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PRESIDENT'S GREETING 

JOHN F. KENNEDY 
President 01 the United States 

The opportunity to lead the way into space has been thrust upon this 
generation of Americans, just as 2 decades ago in Chicago another generation 
unlocked the power of the atom. We have accepted the. opportunity as well 
as the challenge of space exploration. But we can succeed in carrying out the 
tasks ahead only to the degree that our people understand what our aims are, 
and what the difficulties are, in our quest to master space and to gain all the 
benefits of scientific knowledge and technology which will come with that 
mastery. 

We shall need to call upon some of our finest minds in science, engineering, 
and management. We must lay our plans wisely remembering that the costly 
and complicated tools of space exploration have to be designed and developed 
years before they can be put to use. The building and testing of rocket engines 
and spacecraft and the training of crews for manned space flight must progress 
with a minimum of wasteful stops and starts. 

Adequate funds and resources must be available when they are needed. 
We must make the requirements of our national space program known to every 
American. But we must also make sure that every American understands all 
that this program can contribute to our economy and to our future well-being. 

We know we cannot hold back tomorrow. The tomorrow of the space 
age is inevitable. For our nation there can only be a determination that it will 
be a free tomorrow. We are outward bound. I am convinced that our broad 
and accelerating exploration of space will help bring this nation to a destiny 
more splendid than any dreamed by our predecessors. 
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WELCOME AND OPENING REMARKS 

HALE NELSON 
General Ohairman, M idw'est S paoe Month 

The Space~Age Planning sessions of the Third National Conference on the 
Peaceful Uses of Space have been planned by its principal sponsors-the Na­
tional Aeronautics and Space Administration and the Mayor's Committee for 
Economic and Cultural Development of Chicago-and the 17 regional par­
ticipating agencies to meet varied interests and contribute to future planning 
and profit. Its objectives are as follow: 

(1) To develop widespread local and regional interest in every phase 
of man's relationship to outer space 

(2) To bring about maximum utilization of regional industrial and 
educational resources in the Nation's space program 

(3) To obtain full utilization by regional industries and universities 
of the spin-off research that the Space Age is generating. 

The papers presented herein are concerned with exploration of space, man 
in space, the university-industry partnership in space programs, how space 
activities are changing the economy, business opportunities from space research, 
the placement and management of research and development projects, and the 
opportunities and challenges in spac~ procurement. 

The Nation's space program needs us-and we need it. The so-called 
"Sleeping Giant" of the Space Age (Chicago and the Midwest)-if it is 
asleep-must awaken J The Third National Conference on the Peaceful Uses 
of Space can be a resounding alarm J 

* * * * * * * * 

OTTO KERNER 
Gove'f'nOr of Illinois 

* • • • 

The State of Illinois is proud of the efforts of the leaders in industry, in 
academic life, and government which have made Space Month possible. This 
is a major achievement and a happy beginning of our full participation in the 
great vOY'age of scientific discovery on which our nation, and indeed our world, 
has embarked. 

It is fitting that Chicago and Illinois, whose scientific talent pioneered 
our entrance into the atomic age, should playa major role in the age of space. 
Though we have been slow in mobilizing the tremendous scientific and industrial 
resources of this area in the Nation's space effort, that mobilization is now 
underway. 
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I am confident that Illinois and the whole Midwest will attain a proud 
place in the already brill ant record of our country's space achievement. We 
can be satisfied with no less. 

The officials and scientists of the National Aeronautics and Space Admin­
istration have gone to great lengths to present their first team, and we are 
grateful to them for taking time from their arduous duties to come and sha,re 
with us their knowledge, their dreams, and their hopes for the Nation's role in 
space. A glance at the program will reveal that the city of Chicago, its industry 
leaders, and its great universities have done a magnificent job of providing a 
rich and varied fare for all those whose minds are challenged by the manY' facets 
of the great new age of exploration on which we and the whole world are 
embarked. 

As we reflect on this new age of discovery, a rebirth of the venturesome 
quest that brought the discovery of America, and the settlement of this land on 
which we stand, we realize that the mariners and geographers of the heavens 
of today are the lineal descendants of an illustrious line. 

The history books of our children and our children's children will place 
their names with Columbus, Magellan, La Salle, Lewis and Clark, and the 
storied host whose names mark the conquest of every corner of the globe. It is 
natural that we in Illinois and in the Middle West should wish our sons and 
daughters to form a conspicuous part in the unending line of those whose lives 
have extended the knowledge of mankind. Our desire for a full share and a 
major role in man's thrust to the stars is borne of no mere concern with the 
dollars of government contracts. 

Our state, the city of Chicago, and the whol~ Midwest have had an illustri­
ous place in the scientific and intellectual development of our country . We can­
not stand aside as mere spectatori' while others push the craft of space toward 
the conquest of immensity. To be a mere backwater in this thrilling age of 
discovery is to risk the loss of the most precious asset of our future-the trained, 
generous minds of our youth. They seek, as such minds have always sought, 
not the dull havens of security, but the challenge of high adventure. 

If we, their elders-in Chicago, in Illinois and in the Middle West-fail 
to provide our talented youth with the means to join the greatest challenge 
of their time, they will leave us for ports whose vessels consider discovery, as 
well as trade, to be their business. The future is to those who meet challenges 
and take risks, not to those who complacently abandon this to others and con­
sole themselves with the safe yields of security. 

I am happy to see in this Month of Space a heartening sign that we in the 
Midwest do not intend'to let the flood tide of national adventure pass us by and 
leave us in the shallows. I am happy to see the promising new and strengthen­
ing cooperation between our universities and our industries, and I am happy 
to see that the top officials of the Space Agency fully recognize that our capacity 
is matched by our will to playa major role in space. 

* * * * * * * * 

RICHARD J. DALEY 
M ayo1" of Ohicago 

* * * * 

Our city has been extremely active in recent weeks learning about the excit­
ing world of space. Beginning with the civic dinner honoring Astronaut John 
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Glenn, the people of Chicago have had an opportunity to participate in a 
variety of civic and educational. experiences at our universities and museums. 

As the Space Month draws to a close, it is a fitting climax that Chicago 
should host the Third National Conference on the Peaceful Uses of Space. 

We are proud that Chicago was selected by the National Aeronautics and 
Space Administration as evidence of our interest in the national space program 
and our capahilities to participate in the achievements of our national goals. 
We can all be proud that our city-operating through the Committee for 
Economic and Cultural Development-responded to this opportunity to focus 
attention on Chicago by appointing a steering committee of leading industrial, 
civic, and educational figures to direct the events of Space Month. 

Mr. David Kennedy, Mr. Kenneth Zweiner, Mr. Hale Nelson and his fine 
staff, and all those who actively participated are to be congratulated for their 
excellent leadership in this great series of events. 

Space technology affects all of us as citizens-and also as businessmen, 
educators, professional people, and students. All of us cannot become experts 
in the technical aspects of the space program-but we should all become better 
informed to function effectively in our changing world. This conference is a 
notable step forward in this educational effort. 

The great concentration of human and material resources in Chicago makes 
it a natural site to hold this National Conference which is concerned with re­
search and development aimed at the peaceful uses of space. There is no ques­
tion that our area has not assumed the role of leadership which it should have 
in the Nation's program to explore space. There may be many reasons for 
that. One of the prime reasons is that research and industry in Chicago and 
the Midwest have been concerned primarily with fulfilling their role as the 
Nation's leader in providing basic consumer goods and capital equipment. ·This 
leadership was earned because for generations this area has led in technological 
advancement and industrial "know-how." 

The Midwest-with 20 percent of the Nation's population-produces more 
than 25 percent of the Ph. D.'s in science and engineering; our universities have 
contributed more than their share of Nobel prize winners and are renowned 
for their academic excellence. There are few cities in the Nation which can 
compare with Chicago in educational institutions and research centers. 

We can be highly confident that when the capital facilities and energies of 
Chicago and the Midwest are directed into the field of space research we will 
emerge as a leader-just as we have maintained our dominance in the consumer­
oriented economy. 

Unlike many other areas, industry here has the mass production know-how, 
the skilled workers, the physical resources, the unmatched transportation facili­
ties, and the capital to convert the scientific discoveries developed by the space 
program into improving the standards of living. This is a challenge that no 
other area can meet as successfully as we can. 

There are some who are uneasy about the tremendous allocation of na­
tional wealth in placing a man on the Moon. There are some who are concerned 
about the growing reliance of our economy on the production of armaments 
in defense-but there has been and there will always be universal and en­
thusiastic support for the utilization of scientific discovery arising from space 
exploration in such fields as medicine, weather, communications, transportation, 
new products-and the promise of a new, bright world for mankind. 
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Certainly, the National Aeronautics and Space Administration-which is 
dedicated toward the peaceful uses of science-will recognize that there is no 
other region which can better achieve its objective. 

The first step that was needed in bringing our resou,rces to bear in serving 
space research is taking place at this meeting-for all of us are receiving first­
hand information on how the combination of our fine educational institutions, 
research facilities, industrial skill, and capital can be used for greater participa­
tion in the space program. 

Certainly, the space effort is ,one of the greatest and most challenging 
projects in history. It deserves and will receive the support of Chicago. Be 
assured that the city government amd the Committee on Economic and Cultural 
Development will continue to explore every avenue in which our great resources 
can be used-to provide for the best kind of environment for industry and for 
workers, and to maintain the great tradition of accomplishment that has made . 
Chicago a great city. 

The "I will" spirit which exists here is already evident in the high quality 
of this conference. and in the interest that Space Month has created in all of the 
people living in Chicago and the metropolitan area. 
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KEYNOTE ADDRESS-NATIONAL GOALS IN THE 
SPACE AGE 

Participants in this Third National Con­
ference on the Peaceful Uses of Space will hear 
a most impressive array of speakers represent­
ing government, industry, and the universities, 
including some of the foremost authorities in 
virtually all fields of space science and space 
engineering. 

The sponsors of Midwest Space Month and 
of this Conference have endeavored to provide 
a most comprehensive .and detailed account of 
our National Space Program-one surpassed, 
perhaps, only in the annual hearings before the 
appropriate committees of Congress. It is a 
great tribute to your Steering Committee and 
its chairman, Hale Nelson, that one must look 
to the exhaustive effort of the Aeronautical 
and Space Sciences Committee of the U.S. Sen­
ate,and the Committee on Science and As­
tronautics of the House of Representatives, for 
an adequate standard of comparison. 

Since the initial study and debate which led 
to enactment of the National Aeronautics and 
Space Act of 1958, these committees have con­
ducted a continuing reexamination and public 
discussion of our goals in space and the level 
of effort required to achieve them. Rarely, if 
ever, has a program of government been 
presented in such detail, and subjected to 
such searching examination by the people's 
representatives. 

In 1962, for example, more than 3,000 printed 
pages of testimony were taken in the House 
Committee on Science and Astronautics alone, 
and in 1963 the total will probably exceed 4,000 
pages. The depth of this study, and the con-
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JAMES E. WEBB 
Admini8t'l'ato'l', N ABA 

fidence inspired by such attention to detail, un­
doubtedly contributed significantly to the 
unanimous support given in the NASA Au­
thorization Bill for Fiscal Year 1963 in the 
House of Representatives. 

Congress, in two successive sessions, has care­
fully considered and affirmed the determina­
tion to undertake, as a national goal in Project 
Apollo, manned exploration .of the Moon in 
this decade, rather than at some uncertain date 
beyond 1970. 

The reasons for a major American effort in 
space in this decade have been articulated and 
debated since 1958, and have repeatedly with­
stood close and careful examination, to earn 
broad bipartisan support. Thoughtful consid­
eration has made clear the urgent need for 
superior competence in space, but the degree of 
support which has resulted is effective evidence 
that those responsible for our security as a 
nation are determined that we must lead in 
space-that the United States is not prepared 
to accept the role of second best. 

The Russians have no black magic in their 
space program or even any red magic for that 
matter. What they achieve depends on the 
level of scientific and engineering effort they 
elect to make, and the resources they are willing 
and able to commit to this effort. We have the 
skills, the industrial plant, the creative scien­
tific and technical brains, the managerial effi­
ciency, the national vitality, and the other re­
sources needed to excel in space as in any other 
major field of endeavor. The Soviet Union has 
sharply challenged us in space, and has the ad-
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vantage of. an early start. This Chicago and 
Midwest Space Month is further evidence of 
our intention to meet that challenge in an area 
of competition which has captured the interest 
of people everywhere, and one in which we have 
the resources, the will and the determination to 
be preeminent. 

The factors which lead this nation to under­
take an active American space program remain 
unchanged. Time and experience have served 
to underscore their validity. A statement pre­
pared by the President's Science Advisory 
Committee in 1958 which President Eisenhower 
found so compelling that he chose to share with 
all the people of America and indeed with all 
the people of the Earth, identified four points 
which, in his words 
... give 'importance, urgency, and inevitabiolity to the 
advancement of space technology. 

The first of these factors is the compelling urge of 
man to explore and to discover, the thrust of curiosity 
that leads men to try to go where no one has gone 
before. Most of the surface of the earth has now been 
explored and men now turn to the exploration of outer 
space as their next objective. 

Second, there is the defense objective for the de­
velopment of space technology. We wish to be sure 
that space is not used to endanger our security.. If 
space is to be used for military purposes, we must be 
prepared to 'use space to defend ourselves~ 

Third, there is the factor of national prestige. To 
be strong and bold in space technology will enhance the 
prestige of the United States among the peoples of the 
world and create added confidence in our scientific, 
technological, industrial, and military strength. 

Fourth, space technology affords new opportunities 
for scientific observation and experiment which will 
add to our knowledge ~nd understanding of the earth, 
the solar system, and the universe. 

. The determination of what our space program should 
be must take into consideration all four of these 
objectives. 

It is evident that these reasons for an active 
and urgent space program, advocated by Presi­
dent Eisenhower and reiterated by the Congress 
when it enacted the National Aeronautics and 
Space Act of 1958, demand nothing less than 
leadership in space. 

Certainly, the very idea of "exploration" im­
plies a pioneering venture into territory where 
man has not gone before. To explore, and gain 
the benefit of that exploration, we must mobi­
lize our resources in order to lead, not follow. 
Similarly, we cannot expect to guarantee our 
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own national security, and that of the Free 
W orId by surre»daring first place in space tech­
nology to the power which constitutes the great­
est threat to our welfare. 

There is little use talking about being strong 
and bold and creating added confidence in our 
scientific, technological, industrial, and military 
strength if we content ourselves with a role 
short of preeminence in space. With a billion 
people already allied against us, and the uncom­
mitted and emerging nations concerned with 
their own future, welfare, the United States 
must present the image of a can-do nation, to 
which they can oonfidently aline their futures. 

Finally, consider the factor of opportunities 
for scientific observation and experiment. 
Even in this field, where international rivalries 
may appear to be less important, the significant 
advances will not be made in fields that have 
already been well plowed by others. 

To sum up, the basic reasons put forward for 
an active and urgent space program in 1958 have 
not only proved thoroughly valid, but lead in­
escapably to the conclusion that the American 
goal in exploration and use of space in this 
decade and this century must be, as President 
Kennedy has said, preeminence. 

The accelerated space program recommended 
in May of 1961 by Vice President Johnson and 
President Kennedy was much more than the 
result of a new look at an old problem by a new 
Administration. It was the result of a careful 
examination of a rapidly changing situation, 
and the evidence which this gave of our own 
expanding capability, and increasing Soviet 
activity . 

In the early years of the Space Age, we were 
limited in what we could do by the lack of 
launch vehicles to put substantial pay loads into 
space, the existing level of technology, and in­
adequate knowledge of the space environment. 
As progress was made on all these fronts our 
understanding of the potential of space grew, 
and it became possible to raise our sights and 
identify more clearly our long-range national 
goals. 

This was the position when President Ken­
nedy took office early in 1961. Between Feb­
ruary 4 and April 12 of that year the Soviet 
Union put four satellites into orbit, each weigh­
ing more than 10,000 pounds. One of these 
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was the Vostok spacecraft that carried Yuri 
Gagarin, the first man to orbit the Earth. The 
Soviet exploits made it clear that the U.S. space 
efforts then underway or planned were inade­
quate to meet the Soviet challenge, or give our 
nation a leading role in what promised to be­
come one of the greatest undertakings in all 
human history. 

The need for an accelerated program was 
apparent not only to President Kennedy, but to 
the leaders of both parties in Congress, and to 
all Americans who studied the evidence care­
fully. 

It was also apparent that the promise of eco­
nomic and social improvement inherent in the 
vast space research and development program 
gave added merit to acceleration of the program 
as a whole. It was clear, for example, from 
our work with experimental weather and com­
munications satellites, that the national invest­
ment in space technology could be put to use and 
pay very practical dividends. Most thoughtful 
observers also are confident that technological 
advances made in space research and space en­
gineering will prove of value in our general 
economy. 

Noone can say now how much of the cost of 
space research will be repaid in the form of new 
products and improved industrial processes. 
This contribution could be substantial, and 
optimism on this score is well grounded in tech­
nological and economic history, but it is impos­
sible to establish a firm dollar value at this early 
stage. 

Predicting the ultimate benefits likely to flow 
from a given scientific discovery or technologi­
cal innovation has proved a hazardous business, 
at best. One recalls Thomas A. Edison, who 
commented that the Wright brothers' airplane 
had no practical value, and would never be any­
thing more than "the toy of wealthy sports­
men." 

It would be interesting to know the extent to 
which the failure of even great minds to com­
prehend fully the potential of how knowledge 
has affected our national decisions, and in some 
important areas injured the Nation in years 
gone by. It is a fact that although the airplane 
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was first flown in America, American pilots in 
World War I had to fly chiefly in foreign planes 
because we had developed no aeronautical 
manufacturing or design competence of our 
own. In 1914, France had 1,800 aircraft, and 
the U.S. Army 23. 

Today, with the entire Free World looking 
to us for leadership in space technology, and 
indeed the fate of the world dependent on our 
achieving that leadership, we can no longer 
afford the miscalculation of the past. 

Not everyone agrees on the potential tech­
nological benefits which may arise from our 
space program. 

History indicates, however, that where the 
potential of scientific and technological break­
throughs are concerned, the tendency is to err 
on the conservative side. 

The following view was expressed by. an 
eminent scientist who has given a great deal 
of thought to this matter-Dr. LloydV. Berk­
ner, President of the Graduate Research Center 
of the Southwest and until recently Chairman 
of the Space Science Board of the National 
Academy of Sciences, one of the many positions 
of trust and honor he holds, or has held, in 
the scientific community: 

We Eve in a dynamic civilization in which some 
aspects of technology must always lead the Qthers. 
Failure to press these techno~ogil:!al differentIals wHl 
bring technology to ·a haH, and our space prQgram is 
the greatest spur to' technQlogy today. MQreover, we 
cannot ignore the broad technological faU-out that is 
creating altogether new industry, emplO'yment, and 
brQadeniIllg the nationa'l tax base. 

Beyond this, in ISiatisfy'ing man's primitive aspira­
tions to conquer the unconquered, we spur him to 
greater effQrt. Only Qne percent added effort will pay 
for the whole space program, and there is nO' dO'ubt 
that the program exercises a mighty induence in ad­
V'ance of both educaotion and industry. 

Now turn for a moment from the reasons for 
a space program to the reasons why we have 
given high priority to Project Apollo: 

(1) The goal of lunar exploration is feasible 
from an engineering standpoint. No great new 
technological breakthroughs are required. The 
timetable set by the President gave us 9 years 
to carry out the project in a prudent, step-by­
step mam:~er .. 
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(2) By planning ahead, . and adopting a 
realistic schedule, we avoid the wastefulness 
of indecision, and stop-and-go financing. 

(3) We have set ourselves a clear goal which 
the entire world can understand, and one in 
which we have a good chance of being first. 

As President Kennedy put it in 1961, "No 
single space project in this period will be more 
impressive to mankind." 

(4) We have set a goal which will focus our 
efforts, and at the same time enable us to build 
up a broad base of space power. 

The lunar landing will be but the culmina­
tion of a tremendous effort that includes: de­
velopment of the Saturn I and Saturn V rock­
ets, which we need for many uses besides the 
luriar flight; construction of the facilities for 
building, testing, and launching these mighty 
new rockets; development of a three-man space­
craft that can remain in orbit 3 weeks or more 
and which will have many uses besides the Moon 
expedition; and perfection of the techniques 
of rendezvous in space and the joining of two 
or more spacecraft in orbit. 

(5) In Project Apollo we are opening the 
way to futUre space activities which may be in 
our national interest-the establishment of a 
scientific base on the Moon, and of staging 
areas which can be used to great advantage in 
further exploration of the solar system, if 
future years show a need to proceed with these 
projects. 

(6) It is not clear what the advantages of 
bases on the Moon might be. But in Project 
Apollo we protect ourselves against the great 
psychological advantage the Soviet Union 
would have if it alone could occupy and use the 
Moon. 

There is a tendency in some quarters today 
to belittle the psychological value of Project 
Apollo. But think, for a moment, what the 
reaction would be in this country if the Soviets 
made a successful landing on the Moon and we 
had no plans and no potential for getting there. 
Certainly such a situation would be very dam­
aging to our position throughout the world. 
The upro,ar after the first Sputnik would be 
mild indeed compared with the storm that 
would follow. 

(7) We are stressing Project Apollo because 
it gives us a good chance of overcoming the lead 
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in manned space exploration which the Soviets 
now hold. 

It is geared to a vigorous effort on our part 
which gives us a chance to be first and assur­
ance that in any event we will not be outdis­
tanced. Being second would be serious. Not 
being in the competition at all would be a 
severe defeat for America and for the cause 
of democracy and freedom. 

The schedule we have set for Apollo provides 
time for proving out our new rockets and new 
spacecraft, and for crew training. We are mak­
ing a substantial investment in assuring the 
reliability of our boosters, our spacecraft, and 
our procedures. Project Apollo is not a spec­
tacular do-or-die attempt. It is a painstaking 
scientific and engineering effort in which we 
still have 5 years or more of work ahead of us. 

Our ability to get to the Moon and back 
safely will be developed and demonstrated in 
a series of careful steps. The completion of 
Project Mercury is a first step. Then come the 
2-week flights and the rendezvous maneuvers 
in Project Gemini; then the unmanned tests of 
the Saturn boosters and the Apollo spacecraft; 
then flights of 3 weeks or more in the Apollo 
spacecraft in Earth orbit; then the first flight 
to the vicinity of the Moon, without an at­
tempt at landing. Finally, there will be the 
lunar landing attempt. But even at the last 
moment before touchdown this can be broken 
off if the astronauts perceive an unexpected 
danger. 

Furthermore, the lunar landing will be pre­
ceded by careful and detailed study of the 
Moon's surface and environment from un­
manned spacecraft of the Ranger and Ex-
plorer type. . 

It is not a question of whether we. should 
stress manned or instrumented exploration of 
the Moon. We are doing both, and in proper 
sequence so that the unmanned scientific studies 
will be available to help assure the safety and 
success of our astronauts. 

A few remarks about scientific aspects of the 
United States space program, partiCUlarly as 
they relate to the Apollo project, may be ap­
propriate. 

As is well known, there is not complete agree­
mentamong scientists regarding the extent to 
which manned scientific exploration of the Moon 
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will offer advantages over the use of automatic 
equipment. There is also concern, among the 
apparently substantial majority of scientists 
who recognize the importance of manned ex­
ploration, that unless thoroughly trained 
scientists are included as astronauts in the 
Apollo program, the maximum scientific value 
from these flights cannot be obtained. 

Scientists would not be scientists if they did 
, not question the conclusions of others, a,nd dis­
agree among themselves until a conclusive ex­
periment has been made, for these attitudes are 
the very essence of the scientific process. 

It appears clear, however, that there is agree­
ment in principle, on the part of most scientists, 
that if the United States is going to explore the 
Moon with men, results will be obtatned which 
will surpass those which automatic equipment 
would yield. 

This is indicated in the report of a group of 
the Nati'On's leading scientists who met for al­
most 2 months last summer at the State Uni­
versity of Iowa under the sponsorship of the 
Space Science Board of the National Academy 
of Sciences. Their report made these state­
ments: 

It is recognized that a man in a sensing and control 
loop can provide judgment, adaptability, improvisa­
tion, and selectivity to a degree which cannot be 
matched now or in the forseeable future by adaptive 
machines' which only report the results of their 
observations, experiments, and actions to man ... 

Manned eX!plol"ation of space promises great scien­
tific return and Apollo can be a ~rU'H7.ful first step in 
this e1fort . . . Although the mission iJj;self is first an 
engineering enter:prise aimed 'at ensuring that man 
reach the Moon and return safely, it is also the first 
step in manned scientific study of the M()'()n and the 
planets .... 

M'an's opportuntties for scientific exploration of the 
Moon are practicaUy unlimited. 

Other scientists have pointed out that the 
presence of man is ess~ntial for the detection of 
unexpected phenomena, and that the existence 
0.£ anything that can be measured automatically 
is essentially already known before the instru­
ment can be designed. And, in fact, President 
Kennedy's recommendation that the United 
States undertake manned lunar exploration as a 
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national goal within this decade was based in , 
part on a 1961 report of'ihe Space Science 
Board of the National Academy of Sciences 
which said: 

Scienti1l:c exploration of the Moon and the planets 
should be clearly stated as the ultinutte objective of 
,the U.S. space program. From 'a scientific standpoiIllt, 
there seems U.ttle room for dIssent that man's paT'tici­
pati:on in the explorations of the Moon and the pIaneta 
will be essential. Man can contr~bute crttical elements 
of scientific judgment and discrimination in conduc1ling 
the scientific eX'ploration of those bodies which can 
never be ruBy supplied by his instruments, however 
complex and sophisticated they may become. 

Lunar exploration is appealing to many 
scientific disciplines because the uneroded sur­
face of the Moon may reveal information about 
the origins of the universe which haf}long since 
been erased from the surface of the Earth. It 
offers unique opportunities· for research in 
geology, geophysics, astronomy, and space 
biology. The back side of the Moon may pro­
vide an ideal antenna site for large low-fre­
quency structures for use in radio astronomy. 
Such installations would be shielded from 
Earth noise background and capable of investi­
gating the theoretically crucial long-wave­
length region obscured by the Earth's iono­
sphere: 

While acknowledging the value of manned 
exploration of the lunar surface, the scientists 
who participated in the Iowa Summer Study 
also forQefully expressed their conviction that 
one or more trained scientists should be in­
cluded in the Apollo team. This view has been 
given careful consideration within the NASA 
organization. 

Obviously, given the overriding national de­
fense and foreign policy considerations involved 
in the space program, and a difficult and chal­
lenging national goal to achieve in the Apollo 
program within this deoade, NASA's first con­
cern has been, and must be, to develop and 
organize the resources to do the job. To those 
who have the responsibility for success in 
reaching the Moon, it has appeared that the 
nature of the Apollo effort requires the training 
of astronauts who have substanti'al experience 
as test pilots in high-speed jet aircraft, and to 
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the extent possible, engineering training as well. 
Meanwhile, it is apparent that the view of 

the scientists that trained scientific personnel 
should participate is valid, 'and that at the 
earliest appropriate stage in the program sci­
entists will be included on Apollo missions. 
So far as we can now tell, we are obligated to 
utilize astronauts with the maximum of test 
flight experience and highly conditioned re­
flexes on the first flight of the most difficult of 
all undertakings. Should training and experi­
ence in intermediate flights indicate otherwise, 
we will, of course, take this into consideration 
in determining the stage of development in 
manned space flight 3!t which a scientist-astro­
naut will directly participate. 

In its effort to insure the maximum scientific 
benefit from the manned space flight program, 
NASA is doing several things: 

First, manned flights are being used to take 
scientific measurements, in order that they will 
provide results beyond crew training and tech­
nological experience. 

Second, efforts have already begun to pro­
vide scientific training for the present group 
of astronauts, including geological field trips, 
to enhance their capacity for scientific 
observation. 

Third, 'a manned space science working group 
has been established, with Dr. Eugene Shoe­
maker, a geologist, as chairman, and a member­
ship drawn from the NASA Office of Space 
Sciences and the Office of Manned Space Flight. 
This group is already at work in the planning 
of a program for training scientists for space 
flight. 

Although the extended manned flights are 
some years in the future, this working group has 
begun to consider the methods through which 
the selection of such scientific personnel should 
be made, and how and when they should begin 
training. They are studying the extent to 
which these scientist-astronauts should be given 
technical and physical training related to the 
flight itself, how their scientific qualifications 
should be determined, what scientific disciplines 
should be represented on the initial flights, and 
whether the candidates should be exposed to a 
broad multidisciplinary training program out­
side their principal specialty, in order that 
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their ability to observe a variety of scientific 
phenomena may be enhanced. 

We do not know the answers to these ques­
tions, nor to many others which will rise. Ob­
viously, many aspects of the problem will have 
to be decid~d within NASA itself. In answer­
ing most of the questions, however, NASA will 
require the advice and counsel of the scientific 
community. 

At present NASA enjoys close relationships 
with the National Academy of Sciences, and 
our reliance on the wisdom available in the 
Academy has been and is of vital importance 
to the success of our effort. The Space Sci­
ences Board of the Academy, in fact, provides 
NASA with counsel and advice in much the 
manner that the General Advisory Committee 
works with the Atomic Energy Commission. 
This guidance is an important element in the 
work of the Office of Space Sciences and of 
other NASA program offices 'as well. 

It is our intention, therefore, in considering 
the role of scientist in the manned space flight 
program, to turn once again to the scientific 
community for assistance and ~idance, utiliz­
ing the continuing close relationships which 
NASA has with the Space Science Board. 

In the earliest scientific investigations, man 
relied only on his own senses and intellect to 
make observations of the solar system.' Subse­
quently, he devised simple instruments to en­
hance these observational powers. Today, we 
have learned to send these instruments into the 
far reaches of space to improve further the 
quality and detail of the results obtained. And, 
finally, we are arriving at the point where man 
can be sent out with his instruments, to refine 
the investigative process further. It is our 
hope, through the efforts of the National Acad­
emy of Sciences and NASA, working closely on 
the problem, that we can arrive at a means of 
providing scientific representation on manned 
space flights which will maximize the scientific 
benefits which are dbtained. 

Here, I believe, is the main point of this dis­
cussion: The real value of Project Apollo, to 
the American people, lies not so much in ex­
ploring the Moon, but in acquiring the ability 
to get there, and get back, and perform what­
ever scientific observations are' needed. 
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A boy or girl who wants a college education 
could put it off until age 40, but would be losing 
much of the potential benefit. The same is 
true of Project Apollo. Exploring the Moon 
will have scientific, psychological, and strategic 
value. But developing the space power to get 
there-building the new spacecraft and rockets 
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and spaceyards and spaceports-is what we 
must do to lead in this new field, to make Amer­
ica the world's leading spacefaring nation, to 
assure that space, as the oceans and the atmos­
phere, will be used for the benefit of all man­
kind and not as a theater for Communist ag­
gression or Communist propaganda. 



I 
I 

The National Program for 
the Exploration of Space 

Only 5 years ago, the Congress of the United 
States was still deliberating the role that the 
U.S. should take in the newest extranational 
arena, the arena of space. It was to be as a 
result of those deliberations that NASA would 
be created. 

Five years ago there was little positive basis 
for forecasting the future in space. The Soviet 
Union had launched two satellites; the U.S., 
three. Both Russian satellites had already gone 
to a fiery grave on reentry. The three U.S. 
satellites were all that remained aloft. 

Nothing better illustrates the dynamic rapid­
ity with which space has come of age than the 
fact that only 60 months after this uncertain 
status of space no one finds it incongruous that 
the nation's second city should be host to a Mid­
west Space Month and that NASA, which did 
not exist 5 years ago, should devote a solid day 
and a half to a brief and fragmentary review 
of some of the highlight elements of the na­
tional space program. 

The NASA presentation to the Third Na­
tional Conference on the Peaceful Uses of 
Space, when completed, will give a fair appre­
ciation of some of the U.S. accomplishments, 
hopes, and aspirations in the space arena. In 
this introductory survey an attempt will be 
made to convey an understanding of the frame­
work on which the NASA program is built 
and which ties it together. 

In its broadest context the NASA program 
can be classified into three complementary 
parts. First, we have those phases of the pro­
gram which are aimed at the exploration ofthe 
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very nature of space. This part of our pro­
gram is founded on the concept that space, as 
an operating arena, is here to stay and that as 
a mature, responsible, capable nation we can 
do no less than provide a secure foundation for 
future space activities, whatever they may be, 
by a careful, thoughtful, and comprehensive 
determination of the properties of space itself. 

The second major element of our program 
is aimed at the earliest practical utilization of 
space for the benefit of mankind. At the 
moment the most immediately useful systems 
appear to consist of unmanned spacecraft. 
However, a large share of our program is aimed 
at a rapid determination of man's capabilities 
in the space environment based upon the firm 
conviction that future developments will in­
volve men in a dominant role, whether as opera­
tors of near-Earth spacecraft or as explorers 
of our solar system. 

Complementing our programs to understand 
and define space and our programs to utilize 
space is a third major program element aimed 
at developing and improving the highly com­
plex technologies which will enhance our future 
capabilities in space. Although our efforts in 
this category are directly aimed at the enlarge­
ment of our space capabilities, we are acutely 
aware that the concepts and devices emerging 
from this effort may well, in themselves, be­
come the basis for new industrial and commer­
cial applications totally dissociated from the 
space environment. 

Our fundamental knowledge about the nature 
of space, which is a necessary foundation to 
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future activities, is acquired by a broad spec­
trum of missions. Figure 1-1 summarizes 

FIGURE I - I.-Space sciences. 

these. Our basic approach is through the use 
of sounding rockets, which may be defined as 
relatively small, relatively inexpensive vehicles 
for lofting simple payloads from a few score 
to a few thousand miles above the Earth's sur­
face. Payload instruments measure selected 
properties of space near the Earth in the few 
minutes of flight before the rocket plunges back 
to the Earth's surface. This sounding rocket 
technique was highly developed in the decade 
following W orId War II and was our only 
technique for on-site measurement of space 
properties until Earth satellite flight was 
achieved in 1957. In spite of the more exten­
sive and more dramatic capabilities of satel­
lites the sounding rocket remains a basic tool, 
both for acquiring local instantaneous meas­
urements of space properties and for providing 
a relatively inexpensive flying test bed to eval­
uate instruments contemplated for more com­
plex payloads. 

The Earth satellite is, however, our major 
tool for acquiring long-term measurements of 
properties of space near the Earth. By vary­
ing the orbital inclination and the ellipticity of 
the satellite paths it is possible to acquire grad­
ually a basic, understanding of space properties 
in all directions at distances up to several hun­
dred thousand miles from the Earth's surface. 

For measurements of spatial properties at 
greater distances from the Earth we cease to 
use the Earth as a focal point and escape from 
its gravitational attraction with vehicles that 
we call "probes." When exploring the Moon 
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or the regions of space near the Moon we sub­
classify our spacecraft as "lunar probes." In 
flying to or near other planets of the solar sys­
'tern, we designate our flights ,as "planetary 
probes" and in those instances where we are 
measuring the remote properties of space at 
distances very :far from any planetary bodies, 
we simply refer to our "interplanetary probes." 

Although trajectories and spacecraft differ 
:for the various missions they are unified by 
common scientific objectives. We are inter­
ested in understanding the nature of space 
whether influenced by the presence of a plane­
tary body (i.e., what is known as Geophysics) ; 
whether relatively uninfluenced by the pres­
ence of planets as in Interplanetary Science; 
whether concerned with the special properties 
emanating from or primarily influenced by the 
Sun as in Solar Physics; the properties of the 
larger universe as in Astronomy, the peculiar 
properties of the Moon and planets; or in the 
effects of space on living matter. In all of 
these areas our objective is to know more about 
space itsel:f. 

FIGURE I-2.-0bservatory satellites. 

Figure 1-2 indicates, in a general fashion, 
the kinds of uses to which we put Earth satel­
lites in this process of acquiring a fundamental 
understanding of the properties of space. In 
March 1962, we launched our first Solar Ob­
servatory. A 450-pound spacecraft with about 
a dozen correlated experiments aboard to make 
long-term observations, it is still functioning 
and is still yielding useful scientific observa­
tions 14 months after it was launched. Some­
what contrary to the concept shown in figure 
1-2, the spacecraft is stabilized in flight so that 

----- -- - -- - ~ - - ----
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the instruments are focused on the Sun when­
ever the Sun is in view. 

A second kind of observatory which will be 
making its first flights near the end of this 
year is the Geophysical Observatory. In this 
spacecraft a score or more of related experi­
ments will examine the properties of space 
up to a distance of about 60,000 miles from the 
Earth's surface. It will be oriented and stabi­
lized so that the same face always points to the 
Earth. Thus, the interrelated properties of the 
energies and particles streaming from the Sun 
and the magnetic, gravitational, and electrical 
fields from the Earth can be determined. 

The third spacecraft, the Astronomical Ob­
servatory will be flying in a few years. Where­
as the Solar Observatory points at the Sun and 
the Geophysical Observatory at the Earth, the 
Astronomical Observatory will point to the 
universe outside our solar system. On com­
mand from the ground it will map our universe 
in energy wavelengths that cannot penetrate 
to the surface of the Earth. 

These three spacecraft have been selected for 
general discussion in this paper because they 
illustrate our developing desires and capabili­
ties for understanding the nature of space. Our 
scientific explorations up to this time have 
largely been conducted with single purp~se 
spacecraft and while such devices will continue 
to be flown in the future for special purposes, 
the great volume of data will be derived from 
these observatories. We have deliberately 
chosen to call the spacecraft illustrated here 
"observatories" because each will have the in­
terdisciplinary scope and capacity that one as­
sociates with ground observatories. Succes­
sive and continuous use of these observatories 
through at least the next decad~ should give 
us a fundamental understanding of space for 
whatever purposes space may hold for us. 

The Moon as our nearest heavenly neighbor 
holds a special attraction for scientists, adven­
turers, and romanticists alike. The unmanned 
spacecraft that we will be using in this decade 
as a forerunner to, and in preparation for, 
manned exploration of the Moon are shown in 
figure 1-3. Although the Moon is our closest 
neighbor, it is at the &'tme time so remote from 
our earthbound scientific devices that our 
knowledge is indeed meager. We do not now 
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FIGURE 1-3.-Unmanned lunar spacecraft. 

have the data to understand its origin, its com­
position, or its detailed surface features. On 
the latter point, for example, we do not know 
how flat are its surfaces, nor indeed whether 
flat surfaces truly exist, nor do we know whether 
it is rock-hard or dust-soft in its surface com­
position. Our best optical observations from 
the surface of the Earth cannot discriminate 
terrain features less than several thousand feet 
across and hence we have no way of knowing 
whether landing sites for manned spacecraft 
will be as flat as an ordinary floor, strewn with 
huge boulders, or laced with Sun-baked. cre­
vasses. To acquire this information we must 
extend our sensory perceptions to the vicinity 
of the Moon and this we shall do with the 
spacecraft shown here. 

Project Ranger will, in the few moments 
before its destructive impact upon the Moon's 
surface, give us our first closeup look at the 
Moon. As it plunges downward on a collision 
course the spacecraft will orient itself about 
1,000 miles above the Moon and take a succes­
sion of photographs. On a successful flight 
we can expect an excess of 3,000 photographs 
to be transmitted back to the Earth prior to 
impact. Each photograph will yield succes­
sively greater detail until we should be ablp. 
to detect surface objects no more than a few 
feet across from the final photographs. 

The Surveyor Lander spacecraft shown in 
the center of figure 1-3 will be our second gen­
eration lunar exploration vehicle and will yield 
correspondingly greater information. Instead 
of plunging into the Moon at thousands of 
miles an hour as will Ranger, the Surveyor will 
be decelerated upon approach by a large retro-
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rocket and will be landed gently on the Moon's 
surface. Stabilized by its outrigger legs it will 
yield continuino- surface data about the Moon. 
In addition to numerous instruments for deter­
mining lunar surface properties, it will con­
tain real-time television cameras that will trans­
mit panoramic pictures of the vicinity of the 
landing site back to Earth. 

Project Ranger has already begun, although 
we have not performed successful missions up 
to this time. The Surveyor Lander flights will 
start within the next '2 years. We are currsntly 
evaluating the possibilities of yet a third lunar 
unmanned spacecraft that is here labeled a 
Surveyor Orbiter. We have not yet made a 
final determination as to how we should proceed 
or if we should proceed at all with such a 
mission. The concept we are studying, how­
ever, is to place a spacecraft in orbit around 
the Moon to acquire reconnaissance photographs 
of large segments of the lunar surface. There 
is a strong motivation to obtain this overall 
reconnaissance view to complement the local 
terrain photographs from Ranger and the 
Surveyor Landm'. There are major technical 
considerations to be evaluated, however, before 
a final project determination can be made. 

The last part of our current program for 
understanding space relates to the nearby 
planets. Figure 1-4 indicates our present con-

FIGURE 1-4.- Planetary exploration: 

cepts. The launch energies required to reach 
either Venus or Mars are so great that the 
resultant payloads using current launch 
vehicles are limited. Consequently, the kinds 
of missions we can fly are limited. On the 
left is illustrated the kind of spacecraft that 
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we flew by Venus in 1962. Although the actual· 
instrumentation was limited, we acquired a 
tremendous wealth of information about Venus. 
So successful was this flight, as a matter of 
fact, that we canceled our plans to make a 
second similar flight in 19.64 because we felt 
that there would be little more to learn within 
our present payload capabilities. We will, 
however, make a similar fly-by of the planet 
Mars in 1964. 

With the current limitations of propUlsion 
systems, it is not possible to investigate the 
planets at the convsnience of the scientists. 
Rather, it is necessary to leave the Earth within 
a 1 to 2 month launch period every several 
years when the Earth and the target planet 
have favorable relative positions. In the case of 
Venus, this only occurs about every 19 months 
and in the case of Mars, every 25 months. At 
the present time the other planets in the solar 
system are beyond our energy capabilities for 
useful spacecraft. Although our present capa­
bilities are limited, they will become enhanced 
as new launch vehicles become operational. 
We, therefore, anticipate that our next step in 
planetary exploration will be with a spacecraft 
something like that shown on the right in figure 
1-4. In addition to flying by the planet and ac­
quiring data in transit, we will d~tach a capsule 
or pod to enter the planetary atmosphere. Cer­
tain artistic liberties have been taken in this 
sketch. We would not fling the pod overhoard 
as we go by the planet but would, instead, detach 
it while some millions of miles from the inter~ 
cept point. 

We are beginning to study even more ad­
vanced missions than those shown here. When 
the very large launch vehicles being developed 
in support of our manned lunar program 
become operational, it will be possible to send 
large enough spacecraft to Venus and Mars 
to permit us to enter a satellite orbit around 
the planets and to make long-time observations 
of t!:e planetary features. T he energies re­
quired to reach the planets with sizable space­
craft are so great, however, that these un­
manned investigations will probably constitute 
our only means of planetary exploration for 
several decades to come. 

Although the prospects for manned flight to 
the planets are now remote, just the opposite is 

-~ 
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the case for lunar exploration. In May of 1961, 
P resident Kennedy established a goal for the 
Nation of landing men on and returning them 
f rom the Moon before this decade is out. The 
overall program to achieve this result is firmly 
underway. A discussion of the many detailed 
steps in this overall program will be given in 
subsequent papers and are reviewed briefly 
as follows. 

FIGURE 1-5.-Manned space fl ight. 

T he three major projects involving men are 
summarized in figure 1-5. Project Mercury, 
our first attempt at manned space flight may 
conclude with the projected fl ight of Astronaut 
Gordon Cooper for 1 day or more. We will 
then move into Project Gemini, in which two 
astronauts will fly together for extended 
periods of time. In this project we will begin 
to perform technological projects during orbital 
flight to complement the observation of man's 
behavior which has been the prime dbjective of 
P roj ect Mercury. The third proj ect now under­
way is Apollo. Three men will participate in 
these flights and as a final phase the three will 
fly in satellite orbit around the Moon and two 
of the astronauts will descend to the Moon's 
surface. 

The spacecraft to be flown by Astronaut 
Cooper, shown in figure 1-6, is the now familiar 
one-man Mercury configuration. His flight 
will give us additional valuable data on the 
actions and reactions of astronauts when ex­
posed to the UJmatural condition of zero 
gravity associated with space fl ights. Although 
enough data have now been accumulated from 
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FIGURE 1-6.-0ne-day manned flight . 

our own and Russian flights to indicate that 
no incapacitation appears to result from 
flights of several days duration, the Cooper 
flight will give us valuable physiological and 
psychological data on the details of human 
behavior during the weightless condition. 

We will follow the one-man Mercury pro­
gram with flights of the two-man Gemini 
capsule illustrated in figure 1-7. Aerodynami-

FIGURE 1- 7.-Gemini spacecraft. 

cally similar to the Mercury capsule, the Gemini 
will also be limited to Earth orbital flight. It 
will have system capabilities, however, that 
will permit flight durations of a week or more 
and thus will provide us with behavioral data 
over the periods of time required for flights to 
the Moon and return. As an important addi­
tion, moreover, Gemini will give us the capabil­
ity for developing the art of rendezvous and 
dockinO" in space flight. "Rendezvous" is here 
defined as the art of placing two separately 
launched objects into close proximity in space, 
and "docking", as the art or technique of cou-
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pIing these two objects together to form a single 
composite spacecraft. 

In Project Gemini we will initially place a 
modified Agena stage into Earth orbit using an 
Atlas launch vehicle. After the ephemeris, or 
orbital trajectory, is accurately determined the 
two astronauts in the Gemini capsule will be 
launched by a Titan II rocket into a closely 
proximate path, thus accomplishing the rendez­
vous. The astronauts will then con.trol both 
their own spacecraft and the Agena target vehi­
cle to accomplish a docking maneuver. As part 
of the Gemini program, provision is being made 
for one astronaut to climb outside the capsule 
to evaluate his capacity to perform simple con­
struction or repair procedures during space 
flight. 

The teclmologies acquired in the Gemini pro­
gram will be directly applied in the Apollo pro­
gram. Figure 1-8 illustrates the several 

FIGURE 1-S.-Apollo spacecraft. 

missions which now make up the Apollo pro­
gram and shows the total spacecraft configura­
tion for the final lunar landing mission. At 
launch, three astronauts will be housed in a re­
entry capsule known as the command module. 
This is the only section of the spacecraft that 
will be recovered after reentry to the Earth's 
surface. The command module will sit atop 
a service module which will contain expendable 
supplies and auxiliary equipment, including a 
rocket stage suitable for slowing down the over­
all spacecraft configuration as it approa~hes 
the Moon and accelerating the command module 
from lunar orbit on a trajectory back to the 
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Earth. The actual descent to the lunar surface 
will be made by two of the astronauts using 
the lunar excursion module at the bottom of the 
payload package. 

The mission profiles will be described in de­
tail in subsequent papers. Here it may be 
pointed out that in the accomplishment of the 
final lunar mission it will be necessary to sepa­
rate the command and service modules from 
the lunar" excursion module during transit to 
the Moon, to turn them end for end, and to 
dock them so that the command and lunar 
excursion modules are connected face to face. 
After the lunar excursion module descends to 
the lunar surface it will have to be launched 
back into a lunar orbit rendezvous with the or­
biting modules and will have to dock with the 
command module to permit retransfer of the 
two lunar surface explorers back to the com­
mand module. This illustrates the importance 
of the early development of the rendezvous and 
docking technologies. 

In the conduct of the Apollo program it will 
be necessary to proceed with an orderly devel­
opment of our flight teclmiques. The earliest 
flights will be Earth orbital missions using only 
the command and service modules. These 
flights will permit 'an extension oi our zero grav­
ity observations of astronauts to time periods 
on the order of a month; they will provide us 
a technological checkout of the configuration 
and will, very importantly, provide us with a 
crew training device for pilot familiarization 
of the three-man crews. 

Subsequent to these flights we will launch the 
entire lunar configuration into Earth orbit and 
will, in that orbit, practice the docking maneu­
vers ultimately to be required for the lunar 
mission. Then and only then will we be ready 
to wldertake the terminal mission. 

Our program. for evaluating and extending 
the capability of men in space flight missions 
embraces much more than the spacecraft devel­
opments just discussed. A whole new series 
of launch vehicles is also being developed. All 
of our space activities to date have been accom­
plished using launch vehicles based upon mili­
tary missile boosters, except for some small 
spacecraft launched with the Vanguard and the 
Scout vehicles. New launch vehicles, shown in 
figure 1-9, are now under development to 
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FIGURE 1- 9.- Large launch vehicles. 

accomplish the Apollo objectives and to give 
us the potential for a broad spectrum of future 
missions. 

As a standard of comparison let us use the 
capabilities of the Atlas booster used in P roject 
Mercury. It has a takeoff thrust of less than 
400,000 pounds and will place a payload of 
about 3,000 pounds in a low Earth orbit. The 
Saturn I vehicle, which has undergone four 
highly successful first-stage flight tests, will 
develqp 1% million pounds of thrust at take­
off and will place about 20,000 pounds in Earth 
orbit. This is the launch vehicle tha.t will be 
used for the initial flights of the command and 
service modules. By using an improved second 
stage we will achieve about a 30,000-pound 
Earth orbit C<'tpability with the Saturn IB and 
this vehicle will be used for the Earth orbital 
tests of the entire Apollo configuration includ­
ing the docking experiments with the luna.r 
excursion module. 

I n order to perform the lunar landing mis­
sion we are developing the Saturn V vehicle. 
The 7ljz miilion pounds of thrust it develops 'at 
takeoff together with the 1-million-pound 
second-stage thrust wiIJ enable us to place over 
200,000 pounds of payload in Earth orbit. This 
will be about 70 times the payload capability of 
the Atlas. With a 200,000-pound payload in 
Earth orbit we will be able to launch approxi­
mately 90,000 pounds of Apollo spacecraft to 
the Moon. 

In addition to being the necessary tools for the 
accomplishment of the Apollo missions, these 
three launch vehicles will give the United 
States unparalleled capacity for the accom-
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plishment of other space missions of the future. 
Our immediate goals for the utilization of 

space will not in themselves require this tremen­
dous power. In two technological areas the 
applications of small, unmanned spacecraft 
promise early beneficial returns from our space 
efforts. We are beginning the examination of 
other attractive possibilities. 

Meteorological satellites hold promise for 
providing a valuable data supplement to our 
conventional weather observational techniques. 
Up to this time we have flown six of the explor­
Mory Tiros spacecraft shown on the left in fig­
ure 1-10. Though of limited utility because 

FIGURE l-lO.-Meteorological satellites. 

of the space orientation, which only allows the 
cameras to record cloud cover over a portion of 
the Earth on each revolution, the more than 
200,000 cloud pictures transmitted by Tiros have 
clearly indicated the value to be achieved from 
overhead observations. 

The Tiros experimental spacecraft will soon 
be replaced by the more advanced Nimbus, 
which will be stabilized to provide Earth orien­
tation of the cloud cover cameras at all ti~es. 
(See right side, fig. 1-10.) By flying Nimbus 
in a ne.'lr polar orbit it will be possible to have 
daily observations of cloud cover over most of 
the Earth's surface. Although Nimbus will 
only fly for the first time late this year, it is 
already ~onceived of as having a preprototype 
potential for an eventual, and not too distant, 
weather observational system. 

The startling possibilities of communication 
satellites have been dramatically impressed 
upon the peoples of the world by the perform­
ance of Telstar and Relay within the last year. 
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These are but two of the communication satel­
lites being investigated. The overall content 
of the current NASA program is shown in fig­
ure 1-11. 

FroURE I-H.-Communication satellites. 

N.A:SA launched an Echo satellite in 1960. 
This was a large, inflated, balloonlike reflecting 
sphere from which radio signals could be 
bounced over transoceanic distances. We will 
launch another passive sphere of improved 
rigidity characteristics in the near future. 

At the present time the attr active reliability 
characteristics of the passive sphere seem to be 
outweighed for commercial purposes by the 
o-round station simplifications possible with the 
so-called active satellites. Relay and Telstar 
are representative of possible active communi­
cations satellites to be flown at low orbital alti­
tudes where a system of several score satellites 
would be required to insure uninterrupted 
communication. Additional flights of these 
kinds of satellites will be required to establish 
the technological base for the extension of life­
times that are now inhibited by particle damage 
from the great radiation belts. 

Weare now undertaking our first exploratory 
steps with communication satellites launched to 
the synchronous altit~de of 23,000 miles where 
the dual advantages of small numbers of satel­
lites and lower exposure to energetic particles 
may be realized. Our first Syncom satellite 
early this year failed for as yet unexplained 
reasons, although the actual launching appears 
to have been successful. We will continue with 
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further launchings of this satellite, and are 
looking ahead to a consideration of a more 
advanced yncom satellite configuration that 
would have greater channel capacity and an­
tenna stabilization to reduce necessary power 
levels. Although the final configuration for an 
operational communication· satellite is not yet 
clear, the eventual utiliz'ation of such satellites 
appears obvious. 

As indicated previously the NASA program 
is not just represented by our many and varied 
Right projects for exploring and utilizing space. 
A less evident, less spectacular, but nonetheless 
equally important effort is underway to expand 
our technological capabilities for space activi­
ties of the future. Figure 1-12 suggests the 
scope of this effort. 

In the area of propulsion we are developing 
the concepts and principles th3Jt will yield much 
more efficient propulsion systems for future 
space flights. We are not only looking to the 
improvement of chemical rocket propellants 
but, most importantly, are carrying out projoots 
in cooperation with the Atomic Energy Com­
mission that will give us nuclear propUlsion in 
the future. We expect to utilize nuclear power 
for direct thermal cycles as well a~ for electric 
power sources for use with the more efficient 
electric propUlsion system. In addition to 
searching for improved propulsion devices we 
are also seeking improved auxiliary power units 
for the generation of on-board power required 
in space flight. 

Our space vehicle research covers the gamut 
of technologies for the improvement of future 
spacecraft. Structures, materials, electronics, 
and the multitude of disciplines to sustain, sup­
port, and enhance the capabilities of man are 
under investigation. 

Finally, it should be noted that we are an 
aeronautics as well as a space agency. A vig­
orous well-rounded program continues to give 
this country an improved technological base for 
better, slow-speed aircraft having short takeoff 
and landing field characteristics, through the 
next generation supersonic transports, and on 
to possible hypersonic aircraft configurations 
of the future. 
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The world has already moved a long way into 
the space a.rena. It will move farther-much 
farther. The progra.m of NASA described 
briefly herein, and which will be presented in 

PROPULSION 

NUCLEAR CHEMICAL ELECTRIC 

SPACE POWER 

SOLAR CHEMICAL NUClEAR 

greater detail in subsequent papers, is designed 
to forge a national capability that will achieve 
and insure a preeminent position for the United 
States in that arena. 

FIGURE 1-12.-Advanced research and technology. 
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Results of Scientific 
Research in Space 
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JOHN E. NAUGLE 
Director, Geophysics and Astronomy Programs, 

The National Aeronautics and Space Admin­
istration (NASA) was formed and given the 
mission of conducting this nation's space pro­
gram on October 1, 1958. From October 1958 
to the beginning of 1962, NASA successfully 
launched 14 scientific satellites and about 200 
sounding rockets. Scientific experiments which 
increase our knowledge of nature are my defini­
tion of success. Note that I did not say our 
"knowledge of space." In many instances, the 
measurements did increase our knowledge of 
the region of space surrounding the Earth; 
however, in many other instances we learned 
more about the Earth itself, we learned more 
about the Sun, and in some cases we. even 
learned some very new and some very funda­
mental facts about the distant stars. The 
scientific programs of NASA are a logical ex­
tension of the research work which has been 
underway in laboratories on the Earth since 
the time of Galilee. Just as astronomers once 
carried their telescopes to the top of a mountain 
to see better, now we carry telescopes beyond 
the Earth on rockets and satellites. By this 
method entirely new phenomena are observed 
and scientists are enabled to broaden their 
studies in certain scientific disciplines. 

Since early 1962, NASA has successfully 
launched six scientific satellites in six attempts. 
This paper is a report on the results that are 
being received from these satellites. The 
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following paper, by Oran W. Nicks, reports 
on the very interesting results from spacecraft 
which escape from the Earth and visit other 
bodies in the solar system. Details of future 
scientific spacecraft, are discussed in a sub­
sequent paper by Edgar M. Cor~right. Figure 
2-1 shows some of the phenomena which can 

FIGURE 2-l.-Phenomena under tudy in the geophysics 
and astronomy program. 

be studied with spacecraft which remain 
attached to the Earth. The use of satellites 
and sounding rockets to study the stars has 
already been mentioned. NASA is flying a 
solar observatory to study the solar radiation 
and the kind of light emitted during solar 
flares and how the intensity of that light varies 

Preceding page blank 
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with time during a flare. Explorer satellites 
have been placed in highly eccentric orbits to 
study the magnetic field of the Earth, the radia­
tion trapped in this field, and cosmic rays out­
side' the influence of this field . Other Ex­
plorers have been placed in low-altitude orbits 
to study the atmosphere and the ionosphere of 
the Earth. The ionosphere is a layer of posi­
tively charged atoms and electrons which begins 
about 60 km above the surface of the Earth. 
This layer reflects radio waves and makes 
possible long-distance communications. The 
aurora is believed to be caused by trapped 
particles leaving the radiation belts and enter­
ing the atmosphere. Measurements of such 
electrons have been made on low-altitude polar­
orbiting satellites and compared with simul­
taneous measurements out in the belt to deter­
mine whether this is indeed the mechanism. 
The propagation of plasmas outward from the 
Sun has also been studied by comparing 
measurements made on Explorers near the 
Earth but outside the influence of the Earth's 
magnetic field with similar measurements made 
on the Mariner .spacecraft. 
. An attempt will be made to give a coherent 

picture here by first discussing the measure­
ments that were made on the Sun, then moving 
from the Sun closer to the Earth to discuss 
the significant results on the magnetosphere, 
and finally discussing the measurements made 
on the atmosphere and ionosphere of the Earth. 

T AB L E 2-I.-Successful Scientijic Satellites 
Launched by NASA Since 1962 

Name Purpose Launch date 

OSO L ____ Solty' physics __ __ __ Mar . 7, 1962 
ArieL ___ ___ Ionospheric phys- Apr. 26, 1962 

ics. 
Alouette ___ Ionospheric phys- Sept. 29, 1962 

ics. 
Explorer Energetic particles Oct. 2, 1962 

XIV. and fie lds . 
Explorer Artifi cial belt _____ Oct. 27, 1962 

XV. 
Explorer Atmospheric phys- Apr. 2, 1963 

XVII. ics. 
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Table 2-1 shows t.he six scientific satellit~s 
that have been launched by NASA since the 
beginning of 1962. All six were successful, 
and we are very proud of this record. Much 
of it is due to the relirubility of the Delta rocket, 
which was used to launch five of the six. Ex­
plorer XVII was the sixteenth straight success 
of the Delta. All of these satellites were under 
the overall management of the Goddard Space 
Flight Center. Two were a part of our inter­
national program. Alouette was designed and 
built in Canada, at their Defence Research and 
Teleoommunications Establishment in Ottawa. 
Ariel is also a part of our international pro­
gram. In this case, the experiments were pro­
vided by the United Kingdom and integrated 
into a spacecraft designed and built at the 
Goddard Space Flight Center. Both Ariel and 
Alouette were designed primarily to study 
ionospheric physics. The Orbiting Solar Ob­
servatory (OSO) is the first observatory-class 
satellite NASA has launched and was designed 
primarily for the study of solar physics. 

Explorer XIV was placed in a highly 
eccentric orbit with an apogee of about 100,000 
km. It is designed to continue the work of 
the highly successful Explorer XII launched 
in August 1961. Explorer XV is a special 
satellite which was launched just 60 days after 
work was started. It was designed specifically 
to study the artificial radiation belt. Explorer 
XVII was launched in April 1963 and is. 
designed for the difficult job of measuring the 
properties of the very tenuous atmosphere above 
250 km. 

The objectives and significant results from 
each of these satellites will now be discussed. 
The Sun is the major source of energy in the 
solar system. It controls the enviroiunent in 
space as well as the weather on the Earth. 
Therefore, a discussion of solar physics and the 
results from OSO I will be given first, and 
then we will move into the magnetoophere of 
the Earth and look at the results from Explorers 
XIV and XV. We will see the effects of solar 
activity on the radiation belts and the geo­
magnetic field . Then we will return to the 
Earth to see what we ha.ve learned about the 
ionosphere from Alouette and Ariel. Finally, a 
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brief discussion of atmospheric physics and 
Explorer XVII will be given. 

SOLAR PHYSICS 

The solar physics program has two major 
objectives. The first of these is to study and 
understand the Sun itself. We do not under­
stand why the Sun has an ll-year sunspot 
cycle; nor do we understand what causes a 
solar flare. We do not know how the energetJic 
particles, which create a radiation problem for 
Apollo, are accelerated to their high energies. 
We do not understand the processes which jAke 
place in the chromosphere of the Sun. All of 
these are problems associated with the Sun 
itself. 

The second objective is to monitor contin­
uously the radiation from the Sun. These 
data are needed by other scientists to under­
stand the measurements they make on the atmos­
phere and ionosphere of the Earth, in inter­
planetary space, and on other planets. 

OSO I; the first Orbiting Solar Observatory, 
has taken data which are pertinent to both 
objectives. By making continuous measure­
ments of the ultraviolet light and soft X-rays 
emitted by the Sun, it has given data on the 
processes happening on the Sun. The effect 
of these radiations on the atmosphere and iono­
sphere can be understood by observing the 
fluctuations in the intensity of the radiati'On and 
correlating with ground and satellite observa­
tions of terrestrial phenomena. Figure 2-2 is 

PRIMARY MISSIONS 
• SPECTRUM & INTENSITY 

OF 
SOLAR UV 

·SOLAR GAMMA RAYS 

LAUNCHED: 
MARCH 7, 1962 

WEIGHT: 
450 POUNDS 

ORBIT; NEARLY A 
PERFECT CIRCLE 

PERFORMANCE: 1200 
HOURS OF DATA 
TO DATE \ 

FIGURE 2-2.-The first solar observatory. 

a picture of OSO I. OSO I was launched on 
March 7, 1962, and is still in partial operation. 
It continues to point at the Sun but gives data 
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only when it is near a receiving station. The 
tape recorders no longer function. 

The upper portion of the satellite, called the 
sail, points continuously at the Sun and carries 
the solar cells which provide the energy for the 
satellite. The bottom section, known as the 
wheel, rotates to provide stability. The bat­
teries, telemetry, and experiments which need 
not be pointed continuously at the Sun are 
housed in this section. 

One of the major experiments in the pointed 
section of OSO I was a spectrometer to study 
the solar spectrum of the Sun in the wavelength 
region from 50 to 400 A. At the short­
wavelength end of this region, 50 A, are the 
soft ~-rays. At the other end, 400 A, is the 
ultraVIOlet light. All of this light is absorbed 
at extremely high altitudes in the Earth's 
atmosphere and is that portion of the solar 
spectrum :which controls the propeuties of the 
upper layers of the Earth's ionosphere. This 
is an extremely difficult kind of light to work 
with. In thelaboratory,all the equipment must 
be in a good vacuum. No lenses can be used, 
only mirrors. Even a minute amount of air 
will absorb the light. 

In this experiment, a grazing incidence spec­
trometer was flown. This is a device which 
separates the radiation of different wavelengths 
somewhat as a prism separates the visible light 
into its various wavelengths or colors. The 
intensities of the light in the various wave­
lengths are measured and, indeed, are continu­
ously monitored. This experiment gives us 
many clues about the properties of the chromo­
sphere and the corona of the Sun. Certain 
intense lines are observed. These lines enable 
the scientists to tell what atoms are present in 
the solar atmosphere. The intensities of these 
lines vary during a solar flare, the amount of 
variation depending upon the altitude in the 
solar atmosphere at which it originates. In 
general, the lines produced at the higher alti­
tudes show the larger increase in intensity. 
There is a particularly intense and interesting 
line in the solar spectrum, known as the Lyman 
Alpha line, emitted by the hydrogen in the Sun. 
Measurements on OSO I showed that the l~e 
brightened by some 5 to 7 percent during a 
flare. 
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Another major experiment on 000 I was to 
measure the intensity of X-rays in the 1 to 8 A 
region. It was possible to observe the X-ray 
emission from very weak flares and in some 
cases to observe X-rays from flares which were 
not observed visually on the ground. The 
X-ray flux was continuously monitored at all 
times the Sun was visible to the satellite. Thus, 
it was possible to observe the behavior of the 
X-ray flux from a flare during the entire life­
time of the flare. 

Continuous monitoring of the X-ray flux on 
the Sun is very important. Figure 2-3 shows 

(0) 

(c) 

length region which is inaccessible to measure­
ment by solar observatories on the Earth, and in 
this task it has been exceptionally successful. 
However, OSO I could not pick out a small 
region on the Sun, such as the flare seen in figure 
2-3, and study the radiation coming "from it. 
All the solar-flare measurements have been made 
by detecting the radiation coming from a small 
region, like this, against the background of 
radiation coming from the whole Sun. 

The next OSO will not remain pointed at the 
center of the Sun as OSO I did. It will scan 
back and forth across the Sun, thereby making 

FIGURE2-3.-Explosivefiare,Augustll,1960. (a) 1915: 10 V.T.; (b) 1925:10; (c) 1926:00; (d) 1927:10 

how fast a flare occurs on the Sun. Most of 
the X-rays occur in the very earliest phase of 
a flare. The only way we have found to study 
such X-rays in the past has been to fire a 
a rocket as soon as a flare is detected by an 
observer on the ground. This takes several 
minutes, and much of tile phenomena of interest 
may be missed. 

The first OSO was designed to measure the 
radiation of the entire Sun over a broad wave-
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it possible to measure the radiation which comes 
from a particular region such as a flare. 

MAGNETOSPHERE PHYSICS 

The region of space around the Earth which 
is controlled by the magnetic field of the 
Earth-the so-called magnetosphere-will be 
discussed next. This is the region of the Van 
Allen belt, magnetic storms, and the artificial 

I 
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radiation belt. The shape of the magneto­
sphere is determined by a plasma which streams 
out continuously from the Sun-the "solar 
wind." Figure 2--4 shows a theoretical physi-
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SOLAR WIND 
• 

FIGURE 2-4.-Shape of magnetosphere. 

cist's conception of the shape of the magneto­
sphere of the Earth. It is compressed on the 
side facing the Sun and pulled out on the back 
side of the Earth. 

NASA launched Explorer XIV during 1962 
to study the magnetosphere in a continuation 
of the work of Explorer XII, which was 
Launched in 1961. Explorer XIV (shown in 
tig. 2-5) was designed specifically to study the 
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SOLAR WINDS 
MAGNETIC FiElDS 
ENERGETIC PARTICLES 

~oa2.1962 

APOGEE, 61226 MILES 

~I7SMILES 

PERFORMANCE, 2607 HRS. 

OF DATA, RECEIVED 1527 

HRS OF DATA SENT TO 

EXPERIMENTERS, AS OF 

FEB .29, 1963 

FIGURE 2--5.-Explorer XIV. 

tields and particles in space. The long boom 
contains a magnetometer. In order to measure 
the weak magnetic fields in space, it is neces­
sary to place the magnetometer as far as pos­
sible from the spacecraft to avoid the effect of 
<>tray magnetic fields produced by ather equip­
merut. In addition to a magnetometer, Explorer 
XIV carried a plasma probe and several experi-

L __ 
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ments to measure the flux of energetic particles 
and cosmic rays. In order to obtain a clear 
picture of the magnetic field and the particular 
flux, it is necessary to measure on the same 
spacecraft and at the same time the plasma flux, 
the magnetic field, and the energetic particles. 

Figure 2-6 shows one of the reasons why it is 
necessary to launch two similar satellites in close 
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FIGURE 2-6.-Explorer XIV mission. 

succession. The dashed lines represent the 
boundary of the magnetosphere which was 
shown in figure 2--4. The solid ellipses repre­
sent the orbit of Explorer XIV. Its orienta­
tion remains fixed in space. As the Earth moves 
around the Sun, the solar wind blows :the mag­
netosphere of the Earth radially outward from 
the Sun. Therefore, as time passes and the 
Earth moves about the Sun, the magnetosphere 
rotates about the trajectory of Explorer XIV 
and makes possible the plotting out of the mag­
netic field and particle fluxes in the entire mag­
netosphere, provided Explorer XIV lives for a 
year. Explorer XII lived only about 3 months 
and covered only the region from D to A. 

F igure 2-7 illustrates some of the results 
which have been obtained from the two Explor­
ers XII and XIV. It has been shown that the 
magnetosphere has a sharp boundary on the 
sunlit side at about 10 Earth radii. This bound­
ary, which is some tens of kilometers thick, 
moves in and out depending upon the density 
and velocity of the solar wind pressing on it. 
Inside the bowldary there is a hiO'h density of 
trapped particles and the magnetic field is char­
acteristic of a dipole field. Its strength and 
direction is consistent with that predicted by 
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FIOURE 2-7.-Magneoosphere. 

the strength and direction of the dipole field 
of the Earth as deduced from surface measure­
ments. Beyond the boundary the trapped par­
ticles vanish and the direction and magnitude 
of the magnetic field change abruptly and fluc­
tuate with time. Beyond the boundary, there 
appears to be a turbulent region where the low­
energy particles of the solar wind are stopped. 
This region may actually be a kind of "shock 
front." 

The apogees of Explorers XII and XIV were 
not high enough to insure that any measure­
ments were actually made in true interplanetary 
space beyond this turbulent region. Therefore, 
we as yet do not know how thick it is. 

Explorer XIV and Mariner II were ~th 
operative at the same time and both carrI~d 
plasma probes, magnetometers, and .. ener~etIc­
particle detectors. This made po8Slble Sllllul­
taneous measurements of the solar plasma and 
magnetic fields in interplanetary sp~, together 
with measurements of the behaVIOr of the 
Earth's field. Thus, it was possible to measure 
quantiJt3.tively the plasma flux and study its 
influence on the magnetic field of the Earth. 

One of the most interesting results from Ex­
plorer XII was the detection 'of a belt of low­
energy protons at about 3.5 Earth radii from 
the surface of the Earth. The population of 
this belt varies with time and is correlated with 
fluctuations in the solar plasma and in the geo­
magnetic field. The origin of these particles 
is a mystery. They are too numerous and of 
the wrong energy to be due to the neutron decay 
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which produces the more energetic protons dis­
covered by Van Allen. 

Although the apogees of Explorers XII and 
XIV were not high enough to insure measure,. 
ments of the true interplanetary environment, 
they were high enough to insure that all the par­
tic'les emitted by the Sun during a flare could be 
measured. The flux, energy spectrum, and 
angular distribution of particles emitted during 
solar fluxes have been studied as a function of 
time. These measurements not only tell us, 
what the radiation levels in space are during 
a flare, but also give us some indication about 
the configuration of the magnetic fields be­
tween the Earth and the Sun. Since these par­
ticles come from the Sun, they are used to ten 
us what the composition of the Sun is. 

The combined data from satellites, sounding 
rockets, balloons, and ground instruments have 
shown that solar protons from a large solar 
flare could give an unprotected man in space, 
outside the magnetosphere, a lethal dose of 
radiation. Such a large solar flare occurs about 
once a year during periods of maximum solar 
activity. During periods of solar minimum, 
such as we are in now and will be in until about 
1967 when solar activity begins to increase 
again, the frequency of such events is much 
lower. These same measurements have shown 
that the time dependence and energy spectrum 
are such that sufficient shielding can be carried 
on an Apollo spacecraft to reduce this dosage 
to a toletable level. This information does not 
mean, however, that we can or will relax our 
efforts to understand solar flares or to lplow 
what the conditions are in interplanetary space 
during the time of an Apollo mission. There 
are times when the astronaut may be outside 
a spacecraft, on the Moon, with very little pro­
tection. At such times we will want to observe 
the activity on the Sun very closely and to 
know very precisely what the configuration of 
the interplanetary magnetic field is in order 
to warn the astronaut as early as possible of a 
potential increase_ in (he radiation level. 

The Starfish explosion on July 9, 1962, pro­
duced the artificial radiation belt shown in 
figure 2-7. At the time of that test, there were 
only three satellites in the air which could 
measure the radiation. These were Ariel, 

____ _ J 
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Injun, and Traac. Traac went dead very 
shortly and Ariel began to malfunction, in 
both cases because of radiation damage to their 
solar-cell power supplies. Tel s t a l' was 
launched the day after the test. None of these 
satellites carried instrumentation designed to 
study electrons of the energy produced in the 
Starfish test. 

In order to obtain badly needed information 
on the flux, energy spectrum, and spatial dis­
tribution of the Starfish electrons, we decided 
to launch a satellite with experiments designed 
specifically to study them. The Goddard 
Space Flight Center started work on this 
project early in September 1962 and launched 
the Explorer XV 60 days later. This satellite 
was designed to be despun after inject-ion 
into orbit. The despin mechanism failed. 
Although the high spin rate eliminated the 
measurements of the angular distributions of 
the particles, it was possible to get extremely 
accurate flux and spectrum measurements of 
the trapped radiations. These measurements, 
together with the early measurements made 
with Injun and Telstar, show that the hear t 
of the artificial belt is at about 1.25 Earth radii 
and that at that altitude the belt will be detect­
able for a number of years. At both higher 
and lower altitudes the intensity is decreasing 
faster than it is at the heart of the belt. It 
decreases faster at low altitudes because the 
atmosphere is more dense there and absorbs the 
particles faster. The exact mechanism by 
which the particles are lost at the higher alti­
tudes is not known. 

IONOSPHERIC PHYSICS 

Ariel and Alouette, the two satellites where 
objectives were primarily to study the iono­
sphere of the Earth, will be discussed next. 
Ionosphere physicists are interested in the 
density and temperature of the electrons and 
ions that make up the ionosphere. They are also 
interested in the radiation which produces this 
ionization. 

Three main techniques are used to study the 
ionosphere. The electron density can be 
measured by placing a detector at a particular 
point in space to measure directly the number 
of electrons in a given volume. Such a detector 
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can also be used to measure the temperature or 
energy of the electrons. In the second tech­
nique, the attenuation of a radio signal from a 
satellite is measured on the ground. This 
attenuation gives the total number of electrons 
between the satellite and the ground station. 
T he third method involves "sounding" the top­
side of the ionosphere. Scientists have been 
sounding the bottom side of the ionosphere for 
years by sending a radio signal vertically up­
ward and measuring the length of time required 
for the echo to return. Signals of a particular 
frequency will be reflected at an altitude where 
the electron density is a particular value. 
Therefore, if radio signals of various frequen­
cies are sent up and the time delay for each 
frequency is measured, the variation of electron 
density with altitude can be plotted. 

Figure 2-8 illustrates the sounding of the 
ionosphere from both top and bottom and also 

LAUNCHED: 
SEPT.28, 1962 

ORBIT: 
620 MI. PERIGEE 
640 M I. APOGEE 

GROUND BASED 
BOTTOM SIDE 
SOUNDING 

FIGURE 2--8.-Alouette (Canadian topside sounder) . 

shows why we need a Topside Sounder satellite. 
T he region of high electron density is repre­
sented by the darkest area on the graph. Radio 
signals of higher frequency are reflected at 
regions of higher electron density until at a 
certain critical frequency the ionosphere 
becomes transparent and the wave is no longer 
reflected by the ionosphere. Thus, with a 
ground-based sounder it is possible to study the 
nature of the bottom side of the ionosphere but 
nothing can be studied about the topside of the 
ionosphere. 

T he Canadian satellite Alouette was designed 
to study the topside of the ionosphere. This 
satellite has worked perfectly so far. It has 
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already produced more than 200,000 ionograms 
or profiles of the electron density in the topside 
of the ionosphere. In addition to performing 
this function, the data from Alouette can also 
be used to measure the magnetic field at the 
position of the satellite; this is an unexpected 
dividend which may be valuable for magnetic 
surveys. 

Figure 2-9 shows Ariel, the first international 
satellite. This satellite carried two experiments 
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FIGURE 2-9.-Ariel (international ionosphere satellite, 
U.S.-U.K.) . 

to measure the electron density of the satellite 
environment and experiments to measure the 
electron temperature, the mass of the ions in 
the ionosphere, the solar radiation responsible 
for producing the ionization in the atmosphere, 
and cosmic rays. 

Ariel has produced a number of significant 
results. The contributions which the cosmic­
ray experiment made to the study of the arti­
ficial radiation belt have already been men­
tioned. Another interesting and significant 
result from Ariel has been the discovery that 
the picture of the ionosphere sho,,'n in figure 
2-8 is really not too good. The electron density 
on the topside of the ionosphere does not 
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decrease smoothly in going to higher altitudes. 
There is a further stratification of the electron 
density above the maximum. Furthermore, 
these layers appear to be alined along magnetic 
lines of force in a manner somewhat analogous 
to the higher energy trapped radiation . 

ATMOSPHERIC PHYSICS 

Explorer XVII, launched April 2, 1963, was 
the first satellite designed to study the tempera­
ture, pressure, density, and composition of the 
atmosphere. At this time all that can be 
reported is that Explorer XVII is working 
perfectly. Twenty hours of data have been 
collected already and the experimenters are 
analyzing it. 

CONCLUDING REMARKS 

It should be clear from this report that 
NA>8A has now evolved to the point where 
small explorer and monitor satellites can be 
launched with a high degree of success. The 
Delta rocket has performed successfully on the 
last 16 launch attempts. The last six scientific 
satellites have also been successful. A great 
deal of very interesting and very significant 
data is being obtained. 

In addition, in the successful launch and per­
formance of 080 I, we have entered a new 
phase of more complex spacecraft capable of 
precise orientation over long periods of time. 
These more complex spacecraft, the Orbiting 
Astronomical Observatory and the Orbiting 
Geophysical Observatory, will be discussed in 
the paper by Edgar M. Cortright. In addition 
to obtaining exploratory data from these small 
explorer satellites, scientists have obtained the 
data required to design instrumentation to make 
maximum use of these large stabilized space­
craft as they become available. 



Space Sciences-Lunar and 
Planetary Exploration 

Flights to the Moon and neighboring planets 
are being discussed today on a relatively com­
mon-place basis. At times it appears to those 
of us engaged directly in these efforts that man 
has accepted this challenge without full realiza­
tion of the exciting possibilities it affords for 
advancing our state of knowledge. There are 
also times when it appears that the magnitude of 
the tasks may have been underestimated, for 
there are some 9 planets, 31 moons, asteroids, 
comets, and a star (our Sun), which are obvi­
ously within our capabilities to explore in the 
near future. In the 6 brief years the United 
States has been engaged in space activities, 
space flights to explore three of these planets, 
the Sun, and one moon have already begun­
some 10 percent of all the major bodies known 
to be in our solar system. Thus, statistics lead 
us to believe that our nation is not doing too 
badly. 

As indicated in figure 3-1, initially the con­
centrrution is on the Earth, its Moon, the Sun, 
Venus, and Mars. Of course, NASA is placing 
major emphasis on our favorite planet, Earth, 
with an entire program devoted to its study, as 
indicated in the previous paper by John E. 
Naugle. It is therefore excluded from our lunar 
and planetary program and further considera­
tion in this paper. 

This presentation will outline briefly some of 
the early answers being sought in our explora­
tion. It is almost a certainty, however, that the 
surprises encountered in this program will offer 
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Ora" W. Nicks 
Direotor, Lunar and Planetary Programs, 

Office of Spaoe Sciences, NASA 

FIGURE 3-l.-Areas to be explored. 

more rewarding returns than the answers 
sought. Scientific accomplishments are the 
major aims of the programs to be described, but 
emphasis is also being placed on advancing the 
technology essential to paving the way for 
greater events, including manned ventures to 
the Moon and planets. 

Figure 3-2 presents the names of the lunar 
and planetary projects which will be discussed 
in more detail and indicates the time-phasing 
of the current programs. Note that three proj­
ects comprise the current lunar program. The 
first of these is the Ranger project, which has 
resulted in three launches toward the Moon, 
two of which flew by the Moon, and one of 
which impacted on the lunar surface. Ranger 
flights are to be conducted through 1964 and 
are being considered for a later period. 
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FIGURE 3-2.-Lunar and planetary flight schedule. 

The surveyor project consists of complemen­
tary soft-landing spacecraft and orbiting space­
craft which will become lunar satellites. Early 
flights are scheduled to begin late in 1964 and 
are expected to continue for several years. 
Before the end of this decade, man will person­
ally begin to explore the Moon. It is antici­
pated' however, that unmanned missions may be 
continued after initial manned landings in order 
to explore those regions of scientific interest that 
are not readily accessible to man. 

Our first planetary mission was the Venus 
flyby of Mariner II on December 14, 1962. 
Mariner II performed exceedingly well and 
large quantities of significant scientific data 
were obtained. Similar spacecraft are being 
prepared for missions to Mars. The small let­
ters "v" and "m" shown in figure 3-2 indicate 
the times when Venus and Mars are in the 
proper relationships with respect to the Earth 
and the Sun to make it feasible for launching 
spacecraft to those planets. The frequency of 
these opportunities for Venus and Mars are 
about 19 and 26 months, respectively. This 
constraint of nature figures importantly in 
planning planetary missions to Mars and Venus. 
First United States flights to Mars are sched­
uled for 1964 and are planned again for 1966. 

The next evolutionary steps in planetary 
exploration are planned to begin in 1965 or 1966 
with larger Mariner spacecraft. Mariner Mars 
and Venus spacecraft are plalmed for planetary 
missions extending at least through 1967. The 
Voyager project is being considered for possible 
orbiter and lander missions to both Mars and 
Venus using the Saturn-class of launch vehicles. 
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It is not, however, an a,pproved flight develop­
ment project at this time. 

The phenomena occurring within interplane­
tary space are of great interest to scientists and 
to eno-ineers designing unmanned and manned 
spacecraft. Most planetary spacecraft, such as 
Mariner II, will be instrumented to measure 
scientific phenomena in interplanetary space on 
their long journeys to the planets. However, 
it is necessary to augment their interplanetary 
results with data from specially designed inter­
planetary monitoring spacecraft. The rela­
tively simple Pioneer spacecraft is scheduled 
for flight at the beginning of 1964 during the 
International Quiet Sun Year. 

Finally, studies are being conducted on a 
solar probe which might travel to within about 
30 million miles of the Sun and other missions, 
which will be mentioned later, are also under 
study. 

Some of the questions of major concern with 
respect to the Moon are indicated in figure 3-3. 

FIGURE 3-3.-Lunar exploration. 

Looking ahead to the era of manned lunar mis­
sions, we are, of course, concerned with many 
of these questions from a practical standpoint. 
All the questions, however, are extremely signifi­
cant from a scientific viewpoint and the answers 
will help to satisfy man's undying curiosity 
about the nature and origin of the Moon, per­
haps the Earth, and maybe even the solar sys­
tem. Also llldicated in figure 3-3 are areas of 
the near side of the Moon where early Rangers 
may land, the design capability of early Sur­
veyors, and a schematic illustration of the man­
ner in which the lunar satel1ite may provide 
direct observations from lunar orbit. 

Advancing scientific capabilities have contin­
ually ilnproved man's opportunity to further 
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his knowledge of the Moon by Ea.rth-based 
means, such as improved telescopes and large 
radars. The advancement of space science, 
although heavily dependent on space flights, 
would be trivial if man neglected to extend his 
know ledge of space science by every means pos­
sible. Early space flights ha.ve clearly proved 
that a small amount of flight data often opens 
the doors for a tremendous amount of Ea.rth­
based research. NASA is, therefore, supporting 
concurrently with its flight programs a propor­
tionate program in Earth-based scientific stud­
ies. Two examples of Ea.rth-based space science 
efforts are presented to illustrate these NASA­
sponsored activities. 

Figure 3-4 shows a picture of the Moon and 
traces of scans made with a large telescope and 
an infrared sensor by Dr. Bruce Murray of 
California Institute of Teclmology. His obser­
vations noted that after the "Sun went down" 
on regions of the Moon, certain areas re­
mained hotter than others for periods of time. 
These da.ta provided the basis for speculation 
that the hotter areas must be composed of either 
rock formations with high heat capacity so that 

36°30' 10' o· LONG 

COPERNICUS 

I 
OBSUVID DUlING 

SCAN ACROSS COPERNICUS 

FIGURE ~.-Hot spots on the Moon. 

they cool slowly or of some other unusual mate­
rial which emits heat at a much lower rate than 
most of the lunar material. 

It has been possible by using pictures already 
available of the Moon's surface and by direct 
telescopic observations to make detailed geo­
logical studies of particular areas. An example 
of this type of work which is being sponsored by 
NASA and conducted at the United States Geo­
logical Survey is shown in figure 3-5. The up-

1962 

FIGURE 3-5.-Lunar geology. 
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per picture presents a photograph of a small 
area of the Moon, the lower lefthand picture is a 
topographic map made from such pictures, and 
the picture at the right is an example of a geo­
logical map giving'not only contour information 
but also using colors to identify the different 
types of terrain on the lunar surface. This 
mapping program is being extended to cover 
a large pol'ltion of the Moon in a region of inter­
est for early Apollo landings. 

The best pictures available today from 
Earth-based telescopes provide a resolution of 
approximately two-thirds of a mile on the lunar 
surface. With spacecraft, it is planned that 
real closeup looks can be obtained. The United 
States' first spacecraft with this capability is 
the Ranger which has been designed to carry 
different mission payloads as indicated in fio-ure 
3-6. The interplanetary payload shown at the 
left was launched on the first two Ranger shots. 
The three lunar missions already carried out, 
but not entirely successfully, attempted to land 
lunar capsules of the type shown. The next 
series of Ranger flights, to begin late this year, 

INTERPLANETARY 
PAYLOAD 

LUNAR LANDING 
CAPSULE 

LUNAR PHOTOGRAPH 
PAYLOAD 

FIGURE 3-6.-i)Iissi()n payloads of Ranger spacecraft. 

will carry a payload of 6 television cameras 
intended to obtain a series of high-resolution 
photographs during the Ranger final approach 
to the Moon. 

Figure 3-7 illustrates the type of data 
expected from this series of Ranger missions. 
Approximately 3,250 pictures are to be trans­
mitted to Earth during the final descent, the 

FIGURE 3-7.-Television photographs fram Ranger. 
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first pictures covering an area of 125 miles on a 
side, the last picture providing high-resolution 
coverage of an area only 60 feet square. These 
closeup photographs are expected to greatly 
increase our know ledge of the surface detail 
and texture of the Moon. 
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50fT LANDING 
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LANDING 
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CHEMICAL 

PROP£lTlfS 

FIGURE 3--S.-Surveyor spacecraft. 

The second evolutionary step in lunar explo­
ration is to be carried out by the Surveyor 
landing spacecraft. (See fig. 3-8. ) It is 

LUNAR 

intended to demonstrate the soft-landing tech­
nology vital to future programs, is expected to 
survey various areas where it lands, and is to 
measure the physical and chemical properties 
in the vicinity of its landing. The Surveyor 
spacecraft has the capability of carrying vari­
ous combinations of experiments, such as multi­
ple cameras and the surface sampler indicated. 

Some of the Surveyor instruments are shown 
in figure 3-9. The surface sampler is merely 
a pantograph on an extendable arm with a 
scoop on the end. This scoop will be actuated 
on commands from the Earth and can be 
watched on Earth with the television aboard 
the spacecraft. By scratching the surface of 
the Moon in much the same way a man might 
with his hand and by measuring the forces on 
the instrument, useful information can be ob­
tained on the nature of the soil. This instru­
ment also picks up soil samples and sets them 
aside for chemical analysis. The bevameter is 
an instrument to determine the compressive and 
shear strength of the surface, two important 

SURFACE SAMPLER 

X-RAY DIFFRACTOMETER 
F I GURE 3--9.-Surveyor instruments. 
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factors in the design of landing gear. The X­
ray diffractometer is an example of adapting 
a well-known laboratory technique used for per­
forming chemical analysis. By extreme mini­
aturization, a large bulky set of equipment has 
been made into a lighltweight spacecraft instru­
ment. It will determine something about the 
structure and constituents of the lunar surface. 
The seismometer developed for the Surveyor is 
an extremely sensitive, lightweight "cousin" of 
instruments currerutly in use to record earth­
quakes or to aid in geological exploration on 
the Earth. These experiments are merely exam­
ples of several types under development for 
Surveyor landing missions. 

In the same way that Earth satellites offer an 
excellent capability for study of the Earth, a 
lunar satellite will enable a gross examination 
of the Moon. (See fig. 3-10.) With photo-

FIGURE 3-10.-SurveY'Or lander and orbiter team. 

graphic equipment, lunar orbiters should be able 
to survey large areas and complement the local 
terrain coverage of a Surveyor lander to per­
mit further extrapolation of the data obtained 
at a single landing point. The orbiter can also 
carry moniJtoring equipment for, surveying the 
environment in the vicinity of the Moon and, 
of course, affords the best opportunity for a 
good look at the Moon's mysterious backside. 
The complementary results of the orbiter and 
the Surveyor lander are expected to expand 
greatly the capabilities for scientific discoveries 
by unmanned spacecraft. 

In regard to the planets, figure 3-11 indicates 
the evolutionary steps which are underway. 
The first type of mission, the close fly by and 
observation of a planet, was accomplished by 
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FIGURE 3-11.-Step in planetary exploration. 

the Mariner II when it approached Venus. 
This same technique is to be applied in 1964 to 
observe Mars at close range. The next step, 
when the larger Centaur launch vehicle is avail­
able in the 1965-66 time period, is to be accom­
plished with a spacecraft which will fly by and 
eject a capsule which will enter the planetary 
atmosphere and make measurements during its 
descent and after touchdown on the surface. 
The spacecraft which delivers the capsule will 
fly past the planet, make its observations, and 
continue on into orbit around the Sun, as did the 
Mariner II. The third step illustrated, which 
will be possible with the Saturn-class vehicle, 
will accommodate the landing of a capsule and 
will allow the spacecraft to contain a rocket of 
sufficient size to effect an orbit of the planet. 
This rocket will extend the operating lifetime 
and observational capabilities of a particular 
spacecraft in the vicinity of the planet and will 
enable the desired combination of orbiter and 
lander as described earlier for the lunar 
mISSIons. 

The Mariner II, as man's first successful 
attempt to launch a spacecraft to the vicinity 
of a neighboring planet, is worthy of some dis­
cussion. As illustrated in figure 3-12, Mariner 
II was launched on August 2'7, 1962, and flew 
by Venus 109 days later on December 14. The 
spacecraft weighed only 44'7 pounds and carried 
41 pounds of instruments. These instruments 
were roughly divided into two categories, those 
which made continuous measurements of the 
interplanetary medium during the flight and 
in the vicinity of the planet, and those specifi­
cally oriented to make direct observations of 
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FIGURE 3-12.-Mariner II spacecraft, 

the planet surface and atmosphere during the 
close approach. Some 65 million bits of data 
were received from the Mariner II during the 
course of its journey and, although much has 
already been learned from a study of the infor­
mation returned, analysis will continue for an 
indeterminable period of time before the last 
shred of information is gleaned from the Mari­
ner II measurements. 

Mariner II results indicated that Venus is 
covered by cold dense clouds in the upper 
atmosphere. It has surface temperatures cal­
culated to be 800 0 F . It has an unexplained 
cold spdt in the Southern Hemisphere. The 
tem~eratures on the surface are essentially the 
same on both the dark and Sun-lighted portions 
of the planet. It does not have the high density 
electronic ionosphere that some scientists had 
speculated existed, and the amount of carbon 
dioxide in the atmosphere above the cloud layer 
is too small to be detected by the Mariner II 
instruments. This information was obtained 
from direct scans of the planet by microwave 
and infrared radiometers during a 35-minute 
period on December 14, 1962. 

The mircowave radiometer scanned the sur­
face of Venus at two wavelengths and detected 
emissions from Venus at 13.5 and 19 millimeters. 
Figure 3-13 illustrates these radiometric experi­
ments. In the electromagnetic spectrum, 13.5 
millimeters is the location of a micrawa ve water­
absorption band. If water were present in the 
atmosphere of Venus above certain minimal 
levels, the readings from this instrument would 
have been able to detect it. Although complete 

692·016 0-63--3 

L __ _ 

33 

MICROWAVE INFRARED 

FIGURE 3-13.-Mariner II radiometric experiments. 

analysis has not been made of the 13.5 mm data, 
it does not appear that there is appreciable 
water vapor in the Venus atmosphere. 

The 19-millimeter readings were of principal 
interest because they provided an indication of 
the surface temperature. It is on the basis of 
these data that it is believed that a fairly uni­
form temperature of about BODO F. exists all 
over the surface of the planet in the dark as 
well as in the Sun-lighted regions. 

The infrared radiometer was designed to 
measure infrared radiations from Venus in two 
wavelength regions. One wavelength band was 
centered at a 10.4-micron carbon dioxide band, 
and the other at an infrared "window" of about 
B.4 microns. Interpretation of the results from 
the infrared radiometers is that the thick clouds 
surroundng Venus are fairly contiguous" and 
do not have breaks in them like the clouds on 
Earth. These measurements also indicated 
that there was not enough atmosphere above the 
clouds for appreciable absorption to occur by 
carbon dioxide. The cloud temperatures as 
measured appeared to be on the average of 
- 300 F. at a level within the cloud layer. 

Figure 3-14 illustrates the elements of inter­
planetary space which were sampled. on the way 
to Venus and in its vicinity. Based largely on 
findings from satellites and probes, it has been 
determined that the magnetic fields and plasma 
in the vicinity of the Earth are as represented. 
Because of the known similarities between Earth 
and Venus, it was anticipated that similar indi-
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FIGURE 3- 14.-Interplanetary findings. 

cations might be found for the fields in the 
vicinity of Venus. However, no change in the 
interplanetary magnetic field was measured in 
the vicinity of Venus, and no detection of 
plasma-flow effects due to the planet was 
encountered. 

Radiation experiments did not record any 
radiation belts in the vicinity of Venus such as 
exist around the Earth. The absence of 
trapped particles, an unmeasurable magnetic 
field, and the plasma conditions correlate to 
confirm some theories and to eliminate others. 
On the basis of data obtained by radar measure­
ment and the Mariner II, it is believed that 
Venus may be rotating extremely slowly on its 
axis, if at all. 

Much knowledge of the interplanetary 
environment between Earth and Venus was 
obtained by Mariner II. Several magnetic 
storms were recorded by Mariner and the data 
obtained were correlated with measurements on 
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Earth. During these magnetic storms, plasma 
flow from the direction of the Sun was found to 
be variable and correlated with the magnetic­
field changes. Micrometeorite detectors to 
sample the cosmic dust in interplanetary space 
recorded only two hits on the way to Venus. 
When compared with near Earth data, these 
measurements indicate that the number of par­
ticles in the vicinity of Earth is about 10,000 
times greater than that found by Mariner II 
on its way to Venus. 

