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Introduction

One of the most important developments of the twentieth century has been the
movement of humanity into space with machines and people. The underpinnings of that
movement—why it took the shape it did; which individuals and organizations were
involved; what factors drove a particular choice of scientific objectives and technologies to
be used; and the political, economic, managerial, and international contexts in which the
events of the space age unfolded—are all important ingredients of this epoch transition
from an Earthbound to a spacefaring people. This desire to understand the development
of spaceflight in the United States sparked this documentary history series.

The extension of human activity into outer space has been accompanied by a high degree
of self-awareness of its historical significance. Few large-scale activities have been as
extensively chronicled so closely to the time they actually occurred. Many of those who
were directly involved were quite conscious that they were making history, and they kept
full records of their activities. Because most of the activity in outer space was carried out
under government sponsorship, it was accompanied by the documentary record required
of public institutions, and there has been a spate of official and privately written histories
of most major aspects of space achievement to date. When top leaders considered what
course of action to pursue in space, their deliberations and decisions often were carefully
put on the record. There is, accordingly, no lack of material for those who aspire to
understand the origins and evolution of U.S. space policies and programs.

This reality forms the rationale for this series. Precisely because there is so much historical
material available on space matters, the National Aeronautics and Space Administration
(NASA) decided in 1988 that it would be extremely useful to have easily available to
scholars and the interested public a selective collection of many of the seminal documents
related to the evolution of the U.S. civilian space program. While recognizing that much
space activity has taken place under the sponsorship of the Department of Defense and
other national security organizations, the U.S. private sector, and in other countries
around the world, NASA felt that there would be lasting value in a collection of
documentary material primarily focused on the evolution of the U.S. government’s
civilian space program, most of which has been carried out since 1958 under the Agency’s
auspices. As a result, the NASA History Office contracted with the Space Policy Institute
of George Washington University's Elliott School of International Affairs to prepare such
a collection. This is the sixth volume in the documentary history series; two additional
ones containing documents and introductory essays related to human space flight,
including microgravity research in Earth orbit, will follow.

The documents collected during this research project were assembled from a diverse
number of both public and private sources. A major repository of primary source
materials relative to the history of the civil space program is the NASA Historical
Reference Collection of the NASA History Office located at the Agency’s Headquarters in
Washington, DC. Project assistants combed this collection for the “cream” of the wealth of
material housed there. Indeed, one purpose of this series from the start was to capture
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some of the highlights of the holdings at Headquarters. Historical materials housed at the
other NASA installations, institutions of higher learning, and presidential libraries were
other sources of documents considered for inclusion, as were papers in the archives of
individuals and firms involved in opening up space for exploration.

Copies of the documents included in this volume in their original form will be deposited
in the NASA Historical Reference Collection. Another complete set of project materials is
located at the Space Policy Institute at George Washington University. These materials in
their original forms are available for use by researchers seeking additional information
about the evolution of the U.S. civil space program or wishing to consult the documents
reprinted herein in their original form.

The documents selected for inclusion in this volume are presented in four major sections,
each covering a particular aspect of the origins, evolution, and execution of the U.S. space
and Earth science program. Section I deals with the scientific study of the Sun. Section II
discusses the study of the physical characteristics of space, including both interactions
between the Sun and Earth, and other areas of investigation. Section III deals with NASA’s
fundamental research in life sciences—space biology. (Issues associated with the study of
the reactions of the human body to the space environment and the health of astronauts
will be covered in the next two volumes.) Section IV discusses the most recent area of
science to which space observations contribute—that intend to advance understanding of
the Earth as a planetary system.

Volume I in this series covered the antecedents to the U.S. space program and the origins
and evolution of U.S. space policy and of NASA as an institution. Volume II dealt with the
relations between the civilian space program of the United States and the space activities
of other countries; the relations between the U.S. civilian and national security space and
military efforts; and NASA’s relations with industry and academic institutions. Volume III
provided documents on satellite communications, remote sensing, and the economics of
space applications. Volume IV covered various forms of space transportation. Volume V
covered the origins of NASA’s space science program and its efforts in solar system
exploration and astrophysics and astronomy. As noted above, two future volumes will
cover human spaceflight (Volumes VII and VIII).

An overview essay introduces each section in the present volume. These essays are
intended to introduce and complement the documents in the section, and to place them
in a chronological and substantive context. Each essay contains references to the
documents in the section it introduces, and may also contain references to documents in
other sections of the collection. These introductory essays are the responsibility of their
individual authors, and the views and conclusions contained therein do not necessarily
represent the opinions of either George Washington University or NASA.

The project team in concert chose the documents included in each section with the essay
writer from those assembled by the research staff for the overall project. The contents of
this volume emphasize primary documents or long-out-of-print essays or articles and
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material from the private recollections of important actors in shaping space affairs. The
contents of this volume thus do not comprise in themselves a comprehensive historical
account; they must be supplemented by other sources, those both already available and to
become available in the future. The documents included in each section are arranged
chronologically, with the exception that closely related documents are grouped together.
Each document is assigned its own number in terms of the section in which it is placed.
Thus, the first document in the third section of this volume is designated “Document III-
1.” Each document or group of related documents is accompanied by a headnote setting
out its context and providing a background narrative. These headnotes also provide
specific information about people and events discussed. We have avoided the inclusion of
explanatory notes in the documents themselves and have confined such material to the
headnotes.

The editorial method we adopted for dealing with these documents seeks to preserve
spelling, grammar, paragraphing, and use of language as in the original. We have
sometimes changed punctuation where it enhances readability. We have used the
designation [not included, or omitted] to note where sections of a document have not
been included in this publication, and we have avoided including words and phrases that
had been deleted in the original document unless they contribute to an understanding of
what was going on in the mind of the writer in making the record. Marginal notations on
the original documents are inserted into the text of the documents in brackets, each
clearly marked as a marginal comment. Except insofar as illustrations and figures are
necessary to understanding the text, those items have been omitted from this printed
version. Page numbers in the original document are noted in brackets internal to the
document text. Copies of all documents in their original form, however, are available for
research by any interested person at the NASA History Office or the Space Policy Institute
of George Washington University.

We recognize that there are certain to be quite significant documents left out of this
compilation. No two individuals would totally agree on all documents to be included from
the many we collected, and surely we have not been totally successful in locating all
relevant records. As a result, this documentary history can raise an immediate question
from its users: why were some documents included while others of seemingly equal
importance were omitted? There never can be a fully satisfactory answer to this question.
Our own criteria for choosing particular documents and omitting others rested on three
interrelated factors:

e Is the document the best available, most expressive, most representative reflection of
a particular event or development important to the evolution of the space program?

® Is the document not easily accessible except in one or a few locations, or is it included
(for example, in published compilations of presidential statements) in reference
sources that are widely available and thus not a candidate for inclusion in this
collection?
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e Is the document protected by copyright, security classification, or some other form of
proprietary right and thus unavailable for publication?

As general editor of this volume, I was ultimately responsible for the decisions about which
documents to include and for the accuracy of the headnotes accompanying them. It has
been an occasionally frustrating but consistently exciting experience to be involved with
this undertaking; my associates and I hope that those who consult it in the future find our
efforts worthwhile.

John M. Logsdon

Director

Space Policy Institute

Elliott School of International Affairs
George Washington University
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Chapter One

Solar Physics from Space

by David H. DeVorkin

Introduction

The scientific study of the central body of the solar system—the Sun—has, of course,
a long history. Studies of the Sun and allied research in solar-terrestrial relations
(discussed in Chapter 2) predate access to space; as a result, there is a long history of
attempts to circumvent the obstacles to observation posed by the atmosphere of Earth in
examining both the Sun and its immediate environment, including Earth.* The problems
critical to knowing the nature of the Sun and its influence on Earth include assessing the
amount and character of its heat output, the origin and maintenance of solar energy, the
question of the constancy of solar radiation (or its inconstancy), the magnetic properties
of the Sun and its immediate environment, and the nature of solar radiation beyond the
ultraviolet cutoff of Earth’s atmosphere. The study of the solar constant and the means to
harness solar energy have long been of interest for both theoretical and practical reasons.

This essay discusses the evolution of activities in the area of solar physics supported by
the U.S. civilian space program. It is not primarily a history of the intellectual pursuits
involved, but rather an examination of what areas of activity were considered to be
candidates for support by NASA, based both upon advice from the scientific establishment
and from program managers within NASA itself. The essay will explore the advice given
to NASA by various bodies; it will look mainly at specific modes of investigation deemed
to be most effective for the conduct of solar research and search out both scientific and
nonscientific priorities that shaped the NASA research effort.

Solar physics has been the focus of much historical research, which has resulted in a
critical mass of documentary narrative as well as a highly useful intellectual framework
within which to examine changes in the field. Karl Hufbauer, in particular, has provided
valuable insights into the nature of progress in the field in the modern era, including
theory as well as ground-based and space-based observational trends, and he has set the
stage to fully elucidate the efficacy of the priority-setting process set in place in 1958.? The
essay will touch upon how the nature of this advice was influenced by the priorities

1. David H. DeVorkin, Race to the Stratosphere: Manned Scientific Ballooning in America (New York: Springer-
Verlag, 1989); Science with a Vengeance (New York: Springer-Verlag, 1992); Homer E. Newell, Beyond the Atmosphere:
Early Years of Space Science (Washington, DC: NASA SP-4211, 1980).

2. Karl Hufbauer, Exploring the Sun: Solar Science Since Galileo (Baltimore, MD: Johns Hopkins University
Press, 1991); A. J. Meadows, Science and Controversy: A Biography of Sir Norman Lockyer (Cambridge, MA: Harvard
University Press, 1972); A. J. Meadows, Early Solar Physics (Oxford: Oxford University Press, 1970). The historical
literature on solar physics (to 1980) has been reviewed in David H. DeVorkin, The History of Astronomy and
Astrophysics, A Selected, Annotated Bibliography (New York: Garland Press, 1982).
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inherent in government patronage, especially those manifest in a highly politicized
mission-oriented agency such as NASA (in contrast to the more research-oriented
organizational culture of the National Science Foundation, for example).

