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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,

37. “ATM vs. AOSO,” Briefing, NASA Historical Reference Collection.

38. W. David Compton and Charles Benson, Living and Working in Space: A History of Skylab (Washington,
DC: NASA SP-4208, 1983)

39. NASA, Significant Achievement in Solar Physics 1958-1964 (Washington, DC: NASA SP-100, 1966), p. 86.



16 SOLAR PHYsICS FROM SPACE

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 concept.” Two nearly identical SMM-type probes
would be launched by the Shuttle and then inserted into a Jupiter encounter by an
Inertial Upper Stage (IUS) system consisting of three or four stages. A February 1983
launch date was proposed to meet a narrow window for the Jupiter encounter.” (See
Document 1-20.)

The complex history of the cancellation of the American portion of the mission has
been described as a result of congressional infighting and oversight, the incoming Reagan
Administration’s draconian reorganization of the budget process, and finally NASA’s own
shifting priorities. In December 1979, the Senate Appropriations Committee was worried
that the 1US would not be adequate to launch both probes and that Shuttle development
might be delayed, necessitating a slip in the launch schedule beyond the proposed Jupiter
flyby window. The committee suggested slipping the mission until the next window. NASA
also tried to slip the mission later that year when, during hearings on the 1980
Supplemental Appropriations Bill, the House side called for the termination of the
mission and for rescinding funds already appropriated. This call was eventually reversed
on a technicality, but it was evident throughout Fiscal Year (FY) 1979 and FY 1980 that
NASA’s priorities lay with funding the Shuttle over any one scientific mission. Throughout
this phase, NASA kept ESA informed, and they both agreed to the delay even though the
initial cuts were rescinded.

The incoming Reagan Administration overhauled the entire budgetary process,
which resulted in deep cuts for NASA. NASA was directed by the White House to cut one
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of its three large space science missions—the Large Space Telescope, Galileo, or ISPM.
NASA reacted by canceling ISPM outright in the FY 1981 budget. “In just over one month,
drastic cuts had been made, and made very quickly.”” This time, ESA was informed after
the fact, just hours before the Reagan Administration announced the cuts. (See Volume
Il, Chapter 1, for more details on this episode.) European officials were told that NASA
would still launch the European spacecraft, but that the launch would be delayed until
1985 or 1986.

It came as no surprise to members of the Space Science Advisory Committee (SSAC),
meeting at NASA Headquarters in early March 1981, that ESA quickly protested at the
ambassadorial levels of its member countries, claiming that there was a “unilateral breach
of the ISPM Memorandum of Understanding.” ESA had approved the program over
others specifically because of its international, transatlantic character.” To ESA observers,
this event exposed an important difference between ESA and NASA priorities; it seemed
as if NASA did not share ESA’s sense of obligation to international agreements. To the
SSAC’s Leonard Fisk, NASA’s decision did not bode well for any future collaborations,
especially since a wholly domestic mission, Gamma Ray Observatory, was allowed to live.
Answering his own question in the minutes of the SSAC meeting, he argued that the
“magnitude of cut demanded that an existing [mission] must go. In addition, ISPM is
slaved to solar cycle epoch and Hill anger over [delay and cost-growth] scenario.” Andrew
Stofan further explained that NASA’s decision to save “near-term costs” at the expense of
“run-out total” was not acceptable to Congress, “and NASA has been told so in no
uncertain terms.” David Morrison was recorded as feeling that the cut was not on scientific
grounds, but on “programmatic” grounds, since NASA had not yet sunk much funding
into the mission compared to what it had committed to the Space Telescope and Galileo.™
(See Documents 1-23 and 1-24.)

ESA proposed several compromise solutions to NASA through the spring of 1981,
some of which NASA sent on to Congress, the State Department, and OMB. A mix of
positive but noncommittal reactions resulted, which gave ESA hope that it could reverse
things. In late April, NASA petitioned the White House for additional funds, but the
petition was rejected. NASA was left with the option of redirecting internal funds and
priorities to keep ISPM a two-spacecraft mission. Deciding whether to follow this path
became James Beggs’s responsibility when he took office as NASA Administrator in late
June 1981. By September, Beggs decided that NASA’s priorities could not include the
reduced two-spacecraft mission; no new funds would be requested for ISPM in the FY
1983 budget.

Though some observers hoped to dismiss the cancellation of ISPM because of its
unusually complex nature, calling it an aberrant example of international collaboration,
others pointed out that it was ESA’s failure to appreciate the volatility of the “highly
political US budget process.”” This failure, however, was largely due to NASA’s inability to
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bring ESA into the budget process itself, before Reagan’s public announcement, as well as
NASA’s failure at the time to “accept partners, rather than subordinate participants, and
to treat them as such.”™ In 1989, looking back on the episode, NASA’s chief of solar
physics, J. David Bohlin, warned that “the real lesson, of course, is not just the facts, but
that this episode colored our relations with the European Space Agency for many years
(and still does).”®

The original ISPM concept was thus reduced to a single ESA probe, renamed Ulysses,
which was launched by the Shuttle and a two-stage 1US on 6 October 1990, after several
years of delay due to the 1986 Challenger disaster. Ulysses flew by Jupiter in February 1992
and has since reached both extremes of the northern and southern latitudes of the solar
heliosphere. This first orbital cycle came during the solar minimum, but the program has
been extended and has now lived long enough to execute another full orbit of the Sun at
high latitudes during the most recent solar maximum.®

The Solar Polar mission, in the form of Ulysses, was conceived in the late 1970s,
launched in 1990, and to date has provided some ten years of valuable heliospheric
data. Ulysses is, however, only a moderate-sized craft, and the planetary program had
already proved the programming involved. Other, larger programs in solar physics
would not fare as well in the face of continuing budget stagnation, NASA’s growing
dependence on maintaining the Shuttle, and its focus on establishing a permanent
presence in space.

The Solar Optical Telescope

A large, ultra-high-resolution solar telescope in space had long been suggested as a
means of refining knowledge about the Sun. In 1979, Goetz Oertel, Deputy Chief of Solar
Physics at NASA, reviewed his office’s internal “Priorities in Instrumentation Development
for Solar Astronomy.” (See Document 1-20.) The goals of solar physics as outlined by the
Astronomy Missions Board in 1969 still created a serious challenge for spacecraft and
instrument design: the ability to study structures on the Sun with angular sizes between 1
arc second and 0.1 arc second. This would require a 1.5-meter diffraction limited solar
telescope in orbit.®

Called, among other titles, the “Large Solar Observatory” by SSB panels in the mid-
1970s, what became the Solar Optical Telescope (SOT) was planned as a Shuttle-based,
high-resolution solar observatory capable of a wide range of spectroscopic, photometric,
and area imaging studies. The goals of SOT and its predecessors, however, were highly
varied, and their evolution illustrates how “excessive planning can undermine the nation’s
efforts to achieve important scientific goals.”
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The origins of SOT have been traced to efforts in the mid-1960s by two solar
physicists, Harold Zirin and Robert Howard, to build a 65-centimeter solar telescope for
the second Skylab mission that would be capable of examining the fine structure of
magnetically driven phenomena in the solar photosphere. They soon realized that a 1.5-
meter telescope would be required to gain sufficient resolution, and when Skylab Il was
dropped, they decided to regroup and build a ground-based prototype. Meanwhile, NASA
had a number of larger telescopes under study in the early 1970s. In 1976, Zirin and
Howard jointly proposed with astronomers at Kitt Peak National Observatory to build and
fly a larger Spacelab Orbital Telescope. NASA adopted the characteristics of the proposal,
renaming it the Solar Optical Telescope, or SOT, and designating it as a NASA facility
mission to be managed by the Goddard Space Flight Center.®

What started out as a $25-million mission for Spacelab was, by the end of 1985,
estimated to cost $360 million. Study phases were complete, but design and construction
were deferred, partly due to pressures caused by budget and management problems with
the Large Space Telescope, by now known as the Hubble Space Telescope. But SOT’s
rising costs were also criticized by Congress, and in February 1986, in the wake of the
Challenger disaster, OMB deleted the funds for SOT.

Goddard project managers retrenched, trying to downsize SOT to a $100-million
program by reducing the size of the telescope to 1 meter, removing one of the focal plane
instruments, and narrowing the wavelength range. They did not get even close, and even
rejected an offer from the Naval Research Laboratory and Marshall to provide the
complete system for $85 million. In the wake of Challenger, however, Goddard did accept
the NRL’s proposal for what became the High Resolution Solar Observatory, based upon
the successful instrumentation designs of Richard Tousey’s group at NRL.

The Shuttle flight of Spacelab 2 on 29 July 1985 carried the High Resolution
Telescope and Spectrograph (HRTS) built at NRL. It verified and refined previous
sounding rocket flights equipped with advanced stabilization systems called SPARCS that
were able to resolve finely detailed structure at the point in the solar atmosphere where
temperature is at a minimum. Getting at the fine structure of this region and its relation
to upper regions was one of the central goals of SOT, shared by Richard Tousey and many
other scientists like Zirin and Howard. Such observations might untangle the relative
roles of “wavelike-matter” oscillations, magnetic fields, and random motions as agents
promoting the transport of energy from the photosphere and chromosphere to the solar
corona. In other words, SOT was directed at determining the source of heating of the
million-degree corona, the first question posed about the solar corona when its extreme
temperature was deduced in the late 1930s and early 1940s. Always thinking
incrementally, in 1983, Tousey felt that more SPARCS-stabilized sounding rocket flights
were needed to prepare this new technology for spaceflight. With the launch of Spacelab
2, he was happily reconciled to a human-tended platform, though he still held out hopes
for SOT on the eve of its cancellation.®
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Renamed the High Resolution Solar Observatory (HRSO), the program was revised
as a space station payload (See Document 1-25) but soon was changed into a robotic
mission to save money. To restore its original capabilities, NASA looked for international
support while it continued to support Tousey’s experimentation. Even this retrenched
position failed when OMB deleted all funds for the project in the FY 1988 budget.*” (See
Documents 1-26 and 1-27.) By then, HRSO had been redefined again, as Solar Physics was
transferred out of NASA’s Astrophysics Division and placed into a new Space Physics
division. The new reincarnation, a free-flyer called the Orbiting Solar Laboratory (OSL),
quickly ballooned into a $500-million and then an $811-million program. In 1986, it had
been called a “truly marvelous and versatile laboratory” incorporating a wide range of
instruments and facilities for simultaneous and synoptic studies of the Sun, in tune with
the huge programs NASA was then campaigning for, such as the HST and the Earth
Observing System (EOS). But as it grew larger, more complex, and costlier, OSL also
began to lose support within NASA and, especially, among many solar physicists who
either left the project in frustration or proposed different methods of gathering data.
Finally, in the late summer of 1991, NASA slipped the OSL from 1993 to 1998, suggesting
instead that the Space Physics Division think in terms of smaller missions.®® There were a
number of efforts to revive the program as a multifaceted assault on the Sun, but none of
them materialized.

Shifting Support

Other factors influencing the lives of long-term projects included the 1987
introduction of a strategic planning process (See Volume V, Chapter 1) within NASA’s
Office of Space Science and Applications, which changed the character of its internal and
external advisory structure. Influenced by the advice it received, NASA also changed its
perception of disciplinary boundaries, which led to a number of internal reorganizations
of OSSA offices.

Starting in the summer of 1984 and continuing through early 1986, the Space Science
Board once again convened several task groups to explore the needs and directions of the
various disciplines of space science. Initially, the SSB projected scientific goals between
1995 and 2015, but in the wake of Challenger, it revised its time frame. The Board also
made a significant change in its advisory structure by linking solar physics to space physics,
removing it completely from deliberations by the Astronomy and Astrophysics task group,
and thereby foretelling the actual shift of the Solar Physics program out of the
Astrophysics Branch at NASA. Accordingly, the astronomy and astrophysics task group
called for the development of high-resolution optical interferometers and NASA’s Great
Observatories. But the task group’s report made no mention of solar astronomy or any
solar initiatives, whereas other related activities (such as gravitational wave physics) were
covered.®
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The advisory structure had changed significantly, and solar physics was in a new
playing field, called “Solar System Space Physics” by the SSB coordinating panel but “Solar
Space Physics” by members of the task group itself, since it was separate from planetary
and lunar exploration. The structure of the Solar Space Physics Task Group’s report
identified the two major foci of the area as the physics of the Sun and “the processes that
link solar variations to terrestrial phenomena.” (See Document 1-28.) Emphasis in the
first category was on the Sun’s outer atmosphere and its influence on the magnetospheres
and atmospheres of Earth and the other planets. Among prospective pre-1995 missions,
only Ulysses was noted, along with Galileo, an Upper Atmosphere Research Satellite, and
the International Solar-Terrestrial Physics Program. The recommended program post-
1995 included new starts for large high-resolution UV and x-ray solar telescopes to
examine small-scale transient structures in the solar photosphere, a solar probe to fly to
within 2 million kilometers of the solar photosphere to investigate the sources of the solar
wind, and continued development of advanced spacecraft for observing the Sun, Earth,
and the solar-terrestrial environment.® The latter included reviving a solar polar mission
as a follow-on to Ulysses, as well as the completion of SOT and its integration into an
Advanced Solar Observatory on the Space Station.

The details of the Solar and Space Physics task group’s report were fleshed out in an
extensive appendix on the importance to astrophysics of studying small-scale features on
the Sun, giving several examples of how small-scale processes could be of great
importance generally. These included refining understanding of the nature of
granulation and the relation of magnetic phenomena to turbulence, and gaining better
knowledge of the physics behind the flow of matter and energy outward from the
photosphere, chromosphere, corona, and solar wind. None of this was new, of course.

What distinguished the Solar Space Physics Task Group from its predecessors was
its appeal to a new level of instrument and spacecraft technology. Instruments capable
of making these observations from Earth orbit required ultra-high resolution and
stability and the capability of working to their theoretical limits in the extreme
ultraviolet and x-ray regions of the spectrum. The task group was able to point to only
one instrument flown on Spacelab 2 in 1985 that had operational capabilities near to
its instrumental limits, called SOUP, the Solar Optical Universal Polarimeter, a 30-
centimeter-aperture visible light device. Significant advances in instrument
development were therefore urged, including interferometric instruments in space
capable of examining solar features beyond the 0.l-arc-second range and new
technologies to achieve up to 0.001-arc-second accuracy in the x-ray and UV regions.
Overall, however, the task group’s priorities remained in line with those of its
predecessors, calling for instruments capable of studying small-scale features on the
solar surface and the details of its atmospheric structure.

In calling for these new technologies, the task group also called for improvements in
spacecraft systems and propulsion. These included sustained low-thrust propulsion
devices for the solar probes and possible interstellar probes (solar electric propulsion
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systems); heat shield technologies capable of protecting craft flying to within 4 solar radii
of the solar surface; high-reflectivity, multilayer coating technologies for extreme
ultraviolet and x-ray imaging devices, allowing for normal-incidence reflectivity; and the
development of a Lagrangian point platform for a wide array of studies.®

The task group expressed confidence that the interferometric and multilayer coating
techniques that would make possible spatial resolutions better than 0.1 seconds of arc,
over a wavelength range from 30 angstroms to the visible, “can be achieved with
techniques that will be perfected in the twentieth century.”® The task group then
considered alternative sites for placing these devices, including near-Sun orbit,
heliosynchronous orbit, lunar basing, solar orbit at one AU, Earth-orbit free-flyers, and
crewed vehicles such as the Space Shuttle and International Space Station. The
advantages of each were identified for specific missions. The lunar base was cited as being
a particularly stable location for long-term studies. Earth-orbit free-flyers were preferred
for similar reasons. Crewed vehicles, on the other hand, drew mixed comments. As before,
the short duration and discontinuity of coverage of Shuttle flights was a continuing
limitation on scientific return. Contamination was another lingering problem, especially
the presence of thin polymerized hydrocarbons that block light in the extreme ultraviolet.
Yet, the task group felt that the positive experience from Skylab indicated that it should
not totally discount this mode of transport and operation. Thus, it looked kindly on the
use of future space stations as platforms, while recognizing the problems inherent in an
extended mechanical structure, which included lowered rigidity and an extended
spectrum of vibrations and disturbances, making precise pointing and tracking difficult or
impossible. Some form of isolated platform was suggested as a remedy, including
co-orbiting platforms.*

Although the Solar Space Physics Task Group identified SOT as a desirable new
mission, they did so only in passing and did not explore SOT priorities to any depth.
Indeed, the implication might be that, in light of the advanced technologies proposed
and the stated problems inherent with Shuttle-based or Space Station-based observatories,
SOT had become obsolete, killed by its own long lead time and unrestricted growth.

The Role of Advice in Space Solar Physics

Further historical research needs to be done to be able to evaluate fully the process
of consensus formation that produced the advice given to NASA by various elite task
groups, panels, and commissions. NASA’s influence in the process, especially, must be
better understood, as well as other social and economic factors that evidently framed
and informed the opinions of advisory groups. One especially fruitful path of new
inquiry might be to explore more fully the relationship between scientific program and
project managers within NASA and members of the various advisory bodies, especially
in light of the historical fact that projects tend to balloon and expand themselves out of

92. Ibid., pp. 112-39.

93. Ibid., p. 133.

94. Space Studies Board, National Academy of Sciences, Space Science in the Twenty-First Century: Imperatives
for the Decades 1995 to 2015: Solar and Space Physics (1988), pp. 133-35.
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existence. What causes projects to balloon? Is there a correlation, for instance, between
the size of a scientific mission or project and its ability to acquire internal and external
support? Small projects may suffer from having only small constituencies among
builders and users. Do larger projects have proportionally larger constituencies? And do
very large projects suffer because they impinge on other constituencies? Is there an
optimum point for project size, and to what extent does external scientific advice
influence where this point lies? The importance of coalition building, so well illustrated
in the case of the Hubble Space Telescope by Robert Smith,* may well turn out to have
had a far different effect within solar space research, where a fluctuating set of
disciplinary communities was involved.

This essay has only scratched the surface in assessing the degree to which NASA was
able to follow external advice and how it interpreted and exploited the opinions of its
advisory bodies in forming new programs and policies. Even at the superficial level
examined here, it is evident that there were strong scientific motivations for achieving
greater stability, pointing accuracy, and spectral resolution. These long-term goals are
ongoing and are indeed seen in recent missions, such as Transition Region and Coronal
Explorer (TRACE), one of the early products of NASA’s Small Explorer (SMEX)
program. Planned as the fourth mission in the “faster, better, cheaper” program
championed by former NASA Administrator Dan Goldin, TRACE was developed in less
than four years to refine knowledge of the relationship between solar magnetic fields and
coronal heating. It was designed to observe the three-dimensional magnetic structure in
the solar photosphere that determines the dynamics of the chromosphere and corona.
TRACE, launched in April 1998, only a month behind schedule, aboard an air-launched
Pegasus, is international and shortterm, and it embodies many, if not all, of the
characteristics desired by NASA’s advisory groups. By 2000, TRACE had returned
unprecedented high-resolution images of magnetic field phenomena in the lower corona.

