


CHAPTER VI

ORGANIZATION AND MANAGEMENT

The NASA organization and management approaches were based on 
the requirements of the National Aeronautics and Space Act of 1958 and 
certain principles and concepts of management that were established, 
extended, and refined by the NASA Administrators in accordance with 
the statutory requirements.

The National Aeronautics and Space Act of 1958 was enacted 
during the administration of Dwight D. Eisenhower under the leadership 
of the Senate Special Committee on Space and Astronautics under the 
chairmanship of the majority leader, Senator Lyndon B. Johnson, and 
the House Select Committee on Astronautics and Space Exploration 
under the chairmanship of the majority leader, Congressman John W. 
McCormack.

The Act establishing NASA specified that "the Administration 
shall be headed by an Administrator, who shall be appointed from 
civilian life by the President by and with the advice and consent of 
the Senate. Under the supervision and direction of the President, 
the Administrator shall be responsible for the exercise of all powers 
and the discharge of all duties of the Administration, and shall have 
authority and control over all personnel and activities thereof." 
The only other Presidential appointee specified in the Act is the 
Deputy Administrator who "shall perform such duties and exercise such 
powers as the Administrator may prescribe. The Deputy Administrator 
shall act for, and exercise the powers of, the Administrator during 
his absence or disability."

It is therefore the responsibility and within the authority 
of the single Administrator to define the organization and management 
principles, policies, practices, and approaches to be followed in 
carrying out the activities of the Agency. The foresight of the authors 
of the Act is indicated by the success that has been achieved under 
the system it established and by the continued reliance on the require­
ments of the Act in defining and implementing programs, plans, and 
activities related to the major aeronautical and space responsibilities 
of NASA.

The Administrator clearly had executive authority to make the 
major agency decisions himself. However, when he came to NASA in 1961, 
James E. Webb immediately made clear that Dr. Dryden would remain as 
Deputy and that Dr. Seamans would remain as Associate Administrator, 
with the support needed to implement his organizational position as 
General Manager of Operations. As Mr. Webb pointed out in his Foreward 
to Rosholt’s "An Administrative History of NASA"1, "the three of us 
decided together that the basis of our relationship should be an 
understanding that we would hammer out the hard decisions together 
and that each would undertake those segments of responsibility for 
which he was best qualified. In effect, we formed an informal
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partnership within which all major policies and programs became our 
joint responsibility, but with the execution of each policy and program 
undertaken by just one of us. This meant that everyone in and out of 
the agency knew all three of us would be involved in all major 
decisions; that with policy established, the orders for its execution 
could be issued by any of us; and that, while NASA had an Administrator 
as a single point of final decision, to the fullest extent possible 
we would act together." This arrangement continued through the 1963 
revisions in organization and until Dr. Dryden’s death in 1965.

Under the statutory requirement that U.S. space activities be 
so conducted as to make "the most effective utilization of the 
scientific and engineering resources of the United States" and that 
NASA "arrange for participation by the scientific community in 
planning scientific measurements and observations" and "provide the 
widest practicable and appropriate dissemination of information 
concerning its activities and the results thereof," NASA has, from the 
start, developed and used a government-industry-university foundation 
upon which to build its aeronautics and space programs. This concept 
was established during the first five years of NASA's existence and 
it is fundamental to NASA's operations.

The November 1963 re-organization made major changes in the 
assignment of program and administrative responsibilities to the 
offices in NASA Headquarters and the relationships between Headquarters 
and the Field Centers. The most fundamental change was the addition 
of responsibilities for institutional center management to the existing 
responsibilities assigned to the Headquarters Program Office with 
which the Center was primarily concerned.2 in the organizational 
pattern that had been in effect since 1961, the Centers had reported 
to the Associate Administrator and were responsible to him for 
meeting the needs of the Program Office.3 In 1963 the increased 
authority and responsibility of the Headquarters Program Directors 
was recognized by changing their titles to Associate Administrator for 
Manned Space Flight, Associate Administrator for Advanced Research and 
Technology, and Associate Administrator for Space Science and 
Applications.

These changes came after the period from 1961-1963 when 
James E. Webb, the new Administrator; Dr. Dryden, the Deputy Administrator; 
and Dr. Seamans, the Associate Administrator, had established an 
organizational structure which permitted them to "participate directly 
(without an intervening layer of management) to ensure a continuing 
evaluation of the performance and growth potential of senior personnel ... 
We wanted enough time, in a fluid state, to make a more permanent 
match of the men with the work assignments."1
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Program Implementation by Government-Industry-University Team

As NASA began to move forward into the implementation of its 
new programs that had been proposed by President Kennedy in 1961 on 
the advice of Vice President Johnson, the magnitude and complexity of 
the civilian space program were apparent. The collaborative team of 
government, industry, and universities which NASA had set out to 
assemble was seen as a necessary way to carry out the space program. 
The agency's program, therefore, was to be conducted not by NASA 
alone; its accomplishment was to depend on a complex of resources, 
successfully drawing together organizations and capabilities of all 
segments of the National economy, and integrating them into an effective 
operational system.

New ideas and methods had to be developed for this enormous 
management task. NASA, as the responsible government agency, was to 
emerge, perhaps more extensively than any other government agency, as 
a technical management organization with strong inhouse technical 
competence charged with decision making, direction, and program 
evaluation responsibilities of an interrelated network of industrial 
contractors, university scientific investigators, and other government 
agencies.

In Mr. Webb's words^, "We have sought, on the one hand, to 
minimize the disruptive effects of what has necessarily been a vast 
undertaking and, on the other hand, to so conduct our operations as to 
strengthen in every way feasible the positive values of our society and 
its institutions. We rejected a proposal by one large industrial firm 
to do the entire lunar landing job single handed, as well as a similar 
proposal by a leading university to operate a laboratory that could do 
all the scientific research."

"We decided as a matter of deliberate policy to place principal 
reliance on the American industrial establishment and the American 
university system as a whole. We decided to focus our governmental 
efforts principally on developing the needed in-house competence to 
make responsible decisions and on organizing and managing. A measure 
of what we had in mind is the fact that ninety percent of every dollar 
that has come to NASA has moved outside the Agency. Our purpose was 
to spread the difficult problems over the largest number of able minds 
in the belief that this would produce the best answers. We recognized 
that to be effective in this approach NASA had to have very strong 
scientific and technical in-house capabilities."

Let us now examine how the required resources were drawn 
together by NASA. We will consider first the in-house NASA laboratory 
capabilities which have been carefully and deliberately built up to 
provide a national resource applying its talents to advancing the 
technology of aeronautical and space systems so as to provide 
scientific understanding of the Earth and its atmosphere, of the 
solar system, and of man and other life forms.
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By way of summarizing its inhouse capability, it should be 
pointed out that NASA now has eleven research and space flight centers; 
counting the various unique installations that are associated with 
these centers, NASA has nineteen installations plus twenty-seven 
tracking stations. NASA owns a total of 143,000 acres of land and 
utilizes, through leasing and other arrangements, an additional 194,000 
acres. About 32,000 civil service employees and, in addition, contractor 
and university employees are now involved in operating or supporting 
these installations. These employees cover the span of disciplines 
from mechanics, technicians, and clerks, to Ph.D's in the science, 
engineering, and management disciplines. The total capital investment 
at these inhouse installations is over four billion dollars.

The development and growth of NASA’s laboratory competence 
in research and advanced technological development and in flight 
operations was accomplished in several ways. When NASA was established, 
the research capabilities of the National Advisory Committee for 
Aeronautics - the Langley, Lewis, Ames Research Centers and the Wallops 
and Flight Research Stations - were brought in to serve as the 
nucleus for NASA’s aeronautical and space research and development. 
Each of these research centers was assigned limited flight mission 
development projects as a means of using its capabilities to assist 
NASA in handling its large growth in flight activity and also to 
keep so involved in real flight problems that research activities would 
be realistically directed toward advancing the country’s capability 
in aeronautics and space. Among the flight development activities 
that were placed in these research centers are, for example, the 
responsibility for directing the development of the Centaur rocket at 
the Lewis Research Center, the Pioneer solar probes at the Ames Research 
Center, the Biosatellite projects aimed at determining the effects of 
the space environment on life forms at the Ames Research Center, and the 
Lunar Orbiter project directed by the Langley Research Center. The 
need for an inhouse capability for research in advanced electronics 
was recognized later with the establishment of the Electronics Research 
Center in Cambridge, Massachusetts after thorough Congressional inquiry.

In addition to the research responsibilities assigned to 
the National Aeronautics and Space Administration, the National 
Aeronautics and Space Act assigned to NASA a development and space 
flight operations responsibility that required a scientific and engineering 
development capability beyond that available in NACA. As a result of 
authorities specified in the National Aeronautics and Space Act of 
1958,5 the Vanguard team of the Naval Research Laboratory was 
transferred to NASA and formed the nucleus for NASA’s Goddard Space 
Flight Center in Greenbelt, Maryland. The Jet Propulsion Laboratory 
operated for the Army by the California Institute of Technology was 
transferred to NASA. In 1960, the Development Operations Division of 
the Army Ballistic Missile Agency was transferred to NASA to form the 
basis for the Marshall Space Flight Center in Huntsville, Alabama.
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In addition, a cadre of personnel of the Langley Research Center were 
assigned to the Space Task Group to initiate this country's first 
manned space flight activities in Project Mercury. In 1961, when 
the national commitment was established to develop a space flight 
capability sufficient to land men on the Moon in this decade, the Space 
Task Group became the core of the Manned Spacecraft Center in Houston 
and was assigned responsibility for the Apollo Command and Service 
Modules and the Lunar Module that will land men on the surface of the 
Moon and for the flight operations of these systems. The Kennedy 
Space Center in Florida was established as an outgrowth of the Launch 
Operations Directorate of the Marshall Space Flight Center.

These centers are referred to as NASA's "development" 
centers because of the nature of their mission responsibilities. 
Although their emphasis is on the development and conduct of space 
missions, some research and advanced technological development 
is conducted at these Centers as a means of anticipating the best 
means for carrying out and planning our future programs and, in the 
process, to maintain the technical competence of the personnel 
assigned. Therefore, NASA's inhouse competence was established in 
two principal ways--by bringing into NASA existing laboratories and 
adjusting and expanding their capabilities to meet the needs of the 
aerospace program and by establishing new laboratories based on an 
existing nucleus of a strong and competent group already performing 
work in the required areas. Where new laboratories were required, 
formal site selection procedures were established to provide for 
objective evaluation against defined criteria with proper consideration 
given to the relevant factors.

Serious attention was given to the need for and the 
establishment of the new facilities required to carry out the agency's 
programs. Dr. Seamans outlined NASA’s policy regarding the acquisition 
or construction of facilities at NASA installations in testimony before 
the Senate Committee on Aeronautical and Space Sciences:6

"Research facilities, fabrication plants and testing 
sites for space hardware are expensive to design and construct. 
In the past, the government has often undertaken to supply 
contractors with the necessary, specially built facilities 
at sites adjacent to or on the contractor's own plants ....

"However, it has been NASA's policy to explore other 
possibilities whenever a gap in facility capability presents 
itself. Instead of building facilities which can be fully 
utilized only if a particular contractor were to continue 
indefinitely on NASA work, NASA has attempted wherever 
feasible, to provide government-owned land to serve all 
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user agencies and contractors regardless of which way 
later developments eventually move. The government’s 
possession of central facilities operated under its direct 
supervision will achieve substantial economies through 
avoidance of duplicating expensive facilities. In 
addition, this approach avoids giving any one contractor 
an unfair competitive advantage.”

Role of the Army Corps of Engineers

No description of the growth and activation of NASA's 
facilities would be complete without a discussion of the important 
role played by the U.S. Army Corps of Engineers in the design and 
construction of these facilities. The Corps acted as the manager of 
most of NASA's major construction projects during the past decade. 
The basic interagency agreement under which the Corps performed these 
functions in support of NASA programs was established in April, 1960. 
This decision on NASA's part to rely on the Corps was consistent with 
the requirements the National Aeronautics and Space Act and with NASA's 
determination to rely on existing competence rather than building its 
own capability to perform all required functions.

Recognizing the magnitude of the facility construction 
activity that was required to carry out its programs, NASA management 
was faced with the fact that there was only a limited capability 
within NASA to devote the necessary attention to its major 
construction projects while also planning, managing, directing, and, 
in certain cases, conducting the research and development activities 
necessary to carry out its programs.14 Although it would have been 
possible to build up an inhouse construction management organization, 
this would have meant a diversion of manpower resources which could 
be more productively utilized in other areas.

The Corps of Engineers already possessed the competence for 
the management of large scale construction. The Corps had a nation-wide 
field organization, broken into regional and local offices, which 
could undertake the work at the NASA installations. The Corps also had 
an existing structure of construction management policies, procedures, 
standards, inspection techniques, and was familiar with the labor and 
industry groups that would have to be involved in the NASA construction 
program. In addition, as Dr. Seamans pointed out before the House 
Committee on Science and Astronautics in testimony dealing with a NASA 
authorization for fiscal year 1964: "The particular places where we 
are using the Corps are those that would have involved large build ups 
inside NASA in order to take the responsibility. We felt it advisable 
in those cases to use the Corps because they have the flexibility to 
work with us during this build up of these major facilities and then to 
draw back when this effort is completed."15
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Facilities for Manned Space Flight

The major segments of NASA’s total complex of necessary 
buildings, laboratories and test facilities had been defined by FY 
1963, and funds had been appropriated by the Congress in fiscal years 
1961 and 1962 for their construction and activation. In FY 1963 the 
main requirements for manned space flight were outlined: $635 million 
for the acquisition of land on Merritt Island at Cape Kennedy for the 
construction of NASA’s own major launch facilities, and in rural 
Mississippi, near New Orleans, for the construction of the facilities 
for ground static tests of the large Saturn launch vehicle systems 
being developed under the direction of the Marshall Space Flight Center. 
With these two new selections, the basic manned space flight facility 
capability was and is as follows:

1. Marshall Space Flight Center (MSFC) where the design, 
development, and test of Saturn IB and Saturn V launch vehicle 
systems has been managed. The Huntsville, Alabama, location itself 
has launch vehicle component test stands, but the main static test 
capability, especially for the Saturn V first stage, is at the Mississippi 
Test Facility (MTF). Production of Saturn I, IB and V first stages
is carried out at the Michoud plant in New Orleans, Louisiana, managed 
by MSFC. Finally, a special computer facility at Slidell, Louisiana, 
located midway between MTF and Michoud, was activated in the spring of 
1963.

2. Manned Spacecraft Center (MSC) where, in addition to 
normal office and shop facilities, the Mission Control Center was 
being constructed to control flight missions for all manned space 
flight programs beginning with Gemini and including Apollo. Two 
major vacuum chamber facilities for the development test of large 
manned spacecraft systems were planned and are now being used at MSC. 
In addition, the Houston site contains such other research/test 
facilities as astronaut flight simulators, a man-rated centrifuge, a 
lunar landing simulator and, more recently, the Lunar Receiving Laboratory 
for the processing and analysis of samples of material brought back from 
the surface of the moon. On a site adjacent to the U. S. Army White 
Sands Missile Range, and designated the NASA White Sands Test Facility, 
MSC manages the static testing of its on-board spacecraft propulsion 
systems.

3. Kennedy Space Center (KSC), which includes shops, 
assembly buildings, and launch facilities on the older Cape Canaveral 
site of the Air Force Eastern Test Range, plus a new complex of NASA 
facilities on Merritt Island nearby. The Merritt Island Launch Area 
(MILA) houses the office, laboratories, and shops to serve both manned 
and unmanned launch operations. It is the location for the facilities 
required for the Apollo-Saturn V space vehicle combination to be
used in the manned lunar landing program.
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This complex of facilities, located at government installations, 
is intended to serve as a national resource for space flight activities. 
In addition to these facilities are the Sacramento, California, test 
facility of the McDonnell-Douglas Aircraft Corp, for the static testing 
of the Saturn S-IV-B stage; the Santa Suzana, California test complex 
of the North American-Rockwell Corp, for the test of S-II and rocket 
engines, the large static test stands at Edwards AFB for the F-l engines 
being manufactured by Rocketdyne Division of North American-Rockwell; 
and others.7

The years 1962 through 1965 witnessed a massive effort 
within the manned space flight program to design, develop, construct 
and activate the facilities required, particularly for the Apollo 
program. The following table shows the facility funding in millions 
of dollars at NASA's manned space flight field installations during 
this period:

FY 62 FY 63 FY 64 FY 65

MSFC 30.03 40.61 28.24 12.30
MTF 23.36 76.25 103.38 58.51
Michoud 10.12 28.55 7.58 6.45
KSC 115.83 333.19 275.37 88.52
MSC 73.10 24.52 34.08 19.79

During these years, the expenditure for construction of facilities 
at the manned space flight field installations constituted from 63% 
(1963) to 82% (1965) of the total of all construction funds spent 
at all NASA field centers.