Studying the Sun

This essay examines the period starting roughly in late 1957 and 1958 and extending
to the present era, looking at how the scope, priorities, and goals of solar physics and, to
some extent, solar-terrestrial relations changed in response to shifting scientific and
programmatic needs in space research and to changes in technical capabilities, including
launch weight, stabilization, and data retrieval and transmission. For instance, between
1958 and 1964, the United States, through its civilian space program and continuing
programs in several branches of the military services (Navy and Air Force), developed the
capability to continuously monitor from space the high-energy output of the Sun; roughly
examine the large-scale features of solar activity as manifest in sunspot, flare,
chromospheric, and coronal phenomena; and link those high-energy events directly to
terrestrial ionospheric phenomena. The last achievement came both through suborbital
and orbital programs and was primarily a result of progressively better systems for
stabilization. In these first years, stabilization was one of the primary technological factors
governing how future missions were planned. Especially in solar physics, this fact was
reflected in the priorities established by scientific review panels as well as by program
officers and panels within the civilian space agency.

Limits and Nature of Solar Physics

Solar physics in practice, though not in name, predates the rise of astrophysics; in
many respects, astrophysics itself grew out of the physical study of the Sun. Given the
enormous amount of light received from the Sun, it was the first celestial body to be
studied to any great extent, its physical properties determined with any accuracy, and the
amount and character of its heat radiation related to physical processes on Earth.
Historians have identified five distinct eras for solar physics, starting with telescopic
studies in the seventeenth century and progressing to spectroscopic studies in the
nineteenth and early twentieth centuries; the establishment of a rational physical basis
within which to interpret spectroscopic and photometric observations, approximately
from 1910 to 1940; the transformation of solar physics by wartime and then Cold War
imperatives from 1939 to 1957; and finally, solar physics since Sputnik.®* Only the last era
is covered here, even though its full appreciation requires some reference to the earlier
periods. For one thing, unlike other disciplines, solar physics enjoyed a robust history in
both military and civilian laboratories devoted to the use of rockets and balloons for
research at high altitudes and near-space environments. These groups, formed in the
wake of World War | in military research centers such as the Naval Research Laboratory
(NRL) or at military-supported facilities such as the Applied Physics Laboratory of the
Johns Hopkins University, were stimulated by the existence and availability of captured

3. Hufbauer, Exploring the Sun.
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German V-2 missiles. The groups that formed to do science during V-2 tests defined their
scientific interests in terms of the vehicle, in this case, a ballistic missile acting as a
sounding rocket.*

By the late 1940s, several groups who pushed for improved means of stabilization and
data retrieval were exploring the ultraviolet spectrum of the Sun. Two-axis stabilization
was finally achieved in the early 1950s on Aerobee rockets, allowing observation of the far
ultraviolet region of the spectrum through longer exposures. The primary driver for both
solar physics and ionospheric physics was to determine which spectral features were
responsible for the generation, maintenance, and variation of Earth’s ionosphere, a
critical element in long-range communication, command, and control of ballistic missiles.
Throughout the early 1950s, few of these activities were sophisticated enough to be
interesting to mainstream astrophysicists; thus, much of solar physics from rockets evolved
along lines parallel to geophysical and military goals. By the mid-to-late 1950s, however,
instrument stabilization, rocket reliability, and payload retrieval had improved to the
point where astrophysically useful high-dispersion spectroscopic data were readily
available to civilian groups, which brought astronomers back to consider the use of
rockets, and, in the post-Sputnik era, satellites, as platforms for the study of the Sun.

Thus, in the wake of Sputnik, groups that had been devoted to scientific rocketry
during the International Geophysical Year (IGY), as well as many mainstream scientists,
began to think in detail about what could be done from satellite platforms. Within weeks
of Sputnik 1, members of the Rocket and Satellite Research Panel (RSRP), the latest
embodiment of the original V-2 Panel that had been created in 1946, met to consider the
implications of research using satellites. Prior to Sputnik and independent of the meeting,
but as a member of the panel, W. W. Kellogg of the RAND Corporation had prepared a
report for the 1IGY Working Group on Internal Instrumentation of the Earth Satellite
Program, entitled “Basic Objectives of a Continuing Program of Scientific Research in
Outer Space.” (See Document I-1.) Sputnik brought Kellogg’s analysis to the attention of
the National Academy IGY committees as well as the RSRP. He plotted out a scientific
program assuming that development would be gradual and not revolutionary, that each
stage of the program would help to design the next stage, and that human spaceflight
would occur eventually but not immediately. In the immediate future, the primary vehicle
for research would remain the sounding rocket, specifically for atmospheric studies, as
well as solar physics and astrophysics; but, as the capability of building larger Earth
satellites increased, the latter two areas would become the domain of orbiting vehicles.
The bulk of Kellogg’s attention was given over to terrestrial atmospheric studies, as well as
to lunar and planetary studies, in two categories: Vanguard-type “lightweight satellite
experiments” (50 to 75 pounds) and “advanced satellite experiments.” Under the former,
exploratory solar radiation studies using a variety of radiometers and bolometers to span
the entire spectrum were highest on his list, mainly to better assess the radiation heat
budget of Earth and its atmosphere. Time fluctuations of solar ultraviolet and x-ray
radiation, monitoring solar activity, and observing its influence on Earth’s atmosphere
came next.

4. DeVorkin, Science with a Vengeance, pp. 344-45.
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Kellogg’s concept of an advanced satellite included two- and three-axis stabilization,
larger power requirements, wider data transmission bandwidth, and the possibility of
physical recovery. Satellites in this category that were devoted to solar studies would be
capable of examining and photographing small regions of the Sun in a wide range of
wavelengths, most specifically the ultraviolet. Pointing controls based upon those already
operational on sounding rockets could be adapted to this purpose. Data retrieval could
be physical, the preferred method at the time, or could be accomplished by scanning the
data “photometrically” on board and then transmitting it electronically to Earth.®

In hindsight, the most interesting characteristic of Kellogg’s assessment was its
prudence. It shared this characteristic with other assessments of the same time period, as
well as a strong conviction that the sounding rocket and balloon projects of the IGY
should be extended beyond that period. This was the opinion of another stakeholder in
space research, the National Advisory Committee for Aeronautics (NACA), which in
February and March 1958 convened a series of working groups under the heading
“Special Committee on Space Technology.” One of the groups, on “Space Research
Objectives,” met in the spring of 1958 to deliberate over Kellogg’s report and decided to
extend it, with preliminary priorities and timetables.®

The goal of the NACA working group was to produce a more detailed position paper
for the uses of three classes of Earth-orbiting satellites: 30-pound, 300-pound, and 3,000-
pound. (See Document 1-2.) The group envisioned one 30-pound satellite launch per
month, starting immediately and lasting until the capability existed to launch 300-pound
satellites (sometime in 1959, it was hoped). Larger satellites would be launched at the rate
of one every two months. Satellites in the 3,000-pound class would begin to be launched
in 1961 at a rate of one every four months. Although this plan was more explicit and
ambitious than Kellogg’s first assessment, the working group still advised that the number
of “separate experiments” in each satellite in the 30-pound and 300-pound classes be
limited, and that the 30-pound class continue to be launched well beyond 1959.” Solar and
solar-terrestrial studies to be addressed with the 30-pound satellite included Kellogg’s
categories for a Vanguard class of launches: nondirectional monitoring including
ultraviolet, x-ray, and gamma-ray detectors. The 300-pound class had the capability of
stabilization for solar and stellar spectroscopy, as well as an imaging ultraviolet solar
telescope. The 3,000-pound class could be capable of flying a 36-inch solar optical
telescope able to perform a variety of observations; the specific character of these
observations was left largely unspecified in the report.

Both the Kellogg study and the NACA Working Group endorsed human spaceflight
and exploration “as proper objectives of a national program of space research.” The
NACA report was otherwise silent on the subject, whereas Kellogg took care to elucidate
human spaceflight as an inevitable goal, yet not currently justifiable on rational grounds.®

5. W. W. Kellogg, “Basic Objectives of a Continuing Program of Scientific Research in Outer Space,”
9 December 1957, Dow Papers, Box 8.4. University of Michigan Library.

6. Working Group on Space Research Objectives, “Minutes of Meeting,” 30 April 1958, Lyman Spitzer
Papers, NACA file, Princeton University Library.

7. 1bid., p. 2.

8. Ibid., p. 5.

9. Kellogg, “Basic Objectives,” p. 38.
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Collective Advice: The Space Science Board

In June 1958, the Space Science Board (SSB) of the National Academy of Sciences was
created as a vehicle to provide for “an orderly extension and continuation of the rocket
and satellite work of the USNC/IGY.” (See Volume V, Chapter 1, for a discussion of the
origins of the Space Science Board.) It was directed to gather information on space
science activities and to assess priorities for space research. The Board met in New York
City several times that summer to organize itself around a set of goals in space science and
to become acquainted with projections of payload capability. Herbert F. York of the
Advanced Research Projects Agency (ARPA) (NASA had not yet been created, and ARPA
had responsibility for U.S. space activity) summarized future launch vehicle capabilities
that could send 3,000 pounds into orbit by 1960, double that by 1962, over thirty times
that amount by the mid-1960s, and some 50 tons into orbit by the late 1960s. Scientists,
York implied, were to plan accordingly. However, Hugh Odishaw, Executive Director of
USNC-IGY, warned that “the rocket and balloon potentialities for scientific research
should not be neglected in the face of the prospective satellite program.”* Richard W.
Porter outlined the remaining space program of the IGY. Lloyd Berkner, using Porter’s
findings, summarized them in fifteen topical areas, including the continuing intensive
study of solar corpuscular radiation. Berkner, Chairman of the Board, created twelve
committees to prepare reports on specific fields and assigned astronomy and radio
astronomy, which included solar physics, to a committee headed by renowned solar
astrophysicist Leo Goldberg. He was charged to lead his committee in looking into ways
to extend x-ray, ultraviolet, and corpuscular solar research into space.

At its second meeting in July, the Board discussed responses from the scientific
community and prioritized specific problem areas for the next two years for satellites and
rockets. Its selections were designed to supplement ongoing IGY projects and were chosen
on the basis of scientific need and technical feasibility. Included in the short-range
program for satellites were low-resolution optical scanning capabilities for the assessment
of solar activity in the gamma, x-ray, and UV ranges.

