless, the
Soviets, and particularly the Professor, were not satisfied with the telephone
as a medium for discussing technical matters. As a result, Lunney on his
return to MSC wrote to his counterpart:

It is my strong personal belief that continued exchanges like the
tele-conference and probably more frequent meetings are essential to the suc-

cess of the project. The difficulties and dangers of this mission will be re-

duced in direct proportion to the increase in knowledge and understanding

between us and our colleagues.*!

Stressing this point further, Lunney suggested that the Group 2 meeting in
Moscow be preceded by a similar telecon. The Americans were determined
to establish fast and reliable communications with the Soviets. The work in
the immediate weeks ahead would stress the necessity of spelling out
specifications for the docking system.

DESIGNING THE INTERFACE

During the spring months of 1972, the personnel of the MSC
Engineering and Development Directorate pursued the design of an interna-
tional docking system. Working concurrently with the North American
Rockwell team and the Soviet Group 3 members, the Houston engineers
were attempting to ensure the speedy development of hardware. Starting a
contractor to work on a project before design was firm was not unusual. In
the Apollo program MSC had followed the same approach in the design and
development of the command and service modules, the lunar module, and
their various subsystems. The iterative process of design helped to ensure the
timely delivery of hardware and the maintenance of tight schedules.

The 27 March-3 April visit of the Soviet Working Group 3 members to
Houston was essential to the NASA plan of having North American Rock-
well start the detailed engineering of an Advanced Missions docking system.
The four-man delegation led by Syromyatnikov quickly got down to the task
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Excerpt from Transcript of Telecon Between
Manned Spacecraft Center, Houston, Texas, U.S., and Intercosmos,
Moscow, U.S.S.R. from Approximately 9:30 to 10:45 CST

American Translator:
Soviet Party:
American Translator:

Soviet Party:
American Translator:
Soviet Translator:
American Translator:

Soviet Party:
American Translator:
Soviet Party:
American Translator:
Mr. C. Johnson:

Soviet Party:
American Translator:

Soviet Party:
American Translator:
Professor Bushuyev:

American Translator:
Professor Bushuyev:

American Translator:
Professor Bushuyev:.

American Translator:
Professor Bushuyev:

American Translator:
Professor Bushuyev:
American Translator:
Professor Bushuyev:

American Translator:
Professor Bushuyev:
American Translator:
Professor Bushuyev:
American Translator:

Professor Bushuyev:
Mr. Johnson:

Good evening!

Hello!

This is the Manned Spacecraft Center speaking. May we speak to
Professor Bushuyev?

Hello!

Hello, can you hear me?

| hear you well.

Good! This is the MSC NASA USA, may we speak to Professor
Bushuyev?

Prof. Bushuyev to the telephone? | will ask him.

Oh! That is you.

Yes.

Mr. Caldwell Johnson will now speak to you.

Sdravstvuite! [Hello!] (In English) Greetings from the MSC,
Houston, Texas, to our Soviet colleagues in Moscow.

Hello!

Mr. Caldwell Johnson will now speak to you in English, and after,
if you like, | will translate it to you in Russian. Will that be
convenient for you?

Hello!

Hello!

This is Professor Bushuyev speaking. | would like to propose the
following. Do you hear me well?

Yes, can you speak a little louder?

| would like to make the following proposal.

Please.

We have worked on the questions initiated by Dr. Lunney in the
letter of 27 Jan. and propose to (or offer to) lay out the answer
to these questions with the aid of our translator.

Good.

If Dr. Lunney agrees, | will transfer the phone to Dr. Lunney's
friend, a co-worker in our delegation Mr. Artemov.

It will be . ..

What?

Who? Artemov?

Mr. (tape garbled) of our delegation who participated in the
meeting which took place in Moscow at the end of Nov.

Good! One second.

| will transfer the telephone to Mr. (tape garbled).

Excuse us please. May we break in?

Yes.

Mr. Caldwell Johnson will now speak, whom you know; he had
been in Moscow. He would like to say something first. All right?