From the standpoint of the nature of scientific advice reviewed here, TRACE and the
SMEX program were appropriate NASA responses, given the economic and political
pressures facing the space agency. But they are also a very positive reaction to earlier
criticisms of NASA’s mission-oriented policy: that the “emergence of a new generation of
spacecraft does not . . . stem from demand by users.”® Another indicator of NASA’s ability
to learn from past difficulties is its increased sensitivity to establishing and maintaining
meaningful international partnerships. Possibly the most significant recent mission in
solar physics is the Solar and Heliospheric Observatory, or SOHO, built by ESA,
instrumented by teams in fourteen of its member nations, as well as by NASA, and
launched aboard a U.S. Atlas booster in December 1995. NASA also is responsible for
communications and daily operations of the craft.

The SOHO spacecraft is 4.3 meters long in the Sun-pointing direction and orbits a
Lagrangian point in space between Earth and the Sun, allowing its battery of twelve
instruments (nine from Europe and three from the United States) to maintain constant
monitoring of solar activity. SOHO worked nominally in spite of various battery problems

95. Robert W. Smith, The Space Telescope: A Study of NASA, Science, Technology, and Politics (revised, New York:
Cambridge University Press, 1993), Chapters 4 and 5.
96. André Lebeau, “The Astronaut and the Robot,” Space Policy (February 1987): 211-12.
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until June 1998, when attitude control and telemetry were completely lost. The 305-meter
Arecibo radar dish in Puerto Rico was able to confirm SOHQO'’s rotation rate and orbital
position, which made it possible to direct commands to the craft to regain control. This
was done by late September 1998; the satellite has been working well ever since, sending
back critical information about the Sun that helps us to better appreciate its internal
dynamic structure, as well as the onset of coronal bursts and mass ejections that would
affect solar-terrestrial relations.

Recent programs like SOHO and TRACE bode well for the future health of space
solar physics. They stand in contrast to the hugely ambitious programs like SOT-OSL, as
well as those defined in terms of a human spaceflight program. In solar physics, the OSO
series of missions has had the strongest continuing support from the scientific community
and its elite deliberative panels. Least supported were those with the longest lead times
and where mission control did not reside in the scientific community, such as SOT-OSL.
Almost without exception, lead times were drastically lengthened as payloads had to be
reconfigured to meet new NASA launch vehicle priorities. It is true that NASA’s scientific
advisors did respond positively to NASA’s shifting priorities, but one would have to go well
beyond the published literature and even the semipublished documents provided in
connection with this essay to be able to assess how these reports were constructed and
what other choices, if any, the advisory groups considered. It does seem that the advice
given in later review panels and boards that were convened at the request of NASA,
funded by NASA, and to some extent managed by NASA, though still under the aegis of
the National Academy and other academic groups, was definitely constrained by NASA
interests and priorities. One need go no farther than noting that many of the review
panels were asked explicitly to provide scientific goals that could be met by NASA’s
continually changing priorities, starting with Explorer-class satellites, then Observatory-
class, then Apollo and Apollo Applications, the Space Shuttle, and, at present, the
International Space Station.

The extent to which these constraints have colored the advice given by the panels
cannot be evaluated without extensive historical research using primary sources and oral
history interviews. For example, one might speculate that the lessons learned from
NASA’s growing propensity for huge missions with long lead times, criticized widely by the
scientific community, resulted in NASA’s reworked “smaller, faster, cheaper” policy in the
1990s, which resulted in success stories like TRACE.*” But this advice was couched in the
context of a Shuttle-based and Shuttle-driven political economy, together with the
spectacularly frustrating failures of many of the missions supposedly designed under this
rubric. Because SMEX missions like TRACE and international missions like SOHO were
not dependent upon the Shuttle, it remains to be seen whether this new policy will
eventually result in a more cost-effective solar physics program that is responsive to the
stated needs of the community it serves, and if, indeed, it is a policy reflecting a desire to
promote scientific knowledge of the Sun.

97. See Howard McCurdy, Faster, Better, Cheaper: Low-Cost Innovation in the U.S. Space Program (Baltimore, MD:
Johns Hopkins University Press, 2001) for an assessment of the “faster, better, cheaper” approach.
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Document I-1

Document Title: W. W. Kellogg, RAND Corporation, “Basic Objectives of a Continuing
Program of Scientific Research in Outer Space,” 9 December 1957.

Source: Dow Papers, Box 84, University of Michigan Library, Ann Arbor, Michigan

This document represents one of the several general proposals for initial space science activities which
were developed in the aftermath of the launches of Sputniks 1 and 2 in late 1957. Scientists who were
interested in placing their instruments into orbit and beyond had clearly been giving a lot of thought
on how best to proceed even before the initial satellite launches, and Kellogg’s proposals reflect the ideas
that sounding rockets would continue to be an important part of initial space science efforts and that
human space flight was still some time in the future and not scientifically justified.

[cover letter]
9 December 1957

TO: Members Rocket and Satellite Research Panel

As agreed at our meeting last Friday | am sending a draft of a report prepared by me
for the Working Group on Internal Instrumentation of the Earth Satellite Program
entitled “Basic Objectives of a Continuing Program of Scientific Research in Outer
Space.” This was originally intended as a working paper for the National Academy of
Sciences, but it can also serve the Executive Committee of our panel as a working paper
and a back-up to our proposal.

If you have any comments | suggest you send them in duplicate to Van Allen and
myself.

Sincerely yours,

[signature]

W. W. Kellogg

The RAND Corporation
1700 Main Street

Santa Monica, California

cc: W. W. Berning
L. A. Delsasso

W. G. Dow

K. Ehricke

C. F. Green

M. Greenberg

L. M. Jones

M. H. Nichols

M. Rosen

N. W. Spencer
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BASIC OBJECTIVES OF A CONTINUING PROGRAM
OF SCIENTIFIC RESEARCH IN OUTER SPACE
(Prepared for the National Academy of Sciences

National Research Council by the Technical Panel
for the Earth Satellite Program of the U.S.
National Committee for the 1.G.Y. November, 1957)

1. Introduction

The International Geophysical Year marks the beginning of man’s exploration of
outer space. There have been previous rocket firings into the fringes of the earth’s
atmosphere, but the expanded rocket-sounding program on an international scale and
the advent of artificial earth satellites represent by far the largest steps taken so far towards
the scientific exploration and eventual habitation of outer space and the planets.

The interests of human progress and our national welfare now demand that a long
term program of space exploration be formulated and pursued by the United States with
the utmost energy. Although there will inevitably be benefits from such a program of a
very practical nature, the basic goal of this exploration must be the quest of knowledge
about our solar system and the universe beyond.

The scientific program proposed here has been formulated with the following ideas
in mind:

e Technology of space flight will probably develop gradually. Therefore, the

payloads and distances traveled will be relatively small at first, and the scientific
experiments and observations will be correspondingly modest in the early stages.

e The scientific program should be designed to give information at each stage
which will help in the planning of later flights.

[2] = Manned space flight will occur in the course of the program, but before this
occurs certain crucial experiments must be performed which are aimed
specifically at the design of a manned vehicle.
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e Inthe quest for outer space we must not lose sight of the tremendous implications
to life on earth which the occupation of space will have.

[3]12. Sounding Rockets

Sounding rockets have provided so much information about the upper atmosphere
and its effects on incoming radiation of various kinds that they will continue to be useful
in this area. A continuing program using such rockets should be aimed at determining the
distribution in the vertical of such quantities as:

Atmospheric composition.
Atmospheric pressure, temperature, and density.

e Winds in the upper atmosphere.

e Atmospheric ionization.

e The absorption of electromagnetic radiation penetrating the atmosphere and the
intensities of sources of such radiation in the atmospheric layers.

e The absorption of cosmic ray or solar particles, and the secondary effects of
these particles.

e The geomagnetic field (also covered under satellites).

e Detection and location of electric current systems in the atmosphere.

e Experiments requiring recovery of packages (see below).

With a sufficiently intense program, it will be possible to detect latitudinal, diurnal,
and seasonal changes of these quantities, and also the ways in which they are modified
during periods of solar activity and magnetic storms.

Until the techniques for the recovery of packages from a satellite have been
worked out in more detail and demonstrated, there will be a class of experiments
requiring the return of various kinds of samples for which the vertical rocket is required.
These may involve:

[4] = Film samples: Photographs, spectrographic data, cosmic ray packets, or data
recordings where the quantity of information is too great to telemeter.
e Biological samples.

Experiments which will probably not be suitable for sounding rockets in the future,
with the availability of earth satellites of progressively larger payloads, are solar or
astrophysical observations, particularly those in which time changes are sought. Clearly, a
satellite platform is superior for such observations.

[5] 3. Earth Satellites

An earth satellite is considered, for these purposes, to be a vehicle which is on an orbit
controlled primarily by the earth’s gravity. (This means, in effect, something less than
1,000,000 miles from the earth and with insufficient velocity to carry it further.) Even
when the technology of space flight has progressed far beyond the ability to put satellites
on orbit and vehicles are being directed on heliocentric and interplanetary missions, the
earth satellite will surely continue to be a base for fruitful observations.
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Fundamentally, a satellite well outside the earth’s atmosphere can be used to observe
only three kinds of things, namely: photons,_particles, and fields.

The photons, since they represent electromagnetic radiation, may range from X-
radiation and ultraviolet radiation to radio waves. In general, when dealing with photons
coming from remote sources in the sun or beyond, the purpose of a satellite is to observe
the wavelengths which do not penetrate the earth’s atmosphere. This implies that the
radiation of primary interest is at Wavelengths below the ozone cutoff in the ultra-violet
(about .32 microns) and at wavelengths above the ionospheric cutoff in the radio wave
region (about 30 m, or 10 Me). Most of the radiation inbetween these limits penetrates
the atmosphere and can therefore be observed on the ground or from balloons, except
for some important, but limited, regions in the infrared where water vapor, carbon
dioxide, and ozone cause absorption.

In addition to observing these highly significant radiations from above, the satellite
will be of great value in observing the earth, its [6] changing cloud patterns, its infrared
radiation, etc. These are discussed further below.

The particles which can be observed from a satellite are solid meteoroids of various sizes
and atomic nuclei with great energy emanating from the sun and beyond (auroral particles
and cosmic rays). These are both of great significance to the development of manned space
vehicles, since the solid particles constitute a hazard to the vehicle due to their ability to
puncture its skin, and the atomic particles may be a hazard to the man inside.

The fields which are measurable from a satellite are the field of gravity and the
magnetic field. The first, the field of gravity, is related to the masses and shapes of the
earth and moon, and satellite observations promise to greatly improve the precision of
our knowledge of these quantities. Magnetic field measurements not only tell about the
magnetization of the earth and moon, but also tell about the electric current systems
which flow in the vicinity of the earth.

Since a great deal has already been written about the uses of an artificial satellite, the
following experiments are presented in outline rather than in detail. First are those which
could be done in Vanguard-type satellites, assuming a growth potential in payload to 50
or 75 Ibs and a wider choice of orbits than is available under the I.G.Y. program. With
larger payloads and more advanced techniques there are some more elaborate
experiments which could be done, experiments which require stable platforms, large
transmission power and information bandwidth, recovery of packages, etc. Finally, there
will be manned satellites.

[7]1 Light Weight Satellite Experiments

a. Creation of Visible Objects

There are a number of reasons for wishing to have an easily visible satellite. In
particular, precision orbit determinations will probably be done optically, and it is clearly
desirable to have a satellite which reflects or emits a considerable amount of light. At night
a flashing light with a brightness of 105 candlepower or more would be just visible at about
1000 mi range, provided the duration was about 0.1 sec or more. An alternative method
is the creation of a large reflecting object such as a balloon or erectable corner reflector.
Such an object to be seen optically or visually must be near the twilight zone of the earth,
so that the observer can see the sunlit reflector against a darkened sky. Under such
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conditions a 100 square foot diffuse reflector appears like a first magnitude star at about
200 mi (depending on the angle between the Sun and observer), and can still just be seen
by the naked eye at about 2000 mi range. Naturally, with telescopes one can do much
better, if one knows ahead of time where to look for the satellite.

With the sort of precision orbit determinations which can be obtained with optical
tracking it is possible to do a number of important things, namely:

» Determination of air drag at high altitudes, from which atmospheric density can
be derived.

* Geodetic measurements on the size and shape of the earth.

e Lunar mass, for orbits passing near the moon.

» lon densities, when coupled with certain precision radio techniques.

[8] b. Total Atmospheric Thermal and Solar Radiation Measurements

A satellite is in an ideal position to measure the total flux of radiation in and out of the
top of the atmosphere. The incoming radiation, being primarily from the Sun, is largely in
the visible part of the spectrum, while the outgoing radiation from the atmosphere is infrared
plus the solar radiation which is scattered and reflected upwards. These various fluxes can be
sampled by a set of omnidirectional bolometers with coatings which are designed to absorb
selectively a certain part of the spectrum. For example, a bolometer which is white in the visible
but black in the infrared beyond about four or five microns, will respond to the thermal radiation
from the earth and atmosphere, while one with the reverse spectral characteristics will measure
the direct and reflected sunlight. Further, a directional detector of visible radiation pointed
towards the Sun would, of course, monitor the incoming solar radiation alone. (Such a
scheme is included in one of the 1.G.Y. earth satellites.)

The purpose of this set of measurements is to determine the radiational heat budget
of the earth and atmosphere. It is known that an excess of radiational energy is added to
the atmosphere in low latitudes and that there is generally a net loss of energy from the
Polar regions. An understanding of this energy imbalance is basic to an understanding of
the general circulation of the atmosphere. Further, such a set of radiation measurements,
provided that there were a reasonably fast response, would give a rough indication of the
thermal inhomogeneity of the atmosphere and earth. It is likely that a measure of this
inhomogeneity would provide an indication of the strength of the cyclonic and
anticyclonic circulation. During periods of strong meridional transport of energy by the
atmosphere there are rapid migrations north and south of warm and cold air masses, [9]
and these could probably be distinguished by their thermal characteristics.

c. Mapping the Cloud Cover

On the sunlit side of the earth the contrast in the visible and near infrared between
clouds and ground or open water is considerable, and it has been demonstrated
dramatically by the use of rocket and balloon photography that the existing weather can
be traced by the large area cloud patterns. These cloud patterns can be determined from
a satellite by various means. A first approach, in which the scanning of the surface by
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photocells is performed by the uncontrolled rotation of the satellite, is being developed
for the IGY program. In this case the reconstruction of the picture is complicated,
however, and the data handling capacity of the telemetering link places an upper limit on
the amount of coverage and degree of resolution.

The purpose of such an observation would be to show the cloud patterns over a large
area of the earth with a degree of completeness unobtainable with present surface
observation networks. For research in meteorology, this will throw new light on the way in
which storm systems start and develop, on the broad pattern of flow, on the effects of
mountain barriers, etc. If refined to the point where the observations can be made
available to meteorologists immediately, it would represent one of the greatest advances
ever made in meteorological data gathering, and would surely improve short-term
forecasting-and hurricane predictions.

d. Time Fluctuations of Solar Ultraviolet and X-Radiation

Solar ultraviolet and X-ray intensities are quite variable, and appear to depend greatly
on solar activity. Both X-rays and the ultra-violet are enhanced during a solar flare, in
some wavelength regions by an order of [10] magnitude or more. These fluctuations have
corresponding effects in the earth’s atmosphere. Increased output of hard X-rays, for
example, causes a pronounced D-layer and an associated interference with radio
communications. An increase in the intensity of near ultraviolet solar light could
contribute to the marked temperature excursions that have been noted in the ozone layer,
and such temperate excursions undoubtedly interact with the surrounding wind patterns.

Since solar ultraviolet light and X-rays have such a pronounced effect on the
atmosphere and since their fluctuations are associated with important related effects, it
should be very fruitful to monitor these solar wavelengths over a long period of time, say
for a year, for the purpose of correlating the ultraviolet and X-ray intensity-time curve with
weather, radio, the ionosphere, airglow, winds, etc. Because these solar radiations are
absorbed by the atmosphere, the logical place to monitor them is from above the
appreciable atmosphere. This could be done in an artificial satellite orbiting entirely
above 200 miles altitude. By using suitable windows and gas fillings, photon counters and
ionization chambers can be constructed to respond only to radiation within a restricted
band. (Such a photon counter, sensitive to Lyman-alpha radiation, is being flown on an
early 1.G.Y. satellite.) With such detectors, various bands from the near ultraviolet down to
the hard X-rays could be monitored. Payloads on the order of fifty pounds should be
adequate to permit coverage of a number of important wavelength bands in a single
installation having indefinite duration of operations.

e. Distribution of Hydrogen in Space

The hydrogen population of interplanetary and interstellar space has [11] been a
subject of much interest and speculation. On the basis of astrophysical observations, the
current estimate is about 1000 atoms per cc in interplanetary space and about 1 atom per
cc in inter-stellar space, but the basis for this is uncertain.
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The density of hydrogen in space could be determined by observing the hydrogen
Lyman-alpha radiation received from space and comparing it with solar Lyman-alpha
radiation. Hydrogen ions in space would emit a more or less steady background of Lyman-
alpha as they captured electrons. Hydrogen atoms would fluoresce under irradiation by
solar Lyman-alpha, and this fluorescence would fluctuate directly with the solar curve. By
analyzing the total Lyman-alpha intensity into the steady and solar-dependent
components, one could then determine the relative densities of hydrogen ions and atoms.
With suitable calibration the absolute densities could be determined.

The ionization chambers to be used to study solar Lyman-alpha radiation from an IGY
satellite could also be used as the detectors for the hydrogen density experiment.

f. Extragalactic Light

Among the many radiations which strike the top of the earth’s atmosphere, the light
frown sources beyond our own galaxy is one of the most interesting, insofar as it
contributes to the profound understanding of the astrophysical nature of the universe.
The intensity of this extragalactic is already known to be quite weak in comparison with
the light from our own galaxy, and its spectral character is known to be heavily shifted to
the red. These facts alone are subject to an immediate cosmological interpretation viz. the
expanding nature of the universe.

[12] The expanding universe hypothesis can be submitted to more specific test by
detailed. measurements of the spectrum of extragalactic light and by the distribution of
its intensity with respect to galactic latitude.

Such observations are impossible with ground-based or balloon-borne apparatus due
to the great overburden of other radiations originating in the earth’s upper atmosphere.
They might be thought possible with vertically fired rockets which surmount the major
emitting layers of the atmosphere; but the intensity is judged to be so weak that the several
minutes of a rocket flight provide an inadequate period of time for significant
measurement. The long time duration of a satellite’s flight appears to be necessary in
order to accumulate significant data.