At Kennedy Space Center alone, an investment of almost 
a billion dollars has been made by NASA for the unique facilities 
required for the assembly, checkout, test, and launch of the Saturn- 
Apollo space vehicle system. These facilities include the Vehicle 
Assembly Building, the Crawler Transporter, Launch Complex 39, and 
the Launch Operations Control Center.8

The design and construction of assembly and launch facilities 
had to accommodate to the specific requirements of booster and space­
craft. Therefore, facilities design and construction could not be 
firmed up until booster and spacecraft specifications and needs were 
known. Furthermore, any changes to booster or spacecraft might have 
a secondary impact on the test and checkout facilities at KSC. 
Consequently, Kennedy management had to monitor the progress of other 
hardware than its own.

Also, the manufacturers of sophisticated R&D hardware are 
not able to identify and resolve all technical problems before shipment 
for launch. KSC had to be prepared to make final corrections of 
discrepancies and, if necessary, to replace components or subsystems 
on flight hardware after it arrived at the Cape.
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These requirements necessitated the development of a rapidly- 
functioning system of configuration management and flow of hardware- 
related information capable of following flight hardware through its 
various tests and checks, so that each succeeding group could take 
responsibility for it with full knowledge of what remained to be done 
to prepare it for use.9 KSC has always been the end of this line. 
The last steps of preparation must be taken there and must be right. 
Automatic checkout equipment was developed to assist in this process 
and all KSC facilities were built with this responsibility in mind.

Most of the major facilities of the manned flight program 
became operational by the end of FY 1966. MSC occupied its principal 
buildings in February 1964, and began controlling Gemini flights in 
the Mission Control Center in June of 1965. The Mississippi Test 
Facility began the conduct of static test firings in early 1966. 
KSC’s new Headquarters on MILA was occupied in April 1965, and the 
first launch of a Saturn IB from Launch Complex 37 occurred in 
February of 1966. And then, after several months of pre-launch 
preparation in the Vehicle Assembly Building, the first and successful 
launch of a Saturn V took place from Launch Complex 39 on November 
9, 1967.

Science and Engineering Research Facilities

NASA expenditures for facilities for the manned space flight 
program have quite naturally attracted major attention in NASA, in 
Congress and by the general public. However, in development centers 
such as GSFC and JPL, requirements for development, test and operations 
facilities were also developed and met. And, over the past decade, 
many of the facilities specifically funded and built in NASA's programs 
of science, applications, and advanced research and technology have 
contributed significantly to developing or upgrading the nation's 
overall basic research capability.

The importance of adequate basic research facilities was 
emphasized by Dr. Raymond L. Bisplinghoff in testimony before the 
House Committee on Science and Astronautics in defense of NASA's 
FY 1965 authorization:

"The technical program I have described is critically 
dependent upon the existence of research facilities which 
represent one of the Nation's strongest resources in its bid 
for preeminence in aeronautics and space. The very existence of 
advanced research facilities such as high speed wind tunnels or 
environmental chambers has spelled the difference between success 
and failure in projects in the past. Interestingly, many of our 
new facilities must themselves be evolved through research since 
they usually have little or no precedent....

"One of the fundamental premises of NASA's program of advanced 
research and technology is that of performing as much ground 
research and development as possible before undertaking flight 
experiments. A continuous upgrading of our research facilities 
is mandatory if we are to maintain the effectiveness of our 
research and development programs."10
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A fundamental requirement of NASA’s research facilities was 
to provide simulation of the full range of environmental conditions to 
which aeronautical and space vehicles would be exposed. Experience 
has illustrated that the timely construction of research facilities 
which permit the simulation of flight environment on the ground have 
reduced costly flight programs and saved valuable time. Hence, 
wind tunnels, environmental chambers, centrifuges, flight simulators 
were indispensible tools in research programs in such areas as propulsion, 
aerodynamics, materials, structures, controls, guidance and life 
support. Facilities were needed to simulate the effects of space in 
order to examine and solve operating problems of these systems, and 
also to provide an understanding of the physical phenomena underlying 
this operation.

The decision to create NASA’s newest field center--the 
Electronics Research Center (ERC) in Cambridge, Massachusetts-- 
brought into focus basic issues of how best to meet a defined research 
need. In his letter to Cong. George P. Miller, Chairman of the House 
Committee on Science and Aeronautics, Mr. Webb described the problem 
and the solution (the establishment of ERC) proposed in the President’s 
FY 1964 budget request as follows:H

"During the first few years of NASA’s existence, the Agency 
relied heavily on existing electronics technology and electronics 
research being conducted in industry and in universities for the 
aeronautics and missile fields. Electronics research and development 
within the Agency has been conducted on a decentralized basis, primarily 
as an adjunct to the major booster, spacecraft, or ground-support 
system developments. As a consequence, most of the NASA centers 
developed a limited electronics research competence closely related to 
those specific technical areas and development missions comprising 
their primary missions.

"By 1961, a number of top NASA space scientists and engineers 
began to recognize the need for additional electronics research and 
advanced development. The accumulated flight experience was beginning 
to show the significant differences between the atmospheric and the 
space environments for electronics components and systems. The magnitude 
and importance of the problem is reflected in the fact that electronics 
components account for over 40 percent of the cost of our boosters, 
over 70 percent of the cost of our spacecraft, and over 90 percent 
of the cost of the resources going to tracking and data acquisition. 
It was becoming clear that the existing technical base was not adequate 
to the growing electronics requirements.

"Following discussions with members of the NASA staff and 
others about this problem, I took a number of steps to correct this 
deficiency. A separate office of electronics and control was created 
within the Office of Advanced Research and Technology during the NASA 
Headquarters reorganization of November 1961. This office, under the 
leadership of Dr. Albert J. Kelley, was asked to study in detail 
NASA’s present resources and capabilities in electronics research, the 
long-range needs of the overall space program in this field, and to 
recommend a plan to meet these needs.
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"Dr. Kelley’s group found that, although NASA was involved 
deeply in developmental projects covering almost all segments of the 
electronics field, NASA's inhouse research efforts were diffused and 
comprised a relatively small cumulative effort. Our program for 
contractual research in electronics was handicapped by NASA's lack of 
a group of able scientific and engineering personnel, concentrating on 
electronics and associated physics research, and relating such 
contracted research effectively to the overall space program. Early 
in the fall of 1962, Dr. Kelley reported that NASA's long-range require­
ments for inhouse competence required a substantial increase in electronic 
research efforts, and strongly recommended the establishment of a 
new research center. This matter was carefully reviewed by Dr. Bisplinghoff, 
the Director of the Office of Advanced Research and Technology, 
Dr. Seamans, Dr. Dryden, and myself. We were unanimous in our judgment 
that the best interest of NASA, and of the Nation, would be served 
by the establishment of a new electronics laboratory to fulfill the 
requirements of the Nation's aeronautics and space program.

"Before reaching this judgment, consideration was given to 
several ways of creating an inhouse electronics research capability. 
One was to increase the present electronics research capability at 
several NASA research centers. A second was to create a major 
electronics subcenter at an existing NASA center. The third was to 
create a new electronics research laboratory. Although the estimated 
costs in personnel and facilities for these three approaches is similar 
in magnitude, our judgment was based on other factors. The first course 
of action was not adopted, primarily because the total program would 
remain diffused and electronics research would not permit the creation 
of an essential "critical mass" or concentration of electronics 
capability which is needed to perform the many advanced efforts in 
electronics research and technology facing NASA and the Nation. We 
rejected the concept of a satellite or appendix to an existing NASA 
laboratory, because we were concerned that the addition of a satellite 
facility would adversely affect both the quality of performance in the 
ongoing effort of any center charged with this additional responsibility 
as well as of the electronics research we urgently need.

"The basic purpose of the laboratory is to provide this Agency 
with the inhouse competence it requires to properly plan, conduct, direct, 
and supervise a major segment of electronics research and advanced 
development in our aeronautical and space program. As much as possible 
of this will be under contract or grant to universities or industries 
capable of performing the work required. Existing NASA centers will 
continue to carry out some electronics research, and will conduct those 
developments necessary for their primary missions. These centers will 
draw heavily on the proposed center for electronics technology, 
components, subsystems, and prototype systems required for their 
projects. . . .
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"With regard to the selection of a site for the proposed new 
research center, there were several basic criteria that had to be 
satisfied. A community having adequate utilities, services, communications, 
and transportation facilities was, of course, basic. In addition, it 
would be very desirable to be assured of adequate housing and the 
related family welfare, education, and recreation facilities, as well 
as adequate land in a reasonably convenient location not in conflict 
with local metropolitan planning. However, in addition to these 
considerations, there were two overriding criteria which carried the 
greatest weight in the selection. The first of these was to have the 
research center located in close proximity to institutions, of graduate 
and postgraduate scientific and engineering education, which are 
already deeply immersed in the forefront of the electronics basic 
research and technology over a broad range. The second was to be 
located in an area where the industrial community has allied technical 
interests and are research oriented.

"Although there were several locations in the East, the Midwest, 
and the Far West, which could be favorably considered to a greater or 
lesser extent, the Greater Boston area was superior to any other in 
offering major advantages relating to these essential requirements."

The ERC facilities are now being constructed.

Tracking and Data Acquisition Facilities

When NASA was established in 1958, it acquired the Department 
of Defense’s Minitrack network and the Jet Propulsion Laboratory’s 
Deep Space Network. With the beginning of the manned space program, 
NASA began to assemble a special network to handle unique demands 
imposed by Mercury and its follow-on programs. Substantial network 
growth was required as a result of the decisions made to expand space 
activity in 1961. Chief among these was the beginning of the Apollo 
manned lunar program which required even more complex and extensive 
tracking facilities.12 The simultaneous addition to the NASA of new 
applications satellites as well as more scientific satellites and probes 
also contributed greatly to the need for network growth. From these 
distinct requirements have developed three tracking and data 
acquisition networks: the STADAN, the deep space, and the manned 
space networks. The Satellite Tracking and Data Acquisition Net 
(STADAN) satisfied the need for simultaneously gathering large amounts 
of real time information from many satellites. To the original IGY 
minitrack net have been added new tracking stations in the higher 
latitudes to provide coverage of satellites in polar orbits.**  Also, 
STADAN now includes data acquisition facilities equipped with multi­
frequency high-gain antennas capable of supporting applications 
satellite missions (such as communications and meteorology) which 
"require a wide variety of orbits, wide variations in instrumentation 
accuracy, and great variations in the amount of data that must be 
acquired from individual satellites.13

**See related discussion of STADAN in Chapter IV.
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(1) By 1968, the STADAN network included 18 fixed tracking 
stations around the world and two transportable stations in Australia. 
These stations operated twenty-four hours a day in support of unmanned 
scientific satellite programs. Overall control was exercised by the 
Spacecraft Operations Facility at the Goddard Space Flight Center.
In addition to the NASA stations, STADAN included the optical camera 
network managed by the Smithsonian Astrophysical Observatory.

(2) The Deep Space Network (DSN) was operated by the
Jet Propulsion Laboratory and exercises tracking, data acquisition, and 
command functions over satellites at interplanetary distances. This 
network provided support to such programs as Mariner and Ranger through 
facilities at the Jet Propulsion Laboratory and the tracking stations 
in Spain, Australia, and California.

(3) The Manned Space Flight Network (MSFN) included 19 
land based tracking stations plus an interconnected network of 
instrumented ships and aircraft provided and managed by the Department 
of Defense. The MSFN is managed and directed at the Goddard Space 
Flight Center; the Mission Control Center, however, was located at the 
Manned Spacecraft Center.*

*See Chapter III.

Manpower and Personnel Management

In addition to the expansion, development, and product modification of 
NASA’s facility base to accomplish its programs, NASA had to assure 
that it had a complement of people properly trained to carry out its 
work. Dr. Seamans expressed the importance of properly trained people 
in his Goddard lecture of March 15, 1966:

"  machines are designed, built, tested, and 
operated by men, and it is men who, at the bench or at the 
desk, are responsible for the new produce of (technical) 
advance. That new product is knowledge, which, when directed 
and integrated and focused through the lens of man’s mind, 
becomes power. What kind of men, working to what ends and under 
what conditions, have brought us so rapidly to the present from 
a recent past that already looks a century old?"

The influx of new people from diverse organizations presented 
both a problem and a challenge to NASA management. The problem was 
obviously to attract a large number of highly qualified and experienced 
personnel who would be able to operate effectively with a minimum of 
organizational or policy guidance. The challenge was to fully utilize 
the valuable skills of all personnel being brought into the Agency and 
to see to it that the best experience, procedures and policies, wherever 
they emerged, were adopted for the operational benefit of the entire 
NASA organization.
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The difficult task of recruiting manpower resources to meet 
the needs of new field centers was matched by the equally important 
personnel challenge of fusing those thousands of new employees into 
a unified work force operating theContext of effective personnel 
policies and assuring the proper kinds of career opportunities in an 
Agency that was new and unprecedented.

The utmost in flexibility was demanded of individual employees 
during the early years. Many NACA employees were called upon to 
"retread" themselves in order to keep up with the changing character 
of research needs or to move into jobs where NASA urgently needed 
their experience and competence. Engineers who had been doing 
research on the structures or operating characteristics of aircraft 
often found themselves with the new problems of vehicles intended to 
fly in outer space. Men who had been working on theoretical research 
problems found themselves involved in the fast paced world of project 
management.

In many organizational elements, each having its own 
difficult technical and program problems, it was necessary for 
months and even years to deal with a continuing influx of new 
employees each of whom had to be guided and assimilated into the 
organization. The early, massive transfers, first from the NACA 
nucleus, then from other agencies or companies or universities, 
forced many persons to tear up their roots and relocate themselves 
in order to serve the needs of the new programs. Thus, almost every 
employee faced the challenge of new organizational patterns, new 
working relationships, new bosses and new subordinates.

Looking back from the perspective of a little history on 
those early days of rapid manpower growth in NASA, it seems remarkable 
how smoothly and efficiently the build-up proceeded. Certainly the 
challenge of the space program had much to do with attracting the high 
quality of job applicants, many of whom did adapt to the new 
environment and became, and have remained, effective participants in 
NASA programs.

Fiscal Years 1963 through 1967 continued to show a manpower 
build-up in civil service employees to a peak of 33,726 but at a 
slower rate than during the Agency’s first four years.

Table VI-1*  showing civil service manpower on board at the 
end of each fiscal year, also indicates that selective cutbacks in 
civil service manpower had begun by fiscal year 1967, as a result of 
budget reductions made by the Congress. In fact, reductions meant that 
the build-ups still required in certain parts of the manned space 
flight program and the Electronics Research Center could only be 

*See Volume II, Appendix B-VI-1.
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satisfied if they were balanced by reductions at the other centers. 
The Johnson Administration had consistently stressed the importance 
of limiting the total federal employment.

NASA’s response to this policy is indicated in Mr. Webb’s 
letter to the Bureau of the Budget in September, 1965:

At the request of the President, in January 1964, I 
reported on my personal examination of NASA personnel 
requirements. At that time, NASA program needs totalled 
39,000 for the end of FY 1965. The level finally approved 
was 33,800. We accepted that ceiling and pledged not to 
request relief from the serious burden that it imposed 
in execution of the space program. We have kept that 
ceiling pledge. We have been, and are increasingly 
concerned about this limit on needed employment because 
our major programs are proceeding from the planning 
stage to hardware development and flight test, and 
because this limit on personnel both in numbers and 
capabilities places us in a worsening situation in our 
hardwork to insure hardware reliability and flight 
success. Nevertheless, recognizing the President’s deter­
mination to resist levels of government employment, we 
undertook again, in our 1966 budget estimates, to carry out 
our mission within the set limitations.16

As Table VI-1*  in Appendix B indicates, the FY 1967 employ­
ment was the peak of NASA civil service employment. Beyond that 
point, manpower reductions followed the phasing-down of some programs 
and the reduced budgets for program and administrative operations 
which were enacted by the Congress.