The astronomical yardstick-the distance 
from the Earth to the Sun-was refined signifi­
cantly from an analysis of Mariner radio 
tracking data. Tracking data also refined our 
knowledge of the mass of Venus to an accuracy 
of -+-0.015 percent. 

Some of our critics have belittled the Mariner 
II scientific accomplishments on the basis that 
the answers merely confirmed existing theories. 
This, in many ways, is true. However, these 
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critics would appear to have overlooked the 
significance of eliminating the several other 
theories which prior to Mariner II were eqnally 
as plausible. It can be argued that confirming 
one of many theories is tantamount to the dis­
covery of a new theory; this process of elimina­
tion is a normal occurrence in the evolution of 
scientific know ledge. 

The next planetary mission will be conducted 
with a spacecraft (fig. 3-15) which is an out­
growth of the Mariner II. It will be launched 
to Mars in 1964 to fly close by the planet and 
make direct observations. Included in the pay­
load will be a television camera to take pictures 
which will be transmitted back to Earth by 
radio. 

The growth to larger spacecraft and the 
second step of injecting capsules directly ont'O 
the planet will be made possible by Mariners 
of the type indicated in figure 3-16. T his con­
figuration shows a spacecraft carrying a capsule 
which may contain instruments to observe first­
hand the planetary atmosphere and surface 
features. A type of experiment being planned 
for early missions, which will be landed in a 
capsule, is intended to search for life of some 
form. This question of whether life exists on 

other planets is an exciting one scientifically, 
inasmuch as it may provide clues to our develop­
ment on Earth and to the state of evolution of 
life in other planetary environments. 

The Pioneer spacecraft (fig. 3-17) is being 
developed to provide continuous observations 
of the interplanetary space and the Sun near 
the orbit of the Earth as it moves slo·wly to 
positions ahead of or behind the Earth. This 
monitoring spacecraft is comparable to a 
weather station sending continuous data on the 
conditions in space. It will help to understand 
the effects of solar activities on interplanetary 
phenomena and may contribute to the safety of 
manned space flights. 

Beyond today's projects, more extensive 
efforts for the continuing exploration of the 
solar system are being planned. In table 3-1, 
two major missions under study and others of 
a more general nature being considered are in­
dicated. The Voyager missions using Saturn­
class vehicles for launches to Mars and Venus 
have already been mentioned. A probe is being 
studied which will allow me~surements in the 
vicinity of the Sun; and the outer planets are 
being considered and missions to other bodies 

FIGURE 3-15.-Mariner Mars scientific mission. 
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HIGH-GAIN 
ANTENNA-

ELECTRONICS 

FIGURE 3-16.-Mminer flyby and landing cap ule. 

FIGURE 3-17.-Pioneer orbits. Earth-probe distance at 
6 months, 50 million miles. 
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within the solar system are already being dis­
cussed. It is believed to be within the realm 
of existing technology to send probes completely 
out of our solar system. 

TABLE 3-I.-MissWns Under Study 

TToyage1': 
Mission-Mars and Venu orbit and land 
Weight-3,DOO to ,000 lb 
Launch vehicle--Saturn 

Solar T)1'obe: 

Mission-Probe of Sun to about 1J.J astronomical 
unit 

Weight-About 300 lb 
Launch vehicle--Atlas Agena 

Other missions: 

Outer planets 
Out of the plane of the ecliptic 
Comets 
Asteroids 
Escape from solar system 

The vistas opening to the people of the world 
as a resul t of the effor ts being sponsored by the 
citizens of the U.S.A. appear to be limitless. 
No one of us can say, knowingly, what the 
future may hold, but it is truly a rare privilege 
for each member of our world community to be 
living in an era when so many centuries-old 
secrets are being unlocked. 
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Each of the preceding National Conferences 
on the Peaceful Uses of Space coincided with 
major decisions about the U.S. manned lunar 
landing program. The first conference, at 
Tulsa, occurred just after President Kennedy 
proposed to the Congress that we establish the 
landing of a U.S. citizen on the Moon in this 
decade as a high-priority national project. 
NASA was deeply involved in the Mercury 
program and well along in the study of Apollo. 
However, at that time, Apollo was defined as a 
three-man spacecraft capable of prolonged mis­
sions in Earth orbit and, ultimately, a manned 
circumlunar flight. 

Last year's conference at Seattle took place 
as we were completing the studies of the modi­
fications required to the Apollo concept to adapt 
the spacecraft to the lunar-landing mission. 
The paper by George M. Low described both 
the direct flight and Earth orbital rendezvous 
approaches to the mission as well as the lunar 
orbit rendezvous mode, which was ultimately 
selected. 

The mode selection was certified on Novem­
ber 7, 1962, and we are now well into the devel­
opment phase of the program. All major sys­
tem elements have been defined and are under 
contract. Indeed, significant portions of the 
system are already being tested in ground facili­
ties around the country. The first flight tests 
to qualify the launch escape system so inherent 
to the safety of the astronauts will take place 
at 'iVhite Sands Proving Ground within the 
next few months. These tests, however, are but 
the first of a long series of development tests 
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required to assure that, l3Jte in this decade when 
we launch the Apollo crew toward its historic 
rendezvous with the Moon, we will have confi­
dence that eyery element required to perform 
the mission will function properly. 

In the fOllowing papers James C. Elms will 
discuss the mission profile and the spacecraft, 
Robert F. FreiJtag will report on the details of 
the launch-vehicle program, and David H. Stod­
dard will discuss our approach to the space 
medical problem. In the present paper the 
nature and importance of our overall national 
manned space flight program will be reviewed. 

History lends perspective and, in order to 
understand our program better, I have studied 
the nature of such programs in the past. The 
mission most often compared with the Apollo 
program is Columbus' voyage on which he dis­
covered America. He called the project "The 
Enterprise of the Indies." 

The problems Columbus faced were some­
what different from ours. After many years 
as a seaman, he conceived of the possibility of 
sailing to China via a westward route from 
Spain in the early 1480's. By the standards of 
the day this was a fairly large program and 
required government support. 

Columbus, although initially a Genoese, lived 
in Portugal during the 1480's. He developed an 
unsolicited proposal and attempted to sell his 
project to the Portuguese king during the years 
1480 and 1485. The proposal was extensively 
reviewed and rejected. as impractical. 

Columbus then transferred his allegiance to 
Spain, at that time Portugal's rival in coloniza-

- --------_._-- -- .. _---- --
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tion. He changed the name of the addr~ on 
the proposal and attempted to sell the proJect 
to King Ferdinand and Queen Isabella from 
1485 to 1492. 

To understand his problems, it might help to 
reflect on the state of know ledge of the Earth 
at that time. Most people, even in the fifteenth 
century recognized that the earth was round. 
The fable that Columbus \TaS fighting scientists 
who believed the world to be flat is an inter­
esting legend, but no more than that. 

The proposal was to find a short route to the 
Far East. Columbus proposed to land in 
Japan, which at that time he caned Cipangu. 
In order to determine the distance he would have 
to sail, he calculated the size of the Earth by 
extrapolating from medieval measurements of 
the len!rth of a degree of Earth longitude. 
Columb~s supported his case by picking the 
lowest measurement he could find, an estimate 
that a degree was equivalent to approximately 
57 Arabic miles as reported by a Moslem geog­
rapher. He then managed to shrink the world 
by some 25 percent merely by assuming ~hat 
the Moslem's estimate was in Roman mIles, 
rather than Arabic miles. 

Marco Polo's .journey to China had provided 
an estimate of the expanse of the Eurasian land 
mass. As might be expected, the walk seemed 
somewhat longer to Marco Polo than it actually 
was. This, in effect, provided an estimate 
which stretched Asia to the east. Columbus 
then added approximately 1,000 miles as an 
estimate of the distance from China to Japan. 

This combination of shrinking the world and 
stretching the land resulted in a calculation 
which demonstrated conclusively that Japan 
was only 2,400 nautical miles west of the Canary 
Islands, well within reach of the sailing ships 
of the day. The actual distance is close to 
11 000 miles. This calculation may well have 
se~ the precedent for a long line of optimistic 
estimates by prospective contractors on research 
and development projects. 

After Columbus made his proposal to the 
Spanish Court, it was referred to a scientific 
advisory board. The project was considered 
of such urgency that the committee managed to 
report back its findings in the amazingly short 
time of only 4Vz years. In addition to pointing 
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out the erroneous basis of the calculations, the 
committee, headed by Fray Hernando de 
Talavera, raised the following six objections: 

(1) A voyage to Asia would require 3 years. 
(2) The Western Ocean is infinite and per­

haps unnavigable. 
(3) 

(4) 

If he reached the Antipodes he could not 
get back. 
There are no Antipodes because the 
greater part of the globe is covered with 
water, and because Saint Augustine says 
so. 

(5) Of the five climatic zones, only three are 
habitable. 

(6) So many years after the creation it is 
unlikely that anyone could find hitherto 
unlmown lands of any value. 

On the basis of these recommendations, 
the entire project was rejected in 1491. 

Columbus had about given up when he found 
one more friend in court, who had, perhaps, 
a more emotional set of arguments. In any 
event, Columbus was given one more audience 
and the negative decision was reversed in Feb­
ruary 1492. 

The total cost of the program was approxi­
mately $14,000. Although the Queen did offer 
to raise the necessary money on her crown 
jewels, it turned out not to be necessary. 
Columbus was, in effect, awarded a sole source 
contract for the exploration. Negotiation of 
the contract took approximately 3 months. It 
appears to have been a form of incentive con­
tract, with Columbus acquiring a major interest 
in all lands discovered as well as Spanish titles, 
which apparently he coveted. 

Once the contract was negotiated, Columbus 
proceeded to Palos de la Frontera, the Cape 
Canaveral of Spain, on May 22, 1942. The 
logistic planning for the operation went quite 
swiftly. He acquired the NiIna, Pinta, and 
Santa Maria and a crew of officers and men. 

By August 3 the expedition was assembled 
and the journey launched. The first phase was 
a relatively short trip to the Canary I slands, 
which were reached on August 12. We might 
consider that the Canaries were the fif teenth 
century equivalent of an Earth parking orbit. 
Almost another month was spent in checking 
out the ships, taking on supplies, and preparing 
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for injection. On September '{ the small fleet 
upped anchor and headed into the unknown. 
Landfall was achieved on October 12, after 34 
days at sea. The crew was cloae to mutiny dur­
ing the early part of October, but the life­
support equipment held out and the sight of 
land raised all spirits and renewed the dedica­
tion of the task force to the exploration task 
ahead. Columbus remained convinced that he 
had discovered Japan or China, when indeed he 
was merely the first foreign power to occupy 
Cuba. 

It is interesti!I1g that, although Columbus 
consumed several years getting his enterprise 
accepted, he was able to execute the project 
relatively quickly after receiving the go-ahead. 
In effect, the equipment to perform this new 
mission was in existence. The problem was to 
develop an understanding of how far the equip­
ment could be pushed and what wonders were 
left to explore. 

Today, the situation is essentially reversed. 
We understand what there is to explore-the 
challenges which space offers to mankind. All 
scientists can agree on the distance to the Moon, 
and almost all can agree on the type of equip­
ment required to perform the missions. Much 
of the discussion of the proper mode is anal­
ogous to the question of using the Nina, Pin}a, 
and Santa jl,f aria for the mission rather than 
developing a new, larger ship for the trip. 
Today, we cannot elect to do the mission with 
in-existence hardware. The equipment itself 
is not available; it must be developed, and such 
development takes time and much effort. 

The commitment of a nation to a goal such 
as the Moon must be sustained over a pro­
tracted period of time, during which people are 
prone to change their minds and go through 
agonizing reappraisals. In an unclassified 
development program such as Apollo, there is 
a tendency to interpret every developmental 
problem as an indication of a fatal flaw in the 
program. Had the Columbus expedition re­
quired the development of a new ship and sure 
solution to potential nautical medical problems 
of mal.de mer on prolonged voyages, I am sure 
the commitment of Isabella would have under­
gone periodic reevaluation. The logic which 
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had suppressed the program for 6 years would 
have returned to haunt the admiral. 

Today we are experiencing in this country 
the first wave of reappraisal of the commitment 
to land a United States citizen on the Moon in 
this decade. I do not mean to indicate that 
such discussions should not take place-far 
from it, for the forum of public debate is the 
key to the democratic process and the inherent 
strength of this country. However, for the 
debates to focus on the real issues, we must 
understand the nature of the development pro­
gram we are undertaking and the fundamental 
reasons behind the program. 

Space missions require two major elements: 
launch vehicles and spacecraft. Our present 
national program is intended to provide roughly 
three classes of each-to use our common com­
mercia'! jargon-small, medium, and large. 

Figure 4--1 summarizes our present vehicle 
program. The small boosters are represented 
by the Atlas, with a 3,OOO-pound capability to 
Earth orbit, and the Titan II (not shown), with 
more than twice that capability. These boosters 
were developed as an integral part of our mili­
tary ballistic-missile program and have been 
adapted to manned space flight requirements. 
The payload capability of these vehicles, 
although adequate for their intended military 
mlSSlOl1, has se\'erely limited our spacecraft 
designs. 

FIGURE 4-1.- Launch-vehicle power. 

------- ---
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The first vehicle designed primarily for space 
fiiO'ht is the Saturn I, which will have a pay-

b . 

load capability of 22,000 pounds. As shown m 
figure 4-1, we will la,ter upgrade the Saturn I 
by replacing the second stage with the third 
stage of Saturn V. This new vehicle, termed 
the Saturn IB, will place approximately 32,000 
pounds into Earth orbit. In addition to pro­
viding the capability to test Apollo hardw~re 
early, these two vehicles will provide the N atlOn 
with the capabiliJty to place sophisticate4 
spacecraft in Earth orbit to perform a wide 
variety of manned and unmanned missions. 

The Saturn V vehicle, which can place 
approximately 240,000 pounds into Earth orbit, 
will be the main booster for the lunar missions. 
It has been under development since late 1961 
rtnd "ill fly early in 1906. The jump from Atlas 
to Slliturn V will have increased our national 
booster ca,pability by a factor of almost 100 in 
I ess than a decade. 

As shown in figure 4-1, the present Soviet 
capability is also based on a vehicle developed 
primarily for military purposes. However, 
their initial capability of approximately 14,000 
pounds has been significantly larger than that 
which we have enjoyed and has permitted them 
to perform the extensive series of Vostok flights 
which have been reported in the open press. 
Although we might expect them to demonstrate 
even more elaborate Earth orbital missions with 
this same booster, and perhaps even go as far 
as a circumlunar mission such as we had origi­
nally contemplated for Apollo, the 14,OOO-pound 
capability falls far short of that required for 
a manned lunar landing. As indicated in the 
figure, we have no way of projecting current 
Soviet plans for larger boosters. Since the 
boosters are, in a. sense, the key to the capability 
of performing expanded missions, we are in no 
posiItion to judge the true relative standinO' of 
the United States and the U.S.S.R. in the race 
to the Moon. 

The spacecraft involved in our program are 
indicated in figure 4-2. vVe are pursuing a step­
by-step proO'1'am, not just to get to the Moon, 
but a1 0 to provide the Nation with the broad 
capability for manned exploration of space that 
will achieve and maintain Uni.ted States leader­
ship in this new arena. 
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A STEP·BY·STEP PROGRAM TO DEVElOP 
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EXPLORATION OF SPACE THAT WilL ACHIEVE 

AND MAINTAIN UNITED STATES SPACE 
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FIGURE 4-2.-Manned space flight program. 

We ha.ve carried out five Mercury missions 
in the last 2 years-the suborbital flights of Alan 
Shepard and Virgil Grissom in 1961, and the 
orbital missions of John Glenn, Scott Carpen­
ter, and Walter Schirra in 1962. In May 1963 
Astronaut Gordon Cooper is expected to carry 
out a 22-orbit mission, a duration of about 24 
hours. The relation of the Mercury program 
to our manned space effort resembles the rela­
tion of the X-series aircraft to our aviation 
programs. Mercury has not had an operational 
goal in itself. It has, however, laid the ground­
work for manned space flight teclmology. We 
have learned through experience the problems 
of manned space research and development pro­
O'rams how to train astronauts, and how to b , 

carry out rthe worldwide operations required 
for manned space flight missions. 

Most important, however, is the fact that we 
have established man's capability to survive 
and function normally in space. Indeed, we 
have concluded that future space missions will 
be greatly enhanced by the presence of men 
aboard the spacecraft. The lessons learned in 
airplane de,'elopment programs concerning the 
role of men and machines appear to be appli­
cable to space flight as well. 

The Mercury program has, in effect, opened 
the door of the world to space. 

Gemini, ou r middle-sized program, IS 

intended to advance further the teclmology 
developed in the Mercury program. Gemini is 
a spacecraft weighing some 7,000 pounds, capa­
ble of susta.ininO' two men in orbit up to 14 days. 
It will fly approximately a year in advance of 
Apollo and will provide us with our first experi­
ence in long-duration manned flight, as well as 
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rendezvous and docking. This experience will 
be directly applicable to Apollo. 

However, Gemini is more than an experi­
mental spacecraft. At the end of its scheduled 
developmental flight program, it will be avail­
able for missions ranging from scientific and 
engineering experiments Ito the ferrying of 
astronauts to and from a permanent space lab­
oratory. The end goal of Gemini is, therefore, 
an operational spacecraft which can be 
launched by relatively small boosters. We 
expect Gemini to be a useful space vehicle for 
several years. 

Apollo is a spacecraft-capable of sustaining 
three men in space for prolonged periods of 
time. In addition to its applicaJtion to the 
manned lunar landing program, it will be avail­
able after its development phase to perform a 
variety of missions either in Earth orbit or near 
Earth space. 

The relative scale of the three spacecraft is 
shown in figure 4-3. Mercury ca.n'ied only suffi­
cient propulsion to deboost it from orbit. The 
G-emini spacecraft carries a propulsion capa­
bility of several hundred feet per second, suffi­
cient to execute rendezvous maneuvers. The 
service module of the Apollo spacecraft carries 
sufficient fuel for entensive maneuvers in space. 
The lunar excursion module, shown below the 
service module, is the first manned spacecraft 
designed solely for operation in space. It does 
not have a heat shield and therefore is incapable 
of reentering the Earth's atmosphere. 

FIGU RE 4-3.-:\1anned spacecraft. 

The missions leading to the achievement of 
the first lunar landing are shown in table 4-I. 
The initial flight of the Gemini spacecraft will 
occur late this year. The 10ng-duraJtion manned 
flights will take place approximately a year 
later. Rendezvous and docking will be demon­
strated during 1965. The Gemini spacecraft 
will reach operational status by 1966. 

The initial suborbital tests of Apollo will 
begin this year. The command module and the 
service module of Apollo will be tested exten­
sively in Earth orbit using the Saturn I launch 
vehicle in 1965 and 1966. The advent of the 
Saturn IB vehicle will permit us to include the 
lunar excursion module in the Earth orbital 
test program during 1966 and 1967. These 4 
years of testing are intended to provide an op­
emtional Apollo spacecraft in time to meet the 

TABLE 4-I.-Manned Space Flight Missions 

Mission Date Launch vehi'cle 

Mercury, 1 day ____________________________ _____ ____ May 1963 __________ Atlas 
Gemini: 

Vnmanned _______________________________________ Late 1963 __ ____ _____ Titan II 
Long-duration manned _____________________________ 1964 _______________ Titan II 

Rendezvous and docking{ Spacecraft- - - - - - - - - - - - - - - -- }r965 _______________ {Titan II 
Agena target _______________ Atlas 

Apollo~ 

Module qualification , unmanned ___________ __ ________ 1963- 65 ____________ Lit tle Joe II 
Manned Earth orbital, two modules ___________ ______ 1965-66 ____________ Saturn I 
Manned Earth orbital, all module, rendezvou and 1966- 67 ____________ Saturn IB 

docking 
Manned circumlunar, lunar orbital, and lunar surface 1967- 70 ____________ Advanced Saturn V 

exploration 
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Saturn V vehicle and begin lunar missions dur­
inO' the last few years of this decade. 

The preceding discussion demonstrates that 
the elements which are being developed within 
the framework of the manned lunar landing 
program are also the elements required to pro­
vide this country with an extensive manned 
space flight capability. The boosters are not 
tailored exclusively for the lunar mission. The 
spacecraft will be capable of performing other 
missions in space over and above those relating 
to the lunar landing. In effect, the manned 
lunar landing program acts as a natural focus 
for developments necessary to provide this 
country with a preeminent position in space. 
This is perhaps, in the long run, the most 
important reason for so large a commitment to 
this single project. 

Also to be stressed is the fact that we are 
talking here of development programs leading 
to ultimate operational capabilities. We have 
had, as a nation, a tendency to emphasize the 
first experimental flights in our new programs 
as much as, or more than, the achievement of 
the ultimate operational capability. The gen­
eral public, perhaps, does not understand that 
early flight· testing should be only the final 
certification of the correctness of our equipment 
designs. 

FUUI 

.. i.IJ .. -

FIGURE 4-4.- Apollo spacecraft testing. 

Figure 4-4 shows the testing pyramid in­
volved in a program such as Apollo. The 
Space Age has matured to the point where we 
understand, reasonably well, the fundamental 
requirements which our components must meet 
in order to survive in space and perform their 
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missions. We have in existence, or in deyelop­
ment, facilities adequate for extensive testing 
on the ground. In effect, flight testing should 
be used to confirm the adequacy of the design 
and, ideally, will only root out those design de­
ficiencies which we have not been able to test 
for on the ground. Although in the past, 
when we did not understand the environments, 
we had to resort to extensive flight-test pro­
grams to find design weaknesses, we feel that 
we are emerging into an era when this can be 
done largely in terrestrial laboratories. 

The first phase of any research and develop­
ment program is design. When the initial de­
sign phase is completed, the individual com­
ponents and subsystems are assembled and 
subjected to rigorous qualification tests by our 
subcontractors. Environmental and develop­
ment tests on units similar to those which will 
fly are conducted at facilities at Houston, 
White Sands, and other locations around the 
country. The equipment is tested under simu­
lated vibration, acceleration, vacuum, and 
radiation. In addition, we exhaustively simu­
late the ultimate flight missions on the groUlld. 

Usually in parallel with these qualification 
tests the actual flight equipment is delivered to 
our major contractors for extensive testing and 
integration into the complete flight spacecraft. 
Rigorous testing procedures in the contractors' 
plants assure that the equipment, as manufac­
tured, conforms with the design and is properly 
integrated into the overall system. Once these 
tests have been completed at the factory the 
spacecraft is transmitted to Cape Canaveral, 
where it is again extensively tested to assure 
that no deficiencies remain. Only after we 
have gone through this test, retest, and test­
again cycle are we willing to commit the space­
craft to flight test. 

In effect, the flight-test program is the rela­
tively small portion of the development iceberg 
which is clearly visible to the public. At least 
in the early phases of the program, the solution 
of each problem that arises during this testing 
cycle is more important to us than the actual 
first flight date. We normally do establish the 
first flight dates on a relatively optimistic 
schedule. This stems not so much from naIvete 
as from a recognition of the fact that the flight 
requirement introduces the necessary urgency 
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and rigor into the testing chain. A relatively 
early flight date means that designs must be 
firmed up and the testing process begun. We 
feel that only by getting to this testing at a 
reasonable early date can we come to grips with 
the real problems which exist in the hardware. 
Too long a period allowed for initial design 
will, in effect, only put off the day of reckoning 
with the test results. 

The development flight-test program nor­
mally calls for many shots, with the implicit 
expectation that some of these will be failures. 
The ground-test program that has been de­
scribed is intended to preclude such failures. 
In the early phase of the program, prior to first 
flight, we must continually exercise technical 
judgment on the balance between maintaining 
flight dates and maintaining rigor in the ground 
program. Our conviction is that we cannot 
sacrifice ground testing in the interest of meet­
ing flight dates. The success of the first four 
Saturn I shots and the successful flight-test 
record of the Mercury program are, we believe, 
indications that this approach is correct. 

This is not meant to imply that our pro­
cedures can be sufficiently rigorous to rule out 
flight failure. The task is much too complex 
for such a promise. We must be prepared, as 
a nation, to accept the possibility of an indi­
vidual disaster without panicking-as we have 
so often done in the past. 

Gemini is, perhaps, a good example of this 
approach. The Gemini program was initially 
conceived as an interim vehicle, essentially an 
upgrading of Mercury and an extension of the 
experimental-spacecraft philosophy. Its first 
manned flight was scheduled for early 1964. 
As the program progressed, we recognized that 
the spacecraft, in addition to supporting Apollo 
as I have discussed, would also have operational 
utility to the Nation if more advanced sub­
systems were used. These more advanced 
systems slowed down the design and ground­
test program somew hat. We have al so reexam­
ined the original flight-test planning, which 
called for a single unmanned test of Gemini. 
The additional complexity of the spacecraft, 
and our desire to be sure that all elements have 
been certified at least once in flight prior to 
committing a man, led us to conclude that not 
only was a more extensive ground-test program 
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justified, but an additional unmanned flight 
should be performed. 

Recently the scheduled date of the first 
manned flight in Project Gemini was moved 
back by about 6 months. This new schedule 
resulted from OUr assessment of what is re­
quired to achieve operational status at the 
earliest practicable date. We feel that the 
question of which flight first includes astro­
nauts'is less important than a properly phased 
development program. 

I do feel that the approach we have adapted 
will, in the long run, advance our national 
space program at a much raster pace than any 
"shoot-on-schedule and hope" philosophy. Al­
though the individual flight dates of the 
Mercury program have all been adjusted as 
hardware problems on the ground were met and 
solved-usually to the accompaniment of head­
lines advising of further slippages in the 
United States space program-we stand today 
on the verge of completing the program only 
4% years after its initiation and less than 7 
years from the start of the Space Age. It has 
not only met all its goals, but it has provided 
the basis for the much more ambitious projects 
that have been described herein. Changes in 
individual flight dates, then, should be kept in 
perspective with the overall program goals. 

The road to the Moon is long. Much of the 
road is hard and unglamorous. One pundit 
has noted that the quantity of paper generated 
during the project, if piled up, would reach the 
Moon before Apollo. We have studied the 
suggestion and determined that, although it is 
quantitatively true, the resulting structure 
would be very unstable and hard to climb. We 
concluded that the real hardware had to be 
developed. 

Although each succeeding year will bring in­
creasing evidence of accomplishment on the pro­
gram, we must remember that the nationalef­
fort and interest must be sustained over many 
years for this project to be successful. Contin­
ued support can come only from public under­
standing of the nature of complex technical 
programs. It is hard to get across the story of 
the early phases of a program, the things which 
must be done before we take to television for 
the spectacular missions. 

The Nation must understand that last year 



CONFERENCE ON SPACE-AGE PLANNING 

was the time of definition for the program. 
This year will be the year of detailed design 
and the early phases of the ground-test pro­
gram. Spectacular milestones will be few. 
December will bring the first unmanned test of 
the Gemini spacecraft, which will later sustain 
two men in orbit for 2 weeks. 

Within the next 3 to 5 months the first two­
'stage Satu.rn I will be launched. This vehicle 
was developed by the Marshall Space Flight 
Center and will place more than 22,000 pounds 
of payload in orbit. This will be the largest 
payload injected into orbit from the surface of 
the Earth in a single launch. With this mile­
stone accomplished, the United States will be 
second to none in booster capability. 

The possibility of missions which would have 
application to real terrestrial problems is one 
of the major reasons for the national commit­
ment to become masters of this new environ­
ment. It is far from the only one, however. 
The exploration of the Moon will add immeas­
urably to our knowledge of the origins of the 
Universe. Our ultimate exploration of the 
planets will answer the most intriguing, far­
reaching question of all-does intelligent life 
exist on worlds other than our own. The 
impact of this knowledge on the philosophy of 
mankind can hardly be estimated. 

Yet we are not conducting these programs 
for science alone. We are convinced that, 
ultimately, the feedback from these technical 
developments will improve our economy and 
increase still further our standard of liivng. 
Here an analog may help. For decades to 
come, none but a small percentage of the people 
of Earth will become travelers in space. It 
may come as a surprise to some-just because 
they never thought of it-but after more than 
a half-century only a small fraction of 1 percent 
of the world's population has ever been in an 
airplane. But hundreds of millions of indi­
viduals have helped, directly or indirectly, to 
build the aircraft and airports and all the other 
essentials to air travel. Hundreds of millions 
of individuals have benefited from these de­
velopments, and so will even greater numbers 
benefit from the developments in space. 

The feedback from the space programs-com­
munications systems such as Telstar, weather 
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prediction from Tiros, inventions which can 
ease the housewife's burden-all will reshape 
our physical world throughout the remainder of 
our lifetime. 

One similarity that exists between Columbus' 
day and our own is the fact that we cannot 
accurately forecast the exact nature of the bene­
fits which. will accrue from performing the 
explorations. Columbus may have been some­
what disappointed with the initial results of 
his journey. The East did not turn out to be 
as rich as Marco Polo's studies had led him to 
believe. Yet, viewed from the perspective of 
today, his journey advanced by several years the 
development of the world and, in the long run, 
the establishment of our own country. The 
lesson history teaches is that the benefits are 
there for those who dare to reach for them. 

But the importance of the program goes far 
beyond the improvement of our material world. 
It is literally also a question of national sur­
vival. The world has come to regard space 
exploits as a measure of a nation's strength. 
And alliances and loyalty are given to the 
strong. We hear much talk of military mis­
sions in space, and the Russian leaders are prone 
to rattle their rockets. It is certainly true that 
the potential exists for evil, as well as benign, 
uses of space. Fortunately, no such uses have 
yet been applied. But we must be masters of 
this new environment, just as we have had to 
master the land on which we dwell, the oceans 
which surround us, and the air which sustains 
us, in order. to guard against the day when 
mastery of space might mean world domination. 
The NASA program is the means for olir nation 
to learn to operate in space-to obtain the skills 
we might some day need for defense-without 
prejudging the military uses of space and per­
verting, perhaps unnecessarily, the one region 
in which men do not carry arms against each 
oth~r. 

In his book "The Strategy of Peace," written 
before he took office, President Kennedy ex­
pressed his convictions regarding the United 
States role in space. He wrote: "In relation 
to the world outside, our democracy must 
demonstrate. . . that it has the energy and the 
sense of adventure-as well as the technical 
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skill-to play a role of leadership in the ex­
ploration of space." 

There seems to be no question of the integra­
tion of our nation in pursuit of the space effort. 
One of the major achievements among all our 
efforts in the space program has heen the 
launching by the people of the United States of 
this truly national effort to demonstrate our 
determination and our capacity to sail on this 
new ocean-to master the technology of the 
Space Age in all itsaspect8---'for the security of 
the free world and the good of all mankind. 

We now face the problem of maintaining this 
resolve during the period when the program is 
not glamorous. The goal has not changed. The 
reasons are no different. The cost estimates are 
still the same. If anything, the date of ex­
pected achievement has been advanced some­
what. Yet, the voices of the skeptics grow loud. 
It is always easy to criticize. 

The lunar landing is no stunt. The most im­
portant accomplishment will be the develop­
ment hy this nation of the ability to make the 
landing, and not the landing itself. Achieve­
ment of such ability is "Worth the great invest-
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ment in human and financial resources, time, 
and industrial capacity that we are making. 
The lunar landing is a yardstick-a measure of 
this country's world leadership; a measure of 
the ability of this democracy to manage a great 
engineering and technological undertaking in 
the national interest. 

Maintaining leadership in this age of science 
and technology will challenge the imagination, 
the ingenuity, the skill, and the courage of every 
American. But this is no reason to shrink from 
the challenge presented. On the contrary, ~o 
race of people can prosper without constantly 
progressing. History has conclusively demon­
strated that great nations move steadily for­
ward or they wither and die. 

Some may believe that America may he able 
to survive as a second-rate power in space. 
However, accepting such a secondary role is not 
in keeping with the character of this nation. It 
would almost certainly mean second-rate sur- . 
vival. But if we keep compromise from our 
door, courage in our hearts, and conviction in 
our minds, Americans need be second to none 
III space. 
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Manned Spacecraft 

To land a man on the Moon and return him 
safely to Earth is a goal of mankind, just as 
surely as it was a goal of mank~nd to sail to 
the Americas or to ,climb Mount Everest, More 
specifically; it is a national objective of the 
United States, so proclaimed by President Ken­
nedy in May 1961. As such, it is one of the key 
portions of our overall space program, the 
objective of which is to establish and maintain 
the United States of America as the foremost 
nation of space explorers, scientists, and tech­
nICIans. 

~\'lthough landing on the Moon and returning 
to Earth is an extremely specific goal, it cannot 
help but have an immeasurable effect upon our 
progress in the overall space program of the 
~ ation. It will not only add to our scientific 
knowledge of the universe, but also, through its 
utilization of advanced electronic techniques; 
new materials, and novel types of electrical 
power production, it may have significant eco­
nomic benefits. It is difficult-indeed, impos­
sible-to predict the specific scientific and 
economic benefits resulting from such a pro­
gram. A reflection on the payoff from this pro­
gram leads to the thought that when Columbus 
set sail, he was looking for the Indies and the 
treasures of the East. Instead, all he found was 
oil and steel and factories and wheat 'fields and 
skyscrapers and hundreds of millions of produc­
tive people, In the space programs, we shoot 
for the Moon but in so doing we develop tools 
and minds and strength for future and greater 
enterprises. 

There is also another justification for this 
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program. The Moon flight is a peaceful en­
deavor, but its successful accomplishment can­
not help but have a profound effect on our 
future military posture in space. Although 
there is no military space force in any nation's 
arsenal, it would be most alarming fDr the 
United States to lack the basic understanding, 
the basic technology, and the basic engineering 
which would be required in the event that an 
aggressor might choose to make space a battle­
field . Let us recall that when Wilbur Wright 
flew his first primitive biplane at Kitty Hawk 
60 years ago, in his own mind he was engaged 
in a peaceful, scientific, engineering endeavor. 
It is inconceivable that throughout that first 
brief flight he gave a single thought to the mas­
sive destructive potentiality of the modern air­
plane which later resulted. The lesson is: We 
cannot as a nation afford to be left behind in 
developing space technology. 

Last, but not least, the execution of this pro­
gram will provide a dramatic test of the tech­
nical competence of the nited tates, a test 
which we intend to pas. By so doing we shall 
undoubtedly enhance our prestige among the 
uncommitted nations of the world. 

We have made considerable progress in 
achieving our goal of reaching the Moon. The 
remarkably successful :Mercury program is 
nearing completion, having established beyond 
all doubt our ability to put a man into space 
and return him safely to Earth. It has demon­
strated man's ability to control his spacecraft 
while out in space circling the Earth, and while 
reentering the atmosphere on his return trip. 

Preceding page blank 
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The next project, now in its full swing of 
deyelopment, the two-manned Gemini space­
craft , will demonstrate man's ability to live in 
a weightless environment for as long as 14 days 
and will demon trate his ability to pedorm 
even more difficult tasks in pace than those 
performed throughout the Mercury program. 
These include the process of rendezvous and 
dock ing, in other words, the process of guiding 
a spacecraft toward another object in space 
and making contact with it. Both of these are 
prerequisites to a successful lunar voyage. The 
Gemini program will give us a head start on 
these important aspects of the Moon program 
it.self, which is known as tbe Apollo program. 

The Apollo program was conceived in late 
1959, and by mid-1960, a proposed Right around 
the Moon, kno,"Yn as a circumlunar flight, was 
anllolmced by the National Aeronautics and 
Space Administration. As mentioned before, 
President Kennedy mad.e the Moon trip a 
national goal in the spring of 1961, and by the 
spring of 1962 the final plans for the voyage 
were made. "Direct ascent" and "Earth orbit 
rendezvous" were studied in connootion with 
the extensive investigation made to determine 
which of several methods of making the trip, 
which "mode," would be most expeditious. The 
mission mode selected, the lunar orbit rendez­
vous, proved by study to be the most reliable 
method of achieving the mission rut the earliest 
time. It is this lunar-orbit-rendezvous mode of 
operation which is described herein. 

By the time we are ready to launch an Apollo 
spacecraft for an actual landing on the Moon, 
it will have boon t~ted for several years in a 
series of flights circling the Earth or in Earth 
orbit. The men responsible for the program 
will be sat.isfied that the design is sound and 
that all the known problems have been solved. 
Sometime before the end of this decade, the 
tremendously significant event will take place. 
Three astronauts will climb aboard th.e space­
craft, mounted atop the advanced Saturn 
launch vehicle at the launch site at Cape Canav­
eral, Fla. The five kerosene-oxygen engines 
of t.he first or lower stage flame into life, pro­
viding 7.5 million pounds of thrust. T his thrust 
lifts the vehicle on an arching path over the 
ocean (fig. 5-1) . There are solid-fuel rocket 
engines, liquid-fuel rocket engines, and exotic-
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fuel rocket engines. The solid-fuel engines are 
very much like the old-fashioned skyrocket. Of 
the liquid-fuel engines, the ones which have 
been used the most to date have kerosene as fuel 
and oxygen carried along to burn the fuel as 
the rocket is propelled along out into space 
where there is liutle or no oxygen. The engines 
being developed for the upper stages of this 
huge launch vehicle have hydrogen as the fuel 
instead of kerosene. This provides much more 
power. 

FlGURE 5-l.-Lift-ofE from launch pad. 

After 2% minutes, the fuel and oxygen will 
be exhausted and the first stage will separate 
(fig. 5-2). It may be wondered why these 
launch vehicles are made in several parts, or 
stages. It is done for reaSons of fuel efficiency. 
One could conceivably build a single large 
booster to do what the three-stage booster does 

}j'IGURE 5- 2.- Saturtl V first-stage separation. 
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but it would be extremely inefficient. So what 
we do is lift the whole thing off the ground 
with its large collection of engines and fuel 
tanks, and when the fuel associated with those 
in the lower stage has been used up, the empty 
tanks and the engines and the case surrounding 
them are dropped off. Now we have a smaller 
vehicle which already has considerable velocity. 
The five engines in the second stage light up and 
produce only about one-seventh the thrust of the 
larger engines, but the remaining part of the 
vehicle is now much lighter and is already going 
at a pretty good clip. Almost 6% minutes later, 
the hydrogen and oxygen tap-ks connected to 
these engines will be empty and this whole 
stage will separate and fall away (fig. 5-3). 

FIGURE 5-3.-Sa turn V second-stage separation. 

The engine in the third stage now ignites and 
burns part of its fuel for approximately 2% 
minutes. This is long enough to accelerate it 
to a speed necessary to put it into circular orbit 
around the Earth, which we call a parking 
orbit. Up until this time, there has been con­
stant radio communication between the ground 
control station at Cape Canaveral and the space­
craft, but now that it has achieved Earth orbit, 
the ground control will shift to the Mission 
Control Center, located in Houston, Tex. This 
Center, connected by telephone lines and other 
communicrution means to large radio antennas 
scattered throughout the world, will be in con­
stant communication with the spacecraft 
throughout its voyage. 

While circling the Earth, the spacecraft will 
be checked out by the three astronauts on board 
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(fig. 5--4). At the same time, giant computers 
located on Earth at the Mission Control Center 
will be checking the spacecraft, as though they 
,yere flying along with it, by means of the re­
mote control radio link. During checkout, the 
spacecraft and the remaining part of the launch 
vehicle will circle the Earth one-and-a-half 
times. If all systems are functioning properly, 
the astronauts are ready to begin the second 
phase of the trip. At just the right moment, 
the booster engine lights again and burns ror 5 
minutes. The spacecraft will now reach the 
speed of 25,000 miles per hour (fig. 5-5) . From 
here, it literally coasts to the vicinity of the 
Moon. 

At the top of the spacecraft is the Command 
Module, which has housed the three astronauts. 
Next beneath it is a Service Module, which con­
tains fuels, supplies, and an engine. Below 
these is the Lunar Excursion Module or LEM. 
The Lunar Excursion Module is the vehicle that 
actually lands on the Moon. Covering this ve­
hicle is an adapter which connects the top stage 
of the booster to the Service Module (fig. 5-6). 

,,-_. ". ',' ,,' 
... l. '" ... ~ . 

: : '. . \ .~.' , -,., ...... 

'--
FIG1JRE;-.5--4.-Earth orbital checkout. 

FIGURE ;)-;).-Injection from parking orbit. 



C ONF ERENCE ON SPACE - AGE PLANNING 

While t.he vehicle is coasting toward the Moon, 
the adapter separates, as shown in the figure. 
Then the spacecraft proper separates from the 
booster, leaving the LEM attached to the boost­
er. Using their control systems, the astronauts 
turn the spacecraft around and dock nose to 
nose wiJth the LEM and finally this combination 
is separated from the remaining portion of the 
booster. During this coasting flight, measure­
ments will be made both onboard and from the 
ground. If the course needs to be corrected, the 
rocket engine in the Service Module will be 
used to make the necessary corrections. The 
trip from the Earth parking orbit to the vicin­
ity of the Moon will take approximately 3 days. 

When the spacecraft arrives in the vicinity of 
the Moon, the astronauts again use their con­
trol system to turn the spacecraft around (fig. 
5-7). This is so that the engine can be turned 
on again with the spacecraft going backwards. 
This slows the spacecraft down so that instead 
of going right by the Moon it goes into a circu­
lar parking orbit again, this time around the 

FIGURE 5-6.-Docking and third-stage separation. 

FIGURE 5-7.-]j]nteling lunar orbit. 
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Moon at a height of approximately 100 miles. 
While circling the Moon, the systems are 
checked out again. If they are fuctioning prop­
erly, the landing mission is begun. If not, a 
decision will be made to return to Earth in the 
same manner, as will be described subsequently. 

Figure 5-8 shows why it was necessary to do 
all that separating and docking just after leav­
ing the Earth parking orbit. As can be SOOllf 

the LEM (with its landing legs folded in) was 
tucked in behind the engine and between it and 
the top stage of the booster. It was necessary 
to separate the spacecraft and rotate it around 
to get it into the position shown. This makes 
it possible for two of the three astronauts 
to climb from the Command Module into the 
LEM. 

Then the LEM is detached (fig. 5-9) and the 
landing engine at the bottom of it is turned on 
briefly. This causes the LEM to go into a 
slightly different orbit than the circul-a.r one 
maintained by the Command Module, or mother 
spacecraft. In fact, the LEM goes into an el-

FIGURE 5-8.-Transfer to LEM. 

FIGURE 5-9.-LEM approach orbit. 
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liptical orbit with the same period. In other 
words, it takes the LEM the same time to go 
around the Moon as the mother spacecraft. 
However, since the LEM takes a different path, 
the LEM and the mother spacecraft "ould come 
together again in 2 hours if all they did was 
coast from this time on. W"e shall soon see why 
this is important. 

When the LEM reaches the 10-mile minimum 
altitude of its approach orbit, it will be travel­
ing at a speed of 4,000 miles per hour with 
respect to the Moon. At this time (fig. 5-10), 
the landing engine will be turned on again to 
slow the LEM down and oause it to descend 
toward the surface of the Moon. The power of 
this rocket can be adjusted so that the LEM 
can hover about 300 feet above the Moon's sur­
face somewhat like a helicopter hovers over its 
landing site. 

Windows will provide the astronauts with a 
clear view of the lunar surface (fig. 5-11) so 
that they can select the exact point at which to 
land. They will be able to maneuver the LEM 

FIGURE 5-10.-Lunar descent 

l!'IGURE 5-11.-LE~1 field of view. 
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horizontally as much as 1,000 feet until it is 
above the desired point. The LEM will then 
descend slowly to the surface and land at a 
speed of less than 7 miles per 110ur (fig. 5-12). 

FIGURE 5-12.-Lunar touchdown. 

At any time during this maneuver, if the 
astronauts experience difficulty with the equip­
ment or for any other reason wish to a!bort the 
mission, they simply light illl engine and return 
to meet the mother spacecraft during the first 
orbit. This is the very important reason, men­
tioned earlier, for putting the LEM in the par­
ticular elliptical orbit which would cause it to 
rejoin the mother spacecraft 2 hours after it 
separated from it, if the landing were not 
completed. 

While on the Moon, the astronauts will first 
check out the LEM in preparation for the re­
turn flight. Then they will explore in the im­
mediate vicinity (fig. 5-13). The astronauts 
will observe the surface, make measurements, 

FIGURE 5-13.-Lunar exploration. 
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collect samples, and place instrumellts on the 
:Moon which ,yill continue to make measure­
ments and radio information tot he En rth after 
they have departed. 

On the first mission, the total length of stay 
on the Moon will be about 24 hours. .\..fter 
completing their exploration and sleeping a fe'" 
hours, the two astronauts will begin the count­
down for the return trip. The takeoff is to be 
accomplished at a time when the Command 
Module is in sight overhead. In order to save 
weight and therefore fuel on the return flight, 
the ascent stage of the LEM separates and takes 
off from the landing stage (fig. 5-14). This 
is the engine which would have been used if an 
abort, as mentioned previously, had been re­
quired during the landing phase. Its 3,000-
pound-thrust engine will burn for about 6% 
minutes until the LEM reaches orbital speed of 
about 4,000 miles per hour, at an altitude of 10 
miles. During powered flight and the coast 
phase that follows, radars aboard both the 
mother spacecraft and the Lunar Excursion 
Module are operating so that they can keep track 
of each other. The LEM engine will make any 
major course corrections needed to assure the 
rendezvous. 

FIGUUE 5-H.- Lunar lift-off. 

About an hour later, after both spacecraft 
have coasted halfway around the Moon, they 
will be quite close and the relative difference in 
their speeds will be about 70 miles an hour (fig. 
5-15). When they are about 5 miles apart, the 
LEM guidance system will command its engine 
to provide bursts of 3,000 pounds of thrust, 
which will be used to bring the LEM closer to 
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the mother spacecraft. 'When the distance has 
been reduced to a few hundred feet, the two 
astronauts in the LEM will take over control 
personally and complete the docking or rejoin­
ing of the two spacecraft. 

FIGURE 5-15.-Lu llll.r orbit rendezvous. 

This maneuver is clearly essential to the suc­
cess of the mission. Consequently, we are pro­
viding a capability within the mother spacecraf t 
for the third astronaut, who remained aboard 
while it circled the Moon, to perform the ren­
dezvous even if the L EM has become incapaci­
tated. In this case, the LEM crew can still be 
rescued and the mission successfully completed. 
This is why the method of accomplishment, or 
"mode" is called lunar orbit rendezvous. 

Once t he astronauts have climbed back 
aboard the Command Module, the LEM will be 
detached and left in lunar orbit (fig. 5-16) . 
The Service Module engine will be ignited and 
will generate its 22,000 pounds of thrust for 
about 2% minutes. T his thrust will provide 
the additional velocity of 2,000 miles per hour 
that will speed the spacecraft on the homeward 

FIGUl~E 5-16.-Leaving lunar orbit. 
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journey to the Earth. During return, the 
Service Module engine will be employed to 
make corrections in the course as required (fig. 
5-17) . 

After the final flight path adjustments have 
been completed to assure grazing the Earth's 
atmosphere at the correct angle, the Service 
Module is abandoned and the Command Module 
containing the three astronauts is oriented for 
reentry into the Earth's atmosphere. 

During reentry, the Command Module can 
be steered something like a glider because, al­
though it does not have wings, it does, because 
of its shape and attitude and its tremendous 
speed, have lift as though it did have wings. 
When the atmosphere has slowed the Command 
Module down below the speed of souud, three 
parachutes pop out (fig. 5-18) to slow it down 
much further, and the Command Module floats 
down to land on the Earth's surface (fig. 5-19) . 

It all looks very easy when it is described 
with help of an artist. These illustrations arp 

FIGURE 5-17.-Reentry corridor. 

FIGURE 5-18.-Terruinal descent. 

S3 

deceptive. It just looks easy-like playing a 
violin. In order to have a successful mission, 
no matter how skilled and well-trained the op­
erating personnel, it is required that the equip­
ment work. 

FIGURE 5-19.-Earth touchdown. 

In this regard, there are two words often 
heard in our business these days. One of them 
is "quality," and the other is "reliability." In 
simple terms, reliability means the item is 
designed so that it will work; and quality means 
that it is built so that it will work. Although 
we sometimes have a great deal of trouble with 
quality, it is a more straightforward objective 
to achive than reliability. You simply work 
harder at building something, you work harder 
at inspecting it, and the result is a good piece of 
equipment-provided it is designed correctly. 
Someone has said: "Quality cannot be inspected 
into a product; it must be designed into it I" 
This is entirely correct. For the purposes of 
the present paper, though, this should be para­
phrased as follows: "Reliability cannot be in­
spected into a product; it must be designed into 
it I" 

Reliability is a subject less understood than 
quality, even by members of our profession. 
Although all agree to the desirableness of 
reliability, there is considerable discussion 
regarding how to achieve it. ",Ve must examine 
each and every possible item which could fail 
and then, to the best of our ability, change the 
design so that the probability of that individual 
failure is essentially zero. Then, at last, we can 
say that we have a product which is designed 
reliably and which,. if manufactured correctly, 
inspected meticulously, and tested sufficiently, 
will work. 



(6) Large Launch Vehicles in the 
Manned Space Program 

The Nation's program to achieve preeminence 
in space and to insure that the United States 
occupies first place among the nations of tllis 
world in science, in technology, and in conquest 
of space is critically dependent on the power of 
the rocket. 

Much has been said about the "booster gap" 
and t.he effect this situation has had on our 
position vis-a.-vis the Soviet Union. The 
Soviet Union started well ahead of us in the 
development of the large rockets so necessary 
for manned flight. The Soviets have been 
ahead of us, and are still ahead of us, in their 
ability to launch reliably large masses into 
Earth orbit. 

Ho,vever, ",ith the acceleration of our own 
progress and by the establishment of our pro­
gram on a sound engineering basis it is possible 
to surpass the Soviets in time and clearly to 
establish and demonstrate United States pre­
'eminence in manned space flight. Already, 
early successes with the powerful Saturn I 
launch vehicle during the past year give con­
fidence that our goals " ill be reached. The 
most recent test launching of Saturn in late 
March was successful in all respects and com­
pletes the initial phase of that booster's develop­
ment. Later in 1963 the second phase involving 
initial orbiting operations with the two-stage 
Saturn I will commence. 

The purpose of tllis paper is to describe the 
intensive effort and broad program underway to 
provide the family of large boosters necessary 
for this nation's manned space flight program 
and !tmar landing program. Initially, our 
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manned space flight operations will utilize 
booster vehicles evolved from U.S. Department 
of Defense ICBM vehicles. Typical of these 
vehicles is the Atlas booster used to place the 
Mercury spacecraft in orbit, as described in pre­
VIOUS papers. 

The Mercury-Atlas that boosted Astronaut 
Glenn into orbit February 20, 1962, is shown in 
figure 6-1. The Mercury-Atlas is a one-stage 
yehicle propelled only by its Atlas D engines. 
The 362,000-pound thrust of these engines is 
sufficient, however, to place the 3,000-pound 
MercUl'Y capsule and the empty Atlas D into a 
low Earth orbit (approximately 100 miles). 

Similar adaptations of ICBM rockets with 
other upper stages are utilized for unmanned 
test operations, lunar probes, and planetary 
probes, such as the recently successful flyby of 
the planet Venus with the Mariner spacecraft. 

Later, another ICBM, the Titan, will be 
adapted as booster for manned space opera­
tions. There are three versions of the Titan 
I CBM. Titan 1, the smallest and least powerful 
of the three, is operational, whereas the Titan 
II is just entering the flight-test stage. This 
latter carrier, shown in figure 6-2 has been se­
lected by NASA to boost into orbit our Gemini 
spacecraft now under development. There is 
also the still larger and more powerful Titan 
III, now being developed, but it is not scheduled 
to handle any NASA missions. 

The Titan II ICBM has not been used as a 
space carrier vehicle, but its capabilities are 
expected to be used in the NASA maImed space 
flight program. It was captive test fired m 

Preceding page blank 
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Denver, Colorado, on December 28, 1961, and 
on March 8, 1962, underwent a similar test at 
the Atlantic Missile Range. 

FIGURE 6-l.-Mercury-Atlas 6 launch. 

Then, on March 16, 1962, Titan II success­
fully made its maiden flight and carried a pay­
load of instruments 5,000 miles over the Atlan­
tic Ocean. Figure 6-3 shows a concept of the 
launching of the Gemini spacecraft. In its 
standard military version, the Titan II is 103 
feet long, 10 feet in diameter, and weighs 300,-
000 pounds, when fully fueled .. It consists of 
two tandem-mounted stages, the first powered 
by two 215,OOO-pound-thrust rocket engines 
and the second, by a single 100,000-pound­
thrust rocket engine. All engines operate on 
a storable hypergolic mixture of nitrogen te-

S6 

troxide and a combination of unsymmetrical 
dimethylhydrazine and hydrazine. Titan II 
is a rigidly constructed carrier with conven­
tional-type tanks. Copper-rich aluminum alloy 
is extensively employed. 

'When the Titan II becames operational, the 
plan is to use it to orbit the 6,OOO-pound Gemini 
two-man spacecraft now under development. 
In the Gemini project it will be possible to prac­
tice rendezvous maneuvers in orbit to help pave 
the way toward successful completion of the 
Apollo program. 

Much larger than the Atlas- and Titan-based 
carriers are three space vehicles being devel­
oped by NASA under the Saturn program. 
Saturn vehicles will be capable of sending pay-

FIGURE 6-2.-Titan II. 
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loads of many tons into Earth orb it, to the 
Moon, and into deep space. The main pur­
pose of the project is manned space explora­
tion which includes the landing of men and 
equipment on the Moon within this decade. 

eyeral versions of the Saturn have been stud­
ied. Only the principal ones are mentioned 
here. 

FIGURE 6-3.-Concept of launching of Gemini space­
craft. 

The Saturn I configuration consists of two 
stages, S-I and S-IV. A "third stage" or 
instrument unit is mounted on top of the sec­
ond stage to carry guidance and instrumenta­
tion equipment. There are two so-called 
Block I and Block II designs. In the Block I 
design (fig. 6-4:) the first stage clusters eight 
Rocketdyne H-1 engines, each capable of gen­
erating 165,000 pounds of thrust at sea level. 
The four inboard engines are mounted at a 
fixed 3° cant from the vertical. The outboard 
engines cant 6° from the vertical, and each can 
be gimbaled for booster control. They burn 
RP-1 fuel, kerosene with liquid oxygen as the 
oxidizer. The second (S-IV) stage has been 
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flown as a dummy stage in the fir t foUl" of the 
programed 10 vehicle flight test proo·mms. 

• GUIDANC E 
INERTIAL 

• CONTRO L 
GiMBALED ENGINES 

• PAYLOAD 
INERT UPPER STAGES 

200 MILE IMPACT 

• VEHICLE SIZE 
LENGTH : 162' 

• STAGE SIZES 
5-1.. ,. 2~7" X 80' 

S~Dl . . 220"X44' 
5-7.. 120"X30' 

• STAGE THRUST 
5-1..... 1,300,000 LB. 

8 H-I LOX/RP, ENGINES 

S-Il!: -INERT 

S-'ll -INERT 

FIGURE 6-i.-Saturn I (Block I) characteristics. 

Figure 6-5 shows the first launch of a Sat­
urn I launch vehicle with inert upper stages 
at Cape Canaveral, October 27, 1961, less than 
3 years from the beginning of the Saturn pro­
gram. During the 8-minute flight, the rocket 
reached a peak velocity of 3,600 miles per hour, 
and an altitude of 85 miles before impacting 
some 215 miles out in the Atlantic. A total of 
four 100-percent-successful launches were ac­
complished from Cape Canaveral in the past 
year and a half, the last being in March 1963. 

The inert upper stages were filled with water 
as ballast to simulate weight of a complete ve­
hicle. A bonus scientific experiment was per­
formed during the econd launch. The 95 tons 
of water carried as ballast were deliberately ex­
ploded at 65 miles altitude to find out what 
would happen to the water if it were in the cold 
vacuum of space. 

In the Block II design the 8-1 stages will 
have eight H-1 engines each capable of gen­
el'ating 188,000 pounds of thrust at sea level. 
(See fig. 6-6.) Figure 6-7 is a concept of the 
Block II design of the atul'l1 I on launch pad. 

After the Saturn I vehicle will come a major 
modification known as the aturn lB. An up­
rated second tage known as the S-IVB will 
replace the S-IV econd stage of the Saturn I. 
This change will increase the performance of 
the Saturn I to the extent that 32,000 pounds 
or a slightly greater weight than a DC-3 can be 
placed in low Earth orbit a compared ,yith 
22,000 pounds for the earlier Saturn I. This 

-~.--.------
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FIGURE 6-5.- Lauuch of Saturn I. 

• GUIDANCE 
INERTIAL 

• CONTROL 
GIMBALEO ENGINES 

• PAYLOAD 
1 TONS IN 300 MI . ORBIT 

-OR-
10 TONS IN 140 MI. ORBIT 

• VEHICLE SIZE 
LENGTH : 184' 
WT. FUELEO ' 550 TONS 
WT. EMPTY - 65 TONS 

$ - 1. .. , ", 257"X 80' 

S-I5Z ..... . 220"X41 · 

• STAGE THRUST 

5-1 ... 1,500,000 LB. 
e H-I LOX/RP, ENGINES 

S-IlL .. .. 90.000 La. 
6 A-3 LOX/LH2 ENGINES 

FIGURE 6-6.-Saturn I (Block II) charactelistics. 

upgrading will allow earlier experiments with 
the Apollo spacecraft than would be possible 
with only the Saturn V lunar rocket. 

After the Saturn I and IB will come Saturn 
V or, as it is sometime called, the Advanced 
Saturn. The Saturn V will be 33 feet in di­
ameter and have a lift-off weight of more than 
6 million pounds. First stage of the Saturn V 

58 

will be powered by five F -1 kerosene-liquid­
oxygen engines which yield a total thrust of 7.5 
million pounds. This thrust is five times that 
of the first-stage booster of Saturn I. The sec­
ond stage of Saturn V will be powered by five 
J-2 liquid-hydrogen-liquid-oxygen enO"ines 
each of which will provide 200,000 pounds of 
thrust. The third stage is powered -by a single 
J -2 engine. The Saturn V will be capable of 
placing a payload in excess of 200,000 pounds 
into low Earth orbit, or of speeding 90,000 
pounds out into deep space. (See fig. 6-8.) 

The secret of the tremendous lift-off strength 
of Saturn V is the F -1 engine, shown in the 
background in figure 6-9. Eight of the H-1 
engines, shown in the foreground, are clustered 
in the first stage of the Saturn 1. At one jump 
a "single barrel" engine that will have the same 
thrust as all eight H-1 engines, that is 1% mil­
lion pounds, has been obtained. Like the H-1, 

FIGURE 6-7.-Concept of Block II deSign of Saturn on 
launch pad. 

FIGURE 6-S.-Saturn V. 
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the big F -1 engine burns RP-1 fuel and liquid 
oxygen. The F - 1 engine is not just a drawing­
board dream. It has been static fired by Rocket­
dyne at Edwards Air Force Base, California, in 
full-duration tests at maximum proficiency. 
(See fig. 6-10.) 

FIGURE 6-9.-H-l and F-l engines. 

The S-IC will be the first stage of the Saturn 
V. (See fig. 6-11.) Preliminary planning for 
the booster is underway at the Marshall Space 
Flight Center at Huntsville, Alabama. A con­
tract for its development and fabrication has 
been signed with The Boeing Company. ~ine 
flight boosters and one ground test yersion arc 
to be produced at the Michoud Plant in New 
Orleans. Static testing will be at the Marshall 
Space Flight Center Mississippi Test Facility, 
35 miles east of New Orleans, which is being 
carved out of an isolated swamp near the Pearl 
River. 

The S-II will be the second stage of the Ad­
vanced Saturn vehicle. (See fig. 6-12.) A con­
tract for its development and production has 
been signed with the Space and Information 
System Division of North American Aviation, 
Inc., and early "ork is in progress. The S-II, 
like the S-IC, will be 33 feet in diameter. The 
J-2 engine is under development by the Rocket­
dyne Division of North American, the first de­
livery to NASA being expected in 1963. 

The third stage of the Saturn V vehicle will 
be known as the S-IVB, a modification of the 

------ ---- -- - ---
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S-IV stage which is used on the Saturn V. 
(See fig. 6-13.) A contract for the modification 
and production of the unit has been signed with 
Douglas Aircraft Company, Inc. The length 
of the new stage will be increased to approxi­
mately 7.0 feet. The power plant will be 
changed from six RL-10 engines in the S-IV 
to a single J-2 engine in the S-IVB. Thus, the 

FIGURE 6-10.-Static filing of F-l engine. 

FIGURE 6-11.-Saturn Y booster. 

J 
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new stage will have a thrust of 200,000 pounds 
compared with 90,000 in the S-IV. 

]!'IGURE 6-12 .-~-II cutaway. 

FIGURE 6-13.-S-Iyn cutaway. 

Figure 6-14 summarizes the characteristics 
of the Saturn V . The Saturn I will be used to 
place Apollo spacecraft carrying three men into 
Earth orbit for a period up to 2 weeks. The 
Saturn V will be used for sending the three­
man spacecraft around the Moon. It will also 
be used for manned lunar landings with the 
lunar rendezvous technique. 

Beyond the Saturn I , Saturn IB, and Saturn 
V, studies of other advanced vehicles are under­
way to provide payload capacities for even 
greater payloads on the Moon or for inter­
planetary missions. These studies, sometimes 
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known as Nova studies, are in an advanced 
state. Also under active development are more 
powerful engines for these future requirements. 
For example, the M- 1 engine having a thrust of 
1.5 million pounds using liquid hydrogen and 
oxygen is well underway as a critical long lead­
time item. Ultimately, a recoverable and re­
flyable space booster for economical and routine 
operation is sought. 

.GUIDANCE 
INERTIAL 

• CONTROL 
GIMBAL EO ENGINES 

• PAYLOAD 
120 TONS IN 110 MILE 

ORBIT OR 45 TONS 1U ESCAPE 

• VEHICLE SIZE 
APPROX LENGTH 352' 

WEIGHT FuELED 3.000 TONS 
WEIGHT EMPTY 195 TONS 

• STAGE SIZES 
S·IC. 396- X 138' 
s·n 396" x 8 1.5' 
s·ma 260· x 59' 

• STAGE THRUST 
s'le 7.roo.ooo LB 
5 F·l LOX/RP1 ENGI£S 
S'O 1,000.000 LB 

5 J-2 LOX/LH ~s 

soma 2OO.000 LB 

I J-2 LOX/LH ENGINE 

FIGURE 6-14.-Saturn Y characteristic ' . 

Most of NASA's large space carrier vehicles 
are launched from the Atlantic Missile Range 
at Cape Canaveral, Florida. A very major ex­
pansion of the Cape Canaveral launch area i 
underway on Merritt Island, Florida, known as 
the Merrit Island Launch Area (MILA) . The 
two Saturn vehicles which have already been 
successfully launched were flight tested from 
the NASA Vehicle Launch Facility 34 shown 
in figure 6-15. This facility occupies 45 acres 
of the 20,000 acres of the Atlantic Missi le Range 
and " 'as completed in June 1961. The word 
complex is a good one to describe this facility. 
The major elements of the facility represent a 
multimillion dollar investment and include the 
tallest structme in the state of Florida and the 
largest self-propelled, movable structure in the 
,,·orld. 

The Launch Control Center, the nerve center 
of the complex, is a reinforced concrete block­
house 156 feet in diameter at the base and 26 
feet tall . (See fig. 6-16.) The blockhouse is 
designed to withstand blast pressures of 315,000 
pOlmds per square foot, the equivalent of 50,000 
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pounds of TNT detonating at a distance of 50 
feet. The lower level of this structure is the 
electrical terminal area and contains the tel­
emetry equipment and other communications 
equipment. The upper level (fig. 6-17) has 
the instrumentation controlling the actual serv­
icing, launching, and guidance of the vehicle 
into orbit. At that point control is assumed 
by the Mission Control Center described by 
.T ames C. Elms in the preceding paper. 

The service structure, used to erect the Saturn 
on its launcher and to check out the assembled 
vehicle, is 310 feet high. (See fig. 6-18.) Each 
of its two supporting legs contains a two-floor 
building that houses the operating equipment 
and vehicle checkout apparatus of the structure. 

FIGURE 6-15.-NASA Vertica l Launch Facility 34. 

FIGuRE 6-16.-Launch Control Center . 
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FIGURE 6-17.-Instrumentation controlling ervicing, 
la unching, and guiding of vehicle into orbit. 

FIGURE 6-1 .--Service tructure. 

The structure is mounted on standard-gage rail­
road tracks and can travel at a top speed of 40 
feet per minute. 

The launching pad, 438 feet in diameter and 
8 feet thick, is equipped with a launching pedes­
tal, a launcher, and a flame deflector. An aerial 
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VIew of Vertical Launch Pad 34 is shown in 
figure 6-19. The pedestal is made of reinforced 
concrete and is 40 square feet and 27 feet high. 
On top of this structure is the eight-arm Saturn 
launcher. Below the launcher is the rail­
mounted flame deflector that splits the 5,000° F 
flames of the Saturn's exhaust into two hori­
zontal components. 

The other major item of equipment on the 
pad is the 240-foot umbilical tower adjacent to 
the laUllcher pedestal, which contains the elec­
tric, hydraulic, and pneumatic lines for supply­
ing each stage. It is structurally complete now, 
but only one swing-arm has been installed to 
date because we have been firing only inert up­
per stages. By the time the first compl~te Sat­
urn is flight tested all three swing-arms will 
have been installed. 

Storage facilities associated with VLF 34 in­
clude a 125,000-gallon liquid-oxygen storage 
tank and a 13,500-gallon tank ' and transfer 
equipment, a 60,000-gallon PR-1 fuel storage 
facility and pumping equipment, and a high­
pressure gas storage facility for nitrogen and 
helium. A skil!lJlling basin, located on the edge 

FIGURE 6-19.-Vertical Launch Pad 34. 
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of the launch pad, collects any fuel spilled dur­
ing fueling operations. Figure 6-20 shows a 
Saturn on the launch pad. 

Vertical Launch Complex 37 is located about 
1 mile north of Complex 34, but unlike Com­
plex 34, it will have two pads served by the same 
support facilities. (See fig. 6-21.) This ar­
rangement will permit us to launch six vehicles 
a year rather than four, "Which is the maximum 
number of launches permitted by Complex 34. 

In the future, to handle and hunch Saturn V 
and the other large space carrier vehicles that 
will follow Saturn, other launching sites will be 
built in an area to the north and west of the 
present sites. (See fig. 6-22.) These new in­
stallations will require bold new means of 
handling extremely large and heavy vehicles. 
But already plans are being made for the time 
when these sites must be constructed, and a few 
concepts have emerged. 

Figure 6-23 is an artist's concept of an aerial 
vie'w of Launch Complex 39. Around the 
Vertical Assembly Building, shown at the lower 
left, are the Crawler assembly area, three 
Launcher-Umbilical Towers (L-UT) erection 

FIGURE 6-20.-Saturn on launch pad. 
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FIGURE 6-21.-Coneept of Vertical Launch Facility 37. 

and refurbishment sites, and the ordnance stow­
age facilities. Along the crawlerway to the 
pads are the high-pressure gas facilities and the 
Arming Tower park position. Below the 
crawlerway are the turning basin and the access 
channel through which all the stages arrive. 
The small buildings along the crawlerway are 
amplifier facilities for the data-link transmis­
sion lines. Also, three pads with a tentative 
siting of a fourth, in the event that such a need 
should arise, may be seen. 

Figure 6-24 shows an overall concept of Com­
plex 39 which gives a clear view of the Vertical 
~\.ssembly Building, the working center of the 
launch complex. Set on pilings which pene­
tr-ate 170 feet of this Florida swamp for firm 
support, the high bay alone me.'tsures 524 feet 
high, 418 feet across the entrances to the bays, 
and 513 feet deep_ The low bay area has a 
maximum height of 210 feet, adds a width of 
256 feet to that of the overall structure, and has 
yarious depths at different heights. Associated 
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with this structure are the Launch Control Cen­
ter and a Utilities Annex. The high bay alone 
encompasses some 128 million cubic foot. 

The high bay area is structurally configured 
to handle the assembly, the readying, and cheek­
out of four Saturn V vehicles simultaneously in 
four bays. The low bay is configured to accom­
modate four of the second stages in an upright 
position on one side of a center transfer aisle 
and four of the third stages on the opposite side 
of the aisle. The first stage receives its indi­
vidual checks in one of the high bays on the 
Launcher-Umbilical Tower. 

Operationally, all stages come into the center 
transfer aisle which extends the length of the 
low and high bay areas. The first stage is 
placed immediately on the Launcher-Umbilical 
Tower in one of the high bays. The upper 
stages, once completely checked out as stages, 
are transferred down the transfer aisle by means 
of an overhead bridge crane of 150-ton capacity 
into the high bay area adjacent to the bay re-

"-----
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EXISTING 
INDUSTRIAL AREA 

ADVANCED SATURN 
/ LAUNCH SITES 

A LAUNCH SITES 

SATURN 
-- LAUNCH SITES 

:---....ATLAS AND 
TITAN PADS 

~LlGHT PADS 

F~GURE &--22.-Cape Cana vera!. 

FIGU RE 6-23.-Coneept of Launch Complex 39. 

ceiving it. It is then picked up by the overhead 
bridge crane serving a particular pair of op­
posing bays and transferred outboard and 
placed in position. - This crane handles 250 tons 
and has a hook height of 456 feet. When the 
integrated checkout of the entire vehicle and 
spacecraft combination is completed, one of 
the crawler-transporters picks up the Launcher­
Umbilical Tower-vehicle combination and car­
ries it to the launch pad. 

The two-story building to the left of the turn­
ing basin (fig. 6-24) is the high-pressure gas 
storage facility used to store gases necessary in 
the vehicle checkout in the Vertical Assembly 
Building. The vehicle, launched straight and 
true from Pad B, can be seen in the background. 
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Figure 6---25 is a view of the L-UT and 
vehicle combination in place on a latmch pad 
with the mobile arming tower in position 
adjacent to it. These are brought into position 
in two separate operations by the crawler­
transporter shown being withdrawn from the 
area. The L-UT is composed of two basic 
and identifiable portions, the platform measur­
ing 135 feet long, 160 feet wide., 25 feet thick 
and the tower approximately 395 feet over the 
platform deck. This pIa t for m structure 
mounts the launch pedestal which supports the 
vehicle prior to launch, the water deluge sys­
tems, and so forth, as well as houses all the com­
puters and other electronic devices which are 
part of the checking out equipment and which 

FIGu RE 6-24.-Vertical assembly building and area. 

FlGl' IlE 6-~.).-Coneept of La uncher-U mbilical Tower 
and vehicle. 

• 
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keep the yehicle under surveillance during 
transit. to the pad. The tower carries the eight 
swing anns that provide all of the on-pad ac­
cess, fi.leling, cryogenic loading, and electronic 
monitoring required on the pad. The hammer­
head crane on top of the tower, used primarily 
for swing-arm installation, has a capacity of 25 
tons with 10-ton capabil ity over the vehicle. 
The L- T is estimated to weigh 11.5 million 
pounds, the empty \·ehi cle adding about % mil­
li0l1 pounds for a 12.0-million-pound load to be 
transported. 

The arming tower primarily provides ex­
ternal access to the sides of the vehicle for the 
attachment of explosive ordnance, retrorockets, 
ullage rockets, and so forth, deemed too danger­
ous for attachment in the Vertical Assembly 
Building. It serves a secondary function of 
providing on-pad external access to the vehicle 
for servicing minor items which otherwise 
might require return to the Vertical Assembly 
Building. It has a base of 125 feet by 150 feet 
and stands 415 feet tall not including the 75-ton­
capacity stiff leg derrick It is estimated to 
welgh about 7.0 million pounds. 

In conclusion, a few ,,""ords might be said 
about the manufacture and testing of large 
space carrier vehicles. ·While developing 
Saturn at the Marshall Space Flight Center, it 
became obvious that a large fabrication and as­
sembly building would be required when the 

FIGURE 6-26.-:'.lichoud Plant. 

692·016 0-63- 6 
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vehicle went into production. Such a plant 
was located in September 1961; the Michoud 
Plant is hown in figure 6-26 and is approxi­
mately 15 miles east of New Orleans. This one­
story building encloses more than 40 acres and 
has 1,869,020 square feet of usable floor space. 
During W·orld War II, Michoud produced air­
craft; and during the Korean War, it manufac­
tured engines for tanks. 

Within this huge industrial facility the 
Chrysler Corporation will manufacture the S-I 
first stage for the Saturn I and will produce 20 
of them during the length of its contract. Also 
at Michoud, The Boeing Company will produce 
at least 15 S-IC stages, the first stage for the 
Saturn V. 

Closely associated with the Michoud opera­
tions will be a huge new static test facility to be 
constructed at Logtown, Mississippi, only 35 
miles from the Michoud plant. This site will 
encompass some 142,000 acres and as many as 
six static test stands such as the one shown in 
figure 6-27 will be constructed; these test stands 
will be capable of testing boosters with thrusts 
up to 20 million pounds. 

This summary of the Nation's program to 
provide vehicles for the assault on the Moon in­
dicates that progress is being made. The grand 
"countdown" is underway toward the goal of 
landing a .S. astronaut on the Moon and 
bringing him back in this decade. 

~'IGURE 6-27.-Static test stand. 
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To many concerned with the exploration of 
space it has been apparent for a long time that 
because of his enormous curiosity and his will­
ingness to probe the unknown, man would 
probably not let the first reasonable opportuni­
ty to go into space go by unnoticed. This 
reasonable opportunity has been made available 
to us by way of the rockets developed as a 
result of the missile program. As is well 
known, it has been possible to contain and 
maintain man in a modest circular orbit for a 
relatively short period of time. Plans are laid 
to extend gradually the duration of these or­
bital flights to a maximum of 14 days in the 
near future. Such flights will serve to estab­
lish our readiness and proficiency for the land­
ing of a team of American astronauts on the 
surface of the Moon in this decade. 

To date, the flight experiences have produced 
no significant physiological abnormalities that 
can be attributed to the space environment. It 
has been established that man can perform 
safely and effectively as a participant in space 
flight missions. In Project Mercury missions 
it has become apparent that he can perform at 
least as efficiently as in the cockpit of an air­
plane for as long as 9 hours. In addition, the 
inclusion of man as an occupant of the space­
craft has provided many advantages as a re­
sult of his unique capabilities. Man adds con­
siderably to system reliability and the likeli­
hood of mission completion; he provid.es logic 
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and a decision-making capability. In flight he 
is able to diagnose trouble and make necessary 
adjustments. U necessary, he can act to cope 
with the unexpected. 

It must be borne in mind, however, that all 
of these benefits are contingent upon our ability 
to provide man with a suitable environment 
during the flight. Even the most carefully se­
lected astronaut crew can survive only if pro­
vided an Earth-equivalent environment. 

It would appear that a satisfactory approach 
to the human factor in manned space flight 
might be found in a discussion of the biomedi­
cal activities making up our space medicine 
program which are made necessary by the in­
troduction of man as a participant in the space 
flight mission. 

These activities are divided into two broad 
general categories: (1) development, test, and 
evaluation of components and systems required 
to insure man's survival and safe effective per­
formance in space flight, and (2) the operation­
al medical support incident to the selection and 
maintenance of flight crews, their preparation 
for flight, surveillance during flight, and eval­
uation upon termination of the flight. 

The first category of activity is the responsi­
bility of the Crew Systems Division of the 
Manned Spacecraft Center. The Crew Sys­
tems Division is responsible for the development 
of systems for the control of spacecraft environ­
ment. It also provides personal equipment for 
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crew members, such as pressure suits and sur­
vival gear. It evolves means by which the 
astronauts are protected from radiation haz­
ards. It determines the requirements for life 
support in all phases of the space mission and 
it provides physiological instrumentation and 
medical analysis of crew performance. Stan· 
dards are set to provide guides for prime and 
associate contractors and subcontractors. De­
velopment programs are conducted in coopera­
tion with Department of Defense laboratories, 
universities, medical facilities, government 
agencies, and scientific organizations. 

Within the division, equipment which can­
not be obtained elsewhere is designed and con­
structed. Whenever possible, existing facilities 
are brought to bear on design problems in order 
to provide timely data which meet the needs 
of the National Aeronautics and Space Admin­
istration and to provide a source of information 
for other programs and organizations. When­
ever possible, existing materials and equipment 
are adapted to keep pace with the accelerated 
space program while maintaining a minimum 
requirement for new concepts. A review of the 
development of the space suits which pr.otect 
the astronauts and provide them with a suitable 
environment indicates how current equipment 
is adapted to meet new requirements. 

When the Mercury space suit was developed, 
for example, work began with the Navy's Mark 
IV pressure suit as a basic unit. Performance 
requirements were established and a long list 
of modifications were made to insure sufficient 
mobility and comfort. Provision for instru­
mentation and other adaptations for the space 
flight program were added. Other suit designs 
are employed in the development program and 
suits presently in use are modified as solutions 
are achieved. Working with contractors and 
in its own laboratories, Crew Systems helps to 
originate new concepts and determines that the 
requirements of the program are met in the final 
design. Constant testing and examination are 
necessary to keep pace with the demands of new 
missions. A prototype of the suit which may 
be used in the Gemini flight is evaluated to make 
certain that the specific requirements of that 
mission will be satisfied. The final Gemini suit 
must be adapted for partial wear in order to 
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provide habitability during missions up to 14 
days in length. Intensive effort attends the 
development of the pressure seals. They must 
be easy to assemble and absolutely reliable. An 
important part of space-suit development de­
termines the dexterity which can be achieved 
within the Gemini spacecraft mockup. The 
space suit must permit the craft to be entered 
with reasonable ease. The extent of reach must 
be evaluated under both pressurized and un­
pressurized conditions. All of the motions 
necessary to turn on switches and handle other 
equipment must be checked. A thermal coverall 
may be required to permit operations outside 
a spacecraft during flight. 

The design requirements for the pressure suit 
which will be used ultimately for the Apollo 
lunar flight are determined. The Apollo pres­
sure suit will be complete with its own life sup­
port system to permit the astronauts to move 
about on the lunar surface for periods of up to 
4 hours without any supply requirements on the 
spacecraft. Crew members must be able to reo 
move the suit and put it on in a confined space. 
Considerable effort is spent in the analysis of 
landing forces in order to provide data on which 
to base the design of the equipment used to pro­
tect crew members from injury. The sinking 
speed of a spacecraft determines the magnitude 
of the vertical component of the impact force.­
The horizontal drift due to wind is another 
prime component of the impact force applied. 
In addition to these, other variables add com­
plexity to the problem. Since the goal is to 
insure that crew members may experience im­
pact without suffering physical injury, the 
interrelationship of all the landing forces must 
be carefully examined in order to develop im­
pact-attenuation devices and other equipment 
to protect the crew members. The Manned 
Spacecraft Center conducts a comprehensive 
program to establish the tolerances and limita­
tions which must be observed in providing im­
pact protection. The Wright Field biomedical 
laboratory in cooperation with the Aeromedical 
Field Laboratory of the U.S. Air Force and 
the Navy Ail' Crew Equipment Laboratory has 
amassed the necessary data through an exten­
sive NASA supported program of drop tests in 
which human subjects are employed. These 
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tests establish the maximum g units which can 
be tolerated under various environmental con­
ditions. At the Aeromedical Laboratory, phy­
siological tolerance data on the effects of 
prolonged vibration are accumul3ited during dy­
namic tests. Experimentation is being con­
centrated on vibration in the supine position 
for which no previous data were available. 
This program typifies the efforts of the NASA 
to utilize existing national capabilities to solve 
critical voids in bioastronautic data and thus to 
establish common research programs useful to 
other technical activities. This information 
aids in the development of such spacecraft items 
as a new net support couch which may be em­
ployed in future flights. The net fabric 
stretches on impact and thus absorbs shock. It 
saves considerable weight which is of impor­
tance since approximately 100 pounds of booster 
must be employed for each pound of payload 
placed in orbit. Using a special drop-test device 
developed from a surplus ejection seat training 
tower obtained from the Department of De­
fense, engineers check the net couch with the 
aid of an anthropomorphic dummy. The im­
pact resulting from the 30-foot-per-second sink 
speed of the spacecraft in the parachute descent 
is simulated as the stretch of the material is 
carefully measured to determine its effective­
ness. 

Special survival gear is developed to meet the 
unique requirements of the Manned Space 
Flight program. In addition to the need for 
complete reliability, survival equipment must 
be light in weight and require very little stor­
age space. Life rafts, special survival vests, 
water tanks, auxiliary equipment such as special 
flashlights, knives, and ancillary items have 
been developed within the division. The in­
house construction facilities have been of con­
siderable assistance in cutting the time required 
to provide such survival gear as the special 
lightweight three-man life raft to be used in 
Project Apollo. A cape over the one-man 
Gemini life raft provides protection from the 
elements. It also may be detached to provide a 
rain-protection poncho. A newly developed 
inflatable radar reflector is carried in a package 
about the size of an ordinary envelope. It re­
quires only three or four breaths for inflation. 
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Floating in the water it can reflect a radar sig­
nal at a range of 50 or 60 miles to help direct 
recovery crews. The speed with which sur­
vival equipment needs can be met is exemplified 
by the need for an extremely lightweight emer­
gency life vest which was demonstrated during 
Astronaut Grissom's flight. In less than 3 
months an extremely small, easily used, and 
lightweight vest was designed, evaluated, manu­
factured, and tested with the Center's in-house 
construction facilities. When Astronaut John 
Glenn boarded his spacecraft, the tiny new vest 
was contained in a yellow envelope on the front 
of his space suit. 

Continuous examination of radiation phe­
nomena is required in our manned space flight 
program. Investigations determining the ex­
tent and configuration of the radiation belt sur­
rounding the Earth are conducted by the N a­
tional Aeronautics and Space Administration 
personnel. The potential hazards resulting 
from radiation present in the· inner. and outer 
Van Allen belts and solar proton events en­
countered beyond the belts are the subjects of 
intensive study. In the current Earth orbital 
mission, radiation from the inner Van Allen 
belt is not encountered since the altitude of 
these flights is below the belts. However, be­
cause of an increase in radiation stimulated by 
the recent high-altitude nuclear test, it was 
thought that a portion of the belt over the 
South American continent might be encoun­
tered at the Mercury altitude. Checking the 
increased radiation by means of dosimeters at­
tached to Astronaut Schirra's orbiting space­
craft, it was determined that the nuclear-test­
induced radiation was negligible and posed no 
problem. Dosimeters were qualified for this 
flight by placing them on the spacecraft hatch 
and subjecting them to radiation in a powerful 
simulator. During future orbital space flights 
the amount of radiation will be recorded both 
inside and outside the spacecraft by dosimeters 
placed on the hatch and on the retropack. 
These measurements will provide data which 
are essential to verify the theoretical calcula­
tion of the required spacecraft shielding. Al­
though the Apollo flights will pass through the 
Van Allen Belts, the time of exposure will be 
short. However, the radiation encountered 
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will be carefully measured with dosimeters in 
order to keep an accurate record of the astro­
naut's exposure and to make certain that the al­
lowable limit is not exceeded. Once beyond the 
belt, the spacecraft and its occupants may be 
exposed to radiation as a· result of solar proton 
events. The intensity and frequency of such 
encounters must be established in order to deter­
mine the shielding requirements. The Atomic 
Energy Commission is conducting radiation 
studies under a Manned Spacecraft Center con­
tract to determine the suitability of various ma­
terials for use in the construction of the Apollo 
spacecraft. Some materials which would be 
desirable for structural use cannot be employed 
because of the extent of the hazardous secondary 
radiation they produce under proton bombard­
ment. 

In order to meet the need for information re­
garding the physiological characteristics of 
healthy subjects under high stress, a ground­
based program is being conducted. Much of 
the stress information previously available was 
concerned only with individuals having physi­
cal abnormalities.' A library of electroencepha­
lograph tracings and other physiological data 
for 200 healthy individuals is being compiled 
and subjected to various analytical techniques 
in order to provide information regarding nor­
mal subjects under stress. Hormone chemistry 
investigations are conducted to determine the 
physical demands of continuous high stress in 
space flight. A series of automatic syringes 
have been designed for use in space flight to 
provide self-admirristered medication. Four 
different drugs including those to control mo­
tion sickness, pain, a stimulant, and a depressant 
are furnished. With one hand, the needle is 
activated, penetrates the suit layer, and dis­
charges the medication. 

Many of the bioinstrumentation techniques 
employed in development and during flight re­
quire the application of measurment electrodes 
to the body surfaces. The earlier wet elec­
trodes cannot be used for long-duration space 
flights because of skin irritation. New dry 
electrodes which eliminate the use of a paste 
have been developed. In one of the new dry 
electrode techniques, silver nitrate is applied to 
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the skin to provide the electrical continuity 
required. 

Because of the broad range of problems in­
volved in manned space flight, many of the de­
velopments originated and constructed by the 
Crews Systems Division and many of the pro­
grams which are conducted under its super­
vision have wide application in other areas of 
vital national interest. The long-wear body 
electrode concepts are being investigated for use 
in hospitals where they are used to monitor the 
condition of critically ill patients. The auto­
matic syringes have valuable applications in 
Civil Defense disaster kits and in certain De­
partment of Defense programs. Several of the 
survival gear innovations also meet other re­
quirements. The general information which 
has been accumulated regarding the effects of 
stress on normal subjects is a valuable contribu­
tion to the general knowledge of human 
physiology . 

Working with government research labora­
tories, employing the Nation's developmental 
and test facilities, working with contractors, 
adapting presently available equipment, mod­
ifying systems and gear to meet future re­
quirements, and providing rapid solutions to 
immediate problems are the tasks and challenges 
met every day. The accomplishments are mani­
fold: space suits, survival gear, restraint sys­
tems, life support systems, food, medication, 
and the accumulation of research information 
vital to the national interest. Taking primary 
responsibility for providing these items of flight 
equipment fully qualified and ready for flight 
use is the mission of the Crew Systems Division 
of the Manned Spacecraft Center. 

There is also a group of carefully selecteq 
medical personnel-the Medical Operations 
Group at the Manned Spacecraft Center­
charged with the responsibility for the medical 
portions of the actual flight operation. Their 
activities include the medical selection of 
astronaut candidates, the medical training of 
those candidates selected, a rigorous medical 
maintenance program to insure the continuing 
physical fitness of these men during training, 
the medical preparation of astronaut crews for 
specific flight missions, the design of medical 
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experirp.ents to be performed in flight, the med­
ical monitoring of crews in real time during 
the flight mission, the provision of medical 
support as part of recovery operations, and the 
physiological evaluation of the crew upon the 
completion of a flight mission. One of the 
most significant contributions of this Medical 
Operations Group is the preparation of a post­
flight medical report in which is summarized 
all of the medical data pertinent to a given 
flight. This report includes data related to the 
crew (acquired during their training), baseline 
data obtained immediately prior to flight, in­
flight data developed by biotelemetry relayed to 
the ground and interpreted by medical monitors 
at tracking stations along the global com­
munications network or recorded on board the 
spacecraft and analyzed during the postflight 
period, and the results of a searching medical 
examination conducted during the period im­
mediately following completion of the flight 
mission. All these data, interpreted and eval­
uated, become a postflight medical report. 
This report constitutes an invaluable aid in 
planning future missions. This report also 
guides the planning of both basic and applied 
research. It also documents the progress to­
ward the medical goal of establishing man's 
ability to live safely and perform effectively in 
the hostile space environment. 

The small group of National Aeronautics and 
Space Administration biomedical - specialists 
making up the Medical Operations Group are 
ably and enthusiastically assisted by a large 
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group of carefully screened personnel made 
available by' the Department of Defense. For 
an average orbital mission, approximately 16 
Department of Defense specialists and techni­
cians assist the recovery forces and a group of 
about 10 top-level clinical specialists stand by at 
selected hospitals, alerted for deployment 
should an unforeseen emergency arise. There 
is no appreciable change foreseen in our need 
for Department of Defense medical support in 
early Gemini flight operations. However, as 
the flight safety problems incident to manned 
space flight are reduced by experience and in­
creased vehicle reliability, it is to be 'expected 
that our need for extensive emergency medical 
support will be reduced accordingly. 

This paper is a brief description of the activi­
ties carried out in support of the human occu­
pant of our spacecraft. In conclusion, it is 
worthy of note that, to date, man has demon­
strated his ability to take space flight in stride. 
With flight experience it has been possible to 
validate the concepts on which our present life 
support systems were based. Peculiar constitu­
ents of the space environment, such as the 
weightless state, have not proven to be serious 
problems and an acceptable degree of reliability 
in the components of our life support systems 
has been developed. 

Indeed there is confidence that the biomedical 
needs of our currently approved manned space 
flight program can be met within the scope of 
our existing technology. 
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Those who operate the industrial firms of our 
day have learned that continued progress can­
not depend solely on promotion based on tech­
nology of the past and present, but that a sharp 
cutting edge of advanced research is necessary 
for progress, and, in titile, survival itself. Un­
less a reasonable fraction of profits is expended 
to bring along new ideas for replacement of old, 
all technological enterprises drift slowly to 
stagnation, whether they are industrial or com­
mercial firms, a government agency, or even a 
nation. So it is with the space program. 

It is our firm conviction that preeminence in 
space requires a balanced use of our resources 
in which a certain fraction of them, something 
like 10 percent, is invested in research looking 
toward space operations beyond the current 
projects and missions. There are four princi­
pal areas where a continuing and driving pro­
gram of research is required if our nation is to 
achieve preeminence in aeronautical and space 
activities in the decades to come. These are en­
ergy conversion and propulsion; materials and 
structures; control, !!Uidance, and communica­
tions; and space scienees and the env ironment 
of space. 

The challenge of the future in the field of 
energy conversion and propulsion embraces 
some of the most difficult problems faced by 
mankind. Man's efforts to propel himself along 
the surface and above the earth have always in­
volved an energy conversion cycle which con­
verts energy supplied by nature into thrust or 
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torque. In space applications, we are in­
terested, in general, in two types of energy con­
verters: a propulsion device to supply thrust, 
and an onboard power supply. The three prin­
cipal sources of energy are chemiqal, solar, and 
nuclear. All three are exploited in advanced 
re earch in our national space program. 

The largest existing space boosters utilize 
as much of the energy as our technology will 
permit us to extract from the propellant 
combination of liquid oxygen and kerosene. 
The growing need for more powerful and effi­
cient chemical engines has purred research into 
higher energy propellant combination8-0xy­
gen and hydrogen, fluorine and hydrogen, and 
oxygen-difluoride and diborane, to name a few. 
_\t pre ent, the e propellant combinations are 
con idered e pecially promising for use in upper 
rocket stages. 

Figure 8-1 illustrates a possible next genera­
tion in chemical rocket eno-ines having a thrust 
of about 24 million pounds. If the state of 
technology underlying the F-1 engine were 
scaled up to a 24-million-pound engine, we 
would obtain the monstrous engine shown sec­
ond from the left. If we make use, however, of 
new research advances, we could develop an en­
gine with a configuration such as shown by the 
ketches at the right. 

However, the most promise for increasing 
performance of upper stages is believed to lie 
in the nuclear rocket which is being developed 
as Project Rover under the joint sponsorship of 
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FIGU RE 8-l.-Scale-up of conventional and advanced 
concepts. 

the Atomic Energy Commission and NASA. 
The nuclear rocket employs ura~ium-loaded 
solid-fuel elements. A propellant such as hy­
drogen is pumped through the fuel elements, 
,,-hence they are heated to temperatures ap­
proaching 5,500° F. The heated propellants 
expand as gases through a nozzle to produce 
thrust. Although some difficulty has been ex­
perienced in developing the nuclear power 
source for the Rover engine, known as N erva, 
it is our belief that this development will pro­
ceed into the flight test stage before the end of 
this decade. 

Figure 8-2 illustrates the major steps in the 
nuclear rocket program leading from the Kiwi 
reactor to a flight test of the N erva engine. 
Flight tests of the N erva engine would be con­
ducted as an upper stage of the Saturn V vehicle 
as illustrated by figure 8-3. The chemically 
powered S- IC and S-II boosters would in this 
concept propel bhe nuclear engine into Earth 
orbit at which place the engine would be started 
on a journey to a neighboring planet. Figure 
8-4 illustrates two possible missions that could 
be carried out by means of the nuclear Saturn 
V concept. 

The field of electric propulsion is being given 
very strong research support in our national 
pace program. Such electrical thrusters as ion 

rockets, althouo'h their thrust may be measured 
in pounds, could impart very high velocities to 
spacecraft over extended periods of time. In 
the contact ionization type of iOlt engine, cesium 
propellant is passed through a porous hot tung­
sten plate which extracts an electron from each 
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RIFT 

FIGU RE 8-2.-Major steps in nuclear rocket pl'Ogram. 

FIGURE 8--3.-Nuclear Saturn V concept. 

FIGURE 8-4.- Interplanetary mi ion with operational 
version of Rift stage. 

cesium atom, thereby producing positive cesium 
ions. The ions are accelerated by field electrodes 
and prior to exit through the nozzle are 
neutralized by the addition of electrons through 
an electron gun. F igure 8-5 illustrates the 
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building-block concept which is employed in the 
development of contact ion engines. 

Electric thrust devices require onboard 
electrical generators. For small engines requir­
ing powers of around 3,000 watts, solar or 
isotopic electric power generating systems must 
be used. Such systems are under actiye devel­
opment. Larger systems will require the use of 
nuclear energy. An example is the 30-kilowatt 
Snap-8 double-loop Rankine cycle nuclear­
turboelectric space power system shown by 
figure 8-6. Such systems must employ liquid 
metals as working fluids. For advanced electric 
thrusters, nuclear-electric . space power systems 
in the power range of 10,000 watts or more will 
be required: The difficulties which must be 
overcome here may be appreciated when it is 
realized that these systems must weigh less than 
20 pounds per kilowatt, and operate reliably 
over continuous periods of months. 

The opportunities for ingenuity in effecting 
energy conver$ion in space are limitless: Some 
of th~se IJ"ossibilifies are illustrated by figure 8-

3 KW MODULE 30 KW MODULE MEGAWATT 
CLUSTER 

- BASIC - PROPULSION - LARGE VEHICLE 
DEVELOPMENT SYSTEM UTILIZING PROPULSION 

-SOLAR SNAP-B ELECTRIC 
POWERED PROBE GENERATING SYSTEM 

FroURE 8-5.-ElectIic engine development. 
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7, which shows the spectrum of space power 
sources. Fuel cells are an example of a concept 
which is being pursued vigorously. These are 
electrochemical devices similar to batteries 
~xcept that the reactants are supplied to the 
cells from external tanks. One version of our 
fuel cell research involves the employment of 
human waste as an energy source. 