The proposed apparatus consists of several high sensitivity, photoelectric telescopes
equipped with a variety of spectral filters — all operating in the visible region of the
spectrum. This experiment seems properly classified as an exploratory one. Results are
not assured, but if they are obtained they will be of very far-reaching and
profound significance.

g. Cosmic Ray Observations

The objectives of a cosmic ray experiment would be: (a) to make comprehensive
observations on the total intensity of the cosmic radiation as a function of latitude,
longitude, altitude, and time; (b) to investigate the presence of the nuclei of lithium,
beryllium, and boron in the primary cosmic ray beam, and if present, to measure their
intensities; and (c) to study, as in (a), the intensity of the heavy nuclei separately from the
total intensity. Interpretation of the results of (a) and of (c) should yield a crucial test of
the theory of the deflection of charged cosmic ray [13] particles approaching the earth
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through the geomagnetic field and should yield new information on the nature and
importance of interplanetary magnetic fields. The data of (b) should settle one of the
leading questions on the astrophysical origin of cosmic rays and on their propagation to
the earth. The data from (a) and (c) should provide a greatly improved understanding of
the systematic and sporadic fluctuations of the primary radiation, their astrophysical
causes and their consequences on the rate of secondary cosmic ray phenomena within the
atmosphere. A special question is whether the solar sources of cosmic rays yield the same
distribution of nuclear species as that of the usual primary beam.

h._Primary Auroral Particles

The polar aurorae (“northern and southern lights”) are caused by the interaction of
energetic charged particles with the upper atmosphere. Due to their charges, they are
deflected by the earth’s magnetic field and are focused on the polar regions. It has been
established that the intensity of these streams of auroral particles change rapidly,
apparently due to changes in the Sun.

In order to observe these particles it would be necessary to have a satellite on a high
inclination orbit, since the flux is concentrated towards the poles. By means of simple
satellite-borne detectors it will be possible to map out the impact zones of the primary
auroral particles on the top of the earth’s atmosphere and to observe their changes locally
and worldwide with time to a degree not ever likely to be approached by ground
observatories. It will be possible to rapidly compare the northern and southern zones of
incidence and to efficiently study the ways in which the position and configuration of
these zones are influenced by and correlated with geomagnetic [14] field disturbances.

The temporal variations of the incidence of auroral radiations can be
comprehensively correlated with observable activity on the Sun to an extent not presently
conceivable by any other method. In addition, the nature of the primary auroral
radiations (e.g. protons, electrons, heavy particles, etc.) can be comprehensively studied,
as can their intensities and energy spectra. A comparison of these data with those from
ground observatories should be very fruitful in establishing the physical processes which
are induced in the earth’s atmosphere.

These auroral observations are closely related to observations of the geomagnetic
field. Indeed it would be desirable, for mutual support, to have two satellites aloft
simultaneously — one carrying a magnetometer and the other carrying auroral radiation
detectors. Eventually it may be possible to have a single satellite carry both types
of apparatus.

i. Micrometeorites

There are various estimates of the number of micrometeorites striking the earth’s
atmosphere, but few actual measurements. For the IGY it is planned to count such
particles in one or two satellites. The limited instrumentation and limited time of
operation of the equipment will, however, leave unanswered such questions as: What is the
mass spectrum? What is the energy spectrum? What are the fluctuations in total intensity?
How are these particles related to visible meteor showers? In a satellite capable of
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operating over a period of a year most of these questions could be answered using
calibrated microphones, thin diaphragms with photocells to observe punctures,
electrostatic analyzers, and the like.

[15] j._Magnetic Field

The earth’s magnetic field is mainly due to the magnetization of the Earth itself, a
property which can be quite accurately measured by ground level surveys. However, the
variations in this main field of external origin, amounting to as much as 7 per cent, say,
are due to a variety of current systems in the ionosphere and above. (There are current
systems induced in the earth also, but these are presumably secondary effects due to the
phenomena at great altitudes.) A major source of geomagnetic variations are the direct
current systems in the lower part of the E-region, which are below the satellite altitudes.
However, at much greater distances, perhaps an Earth radius or more, there may be
another highly variable current system known as the “ring current.”

With a satellite borne magnetometer flying over a monitoring magnetometer on the
ground making a simultaneous measurement of the magnetic field, it is possible to
determine the horizontal flow of current between the ground and the satellite. The same
technique can be used with two satellite magnetometers as they pass over each other.
Thus, it is possible to map the electric current systems throughout the region of the
ring current.

The use of vertical rockets to do this same thing has already been mentioned. In some
ways a rocket is superior to a satellite for magnetic measurements, since it can make a
vertical profile from the ground up and thereby determine where the electric currents lie.
However, these currents are highly variable, and a satellite permits a determination of how
they vary in time, how they are related to solar activity, and how they may vary in the
horizontal. The ideal approach would be to use rockets and satellites in combination,
thereby obtaining a more complete map of the [16] geomagnetic field in three
dimensions and in time.

k. lonospheric Observations

The ionized layers of the ionosphere (D, E, F!, F?, G) generally lie between 80 and 300
or 400 km. They are therefore mostly below the level of the satellite. A number of effective
methods have been suggested for measuring the total free electron density between the
satellite and the ground, one being a measure of the difference between the angle of
incidence of the radio tracking signal and the optical line-of-sight as the satellite passes
over a tracking station. This requires no additional experimental equipment beyond the
minitrack and optical networks set up for the 1.G.Y. program. Another observation
yielding total electron densities is the rotation of the plane of polarization of the radio
wave due to the Faraday effect. Such an observation requires a high gain antenna with a
dipole to sense the plane of polarization.

Another class of satellite radio experiments would make use of the satellite as a known
source of radiation to measure certain aspects of the fine structure of the ionosphere. It
is observed that radio stars fluctuate, and these fluctuations are in part due to ionospheric
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inhomogeneities of various sorts, some of which are in the F-region. A satellite would
permit a mapping of these horizontal inhomogeneities (sometimes known as
“ionospheric lenses”), both in the horizontal and in the vertical, since the satellite may at
times be below the F-region. An especially interesting aspect of the irregularities in
ionization of the upper atmosphere is the pattern of the auroral clouds, streamers,
draperies, etc. These patterns are marked by visual radiation, as is well known, but they
are also regions of intense local ionization. The radio signal from a satellite in the auroral
zone [17] would be influenced by the auroral ionization, and presumably a study of the
fluctuations would tell a great deal about the character and distribution of the ionization
in this region.

It should be borne in mind that the gross structure of the ionized layers can be
measured from the ground continuously with ionospheric recorders, and that the general
features of the ionosphere are already quite well understood. Furthermore, it was pointed
out above that the fine structure of the ionospheric layers can probably best be obtained
by a rocket which penetrates rapidly through the ionosphere, recording successive
changes in “radio depth” as it goes. Until such additional experiments have been made it
will be difficult to design satellite experiments specifically for ionospheric studies; it is
certain, however, that the experiments described above can be invaluable by-products of
any satellite experiment which provides a more or less steady signal with stable frequency
and known polarization.

To date, no experiment has been proposed which can measure the free electron
distribution above the top of the ionosphere from a single satellite without serious
difficulties due to the dominant effects of inhomogeneities in the ionosphere itself, which
tend to mask any second order effects at the satellite altitude. However, the distribution
of free electrons above the ionosphere would be of great significance. The use of two
satellites, with a two-frequency transmission link between them, offers an apparently
feasible solution.

I. Biological Experiments

Biological experiments should be instituted at the earliest opportunity in the satellite
program, since they will be crucial to the eventual attainment of manned space flight.
There appear to be two main areas of [18] concern: The biological effects of prolonged
exposure to the radiation in space, ranging from cosmic rays to the various solar
emissions; and the subtle and complicated effects of prolonged weightlessness. With
regard to the first, a program of exposure of biological samples and live animals to cosmic
radiation at high altitude by balloons has been underway for some time, and at the
altitudes atainable [sic] by balloons (over 100,000 feet) the cosmic radiation is essentially
the same as at satellite altitudes. There are other kinds of radiation, such as solar ultra-
violet and X-rays, which do not penetrate to balloon altitudes, but these can be
reproduced conveniently in a laboratory. Thus the use of a satellite for the study of
radiation effects on biological specimens does not appear to be too rewarding. However,
for the study of prolonged weightlessness there is no known substitute for a vehicle
floating freely in space. Biological specimens and live animals have been successfully flown
and recovered from high-altitude rockets, having been exposed to a few minutes of
weightlessness. The second Soviet satellite carried a dog, thereby lengthening the
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duration of the period of weightlessness ad mortuum. The U.S.1.G.Y. satellite program
includes a biological sample (yeast). These first attempts to study weightlessness will have
to be greatly expended in the future.

Advanced Satellite Experiments
a. Selective and Directional Thermal Radiation Measurements

Since certain constituents of the atmosphere, such as water vapor, ozone, and carbon
dioxide, have strong absorption lines in the infrared region of the spectrum, a detector
looking downward which is sensitive only in these regions does not “see” the earth’s
surface. Instead, it detects the radiation emitted upward from the upper levels of the
constituent, the [19] radiation from the layers below having been absorbed by the
atmosphere. Thus, for example, a detector looking down at around 9.6 microns (in a
strong ozone band) would receive the thermal emission from the top of the ozone region
at about 10 to 30 km altitude; a detector looking down at around 6 microns (in a strong
water vapor band) would receive the emission from the top of the troposphere at 8 to 10
km, above which there is relatively little water vapor. A quantitative measurement of the
thermal radiation in one of these narrow spectral intervals gives a measure of the
temperature (and, to a second order, density) of the emitting layer. A more detailed
analysis of the variation of this emission with zenith angle can give the vertical
distribution of temperature in the emitting layer. This experiment would require a
considerable degree of orientation control, particularly the measure of the “limb
darkening” just described. To be most meaningful, the record for an entire satellite
circuit should be complete, probably requiring data storage and retransmission over a
telemetering station.

The purpose of such a set of measurements would be to map the effective
temperature of various layers high in the atmosphere. Some of these layers are
inaccessible to conventional sounding balloons, and even those which are accessible can
only be sampled at a few points. As meteorologists have obtained progressively more
information about the synoptic conditions in the upper atmosphere (using balloons and
occasional rockets to date), they have gained more insight into the behavior of the
atmosphere, and weather forecasting ability has gradually improved. However, balloons
cannot penetrate the part of the atmosphere which is affected by solar ultraviolet
radiation below about 0.3u (the ozone cutoff). It seems [20] reasonably certain now that
short-term changes in solar radiation have an immediate effect on parts of the upper
atmosphere, and that these effects propagate slowly downward in a complicated and as yet
unexplained way. A synoptic satellite observation of the kind described would probably
provide a direct measurement of the immediate effects of a solar disturbance on the
thermal structure of the atmosphere. It would, therefore, be a key to the development of
a physical basis for long-range weather prediction.

b. Astronomical Spectrograms

A spectrograph mounted in an artificial satellite would be able to photograph the
Sun, planets, and stars completely free from interference by the atmosphere, thus
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extending the sensitivity far into the ultraviolet end of the spectrum and permitting a
much more detailed study of these bodies than is now possible.

Spectrographs to do this job are in essence available. Suitable light collectors would
have to be designed. A pointing control would be necessary. Such a control could
probably be worked out much along the lines of those now used in rockets, and would
have a total weight less than thirty pounds. To retrieve the film, it would be necessary to
work out techniques for recovery of a capsule from the satellite orbit (or of the satellite
itself); however, such techniques have already been proposed and are considered to be
feasible within the expected weight limitations. A less desirable alternative would be to
analyze the data photometrically and transmit it back via the radiotelemetry link.

c. Ultraviolet Photographs of the Sun

Much of the photochemical and dynamical activity in the Sun is associated with the
emission of ultraviolet radiation. Photographs of the [21] Sun in various regions of the
ultraviolet should permit localization of regions associated with the respective wavelength
emissions, and would be an important aid to understanding solar activity.

Suitable filters and U.V. sensitized films are available for making such photographs. If
necessary, pointing controls similar to those already used in rockets could be constructed
for directing a camera at the Sun. It would probably be desirable (but not necessarily
essential) to recover the film after the pictures had been taken; however, as indicated in
experiment b, it is believed that suitable techniques could be developed.

d. Planetary Spectrograms

A variation of experiment b. would measure the spectra of the various planets in the
ultraviolet and infrared. All of the central. planets have visible atmospheres, but the
composition of these atmospheres is difficult to observe spectrographically from the
ground due to the presence of the, same or similar gases (in differing proportions) in our
own atmosphere. For example, the solar ultraviolet radiation reflected from these planets
is completely absorbed by our atmospheric ozone, and large segments of the infrared
radiation which is emitted are absorbed by water vapor, carbon dioxide, and ozone, plus
other trace constituents such as methane, nitric oxide, etc. A satellite would have a clear
view of these planets.

The radiation from than is very weak, however, and would require quite accurate
positioning of the spectrograph in order to provide long exposures with limited angular
fields (in order to minimize the cosmic and stellar background). Moreover, it would
probably be most desirable to recover the spectra in the form of exposed plates, though
it is possible to telemeter the information to the ground

[22] e. An Experimental Test of the General Theory of Relativity

One of the predictions of the general theory of relativity is that the fundamental time
scale of atomic phenomena (e.g. frequency of emitted spectral lines) is influenced by the
gravitational potential in which the emitting system is located. This prediction has received
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thus far only a very few observational verifications and even these remain in a somewhat
controversial state. It is conceivable to mount a so-called caesium or thalium “clock” in a
satellite and a similar one at a ground station and intercompare the rates of these two
clocks over an extended period of time. By the general relativistic theory, it is expected that
there would be a systematic difference in the rate of running of these two “atomic clocks”
due to the known difference of gravitational potential to which they are subjected.

The effect is a small one and it appears that accumulated observation over a period
of the order of a month may be required to surmount reasonable experimental errors in
location of the position of the satellite and in ionospheric conditions. (Both effects, of
course, influence the transit time of the transmitted intercomparison signal from the
satellite to the ground station.)

A proposal is known to be currently under consideration for a similar
intercomparison between clocks, one of which is located on a mountain and the other in
a neighboring valley. However, if the technical problems can be adequately solved, it may
be desirable to utilize a satellite for a more sensitive test of this very profound theoretical
hypothesis under different conditions.

f. Solar (Cosmic) Radio Noise in the HF and LF Spectrum

High frequency radio waves below about 5 Mc cannot penetrate the [23] ionosphere,
and even radio waves at 20 Mc are sometimes totally absorbed. Thus, it is not possible to
observe from the ground the lower frequency end of the radio noise which comes from
the Sun and beyond.

A satellite would, of course, not suffer from ionospheric absorption, but the signal
levels in this region are low and the antennas required to obtain much gain have to be
large. However, by using large erectable reflectors or lenses to concentrate the signals and
to obtain directionality measurements could be made.

g. Collection of Micrometeoritic Sales

If techniques can be worked out for recovery of the satellite or of small capsules from
the satellite, a long-period collection of micro-meteorite particles could be obtained.
These samples could be collected in containers filled with something like silicone grease,
which could be opened while the satellite is on orbit and then closed just before the
recovery operation was begun.
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[38] 6._Manned Space Flight

Although it is impossible to predict how quickly man himself will follow his exploring
instruments into outer space, the inevitable culmination of his efforts will be manned
space flight and his landing on the nearer planets. It is clear that he can develop the ability
to do this, and it is hard to conceive of mankind stopping short when such a tempting goal
is within reach.
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The attainment of manned space flight, however, cannot now be very clearly justified
on purely rational grounds. It is possible, at least in principle, to design equipment which
will do all the sensing needed to explore space and the planets. Mobile vehicles could be
designed to land and crawl across the face of each of these distant worlds, measuring,
touching, looking, listening, and reporting back to earth all the impressions gained. They
could be remotely controlled, and so could act like hands, eyes, and ears for the operator
on earth. Moreover, such robots could be abandoned without a qualm when they ran out
of fuel or broke down.

Though all this could be done in principle, there may be a point at which the
complexity of the machine to do the job becomes intolerable, and a man is found to be
more efficient, more reliable, and above all more resourceful when unexpected obstacles
arise. It is, in a sense, an article of faith that man will indeed be required to do the job of
cosmic exploration personally— and, furthermore, that he will want to do the job himself,
whether required to or not.

With man’s first venture into outer space a new program of research and exploration
will begin. The program described above will therefore be the dramatic prelude to the
even more dramatic conquest to follow.

Document I-2

Document Title: “Report of the Working Group on Space Research Objectives, Special
Committee on Space Technology,” 14 November 1958.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

The National Advisory Committee on Aeronautics created a Special Committee on Space Technology
in the aftermath of Sputnik, and that committee continued its work even as NACA became the core of
the new space agency, NASA, which came into existence on 1 October 1958. The committee expanded
on Kellogg’s report and other suggestions for initial steps in space science; its thinking formed an
important basis for NASA’s initial space science program.

[Stamped: Official Use Only]
[no page number]
Report of the
WORKING GROUP ON SPACE RESEARCH OBJECTIVES
Special Committee on Space Technology

The Working Group’s recommendations to the Special Committee on Space
Technology with regard to the scientific objects of a National Civil Space Research
Program are concerned with the following categories of space flight:
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I. Vertical Atmospheric Probes

Il. Earth Satellites

I11. Lunar and Solar System Probes

IV. Manned Space Flight and Exploration

and are summarized in the following paragraphs.

I. Vertical Atmospheric Probes

There are apparently no firm plans for continuing the experiments on the upper
atmosphere beyond the expiration of the International Geophysical Year program. It is
the recommendation of the Working Group that the IGY effort in probing the earth’s
atmosphere by vertically fired rockets and by balloon flights be extended beyond the IGY
period at substantially the present level of activity. The Working Group further
recommends that immediate attention be given to maintaining and operating the 1GY
research facilities at Ft. Churchill, Manitoba, and to providing rocket launching facilities
in the Antarctic and from suitable islands.

I1. Earth Satellites*

A program of scientific research with earth satellites is naturally tied closely to the
practical matter of vehicle and propulsion system capabilities. From consideration of the
possibilities it appears convenient to classify the recommended experimental objectives
and research equipment in terms of compatibility with satellite payloads in three order-of-
magnitude categories, 30 pounds, 300 pounds, and 3,000 pounds, as follows:

[2]

A. 30-pound (or smaller) satellite payloads

1. Non-directional monitoring of radio-frequency radiations. Of particular
interest are those wavelengths absorbed or reflected by the atmosphere.

2. Observations in the ultra-violet region of the spectrum — wavelengths 1,000 to
3,000 angsgroms [sic] — in which the astrophysically important lines lie. This
region of the spectrum is inaccessible to observation below an altitude of
about 100 kilometers due to atmospheric absorption.

3. Exploratory ultra-violet observations in the far ultra-violet region of the
spectrum — wavelengths less than 1,000 angstroms.

4. Studies of auroral radiations and of the interplanetary plasma.

5. Cosmic ray exploration.

6. X-ray exploration.

7. Gamma ray exploration.

8. Extra galactic radiation.

9. Observations on meteors, particularly meteor showers.

10. Magnetic field measurements (scalar magnitude).

*“Research in Outer Space - The Basic Objectives of a Continuing Program of Satellite Research”. U.S. National
Committee for the International Geophysical year, SCIENCE, Vol. 127, No. 3302, 11 April 1958, presents more
complete discussions pertinent to most of the investigations suggested in this section.