*See Vol. II, Appendix B-VI-1.

Scope and Diversity of Manpower Resources Applied in NASA's Aerospace 
Program

In the broadest sense the NASA total manpower resource has 
always been regarded on a much broader basis than just the civil 
service population, since NASA's whole program approach has been 
built on the concept that its aerospace research and space exploration 
program would have to be accomplished by utilizing the resources of 
industry, the universities and other government agencies.

Obviously, the great bulk of detailed design fabrication, 
test and operation of space major hardware systems was going to be 
accomplished by those major industrial organizations which already had 
the manufacturing capabilities for that kind of activity. Most of the 
scientific experimenters engaged in the NASA flight programs have 
continued to be in the universities, and important parts of the total 
NASA program have been carried out by other federal agencies. Select 
R&D management-skilled military officers, for example, also were 
detailed to NASA for duty tours, particularly for manned space flight 
responsibilities.
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NASA has also relied heavily on support contractors in its 
field installations to provide support to some facets of the Agency’s 
program activities or to meet general support requirements.

Basic to the decision to use support contractors was a key 
management requirement or policy that NASA would not relinquish to a 
contractor any function necessary to protect the government’s 
interests. NASA personnel would continue to exercise full managerial 
control over all facets of a program including those which were 
performed under contract. This has meant that NASA retains in its 
own ranks sufficient managerial and technical competence to define 
government program and technical objectives, direct and monitor 
program accomplishments, control the expenditure of government funds, 
and effectively integrate the constituent parts of its total program. 
The NASA civil service work force has therefore served as the central 
managerial team, coordinating a total manpower complex drawn from 
varied sources, and assuring that goals were reached through the 
effective interaction of many separate organizational entities.

To indicate the importance of the private sector’s contribution 
to NASA’s programs, it should be pointed out that the total manpower 
involved in NASA’s aerospace activities reached a peak of about 420,000 
people in FY 1966 of which about 34,000 were civil service employees 
working in NASA. That total manpower has now dropped to almost 
200,000 as a result of the combined effects of the normal reduction in 
manpower as facility construction and hardware production are completed 
and the reduced program budget levels that have not permitted taking 
on new flight projects. The ability of the industry and NASA to 
adjust its total effort downward by this magnitude is indicative of the 
management attention that was applied in planning the proper phasing of 
these activities.

In determining how best to bring industrial contractors to 
bear on its programs, NASA applied a formal source evaluation board 
procedure. Mr. Webb described this means of selecting contractors 
for NASA programs in reference as follows: 1

"....Dr. Dryden, Dr. Seamans, and I determined that we would 
personally examine, in detail, the results of the work of all 
source evaluation boards on competitively negotiated contracts 
that amounted to 5 million dollars or more. We expected these 
boards to appear before us personally in a formal setting and make 
a full and complete presentation of (1) the method chosen to break 
down for evaluation the contractor proposals, (2) the results 
achieved in the application of this method, and (3) the 
judgment of the board on each of the categories of the breakdown. 
The effect of this systematic approach to a continuous emphasis 
on the judgment factor has been that for five years, on innumerable 
occasions and for extended periods, the three senior officials of 
NASA have sat side by side and personally examined in detail, and 
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tested by question and answer, the quality of the individual 
and collective contributions of these boards to major decisions 
affecting the area where ninety percent of our resources are 
expended. We thus formed our own personal judgments, based on a 
great deal of personal involvement, as to the validity of 
board findings. We deeply immersed ourselves on a daily basis 
in very complete analyses of the main factors, within NASA and 
at the plants of our contractors, on which our projects depend 
for success, and the views, approaches, and analytical judgment 
of our senior personnel. In this process we were able to observe 
and evaluate how rapidly the organization and its contractors 
were developing their capabilities, and how effective our effort 
to get nine-tenths of NASA’s work done by contractors was 
proving. We believe this constant and visible personal contact 
among NASA's three senior officials and the other responsible 
personnel involved in the hard problems and decisions in 
procurement provided a great deal of stimulation, motivations, 
and innovation throughout the organization.

’’The fact that the three senior officers of the agency would 
take the time to conduct what amounted to a thorough hearing and 
question-and-answer period on each contractor selection action 
enabled all levels of management, in Headquarters and in our 
Centers, to get their questions out on the table before all 
three of us for debate and clarification. Another important 
result was that when the presentation to the three of us was 
over, everyone involved had a clear understanding of the elements 
basic to a proper decision and everyone in NASA concerned with 
the matter was aware of this. The burden then passed to Dryden, 
Seamans, and me to make the final decision, and the personnel of 
the boards were in position to form their own judgments as to 
whether the three of us did in fact arrive at the best decision 
as indicated by the facts and analysis. Further, an important 
element of a NASA-wide and pervasive self-policing system was 
thereby established. This has had an important effect on maintain­
ing high standards throughout the agency.”

REORGANIZATION OF 1965

With the death of Dr. Hugh L. Dryden, who had been the NASA 
Deputy Administrator from the time of NASA’s establishment, President 
Johnson appointed Dr. Robert C. Seamans, Jr. as Deputy Administrator. 
In part, to adjust to the new situation that was created by Dr. Dryden’s 
death and also to carry out certain changes that appeared to be 
necessary as a result of operations during the period of 1963-1965, a 
revised organizational structure in NASA Headquarters was established 
in December, 1965.17 The major element of this reorganization was the 
establishment of the Office of the Administrator. Within this office, 
the operating pattern was based on "delegations of authority and 
responsibility to the Deputy Administrator to enable him to serve on a 
day-to-day basis as general manager of the agency and to serve as 
Acting Administrator in the absence of the Administrator ....
These delegations to the Deputy Administrator will be complete, and it 
is expected that he will, on a day-to-day basis, take final action on 
most matters, except where there are legal or special requirements that 
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necessitate personal action by the Administrator." Under this 
arrangement, Dr. Seamans served as both the Deputy Administrator 
and the Associate Administrator.

To emphasize the responsibilities involved, Mr. Webb’s 
memo to the "Heads of all Headquarters Offices and Directors of Field 
Centers" dated December 29, 1965^ stated "As Administrator, it will 
be my purpose to rely fully and completely on Dr. Seamans as general 
manager to conduct the affairs of the Agency in conformance with both 
agency and governmental requirements and in accord with the broader 
context within which we must operate. He will keep me fully informed, 
as I will him. On policy and actions having more than ordinary 
implications, we will, whenever possible, consult together before 
either takes action. The Associate Administrators in charge of Program 
Offices, both individually and collectively, will be encouraged to 
prepare for and to undertake more of the NASA-wide responsibilities 
of general management under the direction of the Deputy Administrator. . 
There will be continued emphasis on the development of workable patterns 
of strong NASA-wide functional coordination and supervision of those 
elements of policy and administration which can be fully effective 
only if an acceptable degree of NASA-wide coherence and consistency 
is achieved. All functional staff offices will report to the Deputy 
Administrator. Together, they will constitute a single central 
functional staff serving the Office of the Administrator and also 
serving the Associate Administrators in charge of program offices to 
the fullest extent possible." In addition, Mr. Webb's memorandum 
defined the functions of the Secretariat, headed by the Executive 
Secretary assuring effective communications throughout NASA, for 
assuring that proper coordination has been provided and policy 
accurately reflected in matters coming to the Office of the 
Administrator, and for expediting and scheduling the flow of work 
in the Office of the Administrator, and for providing central reference 
and office services in the Office of the Administrator.

In closing his memorandum, Mr. Webb said ", . . .1 hope we 
will all recognize that while some features of the new pattern are 
experimental in their application to NASA, the steps we are taking 
are all based on successful experience in the management of large 
organizations. Dr. Seamans and I believe that one of our greatest 
challenges is to be as inventive and as willing to search out new and 
better practices in management as we are in our scientific and 
engineering work."

Organizational Changes from 1967 to Present

On January 6, 1967, steps were initiated to continue to 
strengthen NASA's organizational structure. A special task force on 
organization was appointed under the leadership of Harold B. Finger, 
Manager, AEC-NASA Space Nuclear Propulsion Office. In announcing 
Mr. Finger's appointment to this temporary assignment as Assistant 
to the Administrator, Mr. Webb stated:
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It has been NASA policy to bring into the study of 
future problems, both of program and of administration 
.... executives who have successfully managed major 
projects. The joint AEC-NASA Space Nuclear Propulsion 
program, under Mr. Finger’s direction, has been an 
outstanding success, and this additional assignment will 
enable NASA to benefit from the concepts and procedures 
required to successfully operate this very important 
joint AEC-NASA office.18

The Apollo 204 fire at the Kennedy Space Center on January 
27, 1967 occurred three weeks later. The report of the Apollo 204 
Review Board,*  and the internal evaluations by NASA officials led to 
the initiation of a number of measures to improve both technical and 
management operations.

*The complete documentation in the investigation of the 
Apollo 204 Review Board has been impounded for ten years. While 
NASA spokesmen were frank as was the Review Board Report on this 
disaster, the future historian will one day be interested in 
examining all the documents.

Those measures were aimed at preventing future problems 
by assuring that the self-policing features of NASA's organization 
and those elements of the total management system which were supposed 
to give "advanced warning" of potential problems were functioning 
effectively and were providing the required visibility to all levels 
of NASA management.

A significant move in this direction was the establishment 
in March 1967 of an Office of Organization and Management which brought 
together a number of separate offices dealing with all facets of the 
way in which NASA carried out its business. This major new 
organizational element evolved from NASA's experience and joined 
hitherto separate offices, to create a stronger focus for administrative 
management. Experience had indicated that the decentralization of 
technical decision-making combined with the delegation of program 
direction had not provided the functional supervision and visibility 
for top management requisite to effective management control. The 
Office of Organization and Management brought into being a structure 
which emphasizes a proper balance in overall management and increased 
assurance that program objectives will be achieved within the resources 
requested in accordance with established policies and practices and 
by means that are acceptable to the Congress, the Bureau of the Budget, 
the General Accounting Office, the Civil Service Commission, etc. As 
pointed out by Mr. Webbl9; the Associate Administrator for Organization 
and Management "works closely with the Administrator to emphasize that 
in NASA as an R&D organization subject to tendencies to relegate 
administration to a secondary position, all senior officials must 
accept responsibility for developing improved means for judging the 
administrative performance of subordinate officials; develops criteria 
for selection upward of R&D personnel who also demonstrate administrative 
competence and a broadening base of multi-disciplinary competence and 
the transfer to non-administrative specialties of those who cannot 
grow in both program and administrative areas."
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The Associate Administrator for Organization and Management 
has been assigned the responsibility for assuring the effectiveness of 
the "checks and balances" inherent in the NASA management concept.

In a further move of this same type, the office of 
Assistant Administrator for Special Contracts Negotiation and Review 
was set up in the Office of Organization and Management to give 
special attention to certain procurement actions and contracts 
designated by the Administrator as being of such significance that 
they should come under the continuing review and cognizance of one 
of NASA’s senior officials.

Seamans' Departure Precipitates Further Changes

In September, 1967 Deputy Administrator Seamans let it be 
known that after more than seven years with NASA, he was planning to 
leave at the end of the year. His decision hastened the evolution of 
further measures to strengthen Headquarters management -- but now with 
the added impetus of the need to prepare for Dr. Seamans' departure.

A revised set of top management relationships would have to 
be created, therefore, which would continue to push toward the 
initial goals of strengthening Headquarters management but which would 
also take up the workload and responsibilities that had been 
Dr. Seamans'. It was also necessary to make these organizational 
arrangements in such a way that the Administrator would not be constrained 
in terms of the responsibilities to be given to a new Deputy Administrator 
whenever he came on board.

Newell Moved Up to Associate Administrator

Dr. Homer E. Newell, then Associate Administrator for Space 
Science and Applications, was elevated to the revised position of 
Associate Administrator. In this new role, Dr. Newell was given the 
opportunity to study the pace and direction of the space program and 
its organization in the light of projected future circumstances. He 
organized a central planning system which brought together agency 
capabilities and ideas to define promising program alternatives. 
This new planning system involved agency-wide participation and is 
still subject to further changes based on experience. This system 
organized steering, coordinating, and working groups led by senior line 
managers and scientists with representation from Headquarters 
program and functional offices and the field centers, to develop 
planning options on a disciplined basis. These options were then 
"synthesized" into alternative overall agency program alternatives for 
top management consideration. Thus, this system developed: (a) plans, 
programs, and funding data for consideration by NASA management for 
internal planning purposes; and, (b) data and information required 
for NASA's annual submissions to the Bureau of the Budget, including 
Program Memoranda and special analytical studies. The participation 
of the top field center and program management in this process helped 
to assure the availability of the best-qualified technical people from 
the line organizational elements for participation in the several 
working groups doing the detailed planning.
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An effort to draw NASA’s senior officials still closer 
together was the establishment of the Management Council including 
the senior officials in NASA Headquarters. The Management Council met 
weekly under the direction of the Associate Administrator Newell to 
consider various policy matters and also to discuss emerging program 
and operating problems and the best ways to bring agency-wide 
capability to bear on their solution.™

Basic Procedures Strengthened and Simplified

As a corollary to these organizational changes it was also 
necessary to redefine basic management procedures dealing with how 
programs were defined and funded, and to redefine how these processes 
were brought to top management for decision. This need for change 
was taken as an opportunity to strengthen and simplify these processes 
and recast them into a simple, unified framework of documentation 
and accounting which would form the basis for directing, coordinating, 
and controlling much of NASA's activities.

Administrator Webb issued Management Instructions that 
required that each operating budget line item be linked with and supported 
by one or more Project Approval Document (PAD’s). The PAD, was 
formally made the basic document for authorizing the technical scope 
of work, for approving the annual plan for use of the agency resources 
(funds, manpower, facilities) to achieve the directly associated 
work and related schedules which had been previously controlled in 
separate documents. The PAD also defines objectives, technical scope, 
major procurement and other management arrangements, and relationships 
to other NASA and external activities. As such, it represented a single 
basic device for authorization and control of agency programs and 
resources and the framework for feedback of information on status, 
progress and problems. Program management reviews and other management 
supervisory techniques can be keyed to reports of progress and problems 
under each of these PAD's rather than through a separate reporting 
system.

Another means for defining clear responsibilities and 
improved visibility and feedback in NASA's management system was 
provided by the establishment and use of the NASA Management Delegation. 
It is the means for delegation by the Administrator and, where 
redelegation is permitted, by the senior officials of powers and 
authority for specific actions. An important feature of these delegations 
is the built-in requirement for feedback.

External Relationships Centralized Under Associate Deputy Administrator

One area of activity which was growing increasingly 
significant was that of relationships with other agencies of the 
government. Relationships with the Department of Defense had always 
been extremely important to NASA but in many areas the development of 
space technology was creating the potential for important new 
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relationships with the Department of Commerce, the Federal Aviation 
Agency, the Department of Agriculture, and the Department of Interior, 
plus projected new international cooperative agreements.

In December of 1967, those Headquarters offices dealing 
primarily with external relationships were brought together under 
Mr. Willis Shapley, the Associate Deputy Administrator. In addition 
to offices responsible for international affairs, legislative affairs, 
and public affairs, the Headquarters office previously dealing with 
the DOD relationships was expanded to monitor relationships with other 
Federal agencies. The clustering of these offices integrated under a 
single executive has allowed NASA to focus its own initiative in 
informing other agencies of the potential of NASA’s new technology 
and seeking their cooperation and support in the evaluation of new 
programs of mutual concern.

Paine Named as Seamans' Successor

Dr. Robert C. Seamans left NASA on January 6, 1968.
On January 31, 1968,*  Dr. Thomas 0. Paine of Santa Barbara, California 
was appointed as Deputy Administrator by the President.