Man's engineering achievements have always 
been linked with his ability to use the materials 
surrounding him in nature. Only a few years 
ago, before we possessed capabilities of launch­
ing spacecraft or of operating aircraft at hyper­
sonic speeds, the engineering demands could be 
satisfied with relatively few classes of materials. 
Furthermore, our aircraft did not operate in an 
environment drastically different from those of 
other forms of transport, such as locomotives, 
automobiles, or ships. With the arrival of space 
vehicles and supersonic aircraft, many new 
materials requirements have arisen, and they in­
cur problems of far greater magnitude than be­
fore. In most instances, the materials used in 
the older technologies could not be adapted to 
the new needs. Consequently, new approaches 
using entirely new classes of materials had to 
be found. Table 8-1 indicates the growth in 
materials essential to aerospace vehicles. 

The majority of our problems in space tech­
nology today are traceable to the lack of a suit­
able material for solution. Materials research 
under NASA sponsorship extends over a wide 
range from the study of the physical principles 
to vehicle applications. Our materials work 
may be connected with a tank in a rocket vehicle, 
a heat radiator, or a reentry body, or it may be 
concerned with a theoretical understanding of 
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suda.ce phenomena and crystalline structures. 
This research is basic to studies of interplane­
tary travel and reentry where the main concern 
III extreme environments---low and high tem­
veratures, vacuum of space, and high launch 
ltnd reentry forces. Figure 8-8 illustrates the 
progress which has been made in high-tmllpera­
ture alloys research, together with the im­
mediate goals that we seek. 

One of the most refreshing byproducts of our 
space program might be termed "materials 
gadgeteering." It has long been the desire of 
materials scientists to engineer a material to 
meet specific requirements. To a limited extent, 
this is now possible. For example, a rocket 
nozzle throat material requires a combination of 
strength and thermal conductivity. A metal 
which in a pure state does not have the desired 
characteristics may be convent ionally strength-

TABLE 8-I.-Materials Essential to Aerospace 
Vehicles 

Bery lli um __ __________ ____ _____ 

Thermal-control materials ______ 
Thermoelectric materials ____ ____ 
Photoelectric materials _________ 
Shielding materials _______ ______ 
Ceramics ____ __ ___________ ____ 
Filament-wound materials ______ 
Ablation materials _________ ____ 
Sandwich materials _________ ___ 
Polymers __ ___________________ 

Itefractory metal - - ---- - -------
Superalloys ____________ _____ -_ 
Steels ____________ _______ _____ 
Titanium alloys _______________ 
Magnesi um alloys ______________ 
Al umin um alloys _________ _____ 
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F IGU RE R-- .-High-temperature all oys research. 
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ened by the addition of alloying materials. 
However, in nearly all cases, the thermal con­
ductivity is drastically reduced, which leads to 
cooling difficulties and, therefore, to wall 
destruction. Intense research efforts are being 
devoted to combining high strength with high 
thermal conductivity. One method of accom­
plishing this is by fiber-strengthened alloys, in 
which many small fibers are mixed in the mate­
rial, such as aluminum-oxide fibers in aluminum. 
We find that fiber-strengthened materials may 
have the same strength but many times the heat 
conductivity of conventional materials. 

The most efficient space vehicle would be use­
less if it could not be controlled, guided, and 
communicated with in space. The heart of a 
control and guidance system is the gyroscope, 
an object "hich has been improved continuously 
over the past decade. Reliable inertial gyro 
units with drift rates of 1 minute per hour have 
been developed . . The difficulty of this task is 
emphasized when we realize that such a drift 
rate requires · a center-of-mass deviation of the 
gyro of less than 15 crystal lattice dimensions of 
the material employed for gyro construction. 
Attempts to improve gyros further have led us 
along several pathways, one of which is toward 
the cryogenic gyrorotor illustrated schemat i­
cally in figure 8-9. The cryogenic gyrorotor 
utilizes the phenomenon of superconductivity 
discovered by the Dutch physicist Onnes in 
1911. Onnes discovered that the electrical 
resistance of some supercooled metals vanishes 
near aJbsolute zero. In the 1950's, Matthias of 
the Bell Telephone Laboratories and Bardeen of 
the University of Illinois succeeded in catalog-
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ing a number of superconductor materials and 
in improving the understanding of the 
phenomenon. 

We are attempting to put this phenomenon to 
work by making a metal sphere levitate in a 
vacuum. If this can be done, a gyroscopic mass 
can be suspended in an almost frictionless en­
vironment. Once "spun up" to gyroscopic 
speed, the run-down time constant is expected 
to be measured in years. The levitation is ac­
complished by surrounding the sphere with 
suitable magnetic fields so that a current is in­
duced in the sphere. If the sphere is off center, 
nonequal repulsive forces will develop which 
cause it to "ride" the geometric center of the ex­
ternal fields. 

During the historic flights of Colonel John 
Glenn and others, we have all been made pain­
fully aware of the communications blackout 
which occurs during reentry. This is due to the 
inability of radio-frequency waves to penetrate 
the ionized plasma sheath which surrounds the 
spacecraft as it is aerodynamically heated in 
the Earth's atmosphere. For some time, we 
have attempted to find a great understanding of 
the problem and a means of alleviating it . . We 
now have evidence that small amounts of 
atomized water injected into the ionized fro,\" 
field appear to act as a catalyst in reducing the 
electron concentration. This and other means 
of overcoming the communications blackout 
problem are being studied theoretically and ex­
perimentally in shock tubes. 

An immediate problem area in the electronics 
field is concerned with the advent of signifi­
cantly new techniques for communication. 
Laser teclmology promises to open the tremend­
ous range of the optical spectrum for man's use 
in space communications. Since lasers are only 
approximately 2% years old, a good many chal­
lenges exist which stimulate the imagination. 
Figure 8-10 illustrates schematically some of 
the space applications of laser technology. 
Some of these are: 

(1) Efficient generation of coherent optical 
radiation 

(2) Efficient and practical methods of 
modulation and detection 
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FIGURE 8-10.-Laser (optical) tr·acklng. 

(3) Detailed investigations of signal trans­
mission characteristics as a function of 
range and propagation medium 

(4) Relativistic effects 
Even more important, however, is the demand 

for reliability in electronic systems, which has 
been a notable weakness at the very time that 
space development activities have made such 
spectacular contributions in the past 5 years. 
The rigorous demands for performance and for 
successful accomplishment of complex missions 
have taxed our skills and abilities as no other 
problems have. 

Electronics technology provides the sensing 
and control for propulsion and space vt¥llcle 
units, and the components for data processing, 
navigation, communications, and tracking. 
Conservatively, about 70 percent of spacecraft 
costs go into electronics; hence this field is of 
major significance to the NASA mission. 

The area of the space sciences and the 
environment of space is so vast that I cannot 
dwell long enough here to establish its true 
identity. It is the area which has moved for­
ward most dramatically during the past few 
years because of man's newly found ability to 
peer beyond the Earth's atmospheric blanket 
with satellites, sounding rockets, and space 
probes. 

'iVe have steadily increased our researches in 
the environmental factors of space, including 
radiation, vacuum, extremes of temp eta ture, 
weightlessness, and meteoroid hazards. An im-

I 
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portant recent stride has been th.e success~u l 
orbitina- of the meteoroid penetratIOn satellIte, 
Explol~r XVI. Since meteol'Oid~ present s~ch 
a great potential problem to vehicles travelmg 
in space, we must know much ~ore ab~ut the 
expected frequency and severIty o~ Impact 
damage of this hazard of the space envlronm~nt 
before we can design long-life spacecraft WIth 
confidence. Reports giving the first data re­
ceived ITom Explorer XVI have been release:d 
and we hope to continue receiving data ITom tlus 
space experiment for another year. 

NASA recently selected the Fairchild Stra~s 
Corp. to build the large and advanced meteorOId 
penetration satellite illustrated by figure 8-1.1. 
It will be launched by a Saturn booster late m 
1964. In addition, there are several grOlmd­
based studies underway to determine the physics 
of meteoroid impact and to formulate structural 
designs and material combination which can 
prot~ct the spacecraft from disabling damage. 

Probably one of the most important areas of 
space research, illustrated schematically by 
figure 8-12, is one which ',e have only recently 
bea-un to expand-biotechnology. As our space 

b 'd and aeronautics 'programs advance rapl ly, we 
need a far greater understanding of man, his 
capabilities, and the problem of integrating ~im 
into complex flight systems. We are studymg 
life support and protective systems and as­
sociated instrumentation, together with human 
factors in relation to the basic parameters of 
the en~ronment. We must obtain more basic 
knowleda-e of man himself-his body systems in 

b . 

relation to the normal and abnormal mternal 
and external environments. 

FIGURE 8-11.-Meteoroid detection satellite. 
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HUMAN RESEAR CH ~' 
AND PERFORMANCE 

I 

/ 

MAN­
SYSTEM 
INTEG RATION 

LI FE SUPPORT­
PROTECTIVE 
SYSTEMS 

FIGU RE 8-1Z.-Program requirement. 

We are sponsoring advanced life support sys­
tems beyond the Apollo system. Fo~ example, 
work is underway on a completely mtegrated 
five-man 30-to-60-day life support system, 
which i~cludes atmospheric control (super­
oxide), water, food, and waste mana~em~nt. 
We will soon commence the design, fabrIcatIOn, 
and test of a prototype 6-month life support 
system for four men. A study now in progr~ 
will deterIl1ine the requirements for a I-year hfe 
support system. . 

OtQer studies are aimed at understandmg the 
invol~ement of the pilot in planetary missions. 
One such task involves piloted simulations and 
flight tests to determine the proper function of 
the human operator within a planetary atmos­
phere, the characteristics to be bu~lt into the 
vehicle and its systems for optImum per­
formance and reliability, and the requirements 
for applicable research and training simulators. 
Still another study uses simulation techniques 
to determine the role of the pilot in the rendez­
vous of spacecraft. 

Space research remains intimately concerned 
with basic research and with applied mathe­
matics. For example, the mathematical 
fOrIl1ulation of the laws governing physical 
processes is a prerequisite for systematic and 
rapid progress. Hence, it is necessaI?' ~ intro­
duce mathematical methods and pr mClples at 
an early stage in physical investigations. Many 
of the modern problems cannot he solved at all 
without mathematical approaches and especially 
without the use of high-speed computing ma­
chines. But on the other hand, we do not , . . 
always need complex computers to obtam m-
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formation from mathematical deductions which 
give our thinking a new twist. 

Despite the pioneer efforts of Samuel P. Lang­
ley and the Wright brothers, the European 
cow1tries forged ahead in the development of 
aircraft design and technology prior to vVorld 
War I . To deal with this deficiency, we estab­
lished in 1915 the National Advisory Committee 
for Aeronautics (NACA), the predecessor of 
the National Aeronautics and Space Admin­
istration (NASA), with a $5,000 annual budget 
attached as a rider to the Naval Appropriations 
Actofthatyear. TheNACA was charged with 
the conduct of research to advance aeronautics. 
We can say that this was one of our country's 
first steps into so-called big science. 

In the early years of this century, another 
American, Robert H. Goddard, carried forward 
the pioneer work in the development of the 
rocket and demonstrated that a rocket, carrying 
its own oxygen supply, could provide thrust in a 
vacuum. But again it was European countries, 
Germany and the Soviet Union, which built the 
first hardware capitalizing on this principle for 
military purposes. 

These and other examples have demonstrated 
that our country cannot afford to lag in the ad­
vancement of human knowledge. Clearly a na-
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tion with the responsibilities of ours in today's 
world must continue to pursue knowledge to 
provide assurance that it will fulfill its responsi­
bilities. As the realization of this truth has 
grown since World War II, the participation 
of the National Government in research and 
development has expanded 111 geometric 
progression. 

The 1ate Charles Wilson once said research is 
what you do when you don't know what you are 
doing. There is, of course, a certain element of 
truth here, but more important it is a reminder 
that the most significant results often come from 
expenditures of human energy toward goals 
which may seem impractical. Charles H. 
Towne has pointed out that the ancient J apa­
nese scholar Takawan has given modern tech­
nology some useful advice; "When your oppo­
nent is at the point of striking you, let your 
mind be fixed on his sword and you are no 
longer free to master your .movements, for you 
are controlled by him." A complete absorption 
of our energies and resources on the obvious 
next step in a technology may very well not 
be the wisest course of action. Thus, research 
would playa prominent role in our thrust for 
preeminence in space. 
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~ Applications Satellites-Communications 

and Weather 

Unmanned satellites are already being em­
ployed experimentally for transoceanic commu­
nications and television, and for weather ob­
servation and weather forecasting. This pres­
entation will try to give a better understanding 
of what has been and is being done in these 
areas, what we hope to do in the future, and 
where individuals and organizations might fit 
into this program. 

The NASA Office of Applications program 
(fig. 9-1) is devoted to Communications Sys­
tems, Meteorological Systems, and Future Ap­
plications of satellites. 

,,;/ 

COMMUNICATIONS 
SYSTEMS 

• ECHO I 
• ECHO II 
-rElAY 
• SYNCOM 
-lELSTA. \ 
>ADVANCED SYSlEMS 

FUTURE SATELLITE . 
APPLICA liONS 

·NAVIGAnON 
• DATA COLUCTlON 

~" 

:",~;,I 
. • ~~ETEOROLOGICAL .. " . SYSTEMS 

, -nllOS 
'. -NIMBUS 

-ADVANCED 

~ - .~~=NG ROCKOS ,. , 

FIGURE 9-1.-0ffice of Applications programs. 

COMMUNICATIONS SATELLITES 

The dramatic demonstrations of transatlantic 
television which have taken place via Telstar 
and Relay during the past year have proved 
conclusively that satellites are capable of pro­
viding excellent intercontinental communica­
tions. There is little doubt that their capa-
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bilities will be needed, in addition to the more 
conventional but limited-capacity overseas com­
munications facilities we have now. During 
1960 there were almost 4 million overseas tele­
phone calls, and reliable estimates indicate a 
fivefold increase in overseas calling during the 
next decade. Such an increase in traffic will 
overtax the current .and planned undersea 
cables, and high-frequency radio facilities, espe­
cially if one postulates substantial television 
transmission requirements in addition to voice 
and data communications. Communications 
satellites may well be the only way in which to 
provide high quality communications to remote, 
less-developed areas. 

Burgeoning telephone and television traffic re­
quirements on overland routes have been met 
through the use of microwave repeater systems, 
notably the American Telephone & Telegraph 
Company "TD- 2" system whose towers are now 
a familiar sight throughout the United States. 
Microwaves, however, travel only in a straight 
line, and repeaters must be spaced at intervals 
of 20 to 30 miles. It is logical to extend this in­
terval by increasing the height of the repeat­
ers-but one soon runs into impractical tower 
heights. If we can place a repeater in a satel­
lite thousands of miles above the Earth, the 
horizons as seen from the satellite can span 
whole continents and oceans. 

The communications satellite era began in 
1958, when the Project Score satellite trans­
mitted to the world the famous Christmas mes­
sage from the President. In 1960 NASA 

Preceding page blank 
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launched Echo I, the first passive communica­
tions satellite, n,nd the Department of Defense 
lalUlched Courier, a "delayed repeater" satellite, 
Telstar "as orbited in July 1962, Relay in De­
cember 1962, and Syncom in February 1963. 
Another Telstar ,,-as launched on May 7, and 
another Relay and an additional Syncom are 
scheduled for launching before the end of 1963. 

The development and full exploitation of the 
possibilities of communications satellite systems 
are immensely important to the J ation's econ­
omy and to its prestige. The need for the 
capabilit.y afforded by satellites is urgent, and 
there is general agreement among all concerned 
to proceed with their development as rapidly 
n,s possible. This attitude was voiced by Pres­
ident Kennedy in a public statement last year 
in which he said, "There is no more importan't 
field at the present time than communications, 
and we must grasp the n,dvantages presented to 
us by the communications satellite to use this 
medium wisely and effectively to insure greater 
understanding among the peoples of the world." 

In keeping with these objectives, the Com­
munications Satellite Act of 1962 authorized 
the creation of a private corporation, subject to 
appropriate governmental regulation, to plan, 
construct, and operate a commercial communi­
cations satellite system. The Communications 
Satellite Corporation is now being organized 
under the provisions of this legislation. 

The objectives of the JASA communications 
satellite program are to: 

(1) Insure that the technology required for 
the establishment of operational systems be­
comes available at the earliest possible date, in 
concert with the Corporation and the Depart­
ment of Defense; 

(2) Study and technically assess the appli­
cability of communications satellites for other 
than common carrier utilization; 

(3) Insure that the technical possibilities are 
clearly established for the full exploitation of 
the potential of satellites to meet communica­
tions requirements of the future; and 

( 4) Meet NASA's responsibilities as out­
lined in the Communications Satellite Act of 
1962. 

To achieve our objectives involves, broadly, 
investigation and exploitation of three basic 
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techniques applicable to operational communi­
cations satellite systems. These are: 

(1) Active satellites in low and medium al­
titude orbits; 

(2) Active satellites in 24-hour synchronous 
orbits; and 

(3) Passive reflector satellites in low orbits. 
Our earliest experience was with Echo I, the 

passive reflector satellites, a IOO-foot metallized 
balloon which is in effect a radio mirror. 
Many successful transcontinental and trans­
oceanic experiments and demonstrations were 
conducted with Echo I-but passive satellites 
merely reflect signals, they do not amplify them, 
so the reflecting area of the satellite must be 
large and the ground stations must be large and 
complex. On the other hand, the active com­
munications satellite holds great promise for 
the future, and this is the area in which we are 
expending our greatest effort. The active sat­
ellite carries receivers and transmitters for am­
plifying and retransmitting the received sig­
nals, and it has other electronic equipment for 
control, telemetry, and power . . Because it is a 
powered, amplifying repeater, the active com­
munications satellite can be quite small and it is 
possible to use less sensitive ground receiving 
equipment and less powerful ground transmit­
ting equipment than are needed for passive 
satellites. 

Figure 9-2 shows in schematic form the two 
major orbital altitudes of interest for active 

FIGURE 9-2.-Active communications satellite systems. 

communications satellite systems. The low and 
intermediate altitude systems are shown as a 
number of satellites in relatively close proxim­
ity to the surface of the Earth, and the syn-
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chronous or stationary-orbit satellites are shown 
in equatorial orbit at an altitude of 22,300 miles. 
The 22,300-mile satellite is called a synchronous 
or stationary satellite because at this altitude 
the satellite completes one revolution around the 
Earth every 24 hours, and if it is in an equa­
torial orbit it will appear stationary to an ob­
server on the Earth. The advantages of the 
synchronous orbit are at least in part associated 
with the fact that only three operable satellites 
are theoretically needed to provide almost com~ 
plete coverage of the whole world. At the low 
or intermediate altitudes a large number of 
satellites are required. A typical analysis 
shows that a minimum of 40 satellites will be 
required to provide essentially continuous 
worldwide coverage. 

Relay and Telstar are experimental satellites 
of the intermediate-altitude type, but they are 
quite different in detail. Power ratings of the 
transmitters as well as the number of trans­
ponders or repeaters available are different in 
t he two satellites. The mechanical structure is 
quite different. The operating frequencies are 
also different so that we can examine the effects 
on transmission of operations in more than one 
frequency band. 

Telstar, shown in figure 9-3, is a cooperative 
project between NASA and AT&T. The first 
Telstar was launched July 10, 1962, and its ac­
complishments have been well publicized. The 
second Telstar differs from the first in that some 
of its electronics have been redesigned for 
greater resistance to radiation damage; its in­
strumentation and telemetry system has been 
expanded and changed; and its orbit will have 
a higher maximum altitude, which will reduce 
its exposure to high intensity radiation and at 
the same time increase the length of mutual visi­
bility periods with Europe. 

Figure 9-4 is a picture of the Relay space­
craft. It weighs about 175 pounds, is 33 inches 
high, and has a maximum breadth of 29 inches. 
The ringlike extension from one end is the an­
tenna structure which handles b·oth transmis­
sion and reception of communication signals. 
The eight sides of the satellite contain more than 
8,000 solar cells. The whiplike antennas at the 
broad end of the satellite are part of the systems 
for turning Relay experiments on and off, and 
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for acquiring and sending to Earth data on 
component behavior and on radiation in space. 

Figure 9-5 shows the stations cooperating in 
the Relay experiments. The broad internation­
al interest in communications satellites is illus-

FIGURE 9--3.-Telstar spacecraft. 

FIGURE 9--4.-Relay spacecraft. 

- ----- ----_._ -
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trated by the extent to which other countries are 
willing to fund ground facilities for experi­
mental purposes. The stations in the United 
States, England, Brazil, France, and Italy are 
operational. The station in Germany should 
be operating by the end of this year, and that 
in Japan will be in operation in 1964. 

FIGURE 9-5.-Relay satellite ground stations. 

Several other countries have indicated interest 
in providing ground stations for communica­
tions satellites, including the Scandinavian 
countries, Canada, and India. 

Both Relay and Telstar were highly instru­
mented to measure the effects of the space en­
vironment, particularly radiation, on the com­
ponents of the statellites. 

The economics of operational communica­
tions satellite systems depends heavily on the 
useful life of each satellite in orbit, and the life­
time of an active satellite depends on the be­
havior of a large number of electronic com­
ponents in the spacecraft. The difficulties we 
presently have in achieving reasonably long life 
with complex satellites are illustrated by the 
outages experienced with both Telstar and Re­
lay. These satellites were given all the possible 
care that one could conceive of in their design 
and construction. Telstar was designed to have 
a usable life of at least 2 years, but failed to 
obey commands transmitted from the ground 
controller after only a few months. With the 
use of specially designed ground commands, 
Bell Telephone Laboratories engineers were 
able to cause Telstar to respond to its commands 
again for a time, but unfortunately the trouble 
has again occurred, and Telstar is now silent. 
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In Relay we found that after a very successful 
launching the power supply voltage dropped 
unexpectedly. This, it was later determined, 
" 'as due to leakage in one of the voltage regu­
lators. Fortunately, two completely independ­
ent repeaters are carried in Relay. ",Vhen the 
leak reduced itself with time, we were able to 
turn on the second transponder and it per­
formed well. Relay has been in use since early 
January 1963 and is still in use. Numerous en­
gineering tests and demonstrations have been 
performed using this satellite. 

Figure 9-6 emphasizes how thoroughly three 
synchronous satellites in the Earth's equatorial 

FIGURE 9-6.-Synchronous-satellite Earth coverage. 

plane can cover the Earth's surface from the 
22,300-mile orbit. Each shaded secti.on indi­
cates the area of visibility for a single syn­
chronous satellite. One satellite can cover 
South America, the east coast of the United 
States, and major portions of western Europe 
and Africa. Another one can tie Europe to the 
Far East and a third one stationed above the 
Pacific can tie the western United States to 
Japan and Australia. 

NASA has established Project Syncom as a 
first step toward providing experience in the 
synchronous orbit. Figure 9-7 is a photograph 
of Syncom. A distinguishing feature of Syn­
com is the fact that it carries within it a rocket 
stage. This rocket is required in addition to 
the capabilities of the launching vehicle to place 
the 75-pound spacecraft in a near synchronous 
orbit. Syncom also carries a gas jet system to 
orient the satellite in the proper direction with 
respect to the Earth, and to maintai.n the satel­
lite's relatively stationary position above the 
Earth. The added complexity of the synchro-
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nous satellite over that of the intermediate alti­
tude satellites is illustrated by the fact that all 
of these subsystems must work in order to com­
plete the Syncom mission successfully. 

FIGURE 9-7.-Syncom spacecraft. 

For Syncom, we are l1).aking use of ground 
stations developed by the Department of De­
fense for their programs, as shown in figure 
9-8. The DOD fixed station at Fort Dix, New 
Jersey (lower left), adapted for use with Syn­
com, provides a communications backup for the 
Lakehurst station. The VENE King8port, sta­
tioned in the Harbor of Lagos, Nigeria, per­
forms the initial tracking and control of the 
Syncom satellite, and would conduct communi­
cations experiments with Lakehurst or Fort 
Dix. 

The first Syncom was launched from Cape 
Canaveral on February 14, 1963. The launch 
was near perfect, and the satellite was injected 
into an elliptical orbit, the peak altitude of 
which would be about 22,300 miles. At that 
point the onboard rocket stage would be fired, 
adding enough velocity to keep the satellite at 
the synchronous altitude. During the 5 hours 
it took for Syncom to reach the 22,300-mile alti-
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tude, the communications equipment was 
checked out with satisfactory results. Approx­
imately 20 seconds after the onboard rocket was 
fired, however, all signals from the spacecraft 
ceased, and Syncom has been silent since then. 
It has been established through telescopic ob­
servations that Syncom I is indeed in an orbit 
with a period of approximately 23 hours and 
45 minutes. Thus, for the first time, a satellite 
has been placed into a nearly synchronous or­
bit. Analysis of the data is still continuing to 
determine the cause of the failure, so that reme­
dial measures may be taken prior to a second 
launching. 

FIGURE 9-8.-Syncom ground stations. 

The Syncom project will continue through 
this coming year. As a follow-on to Syncom, 
NASA has initiated studies on an advanced 
synchronous communications satellite. This 
satellite will be appreciably larger and heavier, 
and will require an Atlas-Agena booster vehicle 
for launch rather than the Thor-Delta used in 
the Syncom project. One of the major changes 
which we hope to introduce in the advanced 
synchronous satellite is the inclusion of a tech­
nique for continuously directing the radiated 
energy from the satellite to the Earth. The 
present Syncom satellite (fig. 9-9) is spin­
stabilized, and its antenna accordingly must 
radiate uniformly in all directions about the 
satellite, so that no matter what the rotational 
position of the satellite is, some of the radiated 
energy will hit the Earth. This is illustrated 
on the left side of figure 9-9. However, as the 
satellite gets larger and more weight becomes 
available for us to work with, it is possible to 
include a contrarotating antenna whose radia-
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tion pattern is such that all its radiated energy 
is directed to the Earth, as shown on the right 
side of figure 9-9. As soon as the preliminary 
studies are completed, we will initiate the de­
velopment of the advanced synchronous satel­
lite. This should be well wlderway in fiscal 
year 1964. Such a spacecraft may be of con­
siderable interest in areas other than communi­
cations satellites; this configuration is being 
studied for possible application to the station­
ary meteorological satellite requirements. 

One other item of ,interest among many that 
will represent the changes between Syncom and 
the advanced synchronous satellite is the in­
clusion of what we designate as multiple access 
capability. By this we mean the ability for a 
fairly large number of independent ground sta­
tions to use the satellite simultaneously as a 
relay point without mutual interference, as is 
shown in figure 9-10. The experimental 
active repeater satellites with which we have 
been working to date include Telstar, Relay, 
and Syncom; these are all essentially two-party 
communications systems. A multiple access 
capability would make possible the participa­
tion of a larger number of stations in a 'single 
operational communications satellite system. 

Although we are concentnl~~ing our efforts on 
active satellites, we are ~still exploring the po-

tentialities of passive reflector satellites. The 
100-foot metallized plastic balloon, Echo I, 
which was launched in 1960 is still a worldwide 
object of interest, as it is the only artificial satel­
lite visible to the unaided eye. 

",Ve have been developing a larger passive re­
flector satellite, called Echo II, which is 135 
feet in diameter and is made of a heavier, stiffer 
material so that it will retain its shape and its 
reflecting capability even after the inflating gas 
has escaped. Two space tests of the Echo II 
structure were conducted in 1962. These were 
vertical shots from Cape Canaveral in which the 
satellite inflation process was tested above the 
Earth's atmosphere. In the first of these, the 
balloon burst; in the second, the balloon inflated 
in an essentially satisfactory manner. 

We hope to place an Echo II satellite in orbit 
late in 1963 and to use it in the communications 
tests recently agreed to jointly by the United 
States and the U.S.S.R. 

The question has been asked, "\Vhy continue 
at all with passive satellites, when they require 
ground installations larger and more complex 
than those required for an equivalent traffic 
capability using active repeater satellites~" 
Two of the reasons for continuing are that the 
passive reflector satellite is one relatively easy 
solution to the multiple access problem-any 

FIGURE 9-9.-Synchronous satellite projects. 
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FIGURE 9--10.-Multiple-access communications satel­
lite. 

number of stations may use the reflector simul­
taneously-and the reliability of a passive re­
flector satellite is inherently good because it has 
no electronics to fail. 

The experimental flight programs described 
have demonstrated the technical feasibility of 
employing satellites for intercontinental com­
munications. However, this is not the only 
objective of our communications satellite pro­
gram. Not only do the currently available 
systems have many technical shortcomings, but 
there are other potential uses for communica­
tions satellites which have not begun to be ex­
plored. Examples of such areas include use of 
higher frequencies to extend the frontiers of the 
'Useful frequency spectrum and to minimize in­
terference problems; investigation of high­
powered satellites which would permit use of 
very small ground facilities which might be car­
ried on ships, emergency mobile land units, and 
aircraft (this capability could result in an ap­
plication of communications satellites to air and 
sea traffic control procedures); incorporation 
into stationary communications satellites of ad­
ditional equipment to provide for other obser­
vations in the national interest such as scientific 
experiments or meteorological sensors; and in­
vestigation of high-powered broadcasting satel­
lites which could broadcast radio or television 
programs directly to all the home receivers in a 
very large area on the Earth. 

Toward these ends, NASA conducts an ex­
tensive program of supporting research and ad­
vanced technical development, and here is where 
the resources, imagination, and talents of 
private industry and universities Can be applied. 
to good advan~age. 
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The general objective of this supporting re­
Search and development program is to provide 
the foundation for new systems having sub­
stantially greater capabilities than those now 
attainable. 

We will aim for intermediate-altitude active 
repeater satellites with increased communica­
tions capabilities, multiple access, a passive or 
semipassive control system for orienting the 
satellite toward the Earth, and other improve­
ments. 

In the area of synchronous satellites, we hope 
to achieve greater orbital stability, antennas 
with greater directivity, multiple access, longer 
orbital lifetimes, improved systems for station­
keeping and attitude control, and systems pro­
viding more onboard power for the satellite 
electronics. 

For passive reflector satellites, we plan re­
search and development of shapes and struc­
tures having substantially greater radio reflec­
tivity for a given size, and having less weight 
per unit area, than the current passive reflectors. 

This supporting research and technology 
program will not necessarily result in flight pro­
grams of complete spacecraft. It will consist 
of studjes and investigations of components 
and techniques--antennas, transmitters, receiv­
ers, power supplies, new modulation schemes, 
and new and better techniques for maintaining 
satellites in a predetermined position relative to 
the Earth. Last, but by no means least, will 'be 
efforts to improve the reliability and thus the 
useful lifetime of satellite systems. Individual 
components must have extremely long life; sub­
systems must be as simple and straightforward 
as possible, consistent with the function to be 
performed; and systems must be analyzed and 
designed to minimize the consequences of a 
failure when one does occur. 

These programs are discussed in more detail 
as follows: 

METEOROLOGICAL SATELLITES 

A summary of our objectives is given as 
follows: 

(1) Develop an operational meteorological 
satellite system 

(2) Develop and apply space technology to 
satisfy meteorological observational re­
quirements 
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(3) Develop meteorological satellite and 
sounding rocket systems 

(4) Maintain a continuing program of modi­
fication and improvement. 

'Ve are currently engaged, together with the 
U.S. 'Weather Bureau, in the development of an 
operational meteorological satellite system. 
This system is to be used by the Weather Bureau 
in the fulfillment of its service responsibilities. 
Our objective is to develop various aspects of 
space technology and integrate this technology 
into appropriate systems which will provide the 
meteorological observations required by both 
the operational and the research meteorologists. 
In more specific terms, our objective is the de­
velopment of meteorological satellite and sound­
ing rocket systems. Finally, it is our objective 
to maintain a continuing program for modify­
i.ng and improving the developed systems. 

FIGURE 9-11.-Meteorological systems program. 

The hardware elements of our flight program 
are ilustrated in figure 9-11. In the lower left 
corner is a representation of the small and large 
sounding rockets which are used; then Tiros, 
the spin-stabilized satellite which has demon­
strated the capabilities of satellite technology in 
meteorological flight systems, and Nimbus, 
which incorporates as many as possible of the 
techniques now available to us to improve the 
quality of the satellite systems, are shown. In 
the upper right is a synchronous satellite orbit­
ing at an altitude of 23,300 miles. Such a space­
craft, now under study, should make it possible 
to observe the weather conditions continuously 
over a selected segment of the Earth's surface. 

These programs are discussed in more detail 
as follows: 
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Table 9-1 shows some of the characteristics of 
the six Tiros satellites that we have already 
launched successfully. Tiros V, now operating 
on one camera, hr s been providing usable data 
for more than 10 months. Tiros VI, also oper­
ating with one camera, has completed over 7 
months of successful functioning. Tiros has 
severe limitations from the point of view of 
data coverage. Briefly, they are that, as shown 
on the left side of figure 9-12, since Tiros is 
space oriented it does not see the Earth eontin­
uously, and it is also limited in coverage by the 
angle of its orbital inclination. On the other 
hand, Nimbus will give more extensive coverage 
for, as shown on the right side of the figure, it 
is Earth oriented and in a near-polar orbit. 

TABLE 9-I.-Tiros Satellites 

Useful life, Incli-
Satellite Launch date months nation, 

deg 

Tiros L ___ Apr. 1, 1960 2~ ________ 48 
Tiros II ___ Nov. 23, 1960 10 ________ 48 
Tiros IIL_ July 12, 1961 4~ ________ 48 
Tiros IV __ _ Feb. 8, 1962 4~ ____ ____ 48 
Tiros V ____ June 19, 1962 Still oper- 58 

ating. 
Tiros VL __ Sept. 18, 1962 Still oper- 58 

ating. 

Table 9-II is a compilation of some of the 
operational support that Tiros has given. This 
type of support has, of course, proved extremely 
valuable to the Weather Bureau and the DOD 

FIGURE 9-12.-Meteorological satellite development. 
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in their day-to-day operation. Tiros has also 
provided a wealth of very useful data to re­
search meteorologists, both within the govern­
ment and at various universities and research 
institutes. 

TABLE 9-II.-Tiros Satellites-Opm'ational 
Support Aspects 

[All numbers shown are as of Feb. 28, 1963] 
Usable pictures ____________________________ 168,148 
Cloud cover analyses_______________________ 5,048 
Special storm advisories____________________ 712 
'Veather analyses improvements_____________ 300 
Hurricanes observed and tracked______ ______ 10 
Typhoons observed and tracked_____________ 21 

The Tiros project is on schedule in all of its 
phases. We now have relative freedom to 
schedule the next few launches, not on the basis 
of spacecraft availability, but on the basis of the 
most favorable time with regard to meteorolog­
ical coverage. The present NASA program 
calls for five additional Tiros launches. In 
order to insure the availability of operational 
data until the next family of satellites--Nim­
bus--is able to provide observations on a regu­
lar basis, the Weather Bureau has scheduled 
two additional launches in the. Tiros series. 
These are referred to as the "operational" Tiros 
satellites. In view of the continuing excellent 
performance of Tiros V and VI, our original 
launch date for the next Tiros has ·been inten­
tionally delayed twice. While Tiros V and VI 
are providing data in one part of the globe, the 
next satellite will provide data in another. This 
additional coverage will increase the frequency 
of observation over the South Atlantic during 
the hu~ricane season and thus assist in main­
taining a continuous vigil over the area where 
these severe storms are born. 

As was the case with all the previous R&D 
Tiros satellites, the planned additional five 
Tiros satellites will be able to provide data for 
operational use in current analysis and fore­
casting while at the same time executing their 
R&D missions. Some of these missions are 
listed as follows: 

(1) 15-micron radiometer to assist in de­
velopment of Nimbus horizon scanner 

(2) Automatic picture transmission for test 
purposes 

--------
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(3) To provide TV and IR data in polar lati­
tudes 

( 4) Carby heel configuration 
(5) Will view disk of the Earth from an ec­

centric 300- to 3,000-mile orbit 
< 6) May view disk of the Earth from an 

apogee of 22,300 miles. 
As stated, one of these Tiros satellites is eK­

pected to flight test the Automatic Picture 
Transmission System (fig. 9-13). This APT 

FIGURE 9-13.-Automatic picture transmission (APT). 

system is designed to transmit continuously pic­
tures of local cloud conditions to weather sta­
tions near the track of the satellite. Wea.ther 
satellite cloud pictures are usually transmitted 
to elaborate Command and Data Acquisition 
stations at a relatively rapid rate. This re­
quires the use of wide radio bandwidths and 
large antennas. In the APT system w~ use 
slow transmission rates and thus permit the use 
of small bandwidths and a relatively small an­
tenna. The picture is snapped in a fraction of 
a second. The rest of the 3-minute cycle time 
is used to slowly scan the picture electronically 
and transmit it to the ground station. At the 
ground station, the console is used to point the 
antenna towards the satellite; to receive the 
picture; and to display it on a facsimile re­
corder. Each picture will cover an area a bit 
larger than the Tiros pictures. The ground 
equipment costs less than $50,000 per set and so 
will ultimately permit use by many major U.S. 
and foreign weather stations. 

The Automatic Picture Transmission System 
was designed for the Nimbus satellite, but a 
flight test on Tiros will permit checkout of the 
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system using a number of ground stations. 
·When used later with Nimbus, APT will enable 
ground stations to obtain direct cloud cover 
pictures of their local area. 

The Nimbus satellite is shown in figure 9-14. 
In Nimbus we are doing much more than 
merely improving the sensors. In essence, 
Nimbus represents a major step forward over 
Til'oS in these five elements: 

(1) Orientation.-Only during a very small 
portion of its orbit does Tiros look straight 
down. The oblique angle of the majority of 
pictures causes difficulty in rectifying the pic­
tures and in interpreting the cloud patterns due 
to the changing scale. Nimbus will view the 
Earth vertically during its entire lifetime. 

(2) Ooverage.-Tiros provides somewhere 
between 10 and 25 percent of the global cloud 
cover per day. Meterological requirements are 
for total global observations. Nimbus is to be 
launched in a near polar orbit and is to view 
every portion of the Earth every day. 

(3) Direct local readout.-The automatic 
picture transmission subsystem developed for 
Nimbus has already been discussed. Eventual­
ly, this system may represent one of the great­
est contributions of the meteorological satellite 
program to local forecasting. 

(4) Lifetime.-An operational system must 
have a reasonably long life. The Tiros life­
time was estimated to be about 3 months. In 
general, we have exceeded this. An operational 
system should have a lifetime of at least 6 
months and eventually 1 year or more. In ad-

FIGURE 9-14.-Nimbus spacecraft. 
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dition to carefully engineered systems and re­
lia;ble quality control in manufacturing, design 
redundance plays a major role in achieving 
useful long life. Due to weight limitations 
imposed on it, the first Nimbus will be launched 
without this redundancy. However, the future 
developed operational spacecraft will include 
redundant systems. 

(5) Growth PotentiaJ.-One of the more im­
portant elements of Nimbus is its potential for 
growth. Cloud pictures and the infrared radi­
ation measurements satisfy the operational 
meteorological requirements only in part. 
Other requirements for operational systems in­
clude the need for instrumentation to provide 
many more kinds of observations. Thus, it is 
important that a meteorological satellite have 
the flexibility to accept without too much diffi­
culty new instruments when developed. Nim­
bus is designed to do just that. 

Each one of these five elements represents a 
major advance over Tiros. Nimbus, including 
all these, represents an extremely large step for­
ward beyond the Tiros capability. 

The prototypes of the various subsystems have 
been tested successfully. It remains now to 
combine the developed Nimbus subsystems and 
to check them out together as operating proto­
type and flight system. When the spacecraft 
passes the testing procedures, we will be ready 
to launch Nimbus and we estimate this to be 
before the end of this year. 

The data acquisition hardware development 
has also been moving forward. Figure 9-15 is 
a photograph of the Command and Data Ac­
quisition Station in Fairbanks, Alaska. An 

FIGl'R~: 9-15.-Command and Data Acquisition Station, 
Fairbanks, Alaska. 

I __ J 
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agreement has been signed with the Canadian 
government for the establishment of a similar 
antenna installation in the northern part of 
Nova Scotia. The combination of the Alaskan 
and Nova Scotian stations will give us cover­
age of practically every orbit of Nimbus. One 
antenna also backs up the other antenna to a 
sufficient extent to maintain reasonable service, 
should one station be temporarily inoperative. 

Sounding Rockets 

We are also concerned with the development 
of sounding rockets for the exploration and 
measurement of the atmosphere in the region 
accessible to neither satellites nor balloon-borne 
instruments. 

Experimental sowlding rockets as applied to 
the region of 20 to 40 miles have revealed the 
potential value of systematic study of this at­
mospheric region by means of a network of 
sounding rockets. Weare engaged in develop­
ing a small meteorological rocket souriding sys­
tem for this purpose. 

The development requirements for the system 
are rather stringent. The motor must be reli­
able. It must be launched at a specific time 
under a variety of adverse weather conditions 
and its flight path must be reliably predicted; 
that is, there must be a small impact area. The 
wind sensor should accurately respond to the 
vertical variations of the wind rather than have 
an integrated response over a large vertical in­
terval. The sensors of temperature, density, 
and/or pressure should provide accurate and as 
direct as possible measurements of ambient at­
mospheric conditions with minimum reaction to 
outside influences. 

To permit use in a network, the data acquisi­
tion component should be a self-sufficient unit 
independent of the present range support re­
quired. The data reduction components of the 
system should permit rapid conversion of the 
telemetry records into the necessary meteorolog­
ical units to allow quick dissemination of the 
data for analysis and utilization. 

Our work with large sounding rocket systems 
involves techniques which extend our knowl­
edge of the atmosphere to altitudes up to about 
100 miles. The experiments are distributed 
throughout the seasons of the year, and at sev­
eral locations to sample the geographical and 
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seasonal variations of the atmospheric structure. 
In this large sounding rocket a.rea, Meteor­

ological Systems works closely with NASA's 
Office of Space Sciences, since many of the ex­
periments provide atmospheric measurements 
required by research and applications groups in 
both meteorology and aeronomy. 

Supporting Research and T echnolosy 

Accomplishments in supporting research and 
technology provide improvements for current 
projects and the technical foundation for future 
progress. Three areas are illustrative of what 
is being done (fig. 9-16). 

SYNCHRONOUS METEOROLOGICAL SATEllITE 

STUDIES OF 'ROILEMS INVOLVED 

DEVElOPMENT Of A CA'"lllITY 
TO PROVIDE DATA FOR 
TRACKING SHORT LIVED 
STORMS - -.... -~ -UJOQ .. uu 

DIELECTRIC TAPE CAMEltA 

PHOTO IMAGE IS PUT DluelL Y 

ON DIEUCIIIC '''PI 

INFRARED RADIOMETER CAlIlRATIONS 

COM'AIf RESPONSES OF NEW IADIOMEIUS 

WitH THOs( OF KNOWN (H"RAcn'ISTICS 

PRIOR TO SATElLITE fliGHT 

FIGURE 9--16.-Meteorological systems---supporting re­
search and technology. 

The first item in the figure indicates our con­
tinuing effort toward a system capability for 
continuous monitoring of atmospheric events 
particularly for the tracking of short-lived 
storms. During the current fiscal year, contract 
and in-house activities are being conducted to 
uncover and evaluate the problems associated 
with the subsystem developments required to 
provide this kind of a capability. The results 
of these studies will be applied in the initiation 
of the development of preprototype hardware 
requiring long lead times. 

A second item is the dielectric (or electro­
static) tape system development. The dielec­
tric tape camera is a technique whereby the 
image which is normally formed in the TV cam­
era of our meteorological satellites is formed not 
on a fixed screen within a vacuum tube, but on 
a piece of plastic tape which has been appropri­
ately coated to be photoresponsive. This is in 
contrast to the TV camera unit where we would 

~---- --- .. -- --
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normally scan the TV image and store the elec­
trical signals on a magnetic tape recorder which 
would then be read back. Two cooperating sys­
tems would be needed to achieve the same objec­
tive that the dielectric tape can handle in one 
step. ,iVith this system we hope to be able to 
improve the performance of future meteorologi­
cal satellites by reducing their complexity and 
weight. 

The third supporting research item is the 
work we carryon in calibrating and improving 
our infrared sensors. Infrared detector sys­
tems record data such as the temperatures of 
the clouds and the ground cover as they come 
into view beneath the satellite. 

FUTURE APPLICATIONS SATELLITES 

Communications and meteorology are the 
first, but certain1y not the only, applications for 
unmanned satellites. nder the heading of Fu­
ture Applications, we are concentrating our at­
tention in two other areas-navigation satellite 
systems and data collection satellite systems. 

In navigation, we have signed an agreement 
with DOD assigning to ASA the responsibil­
ity for determining the suitability of the 
Transit navigation satellite system for non­
military use. Figure 9-17 illustrates the opera­
tion of Project Transit. The satellite is tracked 
from the Earth, and the tracking data are sent 
to a computing center, where orbital parameters 
are determined and sent back to the satellite. 
The ship at sea receives position and orbital in­
formation from the satellite, and from these 
data the position of the ship can be determined 
by simple onboard computations. 

FIGURE 9-17.-Project Transi t. 
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The NASA-DOD agreement involves testing 
of equipment provided by the Navy, and such 
further development of receiving and comput­
ing equipment as is justified. In order to pro­
vide a yardstick for these tests, we have been 
conducting a study to establish navigation re­
quirements of nonmilitary ships and aircraft. 
We are finding that one all-weather navigation 
system providing worldwide coverage would 
be desirable, but that to have wide acceptance it 
" 'ould have to be moderate in cost of user equip­
ment, easy to operate with minimum training 
of personnel already available, be capable of 
meeting the needs of a wide variety of users, 
both at sea and in the air, and have a long useful 
life. 

,Ve shall shortly begin a study to select the 
best of several possible techniques, define the 
system, and determine the data handling 
requirements of such a system. If the results 
of this study are favorable, we plan to proceed 
with a design study on such a system. 

We are also investigating the possible appli­
cation of a satellite system to collecting data 
from automatic unmanned observation stations, 
particularly in remote or otherwise inaccessible 
areas, which measure and record meteorological 
data, oceanographic data, magnetic data, and 
the like. Usefulness of the data gathered at 
these stations is limited by the inability to "col­
lect" the information, by radio or other means, 
except at infrequent intervals. Use of satel­
lites for collecting data from these stations 
would offer the advantages of worldwide cov­
el'age, timeliness of data, synoptic information, 
station failure notification, recovery of data 
before loss of a station, and economy. 

We have had informal discussions with sev­
eral oceanographic and meteorological activi­
ties, and have recently begun a study to define 
the requirements in detail. In coordination 
with this study, a second study will be initiated 
soon to define the system and determine the 
data handling requirements. 

Figure 9-18 illustrates one concept of such a 
system, involving interrogation by one or more 
satellites of transponders within the Earth's 
atmosphere. The system would determine the 
location or identity of each station and collect 
various useful data. The information would 
be stored on magnetic tape in the satellite and 

----- ----------------
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returned to Earth by command from one or 
more data retrieval stations suitably located. 

These studies should be completed before the 
end of 1963. If the results are favorable, a 
design study would follow. 

All in all, the Satellite Applications Program 
ranges over a very broad spectrum of activity. 
'Ve go all the way from investigations of purely 
scientific interest to problems associated with 

commercial communications satellites. It is a 
very challenging area to \york in, and it is most 
satisfying to find that the benefits which are 
accruing to the Nation as a whole from commu­
nications and meteorological satellite develop­
ments are so broadly recognized and ltl'e receiv­
ing so much support and encouragement from 
all who are in contact with these program 
efforts. 

FIGURE 9-18.-Data collection by satellite. 
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Scientific Spacecraft 

This country is busily engaged in a broad 
program to explore the solar system ,,-ith un­
manned instrumented spacecraft. There is 
nothing esoteric about this space sciences pro­
gram _ It is exploration in the mo t understand­
able and romantic sen e_ It makes use of men, 
rockets, and spacecraft. The men remain on 
Earth and reach throughout the solar system 
with their instrument eyes, ears, and hands. 
They reach to spots now inaccessible to man, 
but which some day man himself may visit. 

Exploration of space is one of the most diffi­
cult technological challenges of our day, but 
good men and strong nations thrive on tough 
problems. By successfully meeting thi chal­
lenge, our preeminence a world leaders in sci­
ence and technology can be maintained. The 
space program can be expected to set the pace 
for the technological development of thi coun­
try for the foreseeable future. 

TO segment of our space technology j more 
exciting than the creation of tho e weird and 
'ronderful devices called spa,cecmft. SeYeml 
thousand of this country 's best cientists, en­
gineers, and technicians are hard at \\"ork on 
our Explorers, Monitors, ObservatoriP5, Rang-­
ers, Mariners, and Suneyors. .\ br ief intTo­
duction to these spacecraft and some indica t iOIl 
of our opemting experience ,,-ith them will be 
presented. Much progress ha been made ince 
Explorer I was launched in 19;") but much 
more is needed. 

SPACECRAFT GEOPHYSICS AND ASTRONOMY 

Sillce the preceding paper ha'-e illustrated 
tho e spacecraft which have (lominated the 

--- - ----
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scene during prior years, this paper will review 
those which are now under active development. 

Figure 10-1 illustrates the type of unmanned 
Earth satellite with which we have the most ex­
perience, the Explorers and Monitors. The 
satellites hown are planned for launch this 
year, and one, the Atmospheric Structure atel­
lite, has already been successfully launched. 

POlAR IONOSPHERE \ 

!EACON SATelLITE / \ 

A I'FIXED FREQUENCY 

/ "\ tOPSIDE SOUNDER 

~"''''![ " . 'r~. - I /' 
~, / 

'If/ ~ I 
INTERPLANETARY 

MONITORING SATELLITE _ . ~. ~ ATMOSPHERIC 

-.;Jl. ; _ STRUCTURE SATElUTE 

IU_K _-: 211I11TERNATlOIIAL V t. 
FIGl"RE IO--i.-Planned 1963 launchings of Explorers 

and Monitors. 

The e atellite typically ,yeicrh eyeral hun­
dred pOlll1ds and carry hal r a dm;en inten-elated 
scientific instruments as well a the electronic 
equ ipment to code and transmit informat iOI1 to 
Eart h. Radio receiver are a 1 0 carried to per­
mit the satellites to receiye commands from the 
groulld. The satellites operate on le pm'·er 
than a ;;lIlall elettric light bulb. This po,,-er i 
\l;;ually I!eneratecl by solar cell and batteries. 
~[o.-t Explorers and :\lol1i(ors al"e pin- tabi­
lized: that is, they are intl'lItionaIlYI>1l1l about 
all axis which th~1l remains fixed iJ~ space. _\J­
thollg-h this is the simple;;t of 0111" attitnde-col1-

Preceding page blank 
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trol techniques, it is complicated somewhat by 
the presence of slight forces from the upper at­
mosphere, the EUl'th:s magnetic field, and the 
pressure of sunlight. These and other di tmb­
ances must be understood and accounted for. 

The second generation of Earth atellites be­
yond the e Explorers and Monitors is far more 
complex. These satellites are referred to as Ob­
senatories and, indeed, they are. The Orbiting 
Solar Obsenatory, flown in 1962 and eli cllssed 
in a preceding paper by J olm E. Naugle, was 
our first Ob enatory and ha pro\·en to be 
remarkably successful. 

In 1964, an even more ad'-anced satellite, the 
Orbihng Geophysical Observatory (OGO), 
shown in figure 10-2, \yill be flown. This satel­
lite is designed to obtain simultaneolls measure­
ments of a large number of geophysical and solar 
phenomena. It will provide a better under­
standing of the Earth's environment and the 
Earth-Sun relationships. Twenty correlated 
scientific experiments are now being tested for 
the first OGO mission. The OGO weighs 
slightly over 1,000 pounds including a scientific 
payload of 150 pounds. It is designed to fly 
with complete attitude control maintained by a 
combination of gas jets and inertia wheels. 
This control permits simultaneous pointing of 
selected experiments at and a\yay from the 
Earth, in the direction of flight, and at the Sun. 
The 32,000 power-o-enerating cells mounted on 
the solar panels are also oriented toward the 
Sun. The satellite carries an adnmced hi.gh 
band·width data system capable of stored and 
direct data transmission which \,ill be moni­
tored by a series of ground stations in the J orth­
ern and Southern Hemispheres. As with all of 
our advanced spacecraft, OGO employs an 
actiye mechanical system of temperature con­
trol for its vast amount of electronics. The 
OGO is designed for two types of missions. It 
will be launched with a Thor-Agena into a cir­
cular polar orbit at relatively lo\y altitudes. In 
addition, an Atlas-Agena will be llsed to place 
it into a highly el liptical orbit with apogee 
exceeding 50,000 mi les. 

The largest of our Obsenatories is the Orbit­
ing ~\.stronomical Obsen-atory illustrated in 
figure 10-3. The OAO is a 3,600-pound space­
craft to be launched into It 500-mile circular 
orbit by the Atlas-Agena launch yehicle early 
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in 1965. A number of important experiments 
are being developed for this satellite. They in­
clude four 12-inch telescopes to map the sky in 
ultraviolet; these telescopes are being developed 
by the Smithsonian Astrophysical Observatory. 
Four 8-inch telescopes and one 16-inch tele­
scope are being de\"eloped by the University of 
Wisconsin to study selected bright stars and 
nebulae. A 36-inch Goddard Space Flight 
Center telescope ,,·ill make detailed studies of 
5,000 tars and nebulae. The Goddard system 
is illustrated in figure 10-3. A 32-inch Prince­
ton tele cope is being developed for detailed 
tudies of interstellar matter. 

FIGURE 1<f-2.-0rbiting Geophysical Observatory. 

FIGURE 1<f-3.-0rbiting Astronomical Obsen-atory. 

In order to make full utilization of these ad­
vanced instruments, we are sohing a series of 
very difficult technological problems. These 
include the problem of maintaining a precisely 
alined optical structure after the rigors of 
launch ,md in the heating and cooling conch­
tions which prevail in Earth orbit. In ad­
dition, the attitude-control ystem will have an 

~ --------
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eventual capability of pointing the OAO to an 
accuracy of 1/ 36,000 of a degree. The space­
craft computer and its data-handling system 
represent significant advancements in the state 
of the art. Since Orbiting Astronomical Ob­
senatories will only be launched about once a 
year, great pains are being taken to insure a 
high probability of successful launch and a 
long lifetime orbit. 

The OGO and the OAO will be the backbone 
of our geophysics and astronomy programs for 
many years to come. 

LUNAR AND PLANETARY SPACECRAFT 

In a previous paper, Oran ~T. Nicks illus­
tl'ated the Mariner II and the Ranger space­
craft, both of which have flown. In the next 
two figures second-generation lunar and plane­
tary spacecraft will be illustrated. Shown first 
is the Mariner spacecraft designed to fly to 
Mars in 1964. (See fig . 10-4.) This 570-
pound spacecraft is a growth version of the 
highly successful Mariner II and will also uti­
lize the Atlas-Agena launch vehicle. The 1964 
Mariner will, however, have some important 
innovations. The Mars mission is considerably 
more difficult than the Venus mission in several 
respects. ·Whereas Mariner II had to fly 180 
million miles and 109 days to reach Venus; the 
Mariner will have to fly about 320 million miles 
and 230 days to reach Mars. Longer lifetime 
of all components will be required. To both 
back up and conserve the gas used to control 
the Mariner, stabilizing vanes are being added 
to the tips of the solar panels. These vanes 
use solar pressure for control. At Mars, the 
Mariner will be about 130 million miles from 
the Earth. It will thus have to look at the 
bright star Canopus rather than the dim 
Earth for an attitude reference in addition to 
the Sun. Because available solar energy at 
Mars is one-fifth that at Venus, the solar panels 
will be increased in size and number. Also, the 
increased communication distances require a 
new and more powerful transmitter. The 
Mariner II signal received on Earth from Venus 
" 'as only about one billionth of a billionth of 1 
,mtt. These are but a few examples of the 
problems with ,,,hich the spacecraft designers 
must cope. 

692-01r, 0 - 63 - 8 
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-MISSIO NOZZLE 

• WEIGH;- -.... MARS FLYBY 
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VEHICLE - ATLAS AGENA 

FIGrRE l0-4.-Mariner spacecraft designed for Mars 
fiight, 1964. 

For our lunar missions, the problems of 10nO' 
1 ifetime and great communication distances ar~ 
replaced by other equally difficult problems. 
The Surveyor spacecraft, shown in figure 10-5, 
represents our most advanced effort at un­
manned lunar exploration. The Surveyor is a 
750-pound spacecraft designed to soft-land 
a~out 115 pounds of scientific and engineering 
in tl'uments on the Moon in 1965. Inasmuch 
as Surveyor's solid propellant retrorocket, used 
to slow it down at the Moon, weighs about 1,350 
pounds, the all-up weight will initially be about 
2,100 pound. This' weight requires the new 
Atlas-Centaur launch vehicle. 

Consider the technological problems con­
fronting the developers of Surveyor. Once 
launched, SUl'\'eyor must accomplish the follow­
ing difficult tasks: 

(1) Remain in fla ,yless working condition 
for three days until the landing is com­
plete 

HIGH GAIN 

~ANTINN. - OEMONSTRA TE 

SOFT LANDING 

TECHNOLOGY 

-S URVEY 

VARIOUS 

LANDING 

AREAS 

-ME ASURE 

PHYSICAL & 

CHEMICAL 

~ PROPERTIES 

FIGURE 10-5.-Sur-reyor spaceCl'aft. 
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(2) Retain perfect altitude control and exe­
cute upon command from Earth one or 
two midcourse manem'ers to bring the 
landing within the 50-mile aiming circle 

(3) Complete an attitude orientation on ap­
proaching the Moon 

(4) Detect the proper altitude for firing the 
main retrorocket to slow its 8~600-foot­
per-second approach speed 

(5 ) Jettison the spent retrorocket and land 
automatically with small vernier rockets 
under complete control of its OW11 radar 
system 

(6) Survive a landing in unknown terrain 
which may vary from soft dust to boul­
der fields 

(7) Once landed, point its antenna at the 
Earth, its solar cells at the Sun, and 
conduct scientific experiments on com­
mand from Earth for about 1 month. 

These tasks perhaps sound fantastic, but they 
can and will be done. They, however, cannot 
be accomplished without advances in our tech­
nology. To illustrate how difficult this mission 
is, let us compare it with that of a typical ballis­
tic missile. In essence, the Surveyor spacecraft 
must do everything the missile must do and 
then some, but it must do it in reverse and back 
down to an imaginary pad on the Moon with 
not even a "hold" of a few seconds in the final 
descent. 

THE TECHNOLOGICAL CHALLENGE 

Typical military launch vehicles have aver­
aged 20 flights to achieve 50 percent reliability. 
Similar development cycles for our equally com­
plex spacecraft are simply too expensive. In 
fact, a relatively complex spacecraft with its 
scientific instruments costs more than its launch 
vehicle. Including development costs, they 
average about $20,000 per pound for spacecraft 
weighing up to 1,000 pounds. Carbon copies 
of a developed model cost less. 

Why do spacecraft cost so much? Simply 
because they are very complex pieces of electro­
mechanical equipment which must function 
nearly fia"'lessly from the outset. They are not 
mass-produced and hence cannot en joy the 
economy of volume production. In a sense, 
they are individual works of art. ~\.s this art of 
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low-volume high-quality production is learned, 
.the new knowledge and skills will set the stand­
ards for all types of equipment throughout the 
country. Furthermore, the costs will be 
brought down and the quality up. 

The complexity of Mariner II is illustrated in 
figure 10-6. The approximate number of parts 
in each of the six major subsystems, and the 
man-years required to design, develop, fabri­
cate, and test"two complete spacecraft are indi­
cated. A large percentage of these many thou-
ands of parts played an active and critical role 

in determining the success or failure of the 
fariner. 

Happily, Mariner II was a remarkable suc­
cess. All are not always so successful. What 
makes us think the reliability and quality assur­
ance problem can be licked ~ Perhaps, our 
greatest strength lies in our aJbility to test all 
parts, components, subsystems, and systems 
thoroughly. This testing takes time and money 
but is well worth the effort in terms of missions 
saved. Figure 10-7 illustrates the Mariner II 
undergoing tests in the 25- by 50-foot space 
simulator at the Jet Propulsion Laboratory. 
This facility simulates the vacuum and cold of 
outer space and the radiant energy from the 
Sun. Facilities such as this at NASA centers 
and at contractors' plants enable us to prove 
the validity of the designs in advance of flight. 

PROGRESS IN SPACE FLIGHT OPERATIONS 

An assessment of our progre s must be con­
tinually made. Figure 10-8 illustrates operat­
ing experience with both the spacecraft and the 
rockets used to launch them. On the left side 
of figure 10-8, it can be seen that the flight 
performance of our spacecraft has been increas­
ing dramatically. The time to first malfunc­
tion of any part had increased steadily to a 
value of about 2 months by the end of 1962. 
Because of redundancy and backup modes of 
operation, however, the useful life of unmanned 
spacecraft launched in 1962 has exceeded 6 
months and is still rising because most of 
those intended for long life are still operating 
successfull y. 

Progress with launch yehicles has been 
equally gratifying. In 1962, 2 percent of all 
major NASA launchings were successfu1 . This 
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performance has been paced by the remarkable 
Thor-Delta \yhich has successfully launched 16 
out of 17 spacecraft. In addition, the huge 
Saturn has scored four out of four perfect 
flights. During this time period, both the Thor­
Delta and the Scout payloads were increased 

over 60 percent at no increase in their $2.5 mil­
lion and $1 million price tags. These (lramatic 
increases in performance, life, and reliability 
of spacecmft and launch vehicles represent by 
far the most effective \Yay to achieve economy 
in the space program. 

FIGURE l0-6.-Spacecraft complexity. Mariner II. 
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Ohief, Oooperative Programs, 

It is becoming increasingly better understood 
that our national space program is a response to 
a major international challenge. That chal­
lenge is not simply to our prestige. The chal­
leno-e is to our ability to organize and imple­
ment long-range programs which can produce 
the basic knowledge and technology needed for 
security and economic well-being in a highly 
competitive world. The space proo-ram is one 
important national yehic1e for answering tlus 
challenge because it comprehends an incredible 
range of sciences and technologies which reach 
into far corners of our university and industrial 
life. It gives us an unparalleled opportunity to 
stimulate our scientific and engineering com­
munities, our educational systems, our indus­
tries, and goyernment at all levels, to new 
accomplishment, to higher standards, to new 
awareness of their interdependence, and to joint 
effort which can immeasurably stren!!then our 
society. 

But all this country's energies in meeting in­
ternational challenges are not directed narrow­
ly toward survival and competition. Vast 
energ-ies are pent in timulating other coun­
trie to narrow the gaps between us, the dis­
paritie which make these countries economic, 
political, or military liabi lities. In the broad­
est en e, we are eeking- to reduce international 
ten ion, to transmute dangerous rivalries and 
ambitions into C'onstructi'·e competition, to 
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build communities of interest-in Europe, Latin 
America, and elsewhere, and to establish pat­
terns of cooperation in the world. 

The prospects for cooperative activity among 
the nations have seemed particularly appealing 
in space research and exploration because, in 
some respects, space is still relatively uncompli­
cated; there are no vested interests in space and 
no known economic or strategic advantages to 
be won by single nations. In other respects, of 
course, there are complications, because the 
tools of space research, from rockets to radar, 
the techniques and even the scientific content, 
are all of concern to military as well as civilian 
interests. Nevertheless, there has been a tre­
mendous amount of sentiment here and 
abroad-and especially in the small nations­
for international cooperation in exploring space 
in the hope that this cooperation might reduce 
rather than expand the dimensions of the cold 
war. 

The National Aeronautics and Space Act, 
"hich establi hed X ASA in 1958, reflects this 
inescapable duality: The Act lays down the 
basic policy that this country must become a 
leader in space research and exploration. At 
the same time, it directs NASA, in conducting 
its prog-rams, to do 0 in cooperation with other 
nations anel group of nations. 

Since the pace Age is very young, one is '"ar­
ranted in assuming that few nations besides the 

Preceding page blank 
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Soviet Union and the United States have done 
very much in this field and that, as a conse­
quence, the opportunities for cooperation are 
Yel'y fe\y. N e\yspaper editorials, for example, 
in calling for cooperation in space research haye 
made this assumption. But, the fact is that a 
surprising number of countries have entered 
into a surprising degree of space actiYity and 
that a significant amount of joint effort has in 
fact taken place and more is planned. The at­
tention of the press remains focused, perhaps 
understandably, upon competition in space 
rather than upon cooperation. This is a phe­
nomenon \yith which we are all familiar. For 
example, most people kno\y that England was 
excluded from the common market because of 
French opposition, but the public has been given 
very little help by the press to learn what the 
common market does, how it does it, and what it 
has achieved. There is an old law in the world 
of finance that bad money drives good money 
out of circulation. So in the ,yorld of journal­
ism, the news of controversy appears to drive 
the ne,ys of cooperation out of circulation. 

'Vhat other nations are doing in space and, in 
particular, what they are doing together, is in 
fact small when compared with the resources 
going directly into national programs in the 
U.S. and U .S.S.R. Yet, what has been accom­
plished provides substantial evidence of the 
feasibility, the benefits, and the promise of joint 
action by the nations in this new field. 

Consider the European television programs 
which were brought into U .S. homes via the 
Relay and Telstar communications satellites. 
(See fig. 11-1.) To send and receive these pro­
grams via satellite, special ground terminals 
costing many millions of dollars ,,"ere required 
both here and abroad. The European tenninals 
were constructed entirely by the British and 
French at their cost under cooperative agree­
ments for the testing of our communications 
satellites. Besides England and France, Ger­
many, Italy, Brazil, and Japan have entered 
into this testing program through construction 
of cooperating ground terminals, and the pa l'­
ticipation of several additiona,l countries is ex­
pected. These arrangements help prepare the 
,yay for the future international cooperatiYe 
exploitat ion of commercial communications 
sa tell i tes. 
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FIGURE 11-1.-Relay satellite ground stations. 

Consider the U.S. weather satellite program 
as another example. Six successive Tiros 
,yeather satellites have been successfully placed 
in orbit to give us information on large-scale 
weather patterns by photographing cloud cover, 
each photograph covering thousands of square 
miles. (See fig. 11-2.) The data. are more 
extensive than we can analyze by ourselves. 
Besides, it is important that the analysis of 
weather from cloud pictures taken hundreds of 
miles rubove the Earth be correlated with de­
tailed information of the local weather below. 
To permit such analysis and correlation, th~ 
weather agencies of now forty other countries 
have been enlisted in cooperative proO"rams un­
der which they, at their own cost, co~duct spe­
cial observations of local weather conditions 
with aircraft, balloons, and other devices and . ' 
synchromze these observations with the passes 
of the satellites above. (See table 11-1.) This 
program, too, prepares the way for the broad­
scale international cooperation which will come 
with the meteorology of the future. 

FIGURE 11- 2.- Tiros "-eather satellite. 
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TABLE l1-I.--NASA International Programs Ground-Based Projects 

Proje<l.ts 

Argentina 
Australia 
Austria 
Belgium 

Weather observations co- Brazil 
ordinated with Tiros Burma 
passes Chad 

China, Rep. of 
Colombia 
Costa Rica 
Czechoslovakia 
El Salvador 

Participation of ground 
terminals in COMSAT Brazil 
testing France 

Argentina 
Australia 
Austria 

Ionosphere beacon Brazil 
France 
Germany, Fed. Rep. of 
Greece 

Argentina 
Belgium 

Ionosphere sounding Bolivia 
Chile 
Colombia 

Consider, as another example, the operation 
of stations which NASA requires around the 
globe to track its satellites and to acquire data 
from them by radio. (See figs. 11-3 and 11-4.) 
The establishment of such stations on the terri­
tory of foreign nations requires not only the 
consent of these nations but also their coopera­
tion in the acquisition of land, the importation 
of equipment, the movement of personnel, and 
the use of certain radiofrequencies. But be­
yond this, the interest of other countries in par­
ticipating with us in the technology and the 
adventure of space exploration have prompted 
them to make available their own technicians Lo 
work side by side with ours in many of the 
stations. At a few stations, the host country, of 
its own volition, has even assumed responsl-

Countries 

(35) 
France New Zealand 
Hong Kong Poland 
Hungary Portugal 
Iceland Rhodesia/ yasaland, Fed. 
India South Africa 
Iraq Sudan 
Ireland Switzerland 
Jamaica Thailand 
Japan United Arab Republic 
Kenya United Kingdom 
Mauritius West New Guinea 
Netherlands 

(6) 
Germany, Fed. Rep. of Japan 
Italy United Kingdom 

(20) 
India Peru 
Italy Singapore 
Japan Spain 
Kenya Sweden 

ew Zealand Switzerland 
Nigeria United Kingdom 
Norway 

(14) 
Denmark Peru 
France Spain 
Germany, Fed. Rep. of Sweden 
Jamaica United Kingdom 
Netherlands 

FIGUHE 11~3.-Eighty-fh·e foot radar dish at Johannes­
burg, South Africa. 
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D~'A ACOUISITION II (OUNII'I DII' SPACE {1 COUNJllfSl 
M A NNE HIGHT 1 COUNT'IU, MINH.At'I' (OUNfllfSt ::" 1(1. 1 Q OU N I ., 

FIGURE 11-4.-International station agreements. 

bility for the operating costs. Such stations 
represent common efforts and centers for the 
continued growth of understanding and coop­
eration. (See table 11-I!.) 

TABLE II-H. - International Programs Person­
nel at Overseas Tracking Stations 

Scientific satellite net: NASA 
Antofagasta, Chile ____ _ 
Johannesburg, South 

Africa_ _ _ _ _ _ _ _ _ _ _ _ _ _ 0 
Lima, Peru_____ _______ 1 
Quito, EcuadoL _ _ _ _ _ _ _ 1 
St. John's, Canada_ ____ 0 
Santiago, Chile_ _ _ _ _ _ _ _ 1 
Winkfield, England _ _ _ _ 0 
Woomera, Australia__ __ 0 

Manned flight net: 
Grand Canary Island _ _ 1 
Kano, Nigeria__ __ __ ___ 1 
ZanzibaL__ ____ __ ____ _ 1 
Guaymas, Mexico____ __ 1 
Berm uda _ _ _ _ _ _ _ _ _ _ _ _ _ 2 

woomera} . 
M h 

Austraha_ - - - 1 
uc ea 

Deep Space net: 
Woomer a, Australia___ _ 0 
Johannesburg, South 

Afri ca_ _ _ _ _ _ _ _ _ _ _ _ _ _ 4 

Totals _____ _____ _ _ 15 

u.s. 
con- Foreign 

tractor nationals 
14 

o 
7 

19 
o 

19 
o 
o 

22 
23 
19 
23 
31 

o 

29 

34 
33 
26 
16 
22 
14 
20 

15 
23 
28 
17 
51 

{
24 
20 

16 

o 28 

178 416 

So far these examples have been concerned 
essentially with ground-based activity which 
supports or enhances our satellite experiments. 
International cooperation has gone beyond this 
to actual joint flight experiments. Two inter­
national satellites are already in orbit. The 
first is the satellite Ariel which was launched by 
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NASA in April 1962. (See fig. 11-5.) It con­
tains instrumentation conceived, designed, con­
structed, and financed under the direction of 
the British National Space Committee. Ariel 
has already provided valuable data on condi­
tions in space not previously measured in com­
bination. The second international satellite is 
Alouette, launched by NASA in September 
1962. (See fig. 11-6.) This satellite was con­
ceived, designed, financed, and engineered by 
the Canadian Telecommunications Research 
Establishment. This Canadian satellite is 
making the first measurements of the upperside 
of the ionosphere, which is an electrically 
charged layer of the atmosphere the understand­
ing of which is essential for advances in radio 
communications. 

Other joint sa;tellite projects are in prospect 
with these and other countries. Perhaps the 
most ambitious and of broadest general interest 
is the Italian San Marco project. (See figs. 

LAUNCHED 

26 APRil 'Q6'1 

OR81T ACHI EVE D 

H II.I GH 14, M\ 
APOGEE 15 4 MI 

PE RIOD 100 9 M IN 

EXP£RI MENTS 

ELECTRON DENSITY 
ElECTRON IE MPERATURE 
ELECTRON CO N CEN TRATIO N 
ION MASS · SPf.ClRUM 
SOLAR RADI A TION 

COSMIC RA Y 

IlESU LT S 

IS20 HOU RS O F DA TA 

THRU DECE MBER 19 62 

FIGURE 11-5.-Al'iel (international ionosphere satel­
lite, U.S.-U.K.). 
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BOnOM SIDE 
SOUNDING 

FIGL'RE 11-6.-Alouette, Canadian topside sounder. 
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11-7 and 11-8.) The Italian program calls for 
launchinO' a satellite into an orbit around the 

b . 

Earth's equator in order to make obsel'\'atJons 
of the den ity of the atmosphere. Because of 
the unique orbit, these observations will be of 
special interest technically and scientifically. 
To provide for the equatorial orbit, the Italian 
N ahonal Space Council is establishing a satel­
lite-launching complex in the Ind ian Ocean on 
the equator off the coast of Africa. The com­
plex will consist primarily of two large plat­
forms resembling Texas towers which can be 
to',ed from Italy through the Mediterranean 
Sea and the Suez Canal down to the launch 
site. There retractable legs will be lowered to 
the ocean bottom to establish a firm footing. 
The elaborate instrumentation necessary for test 
and control systems for the launch vehicle and 
the satelJite will be located 011 one platform and 
the launching itself will take place from the 
other. The Italian side is responsible for the 
concept, design, and construction of the satel­
lite, for the launch platforms and instrumenta­
tion, and for much of the do,,,nrange tracking 
equipment. The Italian group ,,,ill conduct the 
launching itself. NASA is responsible for 
technical training of many of the Italian team, 
for certain preliminary small rocket tests of 
the Italian satellite instrumentation, and for 
providing the Scout rocket vehicle which will be 
employed to place the Italian satellite in orbit. 
Special interest will attach to the technology of 
this launch operation in an ocean environment 
and to the scientific results to be achieved in the 
first equatorial satellite experiment. 

FIGl.'RE 11-7.-San Marco project. 

lOS 

FIGURE 11-8.-Central section undergoing environmen­
tal testing at Goddard Space Flight Center. 

Essentially, satellites give data for the par­
ticular altitudes above the Earth at which they 
orbit. It is just as important to obtain verti­
cal profiles of conditions in and beyond the 
atmosphere. To get such vertical profiles, 
small sounding rockets which rise almost di­
rectly above the launching site for a few min­
utes only and then descend to Earth not very 
far f rom their launch site are used. In their 
few minutes aloft, they permit the taking of 
measurements at various levels in the lower or 
upper atmosphere or even in near space. These 
measurements apply only to the yertical section 
of the atmosphere which is penetrated, but the 
atmosphere differs at different latitudes, in dif­
ferent seasons, and at different periods of day 
and night. Therefore, the true potential of 
sounding rockets can be realized only if many 
such vertical sections are measured and the re­
sults correlated. This means that sounding 
rockets must be used repeatedly in many differ­
ent parts of the world at the same times and at 
different times. Obviously, then, international 
cooperation is an essential ingredient for suc­
cessful use of sounding rockets. (See tables 
ll-II and ll-IV.) 

In the past year alone, KASA has in fact 
carried out cooperatiye launchings of sounding 
rockets with eight different countries. Many of 
the launchings have been oversea -in Sweden 
(figs. 11-9(a) and (b)), ~ orway, Paki tan, 
Italy, and Canada. Other countries haye joined 
with us in experiments in the "( nited States-
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Australia, France, and Japan. Still other 
countries are even now approaching their first 
joint sounding rocket experiments with us--In­
dia, New Zealand, and Argentina. 

The basic elements in such programs are the 
scientific instrumentation for the flight, the 
rocket itself, the ground instrumentation to re­
ceive data from the rockets, and, finally, the 
analysis of data. The cooperating countries 
divide responsibility for these elements accord­
ing to the particular agreement. Already, such 
cooperative scientific sounding rocket arrange­
ments have provided for us the first sampling 
of night-glowing clouds, a phenomenon of the 
Northern skies which may contribute impor­
tantly to our understanding of upper atmos­
phere processes. These programs have demon­
strated the comparability of Japanese and 
American instrumentation for measuring elec­
tron density so that the observed results in both 
countries can be interchanged and correlated. 
They have permitted extensive probing of the 
auroral regions ,,-hich are not accessible from 
our own territory. They have permitted cor­
relations of seasonal phenomena such as warm­
ing and cooling at the top of the atmosphere 

in both arctic and temperate regions. Altogeth­
er, sounding rocket cooperation is slowly ex­
tending our lmowledge of spatial processes and 
the connection between those processes and our 
weather and communications. 

Further experiments proposed by foreign 
scientists for both satellites and sounding rock­
ets ha,-e been approved on their merits and are 
to be carried out on a cooperative basis. Our 
debt to gifted foreign scientists in the past is so 
well known that it is not necessary to emphasize 
the importance of keeping open the channels 
between our communities. 

International personnel exchanges also con­
tribute importantly to these cooperative efforts 
through a variety of NASA fellowship pro­
grams. In general, opportunities for training 
are made available here; the sponsoring country 
pays for the travel and subsistence of its 
trainees. This requirement for investment on 
the part of the cooperating country assures 
careful consideration of the training arrange­
ments, the personnel selected to be sent here, 
and their future utilization at home. 

All of these international programs are con­
ducted by NASA with civilian agencies abroad, 

TABLE ll-III.-NASA International Programs-Sounding Rockets Launched from Wallops Island 

Country Rocket Objective U.S . participation Foreign participation Launch 

Australia Aerobee Measure VLF ra- Rocket Experiment 12/62 
dio noise Launch VLF ground equip-

Airborne telem- ment 
etry Data analysis 

Canada Black Brants (6) Study vehicle and Launch Rockets 6/62 
instrumentation Instrumentation 12/62 
performance Data analysis 

France ike-Cajuns Test specialized Rockets Observation equip- 1960- 61 
optical equip- Launch ment 
ment Experiments Data analysis 

Aerobee (2) Study ionosphere Rockets Experiments Early 
irregularities Launch Data analysi. 1963 

Haly Shotput (I ) Flight test San Rocket Experiments 1963 
Marco instru- Launch Data analysis 
n:entation 

Japan Nike-Cajuns (3) Compare resonance Rockets Resonance probes 4/62 
and Langmuir Launch Data analysis 5/62 
probes Langmuir probes 

Data analysis 

Nor\\'ay- Nike-Apache 0 ) Study D and E Rockets Experiment 12/61 
Denmark and region of iono- Launch Data analysis 6/62 

~ike-Cajun (3) sphere Experiment Early 
Data analysis 1963 
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with valid scientific objectives, with actual 
sharing of the work involved, and without the 
exchange of funds or the export of a dollar. 
These activities, all evaluated and implemented 
by the competent NASA program offices and 

technical centers, represent a net contribution 
to our own space interests. But equally im­
portant, they stimulate other countries to efforts 
of their own. The European nations, among 
others, have been quick to recognize the inher-

TABLE ll-IV.-NASA International Programs-Sounding Rockets Launched from Foreign Ranges 

Country Rocket Objective U.S. Foreign Launch 
participation partiCipation 

Australia Skylarks (4) Measure stellar Experiments Rockets Woomera 
and nebular Data analysis Launch 9/61, 11/61 
ultraviolet 
radiation 

Canada Various U.S. Study auroral zone Rockets Launch Fort Ch urchill 
approx . phenomena Data analysis 
3D/year) 

India Nike-Cajuns (4) Study upper Rockets Launch Thumba, 1963 
atmosphere IJauncher Experiments 
winds Launch training Cameras 

Data analysis 

Nike-Apaches (9) InVE'stigate Rockets Launch Thumba, 1963 
equatorial Magnetometer Supplementary 
electrojet experiments experiments 

Doppler Ground 
equipment experiments 

Telemetry 
t raining 

Data analysis 

Haly Nike-Cajuns Study upper- Experiments Rockets Sardinia, 1/61, 
and Nike- atmosphere Launch 4/61, 9/61, 
Asps (8) winds Data analysis 12/62 

Shotput (1) Flight test San Rocket Launch Indian Ocean, 
Marco instru- Experiments 1963 
mentation Data analysis 

New Zealand Arcas (3) Measure meso- Rockets Launch Birdling's Flat, 
spheric wind Launcher Experiments 1963 
drift and Data analysis 
t urbulence 

Norway- Nike-Cajuns (7) Study D and E Telemetry trailer Rockets Andoya, 8/62, 
Denmark region of Experiments Launch 12/62, 1963 

ionosphere Launch and Experiments 
telemetry Data analysis 
training 

Data analysis 

Pakistan Nike-Cajuns (2) Study upper Rockets Launch Sonmiani 
atmosphere Launcher Expermients Beach,6/62 
winds Training Data analysis 

Sweden Arcas (1) Measure winds Rockets Jokkmokk, 8/61 
during occur- Experiments 
renee of noctilu- Launcher Launch 
cent clouds Ground Supplementary 

telemetry experiments 
Recovery 

Nike-Cajuns (4) Direct sampling of Training Data analysis Kronogard, 

noctilucen t Data analysis 8/62 
clouds 
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(a) Before launch. (b) After launch. 

FIGUIlE 11-9.-Sounding rocket launching in Sweden. 

ent values of space activity in advancing na­
tional tedmology, security, and prestige. 
Most of them have established national space 
authorities and are conducting or planning pro­
grams of their own and in cooperation with us. 
Furthermore, they have recognized that the 
high costs of space activity requir.e the smaller 
nations to pool their resources if they are to 
participate in the larger benefits of space work. 
E urope, therefore, is now establishing two 
major regional organizations for space activity. 
One, .the European Space Research Organiza­
tion, plans expenditures of some $300 million 
over a period of 8 years. The other, the Euro­
pean Launcher Developm~nt Organization, 
plans to spend some $200 million over 5 years 
to provide European boosters for European 
satellites. 

Through these organizations, Europe is 
bringing into being a sensible, regional cooper­
ation of a highly integrated character, with 
common technical centers and laboratories. 
This development in a yery realistic Europe 
is clear evidence of the practical political and 
industrial attractions of space activity. The 
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combined resources of Europe are formidable 
and could, if interel?t is sufficiently high, sup­
port very substantial space programs. But in 
a broader sense, the movement to establish space 
programing on a regional basis in Europe illus­
trates the unifying forces which are brought 
into play by the requirements and by the prom­
ise of the massive technologies of the future. 

NASA has officially indicated to both Euro­
pean space organizations its readiness to enter 
into cooperative programs on the same basis 
as in our arrangements with individual coun­
tries. Actually, there are many reasons why "e 
and the Europeans should prefer the multi­
lateral approach. For one thing, far greater 
technical potential can be achieved with a broad 
economic base. For another, European regional 
collaboration with U.S. cooperation could con­
tribute significantly' to the cohesiveness of the 
Atlantic community. 

What of the Soviet Union ~ 
For a long time, the Soviet Union was a pas­

si,·e bystander as the increasingly successful 
cooperative enterprises in the ~Testern and neu­
tral world progres ed. A little over a year ago, 
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correspondence between President Kennedy 
and Chairman Khrushchev opened the way for 
a first serious effort to arrange some coopera­
tive activity between the two space powers_ Mr. 
Khrushchev, in a congratulatory message to the 
President after the successful flight of J olm 
Glenn, observed that it would be a fine thing 
if the two nations could pool their efforts in 
space activities. Such observations had been 
made before, but this time President Kennedy 
replied \yith specific proposals for such cooper­
ation and suggested that negotiators be desig­
nated. Three major meetings have taken place 
oyer the past year in New York, in Geneva, and 
most recently in Rome, between teams headed 
by Dr. Hugh L. Dryden of NASA and Acade­
mician Blagonravov of the Soviet Academy of 
Sciences. Dr. Dryden and Academician Bla­
gonravov reached agreement last June upon a 
three-part program. 

The first part provides for the coordinated 
launchings by the two countries of satellites to 
obtain ,,-eather data. It also calls for a direct 
communication link to exchange such weather 
data between the two countries and between 
any additional countries which wish to tap into 
the link. The second part of the agreement 
provides for coordinated launchings of satel­
lites to map the Earth's magnetic field in space. 
The third part provides for cooperative testing 
of the next passive communications satellite, 
Echo. The Dryden-Blagonravov agreement 
was later confirmed by the two governments. 
.T oint working groups met two months ago in 
Rome to provide for the implementation of 
this unprecedented agreement. Their work, so 
far, provides details for carrying out the first 
and third projects. 

It should be noted that this U.S.-U.S.S.R. 
agreement is based upon coordinated rather 
than integrated effort. Yet it represents a re­
markable breakthrough, a tiny oasis in a vast 
desert. The establishment of joint working 
groups under the agreement carries with it at 
least a potential for closer association and un­
derstanding. It is importa,nt that such possi­
bilities be pursued within the bounds of pru­
dence and mutual interest. 

It is only natural that the LJ nited Nations 
should mirror the concern among all nations 
that space acti vity be directed to pea.ceful pur-
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poses. For two years, efforts to explore a 
proper role for the U.N. in space were snarled 
in political maneuvers and cold war politics. 
But then, in 1961, the UN succeeded in putting 
together a new Committee on the Peaceful 
Uses of Outer Space. (See fig_ 11-10.) The 
Committee set up technical and legal subcom­
mittees with the hope that the technical group 
would do something to facilitate international 
cooperation, and the legal group would frame 
useful guidelines for space activity. To the sur­
prise of many, the technical subcommittee 
agreed unanimously upon a modest program 
which, among other things, provides for UN 
sponsorship of an international facility for 
launching scientific sounding rockets on the geo­
magnetic equator. India promptly came for­
ward to offer a site for such an international 
rocket range, a site now urgently needed for 
research which can be done in no other latitudes, 
a site where technicians of East and West might 
meet in space operations for the first time. 
(See fig. 11-11.) Access to the range will be 
open to any interested memb6r of the United 
Nations and the data obtained will be available 
to all. Technical and financial arrangements 
will be made directly by each participating 
nation with India. Thus, no international 
bureaucracy will be required. These recom­
mendations were unanimously endorsed by the 
General Assembly of the United Nations. 

The legal aspects of space activity were not 
so easily handled in the UN. The U.S. at the 
outset of UN activity in the space field put 
forward two two broad principles which were 
unanimously accepted: first, that international 
law and the United Nations charter apply 
equally to outer space and the celestial bodies 
which move through it and, second, that no 
nation may appropriate outer space or celestial 
bodies to itself or deny other nations access to 
them. Then, in the legal subcommittee, the 
U.S. proposed practical measures to provide 
for liability for damages or injury resulting 
from the reentry of man-made objects from 
outer space and for assistance to astronauts and 
the return of spacecraft and their crews to the 
launching nation. The Soviet nion was more 
interested in very broad principles to govern 
activities in space generally, but there has so 
far been no agreement on the definition of such 
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principles. However, many more than one 
hundred satellites have now been placed in orbit 
and no legal problems have yet been en­
countered. Desirable legal principles may still 
be arrived at before real legal problems arIse 
n a consequence of space activity. 
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By way of an overall conclusion and sum­
mary, one can say that very considerable 
progress has been made in only the past year in 
international cooperation in space through-

(1) The launching of the first international 
satellites, the joint planning and execu­
tion of scientific sounding rocket 
programs 

(2) The participation of upwards of three 
dozen countries in cooperative projects 
relating to communications and meteoro­
logical satellites 

(3) The establishment of regional organiza­
tions in Europe for peaceful space 
activity 

(4) The achievement of a unique agreement 
between the United States and the Soviet 
Union for coordinated space activities, 
and 

(5) The substantive UN action to facilitate 
an international range in India. 

evertheless, the effort remains an uphill one. 
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We do and must walk a narrow line between 
considerations of national security on one hand 
and of maximum openness and cooperation on 
the other . The Congress recognized this in the 
National Space Act by giving due attention to 
the national security, and yet specifying that 
the space programs should be conducted in 
cooperation with other nations. So far, there 
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has been success in carrying out this mandate, 
but basic solutions to the world's political prob­
lems must in all likelihood precede rather than 
follow any very great extension of international 
cooperation in space projects. Still, modest 
progress in cooperation can contribute to the 
general improvement in climate which is needed 
for a significant thaw. 
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Introduction 

The main purpose of this session is to focus 
attention upon some of the major aspects of 
university-industry relations that are being af­
fected in important ways by the space program. 
Obviously, a scientific and technological enter­
prise as vast as that conducted by NASA­
together with related activities in the Depart­
ment of Defense and the Atomic Energy Com­
mission-must necessarily have an enormous 
impact upon industry and universities--as re­
gards both their independent functions and 
their mutual interests. 

Industry looks to the universities mainly for 
educated manpower and for technical informa­
tion in the broadest sense of that term. Its 
greatest concern-and it is a concern shared 
by universities, by responsible government at 
all levels, and by our whole society-is that the 
quantity of educated manpower and of techni­
cal information be sufficient, both for the newer 
Space Age tasks and for all other economic 
responsibilities of the industrial system. 

There is also concern about the quality of 
the trained manpower supplied by the universi­
ties to industry, with special reference to the 
requirements generated by Space Age develop­
ments. Are the curriculums in university de- I 
partments of science and engiJ?eering keeping 
pace with the rapid changes in technology and 
advanced research? Is the cross-fertilization 
between the fields of physics, astronomy, apd 
the Earth sciences-which has been greatly en­
couraged by the space program-being reflected 
in the university training of students preparing 
to enter the technical ranks of industry? 
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Institutions of higher education-especially 
the publicly supported universities that culti­
vate the land-grant tradition-also have an 
obligation to provide continuing education, or 
adult education, where the public interest re­
quires it. Should these and other universities 
offer advanced training to industrial personnel, 
to help them bridge the gap between their 
earlier education and the newer technical de­
velopments in science and engineering? If so, 
what kinds of arrangements can most effectively 
accomplish this purpose? 

In addition to in-service training for indivi­
dual scientists and engineers, can universities 
devise means whereby broad segments of in­
dustry can be assisted towards greater tech­
nological sophistication on an institutional 
basis? A program which has been proposed 
by Dr. J. Herbert Hollomon, Assistant Secre­
tary of Commerce for Science and Technology, 
is designed to. encourage more rapid advance 
in technology on the part of important civilian 
industries that traditionally have done little 
research and development. Is this a broad area 
of university-industry relationships that could 
be cultivated with mutual benefit, and with 
promise of substantial stimulation of economic 
growth in general? 

One final question which may deserve con­
sideration: Should the economic and social con­
sequences of Space Age science and technology 
be subjected to systematic study by social sci­
entists in universities-for the guidance and 
mutual benefit of industry, government, and 
the general public? 
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The mobility of man throughout history ex­
hibits a curious dualism in the sense that the 
species is distributed in essentially every part 
of the world that can possibly be inhabited, in 
spite of the fact that the average individual 
basically prefers to remain fixed. Most human 
beings spend all of their lives within a few 
miles of their birthplace, usually marrying 
someone from just around the corner. Y~t, in 
spite of this, our species has managed to reach 
almost every spot or crevice of the world which 
muscle or machine can attain. Moreover, in­
dividuals from one region have managed to 
wander far afield in spite of hardships. The 
reasons for our moves from one region to an­
other, either in small missions or in large 
groups, are quite varied. A few of the princi­
pal ones may be listed. 

Perhaps the most important reason has been 
the drive for self-preservation. It is this, for 
example, which brought the Eskimos to the 
Arctic wastes, the Patagonians to the bleak tip 
of South America, and the bushmen to South 
Africa. 

Second is the desire for trade, which, for ex­
ample, led to the establishment of the "amber 
route" between the Mediterranean and the 
Baltic many thousands of years ago, and like­
wise led the Chinese to develop the caravan 
routes across the Gobi to Persia and Rome. 
This trade enriched the Roman West in silks 
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but depleted it of gold. The same interests 
brought the Phoenicians to England and around 
Africa and ultimately brought Columbus to 
the new world. 

A third motive is the desire for adventure or 
booty which drove Alexander across Persia 
to India, Marco Polo tv far-off Cathay, and 
Pizarro to Peru. 

Then there are the reasons of military stra­
tegy, such as those which. caused Hannibal to 
cross the Alps with his elephants in order to 
attack Rome from the north and caused Henry 
The Navigator to seek a route around Africa 
and thereby outflank the Arabian citadels in 
the Near East. 

Prestige may play a very important role; it 
influenced the national teams that have pene­
trated the polar regions and led Hillary to the 
top of Mount Everest. 

Then there may be religious motives, such as 
those which impelled Livingstone to the heart 
of Africa, the Puritans and the Quakers to the 
new world, and the Italian Jesuit, Mateo Ricci, 
to the life of an expatriate in Peking 400 years 
ago. 

Finally, the desire for unusual knowledge is 
one of the deepest driving forces among an 
exceptional group of human beings. This quest 
for knowledge drove many men to the heart of 
Africa to search for the sourCe of the Nile, 
others across the Arctic wastes to the Poles, and 
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still others in bathyscaphes to the bottom of the 
ocean depths. 

Clearly, most unusual human journeys have 
been spurred by a combjnation of these motives 
and not by one alone. We know, for example, 
that the Celtic tribes wandered back and forth 
across the face of Europe in the millennium 
before Christ, goaded by a variety of motives 
which must have included all of these factors 
to some degree. Somewhat .the same can be 
said of the majority of the expeditions to the 
Antarctic in the last 50 years and of the trips 
of the atomic submarines between the Altantic 
and the Pacific under the polar ice sheet. 

The great exploration of the extraterrestrial 
space about us in which mankind is deeply en­
gaged at present 'is a continuation of the pat­
tern of migration that has prevailed throughout 
the history of man. The only remarkable thing 
which has occurred is that technology has now 
reached a point where our machines can attain 
sufficient velocity to over9ome the Earth's grav­
itational field and hence has opened to us the 
possibility of exploring the outer hemisphere 
and the interplanetary regions. Fortunately, 
as long as we keep to the nearby planets the dis­
tances and speeds involved are such that these 
explorations can be undertaken in a time that 
is short compared with one human lifetime, 
and thus they can be comprehended in the same 
general framework of time as that involved in 
the great explorations of the past. 

The motives which drive us into the explora­
tion of space are on the whole complex, in­
volving most of th~ basic factors listed ,above. 
In fact, the only one which might be said to 
be absent is the desire for wealth or booty, 
although in this connection Representative 
Gross of Iowa stated last year during the hear­
ings on the NASA budget that he hoped we 
would find that the Moon is made of gold since 
he thought we would. need it by the time the 
first men land there at the end of this decade. 