52 SOLAR PHYsICS FROM SPACE

11. Measurements of radiation energy balance of the earth.

12. Observations of cloud cover.

13. Measurements of atmospheric density.

14. Measurements of refraction of radio waves by the ionosphere.

15. Experiments with powered communications repeaters (10 kc/sec
band width).

16. Biological experiments.

It is the opinion of the Working Group that a firing rate of one satellite per month in
the 30-pound-payload class would represent a proper level of national effort for the above-
listed [3] research program, at least until such time as 300-pound satellites become
available. It is the further recommendation that the number of separate experiments per
satellite flight be kept to a minimum in the interest of simplicity and reliability. It follows
from this recommendation that it may be wise to continue the use of small satellites even
after larger ones become available.

B. 300-pound satellite payloads

1. Ultra-violet stellar spectrometer (star tracking required).

2. Directional and selective cosmic ray experiments.

3. Solar ultra-violet telescope.

4. Mass spectrometry of low-energy particles.

5. Vector magnetic field measurements.

6. Meteorological reconnaissance satellite for observations and facsimile
transmission of cloud patterns, etc.

7. Passive communication sphere (100-foot diameter reflective balloon).

8. Relativistic red-shift experiment (precision required is 1 part in 10, which

may be possible with atomic clocks).
9. Biological experiments with small animals.
10. Navigational radio beacon.

The Working Group suggests that a firing rate of satellites in the 300-pound class of
approximately one every two months, beginning in 1959, would provide the proper level
of support for the program outlined.

C. 3.000-pound satellite payloads

Large solar telescope (of the order of 36-inch diameter).

Large stellar telescope (36-inch diameter).

Long-wave (A >10 meters) radio telescope or interferometer (telescope
diameter in the order of 300 feet or larger).

Gamma ray telescope and spectrometer.

X-ray telescope and spectrometer.

Manned vehicles — prelude to space flight.

Meteorological satellites for routine, continuing operations.

Broad-band communication repeater (6 mc/sec band width).

wh e

[4]
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A firing rate of satellites in the 3,000-pound class of approximately one every four
months, beginning in 1961, is considered to represent a proper level of effort in support
of the research program outlined.

I11. Lunar and Solar System Probes

1. Radio telescopic tracking beacons for vehicles on and in the vicinity of
the moon.

2. Seismic measurements on the moon’s surface by means of explosions and
suitable detectors.

3. Magnetometer or plasma measurements for lunar magnetic field studies.

4. Measurement of density and composition of lunar atmosphere.

5. Study of interplanetary plasmas and interplanetary magnetic fields.

Experiments of, the kind listed above appear to be possible with the propulsion
systems capable of putting large satellites in orbit. For example, it is estimated that a
vehicle capable of launching a 3,000-pound earth satellite can be used alternatively to
accomplish the following: Send a payload of. about 700 pounds to a hard landing on the
moon; send a 500-pound payload to the vicinity of Mars or Venus; send a 100-pound pay-
load to a soft landing on the moon. From a longer range viewpoint, the following broad
exploratory objectives with respect to the moon and with respect to other planets may
be listed:

Planetary and-satellite surfaces.
Planetography.

Atmospheric circulation — clouds.
Chemistry — rocks, erosion.

10. Magnetic fields

11. lonosphere.

12. Biology, ecology, paleontology.

©CooNo

[5]

IV. Manned Space Flight

The Working Group endorses manned space flight and exploration as proper
objectives of a national program of space research.

SUPPLEMENTARY. RECOMMENDATIONS AND REMARKS

A. Component development.

In connection with the implementation of the space research objectives, the Working
Group calls attention to the vital need for reliable, long-lived, and efficient instrumentation
system components, and strongly recommends an early beginning of a sustained program
for their development. An expenditure of approximately 10 percent of available space
research funds for component development is suggested as a reasonable level of support.

The following list compiles some of the important items in need of early
development effort:
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Equipment, Components, and Techniques:
(With emphasis on low weight, high reliability, operation over wide temperature
ranges, mechanical ruggedness, and long life).
1. Electrical power supplies for on-board instrumentation.
a. Storage batteries with increased reliability and cycling efficiency with specific
outputs of greater than 40 watt-hours per pound.
b. Photovoltaic cells with high efficiency and low weight.
c. Solar heat engines.
d. Power supplies using radioactive isotopes.
e. Nuclear reactors in the range from 5 to 10 kilowatts.

[6] 2. Communications and electronic components.
a. Long-lived and reliable microwave tube with low power consumption (minimum
life 10 hours).
b. Information storage devices.
c. Photoelectric image tubes with long integration time (of order 1 hour) and
long life.
d. All passive components, which include resistors, capacitors, insulation, etc.
e. Vacuum tubes.
f. Transistors, diodes and other semiconductor devices.

3. Equipment for control of orientation of apparatus and entire vehicles.

4. Devices for control of temperature of on-board apparatus.

B. Operational Control, Data Reception and Processing.

The Working Group recommends that there should be an adequate worldwide
network of tracking and data receiving stations. In addition, it is proposed that there
should be established a central laboratory or station for direction and coordination of
flights, reception and processing of telemetered data, computation of orbits,
communications, and the like.

C. Launching Sites and Nature of Orbits Required.

The Working Group calls attention to the vital importance of high inclination orbits
for the proper execution of many of the programs of research observations listed above.
For other of the programs equatorial orbits are more desirable. Hence the establishment
of new launching sites suitable for these purposes is recommended as an
early undertaking.

A perigee altitude of approximately 250 miles will likely be adequate for most of the
experimental satellite programs for the next several years. For certain experiments (e.g.,
magnetic field and auroral observations) orbits of high eccentricity are desired. For others
(e.g., communications relays) low eccentricity orbits are preferable.
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[7] D. Use of Obsolescent Military Vehicles.

In many cases large economies can be effected by using obsolescent military vehicles
or combinations of such vehicles. It is recommended that close liaison be maintained with
the military establishment in this connection.

E. Recovery.

Physical recovery of payloads is of special importance in biological and medical
experiments and as a preparation for manned space flight. It will also be of value in
certain physical experiments; though it is not as essential there

F. Grants and Contracts.

The Working Group recommends a greatly expanded program of grants and
contracts for the accomplishment of many of the objectives listed herein.

G. Biological and Medical Research.

The Working Group on Space Research Objectives has given relatively cursory
consideration to biological and medical research in view of two facts:
(a) The Special Committee on Space Technology has another Working Group on
Human Factors and Training.
(b) The National Academy of Sciences, the National Science Foundation, and the
American Institute of Biological Sciences will hold a four-day symposium (14-17
May 1958) on these specific topics.*

H. Classification and Security.

It is recommended that the national space research program be conducted on an
unclassified level insofar as feasible without risk to the national security in order that the
scientific talent of the country may participate to the fullest extent and in order that
fruitful international cooperation may be developed.

Document I-3

Document Title: NASA Discussion Group on Orbiting Solar Observatory Project,
“Minutes of Meeting,” 23 May 1959.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

*The Proceedings of the Symposium on the Possible Uses of Earth Satellites in Life Sciences Experiments will
be published by the University of Michigan Press, probably in mid-1959.
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In 1958, John Lindsay, along with several of his colleagues, moved from the Naval Research
Laboratory to the new NASA to form the core of NASA’s initial space science staff. In May 1959,
Lindsay assembled a “discussion group” of those who were interested in solar research to discuss an
initial NASA project in the area. Out of these discussions emerged what became known as the Orbiting
Solar Observatory project.

[1]
8 June 1959

MINUTES OF MEETING
NASA Discussion Group
on
Orbiting Solar Observatory Project
NASA Headquarters
Washington, D. C.
23 May 1959

SUMMARY OF GROUP ACTION

1. The initial meeting of a group interested in the NASA Orbiting Solar Observatory
Project was held at 9:00 a.m. in the 9th Floor Conference Room of the NASA Technical
Building, Washington 25 [sic], D. C.

2. There was no action that required the attention of the Administrator.

3. The purpose of the meeting was to discuss the technical, scientific, and engineering
possibilities of placing a solar observatory in orbit.

4. The first Working Group meeting will be arranged by the Chairman; no date nor
location was suggested.

[2] In attendance were:

John C. Lindsay, NASA, Office of Space Sciences - Chairman
Edward T. Byram, Naval Research Laboratory

Talbot A. Chubb, Naval Research Laboratory

Robert M. Crane, NASA, Ames Research Center

Robert Davis, Smithsonian Astrophysical Observatory
Richard B. Dunn (for Walter O. Roberts), High Altitude Observatory
Laurence Dunkleman, NASA, Office of Space Sciences
Warren Gillespie, NASA, Langley Research Center

Harry Goett, NASA, Ames Research Center

Leo Goldberg, University of Michigan

Fred T. Haddock, University of Michigan

Robert Jones, NASA, Ames Research Center
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James E. Kupperian, NASA, Goddard Space Flight Center
William Liner, University of Michigan

James Milligan, NASA, Goddard Space Flight Center
Roger C. Moore, NASA, Office of Space Sciences
Joseph J. Nemecek, Naval Research Laboratory
William A. Rense, University of Colorado

Nancy G. Roman, NASA, Office of Space Sciences
Gerhard F. Schilling, NASA, Office of Space Sciences
Morton J. Stoller, NASA, Office of Space Sciences
William C. Triplett, NASA, Ames Research Center
William A. White, NASA, Goddard Space Flight Center

After a short introduction by G. F. Schilling in which the purpose of the meeting — to
discuss the technical, scientific and engineering possibilities of placing a solar observatory
in orbit — was stated, the meeting was turned over to J. C. Lindsay.

Lindsay opened the discussion by presenting some of the background material and
requirements for the project. An instrument will be used to point a satellite at the Sun.
Three satellites are being considered. The launching vehicle in each case is expected to
be the Thor-Delta which has a total payload capacity of the order of 300 pounds. The
pointing control system with a desired pointing accuracy of 1° of arc will approximate
about half the payload weight, leaving about 150 pounds for the experiment and its power
supply. A circular orbit of 300-500 miles is contemplated and the satellite should have a
minimum lifetime of one month. The [3] package, probably spherical, should withstand
a temperature range of 15°-115° F and vibration testing of 20g.

Two types of pointing control instruments are being considered. One system
essentially is a gyroscope spinning 2 rps with the spin axis perpendicular to the radius
vector to the Sun. Attitude is accomplished by using the satellite’s precession motion.
Equipment can be mounted on the pointing control platform and in the rim of the
spinning fly wheel. The second pointing control system removes the initial angular
momentum by transferring it to a set of throw-away fly wheels. This system is more
complex than the above scheme which is basically a one-step increase over rocket controls
now in use.

Many questions were raised regarding optical packaging and equipment
arrangements within the satellite. It was pointed out that since a fixed time schedule and
known vehicle were involved elaborate ideas should be kept to a minimum. Since no final
decisions have been made, however, the only set requirements are those originally stated
regarding weight, etc.

The expected operational lifetime of one month was questioned and raised some
concern. The lifetime of the first scheme depends on the helium needed to run the jets. Of
course, a larger supply of helium at the expense of equipment for experiments would result
in longer life. The lifetime of the second scheme, also one. month, depends on the batteries
to run the stabilization fly wheels. Solar batteries would increase the expected lifetime, but
the system-would be less economical and require a longer time scale for development. No
firm answer was given regarding a desired lifetime for the observatory although it was-
mentioned that six months to a year would be desirable. On the other hand, it was suggested
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that a six-month life was important if individual solar regions could be studied. The group
agreed that the lifetime problem should be investigated very thoroughly.

Possible Experiments

Robert Davis — Smithsonian — was interested in a tag-along experiment on the solar
camera pointing at something other than the Sun or in a slit spectrograph pointed at
Sirius. This experiment, it was felt, was more suited to a rocket or X-15 airplane. Further
discussion raised the possibility of need for an interim vehicle to point at stars.

[4] Leo Goldberg — University of Michigan — was interested primarily in the large
orbiting astronomical observatory and would like to use this vehicle as a preliminary
experiment. They Would install one of their three spectrographs, perhaps in the 600-1500
A range. The scheme requires 3-axis stabilization but might be workable with 2-axis.
Details of the experiment would depend on the answers to the questions raised regarding
equipment arrangements and expected lifetime. Goldberg remarked he would like to
know where the instrument is pointing exactly and suggested scanning the Sun in a fixed
manner, say along a solar diameter with repeated operations after moving a small amount.
He also requested a copy of the artist’s conception of the pointer and mentioned that he
would like to fly radio equipment in the same vehicle.

Fred T. Haddock — University of Michigan — Radio equipment would not be
appropriate without optical equipment. Equipment required would be a sweep frequency
receiver with its beam directed toward the Sun, a magnetic recorder, and 30 pounds of
batteries, a total of 50 spinning pounds. The receiver would be in the 5-30 Me range and
would require 1-2 kilowatt hours for steady operation. A short antenna, either a 3’
diameter loop or a 30" whip erected after launching, would be needed. Ground station
operations also were necessary. Haddock suggested that the listed weights could be
lowered, which lead Lindsay to read typical STL (Space Technology Laboratories)
package weights. The group requested copies of this published information.

William Liller — University of Michigan —would like to scan the Sun in the light of one
line. This raised the scanning issue. The group preferred to wait on their answer, but
indicated that they would require probably only a slow scan of 1’ of arc in 1m of time.

William A. Reuse — University of Colorado — Using an Eschelle spectrograph with high
resolving power, Colorado wants to monitor the Lyman Alpha profile as a function of time
for neutral cloud detection, a portion of the Lyman continuum in the 890-910 A range to
determine cloud organization, and the 303 A radiation. No total weight estimates were
given although the optical parts would be about 45 pounds.

William A. Rense for High Altitude Observatory — With a coronograph mounted in,
the satellite, HAO would hope to get spectra of the corona in the near or possibly even
the far ultraviolet. [5] The project, including pointing control, would cost
approximately $80,000.
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Richard B. Dune (for Walter O. Roberts) — High Altitude Observatory — Using the
313-1216 A range the Lyman continuum would be monitored continuously for
meteorological effects.

Talbot A. Chubb — Naval Research Laboratory — was interested in a general purpose
instrument with a long life. Chubb was in favor of placing all pointing controls in the
wheel of the satellite, leaving the stabilized platform free for experiment. He would mount
a telescope or spectroscope on the platform with separate azimuth and elevation drives in
the wheel. Separate power supplies for the wheel and platform also were desirable. Since
he basically was interested in making measurements from one place on earth the satellite’s
orbit would have to be a very long one. This experiment requires an appreciable angular
momentum although Chubb felt it might be done without.

General Remarks

Lindsay asked the group if they felt the smaller, less expensive solar observatory would
be useful even after the large astronomical observatory had become available. There was
general agreement from the group and specific agreement from Goldberg and Chubb. It
seems desirable, therefore, to consider a scheme for orienting the optics of the instrument
after the satellite has been launched.

Lindsay also wondered to what extent the group was interested in correlated ground
based programs. There was no clear agreement on this question although people seemed
reluctant to commit their institutions to full-time space work.

Roman wondered what people would be willing to sacrifice experimentally to gain
extended satellite life and 3-axis stabilization. Goldberg suggested a table of weights vs.
gain to answer this question.

Goldberg was interested in a summary of the pointing control schemes available and
the group wanted the specifications of the pointing control finally selected for
the experiment.

Schilling suggested that interested parties in the group send advance proposals
containing budgets for the next 6 to 12 months and additional requirements to Lindsay.
NASA connected groups should submit memos. Formal proposals should be sent to NASA.

The first Working Group meeting for this project will be arranged by Lindsay.

The meeting adjourned at 1:00 p.m., 23 May 1959.

Document I-4

Document Title: Letter from Walter Orr Roberts, President, University Corporation for
Atmospheric Research, to Dr. Leo Goldberg, Harvard College Observatory, 26 June 1961.

Source: Archives, National Academy of Sciences, Washington, D.C.
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Once the Orbiting Solar Observatory project was well under way, NASA began planning for a follow-
on project. An initial meeting to define the scientific objectives of the project was held at the new
National Center for Atmospheric Research (NCAR) in Boulder, Colorado, which was operated by the
University Corporation for Atmospheric Research (UCAR). In this letter, UCAR President Walter Orr
Roberts communicates his thinking on research objectives to Dr. Leo Goldberg, a Harvard astronomer
with a particular interest in solar research. Dr. Goldberg was chair of one of the committees of the
Space Science Board working to define space science efforts for the 1960s and beyond. The “HAQO”
referred to in Roberts’ letter is the High Altitude Observatory, also operated by UCAR.

[no pagination]
UNIVERSITY CORPORATION FOR ATMOSPHERIC RESEARCH

26 June 1961
Office of the Director
Boulder, Colorado

Dr. Leo Goldberg

Chairman, SSB Committee 2
Harvard College Observatory
Cambridge 38, Massachusetts

Dear Leo:

You no doubt have seen Ned Dyer’s memo of 2 June to members of SSB Committee
2, asking for projects and proposals for space research within the framework of the
COSPAR recommendations of last April. Many of the topics listed in the
recommendations fall outside the scope of NCAR and HAO. However, | so want to
comment on several items in which we are involved to some degree. The reference
numbers are those of the list of resolutions in the memo.

12) Solar Spectrum.

We have no specific plans for taking spectra of the solar disk or corona from beyond
the atmosphere of earth. We have had some interest in a far uv coronagraph — but have
not moved beyond very general thinking and are clearly not at a proposal stage yet. | feel,
however, that it is most important to maintain reliable and essentially continuous
photometric standardization between surface and space measurements of spectra,
especially of the corona. New data taken in space will lose much of their meaning and
usefulness if they cannot be related reliably to the accumulation of solar spectral data
from surface observatories. Because of this consideration, it is disquieting to note that the
efforts to maintain continuous and high quality standardized coronal observatories at
various stations have been deteriorating in recent years.

HAO and Sac Peak continue to calibrate all coronal spectra with reference to the solar
disk as the photometric standard. Zirin and Firor are currently developing an application
of the photoelectric image tube to the Climax spectrograph, based on some preliminary
work last year. We expect that this technique will result in standardization of improved
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accuracy, as well as a more detailed analysis of the coronal emissions. However, coverage
is not all it should be. And the ground back-up for evaluating space spectra may be
inadequate unless this aspect of a solar activity service is not pushed.

We are currently renovating the HAO 5-inch coronagraph system at Climax,
improving the optical system and making some changes for greater flexibility of
operation. We are also in the midst of construction of a 16-inch coronagraph and
spectrograph system, which we expect to have in operation sometime next year. This large
system will be used however, primarily for detailed investigation of limited features and
processes, rather than for general patrol observations.

13) Solar Constant; 14) Spectroheliograms.

No program planned here, but | would like to emphasize the comment under (12),
on the importance of adequate standards to provide ground-based back-up for
space photometry.

15) Solar Coronagraph.

Note comments under (12). In addition, HAO is actively interested in observation of
the K-corona, having developed and operated, during IGY, an instrument for mapping the
K-corona by polarization measurements at the surface. This instrument will continue to
be available at Climax. We are also interested, tentatively, in adapting the K-coronameter
for balloon or satellite use. Space observatories appear indispensable for continuity in
observations of the corona; but I believe that the balloon may offer advantages in accuracy
for selected supplementary observations, and may permit observations out to substantial
coronal heights.

16) Interplanetary Medium.