*See biography in Vol. II, Appendix A-IV.

Webb Retires -- Paine appointed Acting Administrator

After 25 years of distinguished public service, including 
almost eight years as the Administrator of NASA, Webb retired from 
the full-time government service effective on October 7, 1968. 
At the White House news conference announcing Webb’s retirement, it 
was also announced that President Johnson had appointed the Deputy 
Administrator, Thomas 0. Paine, as Acting Administrator.21 
’’Dr. Paine,, said Webb at the time of the announcement, "is one of 
the outstanding men in this country, both in science, in technology, 
engineering and in management .... He is qualified to do the job 
without a doubt."

Very shortly after his retirement, Mr. Webb was sworn in as 
a NASA consultant by Dr. Paine.

Reviewing Webb’s contribution to the U. S. space program in 
an editorial, the Washington Post said: "Virtually from scratch, 
with the country in a swivet over Soviet prowess, James E. Webb took 
over the Nation’s feeble space program and drove the United States 
firmly into the space age." Speculating on the future of the space 
program, the same editorial concluded, ". . .it will be up to the next 
Administration and the next Congress to chart America’s future in 
space. That they have a choice is the singular achievement of 
Jim Webb,"22
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A TIME OF TRANSITION

Congressional and public reaction to the space program in 
1967-68 appeared markedly different from that of earlier years. 
Further, the competition of other national priorities -- notably the 
Vietnam war and the growing urban crisis -- created a changed attitude 
in terms of priorities given NASA space programs.

The Administrator spoke for all of NASA top management when, 
in an address in Denver, Colorado, on July 15, 1968, he expressed his 
view of NASA’s altered position in the light of competing national 
priorities:

The totality of the problems our nation faces reaches 
far beyond NASA. As responsible government officials, 
we in NASA accept the result of our nation's decision­
making processes. We must now direct our leadership and 
our managerial abilities toward the successful run-out 
of the programs approved in past years and now nearing 
completion. We must at the same time adjust our organi­
zation, programs, contracts, university grants, and facilities 
to meet the reductions that have been decided on, and in the 
process, do all we can to lay a sound foundation for the 
future.23

NASA quietly celebrated its tenth anniversary on October 1, 
1968. After a decade of perhaps unparralled accomplishment, NASA 
faced an uncertain future -- one in which it is impossible to forecast 
what pressures and conditions will exist and how they might impact 
NASA's emerging roles and missions. Mr. Webb pointed out in his 
Diebold lecture that: "These are uncertain and unusual times, not 
only for the aeronautics and space program but for almost every other 
important national and regional activity.2^

NASA's organization and management during its period of achieve 
merit in the Johnson Administration has demonstrated on many occasions 
the ability of the organization to adapt to whatever goals and responsi­
bilities the Congress and the Administration has assigned priorities. 
During the year of 1968, NASA had attempted to create the kind of 
organization and top management structure capable of guiding the Agency 
through a period of transition marked by a decline in the level of 
program activity and in the scale of operations of the NASA field 
installations,the industry, and the universities. Perhaps one of the 
most important consequences of NASA's first decade of achievement has 
been the build-up and extension of NASA strength across a broad 
spectrum of scientific and technical capabilities and the availability 
of those capabilities as a national resource.
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. . . the U. S. can now count on a facilities base 
in the NASA complex valued at over four billion dollars 
and a know-how in industry and a competence in science 
that can be put to work again when the time comes. We now have 
a management competence in large scale space development 
that can restore these assets to operational status with a 
high degree of efficiency.23

James E. Webb stated in the second of his McKinsey 
Foundation lectures:

I believe that our accomplishments in space . . . have 
laid a foundation on which we can usher in a new era 
of advances. I believe this primarily because among 
those accomplishments has been a fundamental improve­
ment in man’s ability to do research and to use 
knowledge. These include the new ways in which large- 
scale organized efforts are managed; the encouragement 
of multi-disciplinary effort. . . . the new techniques 
and tools for the conduct of research, and the manner 
in which these are applied to the solution of age-old 
scientific, social, and technical problems.26

Just as the aeronautical capability of the NACA represented 
a foundation upon which the new concepts of space research and 
exploration could be built in NASA, so also the NASA experience and 
capability of this past decade can be regarded as a foundation from 
which future national goals and objectives can be served. Such is 
the potential NASA management offers. Indeed the basic challenge 
of aeronautical and space science and technology, and their application 
to national purpose and human welfare is not ended in 1968.
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Chapter VII

THE IMPACT OF NASA*

*This chapter was written by Volta Torrey.

**Dr. Arthur Compton referred to "the Italian navigator" in 
the first report of the first operation of the first atomic pile.

Before men spoke of a Space Age, they had talked of an 
Air Age and an Atomic Age. The Air Age dawned gently at Kitty 
Hawk in 1903. The explosion at Alamagordo in 1945 and the flight 
of Sputnik I in 1957 were more alarming jolts to conventional 
foresight. Both of these events produced numerous reverbera­
tions that were entwined in the years reviewed in this prelimi­
nary history of NASA.l Both taping nuclear energy and delving 
into space revealed vistas that commentators often compared to 
those opened five centuries earlier by the explorers of the New 
World.**

The atomic and the space triumphs of the United States 
differed, nevertheless, in significant ways. One was achieved 
secretly, the other openly. The Manhattan Project was a 
development effort, based on a scientific discovery, to help 
win a war. Its success gave the United States a kind of pre­
eminence that the Russian satellite suddenly seemed to have 
jeopardized. NASA was a somewhat lethargic nation's response 
to the Sputniks1 challenge. It undertook a research program, 
based on technological possibilities, to regain America's 
prestige. The author of the legislation creating this civilian 
agency declared, after becoming President of the United States, 
that the nation had "no purpose in space whatever except peace.
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A MAZE OF EFFECTS

NASA’s assignment was to find out new things for all men’s 
benefit, and the impact of its extension of human horizons was more 
difficult to appraise quickly than the effects of an atomic bomb. The 
might of the latter could be measured with devices sensitive to its 
light, heat, radiation, and blast.At Alamagordo, Enrico Fermi 
dropped pieces of paper to see how fer the blast from the first nuclear 
explosion would carry them from where he was standing.No one knew 
any such simple mechanistic way to measure the might of an enlarge­
ment of human knowledge and skills, even though it could soon govern 
many men’s occupations, influence their educational systems, affect 
their economies, and become a factor in interactions between nations.

"My reading of the history of science and technology," said 
a president of the American Institute of Aeronautics and Astro­
nautics, "has led me to believe that there are many examples where 
technology triggered vast areas of accomplishments in their wake, 
extending over periods of time measured in decades. Unfortunately 
the most significant by-products in the longer term are the most 
difficult to define in contemporary times. The really profound in­
fluences may require decades to assert their importance."5

The frontiers opened by spacecraft were so much vaster than 
those opened by aircraft that their impact on men’s lives could be 
forecast only by recalling the consequences of earlier historic de­
velopments, none of which was wholly analogous. Many of the papers 
cited in this chapter were hastily conceived attempts to predict NASA's 
impact. Some day they may seem as feeble as Dr. Fermi's "straws in 
the wind" at Alamagordo. When this account was written few of the 
straws had come to a stop, and no one could say how much farther, or 
which way, the rest of them would be carried.

Satellite Uses in 1963
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On November 22, 1963, a television program was transmitted 
across the Pacific Ocean for the first time via the Relay 1 
satellite. President Kennedy's filmed greetings to viewers in 
Japan was omitted because of his death a few hours earlier.6 The 
state funeral four days later was attended by the largest gathering 
of foreign statesmen ever in Washington, and was seen on television 
screens not only in Japan but also in the nations of Europe and in 
the U. S. S. R.

Never before had so many people been able to witness 
historic events simultaneously as did then and throughout the
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administration of Lyndon B. Johnson.*

*The Communications Satellite Corporation (Comsat) began developing 
a global communications system soon after it was incorporated in 1963.

**As Mr. Webb stated on September 30, 1968, in an address before the 
Harvard Business School, "The U.S. is accepting for a long time, perhaps 
for the indefinite future, both the advantage of expenditure reduction and 
the disadvantages of a second-rate position in space. In aeronautical 
research and development the situation is not the same, but is still a 
cause for serious concern."

***Persons who persisted in viewing NASA as American's entry in a 
sporting contest between the U.S. and the U.S.S.R. found the parameters of 
the score progressively perplexing.

President Kennedy had intended to say that day that there was no 
longer any fear that a Communist lead in space would become the basis of 
military superiority,8 but the goal he had set for NASA was still distant 
and there is no assurance today that it will be attained in NASA's second 
decade.**

To honor the leader who proposed that Americans develop preeminence 
in space and land on the Moon within a decade, President Johnson determined 
on November 28 that "Station No. 1 of the Atlantic Missile Range and the 
NASA Launch Operations Center in Florida" should be known thereafter as the 
John F. Kennedy Space Center.

"In the new Age of Space which brings us together," Mr. Johnson 
had written shortly before he became President, "we are destined to go a 
long way further."10

Project Mercury, the United States' first effort in manned space 
flight, was completed in 1963.11 Mariner II, an automated spacecraft, had 
passed within 22,000 miles of Venus in 1962. By 1963, the TIROS meteorolo­
gical satellites had been developed; Syncom II had demonstrated the feasi­
bility of synchronous-orbit communication satellites, and a score of geo­
physical satellites had begun the investigation of cislunar space.***  

Within Five More Years

During the next five years the whole world was photographed from 
hundreds, then from thousands, of miles away.12 ihe pictures taken on the 
10 manned Gemini flights showed viewers broad features of the Earth that 
men never had seen so clearly before. As test pilots the astronauts often 
had seen the Earth from high in the air; even so, they found its beauty 
"overwhelming" when they first saw it from space.13 Their color photo­
graphs were not only stunning but also convincing demonstrations of the 
value of synoptic observations to geologists, oceanographers, and virtually 
all other scientists concerned with men's environment. Almost simulta­
neously, communications and meteorological satellites became operational, 
and other orbiting probes yielded more volumes of new data about Earth and 
the solar system than scientific explorers had been able to gather in any 
previous decade.
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The Rangers, the Surveyors, and the Lunar Orbiters made 
lunar landscapes familiar sights even to children watching tele­
vision. Instruments made by men dug into the Moon’s surface and 
analyzed samples of it chemically for the cosmologists debating 
the origins of that natural satellite of the Earth. Mariner IV, 
meanwhile, showed people that Mars was cratered like the Moon. 
Until then no human being had known what the surface of any other 
planet might really look like.14

To do such things, NASA had mobilized the nation's varied 
resources. Its successful management of mammoth, complex under­
takings in space encouraged many men to believe that a new kind of 
geohygiene was feasible, too. Why, they wondered, were we not 
doing greater things in greater ways to use the Earth’s resources 
efficiently, reduce poverty, and improve cities? The gift that 
Robert Burns had prayed for, that we could "see oursels as 
ithers see us," seemed to have been granted to human beings at 
last. Some observers even saw genuine hope for peace "in the 
technical union of mankind by the conquest of space."15

A TRIPLE IMPACT ON SCIENCE

By historical analogy, NASA's impact on science was easier 
to predict than the other consequences of its work. Advances in 
technology had enabled Galileo Galilei to discover that the Moon 
had mountains and valleys.I6 Time and again instrumentation that 
extended men's sensory systems had led to surprising discoveries. 
The space program's impact was threefold: It opened tremendous 
new areas for research, it armed experimenters with new tools, and 
it sped the flow of nourishment between the roots and the youngest 
branches of science.

In the Atomic Age, the physicists gained access to parti­
cles and fields so small that no one knew about them before. In 
the Space Age, the students of matter and energy were enabled to 
study whole planets, and fields so vast that they could not be 
surveyed before. This created opportunities for the next genera­
tion of pure scientists to make basic discoveries that might 
prove to be as significant as those that had won Nobel prizes for 
the pioneers who had preceded them.

NASA's needs spurred advances in the development of more 
precise and reliable instrumentation. Many items in the scien­
tists' tool kits had to be miniaturized and automated to be useful 
on spacecraft.*  This necessitated greater teamwork between 
specialists in laboratories normally isolated by disciplinary 
boundaries — and the experience gained made it easier to surmount 
such barriers to the attainment of numerous scientific goals.

*See Chapter V.
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Some scientists had come to think of themselves as partic­
ipants in esoteric research rather than in exploration to en­
lighten all men. Some resisted the sudden pressure to work hand 
in hand with battle-hardened engineers and administrators. But 
Professor Hunter Dupree reminded researchers that the necessity 
of adapting experiments to delivery systems was not really new. 
Such scientific insights as Darwin's, he recalled, were gained 
"within the tradition of exploring and surveying expeditions."

A Colossal Laboratory

The opening of the giant telescope on Mount Palomar in the 
1940's, and the use of radar antennas as radio "ears" in the 
1950's, had heightened millions of men's interest in astronomy, 
"the oldest of the sciences, and the parent of the mechanical 
arts."I® Then, in the 1960's, space science began to free the 
students of the sky from "crawling coop'd" within the Barth's 
atmosphere.*  First only a few, then many, of the mansions of 
science felt the impact of NASA's findings.

**A better atlas of the Moon became feasible than was 
available of the Earth.

The solar system was the most colossal natural "laboratory 
ever opened. Satellites carried experimenters' probes into its 
vast, previously untouchable fields to test theories, to obtain 
the data needed to refine old ideas, and to provide the detailed 
information needed to formulate new concepts. Beyond the at­
mosphere the experimenters could examine the particles that 
triggered avalanches of cosmic rays, study great belts of trapped 
radiation, and trace long tongues of plasma swept about by the 
solar wind.19 Sensors of radiation from the most distant stars 
and galaxies known to exist could be placed on new platforms from 
which to study them. Interplanetary space appeared to be divided 
into a magnetosphere and much larger galactic space, but the 
boundaries could not yet be drawn in 1968.20

Within the solar system one of the fundamental units of 
measurement, the astronomical unit, was refined by several orders 
of magnitude.21 Lunar Orbiters photographed the Moon from all 
sides in far more detail than its face could be mapped with the 
help of the Earth's largest telescopes.**  Surveyors landed on the 
Moon and took close-up portraits of four sites considered for men 
to land on, and a fifth one of purely scientific interest. Those 
pictures and other data obtained regarding the Moon at the same 
time strengthened the belief that this "slag heap in the sky" was 
really a Rosetta stone in which much of the history of the solar 
system might be decipherable.22

*Arthur C. Clarke, winner of the 1968 Kalinga science writ­
ing award, described the vistas opened in The Promise of Space 
(Harper & Row, 1968).
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From telescopes on Earth men had seen both similarities 
and differences between their planet and other planets. The 
Mariner satellites revealed for the first time some of the least 
suspected and most intriguing properties of Venus and Mars.23 
By learning more about those sister planets, Dr. Gordon J. F. 
MacDonald of the Institute for Defense Analyses pointed out, men 
might come to understand better the processes taking place deep 
in the Earth's interior. Discoveries regarding them might help 
explain phenomena such as earthquakes.24

Although space often was called a hostile environment, 
Professor C. Stark Draper of the Massachusetts Institute of 
Technology insisted that it was really a friendly frontier.25 
Many things, he explained, were easier to do out there than in­
side the Earth's cocoon of air. Compared to the vacuum acces­
sible in space, the vacuums attainable in even the finest man­
made laboratories were picayune. In space, scientists could 
study weightlessness and other conditions difficult to simulate. 
Both animate and inanimate materials could be tested readily in 
strange environments henceforth.

From the new laboratory beyond the clouds the Earth's 
shape was determined more accurately and its cartographers 
corrected their maps. In addition to distant factors affecting 
the flow of energy from the Sun to the Earth, the meteorologists 
discovered curls in cloud formations that they had not observed 
from the ground.26 Geologists obtained pictures of spectacular 
features of land masses that could not be viewed in toto other­
wise. Oceanographers found that sea currents, boundaries, and 
temperatures could be recorded daily in areas that men seldom 
visited. Biologists simultaneously began to learn more about the 
interfaces between living creatures and their surroundings.