We must view this period of exploration as 
an essential part of the human journey, tied 
to whatever meaning our own human existence 
has. The only major debatable issue seems to 
be the rate at which the exploration proceeds. 
Here our President has decided that nothing 
less than leadership will suffice. The invest-
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ment in any year or decade must be decided by 
a complex balancing of all the factors involved 
and will continue to be a matter of public dis­
cussion and debate, but this investment will be 
high compared with that for most matters of 
scientific interest if we 'are to lead. 

In considering the role that the university 
will play in all of this, we automatically focus 
on the ·issue ()f knowled~e, for the university 
is one of the best places tdo generate new knowl­
edge through research. It also has almost 
uniquely the role of tr nsmitting advanced 
basic knowledge in a sy matic way from one 
generation to the next. It is as unthinkable 
that the university can i ore space exploration 
in its broadest sense as it ould be for the uni­
versity to ignore the cor esponding problems 
concerning terrestrial a airs. Conversely, as 
will be emphasized subseq ently, space explora­
tion cannot afford to ig ore the universities. 
There seems to be no aspeet of university activ­
ity relating to science oritechn610gy which is 
not involved in a fundam ntal way with space. 
One of the most active b, dies in the National 
Academy of Sciences at tf,! e present time is the 
Space Science Board o.f teN ational Research 
Council which, historicall speaking, play, ed a 
key role in the organizat on of NASA and is 
now the principal outsid~ advisory body for 
that agency., It is comp~1 ed of scientists and 
engineers from essentia ly every discipline 
represented within the lational Academy of 
Sciences. Most members are from academic 
life. I 

The principal areas in ",hich we can hope to 
gain knowledge of the tpe with which the 
university is normally an1 justly concerned are 
easy to mention and discuss. I will begin with 
the applied arts and then {urn to science. 

In the area of technology there are, first of 
all, matters relating to the traditional fields of 
engineering. If we take! the view that engi­
neering is concerned with the practical aspects 
of power conversion, communications and COlIl­

trol, the properties of materials, and structures, 
'and, above all, that the highest art of genius 
in the field of engineering is associated with 
tying these together in specific applications 
through invention and design, it is clear that 
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space techn'Ol'Ogy 'Offers an almost unlimited 
challenge. 

Al'Ong' the same lines, if man is tQ spend 'an 
extended periQd in space, it will be necessary 
tQ devel'Op s'Omewhat specialized knQwledge CQn­
cerned with man's resPQnses tQ his environment 
that will bec'Ome part 'Of the traditiOlIl:al dis­
ciplines 'Of the medical and behaviQral scientist 
'Or engineer. 

FinaTIy, It may be recQgnized that the field 
of space explQration will have many sociQlogi­
cal, legal, and eCQnQmic prQblems associated 
with it. These will becQme part 'Of the tradi­
tiQnal discipline 'Of 'Our highly 'Organized sQciety 
and will be soon fitted into the body of academic 
knowledge. 

Turning tQ the sciences, there are, first 'Of all, 
matters relating tQ the upper atmQsphere 'Of the 
Earth, which is influenced very directly by the 
emanatiQns from the sun (sQlar wind). C'On­
nected with this is the thin and highly iQnized 
s'Olar atmQsphere thr'Ough which the Barth 
travels. It is clear that we will nQt have a 
comprehensive and' practical understanding 'Of 
QuratmQsphere as a whQle until there is a 
clearer picture 'Of events' a hundred 'Or mQre 
miles above the surface 'Of the Earth. Tied in 
with all 'Of this, 'Of cQurse, are the Van Allen 
belts which are the fQCUS 'Of a variety 'Of inter­
ests, both basic and applied. 

SecQnd are the matters relating tQ the in­
'Organic cQmpositiQn 'Of satellites such as 'Our 
Moon and 'Of the planets, that is, what might 
be called the local geQIQgy. In this cQnnectiQn, 
the term "geD" fQr earth is taking 'On a much 
brDader meaning these days-the chairman 'Of 
the Academy's Space Science BQard is a geol­
Qgist by prQfessiQn. GeQIDgically speaking, 'Our 
'Own planet c'Onsists 'Of a metallic CDre 
surrounded by a coating 'Of less dense metallic 
'Oxides usually divided intQ the 'Outer crust and 
the inner mantel. The basalts and heavier 
minerals lie nearest the metallic core. The con­
tinents are granitic in nature, representing 
islands which float 'On a basaltic base, and are 
in turn surrQunded by the great 'Oceans. The 
actiQn 'Of the water 'Of the surface and atmos­
phere and the highly 'Oxidizing atmDsphere 
itself have prQduced highly individualistic 
features, such as the sedimentary depDsits and 
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the weathered and eroded features 'Of the 
tQPQgraphy. 

TQ what extent are all 'Of these characteristics 
unique tQ 'Our 'Own planet ~ Since the MQ'On 
dDes nDt PQssess an atmDsphere and prQbably 
lacks a metallic core, its features are 'Obviously 
unique in their own way. Moreover, the Moon 
bears in a clear and evident way the imprint 'Of 
billiQns 'Of years 'Of direct exposure to space, 
'and thus it is in itself somewhat 'Of an enQrmQUS 
fQssil whose study promises to teach us much 
of the ancient past. 

The infDrmatiDn gathered by radiQastrDnDmy 
and by the recent Mariner pr'Obe 'Of Venus has 
given us a much clearer picture of the tQPQg­
raphy 'Of Venus. It has a dense, smQggy atmQS­
phere and seems tQ be in a state like that which 
the Earth may have passed thrQugh at least 
a billiQn years agD, befQre the oceans fDrmed 
and the inDrganic carbides became involved in 
aqueQus systems. The surface temperature is 
several hundred degrees above the bQiling point 
'Of water. In cQntrast, Mars seems SQmewhat 
m'Ore like the Earth tQday in the sense that its 
'atm'Osphere is transparent tQ light, and its tem­
perature is closer to that 'Of the Earth. How­
ever, we still wQnder abDut the detailed featur~ 
'Of the atmosphere and surface. 

Related to all of this are questions cQncerning 
the cDmpositiDn 'Of the atmospheres and the 
clues the physical features give cDncerning the 
fQrmatiQn 'Of the planets. 

The third great area 'Of scientific study centers 
abQut the type 'Of extraplanetary astrQnDmical 
QbservatiQns, nQrmally made with telescDpes and 
related instruments, that becDme PQssible 'Once 
'One is above the atmDsphere rather than nnder 
'Or in it. The vistas fQr research are alm'Ost 
unlimited. The view is nQt 'Only free 'Of atm'Os­
pheric turbulence but is free 'Of all the abs'Orp­
ti'On 'Of the atmQsphere which blacks 'Out every­
thing except a small regiDn in the visible range 
and a few octaves in the radi'O range, nQrmally 
termed the radi'OastrQnQmy wind'Ow. Once this 
type 'Of 'Observational astr'On'Omy begins in 
earnest, 'One can expect a vast extensiQn 'Of 
knQwledge 'On all topics ranging frQm the study 
'Of the Sun's surface tQ the distant nebulae. 

FQurth are studies 'Of the basic laws of 
physics, particularly those cQvered under the 
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designatiQns Qf special and general relativity. 
Exciting new investigatiQns becQme possible 
when Qne deals with variatiQns in velocity and 
distance Qf gravitatiQnal field that are some­
what larger than the variations normally en­
countered Qn Earth, such as is PQssihle fora 
terrestrial Qr sQlar satellite with a highly 
eccentric Qrbit. 

Finally, we turn tQ the area of biQIQgical 
science which to my mind is by :far the most 
intriguing Qf the fields invQlved in space ex­
plQratiQn. If we find nQ significant signs Qf 
life anywhere else in the solar system, we can 
be fairly certain that life as we knQw it Qrigi­
nated Qn the Earth and eVQlved, as is tradi­
tiQnally cQnceived, frQm cQmplex mQlecules 
suspended in the ancient seas of the Earth a 
billiQn Qr mOire years agQ. On the Qther hand, 
if we dOl disCQver signs Qf life elsewhere, a whQle 
hOist Qf stimulating questiQns arise: First, is 

o the fQrm Qf life elsewhere basically like Qur 
Qwn in the sense that it emplQys the same aminQ 0 

acid building blQcks in its structure? If SOl, 
can we determine whether life Qriginated else­
where in the sQlar system Qr universe and was 
transPQrted here? Or did it perhaps start Qn 
Qur Earth and becQme dispersed at an early 
stage in its develQpment? If, Qn the Qther 
hand, it dOles turn Qut that life elsewhere in 
the sQlar system is inherently different frQm 
that Qn Earth-that is, uses radically different 
chemical building blQcks-what will we be able 
tQ say abQut the ease with which life can be 
fQrmed in Qther envirQnments? At this mQ­
ment, I can think Qf nQ seriQus prQblems except 
PQssibly thQse related tQ the Qrigin and eVQlu­
tiQn Qf Qur Qwn species that are even as remQtely 
exciting as these. It shQuld be emphasized that 
there is evidence which suggests that the 
hydrQcarbQns fQund in SQme meteQrites are 
clQsely related tQ thQse fQund in archaic depQs­
its Qf biQIQgical Qrigin Qn Earth. This sug~ 
gests, in turn, that SQme fQrms Qf life resembling 
Qur Qwn may have existed Qutside Qur Qwn 
atmQsphere. 

It is clear, then, that man's adventure in space 
will stimulate many branches Qf university wQrk 
in a quite natural and 'autQmatic way. In sQme 
cases, this will mean nQ mOire than the additiQn 
Qf interesting new facets Qf a specialized kind 
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tQ traditiQnal disciplines; in Qthers, it will lead 
tQ majQr research prQgrams which may invQlve 
sizable teams Qf wQrkers. 

It may reasQnably be asked at this point, tQ 
what extent the universities can expect rather 
radical reQrientatiQn. The answer to this 
questiQn seems fairly simple. The effect Qn 
each institutiQn will be sQmewhat individ­
ualistic, depending UPQn the local interests Qf 
the staffs and students, but, Qn the whQle; will 
nQt be vast. In general, the majQr universities 
will nQt be cQnsciQus Qf majQr revQlutiQns. 
ThQse institutiQns which are already well 
grQunded in the fundamental aspects of the 
topics which underlie space science 'and tech­
nQIQgy will recQgnize the innQvatiQns quickly 
and adapt tQ them. Here and there, a faculty 
member will take Qn the problems in his field 
related tQ space science Qr technology as' a 
specialty an:d evolve a teamfQr development Qf 
a research prQgram Qr a new curriculum, be­
cQming deeply invQlved in a personal way. 0 

OccasiQnally, a large segment Qf a department 
involved in science, engineering,sociQIQgy, :Qr 
psycholQgy will decide that its department 
should become a majQr center fQr such study, 
just as the Department of Physics at the Uni­
versity of Iowa has devQted much of its atten­
tiQn to the instrumentatiQn Qf satellites and the 
interpretatiQn Qf the results Qbtained frQm the 
instruments. Still further, SQme universities 
will fQrm interdisciplinary grQUPS, perhaps' 
cQnnecting the biQIQgical, physical, and engi­
neering sciences, in order tQ evolve prQgrams 
which draw UPQn a diversity Qf ta'lents. 

Taken as a whQle, I'm inclined to fool that 
the greatest impact Qf the space prQgram will 
be Qn the engineering cQlleges-nQt SOl mu6'h 
because Qf the unique character Qf the knQwl­
edge which is being develQped as because Qf an 
acceleratiQn in the changing pattern Qf engi­
neering' which WQuid have altered much mOire 
slQwly without the space prQgram. While it is 
true that the basic equatiQns Qf the engineer, 
such as Maxwell's equatiQns Qr thQse relating to 
dynamics and statics, will nQt be altered, the 
new field has need fQr the mOist advanced and 
sQphisticated type Qf engineering knQwledge. 
There will be great emphasis Qn rQutine reli­
ability, but there is alsQ the utmost need fQr 
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innovation. I am inclined to believe that those 
universities which take pride in their engi­
neering schools will now have added reason to 
reexamine the relative emphasis which they 
placed upon work leading to the doctor's and 
bachelor's degrees. They will also have good 
cause to reexamine the traditional depart­
mental structure, which represents an inherit­
ance from the earlier days of engineering when 
specialization occurred at the junior level in 
college ra:the,r than at the graduate level and 
which may be poorly suited for the period 
ahead if the fields of engineering are to retain 
the maximum degree of flexibility in the face 
of challenges of a highly sophisticated type. 
Still further, it seems clear that almost any as­
pect of space research which is carried on with­
in a university will require close cooperation 
between those in the engineering department 
and in the physical science departments such 
as astronomy, geology, or physics. This need 
should accelerate the development of interdis­
ciplinary laboratories connecting engineering 
and science, to be used both for graduate and 
postgra,duate resea,rch programs. 

It is hardly necessary to add that the univer­
sities have an enormous capability to contribute 
to the space program. At the very minimum, 
the output of graduates is absolutely indispens­
able if the field is to accelerate and be sustained 
in the way which is envisaged at the present 
time. Moroover, these graduates must have the 
most advanced type of preparation our aca­
demic system is capable of giving them if they 
are to contribute. 

Even beyond this, however, the history of 
science in the United States demonstrates quite 
c1ea.rly that strong university participation in a 
field of research, whatever it may be, helps to 
assure its health. There are many reasons for 
this. First, a certain fraction of the best minds 
find the type of freedom and flexibility pecu­
liar to universities best suited for their work. 
Then, too, the presence of many inquiring 
young minds in a formative period adds a pa,r­
ticular freshness and vitality to research. This 
is not to say that excellent work is not done 
elsewhere, such as in industrial, nonprofit, or 
inhouse laboratories. What is important is 
that any program which does not take maxi-
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mum advantage of the capwbility within uni­
versities will not advance in the most effective 
way possible. 

This brings me toa very major problem 
which is in the minds of all of us at present. 
What degree of interaction between the agency 
sponsoring our space program and the uni­
versities is most desirable if our national space 
program is to accomplish its best in the period 
of 10 or 20 years which lies ahead? The prob­
lem is obviously very complex and is not sub­
ject to any exact analysis. Perhaps one would 
like to ignore it, and yet it is not ignorable 
precisely because of the enormous demands the 
space program will make upon the universities 
for the most highly trained manpower as well 
as for subsidiary talent and know ledge. It is 
safe to say that in the coming generation a large 
fraction of our best-trained students in science 
and technology-perhaps at least one-half­
will end up in some facet of the space program 
if we continue to make it the object of urgent 
national interest that it is at present. For their 
own good, the space agency must make certain 
that the universities are viable and that the 
students they turn out have been given the max­
imum opportunity to develop their capabilities, 
at least in the areas of academic work essential 
for the space program. This is elementary 
wisdom. 

Let me make a side remark at this point. We 
all encounter numerous individuals who regard 
the national space program as an unmitigated 
evil which saddles our country with a heavy 
financial burden and diverts our best technical 
minds from more important tasks. I hope my 
earlier remarks made it clear that I feel per­
s'Onally that the general goals 'Of the space pro­
gram are a natural continuation 'Of the human 
adventure. It is unthinka:ble that our society, 
particularly Western society, can ignore this 
challenge! The only debatable issue is the rate 
at which we proceed and the sacrifices we make 
for it. Having witnessed first-hand the colossal 
waste of technical manpower which took place 
in our country during the depression years, I 
must say that the present period of what is 
sometimes termed technical overemployment 
stands out in very healthy contrast, whatever 
else might be said. 
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I am inclined to feel that the overall evolu­
tion of our country in science and technology 
will be far better off with a healthy space pro­
gram than it would be without it, provided we 
continue to focus reasonable intelligence in 
recognizing both the good and the bad effects 
it may have on our economy and social struc­
ture and mitigate the bad effects. The impact 
of the space program on our universities is one 
important facet. which merits watching.' 
If we examine the policies of the various 

agencies which support science and technology 
in a way that has a direct effect on the uni­
versities, we find considerable variation. Some 
of the more important cases will be reviewed 
here. 

First, there is the N ationa} Science Founda­
tion, wh'~ch is not mission-oriented and regards 
its key role to be that of providing support to 
universities in most major areas of science and 
engineering through grants. It is noteworthy 
that the N wtional Science Foundation does not 
play a very direct role in guiding the flow of 
students into employment, although its indirect 
influence is enormous. 

The National Institute of Health resembles 
the National Science Foundation in the sense 
that it has a broad responsibility for support­
ing research directed toward the improvement 
of the national health. It differs from the N a­
tional Science Foundation in the sense that it 
also operates inhouse laboratories, which in­
terestingly enough have suffered seriously from 
raids by the universities and nonprofit labora­
tories that are supported by grants from the 
Institute. Doubtless the money furnished for 
research by the NIH is having a significant im­
pact on the choice between professional careers 
in the life sciences and in medicine. However, 
except for the extent to which the indispensable 
inhouse laboratories of NIH may be suffering 
damage, there is little doubt that the policies 
of NIH have done a great deal to hring the best 
minds and taIents to bear on the essential prob­
lems of public health. 

In the years immediately following W orId 
War II, various agencies of the Department of 

. Defense, particularly the Office of Naval Re­
search, felt called upon to support universHy 
research in both breadth and depth on the prin-

122 

ciple that a healthy intercourse between the 
universities and the research agencies and fa­
cilities ,of the Department of Defense would 
benefit both and thereby provide maximum sup­
port to the Department's mission. In the in­
tervening years, the Department of Defense has 
interpreted its mission more and more narrowly, 
apparently adopting the general viewpoint that 
day-to-day association with university science 
was overemphasized in: -the past, and that the 
National Science Foundation and NIH are do­
ing enough to maintain a healthy research at­
mosphere in the universities insofar as the 
needs of the DOD are concerned. There are a 
few areas in the DOD which have retained the 
original policies, but they are few and under 
growing pressure to reform. 

It is still true, I should say, that a very large 
part of the output of universities ends up being 
employed by contractors of the DOD or in the 
inhouse DOD laboratories and agencies, so that 
the DOD inevitably depends substantially on 
the health of the universities. 

Immediately a:fter its estahlishment in 1947, 
the Atomic Energy Commission adopted poli­
cies toward the universities somewhat like those 
the agencies of the Department of Defense had 
at that time. That is, the AEC began to sup­
port the universities in both breadth and depth, 
recognizing that this policy would in the long 
run be of mutual benefit. Over the years, the 
Atomic Energy Commission has not deviated 
significantly from this policy. Unlike the De­
partment of Defense, the AEC has on the whole 
tended to strengthen and reaffirm its original 
policy 'On a broad front. It is true that the con­
tracting procedures of the AEC are rather more 
complex and cumbersome than those employed 
by some of the other agencies. This, however, 
is a detail a:bout which adjustments can be made 
in the course of time. 

Since NA<SA, DOD, and AEC are 
much more mission-oriented than either the 
National Science Foundation or the National 
Institute of Health, I see little point in expect­
ing .them to provide the same general type of 
support to universities that NSF and NIH do, 
unless evidence arises to show that certain spe­
cialized areas are being grossly neglected. It is 
clear that more appropriate bases for compari-
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son are provided by the Atomic Energy Com­
mission and the Department of Defense. It is 
particularly important that NASA make such 
a comparison at this time, while it is in the 
process of establishing its own policies, for two 
good reasons. First, NASA will depend sig­
nificantly upon the quality of the product of 
the universities for the quality of its own effort, 
and second, the agimcy presumahly has a long 
future life and may well determine the course 
of many aspects of science and technology in 
our country, not least the vigor and effectiveness 
of some aspects of university life. 

Taken as a whole, I strongly recommend that 
NASA consider policies relative to the universi­
ties more nearly like those followed at present 
by the Atomic Energy Commission rather than 
by the Department of Defense. I realize that 
NASA, unlike the AEC, operates its own in­
house laboratories directly rather than depend­
ing upon contractors but this, I feel, is a detail 
in the larger picture since the large contract 
laboratories of the AEC are in a sense also in­
house laboratories. What strikes me as the 
most significant consequence of the differences 
in the policies now followed by the AEC and 
the DOD is that a very large number of uni­
versity scientists and engineers have a sense of 
direct responsibility for the program and wel­
fare of the AEC, whereas the trend is in the 
opposite direction for the DOD. I find very 
few scientists or engineers under 40 in universi­
ties who any longer feel the sense of close com­
munion with the Department of Defense that 
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my own generation did in the corresponding 
period. I believe an important part of this 
difference stems directly from the fact that 
the Atomic Energy Commission has continued 
to support university research broadly and in 
depth while remaining well within the frame­
work of its mission, whereas the agencies of 
the Department or Defense have tended to be­
come more and more selective and restrictive. 
This gradual withering of (the bonds between 
the Department of Defense/and the universities 
can be justified only if ope assumes that the 
very indirect channels wh~ch now exist are ade­
quate. Such an assumption strikes me as being 
exceedingly dangerous. In brief, I think the 
policy adopted by the Atomic Energy Com­
mission is a far more conservative and reliable 
one for the long range. 

In brief, then, it is my hope that once this 
period of organization and adjustment is over 
and the NASA has become established, it will 
adopt policies resembling those employed by the 
Atomic Energy Commission in as Close a way as 
its own frame of reference permits. This, I 
feel, will assure a long and intimate period of 
communication between NASA and the univer­
sities which will optimize the benefits to both. 
I see no reason why the establishment of such a 
policy should affect the inhouse laboratories of 
NASA adversely. On the contrary, it seems to 
me that such communion will guarantee that 
the NASA laboratories will obtain appropriate 
fractions of the best talent graduated by the 
universities. 



University Research Activities and Their 
Impact on the National Space Program 

In the preceding paper by Dr. Seitz, it was 
pointed out that the universities cannot afford 
to ignore space exploration and, conversely, 
space exploration cannot afford to ignore the 
universities. He has reminded us that the 
National Academy of Sciences through the 
Space Science Board has played a key role in 
our space program. 

We all agree with Dr. Seitz that space pre­
sents a technological and scientific challenge 
which requires support from our scientific re­
sources. Furthermore, the continuing growth 
of space and, indeed, of all our technological 
activities requires that the academic programs 
of the universities be enhanced and strength­
ened through a bilateral interaction with the 
national space effort. 

For the success of our space effort, we need 
the ability to synthesize cOmplex systems re­
quiring contributions from the physical and 
life sciences. The universities provide the best 
sources now available for a multidisciplinary 
research capability. Their capability will 
therefore continue to be an important contribu­
tor to. the success o.f o.ur natio.nal effort in space. 
At the same time, we must remember that the 
universities are our prime source of new scien­
tists and engineers. The pro.blem which must 
be solved, then, is to use the university resources 
in such a way as to. advance our national inter­
est in space and at the same time strengthen 
the traditional role of the university in its aca-
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demic function. It must not be forgotten that 
the basic responsibility o.f the university to So.­
ciety is to. educate the yo.ung men and wo.men 
who will conduct the a.ffairs of the Nation 
tomorrow. 

As a general background observatio.n con­
cerning the rate of gro.wth of our technical 
activities in this country and, therefore, o.f the 
need fo.r growing educatio.nal opportunities, it 
is instructive to note the growth of expendi­
tures for research and development. Fo.r ex­
ample, in 1940 the to.tal national effo.rt is 
estimated ,to. have <been $400 million, whereas in 
1963 this had grown to. $20 billion (50 times as 
great). It is also significant to note that in 19'40 
roughly one-quarter of the total effort was sup­
ported <by the Federal Government; in 1963, 
<three quarters of the effort is supported by the 
Federal Government. In other words, we are in 
an era of very rapid increase of research and 
development activities and an era in which the 
Federal Go.vernment is playing an increasingly 
important role in these activities. Therefore, 
not o.nly must the universities establish their 
proper function and activity to support this 
gro.wing scientific Wo.rld, but also since the Fed­
eral Go.vernment is requiring such a large re­
search and development effort, establishing the 
proper relations between the universities and 
those Government agencies which are reSPo.n­
sible fo.r large research and develo.pment efforts 
is equally impo.rtant. 
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I was interested in the oomments of Dr. Seitz 
regarding the Atomic Energy Commission and 
its policies towards universities. Clearly, the 
AEC (just as NASA) must depend signifi­
cantly 'On the product of the universities for 
the quality of its own effort, and both AEC 
and NASA are equally concerned with under­
standing and working with the universities. 
Dr. Seitz states that he "strongly recommends 
that NASA c'Onsider policies relative to the 
universities more nearly like those r'Oll'Owed at 
present by the Atomic Energy Commission 
rather than by the Department of Defense." 
Although I do not feel competent to compare 
in detail the operations of these tW'O agencies 
with the universities, I certainly agree 'On the 
necessity of NASA establishing the best possi­
ble working relationship with the universities. 

DEVELOPMENT OF "BIG SCIENCE" 

The huge growth in expenditures for research 
and development has been accompanied not 'Only 
by the growth of the purely technological as­
pects 'Of research and devel'Opment but a;lso by 
a tremendous growth in the more "scientific" 
part of research and development. This has 
led to what Weinberg calls "big science." If 
I may hazard a definition of "big science," I 
would say that it refers to very large and expen­
sive projects which have definite, pure scientific 
objectives. Examples include such things as 
the building of a bevatron by the Atomic En­
ergy Commission as a scientific research tool 
and the launching of unmanned satellites and 
space probes by NASA t'O obtain purely scien­
tific data. The significance of the gr'Owth of big 
science is that such projects, rather than being 
simple scientific projects, are largely engineer­
ing projects in the sense that they require the 
organization and management of extensive en­
gineering resources in order to accomplish the 
project. '1.'he fraction of the cost associated 
with the purely scientific part of the pr'Oject is 
usually very small. Of course, even though the 
project is largely an engineering development, 
nevertheless the controlling motivation and, in­
deed, the specifications of the pr'Oject will be 
closely determined by the scientific objectives~ 
hence, the term "big science" rather than "big 
engineering." 
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At the present time a large portion of the re­
search and development expenditures of the 
Federa;l Government is devoted to such big 
science projeots. Through these projects, the 
resources now available to scientists, in at least 
some areas of research, are many orders of mag­
nitude greater than in the period before World 
War II. 

NASA AND ITS SCIENTIFIC NEEDS 

As far as the NASA is concerned, it is obvious 
that much of the NASA expenditures will be 
for projects which, by definition, I would call 
"big science." However, it is important that 
NASA also support work in the "little science" 
area. The NASA administration is well aware 
of this fact and actively supports a host of re­
search activities in almost all fields of science. 
These "little science" projects are the seed for 
the development of "big science" projects in the 
years to come. . 

In order to carry out its mission, NASA has 
a great 'breadth of scientific and technological 
interest. Most of the NASA flight projects re­
quire the synthesis of all the physical sciences 
in'to an engineering system. Some of the proj­
ects, of course, also add the biological sciences 
t'O the list. It is theref'Ore appropriate-in 
fact, necessary-for the NASA to support re­
search in all these 'areas. 

Much 'Of this is quite properly being d'Oneat 
the un'iversities, within 'the normal framework 
of university graduate student and faculty re­
search. In fact, within the Chicago area, 
NASA is supporting research. activities at 
Northwestern, Armour Research Foundation, 
the University of ChicflIg'O, and 'the University 
of Illinois, am'Ong other p]<aces. In a recent 
listing of NASA research grants and contracts, 
some 25 separate projects were listed 'at these 
institutions. At Armour, an Astro Sciences 
Center is being established,; at the University of 
Chicago, the Laboratory for Astrophysics and 
Space Research will be one of the first inter­
disciplinary space research centers in the Na­
tion. These activities are representative of the 
support which NASA is giving in the "little 
science" area. It is important, and the fact 
that universities all over the country are par­
ticipating in this program is indicative OIf their 
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recognition of its importance, not only to space, 
but to science in general. 

It is extremely important that greater em­
phasis be placed on investigakions into the 
engineering problems associated with space 
ventures. At 'the present time, engineering 
limitations and difficulties are the limiting fac­
tors in many of the flight projects which NASA 
is undertaking; 'therefore, development of new 
ideas and new techniques and new skills in 
engineering can be of enormous value to the 
program. The engineering faculties of the uni­
versities should not only recognize the new 
prdblems and new parameters which space has 
brought into ,their disciplines, but should 'also 
search for new solutions to old problems and 
indeed solutions to the new problems which will 
inevitably face our future space development. 
The NASA will certainly listen sympatheti­
cally to proposals in these areas. 

This area of "little science" is obviously the 
most direct point of contact between the univer­
sities and NASA. Without the help of the uni­
versities, our program would be severely 
handicapped. For example, from 'the universi­
ties come most of the ideas for the experiments 
to be conducted in space. Many of the instru­
ments are developed in university laboratories. 
University scientists conduct the analysis of 
flight data a speciified time after 'the flight. 
NASA generally makes these data available to 
competent scientists. The study conducted by 
the National Academy of Science in Iowa la;st 
summer is indicative of both the interest and 
the imagination of the scientific community in 
this area. 

But in addition to this direct association with 
space experiments, the university laboratories 
contribute to the general advancement of space 
technology. A glance at the list of NASA re­
search grants will show such titles as the 
following: 

(1) Investigation of the properties of gas­
eous plasmas 

(2) Studies of the fundamental chemistry 
properties and behavior of fuel cells 

(3) Research to establish methods of sys­
tematic struotural synthesis 

( 4) Theoretical studies of the solar wind 
( 5) Studies of closed ecological systems 
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In the Chicago area, the Armour Research 
Foundation is conducting studies of lunar soil 
mechanics, and the University of Chicago is 
conducting experiments with image converter 
tubes for orbiting observatories. 

These investigations are illustrative of the 
direct contributions of the universities. In a 
less direct, but equally important fashion, the 
universities contriibute to the space effort 
through their academic programs. NASA is 
assisting by providing funds for fellowship 
grants and by helping finance summer study 
activities. However, space activities should go 
far beyond this point by being incorporated 
into academic courses of many kinds. Elemen­
tary physics courses are using satellite orbit 
problems in many schools now, and, as time 
goes on, there will be an increasing awareness 
of the relationship between most of the usual 
academic suibjects, even economics, and space. 
This must be so for two rea;sons---'first, space 
represents the scientific and technological fron­
tier and, second, space is an important factor in 
national policy and the national economy. 

Now, as far as NASA and its "big science" 
projects are concerned, by and large the uni­
versities are not directly concerned-the J at 
Propulsion Laboratory being a unique excep­
tion. The Atomic Energy Commission has 
elected to use the universities a great deal more 
for conducing their "big science" projects. In 
fact, all their laboratories are operated either 
by universities or by industry. 

ORGANIZATION TO DO "BIG SCIENCE" 
PROJECTS 

First, consider the possibilities which the 
government has for carrying out its "big sci­
ence" projects. Primary responsibility for the 
projects could be handled either within the gov­
ernment, within industry, or within the uni­
versities. In fact, examples of all three of these 
methods can be found. Before discussing the 
pros and cons of these choices, it should be noted 
that, in the last analysis, industry will always 
do most of the work as far as providing the 
actual hardware for the project. In other 
words, industry will supply most of the sub­
systems and test equipment fora project and, 
if the project requires a number of copies such 
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as in the case of NASA projects in which a 
number 01 identical flights are being conducted, 
then industry will almost always be brought in 
to build the additional hardware. The question 
of responsibility for the project is therefore one 
of selecting a method for managing the project, 
including its overall design, testing,and per­
haps building of breadboards during the de­
velopment phase. 
If tile government manages the project itself, 

the principal advantage is that it is conducting 
the project with a staff which is thoroughly re­
sponsive to the needs of the government. On 
the other hand, the experimental evidence seems 
to indicate that the government has difficulty 
in obtaining and holding. personnel within the 
Civil Service laboratories of 'a type able to 
manage the large engineering enterprise with 
which weare concerned. An argument for in­
dustry is that it is indeed well organized to staff 
and manage a large engineering effort. The 
contrary factors against this advantage must 
be considered-the fact that an industry con­
ducting a large science project for the govern­
ment within the framework of its other 
government and commercial activities is handi­
capped by its desires ror developing proprietary 
interests and its need to make a profit. Fur­
thermore, industry, in general, is not well or­
ganized to do "one of a kind" projects. 

As far as the universities are concerned, the 
advant'ages lie with the fact that "big science" 
projects are closely allied to the interests of uni­
versity staffs and, therefore, the personnel 
which the university can make available are 
well fitted through their academic background 
and analytical 'approach to work on such proj­
ects. Furthermore, the fact that the university 
is outside of the government and yet not moti­
vated in the same way as industry permits it to 
advise 'and debate with the government in a 
manner which neither its own laboratories nor 
industry are quite 'able to do. 

As arguments against the use of universities, 
the two most significant factors are probably 
the fact that a "big science" project is not a 
normal activity for a university and therefore 
there is the danger that the project preempts 
the university talent away from its normal ac­
tivities with the consequent long-term damage 
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to our national position in order to solve a 
short-term problem. There is also the concern 
that the university is not well equipped to man­
age a large engineering project and, therefore, 
it may find difficulty in properly and efficiently 
carrying out the government's objective when it 
attempts to conduct a big project. 

THE JET PROPULSION LABORATORY AS A 
CASE HISTORY 

The development of the Jet Propulsion Lab­
oratory (JPL) since 1940 is an interesting case 
history of the growth of the university-sup­
ported government laboratory which is con­
ducting major scientific projects. JPL was 
initially intended as a field station to conduct 
rocket and jet propulsion studies for graduate 
students in the Aeronautics Department of 
the California Institute of Technology. The 
coincidence of successful experiments by this 
group and military requirements engendered by 
World War II gave a great impetus to JPL, 
and support from the Army Air Corps was 
soon forthcoming. It was clear that the Jato 
developments of the Jet Propulsion Laboratory 
were of great practical value and a demand for 
these rockets grew rapidly. As a result, JPL 
assisted in setting up a commercial 'activity to 
manufacture and to continue development of 
these units. This corporation is now the Aero­
jet-General Corp. 

With the unloading of this production ac­
tivity, JPL turned to advanced research in the 
field of rocketry. Many of the present con­
cepts of both solid and liquid rocket systems 
stem from work at JPL during the period of 
the midforties. Support for JPL continued to 
come from the Army Air Corps and also from 
Army Ordnance, who were interested in the 
possibility of long-range artillery rockets. The 
Jet Propulsion Laboratory was therefore in­
vite'd to conduct research leading towards an 
understanding of the problems associated with 
such long-range rockets. Shortly after the war, 
support for the Jet PropUlsion Laboratory was 
transferred primarily to Army Ordnance, and 
flight-test programs of research rockets were 
begun at the White Sands Proving Ground, 
which, incidentally, was initially established by 
the Army for the use of JPL. 
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In order to accomplish these investigations, 
the scope of the Jet Propulsion Laboratory had 
grown to include such technical areas as aero­
dynamics, structures, and electronics. By 1949 
the status of these developments was such that 
Army Ordnance asked JPL to modify their 
research rocket, the Corporal, into an opera­
tional weapon system. This was done in the 
period 1949-1954. Development of the system 
was undertaken by JPL; production was han­
dled by industry-in this case, primarily by 
Firestone and Gilfillan. 

Again the' technical skills 'at JPL expanded 
in scope to include abilities in guidance and 
communication. In all of the areas in which 
JPL was maintaining technical capability, re­
search programs of a fundamental nature were 
carried out. In order to place the Corporal into 
production, it was necessary for the Jet Pro­
pUlsion Laboratory to develop management and 
administrative skills pertinent to transferring 
our knowledge and information to the produc­
tion contractors. JPL continued to conduct 
field tests of the Corporal during the develop­
ment phase and, indeed, launched approxi­
mately 100 test vehicles at the White Sands 
Proving Ground. 

Following the successful completion of the 
Corporal program, Army Ordnance invited 
JPL to study a second-generation weapon sys­
tem to replace Corporal. After reviewing the 
results of this study, the Army elected to have 
JPL proceed with the development of the Ser­
geant weapon system. In this case, Army Ord­
nance selected the Sperry Corp. as the potential 
production contractor in the very beginning of 
the project. Sperry engineering personnel, 
therefore, worked with JPL during most of the 
development phase. 

By this time, the staff of JPL had grown to 
about 2,500 and the technical disciplines needed 
to carry out the development of a complete 
weapon system of this type were well repre­
sented. Supporting research activities were an 
important contributor to our success in the Ser­
geant project. 

With the coming of the Spage Age, JPL's 
talents were first exploited by the Army when, 
with the cooperation of the Huntsville team 
under Dr. von Braun, we successfully con-
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ducted the first Explorer satellite mission and 
the first Pioneer deep-space probe to escape the 
Earth's gravitational field. In a general way, 
the division of responsibility between JPL and 
Marshall Space Flight Center was that Mar­
shall prepared the launching rockets while 
JPL prepared the upper stages and the pay­
loads. 

At the end of 1958 when NASA was estab­
lished, the Jet Propulsion Laboratory was 
transferred to the NASA. Shortly thereafter, 
the role of JPL within the NASA was defined 
as developing spacecraft for lunar and plane­
tary unmanned missions. At the same time, 
the supporting research activities of JPL were 
recognized and strengthened by the NASA and 
our capability in the field of space sciences was 
expanded. At the present time, we are re­
sponsible for three major projects: Ranger, 
Surveyor, and Mariner. Ranger is a project 
which is in the process of being transferred 
from an in-house toa contractor-supported 
project. Surveyor was initiated as a contractor­
supported project. Mariner is conducted a:s an 
in-house project with heavy industrial support 
for subsystem work. We also undertake re­
sponsibility of operating a Deep Space Instru­
mentation Facility to communicate with these 
spacecraft. This facility is operated for us by 
an industrial contractor. We also continue our 
active program of in-house supporting research 
projects. 

In retrospect, it appears that the initial 
growth of JPL was engendered by the ex­
igencies of national defense. The personnel of 
JPL were first motivated by their scientific 
curiosity concerning rocket propulsion systems 
and then became motivated by the knowledge 
that they were contributing significantly to our 
national defense posture. At the present time, 
this has evolved into our contribution to the 
national space effort. Our motivations stem 
from the knowledge that we are making signi­
ficant contributions and, furthermore, that we 
are working in a field of immense technical 
challenge. The morale and efficiency of the 
Jet Propulsion Laboratory is found to be ex­
ceedingly high. I believe you will also find 
that the government gets more from its dollar 
expended with JPL than it does in many other 
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areas. Furthermore, about 80 percent of the 
JPL budget is expended with industry and 
here again I believe you will find that we are 
conducting a capable and effective management 
of these expenditures in the interest of the gov­
ernment. In other words, it seems to me that 
the .JPL is an interesting example of the 
government-owned, university-operated labora­
tory which has grown into a national role in 
the field of "big science" where it is conducting 
large projects effectively. 

This development has taken place with the. 
full support of the California Institute of Tech­
nology. The Jet Propulsion Laboratory has 
been separated enough so that it has not 
diverted the Institute from its academic activi­
ties, but is close enough so that the Institute has 
provided scientific inspiration to the Jet Pro­
pulsion Laboratory and, conversely, the Lab­
oratory has brought the instructive and 
research activities of the campus into close con­
tact with advanced work in space. 

In its present role, JPL has a responsiiblity 
to NASA to advise and assist in the formula­
tion of the projects and research activities 
which it should conduct. ·When these are as­
signed to the JPL, then it has a responsibility 
to carry them out with the utmost efficiency. 
This requires the support of industry, pri­
marily in the project area. As just stated, 
about 80 percent of JPL's budget goes to in­
dustry in the form of contracts or purchase 
orders. In addition, the Jet Propulsion Lab­
oratory serves as a focus for many of the space­
oriented activities of the southern California 
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universities. We provide support for the Cali­
fornia University Council on Space Science, 
and also provide opportunities for faculty and 
graduate students to spend time at the Jet Pro­
pulsion Laboratory. For example, last sum­
mer there were 65 graduate students and 13 
professors working with us. Currently, there 
are 15 resident research appointments for fac­
ulty scientists. Many of these appointments 
go to overseu;s ,scientists. 

The JPL is an excellent example of how a 
university can participate. in "big science" 
without damaging its normal function. In fact, 
the association of the Jet Propulsion Labora­
tory with the California Institute of Technol­
ogy is a definite asset to both, and ,thus to NASA 
and ,the Nation. 

In conclusion, it should be stated again that 
the university, in both its research and its 
teaching roles, is an essential element to the 
success of our national space effort. The 
NASA is well aware of this important fact; 
and is doing its best to bring the universities 
into the program in a rational way. The uni­
versities, for their part, must reciprocate by 
demonstrating their awareness that they recog­
nize that space is here to stay and that it rep­
resents the most advanced technological fron­
tier, and, therefore, that they should develop 
their capabilities and interests in this area. 
The NASA-university team working together 
will not only strengthen our space effort but 
will lead the way to the technological triumphs 
of the next generation, in whatever field they 
may lie. 
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PACKARD: It might be of interest to review a 
little of the history of the university-industry 
relationship in the specific area around Stan­
ford University. The part of this relationship 
which I wish to discuss was not influenced in 
any way by the Space Age. In fact the build­
ing up of this relationship occurred before what 
we now call the Space Age came about, but it 
should be remembered that the industry and 
the activity which have developed from this 
partiCUlar relationship with Stanford have, in 
fact, had a great influence on the space accom­
plishments to date. It seems certain that the 
firms being developed and the engineers and the 
scientists being trained in this area will con­
tinue to playa very important part in future 
space achievements. 

When Hewlett-Packard first established its 
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firm in the Palo Alto area, there were about five 
electronics firms around the San Francisco pe­
ninsula. The number of employees were some­
where between 200 and 300 altogether. In those 
days we looked to Chicago as the center of the 
electronics industry; after we had developed a 
few products, one of the first places we empha­
sized our sales effort was in Chicago. A few 
statistics on the situation today, some 20 to 23 
years later, may be enlightening. 

At the present time in the bay area there are 
well over 100 electronics firms, including the 
large effort of Lockheed in their Polaris pro­
gram, employing approximately 30,000 people. 
If this one large firm is not counted and a count 
is made just of the electronics firms in the area 
around Stanford University, there are approxi­
mately 70 firms employing approximately 
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12,000 people, and the annual volume of produc­
tion of electronic devices is almost throo­
quarters of a billion doHars annually. 

Ten years ago Palo Alto had a population of 
25,000 people; the population has more than 
doubled in this decade-to more than 52,000 at 
the present time. At the same time the assessed 
evaluation of the community has gone up from 
$42 million to $170 million, or approximately 
four times. This is one of the direct and im­
portant results for the community. There has 
been a threefold increase in retail sales as com­
pared with a 2 to 1 increase in population. 

Thus, the electronics industry which has de­
veloped in this area has had a very important 
and beneficial effect on the community as well 
as made an important contribution to the whole 
area of teclmology. The interesting thing 
about this development is that a majority of 
these firms were started by young people com­
ing out of the university. In many cases they 
were started with very little capital and well 
over half of all the firms in this area are new 
ventures that· were started as private enterprises 
by young people with some knowledge, with 
some help from the university relationship, and 
with a desire to get into the private enterprise 
segment of our economy. 

Several conclusions may be drawn from this 
university-industry relationship that has devel­
oped over the last 2 decades or so in the Stan­
ford area ... In the first place, almost all the new 
businesses in this area are based upon new prod­
ucts which were generated in the laboratories at 
Stanford University. This same process has 
occurred at other universities around the coun­
try. As an illustration, one of our very im­
portant product lines is what we call an elec­
tronic counter. The original concept of the 
device which really underlies this whole line 
was developed by a young man doing his grad­
uate work at Stanford University on a felow­
ship which we sponsored there. We have many 
devices in the microwave field which were first 
conceived in the Physics Department at Stan­
ford. More recently some of the work in what 
we call backward-wave oscillator tubes and trav­
eling-wave amplifier tubes was the foundation 
of some additional instruments which have 
added to the product line and the capability 
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of our organization. This process has been du­
plicated many times over. 

One of the important firms in this area is the 
firm called Varian Associates. The Varian 
brothers invented the Klystron tu'he in the phy­
sics laboratories at Stanford just a little be­
fore 1940. Shortly after World War II they 
founded Varian Associates, attracted some of 
the other young people from Stanford, and have 
built one of the most important industries in the 
country in the field of microwave tubes. Also 
shortly after World War II, Felix Block, 
through his research, developed an understand­
ing of nuclear resonance and from that came 
a whole new line of scientific instruments made 
by the Varian organization. More-recently, re­
search in high-energy physics has contributed 
some very important products to this firm again. 
This is duplicated many times, often by small 
firms. There are four or five firms that were 
founded on some of the work that was done in 
traveling-wave tubes-Huggins Laboratories 
and Watkins-Johnson among others. Studies 
at Stanford of the ionosphere and methods of 
measuring and developing wave propagation 
have led to a firm called Granger Associates. 
They have made some very important contri­
butions in this area. 

Although a great deal of this work has re­
sulted from the activities in the departments of 
electrical engineering, the electronics field, and 
in the departments of physics, there have been 
other contributing sources as well. For in­
stance, a program at Stanford Research In­
stitute involves investigation of explosives. Dr. 
Poulter, in the laboratory that was established 
in his name, did some important research in the 
use of shape charges and various kinds of ex­
plosive devices, and a program was developed 
which is the basis of the United Technology 
Corporation program of solid fuel propellants. 
This pattern has been most effective. While 
these programs have contributed to "big" sci­
ence, they have also made a very important con­
tribution to th~ free enterprise segment of our 
economy; this is an especialy important charac­
teristic of the development around Stanford 
University. 

In addition to specific products, the univer­
sity has contributed a very important resource 
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of trained manpower-engineers and scientists 
and business leaders-and this trained man­
power has, in many ways, been developed around 
some areas of specific technology not unrelated 
to these particular product areas already men­
tioned-microwave tubes and solid-state elec­
tronics, for example. The university has at­
tracted a very strong group of faculty and 
from this has come the Fairchild semiconductor 
program; William Shockley was attracted back 
to the area from Bell Laboratories and he, too, 
has established a commercial venture in the elec­
tronics field. 

Underlying all this there has developed over 
the years an important relationship between the 
university and industry. A number of times 
during these 2 decades, university administra­
tors have come to us in industry and pointed 
out that they had a faculty appointment open, 
but did not have the resources to attract the 
person they wanted; they have asked if we 
would be interested in providing either a con­
sulting job or in some other way supporting 
this appointment financially. Our firm has pro­
vided this support in a number of cases and it 
has enabled Stanford to attract some important 
people. In the field of aeronautical engineer­
ing, this same support was given through a co­
operative program between Lockheed and the 
university. Lockheed wanted a particular man 
who was interested in the university affiliation. 
This worked out extremely well. The results 
of this effort can perhaps best be demonstrated 
by the fact that 2 years prior to the start of this 
program there were only two graduate students 
in aeronautical engineering and 2 years after 
this program was worked out in cooperation 
with Lockheed the university had over 100 
graduate students in aeronautical engineering. 
In addition to that there has been a very effec­
tive use of the university faculty in consulting 
services. This consulting service is effective, 
not just in terms of having a conference now 
and then to talk about a program, but in 
bringing a university professor into a close as­
sociation on a continuing basis with a particular 
program that is of mutual interest; this has 
been done in the field of microwave tubes and 
in many areas by a number of firms. It has 
been done by our own firm in more recent years 
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in the area of some of the solid-state electronics 
work, and has been helpful in keeping some 
of our scientists and engineers upgraded in 
this vastly active, rapidly advancing field. 
Professors have been brought in to give specific 
courses so that we can be sure that our scientists 
and engineers have a current knowledge of the 
field. 

Particularly effective has been a university­
industry program in which industry hires grad­
uates from various colleges and universities 
around the country and, in an arrangement with 
Stanford, allows these baccalaureate-degree 
holders to obtain advanced degrees by spending 
about half time working and half time going 
to school. Tllis was worked out by Dr. 'Fer­
man, who was then Dean of the School of Engi­
neering. He offered to expand the engineering 
program if industry would pay half the cost of 
educating the students-since tuition covers 
only half. So many firms have underwritten 
the normally unpaid for cost of educating these 
youngsters that the firms in this area have been 
able to hire some of the most outstanding stu­
dents from all over the country. 

In summary, it might be reemphasized that 
this astounding growth in the technologically 
based industries in the San Francisco Bay area 
has been due in large part to the contributions 
from Stanford University. Much of the 
growth was initiated by new developments, 
products that came specifically from research 
at the tmiversity; the entire program has been 
strengthened by a very close cooperative rela­
tionship in this area. There is no question that 
one of the important responsibilities of our uni­
versities is to generate new know ledge; it seems, 
as well, that one of the responsibilities of uni­
versities and industry is to find ways in which 
this new knowledge can be converted into use­
ful purposes as efficiently and as effectively as 
possible. The programs in the bay area, par­
ticularly those around Stanford University, 
ha ve been especially effective in tills way. 
SAWYER: One of the striking developments of 
the. post W orId War II period has been the 
rapid increase in expenditures for research and 
development activities both in the universities 
and in industry. Although these statistics have 
often been commented on, perhaps it will be 
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interesting to point them out again. Figure 1 
shows the rapid development in research and 
development funds over the last 10 years from 
$5 billion in 1953 to approximately $15 billion 
in 1962. Of this $15 billion, about $9% billion 
was provided by the Federal Government and 
$5 billion by industry. Of the $9.6 billion pro­
vided by the Federal Government $6 billion 
went for the support of research and develop­
ment in industry and about $1 billion for the 
support of research and development i.n the uni­
versities. A major reason for this rapid re­
search development has been the large expen­
ditures by the Department of Defense for the 
development of new weapons and new weapons 
systems and, more recently, by NASA for the 
space programs. A considerable part of the 
money, however, has gone into development of 
new industrial products and the improvement 
of old ones, and in the universities into the ad­
vancement of basic research. Figure 2 shows 
the amounts for the development of basic re­
search as a part of the total R&D program. In 

billions of dollor. 

16 --------------

spite of these large expenditures, there is criti­
cism that our rate of growth of industrial pro­
ductivity and civilian technology is too small 
and that we should be doing more for the 
development of consumer products and im­
provement of the standard of living. It is 
stated that we compare unfavorably with some 
of the European countries and with .J apan in 
these respects. As a result, in many of our 
states, and particularly in the Midwest, the in­
dustries and the state governments are looking 
to the universities for aid in the industrial de­
velopment of the state, whereas the Federal 
Government seeks university support for its de­
fense and space work. 

The expansion of research and development 
activities has taken place in various ways and in 
various places. A large part has been in the 
research and development and enginering lab­
oratories of the large corporations which have 
expanded in connection with their manufactur­
ing activities and at their manufacturing sites. 
On the other hand there have appeared many 
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new research and development firms which are 
devoted to the exploitation of new ideas, new 
products, and new methods. An interesting 
example is the development of the laser " ith 
tremendous rapidity in the last 5 years. Over 
200 new firms have been set up for improyement 
and production of lasers fo r various applica­
tions. 

Some of the new companies haye been estab­
lished by scientists who have come from large 
industrial laboratories; some of the founders 
have come out of university laboratories. 
These new firms, and to a considerable extent 
the established firms which are going into new 
industrial development and new kinds of re­
search, are looking for sites for the establish­
ment of their research laboratories and of their 
new plants for light manufacturing. A new 
development of these past few years has been 
the establislunent, in many places, of industrial 
parks as sites for new industries and of research 
parks as locations for research and development 
laboratories. I know of no accurate count or 

billion. of dollars 

census of the industrial parks. Perhaps such a 
census is impossible since new ones seems to ap­
pear almost every week. The last estimate that 
I saw was that there were over 1,000. The 
number of research parks is very much less be­
cause of their highly specialized nature and re­
quirements. The study published by Conway 
Publications in August 1962 entitled "Sites for 
Science," and which is the latest such census 
with which I am familiar, listed 53 research 
parks in 23 states and the District of Columbia. 
Of these, 12 were reported to be only in plan­
ning stages, 31 had advanced to the point of 
having located in them at least one research 
and development firm. 

Although tIus research and development ac­
tivity is scattered through many states, it tends 
to congregate on the east and west coasts and 
in the north central areas. Figure 3, taken 
from the industrial development study previ­
ously mentioned, shows the principal locations 
of research and development expansion. The 
Atomic Energy facilities are indicated by tri-
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angles, NASA facihties by squares, and 
research parks by stars. All of the well­
established research parks are located in the 
~eighborhood of large universities and have 
some sort of relation to the universities. 

Research parks are of three types. Some are 
commercial developments established and oper­
ated by commercial realty firms; still others are 
set up by nonprofit corporations or by local 
Chambers of Commerce; and the third class are 
operated by universities. Ten of these univer­
sity research parks have been established. In 
all of these cases the university has set aside 
land, which it makes available either by sale or 
lease, for the location of research and develop­
ment laboratories, to which it offers in varying 
degrees, graduate schools, libraries, and other 
facilities. 

In Ann Arbor, Michigan, I have been able to 
observe four different types of research labora­
tory locations. There is a greater Ann Arbor 
Research Park comprised of 209 acres which 
was set up through the cooperation of the Ann 
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Arbor Chamber of Oommerce and the city of 
Ann Arbor. There is a small Huron View Re­
search Park of 20 acres which is a development 
of a local realty company. The University of 
Michigan from its holdings on its North 
Campus has sold land for research laboratory 
sites to the Parke Davis Company and to the 
Climax Molybdenum Company and has made 
land available to the Federal Government for 
the location of a Water Pollution Control Lab­
oratory and for a commercial fisheries labora­
tory. In addition, there are located in the 
neighborhood of the university and on the out­
skirts of town about 20 other small research 
companies which have set up their laboratories 
on privately purchased land. There are reasons 
for industries settling on anyone of these four 
types of sites: some want a developed park with 
utilities and landscaping already installed; 
some want to have the freedom given by pur­
chasing their own site from the university or 
from private holders, subject only to the zoning 
restrictions, so that they can make their own 
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arrangements free from limitations on site cov­
erage, parking areas, or manufacturing activi­
ties to which they might be subject in a research 
park. 

All these research parks have in common 
some expectations of association with a univer­
sity. Almost all the research parks are close to 
a university. They have been located there in 
some cases because their founders were mem­
bers of the university staff who wished to main­
tain their homes and their university associa­
tions. To a larger extent; however, they are 
located there because of the particular advan­
tages that a strong university with a well­
developed graduate school can offer. They 
want, first, the intellectual support of a uni­
versity with its undergraduate schools and, par­
ticularly, with its graduate school facilities in 
science and engineering. They want the strong 
university library, the professional services 
which grow up around a university in the way 
of . translation services, mimeographing, ma­
chine shops, and so forth. Second, they want 
the cultural advantages of a university town in 
art, music, recreation, and other cultural living 
conditions. Third, they want to be in a center 
of scientific activity, one to which scientists and 
their families will be willing to move because 
of the presence of other scientists, and they 
want the possibility of hiring personnel either 
from the graduate school directly or by the ex­
changes that are bound to take place with other 
companies. In general, these companies do not 
consider themselves competitors for personnel; 
in fact, I have heard the president of one of the 
electronic companies in Ann Arbor remark that 
the best thing the University of Michigan could 
do would be to attract another electronics re­
search and development company to Ann Arbor 
because this would make it easier for him to 
attract new personnel from outside since there 
would be more than one employment oppor­
tunity for them. On the other hand, taxes, 
wage scales, and cost problems, which worry 
more competitive conventional industries, do 
not bother this type of industry so much. Fi­
nally, they want good accessibility-airlines, 
highway, and railroad connections. 

The research parks which seek the advan­
tages of neighboring universities are the newest 
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example of the relations between the university 
and industry. Many universities maintain re­
search institutes or stations which undertake 
both basic and applied research on contract for 
industry; most allow their faculty to devote 1 
day a week to private consulting with industry; 
they provide an employment service to help 
industry interview students for jobs; they run 
specialized short courses as refreshers or on new 
technologies; they host or organize symposia 
and research conferences; they offer training 
courses for executives, and services in industrial 
health, group dynamics, industrial psychology, 
and other aspects of modern industrial activity, 
evening and off-campus courses for industry 
employees, library services, and numerous other 
direct aids. 

This list may seem a long one and yet there 
are some activities not appropriate in a uni­
versity-industry relation. A university is not 
a testing laboratory; production engineering 
problems should not come to it unless they in­
volve basic developments; new products ordi­
narily do not come from its laboratories ready 
for manufacture although the new principles 
and phenomena which underlie new products 
and procedures certainly often and primarily 
do come from university laboratories. 

The university and industry have long been 
partners. The land-grant colleges were set up 
100 years ago to foster this partnership; the 
state university and the private universities 
carry it forward. The university's great 
strength is not in product development and 
service operations but rather in training stu­
dents, in producing basic knowledge and ideas, 
and in solving new and difficult problems. The 
university-industry relationship in our econ­
omy is an important one. It has been fruitful 
in the past, and it seems certain to become more 
80. It should be a source of strength and de­
velopment to both partners. 

SIMPSON: The more I become involved with 
problems of university-industry relations, the 
more convinced I am that it is necessary to 
proceed from basic understandings about the 
nature of both a university and an industrial 
firm. We must not attempt to convert a uni­
versity into an applied-research center. To do 
this would both damage the university and ask 
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it to do those things which industry can do 
better. In the same way, we must not expect 
private companies to lose sight of their require­
ment to compete effectively in the marketplace. 
This also is a worthwhile function. 

What is required is a new social mechanism 
that will allow these two great social institu­
tions to support each other, not because it is a 
nice thing to do but because it is necessary. 

The Research Triangle of North Carolina, 
about which I wish to make a few remarks, is 
determined by three universities: The Univer­
sity of North Carolina at Chapel Hill, Duke 
University in Durham, and North Carolina 
State College at Raleigh. These three institu­
tions are situated close together, so that from a 
point in the center of the triangle it is no more 
than 15 miles to the campus of any of the three. 

The Research Triangle was started in 1955 
to develop around the university environment 
other research activities related to industry, and 
to devise ways in which there could be a fruit­
ful interaction between industry and the 
universities. 

Some substantial success has been achieved. 
A large park of some 6,000 acres has been devel­
oped in the middle of the triangle. Research 
facilities now include a very large industrial 
laboratory in the chemical field; three smaller 
laboratories operated by private industrial con­
cerns that are national in scope; a disease­
research laboratory of the U.S. Forest Service; 
the national headquarters of a textile research 
group; and a research institute now employing 
nearly 200 people and occupying four buildings. 

In 'all of this, the three universities have co­
operated fully for two very specific reasons: 
first, because the basic nature of each university 
was fully recognized; 'and second, because the 
universities were not asked to do more than was 
consistent with their wishes 'at any given period. 
University faculties consult with the private 
research laboratories and with the research in­
stitute; in some cases there is 'a sharing of fac'ili­
ties; a large numoor of the scientists in the 
private laboratories are receiving graduate in­
struction. Joint 'appdintments between the 
research institute and the universities are pos­
sible, on invitation of the universities. 
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With reference to the Research Triangle 
Institute, which in many respects is similar to 
the Armour Research Foundation in Chicago, 
it is worthwhile to point out that this is in a 
real sense 'a creation of the three universities. 
Fifty percent of the governing 'board is com­
posed of representatives from the universities 
and 50 percent from private 'areas. The Execu­
tive Committee, which is the governing author­
ity, is composed of '50 percent plus one of 
university people, the remainder coming from 
private sources. Representatives on this execu­
tive committee are the graduate deans of the 
three universities and three other exofficio ad­
ministration officials from the universities. I 
emphasize this structure because much of the 
present success .of tllis undertaking rests on the 
fact that responsible, decision-making repre­
sentatives of the three universities are really a 
part of the operating processes of this institute. 
This executive committee meets for a full after­
noon each month to review and pass on both 
broad policies and speci1fic projects for research. 

Thus, the Institute, carrying on an essentially 
industrial research program, has been able to 
take strength from the universities in proper 
ways, 'and the universities are able to find ways 
of participating without harm to their basic 
functions. 

All of this did not occur as smoothly as the 
description 'Would indicate; nor is this develop­
ment the total 'answer to ,the prdblem of how to 
begin stimulating a greater use of science and 
technology in an area where this was formerly 
almost nonexistent. Indeed, though this Re­
search Triangle effort has accomplished much 
and has become a vital symbol and struct.ure for 
the growth of science and technology in this 
area, it is not the ultima)te answer. It is a first 
step, but only that. 
N~SA's view in regard to this prdblem of in­

dl1stry-university relations emphasizes that we 
are seeking a broader application of these 
principles to ,other situations. 

The essential basis for finding a new pattern 
of industry-university relations is twofold: (1) 
The highest quality of fundamental work struc­
tured in strong, independent departments is the 
most V'aluable contribution that a university 
can make to 'this enterprise; (2) a receptivity to 
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basic research and the willingness to do the 
hard, often expensive, work necessary to con­
vert this basic information into usable form are 
the essential factors whiClh industry must bring 
to the enterprise. 

The problem is not so much to create these 
two sets of c0'nditions; rather, it is to let them 
eV0'lve 'in a strong self-perpetuating process. 
Stated another way, the prdblem is to call forth 
from the universities a regular presentation 0'f 
those areas of basic knowledge that can become 
useful, and, on the other hand, to cause the in­
dustrial concerns to understand their needs and 
to be perceptive and positive in identifying 
those things that can be helpful. 

As an illustration, it 'is clear that, in large 
part, we were ruble in North Carolina to begin a 
relationship in the area of science and tech­
nology because there was a local background of 
experience in other areas. For several decades 
the University of North Oarolina had taken a 
great interest in the social and political prob­
lems of the state. This interest had grown out 
of, and was an integral part of, the academic 
work of several departments in the soCial sci­
ences. It happened, therefore, that in such 
areas 'as the esta'blishmentand improvement of 
public education, in tax reform, in reorganiza­
tion of government, in highway pr0'grams, in 
freedom of speech, in relations among groups­
in these and in other areas-the university had 
written and spoken in ways that were highly 
effective. It should be emphasized again that 
this was a departmentally organized activity, 
not an extension or peripheral function. About 
19'30 the Sch0'0'l of Medicine and the Duke Hos­
pital were opened at Duke University. This 
complex began to have a direct, measurable ef­
fect upon medical care in every county 0'f the 
state. Duke oonsciouslyassumed some respon­
sihility in this matter; but, again, the effect was 
gained from the fact that the 'basic medical 
work was good and that this was not an exten­
sion service. At North Carolina State College, 
in a more typical patJtern, there had been for 
many decades research into basic agricultural 
problems, not for the individual farmer, but f0'r 
the purpose of striking at the basic knowledge 
that underlies the solution to broad problems. 
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In each of these cases there was a good recep­
tion on the part of Jthe users. In social and 
political matters, the state's leadership, much 0'f. 
it trained at the university, was willing to ac­
cept forward -looking proposals; in medicine, 
there were the doctors and health services of the 
state; and in agriculture, there was the Exten­
sion Service and the farmers. 

What, then, can be the mechanism for the 
university to act in similar ways with respect to 
science a,nd technology ~ ProbaJbly there will 
not be a single pattern. A possibility that may 
be especially appropriate for the large univer­
sities located in metr0'Politan centers, however, 
is quite simply an emergence of interest by the 
university in the problems and enrichment of 
the region. It seems to me that there is sound 
ground for looking at this as a real possibility. 
For across the Nation there is evident a new 
interest in regional economic affairs. The rea­
son is clear: the fast changes in techn0'logy, 
automation, the new requirements for training 
and skills-these and other factors nave re­
moved the economic stability that formerly ex­
isted. Every region must now act deliberately 
and with foresight to stay on top of this turim­
lent sea. Nor is this matter limited to indus­
trial problems. Everywhere we have created 
great cities whose problems of water supply and 
contamination, of transportation, of g0'vern­
ment, 0'f c0'mmunity life, and S0' f0'rth require 
broad new studies and pr0'grams for acti0'n. 

It is entirely possible, therefore, that a gen­
eral national situati0'n is developing in which 
the university, in proper ways, can begin to 
pr0'vide guidance t0' industry in those areas of 
basic knowledge and scientific advance that are 
useful in a practical way-and in which "indus­
try can achieve the motivation to seek out help, 
and support the university in its research pro­
gram. It is the development 0'f this or some 
other workable pattern of university-industry 
relationship that NASA is endeavoring to 
foster. 
WEIMER: In a general sense scholarship relates 
to kn0'wledge-including its production, trans­
mission, use, and application. Universities 
have traditionally been C0'ncerned prinicipally 
with the pr0'duction of kn0'w ledge through 
research and the transmission of know ledge 
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through educational programs. Now we f-a;oo 
increasingly the development of effective pro­
grams for the application and utilization of 
knowledge. In these areas the business school 
ha,s already played significant roles, and it is 
destined to play more important roles in the 
future. 

We are so close to the revolutionary develop­
ments of recent years that many of us may not 
recognize their significance. Not since the 
Renaissance has the human race experienced 
a comparable period of major a-dvances in 
science, technology,economics, government, and 
business administration. V\T e are in the midst 
of a tremendous explosion of knowledge. This 
explosion is a continuing one--a series of chain 
reactions, rather than a single event. To a 
degree it is unmanageable and perhaps should 
not be managed. But to some extent we must 
learn how to appreciate, nourish, and also 
harness this new knowledge. 

The know ledge explosion is not of a balanced 
type. We are not moving forward nearly so 
rapidly jn some areas as in others. But the 
lines of demarcation between many of the 
traditional areas of know ledge are being obliter­
ated-and advances in one field soon influence 
others. 

Those of us who are concerned with economic 
growth recognioo that the existence of knowl­
edge does not by itself improve the welfare of 
our people. The principles of the steam engine 
were known in ancient times but applied only 
for amusement-as an interesting toy. The 
principles underlying the flight of airplanes 
were understood a century before the 'V right 
brothers. 

What is it that brings the effective utilization 
of knowledge? The answer to this question is 
of major importance to everyone, and especially 
to those of us interested in business schools. In 
a period when knowledge was of a less sophisti­
cated variety, the process of utilization and ap­
plication happened almost automatically. To a 
degree this process continues. But with much 
research effort, especially that directed toward 
defense and space programs, application and 
the use of new knowledge for Jndustrial and 
consumer purposes does not happen automati­
oally. As Robert Solo pointed out in a recent 
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Harvard BU8Vne88 Revie'w article, we need what 
he refers to as "new social engineering," n.ew 
institution'al arrangements and imaginative 
programs, to assure that new knOWledge will be 
applied and used in the processes of achieving 
economic growth. We are now trying to do 
some "new social engineering" through the 
Aerospace Research Applications Center re­
cently established at Indiana University. 

Another factor in the application of knowl­
edge to practical purposes, undoubtedly, is what 
may be referred to as the "entrepreneurial 
mind." We are not certain about the elements 
that make up the entrepreneurial mind, but 
they would appear to include a restless creativ­
ity, not unlike the artistic mind, an interest in 
practical things, a desire for achievement, and 
a willingness to take risks-indeed, long risks­
to try out new concepts and ideas in the hope of 
great rewards. 

Not onJy capacities, but attitudes, are im­
portant in this connection. The taking of big 
risks requires an optimistic attitude, an almost 
blind belief in the desire and capacity of the 
human race to improve, and an eagerness to 
attack formidable problems and to solve them. 

The Aerospace Research Applications Center 
at Indiana University is supported under a 
grant from the National Aeronautics and Space 
Administration, by membership fees from 28 
business firms ranging in size from large to 
small and covering a wide variety of products 
and services, and by Indiana University as well 
as by the Indiana University Founda,tion. Of 
special iDJterest is the fact that faculty members 
of the Graduate School of Business are working 
olosely t~ether with members of various of 
the University's science departments, both phys­
ical and social, in developing the programs of 
the Center. These programs fall into five major 
groups: 

1. Teolvnioal Lib"l'ary Service. Indexes to all 
NASA publications are available through the 
library. All materials available in printed form 
from NASA are in this library, and where not 
available in such form are provided on micro­
film. Thus rapid reference to all NASA litera­
ture is possible. Appropriate indexes to these 
mruterials a,re being computerized so that even 
more effective use can be made of them. This 
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system should be available to the Center by mid­
summer. Professor Nevin W. Raber is in 
charge of the Technical Library, and Professor 
E. W.· Martin, Jr., who is directtor of the univer­
sity's Computer Center, is in charge of the 
information retrieval system. 

2. Industrial Applications Servioe. Infor­
mation pel'ltaining to potential industrial appli­
cations in the form of "flash sheets" and related 
materials are readily available through the Cen­
ter. Some of this is privileged informa.tion and 
can only be made available at the Center under 
current conditions. Professor Howard L. 
Timms is in charge of the Industrial Applica­
tions Service and also the Engineering Service 
on Current Problems. 

3. Engineering and Teohnioal Servioe on 
O'lJlf'rent Prob~ems. Through this service of the 
Center, special provision is made for quick re­
sponse to current company questions, problems, 
and needs. The Technical Library, general 
university library faciHties, NASA H~ad­

quarters, and NASA Centers, as well as other 
sources of information, can be called upon to 
provide special information as may be required. 

4. Soientifio Programs. Through the Center, 
member companies have access to various of the 
university's racU'l,ty members who are speci­
alists in one or another of the scientific areas. 
In addition, at the request of one or more com­
panies, panels may be convened to provide an 
interdisciplinary approach to current research 
applications problems. If necessary, scientists 
may be brought from other universities and in­
stitutions for hrief periods to assist in the work 
of the Center. Scientific Programs are under 
the direction of Paul Klinge, Associate Director 
for Science. 

5. Management and Related Program8. 
NASA's experience in managing very large and 
highly complicated operations is contributing 
substantially to managerial and administrative 
knowledge. This information is made avail­
able to the Center's members. In addition, top 
management officials of the member companies 
have an opportunity to work with the Center in 
undertaking to solve current management prob­
lems. Panels including faculty members of the 
Graduate School of Business can be convened 

141 

for these purposes through the Center, and man­
agement experts from other universities and 
from research institutions may be brought in 
temporarily as required to help solve these 
problems. 

The effectiveness of the Center's operations 
depends to a considerable degree on the ability 
of the officials of the member companies to iden­
tify their specific current requirements for 
information and assistance. In addition, of 
course, much benefit accrues from the stimula­
tion of association with university and other 
research personnel, as well as from the volume 
of informa,tion continuing to flow from NASA's 
programs. In some cases member companies 
are studying their internal organizations with 
a view toward improving the flow of techincal 
information and the research applications 
process. 

It should be emphasized that the main pur­
pose of the Aerospace Research Applications 
Center is to stimulate the ooonomic growth of 
the Midwestern Region. Each of these efforts 
is designed to serve this primary purpose. Be­
cause much needs to be learned about the re­
search applications process, the programs of the 
Center are necessarily experimental through­
out its early stages, at least. Thus programs and 
procedures are being reviewed each quarter with 
top management officials of member companies 
in order to be certain that the most effective 
programs and procedures may be established. 
EVERITT: Would the members of the panel raise 
questions ,that may have occurred to them as a 
result of these presentations? 
PACKARD: There is one point which needs to 
be emphasized although it has boon emphasized 
several times: it is very important to under­
stand that industry should not look to the uni­
versities for specific help on specific problems. 
Industry should ask help On problems unre­
stricted as to the application or perhaps 
restricted to a general field of interest but with­
out any end objective, and support the univer­
sity over a period of time; I think the same 
approach holds for the government. I am not 
sure that it is as clearly understood as it should 
be that the government cannot look to univer­
sities to solve specific problems, or should not, 
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but rather the government should provide sup­
port in broad areas and over long periods of 
time in order to utilize university capability 
prQperly. 
EVERITI: One Qr the areas where cooperation 
with industry has been effective is where groups 
Qf firms have Qrganized in some sort of an indus­
trial Qrganization and have been able to work 
with universities in areas in which they are not 
interested so much in cQmpetitive advantage 
as in advancing their general industry. For 
example, at the University Qf Illinois, fQr some 
40 years we have been working with the two 
organizations in the area of home heating. The 
warm-air group and also the boiler manufac­
turers have supported over the years research 
programs at the university. A number of prod­
uct developments have come 'Out of these pro­
grams but these industrialists do not come to us 
with requests for a specific type of develQpment. 
On the other hand, we frequently have requests 
from industry to initiate a research program 
aimed at a specijic development for which they 
want patent rights. At the University of Illi­
nois, we feel that this is nO't a function of a 
state university and I question wheth~r it is a 
function of any university. We must recognize 
not only that there are some things that we can 
do which we feel we have not been called upon 
to' do but also that there are possibilities of 
demands; inqustry must wO'rk with us and rec­
ognize thrut they should nO't hurt our major 
objectives of education. 
PACKARD: It is important to recognize that 
these very points-the proprietary interest, pat­
ents, propriety for intellectual institution, and 
so forth-are prO'bably the reasons why research 
institutes have sprung up, as sort of adjuncts 
to the ordinary departments of universiti~. 
JONES: At the Universities of Illinois and 
Michigan, has the support from industry been 
constant and sustained during periO'ds of eco­
nomic downturn or has it risen and fallen with 
the economic tides in general ~ 
SAWYER: We have had an industry program 
to do research for industry for about 40 years 
at the University of Michigan. This program 
has continued through good times and bad but 
it has not grown rapidly. Perhaps one inter­
esting thing that has happened lately is that 
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while government support of research has been 
growing very rapidly, industrial support of re­
search in the universities, at least at Michigan, 
has not grown so fast. It has stayed rather 
stable. I do not know whether this is because 
industries are starting up research labO'ratories 
of their own or whether they are going some­
where else for help but industrially supported 
research has not grO'wn rapidly at Michigan. 
EVERITT: This has been our experience as well 
at Illinois-that the amount of support from 
industry has not grown since W orId War II 
whereas government support frO'm a variety of 
sources and even support from the university 
itself have grown. The remarkable growth has 
been in terms of support from government­
from the National Science Foundation and the 
Institutes of Health and from the Department 
of Defense, Atomic Energy Commission, and so 
forth. Industrial support provides a relatively 
smaller proportion. There may be a difference 
in this between the private universities and the 
state universities. 
PACKARD: The situatiQn at Stanford has been 
very much the same way. The amount of gov­
ernment support for research has gone up at a 
tremendous rate. Stanford has never had a 
very large amo.unt of industry-supported re­
search, in any case. Stanford Research Insti­
tute was set up to handle this problem, 
arid they are involved in the more specific jobs 
for industry. The university has followed a 
policy of not taking on any specific job for a 
specific firm; only with rare exceptions does 
Stanford do this. The university tries to limit 
its research program to areas that are of interest 
to a particular professor and can be continued 
over a period Qf time. The figures for Stanford 
Research Institute are very interesting because 
an attempt has been made to keep a large pro­
portion of research for private concerns there. 
The trustees would like to have not more than 
half of the entire Research Institute program 
supported by government funds, but it keeps in­
creasing every year until it is almost 80 percent 
this year. 
SAWYER: I have the impression that a large 
part of the wQrk that StanfQrd Research Insti­
tue does for industry is in the econQmic field, 
and not in the technical field. 
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PACKARD: They have a large area of activity 
in economics. They have a strong program in 
engineering but, amazingly enough, the engi­
neering program is largely supported by gov­
ernment funds, whereas the economic activity 
is not. 
SAWYER: This has happened, I think, at Ar­
mour Research Foundation and Battelle Me­
morial Institute. They have also moved into 
doing government research. 
EVERITT: I think there is a basic difference, too, 
between the objectives of the research institutes, 
as such, and the universities. In the university, 
the fundamental products are the undergrad­
uate, graduate, and advanced graduate students. 
A university should be measured not so much by 
the number of dollars it spends per year, but by 
the number of students receiving Ph. D. and 
masters degrees. In the research institutes, 
where the main emphasis is placed upon the 
output of the research and perhaps upon a re­
search product as well, then the production of 
graduate students is a secondary matter. I pre­
sume that Stanford Research Institute is not 
particularly involved in the production of grad­
uate students except in regard to those em­
ployees taking graduate work at Stanford 
University. 
PACKARD: I think that is correct. On that 
point there has been a very interesting develop­
ment in this country over the last few years. 
Although it is a fact that the business and in­
dustry supported research in the universities is 
not increasing, the general unrestricted funds 
that come to universities have been increasing 
at a very rapid rate. One of the theories that 
has been used to justify this support is the fact 
that the main job of universities, especially some 
of the large ones, is to produce the Ph. D.'s who 
in turn are the very foundation of our whole 
teaching and research program in the country. 
SAWYER: I do not think that there is any rea­
son for a university to have a big government 
or any other kind of outside supported research 
program except to help its educational pro­
gram. Last year, at the University of Michi­
gan, we had 4,700 students who received some 
financial support from our sponsored research 
program and almost 500 of these were prepar-
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ing doctoral dissertations supported by the 
sponsored research program. 
PACKARD: I think that's right, and the en­
couraging development is that a great many 
people in business and industry are recogniz­
ing this. So far their support has been directed 
more toward the private universities than to­
ward the publicly supported ones; this can be 
argued both ways, certainly, but at Stanford, 
for example, close to a million dollars a year 
of unrestricted money is being received from 
business and industry, on the theory that this 
helps the university generate more Ph. D. can­
didates and thereby contributes to the whole 
basis of our educational program. 
EVERITT: There has been criticism sometimes of 
the amount of sponsored research the university 
has taken on; however, I remember that a few 
years ago Ross Martin, Director of the Engi­
neering College Experiment Station, was mak­
ing a study for the Engineering College 
Research Council and he found an almost direct. 
correlation between the amount of sponsored 
research at institutions and the number of grad­
uate degrees that were being produced. In 
fact, I think he found a formula on the order 
of $10,000 per year at that time, for masters 
degrees and $30,000 for Ph. D. degrees. 
WEIMER: Dr. Sawyer, you mentioned four dif­
ferent types of research parks. What is the 
relative value to the university of the different 
types of parks ~ You happen to have several, 
and I guess there are probably several around 
Stanford. 
SAWYER: I think that we would prefer to have 
this a private activity rather than a university 
activity. We think, as a state university, that 
probably it is not our business to sell land to 
research laboratories or to provide space for 
them under the ordinary conditions. 
WEIMER: Why, then, did you decide to start a 
university research park when you already had 
a private one? 
SAWYER: We do not have a university research 
park but we have sold five pieces of land for 
research activities. I think this is about the 
end of our activity. I think the situation at 
Stanford was somewhat special because they 
had some land and they wanted to get some 
Income. 
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PACKARD: Yes, there was a special circum­
stance that caused the university to do this. 
Stanford had this very large amount of land, 
some 8,800 acres, which they thought was more 
than they were ever likely to need for academic 
purposes, and so they worked out a program to 
lease the land-fortunately, the founding grant 
of the university prohibited sale. They started 
out with a lease period of 99 years which was 
necessary to get any takers but this has been 
reduced to 51 years now. These leases are pre­
paid so that the tenant pays about the amount 
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that it would cost him to buy the same quantity 
of land elsewhere. The tenant pays the money 
to the university; this is invested and the in­
come is placed in an endowment fund. The in­
teresting development in all this is that the 
industrial firms who lease this land contribute 
annually to the university a larger amount of 
money than the income generated from the pre­
paid leases so that the university would be ahead 
financially even if it had just given them the 
land and asked them to come. 
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Introduction 

There are a number of reasons why we at 
the Graduate School of Business are pleased 
to take part in this program. Though it sounds 
like a cliche, we are firmly committed to the 
idea that graduate business education should 
not teach the details of business practice today 
but should prepare students for executive 
leadership tomorrow and there is no doubt that 
tomorrow's business executive will face a be­
wildering world of enormous technological 
complexity. Part of this complexity is nOw 
before us. It is growing apace out of space 
research. 

The business executive with an advanced edu­
cation will be in a much better position to cope 
with technological complexity and the economic 
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changes which are coming to pass. Some of 
America's new glamour industries are headed 
by m~n who have advanced degrees. The Ph. D. 
degree which has been a union c'ard. in a'ca­
demic circles is becoming a calling card for 
major executive positions in sophisticated in­
dustries. But all executives, those up from the 
ranks as well as those with advanced degreesr 
need to comprehend the scope of research and 
development programs, need to be able to con­
vert new technological developments into new 
products, into superior methods of production, 
and need to understand the forces of economic 
change which will profit them mightily in the 
future. 



1141 Goals and the University 

A few words may be said concerning the in­
terests of a university, such as The University 
of Chicago, in the basic and applied research 
effort underlying space exploration, for this 
is of vital importance to the future of the Chi­
cago area and of the Nation as a whole. 

Nearly 2 years ago, I moved from a confident, 
science-conscious California to a prospering but 
self-conscious Chicago. In coming "home" I 
was challenged by the opportunities offered by 
The University of Chicago, which for more 
than 70 years has been respected as a center 
for scholars and a producer of knowledge. 

During a conference in Paris recently, ar­
ranged by the International Organization for 
Economic Cooperation and Development, sev­
eral of us were examined by sociologists, physi­
cists, economists, educators, government offi­
cials, and other representatives of a dozen 
OECD nations on the organization, function­
ing, and support of the system of higher educa­
tion in the United States. I was tremendously 
impressed with the unanimous recognition of 
the prime importance of new knowledge for 
the economic and cultural advance of the na­
tions of the world. 

Our interest in research at The University of 
Chicago, as one example of the role of a uni­
versity in space exploration, ranges from our 
investigators in the Enrico Fermi Institute for 
Nuclear Studies to the Graduate School of 
Business, from our Department of Ge~physical 
Sciences-to the Argonne National Laboratory, 
a laboratory serving especiaIIy the Midwest, 
which the university operates for the Atomic 
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Energy Commission. In 1962, research and de­
velopment contracts held by The University of 
Chicago, both on and off campus, totaled some 
$87 million in expenditures. These contributed 
ina large way toward making the university 
the 14th largest employer in the city, with some 
1,500 persons on Our payrolls. In addition, 
there is a staff of 1,000 scientists and engineers, 
plus 3,500 supporting personnel, at Argonne's 
sites southwest of Chicago and in central Idaho. 
These men and women are among the highest 
level workers in the Chicago complex-highest 
level, that is, in terms of intelligence and in 
terms of prestige productivity. Chicago needs 
more men and women like them if its research 
and development are to prosper as they should. 
We cannot do much about our Midwest climate, 
but we can do a great deal about our intellec­
tual climate. We can, and must, work much 
harder to improve our schools, libraries, public 
services, and general orientation, if we are to 
lure and to keep the promising young men and 
women of our time in this area. 

There is every indication that research ac­
tivity on our campus and at Argonne, 'as well 
as on other campuses in this area, will expand 
greatly in the years ahead. To prepare for this 
research growth, we at The University of Ohi­
cago are planning for expenditures in the near 
future of some $41 million for new buildings 
and facilities on our Hyde Park campus. For 
example, on May 1 we broke ground for !lin 
NASA-financed, interdisciplinary space re­
search center. At Argonne, a $48 million atom 
smasher, more formally known as the Zero 
Gradient Proton Synchrotron, will be com-
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pleted this year. This will cost some $20 mil­
lion a year to operate. Befure it was planned, 
nuclear scientists moved to the east or west 
coasts to find such equipment. It is now keep­
ing more of them in this area and helping to 
lure others here. Other research news als'O is 
being made at Argonne: Scientists and engi­
neers there are supporting the nuclear energy 
phaSe of the Nation's space eff'Ort. They are 
designing new and more sophisticated power 
reactors. They are designing nuclear propul­
sion systems for space vehicles. 

Meanwhile, on the main campus, some 280 
members of our faculty are pursuing research 
spelled out in 516 Federal Agency grants total­
ing $23.5 million annually. Other universities 
ate similarly involved in the "spin-off." 

At this point a word may be said about what 
Mr. Webb, the NASA Administrator, has called 
spin-off from basic and applied research and 
development. This phenomenon has been 
known f'Or 'a long time. F'Or example: No 
one believed for half a century that Mendel's 
studies on the garden pea in his tiny monastery 
garden would revolutionize agriculture; or that 
disc'Overy 'Of nuclear fission in 1938 by Hahn 
and Strassmann would provide us with a great 
new source of energy, or that the work of Han­
son and the Varian brothers on microwaves 
would make possible radar communication. 
One could go on listing great new industries 
that result from the spin-off phenomenon. 

The Chicago area already benefits consider­
ably in the spin-off from research on academic 
campuses. These benefits will surely continue 
at a faster 'and faster pace. For example, an 
estimated 30 to 40 percent of funds earmarked 
for constructing University of Chicago experi­
ments on space flights results in spin-off to in­
dustrial activities. Many of the men and wo­
men presently engaged in space research in 
private industry in Chicago have beenasso­
ciated, in one way or another, with The Uni­
versity 'Of Chicago or the Argonne National 
Laboratory. 

M'any people have been troubled by govern­
ment support to academic institutions. There 
may be reason to be discouraged in part'icular 
instances, but all of us must recognize that this 
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is a way of life that is here to stay. It is here t'O 
stay because academic institutions~and, indeed, 
industry in the case of space explorati'On-'Can­
not P'Ossibly g'O 'On with'Out large-scale govern­
ment support. If we are intelligent enough, we 
need have n'O fear of it. 

G'Overnment support will continue and will 
also surely increase. In fiscal year 1963, the 
Federal Government expects to obligate some 
$15 billion for research and deveJopment-six­
teen times the amount all'Ocated just 15 years 
ago. Research is indeed a growth business. 
As more industrial leaders become convinced of 
the wisdom of investing in research and de­
velopment, the growth curve will shoot up even 
faster. Ours is more than the Space Age: it is 
an era in which human knowledge is expand­
ing at an unprecedented rate and in which the 
frontiers are in ideas and applications, not 
in land or in rivers. 

It is not tO'O late f'Or the Middle West to de­
velop an intensive eff'Ort to achieve a capability 
in Space Age industry. Our universities, by and 
large, are carrying much 'Of the burden in the 
pioneering w'Ork. Consider the research accom­
plishments of I'Owa's Van Allen, N'Orthwest­
ern's Hynek, Illinois' Seitz, and Chicago's 
Simpson. The business community must re­
'Orient itself from the view that one engineer is 
employed t'O make 1,000 products t'O the phi­
losophy that it might take 1,000 engineers to 
produce a single c'Omplex, miniaturized Moon 
probe. The talent is here. When The Uni­
versity 'Of Chicag'O sought help for our series of 
satellite experiments, the winner in a competi­
tive bid for miniaturized parts turned out to be 
a small, unorthod'Ox company in suburban Ben­
senville-Paraplegics, Inc. In overcoming 
their handicaps t'O respond t'O the challenge 'Of 
space, the members of that imaginative and risk­
taking company are setting an example for 
many larger and more c'Onservative firms. 

The Big Ten and The University 'Of Chicago 
together produce 26 percent of the national 
total 'Of Ph. D.'s in the physical sciences and 
33 percent of those in the biological sciences, not 
counting medicine 'Or dentistry. Thus, it is evi­
dent that we turn out highly trained men and 
w'Omen who W'Ould consider going int'O industry 
here if the opportunities were available. The 
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results of basic research at all universities are 
available to industry in the Midwest and else­
where. The doors of Argonne and the univer­
sities are always open to industrial leaders in­
terested in the frontier of ideasa.nd research. 

The business schools of the Nation, including 
that at The University of Chicago, play an im­
portant role as intermediaries in the translation 
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of basic ideas into industrial production and 
sales. This role will surely become increasingly 
significant as both science and industry become 
more and more sophisticated. 

The goals we have set in space and in other 
fields will be reached only if we all work to­
gether-academics, industry, government and 
the public. 



The Economic Effects of the 
Space Program 

The purpose of this paper is to discuss the 
economic impact of the amazing space program 
presented in the preceding papers. My func­
tion is to view the space program oObjectively as 
an economist so as to assess its impact upon 
the Nation's economy as a whoOle and upon cer­
tain regions in particular. In order to be ob­
jective, I will not take the extreme view that 
our entire lives will be changed by this program 
overnight-we will not all be wearing air-con­
ditioned Moonsuits in 2 years and commuting 
to work by individual miniaturized Rocket­
packs. An attempt will be made to avoid the 
other extreme of thinking that the space pro­
gram is the greatest boondoggle since the Pyra­
mids; it is not merely a form of scientific 
leaf-raking on a gigantic scale. My definitioOn 
of the space program includes the program of 
the National Aeronautics and Space Adminis­
tration (NASA) and some work of other 
agencies doing related space exploratioOn, par­
ticularly the Department of Defense. In es­
sence, I hope to answer the question: What will 
NASA's program mean to the participants in 
the Nation's economy? 

OVERALL MAGNITUDE 

The first step in jUdging the economic im­
pact of the space program is to look at its 
overall magnitude-the total amount of spend­
ing involved and just how big that amount is 
in relatioOn to other things. We are. immedi-
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ately face to face with the problem that no 
oOne really knows how much the program is 
going to cost us. There is too much uncertainty 
in forecasting budgets for research and devel­
opment programs of this type. By the end oOf 
fiscal year 1963, NASA will have spent roOughly 
$8 billion on its space proOgrams, and other 
goOvernment agencies will have spent at least 
25 percent moOre; hence, a total oOf about $10 
billion will have been expended oOn all phases of 
space programs. FoOrecasting future budgets 
is extremely difficult because oOf what Secretary 
McNamara has called the "boOw-wave" effect. 
Presently knoOwn proOgrams call for a buildup 
oOf expenditures over the next couple of years 
and then a gradual decline beyoOnd that. But 
as you move ahead, new proOgrams arise, and 
the need foOl' "just a few more billioOn" to finish 
oOff existing programs keeps moving ahead along 
with yoOU like the wave ahead oOf the boOW of 
a ship as it moves throOugh the water. More­
oOver, experience shoOWS that moOst goOvernment 
develoOpment proOgrams actually cost much moOre 
than the initial estimates for them, soOmetimes 
doOuble oOr triple or more. 

Nevertheless, SoOme estimates must be made; 
therefoOre, I have assumed that NASA will 
spend the $5.7 billion it requested foOr fiscal 
year 1964, and then spend $6.0 billioOn in each 
year beyoOnd that throOugh 1970. At this rate, 
NASA will spend $41.7 billioOn from the end 
oOf fiscal year 1963 throOugh fiscal year 1970-
oOr a total of about $49.8 billion froOm the be-



CONFERENCE ON SPACE-AGE PLANNING 

ginning of. the space program through 1970. 
Moreover, other government agencies will prob­
ably spend at least another 10 percent in addi­
tion to this and perhaps much more. Not all 
.of this amount will be used directly to get a 
man on the Moon. About 65 percent of 
NASA's latest budgets are going to manned 
space flight programs; hence, about $27.1 bil­
lion will be spent on such programs from now 
through 1970. 

A lot of numbers have been quoted; consider 
just two as indicators of the cost of the whole 
program. By 1970, approximately $56 billion 
on all phases of space exploration will have 
been spent. Our annual rate of expenditure 
after 1964, including both NASA and other 
agencies, will be about $6.6 billion. To para­
phrase Churchill, we might say "Never have so 
many spent so much to send so few so far." It 
should be pointed out that the estimates are 
relatively conservative but they might turn out 
to be way too high if Congress changes its atti­
tude about continuing support for the program. 

These estimates ·are just numbers unless they 
are placed in some perspective. We are speak­
ing of billions of dollars, but it is easy to forget 
just how much money a billion dollars really is. 
If you spent $100,000 a day 7 days a week, it 
would take you 27.4 years to spend $1 billion. 
Putting it the other way around, in order to 
spend $1 billion in 1 year, you would have to 
spend $2,740,00 per day. Thus, our space pro­
gram will cost us about $18 million per day 
from now through 1970. 

Clearly, the space program is extremely cost­
ly, but comparing it with other programs or 
spending shows that it is not quite as huge 
as some people claim. We will spend about 
$6.6 billion for space each year, but in 1962 we 
spent-

(1 ) about $19 billion for new cars 
(2) about $15.8 billion in department stores 
(3) about $5.2 billion in liquor stores 
(4) about $5.9 billion for the Department of 

Agriculture 
( 5) about $9.2 billion for interest on the na­

tional debt 
( 6) about $17.5 billion for public schools 
(7) and about $50 billion on national de­

fense. 

The whole program through 1970 will Cost us 
about $56 billion if the forecasts are correct; in 
contrast the Interstate Highway Program will 
eventually cost $42 billion. It will probably 
have a far more direct and profound impact on 
millions more people than the space program 
will-certainly by 1970. Over $200 billion will 
be spent in the construction of private housing 
in the U.S. from 1960 to 1970, and over $50 
billion in the construction of new public utili­
ties in the same period. Thus, the space pro­
gram is by no means the largest fount of 
spending in sight. In relation to our gross na­
tional product, the space program will com­
prise about seven-tenths of 1 percent of GNP 
in 1963, rise to a shade over 1 percent in 1965, 
and slide downward to about nine-tenths of 1 
percent by 1970. 
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We can conclude our examination of the over­
all size of space spending by stating that the 
space program in itself, although certainly a 
large-scale one, will not be large enough in 
relation to the entire economy to cause any 
infla.tionary movements such as those stemming 
from our efforts in World II or Korea. The 
economy currently has too much capacity· and 
too much ability to expand output to be pushed 
into any general price rise by a program equal 
in size to only 1 percent of the gross national 
product or less. The second major step in 
examining the economic effects of the space pro­
gram is looking at the quality and type of ac­
tivities it involves and estimating the more 
specific effects these activities will have on par­
ticular segments of or areas in our economy. 

EFFECTS ON THE LABOR MARKET 

Space activities are highly concentrated 
among a specialized group of industries which 
employ extraordinarily skilled workers. The 
actual output bought by all these billions of dol­
lars consists of a relatively small quantity of 
objects, the costs of which are concentrated 
more in research and development than in pro­
duction. The cost per pound produced is tre­
mendous because of: 

(1) Extremely high reliability requirements 
based on our fear of losing an astronaut's 
life and the need for several hundred 
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thousand parts to work at once for a 
successful mission. 

(2) Difficulties of designing products be­
cause of the hostile environment of space 
and our ignorance of it. (For example, 
in 1960-61, 71 percent of North Ameri­
can's sales were in. research and develop­
ment, and production sales dropped 
drastically. ) 

(3) Need for extreme miniaturization to 
save weight. 

The type of people employed in this business 
are primarily engineers, scientists, administra­
tors, and other highly skilled, highly trained, 
and very well paid individuals. These are pre­
cisely the men who are in short supply because 
of the high demand for them in other fields; 
hence, their salaries will jump. Competition 
for such men generated by NASA's spending 
will stimulate entry into the scientific and engi­
neering fields of young men of talent and thus, 
shift the allocation of brain-power toward these 
fields, away from business in general, social sci­
ences, and other academic fields. Unskilled and 
semiskilled workers, with whom we are vastly 
oversupplied, have relatively little function 
in the entire space program, particularly since 
it has virtually no mass-production components. 
Some additional jobs for unskilled and semi­
skilled workers will be generated by production 
in so-called "spin-oft''' industries where new 
products based on space research will be built, 
and by the general increase in demand in those 
metropolitan areas where major space facilities 
or space contractors are located. Nevertheless, 
the net overall eft'ect of the space program will 
be extraordinarily expansionary in a relatively 
narrow segment of the labor market, but not 
very expansionary in the parts of the labor 
market where expansion is needed most. 