Again, | believe that accurate correlation of surface and space observations is of
highest importance, and need supplementation. HAQO'’s part, so far, has been to operate
a radio interferometer inthe 8-50 Mc/s range, under Warwick’s direction, principally on
the Sun, radio stars, and Jupiter. This instrument is capable of localizing radio noise
sources on the Sun, and thus of developing correlations between radio emissions and
flares or other optical events. Such ground-based radio and optical observations of
eruptive solar events can be of great value in coordination with space measurements in
the interplanetary medium. Solar events can be expected to produce variations in the
density, speed, and temperature of the interplanetary gas, in the magnetic field, and
possibly other parameters of the medium. Again, the significance of such measurements
will be greatly enhanced if they can be accurately related to surface observations.

19) Solar Events and Cosmic Rays.

Coordination of cosmic-ray and solar observations, particularly during the IGY, has
greatly enriched our understanding of these phenomena. We feel that 1QSY requires
improvement, not relaxation, of this coordinated effort. In particular, the flare-patrol
network needs to be improved particularly as to resolutions (both space and time), to
record small flares and other minute or faint disk features that are of relatively minor
importance during solar maximum phase. Intensified observations of the K-corona,
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zodiacal light from space, and magnetic observations of the disk are especially important
in connection with the problem of M-region disturbances.

In addition to the solar observing activities already mentioned, HAO will continue to
assist the University of Chicago and the University of Maryland by providing a location and
routine maintenance at Climax for two cosmic-rays recording systems. These instruments
already have produced valuable evidence of relationships between solar activity and
cosmic-ray inputs to the earth.

22) Meteorological Rocket Network.

NCAR is actively interested in the development of meteorological rocket observations.
Because of the early stage of development of our organization, the extent and direction
of our interest is not yet clearly formulated. However, NCAR is sponsoring a conference
next month of representatives of the participants in the meteorological rocket network in
this country. The purpose of this meeting is primarily to evaluate alternative measurement
techniques for temperature and density above 100,000 feet from the standpoint of
accuracy and reliability.

26) Formation of Panel on Synoptic Rocket Soundings.

Again, because of the early stage of NCAR'’s development, we can only express interest
in this area in a general way. While our research interests obviously may develop in various
directions, we are particularly interested in experiments and observations that will help
clarify the dynamics of the mesosphere. Consequently, we heartily approve the formation
of the Panel, and will be interested in considering possible means of cooperation with it
as our activities develop.

These are my feelings—developed rather hastily—as to the ways in which definite or
tentative programs and activities at HAO and NCAR can relate to the space objectives
outlined in the COSPAR resolutions. Undoubtedly modifications in these prospects will
develop; | hope some of these can be in the direction of still more effective participation
in a closely coordinated surface-space program of investigations.

With best regards.
Cordially,

[signature]
Walter Orr Roberts
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Document I-5

Document Title: Space Science Board, National Academy of Sciences—National Research
Council, A Review of Space Research, 1962.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

The 1962 summer study on space research, organized by the Space Science Board at the University of
lowa, was a seminal event in defining future U.S. space science efforts. Participants in the study
included those from all disciplines who were interested in space science and NASA staff. This is the
excerpt from the report of the summer study which deals with solar research.

[2-1]

Chapter Two
ASTRONOMY*

l. Introduction

Since 1947, when the first ultraviolet spectrograms of the Sun were obtained from
above the atmosphere with sounding rockets, astronomy has been on the threshold of a
long-awaited era. With the launching of NRL’s Solar Radiation Satellite 1 and, now,
NASA’s stabilized Orbiting Solar Observatory I, the narrow bounds which the terrestrial
atmosphere has always imposed on the exploration of the full astronomical spectrum are
breached still further. The spectrum opens out, not for just the few precious seconds when
a sounding rocket or the X-15 climbs the apex of its quick trajectory, but for weeks and
even months at a time.

The Orbiting Solar Observatory (OSO), with its complement of various detectors,
marks the first in a carefully planned series of orbiting observatories, some to observe the
Sun and some the stars. Successive members of the series will grow in power and
versatility; the detailed designs are well advanced for the next three or four. Launchings
of all spacecraft planned at present will occur within the next four years, if the existing
schedule can be maintained. Some tentative plans are already being made for the orbiting
observatories that will first go into service in 1967 and later years.

The successful flight of the first OSO is therefore highly portentous for all of
astronomy. While it is still in orbit, and its successors are still abuilding, the time is ripe for
an independent reassessment of the whole astronomy program. This has been one
objective of the Space Science Summer Study. We have tried to steer a middle course
between a study that is so broad that its conclusions find no applications in the present
conduct of the NASA program, and one that is so detailed that it attempts to judge the
scientific utility and/or engineering feasibility of every specific experimental proposal.

* See Appendix 11 for list of participants in the Working Group on Astronomy [appendix omitted].



64 SOLAR PHYsICS FROM SPACE

FINDING: In broad outline we endorse the present NASA astronomy program.

[11-5] I11. Orbiting Solar Observatories

A. General Considerations

There is little disagreement among solar astronomers on the broad and important
questions now awaiting solution. These questions can be listed briefly.

(i) Evolution: What is the origin and course of evolution of the Sun and similar stars?

(ii) Internal Structure: What are the details of the processes by which energy

progresses outward from the center of the Sun? What is the composition and physical

state of the Sun at all levels? What is the origin of the solar magnetic field and the

solar cycle?

Answers to the foregoing questions lean heavily on theoretical studies and laboratory
work on properties of atoms. The following questions are more directly related to present
solar observations:

(iii) Photosphere: What are the physical conditions in the photosphere? What is the

spectrum of the turbulence observed there?

(iv) Chromosphere: What is the structure of the chromosphere? In particular, how

can one account for the increase of temperature with height which continues into

the corona?

[2-6]
(v) Solar Activity: What is the origin and energy supply of the many sporadic
phenomena observed on the Sun — sunspots, flares, radio bursts, etc.?
(vi) Corona: What is the form of the outer corona? How does it connect with the
interplanetary medium?

Those scientists studying the Sun at the present time feel the need for improvements
in observational capabilities in at least two respects that are uniquely attainable by space
facilities. These are angular resolution and wavelength range.

1. Angular Resolution. A number of problems of interpreting phenomena on the
Sun depend at present on improved knowledge of the fine structure of the solar
atmosphere. This is true for problems of photospheric turbulence, chromospheric
models, the physics of active solar regions, and the heating of the chromosphere and
corona. Most of the world’s solar astronomers are now engaged in studying one or more
of these problems. Solutions to these problems depend strongly on better angular
resolution.

There are some opportunities for improvement in the resolution in observations
made from the ground. With full exploitation of such techniques as the utilization of good
observing sites, the suppression of turbulent air currents in and around the telescope
dome structure (sometimes done by discarding the dome altogether), shutter control by
photoelectric seeing monitors, very short exposures, and possibly other techniques, the
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number of photographs of solar features with resolution of 1 second of arc or better will
be greatly increased.

In the special case of the height gradients in the solar chromosphere, a ground-based
technique is available which allows even better effective resolution. During a typical solar
eclipse, observations of the chromosphere closely spaced in time during totality record
the emission from the narrow region of the chromosphere covered or uncovered by the
Moon’s motion during the short time interval between observations. The height
resolution so obtained is equivalent to that which could be derived from direct
observations with a resolution of 1/10 second of arc.

Experience to date with the balloon-borne telescope for photographing white-light
features of the solar disk demonstrates that a resolution of 1/2 second of arc can be
dependably obtained at 80,000 feet altitude. The limit arises in part from solar heating of
the mirror and of the small amount of air still in and around the telescope.

Each improvement of angular resolution in the ground-based and balloon
observations contributes to the understanding of solar phenomena. It is important to
realize, however, that none of the improvements and techniques suggested in the
preceding paragraph, with the special exception of the eclipse observations, can obtain
a resolution smaller than the scale height of the phenomena observed. In the higher
solar atmosphere the temperature and scale heights become very large and the
resolution obtained with ground-based measurements may be smaller than the scale
height; however, current disagreements in the temperature of this region as determined
by different methods can be interpreted as being due to an as-yet-unobserved fine
structure in the corona.

[2-7] The resolution needed to make major progress in an area is not always known. In
the case of the spectrum of photospheric turbulence a resolution of 1/10 second of arc
should be sufficient. Pictures of active features of the chromosphere and low corona made
at the limb of the Sun with a resolution of 1 second of arc or slightly better show features
at the limit of resolution of the picture. Similarly the quiet chromosphere has features
which visual observers claim are finer than anything yet photographed.
FINDINGS: In summary, it seems clear that the capability of photographing or
otherwise recording solar features with an angular resolution of 1/10 second of arc is
needed now and would produce great advances in solar physics. This requirement
cannot be met from the ground, nor from any solar spacecraft now being planned.
There seems to be no reason why the pointing and stabilization techniques being
developed for the OAO cannot be adapted to a solar observatory. The development
of such a spacecraft represents the next important task for solar astronomers to take
up with the active support of NASA.

2. Wavelength Range. Almost all of the visible light from the Sun originates in a layer
of the Sun’s atmosphere, the photosphere, which is a few hundred kilometers thick.
Higher layers are therefore difficult to observe using visible light, not only because of the
obscuring effect of the bright photospheric light, but also because the higher layers,
having conditions of temperature and density quite different from the photosphere,
radiate mostly in wavelengths outside the visible band. Similarly, the active features of the
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Sun, such as active prominences and flares, represent a wide range of physical conditions,
and a complete description of these phenomena requires observations made over broad
wavelength regions outside the visible.

For two reasons the extension of satellite observations to the ultraviolet and X-ray
region seems more important at present than an extension to the infrared. First, the
infrared radiation comes principally from the upper photosphere, and its observation may
not tell us much that is not already deducible from observations in the visible. Infrared
observations would actually favor regions of lower temperature than the photosphere, and
most of the solar atmosphere above the photosphere is at a much higher temperature
than the photosphere. Second, much of the infra-red emission from the Sun can be
observed from the ground and, even better, from balloons through a series of
atmospheric windows; this field is far from being fully exploited.

Much effort has already gone into ultraviolet and X-ray observations of the Sun
from rockets and satellites. Rocket-borne instruments have sampled the ultraviolet and
X-ray emissions, and have photographed and scanned the spectrum of the Sun from
the visible down to about 100 A. The first OSO has given repeated scans of the far-
ultraviolet spectrum over several weeks and has thereby demonstrated that the line
emission in this wavelength range is variable, some lines increasing in intensity at times
of solar flares.

The needs for improved angular resolution and for extension of measurements to
shorter wavelengths are not, of course, independent. We confidently predict that the need
for angular resolution in the ultraviolet and X-ray wavelengths will be similar to those
needs already developed in the visible wavelengths.

[2-8] B. Present OSO Program

The OSO (S-16) has opened up the ultraviolet and soft X-ray wavelengths for
essentially continuous observation. The scheduled S-17 will add the capability of scanning
the disk of the Sun at particular ultraviolet wavelengths with a scanning aperture of about
1-v, minutes of arc, and will provide routine monitoring at Lyman-{J, He 18584, and He
118304 with 1-minute resolution, and in two X-ray bands. The S-17 will also explore the
possibilities for detecting the visible light from the outer corona, taking advantage of the
lower intensity of interfering scattered light outside the atmosphere.

FINDING: We foresee a continuing need for explorations of the solar spectrum and
recommend that S-16/S-17 type flights be continued at the rate planned by NASA,
about two launchings per year for several years.

The need for continued use of the OSO will not come exclusively from the
requirements of solar physics. For example, the study of the ionosphere and the higher
regions of the Earth’s atmosphere is dependent on a quantitative description of ultraviolet
radiation incident on the atmosphere. One sensitive technique for measuring the height
gradients of terrestrial atmospheric constituents is the measurement of the solar
ultraviolet spectrum as a function of height of the spectrometer or photometer carried in
a sounding rocket. Success of this technique depends in part on a satellite monitor of the
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solar ultraviolet spectrum so that the height curves may be corrected for solar variability
during the sounding rocket flight.

The OSO is especially needed in the next few years for observations to be used in
studies of flare prediction. (See the section on ground-based solar observations for a
discussion of this point. [omitted])

C. Advanced OSO Program

Possible design specifications for an advanced OSO, as explained by NASA
representatives, assume a Thor-Agena B launch and a polar, slightly retrograde, orbit.
They provide for payload space which would allow optics 10 feet long and up to 22 inches
in diameter, pointing accuracy of 5 seconds of arc, pointing stability of 1 second of arc for
5 minutes, and various raster scans of selected regions of the Sun by the whole spacecraft.
Data storage could be 40 x 10° bits/orbital revolution.

These specifications describe a spacecraft which is a major improvement over the S-
17 in two respects: (i) in the pointing accuracy and stability and (ii) in the size of optics
that can be carried. The great need for stable pointing stems from the requirement for
improved angular resolution discussed above. The need for longer and heavier optics will
certainly arise, both because of the long focal lengths required to make use of the high-
resolution capabilities, and because of the need for high spectral resolution to analyze in
detail the ultraviolet and possibly visible spectrum. The proposed spacecraft is therefore
the next logical step needed to advance solar physics.

[2-9] RECOMMENDATION: We recommend that NASA develop, for solar observations,
a spacecraft more advanced than the present OSO, to be ready for use in late 1965 or
early 1966.

Certain auxiliary instrumental development must progress rapidly if full advantage is
to be taken of the advanced OSO. Foremost among these is the consideration of the
thermal problems of high-resolution optical systems pointed at the Sun. If the problem of
thermal stability of the optics can be solved, the projected pointing stability of 1 second of
arc for 5 minutes and the payload diameter of 22 inches hold the possibility of
approaching, with short exposures, the desired 1/10-second resolution. Full utilization of
such high resolution requires also the existence of electrical read-out image tubes of
several-thousand-line resolution (see Section VII.A of this chapter [omitted]) and the
commitment, at least occasionally, of the entire memory to this image device.

Document I-6

Document Title: Space Science Board, National Academy of Sciences—National Research
Council, “Space Research: Directions for the Future,” 1965.
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Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

The Space Science Board convened another wide-ranging space science summer study in 1965, this
time at Woods Hole Massachusetts. Once again, a group interested in solar research was part of the
summer study. This excerpt from the study report contains their assessment of the state of solar research
and its future direction.

[cover sheet]
SPACE RESEARCH
DIRECTIONS FOR THE FUTURE
REPORT OF A STUDY
by the
SPACE SCIENCE BOARD

WOODS HOLE, MASSACHUSETTS
1965

Publication 1403
NATIONAL ACADEMY OF SCIENCES-NATIONAL RESEARCH COUNCIL
WASHINGTON, D. C. 1966

[177]

[chapter] 11l Solar Astronomy
1. INTRODUCTION

AIMS OF THE WORKING GROUP

As part of a summer study of space science by the National Academy of Sciences, the
Solar Astronomy Working Group met at Woods Hole, Massachusetts, from June 21 to July
3, 1965. In many ways this study can be regarded as a follow-up to a similar conference
held at the State University of lowa in 1962, the proceedings of which have been published
as “A Review of Space Research” (Publication No. 1079 of the National Academy of
Sciences-National Research Council).

The direct objective of the Solar Astronomy Working Group was stated as follows: “To
examine future needs of, and opportunities for research in solar astronomy, using all
space techniques ranging from orbiting observatories more advanced than the Advanced
Orbiting Solar Observatory (AOSO) and possible manned facilities, to small satellites and
sounding rockets.”

Scientists participating in the work of the Working Group on Solar Astronomy are
listed in the Appendix. The recommendations of the Working Group are listed at the end
of this Section; the discussion leading to these recommendations is found in Section 2.
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SOLAR ASTRONOMY AND SOLAR SPACE ASTRONOMY

At the beginning of a report on solar space astronomy, it is appropriate to emphasize
the unity of solar research, and to point out that observations from space and observations
from the ground are simply two aspects of a [178] single venture. Clearly, if one wants to
obtain all possible information about the Sun, one uses every means at his disposal; one
must never forget that space and ground-based astronomy are partners—not
competitors—and the knowledge to be gained from using the two together is very likely
greater than the sum of the two used separately. If, for example, the time development of
flares could be followed in the light of He | A584 from a spacecraft and in the light of He
I A 10830 from the ground, it would be far more valuable to observe a particular flare
simultaneously in both lines than simply to observe any flare in either line separately.

There are three major reasons why the Sun is important: first, because of its intrinsic
interest as the only nearby star; second, because of its effect on the planets and,
in particular, the Earth and the human race; third, because it is a valuable
astrophysical laboratory.

As the only star on which detailed observations can be made, the Sun holds a unique
position in stellar astronomy. Because the disk of the Sun can be resolved, single features
— sunspots, prominences, granules, and flares — can be observed, and spectral scans across
the disk from center to limb can be made, which in turn give directly the temperature and
density in the photosphere as they vary with depth. The solar atmosphere can be used as
a standard against which theories of stellar atmospheres and spectral-line formation can
be tested. Stellar spots and cycles of activity can at present be studied in detail only on the
Sun. Theories of convection can be tested on the Sun, where granulation and
chromospheric microstructure can be seen. Chromospheres and coronas are seen
nowhere else in as great detail as on the Sun. Finally, the Sun is a stable, main sequence
star that serves as a photometric and spectroscopic standard for stellar work. Every new
piece of information about the Sun contributes to our comprehension of the stars.

Knowledge of the Sun is indispensable to an understanding of the physics of the Earth
and other planets. The Sun is the source of virtually all the heat and light a planet receives.
Photon flux from the Sun causes dissociation, excitation, and ionization of atoms and
molecules in planetary atmospheres, produces ionospheres, maintains planetary heat
budgets, causes escape of atmospheres from the planets, is responsible for weather, and
controls any life that exists on the planets. Particle flux from the Sun affects planetary
ionospheres and magnetic fields, produces auroras, fills the interplanetary region, and
changes the chemical abundances by producing nuclear reactions in planetary
atmospheres. In addition, solar radiation (photon and particle) affects the Moon, comets,
meteoroids, and asteroids, as well as grains in interplanetary space. In fact, the whole solar
system can be viewed as being imbedded in the outer solar corona.

The importance of the Sun to life can scarcely be overemphasized: solar energy
ultimately sustains practically every living organism — both plant and animal. Radiation
from the Sun has also controlled the atmosphere and environment in which life has
developed, and thus has been the principal determinant in shaping the course of
evolution. Biology is [179] therefore interested not only in the present radiation (photon
and particle) from the Sun but also in any changes that may have occurred during the
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Earth’s history. With the dawn of the space age, an upsurge of interest in exobiology — life
outside the Earth — has taken place. This has increased the demand for an intimate
knowledge of all solar radiation, especially in the ultraviolet and x-ray regions of
the spectrum.