The new National Aeronautics and Space Administration began operations on
1 October 1958. In December 1958, the new NASA Administrator, T. Keith Glennan,
made it clear that the new space agency, not the Space Science Board, was to be the arbiter
of space science policy and mission choices, setting priorities for scientific experiments
and mission profiles. Up to that point, and indeed well into 1959, there were lingering
tensions about who was in control. How Glennan managed to secure this role for NASA
remains to be fully appreciated. (See Volume V, Chapter 1.) But for the purposes here, all
the various deliberative bodies so far identified, and particularly the Space Science Board,
had become advisory to NASA by the end of 1959.

In addition to the newly constituted review panels and institutions engaged in
planning for space research, academics supported on military contracts were also
encouraged to state their opinions on what kind of solar problems could be addressed in

10. Space Science Board, “Minutes,” 27 June 1958, p. 2, NASA Historical Reference Collection, History
Office, NASA Headquarters, Washington, DC.
11. Ibid., p. 8.
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space. This encouragement came from military as well as industrial patrons, all eager to
stake a claim on outer space. In the late 1950s, few observatories and universities were
engaged in space research and solar studies in a large way; only a few of the largest—the
new Kitt Peak National Observatory, the University of Michigan, Princeton, and the
Harvard-Smithsonian complex—were active. Some in the wings were interested; Jesse
Greenstein, an astrophysicist at the California Institute of Technology who had attempted
solar spectroscopy with the V-2 in the 1940s, was invited to address the Fourth Ballistic
Missile and Space Technology Symposium at UCLA in August 1959 and looked forward to
a “rapid evolution” of payload capability from 5 to 5,000 pounds.*

Missions

With NASA setting overall policy, the structure of the solar physics program evolved
as NASA itself grew and reorganized, always promoting a mission-oriented approach to
exploring space. As a result, in the fifteen years after Sputnik, space solar research became
defined by the launch of a sequence of progressively larger spacecraft, each undertaking
a series of flights and each with more sophisticated means of stabilization and pointing
controls. As originally envisioned by York, Kellogg, and their colleagues, the program
consisted of an evolutionary series of satellites defined by payload weight capabilities,
rather than being based on order-of-magnitude increases in technological sophistication.
The latter would come into play only by the 1980s and 1990s, allowing for far wider
bandwidths, bigger data streams, and more complex batteries of simultaneously operated
instruments. Between 1960 and 1975, Americans launched some fifty-three spacecraft that
studied the Sun; forty-four contained up to three instruments; nine had more than four
instruments. In comparison, the Soviet Union launched twenty payloads with three or
fewer instruments each, and ten payloads were launched by all other nations combined.
Accordingly, it has been claimed that “American leadership in studying the Sun from
space was a testament both to the prominence of American scientists in the making of
space policy and to the prowess of American engineers—especially in electronics and
computing—in implementing that policy.”® That policy included developing and
maintaining a robust infrastructure that could produce a wide and varied array of new
design prototypes, and both programmatic and developmental suborbital programs using
balloons, aircraft, and sounding rockets. The mission-oriented approach, therefore,
reflected launch vehicle capabilities as well as the acknowledged need to achieve specific
levels of instrument performance. The advice given NASA reflected not only scientific
interests and goals, but the range of choices NASA could make in how it would manage
space science.

12. Jesse Greenstein, “Astrophysical Research in Space,” p. 2. Air Force Office of Scientific Research, TN-
59-907, 21 September 1959, Greenstein Papers, California Institute of Technology.
13. Hufbauer, Exploring the Sun, table 5.1, p. 167.
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Explorer- and Observatory-Class Missions—The OSOs

So-called “Explorer-” and “Observatory-” class missions evolved more or less
simultaneously. Both grew out of instrumentation requirements set in the sounding
rocket era, but only the latter reached a level of sophistication that was attractive
to mainstream solar astronomers and physicists. Thus, the most significant solar program
that attracted the attention of astronomers in the 1960s and 1970s was the Orbiting Solar
Observatory (OSO). After its first several flights in the early 1960s, it was enthusiastically
supported by review bodies and by NASA advisory panels. How then did it come
into being?

The first OSO was a partially spin-stabilized craft carrying thirteen scientific
experiments. The 460-pound craft was launched by a Thor-Delta. During operation, the
spin section rotated at some thirty rpm, and the biaxial pointing control, consisting of
both coarse and fine adjustment modes, was capable of maintaining the solar-oriented
instruments (x-ray spectrometers and gamma-ray monitors from Goddard Space Flight
Center) to within one minute of arc of the center of the solar disk, or one-thirtieth of the
angular diameter of the Sun.*

OSO was considerably more sophisticated than an Explorer-series craft, which
typically would contain three or fewer instruments. Instruments in the OSO were
clustered in two sections: an upper “sail” encrusted with solar panels that continually
pointed toward the Sun, and a lower, nine-sided spin section that contained instruments
that did not require two-axis stabilized pointing. But OSO was considerably smaller than
the early ambitions of senior NASA space science managers like Homer E. Newell, who
campaigned for a series of four stabilized orbiting astronomical observatories, including
a fully dedicated solar observatory capable of handling a complex of instruments weighing
some 500 to 700 pounds.** Arguments for and against the OSO program within NASA,
compared to Explorer and to more advanced systems, were usually contained within
briefing papers that described the program as complementary to the established Explorer
series.

0OSO’s champion was an experimental physicist named John C. Lindsay. He had
moved with Newell to NASA from the Naval Research Laboratory in 1958 and became a
project manager in the Explorer program at the Goddard Space Flight Center (GSFC).
According to Dr. Leo Goldberg, Lindsay was successful because “he was an experimenter
himself, and a very good one.”™ In contrast to his boss’s desire for huge orbiting
observatories that fit Herbert York’s optimistic predictions of future payload weights,
Lindsay believed strongly that multiplexed instruments on the scale of those familiar to
rocketsonde experimenters were a more practical route to a cost-effective program. The
infrastructure for satellites on that scale would be a straightforward extension of
rocketsonde technology and Explorer technology. Central to the effort was the existence
of an established industrial capability: the founders of the Ball Brothers Research

14. NASA, Orbiting Solar Observatory | (Washington, DC: NASA SP-57, 1965), p. 219.
15. Dr. Leo Goldberg oral history, 17 May 1978, American Institute of Physics, College Park, MD, p. 119.
16. Ibid., p. 120.
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Corporation of Boulder, Colorado, had over a decade of experience in building stabilized
platforms for rocket spectrographs; monochromaters; and cameras flown on balloons,
sounding rockets, and aircraft.”

Lindsay’s campaign attracted Ball engineers, as well as influential astronomers and
solar physicists. One such was Leo Goldberg of Michigan, who had initially agreed with
Newell to instrument a large solar-oriented Orbiting Astronomical Observatory (OAO)
but was relieved when NASA, for the moment, dropped the idea. The decision was made
only after a review by the President’s Science Advisory Committee concluded that the
combined platform concept was impractical.*® Part of this decision was due to Lindsay’s
persistence.

In May 1959, Lindsay organized an ad hoc “NASA Discussion Group on Orbiting Solar
Observatory Project” to explore ways to perform solar research in orbit (see document I-
3). Twenty-three astronomers from universities, military laboratories, and NASA Centers
gathered to hear Lindsay describe what became OSO: a 300-pound payload capable of a
pointing accuracy of one minute of arc in a sustained circular orbit of 300 to 500 miles
altitude. Lindsay envisioned a gyroscopically stabilized spherical satellite with an
operational lifetime of at least one month. He also invited others to describe possible
payload instruments, calling upon astronomers from the Smithsonian Institution, the
University of Michigan, the University of Colorado, the High Altitude Observatory, and
the Naval Research Laboratory. Their responses made it plain that few were clear about
the exact nature of their experiments, or whether the satellite would be a dedicated solar
observer or a multifunctional solar and astronomical platform. Yet when Lindsay pressed
the point about the need for a “smaller, less expensive solar observatory,” he obtained
both general endorsements and specific support from Michigan and NRL.*

In April 1959, measurements of the Sun from a pointed and stabilized platform were
among the priorities identified as NASA’s immediate flight objectives. By August, an
Orbiting Solar Observatory was identified in an “Office of Space Sciences Ten-Year
Program” document, and by October, the first contracts with Ball Brothers Research
Corporation were signed to design and build the first two spacecraft and instrument
systems. Some $250,000 was earmarked for OSO in the 1959 NASA budget, and this
amount rose rapidly to $1.9 million in 1960 and $3.9 million in 1961. Small by space and
military standards, OSO was still the most expensive solar physics project in history, and,
of course, it would soon be dwarfed by NASA’s other programs in stellar astronomy and
human spaceflight. This level of funding seemed enormous to solar astronomers, who
began to look with interest at the new program after the first successful flight.

The first OSO flew in March 1962. Later that year, the Solar Physics Subcommittee of
NASA'’s Space Science Steering Committee approved the third through the fifth satellites
in the OSO series. The subcommittee report reflected the opinion of a much broader
group of scientists who had convened in June 1962 at the University of lowa and who had
called for better angular resolution, better access to a broader wavelength range, and the
ability to isolate precise wavelength ranges for high-resolution spectral studies.

17. DeVorkin, Science with a Vengeance, chapter 12.
18. Goldberg oral history, p. 121.
19. NASA Discussion Group, “Minutes of Meeting,” 8 June 1959, NASA Historical Reference Collection.
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What came to be known as the lowa Summer Study, convened by NASA program
managers and funded by NASA, looked at all modes of space research. It was organized
into a series of specialist “working groups,” each reporting on a specific area of activity. A
working group on astronomy was convened to comment on solar and stellar needs. For
example, reflecting well-established priorities in solar physics and solar-terrestrial
relations, the group agreed at the outset that it was more important to perform a
complete reconnaissance of the ultraviolet and x-ray regions of the spectrum than the
infrared, since the latter was partially observable from the ground.