EFFECTS ON RESEARCH AND DEVELOPMENT 

It is very difficult to separate out the portion 
of NASA's budget which will be spent for re­
search and development, since the operational 
programs contain a great deal of research, but 
soon NASA will be spending 'a large proportion 
of all U.S. scientific research funds. Professor 
Robert C. Turner of the University of Indiana 
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estimates that ahout $19 billion will be spent in 
1963 for research and development of all kinds 
by government, industries, universities,and 
nonprofit institutions. About 40 percent of all 
these research funds are spent on military re­
search and development, including nuclear 
weapons and military space activities. About 
13 percent will be spent by NASA alone-and 
this value will rise to perhaps almost 20 percent 
by 1965. Thus, in essence, the NASA program 
functions asa giant shot-in-the-arm to a wide 
variety of scientific research activities, some ,of 
which will lead to applications outside the 
space program itself. NASA's own spending 
on nonoperational research is about 1 percent of 
its budget to stimulate universities, 13 percent 
for pure science research on space, and 2 percent 
for practical applications (including weather 
and communications satellites)-a total of $912 
million in fiscal year 1964. Thus, most of the 
nonspace applications will have to be made by 
the industrial contractors concerned rather than 
NASA. The general eft'ect of this research 
spending will be to shift further the allocation 
of U.S. research eft'orts toward scientific tech­
nology and to link further the financial sup­
port of our major universities to the Federal 
Government, which is now and will be even 
more in the future, a major support for our 
higher education and research. 

EFFECTS ON VARIOUS GEOGRAPHIC REGIONS 

Up to now, recent defense and space spend­
ing has been concentrated on states in the east 
and west coast areas and has been scanty in 
the Midwest, as is well known. The five Mid­
west states of Illinois, Indiana, Michigan, Ohio, 
and Wisconsin did 32 percent of defense pro­
duction in World War II, 27 percent in the 
Korean War, and 12 percent in fiscal year 1961. 
Of both space and defense research and de­
velopment contracts in fiscal year 1962, the 
west, gulf, and east coast states captured 75 
percent of the pie and California alone got 41 
percent but Illinois got less than 1 percent. 
But what is not so well known is that the Mid­
west is the slowest growing part of the Nation 
in employment altogether, primarily because it 
is the victim of poor climate, national decen-
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tralization of big mass-production facilities, 
and lack of interest in pursuing the govern­
merit dollar. In the prespace era from 1953 
through 1960, total nonagricultural employ­
ment in nine Great I.Jakes states rose only 1.2 
percent.in 7 years, whereas it went up 7.9 per­
cent in the country as a whole. During the 
same period, of every 100 new jobs appearing 
in the U.S., 77 were in the South and 'Vest, 
and only 5 were in the Midwest, even though 
the Midwest has about 30 out of every 100 jobs 
in the Nation. It is believed that the great 
economic hose of defense and space spending, 
accounting for $25 billion or more in defense 
procurement and soon $6 billion in NASA 
funds each year, r:epresents the only real hope 
for employment growth of any dramatic pro­
portions in the Midwest. So far, this Federal 
hose has been sprinkling other parts of the N a­
tion and has left the Midwest almost completely 
arid, a condition this conference is designed to 
alter. 

It is often argued that Midwest manufac­
turers have avoided defense and space work 
because they believe that government work is 
unprofitable relative to civilian mass produc­
tion, but the evidence does not support this as­
sertion. In Fortune's list of the 500 largest 
industrial corporations in 1961 : 

(1) Median profits as a percentage of in­
vested capital were 8.3 percent for all 
500 firms. 

(2) The 15 largest nondefense firms earned 
an average of 9.88 percent on invested 
capital. 

(3) The largest defense-oriented firms earned 
an average of 10.7 percent on invested 
capital (excluding General Dynamics 
with its gigantic loss) . 

(4) The 47 Chicago-baseafirms in Fortune's 
500 e!1.rned an average of 8.76 percent, 
less than the big defense contractors. 

Profits as a percentage of sales are often lower 
in defense and space work, and the problems of 
red tape and uncertainty are great, but these 
are elements of riskiness rather than profitabil­
ity itself, which is based on return on invest­
ment rather than return on sales. 

Nevertheless, it is quite possible that there 
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is a divergence between the legitimate private 
interests of Midwest manufacturers and the in­
terests of the Midwestern region as a whole, 
a divergence which can only be resolved by a 
change in Federal Government policy. If Mid­
west manufacturers are earning satisfactory re­
turns without government contracts and feel 
growth prospects for profits are just as good 
in their present pursuits, then they have no 
incentive for getting government contracts Just 
to increase employment. The Midwest as a 
region, on the other hand, need gains in employ­
ment and therefore has an interest in its firms 
procuring contracts which cause this, regard­
less of the impact on profits. If the Federal 
Government wishes to stimulate balanced eco­
nomic growth across the Nation instead of a 
continuous export of human and other resources 
from the Midwest to other areas, it should 
"sweeten'the pill" by making it more profitable 
for Midwest and other firms to take such con­
tracts-even if it costs a bit more for the out­
puts. 

There are, certainly, limits to the added costs 
justifiable for this reason, but some added costs 
may be well warranted. The Federal Govern­
ment should consider all the ramifications of 
its tremendous impact on regional growth 
rates-such as its pouring urban renewal funds 
into stagnant areas, its area redevelopment 
funds, and so forth; and perhaps it will find it 
less ~xpensive in the long run to i~cur some 
added defense and space costs in order to main­
tain more balanced national economic growth. 
It is realized that the Department of Defense 
carefully evaluates the impact of its decisions 
on local communities in particular cases, but 
defense and space spending will be major 
determinants of America's regional growth 
rates in the future, and all the ramifications of 
this fact have not been fully considered by the 
Federal Government or anyone else. Thus,. 
there are important values in life which should 
influence defense and space spending besides 
;'more bang per buck"-values which can validly 
be expressed through political channels such as 
those which surely had some impact on the lo­
cation of NASA's Manned Space Flight Center 
in Houston Texas. 
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OTHER MAJOR EFFECTS OF THE SPACE 
PROGRAM UPON THE ECONOMY 

One economic effect which has been tremen­
dously emphasized is the technical advance from 
space research which will lead to "spin-off" ap­
plications that will alter our eve~day ways of 
doing things. Examples often CIted are new 
ceramics for cooking developed from nose-cone 
~aterials, air bearings, small portable power 
packs accurate weather forecasting, and count­
less other innovations. Undoubtedly, these will 
be important effects, but their overall magni­
tude cannot be forecast. We should remember 
that a great many of these products would have 
been invented anyway; space research merely 
speeds up the process. Moreover, the example 
of atomic energy shows that big scientific break­
throughs take a long time to filter down to the 
average man. 

Another important economic effect is that the 
entire space program will result in greater Fed­
eral Government control over the resources in 
our economy. This control probably simultan­
eously increases both stabmty and inflexibility 
in the economy. If substantial deflationary 
forces cause a recession, the Federal Govern­
ment may be tempted to use the space program 
as an expansionary economic spending tool in-
5lependent of its scientific and strategic func­
tions. However, as pointed out before, the 
narrow spectrum of the labor force covered by 
space programs reduces their usefulness a~ a 
"pure" economic stimulant compared WIth 
urban renewal, public works, or across-the­
board tax cuts. 

An effect which many critics of the space 
program point out is that spending so much 
money to land two men on the Moon reduces 
our ability to spend on humanitarian goals like 
education, mental health research, cancer cures, 
production of more goods and food for under­
developed areas, urban-renewal, and a host of 
other significant needs which We have here on 
Earth. This criticism is certainly important, 
but it must be tempered by asking the question, 
"If we did not spend this money on space re­
search, how much of it would we actually spend 
on these other worthy goals?" Probably most 
of the money for space research is diverted from 
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consumption and investment in the private sec­
tor rather than from other social research pro­
grams, since the voters and Congress would not 
vote approval of these other programs even if 
there were no space program. Thus public ac­
ceptance of the entire space program in effect 
enables the Nation to divert billions of dollars 
from consumption and investment (and per­
haps from nothing at all if the resources would 
be otherwise unemployed) to research which 
would not otherwise be done. 

Another effect of the program related to the 
O'rowth of the Federal Government's role in the 
o . f economy is the pressure toward the creatIOn 0 

a few gigantic firms dominating the defense 
and space industries. Although NASA and the 
Department of Defense are heroically attempt­
ing to get small businesses into the act, the size 
and complexity of space projects and the need 
to have them all mesh perfectly because of the 
difficult "interface" problems means a pressure 
toward big-firm contracting and control. One 
of President Eisenhower's last statements in of­
fice was a warning that creation of an eco­
nomically and politically powerful group of 
firms and government departments--even for 
purely patriotic reasons-in maintailling large­
scale government spending for defense and 
space activities might have adverse long-run ef­
fects on our national policies and perhaps even 
our political structure. 

CONCLUSIONS 

The space program was undertaken by our 
government primarily as part of our life-and­
death competition with Communism intpe 
struggle for world power. Thus, our basic mo­
ti ves for this program are not economic or even 
scientific in nature, but the size and character 
of the space program mean that it will have im­
portant repercussions upon both our economy 
and science. Because the space program repre­
sents the intermingling of the most advanced 
modern technology with large-scale government 
and industrial planning, it must inevitably move 
our economy in the direction of more centralized 
control and planning; hence we are becoming 
more like onr opponents in the struggle for 
world power, just as they are being forced to 
become more like us. However, in assessing 
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both of these basic trends-the economic re­
percussions and the movement towards more 
centralized power-we should keep in mind that 
the space program represents less than 1 percent 
of our total economic output. Therefore, it 
,,-ill not revolutionize our life overnight or even 
in the next decade. Even so, the impact of this 
1 percent can be and will be greatly magnified 
by its effects in speeding up technical research, 
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and its employment effects in certain specific 
areas. Insofar as the direct effects of the space 
program upon us are concerned, those effects 
will depend upon our energy, imagination, and 
forcefulness in, first taking advantage of the 
opportunities presented by NASA's programs, 
and, second, pressing the legitimate political ar­
guments for altering Federal policy so as to 
favor the Midwest more strongly. 



Is There a Future for Small Business 
in the Space Age? 

Since economic growth and freedom are 
strongly linked with our achievements in space, 
I believe that this Space-Age Planning Con­
ference not only will have a significant impact 
on business, industry, and education in the Mid­
west but will contribute much to the progress 
and prosperity of the Nation as a whole. There 
is no doubt that the Space Age will have ~ra­
matic and far-reaching effects on our economy 
and our people. By-products of space research 
are resulting in new consumer products. Items 
about them appear every day in the newspapers. 
Space food experiments, for example, have re­
sulted in better ways to preserve, can, and freeze 
food. Pressurized space suits for stroke vic­
tims who otherwise would be bedridden are also 
a result of space research. Medical achieve­
ments, such as retina welding in human eyes, 
have been announced. It has been estimated 
that at least 3,000 new products and methods 
have been produced for private enterprise as a 
result of our space efforts. These discoveries 
are piling up for consumers and industry alike. 
In all of this research, small business will have 
unprecedented opportunities. 

At the same time, some assuran~e must be 
made that in the development of gigantic space 
projects and subsequent commercial adaptions 
that small businesses are not excluded from par­
ticipation. Small firms should be given a much 
more equitable share of government contracts 
in research and development as well as in manu­
facturing. They should be safeguarded from 
restrictive and monopolistic practices that could 
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develop because of the magnitude and complex­
ity of these space programs. And, above all, 
they must be regarded in the light of their capa­
bilities and their unique ability to meet certain 
demands in today's highly competitive market. 

Nearly 95 percent of the businesses in Amer­
ica are· small businesses-some 4th million of 
them; they represent 40 percent of our total 
business activity, and approximately one of 
every two persons employed in the United 
States is an owner, manager, or worker in a 
small business. Collectively, small business is 
the biggest business in America. 

Small business is also a well-spring of ne,,, 
ideas and new methods and new inventions. 
Typically, most people tend to think of inven­
tions and innovations as being born in the re­
search laboratories of giant concerns; however, 
many if not most of the important commercial 
inventions of the past half century-air condi­
tioning, automatic transmission, cellophane, 
domestic gas refrigeration, kodachrome, insulin 
and streptomycin, to name but a few-were the 
products of independent inventors and small 
concerns. 

Most importantly, there is the vast diversifi­
cation of small businesses through the country. 
All are working for peace and are utilizing all 
our resources to a vert ",Vorld War III, but we 
cannot afford to be unrealistic about the time in 
which we live. Should war come, big indus­
tries would be hit first, and small plants would 
be expected to carryon. 

One of the prime objectives of the Small Busi-
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ness AdministratiOon is tOo enable small business 
tOo use all its prOoductiveness and inventiveness 
in the space prOogram, as well as in Oother sectOors 
Oof the eCOonOomy. ' This Oobjective is being aCCOom­
plished in many ways: 

(1) MOoney is lOoaned tOo small firms tOo help 
them finance and imprOove their Oopera­
tiOons, when such financing cannOot be 
Oobtained frOom private SOources 

(2) Assistance is given tOo small firms in sell­
ing tOo Oor buying frOom the Federal GOoV­
ernment 

(3) Several prOograms have been initiated tOo 
help small firms imprOove their technical 
and managerial skills , 

( 4) Many publicatiOons are published and 
distributed 

( 5) The Small Business AdministratiOon acts 
as spOokesman fOor the small business COom­
munity in the councils of gOovernment 
and works with other agencies tOo give 
small businessmen a strong and united 
VOoice. 

In shOort, all Oour reSOources are being utilized to 
help small business to Oovercome the competitive 
handicaps under which they Ooperate tOoday. 
There is ample evidence that they can do SQ. 

Experience has shOown that there is nOo field, 
nOo undertaking, nOo new or previOously unex­
plored area, 'that is tOoOo big Oor complex rOor 
participation by small firms. The Small 
Business AdministratiOon has seen many ex­
amples Oof the ability Oof small firms tOo provide 
highly specialized services and essential prOod­
ucts and components. 

I recall one case in particular. SOome years 
ago, a Missouri metal wOorker decided to gOo in 
business fOor himself. He bOought a lathe and 
installed it in his basement. Later he mOoved 
his equipment intOo a warehouse. As time 
prOogressed, soo did this small businessman. He 
bOought SOome land on which he intended to build 
a plant. Then he tOoOok a banker Oout to his 
new IOocation with the hOope the banker ,vould 
approve a XOoan. The banker stOood in the 
middle Oof waist-high weeds and asked: "Where 
is this land Oof YOoud" The metal worker told 
him he was standing Oon it, and the banker 
turned Oon his heels and fled. HOowever, this 
enterprising young man managed tOo get his 

160 

plant built. TOoday, he is turning out parts 
fOor the Gemini space capsule. The Small 
Business AdministratiOon had a hand in his 
success. 

Another case I might mention is that Oof a 
small Pennsylvania plant that developed an 
ammOonia-activated battery. The Small Busi­
ness AdministratiOon assisted the company to 
obtain its first gOovernment research 'and develOoP­
ment cOon tract and suggested that Oother batteries 
it had developed might be used in meteOorOolog­
ical rocket heads. As a result, the company sold 
the gOovernment additional batteries fOor exten­
sive testing. Other government, as wen as com­
mercial applicatiOons, seem assured. 

We alsOo lend mOoney and give technical assist­
ance to small businesses knOown as research, 
development, or production pools. These busi­
nesses consist of a number of small firms that 
have POoOoled their reSOources in order tOo be in a 
better positiOon tOo cOompete fOor gOovernment 
prime contracts and subcOontracts. Most Oof 
them are engaged in space Oor other scientific 
prOojects. Actually, there is hardly a Small 
Business AdministratiOon activity that has not 
been stimulated by the space venture. 

The lending prOogram and the technical 
cOounseling given tOo small firms has 'already been 
mentiOoned. The mOore small COoncerns becOome 
invOolved in the space prOogram, the mOore re­
quests there are for Small Business Adminis­
trat~Oon assistance. Indeed, as time gOoes by, the 
Small Business AdministratiOon is becOoming in­
creasingly space-Ooriented. 

The Small Business Investment Program is 
anOother gOoOod illustratiOon Oof a space-stimulated 
activity. In this prOogram, we license, regulate, 
and help to finance privately owned small busi­
ness investment companies, knOown as SBIC's. 
The SBIC's in turn, serve as a SOource Oof private 
equity capital and lOong-term IOoans for small 
business. The grOowth Oof these cOompanies in the 
past 2 years has been phenOomenal. We now 
have 655 SBIC's with nearly $600 milliOon in 
capital tOo invest in small businesses. Of this 
number, 49 are in IllinOois and the three sur­
rOounding states. N atiOonwide" the electrOonics 
Oor "glamOour" industries seem tOo have attracted 
the interest of a great many SBIC's, and their 
investment in this field is relatively heavy. 
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The area which affords small firms the 
greatest opportunity to participate in the space 
program is in the field of government contracts. 
Although it is felt that much more can be 
done to utilize small business know-how in gov­
ernmentcontracts, generally speaking, the 
achievements during the past 2 years are en­
couraging. 

There was a time-between 1954 and 1960, 
to be specific-when small businessmen were 
losing out at an alarming rate on the dollar 
percentage of purchases awarded by the govern­
ment. Clearly, this was an inequity that called 
for a change. President Kennedy, a former 
member of the Senate Small Business Com­
mittee, felt that corrective action was impera­
tive. Accordingly, early in 1961, he asked for a 
10-percent increase in the small business share of 
the dollar value of military procurement. This 
was achieved. In October 1962 he similarly 
called on NASA, the General Services Admin­
istration, and the Atomic Energy Commission 
to increase contracting opportunities for small 
business. As a result of the President's action 
and the cooperation of the appropriate govern­
ment agencies, a greater number of purchases 
were set aside for small business bidding. 

There was a significant increase in SBA's 
joint set-aside program with NASA. In fiscal 
year 1962, NASA's set-asides for small business 
totaled $18.2 million. During the first 9 months 
of this fiscal year, t.he dollar amount rose to 
$20.7 million. The contributions of small firms 
who have been awarded prime contracts in the 
space program are too numerous to mention, 
but one example, I think, is particularly note­
worthy. 

The prime contractor for NASA's S-16 
Orbiting Solar Observatory was a small 
Colorado firm which not only built the satellite 
but developed several new products in the 
process. Commenting on the firm's success, a 
leading magazine observed that "corporate girth 
is not essential for the long reach into space." 
This type of thinking is becoming more wide­
spread as small· firms continue to prove their 
worth. 

In the field of prime contracts, the Small 
Business Administration feels that considerable 
headway has been made. In Illinois and its 
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three surrounding states alone, the dollar value 
of small business prime contracts has almost 
doubled, increasing from $130 million for 1959 
and 1960 to $238 million for the past 2 years. 
Similar increases occurred throughout the rest 
of the country for the corresponding periods. 

There are, however, certain limitations. The 
growing teChnological complexities involved in 
producing military and space items for the gov­
ernment tend to curb the prime contract oppor­
tunities available to small concerns. Fortu­
nately, this is not the case with subcontracts. 
Here, small firms have a broader area in which 
to operate. For this reason and at the direc­
tion of Congress, there is an intensive campaign 
to expand the share of subcontracts to sman 
concerns. Under a law passed by Congress in 
1961, prime contracts in excess of $1 million and 
subcontracts in excess of $500,000 must include 
provisions requiring the primes and subs to con­
form to a small business subcontracting pro­
gram. Basically, this is a cooperative program. 
We cannot-nor would we want to--compel a 
prime contractor to award a subcontract to one 
business concern rather than another. He is 
simply being. asked to explore all possibilities 
for utilizing the capabilities of small firms. 
Moreover, effort is being made to convince him 
that it is good business to seek out the small 
firms rather than wait for small firms to come 
to him. Whenever possible, our representatives 
visit the plants of major prime contractors to 
discuss the program with them. The results 
over the long haul appear to be optimistic. 
There has been excellent cooperation from many 
of the large prime contractors. This is true 
not only of contractors that have been visited, 
but of others as well. The small business sub­
oontracting forums conducted in southeastern 
states by one large prime contractor, in coopera­
tion with SBA, are indicative ofthe constructive 
attitude taken by many of the larger con­
tractors. 

In California, another large prime con­
tractor's general purchasing agent cited one ex­
ample of a first order to a small firm for pipe 
and supply items that meant cost reductions 
of $6,000 to his company. Moreover he said: 
"Wit h generally lower overhead rates and a keen 
desire to qualify as suppliers, small business 
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firms often offer competitive pricing that results 
in lower unit costs." 

Another example is the contribution of small 
firms to the communications satellite, Telstar. 
According to the American Telephone and 
Telegraph Company, nearly 80 percent of its 
suppliers were small firms. 

There is a strong likelihood that the develop­
ment of the 'first commercial space communica­
tions satellite program will result in the 
creation of new businesses 'and the expansion of 
existing enterprises. It is particularly impor­
tant that small business be afforded equal oppor­
tunities to utilize the facilities which will be 
made available and to act as suppliers to the 
operators of the new system. 

There is an excellent medium to increase sub­
contract opportunities for small firms ; that is 
the facilities inventory, which is a nationwide 
registry of small firms interested in and capable 
of bidding on government contracts and sub­
contracts. 

A year ago the facilities inventory was 
dhanged from a regional system to a centralized 
system using electronic data processing meth­
ods. This system now enrubles us to produce 
automatically listings of the products that 
small 'firms can make and also indicates poten­
tialities for other goods and services. At the 
close of 1962, more than 41,000 small firms were 
registered in five categories. New registrations 
are currently being added at the rate of 1,500 
per month. 

The regional office in Chicago has registered 
and coded nearly 2,700 production facilities in 
the past year and is building toward a goal of 
10,000 such firms. This is about a third of the 
estimated 33,000 smallibusines.ses with produc­
tion facilities in Illinois, Indiana, Iowa, and 
·Wisconsin. This is a good percentage since it 
would be impossible to register and keep current 
the information on all small businesses. 

Being on the facilities inventory not only 
may mean added income for 'a small business 
from government procurement but from pri­
vate business as well. Small concerns in the 
Chicago area can-and should-speed up their 
efforts 'to get in touch with the regional and 
branch offices and be listed on the facilities in­
ventory of the Small Business Administration. 
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As a further means of assisting small firms to 
share in the fruits of the Space Age, there are 
a number of publications that relate to the sub­
ject. One is a directory listing small concerns 
interested in pedorming research and develop­
ment. Another is a survey presented in a book­
let called "Small Business and Government 
Research and Development." The Small Busi­
ness Administration also }las financed a study 
made by the University of Maryland on "Small 
Firms in Research and Development Indus­
tries." These publications and about 400 oth­
ers, including a Products List Circular listing 
new inventions, are availruble at all of our 61 
field offices throughout the country. 

The Small Business Administration i$ seek­
ing any new and proper avenue that will lead 
the way to more small business participation in 
space and scienti'fic projects as well as in other 
areas of the economy. This must be done if this 
country is to have a strong and diverstfied small 
business community and thereby maintain the 
private free enterprise system which is basic to 
our liberty and to our prosperity. 

In accomplishing these objectives, the Ken­
nedy Administration gives its strong support. 
The Administration has taken vigorous steps to 
stimulate not only small business but the econ­
omy as a whole. Particular attention, however, 
has been devoted to the smallibusiness segment. 
The President's action to insure small business 
an opportunity to participate in the prime and 
subcontracting areas has already been men­
tioned. 

Both the tax credit for investment in produc­
tive machinery and equipment and the new 
bberalized depreciation guidelines include fea~ 
tures particularly beneficial to the small busi­
nessman. In addition, President Kennedy's tax 
reduction program, if passed by Congress, has 
many features deliberately designed to benefit 
small firms. These measures, plus the safe­
guards established by Congress to assure the 
growth of the small business community, will 
enhance 'the future of small firms in the overall 
economy. 

In conclusion, small business has taken on the 
challenge of the Space Age, and-in its own 
way-is meeting this challenge as effectively 
and dramatically as our industrial giants. It is 
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to the advantage of large concerns generally 
and to the Nation as a whole to encourage and 
foster the existence of small business enter­
prises. Noone can detract from the importance 
of large 'firms, but in meeting the future space 
needs, it is essential that more dependence be 
placed on the skills of small firms. Certainly, 
the success in the space program already has 
demonstrated that imagination, ingenuity, and 
inventiveness are not sparked exclusively by big 
business. Progress is not necessarily induced 
by size. 

Any small company with good ideas and 
scientific know-how has the opportunity to get 
into the space program. In fact, in the last few 
years, there have been established many small, 
highly specialized companies that are now con­
tr1buting greatly to all phases of the Nation's 
technical demands, including space explora­
tion. Without these small firms which produce 
so many of the custom-made products needed 
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for the satellites and other exploratory equip­
ment, it is doubtful that the space program 
woul9. be as far advanced as it is today. No 
one company has all the resources, all the 
brawn, or all the brains to produce a complete 
space vehicle. It still takes the combined tal­
ents, the initiative, and the drive of both small 
and large 'firms to piece together the intricate 
instruments needed to probe deeper and deeper 
into space. 
If we ever disregard the necessity for small 

business in economic makeup, we shall destroy 
the basis for our industrial superiority. We 
must prote~t and promote this factor under­
lying our greatness. 

I am confident that in the Midwest, in the 
great industrial heartland of America, big 
business, small business,and the government 
will unite for the common cause, and that, to­
gether, we will reach our goal in a world whose 
limits are still unknown. 



Free Enterprise in Space 

"Here, on the praIrIes of Illinois and the 
Middle West, we can see a long way in all 
directions. We look to east, to west, to north, 
and south. Our commerce, our ideas, come and 
go in an directions. Here there are no barriers, 
no defenses, to ideas and aspirations. We WMlt 
none; we want no shackles on the mind or the 
spirit, no rigid patterns of thought, no iron 
cOllformity." 

Governor Adlai E. Stevenson once spoke those 
words about Chicago. In those memorable 
words, Governor Stevenson caught the mood 
and enthusiasm of this crossroads of America, 
and I often think of them when I come home. 
Governor Stevenson's description of Chicago is 
especially pertinent when we discuss our new 
vellture into space communications-a venture 
which requires that a:ll of us see a long way in 
all directions, with no shackles on the mind or 
the spirit. Dr. Jerome Wiesner, Science Ad­
visor to President Kennedy, told Congress not 
long ago that our country will invest more 
public funds this year in research and develop­
ment than the nation invested in research and 
development from the time of the Revolutionary 
War through the end of World War II. In 
the space program alone, the current budget of 
over $5 biIIion is more than 100 times what was 
spent on the space program only 5 years ago. 

One assignment, Project Apollo, backed by 
resources of some $20 billion over the next few 
years is to send men to the moon and bring them 
back safely to earth. Our goal is to achieve 
this mission in this decade. For many years, 
explorations such as this-which are perhaps 
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even more exciting than those of Columbus or 
MageIIan-will of necessity be conducted by OUT 

government. While pTograms like Project 
Apollo call heavily on private enterprise for 
necessary know-how and hardware, this subj,oot 
is one in which free enterprise will play.a more 
dominant role of development and commercial 
operation. -

First, where do we stand in the technology 
required for 'a global commercial communica­
tions system using space satellites? 

The first active communications satellite, 
Telstar, which was launched July 1962, operates 
under an FCC ,experimental license, and points 
the way of the future. Those of us who were 
present at the Andover, Maine, ground station 
last July 10th witnessed a modern-day miracle: 
the first international communication through 
outer space. As dramatic and awe-inspiring as 
this achievement was, it is but a crude beginning 
of an ultimate, working system. 

In developing a working system, there are 
alternative possibilities. One possibility is a 
high -altitude system, meaning we would send a 
satellite into orbit at approximately 22,300 
miles. Project Syncom is an example. At 
that height and with the right speed and an 
equatorial orbit, the satellite travels at the same 
speed as the earth-so that related to points on 
earth, it appears to be stationary. 

The first Syncom shot was not entirely suc­
cessful. During the 5 hours required to reach 
apogee, the Navy ship King8port made re­
peated contact with the satellite, sending up 
and back tone, teletype, music, and voice com­
munications. However, the communications 
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system failed when the final stage onboard 
rocket was fired to put it in proper orbit, and 
Syncom has been silent since then. Through 
telescopes the satellite has boon located, its orbit 
is good (this is a major achievement in itself at 
a height of over 23,000 miles), and two more 
launchings are planned for this year. 

The synchronous system has obvious advan­
tages. Because of its great height, only three 
satellites in use (spaced at 1200 angles) could 
provide communications 'service to 90 percent 
of the Eart.h's surface--to all but the extreme 
and unpopulated polar regions. Because it is 
stat.ionary with respect to points on the Earth, 
there is less need for expensive tracking equip­
ment. This would be of great importance in 
the development of a global system, especially, 
to provide service to many underdeveloped na­
tions which can ill aft'ord to construct and main­
tain elaborate ground stations. 

However, we are anxious to move ahead, and 
today the launching of a high-altitude satellite 
of sufficient size and weight to do the whole job 
(approximately 500 pqimds) 'is still in the plan­
ning stage. Syncom I, for example, has only 
a single two-way telephone circuit compared 
with the 600 in Telstar required for television. 
Moreover a high-aH,itude system introduces cer­
tain problems, such as a noticeable lag in voice 
communications as a result of the tremendous 
distances involved. 

Low- or medium-altitude systems such as 
Telstar and Project Relay have proven capa­
bilities. Telstar follows a randoin inclined or­
bit and is tracked by elaborate ground equip­
ment at Andover, England, and France and, 
during its final stages, by the new facility in 
Italy. Relay is in a slightly higher orbit, and 
has been tracked by the big ground stations 
and also by the much smaller ones, such as the 
30-foot antennas in Fucino, Italy, and at Rio 
de Janeiro, Brazil. But as you know, depend­
ing upon the Earth's rotation and the satellite's 
orbit, Telstar and Relay are in sight of the 
ground station for only a few passes a day. 
Some of these passes last much less than an 
hour. For round-the-clock global transmis­
sion, about 40 such satellites will have to be in 
orbit at all t.imes to give continuous, reliable 
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service so that as some dip below the horizon, 
others will be in sight to take their place. 

Thus, a low-altitude system requires more 
satellites and more elaborate ground stations, 
while a high-altitude system offers advantages 
but poses a number of yet unresolved technical 
problems. 

During more than 4 months of continuously 
successful operation, Telstar circled the earth 
1,242 times and traveled a distance almost half 
that to the sun. Telstar became silent last 
February due to radiation eft'ecis on the com­
mand transistors caused by its passing back and 
forth through the Van Allen belt. Relay is 
currently functioning very well, although it is 
necessary to tum it oft' occasionally so that its 
batteries have a chance to recharge. Just the 
other day, Relay transmitted medical data for 
diagnosis across the Atlantic Ocean. The brain 
wa ves of an English patient at Bristol, Eng­
land, were sent via Relay into a computer at the 
National Academy of Neurology at Minneapo­
lis, Minn. A diagnosis was made, and sent back 
to England, all in a few minutes. 

These experiments have been far more suc­
cessful than even the most optimistic hopes of 
our scientists. All experiments originally 
planned have already been carried out. Over 
300 technical tests and some 400 demonstrations 
have been conducted through Telstar and over 
500 communications tests and demonstrations 
(more than 50 operating hours) have been made 
on Relay. A tremendous amount of invaluable 
information has been obtained. We know, for 
example, that the delicate instruments contain­
ing some 15,000 components can withstand the 
initial shock of blast-oft' and the later beatings 
of particles in space. 

Because of this infqrmation, a number of 
changes have been incorporated into Telstar II 
(launched May 7, 1963). While basically sim­
ilar in design and capabilities to Telstar I, it 
weighs 5 pounds more (175 pounds) and will 
provide regular reports on 118 separate meas­
urements (112 for Telstar I) . New transistors, 
with substantially more protection against the 
eft'ects of radiation, are included. It was put 
into a higher orbit which minimized, by per­
haps as much as 50 percent, the radiation eft'ects. 
And with this new height (apogee of 6,713 
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miles), periods of mutual visibility between the 
United States and Europe will increase about 
50 percent for each pass although there will 
be a fewer number of passes each day (6 com­
pared with 9 for Telstar I). In addition, there 
will be times when transmissions between Maine 
and Japan will be possible. 

We know that satellites can relay all sorts 
of communications-two-way telephone conver­
sations, telegraphy, data, telephoto, facsimile, 
television (both color and black and white). 
Telstar sent data across the Atlantic at the 
rate of 1.46 million words per minute-fast 
enough to send the entire King James version 
of the Bible in just 45 seconds. Shakespeare's 
works could have been transmitted in 25 sec­
onds. The master clocks in England and the 
United States were synchronized to within 
better than 10 millionths of a second via Tel­
star. And millions of people here and abroad 
saw live the Ecumenical Council and the flight 
of Astronaut Schirra. They also saw a big 
league baseball game, the United Nations, and 
night life in Paris. 

The performance of Relay has been equally 
impressive. 

The television picture of the unveiling of the 
Mpna Lisa in Washington by President 
Kennedy, carried live via Relay from Wash­
ington to France, was reported by foreign of­
ficials to be the hest video pictures yet sent by 
satellite. Quality of the voice, facsimile, and 
teletype transmissions were equally excellent. 
And when President Kennedy recently awarded 
honorary American citizenship to Sir Winston 
Churchill, the 3-o'clock ceremony was specially 
timed so that this distinguished world leader 
and millions of his countrymen could watch, 
via Relay, this impressive ceremony live. 

It is this thrill of 200 million people here and 
abroad simultaneously sharing the unfolding 
of history that makes your task and mine-of 
using this science for peaceful purposes-so 
rewarding. It has captured the imagination of 
the world. In addition to the ground stations 
already operational in England, France, Italy, 
and Brazil, stations are being constructed in 
Germany, the Scandinavian countries, Canada, 
India, and Japan. The German station in 
Munich is nearing completion and there is op-
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timism that the Japanese facility will be ready 
in time to bring us parts of the 1964 Olympics 
as they take place. 

In many ways our European colle!Lgues are 
better prepared for international television than 
we in the Western Hemisphere. 

In Eurovision, free men in 18 West European 
nations have joined forces to erase communica­
tion barriers to reach 30 million television 
homes in Eurovision countries. These broad­
casters have conquered language barriers, stand­
ards conversion, political differences, and all 
the myriad characteristics of outworn Euro­
pean nationalism. News inserts, major events, 
and sports are carried live throughout Europe, 
in a market of service for and between nations. 
At the end of 1961, 2,2i5 Eurovision programs 
for a total of 2,366 hours had already given rise 
to 12,733 relays through the Eurovision circuits. 

There are lessons for us to learn from the 
European Broadcasting Union. And as we 
learn, we can start to build worldwide Uni­
vision. 

Several years ago, the Federal Communica­
tions Commission gave the challenge of space 
communications its top priority. We work 
closely with the White House, the Space 
Council, the Departments of State, Defense, and 
J ustice, NASA and the USIA. We seek the ad­
vice and views of the communications industry 
and the general public. We testify frequently 
on progress and problems before Congressional 
Committees. We attend international confer­
ences with repre.sentatives of other countries 
and consult frequently with the communications 
authorities in all parts of the world. 

Of primary concern, at the moment, are the 
preparations being made for the Extraordinary 
Administrative Radio Conference to be held 
in Geneva next October. At this Conference, 
the vitally important question of frequencies to 
be allocated to this service will be considered. 
Without international agreement to set aside 
frequencies for this service, we could find our­
selves in the situation of t-he man on skis with­
out-snow. 

Preliminary discussions have been most prom­
ising. The Telecommunication Committee of 
the Conference of European Postal and Tele­
communications Administrations, on behalf of 
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the 19 countries composing that Conference, 
has already expressed support for the concept 
advanced by the United States of a single global 
satellite system. We have already developed 
a realistic set of frequency proposals to present 
in the fan, and we regard the successful con­
clusion of the Conference as one of the key 
elements in the early establishment of a truly 
effective global satellite system. I attended 
meetings in Geneva in February of this year 
where we had a number of encouraging dis­
cussions at the International TelecO'mmunica­
tiO'ns U niO'n. 

NO'W what is the significance O'f all this in 
terms O'f the role of free enterprise in the space 
age? 

In 1927, when we first put in radiotelephO'ne 
service to' Europe"there ·were 11,000 calls. In 
1962, there were about 5 million overseas calls. 
By 1980, it is estimated that the traffic will reach 
100 million. Today, there are about 700 over­
seas circuits. By 1980, it is estimated that at 
least 10,000 will be needed. Present-day cable 
and radiO' facilities will be used to full capacity 
by 1965. So unless we are to' cO'mmit O'urselves 
to an emergency program O'f prO'viding greatly 
increased cable facilities with much greater ca­
pacity, the answer to' O'ur prO'blem lies in put­
ting miCrDWaVeS to wO'rk via satellites. 

New facilities will not replace or threaten to 
replace existing facilities. The satellite facili­
ties will be needed in additiO'n to the existing 
facilities in order to satisfy the rapidly increas­
ing demand for communcatiO'ns service. 

This kind of situatiO'n has O'ccurred before. 
PriO'r to' 1956, practically all plant fO'r overseas 
telephO'ne service was radiO' plant. Yet begin­
ning in 1956, hundreds of millions O'f dollars 
have been spent fO'r undersea cables. Existing 
investment in radio facilities did nO't hamper 
adO'ption of more efficient facilities. 

To meet this ever-growing demand, Presi­
dent Kennedy e,stablished the principle that the 
United States WO'uld favor development by pri­
vate enterprise of the American part of a global, 
commercial space communicatiO'ns system if the 
public interest would be fully protected. The 
President and all of us in the government con­
cerned with communications know that our 
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American system of private operation of com­
municatiO'ns under government regulation has 
served the nation well. We set out to extend 
those same time-tested principles into the space 
age, and they are reflected in the CO'mmunica.­
tiO'ns Satellite Act of 1962-an imaginative, 
respDnsible, and timely law. The law author­
izes the creation O'f a unique fDrm of American 
cDrporation. It is a priv3Jte cDrporation for 
profit, subject to substantial gO'vernmental reg­
ulatiO'n. The CorporatiO'n will build and oper­
ate a commercial communications satellite sys­
tem. It will dO' this in partnership with foreign 
governments and businesses. 

Half the stock of the new CorpO'ration can be 
owned by communications companies, the other 
half by investO'rs frO'm the general public. 
There will be 15 director~6 elected by the 
communications carriers, 6 by public stockhold­
ers, and 3 apPO'inted by the .President O'f the 
United States. 

To O'rganize the CO'rpO'ration, the President 
appointed 14 prominent Americans whose 
appointments were recently confirmed by the 
Senate. One of them, David M. Kennedy, 
Chairman of the CDntinental Illinois National 
Bank in Chicago, is Chairman of the Steering 
CDmmittee of this National Space Conference. 
The Directors selected two distinguished, able 
executives, LeD D. Welch and Joseph V. Cha­
ryck, to serve as Chairman of the Board and 
President of the CO'mpany. We are co-oper­
ating with Mr. Welch and Dr. Charyck,and 
with many common carriers interested in invest­
ing in the company. And there are clear indi­
cations that the general public is eager, almost 
tO'O' eager, to' participate in the develO'pment of 
the Corporation. 

The government's role is carefully spelled 
out in the new law. 

The President, of course, will coordin3Jte the 
activities of the Federal agencies. He will 
supervise the relatiO'nship between the corpo­
ration and foreign governments and stimulate 
foreign participatiO'n in the system. 

NASA, working with the corporation, will 
continue to explore and clarify the teclmical 
characteristics of the satellite system.. The 
launching of the second Telstar and the plan 
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to launch two more Relays and two more Syn­
coms during 1963 are illustrative of this 
program. 

The FCC has a number of important new 
responsibilities. With the advice of NASA, 
we must decide the characteristics of the sys­
tem-whether it will be high, middle, or low 
altitude or some combination of the three. 

We must approve the rates. Here we will 
anticipate some excrutia'ting problems. "COM­
SAT" will be a common carrier's common car­
rier-that is, it will provide service to and 
interconnect with existing carrier facilities. 
The rates must be fair to all users. So we look 
ahead to some novel rate-making proceedings. 

We must insure effective competition for both 
large and small businesses in the purchase of 
equipment for the satellite system and ground 
stations. Suggested procedures have been 
drafted. Weare currently seeking comments 
on them and we hope to make them effective 
very shortly. 

Where the Secretary of State advises that 
communications to a foreign nation by means 
of the satellite system should be established in 
the national interest, we must immediately insti­
tute proceedings to establish such service. This, 
of course, is a basic policy-because what we 
seek is a truly global service, reaching both 
large and sma.ll nations. 

Weare given the assignment of approving 
stock issues and borrowing by the Corporation. 
We must also insure that no substantial addi­
tions are made to the Corporation or to a 
ground station unless required by the public 
interest. 

The New York Times was most perceptive 
when it called our assignment "the most exact­
ing regulatory task in the Commission's 
history." 

As citizens, each of us has a staggering stake 
in the issues. A basic question of our time is 
whether a free society or a totalitarian dictator­
ship can make the best use of the technological 
revolution. The future of each one of us and 
of our children is woven into our answer to 
that question. Yet this technological race is so 
explosive that it leaves little time to grasp its 
deeper meaning. Albert Schweitzer has written 
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of the inability of science to give us guidance 
in the use of its marvels. As Dr. Schweitzer 
has observed, "Today thought gets no help 
from science . . . ." 

In the new area of space communication, 
every effort has been made to keep thoughtful 
public policy abreast of science and to advance 
the philosophy of peaceful uses of space. Con­
gress has provided the framework within which 
government and private enterprise in coopera­
tion can meet the technical, economic, and 
operational challenges involved in the estab­
lishment of a global communications system. 
Senator Humphrey articulated our national 
purpose eloquently when he said during the 
Senate debates last year: 

"I believe that we ought to demonstrate to 
the world that a free people, through their free 
institutions of Government and through their 
free economic institutions, can pool their re­
sources without the loss of identity of either 
Government or private enterprise in the ful­
fillment of a common objective. 

"I wish to afford the world an example of 
what can happen in this country when the Gov­
ernment works with the private sector of our 
economy and when Government and industry 
walk arm in arm toward a common purpose 
and with a common goal." 

Within the next few years, this example of 
a joint venture of government and private 
enterprise will bear fruit through improved in­
ternational communications. I believe that with 
vision, international communications in the 
next decade can become the common market 
of mankind-the market of the free exchange 
of ideas. One of the world's great historians, 
Arnold Toynbee, sees the communications satel­
lite as "a great asset to mankind in its present 
struggle for survival .... A world-wide net­
work of television broadcasting is going to 
expand the circle of everyone's personal ac­
quaintances to a world-wide range; and this is 
the very thing that we most need in the danger­
ous chapter of history through which we are 
now passing." 

History will record that the Russians were 
first to send a man into space. But history will 
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also record that the United States achieved 
something more enduring. We were first to 
launch an idea into space-and ideas outlive 
man. 
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That idea is to use international communica­
tions for peace. That idea is to build, not a 
wall sealing in ignorance and prejudice, but a 
window opening toward truth and freedom. 



Panel Discussion 

Leader: WALTER D. FACKLER 
ANTHONY DOWNS 

RICHARD LASSAR 
Regional Director, Small Business Administration 

FACKLER: This panel discussion might begin by 
asking for comments on the papers presented 
at this session. Mr. Downs. 
DOWNS: This question may betray my scien­
tific ignorance. Mr. Minow, wouldn't it be 
cheaper instead of launching communications 
satellites in space to lay more cables or use 
microwave relay systems with airplanes or 
ships, or are there some advantages to the satel­
lites which cannot be achieved less expensively 
by these other means? 
MINOW: Most economists think today that it 
will be cheaper to have the satellites but there 
are many unresolved technical questions. The 
two most critical are: First, how long will a 
satellite last? If a satellite will burn out in less 
than 2 years, then the cost of launching it may 
be so high as to make it uneconomic. The best­
informed scientists of the time think that satel­
lites can be made to last a long time. Second, 
can more than one satellite be launched at the 
same time? If haH a dozen satellites could be 
launched with one vehicle, this would amortize 
the costs substantially and bring it down. Fur­
thermore, the expected demand for communica­
tions is such that even if all the cables possifile 
were laid, there still would not be sufficient cir­
cuits to carry the load. A general' answer to 
your question is that I do not think that anyone 
knows yet whether it will be cheaper to com­
municate by satellite over the next 10 years or 

171 

NEWTON MINOW 

by some other means. Also, new cables are 
being developed, transistorized cables, which 
may in some ways improve the technology; so 
actually it is a technological growth problem. 
LASSAR: It seems, just by way of supplementing 
what Mr. Minow suggested, that there is 
already evidence to believe that putting up a 
satellite, even currently, has economic advan­
tages over, for example, multiple relay stations. 
One system does not have to preclude the use of 
the other. In one sense we are just getting a 
sample of what might be done with the com­
munications satellite. The extension of the use 
of the satellite certainly will be projected to a 
point where the economics, as we envision them 
now, will have no relevance 5 years from now 
in terms of the many possibilities satellites offer 
compared with ground based stations. It 
seems that with the possibilities of probing 
farther into space the satellite becomes almost 
mandatory whether or not it has economic 
relevance. 
FACKLER: Mr. Minow, what if consideration of 
national prestige and the like should induce 
other countries to start building their own sys­
tems ~ What kind of an international traffic 
control problem would we have with space com­
munications satellites? 
MINOW: There is a danger that this may hap­
pen; for that reason this country is trying hard 
to persuade other countries to join us. In the 
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field of communications there is a long and hon­
orable history of international cooperation. 
The International Telecommunications Union 
is a ,100-year-old organization. It was absorbed 
into the United Nations about 10 or 15 years 
ago. The basis of communications is agree­
ment. If you do not agree, you cannot com­
municate. If you picked up the telephone now 
and called Moscow, it would cost you about $12. 
The revenue is divided among the government 
in Russia, the American Telephone and Tele­
graph Company, and the carriers in Europe who 
participate in the call, and there are no 
arguments. 

In the Communications Satellite Corporation 
we have tried something that has never been 
tried before in American history. It is a mix­
ture of many concepts. Some people object to 
the idea that the government is not running it, 
that business has a role in it at all; other peo­
ple in business think that there is too much 
government in it. This new technology is going 
to require adapting some of our institutions as 
was done in this case to find a blend of public 
and private participation. Mr. Downs, have 
you thought much about the structure of this 
corporation or similar cases which may occur? 
DOWNS: I have not devoted any attention to 
this particular corporation, but it seems to me 
that you are right in thinking that government 
and private enterprise have to join forces. In 
the defense programs, in general, it is difficult 
to distinguish the Defense Department from 
the contractors in many places, such as Cape 
Can a veral. It seems to me that some new types 
of cooperation must be found between govern­
ment and business. In fact, development of 
these new technologies is both so expensive and 
so complicated that, in effect, the Federal Gov­
ernment or Some agency under the Federal Gov­
ernment must extend its role in the economy. 
As our technology becomes more and more com­
plicated, we must expect the role of government 
in the economy to increase. This need not mean 
unmitigated government control, but the gen­
eral role of government is definitely going to 
increase in the future, it seems to me. 

Mr. Minow, although worldwide television 
might be an important influence in the sort of 
international prestige race between the United 
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States and the Soviet Union, there seems to be 
a big problem in that most of the people in the 
world (a) do not have electricity, and (b) do 
not have television sets. Now, would you, 
therefore, advocate buying a few television sets 
and giving them to people around the world as 
well as supplying them with rural electricity? 
MINOW: Actually, television is growing faster 
outside the United States than it is inside the 
United States. As of this year, for the first 
time, there are more television sets outside the 
U.S. than there are inside the-U.s. Each day, 
two new television' stations are opening some­
where around the world. The foreign growth 
has been about a decade behind American 
growth, but it is beginning. In Africa and Asia 
there are very few television stations still, and 
most of these are government operated. I 
would predict, however, that television will ex­
pand over the next 10 years in other countries 
faster than it will in this country largely be­
cause We have reached a very heavy develop­
ment level. Now, I am in favor of experiment-, 
ing with education via television and radio 
abroad. I am, at the moment, more interested 
in radio because it is so much cheaper. People 
can be taught how to read and write by radio 
at a very low cost. The National Association 
of Broadcasters, at the moment, is examining a 
project in the Dominican Republic which would 
use radio and some television for education and 
I cannot think of a better thing for us to do 
in a foreign aid program than to use these great 
media to teach. In Philadelphia, a commercial 
broadcaster developed a literacy course. I 
would like to see that kind of enterprise and 
technique extended through our foreign aid pro­
gram to other countries. 
FACKLER: Mr. Laser, I'm curious why the Small 
Business Administration is so particularly in­
terested in space as opposed to shoes, cereal, nuts 
and bolts, appliances, and so forth. 
LASSAR: I do not think that our interest in the 
space program transcends our interest in other 
kinds of programs, perhaps with one exception. 
We have seen the small business community 
placed at an increasing disadvantage with re­
spect to the dollar volume or percentage of vol­
ume of business that they are ruble to Secure as a 
result of government purchases, either military 
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or civilian. A dramatic change occurred dur­
ing World War II that affected the small busi­
ness role, and I think this has to be footnoted 
and understood in order to appreciate our con­
cern with where the small businessman is going 
to fit in [the space program. Along with the 
advent of World War II, the Department of 
Defense began to purchase systems of guidance, 
systems of missiles, systems of all types, as con­
trasted with the purchase of individual com­
ponents previously. Because of this, the small 
businessman was placed at a disadvantage. A 
small business concern empioying 10 or 12 peo­
ple could hardly be expected to bid competively 
against Boeing or Hughes or North American 
for a hill ion and a half dollars worth of con­
tract to produce the XYZ missile or aircraft. 
So, in this :sense, we have been concerned. It is 
true that the dollar volume of prime contract 
which is available to small business has declined 
significantly. The way in which we have been 
able to cope with this is to work cooperatively 
with the prime contractors to assure that there 
is an interest in subcontracting to the small 
business community. It is a testimony to the 
larger primes, particularly in the aircraft and 
airframe missile industry, that they have volun­
tarily set up small business departments, have 
made and are making technical assistance avail­
able, and are doing everything possible to pro­
liferate the growth of small businesses around 
them in order to make a vailahle increased 
sources of supply. This, then, is the reason for 
our interest in the space program-to insure 
that small business does, in fact, get its fair 
share of the defense dollar. 
FACKLER: We have been preoccupied with fair 
shares for a long time-for example, in the 
farm program. It was the fair-share idea that 
brought about a situation that is, politically, 
extremely difficult; neither party can really 
solve the problem, which began with a concept 
of parity of fair shares. What criteria do you 
use to determine w'hat is a fair share and a share 
that is allotted through the normal operation of 
the market~ 
LASSAR: The law does, in fact, suggest that the 
small business conununity have a fair share in 
the purchases that the government makes; this 
share was not, in fact, defined. It becomes an 
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administrative function to try to give this con­
cept some dollar value. I suppose, in one sense, 
the fair share might be determined by looking 
at the total picture at a given time and then 
hoping that the dollar volume will not decrease 
in terms of the allocation to the small business 
community. We could put the fair share in 
some statistical reference or give it a frame of 
reference. If the small business community 
comprises, as Mr. Horne indicated, some 4%, 
million individual enterprises, does 40 percent 
of the 'commercial volume of business that is 
done in this oountry, and employs one of every 
two persons who are gainfully employed in the 
United States, then, perhaps, these statistics 
could 'he used as criteria-to 'insure that some­
how small business would at least derive 40 
percent of the dollar,value of purchases, either 
directly, as prime contractors, or indirectly, as 
suhcontractors. The one-out-of-two people sta­
tistic may indicate that 50 percent of the dollar 
value should be derived. I do not think that it 
can be very carefully defined or that a dollar 
volume or a percentage can be given which 
would accurately describe fair share. Rather, 
it is a direction that we take. For example, if 
the feeling generally is that big business is 
growing at too fast a rate and is restricting the 
efforts of the small ibusiness community, we 
would hope somehow to change this direction­
not to the extent that we would favor small 
business over large, but at least in the sense of 
helping the small business community. 
FACKLER: Well, there is no doubt that the space 
program and the defense program, in the long 
run, change the character of the economy, 
change the structure of our capital, change our 
techniques, and have an enormous impact. I 
find the problems of fair shares and proportions 
and so on very difficult to make meaningful. 
DOWNS: There is no such thing as the fair 
share in small husiness. 
FACKLER: That's right. 
DOWNS: In the field of retailing, with which 
I am well acquainted, the small businessman 'is 
disappearing. Little stores are being replaced 
by the hundreds every day. The number of 
stores dropped approximately 18 percent from 
1948 to 1958, whereas retail sales went up 25 
percent. It seems to me that the idea of fair 
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share is meaningless and that what we should 
consider are the costs and benafits to our society 
as a whole of technical changes and how we 
should guide them. The same problem appears 
in the question "What is the fair share of the 

, . k 
Midwest'in space contracts ~," I do not thm 
that the problem should be stated in terms of 
fair share. It is not a question of justice; it is 
a question of what are the desirable social goals 
as evaluated by the political system of the coun­
try. If the people of the country decide that 
national growth shQuld he concentrated on the 
coasts then this is a decision which'our present , 
government policies are going to implement. 
However, if we decided, through political chan­
nels that we wanted to maintain some kind of 
a sh~re of our nat10nal growth in the Midwest, 
then government policies would follow the pat­
tern. It seems so difficult to make any sense out 
of the term fair share that I would rather con­
sider the costs and benefits of the various 
alternatives. 
FACKLER: When we examine the situation in 
the Midwest and the flight of Ph. D's and 
government contracts, it would seem that there 
are fairly good economic reasons for this. We 
must start with a realistic assessment of our 
prospects for growth, and an evaluation of our 
comparative advantages. 
DOWNS: I believe that the Midwest should be 
subsidized-because we have the votes. We 
want to live here and we wish to grow and have 
a political position. Our political. system is 
designed to express noneconomic forces that are 
not felt in the marketplace. It seems to me that 
it was perfectly valid for the people of Houston, 
Texas, through their representatives, to express 
their desire to have the manned space program 
located in Houston, as opposed to ten other 
equally desirable cities; they were successful. 

Now, I am advocating a subsidy-not an un­
limited subsidy. I think there is definitely a 
limit as to how much it's worth to subsidize the 
growth of any particular area. What I am 
pointing out is that there is a tremendous impact 
on regional growth rates from Federal spending 
programs. In fact, I think that it has the single 
biggest impact, within discretionary control, of 
anything in the economy. If the Federal Gov­
ernment wishes to make the judgment that, in 
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order to obtain the most for its space dollar, it 
will let Oalifornia grow at the rate of 41 percent 
and Illinois at the rate of nine-tenths of 1 per­
cent, in terms of research and development, and 
if the political system supports that judgment, 
we have no argument. However, if this is not 
the case, then w,e in the Midwest have two 
courses and we should pursue both of them. 
One is to get into action and start pursuing some 
of these contracts and start thinking of the 
future. The other action, which is equally im­
portant, is to go through political channels and 
advise the government, in effect, that it h?S 
stimulated all kinds of jobs and employment In 

certain narrow areas, while it has neglected 
other areas-particularly the Midwest; that 
although it may cost a little more to do this in 
the Midwest, it is worth it to us as taxpayers, as 
citizens, as participants in the political system 
to spend more money on defense in order to have 
a more balanced regional growth. This is a 
legitimate approach. It is a subsidy; but all 
subsidies are not bad. They are good if we 
decide that they are worth it. 
FACKLER: It is not what We alone decide; it is 
whether the people in the rest of the country 
decide that it is worthwhile. 
DOWNS: We have to work through the politi­
cal system, as it is constituted, to influence the 
rest of the country to decide favorably. Ap­
parently one good way to do it is to have either 
the President or the. Vice President elected from 
Illinois and that might help us. 
MINOW: I am not sure that I accept the basic 
premise, although I do not disagree with the 
argument. I believe that the Midwest can 
compete on its own terms without a subsidy. 
I think the talent and the capital and the enter­
prises are here; I do not think they need to be 
subsidized. The first nuclear reaction was 
created in Ohicago and I cannot see that any­
thing in the Space Age could be more involved 
than that. Great medical research has been 
done and is being .done in Ohicago. I just think 
it is a matter of not having had sufficient in­
terest, sufficient sophistication, sufficient dedica­
tion to go after it. 
DOWNS: I completely agree with that. We 
should pursue that course; but I believe that we 
should vigorously pursue all courses which will 
lead to growth of the Midwest. 
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Introduction 

Several months ago in addressing the Annual 
Meeting of the Chicago Association of Com­
merce and Industry, I commented that the Mid­
west needs to make no 'apology for its 
consumer-oriented industrial technology pro­
vided it does not let Space Age ideas go beg­
ging. The present corporate and economic 
well-being of the general Chicago area must 
not blind us to, the necessity for getting in on 
the ground floor of the future. Today, many 
of the elements that will go into the making 
of America's industrial future are being evolved 
through space-related research. The indus­
trial applications of space research, referred 
to as spin-off, result from the tremendous scien­
tific and technological efforts called for in the 
space effort., Some of the results that already 
promise to have an impact upon industrial 
products, capabilities, and profits are discussed 
in the papers presented at this session. 

I should like to suggest, however, that the 
new technological age, so vividly represented 
by space research, is even more revolutionary 
than is indicated by the image of a spin-off of 
useful applications from new knowledge. ·Our 
present age is one in which science and engi­
neering, basic and applied studies, research and 
development are so closely allied and over­
lapping that we shall really need a new name 
for those who are engaged in the simultaneous 
work of discovery and application. It will be 
an age of greater engineering, as well as, I 
believe, greater and more productive science. 
Yet, most of us still tend in our thinking to 
draw a rather wide line of separation between 
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pure scientific investigation and engineering 
application. We remain oriented toward the 
earlier decades of this century when the engi­
neer was purposefully changing the visible face 
of the civilized world while the makers of mod­
ern science were functioning within what 
seemed to be ivory towers creating, almost un­
beknown to themselves, the basis for the world 
which we and our children have inherited. 
This new world became visible with the burst 
of the atom bomb and the flight into space of 
sputniks and astronauts. These were tech­
nological achievements of a new order of 
sophistication representing the closest possible 
collaboration between engineering and pure 
SCIence. 

This new technological age is not just a mat­
ter of new wonders. What it really amounts 
to is a complete reorientation of the world in 
which we live. It is not only that we cannot 
separate pure and applied science from each 
other. We cannot separate them either from 
our social, industrial, economic, political, and 
cultural life. If we do, it will be at the cost 
of losing our place in the 20th century. The 
key to an effective role in the second half of 
this century is the ability to accept and par­
ticipate in rapid change. To the backward 
glance the developments that have taken place 
over the past 50 years seem breathtaking. Yet, 
the pace was sedate when compared with what 
we must contemplate for tomorrow. Between 
the first successful airplane and the really sig­
nificant growth of commercial aviation there 
was a span of a generation. If present predic-
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tions hold true there will be little more than 
a decade between manned space flight and 
manned flight to the Moon. 

Studies over the past decades have shown 10 
and 20 years elapsing before industry accepted 
a new development, depending largely upon the 
economics of the industry. Today, the neces­
sities of world economics and world politics are 
forcing us to step up this pace immeasurably. 
Furthermore, the engineer is not sitting on the 
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sidelines waiting for the scientist to come up 
with something that he can put into good use. 
He is working intimately with the scientists of 
every discipline as a partner in basic, as well 
as applied, studies. The scientist's "Why?" and 
the engineer's "How?" have become linked in a 
continuous dialogue. The papers presented in 
this session offer an exceptional opportunity to 
learn, at first hand, of some of the consequences 
of that dialogue. 



Space Technology and its Potential 
From an Industrialist's Viewpoint 

EARL P. STEVENSON 
Oonsultant to NASA,lndustrialApplications Oommittee, and 

formerly Ohairman of the Board, Arthur D. Little, Inc. 

The broad national problem to which the In­
dustrial Applications program of the National 
Aeronautics and Space Administration is ad­
dressing itself will be sketched here. One of the 
conclusions reached by the American Assembly 
in its conference last year on "Automation -and 
Technological Change" was that the rate and 
direction of technological change in the decade 
ahead will be determined by puhlic policy in 
supporting government-sponsored programs, of 
which space demands increasing attention. 

In reaching this conclusion, the concern of 
the Assembly was more fundamental than the 
distribution of funds. It was recognized that 
technological change involves a complex social 
process including many participants: science, 
education, research and development (under 
both public and private auspices) management, 
engineering, production facilities, workers, and 
labor organizations. All stages in this com­
plex process must be improved, and all groups 
in the community have a contribution to make. 
To quote further from the Assembly, "To accel­
erate productivity is a challenge to our techni­
cal resources, our capacity to cooperate, our 
political ingenuity and our sense of national 
purpose." 

Robert A. Solo, writing recently in the Har­
vard Business Review, expressed the challenge 
in these words: "A change of approach must 
be in the offing,.a change from the approach that 
views the transmission of the results of space-
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military research into industrial application as 
a happy instance of automatic Spill-over to one 
that views it as a part of an immensely difficult 
task of social engineering." 

There is concern over the increasing per­
centage of national R&D expenditure support­
ing massive federal programs-defense; atomic 
energy; space; health, education and welfare; 
and science. The President's budget for fiscal 
year 1964 includes a request for almost fifteen 
billion dollars for government-sponsored re­
search and development. The estimated invest­
ment by the private sector is five billion dollars. 

This concern over the imbalance in the dis­
tribution of the national effort between the two 
economies is currently reflected in editorials in 
the metropolitan press and weekly news maga­
zines, as well as in technical publications. Most 
recently these reflect the unfavorable bearing of 
this imbaJance upon our future competitive 
position in international trade. It is claimed 
that other highly industrialized countries are 
spending a higher percentage of their gross 
national product in promoting the growth of 
their civilian economy. 

Such comments, while not to be ignored, do 
not take into account all of the factors that are 
involved in the overall process of promoting 
industrial growth through technological change. 
The R&D effort is only one term in a complex 
equation. Plant design, production techniques, 
investment decisions, labor relations, market re-
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search, public relations, and managerial policies 
are all involved in the end result. Even Con­
gress can get into this act by approving the 
accelerated write-off of new tools (both shop 
and laboratory) and by reducing the corporate 
income tax rate to encourage investment in neW 
and improved plant facilities. This overem­
phasis of the role of the research laboratory also 
tends to overlook the contributions of engineer­
ing. Science and engineering are not put in 
their proper working relations. Productand 
process innovations, while increasingly growing 
out of new scientific discoveries and most fre­
quently conceived in the course of organized 
industrial laboratory research, do not neces­
sarily begin and surely do not end with the 
R&D effort as we now measure this in terms 
of dollars. The A. pollo and other manned 
spacecraft developments are the primary con­
cern of engineers (85 percent) . 

While an imbalance does exist, the relative 
expenditures for R&D in the two economies or 
sectors of our society can be overstressed. The 
two figures are not strictly comparable because 
of basic differences in bookkeeping practices. 
The government budget does not distinguish 
between capital expenditures and operating ex­
penses, and in industry, items which govern­
ment bookkeeping might charge to operations 
are capitalized. The cost of starting up a new 
industrial facility can b~ the most costly step 
of all and be charged to operations. I make 
no issue of these differences, but merely note 
them in passing as distorting our perspective. 

We are living in a new era. Major govern­
ment-supported research programs will have a 
decisive effect on the rate and direction of tech­
nological change. Acts of Congress in creating 
the Department of Defense, Atomic Energy 
Commission, National Aeronautic3 and Space 
Administration, National Science Foundation, 
and Public Health Institute have profoundly 
changed our way of life, but not our national 
purposes. The public 'and private sectors of 
our society, which may appear to be growing 
apart, must learn to live together in an atmos­
p~ere of mutual respect. Industry should 
fairly appraise the plus and minus valuE',s to 
be found in the competition of government pro­
grams for our most limited resource, manpower 
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capabilities. Certainly industry cannot afford 
to decrease its support of research with any 
idea that this phase of its activities is now being 
subsidized by the Federal Government. 

At the turn of this century, the individual 
inventor was responsible in 'a very large degree 
for technological change. Out of the ex­
perience of World War I emerged the idea 
that innovations could be accomplished through 
systematic organized laboratory research, and 
during the next 20 years the industrial research 
departments of our major corporations came 
into being and grew in stature with their pro­
ductivity. Only time will give us the perspec­
tive for labeling this new era, but we certainly 
will not write off either the contributions of the 
individual inventor or the techniques which we 
have been evolving for industrial research over 
the period of the past 40 years. It is appro­
priate to note here that while 75 percent of 
our national R&D effort may be financed by the 
national government, 60 percent of these funds 
were spent under contract in our industrial fa­
cilities. Also, companies which a few years 
ago would not have considered a government­
sponsored engagement now avidly seek such 
opportunities. Such participation can be 
mutually self-supporting, but where undertaken 
without proper regard for a company's objec­
tives it is of questionable value; or otherwise 
stated, if work is performed by a contractol;' in 
fields related to its regular commerical interests, 
the likelihood of transfer of technology is sub­
stantial. At the same, time, industry must 
adjust its objectives to the overriding demands 
of our national-goals. 

The mission of NASA is a national goal. 
In attempting to look ahead and try to antici­
pate some of the social, political, and economic 
consequences of our space program, both civil 
and military, perspective is furnished by study­
ing the process of technological change in' the 
past. From technological advances of World 
War II emerges the world of today. By way of 
examples, a few of these can be coupled: 

Atomic energy~The Cold War and a new 
source of energy 

The jet engin~A smaller world 
OSRD~The National Science Foundation 
Missiles~ The exploration of space 
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Radar~Navigation, radioastronomy and 
television 

Antibiotics~The population explosion 
Chemical warfare~Pesticides and insecti­

cides 
Electronics~Automation and the high­

speed computer 
In solving our W orId W· ar II problems we 

have created many more. An operations 
research model may be pictured 'as a quiet pool 
into the center of which a massive object is 
dropped. But the pool has an irregular shore, 
varying depths, and many islands. Possibly it 
is from some such analogy as this, as well as 
actual observations, that we use today the words 
"unpredictable" and "uncontrollable" when we 
venture to predict the consequences of our 
present engagements. 

Weare, however, not dealing with a single 
impact of momentary duration. I believe we 
can today take it for granted that the Federal 
Government, through its various programs, will 
not only maintain but increase the participation 
in and support of research and development, 
and that our advancing technology will become 
increasingly identified with objectives of na­
tional defense and space exploration. 
. There is 'ample historical precedent for anti­

cipating both short-range and long-range indus­
trial benefits. In appraising these possibilities 
it is certainly difficult to envision any impact of 
powerful rocket-engine developments that 
would have any comparable effect in the civilian 
area to that of the development of the jet engine 
in the field of commercial aviation. Also, the 
techniques which are being developed in the 
fabrication of rockets and space vehicles are 
not those of the assembly line and mass produc­
tion, but rather those of the job shop. Small 
industry, rather than large, may therefore be 
the most direct beneficiary of the shop notes 
that are beginning to flow out of the NASA 
Centers. 

One of the most significant aspects of the 
space program is that it spreads across the 
entire industrial spectrum-electronics, metals, 
plastics, fabrication technology, ceramics, ma­
chinery, automation, instruments, controls, 
materials, heat transfer, data handling-to 
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sample only a few. In each case the space 
program is mwking new and exacting demands. 
In almost every instance its demands are at the 
frontiers of our existing knowledge and experi­
ence. 

Possibly the most realistic view of the oppor­
tunities afforded by the NASA program for 
technological growth in the private sector is 
to regard the Agency as providing an initial 
market for new products and ideas. Space ex­
ploration has created a new industry-one 
presenting new demands and sales opportuni­
ties. It is a characteristic of the aerospace 
industry that the demand is for new materials, 
techniques, and devices on the boundary between 
science and engineering; that the potential user 
is pressing the supplier's "know-how." Pio­
neering in fields of advanced technology is 
necessary if we are to conquer space, survive 
in a military sense, or harness the new sources 
of energy. 

Research ideas therefore frequently find a 
receptive audience in one of the government 
services, and contract support is obtained. An 
example from the experience of Arthur D. 
Little, Inc., will suffice to illustrate this point. 
In the field of cryogenics the company sought 
support for developing an· electronic switch 
based on the behavior of superconductors in a 
magnetic field. A computer with a wholly new 
order of memory capacity was envisioned. A 
government agency shared the company's en­
thusiasm and gave support to. the point where 
industry is now supporting the development. 
The next generation of computers may employ 
these principles. En route to this achievement 
it was necessary to develop a refrigerator capa­
ble of maintaining temperatures in the range of 
15° to 20° absolute with the reliability of the 
familiar electric refrigerator. And so the 
whole art of cryogenics is years ahead of a 
normal development in the civiHan field, where 
the demands of the market place and the oppor­
tunities for profit are determining factors. 

Space, defense, and nuclear weapons make 
extreme demands on our technical knowledge; 
they force us to attempt things and thus acceler­
ate the utilization of this technical experience 
In our commercial life. Apropos this state-
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ment, the following comment has been made on 
the subject of computers: 

There were other forces at work in our society to 
design and manufacture more powerful computers. 
Thus, the space program found, already in existence, 
computers large enough and fast enough to handle the 
problem from the ground. The current demands are 
to make computers of small size for use in space 
vehicles; this ultimately will have its design impact on 
commercial computers. Space technology can lead the 
way in increased reliability and size reduction. Space 
money accelerates new technology in our civilian 
economy. 

With this prophecy, many possibilities come 
into view. Among these are certainly new 
sources of energy and new methods of conver­
sion, notably thermoelectric devices and fuel 
cells. Also, the demands of the space age have 
given battery development fresh impetus. 
Since World War II, improvementS in battery 
materials have led to the reduction in size of 
nickel-cadmium cells and have stimulated the 
development of rugged, compact, rechargeable 
power supplies. Cordless appliances are in­
creasing in variety and power. Fuel cells, being 
designed for spacecraft, support a challenging 
development. A revolution of some kind ap­
pears to be in the making in the energy field. 

Other areas of advanced technology can be 
cited. Electronics would appear to be a general 
beneficiary, with such specifics as telemetry, 
sonars, and instruments finding new opportuni­
ties in the civilian field as a result of advances 
occurring in the space and military applications. 

Contemporary research and development has 
become extremely complex. The nice little 
compartments in which scientific knowledge 
could once be contained have broken down. In­
creasingly science has become an integrated 
whole. The development of aerospace technol­
ogy is the outstanding illustration. Within its 
program, every branch of science and engineer­
ing finds a role. 

A further feature of this new era is the ex­
tent to which the team approach has replaced 
the individual in many of the frontier regions 
of both science and engineering. This jncreas­
ing dependence of the individual on his team 
has introduced new concepts in research man­
agement. 

This growth complexity of research and de-
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velopment has been in large degree promoted 
by the creation of superior tools, most frequently 
conceived in connection with basic research. 
Robert C. Turner, in remarking on this fact, 
has proposed a Parkinson's law of research: 
"The complexity of research automatically ex­
pands to consume the capacity of the available 
tools for doing research." A visit to anyone 
of the ten NASA Centers will serve to mark 
the role of the space program as a frequent 
pioneer in the use of new instruments. And 
new instruments or tools create new skills. 

The preceding remarks will serve to intro­
duce a concluding discussion of the unique posi­
tion of NASA as a patron of technological prog­
ress and the more specific ways in which it is so 
functioning. In speaking before the recent 
meeting of the National Security Industrial As­
sociation, J. Herbert Holloman stated, "The 
most critical problem facing the United States 
is the more rapid development and diffusion of 
technology." NASA is addressing itself to this 
problem. In this undertaking, it has the ad­
vantage of being almost 100 percent open. 

The first program to be discussed is that of 
the Office of Scientific and Technical Informa­
tion. Here the primary function is the dissem­
ination of information within the aerospace in­
dustry through the medium of a semimonthly 
publication, Scientific and Technical Aero­
space Report8. To serve its own centers and 
thousands of contractors, the present issue is 
around 12,000. These reports will also go to 
the twelve government regional reference 
centers being set up by the National Science 
Foundation. This dissemination employs so­
phisticated data-processing equipment. In its 
broader implications this program is tackling 
the problems created by the information explo­
sion-that of information storage and retrieval. 

Secondary publications will also be produced 
to collate and organize the mass of material in 
the basic or original records into integrated 
packages. These will be in the nature of tech. 
nical reviews and state-of-the-art monographs. 

While designed for the primary needs of the 
aerospace industry, these documents are not so 
restricted. They can be a primary force in en­
ergizing the diffusion process through which 
technology spreads by a mechanism that can be 



SPACE TECHNOLOGY AND ITS POTENTIAL FROM AN INDUSTRIALIST'S VIEWPOINT 

likened to biological infection. The most effec" 
tive carrier is t.hrough the transfer of personnel 
from one group, company, or area of interest 
to another. 

While it is a characteristic of this new era 
that the labor force is more mobile, and tech­
nically trained personnel move more freely from 
region to region, from company to company, 
and f;rom one field to another, there are forces 
at work that restrict such transfer from the 
public to the private sector. Thus the diffusion 
process may not continue in its historical pat­
tern. Does in fact such a barrier exist? How 
can it be lowered? These questions and others 
of a related kind are being explored under an 
NASA grant to the American Academy of Arts 
and Sciences. If we understand the hazards, 
remedial action is a possibility. 

The second activity, the Office of Technology 
Utilization, will be discussed only briefly here. 
Subsequent papers will deal with this activity 
at the working level. I should note, however, 
that the advisory committee, comprising a 
small group of scientists and engineers with 
active industrial associations, is concerned only 
with the identification and appraisal of in­
novations made in the course of NASA's "in­
house" operations. The general procedure will 
in time include innovations occurring in the 
course of carrying out contract work. As soon 
as a disclosure enters the public domain, the 
present restrictions will not apply. Problems 
involved in the ownership of title and licens­
'ing of patents are being resolved and hopefully 
will soon be in the clear. 

A third approach is in the making. One 
concept is that of a "middle man" with the 
competence and resources to serve individual 
companies on a regional basis. Such an experi­
ment will be tried out at Indiana University 
with the School of Business as the agent. 
Thirty interested companies are cooperating in 
this experiment by collectively matching an 
NASA grant to the University of $150,000. In 
another approach, eight facility grants have 
been made to universities that have substituted 
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on-going research programs in the field of the 
space sciences. The president of each of these 
universities has signed a "Memorandum of 
Understanding" with the Administrator of 
NASA which provides that, 

The University will undertake, in an energetic and 
organized manner, to explore mechanisms wherebY 
the progress and research results achieved in space 
science and technology may be fed into industry and 
segments of the economy with which the university 
normally has close relations. This effort may include 
scholars from other universities and trom industry. 
In addition to an intensive effort on fundamental 
scientific ,and engineering problems related to the na­
tional space effort, research is to be encouraged on 
ways and means to expand the search for useful ap­
plications and on the economic and social impact of our 
national involvement in space exploration. The uni­
versity will undertake to make the scientific com­
munity, as well as the industrial and business 
communities, aware of new opportunities for applica­
tion of specific developments or processes stemming 
from the space program. 

A word of caution is in order. The Space 
Agency has a large and urgent primary mission. 
It has a limited statutory obligation, in the 
words of the President, "to make the by­
products of spa,ce research easily accessible to 
civilian industry." But its primary mission 
is space exploration. Privaite industry must 
therefore take some initiative in seeking oppor­
tunities for translating achievements in space 
technology into civilian values. 

For the corporate representative assigned to 
this responsibility , NASA offers several op­
portunities : 

(a) Participation in regional conferences 
(b) Publications of the Office of Scientific 

and Technical Information 
( c) Access to regional research institutes 

participating in its industrial applica­
tions program 

(d) The Washington Office of Technology 
Utilization. 

In the following papers these opportunities 
will be further developed. The challenge, to 

quote the President, is to find "new means of 
facilitating the use by civilian industry of the 
results of government-financed research." 
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At these sessions, many discussions have been 
presented on the various facets of the vast space 
program. The resources of our great nation 
are being marshaled in the forward ithrust to 
the Moon and outer space. It is an effort in 
which all of us have a stake. Our spectacular 
achievements are a source of pride in American 
know-how and enhance our prestige both at 
home and abroad. They attest to our ability 
to support and uphold Free Wodd supremacy 
in science and technology. 

The exploration of space, as noted in pre­
vious papers, delves deeply into every basic sci­
ence; indeed, it has opened new vistas of chal­
lenge to our Earthbound minds and energies. 
We must now devise ways whereby human life 
can be sustained as man pulls free from Earth's 
friendly atmosphere. We must develop a whole 
realm of new or improved materials for rockets, 
capsules, and space ships, more sophisticated 
instrumentation to relay data back Ito Earth, 
and new energy sources and new propellants to 
insure man's safe round trip into deep space. 
It is a highly complex, extremely difficult, but 
challenging task. 

The technical progress predicted for this dec­
ade may result in scientific and .technological 
achievements which would normally span a 50-
year period. Already we are faced with the 
problems of analyzing reams of dat!,t, of sifting 
through an endless and growing store of 
research results, and of groping through an 
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increasing labyrinth of scientific and technical 
journals and periodicals. Indeed, it was Time 
magazine which recently noted that man, 
through his most recent endeavors, has already 
reached beyond the imagination of our science 
fiction writers. . 

Surely, in this great mass of information and 
new knowledge must lie the seeds of new eco­
nomic growth, new concepts of management, 
and the answers to improving our sociological 
well-being. With the many new forces shaping 
our destiny, we cannot be content to let their 
effects creep into our lives and our way of living 
through the slow processes of evolution and 
osmosis. 

What can we do about it ~ What are we 
doing about it? 

At this point, a few passages from the J anu­
ary 1963 Economic Report of the President, 
particularly those sections which relate to the 
nation's vast expenditures for government-sup­
ported research and development, might be 
appropriate: 
... The defense, space, and atomic energy activities 

of the country absorb about %s of the trained people 
available for exploring our scientific and technical 
frontiers. These activities also assert a strong influ­
ence on the direction and substance of scientific and 
engineering education. In many fields, they have 
transformed Our understanding of nature and our abil­
ity to control it. But in the course of meeting specific 
challenges so brilliantly, we have paid a price by 
sharply limiting the scarce scientific and engineering 
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resources available to the civilian sectors of the Amer­
ican economy. 

Since rising productivity is a major source of eco­
nomic growth and research and development are essen­
tial sources of productivity growth, I believe that the 
Federal Government must now begin to redress the 
balance in the use of. scientific skills. To this end I 
shall propose a number of measures to encourage 
civilian research and development and to make the 
by-products of military and space research easily acces­
sible to civilian industry. These measures will include: 
... New means of facilitating the use by civilian 

industry of the results of government-financed research. 

That is what our Technology Utilization Pro­
gram is about. NASA, committed as it is to 
the peaceful uses of space, considers the results 
of its own research and development effort a 
national resource which must be utilized for the 
be,nefit of all mankind. NASA feels that it has 
a responsibility to the civilian industrial com­
munity in view of worldwide competition, eco­
nomic growth, and changing sociological pat­
terns to make such information available. In 
fact, NASA's obligation to disseminate and 
utilize the science and technology resulting from 
its research and development program is writ­
ten into the Space Act of 1958, in the section 
requiring the Administrator to: "Provide for 
the widest practicable and appropriate dissem­
ination of information concerning its activities 
and the results thereof." 

But, according to a previous paper by Earl 
P. Stevenson, the diffusion of technology is a 
complex process. In this age of automation, 
there is nothing automatic about the transfer 
of knowledge or the application of an idea or 
invention to practical use. There has always 
been a long leadtime, an average of 7 to 10 years 
in many industries, before the ideas developed 
in a company's laboratory filter down into its 
production lines. Another time lag occurs 
before the returns on the research dollars spent 
are reflected in the upward curve of the sales 
charts and in expanding profit margins. 

Most companies engaged in industrial 
research recognize that there are barriers in 
the channels of communications even within 
a single company and these barriers are a major 
hurdle in translating research and development 
results into practical use. There is resistance, 
too, to new ideas and new technologies; part 
of this resistance is psychological, part practical 
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when new expenditures have to be justified to 
stockholders, and often economic, since to imple­
ment a new technology may result in a tremen­
dous impact upon a way of life or a major 
industry, for example, diesel versus steam 
engines, oil versus coal, transistors versus tubes, 
and so forth. 

What the Office of Technology Utilization is 
attempting is the far more complex translation 
of the results of government research and devel­
opment into industry's engineering and produc­
tion talents. 

In order to achieve this goal, NASA created 
an Industrial Applications Division late in 1961. 
More recently, its scope was expanded by redes­
ignating it the Office of Technology Utilization, 
within the Office of the Assistant Administra­
tor for Technology Utilization and Policy Plan­
ning under George L. Simpson, Jr. 

This is a joint program with industry and in 
order to benefit from industry'S experience, 
James E. Webb, NASA Administrator, has 
enlisted an outstanding group to serve as mem­
bers of an Industrial Applications Advisory 
Committee (IAAC). In ·alphabetical order 
they are: James Hillier, Vice President, RCA 
Laboratories, Princeton, New Jersey; Malcolm 
Hubbard, President, Hubbard Associates, Bos­
ton, Massachusetts; Augustus Kinzel, Vice 
President of Research, Union Carbide Corp., 
New Yor!r; Emanuel Piore, Vice President of 
Research and Engineering, IBM, N ew York; 
Games Slayter, Vice President of Research, 
Owens-Corning Fiberglas Company, Granville, 
Ohio; Earl Stevenson, former Chairman of the 
Board, Arthur D. Little, Inc., Cambridge, Mas­
sachusetts; and Howard Turner, Vice President 
of Research and Development, Jones & Laugh­
lin Steel Company, Pittsburgh, Pennsylvania. 
Dr. Stevenson is also a special consultant to 
James E. Webb. 

The Committee is. chaired by Walter L. Lin­
gle, Deputy Associate Administrator for Indus­
trial Affairs, who was formerly Executive Vice­
President of Proctor & Gamble Co., Cincinnati, 
Ohio. 

In the simplest terms, the basic objectives of 
the Technology Utilization program are: 
(1) identification of innovations, (2) catalog­
ing, and (3) dissemination. 
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One thing to be stressed is that this program 
is not necessarily limited to new know ledge. 
In their endeavor to meet the severe environ­
ment of space, scientists and engineers take 
existing materials, techniques, and technology 
and extend their load-bearing capabilities, their 
range of endurance, their limits of use to much 
larger dimensions and, finally, expand their 
use to completely new areas. Often the,se adap­
tations tend to stimulate new thinking on how 
to utilize better what is available and, in many 
cases, provide a substantial contribution toward 
advancements in the state of the art. In fact, 
we define the term "innovation" as a "means of 
accomplishing a work objective either more ef­
fectively than before or for the first time." 

The innovation flow is as follows: 
(1) Innovations originate at NASA con­

tractors and centers 
(2) Documentation is forwarded to NASA 

Headquarters for cataloging 
(3) Innovations are analyzed for industrial 

potential 
(4) Dissemination to industrial users. 

These points are discussed in more detail as 
follows. Naturally, we looked to Our NASA 
Field Centers first to get the program going. 
Industrial Applications Officers, and, in the 
larger centers, his staff, were appointed and 
given the responsibility for reporting innova­
tions promptly to NASA Headquarters. This 
program was launched officially in July of 1962 
with the result that we are receiving an increas­
ing number of innovations each month at Head­
quarters for evaluation. The preliminary 
screening for potential industrial applications 
is done by a staff of specialists in the Office of 
Technology Utilization. These specialists clas­
sify the acceptable submissions into five broad 
categories, namely, electrical, mechanical, ma­
terials, life sciences, and finally energy and 
propulsion sources. 

Several nonprofit research institutes, a com­
mercial research organization, and a university 
have also been asked to assist in the evaluation 
of industrial potentials. Included are: 

Armour Research Foundation, Chicago, 
Illinois 

Arthur D. Little, Inc., Cambridge, Massa­
chusetts 
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Battelle Memorial Institute, Columbus, 
Ohio 

Indiana University, Bloomington, Indiana 
Midwest Research Institute, Kansas City, 

Missouri 
Southern Research Institute, Birmingham, 

Alabama 
Southwest Research Institute, San An­

tonio, Texas 
Stanford Research Institute, Menlo Park, 

California 
These research institutes work closely with 

our space centers and with industry to test these 
innovations out on potential users, to document 
and augment the material contained in the pre­
liminary data received at Headquarters, to re­
late the ideas to specific industrial needs, and to 
prepare technical reports on industrial poten­
tial. The geographic placement of these or­
ganizations gives us an insight into the needs of 
the national industrial community. 

Howard Gadberry, in a subsequent paper, 
will detail the work of the Midwest Research 
Institute and describe the many interesting 
applications which have initially evolved from 
the Space Program. An introduction to his 
discussion might be provided by a description 
of two space-developed techniques. 

The retrometer.-A Langley research scien­
tist, who was trying to solve the problem of 
communicating from a space capsule during 
reentry's radio blackout, came up with a rather 
unique visual short-range communications de­
vice, called a retrometer. (See fig. 19-1.) 

FIGURE 19-1.-Concept of a retrometer. 



C ONF ER ENCE O N SP ACE-AGE PLAN N ING 

This device uses the well-known characteristic 
of a corner reflector, made up of three mirrored 
surfaces to reflect a light beam imposed upon it 
right back to the point of origin. He replaced 
one of the mirrored surfaces with a piece of 
tautly stretched aluminized Mylar, the same 
tough material being used for the skin of the 
Echo balloons which have done so well in space. 
By talking against this space-material dia­
phragm, he modulated the light beam with his 
voice and could now communicate back to the 
light-beam source. This light -beam source has 
a collector lens, a photoelectric cell, and a 
detector-amplifier to convert the light energy 
back to sound. 

Such a device should prove extremely useful 
in large gatherings, in noisy steel plants, and in 
other areas where a cordless microphone would 
be useful and radio interference would be high. 
The idea has been brought to the attention of 
the Department of Defense in view of its po­
tential military use in ship-to-ship and ship-to­
shore communications. 

Weld seam tracker and proximity control.­
Marshall Space Flight Center was responsible 
for developing this improved method of guid­
ing an electric-arc welding head along the seam 
separating two pieces of metal to be welded. 
(See fig. 19-2.) The proximity control, located 
at the base of the "eddy current" seam tracker, 
senses the distance between the arc-welding 
torch and the pieces being welded and automat­
ically maintains the proper distance required 

FIGURE 19--2.-Weld seam tracker and proximity 
cont r ol. 
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for the best weld. Prior to the conception of 
this device, Marshall Space Flight Center had 
found that existing techniques available to them 
were not successful for following seams between 
heavy-gage aluminum work pieces. 

A leading farm machinery manufacturer is 
already investigating the use of this device for 
joining two channel sections into a wagon­
tongue box beam; thus, the need for machining 
of the channel edges is eliminated and costs are 
reduced. Two leading welding equipment 
manufacturers have also expressed interest. 

Up to this time, the more than 600 innova­
tions sent in to NASA Headquarters have come 
primarily ITom the NASA Field Centers. 
However, the contractor effort, representing as 
it does 90 cents of each NASA dollar (only 10 
cents is spent in-house) should provide a sub­
stantial source of ideas for evaluation and dis­
semination. Increased emphasis on retrieval 
from contractors is the next phase of the Tech­
nology Utilization Program. To accelerate 
such transfers, the Westinghouse Electric Cor­
poration has recently received a contract to 
study the best teclmiques of motivating NASA's 
contractors to report technological innovations 
promptly. 

In a subsequent paper, R. Bowling Barnes, 
president of Barnes Engineering Company, 
will discuss his company's adaptation of their 
space work to industry. Let me add that 
NASA endorses these fast and early applica­
tions of know ledge gained from space research 
and development. Such ingenuity and initia­
tive help the Technology Utilization Program 
immensely. 

The discussion now turns to dissemination, 
communication, or transfer effort. Solutions 
to the problem are being explored by the Aero­
space Research Applications Center recently 
established at Indiana University under an 
NASA grant. ThrouO"h a close cooperative 
effort between local industry's engineering and 
technology competence and the University's 
managerial and multi-disciplinary talents, 
various techniques and methods for accelerating 
the transfer of NASA's research and develop­
ment results to industry will be studied. Sem­
inars, or iented toward specific industries, are 
also being planned. A computer facility will 



------~~~-----__ c··, ---~ 

THE NASA PROGRAM OF INDUSTRIAL APPLICATIONS 

be used to store the data not only from the 
Technology Utilization Program but also from 
NASA's catalog of space science know ledge 
maintained by our Office of Scientific and 
Technical Information. An attempt will be 
made to match this information to industry's 
needs. Every effort will be made through a 
quick feedback of results to NASA to extend 
new techniques for transfer, thus developed, to 
our nation wide Dro,gram. 

We are also looking to the University of Chi­
cago for assistance. Its staff, along with the 
staffs of Iowa State University, Massachusetts 
Institute of Technology, Rensselaer Polytech­
nic Institute, Stanford University, University 
of California at iBerkeley, University of Minne­
sota, and the University of Pittsburgh, have 
been requested to study ways and means to 
make the scienti'fic community as well as the 
industrial and business communities aware of 
new opportunities for application of specific 
developments or processes stemming from the 
space program. 

To determine what has already been trans­
ferred from the government's missile and space 
research and development program to industry, 
the Denver Research Institute at NASA's re­
quest surveyed 3,500 aerospace companies. 
This study, which will be released in June, 
shows that transfers have occurred mainly in 
terms of technology rather than in new prod­
ucts. In fact, Denver Research Institute iden­
tified 33 broad technological areas which 
benefited. 

Among their findings to date is the interest­
ing story of filament-wound plastics, a material 
which was first evolved in 1947. Its unusually 
high strength is due to the orientation of single 
epoxy-resin-impregnated glass fil(l,ments. The 
filaments neither twist over each other nor 
criss-cross at right angles to each other, and 
thus yield maximum strength. Filament­
wound plastics experienced a real impetus from 
our missile-rocket research and development as 
rocket chambers or rocket motor cases because 
of their high strength-weight ratio, their high 
heat resistance, their resistance to corrosion, 
and their outstanding shock -absorbing charac­
teristics. 

A particular Northeast manufacturer, who 
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gained his experience through the manufacture 
of rocket motor cases, demonstrated his ability 
as a true entrepreneur by his wide range of in­
dustrial applications. On one end of the spec­
trum, he is fabricating 8,000 gallon tanks for 
railroad tank cars which weigh 5 tons less than 
their steel counterparts. On the other end of 
his transfer spectrum, this same manufacturer 
produces filament wound brassiere supports 
which far outlast other supports. 

The Denver Research Institute survey also 
con'firmed that a considerable time lag exists 
between the development of technology and its 
commercial application. The complete report 
should also provide additional background and 
guidance on how a more effective job of space 
research and development transference can 'be 
accomplished. 

Although we have used the term "industrial 
application" almost exclusively, the benefits of 
space research may reach into the public health 
sector as well. It is possible that solutions to 
such metropolitan area problems as water and 
air pollution, sewage disposal, safety, and sani­
tation may ultimately be found in the corollary 
work being done by NASA in its development 
of closed-cycle life-sustaining systems for long 
space voyages. However, NASA has one par­
ticularly difficult problem to solve-the conver­
sion of waste to life-sustaining constitutes. 
Fortunately, we have not reached this state here 
on Earth. 

Now we come to our final objective, dissemi­
nation of our findings. Existing channels of 
communication to industry will be used, includ­
ing publications, trade journals, direct con­
tacts, contacts through trade associations, 
professional societies, coordination with state 
economic development departments, and area 
development groups. We are also coordinating 
our activities with the Department of Com­
merce (Office of Technical Services), the De­
partment of Defense, the Atomic Energy 
Commission, Area Redevelopment Administra­
tion, the Small Business Administration, and 
other government agencies. 

NASA and the American Institute of Aero­
nautics and Astronautics have jointly under­
taken a very comprehensive program in 
abstracting all aerospace literature on a current 
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basis. NASA, in its STAR publication, in­
cludes aJbstracts of report literature, whereas 
the Institute's "International Aerospace Ab­
stracts" includes all published material 'On 
aer'Ospace sCIences. 

Based upon the input to the Office of Tech­
nology Utilizati'On, the NASA Office of Scien­
tific and Technical Information (OSTI) will 
prepare a series of Applications Notes and Ap­
plications Reports to be issued periodically. In 
addition, the useful properties and values of 
each inn'Ovation reported will be catalogued by 
OSTI and stored in a computer facility f'Or 
ready retrieval in response to industrial in­
quiries. Monographs, cQvering NASA's specific 
contributions to the state of the art in various 
special fields 'Of technology, for example, 
sensors, instrumentation, c'Omputer techniques, 
electric-arc technology, and so forth, are also 
being planned. 

NASA's Technology Utilization Program is 
separate and distinct from our manned space 
flight and space science efforts. The space ex­
ploration program stands 'On its 'Own merits; 
our natiQn must occupy a positiQn 'Of preemi­
nence. The benefits from industrial applica­
tions are not now and never will be the justifica­
tion for the high costs of this major eff'Ort. 

Whenever this great nation 'Of ours has mar­
shalled its resources to achieve major scientific 
and technical goals, the nation's industrial com­
munity has reaped 'benefits. The concentration 
of effort during World War II 'On radar, so­
phisticated gun laying, and target seeking 
spawned the electronics industry which has 
grown into today's sprawling econ'Omic giant. 
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The Manhattan project gave rise to a multitude 
of opportunities, including the whole field of 
radioiosotopes, new medical techniques, irradi­
ation of foods, and nuclear power, among 
'Others. 

We believe that the application of space tech­
nology will have the same stimulating effect. 
In fact, some recent studies predict that the 
economic growth in the next 2 decades will be 
more dependent 'On the contribution of new 
scientific know ledge than on any other factor; 
but, this will occur 'Only "when and if applied." 

How quickly this new space technology is 
utilized is closely allied t'O the initiative of busi­
ness in performing market research, cost analy­
ses, and industrial engineering studies. These 
are the necessary sequential steps beyond our 
Charter. 

We promise no cornucopia of new products 
and consumer goods. We can only promise that 
we shall do our utmost to cooperate and make 
the know ledge gained from the space program 
available in understandaJble language and at an 
early date. 