All right. (Some Soviet speech, but unintelligible.)

Prof. Bushuyev . . .
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of joining in defining the dimensions and specifications of the docking sys-
tem. This information was spelled out in the minutes of their meeting and in
four sheets of engineering drawings.* Bill Creasy and several of his colleagues
worked with Yevgeniy Gennadiyevich Bobrov at the drafting table to lay out
these first Soviet-American engineering drawings. Larry Ratcliff drew the
capture ring and guides on drafting paper, and Robert McElya supplied the
details of the structural interface ring, while Bobrov prepared a similar draw-
ing for the structural latches. T. O. Ross then took these drawings and con-
ducted a dimensional analysis to be sure that all items were compatible.

On 3 April, the two sides completed their drawings and wrote their
minutes. These drawings were a blending of the way in which the Americans
and the Soviets usually presented data on paper. Creasy said, “Their drawing
procedure is different from ours and sometimes we joke and say that . ..
[these Group 3 drawings] must violate the drawing conventions of at least
the U.S. and Russia and probably several other countries.” But each side
could understand and work from the information as recorded, and that was
the important point. Looking back on this effort, Creasy commented that,
despite five subsequent updatings of the April drawings, the basic work only
required some minor refinements and adding the tolerance dimensions.*?

Agreement on technical specifications for the docking system cleared
the way for NASA to begin discussions with Rockwell about building the
docking module and the docking system and modifying the CSM. As MSC
engineers worked with the potential contractor in drafting a statement of
work for Apollo/Salyut test mission hardware, the procurement staff in
Houston drew up their contracting plans.

At Headquarters, the agency’s senior staff was looking into various
political aspects of conducting a joint mission, and two issues were
paramount in these discussions. First, congressional authorization and
appropriations would have to be obtained before NASA could begin to
modify or build the necessary hardware. Second, a bilateral agreement
between the United States and the Soviet Union would have to precede the
request for funds. George Low was given the task of determining how to
resolve this issue.

APRIL IN MOSCOW

Following the November-December 1971 meeting in Moscow, NASA
Headquarters has recommended to the White House that a formal agreement
on an Apollo/Salyut mission be included on the agenda for the May Summit
meeting between President Nixon and Premier Kosygin. After several

*Following the formalization of ASTP in June 1972, these drawings became part of Interacting
Equipment Document 50 004, “Apollo Soyuz Physical Interface Requirements.”
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discussions with the White House during the ensuing months, Henry
Kissinger asked NASA to make a firm recommendation by 15 April
concerning the feasibility of conducting such a flight. In Glynn Lunney’s
opinion, the Soviets would have to agree to three basic management
documents before NASA could make a positive recommendation to the
President. Draft versions of Lunney’s documents—a project technical
proposal, an organizational plan, and a project schedule—were ready for
transmittal to Moscow by the end of March. Fletcher and Low decided that
Low, Lunney, and Frutkin should visit Moscow during the week of 2 April to
discuss these documents and reach a common position on the most
important points. Low remembered that they especially wanted “‘to
determine whether the Soviets really understood what we were talking
about.”43

Fletcher and Low also decided not to publicize this trip;* insofar as
MSC was concerned, Lunney was visiting Washington, and Low was
supposedly on leave “to take care of family business.” To further assure that
no one would know their destination, Low’s secretary went to a commercial
travel agent to get his tickets instead of buying them through the NASA
travel office. Low felt that the semi-clandestine nature of the trip lent some
excitement to his normally closely regulated life. On this occasion only
Fletcher, Mrs. Low, and Low’s secretary would know where he was.** That
is, they thought that was the situation until the Sunday morning newspapers
appeared on 2 April.