Even though the lowa summer study endorsed the continuation of small Explorer-
class satellites and OSO for studies of methods of solar flare prediction, it was clear that
the top priority for solar physicists remained precision pointing accuracy to improve
knowledge of the fine structure of the solar atmosphere in order to understand the
physical mechanism responsible for producing solar flares. The first OSO provided for
selective capability to continuously monitor solar activity. (The earlier NRL SOLRADS
provided continuous monitoring but were not area-selective.) Scientists looked forward to
the launch of the next OSO, which would have the added capability of scanning the solar
disk with l-arc-minute resolution, and endorsed a continuing program of two OSO
launches per year by NASA.

The working group also wanted to see significant improvements in other related
areas. Ground-based observations of the solar limb during the few moments of a solar
eclipse had yielded information equivalent to a resolution as fine as 0.1 arc second, and
balloon-based systems such as Stratoscope demonstrated that 0.5-arc-second resolution
was possible at an altitude of 80,000 feet. There were many unknowns about the structure
of the solar atmosphere and of the limitations of spacecraft design that made it impossible
to predict what resolutions were needed and how they would be achieved, but the
committee concluded that an angular resolution of 0.1 arc second was a meaningful goal
for future solar observatories. The planned OAO series was set to meet that goal, and the
committee concluded that there was no reason why true three-axis stabilization could not
be adapted to a solar observatory.? Still, this requirement was several orders of magnitude
beyond what had been possible with OSO and eventually led to calls for an advanced solar
observatory series (see below).

The OSO program, however, soon came under scrutiny by scientists, NASA
management, and Congress. Congressional attention led to a Government Accounting
Office investigation in late 1963 and 1964; the result was allegations of serious cost
overruns, up to some $800,000, attributed to mismanagement. The OSO budgets for
those years were $10.0 and $20.0 million, respectively, which brought the motives for the
investigation into question.

One factor may have been delays: OSO-2 fell far behind the two launches per year
expected by the astronomical community. On 14 April 1964, a disastrous accident killed

20. Not stated explicitly at the time, but subject to future study, is the question of how the availability of
infrared, as well as ultraviolet and x-ray, detector technology influenced this decision, since the former was still
highly classified.

21. Space Science Board, National Academy of Sciences, Space Science Summer Study, 1962, pp. 2-6-2-7.
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three men when OSO-B’s third stage ignited on the test stand, deeply clouding the future
of the program. Some of the parts of the craft were retrieved and refurbished, and a new
satellite was built and flown successfully in February 1965. A history of the OSO-2,
prepared at the Goddard Space Flight Center in April 1966, reported on the details of the
fatal fire.?? (See Document 1-7.)

A “Fact-Finding Committee,” composed mainly of Goddard employees, was quickly
convened by the Goddard Space Flight Center directorate. Others were invited from Ball
Brothers, Douglas Aircraft, the Air Force, the Army Ballistics Laboratory, NASA’s Langley
Research Center, and the Wallops Island launch facility. They reviewed the electrostatic
environment of the components and concluded that the igniter squib was triggered by an
electrostatic charge that had built up because the testing system and craft were not
properly grounded. The parts were being handled under a large plastic shroud, which
brushed up against the payload, creating the electrostatic charge.*

In contrast to the political ramifications of the 1967 Apollo 204 fire, this unfortunate
incident did not catch the public eye.* Appropriate design changes were recommended,
and the project resumed in June at Ball, using a rebuilt OBO-B prototype spacecraft, flight
spares, undamaged components, and new procurements. Of the two pointed instruments,
the NRL ultraviolet telescope and coronagraph needed little repair, but Harvard’s
ultraviolet spectrometer and spectroheliograph were ruined. A new instrument was built
out of Harvard’s flight spare unit and was delivered to Ball in late August 1964. Weight,
balance, and other acceptance tests were performed throughout the fall, and the payload
was shipped to Cape Kennedy in November. This time, it took only five months to produce
a flyable payload. The short time was a testimony to the efficiencies of multicraft
production. After routine tests at the Cape, the launch took place on 3 February 1965.

Everything went well until orbit fourteen, when the Harvard pointed experiment was
turned on. It was quickly turned off due to anomalies in the readout, which raised the fear
of internal electrical arcing. It was turned on again periodically during the next sixty
orbits and then turned off until 11 May 1965. Although a protocol was established to turn
the instrument on and off periodically, no useful data were gathered.* Goldberg, the
Principal Investigator, who had been at Michigan but had moved to Harvard during the
course of the project, painfully recalled that even though he and his team had taken every
precaution to be sure that their instrument had properly outgassed, “one of the transistors
in the output of the counter had just burned out, and that was the end of that
experiment.” He then added:

Our hearts sank well below our boots. So it was back to the drawing board. We
got some good advice from places like the Raytheon Corporation (who were
building electronics for the Apollo mission), and we redesigned the circuitry so
that nothing would be damaged, no matter how severe the arcing. We subjected
it to very severe tests. We put it in a vacuum chamber and let it arc for 25 or 30

22. NASA, “Section 2—Goddard” in History of Orbiting Solar Observatory OSO-2, Report X-440-66-322, 1966.

23. The History of OSO-2 cited above mentions the shroud but does not explicitly state that it was the cause
of the electrostatic buildup. That link was made in the Goldberg oral history interview, p. 123.

24. Homer Newell, Beyond the Atmosphere, p. 164.

25. History of OSO-2, pp. 5-27.
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hours, and everything was still working. But that was already 1967. We’d missed
OSO-1. We were now on OSO-4.%

Space research was not without considerable risk. Throughout its lifetime, the rest of
0OSO0-2 maintained its pointing ability to within the specification set of +1 arc minute of
the center of the solar disk. Most of the other instruments worked nominally, and NASA
deemed the flight a success.

The first OSOs were designed around a spinning wheel divided into nine chambers,
with five reserved for instruments and the rest for flight systems. Their stabilized sail
sections still depended upon the ability of the spin section to maintain azimuthal
orientation. OSO-5 and OSO-6 were very much like the first four and were flown in 1969,
but OSO-7 was a refined and more complex design. Instead of the deployable swinging
ballast arms used on the first six satellites, OSO-7, launched in September 1971, used a
simpler, kinematically more stable ballast system within a larger and heavier wheel. It also
carried about twice the instrument payload weight, including an improved coronagraph.

OSO-7 was an intermediate step to an “advanced” or upgraded OSO series.
Funding for OSO peaked in 1964 and remained high until 1966, when programmatic
funding dropped to $10 million for 1967 and stayed in that range for about three
years before rising again to the $20-million level in 1972 and 1973. Administrator
Thomas Paine approved a follow-on program to OSO in January 1969, the larger
0OSO-1, -J, and -K series; by December 1970, a contract had been awarded to Hughes
to build the spacecraft. During the authorization and appropriations cycle for the
next year, however, NASA, expecting severe budget cuts, threatened to terminate the
program. By March 1972, J and K were deferred, but work proceeded on I, even
though Hughes simultaneously announced major cost overruns. NASA accordingly
slipped OSO-I and cancelled J and K. OSO-8 (1) was launched successfully on 21 June
1975, and the program tapered off in the late 1970s, with funds drastically reduced to
the $1-million level in 1977.

Each succeeding OSO was an incremental advance over previous craft. By the time of
Goldberg’s second flight on OSO-6, his team found that the spacecraft was stable enough
to allow precise positioning and scanning over the entire solar disk. Goldberg’s
instrument was able to raster-scan small areas of the Sun “on command,” which was very
helpful in localizing and imaging short-lived solar events.”

The OSO program always had to compete with other NASA programs that emerged
around it, and it suffered on a number of occasions from unfavorable comparisons and
priority disputes between it and the far more costly Orbiting Astronomical Observatory
series. (See Volume V, Chapter 3, for a discussion of this program.) In addition, the
success of OSO revived some of the early dreams for an “advanced OSO” series, which had
been promoted by NASA and endorsed by scientists at the 1962 lowa Summer Study.

26. Goldberg oral history, p. 123.
27. Ibid., p. 124.
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The Advanced Orbiting Solar Observatory (AOSQO)

NASA representatives reported at the 1962 lowa Summer Study that an advanced
series of solar satellites was being planned that could accommodate instruments up to 10
feet long and 22 inches in diameter, with a pointing accuracy of better than +5 arc seconds
(the angular size of a golf ball at 1 mile, equivalent to about 2,000 miles of solar surface),
and the stability of 1 arc second for at least 5 minutes, which theoretically would make it
possible for some of the instruments to reach the desired 0.1-arc-second resolution. (See
Document I-5.) These larger instruments would be comparable to ground-based solar
instrumentation and could theoretically extend the spatial and spectral resolution of solar
observations by several orders of magnitude. “The proposed spacecraft,” the Summer
Study concluded, “is therefore the next logical step needed to advance solar physics.”?

Initial planning for an AOSO at NASA had begun in the spring of 1961 and led to a
scientific requirements meeting held in June of that year at the High Altitude Observatory
in Colorado. (See Document I-4.) But even by late 1962, John Lindsay, who had become
the AOSO project scientist, could not be very specific about the instruments or even goals
of the new program. The first of the series, originally to be called “Helios,” was to provide
the spatial and wavelength resolution necessary to better understand flare phenomena,
with the capability of studying all forms of the energy released during these short-lived
“transient” events. Helios was also to have a strong solar-terrestrial component, with
experiments designed to better understand the mechanisms of energy transport between
the Sun and Earth.

At the end of 1962, AOSO was still in its formative stage. Engineering studies were still
being carried out, specifically to decide on options for pointing and stabilization. Mission
definition continued for several years, and by the time of the Space Science Board’s 1965
Summer Study, system design and the definition of the payload instruments were both
well along. Solar telescopes for the first two flights were under development at Harvard
under Dr. Leo Goldberg, at Goddard under Lindsay; at the High Altitude Observatory
under Gordon Newkirk, and at the Naval Research Laboratory under J. D. Purcell, who
was part of Richard Tousey’s pioneering solar physics team. These instruments would
examine all parts of the solar atmosphere, from the photosphere to the corona, in the
visible, ultraviolet and x-ray portions of the spectrum. They had to fit into a cylindrical
satellite about 3 meters long and 1.5 meters in diameter, with eight radial solar panels.
AOSO was also intended to fly in a high-inclination, full sunlit orbit; far higher than the
typical OSO orbit.