The thQught expressed by Martin GQland, 
President of S'Outhwest Research Institute, in a 
talk befQre a gr'Oup 'Of aerospace medical re­
search specialists, appears tQ be applicable: 

"SQ c'Onsiderable is 'Our intellectual and ma­
terial investment in space that we cannQt judi­
ciQusly ignore its by-products, the 'Opportunity 
tQ transfer knQwledge and capabilities frQm 
space technQl'Ogy to other porti'Ons 'Of 'Our na­
tiQnal effort. Each one 'Of us must act as a 
catalyst in this diffusiQn 'Of ideas." 



How Companies Have Turned Space 
Technology Into Industrial Profits 

For more than a year, Midwest Research In­
stitute has been disseminating to indnstry 
ideas derived from. the Nation's space program. 
NASA has given the Institute the job of con­
ducting an experimental pilot effort to speed up 
the commercial application of space-related 
technical developments. 

Institute scientists have visited the technical 
field centers of NASA to identify space-related 
ideas and sort out the industrially useful ones. 
The reports of space research work are continu­
ally monitored. We have talked to about 4,500 
Midwestern businessmen and engineers to find 
what ideas were of greatest value to them. 
Field teams have visited the plants of over 300 
firms to determine how space-relatw ideas can 
be put to use. 

This practical operating experience has 
sharply illumined many facets in the process of 
transferring technology between various seg­
ments of the economy. Some of our findings, a 
few examples of practical results, and some of 
the problems involved are outlined as follows. 

At the begilllling of our project, there may 
have been some question whether space-related 
developments could effectively be transferred to 
nonspace industry. The answer from our own 
direct experience is a resounding "Yes !". 
Practical, profitable transfers to general indus­
try are taking place. 

Our task involves translating many of 
NASA's scientific findings into forms which can 
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be of direct benefit to industry, broadening the 
range of applications of these ideas, and re­
ducing the time lag to practical use. 

What exactly is space age technology? And 
what kinds of ideas have been of greatest in­
terest to manufacturers? 

We define a space-related by-product as any 
device, material, process, or technique which has 
a nonspace use, and has either resulted from or 
received impetus from the rocket, satellite, or 
aerospace effort. It can be an innovation or 
new discovery, or it may be an old discovery 
made commerically feasible because it was 
needed in the space program. 

In the broadest sense, space technology com­
prises the methods used by the most advanced 
aerospace engineers to accomplish their jobs. 
The nonspace firm can strengthen its technical 
capabilities by employing the useful develop­
ments of NASA, the defense agencies, and their 
contractors. 

After a year of working with businessmen 
and engineers, we find thrut four kinds of ideas 
are of the greatest interest and value to 
industry: 

(1) New materials 
(2) New or improved processes 
(3) New product opportunities 
(4) Management aids and techniques. 
An important point may be indicated by 

examining a few cases in which space-related 
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developments have been applied to industrial 
problems. 

Echo skins.-Most people have probably seen 
E Gho, our first communications satellite, passing 
oyerhead. (See fig. 20-1.) It is made of 

FIGURE 20-1.-Ecbo. 

vacuum-aluminized polyester film only 0.5 thou­
sandth of an inch thick-the strongest thin plas­
tic available. Its uses as a packaging material 
should be obvious. 

Less apparent, perhaps, is its use as a low­
tern perature insulation. (See fig. 20-2.). N a­
tional Research Corp. of Boston, who metallized 
Echo film for NASA, announced that they have 
found this type of film to be the best insula­
tion yet discovered for extremely low tempera­
ture use. Other companies have tried to use 
thin reflective foil insulation. The secret is to 
deliberately "crinkle" the film as it is wrapped 
around the vessel to be insulated, thus creating 
thousands of tiny cells which minimize radial 
heat conduction. It is important to note that 
National Research has patented this particular 
use and has licensed Standard Steel to use it 
on large tanks and Hoffman Laboratories to 
use it on laboratory Dewars. 

Emergency call box.-The firm that provided 
the solar cells for many of our satellites has 
combined three separate space concepts to make 
possible the emergency call box (fig. 20-3) for 
the freeway-solar-cell power, nickel-cadmium 
rechargeable batteries, and digital pulse-code 
modulated signaling. The motorist in trouble 

--------- -- --
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FIGURE 20-2.-Tbin film cryogenic insulation. 
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pushes the main button and the exact location 
of the box where help is needed is flashed over 
Citizens Band radiofrequencies to patrol 
headquarters. 

Test installations on freeways show that the 
system costs far less than a telephone network, 
help for the motorist arrives twice as fast and 
traffic jams are cleared up more quickly. The 
investigating officer can then relay any of 14 
specific messages by setting the selector on the 
pulse-code unit. 

PolysUlfide printing rolls.-Out of research 
to improve the casting of large solid propellant 
rockets, Thiokol has developed simple and eco­
nomical procedures for casting poly-sulfide 
printing rolls which are superior ink carriers 
plus being tough, wear-resistant, and easily re­
paired if damaged. Rollers of this type have 
been found particularly useful for can printing 
and other high-speed press operation. 

Printed cable.-Printed cables-flat, flex­
ible, multiconductor wiring-first proved suc­
cessful in the stringent area of missile systems. 
(See fig. 20-4.) Dr. Von Braun's group at 

FIGURE 20-4.-Printed cables. 

Huntsville has developed the applications of 
printed cable to reduce the weight and improve 
the reliability of launch vehicles. Printed 
cabling weighs only one-tenth as much as con­
ventional cables while the current-carrying 
capacity is twice that of equivalent size round 
wires. A rugged but neat installation is ob­
tained by cementing the flexible ribbons to walls 
or structural members. 

692 - 016 0 - 63 - L4 
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The Chicago firm of Methode is one of 
NASA's leading suppliers of printed cable. 
Last year Methode provided the printed cable 
dashboard wiring used on the Buick. The com­
plex hand -laced wiring harness was replaced 
by flexible cable cemented onto the plastic dash 
insert. Note that both the wiring and the lamp 
sockets are provided. The savings in installa­
tion time and freedom from service trouble 
makes printed automotive wiring harnesses very 
attractive. 

What is the key point in each of these cases? 
It is that the firms which developed these ap­
plications of space technology were themselves 
active participants in the aerospace program. 
They already had the basic concepts and tech­
nical experience. Based on their own appraisal 
of commercial needs, they were able to find 
profitable applications in the civilian economy. 

This feature characterizes most of the space 
transfers that have taken place to date--appli­
cations have been made mainly by firms in­
volved directly in space research. 

Through the NASA Technology Utilization 
Program, vast resources of space-related tech­
nology will be made widely available to non­
space industry. The extent to which these new 
ideas benefit the industrial economy will de­
pend upon the imagination and entrepreneurial 
ability of U.S. manufacturers. The nonspace 
applications of space technology are seldom 
obvious. Considerable ingenuity will be needed 
to take maximum advantage of these opportuni­
ties. In fact, the very words that are commonly 
used to describe space applications are mislead­
ing. Transfer needs to be a purposeful activity, 
yet the terms "fall-out", "spin-off", and "by­
product" imply that the transfer of space­
related ideas is somehow automatic or acciden­
tal. New ideas always need champions who are 
willing to risk trying to do something better. 

Our experience in seven Midwestern states 
shows that industry is willing to try new 
ideas-and that NASA's technical findings pro­
vide an excellent source of useful ideas. We 
have also learned that very few industrial or­
ganizations can take a raw idea £rom a non­
related technical source and put it to work in 
their business. An intermediary is needed 
which has both the broad scientific background 
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on one hand and an appreciation of industrial 
needs and problems on the other. The indus­
trial research institutes have worked in this 
intermediary position for years and are well 
suited to perform this activity for NASA's 
industrial applications program. 

In the course of this work we have provided 
some 200 different ideas derived from aerospace 
sources to Midwestern industry. The response 
by about 600 companies (most of which are not 
in the aerospace business) has been most en­
thusiastic. Their greatest interest centered on 
fabrication processes, chemical sciences, mate­
rials, and management techniques. Cost reduc­
tion is of prime concern. Technically improv­
ing existing products is also attractive. The 
marketing of radically new products is ap­
proached with more caution. 

We asked over 2,000 industrialists what kinds 
of ideas were most valuable to their firm. By 
a consistent 2 :1 factor, they tell us that they are 
more interested in new materials and processes 
than in new product possibilities. 

Most firms initially had little concept of how 
to put space technology to use. Few manu­
facturers identify themselves as potential users 
of ideas associated with the space program. 

It may be helpful to look at a few of the ap­
plications that have been made by firms not 
primarily associated with the space program. 
How have these companies turned space tech­
nology into industrial profits ~ 

S intered Oxide Ceramics.-The new high­
purity sintered oxide ceramics are usually con­
sidered in terms of their high-temperature 
refractory properties, which are useful for nose 
cones and rocket nozzle inserts. Unlike the 
usual brittle glassy materials, oxide ceramics 
are strong and tough. Figure 20-5 shows a 
ball of sintered aluminum oxide used as a check 
valve in liquid oxygen systems. Alumina was 
chosen for this use because it could be !!round 

b 

spherical at room temperature and stays that 
way from -450 0 to + 1,0000 F. In check valve 
use, it outlasts hardened steel balls five to one. 

A manufacturer of miniature wire wound 
resistors was suffering 20 to 25 percent break­
age of steatite rods in pressing on the metal end 
caps. With the help of NASA's Lewis Re­
searoh Center, we suggested the use of sintered 
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FIGURE 20-5.-Sintered alumina ball check for liquid 
oxygen valve-strong and spherical. 

alumina rods. They now report that breakage 
has ceased to be a problem. 

Magnetic pulse forming .-On the Saturn 
program at Huntsville, the use of magnetic 
fields to shape metal has been extensively devel­
oped. (See fig. 20-6.) The intense magnetic 

FIGURE 20-6.-Magn~tic fields used to shape rocket 
tanks. 
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field creat.ed when stored electrical energy is 
pulsed into the coil forces the metal to expand 
or contract against dies or against ,a mating 
work piece. 

The method is particularly suited for expand­
ing or shrinking tubes to make pressure-tight 
joints. (See fig. 20-7.) For swaged fittings, 

FIGURE 20--7.-Mag:netically swedged tubes and cable. 

magnetic pulse working shrinks metal with less 
springback than any other method, giving a 
stronger, safer joint. 

A firm in Springfield, Illinois, has found mag­
netic swaging to be the only satisfactory way 
to fasten terminals and connectors onto low im­
pedance coaxial cable without damaging the 
thin insulating sheath. 

Air beariJngs.-Air bearings (fig.20-8)-the 
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FIGURE 2O--8.-Various types of air bearings. 
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lubrication of bearing surfaces with a thin film 
of gas-are used in the space program for high­
speed gyroscopes, frictionless supports, inertial 
guidance, and stable platforms. This space im­
petus has made possible the design of predict­
able, low-cost air bearing devices. This air bear­
ing supported platform at Huntsville is used 
to simulate one of the problems that will be 
encountered in performing mechanical repairs 
in space (fig. 20-9). The engineer in this slide 

FIGURE 20--9.-Frictionless air bearing platform used to 
study maintenance operations in space. 

has learned that ordinary wrenches are difficult 
to use in tightening a fitting--one firm twist 
and the nut stays still while he goes sailing 
away! 

There are numerous industrial applications 
of air bearings. One Midwest transistor manu­
facturer found that air bearing pads com­
pletely isolated his delicate microbalances from 
the vibrations of nearby machines. A Kansas 
firm producing heavy industrial equipment has 
incorporated air bearings into one of their large 
machines, thereby eliminating a bearing con­
tamination problem that had plagued them for 
years. 
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Soldering reliability.-The reliability of elec­
trical equipment depends to a large extent upon 
the soldered connections. To get the quality of 
soldering needed by NASA, a special training 
course in soldering has been developed. (See fig. 
20-10.) The methods, standards, and visual 

FIGURE 20-10.-Advanced training methods yield reli­
able soldered connections. 

aids developed for this highly sophisticated pro­
gram can be used by manufacturers to train 
their key personnel and obtain reliability in 
electrical production. A poor soldered joint is 
almost impossible to inspect-the trouble is 
buried under the solder. Only proper training 
will insure trouble-free operation of a product. 
One of the Nation's largest oil prospecting and 
well logging companies obtained copies of the 
NASA soldering manual from Midwest Re­
search Institute and carried on their own train­
ing program. This has virtually eliminated 
their previous trouble with soldered electrical 
connections in the field. 

Refracto1'Y weld backup tape.-Welding is 
a major problem in the assembly of space ve­
hicles. Much of NASA's welding technology 
has obvious industrial application. On the 
Saturn program at Huntsville, it was necessary 
to weld the circumference of large tanks with 
smooth, continuous, single-pass welds. They 
have found one answer in the use of refractory, 
pressure sensitive tape as a weld backup. (See 
fig. 20-11.) A Tulsa producer of heavy-walled 
pressure vessels finds that this innovation com­
pletely eliminates a costly manual closure weld. 
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FIGURE 2O-1l.-Pressure sensitive refractory tape used 
as weld backup for smooth, uniform welds. 

In addition, he now obtains smooth welds, free 
of scale and inclusions. 

Pert-Oost.-In the area of program manage­
ment, PERT -COST can be used to control any 
sequence of development events to disclose the 
least costly path. 

PERT (Program Evaluation and Review 
Technique), was developed to help complete 
Polaris ahead of schedule. As originally de­
veloped, PERT was largely confined to com­
plex government programs where time is of the 
essence and cost is secondary. Through the ef­
forts of the Navy, NASA, and other agencies, 
PERT -COST has been developed to be useful 
in almost any special production or construc­
tion program. PERT -COST is particularly 
valuable in development projects. (See fig. 20-
12.) John Deere and Company has tried it and 
found that it saved 28 percent of the costs in its 
development work. Deere now requires the use 
of PERT -COST on all developments of 200 
man -hours or more. 

Rogallo wing.-The Rogallo flex-wing con­
cept developed at the Langley Research Cenlter 
will he used for booster recovery or for the glide­
landing of space capsules. This compact fold­
ing, lightweight wing is aerodynamically stable 
even at supersonic speeds. While NASA and 
various aircraft companies are putting the con­
cept to sophisticated uses, the small firm of 
Flight Dynamics has capitalized on its use by 
sportsmen. (See fig. 20-13.) They offer sev-
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FIGURE 20-12.-PERT-COST management in new prod­
uct development. 

FIGURE 20-13.-!·nexpensive space-age sports glider. 

eral complete build-it-yourself kits. For about 
$150 anyone can assemble and fly this space age 
sports glider. 

E xplosive forming.-The shaping and form­
ing of large metal parts by means of explosives 
is not wholly new. The aerospace industries 
use explosive forming as a regular tool (fig. 20-
14); but the process is not common among 
metalworking firms. 

A company in Kansas City wanted to make 
20-foot-diameter dished tank heads. The man­
agement had approved the construction of a 
$4 million facility to make these heads by con­
ventional means. Midwest Research Institute 
furnished the NASA report describing the pro­
duction of 160-inch dished heads (fig. 20-15) 
by explosive forming and put them in touch 
with the men at Marshall Space Flight Center 
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FIGURE 20-14.-Explosive-forming principles. 

who directed this work. The company is now 
enthusiastically planning toward making these 
heads by explosive forming, since their costs 
estimates show that they will save nearly $2 
million in capital costs by using explosive 
forming. 

FIGURE 20-15.-Complex shapes formed in heavy metal 
by explosive forming. 
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These are but a few of the useful applica­
tions of space-related concepts. The size of a 
firm is no indication of its ability to use space 
technology. The major problem is a concep­
tual one-only a small number. of firms are ac­
customed to looking at nonrelated outside 
sources of technological information. It takes 
imagination and ingenuity to see applications 
of new ideas. Someone with enthusiasm and au­
thority must shoulder the responsibility of eval­
uating new concepts and putting them profit-
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ably to work. These attributes are found in 
firms of all sizes. 

Making maximum economic use of our scien­
tific potential is important enough to justify an 
organized, purposeful, continuing program. 
This effort must include three steps-to iden­
tify, to document, and to make available knowl­
edge about innovations that have industrial sig­
nificance. NASA has taken an important and 
forward-looking step in recognizing its respon­
sibilities to insure widespread economic appli­
cation of its research and development. 



~1l An Industrial Derivative From 
the Space Program 

This paper discusses briefly SOlIle of the ef­
forts of a small company to create products for 
industry which are direct derivations of our de­
fense and space work. Barnes Engineering 
Company, formerly called Olympic Develop­
ment Company, was founded in January 1952, 
and today employs in excess of 600 people. 
Since its inception, it has. actively participated 
in the defense and space programs of the N a­
tion, including, among others, Polaris, Damp, 
Project Mercury, Tiros,· and Mariner II. 
Throughout this time, and at pres~nt, approxi­
mately 90 percent of the company's sales have 
been made to various agencies of the govern­
ment' including NASA, and its reputation in 
the field of research and development and as 
a producer of infrared systems and products is 
well known. These products are in widespread 
use today and have performed well under the 
rigid conditions imposed by the military services 
and by the unfriendly environment of space. 

The successful performance of this type of 
R&D and the creation of a line of sophisticated 
instruments and products requires the combined 
skills and talents of many interrelated technical 
disciplines. These include optical design, opti­
cal engineering, electronics, mechanics, general 
fundamental physics, and many others, for, in 
most cases, the very nature of the work under­
taken presents a real challenge to advance the 
state of the art or to achieve still another tech­
nical breakthrough. Major technological ad­
vances are made by pioneers, by those who are 
capable of utilizing the knowledge of the past, 

199 

R. BOWLING BARNES 
President, Barnes Engineering Oompany 

by those who are not satisfied with the knowl­
edge of the present, by those who are able and 
anxious to challenge the future, and certainly 
not by those who are content to do tomorrow no 
more than they di9, yesterday. 

To solve the technical problems of the future 
and to meet the instrument specifications which 
are now bein:g imposed involves the diversified 
capabilities of many scientists and engineers, 
and requires teamwork of the highest order. 
Whether it be in the field of radiometry or spec­
trometry, of reconnaissance or tracking, of 
detection or communication, of space naviga­
tion ,or the attitude control of spacecraft, the 
problems themselves, as well as their solutions, 
have become so complex that the combined 
knowledge and skills of a technical team or task 
force are required. To use ·an old cliche, "suc­
cess breeds success," and with the successful 
completion of each project more knowledge be­
comes available for use in tackling the problems 
which are still unsolved. The overall capabili­
ties of such technical teams improve with each 
task completed either by itself or by any other 
such group with which it is free to communi­
cate. It is to be expected, therefore, that the 
productivity of any scientific group will in­
crease rapidly as the pool of technical informa­
tion available to it expands and grows. 

So long as our nation continues to desire a 
better life and a still higher standard of living, 
we will continue to face new technical chal­
lenges and to require new and improved prod­
ucts. Not only in connection with the problems. 
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of national defense and of space exploration, 
but also in connection with the problems of in­
creased industrial production and of our own 
individual needs and desires, we will face an 
ever-increasing demand for improvement, in­
ventiveness, and creativity. The end products 
of tomorrow will be derived from the research 
and development efforts of today, which, in 
turn, are largely based upon the totality of facts 
proven in the past. 

How, one might ask, can a small company 
such as Barnes Engineering expect to build 
up a technical staff of sufficient strength and 
breadth to enable it to participate importantly 
in such a complicated field, and to aspire to 
create and produce significant industrial prod­
ucts for the future ~ There are many answers 
to this type of question, and, of course, no 
one answer will apply in all cases and situa­
tions. Our answer, I believe, is simple-we 
elected one -highly specialized field of activity 
and then diversified broadly within that field. 
We chose to build our company as a leader in 
this. one broad field, a field in which we have 
confidence, and not to scatter our financial and 
manpower budgets in too many unrelated or 
only marginly related directions. We have 
been fortunate in having been selected by the 
government agencies to undertake R&D con­
tracts in connection with many important and 
vital programs. Most of these have been ex­
tremely challenging and thought-provoking, 
and they themselves have ca'Used technical 
people of high caliber to wish to join our staff. 
We have carefully selected the fields of our in­
terests and have avoided undertaking work for 
which we were not qualified, in regard to both 
personnel and facilities. We have in many in­
stances made the transition from R&D, through 
the construction of a sufficient number of mod­
els and prototypes, to the hardware or product 
stage. Frequently, however, these transitions 
were made possible only as a result of our own 
company-sponsored research and product­
development efforts. As a result of this overall 
approach, we have developed a highly diversi­
fied staff skilled in all phases of our chosen 
field of activity and backed by wealth of tech­
nical knowledge. To the extent that this 
"know-how" is not classified or restricted by 
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any other limitations, it is now available for 
application to problems of our own choice. 

The broad field of activity which our com­
pany chose was the field of infrared. Although 
it had been discovered as early as 1800, it was 
not 'Until the late thirties that its value as an 
important tool for the analysis of chemicals 
was recognized by the major chemical com­
panies, and gradually an infrared instrument 
industry began to emerge. These instruments 
were very largely spectrochemical in nature, 
and were welcomed for their ability to perform 
accurate qualitative and quantitative analyses 
of complex mixtures of industrial samples. 
The fact that both the time required and the 
amount of specimen needed for these analyses 
were usually very small compared with other 
methods gave this industrial use of infrared 
a tremendous boost. 

During the Second World War, many uses 
for infrared in ground warfare .became appar­
ent and led to the creation of a new dimension 
in night vision and warfare. Infrared systems 
were ultimately perfected for surveillance, for 
reconnaissance, for communications, for fire 
control, and for night viewing. The sniper­
scope is familiar to almost everyone. During 
the next period of time, more sophisticated in­
frared devices emerged in keeping with the 
more stringent requirements of the times. Il­
lustrations of these instruments are radiometers, 
trackers, thermal scanners, and heat-homing 
missiles, including the accurate and deadly air­
to-air missile, the Sidewinder. 

The advent of the Space Age brought still 
additional challenges to the infrared scientists 
and here, too, they have been able to make sig­
nificant contributions in such areas as recon­
naissance, space navigation, the stabilization of 
spacecraft by means of horizon scanners, and, 
more recently, the radiometric and spectro­
metric studies of our neighboring planets. In­
frared is a fundamental science and will con­
tinue to rise to the challenges of the future. 

Every object whose temperature is above 
absolute zero emits infrared. This fact can be 
illustrated with a simple experiment. If you 
will bring the palm of your hand close to your 
cheek, but not in contact with it, you will feel 
an immediate rise in the temperature of both 
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your hand and your cheek. (Or you may try 
the experiment by bringing the palms of both 
hands close together.) You are in a sense 
detecting and measuring the infrared energy 
being emitted by your hand and your cheek. 
The results of the experiment would be the 
same if it were conducted in a dark room or 
even in a vacuum chamber. Every object emits 
infrared as a function of its absolute tempera­
ture-every object, if you will, behaves like a. 
transmitter and broadcasts infrared informa­
tion in a steady stream. This fact, plus the fact 
that we can capture this energy optically, trans­
form it into electrical impulses, amplify and 
process these impulses into usable voltages and 
currents, and finally utilize these processed 
signals to perform desirable tasks, is the reason 
that infrared is so fundamental and has so much 
to offer. Its usefulness appears to be limited 
only by the imagination of those of us who 
are devoting our energies to its exploration, 
and at Barnes Engineering Company, infrared 
is our business. 

It is our job to know and to be familiar with 
the facts about this field that have already been 
established and proven, and to explore the 
areas which are still unknown. Where the work 
which we are selected to do for the government 
leaves fundamental facts still in question, we 
must make every effort to fill in these gaps 
through the medium of our own company­
sponsored research and development programs. 
We consider it our duty to create instruments 
based upon the knowledge gained through re­
search and development, and to make these in­
struments available just as broadly as possible 
to governmeI].t agencies, to other defense and 
space contractors, and to industry. Only in 
this manner can we be of maximum service to 
the Nation. The mere acquisition of knowl­
edge is pointless unless this knowledge and the 
new truths which are established in the process 
are put to immediate use. We are striving to 
do just this through the creation of new 
products. 

A brief description of three such industrial 
products, or rather groups of products, which 
we consider to be direct derivatives of the work 
that we have done in the past in connection with 
defense and space contracts may illustrate the 
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point. The first of these is the Infrared 
Micrometer. In industry, many objects need 
to .be measured which, for one reason or an­
other, cannot be touched. In some cases they 
are too fragile to be touched; other cases they 
may be too far away or inaccessible, or moving 
too fast, or too dangerous, or too hot to touch. 
We were asked by one industry if we could de­
vise a method of locating precisely the edge 
of a piece of red-hot metal while it was being 
worked. We reasoned that the edge of this 
hot metal would show a sharp thermal gradient 
against the colder surroundings of the factory, 
just exactly as the horizon of the wajrm Earth 
does against the cold backdrop of the sky. The 
situations are fundamentally the same, and the 
desired information was exactly the same, 
namely to locate a hot edge. As early as 1958, 
we had already- proposed and constructed in­
frared hOrlzon scanners for locating the Earth's 
horizon and providing electrical 'outputs which 
could be used in connection with the stabiliza­
tion of missles and rockets. Subsequently we 
had constructed the horizon sensors which 
formed part of the stabilization system for 
NASA's Project Mercury spacecraft. We were 
able to show experimentally that the scanning 
systems we had developed for this purpose were 
exactly what was required for loca,ting the posi­
tion of the hot-metal edge. Further refine­
ments were made, and the concept of locating 
two edges of a hot body simultaneously, and 
thereby establishing a diameter, was developed. 

Red-hot steel rods emerge from the rolls of 
a rod mill at linear velocities which in many 
cases exceed 60 miles per hour. A knowledge 
of the diameter just as it emerges from the rolls 
is highly desirable, but in view of the danger 
involved and the motions which the rod under­
goes, conventional means of micrometering can­
not be employed. An infrared micrometer, 
however, which scans across the rod at right 
angles to its forward motion, can measure the 
diameter of the rod with an accuracy of about 
two-thousandths of an inch. The electrical 
output of the micrometer may, if desired, be 
recorded or used for control purposes. The scan 
rates used are fast, and accordingly the diam­
eter of any given section of the moving rod 
IS measured at frequent intervals. Such 
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micrometers are being evaluated at a steel mill. 
The gaging of hot glass tubing and rods as 

they are formed presents a similar problem. 
A somewhat different infrared scanner was re­
quired for this purpose, and it too is currently 
undergoing exhaustive tests. Other industrial 
applications for this type of noncontact di­
mensional gaging are expected to arise. 

The second instrument to be described is the 
Infrared Radiation Thermometer, which is the 
ultimate outgrowth of a request made of us by 
the U.S. Navy. We were asked to deliver a 
hand-held instrument capable of indicating the 
surface temperature of the ocean when pointed 
towards the water from the deck or the bridge 
of a ship. Such a radiometric device was built, 
using knowledge much of which had been de­
veloped under defense contr<aots previously com­
pleted. Many other applications for this gen­
eral type of temperature measuring instrument 
immediately came to our attention, and since 
the first mod~l was delivered, several other 
versions have been completed. These have been 
tailored to meet the specific requirements of 
individual applications,and thus vary appreci­
ably in their overall complexity and in the ac­
curacy with which the desired temperatures 
can be determined. Among these instruments 
is the Airborne Radiation Thermometer, de­
veloped for the U.S. Navy Hydrographic Office, 
which records the surface temperature of the 
ocean to a fraction of a degree from a fast­
moving patrol plane. 

In industry, there are countless situations 
where noncontact temperature measurements 
are required. To satisfy certain of these needs, 
we have developed several Infrared Radiation 
Thermometers which have already found ac­
ceptance in a variety of diverse situations. To 
cite just a few, they have been used for meas­
uring ocean temperatures, studying problems of 
stream pollution, locating hidden fires, and 
determining critical process Itemper<atures in 
the glass, aluminum, plastics, steel, and textile 
industries. 

One specific model, known facetiously in our 
company as a "mousemeter," appears to offer 
great promise in the fields of biophysics and 
medical research. A direct descendant of the 
original ocean-temperature radiometer already 

202 

described, this thermometer is designed to re­
cord the temperature of a very small 'area of the 
skin of human beings and of animals. 

A third illustration is the infrared camera, or 
Thermograph. Originally developed for the 
U.S. Army, this device scans the scene being 
studied, collects the self-~mit!ted infrared radi­
ation from each object in the scene, converts this 
energy into suitable electrical signals, and in 
turn converts these into a beam of visible light. 
This beam, whose brightness is caused to vary 
in proportion to the temperature of the object 
being observed at each instant, is then scanned 
across a photographic film in perfect synchro­
nization with the infared scan. The result is a 
photograph, or thermogram, wherein hot ob­
jects appear white and cold objects appear black, 
from which the temperatures and temperature 
differences of all dbjects in the original scene 
may be determined quantitatively. Each ther­
mogram contains 60,000 bits of temperature in­
formation and constitutes a true thermal photo­
graph. 

Originally used for mapping the thermal pat­
terns of terrain and targets of military interest, 
for determining heat distributions of vehicles 
and installations, and for studying the effec­
tiveness of camouflage, thermographs have more 
recently become generally recognized as an 
ideal tool for nondestructive testing. If a 
thermal gradient is set up 'acl'OSS an object, the 
presence of certain types of subsurface flaws 
and imperfections will reveal themselves as tem­
perature differences upon the surface. In the 
electronics field, the subject of reliability is be­
coming more and more important, and here 
again thermography has been of considerable 
value. Electronic systems, when under normal 
load, develop very distinctive thermal patterns. 
It is readily possi1ble to recognize in a thermo­
gram any undesirable deviations from a normal 
heat pattern which may have arisen as a result 
of localized overheating or underheating. 
These deviations may usually be traced to some 
one of many causes, including material failure, 
poor circuit design, faulty wiring, the accidental 
use of wrong components, or actual component 
failure. This valuable application of thermog­
raphy was highlighted in a recent edition of 
F ort'une. Still other types of nondestructive 
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testing of current interest to NASA centers and 
NASA contractors include the thermal testing 
of spacecraft models and the study of rocket 
motors for locating inhomogeneities in the solid 
rocket propellant and faulty adhesion between 
the propellant and the motor shells. Each such 
application introduces new requirements and 
new parameters and, accordingly, the thermo­
graph itself, as well as the techniques for its 
use, is constantly being improved. 

Since all objects radiate infrared, and since 
the thermograph does not know or care whether 
it is detecting an overheated transistor on a 
printed circuit board or an abnormally hot area 
of the human body, it is only natural to consider 
how it can be used in biological applications. 
During the past year, over 1,000 thermograms of 
human subjects have been made, and the results 
so far obtained have been extremely gratifying. 
Thermography appears to offer a new dimen­
sion in the field of clinical thermometry and to 
provide a new and exciting tool for medical 
diagnosis. 
If the proper clothing is removed and the 

subject. allowed to remain at rest in a cool room 
devoid of air currents for a few minutes prior 
to being scanned, the resulting thermogram con­
stitutes a quantitative thermal map of the skin. 
In general, the thermal contrasts which appear 
are the result of thermal discontinuities which 
lie beneath the skin, and already a high degree 
of correlation has been established between 
these contrasts and the metabolic dynamic state 
of the body. Bruises, contusions, fractures, in­
fections, inflammations, and malignancies may 
all be recognized on the thermograms as areas of 
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elevated skin temperature. On the other hand, 
necrotic tissue and areas where the blood cir­
culation is poor or impaired, cysts, and benign 
inactive processes appear as areas of no tem­
perature elevation or in some cases as areas 
where the s~in temperature is actually lower 
than that of the surrounding skin. The hope 
that thermography, in conjunction with other 
diagnostic methods, including X -rays, may aid 
in the early detection and diagnosis of cancer 
definitely exists. It must be emphasized strong­
ly at this point, however, that the thermograph 
itself does not detect cancer. Human skin is 
opaque to infrared of the wavelengths which 
must be used, and the thermograph therefore 
cannot "see through" this opaque layer. Its 
capability lies in its ability to present pictorially 
a quantitative thermal map of the body. From 
the limited medical infrared research so far 
done in Canada, in England, and in this coun­
try, it appears, however, that cancers do tend 
to elevate the temperature of the skin areas 
which lie above them. We have thermographed 
many such temperature elevations which have 
definitely been correlated with the presence of 
cancers which were subsequently identified at 
operation. What now remains to be done is 
to have this new technique evaluated on a broad 
scale, not only for the detection of cancer but 
also in the many other fields of medicine where 
it also seems to show promise. 

We are proud of the role we have played in . 
connection with defense and space programs, 
and look forward to the creation of still addi­
tional instruments for industry. 



Panel Discussion: How to Accelerate the 
Application of Results of Space Research 
in Industry. 

Leader: HALDON A. LEEDY 
Eweoutive Vioe President and Direotor, 

A1'mowr Re8earch. Fo'lJ.llUlation of /UiInoi8 /wtiflute of Technology 

LEEDY: Although the papers presented in this 
session detail many different existing and 
potential applications of the results of space 
research, probably the most important benefits 
to industry am.d our economy from Out' space 
research program have not yet been imagined. 
Scientists are inclined to be a bit conservative, 
and perhaps it takes science-fiction writers to 
use vivid imagination to produce some far-out 
ideas. One idea which oocurs to me is this: 
In our efforts to explore space, it is expected that 
within the next decade we will have a man on 
the Moon and will be able to bring back some 
samples of the crust of the Moon's surface. 
Hopefully, in the period following, samples of 
materials will be obtained from the p1anets 
Venus, Mars, and the other planets in our solar 
system. Most of what we know about materials 
is obtained by studying and analyz,ing and try~ 
ing to synthesize and improve upon the 
materials that we find right here in the thin 
crust of the Earth's surface. As an example, it 
is doubtful that, if we did not find diamond ex~ 
isting naturally on the Earth's surface, we 
would have as yet been able to synthesize this 
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extremely hard element. What are we likely to 
find when we examine some of the materials on 
the surface of the Moon or Venus or Mars, 
which, perhaps, were formed under greatly dif­
ferent conditions of temperature and pressure, 
and perhaps with a different atomic mixture ~ 
I think it is very likely that we will find a num­
ber of new materials totally unknown to us, 
with properties that we cannot even imagine 
from the materials which we have so far 
studied. Would you agree that perhaps we 
have not hit upon some of the most significant 
aspects of our space research program as far as 
their effects on our industrial applications are 
concerned ~ What are some of the far-out ideas 
which may have occurred to you ~ 
STEVENSON: Mr. Barnes, in his paper, dis­
cussed uses of infrared. The story of infrared 
illustrates, in a classic fashion, time lapse. Dur~ 
ing W orId War II, we, in the Office of Scientific 
Research and Development were just becoming 
aware of infrared. Now, 20 years later, Mr. 
Barnes and others are beginning to see appli­
cations that we could not have anticipated. So 
my comment is that we must not be impatient 
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in Oour search fOor applicatiOons Oof research. 
There is a certain cycle in human events, and 
technOoIOogy is like any grOowing Oorganism; it has 
tOo be fed; it has tOo develOoP naturally; growth 
can be forced only so Fast. Also, Mr. Barnes 
made anOother significant pOoint-that is that his 
COompany, a small COompany, identified itself with 
sOomething in which it was greatly interested 
and in which it was cOompetent. I have ob­
served that other companies have bid in fields in 
which they were nOot particularly qualified. 
Even if they are successful, they dOo not have' 
any urge tOo expand into new fields. 
FONG: In the space prOogram a considerable 
amOount Qf wQrk i:s being dOone in the field Oof 
dry lubricants and the PQtential fQr these is 
QbviQus. I think that YQuare familiar with the 
fact that graphite, which is such a good lubri­
cant here on Earth, becOomes 'an abrasive in 
space under high vacuum. 
LEEDY: Any further CQmments ~ 
BARNES: The greatest assets in all this space 
and defense wQrk are the intangibles. The pa­
pers in this sessiQn fQcused Oon SQme Qf the 
mOore tangible results that we can PQint tOo tOoday. 
The tOotality Qf all Qf the incidental technical 
knQwledge that is being built up in the thQu­
sands Qf cOompanies of CQntractQrs and sub­
CQntractOors is enQrmQUs. If one industrial 
cOompany tried tOo dQall this 'alOone in any Qne 
field, there WQuld bea big lead time between con­
ception Qf an idea and a marketable product. I 
think that this lead time can be and is being 
speeded up by virtue of the fact that NASA and 
the defense agencies are nOoW having soo many 
different cOompanies share in this knOowledge and 
build up increments Oof knQwledge. If these in­
crements can be put tOogether soo that an indus­
trial cQmpany wanting tOo use the knOowledge 
has it available in a fOorm that they can use, 
I think this will cut dOown tremendOously Oon 
the lead time. 
STEVENSON: I think this reductiOon in leadtime 
is one of the characteristics of this new era. A 
gOOod example is the laser. The principle was 
cOonceived 'abOout 14 mOonths befOore the first 
commercial mOodel was put on the market; nOor­
mally this time lag WOould have been 20 years. 
The laser and the maser found rapid use because 
the defense and aerospace industries spurred 
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the develOopment and have prOovided the first 
market fOor these devices. We cannot claim that 
these devices were a direct by-prOoduct of space, 
but space has entered into the process of their 
technological development if in no other wltY 
than by providing a market. 
LEEDY: There are a number of peOople who say 
"What gOoOod is all Oof this space explOoratiOon ~ 
WhOo cares whether we get tOo the Moon Qr to SOome 
Oof the planets ~ DOon't we have enough prob­
lems right here on Earth?" The implicatiOon 
is that space research invOolves tOoOo many imprac­
tical studies. My own belief is that perhaps our 
space research program is too practical. FOor 
example, Dr. Stevenson mentioned in his paper 
that in the Apollo program and in the other 
manned space flight programs about 85 percent 
of it is strictly engineering. This implies that 
around 15 percent is research and develOopment. 
My question is: Are we tackling space res'earch 
tOoOo much by the straight brute-force methOod 
and engineering Oour prOoducts based Oon existing 
information? Should we be devOoting more 
funds to long-range fundamental research to 
try tOo leapfrog some Oof these problems, and 
hence make greater prOogress? Mr. Fong, do you 
think that NASA is spending enOough on long­
range basic research in the space program? 
FONG: I dOon't believe that there is an imbal­
ance between our lOong-range planning technical 
effOorts and Oour current engineering effOorts tOo 
get tOo the MOoOon. Defining the line between 
the two is difficult but those familiar with the 
prOograms find, I believe, that we !are not de­
emphasizing the need fOor basic R&D to achieve 
our missions in space. 
STEVENSON: We are underestimating the COon­
tributiOons of the engineer. When we say that 
85 percent Oof the manned space flight effOort is 
engineering this does not mean that only 15 
percent of the total effort can be cOonsidered cre­
ative. Practical application is the business of 
the engineer. We talk tOOo much about the sci­
entist being responsible for the trip to the MOoon. 
The scientist has very little to dOo with putting 
man on the Moon. It is the engineer who is 
going to design the systems and build the equip­
ment. Now, the demarcatiOon between the role 
of the scientist and that of the engineer is not 
as sharp as it used to be. There are certain 
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individuals who can be called either en,gineers 
or scientists. H merely depends on how they 
happen to he looking at their problem. They 
are capable of looking at a problem either as a 
scientist or as an engineer. 
GADBERRY: I think that in considering the 
question you must concern yourself first with 
what you are trying to engineer. It makes a 
great deal of difference whether you are carry­
ing on the Mercury program to orbit 'a man or 
whether you are carrying on the Ranger pro­
gram to land 'an unmanned capsule on the Moon 
as to whether you approach this within the 
state of the art or whether you attempt to use 
advanced technology. If you are concerned 
with a fast response p~gram to orbit a man, 
then using the present state of the art is the 
safe conservative approach and that was the 
history of Project Mercury. On the other hand, 
with longer leadtime and more background to 
work with, Gemini and Apollo will involve 
many more 3idvanced concepts. In the scientific 
satellite program, far-out concepts are being 
studied and NASA is doing a good deal of basic 
research. 

With respect to the question of tangible as 
opposed to intangible benefits, I think that one 
of the greatest intangible benefits, but very im­
portant in the long run for the industrial com­
munity, is a new way of looking at scientific 
advances. There is a fundamental difference 
between the approach of an industrial problem­
solving group and the space scientist who, very 
frequently, is working at the ultimate limit of 
his capabililties within the 'art as he knows it 
or at the limit of the capabilities of the materials 
at his command. The space scientist is stretch­
ing the very limits of what he can do. On the 
other hand, many industrial people are much 
more concerned. with what they can afford to do 
this year. I believe that the interaction of these 
two modes of approach will have a very signifi­
cant impact on industry. 
LEEDY: It is now time to turn to the written 
questions submitted by the audience. 
QUESTION: Mr. Fong, is there any space re­
search which is applicable to agriculture? 
FONG: I think that I might say there is, al­
though it is the kind of agriculture that you 
will find inside a closed capsule--for example, 
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algae production to get rid of the carbon di­
oxide. As far as any practical benefits to agri­
culture, as such, at the moment, we do not see 
too much in this area. 
QUESTION: Are government or NASA funds 
available for financing development of NASA 
technologies into industrial products? 
GADBERRY: If the end product is widely bene­
ficial to ~ankind and to the public here in the 
United States, perhaps the government would 
undertake to develop a technology to the point 
of industrial feasibility; I think that the gov­
ernment cannot afford to take a product or a 
technique or a material which is narrowly 
oriented and spend public funds on its develop­
ment. I think we are looking to industry'S co­
operation, initiative, and ingenuity to help us 
in this area. 
STEVENSON: There is some debate in Washing­
ton at the present time as to whether the Fed­
eral Government should not be actively subsi­
dizing this development. The Department of 
Commerce has discussed the idea of a plan mod­
eled on the agricultural experiment stations so 
that the Federal Government could serve indus­
try within the pattern that the Department of 
Agriculture has served agriculture. 
QUESTION: Mr. Barnes, would you explain the 
term "unfriendly environment" a little further? 
BARNES: When you leave the Earth you leave 
everything behind except what you take with 
you. This includes protection from all man­
ner of radiation, from all the forces of vacuum, 
from cold, and so forth. It is cold and void 
and most unfriendly. I think that's a good 
word to describe space. 
QUESTION: Do you believe that the profits from 
spin-off products and activities could success­
fully pay for the costs of the space projects 
now underway by NASA and the government? 
STEVENSON: I very definitely do not, and I 
think that the two are not related. The con­
quest of space is a national goal. I think it is 
a reasonable aspiration for our society. It is 
an end in itself. No attempt should be made 
to try to balance this in an accounting fashion 
by saying that for $5 billion that we spend next 
year we are going to receive $5 billion worth 
of benefits. . 
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Introduction 

In February 1963, at the annual meeting of 
the Chicago Association of Commerce and In­
dustry, I joined with other university presidents 
of the Chicago area in issuing an invitation to 
Midwest business and industrial leaders to util­
ize more fully our university resources in the 
space-related research and development pro­
grams we have in progress. Many have ac­
cepted that invitation. Participation in the 
Midwest Space Month "is further evidence that 
the Midwest will soon be taking a more sig­
nificant role-not only in the Nation's space 
race, but also, of even greater importance, in the 
peaceful uses of space and the potential con­
tributions which this program can make to man 
here on Earth. 

With the observance of Midwest Space 
Month, we have seen a tremendous effort 
through our press, television, and radio to ac­
quaint the public with the challenges and prom­
ise of this Space Age. Our universities have 
presented various technical aspects of our space 
programs. In these sessions, we are going to 
discuss the practical problems of the space 
business. 

It is not necessary to recite in detail the his­
tory of space exploration which has been short 
in' time and almost incredible in progress. It 
was only 5 years ago that the Russians put 
Sputnik I into orbit. In those 5 years, the . 
United States has established a National Aero­
nautics and Space Administration which has 
become our fourth largest Federal activity and 
is spending more money than the entire govern­
ment budget of less than 30 years ago. 

The three stages in the Moon-race schedule 
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are Project Mercury, Project Gemini, and 
Project Apollo. Project Mercury, which is to 
end shortly, has been concerned only with the 
flight of man in a low-altitude orbit around 
the Earth. Project Gemini will concentrate on 
putting two men in larger and heavier space 
vehicles in low Earth orbit and will consider 
problems involved in joining two space vehi­
cles in orbital flight. Project Apollo, set for 
1966 to 1970, will take three men in a still 
larger spacecraft to the Moon for landing, re­
connaissance, and return. 

Meanwhile, we must not lose sight of the 
peaceful aspects of our space effort, the most 
important of which is finding the answers to 
some of the environmental hazards which have 
plagued man since the beginning of his career 
on this planet. For in putting man on the 
Moon, we are placing him in the most hostile 
environment he has ever encountered. We are 
involved in solving complex problems in bi­
ology, medicine, astrophysics, mathematics, 
communications, materials, and management. 
When we solve them, and solve them we shall, 
we may find ourselves living a new kind of 
life, one which may make our present life ap­
pear primitive. 'This solution, however, de­
pends on how resourceful and energetic we are 
in applying to peace the discoveries made in 
the interest of defense. 

In the Midwest, we have two industrial al­
ternatives in obtaining economic benefits from 
the business of space. The first is to partici­
pate directly in the research and development 
activities of our space program. This is a 
business of more than $6 billion annually with 
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an anticipated growth to $20 billion during 
the next 4 years. Currently, this money is be­
ing spent largely in the western and eastern 
coastal states which received over 75 percent 
of the defense and space research and develop­
ment contracts in 1962. California alone 
drew 41 percent of the total. Illinois, in 16th 
place received nine-tenths of 1 percent. The 
declining position of the Midwest has now 
reached the point where only 2 of the top 50 
prime contractors working on government ex­
perimental, development, test, and research con­
tracts have their research facilities in this 
region. The following papers will outline the 
details of NASA operations and contract pro­
curement, whether your interest be that of a 
prime contractor or that of a small sub­
contractor. 

Despite the lateness of the hour on our space 
clock, there is no reason why the superb engi­
neering and production knowledge of Chicago 
and the Midwest cannot get a larger share of 
this space development business. The essen­
tial factor in securing and making profitable 
such business is staff competency in research 
and development and in the management .of 
such operations. The advance of technology is 
swiftly increasing the fund of knowledge and 
stimulating economic activity, but it is also cre­
ating many new problems for managers of mod­
ern industrial organization's. 

As research has become a major factor in 
corporate growth and diversification, the size, 
scope, and cost of research and development 
organizations have increased rapidly. Even 
more significant than this growth in quantity is 
the increasingly important role of research in 
assuring competitive survival and in exploring 
opportunities for expansion into new fields. 
This problem of research competency is rela­
tively easy to solve. In the Midwest, the 
universities are capable of providing the man­
power needs through their current graduate 
programs and through making research facil­
ities available on a consulting basis. All this 
area really needs for strong research and devel­
opment staffs are the job opportunities. 

A much more difficult problem, however, is 
that of management. The Midwest has some-
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thing of an advantage in a late start in the 
space business for it can profit from many of 
the management mistakes that have been made 
elsewhere. 

In a research organization, the source of pro­
duction is the creative mentality of the indi­
vidual researcher and the units of output are 
the ideas generated. The different profes­
sional goals and working techniques of re­
searchers, combined with the intangible nature 
of research results, make' the application of 
traditional management policies unusually 
difficult. 

Chicago industry is well-known for its com­
petence in mass production-but the techniques 
of the assembly line generally do not work well 
in the research laboratory. Many studies show 
that the research scientist and engineer, hired 
at a high cost to perform creative investiga­
tions, are often hampered and frustrated by 
management practices. In order to be success­
ful, greater knowledge of the management 
needs of the professional staff is required. 
There are two principles which must be bal­
anced to achieve success in this kind of business. 
Researchers must be free and managers must 
manage. These principles may appear contra­
dictory in the management structure for mass 
production, but their balance is essential in the 
management of research and development. 

Again, the universities may be of some assist­
ance not only in providing training programs 
for space business managers through available 
courses but also because of the practical experi­
ence they already have in balancing the need 
for faculty-conducted research with faculty 
teaching. 

The most significant benefit from our space 
effort will come in the form of new knowledge. 
Scientists tell us that we are currently doubling 
our total knowledge every 7 years and the 
problems of keeping up with the educational 
impact of this constantly increasing knowledge 
is one of our most pressing concerns. 

The electronics industry, in particular, needs 
to be constantly informed of what is going on 
in the space program not merely because of the 
emphasis on miniaturization but also because of 
the new developments in electronics, such as 
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biomedical engineering, which combines the 
special knowledge of the biologist, the medical 
man, and the electrical engineer to solve prob­
lems in the life sciences. Here is a new 
industry-medical electronics-that is just get­
ting started and that has a tremendous poten­
tial for mankind. In solving man's biological 
problems in the hostile environment of space, 
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we can already forecast important applications 
in the field of health. 

In summary, our space efforts are too im­
portant to ignore. They will continue to ab­
sorb a growing amount of our financial, indus­
trial, research, and educational resources and 
they will, within our lifetimes, affect our indi­
vidual welfare and existence. 
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How NASA Selects and 
Manages Programs 

The purpose of this paper is to describe the 
placement and management of research and de­
velopment projects, and in particular to discuss 
the manner in which NASA selects and man­
ages its programs. Before making a decision 
to initiate a new project it is essential to investi­
gate the technical feasibjlity of the project, its 
costs and proposed schedules. However, this is 
not sufficient since we have the capability in this 
country of performing many interesting experi­
ments in space. We must provide the decision 
makers, and there are many in a democratic 
society, a yardstick by which to evaluate the 
overall importance of particular projects. 

How do we decide whether a particular proj­
ect is important ~ The basis for decision is: A 
project is important if it enhances our ability to 
achieve the goal of preeminence in space. 
What is meant by preeminence in space ~ Pre­
eminence in space includes : (1) the acquisition 
of scientific data, (2) the development of tech­
nology, and (3) the ability to operate in space 
with all types of payloads. In the discussion 
to follow each of these elements will be de­
scribed more fully. The discussion will also 
include a description of several specific projects 
already approved, some future plans, and 
certain management aspects of our overall 
program. 

In the scientific area, the advent of the rocket 
has given us the ability to carry out scientific 
exploration in a manner impossible 10 years ago. 
The rocket allows placement of experiments 
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and testing beyond the atmosphere-in a space 
laboratory. Information can be obtained on 
magnetic fields, radiation belts, and cloud 
formations; measurements can be made of the 
Sun and stars, measurements which are im­
possible through the cloudy window-the at­
mosphere-that surrounds the Earth. Space­
cra:ft.----eventually carrying men~n also be 
sent to the Moon and planets. Such missions 
will lead to many startling discoveries. 

From the standpoint of launch vehicle tech­
nology and capability, we still are second best. 
We still do not have by a factor of several times 
the capability that the Soviet Union has had for 
the past 4 years. The Mercury spacecraft 
weighs approximately 3,000 pounds; the Soviet 
Vostok payload weighs some 10,000 pounds. 
Moreover, the Soviets have the capability of 
placing 15,000 pounds in orbit, a weight we 
cannot match at the present time. Thus, the 
first order of business is to develop a larger 
series of vehicles for placing payloads into orbit. 
We must also develop the equipment to be sent 
into orbit and the stabilization devices and 
power supplies and sensors necessary to the exe­
cution of sc~entific experiments. In addition, 
we must develop a viable communications 
system, meteorological system, and navio-ation 
system. For the future, we must develop new 
kinds of propulsion and new kinds of power 
supplies so that we will have an on-goino- pro­
gram which builds upon the science and tech­
nology we learn over the next 5 years. 

Preceding page blank 



CON FERENCE ON SPACE-AGE PLANNI N G 

Where flight operations are concerned, we 
must learn to launch on schedule; we must learn 
how to inj ect into specific orbits; we must 
achieve the capability necessary to enable 
orbital rendezvous and docking. Above all, we 
must learn how to develop more reliable equip­
ment which is necessary not only for manned 
operations but also for economically viable com­
munications, meteorological, and navigation 
systems. 

If we are to be preeminent in space, we must 
enhance the competence of the institutions upon 
which the success of our whole program rests, 
Competence of the various agencies of the gov­
ernment must be improved: NASA for research 
and development, the Department of Defense 
for national security, the Department of Com­
merce for weather forecasting, the AEC for 
development of nuclear power, and so forth. 
The skill of industry must be brought to bear 
upon the technical problems of space flight and 
open up opportunities to use this technology for 
other than the space program. We must also so 
work with universities as to encourage the 
training of more scientists and engineers than 
we have today and to support the basic research 
that will be so important to us in the future. 
It is our feeling that the training and the re­
search naturally blend and work well together. 
We want to administer NASA grants and con­
tracts with universities so that we are building 
additional interdisciplinary competence on the 
campus, not decimating the university and pull­
ing people away from it. 

Finally, we want to be sure that not only are 
we preeminent in space but that we know we are 
preeminent in space-that our citizens truly feel 
that the institutions we have in this country can 
do the kind of job that is needed to attain supe­
riority in space--that people in other countries 
feel that the United States is a country with 
which they want to be allied in the years ahead. 
We feel that developments in space have become 
synonymous with progress in this technological 
age and we must conduct our affairs with this 
in mind. 

A brief description of some of the NASA 
programs may indicate the direction in which 
we are moving. First, the lunar program in­
volves investigation of the Moon by means of 
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instruments before men are landed on its sur­
face. Figure 22-1 shows the three spacecraft 
which are part of our unmanned program, a 
program that has been underway for 2 to 3 
years. The Ranger, designed for hard impact 
on the lunar surface, weighs approximately 450 
pounds and will give us our first TV pictures of 
the Moon; the Surveyor Lander is designed to 
land gently enough on the Moon to allow TV 
transmissions to continue after landing and to 
make other measurements on the lunar surface; 
the Surveyor Orbitor wip be able to map large 
swaths across the Moon and tie together the 
information obtained from the two landing 
spacecraft. 

FIGURE 22-1.-Unmanned lunar spacecraft. 

Why are we carrying out this program ~ The 
reason is that it has great scientific implications. 
The Moon has been traveling in space without 
an atmosphere for millions of years and has 
picked up samples from outer space; the 
analysis of these samples will be of great im­
portance to the understanding of our solar sys­
tem. A know ledge of the construction of the 
Moon will assist us in determining how our 
solar system came into being. This understand­
ing will, in turn, give us a clue as to how our 
particular solar system relates to other solar 
systems in the universe. 

These three spacecraft, Ranger and Surveyor 
Lander and Orbiter and the experiments they 
carry, were not selected casually. NASA has 
a working arrangement with the National 
Academy of Sciences. Their space science 
board reviews our overall scienti'fic pro­
gram from a policy standpoint and also pro­
vides membership on the particular panels that 
review each of the experiments proposed for 
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space exploration. Thus, these three projects 
"ere approved following technical and scientific 
study of resources and manpower. 

Figure 22-2 shows the NASA step-by-step 
program for man in space leading to manned 
lunar landing in this decade. How did we ar­
ri ve at a decision to initiate this ambitious 
project or series of projects ~ Just 2 years ago 
only the Mercury project was being imple-

FIGURE 22-2.-Manned space flight. 

mented. Projects Gemini and Apollo were not 
approved. ",Ve did not know at that time 
whether man could exist and operate a space­
craft outside the Earth's environment. How­
ever, 2 years ago Major Gagarin of the oviet 
Union orbited the Earth and returned safely 
and our own Commander Shephard had a suc­
cessful suborbital flight. A series of technical 
studies carried out within our own research cen­
ters and by industry on contract led to the 
belief that a manned lunar landing was feasible. 
The matter was studied by the Space Council 
headed by the Vice President, was reviewed 
with him by the Department of Defense, by 
NASA, by the State Department, and by the 
AEC, and a recommendation was made to the 
President that we accelerate the space program. 
The President, in turn, made this recommenda­
tion to the Congress on May 25, 1961, where 
it received unanimous endorsement. It should 
be made clear that this program specifies a 
manned landing. Man can contribute in many 
ways to the success of space exploration. He 
can make measurements that are difficult to 
make with unmanned devices. He can review 
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and inspect and act when unexpected events oc­
cur in ways that can never be programed into 
automatic equipment. He can actually assist 
in the mission itself, in the flying of the 
spacecraft, in the landing, in the communica­
tions, and so forth. However, we would not 
send men to the Moon unless we had the un­
manned program as well-for we must ascer­
tain, from the Ranger and the Surveyor mis­
sions, conditions on the Moon in order to design 
the lunar excursion module itself. Unmanned 
spacecraft will also be used to measure rad~a,­
tion and magnetic fields around the Earth and 
to investigate solar flares. There are many sci­
entific measurements that must be made by un­
manned spacecraft before man can be sent into 
space to enhance our scientific exploration 
further. 

Once we made the decision for the manned 
lunar exploration we "ere confronted with a 
wide variety of different courses that could be 
taken : Should the mission be accomplished by 
direct flight; rendezvous in Earth orbit; or 
rendezvous about the Moon ~ Again, drawing 
upon comprehensive dat.a from NASA and con­
tractor studies, it was decided that we would 
have a program that. would provide the greatest 
safety, could be carried out at least cost, and 
could be carried out on an earlier time scale by 
selecting the lunar rendezvous rather than 
either of the other modes. However, again this 
"'as a subject that involved not only all levels 
,,·ithin NA A but also the President's Scientific 
Advisory Committee, even the President him­
self. The decision was made to go ahead with 
all of the elements shown in figure 22-3-the 

FIGURE 22-3.-Apollo spacecraft. 
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command module, the service module, and the 
lunar excursion module for the final descent to 
the lunar surface. 

Figure 22---4 shows the launch vehicles re­
quired for the manned lunar, or Apollo mission. 
The Saturn I has been flown successfully four 

FIGURE 22-4.-Large launch vehicles, 

times with an active first stage. The flight test 
of a Saturn I with an active second stage is 
scheduled for late 1963. When the Saturn I 
becomes operational, we ~ill be able to place 
som.e 22,000 pounds into Earth orbit in com­
parison with the present Soviet competence of 
15,000 pounds. That capability, however, will 
not be sufficient for the lunar landing mission. 
For the lunar mission the S!lJturn V will be 
needed. It will have a weight-carrying capac­
ity in Earth orbit of 240;000 pounds; this 
capacity is necessary in order to inject into lunar 
transfer the 90,000-pound payload required for 
the lunar landing. The Saturn V will repre­
sent a major step forward in our launch v~hicle 
capability. This step, we believe, will give us 
the means to become truly preeminent in space. 
'The decision to go ah1ead w'ith this launch 
vehicle development, however, was not made 
without very thorough review with the Depart­
ment of Defense. NASA has an agreement 
with the Department of Defense that neither 
agency will initiate development of a new 
launch vehicle without a ,thorough review and 
without the concurrence of the other. ThuS', 
before initiating the Saturn V program, the 
concurrence of the Secretary of Defense was 
obtained. 
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As in the case of the vehicle developments, 
the decision to use Cape Canaveral (fig. 22-5) 
was made only after all alternatives were con­
sidered. At the request of both the D.epa.rt­
ment of Defense and NASA, Dr. Kurt Debus, 
who is in charge of the NASA Launch Opera­
tions Center, and General Leighton Davis, 
Commander of the Atlantic Missile Range, re­
viewed, in addition to Cape Oanaveral, a ~ite 
off the Georgia coast; the Bahamas; Browns­
ville, T~xas; White Sands, N.M.; Hawaii; and 
Christmas Island. They looked at these sites 
from the standpoint of logistic cost, cost of 
moving personnel to the particular location to 
perform their jobs, the problem of building up 
schools, and all the things needed to support a 
community of 30,000 to 40,000 people. In ad­
dition, they looked at the sites from the stand­
point of national security. After careful 
evaluation, it seemed obvious that we would be 
better off to expand the competence already ex­
isting at Cape Canaveral rather than embark 
on a new large complex. We are now utilizing 
this launch site for all our Atlas, Titan 
Minuteman, and Polaris development launches. 
Cape Canaveral, comprising 15,000 acres of 
land, is to the east of the Banana River (on the 
right in fig. 22-5) . ,NASA is acquiring the 
middle section of land, called Merritt Island, 
between the Indian and Banana Rivers. This 
section contains 85,000 acres of land-an amount 
required to carry out the lunar mission with 
opportunity for further expansion. 

Figure 22-6 indicates the kind of launch com­
plex planned for the future. At Complex 39 the 
total large launoh vehicle with the Apollo 
spacecraft will be assembled, checked out, and 
finally taken on an Earth crawler some 2 to 3 
miles to the launch pad (shown in figure) for 
fueling and for takeoff. It is believed that this 
plan will improve our scheduling and provide 
an ability to check out the equipment under COlJ1-

trolled conditions before committing the vehicle 
to the launch pad. As a measure of the com­
plexity of these operations, the total capital 
investment at Merritt Island will reach ap­
proximately $11,4 billion. 

Another question which had to be answered 
in conjunction with this program was how we 
were going Ito build the large stages needed for 
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the Saturn launch vehicles. An essential factor 
in deciding on the faciliti,es to be used was that 
the only feasible method· for transporting the 
stages from building site to launch site was by 
water. Figure 22-7 shows the siIte chosen-the 
Michoud Plant just outside New Orleans where 
under one roof there are over 40 acres of plant 
space, with 40-foot clearance throughout, all 
air conditioned, and accessible to ocean -going 
vessels. At this plant, NASA contractors will 
develop, fabricate, and assemble the large 
Saturn stages for NASA. The stages will then 
be taken by intercoastal waterway to the Missis­
sippi Test Facility, shown in figure 22-8, some 
50 miles away. At this facility the stages will 
be static fired and checked out before going to 
Cape Oanaveral. Both Michoud and the Mis­
sissippi Test Facility are government owned 
facilities which will be used by contractors to 
carry OUit their development responsibilities. 
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For manned spMe flight, figure 22-9 gives an 
indication of the total activities involved in 
attaining U.S. preeminence in space. The Mar­
shall Space Flight Center at Huntsville, Ala­
bama, directed by Dr. Wernher Von Braun, is 
charged with managing the development of the 
Saturn launch vehicle. The Manned Space­
craft Center at Houston, Texas, is responsible 
for management of the development of the 
Apollo capsule, service module, and lunar excur­
sion module (as well as the Mercury and Gemini 
projects), and for carrying out astronaut train­
ing and actual flight operations. A program 
office in Washington, the Office of Manned 
Space Flight, provides the focal point for all 
these activities. Attached to this office are two 
groups of support contractors: Bellcomm for 
systems studies, and General Electric for inte­
gration studies, reliability studies, and develop­
ment of the automatic checkout system. 
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FIGURE 22-6.-Vertical Launch Complex 39. 

FIGURE 22-7.-Michoud plant. 

FIGURE 22-8.-Mississippi Test Site. 
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The dynamic nature of the space program is 
indicated in figure 22-10. Two approaches are 
used in the continuous process of reviewing 
future possibilities. "Paper" studies of a vari­
ety of alternatives are made. Some systems 
now being investigruted are (fig. 22-10): 
larger launch vehicles in the Saturn V class; a 
manned orbiting laboratory that will continue 
in orbit for long periods of time with resupply 
capability; a lunar logistic vehicle that would 
permit astronauts to have a longer stay time on 
the Moon by taking supplies to the lunar su.r­
face prior to a manned landing; an advanced 
unmanned planetary spacecraft for placing 
payloads either in orbit around the planets or 
on the surface of the planets and for relaying 
information back by radio; a synchronous­
orbit meteorological satellite which would 
appear to remain stationary -as it turns around 
the Earth each 24 hours and which would have 
the video capability to scan a large portion of 
the Earth or to focus with sharper detail on a 
possible typhoon or hurricane; methods for im­
proving our world tracking and dfuta acquisi­
tion. These studies are being carried on at the 
same time that studies of the technical feasibil­
ity of new elements to use in these systems are 
being made (fig. 22-11) . The two approaches 
must be made simultaneously. We must have 
the conceptual studies, and we also must con­
duct research in the laboratory. New kinds of 
propulsion for these missions and new kinds of 
space power must be investigruted. We must, 
using wind tunnels and various other ground 
facilities, investigate new ways of reentering 
from Earth orbit, from the Moon, and from the 
planets. We must investigate a variety of elec­
tronic devices for stabilization and for instru­
mentation. We must investigate ways of 
integrating man with spacecraft. We also 
must investigate ways of improving our capa­
bility to fly in the atmosphere. 

NASA is organized to attack the various 
problems as shown in figure 22-12. "Ve have 
five program offices: the Office of Manned Space 
Flight whose responsibilities have been men­
tioned; the Office of Space Sciences that inter­
faces with the scientific community and also is 
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responsible for all our unmanned missions; the 
Office of Applications, responsible for develop­
ing the :technology for meteorological satellites, 
communicat ions satellites, navigation satellites, 
and so forth; the Office of Advanced Research 
and Technology, concerned with research lead-

SPACECRAFT 
DEVElOPMENT 

TEST 

FIGURE 22-9.-Major activities, manned space flight. 

FIGURE 22-10.-Future systems studies. 

FIGURE 22-11.-A.dvanced research and technology. 
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ing to future aerospace systems; the Office of 
Tracking and Data Acquisition, responsible for 
tracking stations around the world. 

Figure 22-13 shows the overall NASA oper­
ating organization. The five program offices 
report to the general management as do the 
various field centers. Under this concept the 
Headquarters program directors, are respon­
sible for both staff and line functions. A pro­
gram director has a dual role in which he both 
advises and operates. He is the principal advi­
sor to NASA's general management in regard 
to his assigned program area. He is also the 
principal Headquarters operating official in 
regard to management of his assigned program. 
He manages this program by working directly 
with the center directors and their project man­
agers. In addition to handling such matters 
as budget and programing of funds and estab­
lishi,ng and issuing technical guidelines, each 
program director.is also responsible for provid­
ing continuing leadership in external and inter­
agency relationships related to an assigned 
program. 

Under the management reorganization which 
NASA initiated in N ovemoor 1961, the directors 
of NASA's research and development centers 
report directly to NASA general management 
rather than to a particular program director 
as was previously the case. This change was 
made in recognition of the fact that most of 
the NASA centers are, in effect, multipurpose 
in scope although each has a prime orientation; 
for example, the Marshall Center is responsible 
for the development of large launch vehicles. 
Most have broad capabilities, which is thought 
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FIGURE 22-12.-NASA programs. 
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FIGURE 22-13.-NA.SA. operating organization. 

to be important in maintaining flexibility in 
our operations and obtaining better feedback 
:from our flight missions into advanced research 
and teclmology, and vice versa. 

Following the reorganization, we have taken 
steps to improve and strengJthen the staff serv­
ices available to general management. The pri­
mary purpose for this is to provide general 
management with more accurate, complete, and 
timely information on which to base program 
policies and decisions-particularly in terms of 
insuring that the interrelaJtionships among the 
five basic programs are continually being prop­
erly adjusted. These staff sellVices are provided 
by the Office of Programs and the Office of 
Administration. These offices hold the respon­
sibility for providing staff services to all three 
members of general management and to the 
H eadquarters program direotors. This ap­
proach helps to minimize the size of H ead­
quarters staff services and at the same time 

222 

permits better integration of these services 
throughout NASA. 

A few general remarks may be made in sum­
mary. In working with the Nation's industrial 
community, it is our responsibility to find more 
effective methods of electing research and de­
velopment contractors-better ways of evaluat­
ing their performance and providing economic 
incentives based upq,n performance. I n carry­
ing out this responsibility, we must have not 
only the managerial but the technical compe­
tence to coordinate wisely the efforts of our con­
tractors. In order to obtain and achieve such 
technical competence, it is necessary that we 
produce in-house at least some portion of the 
basic re earch and design effort on our space 
projects. Respon sibility for coordinating and 
directing the planning of each project lies in 
our pl'Oo-ram offices. project plan, including 
procurement aspects, is prepared for each pro­
posed project. Each project is approved by 
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NASA's general management and, following 
this approval, the cognizant center director is 
made responsible for the conduct of the proposal 
activity, for the negotiation of a contract with 
the contractor, for the technical and business 
administration of the contract, and for the sign­
off for the agency when the contract is com­
pleted. For every procurement of $1 million 
or more, a source evaluation board is appointed 
to evaluate all companies participating in the 
procurement competition. This board reports 
to the director of the cognizant center if a con­
tract is for less than $5 million. In those cases 
calling for obligations of $5 million or more, 
the Administrator and his top staff must ap­
prove the contract.. It might be well to empha­
size that this a source evaluation board, not a 
source selection board. Depending on the size 
of the contract, the final responsibility for selec­
tion of the contractor must rest on either the di­
rector of the responsible center or the NASA 
Administrator, Mr. Webb. The NASA system 
of decentralized procurement sometimes pre­
sents a problem to our contractors, particularly 
the. subcontractors who are anxious to get busi­
ness and who sometimes experience difficulty in 
discovering the exact locus of the procurement 
decision in time to present their case properly. 
For those who have encountered this problem, 
the only reply is that we do our very best to 
avoid this situation. However, we feel it im­
perative to avoid becoming a large, overcen­
tralized, and slow-moving agency. 

It is our policy at NASA to give small busi­
ness every possible chance to participate in the 
procurement opportunities of the space pro­
gram. NASA's missions logically call at times 
for large prime contracts; however, even then 
we make certain that prime contractors and 
their subcontractors carry out contracts in a 
way that treats small business fairly. On 
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January 1, 1963, under agreement with the Bu­
reau of the Budget, NASA inaugurated a sys­
tem under which 12 prime contractors and their 
first-tier subcontractors are· asked to send 
NASA Headquarters information on each sub­
contractor. 

One item on this information system indicates 
orders placed with small business. This wiII 
keep us more informed on how small business 
fares in the space program early enough so we 
may introduce management action. if necessary. 
Also, and importantly, we are including a clause 
in each of our major contracts requiring the 
contractor and his subcontractors to report pat­
entable innovations to us, and also to report 
nonpatentable innovations which flow from the 
expenditure of government funds. We believe 
that we have a responsibility to make certain 
that all industry~ whether space oriented or not, 
has the opportunity to utilize these non patent­
able innovations when they arise from govern­
ment financed work. The development of this 
type of innovation is an important by-product 
of the space program which we must see 
fanned out generally to industry for future use. 

Much remains to be done in selection and 
management of NASA programs. More per­
sistent attention and imaginative effort are 
called for than has been required thus far. 
President Kennedy has said that when the first 
American astronauts reach the Moon late in this 
decade it wiII not be just one or two Americans 
making the historic landing, but all Americans, 
for we must all work together to put them there 
and bring them safely home again. With con­
tinuation of the work which has been done so 
far and with as much determination in the fu­
ture as has been evidenced to this point, we shall 
succeed in our efforts to become the world's lead­
ing space-faring nation. 



The Prime Contractor's Role in the 
National Space Program 

N 'Orth American A viati'On, Inc., has partici­
pated in the nati'Onal space prQgram since it 
was awarded the CQntract fQr develQpment 'Of 
the X-15 aerQspace vehicle in 1955. Since 1955 
'Our rQcket engines have launched nearly all 
'Of the satellites and space prQbes; we are devel­
'Oping and building the secQnd-stage vehicle and 
'the engines fQr all three stages 'Of the ad­
vanced Saturn space system, which will send 
the ApQll'O spacecraft tQ the MQQn, and we are 
develQping and building this spacecraft as well. 
We are alsQ explQring future space effQrts 
thrQugh research in advanced m'Odes 'Of pro­
pulsiQn fQr deep space travel, and life-suPPQrt 
requirements 'On IQng flights t'O 'One 'Or mQre 
planets. 

AlthQugh we are thus equipped by experience 
tQ 'Offer SQme pertinent observatiQns about space 
activity, I WQuld be the first tQ acknQwledge 
that an aerQspace cQmpany's w'Ork in this field 
is significant 'Only in terms 'Of the United States 
space prQgram. Our civilian space wQrk is un­
der CQntract with the N ati'Onal AerQnautics and 
Space AdministratiQn, which mQnitQrs the 
prQgress Of 'Our wQrk thrQugh repQrts, briefings, 
and 'On -site representatives. 

Despite this clQse surveillance 'On the part 'Of 
NASA, the CQntractors are n'Ot simply manu­
facturers 'Of prQducts tQ customer specificatiQns. 
NASA prQvides prQspective bidders with a kind 
'Of multidimensional envelope 'Of requirements, 
such as weight, paylQad, length 'Of time fQr the 
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mISSIQn, and SQ f'Orth. Within this envelQpe 
the CQntractQrs cQmpeting fQr the prQgram will 
design a system, present a plan f'Or develQping 
it 'Over a periQd 'Of time, and provide cost esti­
mates. Once the CQntract is awarded there 
begins a cQntinuing technical c'O'OrdinatiQn 
between NASA, the c'Ontract'Or, and the subcon­
tract'Ors in creating the system. This c'OQrdina­
tiQn cQntinues thr'OughQut the c'Ourse 'Of the 
prQgram. The contractor prQPQses imprQve­
ments tQ the design 'On the basis 'Of knQwledge 
gained during the develQpment periQd. In 
shQrt, thrQugh its technical capability and day­
to-day familiarity with the prQgram, the CQn­
tractQr must be a vital creative fQrce. 
It is 'Obvious from the fQregoing that the con­

tractor maintains a close wQrking relatiQnship 
with NASA personnel and carries an 'Obliga­
tiQn tQ them and tQ NASA as an instituti'On f'Or 
the efficient perf'Ormance 'Of its resp'Onsibilities. 
This includes, 'Of course, n'Ot 'Only. achieving the 
teclmical gQals set f'Orth in the 'Original NASA 
requirements, but dQing S'O within the time 
schedule and the cost limitati'Ons agreed up'On 
insQfar as humanly PQssible. 

It may be pertinent to discuss some 'Of the 
requirements fQr participatiQn in the natiQnal 
space program. 

Although space standards are necessarily ex­
acting, there is really nothing mysteri'Ous in 
space development eff'Orts. Because this is an 
unfamiliar medium, there is a tendency tQ think 
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that it must be reached by some arcane avenue 
known only to a relative few. The exact oppo­
site is the case. Precisely because space repre­
sents a wholly new environment, it requires new 
knowledge in almost every scientific field. It 
is hardly an exaggeration to say that there are 
as many avenues to space work as there are sci­
entific and technical disciplines. 
, To cite North American's own experience, up 

to the end of World Wa.r II most of our pro­
fessional employees were mechanical engineers. 
Today they have degrees representing more than 
175 different college majors. Some of these ap­
pear to be far removed from our normal lines of 
activity-such as, bacteriology, geophysics, 
medicine, microbiology, and psychology; but be 
assured that these fields are basic to the national 
space program. The fact is that space activity 
offers even more avenues of entry than defense 
contracting. It is not exclusive in nature but 
inclusive. 

What, then, is the key requirement for success­
ful participation in space work~ It is the abil­
ity to contribute original solutions to new 
problems. Because !the space environment is so 
foreign to our previous experience, not only the 
answers but the questions are new. Who would 
have thought, a few years ago, that vehicles 
could be propelled by motive power from elec­
trical discharge? Yet in the medium of outer 
space, very small thrust engines operating on 
this principle will be able to guide vehicles trav­
eling at interplanetary speed over extremely 
long distances. Several modes of electrical pro­
pulsion-ion engines, plasmajets, magnetohy­
drodynamics, to name but three-have been 
opened up for intensive study through this 
original approach' to the problem of long­
distance space power. 

To provide these unheard -of questions with 
imaginative answers, private industry needs to 
adopt a rather unaccustomed frame of mind. 
In the world of commercial business there is at 
least some opportunity to influence the market 
by advertising and promoting a new product. 
But in space work the customer's needs are 
dictated by the mission. One must become a far 
more sensitive student of the customer's require­
ments, for these determine absolutely what sort 
of services one many provide. 
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For any community interested in space work, 
attention to the needs of the customer is not 
alone the responsibility of industry, but also of 
the educational and financial institutions and 
other elements of society. We are not consid­
ering here the kind of work begun by simply 
retooling and hiring large bodies of skilled 
labor. We are considering work that presup­
poses a high level of professional training 
among the personnel and the existence of ad­
vanced facilities and equipment. These are as­
sets requiring an appreciation and understand­
ing by the community not just by the companies 
that might be involved and this, in turn, re­
quires some long-term preparation. If you do 
not have the caliber of personnel and facilities 
at your command when a specific opportunity 
shows itself, it is already too late to take ad­
vantage of it. 

To press this point further, a company must 
recognize that it is not equipped for space work 
simply by virtue of manufacturing capacity. 
The ability to -produce hardware is, of course, 
essential to a prime contractor and to a space 
supplier at any level. The company must-not 
only do some manufacturing itself but must 
have experience in this work to give effective 
direction to subcontractors. However, space 
work does not involve large-scale production. 
Even more than modern-,da,.y defense contract­
ing, it is custom manufacture. Each program 
generally requires a fresh engineering approach 
and often new scientific knowledge. Research 
and development therefore represent the big­
gest part of space work. This program in turn, 
requires a much higher level of employee train­
ing, more flexible and imaginative management, 
and more informed corporate planning in order 
to make the best use of the firm's resources. 

Although this program presents a greater ad­
ministrative challenge, it has a certain advan­
tage to the new company or community enter­
ing the field. Noone region has a monopoly on 
the raw materials required. The basic re­
source needed for space work is not metal or 
fuel but knowledge. This commodity is easily 
transportable and knows no geographic bound­
aries. It is not toq much to say that 'any Ameri­
can community with an appreciation of the edu- . 
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cational requirements involved can participate 
in space work. 

Let us approach some of these points in more 
detail by considering space activity from the 
standpoint of the prime contractor. What does 
he need to compete successfully for a new pro­
gram and then to carry it out to the satisfaction 
of the government and the Nation ~ The an­
swer to this question will tell us a great deal not 
only about the prime contractor's business but 
also about the business of his subcontractors and 
suppliers and of a large part of the community. 

First, the prime contractor needs highly 
trained. and talented professional people. He 
acquires these in two ways:-by hiring them, 
and by training his own. For a long time 
North American has hired a new crop of top­
rated graduating engineers every year. Even 
in periods of dropping overall employment, 
this annual acquisition of young engineering 
talent does not drop sUbstantially. We want to 
assure that regardless of short-term conditions 
we' will always maintain the company's techni­
cal capability. In addition, we also take on 
many employees with graduate degrees, prin­
cipally to perform research work at various 
levels of application in physics, chemistry, 
mathematics, metallurgy, the life sciences, and 
other fields. Among North American's 36,000 
salaried and advanced technical people, there 
are more than 18,000 degrees, including 2,440 
master's degrees and 427' doctorates. 

To help provide this level of trained person­
nel, industry itself bears a clear responsibility. 
I am sure that North American's educational 
programs, including scholarships for students, 
direct financial support of specialized courses, 
and general grants to colleges and universities, 
are typical of the industry. 

At the same time the community itself, since 
it is concerned with its own economic well­
being, needs to have an appreciation of the 
problem and a willingness to act. This respon­
sibility touches all elements of the community­
the educational institutions, the state and local 
governments, and the taxpayers. In this cate­
gory the Midwest, with some excellent univer­
sities, is second to no section of th~ country. 

The other source of higher personnel skills 
is the contractor's own employees. North 
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American, for one, has adopted· several pro­
grams to improve the education or training of 
existing employees. The oldest and most com­
prehensive of theSe is the Educational Reim­
bursement Program, in which employees are 
compensated for two-thirds of the costs in 
taking courses designed to increase their skills. 
In 1962, more than 10,000 courses were com­
pleted by more than 7,000 applicants. We have 
recently instituted two additional education 
programs for graduate work, in which full tui­
tion and, in a number of cases, living expenses 
are given to candidates for advanced degrees. 
Although these programs are just getting under 
way, they are already covering 350 persons 
working on master's degrees and nearly 90 on 
doctorates. 

Nor is this upgrading of personnel confined 
to supervisory and technical people. Many of 
those in North American's Educational Reim­
bursement Program are hourly employees. In 
addition, we have conducted for a number of 
years a program to train blue-collar workers 
for higher positions. In 1961, nearly 24,000 em­
ployees were taking training under this 
program. 

In short, companies engaged in space work 
need personnel of improved training, and it goes 
without saying that the s·ame level of skills 
must be maintained at all subcontract levels. 
Achieving these educational levels is a prob­
lem for both the companies and the community. 

A second requirement is executive talent 
experienced in managing research and develop­
ment programs. Completion of a major space 
program is not only a question of scientific and 
engineering skill but also of managerial skill. 
An effort involving almost the whole range of 

technologies and thousands of suppliers at dif­
ferent levels of responsibility naturally calls 
for unusual coordination. Supervising the 
simultaneous design and development work 
being performed by many subcontractors, each 
responsible for a subsystem or component that 
must be integrated with those of other subcon­
tractors, requires teamwork and communica­
tions of the highest order. To complicate the 
problem still further, all effort must· be made 
within tight schedule and cost limits. These 
three factors-technical achievement, schedule, 



CONFERENCE ON SPACE-AGE PLANNING 

and cost-continually demand difficult de­
cisions. Many times a gain in one area neces­
sarily means a loss in another. Thus, a high 

. degree of managerial judgment is constantly 
required in order to develop a product that 
keeps faith with all of the original require­
ments. 

Managers capable of making these decisions 
and ordering these programs are essential to 
the successful space contractor. While such 
managers must be technically trained, the role 
is difficult for the professional man who has 
been schooled in engineering analysis. Hard 
facts are supposed to be the tools of his trade; 
but, as a program manager, he finds himself 
marshaling pieces of preliminary information, 
juggling several problems at once, compromis­
ing one requirement in favor of another, 
making decisions that are often based. on a 
broad fund of experience and judgment rather 
than on specific knowledge. 

The successful space contractor must devote 
conscious effort to seeking out and developing 
managers who can meet these many-sided re­
quirements. Failure in this quest can result in 
serious cost overruns, drastic schedule slippages, 
and other mishaps that reflect on the contrac­
tor's reliability. 

A third need of the prime contractor is for 
new facilities and equipment to match the tech­
nical scope of space programs. This, in turn, 
requires capital expenditure. Insofar as North 
American is concerned, such expenditures in­
creased from less than $6 million in 1953 to 
an estimated $43 million in 1963. In fact, dur­
ing the 4 years from 1959 to 1962 the company's 
capital expenditures were greater than in all 
its prior years. 

For many companies, such funds must be 
borrowed. This fact often means that lending 
institutions must have confidence not only in 
the financial stability of the borrowing com­
pany but also in the economic purpose of the 
facilities to be built. This is no real problem 
when one is constructing a factory to turn out 
products for a sure market. But in the case 
of research laboratories whose main function 
is to sharpen the company's scientific skills for 
the future, an appreciation does not come so 
easily. The financial community, no less than 
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the space contractor, needs to have a thorough 
understanding of the nature of space work, of 
the high engineering content of the products, 
and of the long-term requirement for research . 
Again, the active p.articipation of bankers in 
this space age conference demonstrates that 
Chicago's financial leadership is determined to 
strengthen its ties with the space business. 

A fourth and equally important need is for 
trustworthy subcontractors and suppliers. It 
may not be generally realized that in large 
programs such as the Apollo and the XB~70, 
a great part of the work is subcontracted. In 
the current XB-70 program, North American 
has 15 firf:jt-tier subcontractors, about 1,800 sec­
ond-tier subcontratcors in 36 states, and approx­
imately 12,000 suppliers at all levels. In North 
American's share of the Apollo program, there 
are 19 first-tier subcontractors, several thousand 
second-tier subcontractors in 40 states, and a 
total number of suppliers that is expected to 
exceed 20,000. Most of the companies in both 
programs are in the small business category, 
and have less than 500 employees. 

These subcontractors and suppliers are not 
chosen simply. on the strength of their own 
salesmanship. They are measured against the 
criteria for space contractors that have been 
discussed herein. The prime contractor en­
deavors to be every bit as conscientious in his 
selection of subcontractors as the government 
was in selecting the prime, and these same cri­
teria are enforced in all levels of the program. 
Although the exact sequence may vary, the 
source selection process is roughly as follows: 

(1) Deciding which items to make ourselves 
and which ones to procure from a subcontractor 
or supplier. In general, our policy is to procure 
as much as possible from other sources unless 
an item is one of our specialties or unless it 
could not be satisf.actorily procured elsewhere 
at reasonable cost. On a very large program 
such as the XB-70 or Apollo, we will even 
subcontract some of the structural surfaces 

(2) Making up a list of qualified bidders for 
each subsystem and major 'assembly, after ex­
haustive investigation of their technical, man­
agerial, and financial strength, 'and their past 
record of program perform,ance. This investi-
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gation includes inspections of plant facilities 
throughout the country 

(3) Holding bidders' conferences for each 
subsystem, in which the technical and schedule 
requirements are explained to enable bidders 
to make realistic proposals 

( 4) Considering the proposals made on each 
of the subsystems from the standpoint of cost, 
design, managerial plan, and technical grasp 
of the requirements 

(5) Selecting the subcontractors, with the 
concurrence of NASA or the appropriate cus­
tomer, and negotiating the contracts. 
, Of all these criteria, the most important one 

at any level of participation is the ability to 
offer original answers to difficult technical 
questions. Sometimes the very fewsibility ofa 
weapon system or space system springs from a 
key development by one subcontractor. At still 
other contracting levels there are sometimes 
requirements that only one 'Supplier can fulfill. 

In the fuel cell used for auxiliary power in 
the Apollo spacecraft, there is 'a need for metal 
foil 0.004-inch thick. This foil must be welded 
at the edges, and the ability to weld it is prac­
tically unique with one second-tier subcontrac­
tor. Because of such a specialized capability, 
this particular company participates not only in 
the Apollo program, but in some 14 missile and 
rocket programs and 24 satellite and spacecraft 
programs. 

In the beacon antenna of the spacecraft, there 
is a requirement for very small electronic cir­
cuits printed on a surface in geometric shapes. 
There is only one firm capable of supplying the 
type of printing needed ,and, of course, this firm 
received the contract. 

It is significant that such indispensability is 
not confined to large organizations. Both of 
the companies cited are in the category of small 
business; one has about 300 employees and the 
other about 50. 

One of the most important factors in such 
technical superiority is reliability. In many 
space programs-certainly in the Apollo pro­
gram-we 'are dealing with vehicles that must 
perform as planned the first time they are used 
and in an environment that may be largely out­
side our previous experience. They are carry-
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ing human beings whose value, in our society, is 
infinite. Every element in the system-from 
major assemblies to the smallest part-must be 
counted on to function absolutely as intended. 

Such requirements have given an entirely 
new definition to reliability. We have, in effect, 
refined the measure of reliability from a ques­
tion of judgment, which is subject to human 
error, to a question of mathematics. We have 
adopted reliability standards and procedures 
for ourselves and our suppliers that require a 
major administrative effort to enforce. Qual­
ity-control personnel work with the manu­
facturing personnel to assure that conditions 
and standards are met at each step of the way. 
After they 'are manufactured, some components 
are tested and retested so many times that it 
costs more to inspect them than to build them. 

The task of achieving and maintaining such 
reliability standards throughout a subcontract 
structure involving thousands of companies is 
immense. We very naturally seek out those 
companies that can exhibit procoouresand fa­
cilities for such reliability or those who have 
a record of achieving high reliability on other 
programs and a willingness to adopt the stand­
ards that we demand. 

I wish to emphasize that participation in 
space work is not through some secret formula 
but through the same qualities of dedication 
and application that make for excellence in any 
endeavor. There isa tendency among many to 
believe that because space programs are so mas­
sive and are sponsored by the government, there 
is no place for the newcomer. On the contrary, 
new companies are continually entering the de­
fense and space business. North American has 
in the past gone out of its way to encourage 
a reliable, firm to go into some field that we 
believe needs a higher grade of competition. 
We have also made it a point to upgrade the 
products of 'suppliers by spon~oring quality con­
trol or reliability programs, technical con­
ferences, and other services. 

In brief, there is not only room but also a 
continual need for reliable and creative sup­
pliers at every level-suppliers who can make 
something better than others and who can be 
counted on to do what they say they will do. 

In fact, you will notice that all of the needs 



CONFERENCE ON SPACE-AGE PLANNING 

of the prime contractor that have been cited ap­
ply as well to the other tiers of activity in space 
programs. Most of them are within the control 
of the contractor himself. Some others can be 
enhanced with support from the community. 
Most important, both contractor and commu­
nity should be a ware that admission to space 
work is not won by some mysterious process 
or gimmick but by genuine ability. Whether at 
the prime or subcontractor level, the space par-
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ticipant must be concerned, not with appear· 
ances, but with substance. Scientific and tech­
nical proficiency, financial strength, organiza­
tional efficiency, business integrity-these are 
the qualifications for space work. To achieve 
these qualities, the contractor must approach 
the national 'space effort not so much in terms 
of a body of business open for competition but 
in terms of what the contractor can genuinely 
contribute to its success. . 
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The question is orten asked in today's busi­
ness world, "How do you get into the space 
business?" Businessmen who are not part of 
the national space effort wonder whether the 
space business is different from commercial and 
industrial activity. They wonder whether 
there is a place in space for their company. It 
is only natural for businesses throughout the 
country to want to share in the new, large 
market that space has opened up. Since only a 
few, very large companies fit the role of prime 
contractor, there is broad industry interest in 
the role of the subcontractor. 

A contractor, by definition, is one who con­
tracts to perform work or to supply articles at a 
certain price or rate. In this space age, how­
ever, there is no single contractor, no Govern­
ment agency, that has all the capabilities neces­
sary to handle alone a major space project such 
as Apollo~ We are a nation of specialists who 
will overcome the problems and complexities of 
space travel by working together and pooling 
and applying our skills in concert to accomplish 
the space mission. Why is it, then, that some 
companies have round an important and con­
tinuing role as a space contractor while others 
with apparently SImilar skills fail to qualify as 
space-age contractors? There are certainly 
great needs. We need better sensors; better 
computers; better metal alloys; better sources 
of power; better knowledge of extreme heat, 
cold, vacuum, and pressure; better solutions 
and communications; better navigation, and so 
forth. 
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These problems, and thousands more, require 
solutions-and the key and common denomina­
tor in the space business is the capability to find 
new and better'solutions to space problems and 
requirements through advanced technology and 
management of scientific resources. 

The subcontractor's role is not simply the 
production of known parts and devices on 
schedule; it is, rather, having the capability to 
use specialized knowledge and inventiveness to­
ward the solution of a problem, and then cre­
ating new designs of hardware to perform a 
special function in an extreme and unusual en­
vironment. This holds true whether a subcon­
tractor supplies components, simple apparatus, 
complex subsystems, complete systems, or pure 
knowledge. To illustrate this point, two hypo­
thetical companies will be described. Com­
pany A makes bolts; its catalogs list thousands 
of different kinds of bolts. The company 
thinks of itself as a bolt maker. As far as a 
role in space is concerned, the outlook of the 
company officers is that they wish some or their 
bolts could be used in space vehicles. They 
cannot answer how. Company B also makes 
bolts and in many respects is outwardly like 
Company A, but there is a big difference. Com­
pany B thinks of itself as an expert in the tech­
nology of fastening things together. It is con­
tinuing research in the use of clips, rivets, resins, 
and welding as a means of fastening. The atti­
tude of Company B toward space is that it has 
the capability to understand a requirement and 
its mechanization so that the resulting peculiar 
fastening problems can be understood and be 
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validly and flexibly solved. There is no doubt 
that a company like "B" will eventually become 
active in space work, while Company A will 
not and will probably wonder why. 

Minneapolis-Honeywell is also a good illus­
tration of this point. It is a world leader in 
automatic heating controls. The achievement 
of this position was not because of its first in­
vention of a furnace control or the fact that it is 
the largest manufacturer of thermostats; its 
leadership is the result of the application of ad­
vanced technology to the design of controls that 
will give the human being the greatest comfort. 
Thus, research begins with the determination of 
what constitutes comfort for a normal human 
being and what are the problems of maintain­
ing a comfortable, trouble-free environment. 

The lesson we have learned is this: Successful 
fulfillment of a subcontractor's role requires an 
understanding. of advanced technology and 
. dedication to solving the problems and require­
ments of this technology, rather than simply 
manufacturing and selling hardware. Project 
Apollo is a prime example of how this philos­
ophy works for Honeywell. We are develop­
ing a flight control arid stabilization system for 
the Apollo command module under contract to 
North American Aviation. Since no one has 
ever traveled to the moon before, you can appre­
ciate the unknowns and the problems that re­
quire solution within certain broad guidelines 
while working continually, side by side, with the 
technical people at North American. It is our 
responsibility to find the best solution for pro­
ducing equipment to do the job within the 
allotted time. Producing the equipment is the 
final step and, in a sense, one of the easier ones. 
More difficult is determining what should be 
produced. There is, for instance, the fact that 
human astronauts are an integral part of the 
control system; therefore, we need to know a 
great deal about this human component. 

We are already a ware that he represents the 
most compact, high-powered, precision com­
puter-actuator ever developed. But how do we 
get the most out of him? What displays are 
necessary on the control panel? What color 
should they be and how large? Shall we oper­
ate them with knobs, switches, or buttons? 

We need to find out how far he can reach, 
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how much endurance he has, and what jobs he 
can do better than machinery. We also need 
to know whether our control system components 
will affect the atmosphere he has to breathe or 
whether it's the other way around. 

This opens still another avenue of research­
the materials our system· should be constructed 
from. Some adhesives and plastics give off 
noxious gases in the Apollo command module 
atmosphere, and these must be found and 
discarded. 

It is not at all the way it used to be. In the 
past, an airplane was designed first and then 
flight controls were designed to accommodate 
its performance characteristics. There were 
many test flights to iron out bugs before produc­
tion of flight controls ever began. But there 
will be no "test flights" to the moon and back. 
Critical systems are going to have to work right 
the first time. 

To achieve this goal of perfection, extensive 
laboratory assurance testing and performance 
simulations of the various elements of Apollo 
are being carried out at all levels. Some ideas 
will be found to work; others will be found lack­
ing and new approaches will be tried. 

Remember, also, that the system being de­
veloped at Honeywell must be compatible with 
dozens of other systems. The fuel supply, elec­
trical supply, computers, radar, navigation­
all of these and more interact with the flight 
controls.· Design changes from the laboratories 
of the National Aeronautics and Space Admin­
istration, North American, M.I.T., or elsewhere 
will in turn influence the design process taking 
place at Honeywell. Subcontractor flexibility 
is a basic premise to the success of our effort to 
get a man on the moon. Such flexibility usually 
comes from experience. 

Our experience in developing flight controls 
for generations of advanced aircraft, followed 
by guidance systems for unmanned satellities, 
was evidence that we could solve the problem of 
attitude stabilization and control for the Mer­
cury spacecraft. 