John Noble Wilford, on page one of the New York Times, reported an
interview with Academician Petrov, in which Petrov mentioned an upcoming
meeting with NASA officials. He pointed out that the negotiations thus far
had “‘considered only the technical aspects of solving these problems”™ of a
joint mission and that neither government had yet approved the flight. When
did he expect such approval? Petrov said, ‘“This would depend much on the
meetings that will take place next week and probably on the joint meetings
of all the working groups of engineers afterwards.” When Wilford asked if
the necessary arrangements could be made in time for the Summit
discussions, Petrov replied, “I would not like to guess on that. I know that
on a government level there are a lot of very important problems to discuss,
and whether [a joint mission] is one of them depends on the leaders, not
us.” Fletcher and Low held their breath and waited to see if anyone
would follow up the story. No one did.

Low, Frutkin, and Lunney departed Washington on Easter evening and
arrived in Paris early Monday. After a short layover, they continued aboard
an Aeroflot jet to Moscow, where they were met by Petrov, Bushuyev, and

*At the request of the White House, this trip was not publicized because NASA planned to dis-
cuss a possible agenda item for the forthcoming Summit meeting.
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Vereshchetin. During their ride into the city, Petrov told Low that Keldysh
had been hospitalized. Vladimir Alexandrovich Kotelnikov, acting in the
capacity of Academy President, would be negotiating on behalf of the
Soviets. Because of a schedule conflict, he would not be able to meet with
the Americans until Tuesday afternoon. In their free time, the three
Americans visited the American Embassy, where they were invited to lunch
with Ambassador Jacob D. Beam and his guests later that week. Jack Tech,
the science attaché at the Embassy, later asked Low if he knew who the
guests for Thursday’s luncheon would be, and Low replied that Ambassador
Kaiser and his son would be joining them. Tech responded by asking if he
knew who Ambassador Kaiser’s son was. When Low confessed that he did
not, Tech dropped the bombshell-Robert Kaiser was the Washington Post’s
Moscow correspondent. Low went immediately back to Ambassador Beam
and said that in light of the desire of the White House and the State
Department to keep their visit quiet, he questioned the wisdom of dining
with the press. The Ambassador assured Low that the luncheon would be a
social affair and that there would be no need to discuss his mission.
Furthermore, Beam said that he would take personal responsibility if there
were any leaks. Although he was extremely skeptical about this whole idea,
Low saw no way to avoid the invitation.%¢

For about two hours on Tuesday afternoon, the American trio met
with Kotelnikov, Petrov, Bushuyev, Vereschetin, and 1. P. Rumyantsev.
After a typical Moscow lunch at the Club of the Scientists, they continued
their discussions with Petrov until 7:00 that evening. The two groups
reconvened the next morning and continued their negotiations until early
afternoon. When the Americans adjourned, they ate a quick lunch at the
American Embassy snack bar while they rewrote their version of the Sum-
mary of Results. The afternoon session with the Soviets lasted only 2 hours,
and based upon the revised American draft and the basic understanding
reached that morning, the two sides were able to conclude the substance
of the talks. Frutkin and Vereshchetin completed the final editing of the
agreement Thursday morning.

Low, Frutkin, and Lunney attended their obligatory noon meal on
Thursday, which proved to be uneventful, while waiting for the English
version of the Summary to be typed at the Embassy. The three returned to
the Presidium of the Soviet Academy of Sciences (where all the discussions
had been held) for the signing of the documents. The usual ceremony, in
which both sides signed two English and two Russian copies, took place in
Kotelnikov’s office. The Acting President told Low that according to legend
Napoleon had slept in this room during his last night in Moscow 160 years
earlier. There was a farewell dinner on the night of the 6th, and Low and his
colleagues departed for home the next morning.
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The Americans’ basic purpose for these meetings had been to obtain
assurance from the Soviets that there could be agreement on the organiza-
tional structure to conduct a joint mission and that the mission could be
carried out according to a specified timetable. Low in his opening remarks
on Tuesday had told the Soviets that NASA was sure that a joint mission was
technically feasible, but the agency was not sure that in managerial terms it
was possible. Thus, Low’s goal for the Moscow meeting was to gain this
assurance. Before the two sides pursued this point further, Kotelnikov said
that he had an important statement that he would like to make.