Dr. Victor Weisskopf, the director general of the European 
Organization for Nuclear Research in the early 1960's, often 
likened the body of men's knowledge to an island in a sea of 
ignorance. 27 i>he more it was enlarged, the longer its shores 
became. NASA's findings expanded that body of knowledge in ways 
that increased the opportunities for basic research in nearly all 
of the physical and life sciences.

New Implements

Dr. Philip A. Abelson, the editor of Science, pointed out 
three trends in science that had become highly important by 
1968.23 one was the increased speed with which scientists were 
"mining out" newly opened fields for research. "The picture of 
the opportunities for research," he commented, "would be very 
somber if it were not for another major trend that has been mani­
fest in the last 10 years — namely, the development of new 
equipment and instrumentation."
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NASA's spacecraft were themselves an important addition to 
the arsenal of the scientific community. They carried aloft both 
old and new varieties of instrumentation. The space program also 
demonstrated to the whole world the potentialities of newly avail­
able devices on the ground. The third trend that Dr. Abelson 
emphasized was toward greater use of computers in science. Com­
puters, he noted, could "do many things that humans cannot do . . . 
For instance, at Cape Kennedy, the computers greatly facilitate 
the launching of satellites."

NASA's necessities accelerated improvements in both com­
puter hardware and software at the same time that its use of the 
new machines thrust their capabilities into the spotlight.29 
NASA's requirements also hastened the miniaturization and sharpen­
ing of multi-spectral imaging systems, magnetic tape recording 
and telemetering apparatus, and both familiar and recently devel­
oped instruments for chemical analysis.20 Remote sensors of 
physical phenomena of nearly every known variety were used in 
space science and applications, and the improvement of such tools 
made it feasible for researchers to "mine out" new areas of 
scientific interest more swiftly than in any previous age.

Although the contrast between space and the ocean depths 
staggered laymen's imaginations, many of the new materials, de­
vices, and techniques used in spacecraft also could be adapted 
directly for use in submarine craft.21 Oceanography benefitted 
quickly and substantially from the availability of the imple­
ments and the skills that NASA prompted men to develop.*

*0ne astronaut, Cdr. Scott Carpenter, went from NASA to the 
Navy's Deep Submergence Systems Project.

Men on foot were the principal sources of knowledge of 
many parts of the Earth's lands until the twentieth century. 
Aerial photography greatly increased scientists' knowledge of 
the planet. Then space photography increased the ease with which 
changes in its surface could be monitored.22 The advantages of 
space photography included the large areas that could be encom­
passed per picture, the speed of coverage, the speed of repetition, 
and the worldwide coverage possible from a single vantage point.23 
Data that scientists formerly acquired so slowly that it was 
mainly of only theoretical value could be collected swiftly 
enough at last to be of immediate practical value.

Hybrid Fields for Research

In pre-Sputnik days, the noted mathematician Norbert 
Wiener likened the state of science to "what occurred when the 
Oregon country was being invaded simultaneously by the United 
States settlers, the British, the Mexicans, and the Russians."24
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Special fields of science were blossoming profusely in all 
directions and intruding on each other without being integrated. 
The result of several different nationalities' simultaneous 
appearance in Oregon was an "inextricable tangle of explorations, 
nomenclature, and laws." Progress in science was producing 
similar proliferation of unrelated information. Hence, Pro­
fessor Wiener suggested, the most fertile areas for gaining more 
scientific insights might be in the gaps left as a result of the 
isolation of science's many custodians.

One of the surprising gaps that NASA's work revealed was 
in medical researchers' detailed knowledge of the characteristics 
and responses of superbly healthy persons. Although the sick 
had been studied intensely, men healthy enough to be astronauts 
had not been examined closely under such a great range of condi­
tions as was necessary in their case. The wide range of "normal 
responses" recorded under the stresses of simulated and actual 
space flights, particularly the heart rate, modified the 
physicians' understanding of what "normal" really meant.35

The interfaces between human beings and their machines 
was another subject of NASA-supported research that brought 
workers in formerly disparate fields together. Men at the cut­
ting edge of progress in psychology and the social sciences 
found themselves being aided by and aiding aerospace engineers 
in the study of training devices and teaching machines. These 
devices, in fact, began to assume such importance that the 
production of new educational aids became of considerable in­
terest on Wall Street.

Space was a "no-man's land" when the United States' and 
other countries' specialists were enlisted to help explore it. 
For the pioneers in X-ray, ultraviolet, and radio astronomy, it 
opened new doors. For the much more numerous experimenters in 
other brances of science, it was a challenge to correlate their 
skills and knowledge. To get things done in space, NASA had no 
choice but to turn nearly everywhere in the scientific and engi­
neering worlds for help. This brought about new working relation­
ships, not only between universities, industries, and government, 
but also between scholars who had scarcely nodded at each other 
previously in the long corridors of research institutions. The 
space agency's helpers soon found themselves helping each other 
both in their own fields of research and in a growing list of 
new hybrid fields.

Bringing science out of cloisters into the hurlyburly of 
exploration and the glare of publicity in which NASA labored 
shocked some scientists, but tended to change the attitude of 
theologians and other non-scientists toward science — in ways 
beneficial to science. Coincident with the American astronauts' 
preparations to set foot on the Moon, for instance, the Vatican 
announced that the Roman Catholic Church would reconsider its 
attitude toward Galileo, and The New York Times noted that there 
was "little doubt about the outcome."
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A CATALYST FOR EDUCATION

Dr. Hugh Dryden, Deputy Administrator of NASA from 1958 
until his death in 1965, said on several occasions that perhaps 
the greatest influence of the space program was "its arousal of 
popular interest in science and in inspiring young people to 
study science and engineering."^ in the 1950's educational re­
formers such as the Physical Science Study Committee at the 
Massachusetts Institute for Technology had begun attempts to 
update the teaching of science in the lower schools. The suace 
program gave more impetus to their campaigns.*

*The United States' response to Sputnik I, a high school 
student said when interviewed on WGHB-TV in Boston in 1957, was 
"to kick the teachers into orbit."

In the United States, the Russian beeping Sputniks 
started "a hue and cry against public education and the admin­
istrative establishment that manages it, and the colleges that 
staff it, such as had never been heard before,"38 New physics, 
new chemistry, and the new mathematics courses that bewildered 
many youngsters' parents were developed and introduced throughout 
the country. There had never been a comparable revolution in 
the curricula of the public schools, or as enthusiastic efforts 
as ensued to keep teachers abreast of new knowledge and methods.39

"Scientific literacy in general and scientific competence 
in particular!' were the twin goals of many of these reforms.^0 
The belief spread that science should be as much an accepted part 
of the basic curriculum as reading, writing, and arithmetic, and 
some educators recommended that childrens' introduction to it 
begin in the kindergarten. Doth in the lower schools and in the 
universities, the nation's activities in space increased students' 
motivation of understand science and its uses.

A Scientifically Literate Citizenry

In response to the teachers' needs, a growing mass of good 
supplementary resource books and teaching materials appeared. So, 
too, did educational television programs about science. A survey 
of elementary schools published by the U. S. Office of Education 
in 1965 showed, nevertheless, that classroom teachers in grades 
one to five were still struggling along without the help of 
elementary science specialists in more than 80 per cent of the 
schools, and in grades six to eight in more than 70 per cent of 
them. Only about eight per cent of all public elementary schools 
considered their science supplies and equipment plentiful, and 
only 45 per cent regarded them as adequate.41 a similar survey 
of junior high schools disclosed that reference materials from 
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outside the classroom were still not readily available in four- 
fifths of them, audio-visual material was still meager, and some 
schools were still using textbooks 14 or more years old.42

The Educational Programs Division of NASA did not advocate 
new space science courses. Instead, it set out to help teachers, 
textbook writers, and administrators modify courses already being 
taught. It strove to meet their urgent needs in biology, chemis­
try, industrial arts, mathematics, and related subjects. It did 
this by providing additional curriculum resources for the schools, 
services to teachers and young people, publications, audio-visual 
materials, and a touring space science lecture and demonstration 
called the Spacemobile.

"Unfolding developments of the space program," this divi­
sion's director told a United Nations conference in 1968, "provide 
a well-informed and skillful teacher many opportunities to lead 
pupils into the exhilarating and satisfying experience of critical 
thinking. The student can be led to sense and define problems for 
study; to state the hypotheses on these problems; to gather, sort, 
and weigh evidence available to him; to learn to distinguish as­
sumptions from facts, and to arrive at conclusions. The teacher 
can present techniques and skills used by NASA scientists in in­
terpreting data and in stating their findings on the basis of 
testing evidence."43

The Massachusetts Department of Education prepared an 
Aerospace Curriculum Resources Guide in cooperation with NASA that 
suggested helpful topics and learning activities for teachers 
(from the kindergarten to the twelfth grade) to use to reinforce 
instruction in nearly every subject being taught.44 "The toys of 
our children, the ambitions of young men and women, the fortunes 
of industrialists, the careers of military officers, the pro­
nouncements of high church officials — all have reflected the 
influence of the beginning steps in space exploration, " Dr. Dryden 
could report proudly in 1965.45

The National Science Teachers Association and NASA jointly 
sponsored Youth Science Congresses in 1963, 1965, and 1967. The 
agency also assisted the Boy Scouts of America, the National 
Association of Rocketry, the Junior Engineering and Technical 
Society, and other such organizations. At the same time special 
workshops were arranged for pre- and in-service teachers to help 
them take advantage of the intense curiosity of young people about 
space. In 1967, 15,000 persons attended 233 such summer work­
shops. 46

Informational and educational publications issued by NASA 
for the general reader, bearing titles such as "Medical Benefits 
from Space Research," were widely disseminated. A series of 
"NASA FACTS" bulletins appeared on school bulletin boards, in 
libraries and in classrooms, to answer students' questions about 
weightlessness, spacecraft tracking, telemetry, and other develop­
ments. Films and filmstrips were produced to describe NASA space 
exploration programs, to share the beauty of the Earth as 
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photographed by the astronauts with elementary school students, and 
to show them how the Moon would look to the first men to reach it.

The Spacemobile program developed in 1961 was a further 
substantial aid to schools striving to meet the challenge of the 
Space Age. The trucks driven by carefully—selected lecturer­
demonstrators toured the country with models of launch vehicles, 
spacecraft, and other visual displays that fascinated both kinder­
garten children and sophisticated alumni of Ivy League postgradu­
ate schools. In 1967 the Spacemobiles gave 11,488 demonstrations 
to audiences that totalled 2,733,140 persons.

Augmented Higher Education

In the colleges and universities, "the academic revolu­
tion" with which a major study of them dealt in the 1960's had 
begun years before NASA existed.47 it had brought men who were 
pillars of professionalism to power, especially in the graduate 
schools. Higher education in the United States had never before 
enjoyed such great prestige, and gaining admission to a noted 
school became more challenging as more young men and women sought 
it.

Engineering education was becoming more strongly polarized 
around science. Practicing engineers found in the early 1960's 
that the rapid advances in science since they were graduated a 
decade or so earlier were making their professional training ob­
solete. Ways were needed both to enlarge opportunities for 
advanced study and to provide realistic exercises in the profes­
sional schools that would inculcate the knowledge and skills 
necessary for actual practice. These needs coincided with NASA's 
needs.*

*HWhen President Kennedy and Vice President Johnson set our 
sights on broader goals in aeronautics and space," Administrator 
James E. Webb recalled at the dedication of the Coordinate Science 
Laboratory Building at the University of Illinois in 1967, "some 
of us at NASA became concerned that not enough basic research was 
being undertaken to lay the groundwork for the kind of space 
flight experiments that would be available in the years ahead, 
which seemed to offer the greatest value. At the same time we 
were concerned that the universities were not producing enough 
trained qualified men and women in the various scientific fields."

The laboratories at such centers of excellence as the 
California Institute of Technology and the Massachusetts Institute 
of Technology became deeply involved in work for NASA that did 
not normally fall within the purview of universities. The former 
operated the Jet Propulsion Laboratory, which was responsible for 
some of NASA's most advanced spacecraft, and the M. I. T. Instru­
mentation Laboratory designed the Apollo guidance and navigation 
system.
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To exploit fully the discoveries made in space, more such 
facilities and talents were clearly needed. Hence NASA undertook 
to help other institutions of higher learning acquire modern 
facilities and nourish such talents. Guided by a panel of experts 
from universities, industry, and government, the agency developed 
an educational program that had two separately identifiable, yet 
closely interrelated parts: (1) Project-oriented research grants 
and contracts supported by NASA program offices and centers, and 
(2) sustaining university grants for special training, research 
and facilities. By 1968, NASA had invested about $572,000,000 
(in addition to its Cal Tech and M. I. T. investments) in univer­
sities throughout the country to carry out this program. Of this 
sum, $379,000,000 was in project-oriented grants and research 
contracts, and $193,000,000 in the Sustaining University Pro­
gram. 48

In 1967 about 1400 research projects in astronomy, engi­
neering, and other disciplines including the environmental, be­
havioral, and life sciences in 200 colleges and universities 
were being supported by NASA grants and contracts, and about half 
of the published scientific results of NASA's flight projects was 
based on work that had originated in the scientific community.

The Sustaining University Program provided: (1) train­
ing grants to support about 5400 predoctoral students studying 
space-related sciences and technology, (2) facilities grants for 
the construction of space science research laboratories on 32 
university campuses, and (3) multidisciplinary research grants 
to 50 universities to develop their academic and research 
strengths by pursuing space-related studies. By the summer of 
1968, 25 research laboratories accommodating 3000 scientists, 
engineers, and graduates, had been completed under this program, 
about 1100 students had received their Ph.D. degrees under the 
training grants, and nearly 1000 graduate students and about 500 
faculty members were being supported under the multidisciplinary 
research grants.49

"Our hope is," Homer E. Newell, Associate Administrator 
of NASA, explained, "that the university will find ways to re­
examine its internal structure, attitudes, and activities against 
today's background and working requirements. The developments of 
a few university teams working together across the lines of the 
traditional disciplines, combining the best efforts of technology, 
social science and management capability, all of which the uni­
versities have helped to develop and which make them the best 
available sources of trusted information in our society, can write 
a new chapter in problem-solving in this nation."50

A task force assigned to review NASA's impact on the 
universities found that by 1968 it had contributed greatly to 
the creation of new centers of excellence,^1 but that many of the 
schools had been slow to grasp opportunities for innovations that 
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this support made possible.*  NASA's use of a systems approach to 
its missions brought to attention the country's need for more 
engineers trained in reconciling the many conflicting requirements 
of scores of subsystems and relating them to the operation of a 
whole system. At the same time the need increased in both indus­
try and government for individuals with a broad understanding 
of management and public administration, as well as science and 
technology. Hence NASA proposed in 1968 to increase the emphasis 
on these topics in its sustaining university program.

*In general, the task force found, universities had per­
ceived grants from NASA as a means of strengthening themselves 
in the conventional and traditional ways. Multi-disciplinary 
attacks on great problems had been stimulated, but few social 
scientists had been drawn into them yet.

"We are at a time of challenge when universities must 
seek to develop broad ranging minds capable of new and original 
thinking about all factors that underlie the human and social 
problems of today," Administrator Webb observed. "The kind of 
brainpower that can guide and control spacecraft to fly within 
2500 miles of the planet Venus should certainly be able to apply 
much of the same kind of innovative thinking to many problems 
here on earth, such as air and water pollution, disease, hunger, 
housing, transportation, and crime control. We have developed 
a pattern in the National Aeronautics and Space Administration 
that has given success in developing three generations, and in 
some cases four generations, of spacecraft in less than a de­
cade. This may offer some promise with respect to approaches to 
other complex problems."52

THE FIRST ECONOMIC EFFECTS

Mid-twentieth century economists continued to credit 
economic growth primarily to the inputs of labor and capital, 
but recognized the importance of the quality of those inputs in­
creasingly. J All of NASA's funds were spent on Earth and nine- 
tenths of them went to the private sector of the American economy. 
Hence they had some of the usual "multiplier" effects of large 
government expenditures on the regions in which they were spent. 
These funds, however, also had the further effect of enhancing the 
knowledge and the skills of labor and industry.