Faced with meeting this greater challenge, solar specialists realized that they also
needed a broader base of support. The Working Group on Solar Astronomy, chaired by
Goldberg with members from HAO, Sac Peak, Mount Wilson, Indiana, Minnesota,
Hawaii, Michigan, California Institute of Technology (Caltech), and NRL, met with NASA
program managers including Lindsay, John Naugle, Henry Smith and W. B. Taylor. They
deliberated at Woods Hole over the various modes of research needed in solar astronomy
and accordingly made a strong appeal for unity between solar astronomy and solar space

28. Space Science Board, National Academy of Sciences, Space Science Summer Study, 1962, pp. 2-8.
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astronomy, especially with respect to how both were needed to meet the scientific
challenge of answering current solar questions. (See Document 1-6.) They also ratified the
conclusions of the 1962 lowa Summer Study on the need for fine pointing and triaxial
stabilization. Arguing that all types of platforms were needed because they were
complementary, they recommended in particular that the OSO program be augmented
and that AOSO not be canceled in favor of programs employing human crews for solar
research. The committee argued that “a satellite with AOSO specifications is an
indispensable next step in NASA’s solar program, and must be flown close to the coming
solar maximum.”

Although the group report supported AOSO, it was clear that the group did not have
unalloyed enthusiasm for the project. It was, as they implied in its recommendation, an
interim step. AOSO was pinched between the group’s strong promotion of an augmented
OSO series and the fact that not everyone believed that AOSO would meet the 0.1-arc-
second resolution requirement needed to address current solar questions. The group
report also expressed concern that the 20-million-bit-per-orbit data capacity of AOSO was
a “severe limitation on the performance of certain classes of observation in that
spacecraft.”® Many of the experiments could collect data at rates greater than any tape
recorder could record. Reflecting the enthusiasm NASA held for human spaceflight, the
group observed that “recovery of photographic data by return of the astronaut thus
appears attractive as one way of breaking through the data barrier.”®* The group looked
for alternatives appropriate for a robotic system: onboard data processing, automatic film
return from an unpiloted AOSO (a capability demonstrated as early as 1960 by the
CORONA reconnaissance satellites), or “real-time video-bandwidth telemetry” by relay to
a high-altitude communications satellite.

Given these options, the group strongly considered doing solar observations from a
crewed platform. Specific programs the group was asked to examine included ATOM, an
Astronomical Telescope Orientation Mount that could be flown with some of the early
Apollo Earth orbital missions in the 1965-70 period. They also examined Apollo
Extension Systems (AES) for the 1970-75 period but argued in both cases that ATOM
should not replace AOSO and that AES would be an appropriate follow-on to AOSO. Next
came MOT, the Manned Orbiting Telescope, which would achieve the needed spatial
resolution demanded by the problems in solar physics. One to 1.5 meter telescope
apertures, up to 10 meters long; film recording; and physical recovery would meet the
theoretical needs of the astronomers. However, the astronomers also knew that the
presence of humans, although good for operating complex instruments in space and
retrieving the data, would introduce unwanted shifting and vibration in the instruments;
“even his breathing and involuntary muscular activity may be a major problem to the
engineer developing an automatic stabilization system.”s

AOSO also experienced budget and program pressure at just the time that the NASA
budget stopped growing; this has been the usual reason given for its cancellation.

29. Space Science Board, National Academy of Sciences, Space Research: Directions for the Future (1965),
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However, Leo Goldberg felt that it was also a “very marginal project” because “the
pointing accuracy, the performance probably couldn’t be achieved by that spacecraft. It
just wasn’t big enough . . . . We were after one second of arc pointing accuracy. It was
supposed to be comparable to OAO—it was to be launched by a Thor-Agena, and that was
the limiting factor.”* Goldberg also felt that the positive report on the crewed option at
Woods Hole in 1965 reflected the pressure felt from the human spaceflight side of NASA:
“[NASA] wanted to operate in the Apollo extension program. George Mueller [head of
the Office of Manned Space Flight] and his boys wanted to do scientific work, and solar
work looked good. At first, there was a very crude concept, but it sure got to be
sophisticated, and eventually led into the ATM, which was more than a match for
AOSO."

In August 1965, Homer Newell testified before Congress that AOSO would fly by
1969 and be in operation for a decade. In October 1965, Goddard signed a $58-million
contract with Republic Aviation for the AOSO, and the Principal Investigators were
directed to continue the development of their instruments. In December 1965, hardly
two months later, the project was canceled “because of budgetary considerations.”
After the cancellation, Henry J. Smith, Chief of the Solar Physics Program in OSSA,
lamented the decision, given the support the Woods Hole Summer Study expressed for
AOSO. He noted that a cancellation because of “funds [that] were not available” wiped
out any possibility of obtaining high-resolution observations during the forthcoming
maximum in solar activity. He suggested various alternatives, such as adding a solar
component to OAO to obtain continuous monitoring capabilities. But at least, he
added, mission definition had proceeded to the point where the major instruments
had been defined and partially funded, and support was forthcoming to continue their
development at Harvard (building a scanning UV spectrometer), American Science
and Engineering (imaging x-ray telescope), the High Altitude Observatory (white light
coronagraph), and the Naval Research Laboratory (coronal and chromospheric
spectroheliographs).®* These were all to be general-purpose instruments, Smith added,
which meant that they could be flown on an OAO, deployed from the Apollo Service
Module, upgraded for the proposed Apollo Telescope Mount (ATM), or even operated
from a lunar-based observatory. One way or the other, Smith drew the line; these
instruments “represent the minimum scientific program necessary to carry on our
investigations of the structure and behavior of the Sun.”*® By designing these
instruments for any carrier, Smith suggested, solar physics was maximizing its chance
to gain a flight opportunity.

The option that soon emerged was the ATM, which, for Smith and his astronomical
colleagues, represented “a spaceborne equivalent of the equatorial solar telescope
mounting at [ground-based] solar observatories.” The ATM under design at that time
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could handle instruments at least 3.7 meters long and provide stability of better than five
arc seconds. But since they would be manually operated in low-Earth orbit, these
instruments could not continuously monitor solar activity.

Smith outlined the various pros and cons of the ATM compared to AOSO in a
document that was apparently part of a briefing package used sometime in 1966 to keep
the robotic option alive. It argued that the Physics and Astronomy Program Office “must
consider them complementary and not redundant flight programs.” AOSO provided for
continuous monitoring of the Sun, whereas the ATM could only observe intermittently.
AOSO also provided for simultaneous instrument operations, whereas ATM was capable
only of sequential operation of the various instruments. AOSO, on the other hand,
required digital recording and was limited by bandwidth. The ATM utilized retrievable
photographic recording with very high data capture rates, which would be needed to
record all the details of transient events. The AOSO had to be programmed in advance,
whereas the ATM would be comparatively flexible in its programming. The continuous
operation of an AOSO was considered of paramount importance, however, because it
stood the best chance to capture the highest intensity flare events. The briefing document
therefore concluded that an ATM could not replace AOSO capabilities. Its “irreplaceable
role in the Solar Physics Program” called for the “reinstitution of a high-resolution
unmanned solar satellite to replace AOSO.™’

The Apollo Telescope Mount

The history of the Apollo Telescope Mount and the steps taken to define the program
have been reviewed extensively.*® The focus in this discussion is on the nature of the advice
given to NASA by scientists as the program was defined and their reactions as the
program developed.

Before the cancellation of AOSO, the Solar Physics Program within OSSA, headed by
Smith, looked forward to a three-pronged attack on the Sun: a Solar Explorer Satellite to
be launched in late 1965 to study the continuous solar x-ray emissions during a quiet
period of solar activity; the continuing OSO series, which had by then been extended to
a total of eight launches through 1969; and, of course, the AOSO series, which was to have
four launches starting in 1969 to examine the Sun during the active portion of its eleven-
year cycle. More advanced capabilities, reaching to 0.025 arc second for a human-
operated, Earth-orbiting, 100-inch diffraction limited telescope, capped the present
program extrapolation. Smith also argued that smaller telescopes placed into lower solar
orbits could achieve the same effective resolutions. These “solar probes” were thought to
be best for the study of localized phenomena on the solar surface, not for large-scale
synoptic observations.®

Before 1965, then, the possibility of an ATM-type mission was not prominent in the
priorities of the Solar Physics Program. All this changed with the cancellation of AOSO,
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and the lobbying efforts for ATM by NASA human spaceflight personnel. George
Mueller, Associate Administrator for Manned Space Flight, wrote passionately in March
1966 that “we are entering a new period in which it is becoming possible to place the
astronomer in the space environment, near his instruments.”* He was able to marshal
support from prominent astronomers who had signed on to provide instruments for
astronauts to use in the human spaceflight program. Earth-orbit flights would carry
instruments for airglow photography, x-ray astronomy (Riccardo Giacconi), ultraviolet
stellar astronomy (K. G. Henize), and UV and x-ray solar photography (Richard Tousey).
“The Apollo hardware is capable of a wide variety of missions other than the manned
lunar landing,” Mueller claimed; larger payloads could replace fuel and oxidizer in
intermediate Saturn stages.” He looked forward to using the instruments planned for
AOSO on Apollo Applications flights, installing a telescope mount on the Apollo
spacecraft for periods up to 14 days at a time. Deferring to Smith as well as to scientists
for the details of the science, he felt this would be a valuable experience in assessing “the
effectiveness of an astronaut in erecting, alining [sic], and operating relatively large
astronomical instruments.”*

By spring 1966, OSSA head Homer Newell had come to terms with George Mueller’s
vision of incorporating a major scientific project into the Apollo Applications Program,
although the details still had to be worked out. In a March 1966 memorandum on the
“Establishment of the Apollo Telescope Mount Project,” Newell spelled out the “cluster
concept” of nested experiments and how it would fit into the Apollo Applications
Program in time to meet the 1969 solar maximum, which was the projected launch date
for the new program.

Within a year, however, it became painfully clear to the scientists who had been
recruited to build instruments for this crash program that there would be no flights
during the next period of maximum solar activity. Some of the leaders in the community,
notably Goldberg, began to express dissatisfaction with the pace of development, arguing
that their instruments had been designed specifically for maximum solar activity, and
would not be scientifically effective at any other time. Goldberg had always held
prominent roles as an advisor on various committees, but in September 1967, he obtained
an even greater role as the first chairman of NASA’s Astronomy Missions Board,
established by OSSA to advise on the design and conduct of astronomical experiments in
space, and, most important, to achieve a greater degree of consensus formation between
OSSA and academe. (See Volume V, Chapter 3, for a discussion of the creation of the
Astronomy Missions Board.) The Board would also act as a new pressure point within
NASA to further special interests of astronomers.