A subject deserving special consideration under the general topic of the effects of the
Sun on its environment is the effect of the Sun on man. Living as he always has, on Earth,
where the atmosphere shields him from the harmful radiations of the Sun, man has
tended to look upon the Sun as completely benign. With the coming of the space age and
man’s emergence from within the protective atmospheric envelope, however, the problem
of shielding astronauts from solar radiation must be faced. Solar protons (and possibly x
rays) emitted at the time of solar flares pose the most serious danger. If man is to work in
space, outside of a heavily armored module, the Sun must be constantly monitored so that
the astronaut will have immediate warning of any solar event from which radiation might
be sufficiently intense to force him to re-enter his spacecraft. Further knowledge about the
nature of flare events, which would enable scientists to better predict their occurrence or
better shield the astronaut, would be of substantial benefit.

Ever since Janssen’s discovery of helium on the Sun, it has been apparent that the Sun
can be used to complement the terrestrial scientific laboratory, for there are available in
the Sun combinations of temperature, density, and path length quite beyond terrestrial
capabilities. Although its potential value in this respect has not been fully utilized (and is
perhaps not clearly appreciated by all scientists), the Sun has been exploited as a
laboratory by workers in several branches of physics. The measurement of precise
wavelengths of spectral lines from highly ionized elements in the corona was used by
Edlen to determine a number of atomic parameters otherwise inaccessible. Recently, both
in this country and abroad, scientists have used the Sun as a source for spectra of
wavelengths that are not otherwise producible in the laboratory. In the same way,
observation of many strong lines near 170 A in the solar spectrum stimulated efforts in
several laboratories to obtain spectra from highly ionized atoms in an attempt to identify
these solar lines. As the ultraviolet spectrum of the Sun is examined more carefully, one
may expect to gain important new knowledge of atomic physics and spectroscopy. The
Sun has also been, and still is, important for studying nuclear reactions and testing
theories of nucleogenesis. The solar atmosphere provides — in such features as spicules,
the corona, and the convection zone — a large-scale laboratory in which phenomena of
aerodynamics and hydrodynamics can be observed. In fact, observations of the outward
particle flux from the Sun have stimulated a great deal of important work on the solar
wind and interplanetary plasmas. Finally, the Sun provides unique opportunities for the
study of plasma physics and magnetohydrodynamics. In addition to the solar atmosphere
[180] itself, which can be regarded as a giant plasma, such features as sunspots,
prominences, flares, and the corona are examples of the interaction between plasmas and
magnetic fields. The Sun is a readily available source in which many waves and oscillatory
phenomena of interest in magnetohydrodynamics—acoustic waves, magneto-acoustic
waves, electromagnetic waves, and Alfvén waves—occur naturally. As solar research
progresses, discoveries of interest to several disciplines will undoubtedly be made, and
many new uses will be devised for our convenient astrophysical laboratory.

In summary, we emphasize once again the central position of solar astronomy and the
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contributions that it makes to such fields as stellar astronomy, radio astronomy, planetary
atmospheres, interstellar matter, biology, atomic physics, and meteorology, as well as its
influence upon such very practical matters as radio communication on the Earth and the
safety of an astronaut.

Although the reasons for observing the Sun from above the Earth’s atmosphere have
already been listed in many places, we mention them once again in order to remove any
existing doubt concerning the benefits to be gained by putting telescopes into space. The
most obvious reason is the possibility of observing the ultraviolet and x-ray solar spectrum.
Gases in the Earth’s atmosphere completely block from our view all radiation with
wavelengths shorter than about 2900 A. Yet this obscured spectral band is vitally important
in understanding the Sun for several reasons: the resonance lines of most elements lie
within it; it is emitted by the interesting region of temperature inversion just above the
photosphere; it contains many of the strongest coronal lines; and the most violent
variations of radiation with solar activity are observed within it. The preliminary work that
has already been done in the ultraviolet spectral band by means of sounding rockets and
satellites has added greatly to our knowledge of the Sun. More complete observations
(including x-ray and gamma-ray detection), offer the most fruitful means of
understanding the processes taking place in the upper solar atmosphere. It is especially
important for observations to be made during the years leading up to and through the
coming solar maximum of 1967-1970.

A related advantage, and one that has not often been discussed, is the opportunity to
observe the Sun in the far infrared — from 20 microns up to 1 millimeter. Our ignorance
of this region is almost complete; we do not even know the energy distribution, much less
any details of molecular bands or lines. Although the infrared is probably of less
importance than the ultraviolet, and for this reason has often been neglected in space-
science planning, there are several interesting observations to be made; for example, the
detection of the radiation from the photosphere-chromosphere interface (somewhere
between 20 and 200 microns) and observation of the molecular spectra of sunspots.
Questions about the temperature structure of cool regions (such as above sunspots and
near the temperature minimum) can perhaps be answered by observations at those [181]
wavelengths. Again, since the atmosphere of the Earth entirely prevents us from detecting
this radiation, such observations can only be obtained from space (perhaps, in this case,
airplanes or balloons would suffice).

A crucial advantage that could be obtained from space observation is the increased
resolution (clarity) of small features on the Sun. The developments of the past 20 years in
the theoretical and observational study of the dynamical and magnetic properties of the
quiet solar atmosphere and the many features of solar activity focus increasingly on the
smallest observable structures. Every improvement we achieve in spatial resolution reveals
new detail of the greatest significance. The size distribution of granulation, the fine
structure of magnetic fields, the stranded structure of loop prominences, the local variations
in line profiles, the turbulent velocity fields, and the minute structure in flares are examples.
Ground-based observation has carried us to the verge of solutions, but in most instances falls
short of the theoretically decisive resolution. While it is obvious that there will always be
interesting details too small to be seen with any resolution we may attain, many features of
the solar atmosphere should have a size scale in the neighborhood of the scale height.
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Except for the very thin layer at the base of the photosphere, the scale height is of the order
of 100 km or more. This corresponds to 0.14 sec of arc in angle. The practical resolution
limits of ground-based solar observation are about 0.5 sec of arc for direct photographs and
0.8 sec of arc in the best spectra. Resolution of this grade is the kind one achieves only on
very rare occasions in one lucky photograph or spectrogram. The limit is set by poor seeing
in the Earth’s atmosphere, and could be overcome by space observation.

Another limitation imposed by the Earth’s atmosphere is the brightness of the sky.
The bright sky near the Sun, at the best observing sites, is rarely less than 10 times the
brightness of the inner corona. Nevertheless, ground-based observation has successfully
detected the polarized component of the brightest streamers of the white corona out to a
height of one solar radius above the limb; however, direct measurement of the electron-
scatter brightness and detection of the corona beyond one radius are impossible except
during a total solar eclipse. Any continuous watch from the ground for outward-moving
plasma clouds is also out of the question. Since the sky is completely dark in space, we can
expect to monitor the Sun’s corona routinely from space vehicles, which will lead to major
advances in our knowledge of coronal processes.

A final important benefit to be gained from observation in space is the continuity in
time that can be obtained. Often, critical observations need to be extended for several
hours, days, or even months, in order to study the time development of certain features,
such as prominences and centers of activity. Such observations must ultimately be made
from satellites where they will be independent of terrestrial meteorological and diurnal
effects. Real-time monitoring of solar events will be accomplished by such satellites,
making communication delays short or nonexistent as [182] telemetry reception becomes
possible at the user’s site. As space observations become routine, close cooperation
between ground and space observations must be maintained for maximum benefit of such
solar monitoring.

CURRENT SOLAR PROBLEMS

Solar physics has as an ultimate task of describing completely the structure,
understanding thoroughly the dynamics, comprehending fully the origin and
development, aid predicting exactly the future evolution of the Sun. These ultimate goals,
which can never be fully attained, are perhaps best expressed in the form of more specific
questions that might be asked about the Sun. The following are some of the major
questions with which solar physics is now grappling. What are the details of the processes
by which energy is transferred outward from the center of the Sun? What is the source of
the sunspot cycle and solar activity? Why, and how, do solar flares occur? How are energetic
particles and photons produced? What is the detailed structure of the chromosphere, and
what is its connection with the corona and with magnetic fields on the Sun? What is the
nature and cause of spicules and prominences? Why is there a solar corona, and how does
it produce the solar wind and interplanetary medium? What is the origin and early history
of the solar system? What produces the equatorial acceleration of solar rotation? How is the
solar magnetic field produced and what is its effect on the solar activity cycle?

Such questions, which have been formulated and listed many times before, are the
grand questions toward whose solution all solar physics is directed. But these are too
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comprehensive to be answered fully or even attacked intelligently. Instead, most solar
physics is directed toward the solution of much more specific problems in the hope that
the accumulated answers to many smaller problems may eventually provide answers to
these larger questions.

The following are some of the more important specific questions with which present
solar astronomy is engaged:

Photosphere. What are the size and velocity distribution of the solar granules? What
are the source and structure of the weak magnetic fields produced at the surface of the
Sun? What is the simplest nonhomogeneous model of the photosphere? What is the
relationship between the granules and the super-granulation? Why is there a temperature
inversion? What is the detailed variation of temperature with height through the tempera-
ture minimum? What is the vertical structure of features observed in this height range? Do
these structures vary with the solar cycle?

[183] Chromosphere. What is the morphological specification of the vertical structure
(including the size distribution)? What is the velocity distribution in this region and how
does it vary both horizontally and vertically? What is the detailed structure of the cells of
the chromospheric network? How does the magnetic field vary across the cell boundary?
Which features inside the cells are periodic in time? Are any observed features rotating?
Is the chromospheric oscillation vertical or horizontal? What determines its period? How
does the temperature vary horizontally across the chromospheric cells? How are spicules
produced? What is their microstructure? What are the magnetic fields in spicules? Why do
spicules seem to favor the edges of the cells? What other aerodynamic phenomena take
place in the chromosphere? What is the energy budget of the chromosphere? What types
of waves are propagated in the chromosphere and what are their results? What is the
temperature gradient as one passes from chromosphere to corona? What causes this
temperature gradient? What is the nature of the transition from spicules to the corona?
How should we interpret spectral lines formed in the absence of local thermo-
dynamic equilibrium?

Corona. How is the corona heated? Is the corona localized over the edges of the
chromospheric cells? Is the corona in equilibrium? What is an M region? What is a coronal
streamer? What is the relation of streamers to the solar wind? What coronal phenomena
give rise to radio bursts and gusts in the solar wind? What is the magnetic field of the
corona and what is its effect on corpuscular streams? How do radio bursts escape from the
corona? Is there a difference in chemical composition between corona and photosphere?

Flares. What is the primary flare phenomenon? How do flares occur? What is the
source of energetic particles in a flare? Is the energy released primarily over a small hot
kernel? What is the relation of the flares to the surrounding magnetic field? How are flares
related to the coronal condensations? Are x-ray flares observable at extreme ultraviolet
wavelengths? How do active regions with intense magnetic fields arise? What is the
physical structure of active regions?

Sunspots. How is the observed brightness distribution across a sunspot maintained?
What is the physical structure of sunspots? What is the relation of the magnetic field to the
fine structure? How does the granulation behave inside the spots? What is the fine
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structure of the umbra below the resolving power of Stratoscope 1? What system of gas
motions exists around the sunspots?

Plages and Faculae. What is the microstructure of plages and of faculae? What is their
relation to each other? What oscillation takes place in the faculae? How are the faculae
related to the network cells? Is there a difference in coronal heating above faculae and
above active regions?

[184] Prominences. Is there a basic lower limit to the size of filamentary structures in
prominences? What is the magnetic field in prominences? What is the mass and energy
balance between the corona, prominences, and the lower atmosphere? What causes
eruptive prominences? Why are loop prominences so extremely hot? What are their
special relation to solar flares?

ORGANIZATION OF THE PANEL

To meet its objective, the Working Group divided its assignment into three parts:

1) A critical review of the past and present NASA programs in solar physics and of the
Prospectus 1965-1980;

2) An examination of major unsolved problems in solar physics and a specification of
the instrumental requirements for their solution;

3) The recommendation of specific experiments that might be initiated in the three
time periods 1965-1970, 1970-1975, and beyond 1975.

Certain other matters, such as the role of man in carrying out scientific observations
in space and the relation of laboratory work to the NASA mission, were discussed as part
of the solution of the problems of solar physics.

There are several alternative ways in which the Working Group could approach its
assignments. The physically most meaningful is the problem-solving approach, in which
the unsolved questions of solar astronomy (based on the list given above under Solar
Astronomy and Solar Space Astronomy) are considered and then observations are sought
that would aid in answering them. Experimenters generally prefer an instrumental
approach, in which knowledge of the characteristics of an instrument is used to determine
what observational data the instrument can obtain. A third possible approach might be
termed vehicular, in that the capabilities (size and weight of payload, pointing accuracy,
lifetime, orbit, power available, and data-storage and transmission capabilities) of the
planned vehicles are first examined and then it is decided which observations could be
made from them.

The Working Group favored the first approach, in general, as it felt that this approach
would ultimately be most fruitful from a scientific standpoint. Although other viewpoints
were adopted at times, an attempt was continually made to relate all discussions to the
basic questions of solar physics.

To facilitate the work of the Working Group and ensure complete coverage of the field
of solar astronomy, the Working Group was divided into four subcommittees. Since the
detection and analysis of solar electromagnetic radiation forms the principal source of
information about the [185] Sun, and since different regions of the spectrum come from
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different parts of the Sun, a division according to spectral region is to a large extent a
division according to region or height on the Sun and hence according to basic questions
about the Sun. This division of labor to some extent combines the problem-solving and
instrumental points of view. The entire spectrum was therefore divided into sections and a
subcommittee was assigned to study each section. Included in the charge given to each
subcommittee was the request that it look ahead at least to 1975 and discuss problems,
instruments (including the role of man), and vehicles. The assignments were as follows:

a) A <500 A: Lindsay, Teske, Zirin;

b) 500 < A < 1500 A: Athay, Firor, Orrall;

¢) 1500 < A < 3000 A: Johnson, Smith, Tousey;
d) A > 3000 A: Evans, Howard, Ney.

The reports of these groups were discussed by the Working Group as a whole and are
contained in Section 3.

In addition, and partly as a result of the previous work, several informal
subcommittees were designated to study and make recommendations about such other
topics as the use of rockets, the role of man, the relation of the astronaut-observer to the
scientist directing the experiment, the role of the ground-based laboratory in the space
effort, and the question of a Moon-based observatory. Discussion and recommendations
concerning the findings of all subcommittees are found in Section 2.

RECOMMENDATIONS

The full texts of the recommendations of the Working Group on Solar Astronomy are
presented below.
Recommendation 1. (a) That the recommendation of the lowa meeting (1962)
concerning fine pointing be given immediate attention and that highest priority be given
to the development of triaxially stabilized rocket attitude controls, leading, as soon as
possible, to a fine-pointing system capable of an accuracy of 5 sec of arc and optimally
designed for solar use. (This recommendation is essentially a reaffirmation of that made
by the lowa Summer Study, and is restated here to reflect the importance which the
Working Group attaches to this matter: “We recommend that the sounding rocket
program continue to receive full support; and that both the inertially guided Aerobee
with fine pointing at selected stars, and the inertially guided Aerobee with fine pointing
at the Sun controlled by an optical sensor be made available at the earliest possible time.”)

[186](b) That other improvements (such as increased payloads and peak altitudes,
increased reliability, and more dependable recovery techniques) be made in existing
rocket systems;

(c) That the number of rockets available per year for research in solar astronomy be
at least doubled;

(d) That funds for payload development be increased to an adequate level, especially
when the triaxial pointing controls become available.
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Recommendation 2. (a) That the presently approved Orbiting Solar Observatory
(OSO) program be augmented by at least four additional launchings during the period
1970-1972 inclusive;

(b) That no decision be made to terminate the OSO program after 1972 without
further review at an appropriate time;

(c) That NASA make every effort to implement such desirable improvements in the
OSO spacecraft as increased power, offset pointing, localized raster scans, provision for
slightly longer instruments, greater data capacity and more flexible data format, and
improved pointing accuracy (15-30 sec of arc);

(d) That consideration be given to injection of one or more OSO spacecraft into a
polar retrograde orbit in order to provide continuous surveillance of the Sun.

Recommendation 3. (a) That a satellite with Advanced Orbiting Solar Observatory
(AOSO) specifications is an indispensable next step in NASA’s solar program, and must
be flown close to the coming solar maximum;

(b) That the AOSO program be accorded all the priority necessary to maintain the
launch schedule shown in the Prospectus.

Recommendation 4. (a) That manned missions in the 1968-1972 time period, such as
the Astronomical Telescope Orientation Mount (ATOM) in the Apollo Extension
Systems, are desirable to supplement AOSO, but cannot replace it;

(b) That because it offers the prospect of providing answers to critical questions
relating to the technology of manned space telescopes and data recovery, the ATOM
concept merits vigorous support.

Recommendation 5. That solar space observation be included in the manned space
science program of the Apollo Extension Systems in order to develop the technology of
manned space astronomical operations. Such observations, which could attain resolving
power of 1 sec of arc in the wavelength region 500-3000 A, mark the next logical step
beyond both AOSO and ATOM.

[187]Recommendation 6. That feasibility and design studies begin immediately on
orbiting solar telescopes of at least 1-meter aperture designed to obtain a resolution of 0.1
sec of arc at visible wavelengths and 0.5 sec of arc at far ultraviolet wavelengths (A > 500
A). Very large and complex accessory instruments will be necessary to analyze the solar
image. Erection, operation, and maintenance of this telescope will require full utilization
of astronaut-engineers and scientists.

Recommendation 7. That provision be made for a continuing, uninterrupted
experimental program while the more advanced manned flights are in preparation, with many
flights of various spacecraft, so that a scientist will have frequent opportunities for observation.

Recommendation 8. That NASA find means to continue a strong program with
relatively inexpensive rockets and small unmanned satellites at the same time the large
manned projects are under way, since the former are indispensable to the latter.
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Recommendation 9. That the relationship between scientists and astronaut-observers be
studied and clarified. In particular, we recommend that when a single, large scientific
instrument is carried, the scientific observation be designated the primary mission for the flight.

Recommendation 10. That NASA bring more scientists into the space flight program
as astronauts or observers.

Recommendation 11. That NASA move to provide additional support for ground-
based solar studies. As the flight program grows in sophistication and success during the
next several years, the demands on ground-based work will also increase, and NASA
should in turn anticipate an increased demand upon its resources for support of ground-
based facilities and operations. In addition, in the next few years, NASA should expect,
and respond favorably to, proposals for a few major ground-based solar installations.

Recommendation 12. That increased support be given to physical research in the
laboratory, as required to develop improved space instrumentation for solar-physics
research, to assist in the data reduction, and to make possible a full interpretation of
the results.

Document I-7

Document Title: NASA Goddard Space Flight Center, History of Orbiting Solar Observatory
0SO-B, X-440-66-322, April 1966.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

On 14 April 1964, a disastrous accident killed three men when OSO-B’s third stage ignited on the
test stand at the NASA launch center at Cape Kennedy, Florida, 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. This excerpt from the history of the spacecraft details the
causes of the accident and the steps taken to avoid a reoccurrence.

[2-1]

SECTION 2
OSO-B DISASTER

2.1 EVENTS LEADING UP TO THE DISASTER

The OSO-B spacecraft arrived at Cape Kennedy on 12 March 1964. Routine checkout
and preparation of the spacecraft and experiments took place until 9 April 1964, at which
time the payload was covered with a polyethelene bag, purged with dry nitrogen and



78 SOLAR PHYsICS FROM SPACE

placed in its shipping container. The payload was stored in hangar AE to await the arrival
of the Delta third stage rocket motor.