The immediate impact of the space program was similar in 
some respects to what would have happened if a decision had been 
made to create a gigantic new defense system with comparable 
alacrity. Because of the variety of things and skills that were 
needed, a broad cross section of the country's industry was 
directly affected.
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Some communities felt the lifting power of the investments 
in space work almost overnight. More towns and cities benefitted 
as the nation's reservoirs of technology were enlarged and addi­
tional entrepreneurs learned to tap the abundance of new technology. 
Much of NASA's research and development work was as applicable to 
peacetime challenges as to military crises — and this enlarged 
and prolonged the dividends from the initial investment.

"I think," said one of the University of California's Nobel 
laureates, Dr. Willard Libby, "the space program will come out to 
be one of the best bargains the American people ever made — both 
for its practical value in technological developments and for its 
contributions to pure knowledge through science."^

Revitalized Communities

At the peak period between 1963 and 1968, NASA had fewer 
than 36,000 employees "on board" in its laboratories, headquarters, 
and field facilities.55 They were mostly at 18 locations in the 
United States and tracking stations around the world. But the 
agency was served by some 20,000 prime and subcontractors, dispersed 
across the nation, who employed almost 400,000 men and women. By 
and large the money went to areas in which the required design and 
production facilities already existed. Some of these laboratories 
and plants had been built to meet military requirements, particularly 
for the large missile programs, which had similar needs for high 
technology aerospace and electronic work.56

The installaticn s that were readily available, however, 
were not adequate for the space program. Many had to be modified 
and enlarged. At one time, 40,000 workers were employed in construc­
tion work for NASA. This not only contributed to employment 
generally, but also spurred the industrial development of some 
areas, particularly in a "fertile crescent" across the Southern 
states. 57

In Huntsville, Ala., Science Magazine found a "neatly 
capsuled case study" of the impact of the Space Age on a cotton 
town in which "many of the mills had fallen on hard times, and 
their spindles were idle."58 Thanks largely to the presence of 
the Redstone Arsenal, the population had more than quadrupled 
between 1950 and 1960. NASA's investment of more than a billion 
dollars a year to develop the Saturn family of rockets there 
stimulated much further growth and industrial development of the 
area. Huntsville, the Science reporter found, "tried gamely, and 
with considerable success, to create the conditions necessary 
for the growth of a well-diversified community."

The whole tone of life changed. About 350 wives of scien­
tists and engineers taught in the public schools, which were 
greatly improved at the same time that they were enlarged. A 
Huntsville branch of the University of Alabama expanded and
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loused what came to be the largest graduate engineering school in 
the South. Large national firms placed facilities in a 3,000-acre 
Research Park established in 1962 by the Huntsville Industrial 
Expansion Committee.

To assemble Saturn rockets from elements fabricated in 
contractor plants throughout the country, NASA used World War II 
buildings near New Orleans built to produce cargo planes.59 it j^d 
been idle for several years. But 11,000 people were employed there 
by October 31, 1964, which brought about "a very substantial bene­
ficial effect on the level of employment in the area."60

The New Orleans Chamber of Commerce estimated that the 
decision to build the Saturn rockets in the Michoud plant added 
$71,000,000 a year to the personel income in the area, increased 
retail sales by $33,000,000, and created some 16,000 new jobs.51 
"Less evident, but in the long run probably of even greater signi­
ficance," The New York Times reported, "is the impact that the 
Michoud plant is having upon the social and educational pattern 
in the area .... In every way possible, including recruiting 
advertisements in local Negro newspapers, the space agency and 
its contractors have tried to proclaim to the community that they 
are ’equal opportunity' employers .... Within the plant, the 
integration has been achieved with far less difficulty than expected 
by Boeing officials."

In Hancock County, Mississippi, about 35 miles from New 
Orleans, 13,500 acres of sparsely populated land became the Missis­
sippi Test Facility for NASA.52 "with the beginning of construction 
on the Mississippi Test Facilities in 1963," a historian wrote at the 
time, "the federal government has undertaken a task somewhat parallel 
to the role of the Illinois Central in Mississippi in the nineteenth 
century. The proportions of NASA's involvement, however, are grander 
.... Plans include the improvement of 15 miles of river channels 
for purposes of transporting bulky equipment and fuels that cannot be 
transported by rail. Total construction costs have been estimated at 
$111,000,000."53

From the New Orleans area, the Saturns were taken to Cape 
Kennedy for launching. Empty stretches of beach there became "varied 
and booming communities." The population of the region which had 
risen 235,100 between 1930 and 1954, rose by 401,700 in the next decade. 
Retail sales soared and investigators found the economic growth of 
the area "phenomenal."

Construction of the Manned Spacecraft Center at Clear 
Lake, Texas, was also beneficial to the Gulf Coast economy. In 
addition to the direct dollar contribution to the Houston area's 
prosperity, "this had the far more important result of sparking 
a broad advance in the industrial interests of the community," 
which until then had been "over-dependent on petroleum and 
natural gas."54 Three-fourths of the professional personnel of 
this center came from other areas, and 124 national companies 
"opened new offices to maintain liaison with the Center."55
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The geographical distribution of the nation’s industrial 
resources might have been affected likewise by equivalent expendi­
tures for military purposes. Such expenditures also had often 
given birth to advances in the industrial arts. Work done pri­
marily for military objectives, however, cannot always be carried 
out as openly as that which was done in NASA’s research centers 
and production facilities. This added force to the new techno­
logy's impact on the state of peacetime arts.

Technology Transfer

To explore space, large sums had to be invested in develop­
ing new materials, devices, techniques, and skills. Some of this 
technology was readily adapted to other tasks.*  Many innovations 
needed only minor modification to be helpful on Earth as well as in 
space. Others catalyzed serendipitous reactions in researchers and 
inventors in mundane fields, even though not directly applicable to 
the problems that they faced. NASA strove to increase this kind of 
indirect but often portentous impact on the whole nation’s economy 
by exploring new means of transferring technology from one region 
to another and from one industry to another.

*See Chapter V.

A paint perfected to protect spacecraft was soon being 
sold for other uses.66 An ionization gage built for use on satellites 
also appeared on the market quickly.67 An electromagnetic hammer that 
made its debut in a NASA field facility was tried out promptly by 
shipbuilders and automakers. °And ground was being broken in 1968 
for a large new California plant to make drainage and irrigation 
pipes the way that rocket casings had been made successfully.69

A National Commission on Technology, Automation and 
Economic progress, authorized by Congress in 1964, found wide­
spread agreement that the knowledge resulting from public in­
vestments in research and development constituted a major, 
rapidly increasing, and insufficiently exploited national re­
source. This commission also found, however, that traditional 
means of transferring technology were not wholly adequate, and 
recommended that "complementary mechanisms be devised to aid in 
the channeling, transfer, and utilization of new technologies 
from sector to sector, industry to industry, region to region, 
discipline to discipline, market orientation to market orienta­
tion. "70

"The history of technology is replete," Richard L. 
Lesher, NASA Assistant Administrator for Technology Utilization, 
pointed out, "with examples of applications lagging as much as 
150 years, and the lag is even greater for second order
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applications. While the time period of the lag may be growing 
shorter, most economists agree that it is still on the order of 
13 or 20 years on the average."

The transfer problem was possibly analogous to what 
happened on the Moon when the Surveyors disturbed its surface. 
Particles that were tossed lightly onto the footpads of the 
vehicles did not adhere to them, but bits of material that were 
thrown forcibly clung tightly to the Surveyors' footpads.72 New 
technology also seemed to need considerable momentum to be 
transferred effectively.

NASA established its Office of Technology Utilization to 
increase the impact of its findings. This office undertook to 
encourage the exploitation of new technical resources by accelerat­
ing the flow of data and information over industrial, dis­
ciplinary and regional obstacles. It collected reports of 
aerospace-related research and development from all parts of the 
world, both to aid the industries directly serving NASA and to 
make those reports readily available for other constructive uses. 
In 1968 this collection contained nearly half a million documents 
and 6000 more were being added to it monthly. To save space and 
reduce the cost of distributing these documents, nearly all of 
them were microfilmed. To make particular ones easy to locate, 
they were abstracted and indexed in such a way that a computer 
could find them for a particular user. A new kind of thesaurus 
was published in 1967 to guide indexers and users of this kind 
of technical library.73

To assure that items having commercial potentialities 
were reported, and announced promptly in appropriate ways, 
Technology Utilization Officers were appointed at NASA field 
installations. They both searched for such items in-house and 
monitored a special clause that required contractors serving 
NASA to report innovations that could be put to additional be­
nign uses.

In 1964 the agency began issuing one or two-page bul­
letins called Tech Briefs, which concisely described innovations, 
explained the basic concepts and principles, and directed 
readers to sources of more detailed information.74 8y 1968 the 
Cumulative Index of Tech Briefs listed nearly 3000 such announce­
ments of innovations in electrical work, mechanical devices, 
materials, computer programs, the physical sciences and the 
life sciences.73 m addition to these bulletins, special reports 
and comprehensive surveys of NASA contributions to such arts as 
solid lubrication, non-destructive testing, and high-velocity 
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metalworking were published.*  These helped both students and 
practicing engineers and technicians keep abreast of develop­
ments helpful to them.* 76

*NASA Special Publications Currently Available, Fall 1968, 
published by the Scientific and Technical Information Division of 
the Office of Technology Utilization, contained abstracts of about 
50 such publications.

**Two of the host universities were pledged to continue dis­
seminating information from NASA without further support from the 
agency.

Experimental Dissemination Aids

Research on the entire process of understanding, accept­
ing, and employing technical change, a report to the Committee on 
Science and Astronautics of the U. S. House of Representatives by 
the National Academy of Sciences stated in 1967, was clearly 
needed "as a consequence of the growing volume and diversity 
of technology, and the potential and exciting demands for its 
fruitful use."77 in this research, NASA pioneered by helping to 
sponsor experimental Regional Dissemination Centers and Biomedi­
cal Application Teams.

"Discoveries of great magnitude, those that lead to the 
creation of whole new industries, for example, generally have 
sufficient inherent force to bring about their own exploitation," 
said George J. Howick, Director of the Technology Utilization 
Division. "But the incremental advances that singly seem of 
minor importance, but in combination underpin our industrial 
might, are less easily brought to the attention of the many who 
can benefit from them."78

To help industry make use of the bits and pieces of new 
knowledge not widely publicized, NASA developed experimental pilot 
model Regional Dissemination Centers and found them highly useful. 
No two of the centers established with the space agency's help were 
exactly alike, but each one was based at a university or a not-for- 
profit research institute, and staffed with professional personnel 
experienced in using a computer to search for and retrieve techni­
cal information. The number of paying clients served by these 
Regional Centers grew from 29 the first year to several hundred 
in the fifth year, Dr. Lesher reported in June 1968,79 and each center 
was expected "to meet the market test by becoming self-supporting."**

Another kind of center was established at the University 
of Georgia to make computer programs developed by NASA available 
to other computer users throughout the nation. In its first year, 
this center sold more than 1000 programs for fees determined by 
the cost of reproducing and distributing them. Producing those 
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programs had cost sums ranging up to $100,000, but they had served 
their initial purpose and the average cost for a copy for another 
use was less than $100. Thus further use of computers was en­
couraged by reducing the cost of software for them.

Other government agencies as well as private concerns 
found NASA's experience and its constantly growing technological 
resources helpful in their activities. The Atomic Energy Commis­
sion began a similar program to aid in the transfer of technical 
information in cooperation with NASA. The Office of Technology 
Utilization also cooperated with the Small Business Administration, 
the Office of Technical Services of the Department of Commerce, 
the Office of Law Enforcement Assistance of the Department of 
Health, Education and Welfare.80

Perhaps the most novel of NASA's experiments in facili­
tating technology transfer was the formation of Biomedical 
Applications Teams. These teams were formed at three independent 
research institutes in 1967 to identify and define medical needs, 
and then to mine the NASA mountain of new information and data 
for ore that could be helpful in meeting those needs.

The potentialities of such work already had been demon­
strated dramatically by them: A technique developed to enhance 
the clarity of pictures televised from spacecraft had been found 
applicable to the improvement of X-ray photos for physicians.
A walking machine devised for use on the Moon had been converted
into a walking chair for crippled children. And work done by 
NASA and AEC to improve manipulator arms that were remotely
controlled ha 
human beings.

^proven helpful to makers of artificial limbs for

"The continuing, visible technical accomplishments of 
the space program may be modifying attitudes toward technologi­
cal innovation among those who previously have been hostile or 
neutral to innovation," Sumner Myers, director of National 
Planning Association's Research and Development Utilization 
Project, commented. "To the extent that this is so, the very 
existence of the space program as a model of technological 
achievement may finally prove more important to the economy 
than either the multiplier effect of its investment or the 'spill­
over' over its technology."

Before 1963 orbiting satellites contributed only in rela­
tively minor ways to the world's economy, but from then on both 
these new vehicles and the engines that put them in orbit af­
fected it increasingly. "We have learned the precision control 
of very large concentrations of power," NASA's administrator told 
the Investment Bankers Association in 1967. "We have developed 
advanced guidance systems and sensors that can perform many 
earthly tasks more reliably and more precisely than they have 
ever been done before. ... We have a present basis of knowledge 
for new fuels, new combustion processes, new pumps and turbines, 
valves, and nozzles that make possible new supersonic and 
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hypersonic propulsion systems that will operate inside or outside 
the atmosphere .... This research is certain to pay dividends, 
many of which we cannot foresee or predict, and some of which will 
be revolutionary .’’83

AN IMPACT ON ECONOMIC ASPIRATIONS

The "technology gap" between the United States and 
European countries — and the great chasm between them and younger 
nations — worried thoughtful men increasingly during NASA's first 
decade. The space program was but one of many factors in the rapid 
advances of the industrial arts in America. It was a factor, how­
ever, that could have a beneficial impact on men's plight everywhere 
because (1) it demonstrated the feasiblity of managing major pro­
grams to meet complex, colossal challenges, (2) spacecraft could 
help men monitor the resources available on their planet, and (3) 
the new vehicles fascinated the people of all nations.

"The American challenge," a French journalist wrote in a 
book that became a best-seller in Europe in 1968, "is not basi­
cally industrial or financial. It is, above all, a challenge to 
our intellectual creativity and our ability to turn ideas into 
practice."84

Americans had managed huge businesses before NASA was 
born. They had succeeded, too, in great military campaigns. But 
there were no precedents for NASA's assignments. Its tasks demanded 
unusual performance by unusual people in an unusual type of organi­
zation.*  The agency's importance as a prototype for future large- 
scale undertakings, consequently, could dwarf in future years both 
the effects of its expenditures and those of the new technology 
that it developed during the years reviewed here.

*See Chapter VI.

A Challenge to Management

The spacecraft that the United States built were complicated 
systems of structural, mechanical, chemical, and electrical devices 
with thousands of intricate components. The requirements for pre­
cision and reliability greatly exceeded those that engineers and 
manufacturers were accustomed to meeting. These vehicles had to 
be constructed — and flown — by complex systems of men and machines, 
contractors and subcontractors, with a multitude of different capa­
bilities . 85
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Many flights had multi-objectives. Often they overlapped. 
Ranking those objectives was difficult, yet plans had to be made 
long before the flights, the costs had to be estimated, allowances 
had to be made for unforeseeable problems, and the work of a 
variety of organizations in all parts of the country had to be 
coordinated. There were all of the usual constraints on an in­
dustrial enterprise — plus those imposed by the necessity of 
doing new things in new ways in a new environment about which 
too little was known at the outset.

Difficult decisions had to be made quickly — almost in­
stantly, in fact, once a flight had begun — on the basis of vast 
quantities of data and information that varied greatly in both 
its adequacy and its reliability.