Kotelnikov told the NASA people that in re-evaluating the proposed
test mission the Soviets had come to the conclusion that it would not be
technically and economically feasible to fly the mission using Salyut. Salyut .
had only one docking port and the addition of a second port would be very
difficult technically and very costly in both time and money. Therefore, the
Soviets proposed to conduct the test flight using Soyuz, which could accept
all the modifications necessary for such a mission. They were quite forceful
in stating that there would be no changes in any of the agreements made
thus far.

Surprise was perhaps the mildest word for the Americans’ reaction.
Nevertheless, Low quickly responded and told Kotelnikov that barring any
technical difficulties, the switch from Salyut to Soyuz would be
acceptable.?” He turned to Lunney and asked him if he saw any technical
reason for opposing such a change, and Lunney could think of none.
Operationally, this would present a simpler mission since it would involve
only two coordinated launches—Apollo and Soyuz—and not three—Apollo,
Salyut, and Soyuz. Low and Frutkin tried to think through any “political™
implications and found none. It would still be possible to exchange crews,
which would be the major public impact of the mission, and such a mission
would give the Americans an added advantage—not calling attention to the
fact that the Soviets already had a space station flying and NASA did not.

After Low agreed to this change, he took the opportunity to raise an
issue that was of concern to NASA —the lack of Soviet responsiveness to the
proposals concerning regular, direct voice communications between the two
sides.*® Low mentioned that he was interested in more than just the basic
issue of communication; he said that if this unresponsiveness was indicative
of their attitude for the future, it would be very difficult to conduct a joint
mission. Kotelnikov quickly understood why Low placed such importance
on this issue and said it would be settled immediately. After considerable
debate and discussion, the NASA position on regular communication be-
tween Lunney and Bushuyev prevailed.

On Tuesday afternoon, the discussion turned to the “Apollo/Salyut
Test Mission Consideration,” which was essentially a summary of the
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organization plan. The Americans had hoped to agree on this plan in detail.
As Lunney was presenting the document, the discussion fell apart and
became quite confusing, with an inordinate amount of time being spent
quibbling over the exact wording of each sentence. “We quickly saw,” Low
reported, that we would be in Moscow for weeks rather than days were we
to proceed this way.” Low called for a short recess, so the Americans could
discuss their strategy.

Before the Americans went off to themselves, they showed the Soviets
a draft version of the Summary of Results that they hoped would be the
basis for their mutual agreement. Low told the Soviets that it was essential
to reach an accommodation and full understanding of the “12 principles
governing mission conduct” that were a part of the “Apollo/Salyut Test
Mission Consideration” document, which Low now suggested might be in-
cluded in the Summary. The Soviets said they would look at these materials
while the Americans held their private discussion.*

After the recess, the Americans and Soviets resumed the negotiations,
reviewing the 12 principles and the Summary of Results until Wednesday.
The negotiations were long and difficult, and sometimes when it appeared
that agreement had been reached in English on a specific point, the material
when read back in English after being translated into Russian sounded like
the text of a completely different agreement. Low continually had to
emphasize the necessity of having complete concurrence on the substance of
the text. At one point in the negotiations, he told the Soviets that unless he
could come away from this meeting with a firm agreement on the basic
principles of organization, documentation, and scheduling, he would be in
no position to recommend the test mission to President Nixon. He stated
further that he would even go so far as to make a negative report. On the
other hand, he expressed a willingness to stay in Moscow until they were
able to hammer out the necessary words.

On Wednesday when the three Americans returned from lunch with a
freshly typed copy of the Summary of Results, Yu. V. Zonov translated the
English draft and then called a recess so that the Soviets could discuss the
document in private. The Soviets seemed amazed that anyone could have
completely recast an entire document in such a short time. When they came
back, the Soviets told the visitors that the revised paper, with some minor
editorial exceptions, was completely acceptable to them. The alterations
were performed by Vereshchetin and Frutkin.°

The Summary of Results that emerged from these efforts was the
keystone in the negotiations for a joint test mission.®! Without the basic
understandings that were forged at that time, the subsequent work would
have been difficult, to say the least. In all, seventeen points (see box on fac-
ing page) illustrated the level of trust and understanding that would have to
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17 Points of Agreement Negotiation in Moscow, 4-6 Apr. 1972

the preparatory (pre-launch) period—

Regular and direct contact will be provided through communication links and visits as
required.