Because of its heavier weight, the OSO spacecraft uses a rocket motor with a thicker
wall casing. When the motor arrived, it was given a receiving inspection, and it was
discovered that there was a defect in the rocket motor casing. This motor was rejected,
and a new X-248 A-6 rocket motor was flown down from Wallops Island, Virginia on 9
April 1964. The igniter paddle was removed from the rejected rocket motor to be installed
in the new motor. During the removal of this paddle it was damaged and a new Delta
paddle was built by the Naval Propellant Plant. The new Delta igniter paddle was flown to
Cape Kennedy on 11 April 1964 and installed in the third stage rocket motor. The rocket
motor was transported to the Spin Test Facility on 12 April 1964.

On 13 April the payload was removed from the shipping container, placed on a truck
and, at approximately 0400 hours, it was moved to the Spin Test Facility.

2.2 THE DISASTER

Between 0930 and 0939 hours EST on 14 April 1964, the third stage X-248 A-6 solid
propellant rocket motor inadvertently ignited and burned in the Spin Test Facility at Cape
Kennedy. The rocket motor with the spacecraft attached tore loose from the alignment
fixture in which it was mounted and shot to the ceiling of the facility. When it hit the ceiling,
the spacecraft was torn loose from the third stage motor and fell to the floor. The rocket
motor continued on to the corner of the building and burned until its fuel was expended.
Eleven men were burned - three fatally and eight others suffered injuries ranging from
critical to minor. The three men who died were not killed immediately but died as a result
of their burns within a couple days to a couple weeks after the accident occurred.

Eyewitness interviews after the accident indicated that the Douglas personnel had just
completed their ordnance checks of the third stage/spacecraft [2-2] combination. One of
the Ball Brothers Research employees stepped over to the spacecraft to adjust the
polyethelene shroud which was placed over tile spacecraft and third stage as a dust
protector and to purge them with nitrogen. As he touched the shroud a crackle was heard
and the third stage ignited.

2.3 ACCIDENT INVESTIGATION

A Fact-Finding Committee was appointed by the NASA Goddard Space Flight Center
Director. The committee was comprised of the following personnel:

D. G. Mazur, Chairman NASA-GSFC

W. D. Baxter, Lt. Col AFMTC

Dr. B. Bartocha NPP

R. H. Gablehouse Ball Brothers

E . E. Harton NASA Headquarters

E. H. Helton NASA-Wallops Island

L. T. Hogarth, Secretary NASA-GSFC

R. J. Johnson Douglas Aircraft Company
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J. J. Nielon NASA-GLOB
L. R. Piasechi JPL

W. R. Schindler NASA-GSFC
R. Steinberger ABL

L. Swain NASA-LRC

The committee investigated the following items at the Eastern Test Range (ETR)
immediately after the accident to establish the circumstances surrounding the accident:
a. Hardware configuration at the time of the accident.
b. Eye witness testimony and reports.
c. Examination of the accident area including inspection and testing of
significant items.
d. The time sequence of events leading up to the accident involving the rocket
motor and the spacecraft.
Review of procedures.
Determination of possible causes.
Plans for tests to verify the possible causes.

[2-3]

@ o

The committee divided the investigation into four areas: (1) heat, (2) RF signal, (3)
electricity and (4) mechanical shock and/or vibration. The committee also undertook the
investigation of a similar accident which took place a few months earlier at the Oklahoma
Ordnance Depot at Pryor, Oklahoma, to determine if the two accidents were related. In
the Oklahoma accident, the Douglas Aircraft Company was preparing a destruct test of
the X-248 rocket motor in order to test a new Delta third stage destruct system. No one
was killed in this accident, but test equipment and a crane used for moving the rocket
motor were considerably damaged. One person received minor injuries.

The first of the investigative courses of action taken was to investigate electrostatic
discharge. This investigation was to determine possible modes by which an electrostatic
charge could have caused ignition of the X-248 A-6 motor. It was divided into five tasks
which were directed toward developing a comprehensive picutre [sic] of the electrostatic
characteristics of the spacecraft/motor configuration and the motor/igniter assembly.
The first of these tasks was to determine the electrostatic sensitivity of the X-248 squib.
The second task was to determine the electrostatic sensitivity of all bulk explosives in the
X-248 motor. Another task was to determine total and inter-element electrical
characteristics (resistance, capacitance, and charge storage) of the spacecraft/motor and
the motor/igniter under the application of both static and transient electrostatic voltages.
This task was also to establish the critical interelemental breakdown voltages and paths.
Task number four was to determine the electrostatic potentials and energies that could
have been present under the circumstances prevailing at the time. The final task was to
try to duplicate the X-248 inadvertant [sic] ignition in both the Eastern Test Range and
Oklahoma accident configurations.

Electrostatic sensitivity tests of the Delta X-248 squib were conducted by the Franklin
Institute. These tests consisted of discharging, through the squib, incremental voltages of
a 500 pico-farad capacitor through a 5000 ohm resistance to simulate the capacity and
resistance properties of a human being.
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Measurements of the electrostatic sensitivity of the X-248 bulk explosives were
conducted by the Naval Propellant Plant. It was determined from these measurements
that the X-248 bulk explosives could not have been a factor in the accident.

[2-4] Determination of the electrical characteristics of the spacecraft/motor and
motor/igniter were conducted by Cornell Aeronautical Laboratory. They found that
relatively weak sources of electrical current, such as electrostatic charging phenomena, are
capable of building up large potentials between the dome and the nozzle of the motor with
the igniter assembly in place. The squib is polarized and has the ability to store electrical
energy. At voltages sufficiently high (250 to 1000 volts) to break down the dielectric in the
squib, the squib could supply sufficient energy to ignite the lead styphnate primer.

Determination of electrostatic potentials and energies that could have been present
under the circumstances at the time of the accident were investigated. The polyethelene
shroud used over the spacecraft was found to be an electrostatic generator and had
charge-concentrating areas that could charge the spacecraft to 15,000 volts if a
mechanism was available to transfer the charge from the cover to the spacecraft fast
enough. Rolling the cover up and down in a manner identical to the operation performed
at Cape Kennedy generated voltages on the spacecraft as high as 2500 volts and averaged
about 1200 volts. Wiping the plexiglass plate over the nozzle exit of the X-248
redistributed the charge on the plate and induced transient peak potentials up to
approximately 5000 volts on the igniter firing lead. It was also found that a man with or
without a Clean Room Suit (“bunny suit”) could easily generate, just by normal activity, a
charge sufficiently large that, if placed on the X-248 motor/spacecraft assembly, it could
increase the spacecraft potential about 3000 volts on contact with the man.

The tests were conducted with an inert motor and a live initiator. Six ETR
configuration firings were all produced by friction or movement of the polyethelene film
identical to that used for the OSO-B shroud around the body of the rocket motor.

Cornel [sic] Aeronautical Laboratory proposed several modifications to the igniter
assembly. A modified igniter assembly was fabricated and tested for the committee. The
assembly withstood 60 kilovolts discharged directly to the squib without ignition, and
subsequent tests were successful up to 100 kilovolts.

From the RF tests conducted by the Franklin Institute and the Picatinny Arsenal,
together with the RF data supplied by Eastern Test Range, it was concluded that the
accident was not caused by RF energy. It was also improbable that the accident was caused
by incompatibility or instability of the chemical characteristics of any of the igniter or
motor components.

[2-5]
2.4 CONCLUSIONS AND RECOMMENDATIONS

The committee concluded that the cause of the ignition of the third stage rocket
motor at Cape Kennedy was an electrostatic discharge through the igniter squib. Cornell
Aeronautical Laboratory recommended the following changes to the X-248 rocket motor:
(1) use of a squib insensitive to electrostatic energies up to 25 kilovolts and 500 pico-farad,
(2) use of a resistive plug between the squib case and the bridgewire, (3) use of a Faraday
cage covering all sensitive parts of the squib assembly and (4) use of a conductive spray on
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electrostatic sensitive portions of the paddle. Cornell Aeronautical Laboratory
demonstrated that the last three of the forementioned [sic] changes are adequate to
insure against accidental squib initiation due to electrostatic discharges up to 100
kilovolts. In all subsequent Delta launches, an X-258 rocket motor was used instead of an
X-248 because it used an igniter assembly less sensitive to electrostatic discharges, and the
squib can be inserted on the launch tower.

Precautionary measures were also suggested which would apply to any solid
propellant rocket motor: (1) to avoid the use of non-conductive materials, especially
plastics, (2) to use squib arrangements which would permit installation as late in the
operation as possible, (3) to check the conductivity of each igniter-motor system planned
for usage to verify a low resistive path between all conductive components, (4) to strictly
adhere to proper grounding procedures whenever a solid motor is to be handled with or
without an igniter installed. It was also recommended that procedures for grounding
personnel, spacecraft, motor and associated systems and components should be carefully
considered for future rocket motor handling.

2.5 SPLIT BALANCE FACILITY REWORK

The possibility of a new Spin Test Facility was investigated; however, a new facility
could not be made ready until November 1965. It was decided to rework the damaged
facility for use in the Delta program. During the rework of the Spin Test Facility, the
following additional safety features were added to the building:

a. The pitin the southwest corner was floored over with portable decking which
can be removed if the pit is required for future operations.

b. A new personnel door was placed in the center of the north wall.

c. Roll up doors on the east end of the building were replaced with two 6 by 10
feet swing-type doors. The remainder of the original open-ing was replaced
with blast panels.

[2-6] d. Panic hardware was improved on all personnel egress doors. Blank latch
facings were installed on the door frames.

e. The interior of the west wall of the building was covered with gypsum
wallboard to provide sealing and to retard fires.

f. The protruding tracks on the exterior of the west end of the building
were removed.

g. An emergency audible warning system was installed.

h. A “Cone of Protection Lightning System” was installed around the facility.

i. The existing communication system was removed and replaced by an
explosion proof intercom system.

j- Conductive plastic mats were supplied for use in areas where ordnance
is handled.

k. A sprinkler system was installed in the high pay area.

Placards denoting explosive materials, classes, personnel limits, etc.
were installed.

Personnel safety showers were installed at all personnel egress doors.

An additional closed circuit TV system was installed with cameras in the high
bay area and monitors in the office trailer and control room. Personnel can
now witness operations without being physically present in the bay.

23
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Procedures were changed so that all spacecraft testing necessary in the pit
area is performed remotely.

0. The personnel trailer located at the west end of the building was removed to
a more remote location.

p. The guard shack for the area was removed to approximately 350 feet from
the facility.

d. The relative humidity inside the building was increased from 50% to 60%.

Document 1-8

Document Title: Letter from Dr. Leo Goldberg, Harvard College Observatory, to Dr.
Homer E. Newell, Associate Administrator, NASA, “Astronomy Missions Board
Resolution,” 25 January 1968.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

NASA created an external Astronomy Missions Board in 1967 to advise the Agency with respect to its
astronomy programs. The first chairman of the Board was Harvard astronomer Dr. Leo Goldberg.
This letter from Goldberg to NASA Associate Administrator Dr. Homer Newell transmitted the Board’s
views on the proposed Apollo Telescope Mount program as part of NASA’s post-Apollo activities to use
human crews and the equipment developed for the Apollo program for other scientific purposes.

[no pagination]
HARVARD COLLEGE OBSERVATORY
60 GARDEN STREET
CAMBRIDGE, MASSACHUSETTS 02138
January 25, 1968

ASTRONOMY MISSIONS BOARD

Dr. Homer E. Newell

Code AA

National Aeronautics and Space Administration
Washington, D.C. 20546

Dear Homer:

At its third meeting on January 17-18, 1968, the Astronomy Missions Board adopted
the attached resolution with respect to the ATM-A mission and requested that you also
convey it to John E. Naugle (OSSA), George E. Mueller (OMSF), Werner von Braun
(MSFC), Robert R. Gilruth (MSC), Charles W. Mathews (Director, AAP) and Dixon L.
Forsythe (Manager, ATM).

I should also report the concern of the Board that the mission be accomplished by
1971, before the next solar minimum, without, however, sacrificing any of the scientific
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objectives of the experiments. The Board also strongly hopes that NASA will pursue with
maximum vigor the two conditions concerning astronaut training and failure
circumvention set forth at the end of the resolution.

Please be assured that the Board stands ready to render all possible assistance in
facilitating the success of the ATM and other important astronomy missions.

Sincerely yours,

Leo Goldberg

*hkkkkkikk

RESOLUTION

adopted by the

ASTRONOMY MISSIONS BOARD
at its Third Meeting

January 17-18, 1968

The Astronomy Missions Board, during its past two meetings, has received briefings
on the major aspects of the ATM-A project for solar research from the appropriate NASA
officials. In addition several Board members have had access to further detailed
information regarding this project.

On the basis of this combined information, the Board is now convinced that the ATM-
A project is a logical and technically appropriate next step (a) for the purpose of gaining
experience and insight in choosing the optimum role to be played by man in space in the
operation of sophisticated technical and scientific equipment, and (b) for the purpose of
achieving another important advance in solar research.

This present positive assessment of the ATM-A project by the Board is, however,
conditioned on NASA’s pursuing with maximum vigor activities in two specific areas. The
first area refers to the selection and training of the Astronauts responsible for the
operation of the scientific experiments carried on ATM-A. The Board has already
recorded its recommendation regarding this area at its preceding meeting. The second
area refers to efforts to increase the opportunities for the astronaut in flight to maximize
the probabilities of experiment success by taking actions aimed at failure circumvention.
The Board is much encouraged by current activities in this area, spearheaded by the
Astronaut Office.

The Board believes that high priority has to be assigned to this type of activity if the
ATM-A project is to fulfill its stated difficult purposes.

Document I-9

Document Title: Memorandum from Dr. Homer E. Newell, Associate Administrator,
NASA, to Dr. John E. Naugle, NASA, response to letter dated 22 March 1968, from Dr. Leo
Goldberg, Chairman, Astronomy Missions Board, 9 April 1968.
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Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

As NASA planned its program for the 1970s, it became clear that the aspirations of solar researchers
related to the Apollo Telescope Mounts which were scheduled to be flown as part of the orbital workshop
program (soon to be known as Skylab) were at variance with schedule realities. In this memorandum,
NASA Associate Administrator Dr. Homer Newell asks Associate Administrator for Space Science Dr.
John Naugle to investigate alternate paths for satisfying the scientific objectives established by the
Astronomy Missions Board.

[no page number]
April 9, 1968

MEMORANDUM:

To: S/Dr. Naugle

From: AA/Associate Administrator

Subject: Response to letter dated March 22, 1968, from Dr. Leo Goldberg, Chairman,
Astronomy Missions Board

I am forwarding the referenced letter for your consideration and for your preparation
of a response for my signature.

In responding to this letter, | sense that we are faced with some difficult decisions and
the need for a candid assessment of our space astronomy program, both in the unmanned
and the manned spacecraft. As you are aware, present planning for the Saturn V
workshops suggests that launches in 1973 and 1975 might be possible, but that these
workshops are expected to be devoted primarily to the study of man himself. Thus, a
requirement to fly an advanced solar ATM, a large UV stellar package and a so-called EMR
package, is, at first appearance, in conflict with the intended direction of the '73 and '75
workshops. This is certainly so if one considers all three systems in the same workshop.

Thus, in order to carry out a meaningful and effective space astronomy programs
as defined by the Astronomy Missions Board, we will have to provide other equally
effective means.

In preparing a response, would you and your colleagues, soliciting the advice of the
PSG/PCG working groups, please consider the following possibilities, individually and
in concert:

[2] a. Extension of the OAO series beyond C

b. Maodification of our policy on experimenters in astronomy, particularly those
in the observatories (OAO and OSO), to require that all major instruments
be operated on a “guest observatory” basis. This consideration should include
the present OAO-B and C payloads.
(You may wish to consult with AMB to their reaction and their individual
interest in using such instruments. In any event, the proposition should be
put to each of the Principal Investigators.)
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Expansion of the Astronomy Explorer program using Scout launched
payloads, and/or

Modification of the basic OSO to provide:

(1) for larger solar physics instruments

(2) for application to modest stellar astronomy instruments

Solar OAO

Use of the workshops to carry the x-ray and gamma ray (EMR) experiments
in fully automated modes so that astronaut mainline activities are not
impacted but the large weights and areas of these advanced instruments can
be realized.

A sharp expansion of the sounding rocket program using pointing controls
with recovery capabilities. (The MSFC role in such an expansion should
be considered.)

I would like to have an interim response to me indicating additional or other
alternatives you consider worthwhile, how you intend to follow-up on these suggestions,
and by what schedule you plan to reply to the Goldberg letter.

[3] We must find a number of means to make better use of our resources and to provide
more astronomers more opportunities to carry out investigations in space.

Cc:

Homer E. Newell

M/Mueller
ML/Mathews
AAF/Frutkin
AAS/Stroud
SG/Smith
OV/Files

Document I-10

Document Title: NASA Headquarters telegram to Dr. Leo Goldberg, Harvard College
Observatory and others, 10 May 1968.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.
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Document I-11

Document Title: Letter from E. M. Reeves, Harvard College Observatory, to Mr. D. L.
Forsythe, NASA, “Postponement of ATM-A launch into 1972, reference NASA telegram
1020362 May 1968,” 20 May 1968.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

Document I-12

Document Title: Letter from Dr. Leo Goldberg, Harvard College Observatory, to Dr. John
E. Naugle, NASA, 21 May 1968.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

The uncertainties surrounding the schedule for the launch of the first Apollo Telescope Mount (ATM)
were a source of frustration to many solar researchers. This exchange of correspondence captures that
frustration.

Document I-10

[no pagination]
[Western Union Telex Service]
WU TELTEX CAM

PASS TO DR RICCARDO GIACCONI AMERICAN SCIENCE & ENGINEERING INC
11 CARLETON ST CAMBRIDGE MASS

TLX072 VIA WESTOVER AFB MASS R3205 10/1958L

R 102056Z MAY 68

FM NASA HAS WASH D.C.

TO RUCIRNA/DR LEO GOLDBERG HARVARD COLLEGE OBSERVATORY
CAMBRIDGE MASS

RUEBJKA/NAVAL RESEARCH LABORATORY WASH D.C.

ATTN MR J D PURCELL

RUCIRNA/DR RICCARDO GIACCONI

AMERICAN SCIENCE & ENGINEERING INC

11 CARLETON ST CAMBRIDGE MASS

ZEN/DR GORDON NEWKIRK HIGH ALTITUDE 'OBSERVATORY BOULD& COLO
ZEN/NASA GODDARD SPACE FLIGHT CENTER GREENBELT MD
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ATTN MR JAMES E MILLIGAN W'Y
GRNC NASA

BT

UNCLAS SG-7170.