To succeed, NASA required "the kind of flexible organi­
zational and administrative framework within which the procedures 
used and the responsibilities, even of quite senior officials, 
could be readjusted without embarrassment or great difficulty."86 
First-class performance was needed at every level of the organi­
zation, in all phases of administration as well as in the numerous 
special disciplines that were involved.*

*The agency drew heavily on such techniques as operations 
research and cost-effectiveness analysis that the Department of 
Defense had used to develop weapons systems. It also enlarged this 
kit of tools with new ones, such as the Goddard Research Engineer­
ing Management Exercises (called GREMEX) to train its executives 
in the kind of decision-making that was required, and a new sys­
tem of making Forecasts and Appraisals for Management (called 
FAME).87

"Complex large-scale undertakings cannot be handled ad 
hoc or haphazardly," NASA's administrator told his audience at 
Columbia University's Graduate School of Business in 1968. "The 
costs are too great, the stakes are too high, and the conse­
quences of failure too dangerous. ... An ability to use large- 
scale endeavors when needed is certainly one of the great re­
quirements of our times. To learn how to use them well is a 
continuing challenge. The essence comes down to extending good 
management — sound, effective, and complete management — into a 
new and extremely complex dimension."88

Community Improvement

Men's aspirations soared like their spacecraft, as "the 
systems approach" that NASA chose became more widely known. This 
was a way of tackling big problems with which the needs of the 
Department of Defense and NASA had familiarized the large 
aerospace companies. In California especially, they started in 
the 1960's to bring their skills in using it to bear on urgent 
regional and urban challenges having to do with schools, crime 
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detection, health services, and other necessities of modern 
life.89

"A recent systems analysis of one American city," Gen. 
Bernard A. Shriever told a conference sponsored by two aerospace 
companies and a university, revealed that it had 130 subsystems, 
including water, sewerage, transportation, education, law en­
forcement, housing, recreation, industry, and so on. If one is 
concerned with the rehabilitation of that city, he must consider 
how each of those subsystems interacts with the other sub­
systems ."

Impressed by NASA's achievements with a systems approach 
to space mysteries, the Department of Housing and Urban Develop­
ment advocated a similar attack on the complex, inter-related 
ailments of great cities participating in its Demonstration 
Cities Program. The new approach was taken also in formulating 
plans for High Speed Ground Transportation (HSGT) in the North­
east Corridor in a study undertaken by the Massachusetts Institute 
of Technology's faculty*  for the Department of Commerce.92

*M.I.T. students applied it later to a study of trash col­
lection in Boston. They found that the city's trucks were spending 
a third of their time standing still or going to and from the city 
incinerator because the garbage they hauled was not compacted. So 
they designed stationary compactors for use in congested parts of 
the city, and redesigned the trucks so that the crews could com­
pact material while en route from one point to another. — Tech­
nology Review, M.I.T., July/August 1968, p. 78.

A General Electric Company official told an Urban America, 
Inc., conference: "From past experience in production and dis­
tribution of power, in attaining far-reaching objectives in 
aerospace and weaponry, it is convincingly evident that a systems 
approach to complex problems is time conserving, economical, and 
effective. Rapidly advancing computer technology is helping to 
solve complex problems . . . at a feasible cost in both time and 
money. If we can only establish and define the end results we 
seek in a city environment, or putting it another way — create 
performance specifications — then a kind of reverse Critical 
Path can be ampped out which identifies necessary input and the 
desired sequences of application required to reach the end object­
ives. Therefore, if we can identify what constitutes a better 
community and know what values to end up with, it should be pos­
sible to create the kind of city people would really like to have, 
and at costs that they can afford to pay."9^

Cities, moreover, despite their growth and the shocking 
turmoil in them, were but one of mankind's grave proglems in the 
1960's. The human race was managing its whole environment rather 
badly and consuming the Earth's resources faster than ever, a 
subcommittee on Science, Research and Development reported to the
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Committee on Science and Astronautics of the U. S. House of Repre­
sentatives. ^4 NASA's new managerial concepts and its orbiting 
satellites demonstrated that pollution could be monitored, and 
natural resources better conserved, for the whole world, by using 
spacecraft as sources of additional information and data.

Resource Monitoring

"Our unearthly satellites," the director of the Langley 
Research Center, Edgar M. Cortright, predicted, "will help us 
solve a host of earthly problems."95

The use of working satellites in international communica­
tions and weather observations began quickly to facilitate navi­
gation of the seas and direction of traffic on the airways. 
Imaging sensors aboard the growing variety of satellites showed 
that synoptic coverage of the lithosphere and hydrosphere as 
well as the atmosphere was possible. This cracked a "plausi­
bility barrier" against the use of satellites for workaday 
purposes.96 The color photographs taken by the Gemini astronauts 
further shattered that barrier, for these were not the product of 
inhuman devices that only scientists understood, but snapshots 
taken by men, with hand-held cameras, of familiar seas and lands.97 
They further demonstrated "that certain phenomena related to the 
Earth can be understood only when viewed from a great distance."98

Until satellites began to photograph the clouds everywhere 
every day, most of the Earth's weather had gone unobserved. To 
meteorologists examining the pictures transmitted from high above 
the clouds, Nature seemed to be drawing her own weather map for 
them. The meteorological satellites followed storms on all sides 
of the Earth — from their births until their deaths — and 
quickly began to make warnings possible that saved lives and 
property.

Although multi-million dollar command and data acquisition 
centers were needed on the ground to receive the pictures from 
satellites at first, this cost was soon reduced. By 1968 a ground 
station to receive a picture transmitted automatically from a 
satellite passing overhead could be bought for about $5000 or 
built from surplus parts for as little as $500.99 This made it 
possible for a local weather bureau, commercial organization, TV 
station, or school -- even in a nation with meager means — to 
receive views instantly, directly, and inexpensively of the cloud 
formations in its vicinity. This, of course, also suggested that 
other changing phenomena might be followed more closely, more 
rapidly, by more people.

Professor Oskar Morgenstern, the noted Princeton economist, 
was among those who pointed out that orbiting satellites opened 
an area "for truly significant economic studies."100 a report by 
the World Meteorological Organization estimated that by 1975 fur­
ther improvements in weather forecasts made possible by the use of 
satellites could allow direction of the time of planting on a 
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world-wide basis with such reliability that $15 billion now lost 
annually might be saved.^01 "And this would be only one use of 
better weather forecasting," Professor Morgenstern emphasized. 
"And weather prediction is only one welcome product of space 
exploration."

To writers such as Stuart Chase it was "sobering to remem­
ber that only about 12 per cent of the Earth is fit for human 
habitation."102 since Biblical times men had gambled on food 
production and fought for control of the Earth's fertile areas 
without really knowing their extent or their capabilities. The 
United States already had found it worth while to collect sta­
tistics on more than 50 crops. The use of data fed to computers 
from satellites regarding day-to-day conditions could readily be 
envisioned. This might so improve the predictions of the har­
vests that the effects of poor crops on one continent could be 
offset by earlier plantings on another continent.

The same satellites that served mankind in this way could 
simultaneously alert people everywhere to storms, floods, and 
forest fires. Nor were losses to deluges and flames the only 
catastrophics that Space Age technology held out the promise of 
minimizing. A study sponsored by NASA led directly to experi­
mental use of a laser system to detect slight movements in the 
Earth's crust for the students of earthquakes,103 and geological 
phenomena seemed certain to become less puzzling as scientists 
learned more about other planets as well as about the Earth. 
Satellites aloft in the 1960's demonstrated that they could indi­
cate snow coverage, trace the movement of ice, and record the rise 
and fall of reservoirs with the sensors already available.

Forests still covered 10 billion acres of the Earth's 
surface despite men's tendency for centuries to regard them the 
way that frontiersmen had once regarded herds of buffalo. Forest 
products constituted one of the four largest complexes in the 
American economy, but even the United States did not have a 
reliable map of the distribution of its woodlands. Color photo­
graphy from satellites showed that the type of trees, the rate 
of growth, and their health, could be ascertained at the same 
time that forests were mapped from space. Migrations of insects 
could be traced by the changes in the color of the foliage in 
inaccessible woods.

In the first two-thirds of the twentieth century, men's 
use of the Earth's raw materials was believed to have exceeded 
the quantity consumed in all the previous centuries of their 
existence.104 The increasing population's demands made better 
inventories of the reserves imperative. Extrapolations such as 
those that indicated the United States would double its con­
sumption of minerals by the 1990's began to appear increasingly 
ominous in the 1960's.
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In the photos brought back by the Gemini astronauts for the 
geologists, features of the Earth's surface that miners and drillers 
had found were often indicative of mineral and oil accumulations 
could be recognized. From localized studies, scientists had 
learned that warping, folding, and uplifting of the crust were 
signs of great activity within the Earth, that cracks and faults 
often provided channels for ore-depositing fluids, and that certain 
geologic features controlled the formation and movement of oil 
beneath the surface. Overlapping photos taken from the Gemini 
spacecraft revealed such features on a scale difficult to recognize 
when the searcher was confined to the surface.

Prospectors and biologists had learned, too, that plants 
could guide them to concealed mineral deposits. Workers in a new 
hybrid field of science called biogeochemistry wrote in 1968 that 
"a new concept of moving from wide surveillance of the Earth's sur­
face to the pinpointing of mineral-rich areas" was becoming appli­
cable . ^-0^ it involved the use of orbiting satellites and multi- 
spectral imagery to identify the areas, by the vegetation, in which 
to apply such tools of mineral exploration as soil sampling and 
chemical analysis.

The seas cover twice as much of the Earth's surface as the 
continents, but many of their hidden riches remained unknown until 
oceanographers began detailed exploration of the oceans in the nine­
teenth and twentieth centuries. Exploitation of the oceans' 
resources was still hampered in the 1960's, however, by great voids 
in men's knowledge of the water's boundaries, currents, temperatures, 
and depths. In Gemini photographs, oceanographers could see how 
erosion was changing shorelines, note signs of temperature varia­
tions, and trace patterns in the waves. Even in some of the shal­
lower, most familiar areas, they found that the actual contour of 
the bottom did not correspond with their most recent maps of it.

Orbiting satellites equipped with sophisticated remote­
sensing apparatus, it became obvious, could serve the oceanographers 
in much the same way that they were serving the meteorologists. Com­
munication satellites could relay reports from ships and buoys to aid 
in the interpretation of data transmitted from the sensors in space.

Systems to realize these great and varied benefits became 
feasible at the very time that men's activities began to pollute 
the water, the air, and the land, to a truly menacing extent. Many 
bathing beaches were no longer safe, many cities were choked with 
smog, and woodlands in relatively undeveloped nations still were 
being despoiled. Hence the new instrumentation for monitoring and 
helping to manage the environment that NASA showed could be developed 
came to seem less like a scientific luxury and more like a necessity 
for human survival. A day might come when men would seem to have 
soared into space in the very nick of time.
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"Commercial applications of space flight increase the pro­
ductivity of the economy now," the director of the Goddard Insti­
tute for Space Studies, Robert Jastrow, wrote in the summer of 
1968, "and applications in pure science plant seeds for increases 
in future years. The increased productivity generates the tax 
dollars necessary to meet urgent social needs. Far from sapping 
our economic strength, the space program, along with electronics, 
computers, and other advanced technologies, generates new wealth. 
Yet, the returns to date are only a small fraction of the gains 
which can be realized.

"The satellites of the 1960's are primitive machines, 
whose economic and scientific value shrinks into insignificance 
against the returns from spacecraft now on the drawing boards and 
awaiting funding.

"This is the promise of space: a dollars-and-cents re­
turn in increased productivity in the United States, so great 
that the question is not, can we afford a space program but, can 
we afford to be without one?"106

AN IMPACT ON INTERNATIONAL RELATIONS

The competition between the United States and the Soviet 
Union in outer space was somewhat reminiscent of the race be­
tween European powers centuries earlier for sovereignty in 
America. Both nations sought status for their ways of life and 
both hoped for commercial gains as well as knowledge. The com­
petition, however, began differently: The first satellites went 
into orbit as national contributions to the International 
Geophysical Year (IGY) program of the International Council 
of Scientific Unions.

"The objectives of the East and West are the same in 
satisfying men's aspirations to explore the universe," one of 
the men responsible for that program wrote. "As Reinhold 
Niehbuhr has remarked, law among nations is ineffective unless 
there are threads of common understanding and culture that bind 
nations together. Space science and exploration can become such 
a thread."107

That nations could accomplish more in space together 
than they could separately was obvious both to the bystanders 
and to the participants. "The frontier of space is a frontier 
that we believe all mankind can and should explore together 
for peaceful purposes," said President Johnson, "and I have 
enunciated that doctrine in all the forums in which I have been 
allowed to trespass."108

American scientists had proudly considered themselves 
members of an international fraternity for many years. So did 
Rotarians and other groups, but few of them had such strong old 
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school ties with their occupational brethren abroad as those of 
the scientists. Many American scientists had been educated 
abroad, and many foreign scientists had studied in this country. 
Few world-wide groups felt it necessary to correspond as regular­
ly, and meet as frequently, as they did.*

*In the mid-1960's at least 30 international conferences a 
year dealt with various aspects of space science and engineering.

**Ten years of negotiations preceded the inauguration of 
commercial air service between New York and Moscow.

***The press coverage, in fact, sometimes added to the dif­
ficulties. See, for example, "The Press and Krushchev's 'With­
drawal' from the Moon Race," by Joseph G. Whelan, Public Opinion 
Quarterly, Vol. 32, Summer 1968.

In 1958 an International Committee for Space Research 
(COSPAR) was formed to continue and expand the IGY pattern of 
cooperation in space. 109 its membership soon included 35 
national bodies and 10 scientific unions.HO Although it bound 
no governments, it set standards for reporting research results, 
sponsored World Data Centers, and promoted such helpful activi­
ties as synoptic launchings of rocket experiments. The Inter­
national Astronautical Federation was an additional important 
forum for engineers engaged in space ventures, but it, too, 
represented groups within nations rather than governments.

Negotiating agreements between governments took longer 
than it did for individuals to swap ideas. Worldwide acquaint­
anceships were helpful, but nationalism sometimes was stronger 
than professional fraternalism.** There was still a curtain 
between the two leading nations probing the space frontier that 
often seemed impenetrable. The Americans' triumphs and troubles 
in space, nevertheless, were as well known to the Russians as to 
themselves.***  As President Johnson said, every Gemini flight, 
for example, "from countdown to splashdown, was open to the eyes 
of the world. "Hl

International Endeavors

NASA's activities touched all continents, and the United 
States sprang no surprises on the world. congress had ordered 
that the U. S. space program be so conducted as to nourish other 
nations' cooperation. The criteria for their participation were: 
(1) Scientific validity and mutual interest, (2) open conduct 
with scientific results freely available to scientists every­
where, and (3) significant contributions and independent funding 
by each participant. By 1968, scientists of 83 countries had 
cooperated in some way with NASA.112
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Britain and Canada were the United States1 first partners 
in space. ■L_LJ The British National Committee for Space Research 
designed/ prepared, and funded the instrumentation for Ariel I. 
It did the engineering, too, for the second and third Ariels that 
were launched in 1964 and 1967. The Canadian Telecommunications 
Establishment designed, engineered, and financed the Alouette 
satellites that NASA placed in orbit in 1962 and 1965. Canada 
also agreed to provide three more satellites (to monitor the 
ionosphere during the next peak period of the solar cycle).

The United States launched a French satellite in 1965, 
and cooperation between the two countries blossomed despite 
stresses in other aspects of Franco-American relations. The 
French Center for Space Research and NASA planned a joint effort 
in 1969 to establish an experimental satellite-balloon system 
to gather meteorological data on a global scale. The first 
Italian-built and instrumented satellite, San Marco, was launched 
from NASA's Wallops Island facilities by an Italian crew that was 
trained there. The Italians later launched a similar satellite 
from a platform in the Indian Ocean. A third San Marco was to be 
launched in 1969 or 1970, and a German scientific satellite in 
late 1969. By July 1, 1968, nine satellites had been launched in 
NASA cooperative international projects.

Because space was a costly frontier to explore, ten 
European nations pooled their scientific interests in it in a 
European Space Research Organization (ESRO). It made its track­
ing and data acquisition stations compatible with those of the 
American agency. Another regional organization, the European 
Launcher Development Organization (ELDO), also was established, 
but NASA launched the first satellite designed and built by 
ESRO.

"ESRO alone has the potential for engaging the very con­
siderable technological and economic strength of Europe in a 
significant, if selective, program," Arnold W. Frutkin, NASA 
Assistant Administrator for International Affairs, declared in 
the keynote address to an international astronautics conference 
in 1967. "To the extent that such a program is generated in 
Europe, the possibilities for rationalizing its relationship 
with the United States grow."