Our Mercury experience was directly appli­
cable to Gemini, for which we are now devel­
oping the attitude control and maneuver 
electronics and guidance system. At the same 
time, two other programs contributed to Honey-
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well's overall body of knowledge in spacecraft 
control: the X-15, for which we developed an 
advanced concept in flight control, and the X-20 
Dyna-Soar space glider, for which we, are de­
vel oping both flight control and guidance 
systems. 

All of these efforts helped prepare us for the 
challenge of Apollo. A few brief examples may 
help to illustrate some of the interrelationships 
of these programs. 

Traditionally, directional control for flying 
vehicles has been accomplished through foot 
pedals operated by the pilot. Since foot pedals 
are heavy and cumbersome, we sought to elimi­
nate them in Apollo. Our past experience in 
developing what is known as a "side-stick con­
troller" for the X-15 led us to believe that side­
stick control might also be perfected for Apollo. 
We subsequently were able to establish through 
studies with test pilots the feasibility of doing 
away with foot pedals. Our experience was 
transmitted to McDonnell, the Gemini prime 
contractor, and foot pedals were also eliminated 
on Gemini, with a great saving in weight. 

The Apollo flight control system must be able 
to accept commands from either the pilots or 
the inertial guidance system. A knowledge of 
inertial guidance is therefore imperative in the 
development of flight controls. Since we are. 
developing inertial guidance systems for both 
Gemini and X-20, as well as a number of un­
manned missiles, a wealth of problem-solving 
capability is available to our Apollo people. 

Of course, these pieces of information don't 
simply spring into being. But by advancing 
key personnel through a variety of related pro­
grams, the knowledge necessary to solve inter­
related problems is spread through the com­
pany. Honeywell has been tailored, you might 
say, to take maximum advantage of "cross-pol­
lenization of experience." 

The savings in time and money achieved 
through elimination of duplication of effort and 
invention: have been significant. This is espe­
cially important in a program as complex as 
Apollo, a program which depends for its suc­
cess on maximum utilization of the nation's 
scientific resources. 

There is, in our Apollo design group and 
among the designers and engineers of other sub-
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contractors, a continual accordianlike flexing of 
technology. Concurrently, we are conducting 
applied research, preliminary development, de­
sign, prototype :fabrication, testing, and produc­
tion. If you visualize each of these phases as 
a pleat in an accordian, you can appreciate what 
happens as the phenomenon of change con­
stantly occurs. A breakthrough in develop­
ment at NASA or North American or Honey­
well causes a compression of time in each of the 
succeeding phases. 

It is a far cry indeed from the concept of a 
subcontractor as a manufacturer who works to 
narrow specifications provided by the prime 
contractor, as if a product or device could be 
furnished from a catalog. It is a concept in 
which a subcontractor is selected because he pos­
sesses areas of problem-solving capability, a 
pool of skill, and the demonstrated capability 
to use it. 

The space business is not a place for a com­
pany not willing to take chances-to inno­
vate and invent. It is not a business where you 
can count on long production runs on a perfected 
product. The subcontractors who succeeded on 
Project Mercury are not thus assured a place 
on Gemini or Apollo unless they have some­
thing better to offer. The programs grow ever 
more advanced and so must the products and 
services offered by potential subcontractors. 

Honeywell, in its 77-year history, has gone 
through a continuing metamorphosis that has 
led to participation in space across a broad 
front. It has existed in three eras, the first 
when it invented and produced the first auto­
matic heating control devices. During the sec­
ond era, it broadened its research and produc­
tion to cover the entire automatic control field 
with products ranging from tiny switches to 
giant computers. The third and present era 
includes all the elements of the previous two 
plus many areas that don't fit neatly into 
categories. 

We think of the Honeywell of today as a 
broadly based, diversified company developing 
and producing solutions-in analysis, and then 
in hardware-based on advanced technology. 

We believe that this philosophy must extend 
to all levels of subcontracting. While North 
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American has called on Honeywell to utilize its 
experience to develop a flight control system for 
Apollo, Honeywell in turn must call upon com­
ponent and parts suppliers. 

In choosing such suppliers, the yardstick ap­
plied is every bit as unyielding as it is at the 
highest levels of the program. Companies that 
become successful on subcontracts even at the 
component level will be companies active in re­
search, skilled in the direction of research and 
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development effort-able to work by plan and 
within cost limitations, and able to meet· the 
challenge of long-term reliability. 

The level of sophistication required of all sub­
contractors today is a direct reflection of the 
complex nature of this nation's goals in space. 
Just as science must reach new high levels of 
accomplishment in the space age, so must indus­
trial management reach new levels in applica­
tion of advanced technology. 
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In an artiCle on Project ApoHo published in 
Busitne88 Week last fall, the magazine estimated 
that 20,000 companies 'and at least 150,000 
people would become involved in this national 
undertaking. The welding together of the 
effort of so many to achieve a single goal in a 
limited span of time presents in itself many 
problems of organiza:tion and management. In 
addition, the project is characterized by the 
complexity and difficulty of the technology 
whioh must be employed if success is to be 
realized. The necessity to utilize complex 
technology imposes a requirement for sophisti­
cated technical man'agement. :Systems engi­
neering is a' management toot created specifi­
cally to improve the technical management of 
large development progr-aJlls. Its function is 
to provide the manager with organized techni­
cal information which results from, first, plan­
ning studies and, second, other studies which 
amount to a continuous review of the program. 
This kind of info:tmation is necessary for the 
manager ,adequately to control and direct the 
project. 

In the remainder of this p'aper, the systems 
engine.ering organization within the Apollo 
project is described and, by seleoted examples, 
the nature of the systems engineering function 
is clarified. In the process of doing this, BeH­
comm, Inc., a contractor of NASA, will be fitted 
into the framework. 
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ORGANIZATIONAL RELATIONSHIPS AND 
RESPONSIBILITIES 

Systems ,engineering is in the Offioo of 
Manned Space Flight in NASA, which has a 
director and two deputy directors, .one of whom 
is responsible fQr certain program matters 
directly related to the NASA Centers. The 
other, as Deputy for Systems, has the .overall 
systems engineering responsibility. Bell­
comm's role as a contractQr is to SUPPQrt this 
systems .organization. Hence we must, of course, 
work closely with NASA. 

In discussing systems engineering, it seems 
quite natural to me, an individual from the Bell 
System, to follow the thQughts .of Mervin J. 
Kelly, a former president and chairman of the 
board of ::BeH Telephone Lab.oratories. Dr. 
Kelly pioneered the establishment .of systems 
engineering in this country when he clarified 
its function and set it up as an operating tech­
nical organization within Bell Laboratories. 
By the way, the name "systems engineering" 
first came into use at that institution around 
1948 and has since become quite generally 
accepted. Many of the thoughts that follow 
originated with Dr .. Kelly. 

To place systems engineering in its proper 
context in any large project like Apollo, it is 
helpful to recognize in broad terms what such 
a project is. It can be described as an endeavor 
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to convert some new technology along with 
some old, better understood technology into 
manufactured hardware. This hardware, with 
human control and operation, is intended to 
perform a desired function. In the present case 
the function, or mission, is landing men on the 
lunar surface and retuming them safely. 
Now, .' the new technology originates from 
applied research and the hardware results from 
a manufacturing operation. Between the 
a,pplied research, which uncovers new and 
potentially useful technology, and the terminal 
operation of manufacture of hardware embody­
ing the new technology, there are some recog­
nizable steps. These intermediate steps may 
be called development, design, and engineering 
for manufacture. These steps, plus that of 
manufacture, are currently being implemented 
in Project Apollo. 

In an orderly foresighted program, systems 
engineering has the responsibility of rec­
ommending to management new system de­
velopment programs that should be undertaken. 
This recommendation includes a description of 
the new system, a definition of its operational, 
technical, and economic objectives and an out­
line of the broad technical plan to be followed 
in the successive stages of development leading 
to manufacture and actual operation. Thus 
specific development and design of new systems, 
two of the intermediate steps, can be carefully 
programed in conformity with the plan estab­
lished by systems engineering studies. These 
studies are concerned, for example, with the 
technological feasibility of a new system-is 
the technology available? The planning studies 
also enquire as to the compatibility of the sys­
tem with its expected environment and, further, 
seek to optimize the system by considering the 
various conflicting requirements placed upon 
it. In short, one of the principal responsibili­
ties and manifestations of systems engineering 
is thorough technical planning. 

As the development step proceeds, systems 
engineering has ~ continuing function of db­
jec;tive appraisal and review. In this capacity 
it 'acts as a control on the program and also pro­
vides a check"and-balan~e effect. It carries out 
these functions in several ways. By maintain­
ing close oontact with development progress 
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and plans, it can appraise development deci­
sions 'and results and amend the system plans as 
required. In cases in which development de­
cisions must, of necessity, be made on the basis 
of incomplete or inadequate data, system engi­
neering can carry out studies in depth which 
test the validity of the decision in terms of sys­
tems performance. Such analysis ferrets out 
those decisions which won't stand up and veri­
fies those !that will. In this way, confidence in 
the outcome of the development is maintained. 

This monitoring of the program is continued 
into the final struges by the participation of 
systems engineering in the preparation of the 
overall system teg/; plans and the evaluation of 
the tests. From the test· results it is possible to 
discern how adequately the new system will 
meet i!ts estahlished goals. 

The functions and responsibilities of systems 
engineering for Apollo fall into the broad 
framework I have just described. This is indi­
cated by the :following responsibilities: 

(1) D~finition of the overall system re­
quirements (including nominal mission 
capability) 

(2) Definition of the nominal mission profile 
(3) Development of the primary Apollo 

system specification 
( 4) Definition of the overall system test plan 
( 5) Definition of the overall reliability and 

quality control program 
With this listing of some of the responsrbili­

ties of systems engineering in Apollo, one major 
function that it does not have should be empha­
sized. Systems engineering, 'as a staff function, 
does not have "line" responsibility for hard­
ware development. This function resides in the 
Centers and their tiers of contractors. 

THE ROLE OF BELLCOMM, INC. 

Bellcomm was formed barely one year ago in 
response to a request from James E.Webb, 
the NASA Administrator, to the top officials 
of the American Telephone and Telegraph Co. 

to assist NASA ... by providing an organization of 
experienced men capable of giving the responsible 
NASA officials the benefit of the most advanced ana­
lytical procedures and the factual basis they need to 
make the wide range of system engineering decisions 
required for the successful execution of the manned 
space flight mission .... such arrangement can in no 
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way impair NASA's direct responsibility for all deci­
sions in the planning, engineering, and procurement 
areas. There will be no delegation of such responsi­
bility to a nongovernment organization. What we are 
seeking is not a means of diluting the responsibility or 
authority of NASA's appropriate officials, but rather 
the most skilled and experienced assistance available 
to enllJble us to exercise that responsibility and authority 
in the most effective manner. 

At present Bellcomm has a staff of about 100 
technical people, about two-thirds of whom are 
from the Bell System, primarily from Bell 
Telephone Laboratories. Bellcomm is a sep­
arate Bell System Company with, at present, 
a single assignment-to assist NASA. The 
statement of work in the contract requires us 
"to perform studies, technical fact finding and 
evaluation, analytical investigations, consulting 
effort, and related professional activities in sup­
port of manned space flight and related pro­
grams of NASA." 

Of the many studies currently being carried 
out in the systems engineering area, perhaps 
none illustrates the broad nature of the activity 
better than the overall or primary Apollo sys­
tem specification. The nature of this document 
and its place in the program can, perhaps, be 
conveyed by a statement of its purpose. The 
purpose of this specification is (1) to define 
the objectives for the Apollo system and its 
major subsystems; (2) to define the technical 
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approach to be used to accomplish these ob­
jectives; (3) to establish system and critical 
subsystem performance requirements necessary 
for the Apollo system to meet its objectives; 
and (4) to establish a uniform set of system 
design data. The specification, prepared by the 
Office of Manned Space Flight and Bellcomm, 
reflects the combined thinking and judgment of 
the appropriate NASA Centers, as well as the 
Office of Manned Space Flight. 

In addition to studies directly concerned with 
the manned space program, our systems engi­
neering team has looked at part of the NASA 
unmanned program, the Ranger and Surveyor 
programs, in cooperation with the NASA Office 
of Space Sciences. The objective here has been 
to ensure that, in the national interest, the un­
manned program t9 the greatest degree possible 
supports and supplies useful information to the 
Apollo project. Thus we find systems engi­
neering concerned with interrelationships be­
tween projects just as it more often is concerned 
with relationships within a project. 

In conclusion, it is desirable to emphasize 
the necessity for an organized "systems engi­
neering" approach to our modern, highly tech­
nical developments. The penalties for not fully 
utilizing this management tool can be extremely 
severe. 
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As a background for the discussion of the 
management and procurement practices of the 
Marshall Space Flight Center it may be help­
ful to give a thumbrrail sketch of the Center 
itself, and its role in the development of the 
Saturn vehicles for Project Apollo. 

The Marshall Space Flight Center (fig. 26-1) 
was formed in 1960 by the transfer from the 

FIGURE 26-1.-Redston~ Arsenal, Huntsville Area. 

U.S. Army to NASA of about 4,400 Civil Serv­
ice employees and an integrated complex of 
engineering, laboratory, fabrication, and test 
facilities then valued at $100 million. Our 
employees now number about 7,000, and our 
facilities have been enlarged through additions 
and new construction. 

Marshall's civil service personnel include 
many with experience in rocketry stretching 
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back over the past two decades. Figure 26-2 
shows the broad categories of employees. 

The Marshall Center (aerial view shown in 
fig. 26-3) has the facilities and personnel for 
conducting a rocket program all the way from 
conception through design, development, fabri­
cation, and testing-with the aid of major con­
tributions from contractors. Our in-house tech­
nical competence is concentrated in nine major 
divisions, which are not project oriented, but 
are alined along the lines of professional disci­
plines such as mechanical engineering, electron­
ics, flight mechanics, and the like. Division 
personnel participate in active projects, future 
project studies, and supporting research. They 
keep their knowledge up to date and judgment 
sharp by keeping their hands dirty at the work 
bench on in-house projects selected specifically 
for using and nurturin<T their competence. 

FIGURE 26-2.-:\1SFC manpower; Civil Service distribu­
tion. 

Preceding page blank 
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FIGURE 26-3.-Aerial view of Marshall Space Flight 
Center. 

Prototype stages of rockets are fabricaJted in 
our Manufacturing Engineering Division for 
research and development testing. Figure 26-4, 
which was made in January 1963, shows the 
fabrication of three first-stage boosters (S-I) 
of the Saturn I vehicle. The fourth booster, 
in the' right background, was flight tested at 
Cape Canavera.l March 28. This was the fourth 
straight success in the Saturn I flight testing 
program. It again demonstrated the soundness 
of the engineering design in clustering eight 
engines, and paid further tribute to the pain­
staking efforts of our people to obtain the max­
imum in quality assurance and reliability in 
manufacture, inspection, testing, and launching. 

Two or three static firings are conducted on 
all stages fabricated at the Marshall Center 

FIGUl~E 26-4.-Fabricatiol1 of S-1 boosters of Saturn 1. 
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before they are taken by barge to the Cape for 
flight tests. The test stand shown in figure 26-5 
is part of a complex that includes a dynamic 
test stand for checking out an entire Saturn I 
vehicle, a highly instrumented blockhouse, .and 
facilities for component and engine testing. 

An erutirely new test complex is under con­
struction for the larger Saturn V / Apollo 
launch vehicle. 

The primary task of the Marshall Center for 
the next few years is to provide Saturn launch 
vehicles to support Project Apollo. (See fig. 
26-6.) The Saturn I will test the Command 

FIGURE 26-5.-Test tand for Saturn I booster . 

and Service Modules of the Apollo Spacecraft 
in Earth orbit. The Block I vehicles include 
the first four Saturn I's which have already 
been launched, with only the first stage live. 
The next Saturn I launch, scheduled for later 
this year, will flight test the first of the Block 
II vehicles, with both stages live. The Sruturn 
IB "vill test the entire Apollo spacecraft, includ­
ing the Lunar Excursion Module, in Earth 
orbit. The Saturn V, which can place 120 tons 
into Earth orbit, or boost 45 tons to escape veloc­
ity, will lift the three-man Apollo spacecraft 
to the Moon. 

Our second category of assigrunents includes 
research related to launch vehicle development. 
In a third area we perform advanced system 
studies for space transportation concepts in the 
future. The Martian Electric Spaceship is an 
example of this type of study. Firrure 26-7 
sho"-s an artist's concept of a 360-ton spaceship, 
po,Yered by a 40-megawatt nuClear-electric 
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po,,-er plant, which could be used for carrying 
a crew from an Earth orbit to a Mars orbit. 

The future Projects Office at Marshall is the 
focal point for coordinating all contraot studies 
and in-house efforts related to future space 
t.ransportation systems. It charts the course 
for our future, analyzing and appraising the 

many ideas for better space transportation 
advanced by outside sources or members of our 
own Center. Many of its studies must view 
launch vehicle-spacecraft systems as units. 
(See fig. 26-8.) For only after the entire mis­
sion profile has been studied, can an intelligent 
demarcation line between Earth launch vehicle, 

FIGURE 26-6.-Saturn vehicles . 

FIGURE 26-7.- Collcept of )Iartian electric spaceship. 
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deep space propulsion system, and spacecraft 
proper be drawn. In our studies we seek to es­
tablish the relationship between the state-of-the­
art, performance, schedule, cost, and probability 
of mission accomplishment and growth poten­
tial. Study results are fed into the NASA Long 
Range Plan, which is updated every year. Such 
an up-to-date appraisal of future possibilities 
will permit top NASA management to make 
sound program decisions. 

The Marshall Center's civil service person­
nel have been distribu.ted according to their 
direct or indirect support of programs shown in 
figure 26-9. More than 85 percent of our Mar­
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FIGURE 26-9.-MSFC manpower; Civil Service di -
tribution by program, fiscal year 1963. 

shall effort goes to support the Office of Manned 
Space Flight. TIus figure also shows that 
almost 80 percent of our employees are support­
ing the three Saturn launch vehicle programs. 
Although these people possess a wide variety 
of talents and have years of specialized experi­
ence in rocketry, we do not claim to be able to 
carry the ball alone. 

,Vhen our personnel "-ere transferred to 
NASA to form the Marshall Center, we natu­
rally left the Redstone, Jupiter, and Pershing 
"eapon system projects with the Army. Since 
,,-e "-ere then working primarily on the aturn 
I launch vehicle project, our in-house effort in 
fiscal year 1961 comprised 19 percent of our 
total budget. ( ee fig. 26-10.) Our own efforts 
haye increa ed steadily since that time because 
of the additional tasks o-i\'en us. But our total 
effort has taken such great jumps each fiscal 
year that our in-house operations represent a 
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FIGURE 26-1O.-MSFC contractors-distribution of 
MSFC funds. 

decreasing percentage of our total budget­
only 8 percent in the proposed FY 1964: budget. 

In addition to expanding our facilities at 
Huntsyille, we have acquired the 40-acre Mi­
choud Plant in New Orleans (fig. 26-11) for 
the assembly of vehicle stfliges and have started 
construction on a nearby site in Mississippi for 
static testing units fabricated at Michoud and 
by contractors on the west coast. These govern­
ment-owned facilities " 'ill be operated by 
contractors. 

One of the reasons for selecting the present 
method of operation at Michoud and at the 
Mississippi test site was the deliberate intention 
of keeping competition open within industry 
for contracts to build future stages. We did 
not believe that the government should con­
struct major, unique, and expensive fabrication 
or testino- facilities at a contractor location if 
doing so might later present a disadvantage to 
other ources in the competitive selection 
process. 

Each stage of a launch vehicle is a complex 
ystem of its own, with propulsion, structure, 

FIGURE 26-11.-MSFC Michoud plant. 
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electrical network, and controls. Figure 26-12 
sho'''s the prime contractors and the major sub­
contractors for the Saturn I . 

We will build eight S-I stages for the Saturn 
I at Marshall. The Chrysler Corp. as prime 
contractor ~s under contract to produce twenty­
one S-I stages at Michoud and may ultimately 
produce many more. The second stage is being 
developed by Douglas at Santa Monica, Cali­
fornia. Mason-Rust, Inc., is our operating 
services contractor at Michoud. 

The first-stage booster (S-IC) for Saturn V 
is being designed jointly by the Marshall Cen­
ter and The Boeing Company. (See fig. 26-13.) 
:Marshall ,,·ill build three -Ie stages for 
ground tests, as ,yell as the first Right booster. 
Boeing is presently under contract to produce 
ten S-IC flight stages a:t Michoud. The second 
stage (S-II) is being developed by North 
American Aviation, Inc., at Downey and Seal 
Beach, California. S-II stages wjll be brought 

by slYi p through the Panama Canal to Missis­
sippi for static firing. The third stage 
(S-IVB) comes from Douglas Aircraft Corp. 
It will be designed, developed, and manufac­
tured at Santa Monica, California, and static 
fired at Sacramento. 

A survey made at the Marshall Center in 
February 1963 among the stage and engine con­
tractors in the Saturn vehicle programs showed 
that small business firms received more than 
50 percent of the dollars subcontracted by our 
prime contractors. (See table 26-r. ) We are 
vitally interested in the selection of subcontrac­
tors, for the sake of our reliability program. 
We try to encourage our prime contractors to 
use only those subcontractors and vendors who 
have demonstrated their competence through 
the production of equipment that has been 
certified and man-rated. In this area there 
must be a delicate balance between sole-source 
restrictions that seek to extend competition, and 

FIGURE 26-12.-Saturn I contractor. 
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FIGURE 26-13.-Saturn v contractors. 

the reliability attainable through procurement 
from a contractor who has clearly outstanding 
abilities in a specialized area. Some companies 
have acquired unique technical experience, fa­
cilities, and equipment that would cost hun­
dreds of millions of dollars to duplicate. 

The Saturn Systems Office (fig. 26-14) exer­
cises project management at the Marshall 
Center for the Saturn vehicles. Project man­
agement could be defined as the direction of the 
efforts of many diverse and highly specialized 
organizations into a single coordinated pro-

TABLE 26- I.-Small Business Firms in Saturn Program 

Su bcontracts, Percent to 
Contractor Stage or Engine Period total dollars, small 

millions business 

ChrysleL __________ 8-1. _________ __ June 1962 to February 1963 _____ __ __ . 12.0 60. 2 
Boeing ____________ S-IC ____ ____ ___ August to December 1962 ___ ____ ____ 6. 8 25. 5 
X AAjS & ID ______ S-II ________ ___ January 1962 to January 1963 _____ __ 8. 2 32. 0 
Douglas ___________ S- IV ___________ January 1961 to January 1963 _______ H. 8 55. 0 
Douglas ___________ S-IVB _________ January 1961 to January 1963 ______ _ 7. 2 0 
Pratt & Whitney ___ RL-lO _________ January to December 1962 _____ _____ 20. 4 61. 7 
N AA /Rocketdyn e __ H-1 , J - 2, F- L _ Jan uary to December 1962 __________ 77. 6 61. 8 
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ADMINISTRATION t----

DIRECTOR 
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FIGURE 26-14.-Saturn Systems Office. 

gram to produce a single end objective. The 
project manager must work by a carefully 
planned schedule that ties each .step of his pro­
gram together in time and space. He directs, 
coordinates, programs, and budgets his avail­
able resources to achieve a single aim. His 
project, an entity within itself, must merge wi th 
the projects of other managets to complete the 
overall program, Project Apollo. 

Since the Saturn Systems Office is basically 
a technical project management operation, it is 
staffed largely with technical personnel. They 
are supported as necessary by administrative, 
budgetary, and proaraming personnel from 
other staff offices, and receive technical assist­
ance from the personnel in Marshall's nine 
operating divisions. 

The Marshall Center retains technical direc­
tion for all of its research and development 
contracts (fig. 26-15), including those placed 
and administered by other government agencies. 
To insure daily personal contacts and to pro­
vide a sure, clear line of communication, the 
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FIGURE 26-15.-Project management-MSFC offices in 
contractor-operated plants. 

Saturn Office locates resident managers in the 
plants of each prime contractor. 

Resident managers are uppol'ted by on-site 
staffs of technical, adm.injstrative, and con­
tractual per onne!. The size of the taff varies 
from a handful of spe<.'ialist in some offices, to 
about 175 curently assigned to Michoud Opera­
tions in New Orleans. Through daily personal 
contacts at the contra.ctor's plant, the resident 
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manager can provid~ rapid direction to resolve 
problems, and may even spot and resolve 
potent ial prablems before they become stum­
bling blocks. If t he resident manager finds a 
problem beyond the scope of his staff, he returns 
it to the Saturn Systems Office. This office can 
draw on the technical knowledge of our nine 
in-house divisions. The solution is returned to 
the contractor through the resident manager's 
office. 

The Saturn Office brings project direction and 
hardware development togetJher. (See table 
26-II.) It is the only office shown in the table 
with responsibility for both. The offices on the 
two levels above the Saturn Office have responsi­
bility for project direction and review only; 
whereas, the levels below this office are responsi­
ble for produoing the actual hardware. 

The nationwide primary field operations of 
the Saturn Office are divided into three cate-

TABLE 26-II.-Saturn Project Management 

Level Program System Stages Missions 

Director, OMSF Policy & Review 
Director, MS.FC Rp- view & Direction' 
Direct or, SS0 Planning & Execution Integration Management Integration 
Working Groups Techllical support 
Line Activities Planning, Design, Fabrication, & 

Contractors 

gories ; stage development and production, 
testing, and launch. (See fig. 26-16.) For ex­
ample, S-II stages for the Saturn V will be 
developed and produced by North American 
Aviation, Inc., at Downey and Seal Beach, 
California. North American will accomplish 
researoh and development testing in its own 
facilities at Santa Susana, California, and ac­
ceptance testing at NASA's Mississippi Test 
Operations. The joint effort of both NASA 
and contractor personnel will be required when 

SATURN SYSTEMS OffiCI 
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FIGU RE 26-16.-Satum primary field operations. 

Assembly, Test, Launch 
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I Design , Fabrication, & 
Assembly, Test, Launch 

the stage is launched as part of a composite 
vehicle at Cape Canaveral. 

Contact with contractors is maintained 
through two major channels-one for technical 
information, t.he other for contractual changes. 
(See fig. 26-17.) both channels originate and 
end 'at common points, however: the Saturn 
Office and the Resident Manager's Office at the 
contractor's plant. 

If the solution to a technical problem requires 
contractual changes, the necessary negotiations 
are handled through the contracting officer in 

Tedlnitll 
Dirtttion ... 

t ........................ . 

co 

CMh"Ktor 

FIGURE 26-17.- Contractor management plan . 
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the Saturn Office and the contracting officer on 
the resident manager's staff. The resident con­
tracting officer continuously monitors contr ac­
tual performance and naturally reports directly 
to the resident manager. (See fig. 26-18.) 

PROGRAM/CONTRACT STATUS REPORTS 

• ai -WEEKLY PERT NARRATIVE REPORT 
• MONTHLY PROGRESS REPORT 
• QUARTERlY PROGRESS REPORT 
• ANNUAL PROGRESS REPORT 
• fiNAL PROGRAM REPORT (ONE TIME) 
• FINANICAL REPORTING 

-MONTHLY 
- QUARTERLY 

TECHNICAL OPERATING REPORTS 

• flASH STATIC FIRING TEST REPORT(24 
• STATIC FIRING fiNAL TEST REPORT 
_EARLY FLIGHT EVALUATION TEST DATA 
- FINAL FUGHT TEST REPORT 
-COMMAND SYSTEM REPORT 

- STRUCTURAl TEST REPORT 
- WEIGHT" BALANCE ItEPORT 
- CALIBRATION REPORT 
- STAGE DESCRIPTION & FLIGHT TEST 

REPORTS 

FIGURE 26--18.-Typical contractor reporting require­
ments. 

The keystone of Marshall's contractor man­
agement is daily personal contact with the 
contractor by our resident manager. This 
personal-contact management is supported, 
howeyer, by formal contractor reporting re­
quirements. These reports are used as manage­
ment tools to review progress against previously 
defined program milestones. These reports vary 
from teletypes on static firing tests to a quar­
terly motion-picture report. Two of the most 
importK'tnt are a Contract Status Report and a 
Monthly Financial Report. Together they con­
tain enough information for measuring all con­
tractor efforts from budgeting to testing. 

There are two types of Saturn technical 
groups-working groups and coordination 
panels. Our nine Saturn working groups (fig. 
26-19) focus the best technical talents of Mar­
shall employees and our contractors on vehicle 
system problems. The chairman of each group 
is appointed by the Saturn Office, and is respon­
sible for all group ac6ons, inchlding the naming 
of members to his group. 

The communications pipelines illustrated at 
the right of the figure have proven simple and 
\yorlmble. The analyses and recommendations 
of the Marshall-Industry working groups are 
channeled to the , aturll Office project managers 
in the form of action item. The project man­
ager forwards the neces ary resulting instruc-
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tions to the contractor, through the resident 
manager. If the contractor questions the tech­
nical direction, he can respond through the res­
ident manager to the atUt"l1 Office. From 
here the response may be returned to the respon­
sible working group for further consideration, 
completing the chain of communications. 

FIGURE 26-'-19.-Saturn working groups. 

The Saturn ,-ehicle must be compatible with 
the spacecraft and launch facilities. Tlus is 
accomplished through intercenter coordination 
panels (fig. 26-20) ,Yhich are very similar to the 
working groups in organization and methods of 
operation. The panels are composed of scien­
tific and technical personnel from the Marshall 
Center, from the :Manned Spacecraft. Center in 
Houston, and the Launch Operation Center at 
Cape Canaveral. In resoh-ing technical prob­
lems, the panels ha\"e the full support of each 
field center's technical ca pabi Ii ties and those of 
their associated contractors. The coordination 
panels refer unresoh-ed matters, ,yhen neces­
sary, to a Space Vehicle Revie\\" Board made 
up by the center directors. Major program de­
cisions of this board are again re,-iewed by the 
Office of .Manned Space Flight. 

-Working le\-el contacts are daily and routine 
among .Marshall, :Manned Spacecraft Center, 
and Launch Operations Center personnel, both 
in-house and contractor. 

There ha\"e been as many as 1,DOO Chry leI' 
and 1,200 Boeing employee working closely 
\yith our Marshall Center employees at IIunts­
\·i Ile on boo ter tage for the • at urn I and 
Saturn V. 
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FIGURE 26-20.-Saturn-A.pollo interface organization. 

Now, ho,," does the Marshall Center go about 
selecting launch vehicle, stage, or engine 
contractors ~ 

First, a procurement plan is drawn up for 
all research and development projects of more 
than $100,000. If the cost is expected to ex­
ceed $5 million, the plan is submitted to the 

J ASA Associate Administrator for approval. 
If the amount is expected to be less than $5 
million, the center director approves the plan. 

The procurement plan includes a description 
of the proposed hardware, a list of all known 
sources, the method of procu rement to be used, 
steps to be follo"'ed, a realistic t ime schedule for 
completing each major phase of the procure­
ment action, the recomm~nded type of contract 
to be used, and any special features, such as 
reliabilit.y requirements, which are planned for 
inclusion in the contract. 

If the nltimate cost of the "'ork to be con­
tracted is l'xpectec1 to exceed $1 million, a Source 
E\'aluation Board is appointed to evaluate the 
proposals submitted. Senior Technical busi-
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ness management, and procurement personnel 
are appointed to the board by the center di­
rector, or are recommended to the NASA As­
sociate Administrator for appointment if the 
contract is expected to exceed $5 million. 

The board determines the qualification cri­
teria to 00 used in the evaluation of proposals 
from potential contractors. In addition to the 
many technical factors relating to design, devel­
opment, and test programs, the board develops 
a list of factors relating to business manage­
ment. These may include project organization, 
manpower and facilities availability, direct and 
related experience, past performance, proje t 
scheduling, estimates of cost, subcontracting 
structure, labor reln,tions record, quality assur­
ance programs, and others . 

• '\.fter the board drafts the minimum qualifica­
tion criteria, it gives the statement to the pro­
curement office for preparing a final sonrce list. 
The boa rd re\·ie\ys the list, making recomenda­
tions for additions or 'deletions, in an effort to 
nchie\'e a balance between permitting maximum 

I 
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competition and avoiding the solicitation of 
companies which will not have a reasonable 
chance of being competitive. The early elimina­
tion or withdra\val of those firms which clearly 
do not have the experience or capabilities to 
perform the work is beneficial to the company, 
and also reduces the effort required in the selec­
tion process. 

A preproposal conference is usually held next. 
Here the technical and business details of the 
procurement will be presented, and the company 
representatives may ask questions. Any CQm­
pany may send representatives to this confer­
ence, whether the company is on the source list 
or not. 

Companies considered qualified will then be 
asked to submit proposals. Again, any com­
pany that wishes may submit a proposal. The 
engineering time and expense for submitting 
a proposal is substantial, however; we think 
it only fair and reasonable to advise any in­
terested company when its qualifications ap­
pear marginal for a particular job. 

Requests for proposals issued by the Pur­
chasing and Contracting Office should ask for 
enough ·information to satisfy the needs of the 
Source Evaluation Board for information, and 
no more. The ground rules to be followed in 
selecting a contractor should be stated clearly. 
The major factors to be evaluated are stated, 
and their relative importance explained. 

After proposals are received, they are given 
a thorough evaluation by the board. The tech­
nical and management aspects of proposals and 
of companies are considered together, for they 
are closely related. The proposal alone is never 
the sole basis for evaluation. Information is 
obtained by board members from other govern­
ment departments as to their past experience 
with the companies which have submitted pro­
posals. 

After the proposal and the company's record 
of past performance are studied, actual plant 
visits are made. Advisory committees or con­
sultants may be used for obtaining additional 
information. 

Upon completion of the evaluation, the board 
prepares its findings and submits them to the 
center director or the Administrator of NASA, 
depending upon which official has authority to 
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make the final selection. The board 'normally 
arranges for an oral presentation to the select­
ing authority, during which the members may 
also answer any questions he may have. 

The board does not make a recommendation 
to the selecting official. That is his decision 
alone. The board's findings should provide 
him with the kind of analysis of the qualifi­
cations of the competing companies, based on 
their proposals, on past performance, and on 
current capability that will facilitate the selec­
tion. The goal of this entire procedure is to 
make it possible for the responsible official to 
select the contractor which appears to be best 
qualified to perform the work successfully with­
in the required schedule at a reasonable cost. 

The board tries to give him enough informa­
tion so that he will not have to make a decision 
on faith and intuition, without sufficient thought 
and study. The hoard's findings are as ac­
curate, complete, and thorough as it is possible 
to make them before they are submitted to the 
decision-making authority. 

Our personnel at the Marshall Center have 
always 'believed that it is better to build a rocket 
in the factory than on the launch pad. It is 
true that the final test of a rocket system is a 
successful launch. But this is a poor and ex­
pensive method of checking the soundness of 
design, the quality of workmanship, or reliabil­
ity of a rocket system. Our Quality Assurance 
Division has the heavy responsibility for seeing 
that each launch vehicle is ready for flight test­
ing when it is delivered to the launch site. This 
task is accomplished through a Quality Assur­
ance program that penetrates the plants of our 
prime contractors and subcontractors in depth. 
A variety of comprehensive tests on components 
and systems and on the composite vehicle are 
made on the ground to assure that each me­
chanical and electrical system will operate prop­
erly in the air. 

Representati ves of our Quality Assurance 
Division have important roles in contract nego­
tiation in' an effort to assure reliability. We 
found long ago that you cannot assure quality 
by inserting in the contract a well-intentioned 
but meaningless statement that says, in essence, 
"Please do a good job." 'Wre try to tell the con­
tractor in detail what we want, and how he can 



CONFERENCE ON SPACE-AGE PLANNING 

obtain it. We go into his plants to help him 
establish a sound inspection and testing pro­
gram. 

The NASA NPC-200 series of documents 
which outline specific quality assurance require­
ments are included as a part of all major NASA 
contracts. NASA's quality control procedures 
,are the stiffest ever faced by American industry. 
These documents must be supplemented, how­
ever, with development of new and better mate­
rials, better design, better techniques in manu­
facture, and improved means of evaluating the 
end items produced. 

To create a product which we can commit 
to the rigors of space, we must do more than 
that which we can describe in specifications and 
procedures. We must have the d~dicated sup­
port and concern of all elements of industry and 
government for obtaining the ultimate in per­
fection. This is the type of quality program 
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which we cannot define legally, for it involves 
an attitude more than a procedure. It is, how­
ever, a program which we can afford, because 
it requires far more dedication than dollars. 

The extreme cost per vehicle now precludes 
extensive "testing to failure" as a means of 
verifying the flight worthiness of vehicles, or 
even major vehicle subsystems. This means 
that more emphasis will have to be given to 
quality and reliability in all upstream activities, 
such as design, selection of materials and com­
ponents, manufact'uripg and assembly, and so 
forth. ' 

'Ve consider the money spent on reliability, 
quality assurance, and testing programs one of 
our soundest investments in Project Apollo. 

The payoff to our efforts will come when 
three astronauts blast off for the Moon in the 
not too distant future, an'd about 1 week later 
return safely to Earth. 



Panel Discussion 

MYERS: The following disc.ussion by Dr. 
Seamans, Mr. Atwood, Mr. Davis, Mr. West, 
and Dr. Von Braun concerns items of interest 
to midwest firms, firms which may be desirous 
. of entering space or military work for the first 
time or of expanding their activities in these 
areas. Pertinent questions are: At what level 
might a company consider entering ()r expand­
ing its activities-the prime level, the first tier 
of subcontractors, the second tier, or other 
areas? In what areas, in terms of technical 
activity, might we select as our targets, or 
should we aim at, activities which are evolu­
tionary, that is which build substantially upon 
previous contractual activities-or should we 
aim at new areas? Finally, where might a 
company obtain the necessary information? 

Dr. Seamans has spoken of a firm which had 
submitted six or seven bids for available NASA 
contracts; the firm in question was unsuccess­
ful in each of these attempts. In such a case it 
might be asked what level of entry was being 
sought? What mig~lt these attempts have 
cost? In what principal respects was this firm 
less attractive than the other bidders? How 
might this bidder have corrected his approach 
perhaps at an earlier date? 

SEAMANS: The firm in question had made pro­
posals for a prime contract. This firm had 
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invested in the facilities necessary for a major 
role in the space program. However, they had 
not built up their technical staff sufficiently 
either to prepare a good proposal or, more im­
portantly, to give us confidence they they could 
manage this technical activity if NASA 
awarded them the contract. 
ATWOOD: North American has, I think, tried 
seven times, more than once, without winning a 
contract. I doubt the batting average is much 
better than one in seven for the contracts on 
which we bid. 
MYERS: In other words, a firm which has con­
siderable experience in space work and a record 
of achievement and success might also expect to 
be unsuccessful a considerable portion of the 

. time. Would that be true also, Mr. Davis, at 
the subcontracting level, first tied 

DAVIS: Well, I think it holds true whether 
bidding is done by an experienced firm or a firm 
that is attempting to enter the space business. 
One of the most difficult decisions is deciding 
what your firm can do best; if your firm is not 
the best performer in the area selected you have 
little chance of winning the competition. 

MYERS: Have either Mr. Atwood or Mr. Davis 
found the debriefing sessions with NASA help­
ful? In other words, have you been apprised 
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of the reasons why your firm did not win a 
competition? 
A TWOOD: Yes. The review of an unsuccessful 
bid and a critique are of great value to consci­
entious technical and managerial people. 
MYERS: Is that kind of activity or facility avail­
able to subcontractors? 
DAVIS: I think that the NASA services in this 
regard are naturally geared to the prime con­
tractor because the point of decision is between 
NASA and the prime contractor. Certainly, 
subcontractors, particularly major subs, pre­
pared to perform a complete functional part 
of the system do benefit from the overall brief­
ing. I think that it is a little harder for the 
subcontractor to get a definition of requirements 
in his own terms. 
MYERS: The suggestion has been made that, as 
the age of space progresses, more and more of 
the opportunities will be of an evolutionary 
character. This theory was supported or 
perhaps ampli'fied by Mr. Davis in his paper 
in descrihing the experience of Minneapolis­
Honeywell in developing control systems for 
conventional aircraft; then for experimental 
aircraft, then for Mercury, Gemini, and Apollo. 
Do you feel that as time goes on, less and less 
opportunity will be av'aila'ble to firms without 
prior experience because IQf the evolutionary 
character of this industry? 
VON BRAUN: That depends grea'tly on the par­
ticular field being discussed. Rocket engine de­
velopment, as an example, is undoubtedly a field 
in which a newcomer would find it very difficult 
to compete with well-established and entrenched 
organizations that have been working in this 
field for a long time. On the other hand, this 
is a very fast moving field. Rate of obsoles­
cence is high and there is ,always a possibility 
that a newcomer could achieve a breakthrough; 
this accomplishment would suddenly put him 
ahead of the rest of the fold who have followed 
more conventional channels. So, I think the 
belief that the space business, in general, may 
become limited, in time, to certain established 
companies is not very well founded. 

SEAMANS: An executive of one successful firm 
pointed out to me that they never enter a field 
where there are already strong contractors; 
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They first look at their own capability to see 
where they can leapfrog and come in with some­
thing that would be revolutionary sometime in 
the future and, hence, place them in a position 
to get a large percentage of the market. I think 
that industry has to be looking ahead and not 
trying to get into this business by making small 
changes in already existing components. 
MYERS: Would opportunities to conduct feasi­
bility studies be an attractive point of entry­
into a new technique? 
WEST: I think that the feasibility study is an 
excellent way to get started and, although the 
batting 'average on getting a contract on com­
petitive bids may be low, the batting average 
on getting a follow-through contract from a 
feasibility study is much higher because there 
is a continuity and a carry through that is very 
noted. 
MYERS: In other words, the firm which does 
obtain a feasibility study and carries this off 
successfully has a leg up,so to speak, on any 
further development along these lines. 
WEST: It is almost inevitable that this should 
be so. We attempt always to make feasibility 
studies in such a way that there is still a good 
competition after completion. It is inevitable, 
however, that the firm making this study should 
have the inside track. 

SEAMANS: Mr. West put in a word of caution 
because, in the case of the Apollo contract, for 
example, there were three feasibility studies 
following which we had an industry conference 
to review with all of industry the results of this 
Government financed effort; the final contrac­
tor, North American, was not one of those com­
panies which had originally participated for­
mally in the feasibility work. 
DAVIS: From a purely business standpoint, it is 
far better to perform a feasibility study under 
Government contract than to do it on your own. 
It is better from two points of view: the obvious 
one, and the fact. that you get a more direct 
pipeline to the requirements and the technical 
guidance of NASA. 

MYERS: In a speech before the NASA-Industry 
Program Plans Conference, February 11, 1963, 
J ames Webb, Administrator of NASA, stated 
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As a policy in making prime contract awards we are 
steadily moving in the direction of insisting that prime 
contractors obtain components from those sources 
which have already developed reliable hardware. Our 
object here is not only to insure that NASA obtains 
the best available performance, but to encourage prime 
contractors to seek out superior subcontract skills 
among companies of proven performance . . . 

This policy seems to indicate that firms which 
already have proven performance in specialized 
areas such as control systems or cryogenic fa­
cilities will continue to receive very favorable 
consideration in future contracts. Is this sub­
stantially the current policy of NASA? 
SEAMANS: Yes. This, I believe, is the correct 
approach. I think those industries that demon-
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strate that they can do a job which meets all the 
performance requirement, that stay substan­
tially within costs and schedule, are the com­
panies that ought to stay in this business. 
MYERS: Thus, prior performance is given a high 
rating in terms of the criteri/a by which 
contractors are selected. 

SEAMANS: It most certainly is. However, this 
does not prevent companies that have not had 
an interest in this kind of business from enter­
ing the field. But they must understand that 
they are not going to receive contracts by sub­
mitting brochures. Contracts will be awarded 
on the basis of technical and administrative 
competence. 
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The objectives of the Chicago Area Research 
and Development Council are to expand exist­
ing research and development and bring into 
being new research and development capability 
in this part of the Midwest. We consider these 
objectives, in the broadest possible sense, to be 
in the national interest. This Conference on 
Space-Age Pl anning has identical 'objectives. 

This session is perhaps analogous to com­
mencement exercises. The period that has gone 
before has been one of learning. The period 
that follows is to be one of accomplishment. 
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At the close of this session we, like graduates, 
are expected to put into action what we have 
learned at the Space-Age Planning Conference. 
The graduate's diploma carries with it a great 
responsibility, the obligation to repay the col­
lective community that made its achievement 
possible. Our mythical diploma carries an even 
greater responsibility.; for the contributions we 
may be capable of making, if not made, might 
mean everything to our country's position in 
this the Space Age. 



NASA Procurement Policies 

When NASA became an operating agency, 
one of the first questions considered was who 
would design and develop engines, satellites, 
space vehicles, and the other items which would 
be used in its program. NASA inherited from 
the National Advisory Committee for Aero­
nautics (NACA) three large research centers. 
Should these be expanded and other installa­
ti.ons built to do this work, which is sometimes 
termed the "arsenal system," or should contrac­
tors be engaged to develop hardware items ~ 

The decision was that the research centers 
would be used to do certain research work in 
order that NASA would be knowledgeable and 
capable of designing the program, but when it 
came to producing space hardware NASA 
would contract with commercial companies for 
its requirements. This has been its consistent 
policy. In fiscal year 1960 it spent 64 percent 
of the total amount appropriated by the Con­
gress in contracts, and in 1962 this percentage 
increased to 90 percent. The total of NASA's 
authorized appropriation in the present fiscal 
year is $3.7 billion,and of this amount 90 per­
cent or more will go to contractors. The 
amount requested by the President for next year 
is approximately $5.7 billion, and of whatever 
amount is appropriated, more than 90 percent 
will go to contractors. 

An example of NASA's deRendence on in­
dustry is the method by which we obtain liquid 
hydrogen. Hydrogen is a fuel that will be used 
to a large extent in space vehicles, and while it 
is theoretically a commercial product, there are 
small commercial requirements for it. The ques­
tion earlier confronting NASA was: Should it 
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erect its own plant with government money and 
operate them, or have a contractor operate them, 
or should it try to buy hydrogen from commer­
cial contractors who built their own plants ~ 
Again the decision was to look to contractors 
rather than to engage in this commercial field. 
Today we have four large contracts for liquid 
hydrogen and are about to make a fifth, and the 
plants and production of this fuel are privately 
owned and financed by the commercial contrac­
tors. 

These facts illustrate the part contractors are 
playing in NASA's program, and also the mar­
ket available for companies which are or may 
wish to engage in this field. Our program is 
a national program, and any company, wher­
ever it is located or whatever its size, is wel­
come to compete for what it is capable of con­
tributing. As the program grows more and 
more, companies will be needed to perform 
NASA contracts and subcontracts. 

The space field, just as did the automobile 
field, later the aircraft field, and then the missile 
field, seems certain to expand. While satellites 
and space vehicles are different from automo­
biles and airplanes, much of the basic mechan­
ical technique is not so different, and many of 
the components which go into them are only an 
adaptation of things that are already being 
made. There will be changes such as miniaturi­
zation' lighter and stronger materials, longer 
life and greater reliability-but these are only 
refinements of things quite like items which ha ye 
already been produced. There may also be new 
items developed as a result of ,research which is 
taking place. Companies that do get into this 
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field may find that there will be adaptations of 
many of these things in the commercial field. 

Some of you may be asking what NASA buys, 
how it buys, and what you should do to get into 
this field as prime contractors or subcontractors. 
Our system of procnrement is a competitive 
system. vVe do not select a contractor because 
it has a plant or a capability and then give it a 
contract. 'Ve make known our requirements 
and ask companies to compete for contracts. It 
is therefore necessary for companies to go ag­
gressively after contracts, both prime and sub. 
Our part is to make known what we need, where 
to find this out, and what will be expected of 
contractors. 

NASA has eight research centers,and each 
of these contracts for the projects which are 
assigned to it. For instance, the Marshall 
Space Flight Center at Huntsville, Alabama, 
has the Saturn space-vehicle project and the 
Goddard Space Flight Center at Greenbelt, 
Maryland, contracts for weather and communi­
cations satellites. Each research center, in ad­
dition to contracting for research and the 
development. of hardware, buys a substantial 
amount of supplies such as tools, wire, steel, and 
components for use in its in-house research 
work. The Marshall center stocks approxi­
mately 35,000 line items. We have a booklet 
entitled "Selling to NASA" which tells you the 
name and address of each center, some descrip­
tion of what it buys, the name and phone num­
ber of the top procurement man and small­
business specialist. at each center, and informa­
tion about our procurement system. 

If a company is interested in contracting with 
NASA, it should file with each procurement 
office with which it wishes to do business a 
Standard Form 129. This will place the com­
pany on the research center's source list for the 
field of contracting in which it specializes. 

Whenever our specifications for requirements 
are detailed to such an extent that aU companies 
will be bidding on exactly the same thing, we 
purchase by formal advertising; that is, we 
solirit. sealed bids and award the contract to the 
Imyest. responsible bidder. However, most of 
onr procurements, at least dollarwise, are for 
research and development-for things like the 
Apollo spac'ecl'llft where there are no specifica-

tions. For this type of item we ask companies 
to submit proposals which are evaluated, and 
the company which is considered best able to 
produce the item at a reasonable cost is selected. 
This type of contract is made by negotiation. 

In procurements for research and develop­
ment of over $1,000,000, NASA appoints a 
source board to evaluate the proposals submitted 
by competing companies. If the estimated cost 
of the contract is under $5 million, the board 
reports its findings to the director of the re­
search center, who selects the company with 
which a contract will be negotiated if satisfac­
tory terms can be agreed upon. If the esti­
mated cost is over $5 million, the selection is 
made by NASA's Administrator with the con­
currence of the Deputy and Associate Admin­
istrators at Headquarters. 

The cost and time required to prepare pro­
posals for the larger research and development 
contracts is substantial, and only those compa­
nies are invited to submit proposals which are 
considered to have the capability and experience 
to perform the work. However, any company 
may submit a proposal and it will be evaluated 
on the same basis as the invited proposals. 
NASA secures competition both in formally 
advertised and in negotiated procurements 
whenever possible. In a few instances one 
company is considered to be in a unique position 
because of its past experience or there is some 
other substantial reason why it should be 
selected as the contractor without competition, 
and it would be a disservice to other companie."I 
to ask them to compete when clearly the on~ 
company should be chosen. 
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Whenever a fair price can be established we 
use a fixed-price form of contract. However, 
in research and development work there are 
uncertainties such as unforeseen technical diffi­
culties which may arise, and it is frequently 
impossible to arrive at a fixed price. In those 
instances the cost-plus-fixed-fee type of contract 
is necessary. This provides that the Govern­
ment will pay the contractor all its reasonable 
costs for the work it performs, but the fee, which 
is its profit, is fixed at the inception of the con­
tract. The average fee for this type of con­
tract is approximately 6.5 percent of the cost 
estimated at the time the contract is made. 



NASA PROCUREMENT POLICIES 

This type of contract does not give contrac­
tors a real incentive to hold down costs. There­
fore, we are trying to write provisions into our 
contracts which will give companies incentives 
to save costs and to deliver items which will 
perform in a superior manner. If contractors 
can produce at costs less than the estimates and 
more than meet the targets for performance 
which are set up in the contracts, we will pay a 
higher fee, but if the costs exceed the target or 
the item does not meet the standards set, the fee 
will go down. One of the problems NASA is 
experiencing with incentive contracts is the 
difficulty of fixing fair cost and performance 
targets because so many of the things we are 
buying have never been made before and there 
is no past cost and performance experience 
which can be used as a basis for arriving at fair 
targets. 

NASA is placing a great deal of emphasis on 
the reliability of the items it buys. Satellites 
and space vehicles are expensive and technically 
complex, and a defective part cannot be replaced 
after a satellite is in orbit. Therefore, detailed 
inspection must take place to a greater extent 
than is usual in assembly-line production runs 
and a contractor's reliability program is closely 
watched. 

NASA is largely in the research and develop­
ment field. We contract for things which have 
never been designed or built before. We fore­
see no quantity production contracts, which 
often follow the development of military items. 
The companies which are producing engines, 
space vehicles, and similar items required in the 
space program are largely those which have 
produced airplanes, missiles, and complex elec­
tronic items. Many of these companies have 
engineering staffs experienced in these fields 
and the extensive test facilities which are neces­
sary for this work. 

There are opportunities in other types of 
prime contracting, for many more companies 
which do not have these facilities, but perhaps 
the larg-est opportunity for companies in the 
Illinois area is in the subcontract field. Some 
time ago we asked nine of NASA's larger con­
tractors to give us information on their sub­
contracts. They reported that approximately 
50 percent of the dollars they received in their 
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prime contracts was spent in subcontracting, 
and they had more thq,n 10,000 first-tier subcon­
;tractors and suppliers located in 46 States. 
'Many companies which cannot handle a large 
prime contract can produce subcontract items. 
A part of NASA's procurement program is to 
see that prime contractors do subcontract as 
much of the work as is practical and that they 
obtain competition before placing their sub-
contracts. -

One of the difficulties experienced by com­
panies who want subcontract work is not know­
ing where to go or how to obtain subcontracts. 
It is suggested that these companies make 
known to the major airframe, missile, and elec­
tronic producers their capabilities. The larger 
prime contractors maintain source lists of com­
panies interested in subcontracting. NASA 
does not direct prime contractors to select any 
subcontractors-otherwise it would take away 
to some extent the responsibility of the prime­
but it does review and approve the prime's sub­
contracting system or individual subcontracts 
of more than $25,000 under a cost-type prime 
contract. 

In order that companies may know where to 
go for subcontract work, a synopsis of each re­
search -and development procurement estimated 
to cost over $100,000 is placed in the Depart­
ment of Commerce Business Daily, which is 
pUiblished each working day and is available 
by subscription, at the time the procurement is 
started. The synopsis also lists the names and 
addresses of the companies to which "Requests 
for Proposals" are being sent. This affords 
companies seeking subcontracts an opportunity 
to sell their products or services to prospective 
primecontmctors before those companies pre­
pare their proposals -and line up their principal 
subcontractors. It also releases to the press a 
list of all major contracts which are awarded 
monthly and this list is carried in many trade 
journals. We also itemize in the Commerce 
Business Daily supplies for which NASA is 
formally advertising if the cost is estimated to 
be $10,000 or more. 

NASA reoognizes the importance of small 
business concerns in our Nation's economy and 
their potential contribution to the space pro­
gram, and is actively seeing that they receive 
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a fair proP'Ortion of our dollars at both the 
prime and subcontract level. Small business 
companies cannot be expected to produce large 
engines or space vehicles where huge facilities 
and large engineering staffs are required, but 
they can successfully perflorm many contracts 
and supply many of the components used in the 
large systems. 

During the last :fiscal year, of the 1QO com­
panies which received the largest dQllar amount 
of NASA contracts, 24 were small business con­
cerns. Forty percent of the dollars which 
NASA spent last year 'On contracts was with 
contractors located in surplus labor areas. 
Where small business oompanies competed for 
contraCits, they were successful in receiving 
those contracts to the extent 'Of 157 percent of the 
dollar amount. Of the 118,000 separate con­
tractual transactions NASA had last year, large 
and small, small business companies received 
'66 percent. However, the majority of our dol­
lars went into contracts fQr engines, space ve­
hicles, and similar i!tems which must be placed 
with larger oompanies. Last year 744 procure­
ments were set aside for the sole participation 
of small husiness. 

At NASA Headqual'ters and at each of our 
offices which do contracting, a small-business 
specialist is available to counsel and assist any 
company that wishes advice. We work closely 
with the ,small Business Administration, and its 
field representatives furnish 'Our contracting 'Of­
fices the names 'Of small business oompanies that 
may be avaHable to perform our contracts as 
procurement requirements arise. 

Each prime contractor which receives a con­
tract 'Of $500,000 'Or more must have a small­
business program and a small-business special­
ist whose function in pam is to see that when 
subcontracts are placed small-business sources 
get an opportunity to compete. We receive 
periodic repQrts from prime contractors on the 
amount of subcontracts they place with small 
business companies and :£ollow these up to be 
sure smaller companies are receiving their fair 
share of 'business. 

At the time our major prime contracts are ne­
gotiated, we require the contractor to advise 
what items or parts of the work it intends to 
make in its own plant and what it will buy from 
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others. This becomes a subject 'Of negotiation, 
and a:l)ter the contract is awarded the prime 
contractor may not change this pattern without 
the approval of the contracting officer. This as­
sures a level of subcontracting. There are many 
items that subcontractors, particularly small 
business concerns which specialize in certain 
fields of work, can produce economically and 
with hligh quality. 

Our statutory procurement authority is the 
same as that 'Of the military departments, the 
Armed Service Procurement Act of 1947, and 
our procurement procedures follow quite closely 
'those of the Armed Service Procurement Regu­
lations-for instance, in the items of costs which 
are allowed or considered unallowable. Those 
of you who have had~Qntracts with the Army: 
Navy, or Air Force will find our contract pro­
visions very much like those in the military 
contracts. 

After NASA places its major contracts, one 
of the military departments usually administers 
it for us. This includes such things as audit 
of vouchers for payment, approval of overtime, 
inspection, and so forth. We also ask one of 
the military departments to buy certain things 
for NASA if they are contracting for the same 
items. For inst'ance, Ithe Air Force bought the 
Atlas boosters used in the Mercury project be­
cause it was buying Atlas missiles. Where an­
other agency buys an item for us, the contract 
is that agency's contract. It selects the con­
tractor and uses its contract provisions, except 
for the patent provisions which must be in a,c­
cordance with the NASA statutory provisions 
While NASA makes many of its contracts for 
construction, the Corps of Engineers is con­
tracting for much of our requirements at Cape 
Canaveral and the Manned Spacecraft Center 
at Houston, Texas, and for some of the work at 
the Marshall Space Flight Center in Huntsville, 
Alabama. 

One feature of NASA's contracts which is 
different from other Government agency con­
tracts and of particular concern to some con­
tractors is its patent pr'Ovisions. These carry 
out the patent provisions laid down in the Space 
Act. If your company has any special questions 
in regard to our paJtent policy or clauses in the 
contract, your legal counsel should contact Ger-
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aId OlBrien, the Assistant General Counsel for 
Patent Matters, at NASA Headquarters. 

The patent waiver policy is of particUlar in­
terest to many. While the provisions of the 
Space Act form the hasis for the waiver to con~ 
tractors of title to commercial rights in inven­
tions, they do not do so in any specific detail. 
The patent provisions of the Act are unique in 
this respect, for under the Act the Congress has 
imposed upon the Administrator of NASA 
broad discretionary power and responsibility 
to prescribe the circumstances which would gov­
ern the disposition of rights in inventions made 
under NASA contracts in a manner that will 
best serve the public interest. The National 
Aeroll'auticsand Space Act provides that the 
government is to own inventions made in the 
performance of work required under NASA 
contracts unless the Administrator chooses to 
waive the right of ownership, which he may do 
when he feels that such acti9n would serve the 
interests of the United States. 

Each waiver granted by the Administrator 
must be subject to a royalty-free license to the 
government for the practice of the invention 
by or on beha1£ of the United States or any 
foreign government pursuant to any agreement 
or treaty with the United States. Accordingly, 
NASA waiver policy becomes, in effect~ NASA 
patent policy vis-a-vis contractors' inventions. 

The Act also provides for advice and assist­
ance in these matters in that it requires that 
recommendations concerning proposals for 
waiver of rights of the United States to these 
inventions should be obtained from an Inven­
tions and Contributions Board established with­
in the Administration. In order to provide 
guidelines for this Board to follow in advising 
the Administrator in waiver cases, it was neces­
sary to promulgate waiver regulations outlin­
ing NASA patent policy. This policy, and 
these regulations, should, it seems, be designed 
with the primary objective in mind of aiding 
NASA in the attainment of its mission estab­
lished by the Congress for the space program. 
This is no simple matter and appears logically 
to require the attainment of two intermediate 
goals. First, our industrial community must be 
maintained as a sound and growing element of 
our economy, and second, a significant segment 
of that community must be encouraged to par-

263 

ticipate without reservation in this nation's 
aeronautics and space program. 

As an increasing portion of the technological 
and scientific manpower of this nation is being 
devoted to space and defense-oriented tech­
nology, it is essential to a prospering economy 
that opportunity be given to industry to trans­
fer the benefits of advances in these technologies 
into commercial channels. To the extent that 
the waiver of rights in inventions made under 
NASA -contracts will achieve this objective, 
such waiver of rights would appear to be in the 
interest of the United States. After consulta­
tion with other agencies, after public hearings, 
and after considerable deliberation, NASA 
in October of 1959 issued its present Patent 
'Vaiver Regulations. 

As our experience under these existing waiver 
regulations has grown, the conditions existing 
in 1959 have considerably changed. New pro­
grams have been established by Congress in a 
manner officially interpreted as requiring the 
taking of title by the government to contractor 
inventions made in these programs. Moreover, 
in recent months there has been increasing evi­
dence of an agreement within the Executive 
Branch to at least the fundamental policies 
which are desirable in this area. Accordingly, 
we at NASA believe revision of our present 
regulations to be desirable. We believe that 
with the benefit of many congressional and in­
dustrial studies of this subject it is now possible 
for NASA to adopt new criteria which would 
more favorably serve in the attainment of the 
basic objective of this agency, while at the same 
time giving adequate recognition to the patent 
policies and programs of other government 
agencies. 

We feel that revision of our present regula­
tions is also desirable for the follo'wing reasons. 
First, one goal of NASA, if not the entire Gov­
ernment, has become to seek early commercial 
realization of the benefits of government­
sponsored research and development. It is the 
opinion here that this goal could be more clearly 
emphasized than it is by our present regula­
tions. Second, while the regulations currently 
in effect deny waiver of inventions of a particu­
lar space-oriented nature, it has become evident 
that emphasis should be placed not on a techno­
logical basis but rather upon considerations 
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that include the ultimate uses of inventions as 
they affect the consuming public, competition, 
or essential government programs. Accord­
ingly , NASA published on October 26, 1962, a 
proposed general revision of our present waiver 
regulations. Public hearings on this proposed 
revision were initially held on December 10, 
1962, and were completed on January 28, 1963. 

The general policy of these regulations is 
that waiver will best serve the interest of the 
United States when it will stimulate the appli­
cation of new technology to peaceful activities 
and aid in the more effective utilization of the 
scientific and engineering resources of the na­
tion. While waiver should not be granted 
where the private retention of exclusive rights 
would be inequitable to competitors, unfair to 
the consuming or using public, or contrary to 
the interests of the public health, safety, or 
security, we favor the waiving of exclusive 
rights to industrial contractors in other cases 
whenever such action will foster the prompt 
working of the inventions or is otherwise 
equitable. 

At times, educational institutions and non­
profit or commercial companies may have ideas 
for basic or applied research which they believe 
will advance the space program and which they 
wish to pursue at NASA's expense. Such ideas 
may be submitted as an unsolicited proposal for 
a contract and they will be considered by 
NASA. Ten copies of such proposals should 
be submitted. They should include informa­
tion about what the contractor wants to do, how 
he will try to do it, what reSults might be ex-

pected, and what it will cost. You will find 
information about unsolicited proposals in the 
booklet "Selling to NASA." 

Unsolicited proposals may be submitted to 
the Office of Grants and Research Contracts, 
Headquarters, NASA, which will see that they 
reach the proper program and technical offices 
for review and consideration. If the idea will 
be supported by NASA, procurement will be 
initiated and the proposer will be informed. 
If it will not be supported, a letter so stating 
will be sent to the proposer. The average proc­
essing time of review is about 6 months al­
though we are trying to speed this up. 

Unsolicited proposals are not the way to sell 
items of existing hardware. If a requirement 
exists for such items our regular procurement 
processes are used and, if possible, competition 
is obtained. An example of the type of project 
which lends itself to unsolicited proposals by 
commercial companies is a feasibility study for 
some new ideas which may eventually result in 
a hardwa1'e item. 
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As stated at the beginning, NASA is heavily 
dependent on its contractors for the success of 
the space program which means so much to our 
country and the free world. There will be com­
mercial applications from things which contrac­
tors will learn in the performance of space 
contracts and subcontract work. If you are 
interested in this field of business you need to 
compete for contracts and we hope you do. It 
will take team work between contractors and 
the government to make this country number 
one in space exploration. 



Impact of the Lewis Research Center 
on Midwest Industry 

The purpose of this paper is to describe the 
Lewis Research Center of NASA and what it 
may mean for those who are interested in, or 
concerned with, space programs in the Midwest. 
There are a number of ways in which the Lewis 
Research Center may be said to have an impact 
on Midwest industry. 

First, and foremost, is the existence of the 
Lewis Center in the Midwest at Cleveland, Ohio. 
One of 11 major centers of NASA, the Lew·is 
Center is currently the second largest with a 
staff of approximately 4,500 people, 1,500 of 
whom are professional engineers and scientists. 

The major tasks of the Lewis Center are re­
search and advanced technology in propulsion 
and power for space flight. (See fig. 28-1.) 
Physically, the Center occupies 350 acres at the 
Cleveland Airport with an auxiliary location 
of 6,000 acres near Sandusky, Ohio. Lew·is 
comprises extensive laboratories in many build­
ings for virtually every kind of physical (fig. 
28-2), chemical, electrical, and metallurgica l 
research. (See fig. 28-3.) In addition, unusual 
tools for propulsion and power technology in­
clude such items as altitude facilities for engine 
operation (fig. 28-4), research size rocket test 
stands (fig. 28-5), including the one fitted with 
a water spray tower for silencing and scrubbing 
exhaust products (fig. 28-6), high-speed wind 
tunnels of various sizes, such as the one with a 
Saturn vehicle in it (fig. 28-7) and one (fig. 28-
8) which has a 10- by 10-foot test section with 
speeds three times the speed of sound. These 
tools also include turbopump (est. stands for 
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liquid metals (fig. 28-9), space simulation 
chambers (fig. 28-10), computing and data 
processing equipment (fig. 28-11), radiation 
sources such as the cyclotron (fig. 28-12) , and a 
60-megawatt reactor (fig. 28-13) which is be­
neath the shielding shown and which is COI1-

tained in the building shown in figure 28-U. 

FIGURE 28-1.-The Lewis Research Center. 

The Lewis Center came into being in 1941 as 
an outgro\yth of the power plants group at the 
Langley Research Center of the National Ad­
visory Committee for Aeronautics, established 
in 1017 as the nation's first research laboratory 
for studying fli<Yht. During World War II, 
the Lewis Center made major contributions to 
reciprocating engine cooling and high octane 
fuel s. The period immediately following saw 
the development to a high degree of the air-
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breathing turbojet and ramjet engines. Devel­
opment of these engines relied heavily 011 basic 
results from compressor, fuels, combustion, and 
turbine research at Le\yis. Every major U.s. 
engine flying today's jet aircraft has been put 
through its paces at the Lewis Center to have 
some item or other of Le\yis research incorpo­
rated into it. Early \york on liquid-fueled 
rockets, mostly high-energy propellant rockets, 
paralleled the air-breathing program and ex­
panded rapidly in 1957. The current program 
of the Center is aimed at advancing the tech­
nology of chemical, nuclear, and electric rockets, 
and of space electric power for a wide spectrum 
of power levels. It includes the background 
research and technology in metallurgy, basic 
chemistry, fuels, fluid flow, heat transfer, elec­
tronics, control dynamics, nucleonics, and other 
topics pertinent to these engines and to new and 
unusual propulsion and power generation sys­
tems. New activities added at Lewis within 
the year include responsibilities for develop­
ment as operation articles the Centaur launch 
vehicle, the improved Agena launch vehicle, 
and the 1,500,OOO-pound-thrust M-1 engine. 
Centaur and M-1 are based on the hydrogen­
oxygen technology which Lewis pioneered for 
NACA within the last decade; the technology 
of flying liquid hydrogen is vi tal to many of our 
future missions, notably Apollo. Centaur it­
self is a vehicle that is planned to soft- land 
robot instruments on the Moon. 

FIGURE 28-2.-Study of the behavior of liquids in 
nl.rious en yLronlllents. 
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FIGURE 28-3.-High temperature materials laboratory. 

FIGURE 2S-4.-Altitude test facilities. 

FIGURE 2 5.- Static rocl,et teo ts. 
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FIGURE 28-6.-Large rocket test stand. 

FIGURE 2B--7.-Satur n I model in 8- X 6-foot supersonic 
wind tunnel. 

Another way in which the impact of the 
Lewis Center may be examined is in terms of 
the money !that is expended. I n 'fiscal year 1963, 
for example, approximately $389 million of 
NASA's $3.7 billion budget will have been spent 
from Lewis, as follows : $37 million for salaries 
in Cleveland; $74 million for suppor ting the 
Center and for construction of facilities, two­
thirds of it in Northeastern Ohio; $201 million 

for major projects, mostly in California; and 
$77 million for smaller research and develop­
ment projects, both in-house and out-of-house, 
and widely contracted throughout the country. 
Alt hough the name Sciaky is seen on the huge 
electronic beam welder, the name Chicago 
Bridge and Iron on the 30-foot-diameter space­
vacuum facility for electric rockets, the name 
Flexonics on equipment in the rocket labora­
tory, and although studies on space research 
are beinO' made at the University of Chicago, 
Armour Research, Nerthwestern, and Illinois 
I nstitute of Technology, the Mid,,,est is not 
receiving a share of the space research and de­
yelopment dollar in proportion to its economy 
and population compared with that received by 
the coast areas and certain southern parts of 
the country. 

FIGU RE 28-8.-The 10- X 10-foot supersonic wind tunnel. 

FIGURE 2B--9.-Liquid metal pump studies. 
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FIGURE 28--10.-The 25X80-foot space environment 
chamber for testing electric thrustors. 

FIGURE 28-11.-Data acquisition and reduction. 

FIGuRE 28-12.-The 60-inch cyclotron. 
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FIGURE 28-13.-The 60-megawatt research reactor, 
Plulll Brook Facility. Sandusky. Ohio. 

FIGURE 28-14.-Containment ve el of the Plum Brook 
60-megawatt research reactor. 

This intr{)duces the third way in which the 
Le,,,is Research Center can impact 1id'''est in­
dustry. The key word is palticipation. On the 
Olle hand, the space program needs the yery best 
talent that it can muster simply because of the 
enormous difficulty of the technical tasks ahead. 

ome of these tasks have been described 
previously. 
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On the other hand, the very activities that 
make the space program succeed are creating 
the new techniques of manufacture, the new 
approaches to organization and management, 
and the new products, services, and ideas that 
spell progress and prosperity. The Midwest 
should be able to participate in the technologi­
cally oriented work of the space program.Re­
search and development and the new areas of 
industrial activity that stem from them derive 
from intellectual activity of scientists and en­
gineers. Consequently, these activities tend to 
concentrate where the intellectual environment 
is "right," where a high rate of fundamental 
inquiry is being pursued, and where there exists 
a nucleus of recognized experts in the funda­
mental sciences. This intellectual environment 
is usually associated with universities or with 
university-related research institutes. The Mid­
west is well endowed with great universities and 
great research institutes. Admittedly, the Mid­
we$t does not have the aircraft industry that 
ha~ evolved into the launch vehicle and space­
cr~ft business, nor the unique topography and 
clii,nate of the deserts that have helped spawn 
the. big rocket business. Nevertheless, it may be 
p6ssibl~ to catalyze greater participation in the 
Midwest in the technological work of the space 
pr~gram via the Lewis Center. 
~:aowever, in most cases contracts for work 

m~st be awarded on a competitive basis-that is 
th~'1aw as enacted by Congress. That is, con­
tracts to the Mid west cannot be a warded on the 
basis of friendship or sentiment, or a desire to 
give someone a fair share. Be warned-the 
many firms already in the aerospace field offer 
keen competition and the problems are tough. 
I do pledge our help at Lewis in familiarizing 
Midwest industry with the needs of the space 
program, particularly our part of it at Lewis, 
and with the status of the technology. 

Still another impact of the Lewis Center is 
in the area of potential industrial applications 
of the results of the space program. 

Research and development is a creative com­
ponent of our nation's economy and so should 
exert a large leverage on its growth. Expendi­
tures for research and development have in­
creased more than 10 times in each of the last 
2 decades, and they have now passed $16 bil-
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lion; more than $12 billion is Federal money, 
mostly for defense and space. The sheer vol­
ume alone· of the results that are pouring out 
from this research and development effort raises 
the question of how to hasten and increase the 
use of these respJts in the economy of the 
Nation. The space effort has been likened in 
its effect on the American economy to W orId 
War II. 

NASA is experimenting with various methods 
of speeding and maximizing the entry into the 
economic stream of the country space-derived 
inventions, inov6tions, ideas, techniques, proc­
esses, and so forth .• These methods involve bet­
ter communication between space program par­
ticipants and other industries. Descriptions of 
these programs by Louis Fong and Howard 
Gadberry have been presented in previous 
papers; they also have described new methods 
of forming metal, expanded uses of newer 
materials, and other current applications of 
space-related technology. The Lewis Center 
participates in· this activity by screening both 
its in-house and its contracted programs for 
potentially useful innovations. These are then 
described in various appropriate methods, usu­
ally by suitable publication. Follow-up con­
sultation may result. 

The following examples from among more 
than 100 innovations with possible usefulness 
that have been identified at Lewis in the last 
few months indicate the kinds of item that are 
being pinpointed: 

(1) Advanced nickel-based alloys with the 
following features: high stress character­
istics at approximately 1,8000 F, high 
impact strength, oxidation resistance, the 
ability to be cast into forms without high 
vacuum requirements 

(2) An amplifier that can detect signals as 
small as microamperes at 30,000 volts 
d.c. level and give 1 percent accurate 
readings at ground voltage 

(3) Inexpensive vacuum-jacketed connectors 
with very low heat leak for pipe and 
tubing for liquefied gases 

( 4) A portable electron -beam welder for field 
service; the unit is about 21 inches by 21 
inches, weighs less than 100 pounds, and 
can weld tubing up to lh-inch outside 
diameter 
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(5) An optical torque meter capable of high 
precision for wide ranges of torques on 
machinery that may be rotating at ex­
tremely high speeds. 

Recently, the Center has solved by consulta­
tion the problem of breakage in cores for small 
electrical resistors for one manufacturer and 
the problem of a difficult brazing job between 
two unusual materials for another concern. As 
the program grows, conferences, seminars, tours, 
movies, and displays are among the possible 
ways of disseminating information about poten­
tially useful accomplishments from the space 
program at Lewis. 
If history conveys a lesson, however, the big­

gest rewards from the exploration of space are 
completely unforeseen and unpredictable at 
this time. New discoveries, including those 
from the laboratory of space itself, create new 
knowledge; and knowledge is the basis of all of 
our economic gain. 

Next, consider what might happen in fiscal 
year 1964. The NASA budget, which is cur­
rently up for debate in Congress, totals $5.7 
billion, and the Lewis Center is represented in 
this budget at about '$605 million. Of this 
money at Lewis $49 million will go to salaries, 
$17 million to operations, and $19 million to 
support of in-house research and development. 
These latter two amounts will probably be 
largely local procurement. Major projects on 
contracts are slated at $427 million; the pro­
grams Centaur, Agena, and the M-l engine will 
take the lion's share of this project money. 
Some $26 million will represent the Lewis share 
of an $800 million construction of facilities pro­
gram in the NASA budget, with $67 million for 
research and development contracts; about $22 
million of this is already planned; $45 million 
remains to be allocated. 

It is not known yet if Lewis will receive all of 
this budget. But examine for a moment what 
is entailed in the construction of facilities and 
in the research and development contracts. 
The construction of facilities part of the 1964 
budget at Lewis consists mostly of alterations 
or additions to create more test capability with 
simulated space environment. Types of equip­
ment include vacuum chambers of various sizes 

(from a few cubic feet to many feet in dimen­
sions) , vacuum pumps including both roughing 
pumps and oil diffusion equipment, cryogenic 
refrigeration equipment, and the associated 
pumping, piping, plumbing, controls, and in­
struments. The facilities budget also includes 
buildings and radiation-resistant shielding for 
assembly and disassembly of nuclear-fueled 
space-power apparatus. One item comprises a 
facility featuring an evacuated vertical shaft, 
510 feet long and 281;2 feet in diameter, for pro­
viding approximately 10 seconds of zero gravity 
for experiments that first are fired up the shaft 
and then are allowed to fall freely back down. 

In the area of contracted research and devel­
opment, there are a number of problem areas 
where ideas and hard work are needed. The 
broad projects and programs of the Lewis Cen­
ter have already been described; here are some 
more specific needs. They have been selected 
with a view to identifying the kinds of things 
in which Midwest industry might be able to 
render assistance. 

In the area of management of either liquid 
propellants for chemical rockets or liquid hy­
drogen for nuclear rockets, methods of con­
trolling or damping the slosh of liquids in 
vehicle tanks are needed. Methods of deter­
mining the position and quantity of liquids in 
tanks during zero gravity are needed, and it is 
also desired to be able to estimate heat transfer 
and thus the amount of pressurizing gas neces­
sary for cryogenic fluids in zero gravity flight 
more accurately than is now possible. Also, 
lighter weight high-strength tanks to contain 
liquid hydrogen are constantly being sought, 
perhaps tanks made of glass or combinations of 
glass with insulating materials and bladders for 
interliners. 
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For chemical rockets, new materials for 
ablation-cooled combustion chambers are de­
sired to permit engine operation as long as 500 
seconds with high-energy liquid propellants 
and without the complication of cooling the 
chamber. Visualize a simple rocket chamber 
that can be started, stopped, and throttled at 
will during space flight maneuvers. Hand in 
hand with ablation materials would be inserts 
for nozzle throats where composite structures, 
including pyrolytic materials or high-tempera-
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ture metals, might be involved in order to retain 
throat dimensions during operation. 

With regard to nuclear rockets, one need is 
for sensors for controls. For example, tem­
perature-measuring devices that can be im­
mersed in hydrogen at 4,000 0 R to 5,0000 Rand 
respond rapidly are needed; more accurate 
measurements of neutron flux in nonuniform 
flux fields are desired-for performance, the 
hotter the better! Thus, materials for fuel ele­
ments and methods of using them are very much 
needed, for in the nuclear rocket the technology 
of high temperature is being stretched to ,the, 
very limit. A better statement of the dynamic 
properties of liquid hydrogen flowing through 
evaporator tubes is needed in order that the 
nozzle on nuclear rockets can be more accu­
rately designed, and in order that the/start-up 
problem on the nuclear rocket can be more accu­
rately estimated. Resoo.rch on the feasibility of 
gaseous reactors reaches an impasse at our lack 
of understanding of the hydrodynamic problem 
of fuel residence time, of radiant heat transfer 
to gaseous fuel, and of the criticality of gaseous 
cores. 

With regard to electric propulsion, research 
on thrustors is in fairly good shape. It would 
take an exceptionally good idea to break in. 
The main problems lie in the power field. 

Space electric power is needed over a wide 
spectrum of power requirements, at numerous 
voltages, both a.c. and d.c., for a wide variety 
of uses. The power levels range from hundreds 
of watts for communication, guidance, and ex­
periments through many thousands of kilowatts 
to drive electric rockets on manned spacecraft 
at some distant date, at least a decade away, 
and maybe longer. These electric power sys­
tems must be lightweight and highly reliable 
as they may have to operate for at least a year 
for reasons of economy and, in many cases, in 
order to accomplish the mission. 

To move from a bench demonstration of a 
feasible space electric power system to a flyable 
article may involve tens to hundreds of millions 
of dollars. Thus, it is exceedingly important 
to complete a sound research and development 
program before picking a particular item to 
develop into a flyable state. 

Some areas where ideas could payoff include 
work on both primary and secondary batteries. 
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Increased capacity under rapid discharge rates 
and better discharge-charge cycling character­
istics for secondary batteries are needed. Be­
sides these features, we would like to have low­
temperature operation a possibility so that 
experiments can be turned on after long soaring 
periods in outer space. 

Convenient solar cells will need to be ex­
tended to permit higher temperature operation 
and to be radiation resistant. Radiation resist­
ance is particularly necessary for experiments 
that may fly in the region of trapped energetic 
electrons, since their concentration is now about 
10 times that of the former Van Allen belt as a 
result of high-altitude nuclear explosions; this 
new source of radiation will probably last for 
many years, possibly about 100. Thin-film solar 
cells appear to be more radiation resistant than 
conventional cells and, if they can be put on 
flexible substrates, offer exceptionally great 
promise in convenience of packaging for 
launching into space flight. Furthermore, these 
thin-film solar cells may produce greater power 
per unit weight launched. They apparently 
can be made from such materials as selenium, 
silicon, cadmium sulfide, cadmium telluride, or 
gallium arsenide. 

A very compact and rugged, although heavy, 
form of power source can be made from alpha­
emitter radioisotopes combined with thermo­
electric converters. Such isotope-fueled gener­
ators are providing electric power for several 
purposes in various nooks and crannies of the 
world: under the ocean, under bays, at the South 
Pole, and even in orbit. Possibilities for ad­
vance in this kind of power source are very 
much desired so that it can be useful for more 
than small power. 

For intermediate power levels, that is, a few 
kilowatts or more, possibilities include small 
turbogenerators with closed -cycle operation 
with a gaseous working fluid-the Brayton 
cycle. Such systems would necessitate very 
efficient turbine compressor units that might 
operate at 2,500 0 Rand 60 pounds per square 
inch into the turbine; these will need to be very 
efficient as three-quarters of the power gener­
ated in this kind of system is given over to 
compressing the circulating gas. 

For electric propUlsion the power require­
ments jump to orders of a few hundred to a 
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few thousand kilowatts for unmanned space 
flight and from 10,000 to 30,000 kilowatts for 
manned space flight. Durations for the mis­
sions contemplated wi'th electric propulsion are 
on the order of 10,000 to 30,000 hours, depend­
ing on which part of the solar system is being 
explored. Not only must these power-generat­
ing stations in the sky operate reliably for 
these long periods of time, but they must be de­
signed to be extremely lightweight (less than 
20 pounds per kilowatt) if the electric propul­
sion system is to be superior to other systems now 
in development. There are tremendously diffi­
cult technological needs associated with such a 
future space power program, and much of this 
work remains to be assigned. Much research is 
needed before any development can prudently 
be started. For example, cycles envisioned are 
either based on a turbogenerator driven by metal 
vapor heated by nuclear fuel, or a thermionic 
cycle with nuclear fuel. In the case of the tur­
bine engine, fuel elements for high-temperature 
service in the presence of liquid metals are a 
need for the nuclear reactor. Virtually all as­
pects of the design of such reactors are a severe 
problem. Components for alkali metal vapors 
and liquids, that is, turbines to run on sodium 
vapor at 1,6000 F or on potassium vapor at 
1,7000 F, are needed as well as the condensors, 
radiators, pumps, valves, lines, and so on. We 
are only beginning to understand the nature of 

the corrosion problems encountered with these 
liquid metals. The space radiator itself is a 
necessary adjunct of any power system, and for 
these big power systems it is apparently going 
to be by far the heaviest part of the system. A 
big unknown in its design is the extent to which 
it must be protected against meteoroid damage. 
The design of clever, reliable radiators that may 
be segmented, that may be folded and unfolded, 
or stowed and unstowed in some way during 
launch is a key problem. 

Finally, the necessity for power conditioning 
equipment that is lightweight and reliable, com­
mensurate with the rest of the electric power 
system, should be mentioned. Equipment, such 
as generators or alternators, inverters, trans­
formers, and switch gear, that can go with these 
space stations, and that in order to be light­
weight will probably entail high current den­
sities'necessitating considerable cooling, is a re­
quirement; there is virtually no background of 
technology for this type of equipment in the 
United States at this point. 

These remarks serve to introduce the Lewis 
Research Center,its goals and tasks, the mag­

. nitude of the effort that it will put forth dur­
ing the coming year, the ways in which Mid­
west industry can expect to be affected by the 
presence of the Lewis Center, and some of the 
technical challenges that the work of this· Cen­
ter poses to industry. 
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Although the events that took place beneath 
the west stands at Stagg Field in Chicago on 
December 2,11942, have been referred ,to on at 
least several occasions during the Midwest 
Space Month, I believe that the subject of this 
paper gives me a particularly proprietary right 
to refer to that first controlled self -sustaining 
nuclear chain reaction. That first self-sus­
tained nuclear reaction and the nuclear physics 
and chemistry work that preceded and followed 
it are examples of the unforeseen uses that 
scientific discoveries may eventually have. 
Although the general potential of a new source 
of energy could be postulated at that time, the 
impact on medicine, in industrial uses, in agri­
culture, in ship propulsion, and in large power 
generation systems could be only generally con­
sidered but not specifically anticipated at that 
time. Although we do not anticipate so funda­
mental a discovery in our space science and 
exploration program, 've still anticipate major 
effects that will be felt in all fields as a result of 
the scientific and technological discoveries and 
procedures and manpower that are developed. 

This paper presents a discussion of how nu­
clear energy, to a major extent, made possible 
by the scientific discoveries of those pioneers at 
Stagg Field in 1942, is being applied for use in 
the space program. Certainly, those scientists 
and engineers could not have anticipated these 
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areas of current interest. Although this is still 
a comparatively new area of development in our 
space program, equipment has been tested and 
technology development programs are directed 
toward developing this whole new area of 
rocketry and power. It does now and will in 
the future offer many opportunities for indus­
trial and research participation. 

The early and practical utjIization of nuclear 
energy in space is a major goal of this country's 
advanced propulsion and power generation pro­
gram. T o this end, we have adopted the pro­
gram philosophy as follows : 

(1) Early development 
(a) Use closest available technology 
(b) Determine feasibility 
( c) Evaluate flight problems 
(d) Provide early application of con­

cepts 
(2) Advanced research and technology 

(a) Provide technology for advanced 
systems 

(b) Evaluate feasibility of new concepts 
( c) Solve development problems. 

Essentially, we utilize the closest available tech­
nology in order to provide early hard ware de­
velopments which are aimed at determining the 
feasibility of systems and at evaluating the 
flight problems that we will encounter when we 
start operating systems in the flight environ­
ment. These early developments are so de­
signed that they will provide a growth capabil-

-------- --------... -~ 



CON F ERENCE ON SPACE-AGE PLANN I NG 

ity for early application in operational missions. 
While we proceed with tIus early development 
program, we consider that a major and essential 
part of the program is a parallel and continuing 
advanced research and technology effort. This 
effort will provide the technology in support of 
the early development program and of ad­
vanced high power systems, and it will also 
evaluate the feas~bility of new ideas that are 
proposed. 

Our program is composed of two major parts, 
nuclear rocket systems and nuclear electric 
power and propulsion systems. As might be 
expected, a large portion of these programs is a 
combined effort between AEC and NASA. Re­
sponsibility for providing the required reactor 
research and development rests with the Atomic 
Energy Commission. NASA assumes responsi­
bility for the nonnuclear component research 
and development programs as well as for the in­
tegration of the reactor into operational systems 
and application of these systems in flight 
IlllSSlOns. 

NUCLEAR ROCKETS 

The nuclear rocket program is composed of 
several rriajor hard ware elements. The rela­
tionship of three of these elements, Kiwi, Nerva, 
and Rift, is illustrated in the figure 29-1. The 
reactor technology obtained from the Kiwi 
project will be used in the development of a 
flight propulsion system in the N erva proj ect. 
The N erva propulsion system will be flight 
tested in the Rift stage. The Rift stage will be 
designed to fit the Saturn V launch vehicle in 
such a way that with continued development an 
early operational capability will be realized. 

KIWI NERVA RIFT fLIGHT 
TE ST 

FIGURE 29-1.-Major steps in nuclea r rocket programs. 
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Kiwi Project 

Progress made in the Kiwi and erva reactor 
portion of the projoot sets the pace for the 
J: erva engine and Rift vehicle projects. Three 
Kiwi-A research reactor tests were run in 1959 
and 1960 and were followed by three Kiwi-B 
experiments in 1961 and 1962. In the Kiwi-B 
series of reactors, t he Los Alamos Scientitfic 
Laborrutory established several designs which 
represented different approaches to the solution 
of problems associated with the use of the brittle 
graphite materials in t he environment of a nu­
clear rocket reactor. In the conduct of this 
pha:se of the program, Los Alamos has worked 
with ACF Industries, Inc.; Air Products and 
Chemicals, Inc.; Egerton, Germeshausen, and 
Grier, Inc.; Bendix; Rocketdyne; and other 
groups. Armour Research Institute in Chicago 
has performed certain materials evaluation 
work for us and the Argonne National Labora­
tory has performed safety testing for us. 

The first of the Kiwi-B designs, the Kiwi­
B-1 reactor, was tested with gaseous hydrogen 
coolant flow in December 1961. A similar re­
actor, Kiwi-B-1B, was then tested with liquid 
hydrogen flow, as is required in a flight rocket 
engine, in September 1962. A photograph of 
that react or at the test cell is shown in figure 
29-2. This is the general configuration of t he 
test setup of all reactors run to date. They have 
been fired with the exhaust jet pointing upward 
to simplify the facility installation. The nozzle 
in this test was regeneratively cooled with liquid 
hydrogen. The results of this test indicated 

FIGURE 29-2.-Kiwi-B-IB reactor. 
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that the reacior could be started stably with 
liquid hydrogen. However, in this Kiwi-B-1B 
design, damage occurred in the re~ctor co~e 
similar to damage that had occurred m certam 
of the Kiwi-A tests. The fact that this dam-
8Jge has not been explained through extensi.ve 
la!boraJtory tests and analyses has made us dIS­
card the Kiwi-Bl design, for the present, as a 
candidate for the N erva engine. 

The most recent reactor test, the IGwi-B4-A, 
was conducted by Los Alamos in November 
1962. A photograph of that reactor is shown 
in figure 29-3. Although this reactor is, ex­
ternally, very similar to the Kiwi-Bl reactor, 
the core design is substantially different. Al­
most as soon as the test of the Kiwi-B4-A reac­
tor was started, flashes of light were noted in 
the exhaust jet. The test was continued until 
the flashes of light occurred so frequently that 
it was determined more could be learned by shut­
ting down than by continuing. After dis­
assembly of the reactor, it was found that there 
was extensive damage, probably due to vibra­
tions that originated in the reactor. Work is 
now actively under way by Los Alamos and 
Westinghouse to modify the mechanical design 
so as to reduce the possibility or a recurrence 
or such vibrations to a minimum. Before the 
next reactor full power tests are run, component, 
subassembly, and full-scale mechanical and cold­
flow testing will be conducted to evaluate the 
failure-mode hypothesis and to check the suit­
ability of redesigns. 

FIGURE 29-3.-Kiwi-B4--A reactor. 
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Nerva Project 

The next element of our program is the N erva 
development. This development is being con­
ducted by Aerojet General Corporation with 
Westinghouse Electric Company as the princi­
pal subcontractor for reactor development. In 
addition Bendix and American Machine and , 
Foundry are subcontractors to Aerojet. A full­
scale mockup of the N erva engine is shown in 
figure 29--4. The engine stands 22 feet high. 
Shown in the figure are the reactor, the regen­
eratively cooled nozzle, the control drun1 
actuators, and the thrust structure at the top of 
the engine. The turbopump, the tank shut-off 
valve, and gimbal bearing about which the 
entire engine may be swiveled for thrust-vector 
adjustment are mounted within the upper 
thrust structure section. The large spheres at 
the top of the engine are pressurized gas bottles 
used as a drive source for the pneumatic actu­
ators in the system. 

F~GURE 29-4.-Nerva mockup. 
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In the near future, our major emphasis will 
continue to be on the reactor of this engine. We 
are, ho1',ever, proceeding with nonnuclear com­
ponent work in both the engine and the flight­
test stage programs aimed at evaluating the 
critical long lead time design and operating 
problems. While we will be pursuing work in 
these critical nonnuclear areas, the procurement 
of large numbers of flight components aimed 
at developing those components to high reli­
ability will not be conducted until successful 
reactor operat.ion is achieved. 

Rift Project 

As mentioned previously, the primary pur­
pose of the Rift project is to flight test the N erva 
propulsion system. However, its design will 
consider its eventual development to operational 
status as a third stage on the S aturn V vehicle. 
This stage is being developed by the Lockheed 
){issiles and Space Company. 

Figure 29-5 shows a drawing of the Rift 
stage. It will be 33 feet in diameter, the same 
diameter as the Saturn V vehicle. From the exi t 
of the Nerva jet nozzie to the top of the stage, 
it will stand approximately 126 feet. 

---46'0'-_ --4""-- --38"7'--

---~-- - 126 FT 

FIGURE 29-5.-Inboard profile of Rift. 

Several unique problem areas are associated 
"'ith the development of this Rift stage. It will 
require the largest flight tank ever constructed 
for liquid hydrogen. The combined effects of 
low temperatures, resulting from the use of 
liquid hydrogen, and the nuclear radiation gen­
erated by the reactor in the N erva engine on the 
materials, structures, insulations, propellants, 
and so forth represent problem areas where re­
search is now beginning. The nuclear fligh t 
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safety requirements will require the develop­
ment of new techniques for check-out, launch 
operations, and destruct systems in addition to 
those that are already provided for range and 
flight safety in nonnuclear applications. The 
combination of the comparatively heavy gim­
baled nuclear engine and the large, but relatively 
lightweight, tank of liquid hydrogen presents 
unique aerodynami c and structural loadings and 
thrust-vector requirements. Finally, the re­
quirements for engine restart and reactor cool­
down after po'Yer cycles will impose additional 
factors that must be considered in the design of 
the tank pressurization, venting, and, par­
ticularly, the guidance and control. Four flight 
tests are planned on a trajectory, as indicated 
in figure 29-6, utilizing the Saturn V launch 
complex at the Atlantic Missile Range. These 
flights will be conducted with the Rift stage 
mounted on top of the Saturn V first stage using 
water ballast in a dummy second stage to obtain 
the proper stage acceleration conditions. 

FIGURE 29-6.-Reactor in !light test (Rift). 

Nuclear Rocket Development Station 

The Nuclear Rocket Development Station 
(NRDS) is an area located approximately 90 
miles northwest of Las Vegas, Nevada, in which 
facili ties are being provided for all power test­
ing of reactors, engines, and stages required in 
the nuclear rocket program. The large distance 
between NRDS and Las Vegas has made it 
necessary for the AEC, with NASA par ticipa­
tion, to study comprehensively the means by 
which a community could be established near 
the test facilities so that recruitment and reten-



-------~------- -- -

NUCLEAR PROPULS ION-AN EMERG ING TECHNOLOGY 

tion of the large number of high-caliber people 
required in the program can be encouraged. 