At its second and third meetings in late 1967 and mid-January 1968, the Astronomy
Missions Board heard a series of extended briefings by NASA program officers on what
had become by then the ATM-A mission. The Board ratified NASA’s contention that the
mission was a “logical and technically appropriate next step” for advancing knowledge,
increasing the ability of humans to live and work in space; the mission would also provide
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a means to gather knowledge about the Sun. Accommodating what was clearly NASA’s
mandate, the Board urged NASA to select appropriately trained astronauts to conduct the
scientific observations and to improve expertise in “failure circumvention.” Goldberg
added in a cover letter, however, that the Board was concerned that the mission take place
before the end of the coming solar maximum, expected to last until 1971.* (See
Document 1-8.)

Even though the Board acknowledged that the chief rationale for ATM was to
demonstrate the utility of humans working in space, it still lobbied hard for a timely
launch to maximize scientific return. At the least, it wanted to be assured that NASA would
be sensitive to scientific needs in scheduling launches. Goldberg and the Board well knew
that achieving the initial launch date of 1969 required serious compromises. In July 1967,
Goldberg recalls, George Mueller visited his office, asking if there were some way that
Harvard could have its instrument ready for a 1969 launch. One of Newell’s primary
conditions for OSSA’s endorsement of ATM-A was that the Harvard experiment fly.
Goldberg was willing to substitute a simpler instrument, a spectrum scanner optimized for
the solar maximum and its expected high-energy solar flares, provided that Harvard’s
original experiment would still fly on ATM-B. Goldberg and Newell went ahead with this
plan. But by May 1968, when the launch date had slipped into 1971, and looked like it
would slip even further, Goldberg insisted that Harvard’s original instrument, still under
development, be reinstated. Harvard in fact had to threaten to withdraw from ATM
entirely before NASA acquiesced.*

Not known to Goldberg in May 1968 was that slips for ATM launches were projected
far beyond 1971, reaching to 1973 and even 1975. Newell, reacting to a series of inquiries
from Goldberg, instructed John Naugle to respond, knowing full well that then-present
“planning for the Saturn V workshops suggest[ed] that launches in 1973 and 1975 might
be possible, but that these workshops [were] expected to be devoted primarily to the study
of man himself.” (See Document 1-9.) Possible payloads, including ATM, as well as a large
UV stellar package and a large x-ray and gamma-ray package, all competing for berths,
could not possibly fly before 1975 and probably would not fly until much later. In an effort
to meet Goldberg’s demands, however, Newell instructed Naugle to search for “other
equally effective means” to launch large-scale astronomical instruments. Options included
extending the OAQO program, converting the OSO and OGO programs from proprietary
instruments to “guest observatory” status, expanding the Astronomy Explorer program, or
modifying later OSOs to accommodate larger solar physics instruments and smaller stellar
instruments. Above all, Newell wanted a “candid assessment of our space astronomy
program, both in the unmanned and the manned spacecraft.”*

Goldberg was, of course, distressed when he started hearing of the expected slips in
the spring of 1968. Telegrams from NASA in April indicated at first a slip to 1972, which
Goldberg argued would greatly diminish “the scientific importance of the payload.” Then,
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Naugle and Newell, despite their internal correspondence, somehow led Goldberg to
believe that the slip would only be to June 1971, which hardly comforted the Harvard
astronomer, who remained convinced that there would be further slips of “at least two to
three months.” There was a silver lining however, for Goldberg: this delay would give
Harvard enough time to reinstate its original experiment. Goldberg urged Naugle to do
this.® (See Documents 1-10, 1-11, and 1-12.) Goldberg’s frustrations were shared by the
members of the Astronomy Missions Board, as well as by the Principal Investigators for the
other major ATM instruments. A brief glance at the chronology of the definition of ATM,
and eventually the Skylab mission, will reveal why this was so.

Skylab and the Apollo Telescope Mount

The Apollo Applications Program was born at Marshall Space Flight Center (MSFC)
in September 1965, and the orbital workshop concept grew from that within the next
month. In February 1966, MSFC submitted a proposal for an Apollo Telescope Mount
based upon an engineering study by Ball Brothers. By that summer, plans called for
building and launching no fewer than four ATMs involving some nineteen Saturn
launches and twenty-six Saturn IB launches, with three Saturn-IVB wet workshops and
four ATM payloads. The “wet” workshop concept (meaning that the stage would be
launched with instruments mounted and its fuel tanks full, and unused fuel vented before
the stage was used as a scientific laboratory) was the framework for the definition of the
Apollo Applications Program.

In July 1966, Mueller’'s OMSF was given full responsibility for Apollo and Apollo
Applications missions; Newell’s OSSA would select experiments and analyze the data.
Throughout the rest of that year, as OSSA identified major experiments, OMSF and NASA
Headquarters personnel debated using a dry (launched with no fuel in the stage)
workshop as a viable alternative. The dry workshop solved severe “habitability problems.”

In January 1968, budget cuts reduced the Applications Program to one ATM flight,
slated for April 1970, the first major slip, but well within the boundaries set by the
Astronomy Missions Board. Further budget cuts, however, caused NASA to slip the first
launch to November 1970. A major schedule shift occurred when NASA Administrator
Thomas Paine finally approved the dry workshop in May 1969; this decision was
announced on 22 July 1969 (two days after the Apollo 11 lunar landing). This was a
good choice in terms of the design of the workshop, but inevitably it led to further
slips; an 11 December 1969 press release stated that the change to a dry workshop
would not cause any further slips but set the launch date at “mid-1972.7 By August
1970, the Apollo Applications Program, now named Skylab, announced another slip to
1 November 1972, although internal planning dates were far more pessimistic. By April
1971, the launch was slipped to April 1973; the first Skylab was launched late that
month.
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The history of Skylab has been treated in some detail.”® There were many problems
that had to be overcome after the deployment of the laboratory, particularly the loss of
one of the primary Skylab solar panels. In August 1973, NASA canceled plans for a second
Skylab/ATM flight. Within a year, the program was closed down except for lingering
support to process the data. The backup Skylab workshop, Multiple Docking Adapter, and
Apollo Telescope Mount ended up at the National Air and Space Museum in Washington,
D.C., as one of the most costly museum exhibits ever.

Looking back in 1980, however, astronomers like Goldberg expressed satisfaction with
the Skylab program, once all the data had been retrieved and processing and analysis were
well underway. Only then did Goldberg admit that the mission had evolved “into a marvel
of engineering and scientific perfection (thanks in large measure to lengthy delays in the
schedule).” He and his colleagues recall their deep skepticism during the early years of
the program, brought about by constant redefinition, budget cuts, and slips in almost
every milestone. Nevertheless, Goldberg was among those who endorsed ATM/Skylab
when called upon to do so by Homer Newell’s office in preparation for budget briefings
in November 1970. (See Document I-14.) As a quid pro quo, one month earlier, speaking
for the Astronomy Missions Board, Goldberg urged that NASA improve support for
ground-based facilities and analysis: “Full interpretation [of the ATM observations] will be
possible only if ground-based observations are available and relevant laboratory studies
have been carried out.”

Despite the Astronomy Missions Board’s endorsements, making ATM a high priority
for NASA was not supported by many in the astronomical community. It was neither
discussed nor endorsed in the National Academy of Sciences’s 1972 report Astronomy and
Astrophysics for the 1970s. Headed by Caltech’s Jesse Greenstein, the panel assessed all forms
of astronomical practice, including space research. Even though Goldberg, by then
Director of the Kitt Peak National Observatory, was on the central committee, he was not
part of the study group that deliberated over priorities in solar research. There were deep
fault lines in the community in the late 1960s and early 1970s, especially over spending
priorities and maintaining the health of the disciplinary infrastructure, which was still
perceived as optical and ground-based. As Greenstein noted in his introduction to the
report, for the time period 1968 to 1971, NSF funds for basic research in astronomy (basic
research grants alone) had flattened out at $6 million annually, whereas some 400 new
Ph.D.s had entered the field in the same period, looking for support. Astronomy had
made incredible advances in the 1970s but was heading for a period of retrenchment. He
suggested that the field regain a balance over all areas of endeavor. Highest priority for
the committee was that ground-based facilities not suffer due to overemphasis on space-
based observatories.”* Throughout the 1960s, total annual federal support for basic
research in astronomy had been on the increase, averaging over $100 million from NASA
(including all instrumentation) and between $10 and $20 million from the NSF. By far,
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the largest single expenditure identified was for ATM, which reached the $70 million
mark in the 1968-69 timeframe. By 1970, the funding was down to $30 million, which was
still twice that of OSO and thirty times greater than levels of support for data analysis.®

In this fiscal state, the eleven members of the solar working group of the Greenstein
committee, dominated by ground-based observers, endorsed continuing an ever-
improving OSO program, with OSO-8 capable of one arc second of spatial resolution.
“This program of continuous development and gradual improvement has made the OSO
program among the most successful and productive of all astronomical satellite
programs.” They strongly recommended extending the OSO program to thirteen flights
through the next solar maximum, expected to occur in the 1977-81 period. They called
the OSOs and an upgraded sounding rocket program “the backbone of the solar space
program.” Not included as a high priority for the coming decade, but definitely within
the committee’s sights, was a high-resolution solar telescope in space, of some 40-inch
aperture, and capable of a guiding accuracy of 0.1 arc second.