A complete project schedule will be developed and commitments will be made on both
sides to meet this schedule in order to avoid costly delays to either party.

. Arrangements will be made for necessary contact and understanding between

specialists engaged in developing and conducting the project.

. A comprehensive test, qualification, and simulation program will be developed.
. A sufficient level of familiarization and training, where applicable, with the other

country’s vehicle and/or normal training equipment must be defined and provided for
safety-of-flight assurance. The necessary training exercises will be conducted in each
country for the other country’s flight crew and ground operations personnel.

. The parties recognize in particular that they must jointly make a concerted effort to

arrive at a full agreement on the engineering aspects of the mission during the meeting
of the work groups in July 1972,

. Two years prior to the flight, responsible persons who will directly participate in the

flight operations should be included in the working groups in order to assure a proper
level of mutual understanding and continuity of personnel into the real-time operation.
the mission operation—

. Control of the flight of the Apollo type spacecraft will be accomplished by the

American Control Center and that of the Soyuz by the Soviet Control Center, with
sufficient communications channels between centers for proper coordination.

. In the course of control, decisions concerning guestions affecting joint elements of the

flight program, including countdown coordination, will be made after consultation
with the control center of the other country,

. Joint elements of the flight will be conducted according to coordinated and approved

mission documentation, including contingency plans.

. In the conduct of the flight, pre-planned exchanges of technical information and status

will be performed on a scheduled basis.

. The host country control center or host country spacecraft commander will have

primary responsibility for deciding the appropriate pre-planned contingency course of
action for a given situation in the host vehicle. Each country will prepare detailed rules
for various equipment failures requiring any of the pre-planned contingency courses of
action.

. In situations requiring immediate response, or when out of contact with ground

personnel, decision will be taken by the commander of the host ship according to the
pre-planned, contingency courses of action.

. Any television downlink will be immediately transmitted to the other country’s

control center. The capability to listen to the voice communications between the
vehicles and the ground will be available to the other country's control center on a
pre-planned basis and, upon joint consent, as further required or deemed desirable.

. Both sides will continue to consider techniques for providing additional information

and background to the other country's control center personnel to assist in mutual
understanding (including the placement of representatives in each other's control
centers).

. As a minimum, flight crews should be trained in the other country's language well

enough to understand it and act in response as appropriate to establish voice
communications regarding normal and contingency courses of action.

A public information plan will be developed which takes into account the obligations
and practices of both sides.
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be established before a joint mission could be carried out. Of these points,
the most difficult to negotiate were ones relating to crew training and the
public release of information about the flight. After much dialogue, it was
decided that the candidate crews would have to be identified one to two
years before the flight so that they would have adequate time to train on the
other nation’s hardware. On the point of releasing information about a joint
mission, the Soviets agreed that everything during a normal flight should be
released immediately. In case of a major disaster, they would be willing to
release information just as they had done in the case of Soyuz 11. Their
main concern seemed to lie with the minor abnormalities during a flight that
might be blown out of proportion or misunderstood. In his turn, Low had
stressed an absolute need for NASA to continue its policy of disclosing all
information available at the control center and tracking stations. At the
conclusion of the discussions, the two sides agreed that they would develop a
public information plan that would take into account the “obligations and
practices” of both sides.