The general layout of the test facilities that 
are being established at the NRDS is shown in 
figure 29-7. These facilities can be divided into 
reactor facilities, Nerva engine facilities, and 
Rift stage facilities. Some of the reactor 
facilities have, of course, been in operation for 
several years. An additional reactor test cell, 
Test Cell C, is now nearing completion, some 
of the N erva facilities are under construction, 
and others are under design. In addition, sup­
port facilities will be designed and built. during 
this year and next year. None of the Rift facili­
ties have been funded for construction as yet, 
although design work will proceed in a limited 
way on certain of these facilities. It is impor­
tant to emphasize that the facilities being built 
at the Nuclear Rocket Development Station in 
Nevada provide a national development 
capability for nuclear rockets that will not be 
duplicated anywhere else. This site could, 
therefore, be considered as the National Nuclear 
Rocket Development Station. 

FIGURE 29--7.-Nuclear Rocket Development Station. 

Nuclear Rocket Advanced Research and Technology 

The last major element of the nuclear rocket 
program is the Advanced Research and Tech­
nology program which is aimed at providing 
technical support for our hardware develop­
ment projects and also for providing the 
capability to build reactors and propulsion sys­
tems having performance characteristics well 
beyond those now under development. The 
principal work areas include reactors, nozzles, 
controls and instrumentation, turbopump and 
flow systems, system studies and mission anal­
ysis, and advanced concepts. Under the reactor 
area, the AEC and NASA are looking at con-
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cepts other than the graphite systems being used 
in Kiwi-Nerva. The Argonne National Labo­
ratory is one of several groups participating in 
this effort. We are evaluating materials 
properties for such systems. We are working 
toward high specific impulse and long life sys­
tems over a wide range of power. This reactor 
area is the key to future advanced systems. 
However, much remains to be done in nozzle, 
pump, and control technology before we can 
develop reliable, high-performance systems. 

NUCLEAR ELE<::TRIC PROPULSION AND 
POWER GENERATION 

In addition to nuclear energy for nuclear 
rocket propulsion, nuclear energy for electric 
power and electric propulsion will be required. 
In the range of hundreds of kilowatts to many 
megawatts, the only practical source of long­
life electrical po~\Yer is nuclear energy. AppH­
cations representative of such power levels 
include orbiting manned space platforms, 
manned interplanetary spacecraft, communica­
tions satellites, and unmanned planetary probes. 
These applications can generally be divided into 
the needs for on-board power for communica­
tions, life support, data acquisition and so forth, 
and the power required for electric propulsion. 
A propUlsion application, in the more distant 
future, is the manned interplanetary spacecraft. 
Such a vehicle would weigh a million pounds 
or more, might require orbital assembly, and 
would utilize a large electric rocket propulsion 
system requiring tens of megawatts of electrical 
power. 

Table 29-I lists the program goals and major 
program elements of our nuclear electric power 
and electric propulsion programs. Several of 
the goals of both the power and propulsion sub­
programs are similar. Maintenance-free life of 
years will be required. Low weight is essential 
to achieve the full potential of electric propul­
sion systems-hence, the power program goal of 
10 pounds per ki]o,ni.tt of electricity produced. 
It is important to note that for on-board power 
systems, such low weight is desirable but not 
essential because of the large vehicles now being 
developed. 'With regard to the electric propul­
sion program, high thruster or engine efficiency 
lS of major importance rather than engine 
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T ABLE 29-I.-Nuclear Electric Systems Program Goals and Elements 

Program Goals 

10 pounds per kilowatt 
Power Watts to megawatts 

Long life 

High efficienoy 
Engine Long life 

0.01 to 10 pounds thrust 

weight, since the weight of the electric rocket 
engine itself is small (10 percent or less) in 
comparison with the electric-power-generation 
system needed to dr ive the rocket engine. The 
major electric-propulsion and power-generation 
program elements are listed in the right-hand 
portion of the table. Let us tum our attention 
to the first four elements, the Snap-8 develop­
ment, the Snap-8 flight evaluation, the ad­
vanced research and technology, and the Meca 
project. 

Elements 

Snap·8 development 
Snap-8 flight evaluation 
Advanced research and technology 
Meca (zero-g flight t ests) 

Engine development 
Advanced researoh and technology 
Sert (Spaoe Eleotric Rooket Tests) 

Electric Power Generation 

Snap-8 development project.-The Snap-8 is 
a 30 kilowatt, reactor-powered, electric power 
generation system suitable for space flight ap­
plications. As shown in the figure 29-8, it is 
composed of two major components, the nuclear 
subsystem and the power conversion subsystem. 
The nuclear subsystem is composed of a nuclear 
reactor, shielding, and the associated pumps, 
tubing, and working fluid necessary to transfer 

NUCLEAR SUBSYSTEM POWER CONVERSION SUBSYSTEM 

r 
REACTOR 

NaK FLUID 

HOT 

COOL 

TURBINE GENERATOR 

... ELECTRICAL POWER 

CONDENSER 

MERCURY 

VAPOR 

LIQUID 

., 

' PUMP 

COOLING 

HOT 

COOL 

y 

WASTE 
HEAT 

FLUID 

FIGURE 29-8.-Schematic drawing of the Snap-8 electrical generation system. 
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the heat generated in the reactor to the boiler. 
The working fluid, a mixture of sodium and po­
tassium, is heated in the reactor and pumped to 
the boiler where its heat energy is transferred 
to the mercury in the boiler. It is then pumped 
back to the reactor and is reheated. 

The heat energy transferred to the boiler 
causes liquid. mercury in the second loop to boil. 
The resulting mercury vapor passes through a 
turbine which extracts enough energy to drive 
the generator. The mercury vapor is then 
cooled in the condenser and the -resulting liquid 
pumped back to the boiler for reheating. The 
heat energy released by the mercury in the con­
denser is removed by a single-phase cooling 
fluid which is pumped to the radiator. The 
excess heat energy is then rad.iated to space and 
the cooled fluid is returned to the cQl1denser. 
Not shown in the figure is a small fourth loop 
needed to provide cooling for the bearing lubri­
cation system and various electrical components. 
In simpler terms, heat energy produced in the 
reactor is transferred to the turbine section 
where approximately 10 percent is extracted in 
the form of electricity. The unused heat energy 
is then rejected to space by the radiator. 

Cycle temperatures range from 1,3000 F in 
the reactor to 1800 F in the generator. These 
temperatures coupled with the 10,OOO-hour 
maintenance-free lifetime requirement are pre­
senting difficult problems in materials selection 
and bearing and seal design and particularly 
in the achievement of high reliability. 

Snap-8 flight -evaluation rroject.-The objec­
tive of the Snap-8 Flight Evaluation Project 
is to evaluate the problems of starting and op­
erating a Sna p-8 Electrical Generating System 
in the space environment and to demonstrate 
such operation. The spacecraft is estimated to 
weigh as much as 10 tons including an electric 
propulsion system and will be launched by a 
Saturn IB launch vehicle. It is important to 
note that no major hardware commitments will 
be undertaken until Snap-8 Development P roj ­
ect progress warrants such action. Preliminary 
studies of spacecraft, design, operational safety 
problems, and so forth, are planlled for initia­
tion during this fiscal year. 

Advanced research. and technology.- T he Ad­
vanced Research and Technology Project IS 
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aimed at acquiring the technology on which to 
base the development of future systems and is 
shown in figure 29-9. The 2,100 0 F, Rankine 
cycle, turboelectric system utilizes lithium and 
potassium as working fluids and a segmented 
radiator to minimize radiator weight. Figure 
2'9-10 shows a thermionic direct conversion sys­
tem which appears to be a simpler system than 
the turbogenerator system in that it has fewer 
moving parts; ho,,-ever, it required a maximum 
temperature of approximately 3,0000 F. Both 
systems have design weights on the order of 10 
to 20 pounds per kilowatt and are technologi­
cally far beyond current ground-based power­
generating deYices. The uncertain microme­
teoroid environment and the lack of basic and 
engineering knowledge on materials, heat trans­
fer, flow processes, and so forth, pose serious 
obstacles to be overcome before hardware devel­
opment of such advanced systems can be under­
taken. 1Ve, therefore, attach much importance 
to this area and, under the direction of the 
Le\vis Research Center, are conducting a vigor-

RA D IATO R 

FIGURE 29-9.-Advanced turboelectric system. 

FUEL ELEM ENT 

FIGURE 29-10.-Advanced thermionic direct conversion 
system. 
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ous program with approximately 25 industrial, 
research, and university contractors, as well as 
within NASA, to provide the necessary data. 
This program includes such items as the experi­
mental evaluation of viscosity, specific heats, 
thermal conductivity, and so forth, of liquid 
metals and metal vapors of interest; the emissiv­
ity of radiator materials over a wide range of 
temperatures for space use; the boiling heat­
transfer coefficients of the metal working fluids 
at the high temperatures required; and, the 
compatability of the metal working fluids with 
the containment materials and the components 
used in the system. This area of work also 
includes analysis and experiments on such sys­
tem components as bearings, turbines, genera­
tors, pumps, thermionic emitters, and so forth. 

M eca P1'oject.-The Meca Project is aimed 
at determining the effects of relatively long­
time zero-gravity exposure on liquid metal boil­
ing and condensing heat transfer. The 8 or 10 
minutes of zero gravity exposure needed to es­
tablish equilibrium conditions will be obtained 
in freely falling vehicles at high altitudes. 
Experiments weighing up to 1,000 pounds will 
be launched by small (110,000 ~unds of thrust) 
solid rocket-powered vehicles shown in figure 
29-11. Composed of available motors, vehicles 
will be launched from W allops Island at a 
rate of 2 to 3 per year. The first experiments 
are in direct support of Snap-:8 and will utilize 
mercury fluid and Snap-8 boiler and condenser 
component configurations. Data will be telem­
etered to the ground and also recorded on film. 
The camera package will be recovered by using 
techniques already developed. 

Electric Propulsion 

The propulsion subprogram is composed of 
an Advanced Research and Technology Proj ­
ect, an Engine Development Project, and a 
Flight Evaluation Project called Sert. (See 
table 29-I.) 

Advanced research and technology project.­
With regard to the Advanced Research and 
Technology Project, our efforts are directed 
toward providing the basic information neces­
sary for the development of systems. Figure 
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FIGURE 29-11.-Meca vehicle on launcher. 
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FIGURE 29-12.-Electric thrust chamber program. 

29-12 lists the three main types of electric rocket 
engine that are being investigated: the arc jet, 
the ion engine, and the plasma jet. The arc 
jet develops thrust by heating a working fluid 
such as hydrogen or ammonia and expanding 
it through a nozzle. The ion engine depends 
upon electrostatic forces and reactions to ac­
celerate a working fluid such as cesium or mer-
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cury and thereby develop thrust. The plasma 
engine utilizes electromagnetic forces to accel­
erate plasmas and thereby develop thrust. As 
can be seen in the left-hand column of figure 
29-12, the arc jet has a specific impulse range 
of 700 to 1,500 pounds of thrust per pound per 
second of propellant flow. The ion engine de­
velops impulses in the 3,500- to 10,000-second 
range. The plasmajet offers the potential of 
covering the whole range of the other two. 

Another Advanced Research and Technology 
area that has been somewhat neglected in favor 
of work on thrusters is the power conditioning 
and control system. A program in these areas 
has been initiated this year and will be increased 
in 1964. 

Approximately 26 industrial and university 
contractors are involved in the various portions 
of this overall program. 

Engine development project.-The Engine 
Development Project consists of a number of 
development contracts for arc jet and ion en­
gines aimed at providing hard ware for ground 
and flight-test purposes. Hopefully, the en­
gines developed as part of this project will be 
suitable for early applications. An example 
of this philosophy is the 3-kilowatt ion engine 
module, under development by the Hughes Air­
craft Company, and the concept of clustering 
the basic 3-kilowatt unit into megawatt-size 
systems. 

Figure 29-13 shows the basic engine module. 
It is a strip or rectangular engine rather than 
the circular or ring engine discussed in prior 
years. Its dimensions are approximately 3 
inches by 6 inches. Figure 29-14 illustrates the 
clustering concept. The power levels have been 
selected so that each development would be 
suitable for the potential applications listed in 
the figure. 

Sert project (Space Electric Rocket Test).­
The Sert Projec.t is composed of a series of elec­
tric rocket engine tests that, in general, cannot 
be performed meaningfully in ground facilities 
alone. By comparing flight-test results with 
data obtained in ground facilities, the limita­
tions and accuracy of the ground tests can be 
determined. Because we can never expect to 
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FIGURE 29-13.-Three-kilowatt ion engine module. 
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FIGURE 29--14.-Electric engine development. 

simulate the space environment completely, 
flight tests such as these are also necessary to 
prove or qualify specific engine developments 
for future mission applications. 

The first Sert flio-ht to be run later this year 
will consist of an ion-beam neutralization ex­
periment. A 350-pound spin-stabilized capsule, 
built by RCA, will be launched from Wallops 
Island, Virginia, by a Scout launch vehicle on 
the trajectory shown in figure 29-15. This 
trajectory will give up to 55 minutes of free 
fall above the Earth's atmosphere. During 
this time, two ion engines will be operated in 
such a manner as to change the capsule spin 
rate. The amount of change in spin rate will 
be a measure of the thrust developed which, 
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in turn, is a measure of the degree of neutraliza­
tion achieved. Succeeding Sert flights will in­
volve orbital trajectories as well as the ballistic 
type shown here. 

FIGURE 29-15.-Space electric rocket test (Sert). 
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CONCLUDING REMARKS 

The door that was opened in Chicago in 
December 1942 has in less than 20 years led 
us to concepts and hardware for the utiliza­
tion of that new energy source in space mis­
sions that could not be generally anticipated 
at that time. As a result of that dramatic 
scientific effort, we have established major goals 
aimed at the early and practical utilization of 
nuclear energy in space. We are convinced 
that a substantial effort is justified by the po­
tential performance advantages and the many 
applications of these systems for difficult space 
mISSIOns. This work will lead us not only to 
the development of particular hardware items 
but will open new fields of rocket propulsion 
and power to permit us to travel freely in space. 

---- --- -- --- ----



Panel Discussion: 
The Job Ahead for the Midwest 

Leader: EDWARD C. LOGELI N 
President, Ohioago Assooiation of Oommeroe and InflrtMtry; 

and Spaoe Month Steering Oommittee 

LOGELlN: The purpose of this panel discussion 
is to analyze the meaning of the Space Age 
Planning Conference-its meaning to the people 
of the Midwest, to industry, to education, and 
to the public. The panelists represent various 
phases of that public and will discuss their 
thoughts on the job ahead for the Midwest. 
Our topic is: "What do we, as businessmen, as 
educators, as citizens of Chicago, of Illinois, 
and of the Midwest, <;10 about the challenges 
that have been infolded in this Conference on 
Space-Age Planning?" 

RUBENSTEIN: I would like to make a fewobser­
vations on what I believe to be some of the 
things that Midwest industry might do in order 
to prepare itself for the increasingly competi­
tive research and development activity in the 
Space Age. These observations arise from in­
tensive study over the past dozen years of 
the process of research and development in 
industry. 

This activity, which we call research-on-re­
search, involves about 15 graduate students and 
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staff members in the Department of Industrial 
Engineering and Management Sciences at 
Northwestern University. Our research has 
covered many different industries and regions 
of this and other countries. We have studied 
and are in the process of studying research and 
development budgeting, project selection, the 
generation of ideas for research, the evaluation 
of research results for individual firms and in­
dustry groups, the organization of research and 
development in large and small companies, re­
search and development capabilities, and many 
related topics. 

Some of our observations thus far have rele­
vance for the situation that this region faces 
in increasing its participation in the newer more 
sophisticated areas that are characteristic of 
Space Age research and development. 

(1) The fact, well known to people who have 
played the research and development game, is 
that the results of research and development 
are highly uncertain and that there is no 
guarantee that specific projects or, indeed, the 
whole programs will payoff. 
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(2) There are severe time lags in the research 
and development process between input of re­
sources and output of benefits in terms of in­
creased profits or growth. We have examined 
many cases of successful, as well as unsuccessful 
research and development projects, and find that 
the times to payoff for a large proportion of 
the projects with high economic yields are 
typically of the order of 5 to 10 years. 

(3) We have observed that a large percent­
age of the companies which are recognized for 
the development of major new products, mate­
rials, and processes have certain characteristics 
in common. Among them are: (a) they sup­
port a fairly large research and development 
activity; (b) they provide research and develop­
ment wit.h a voice in top management; and (c) 
they maintain a project portfolio that includes 
a significant percentage of high-level uncommit­
ted ,york in areas related to their general fields 
of interest but not necessarily focused on spe­
cific end results. Much of this unfocused work 
is on a longer and more leisurely time schedule 
than that portion of the research and develop­
ment .program aimed at providing technical 
services or making minor improvements in 
products and processes. 

(4) In many fields there appears to be a 
greater chance for a high payoff from more 
sophisticated, more scienti·fic-based programs 
than there is from a straightforward brute­
force attack, using conventional experimental 
methods. In other words, a deep study of the 
phenomena may yield solutions to many related 
problems when sufficient knowledge is achieved. 

(5) Many of the companies, large and small, 
which have participated successfully in govern­
ment-supported research and development work 
were able to compete in this field as a result of 
previously developed skills and research and 
development capabilities. There is sometimes a 
tendency to put the cart before the horse in 
seeking research and development contracts be­
fore the capacity to conduct them effectively is 
in existence. 

(6) There appears to be a greater chance of 
payoff from both civilian and military research 
and development work when the scale of sup­
port for it is adequate and sustained over a long 
enough period to payoff. In this connection, I 
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would like to mention some preliminary results 
of one of the half dozen studies of the research 
and development process currently under way 
at Northwestern. 

This is a study of the expenditures and time 
required to develop new technical skills in an 
existing research and development laboratory. 
The preliminary data are from organizations in 
the aerospace industry, some very large and 
some medium-size organizations. The respond­
ing organizations provided information on a 
number of steps in the process of building the 
new technical skills. I would like to report on 
two pieces of these data. 

The first is in answer to the question: How 
long did it. take from the time work was ini­
tiated in this area to the attainment of the 
"first effective output," such as a paper pub­
lished in a professional journal, a new product 
conceived, a government contract awarded, a 
difficult production or product development 
problem solved, and so forth? 

The answer to this question is in terms of 
mont.hs and I will merely name certain fields 
and give the data for each company reporting 
on that field: 

Infrared _____________________________ 24,24 

Data processing, computer _____________ 36,18,36 
Reliability ___________________________ 28, 8, 12 

Human Factors_______________________ 6,36 
Ion Propulsion________________________ 6 
Plasma Physics_______________________ 15 
Inertial Guidance_____________________ 24 

To these times must be added, in many cases, 
the time from recognition of t.he need for this. 
skill to the initiation of work. This additional 
lag may be caused by the recruitment of peo­
ple for this area from inside or outside the or­
ganization; designing, procuring, and install­
ing equipment; and training or orienting new 
people both to the specific field and to the goals 
and methods of operation in the organization. 

The other piece of data is on the number of 
professional man-months required as input to 
achieve the first effective output: 

Infrared ______________________ _ 300,600 
Data processing, computer ______ 2,400, 60, 2,000 
Reliability _____________________ 100, 30, 48 
Human factors_________________ 6, 48 
Ion propulsion__________________ 60 
Plasma physics_________________ 100 
Inertial guidance_______________ 240 
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The cost of entering some of these new fields 
can be estimated by applying, as a rough ap­
proximation, a figure such as $30,000 per pro­
fessional man-year including technical support 
and overhead. 

Some policies which I believe might be fol­
lowed by companies interested in significantly 
improving the scientific level of their research 
and development in order to compete more effec­
tively in both civilian and government research 
and development are: 

(1) Invest company money in research and 
development on a long-term calculated-risk 
basis and provide sufficient time stability to 
the program so that it is not jeopardized by 
short-term swings in economic conditions or 
company sales and profits. In other words, 
sustain it long enough for it to payoff, if it is 
going to do so. 

(2) Concentrate a portion of this investment 
on a level of research fundamental enough to 
generate ideas for radically new products, proc­
esses, and materials. 

(3) Establish and maintain a group of pro­
fessional researchers on long-range more funda­
mental work of sufficient size to provide the 
potential for payoff. 

(4) Seek out top-notch industrial scientists 
for this group. In other words, get a "fair 
share" of the very good people who do go into 
industrial research and development. 

(5) Pay the going rate for these top notch 
people. 

(6) Provide the environment and the scien­
tific leadership that will encourage the develop­
ment of Significant ideas and skills from which 
products and proposals will flow. 

HALLIGAN: In the past it has been said that the 
Midwest industry is capable of producing 
highly technical products of high quality and 
in high quantity. This statement is true, but 
it does not apply only to the past. It is equally 
true of the present, and will continue to be true 
of the future. It will be true whether we par­
ticipate in the production of consumer goods, 
military products, or space-age systems. The 
statement is true because collectively we have 
the ingenuity, vision, and unity to make it true. 

Midwestern industry has been especially 
noted for its ingenuity in manufacturing all 
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kinds of equipment. By ingenuity we mean the 
ability to develop, to design, and to produce a 
product rapidly and efficiently and to have this 
product meet or exceed the needs of our custom­
ers. Contrary to recent statements, industry in 
the Midwest has led the country in the par­
ticular capability of ingenuity of product. One 
would have to travel far to find management 
and labor that would outshine that found in 
the great industr,ial complex of the Midwest. 
We should, therefore, be proud of our past con­
tributions and our present contributions, and 
we should look forwar~ to our future contribu­
tions to the defense and space programs with 
the same faith, vigor, and ingenuity that gave 
us our past accomplishments. 

Succeeding in advanced programs for either 
military or space efforts will require the in­
dustry of the Midwest to have vision-or the 
ability to look toward the future requirements 
of both space programs and the everyday con­
sumer. 

In defense of the industrialist who manages 
a large complex business, I must say that the 
task of determining the direction in which he 
should lead his company relative to new designs 
and new products is a very difficult one. As 
in government, and as in -universities, the in­
dustrialist must budget his expenses and must 
determine to the best of his ability in what 
areas he should invest his stockholders' monies 
in order to make his company grow. Unlike 
the government, the industrialist must balance 
his budget and must show a profit or else he, as 
an individual, is replaced. 

We cannot afford, anyone of us in industry, 
government or university, to compete in all of 
the programs that are being let by the govern­
ment. But if we can develop the necessary in­
sight to meet the needs of future programs, 
we can band together and at least give some 
of the other sectors of the country strong com­
petition in future government business. If we 
have missed the boat in the past, as has been 
said, why must we continue to miss the missiles 
in the future ~ 

Our job will not be an easy one, since the race 
has been started and we are admittedly late. 
But we of the Midwest are well known for our 
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fortitude and our drive, and we will do every­
thing we can to make up for lost time. 

We need help in determining how we can best 
apply our research and development funds so 
that we will not go into great deficits trying 
to accomplish everything at once in an effort 
to compete directly with those who already have 
a head start. 

We in industry are open to suggestions; we 
are eagerly searching for those areas that do 
hold promise for anyone who wants to try. 
The industry of the Midwest does try, and wants 
to keep trying with everything they have. 

All of us have heard the oft-used phrase "in 
unity there is strength." In the events of the 
Midwest Space Month, April 9 to May 9, 
1963, a gratifying unity prevailed between 
our local government, our local universities, 
and our local industries. These bonds should 
be strengthened, since each of us can help the 
other, and in turn we jointly can help the Mid­
west. The technical people in Midwest indus­
try should be encouraged to participate indi­
vidually and collectively with the Midwestern 
universities in their particular programs and 
to provide assistance in any way they can. 

Let me give an example of how we at Halli­
crafters feel about participating with univer­
sities on programs and how we are getting to 
know better what their programs are. Our Di­
rector of Research and Development has been 
assigned, practically full time, the job of estab­
lishing liaison with all of the Midwestern 
universities-

(1) To get to know the university people and 
their ideas 

(2) To solicit their help in opening up new 
vistas of programs and products so that 
we in industry can better plan for the 
future 

(3) To acquaint the universities with the 
capabilities of our industry and to let 
them know we stand ready to help in 
any way that we can in accomplishing 
their objectives. 

In addition, we have made every effort to 
acquaint our local government with our capa­
bilities and to keep them informed of future 
military and space programs with which we are 
familiar. Local government, on the other hand, 
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has provided help through the proper channels 
to acquaint us with any additional information 
that they may acquire. We also have solicited 
help from other industrialists in the Midwest 
and, on many occasions, have joined up to make 
proposals, submit bids, and work together to 
acquire more business for the Midwest. 

From the industrial standpoint we know that 
the military and space business of the future 
will be radically different from that of the 
past. No one industry, no one company, no 
one isolated group Or organization is going to 
be successful in really increasing the Midwest's 
military or defense business without working 
together with others. We are making progress 
toward this end, but We still have a good 
measure to go. The universities, the local gov­
ernment, and the industries of the Midwest must 
join together their great knowledge and abili­
ties so that they may capture thei~ fair share 
of the military and space programs of the 
future. 

We have the ingenuity to perform and We 
are gaining the vision. Now We must unite, 
and then we will be successful. 

LOGELlN: Dr. Rubenstein, how can universities 
become more active in their cooperation with 
industry and, in the reverse, how should in· 
dustries take action to enhance their cooperation 
with universities ~ 

RUBENSTEIN: That is a difficult question. I will 
base my answer on the fairly fundamental 
premise that an industrial company and a uni­
versity are two distinctly different types of 
institutions. This may appear obvious, but I 
think the implications of it are fairly deep. 
The goals of these two institutions are quite dif­
ferent and their methods of operations are quite 
different. I do believe that there is an are\1 of 
cooperation but I think the best chance for 
this cooperation lies in an area of mutual in­
terest, one which has already been identified 
and which is historic. This is in the area that 
includes education, science, and technology. 
Specifically, I think that there are two possible 
channels in this area. The first is the question 
of the training of scientists and engineers and 
the second is the generation and application of 
scientific and technical knowledge. I feel that 
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this mutual interest is best served when each 
unit-the compan-y and the university-is doing 
what it can do best; that is, the university is 
training people in advanced science and tech­
nology and is generating basic scientific knowl­
edge at the highest possible level, and the com­
pany is using the skills of these people in an 
effective manner and is attempting to apply 
the fundamental knowledge which is generated 
by the university. I see no advantage, in the 
long run, of either party trying to carry out 
the other party's role, that is, industry attempt­
ing to do scientific training or the university 
attempting to do applied work or development 
work. 

Therefore, in my opinion there are several 
possibilities of increased cooperation. One, for 
example, is that industry should provide a con­
tinuing and enthusiastic support for atlvanced 
level scientific and engineering graduate work 
at universities. This requires certain sacrifices 
by industry in terms of time and the loss of the 
talents of personnel for an extended period. It 
also requires meeting certain fairly stringent 
standards and requirements that the university 
has felt go with proper educational ventures. 
The university, on the other hand, should in­
tensify its efforts to attract and maintain a re­
lationship with industry in seminars and 
symposia, in technical programs that are of 
mutual interest. This does not mean that the 
technical or scienti'fic level should be decreased 
and that these seminars should be given on a 
very low level. It means that more planning 
and thought should be given to the scheduling 
and the content of such seminars so that the 
competent people from industry can participate 
and learn something. Such programs have had 
a disappointingly low participation by industry 
people, despite the fact that there has been a 
phenomental increase in seminars, at North­
western, at any rate. A third possihility is that 
the talents of university faculties should be bet­
ter utilized by industry on an individual basis, 
ana consulting basis; and I believe that this 
should be essentially at a high technical level 
so that a university person is always at the edge 
of his knowledge rather than merely passing on 
old information that he has had for a long time. 
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HALLIGAN: I don't want to start a controversy. 
However, I do know how Hallicrafters coop­
erates with the universities. Our director of 
research and development spends almost· full 
time visiting universities in the Midwest, going 
into their laboratories, and attending joint 
seminars in which he finds out what studies the 
university people are making or planning, what 
their programs are, and tries to become 
acquainted with them. This is step one. Step 
two, he tries to acquaint the universities with 
what we are trying to do in industry-the two 
can go in different directions. 'Step three, after 
acquainting them with our program and be­
coming acquainted with theirs, he asks, in effect, 
how we can help the university meet its objec­
tives. The university approach to a problem 
is a theoretical one-in which a concept is de­
veloped to a certain point. Beyond this point, 
where further development and testing are re­
quired, industry can meet this requirement. I 
think more industries could send representa­
tives to universities. 'More of the university 
people could take a little interest in industry. 
In Hallicrafters, we have five consultants from 
universities on our staff who come in 1 day a 
week. They eirculate through all our engineer­
ing departments, talk with our personnel, and 
also hold small seminars to try to bring them 
up to date on programs that are going on in 
the universities. More exchange of this nature 
would solve many problems and would produce 
university-industry cooperation. 

RUBENSTEIN: I think the pattern you have de­
scribed is a very admirable one. 

LOGElIN: I think it behooves us in industry to 
get closer to the colleges and universities but 
sometimes I feel that there is great misunder­
standing on the part of colleges and universi­
ties concerning what we may be doing in 
industry. We happen to have in our corpora­
tion a research laboratory employing about a 
thousand people with over a hundred doctors. 
A university man remarked to me "I imagine 
you have a laboratory and you call it that be­
cause you have one doctor." 

Dr. Rubenstein, in your opinion, how can 
industry attract more top quality scientific and 
technical personnel; in other words, recruit 
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them from education? What do you think is 
the most effective way to attract these 
individuals? 

RUBENSTEIN: This problem has received a lot of 
attention in newspapers and on television re­
cently. Perhaps a vital factor in attracting 
a top-quality scientist is the ability to supply 
him with colleagues. One might think that a 
new Ph. D., after spending a good many years 
in study, would be ready to go to work and 
start producing something useful. This may 
not be the case. It may require several years, 
particularly in a new field, for him to learn 
how to use his theoretical knowledge to produce 
hardware, and in this learning process he needs 
colleagues who are interested in the same t~ings 
and with whom he can discuss problems. It 
is very difficult to p~ace a new Ph. D. in a posi­
tion in which he is the expert; for many years 
he has been used to turning to people who are 
experts and the abrupt change may be a trau­
matic one. 

Providing scientific leadership in the labora­
tory and having it represented at the top levels 
in a company are very important factors that 
are charecteristic of our most successful large 
research-based coIri'¢.nies. Another factor, a 
complex one, is providing the atmosphere con­
ducive to scientific work, conducive to the gen­
eration of ideas, trying new things, risk taking, 
and so on. 
. In attracting scientists to or keeping scien­
tists in the Midwest, there is also the factor of 
money. There is evidence-we have caSe stud­
ies involving our own graduate students-that 
many of those receiving Ph. D.'s in engineer­
ing and science are being offered several thou­
sand dollars more for the same type of work 
by companies outside the Midwest region than 
by companies in the Midwest. 

I think, given adequate pay and living facil­
ities-these, incidentally, have, I think, been 
overplayed-the important things toa scientist 
are challenging work with colleagues whom they 
respect and with whom they can communicate 
and a chance to see his ideas develop into some­
thing at the other· end, a new product or some­
thing that has some effect. 

LOGElIN: Governor Kerner, you have gone to 
Washington on numerous occasions to help sell 

Illinois capabilities to the Federal Government 
and to the various agencies. Do you have any 
ideas or plans for the future for making this 
a regular activity? 

KERNER: I have requested the legislature to pro­
vide me with funds to open up an Illinois office 
in Washington-not just for this purpose, but 
for keeping up-to-date on all of the things that 
are going on in Washington. I think one of the 
major purposes of our continuous contact with 
Washington is to find out what conditions the 
Defense Department or the NASA consider as 
precedent to securing contracts in the State of 
Illinois. One of the things for which we have 
been criticized is the fact that, although we do 
have the scientists and we do have the indus­
trial and production know-how, unfortunately, 
they have :Q,ot been brought close enough to­
gether. In order to deal with this prdblem, Dr. 
Lanier, Vice President of the University of 
Illinois, has contacted a number of Illinois in­
dustrialists to urge them to join together in a 
project to establish a research laboratory in the 

. vicinity of the University of TIlinois campus 
so that the scientists employed by the companies 
can work in the research laboratory with scien­
tists. from the university. Both industry and 
the university would, perhaps, like to keep com­
plete control. However, both must be willing 
to yield some control in order to coordinate their 
functions and to establish a joint research lab­
oratory. I am assured without any equivoca­
tion that the establishment of such scientific 
laboratories, particularly in the electronics field, 
would enhance the opportunity to secure De­
partment of Defense and NASA contracts. 
Thishas happened in California, in Texas, and 
in New England. To cope with the problems 
of profit and risk taking, I have suggested 
that this be a nonprofit corporation so that 
industry and the university would share in the 
loss ,or profit in the general interests of the 
development of such a complex. 
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LOGELlN: Mr. Halligan, where do the graduates; 
both new and old, of our technical universities 
go upon leaving the Midwest and what, in 
your opinion, are the most significant reasons 
for these migrations? Who employs these 
individuals? 
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HALLIGAN: Many graduates of our engineering 
colleges are staying here in the Midwest. Some 
of them are migrating to the west coast and 
some of them are going to the east coast. It is 
obvious that we cannot prevent scientists from 
going to different areas if they like the climate 
better. However, it would help us retain our 
scientists here in the Midwest if there were 
more challenging problems to face. There is, 
for instance, a challenge in space and defense 
work. A scientist is looking for something 
brand new that has never been done before. He 
is'going to follow the challenge wherever it is. 
When you pu.'t a billion dollars a year into one 
state, as in Oalifornia, in projects that entice 
scientists, I can assure you that the scientists 
are going to go. there. This explains our con­
tinuing concern with how do we get a little more 
of our share of this kind of dollar and of these 
kind of problems. If we had some help from 
the Government on research programs, we 
would maintain and retain in the Midwest many 
more scientists than we have today. 

LOGELlN: This panel discussion is an easy one 
to summarize because it is a note of faith-faith 
in Chicago, faith in Illinois, faith in the Mid­
west, and faith in the industrial and educa­
tional complex. I was particularly impressed 
by two things that Dr. Rubenstein said. He 
pointed out that the timelag to payoff of re­
search and the tremendous dollar cost of re­
search and development must lead to an attitude 
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which prevents us from becoming discouraged 
easily and which encourages persistance until 
thee goal is attained. Thus, this subject is not 
one in which there will be speeches on research 
and development today, inauguration of a re­
search and development department tomorrow, 
and payoff by a week from Saturday. Any 
company, as Dr. Rubenstein pointed out, that 
goes into this type of R&D must aim for long­
range results. He also suggested that research 
and development, if it is to be successfully car­
ried out in private industry, must have a voice 
in top management. I think more and more 
annual reports of leading industrial companies 
indicate that research and development is be­
ginning to get that type of voice in top 
management. 

Mr. Halligan sounded a note that Mid­
westerners can be proud to echo-that we do 
have capabilities, the potentials here in the Mid­
west. It is a question of translating capabil­
ities into achievements, of making a team of 
industry, education, and government. 

Governor Kerner sounded a note of courage 
and determination to move ahead with solid 
achievements. The time for more scientific ap­
plication in the Chicago area is upon us but 
time for talking about it is over. This is a 
challenge to government, to industry, to edu­
cation to meet, to work together, and produce 
results. 
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This is a time for decision. Do we in the 
Midwest have the will, industry, universities, 
and government to pull together to place Illi­
nois in the age of space in a major way? This 
question can be answered affirmatively in only 
one way. The time for educational meetings, 
for civic banquets, for the preliminaries is over. 
It is time now to secure· or create the vehicle 
through which the role we hope for can be 
transformed from wish into reality. What is 
to be the vehicle that will take Illinois from the 
launching pad of an aroused and informed pub­
lic opinion into a well-conceived, adequately 
powered, and sustained flight in: space? 

To those who have studied the matter, it is 
no secret that getting into space in a major way 
comes high. It requires heavy investment of 
highly trained personnel in the costly develop­
ment of proposals whose success depends not 
only on basic scientific and industrial capabili­
ties but also on the perilous task of divining the 
critical directions that space research will take 
and the means for their implementation. The 
competition that has already developed for 
NASA contracts is keen, well-financed, and so­
phisticated. This is a field in which those with 
limited resources or lack of contacts and prior 
know-how must proceed with caution. 

The odds against attaining a major role in 
space at this late date can be overcome only 
by the whole-hearted efforts of industry, uni­
versity, and government. They can be over­
come only if NASA and the Government of 
the United States recognize that there is a pub­
lic interest in their being overcome. 
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OTTO KERNER 
(}ove'J"/U}r' of Illinois 

The government should recognize that a lop­
sided concentration of procurement, draining 
the Midwest of its scientific talent, and a lop­
sided concentration of contracts in a few giant 
government-oriented businesses are unhealthy. 
We are disturbed at the drain: of scientific talent 
that we produce from our region with no com­
pensating return. We are convinced that this 
situation is unhealthy for the state and for the 
N ation. We believe that the Government of 
the United States, as well as we, should do 
ev~rything in its power to correct it. 

Three things, combined if possible but sever­
ally if not, seem immediately worth doing. 
First, the major corporations of Illinois who 
have a stake in the state's future-a future 
that depends on our developing, attracting, and 
holding our share of the Nation's brains­
should consider the advisability of accepting a 
role in leading a cooperative effort of the uni­
versities and medium-sized industry to find a 
significant place for the state in space. Only a 
sophisticated major prime contractor can afford 
the investment in developing proposals that can 
bring major systems contracts to Illinois. We 
have such corporations in Illinois. Our diffi­
culty is that the space part of their business is 
not done in the state. We cannot, in good con­
science, ask that they do anything contrary to 
their best business judgment. We can ask that 
they give full and earnest consideration to 
whether their own best interests do not co­
incide with the state's in seeking to broaden the 
base of our economy with major science-oriented 
ca pabilities. 
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Boston and Massachusetts have been plagued 
with some of the difficulties that confront us. 
They, like Illinois, possess splendid universities 
and a fine electronics base. Boston industries 
and universities are reported to be actively con­
sidering the investment of their own money in 
a not-for-profit corporation that can remedy 
their lack and provide the needed advisory role 
for universities and smaller companies. It is 
impressive that banks, insurance companies, and 
universities in Boston, as well as electronics 
firms, have concluded that they need to pool 
resources and share the risks of developing ma­
jor proposals that are the necessary prelude to 
systems contracts. This is an example that we 
would do well to study and perhaps, if study 
shows it wise, to imitate. 

A third and immediately possible step can be 
taken. A major NASA in-house capability in 
Illinois would give a tremendous-and perhaps 
the one needed~boost to getting the state and 
the region into full:scale participation in the 
Nation's space program. The reception of 'an 
Electronics Research Technical Center would be 
warm and hearty here in Illinois. Indeed, we 
would like to know what conditions NASA 
feels we must meet to justify the placing of a 
major in-house capability in the state. If we 
are told the conditions, I am sure we will meet 
them. 

A nuclear propulsion center to study the best 
methods of harnessing nuclear power for space 
is a natural for this area. At the present time 
there is no other power source th'at can meet the 
known requirements. While the difficulties in 
harnessing nuclear power for space use are 
formidable, they are not beyond our scientific 
and engineering capabilities. 

There is poetic justice in the idea that Chi-

cago and Illinois, which opened the nuclear 
age, should develop the nuclear· power devices 
for space travel. There is a sound scientific 
basis for locating the center in the area of the 
Nation's foremost peacetime nuclear lwbora­
tory-Argonne. With its preeminent capability 
in this field, Illinois also can capitalize on the 
capabilities of the University of Chicago, the 
University of Illinois, Northwestern Univer­
sity, Illinois Institute of Technology, Armour 

-Research Foundation, and ,three of the Nation's 
12 materials research laboratories. In addition, 
of course, there is our magnificent industrial 
base. There seem to be ample reasons why a 
rriajor NASA in-house capability to explore the 
use of nuclear power for space should be located 
adjacent to Argonne National Laboratory in 
the Chicago area. 
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Such a nuclear propulsion center would move 
Illinois, Chicago, and the whole Midwest from 
the launching pad of talk and meetings into 
the exhilarating flight of meaningful action. 
With the industry and universities located here 
and the proven nature of their capahilities, we 
have an ideal location for such a faciiity. We 
produce the priceless ingredient, science and en­
gineering Ph. D's in quantity. Why does it not 
make sense to move at least one major NASA 
operation to a prime source of its major require­
ment? Illinois' contribution in scientists -and 
taxes makes it fully deserving of the location 
of a major facility that will employ some, at 
least, of both these scarce factors in its own 
backyard. 

As Governor of Illinois, concerned with the' 
future of its youth and its economy (they go 
together), I cannot urge too strongly the need 
for earnest consideration of effective, immediate 
action along these lines. 
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JOHN LELAND ATWOOD, Chairman and President, North 
American Aviation, Inc., received his A.B. degree from 
Hardin Simmons College in 1926, and a B.S. degree in 
civil engineering from the University of Texas in 1928. 
In 1955 he was awarded an honorary degree of doctor 
of engineering by the Stevens Institute of Technology. 
In 1960 he received the Dh;ltinguished Engineering 
Graduate Award from the College of Engineering at 
the University of'l'exas. Starting as a junior airplane 
engineer with the Army Air Corps at Wright Field in 
1928, he left that position to become a design engineer 
with Douglas Aircraft Co. in 1930. Mr. Atwood jOined 
North American Aviation, Inc., in 1934 as chief engineer 
and vice president. He became assistant general man­
ager in 1938 and in 1941 was named first vice president. 
In 1948 he was elected president of North American. 
In 1960, Mr. Atwood was named chief executive officer, 
and chairman in 1962. In 1948, he was awarded the 
Presidential Certificate of Merit for his contributions 
to the war effort during World War II, and in 1955 the 
Republic of Italy conferred upon him that country's 
Commander of Merit decoration for his personal con­
tributions to the aviation industry. 

R.BOWLING BARNES is president of Barnes Engineering 
Company and a member of the Board of Directors. 
Dr. Barnes received his undergraduate degree from 
Birmingham Southern College in 1925 and a Ph. D. in 
physics from Johns Hopkins University in 1929. From 
1930 to 1932, Dr. Barnes was a National Research 
Fellow at the Universities of Berlin and Breslau where 
he continued his work in infrared. In 1957, he re­
ceived an honorary doctor of science degree from 
Birmingham Southern College. After serving as a 
physics instructor at Johns Hopkins and later at 
Princeton, he joined the Stamford Research Labora­
tories of American Cyanamid Company in 1936 as 
director of the Physics Division. In this capacity, Dr. 
Barnes pioneered in the application of physical instru­
ments and methods to major analytical problems of the 
chemical industry. In 1948, he became vice president 
in charge of research and development at American 
Optical Company. In 1952, he was named president of 
Olympic Development Company, a research division of 
Olympic Radio and Television. In 1955, when Olympic 
Development Company became a separate corporation, 
its name was ·changed to Barnes Engineering Company. 
Barnes Engineering Oompany is engaged in the design, 
development, and manufacture of infrared and electro­
optical components, instruments, and systems. 

RICHARD J. H. BARNES was appointed Chief, Cooperative 
Programs, in the NASA Office of International Pro­
grains in January 1962. In this capacity he is con-
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. cerned with the formulation and implementation of 
joint satellite, sounding rocket, and ground-based sci­
entific programs established by NASA in cooperation 
with foreign space research organizations. Mr. 
Barnes joined the NASA Office of International Pro­
grams in 1961. Prior to this, he was affiliated with the 
Atomic Industrial Forum, Inc., where he was man­
aging editor of the Forum's monthly news publication. 
Mr. Barnes previously served with the Atomic Energy 
Commission's Division of International Affairs and in 
the Bureau of Ordnance of the Navy Department. 
Mr. Barnes was graduated in 1951 from Dartmouth 
College, and received a Mastel' of Public Administra­
tion degree from Harvard University in 1955. 

GEORGE W. BEADLE was elected president of The Uni­
versity of Chicago in 1961. Dr. Beadle came to The 
University of Chicago from the California Institute 
of Technology, where he had been professor and chair­
man of the Division of Biology and acting dean of the 
faculty since 1946. Before that, he was professor of 
biology at Stanford University from 1937 to 1946, 
assistant professor of genetics at Harvard University 
from 1936 to 1937, and a research fellow and instructor 
at California Institute of Technology from 1933 to 1936. 
Dr. Beadle earned B.S. and M.S. degrees from the Uni­
versity of Nebraska and a Ph. D. degree in genetics 
from Cornell University. He has received numerous 
honorary degrees. Among these are: D. Sc. from Yale, 
Northwestern, and Rutgers Universities; M. Sc. from 
Oxford. Dr. Beadle is a member of: Genetics Society 
of America; American Association for the Advance­
ment of Science; American Cancer Scientific Advisory 
Council; and National Academy of Sciences Committee 
on Genetic Effects of Atomic Radiation. He holds nu­
merous awards. Among these are: the Albert Einstein 
Commemorative Award (1958) and the Emil Christian 
Hansen Prize of Denmark (1953). In 1958, Dr. Beadle 
was awarded the Nobel Prize for research in medicine. 

RAYMOND L. BISPLINGHOFF has been director of the 
Office of Advanced Research and Technology, NASA, 
since August 1962. He marshals the planning, di­
rection, execution, and evaluation of all NASA research 
and technological programs conducted primarily to 
demonstrate the feasibility of advanced concepts, struc­
tures, components, or systems that may have general 
applications to the Nation's aeronautical or space 
objectives. Before coming to NASA, Dr. Bisplinghoff 
was deputy head of the Department of Aeronautical 
Engineering at the Massachusetts Institute of Tech­
nology. His experience in aeronautical and space re­
search includes a long association with the Department 
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of Defense, NASA and its predecessor, NAOA, and the 
aerospace industry.- Dr. Bisplinghoff received the aero· 
nautical engineer degree and M.S. degree in physics 
from the University of Oincinnati, and his Sc. D. 
degree from the Swiss Federal Institute of Technology. 
He is a Fellow of the American Institute of Aero­
nautics and Astronautics, the Royal Aeronautical So· 
ciety, the American Association for the Advancement 
of Science, and the American Academy of Arts and Sci· 
ences, and a member of Phi Eta Sigma, Tau Beta Pi, 
and Sigma XL 

ERNEST W. BRACKETT was appointed director of Procure­
ment and Supply Division, NASA, in January 1959. 
The functions of this division include transportation 
and logistic planning. Prior to coming to NASA, Mr. 
Brackett was a Oontract Specialist to the Director of 
Procurement and Production at the USAF Air Mate· 
rial Oommand Headquarters. A graduate of Oornell 
University, he received a bachelor of arts degree in 
1925, and practiced law until 1942. After World War 
II he joined the Department of the Air Force as Ohief 
of the Oontracts Branch in the Procurement Division, 
transferring to the Air Material Oommand in 1950. He 
is a member of the New York State and District of 
Oolumbia Bars and has been admitted to practice 
before the U.S. Supreme Oourt. 

EDGAR M. CORTRIGHT, Deputy Director of Space Sciences, 
shares responsibility with the Director in planning 
and directing all NASA programs for the unmanned 
scientific exploration of space including probes, geo­
physical and astronomical satellites and probes, bio­
sciences, and development and use of light· and medium· 
class launch vehicles. Prior to this assignment, Mr. 
Cortright was Assistant Director for Lunar and Plane­
tary Programs. Befo~e heading that post, he was­
Chief, Advanced Technology Programs, in the Office of 
Advanced Technology where he directed initial formu· 
lation of the meteorological satellite programs, Tiros 
and Nimbus. Mr. Oortright earned his B.S. and M.S. 
degrees in aeronautical engineering at Rensselaer Poly· 
technic Institute in 1947 and 1949, resceptively. 
He joined the NASA _ Lewis Research Oenter in 1948 
where he was chief of tbe &- by 6·foot Supersonic Wind 
Tunnel Branch and later chief of the Plasma Physics 
Branch after attending Nuclear Reactor Training 
School at Lewis. He is an associate fellow of the 
American Institute of Aeronautics and Astronautirs. 

RICHARD J. DALEY, Mayor of Chicago, was first elected 
mayor in 1955. Mayor Daley attended DePaul Uni· 
versity and received an LL.B. degree in 1933. In the 
same year he was admitted to the Bar and 'became a 
practicing attorney. Mr. Daley was elected to his first 
public office as a member of the Illinois House of Rep­
resentatives in 1936. He served a 2·year term in the 
house and was elected to the state senate in 1938 
where he served two 4·year terms. Mr. Daley was ap· 
pointed deputy comptroller of Oook County in 1946 
and served in that post until 1949. He was appointed 
director of revenue in 1949. In 1950, Mr. Daley was 
appointed county clerk. He was elected to a full term 
in that office in the fall of 1950, and reelected in 1954. 
He is -a member of the American, Illinois, and Ohicago 
Bar Associations and of numerous civic organizations. 

CHARLES L. DAVIS has been corporate vice president in 
charge of Minneapolis-Honeywell's Military Products 
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Group since February 1962. The divisions beaded by 
Mr. Davis employ nearly 18,000 persons and accounted 
for approximately 40 percent of Honeywell's 1962 sales. 
Prior to 'being named head of the Military Products 
Group, Mr. Davis was general manager of the Aero· 
nautical Division from July 1958 and was appointed 
a division vice president in 1959. He joined Honeywell 
in 19'55 as manager of planning for the Aeronautical 
Division following 14 years of management and staff 
experience with the U.S. Air Force. 'Most of Mr. 
Davis' service career was spent in staff and manage­
ment positions at Headquarters, Air Force; Air M-a­
teriel Command; and Air Forces Europe in command 
posts for planning, procurement, and production of 
aeronautical equipment, aircraft, and missiles. Mr. 
Davis attended the School of Aeronautical Engineering, 
Alabama Polytechnic Institute, where he earned a 
bachelor of science degree. 

• 
ANTHONY DOWNS is a Senior Economic AnalYst, and 
also Treasurer and a member of the Board of Direc· 
tors, of the Real Estate Research Corporation. He re· 
ceived a B.A. degree in political theory -and interna· 
tional relations from Carleton College and M.A. and 
Ph. D. degrees in economics from Stanford University. 
He formerly was a member of the faculty of the Uni­
versity of Ohicago in the Economics and Political 
Science Departments. Mr. Downs is the 'author of the 
book "An Economic Theory of Democracy" and a staff 
writer for the "Journal of Property Management." 
Also, Mr. Downs is the staff writer for "The National 
Market Letter." 

JAMES C. ELMS joined the NASA Manned Spacecraft 
Oenter in 1963 as deputy director for Development and 
Programs, charged with responsibility for all MOO 
manned spacecraft development projects. Prior to 
joinJng NASA, he was director of Space and Electronics 
for Aeroneutronics Division of the Ford Motor Com· 
pany. He received his B.S. degree in physiCS from the 
Oalifornia Institute of Technology and his M.A. degree 
in physiCS from University of Oalifornia at Los Angeles, 
where he was a member of the faculty as a research 
associate in geophysiCS. His research at UCLA con­
sisted of seismic investigations of ,the IDarth's crustal 
structure and Earth tides. Prior to 'World War II he 
was employed asa stress analyst at Oonsolidated Vul­
tee Aircraft Corp. He isa member of the Institute of 
Radio Engineers, American Institute of .Aeronautics 
and Astronautics, and the Armed Forces Oommunica· 
tions and Electronics Association. He is a registered 
professional engineer of California -and has patents, 
both granted and pending, in -armament and electronics. 

WILLIAM L. EVERITT has served as dean of the College of 
Engineering at the University of Illinois since 1949. 
Prior to that he wa:s 'a professor of electrical engi· 
neering 'at the university. Mr. Everitt received his 
B.S., M.S., and Ph. D. degrees from Oornell University, 
University of Micbigan,and Ohio State UniverSity, re­
spectively. He was -awarded an honorary degree in 
engineering from Bradley University in 1959. Mr. 
Everitt began his teaching career at Cornell in 1920. 
After some industrial engineering experience, he con· 
tinued teaching at the University of Michigan and 
Ohio State University prior to joining the faculty at 
the University of Illinois in 1944. Mr. Everitt has 
authored a number of handbooks and publications 
pertaining to electrical engineering. He has served on 
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a number of service and government advisory com­
mittees and organizations, mostly related to engineer­
ing. He has been 'a member of the American Institute 
of Electrical Engineers since 1925, serving on the 
board of directors from 1947 to 1951; Institute of 
Radio Engineers, of which he was president in 1945; 
American Society for Engineering Education, presi­
dent, 19W-67; Engineers' Oouncil for Professional De­
velopment, president, 1958-61; Acoustical Society of 
America; National and Illinois Societies of Profes­
sional Engineers; and the Western Society of 
Engineers. 

WALTER D. FACKLER, Associate Dean, Graduate School 
of Business, The University of Chicago, received an 
A.B. degree in economics from The George Washington 
University, 1950, and a Ph. D. degree from The Johns 
Hopkins University. He was formerly: Accountant, 
Public Service Company of Indiana, 1939-1942; Assist­
ant Profes'sor of Economics, Assistant to the Dean of 
Faculties, Director of Foreign Service Review p.rogram, 
The G~orge W'ashington University, 1950-1956; In­
structor in political economy, The Johns Hopkins Unri­
versHy, 1952~1954; A<ssistant Director, Economic Re­
search DepaTtment, U.S. Chamber of Commerce, 
1956-1959; Senior Economist, Cabinet Oomm'ittee on 
Price Stability for Economic Gl'owth (White House 
Staff), 1959-1960. Dr. Fackler is a member of the 
American Economic Association and the American 
Btatistica:! Associ3ition. He has authored numerous 
publications. Among these are: "Government Spend­
ing 'and Economic Stability," 1957, and "Tax Policy 
and Economic Growth," 1959. 

HAROLD B. FINGER, appointed director of Nuclear Sys­
tems, Office of Advanced Research and Technology in 
November 1961, manages all aspects of NASA's re­
search and development program on nuclear electric 
power systems and electric propulsion, as well as the 
'flight testing of these electric systems and of nuclear 
rocket systems. Mr. Finger is also manager of the 
joint AEC-NASA Space Nuclear Propulsion Office, and 
in this capacity is responsible for all aspects of the de­
velopment of nuclear rocket propulsion. He received 
this appointment in August 1960. Mr. Finger joined 
the Lewis Research Center staff in 1944 where he pro­
gressively assumed the responsibilities of head of the 
Axial Flow Compressor Section, associate chief of the 
Compressor Research Branch, and head of the Nuclear 
Radiation Shielding Group. He has speciali7.ed in re­
search in the fields of turbomachinery, nuclear rockets, 
and shielding. He earned a bachelor's degree in me­
chanical engineering from Oity College of New York in 
1944, and an M.S. degree in aeronautical engineering 
from Case Institute of Technology in 1950. Mr. Finger 
is a member of the American Institute of Aeronautics 
and Astronautics. 
LOUIS B. C. FONG was appointed Director of Technology 
Utilization, NASA, in March 1963. Prior to this he 
was Chief, Industrial Applications, Office of Applica­
tions. From 1935 to 1936 he served as technical assist­
ant at Massachusetts Institute of Technology in elec­
tromedical research. Mr. Fong graduated from MI!J:' 
in 1935 with B.S. degree in electrical engineering. He 
graduated from George Washington University (1962) 
with a master's degree in engineering administration. 
He was granted a Federal Executive Fellowship (1961-
62) at Brookings Center for Advanced Study. In his 
present position he is responsible for the program to 
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translate technological advances occurring from NASA 
programs into practical, industrial, and commercial 
applications and to evaluate the results of this program 
and its economic impacts. Prior to his NASA assign­
ment, Mr. Fong was aSSociated with the Diamond 
Ordnance Fuze Laboratories; the National Bureau of 
Standards; Submarine Signal Co.; Stone and Webster 
Corp.; Pilot Radio Corp., and General Communica­
tions Co. 

ROBERT F. FREITAG, Capt., USN, is the director of Launch 
Vehicles and Propulsion in the Office of Manned .Space 
Flight, NASA. In this capacity he has the program 
management responsibility for the development and 
procurement of launch vehicles, engines and propulsion 
systems for Apollo, and future approved OMSF proj­
ects. Prior to joining NASA, Capt. Freitag was the 
Astronautics Officer for the Bureau of Naval 'Veapons. 
In that capacity he directed the Bureau of Naval 
Weapons space and astronautic systems development, 
supporting research, operational planning, and pro­
gram management. He was graduated from the Uni­
versity of Michigan (B.S.E., aeronautical engineering) 
in 1941, and did graduate work in aeronautical engi­
neering at the Massachusetts Institute of Technology. 
Oapt. Freitag has been continuously assigned posts in 
the guided missile and rocket field since 1945. In 
addition to his primary assignments, he has served on 
numerous missile and engineering groups including 
the National Advisory Committee for Aeronautics Sub­
committee on Propellers (1944-46), the NAOA Special 
Committee on Space Technology (1958-59), aHd at 
present, the NASA Research Advisory Committee on 
Missile and Spacecraft Aerodynamics. From 1956 to 
1958, he was a member of the Secretary of Defense 
Special Committee on the Adequacy of Range Facilities. 
From 1960, Capt. Freitag has been a member of the 
Launch Vehicle Panel of the NASA/DOD Aeronautics 
and Astronautics Coordinating Board. He is an Asso­
ciate Fellow of the American Institute of Aeronautics 
and Astronautics, and an Associ'ate Fellow of the 
Br~'t'sh Royal Aeronautical Society. In 1959, Capta,in 
Fre tag was awarded the Legion of Merit. 

AR OLD W. FRUTKIN was appointed director of the Office 
of International Programs, NASA, in September 1959. 
This office has the primary responsibility for NASA's 
programs of cooperation with foreign governments and 
scientific communities in space science and technology. 
Prior to this, Mr. Frutkin was affiliated with the Na­
tional Academy of Sciences where, since May 1957, he 
was director of the Office of Public Affairs of the U.S. 
NationalOommittee for the International Geophysical 
Year and, in addition, deputy for International Affairs 
to the executive director of this committee. During 
1958-59, he was secretary to the International Rela­
tions Committee of the Space Science Board. He has 
been an advisor to the National Academy of Sciences 
Delegate to the International Committee on Space 
Research (COSPAR), since COSP AR's first meeting in 
1958. He was been a member of the U.S. Delegation 
to the UN Committee on the Peaceful Uses of Outer 
Space and participated in the bilateral negotiations on 
cooperation in outer space matters with the Soviet 
Union. From 1945 to 1957, Mr. Frutkin was a man­
aging editor and member of the Board of Directors of 
the Bureau of National Affairs, Inc., a private publish­
ing company in Washington, D.C. Mr. Frutkin's 
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undergraduate work was done at Harvard and his 
graduate work at Columbia University. 

HOWARD M. GADBERRY, Assistant Director, Midwest Re­
search Institute, earned a B.s. .. degree in chemical 
engineering from the University of K'ansas and con­
tinued in graduate studies at the University of Kansas 
City, University of Kansas. He joined Midwest Re­
search Institute in 1946 and was named Assistant Di­
rector, Chemistry Division, in 1957. Some of the pro­
grams in which he has been involved are: chemistry of 
propell'ants, plastic films, printing processes, cosmetics, 
emulsion technOlogy, corrosion, paints and protective 
coatings, textile chemistry, cement and concrete, insec­
ticides, germicides, and mildew proofing. From. 1943 
to 1946, he was with PhiUips Petroleum Company. He 
was engaged in refinery process improvement studies 
inv'olving corrosion, boiler, and steam problems; also, 
he worked on anhydrous hydrofluoric acid alkylation 
and catalytic isomerization. From 1941 to 1942 he was 
with Cook Paint and Varnish Company. His work in­
cluded testing and evaluation of raw materials and 
pigments; comparison testing of competitive products; 
and reformulation of coatings fo rimproved perform-
ance and lower cost. I 

ROBERT F. HALLIGAN, President, Hallicrafters Co., gradu­
ated from the U.S. Military Academ;v in 1947 with a 
bachelor of military arts and sciences degree. He 
joined Hallicrafters in 1950 after ser'Ving as an Air 
Force officer for 3 years in the Proof Test Division of 
the Electronics Branch. From 1950 to 1954, he worked 
in the engineering, finance, production, and purchasing 
departments of the company. In 1954, he became Pro­
duction Manager, in 1955, Operation Manager, and in 
1956, Vice President of Operations. After serving in 
that capacity for 3 years, he was elected Executive 
Vice President in 1959 and President in 1961. 

JOHN A. HORNBECK, before joillling Bellcomm, Inc., in 
1962, as' president and a member of the Board of Di­
rectors, was Executive Director, Semiconductor Device 
and Electron Tube Division at Bell Telephone Labora­
tories, Inc. Dr. Hornbeck joined Bell Laboratories in 
1946 as a research physicist in the Physical Electronics 
Department. In 1951 he transferred to the Transistor 
Research Department. He headed groups specializing 
in Semiconductor Physics from 1952 to 1953, and in 
Solid State Device Development in 1955 and assumed 
the position of Executive D.irector, Semiconductor De­
vice and Electron Tube Division, in 1958. Dr. Horn­
beck graduated from Oberlin College in 1939 and 
received a Ph. D. degree in physics from Massachusetts 
Institute of Technology in 1946. Dr. Hornbeck is a 
Fellow of the American Physical Society, a Fellow of 
the Institute of Electrical and Electronics Engineers, 
and a member of the American Association for the Ad­
vancement of Science. 

_ JOHN E. HORNE became Administrator of the Small Busi­
iness Administration in February 1961. Mr. Horne 
was formerly Administrator of the' Small Defense 
Pl'ants Administration, the predecessor agency of SBA, 
and was for many years Administrative Assistant to 
Senator John Sparkman, Chairman of the Senate Se­
lect Committee on Small Business. Mr. Horne was 
graduated in 1933 from the University of Alwbama. He 
returned to the university to obtain his M.A. degree 
while studying under a history fellowship. Mr. Horne 

296 

became Administrative Assistant to Senator Spark­
man in 1947. In 1951 he took leave of absence to serve 
as Deputy Administrator of the Small Defense Plants 
Administration, and later waiS appointed by President 
Truman as Administrator of that agency. 

LEONARD JAFFE was appointed Director of Communica­
tions Systems in the Office of Applications', NASA, in 
November 1961. In this capacity he is responsible for 
program direction of the NASA Communications Sat­
ellite Research and Development efforts. Under his 
direction programs have been estaJblished for the de­
velopment of the Echo; Relay, and Syncom satellites. 
He is also chairman of the NASA International 
Ground StatiOn Committee, which coordinates and 
p~ans the cooperative testing of experimental commu­
nications satellites. Mr. Jaffe was formerly chief of 
the Data Systems Branch, Lewis Research' Center. 
He has speCIalized in research in the fields of elec­
tronic instrumentation, data and information trans­
mission, and data processing by means of computers. 
He joined the National Advisory Oommittee for Aero­
nautics, predecessor of the NASA, in 1949 as an aero­
nautical research scientist at the Lewis faciUty. Mr. 
Jaffe was graduated from Ohio State University in 
1948 with a bachelor's degree in electrical engineering 
and did graduate work at Case Institute of Technology 
in Cleveland. He is a senior member of the Institute 
of Radio Engineers, a member of Tau Beta Pi, Eta 
Kappa Nu, and the Ohio S·tate Society for Prafes·sional 
Engineers. 

SIDNEY L. JONES, Assistant Professor of Finance, North­
western University, received a B.S. degree in economics 
from Utah State University in 1954 and an M.B.A. 
degree in 1958 and a Ph. D. degree in 1960 from Stan­
ford University in finance and banking. Prior to corn­
ing to. Northwestern Dr. Jones was on the Systems 'and 
Procedures staff at Lockheed Missile Systems Divi­
sion; research assistant at Stanford University. Dr. 
Jones received the Ford Foundation Pre-Doctoral Fal­
lowship 1958-59. He is a member of Phi K,appa Phi 
and Alpha Kappa Psi. He served as program coordi­
rrator for the Third National Conference on the Peace­
ful Uses of Space. 

MURRAY JOSLIN, Vice President,. Commonwealth Edison 
Company, is a graduate in electrical engineering from 
Iowa State College, and has .been employed in the 
electric utility industry by Commonwealth Edison Com­
pany and its associated company, Public Service Com­
pany, for 40 years. Among his past positions in the 
public utility field have been: Division Operating 
Superintendent, Division Vice President, Assistant to 
Executive Vice President, and Assistant to the Presi­
dent. In 1951 he was placed in charge of the Nuclear 
Power Study Group which, working under an agree­
ment with the Atomic Energy Commission, developed 
designs for several different types of nuclear power 
stations. In 1953 he was elected Financial Vice Presi­
dent, and in this positioJa had responsibility for the 
financial and corporate activities of the company. In 
1955 he became vice president in charge of Engineer­
ing, Construction, Production, and Research and Devel­
opment. In February 1960, he was named vice presi­
dent in charge of Division Operations and Nuclear 
Activities. In October 1961, he became vice president 
in charge of Finance, Accounting, and Nuclear Activi­
ties. In September 1962, he was appOinted to direct 
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the administration of. the seven divisions of the com­
pany. Mr. Joslin is a Fellow of the Institute 'Of Elec­
trical and Electronic Engineers and a member of West­
ern Society of Engineers and The American Society of 
Mechanical Engineers. He also belongs to Tau Beta 
Pi, Eta Kappa Nu, Phi Delta Phi, and Phi Kappa 
Theta fraternities. 

OTTO KERNER, Governor of Illinois, received his bachelor 
of arts degree in 1930 from Brown University. From 
1930 to 1931, he studied at Trinity College, Cambridge 
University, in England. He attended Northwestern 
University School of Law and was graduated Juris 
Doctor in 1934. Admitted to the bar in May 1934, he 
began working for the firm of Cooke, Sullivan, and 
Ricks. In 1935, he became a partner in the firm of 
Kerner, Jaros, and Tittle. In 1947, he was appointed 
u.s. attorney for the Northern District of Illinois. He 
served in that office until selected to run as county 
judge of Cook County. Elected that year, he was re­
elected in 1958. He was then nominated for and 
elected Governor of Illinois in 1960. 

LYLE H. LANIER is executive vice president and provost, 
and professor of psychology at the University of 
Illinois. Dr. Lanier received his A.B. degree at Van­
derbilt University (1923) and his M.A. degree (1924) 
and Ph. D. degree (1926) at George Peabody College. 
He was formerly head of the Department of Psychology 
(1950-59 and Dean of the College of Liberal Arts 
and Sciences (1959-60) at the University of Illinois. 
Before coming to the University of Illinois, he held the 
following positions: professor and head of the Depart­
ment of PsYChology, New York University (1948---50) ; 
professora"nd chairm1an of the Department of Psy­
chology, Vassar College 1938-48) ; and instructor and 
assistant professor of psycnology at New York Uni­
versity and Vanderbilt University. Dr. Lanil:lr was 
formerly editor of the P8ychoZogicaZ Bulletin and chair-· 
man of the Policy and Planning Board of the American 
Psychological Associa tion. He has- also been a director 
of the Social Science Research Council (1949-51, 1956-
62) and member of the Division of Anthropology and 
Psychology of National Research Council (1949-52, and 
currently a member). He is at present a member of 
the Defense Science Board and of the Executive Com­
mittee of that Board. 

RICHARD E. LASSAR, Chicago Regional Director of the 
Small Business Administration, directs all SBA pro­
grams and activities in Region 7, which includes Iowa, 
Indiana, northern Illinois, and southern Wisconsin. 
Prior to his appOintment with SBA, Mr. Lassar was 
sales manager of the Combustion Division of the Enter­
prise Heat and Power Company of Chicago, a position 
he held since 1948. From 1946 to 1948 he was vice 
president andgenel'al manager of the Chicago Auto­
matic Stoker Company and president of Production 
Control Institute. From 1939 to 1946 he served in 
several supervisory positions with the International 
Harvester Company. Mr. Lassar received Ms B.S. 
degree in commerce from Northwestern University in 
1939 and also took post-graduate work at Northwestern 
University and Illinois Institute of Technology. 

HALDON A. LEEDY joined the Armour Research Founda­
tion in 1938 as a physicist. He became chairman of the 
Physics Research Department in 1944, director of the 
Foundation in 1948, and executive vice president in 
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1950. Mr. Leedy received his· B.A. degree in physics 
from North Central College, Naperville, Ill., in 1933 and 
his M.A. and Ph. D. degrees in physics in 1935 and 1937, 
respectively, from the University of Illinois. He 
served as an assistant in physics at the University of 
Illinois from 1933 to 1938. He is a member of Chicago 
Area Research and Development Council of the Chicago 
Association of Commerce and Industry, Board of Di­
rectors, 1962; Citizens of Greater Chicago, member of 
the Board of Governors, 1962; Midwestern Air Pollu­
tion Prevention Association, Inc., president, 1951-60; 
Mayor Daley's Citizens Committee for a Cleaner 
Chicago; and several other organizations. He holds 
a number of directorships and trusteeships in local and 
national corporations and technical societies. 

EDWARD C. LOGELIN is president of the Chicago Associa­
tion of Commerce and Industry, United States Steel 
Corporation. He attended Northwestern University. 
He has held his present position since 1954. Before 
that time he was director of public relations. Alctively 
engaged in many civic, religious, and charitable or­
ganizations, Mr. Logelin is serving his second term as 
president of the Chicago Association of 'Commerce and 
Industry. Among many other posts, he is civilian aide 
to the Secretary of the Army, Fifth Army area, chair­
man of the Chicago Mayor's Non-Partisan Committee 
for the 1964 Political Conventions, treasurer of the 
Illinois Manufacturers' Association, and ·a director of 
the Community Fund. 

J. ROSCOE MILLER was named president of Northwestern 
University in 1949. Dr. Miller received an A.B. degree 
from the University of Utah, 1925, an M.D. degree 
from Northwestern University, 1930, and an M.S. de­
gree from Northwestern University, 1931. He has 
received numerous honorary degrees. Among them 
are: LL.D. from the University of Utah, 1949, North­
western University, 1949, and the University of Michi­
gan, 1957; Sc. D. from the University of Arizona, 1951. 
Dr. Miller was dean, Northwestern University Medical 
School, 1941-49. He ·also has been assIstant dean, 
assistant professor,and associate professor of medi­
cine. Among the organizations for which Dr. Miller 
is a trustee are: Passavant Memorial Hospital, Ohi­
cago Wesley Memorial Hospital, and Ohicago Natural 
History Museum. He is a director of: Sears, Roebuck 
and Company; Illinois Bell Telephone Company; Mu­
seum of Science 'and Industry; 'and·General Dynamics 
Corporation. Dr. Miller was a member of the Hoover 
Commission, Medical Task Foree, 1952-55. 

NEWTON N. MINOW became chairman of the Federal 
Communications Commission in March 1961. Mr. 
Minow received an LL.B. degree from Northwestern 
University School of Law in 1950. He then joined the 
Chicago law firm of Mayer, Friedlich, Spiess, Tierney, 
Brown & Platt. Early in 1951, he was appointed law 
clerk to Chief Justice of the Supreme Court, Fred M. 
Vinson. In 1952, be was appointed Administrative 
Assistant to IlHnois Governor, Adlai E. Stevenson. 
Mr. Minow returned to private law practice from 1953 
to 1955; in 1955 Governor Stevenson asked him, with 
W. Willard Wirtz and William McC. Blair., Jr., to 
establish a new law firm in Ohicago. In Chicago Mr. 
Minow's activities included the Junior Board of the 
National Conference of Ohristians and Jews,the 
Board of the Jewish Oommunity Centers, and the Ohi­
cago Bar Association, for which he wrote several pub-
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lications on the local court system. Mr. Minow has 
received numerous awards, among which are the 
George Foster Peabody Broadcasting Award, the Na­
tional Audience Board Award, the Lee De Forest 
Award of the National Association for Better Radio 
and Television, and a citation from the YMCA. Mr, 
Minow is a member of the United States National 
Commission for UNESCO: he serves on the Confer­
ence on Public Service. He was named one of the Ten 
Outstanding Young Men in the Nation of 1961 by the 
U.S. Junior Chamber of Commerce. 

KENNETH H. MYERS, professor of Production and Opera­
tions Management and 'chairman of the department, 
Northwestern University, received his bachelor's and 
M.B.A. degrees from Harvard University and his Ph. D. 
degree from Northwestern University. He has been 
a consultant to business concerns for problems of 
manufacturing, marketing, and general administration. 
His business experience includes affiliations with the 
General Electric Company and the IllinoIs Tool Works. 
Professor Myers has been a faculty member of many 
top managem€;'Ilt and middle management programs 
and seminars, including the Institute for Management 
(Northwestern University), the Institute for Business 
Economics (University of 'Southern CaUfornia), In­
dustrial Management Institute (Lake Forest College), 
and seminars for Japanese top management jointly 
sponsored by the International Cooperation Adminis­
tration of the U.S. State Department and the Japan 
Productivity Center. Professor Myers is the coauthor 
of Design for Digging, a study of the development of a 
major manufacturer of excavating machinery, and Is 
the author of many articles in the fields of industrial 
management and business history. He has also been 
active in case research and collaborated in developing 
the first 'business policy cases ever written on J'apanese 
bUsiness. 

JOHN E. NAUGLE, as director of Geophysics and 
Astronomy Programs, Office of Space Sciences, is re­
sponsible for planning and direction of NASA's geo­
physics and astronomy programs, using satellites and 
sounding rockets to explore the Earth's 'environment, 
for studies of the Sun 'and its effect on the solar sys­
tem, and for 'astronomical observations. Dr. Naugle is 
a graduate of the University of Minnesota, receiving a 
bachelor's degree in physics in 1949, M.S. degree in 
1950, and Ph. D. degree in 1953. 'Specializing in cosmic­
ray and upper atmosphere research, he )las taught at 
the University of Minnesota, been Senior Staff Scient!i:st 
at Convair Scientific Research Laboratory, head of 
Nuclear Emulsion Section at Goddard Space Flight 
Center, and Head, EnergetiC Particles Program, Satel­
lite 'and Sounding Rocket Programs, Office of Space 
Flight Programs, NASA, prior to his present assign­
ment. He isa member of 'S,igma Xi, American Physi­
cal S'ociety, 'and the American Institute of Aeronautics 
and Astronautics. 

HALE NELSON has been vice president of Illinois Bell 
Telephone Compa!ly in charge of public relations and 
advertiSing since September 1946. He attended Wash· 
ington University in St. Louis. His early career in­
cluded editorial work for the St. Louis Post-Dispatoh 
and for several California newspapers. In 1927, he 
joined Southwestern Bell Telephone Company where 
he served for 10 years in a variety of public relations 
and advertising positions. In 1937, Mr. Nelson trans· 
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ferred to Illinois Bell Telephone Company. He has 
had an interest in a wide variety of business and civic 
organizations. Currently, he is a director of United 
Charities of Chicago and the Economic Club of Ohi­
cago; trustee for the Foundation of Public Relations 
Research and Education; commissioner on the Chicago 
Commission on Human Relations; and a member of the 
Mayor's Committee on New Residents. He is a mem­
ber of the Public Relations Society of America and 
received the PRSA Presidential Citation for Meri­
torious Service in 1955, 1956, and 1960, and the PRSA 
Distinguished Service Citation in 1959. Mr. Nelson 
was general chairman of the Third National Conference 
on tl).e Peaceful Uses of Space and the Midwest Space 
Month, which was held in Chicago in April-May 1963. 

ORAN W. NICKS, Director, Lunar and Planetary Pro­
grams, Office of Space Sciences, NASA, is responsible 
for the overall headquarters program management of 
lunar and planetary programs, including program plan­
ning and development and maintaining cognizance of 
essential technological advancements. He is concerned 
directly with program execution by JPL and other 
NASA centers, in addition to overall coordination be­
tween NASA, industry, and other Government agencies. 
Mr. Nicks came to NASA as head of Lunar Flight 
Systems, Office of Lunar and Planetary Programs, in 
March 1960 from the Vought Astronautics Division of 
Chance-Vought Aircraft, Inc. There he had served as 
project engineer for advanced space systems concepts, 
and was Scout project engineer from concept to hard­
ware. Prior to this he worl,ed with North American 
Aviation, Inc., where, among other assignments, he was 
project engineer of missile design study. He is a 
member of the American Institute of Aeronautics and 
Astronautics and the American Astronautical Society. 
In 1943, he received an A.A. degree in aeronautical 
engineering from Spartan Oollege, and in 1948 his B.S. 
in mechanical engineering from the University of 
Oklahoma. He has done graduate work at the Uni­
versity of Southern California. 

WALTER T. OLSON is an assistant director of the Lewis 
Research Center of the National Aeronautics and Space 
Administration at Cleveland, Ohio. His current re­
sponsibilities include technical counseling with indus­
trial, educational, and governmental leaders regarding 
partiCipation in aerospace programs, university pro­
grams related to the Lewis Center, and technical con­
sulting for the director. Dr. Olson graduated from 
DePauw University in 1939 with a bachelor's degree in 
chemistry. He earned a master's degree in chemistry 
in 1940 and a Ph. D. degree in chemical engineering in 
1942 from Case Institute of Technology. Dr. Olson 
joined the Lewis staff in 1942 and shared in completing 
and reporting the center's first experimental research 
project. After World War II, he was in charge of the 
fuels and combustion program for turbojet, ramjet, 
and rocket engines. Dr. Olson has directed research 
into such areas as chemical rockets, high-energy fuels, 
altitude-chamber tests of rockets, high-performance 
liquid propellants, electric rockets, fuel cells, and solar 
energy conversion. Dr. Olson has served as a con­
sultant to the Department of Defense in various activi­
ties both here and abroad. He is a Fellow of the 
American Institute of Aeronautics and Astronautics, a 
director of the Combustion Institute, an'd a member of 
the American Chemical Society and Sigma Xi. 
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DAVID PACKARD, President, Hewlett-Packard Co., re­
ceived a B.A. degree from Stanford Universdty in 1934 
and an E.E. degree in 1939. He took the advanced 
course in engineering, . Colorado Univel'lSity, 1934--36. 
He was with the Vacuum Tube Engineering Depart­
ment of General Electric 00. from 1986 to 1938. From 
1939 to 1946, he was cofounder and partner of Hewlett­
Packard Co. and in 1947 became president of the com­
pany. His directorships have included the following: 
Crocker-Anglo National Bank, 1957; Gl"alliger Associ­
ates, 1957; Pacific Gas and Electric Company, 1959; 
Stanford Research Institute, 1958; Stanford Uni­
versity, president of hoard, 1958 to 1960; California 
State Chamber of Commerce, 1962; National Airlines, 
Inc., 1962. Mr. Packard's professional and community 
activit,ies include: American Institute of Electrical 
Engineers; American Management Association, 1906 
to 1959; Institute of Radio Engineers; The Business 
Council. 

WILLIAM H. PICKERING is director of the Jet Propulsion 
Laboratory of the California Institute of Technology. 
Dr. Pickering received the B.S., M.S., and Ph. D. degrees 
in physics from the California Institute of Technology 
in 1932, 1933, and 1936, respectively. He is a member 
of the faculty of California Institute of Technology, 
having been appointed professor of electrical engineer­
ing in 1946. Under Dr. Pickering's direction, JPL has 
developed Explorer I and Pioneer IV. JPL is now 
conducting the Ranger-Suryeyor lunar programs, and 
the Mariner planetary program. Dr .. Pickering has 
served on Air Force and Army scientific panels and with 
the U.S. Geophysical Year program. He is a Fellow 
of the American Rocket Society, a Fellow of the Insti­
tute of Radio Engineers, and a member of the American 
Institute of Aeronautics and Astronautics, the Amer­
ican Astronautical Society, and the American Institute 
of Electrical Engineers .. He has been associated with 
the Jet Propulsion La;boratory since 1944 and has been 
director since .1945. 

JOHN T. RETTALIATA was named president of the Illinois 
Institute of Technology in 1952. He is also president 
of lIT Research Institute and the Institute of Gas 
Technology. Dr. Rettaliata received a bachelor's de­
gree in elligineering, 1932, 'and a doctor's degree in engi­
neering, 1936, from ·Johns Hopkins University. He has 
received honorary degrees from: Michigan College of 
Mining and Technology, Doctor of Engineering, 1956; 
¥alparaiso University, Doctor of Science, 1959; De Paul 
Univers'ity, Doctor of Laws, 1962. He is a member of 
Pi Tau Sigma, Sigma Xi, and Tau Beta Pi. Before 
becoming president of lIT, Dr. Rettaliata was: head 
of department of mathematics, Baltimore College Cen­
ter, 1934-35; laboratory technician, U.S, Department 
of Agriculture, 1935; with Allis-Chalmers Company, 
1936--45; professor of mechanical engineering, direc­
tor of mechanical engineering department, and subse­
quently dean of engineering and vice president of 
academic affairs, Illinois Institute of Technology,1945--
52. He is a member of numerous organizations. 
Among them are: American Association for the Ad­
vancement of Science, Fellow; American Society otf 
Mechanical Engineers, Fellow; Western Society of 
Engineers; American Council on Education; and Chi­
cago Plan Commission. Among his directOll"Slrips are: 
American Motorists Insurance Co.; The Atchison To-
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peka & Santa Fe Railway Co.; and Western Electric 
Co., Inc. 

ALBERT H. RUBENSTEIN, professor of industrial engineer­
ing, Northwestern University, earned his B.S. degree 
from Lehigh University and his M.S. and Ph. D. de­
grees from Columbia University in industri'a:l engi­
neering. He was on the industrial engineering staff 
at Columbia from 1950 to 1953 and on the faculty of 
the School of Industrial Management at M.I.T. from 
1953 to 1959. Since 1959 he has been professor of in­
dustrial engineering at Northwestern University. He 
has worked in the chemical equipment industry and in 
management consulting, specializing in organization 
and economics of research, development, and engineer­
ing. His research interests are in organization theory 
with special reference to R&D. He is editor of the 
Transaction8 on Engineering Management of the Insti­
tute of Electrical and Electronic Engineers·. He is 
Director otf Studies for the College otf Resea.reh ,and 
Development (COLRAD) of the Institute of Manage­
ment Sciences, a contributing reviewer to InterMtioMZ 
Ab8tract8 in Operation8 Re8earch, and a member of 
the Advisory Committee on Economic and Statistical 
Studies of Science and Technology, National Science 
Foundation. 

RALPH A. SAWYER, vice president for research and dean 
of faculty, Universdty of Michigan, joined the staff of 
the University of Michigan as an instructor in physdcs 
in 1919. Since 1930 he has served as a professor of 
physics and, from 1946, as dean of the Horace H. 
Rackham School of Graduate Studies. Prior to join­
ing the University of Michigan faculty, he instructed 
for 1 year at The University of Chicago. Mr. Sawyer 
received his A.B. degree in physics from Dartmouth 
College in 1915, a Ph. D. from The University of Ohi­
cago in 1919, and honorary degrees from Dartmouth 
Oollege (1947) and Wayne State University (1954). 
He was a John Guggenheim Fellow in Germany in 
19~27. From January to October 1946, he was Tech~ 
nical DirectOO' of Joint Task Force One, engaged in 
carrying out the "Crossroads" atomic bomb tests at 
Bikini Atoll. He isa member of numerous technical 
societies and has authored many scientific articles. 
ROBERT C. SEAMANS, JR., was appointed Associate Ad­
ministrator of NASA in September 1960. In this posi­
tion, he is responsible for the general management of 
NASA's operations which include laboratories, research 
centers, rocket testing and launching facilities, and a 
world network of tracking stations. Previous to join­
ing NASA, Dr. Seamans was chief engineer of RCA's 
Missile Electronics and Controls Division. A graduate 
of Harvard with a bachelor of science degree in 1939, 
he earned an M.S. degree in 1942 and a doctor's degree 
in 1951.from the Massachusetts Institute of Technology. 
Dr. Seamans has been active in the fields of missiles 
and aeronautics since 1941. He held teaching and 
project-management positions at M.LT., including asso­
ciate professor of the Department of Aeronautical 
Engineering, chief engineer of Project Meteor, and di­
rector of the Flight Control Laboratory. Dr. Seamans 
is a member of Sigma Xi the American Institute of 
Aeronautics and Astronautics, the Institute of Radio 
Engineers, and the American Ordnance Associ'ation. 
He received the Naval Ordnance Development Award in 
1945 and the Lawrence Sperry Award in 1951. 
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FREDERICK SEITZ, president of the National Academy of 
Science, has served as head of the Department 
of Physics at the University of Illinois since 1957. 
His field of work consists of research on the theory 
of solids and nuclear physics. Mr. Seitz received his 
A.B. degree in mathematics from Stanford University 
in 1932 and a Ph. D. in physics from PrincetonUniver­
sity in 1934. He was a Proctor Fellow in 1934-35: 
Mr. Seitz holds honorary degrees in science from the 
University of Ghent (Belgium), University of Reading 
(England), Rensselaer Polytechnic Institute, and 
Notre Dame University. He taught at the University 
of Rochester in 1935, at University of Pennsylvania, 
and at Carnegie Institute of Technology prior to join­
ing the faculty at the University of Illinois in 1949. 
In 1946--47 he served as director of the Training Pro­
gram in Atomic Energy at Oak Ridge National Labora­
tory. He also served as science advisor to the North 
Atlantic Treaty Organization in 1959-60. Mr. Seitz 
is a member of American Academy of Arts and Sci­
ences; American Crystallographic Association; Amer­
ican Institute for Mining, Metallurgical and Petroleum 
Engineers; American Institute of Physics; and many 
other organizations. 

JOSEPH F. SHEA was appointed Deputy Director for Sys­
tems of the Office of Manned Space Flight in January 
1962. He is in charge of the entire systems engineering 
effort for the manned space flight program. Before 
joining NASA, Dr. Shea was Space Program Director 
of the Space Technology Laboratories. He earned his 
B.S. degree in mathematics in 1949, M.S. degree in 
engineering mechanics in 1950, and Ph. D. degree in 
engineering mechanics in 1955 from the University of 
Michigan. Dr. Shea's earlier association was with the 
A.C. Spark Plug Division of General Motors where he 
served as director of the Advanced System Research 
and Development Division and Manager of the Titan 
Inertial Guidance Program. Prior to that he was em­
ployed by Bell Telephone Laboratories as military 
development engineer. He is a member of the Ameri­
can Institute of Aeronautics and Astronautics, the 
American Svcietyof Mechanica'l Engineers, and ,the 
Institute of Electrical and Electronic Engineers. 

GEORGE L. SIMPSON, JR., Assistant Administrator for 
Technology Utilization and Policy Planning, NASA, 
was appointed to the position of Assistant Adminis­
trator for Public Affairs jn September 1962. He was 
appointed to his present position in March 1963. Dr. 
Simpson received bis A.B. degree from tbe University 
of North Carolina in 1941, an M.A. degree in sociology 
in 1944, and a Ph. D. degree in sociology in 1951. Dr. 
Simpson has specialized in regional development for a 
number of years, and in 1956 he was named executive 
director of the Researcb Triangle Committee of North 
Carolina. The committee drew together the resources 
of the state government, industry, and the research 
potential of tbe University of North Carolina, Duke 
University, and North Carolina State University for 
the expansion of scientific activity in the South. Dr. 
Simpson has served as a consultant on area develop­
ment to the Governor of North Carolina, and was his 
representative at the Conference of Appalachian Gov­
ernors. He has served as a member of the National 
Public Advisory Committee on Area Development, U.S. 
Department of Commerce. At the University of North 
Carolina, Dr. Simpson has been a member of the Insti-
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tute for Research in Social Sciences since 1947 and just 
prior to joining NASA he was a professor of sociology. 

EARL P. STEVENSON is presently a consultant to. the Na­
tional Aeronautics and Space Administration and 
member of the Advisory Committee on Applications. 
He is also Consultant to Arthur p. Little, Inc., inter­
national engineering and industrial research company. 
He was president of the company from 1935 to 1956, 
and Ohairman of the Board, 1956 to 1961. He is presi­
dent of the Board of Trustees of Wesleyan University, 
a member of the Corporation and Trustee of North­
eastern University, and a member of the Corporation 
and Trustee of the Woodrow Wilson National Fel-
10wshipFoundation. A gradll'ate of Wesleyan Uni­
versi:ty in 1916, Mr. Stevenson received his M.S. degree 
from the Massachusetts Institute of Technology. 
Wesleyan conferred ·an honorary master of arts degree 
on him in 1941 and an honorary doctor of laws degree 
in 1952. He received an honorary doctor of engineer­
ing degree from Drexel Institute of Technology in 
1959,an honorary degree of doclor of science from 
Lowell TechnolOgical Institute in 1960; and in 1962 he 
received an honorary doctor of engineering degree 
from Tulane University. During, World War II, Mr. 
Stevenson was Chief of the Chemical Engineering Di­
vision of the National Defense Research Oommittee. 
For this service he received the award of Medal of 
Merit. He has been a consultant to the Atomic En­
ergy Commission, the Office of the Secretary of De­
fense, the Ohemical Corps, 'and served 'a 5-year term as 
a member of the Board of the National Science 
Foundation. 

DAVID H. STODDARD, Assistant Director for Medical Op­
erations, Office of Manned Space Flight, NAJSA, ob­
tained his premed traIning at Stanford University and 
earned an M.D. degree from tbe UniVersity of Oregon 
Medical School. He interned at Northwestern Uni­
versity. Dr. Stoddard 'attended the School of AJvia­
tion Medicine., Randolph A'FB, and received an M.S. 
degree in environmental medicine from the University 
of Cincinnati. Prior to joining NASA, Dr. Stoddard 
was Research Assistant, Detmrtment of Physiology, 
UniVersity of Oregon Medical School; Flight SUrgeon, 
U.S. Army Air Force; and Commander, 121 Tactical 
Hospital. He also had a private practice at La Grande 
Clinic. Dr. Stoddard is a reServe officer presently 
'assigned to the Air Force Surgeon General's office in 
the Bionucleonics Division. 

WERNHER VON BRAUN is the director of the George O. 
Marshall ,Space Flight Center, NASA, 'at Huntsville, 
AlIa. Dr. Von Braun received a bachelors degree from 
the University of Berlin in 1932 and a doctorate in 
physIcs from the same institution in 1934. In 1930 he 
joined 'a group of inventors who constituted the Ger­
man Society for Space travel. In 1932 he was em­
ployed 'by the Ordnance Department 'Of the German 
government. From 1932 until 1937 he walS chief ofa 
small rocket development station near Berlin. He be­
came technical director of the Peenemuende Rocket 
Center in 1937. Dr. Von Braun came to the United 
States in September 1945, under contract to the U.S. 
Army. He directed high-altitude firings of captured 
V-2 rockets at White Sands Missile Range, N. Mex. 
Later he became project director of a guided missile 
development unit at Ft. Bliss, Tex., which employed 
some 120 of his Peenemuende colleagues. In 1950 the 
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entire group was transferred to Huntsville, Ala., 
where the Army centered its rocketry activity. The 
Army Ballistic Missile Agency development team which 
Dr. Von Braun headed was transferred to the National 
Aeronautics and Space Administration in 1960. In 
1959 Dr. Von Braun was presented the Distinguis.\led 
Federal Civilian Service Award by the President of 
the United States. 

JAMES E. WEBB was appointed by President Kennedy as 
Administrator of NASA in February 1961. He is also 
a member of the Federal Council for Science and 
Technology, the President's Committee on Equal Op­
portunity, the National Aeronautics and Space Council, 
and is Chairman of the Distinguished Civilian Service 
Awards Board. An attorney and businessman, Mr. 
Webb has been active in aviation and education. He is 
a former director of the Bureau of the Budget and a 
former Under Secretary of State. He has been a vice 
president of Sperry Gyroscope Co., chairman of the 
board of directors of the Republic Supply Co., a director 
of Kerr-McGee Oil Industries, and a director of the 
McDonnell Aircraft Co. Mr. Webb holds a B.S. degree 
in education from- the University of North Carolina, 
and numerous honorary degrees. He studied law at 
George 'Vashington University and was admitted to 
the District of Columbia Bar in 1936.· 

ARTHUR M. WEIMER became dean of the Indiana Uni­
versity School of Business in 1939. Dr. Weimer jOined 
the LU. faculty in 19·37 as professor of real estate and 
land ec'onomics, a position he continues to hold. Prior 
to this, he served as a teaching assistant at The Uni­
versity of Chicago; head of the Department of Eco­
nomics and Social Science at Georgia Institute of 
Technology; and housing economist for the Federal 
Housing Administration. He received the A.B. degree 
from B!,!loit College; the A.M. and Ph. D. degrees from 
The University of Chicago, and the honorary LL.D. 
degree (1950) from Beloit. Dr. Weimer is president of 
Beta Gamma Sigma national business honorary (1961-
63) ; past president of the American Finance Associa­
tion and the American Association of Collegiate 
Schools of Business; and a member of the American 
Economic Association and the American Institute of 
Real Estate Appraisers. 

JULIAN M. WEST is Managing Director, Systems Engi­
neering Center, Bellcomm, Inc. Mr. West was grad-
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uated from the U.S. Military Academy in 1927 and 
served in the Coast Artillery Co·rps until he joined the 
Bell Telephone Laboratories in 1930. As a Member of 
the Technical Staff, he worked on various aspects of 
the coaxial cable system until 1941. Then he super­
vised projects for the Army, Navy, and Na·tional De­
fense Research Council, including radar and proximity 
fuse research and development. In 1943, he became a 
full time consultant to the Army Air Forces on the 
application of radio countermeasures in air operation. 
From 1945 to 1952, he worked on the Nike guided 
missile system. Since then, his work has involved 
supervision of military research and development on a 
wide variety of projects for all three military services. 
He became Director of Military Systems Engineering in 
1953 in charge of studies and exploratory work which 
precede development. During 1954-55, he served as a 
member of the Killian Committee. From 1961 until 
his transfer to Bellcomm in April 1962, he was Execu­
tive Director, Military Systems Division, in charge of 
underwater sound and ballistic missile guidance devel­
opment. Mr. West has served as consultant to the' 
Office of the Assistant Secretary of Defense R&D Tech­
nical Advisory Panel on Electronics, the Office of De­
fense Mobilization Science Advisory Oommittee, and 
Advisory Group on Electronic Warfare ODDRE. He 
has been serving as consultant on the Oontinental kir 
Defense Panel of the President's Science Advisory 
Committee from 1959 to date. He is a member of the 
Institute of Electrical and Electronics Engineers and 
the American Institute of Aeronautics and Astro­
nautics. 

DEMARQUIS D. WYATT was appointed Director, Office of 
Programs, NASA, in November 1961. Previously he 
was Assistant Director, Program Planning and Co­
ordination. Mr. Wyatt earned his B.S. degree in 
mechanical engineering at the Missouri School of Mines 
and Metallurgy. He joined the NAOA, predecessor of 
NASA, at the Lewis Laboratory, where he specialized 
in supersonic propulsion research, and ultimately was 
named Associate Chief of the Propulsion Aerodynamics 
Division. He was transferred to NACA headquarters 
in Washington, D.C., in 1958. Mr. Wyatt is a member 
of the American Institute of Aeronautics and 
Astronautics. 
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