The Space Science Board was hardly more sympathetic to scientific programs based
on using astronauts as investigators. At its conference center at Woods Hole in July and
August 1970, it articulated programs that would be possible at three levels of funding for
the period 1971 to 1980. Among other projects, the working group on astronomy called
for active design studies leading to a robotic solar observatory with capabilities equal to
that of ATM-A: stability to one second of arc or better and payloads comparable to ATM.
But the group also endorsed a crewed space station, for reasons reminiscent of those of
the Working Group at the lowa Summer Study in 1962: such operations offered a “great
opportunity for solar research because of the high data rates inherent to solar
observations.”™ More immediate priorities included a continuing OSO program for time-
dependent studies of solar phenomena and the need to support allied solar-terrestrial
programs, which depended upon continuing flights of the Navy’s SOLRAD monitoring
satellites, as well as the continued development of OGOs, the Atmospheric Explorer, IMP,
and the Solar-Terrestrial Probe. Reflecting NASA’s and national priorities, the astronomy
working group highlighted the close relation between solar physics and Earth’s
environment.®

Given the complexity of the data-gathering requirements and perceived deficiencies
in digital recording and transmission, coupled with the multiple goals of its advisory
panels, NASA was always able to collect sufficient endorsements to demonstrate the
general support of scientific advisory bodies for programs like ATM. By May 1971, for
instance, NASA pointed to some seven different reports ranging from the 1965 Woods
Hole study to a February 1971 Space Science Board summary in support of the program.*
(See Document 1-13.)
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The State of Solar Physics During the 1970s

After fifteen years of solar research from space, NASA’s program officers and
administrators could point to many valuable things learned about the Sun. The OSO era,
1962 to 1974, saw the first detailed studies of the sharp transition zone between the
chromosphere and the corona and the first highly detailed images of the outer corona
from rocket-borne and then satellite-borne coronagraphs. The extreme temperatures of
flares were confirmed by OSO measurements, including studies of flare-related nuclear
gamma-ray spectra. Coronal holes, the solar wind, and coronal transients were detected in
a wide range of energies with resolutions capable of providing detailed information on
energy transport.

The ATM and Skylab era saw highly detailed studies of chromospheric networks,
prominences, and high-resolution x-ray imaging of solar photosphere and coronal
structure. The post-Skylab era saw a return to AOSO-scale observatory-class programs
using improved detectors and broadband data transmission, filling in the picture of the
high-energy solar environment. During this period, NASA did begin to pay greater
attention to solar-terrestrial relations, reflecting political pressures, societal trends, and
institutional changes. Also of greater priority were joint international programs, which the
United States initially embraced but, more than once, did not follow through to
completion. During this period, priorities in NASA shifted from Apollo and Apollo
Applications to supporting the Shuttle program.

The 1970s also saw significant changes in the relationship of specialists in solar physics
to the general astronomical community, and this change may have been reflected in the
advice given to NASA from its various boards and panels, which calls for comment here.
Solar physicists were among the first specialists, along with planetary scientists, to feel that
the mainstream American Astronomical Society was not able to meet their growing needs
as a discipline. In the mid-1960s, a number of solar physicists and astronomers, including
Henry J. Smith of NASA and Goldberg of Harvard, began to worry that fewer and fewer
solar physicists attended AAS meetings. Smith in particular suggested that NASA-funded
solar physicists meet periodically to air issues of mutual concern, whereas Goldberg, very
much a leader of mainstream optical astronomy, preferred that these specialist meetings
be held somehow under the aegis of the national society. Goldberg was, in fact, president
of the AAS in the mid-1960s, and he was well aware of the concerns many of his colleagues
had over the “Balkanization” of the society into specialist groups. Astronomy was one of
the few disciplines in the physical sciences small enough to retain a unified national focus,
and no one wanted that to change. For one thing, this unity gave the National Academy
Decadal Surveys (the so-called Whitford and Greenstein Committees) significant political
weight in Washington.

The result of this movement was the establishment of a Solar Physics Division (SPD)
within the AAS in 1968, after several years of successful specialist meetings, rather than the
creation of a new society. The planetary scientists, high-energy astrophysicists, dynamical
astronomers, and even astronomy historians also established divisions, preserving to some
extent the unity of the discipline under the parent society. The SPD sponsored many
special sessions based upon space activities; in 1973, it convened a lengthy discussion of
observations of the solar corona from Skylab. It also formed a conduit for interdisciplinary
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meetings with the American Geophysical Union and the American Meteorological
Society in areas of strong NASA interest, such as solar-terrestrial relations, and became a
forum for the preservation and improvement of critical ground-based facilities in
solar astronomy.®’

One of its most significant efforts came in the mid-1970s, when the Division
sponsored an ad hoc committee on “Interaction Between Solar Physics and Astrophysics.”
(See Document 1-16.) Headed by Andrea K. Dupree of the Harvard-Smithsonian Center
for Astrophysics, what came to be called the “Dupree Committee” recommended ways to
improve the relations between the two fields. Noting that “Communication and cross-
fertilization among the subdisciplines of astrophysics has declined,” the committee
suggested ways to reestablish meaningful contact, partly through solar physics specialists’
taking a more active role in advisory panels and boards. Reflecting concerns expressed by
a similar committee convened by the National Academy, the effort was intended to
highlight the continuing importance and relevance of solar physics to astrophysics by
educating astronomers generally as to how knowledge of the workings of the Sun aided
non-solar investigations.

Important too were solar-terrestrial relations, less an interest of the Dupree
Committee than of its counterpart at the National Academy of Sciences, led by Eugene
Parker. (See Document I-17.) The Parker committee’s “Solar Physics Study” also explicitly
identified the contributions of solar physics to mainstream astronomy: solar physics
stimulated “new instruments, new diagnostic techniques, new interpretive insights, and
new observational tests for existing theory.”™® The Parker committee was especially
enthusiastic about a new AOSO-scale mission NASA was proposing—the Solar Maximum
Mission (SMM)—to try once again to capture the Sun at the maximum point in its activity
cycle. This was of great importance for solar-terrestrial relations, the Parker committee
concluded, because the OSO and Skylab eras had established “exploratory observations
that define the general nature of the complex atmosphere and activity of the sun” and
provided the first detailed studies of the “inner working” of these high-energy
phenomena. “The next stage is the detailed diagnostics,” the committee added,
“coordinating the necessary high-resolution observations to determine the precise
physical nature of each phenomena.” This was the job of SMM, considered timely and
most critical for probing active regions, especially flare phenomena, and “a pivotal step in
space research.” SMM could lead to a series of Solar Synoptic Satellites (SSS), free-flyers
that could monitor the evolution and life cycles of coronal structures and active regions,
the drivers of solar-terrestrial phenomena. Although SMM was clearly the Parker
Committee’s top priority, it also mentioned a “Large Solar Observatory” (what was to
become the Solar Optical Telescope (SOT)) and acknowledged that NASA was
considering no fewer than five “facility-class” instruments to complement the NASA-ESA
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Spacelab program. Ever mindful of NASA'’s priorities, the Parker Committee argued that
the competing Spacelab series, consisting of 1-meter optical UV, XUV, soft x-ray, EUV, and
hard x-ray telescopes, could not be considered as a substitute for SMM or SSS due to their
short flight times.® This warning was very much in tune with priorities in the solar
community and the old debate between AOSO and ATM.

Solar physicists were prompted to seek common ground with astrophysics because
funding for both ground-based and space-based solar physics had peaked in the early
1970s and was steadily declining. The number of spacecraft used for solar science
declined after the mid-1970s, due both to tightening budgets and to launch delays created
by NASA'’s decision to use the Shuttle as its primary launch system. The decline was also
due to greater competition from non-solar astrophysical programs, especially the
emergence of NASA’s “Great Observatories” program and its immediate precursors.® (See
volume V, chapter 3, for a discussion of the Great Observatories.) In light of increased
competition and lengthening lead times for developing new and larger missions, the 1975
Space Science Board “Report on Space Science” bluntly called into question the future of
the space sciences and was uncharacteristically sharp in its commentary. Although it still
gave highest priority to already-approved NASA programs such as the High Energy
Astronomical Observatory (HEAO) series, to Pioneer Venus and Mariner Jupiter-Saturn,
it also urged new starts in 1976 and 1977, including SMM, the Large Space Telescope, and
the Gamma Ray Explorer. But the SSB also questioned the effectiveness of the “mission
concept,” feeling that it constrained science too much and fixed priorities too rigidly in
an era of ever-dwindling support for science: “This trend, if not reversed, could lead to a
national space program with minimal science, in contradiction to the stated objectives of
the Space Act.”™

The interdisciplinary nature of solar physics was also emphasized in 1975 when a “Solar
Astronomy Task Force to the Ad Hoc Interagency Coordinating Committee on Astronomy”
was convened under NASA solar physics program manager Henry J. Smith. Here, once
again, the solar physics connection to solar-terrestrial relations was highlighted in order to
broaden its support as far as possible among federal agencies. The many connections
between solar physics and other problem areas, such as stellar and general astrophysics,
magnetospheric physics, and plasma and nuclear physics, were all used to emphasize the
importance of SMM, which the group saw as an “essential next step” in studying flares in
high spatial and temporal resolution and coordinating observations across a wide
spectrum. High time, spatial, and spectral resolution were all key to understanding the
physical processes driving flares; SSM was “optimized for studying the dynamical processes
associated with the energy buildup and release in flaring regions.”

During a period of deepening budget constraints and growing competition from
other programs, both within astronomy and in space science generally, solar physicists
found that their best course of action was to utilize the Solar Physics Division of the AAS
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as an important platform from which to state their case. Solar physicists therefore
remained a part of mainstream astrophysics under a parent society because they
recognized that their primary audience still lay among astronomers, and astronomers
offered, potentially, the most stable of audiences to support their goals.

The Shuttle Era

The Solar Maximum Mission was, in fact, the last significant solar physics satellite not
to be launched by the Shuttle. When the Apollo Applications Program ended in the mid-
1970s, NASA had already shifted much of its long-range planning to the Shuttle.
Originally conceived as a means of establishing and supplying a space station, the Shuttle
became an end unto itself when the space station was canceled. Throughout the 1970s
and early 1980s, virtually all of NASA’s scientific programs became redefined in terms of
the Shuttle program, and solar physics was no exception. The lingering memory of ATM’s
failure to meet the previous solar maximum only heightened the need to monitor the
active Sun at high spatial resolution during the next maximum. This time, meeting again
at Woods Hole during the first two weeks of July 1973, the Space Science Board’s solar
physics panel made it clear that launching the SMM during a period of maximum solar
activity was top priority. Drawing upon several recent studies emerging from NASA Shuttle
workshops and European studies of the use of Spacelab for science, the various panels of
the Board were convened to consider the scientific uses of the Space Shuttle. Most of the
reports dealt with the various modes of doing science from the Shuttle. Notably at odds
with this goal was the solar physics panel’s view that, because of the “timing requirement
imposed by the eleven-year solar cycle, we regard a free-flying satellite, with a carefully
coordinated complement of instruments for the study of the next solar maximum, as the
highest immediate priority item for solar physics.”® The Shuttle could launch solar
satellites but not operate them. The panel also noted that the chance of observing a truly
major flare was rather slight, even during maximum activity, during the expected 7-day
duration of a Shuttle flight. (See Document I-15.)