Looking back on that experience in Moscow, Low was optimistic when
he returned to Washington. He had reached the conclusion that the two sides
were ready now to undertake a test mission. As for hardware matters, they
had reached an understanding on all issues that had been identified so far
and did not foresee any new problems that they would be unable to handle.
On the management side, the Soviets and the Americans had decided on such
matters as regular and direct contact through frequent telephone and telex
exchanges, the requirements for and control of formal documentation, joint
reviews of design and hardware of various stages of development, the require-
ment for joint tests of interconnecting systems, early participation by flight
operations specialists, and the like. Based upon all these agreements, it was
George Low’s recommendation that the United States government execute
an agreement for a test mission.>*

TESTING THE AGREEMENT

Working Group 2 was scheduled to have a joint meeting in Moscow
early in May, and MSC believed this session would provide an opportunity to
test the recent agreements reached in Moscow. On 10 April, three days after
his return to Houston, Lunney sent a telegram to Bushuyev. MSC would call
Moscow on “Friday, April 14, 1972, at 7:00 AM Houston time, 4:00 PM
Moscow time” to discuss the agenda items outlined in this telegram.5® The
first attempt to establish a telephone connection with the Professor was
unsuccessful, because the Americans tried to tie Lunney, who was at
Kennedy Space Center (KSC), into the line for a three-way conversation. On
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the second try, only the Houston people made the connection with Moscow.
After initial greetings to Bushuyev, the remainder of the conference call was
conducted by the respective Working Group 2 chairmen, Legostayev and
Cheatham. They agreed that the Americans should visit Moscow on 15-20
May. Cheatham proposed that the May agenda include discussions of
communications and television links between spacecraft, an exchange of data
on the Apollo and Soyuz control systems characteristics, and further study
of the docking target system. After a discussion of the radio frequencies to
be used between spacecraft and between ground control centers, the two
men answered each other’s general questions. While the telephone connection
was still less than satisfactory, this second telecon was more successful than
the first and helped both sides prepare for the upcoming meeting, the
starting date of which was later advanced to the 10th.5

Group 2’s spring meeting was an important one in which a full agenda
was addressed and progress made on a number of key issues. While discussion
continued on the external lights, docking targets, coordinate systems, and
other topics related to docking, the main subject was spacecraft-to-spacecraft
radio communications and distance ranging. At previous meetings there had
been considerable discussion about radio frequencies: Would each side
exchange radio equipment for its frequency or give the necessary data to the
other group so they could build the equipment? The Soviets had advised
NASA at the November-December 1971 meeting that they would continue
to use the 121.75-megahertz (MHz) frequency for their voice communica-
tions. The Americans in turn advised the Soviets that they had yet to
determine which frequency they would use but would do so by March
1972.5%

While the obvious choice would have been to continue using the Apollo
voice frequency, the Department of Defense was eager to have NASA
abandon its use of frequencies in the 225- to 400-megahertz bands. The
Apollo voice frequency had been loaned to NASA in 1958 by the military for
Project Mercury, and they had been pressing the space agency since then to
give it up. A 1968 agreement between NASA and the Department of Defense
called for NASA to withdraw from all military frequencies by 1975. In an
effort to save from $500 000 to $700 000 for new radio equipment, MSC
had worked with NASA Headquarters during early 1972 to obtain Depart-
ment of Defense approval for use of the 259.7 and 298.6-megahertz fre-
quencies for a joint Soviet-American test project. This agreement had been
tentatively reached just before the American delegation left for Moscow.%¢

A second issue that remained to be resolved both internally and with
the Soviets centered on the “build versus exchange’ question. At first
glance, it seemed that it would be simpler for each country to give its radio
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equipment to the other for installation into their respective spacecraft. On
the American side, this exchange appeared to be complicated by the fact
that the Apollo VHF transceiver also embodied another assembly that
provided a backup distance ranging capability between the CSM and the
lunar module. This little unit, called the Range Tone Transfer Assembly, had
been added after the original design of the transceiver in 1962, and it was
rather sophisticated in terms of its solid-state circuitry. There was some
concern at NASA and in the Defense Department that providing this
hardware to the Soviets for a joint mission might also constitute a giveaway
of valuable technological information. This problem of possible technology
transfer had not yet been resolved by the time of the May meeting of
Working Group 2. The Americans asked the Soviets to postpone a decision
on radio transceivers, and they agreed to do so.

This “exchange-build” issue serves to illustra