Foreign scientists also were invited to propose experi­
ments to be carried aloft with those of American researchers on 
NASA's satellites. Eleven such experiments were carried thus 
between 1958 and mid-1968, and more were selected and scheduled 
for future flights. Virtually all categories of the American 
spacecraft were open to other countries' experimenters, and the 
specialists invited to analyze lunar surface materials to be 
brought back by the Apollo astronauts included outstanding men 
from Belgium, the United Kingdom, West Germany, Japan, Ganada, 
Switzerland, and Finland.
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Small rocket sounding projects were less expensive than 
orbiting satellites and 19 nations joined NASA in such activities.*  
These joint projects enabled the participating countries to 
develop and to contribute their citizens' talents as well as to 
share the benefits of space research. Some of them also served 
as nuclei for further international efforts. Bilateral work with 
India, for example, produced an equatorial sounding rocket range 
that interested other members of the United Nations. NASA's 
ionospheric studies with Norway led to collaborative efforts 
among all three of the Scandinavian countries. In Argentina, the 
site of a small rocket project, Chamical, became a training cen­
ter for representatives of Latin American countries, and Argentina 
and Brazil signed a memorandum of understanding in 1964 that pro­
vided a framework for their future cooperation in space.

*More than 400 small sounding rockets had been launched 
from all quadrants of the globe at this writing.

**See Chapter III.

The willingness of many nations to cooperate with the 
United States was especially helpful in acquiring data from 
satellites. Twenty-three ground stations made coordinated ob­
servations of a NASA satellite that flew in 1964 (the fixed- 
frequency topside sounder), and, by July 1968, 102 stations in 
37 countries were working with signals sent earthward by NASA 
satellites. Meteorologists in more than 40 countries were 
equipped to receive the cloud cover photographs transmitted auto­
matically from U. S. weather satellites.

Stations around the world helped to track and assure the 
safety of American astronauts.**  Canada and the United Kingdom 
bore substantial portions of the cost of operating stations in 
their territories, and Australia contributed to the costs of 
station operations there. The American astronauts crossed 
Australia more often in the dark of night than in daylight, and 
the people of Perth kept their lights burning for them. Like a 
candle in a window, this symbolized the good will that the 
antithesis of secrecy regarding the American flights evoked.

The American Posture

From the outset, NASA sought to cooperate with the
U. S. S. R., but Soviet scientists "echoed the refrain that no pro­
gress would be made toward cooperation between the United States 
and the Soviet Union until complete and total disarmament had 
been achieved."11' When Chairman Khrushchev of the U. S. S. R. 
congratulated President Kennedy on John Glenn's flight in 1962, 
he observed that "it would be very beneficial if our countries 
pooled their efforts — scientific, technical and material -- 
to master the universe." President Kennedy promptly replied with 
concrete proposals and declared he hoped that "at a very early 
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date our representatives may meet to discuss our ideas and yours 
in a spirit of practical cooperation."

Talks between Dr. Hugh L. Dryden of NASA and Soviet 
Academician Anatoly A. Blagonravov led to bilateral agreements 
in 1962 and 1965 for the two foremost nations in space to work 
together in meteorology, communications, and magnetic field map­
ping, and to undertake a joint review of space biology and medi­
cine.*  A "cold line" was opened over which an exchange of 
meteorological satellite data began in 1966 but this was only 
a first step toward coordination of efforts in space meteor­
ology. Radio signals were transmitted to the U. S. S. R. 
via an American satellite with the help of the United Kingdom's 
Jodrell Bank Observatory, but no signals were received from the 
U. S. S. R. in that experiment. The exchange of magnetic field 
data fell behind schedule, and a U. S. - U. S. S. R. editorial 
board had not completed the projected joint review of space 
biology and medicine yet in 1968.

*See Chapter I.

The United States, nevertheless, persisted in urging 
fusion of the two countries' efforts. In 1964 NASA proposed an 
exchange of visits by American and Soviet teams to deep space 
tracking and data acquisition facilities, but the Soviets re­
plied the following summer that such visits were not then 
possible. In 1965 NASA's administrator invited the Soviet 
Academy of Sciences to send a high-level representative to the 
launching of Gemini VI, but the invitation was not accepted. 
Twice, NASA also proposed communications tests via a Soviet 
satellite, but none were arranged.

President Frederick Seitz of the National Academy of 
Sciences joined Administrator Webb in efforts to open a fruit­
ful dialogue with the Russians regarding space work. So, too, 
did Ambassador Arthur Goldberg, who told the United Nations 
General Assembly that, if the U. S. S. R. desired tracking 
coverage of its satellites from U. S. territory, his government 
would discuss the technical and other requirements "with a 
view to reaching some mutually beneficial agreement." But all 
such friendly gestures seemed to be futile.

"We again renew these offers today," President Johnson 
declared in the fall of 1967. "The hard business of foreign 
relations requires a certain optimism."120

Space exploration added no crises to those with which 
the United Nations had to grapple in the 1960's, and its special­
ized agencies assisted efforts to extend the benefits. The 
International Telecommunications Union, for example, allocated 
frequencies and established international regulation for the use 
of radio in space communications and research, and the World
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Meteorological Organization undertook a study of a world weather 
system that would include satellites.

The United Nations' main concern was that space be used 
peacefully. This, of course, was also America's objective. The 
General Assembly asked all states to inform the Secretary- 
General of the objects it launched into orbit or beyond -- and 
this resulted in the establishment of a United Nations public 
registry. To provide for exchange of information, to study 
measures for the promotion of international cooperation, and to 
report on problems that might arise, the United Nations set up a 
Committee on Peaceful Uses of Outer Space. This committee formed 
two subcommittees, both of which aided in moving toward inter­
national amity in space.

Recommendations of the Scientific and Technical Subcom­
mittee led to publication of biennial reports on national and 
international activities in space and on training opportunities. 
This subcommittee also was instrumental in bringing about the 
United Nations1 sponsorship of the equatorial rocket launching 
site in southern India that had been established as part of 
NASA-India cooperative projects. France and the Soviet Union 
joined the United States in lending equipment for this facility, 
at Thumba, which was open for use by any member of the United 
Nations.121

The Legal Subcommittee produced a treaty prohibiting the 
placing of weapons of mass destruction in orbit, limiting the 
use of the Moon and other celestial bodies to peaceful purposes, 
and laying down basic ground rules for peaceful cooperation.122 
"I greet this treaty," President Johnson declared when it came 
into force. "I see it as a hopeful sign that mankind is learn­
ing, however, slowly, that wars are not inevitable, that national 
rivalry is not a permanent barrier to international understanding, 
and that a world of hostility and hate need not be the abiding 
condition of mankind."

A supplemental treaty followed this one, dealing more 
specifically with the rescue of astronauts and the return of 
space objects.123 This was signed by the U. S., the U. S. S. R. 
and 41 other nations.

"The old antagonisms which we call the cold war must 
fade," the President declared in 1968,124 and these treaties 
were among the developments he cited at Glassboro, on Inde­
pendence Day that year, as evidence that progress was being 
made.125 But the East was still East despite the West's hopes: 
On August 14, 1968, Premier Kosygin — in a message read in 
Vienna at the opening of the United Nations Conference on Ex­
ploration and Peaceful Uses of Outer Space — announced that 
his "and other Socialist countries" planned an Intersputnik 
communications system to compete with Intelsat, the system that 
the United States had repeatedly invited the Soviet Union to 
join.126
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THE IMPACT ON THE FUTURE

In 1840 former President John Quincy Adams warned fellow 
members of the House of Representatives that the Russians were 
building "the most complete establishment for astronomical observa­
tions on the face of the Earth."127 Congress was indifferent then. 
The future of the fast-growing frontier beyond the Alleghenies 
preoccupied its attention, and legislators tended to agree with 
the ancient Persian astronomer who had allegedly written of the 
sky, "Lift not your hands to it for help." The settlers approach­
ing the Pacific thought that they needed railroads and other hard­
ware more urgently than they needed astronomy.

That geographic frontier molded the nation's character, 
but it was gone and the Atomic Age had altered the American people's 
attitude toward pure science when space beckoned in the 1950's. 
Intercontinental missiles had begun to replace manned bombers. A 
military base on the Moon would be many times farther from a foe on 
Earth than a base in Antarctica, but the Sputniks made the importance 
of technological leadership plain for everyone to see. NASA was the 
United States' means of showing other nations that its people had no 
intention of surrendering the prestige that their fathers had earned.

Its importance to the planning and the use of resources 
by the Department of Defense was large. The wind tunnels and other 
new facilities that the civilian space agency required developed 
knowledge useful also to the Army, Navy, and Air Force. Much of 
its research contributed to the work of defense engineers and con­
tractors. The technology and hardware developed for the Gemini 
Flights were useful in formulating plans for the Air Force Manned 
Orbiting Laboratory.128 But paradoxically, the space program, while 
helping national defense, came also to be viewed as a possible 
aid to deescalation of the arms race.*

Space exploration cried for sportsmanship. "Maybe one 
of these days," Vice President Hubert H. Humphrey suggested, "we 
will get civilized enough on this Earth to have our contests, not 
on the battlefield, but rather in the field of adventure in space 
and the exploration of the universe. It might very well be that 
space offers us the chance for peace."129

*"0ur hope," said Dr. Charles S. Sheldon of the National 
Aeronautics and Space Council staff when interviewed on TV January 
20, 1965, "is space can become a substitute for war by diverting 
man's restless energies into a supreme challenge of a constructive 
nature." (NASA SP-4006, p. 27.)
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Few Americans other than the science fiction readers had 
given much thought to space travel until the 1960's, hut nearly 
everyone became interested then. The Reader's Guide to Period- 
ical Literature gave an inkling — as crude perhaps as Enrico 
Fermi's bits of paper at Alamagordo — to the magnitude of the 
ferment that orbiting satellites started. The mere titles of 
magazine articles pertaining to space that the guide listed be­
tween March 1963 and June 1968 filled 822 column inches; the 
titles of articles regarding atomic developments ran for 368 
column inches; and those of articles about agriculture took up 
only 167 inches.130

Some Americans still asked, like Dr. Abraham J. Heschel, 
a noted professor of ethics: "Of what value will it be to land 
a man on the wilderness of the Moon if we neglect the needs of 
millions of men on Earth?"131 others questioned whether those 
needs could be met any better without a space program, and ar­
gued that the skills and the resources that were being acquired 
could help the world meet humanity's other needs more effective­
ly. Then, as the astronauts went their way, many persons came 
to share the feeling of Louis J. Halle, a specialist in inter-*  
national law, who wrote in The New Republic: "Our position is 
simply that of the intelligent creatures confined in the ocean 
deeps. Now, however, that we are beginning to escape from our 
native confines, there is no telling what light we may find in 
the larger universe to dissipate the darkness of our minds."132

Eminent theologians welcomed this enlightenment. Father 
Francis J. Heyden, S. J., for example, wrote that "through science 
man's future in space can be as bright and high as the stars," and 
the Rt. Rev. James A. Pike of the Episcopal Dioces of California 
declared: "Space exploration can be a source of inspiration. The 
wonders of the universe that it is revealing can magnify our vision 
of God."

The thrust of NASA's work was toward the future and full 
of optimism. As the nation moved forward, nevertheless, many per­
sons felt uneasy. "A curious automatism, human in origin but not 
human in action seemed to be taking over," the poet, Archibald 
MacLeish wrote. "We were proud . -. .of our technological achieve­
ments , but we were aware also from the beginning that these achieve­
ments were not altogether ours or, more precisely not altogether 
ours to direct, to control — that the processes had somehow taken 
over leaving the purpose to shift for itself so that we, the 
ostensible managers of the process, were merely its beneficiaries."133

The sociologists said that technology could only open 
doors for people, but a house with many new doors differs from 
what it was before. Whether those doors seem alarming or in­
viting, the behavior in such a house may change. "New techno­
logy also means a high probability of change in individual and 
social values, because it alters the conditions of choice," 
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the director of the Harvard University Program on Technology and 
Science wrote in 1968.134 Space technology gave the American people 
a fresh taste for new high adventures. Its successes prompted 
many individuals and groups to demand that social goals within 
the nation that previously had been considered unattainable be 
reached almost overnight.

The subtle reactions to the exploration of space within 
men’s minds and hearts became increasingly evident. But there 
were no equivalents of Geiger counters with which to measure 
the impact of NASA's work on the teaching and practice of the 
humanities — even though this might have been even more sweep­
ing than the effects noted on the teaching and practice of 
science, on the world's economy, and on international relations.

Some signs of the Space Age were visible in the "astro 
architecture" brought about quickly by new materials and computer- 
aided design techniques such as NASA helped to spawn.135 Commercial 
concerns advertised their involvement with space ventures. The 
impact on art and literature, nevertheless, was difficult to dis­
tinguish from that of other momentous events, for a more highly 
educated and affluent generation turned out also to be an impatient 
and turbulent generation.*

*See Vol. II, Appendix B-VII, "Space Cartoons, 1963-68," 
which provide one social measure of the impact of NASA.

**Space exploration, although nonviolent, was as drama­
tically studded with surprises as The Conquest of Mexico and 
The Conquest of Peru that he portrayed long afterwards.

Governments, universities, and industries could be said 
to represent increasingly complex systems central to society's 
operation. It was clear that communication channels between them 
had been improved to meet the requirements of space exploration, 
and that society could put those channels to more uses. But how 
humanely would they be used to rebuild cities? How effectively 
would they be employed to alleviate poverty? Did the mixture of 
rivalry and collaboration between nations in space bring nuclear 
disarmament closer? Neither the savants nor their computers 
had adequate inputs in the 1960's to divine the auguries of space 
to all men's satisfaction.

Oertainly the space program demonstrated anew the genius 
of the innovators, long ago, of the past and future tenses in 
the languages that people spoke. Certainly, too, it would require 
the labor and the artistry of a William H. Prescott**  to recapture 
the rapture that millions felt as they saw Gemini astronauts being 
plucked from capsules in the sea, and scanned details for the first 
time of the worn countenance of the "man" they had envisioned in the 
Moon when they were children.
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As the great audience awaited its first close-up peeks 
at Mars, some hoped to see Schiaparelli's canals and some clear 
sign of life on that planet, but those hopes were dashed. Yet 
many continued to contend that "we are not alone" because of the 
improbability that life would have evolved on only one minor 
planet in a minor subsystem of a single galactic subsystem of the 
detectable universe. Others shared the suspicion of President 
Johnson, a man born close to an earlier frontier, who said: "It 
may be — it may just be that life as we know it with its humanity 
is more unique than many have thought, and we should remember 
this."136

Historians had begun to take "a systems approach" to 
their tasks before the aerospace industry popularized the phrase. 
They had advanced from being mere chroniclers of events in 
courts, camps, and monasteries to become the biographers of 
society in all its departments.^? Nevertheless, when the great 
western wilderness had the greatest influences on the develop­
ment of American democracy, its impact was less clear to the 
frontiersmen and their contemporary historians than it became 
a few decades later to Frederick Jackson Turner.*  Interplanetary 
space was not only the largest but also possibly the strangest 
frontier that men ever had entered, and the impact of its invasion 
on mankind's future may be much more vivid to historians who can 
view it from afar than it was to the many eye-witnesses.

*Behind institutions, behind constitutional forms and modi­
fications," he wrote, "lie the vital forces that call these organs 
into life and shape them to meet changing conditions. The pe­
culiarity of American institutions is in the fact that they have 
been compelled to adapt themselves to the changes of an expanding 
people — to the changes involved in crossing a continent, in 
winning a wilderness, and in developing at each area of this pro­
gress out of the primitive economic and political conditions of 
the frontier into the complexity of city life . . . American 
social development has been continually beginning over again on 
the frontier," — in The Frontier in American History, Holt, 
Rinehart and Wilson, Inc., 1922.

On a visit to the Manned Spacecraft Center at Houston, in 
March 1968, President Johnson said that, of all the legislation 
which he had helped to bring about, he thought he took the most 
pride in having written and introduced the bill that made NASA 
possible. "I am certain," he declared, "that as future genera­
tions look back on our incredible decade they will be unanimous 
in their belief that the treasure that we have dedicated to 
sending men to explore the stars was the most significant and 
important investment ever made by any people."138
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