By 1973, Goddard Space Flight Center had already developed operational
guidelines for SMM. It would be a free-flyer and was in fact suggested as a prototype for
this class of Shuttle-related experiments. SMM itself would be launched on a Delta
rocket and would carry some 500 kilograms of instruments in a stabilized cylindrical
platform, not so different from the original AOSO concept but highly refined and far
more feasible with the advances in electronic detector technology and higher
bandwidth communications capabilities that had emerged in the intervening years. Its
proposed capabilities were compared to the typical later OSO: it would be four times
more precise in pointing than the projected OSO-1 and would provide this precision
over a greater area of the solar disk. It would also provide twice the power to the
instruments, allowing them to be bigger and more robust than those limited by the OSO
framework. The instruments themselves would be capable of detecting and imaging
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from the visible range down to the MEV x-ray and gamma-ray range, to catch the flood
of high-energy particles and radiant flux expected from both the thermal and non-
thermal phenomena associated with the biggest flares. The Woods Hole solar panel gave
top priority to the SMM mission, provided that it was flown during the next solar
maximum, 1977 to 1979; that the pointing accuracy be better than one second of arc
over five minutes of time; and that the spacecraft be serviceable from the Shuttle
“throughout the Shuttle era.”*

Serviceability was a major design feature that defined all later Shuttle-based missions;
it was to be demonstrated by SMM through the new mission design policy of building craft
with modular units. Known as a “Multimission Modular Spacecraft,” SMM was intended to
act as a blueprint for a wide range of spacecraft missions. SMM inherited this role due to
the downgrading and ultimate cancellation of the Gamma Ray Explorer (GRE), which
had been in trouble for several years. Thus, alterations to the SMM program to take on
this added technical capability had been under development for quite some.®* As Noel
Hinners described it in January 1976, the cancellation of GRE’s Execution Phase Project
Plan required that the System Definition and Execution Plan for SMM be altered to
include, as its priority, the ability to “advance the concept of standardizing spacecraft
subsystems.” These standards would then be used “by many of NASA’s future missions.”
(See Document 1-18.) Hinners also confirmed that SMM would be launched by a Delta
but had to be retrievable by the Shuttle, if necessary. “In-orbit servicing of the SMM,”
however, was “not a requirement.”®®

SMM and its relation to Shuttle was only one of the issues addressed by the 1975
Woods Hole solar study panel. It also examined the Shuttle-based “sortie” mode, using an
astronaut as an observer, operator, or technician for performing solar research. Basic to
the hardware would be the development of two general-purpose pointing platforms. One
would be capable of handling telescopes over 2 meters in length and pointing them with
an accuracy of one second of arc; the other would be able to handle instruments twice as
long. The panel urged that the instrument integration design of the overall system be as
transparent as possible, allowing the development of a wide range of instruments to
proceed independently of the Shuttle program.

The Woods Hole panel used the experience of Skylab to discuss the role of the
astronaut. Drawing upon the success of the second Skylab mission, the panel concluded
that the role of astronaut as observer had been proven: suitably trained astronauts could
make effective “real-time decisions” about what part of a flare to examine in detail; they
could carry out “complicated observing sequences” when out of reach of ground control;
and they could perform ad hoc procedures to correct mishaps, such as installing the
thermal shield and cleaning dirty optics, fixing jammed film cameras, and correcting
minor glitches in the instruments.” On the other hand, it was clear that the crew had
contaminated the local space around Skylab, resulting in the need for cleaning the optics
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in the first place. The panel therefore recommended that suitable precautions be taken
for Shuttle and that the experience from the Skylab missions be used as a basis
for improvement.

SMM was launched on 14 February 1980, carrying seven instruments designed and
built by American and European consortia. Hufbauer® has reviewed in detail how some
of the more significant instruments for SMM were chosen and how these choices were a
reflection of critical issues being addressed by members of the solar community. One of
the most significant problems was coming to closure on how much energy the Sun
radiated into space and, accordingly, how much was being collected by Earth. Although
error bars on this value had been localized to a few percent in the early twentieth century
by the Smithsonian’s Charles Greeley Abbot, far greater accuracy was required over long
time periods to assess how constant this “solar constant” output of energy was, how and
where it changed across the electromagnetic spectrum, and, finally, whether it oscillated
periodically or not. Abbot had claimed to have detected major cyclic changes of several
percent, and though few believed his statistics, the issue was very much alive when he died
in 1972 at age 102.%

In late 1976, NASA approved flying multiple instruments to measure solar radiation
characteristics, including solar irradiance, that would allow for an unequivocal
measurement of the solar constant and some indication of the source of its variation, if it
were verified to exist. An active cavity radiometer was included in SMM; this was the first
instrument placed into orbit that had sufficient sensitivity to make the measurements. By
the fall of 1980, SMM had detected minute changes in solar energy, amounting to only 10
degrees Celsius in the photosphere’s average temperature of 5,700 degrees Celsius. The
active cavity radiometer was capable of measuring changes in the bolometric flux as small
as 0.001 percent and was an excellent example of the importation of new technical talent
into solar physics, since it was promoted and built by a specialist in radiometric instrument
development, not by a solar physicist.”

The data flow SMM was returning degraded and finally halted after some 300 days,
when “Solar Max” lost its fine pointing capabilities on 11 December 1980. The problem
was a set of fuses in the main electronics box that controlled stabilization and fine
pointing. This failure, in fact, gave NASA an excellent reason to mount a Shuttle repair
mission to demonstrate the utility of the human space program to science. (See
Documents I-21 and 1-22.) The repair mission was flown by Challenger in April 1984 and,
among other tasks, replaced the main SMM electronics box for guidance and stabilization.
This was far from a routine mission, however, since the grapples on the satellite turned
out to be slightly different from those the astronauts carried in their maneuvering units.
A contingency plan to use the large grappling arm succeeded in capturing the satellite,
however, and the rest of the repair went smoothly, vindicating the whole modular concept
and the utility of human-tended free-flyers.
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In the Shuttle era, reflecting continually tightening budgets and increased costs, solar
research with space satellites and probes dwindled further. A number of major programs
were proposed, but all were either redefined or canceled outright. The Solar Max repair
mission did not come cheaply, of course. Far more expensive than any ground-based
projects, still it has been said to have cost less than flying a new mission. It was, moreover,
funded primarily as a means to demonstrate the utility of NASA’s space transport-
ation system.

Competing Solar Programs in the 1980s and 1990s

The Shuttle era not only redefined the manner in which space solar physics could be
done, but also created greater pressure on all of space science to search for more efficient
ways to operate. Both the Carter and Reagan Administrations made it clear that the
“golden age” for the space sciences (particularly planetary exploration), as the decade of
the 1970s had been described by practitioners, was now over.™ A clear NASA priority,
therefore, was to find new ways to generate interest in scientific experiments that could be
performed in orbit from the Shuttle and that would have appeal as part of a new
international cooperative program between ESA and NASA called Spacelab. As early as
1975, however, Harold Glaser, Director of Solar-Terrestrial Programs, grew concerned that
these programs would proceed without sufficient input from scientific experimenters. He
petitioned the Director of Spacelab Programs in November of that year, noting that in
order for NASA to “demonstrate to the public as early as possible the utility of the
Shuttle/Spacelab as a valuable experimental facility,” it was imperative that
“experimenters and responsible payload personnel [were] involved in the trade offs which
establish[ed] the payload constraints.””? There were indeed many problems with a human-
tended scientific experiment that required a high degree of stability and lack of
environmental pollution. For instance, the acoustic and electrical environment of the
Shuttle bay, as well as the influence of “shifting dynamic loads” (crew movements), all
threatened to reduce the effectiveness of both solar and stellar investigations requiring
sub-arc-second stability. Guarding against these sources of error vastly increased the
expense and lead times of preparing suitable payloads.

The inevitable increase in costs, along with a general tightening of all budgets,
amplified the difficulty of mounting major solar programs in the 1980s and 1990s. One of
the most frustrating casualties was the International Solar Polar Mission (ISPM), put in
place by a formal agreement between NASA and ESA in 1979.

The ISPM Saga

International cooperation was important for both political and economic reasons
throughout the Cold War, but especially in the post-Apollo era. At first, in the 1960s, NASA
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had made launchers available to send British satellites like the Ariel series into orbit. The
next phase of international cooperation grew out of a need to share costs and expertise:
the International Ultraviolet Explorer (IUE), the Infra-Red Astronomy Satellite (IRAS),
and even SMM were just a few of the many examples of this trend. Then, in March 1979,
NASA and ESA agreed to develop a cooperative International Solar Polar Mission to make
“coordinated observations of the interplanetary medium and the Sun simultaneously in
the northern and southern hemispheres of the Sun.””

The key to the Solar-Polar mission was the ability to make stereoscopic, simultaneous
viewing of the Sun possible in order to assess global solar behavior. Fifteen separate
experiments from ESA and NASA Centers, JPL and Goddard, the University of Chicago,
Bell Labs, and Los Alamos were proposed and partially developed. The rationale for the
mission was that much solar phenomena was latitude-dependent, and thus far
observations had been from the ecliptic plane only. For instance, the nature of the solar
wind was only known within the narrow equatorial band, and scientists knew it was not
wise to extrapolate to higher latitudes to assess the overall character of the solar wind. The
technology was now available; by the mid-seventies, NASA felt that its ability to target
probe trajectories to take advantage of gravity-assist maneuvers had advanced to the point
where out-of-the-ecliptic missions were feasible. The swingbys of Jupiter by Pioneers 10
and 11 had provided ample proof of con