In letter of April 2, 1968 to Dr. Homer E. Newell, Dr. Leo Goldberg, chairman of the
Astronomy Missions Board stated that the board agrees that the Apollo Telescope Mount
(ATM-A) mission cannot be postponed until 1972 without greatly diminishing the
scientific importance of the payload. Further, this letter states that if the mission is
postponed the payload ought to be revised and optimized for the solar minimum. On the
other hand, Dr. E. M. Reeves at the request of Dr. Goldberg has contacted the ATM-A
Principal Investigators regarding their reaction to a possible postponement of the ATM-A
launch into the latter part of 1972 and would essentially go along with such a postpone-
ment. The one exception to this is the Harvard College Observatory (HCO), whose ATM-
A experiment is not appropriate for solar minimum. A postponement of the ATM-A
launch into 1972 would make desirable the substitution for the HCO-C Spectrometer of
an instrument proposed earlier — namely the HCO-A short-wavelength spectroheliometer.

Current planning specifies an ATM-A launch in early 1971. Planning is also
proceeding to provide backup positions to maintain a capability for launching in 1971 or
1972 in the event of problems for the first workshop, whereby it cannot support the
planned ATM operations. Accordingly, we need more information than has been
provided by the ATM-A Principal Investigators to Dr. Reeves. Specifically, we need your
response to the following questions...

1. To what extent do the current scientific objectives require observations of
large flares — importance 3 or 4, or the observations of many small flares

2. To what extent do the current scientific objectives require the observation of
a wide variety of evolving solar active regions

3. If the present instruments fly at a time when the activity is low, what scientific
questions can be answered with these instruments What would be the
scientific objectives and the scientific validity and justification for
these objectives

4. How would the astronauts role change in a changed scientific program as in
item 3 above

5. Ifitis possible to adjust the launch time of ATM-A plus or minus two to three
weeks to accommodate anticipated solar activity, how would you as Principal
Investigator take advantage of this to optimize your research program

The astronomy missions boards letter mentioned above also states that a 28-day
mission represents a hard-rock minimum. Could you please elaborate on this in terms of
the scientific objectives discussed in item 3 above, and in terms of the amount and value
of the data to be obtained.

We request a reply to this by May 24, 1968.

Response to be directed to Mr. D. L. Forsythe, Code MLA, NASA Headquarters,
Washington, D.C., 20546.

SGD Harold T Luskin, Dir of Apollo Applications Progs OMSF

SGD Jesse L Mitchell, Dir of Physics and Astronomy Progs OSSA
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Document I-11

[no page number]
May 20, 1968

Mr. D. L. Forsythe

Code MLA

NASA Headquarters
Washington, D. C. 20546

Subject: Postponement of ATM-A launch into 1972, reference NASA telegram
1020362 May 1968

Dear Mr. Forsythe:

In your telegram of May 10, you requested our response to a specific list of questions
regarding the reaction of the Principal Investigators to a possible postponement of the
ATM-A launch into the latter part of 1972. When | surveyed the Principal Investigators
and asked their reaction should such a postponement be inevitable, they agreed that
although they would unanimously support an earlier launch as stated in the Principal
Investigators’ previous telegram and statement to the Astronomy Missions Board, they
would go along with a postponement into the latter part of 1972 with their present
experiments. The exception to this was the Harvard College Observatory.

We have stated previously and reiterated in our recent telegram to Dr. Naugle and Dr.
Mueller of May 15, that we felt that since the ATM-A mission was currently envisaged in
the first half of 1971 that a decision had to be made concerning the substitution of our A
instrument for the C instrument completely on the basis of scientific yield. We are
naturally prepared to discuss this decision at length and to justify the position which we
have taken.

I will therefore answer your specific questions directed toward our HCO-A
experiment. For a further and more detailed description of the aims and objectives of this
experiment, | refer [2] you to our scientific proposal dated March, 1966, and our
Application for Manned Space Flight Experiment (form 1138) dated August, 1966.

1. The extent to which the current scientific objectives require observations of
large flares.

At the present time, there is a growing amount of information indicating that the
importance number (1, 2 or 3) assigned to flares on the basis of the area observed in
narrow band H-a may bear little correlation to the observations in the ultraviolet or X-ray
regions. Some observations indicate that the intensity of H-a brightening may be a better
parameter. Observations which we are making in association with the Lockheed Solar
Observatory through 2A H-a filter and video technique indicate that flares brighten over
this wider wavelength range in relatively small areas of the order of a few arc seconds and
that groups and sequences of these flares may be responsible for the larger area associated
with center band H-a birefringent filter observations, upon which the flare classification
is normally based.
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The HCO-A experiment is not primarily a flare-observing experiment. However,
observations of different types of flares with a spatial resolution of 5 arc seconds over a wide
range of excitation energies would be most interesting, although not mandatory for the
success of the experiment. Assuming a 100-hour period in which the HCO-A experiment
controlled the pointing, then the expected number of flares of all types during this time
would drop from 20 in late 1968, to 5 in late 1972 and 3 in late 1973. These very
approximate calculations are based on the correlation described in Smith’s book, Solar
Flares, and assume that cycle 20 will continue to follow the mean of cycles 8 through 19 as
is indicated to date. The probability of observing a major flare of class 2, 3 or 4 from so few
occurrences is quite small. To increase the chance of catching a major flare through its
course of development was described in some of the meetings where we presented our
observing [3] requirements for the C experiment on ATM. In the latter part of 1969, many
hundreds of hours would be required in order to raise the probability of observing such a
flare to a significant level. Therefore, even for the C experiment, it was never an absolute
requirement to obtain this type of observation. Nevertheless we felt it was interesting
enough to merit a great deal of attention in order to bias the observations in favor of
catching such an event, should it occur during the observing period of the astronauts.

2. The extent to which objectives require the observation of a wide variety of evolving solar
active regions.

The HCO-A experiment was designed to observe with 5 arc seconds over a wide range
of excitation energies of the Sun in order to probe the structure of various features of
both the quiet and active solar atmosphere. The migration of active regions across the
solar disc was one of the prime objectives of the HCO-A experiment. Observations of
newly-forming active regions, the changes with time as these regions develop, and
particularly the limb passage of active regions, would be heavily stressed in our observing
program. (See question 5.)

3. The effect of low activity on the scientific value of the experiment.

Observations of the solar atmosphere at a resolution of | arc minute from OSO-IV are
yielding a surprising amount of information on the structure of the solar atmosphere.
When the experiment was proposed several years ago, it was questionable what degree of
structure could be seen on the Sun with such coarse resolution. Nevertheless, we were
most pleasantly gratified to see the great wealth of structure which could be discerned
with a spatial resolution of 1 arc minute. The progression from 1 arc minute to 30 arc
seconds is expected to yield even more interesting structure to be observed from OSO-G.
However, we have continually pressed, in accordance with the Woods Hole Study Report,
to achieve a resolution of the order of 5 arc seconds or better. On a perfectly quiet [4]
solar atmosphere, center-to-limb investigations in a wide variety of lines can be used to
assess the optical depth as well as the distribution of temperature with height in the solar
atmosphere. The question of solar abundances can be investigated in more detail. The
structure of the transition zone between the chromosphere and corona can be
investigated and the interesting structure around the limb of the Sun, particularly in the
polar versus equatorial directions, can be assessed. Spectroheliograms at this resolution
can be used to examine the temperature changes across the boundary regions of
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supergranulation. Five arc second resolution should yield information about spicules and
interspicular material, even if only the very largest spicules are resolved. Observations in
the relative intensities of the Lyman a, B, and continuum wavelengths will be particularly
significant for a more detailed study of whether certain intensity changes result from
changes in temperature or abundance. Therefore it is clear that a great deal of useful and
otherwise unobtainable scientific data can be obtained from the ATM, even in perfectly
quiet atmosphere. Since a certain amount of activity world be expected during the late
part of the solar cycle, even in 1972 the study of active regions described in the previous
section would be valuable even if the number of such active regions were limited.

4. Effect of the astronauts’ role in the scientific program as a result of low activity.

The role of the astronaut would remain essentially unchanged. His duties, as currently
described, would be to implement a prearranged observing profile to gather information on
the quiet and active parts of the solar disc to the full capabilities of the scientific instrument.
His role of active participation in the observing program would remain. Should active
regions begin to develop, or should small flares begin to be seen, or in the particular chance
occurrence of a large flare, he would change the observing program to take advantage of
the rarer occurrences. His role as a scientific participant would not be diminished. Certainly
the retrieval of data for pointing records from our H-I telescope would still be required.
[5]

5. Adjustment of the launch window to accommaodate solar activity.

It has been described in the previous sections how the balance between quiet and active
solar regions forms the basis for the observing program in a given period of the solar cycle.
If solar activity were extremely low, then an effort should be made to launch the ATM during
a period when the Sun is in as active a state as possible. For example, the new arrival of an
active region on the east limb could signal the launch of the ATM. The astronaut could then
direct the experiment to this active region during the fourteen-day passage across the disc
and the particularly interesting west limb passage in which the structure versus height can
more easily be ascertained. During a 56-day mission, the recurrence of this active region on
the east limb could be anticipated and observations directed to that area for several days
prior to and following the second east limb passage. During extremely quiet portions of the
56-day mission, observations of the quiet solar structure could receive the greater emphasis.
6. 28-day minimum mission.

The presence of active regions on the solar disc can persist for several revolutions and
the development of these regions would be most interesting. The 28-day mission represents
an average solar rotation, during which two limb passages and a disc passage of a particular
sunspot group could be followed. The quieter the solar disc, the more important it would
be to achieve a longer mission, since there would be less activity to be observed.

We need not reiterate here our subscription to the usefulness of the ATM in the solar
program, even if the ATM could not be launched until late 1972. There are a number of
important questions concerning the structure of the solar atmosphere which cannot be
answered without experiments of the size carried by the ATM. The ATM also provides the
unique opportunity, [6] not present to nearly the same extent on the smaller OSO
satellites, to observe solar structures over the widest possible range of energies and to
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observe simultaneously with a number of different techniques. There are a number of
reasons, not the least of which is financial, which could delay the launch of tire ATM into
this time period. Provided only that this is anticipated at an early time, and that the
experiments are chosen to take advantage of this part of the solar cycle, then we will
possess the only opportunity to take high resolution data on the Sun in the early 1970’s.
The orderly launch of several ATM'’s, distributed over part of the solar cycle, would be
even more important in determining the dominant mechanisms and variations in the
solar atmosphere. If only one ATM can be launched, and this occurs in the late part of
1972, then we reiterate our desire to participate in the mission.

Yours truly,

[signature]
E. M. Reeves
cc:

L. Goldberg
Dr. Tousey
Dr. Milligan
Dr. Newkirk
Dr. Reidy

Document I-12

[no page number]
May 21, 1968
Dr. John E. Naugle
Code S
NASA
Washington, D.C. 20546

Dear John:

I have the feeling that in the recent exchange of telegrams and telephone calls, | did
not manage to convey fully the present feeling and attitude of my group towards our
participation in the ATM-A mission. For example, you obviously understand that we do
strongly recommend the reinstatement of our A instrument as the Harvard experiment.
What is also implied by this recommendation, however, is that in our judgment the C
instrument is not worth flying on the proposed new schedule and that the ATM-A mission
would be better off without it even if the A experiment were not flown.

In all of the many discussions we have had about whether the C experiment would be
of significant scientific value if it were flown in early 1971, late 1971, 1972, 1973, etc., | have
simply been unable to get through with what to me is the most important consideration of
all. This is that we agreed to fly the C experiment to help NASA out of what then seemed
to be a very serious scheduling problem, but we did so only on two conditions, namely, that
the mission would be launched in 1969 and that we would be permitted to continue the



92 SOLAR PHYsICS FROM SPACE

development of the A and B instruments for a second ATM mission. We were dismayed
when the schedule was slipped to late 1970 or early 1971, but went along both because we
could still expect significant solar activity in that time period and because the new schedule
still did not make it possible to be ready with the A experiment.

It is now proposed that the mission be postponed until June 1971 and that work on the
A experiment be terminated as soon as the present funds run out. Based upon our past
experience, | think you will agree that we are justified in refusing to believe that there will
not be a further slippage of at least two to three [2] months. This is all the extra time we feel
we need to be sure of getting the A experiment ready. For all of these reasons, we feel that
the best course of action both for NASA and for us would be to reinstate the A experiment.

I think it is time to face up to the realization that our participation in the ATM project
has been guided more by circumstance and expediency than by the requirements of first-
rate science. If we do not jointly take firm action now to reverse this trend we shall be
doing astronomy and NASA both a great disservice.

As | have said many times before, the ATM project is an enormous consumer of
manpower and takes up so much of the time of our key people that they have very little
left in which to plan even new OSO experiments, which would be scientifically much more
rewarding than the C experiment. It is patently unfair to ask my group to devote such a
large fraction of their effort during the next three years to an experiment that has such a
sizeable probability of being unproductive. What is more to the point, | fear that they will
simply lose interest, and go elsewhere. Even the engineers can sense when the scientists
they serve are unenthusiastic about their product.

Sincerely yours,

[signature]

Leo Goldberg

cc: J. Mitchell

E. Reeves/W. Parkinson
H. Smith

G. Mueller

Document I-13

Document Title: Astronomy Missions Board, NASA, “A Long-Range Program in Space
Astronomy,” July 1969.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

This is one of a series of reports from NASA advisory groups that sets out both challenging research
goals and mission requirements for the 1970s and beyond while also endorsing the current NASA
program, and particularly the Apollo Telescope Mount.
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[cover sheet]
NASA SP-213
A
Long-Range
Program
in
Space Astronomy

Position Paper
of the
Astronomy Missions Board

July 1969

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

* k *

A Solar Space Program, 1969

INTRODUCTION
[149]

Part 1, “Solar Space Astronomy” [not included] was an effort by the 1968 Solar
Working Group (SWG) to explain what solar astronomy is about and the very prominent
part observations from space will play in advancing our understanding of the Sun. The
character of “Solar Space Program, 1969” is different. This is intended as an ongoing
document to present the recommendations of the SWG for dealing with the current
practical problems of obtaining solar space observations necessary to advance our
understanding of the Sun in the most effective manner. Since current practical problems
change continually, and sometimes abruptly, the program will doubtless require fre-
quent revisions.

In “Solar Space Program, 1969,” the objective is to assess the present situation from
which the program must proceed; identify the specific observations and measurements
needed, and designate their priorities; translate these into terms of spacecraft and
instrumental requirements and priorities; and to make specific recommendations to
NASA, including flight schedules. To this end the SWG divided into subcommittees
corresponding to the major solar problem areas: photosphere, chromosphere, and
corona. Each subcommittee then undertook to meet the objective in its own area.

The subcommittees then met jointly to combine their findings, and devise a program
for space solar astronomy that makes the best use of the several classes of spacecraft to
solve the problems of solar physics in the most orderly and efficient manner. The end
product will consist of-

(1) A proper priority sequence of flights, timed with respect to larger and smaller

spacecraft, rockets, ground-based observations, and the solar cycle.
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(2) Minimal and maximal flight schedules (which have been requested by AMB)
representing, respectively, the smallest effort in space observation that would enlist
the efforts of good experimenters, and the most rapid rate of progress that can be
sustained by the spacecraft designers and the experimenters.

(3) Recommendations to NASA for implementing the proposed program.

TERMINOLOGY-CLASSIFICATION OF EXPERIMENTS AND SPACECRAFT

Before launching into the discussion of the program, we digress for a moment to
clarify some terms that we use repeatedly. We [150] have chosen to indicate the degree of
sophistication of an observing instrument by stating its angular resolution p, and of a
spacecraft by its peak-to-peak angular pointing stability  (surprisingly, p for “resolution”
and for “pointing™), or its peak-to-peak absolute pointing accuracy a (generally larger
than ). We will use terms like a “5” (arcsec) experiment” or a “5” (arcsec) spacecraft.” A
5” experiment is an experiment with p=5” designed with all the size and refinement of
telescope and accessories necessary to achieve and fully utilize 5” resolution. Similarly, a
5” spacecraft is a spacecraft with =5" and sufficient capacity in every respect to
accommodate and support 5” experiments (including whatever a is required).

Generally, an observing instrument and spacecraft are compatible if <p. There will
be exceptions, when, for instance, a telescope has an internal guiding system more
accurate than the spacecraft pointing stability.

Spectroscopic resolution is the customary A/ A .

Duration of a series of observations is t.

Time resolution, the interval between successive observations in a sequence, is t.

We shall occasionally use the term *“video systems.” By it we mean a system
consisting of-

(1) A photon sensing element that simultaneously and continuously senses the
intensity of all discrete picture elements of a two-dimensional image
(equivalent in this respect to a photographic film) and converts it into an
electrical signal.

(2) A transmitting system that ends the signals, either in real time or from an
onboard storage unit, to a ground station or an orbiting station.

(3) A receiving system to permanently record the data quantitatively with a
minimum of degradation, and to display them for visual inspection.

In this report we define the wavelength regions of the spectrum as follows:

IR- 9000-A to 1 mm (the region between the photographic limit and the
“shortest radio waves™)

V- 3000 to 9000 A (limited by atmospheric absorption and the longwave limit of
photographic material)

UV- 1500 to 3000 A (from V to the shortwave limit of the solar continuum)

EUV- 300 to 1500 A (from UV to extreme shortwave limit of normal
reflection optics)
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[151] X-ray- 1 to 300 A (requiring grazing incidence optics or other imaging devices)
XUV- 1 to 1500 A (the region containing nearly all of the chromospheric and
coronal emission lines)

High-energy spectrum- <1 A, or > 10 keV. This region includes three reasonably
distinct ranges:
10-300-keV bremsstrahlung continuum from active centers.
300-keV-10-MeV y-ray lines from nuclear processes (predicted, but not yet
observed in the Sun).
~100-MeV bremsstrahlung from extremely relativistic electrons and y-rays
from ° decays (predicted, but not yet observed).

For brevity, 1" or 1' means 1 arcsec or 1 arcmin, respectively (not 1 inch or 1 foot).

REVIEW OF ACTION TAKEN ON THE 1965 RECOMMENDATIONS
OF THE SOLAR PANEL AT THE WOODS HOLE SUMMER STUDY

The report of the Solar Panel at Woods Hole contained 12 recommendations
as follows:

Recommendation 1.— That the recommendation of the lowa meeting (1962) concerning
fine pointing be given immediate attention and that highest priority be given to the
development of triaxially stabilized rocket attitude controls, leading, as soon as possible,
to a fine-pointing system capable of an accuracy of 5 sec of arc and optimally designed for
solar use. (This recommendation is essentially a reaffirmation of that made by the lowa
Summer Study, and is restated here to reflect the importance which the Working Group
attaches to this matter: “We recommend that the sounding rocket program continue to
receive full support; and that both the inertially guided Aerobee with fine pointing at
selected stars, and the inertially guided Aerobee with fine pointing at the Sun controlled
by an optical sensor, be made available at the earliest possible time.”)

Comment: The proposed improvement (1) in sounding rockets for solar research has
been largely accomplished, and the rocket experimenters are pleased with the technical
improvements. The recommended increase in the number of rockets available and
supporting funds for their payloads has not been realized. (See Comment on 1965
Recommendations 7 and 8).

Recommendation 2.— (a) That the presently approved Orbiting Solar Observatory
(OSO) program be augmented by at least four [152] additional launchings during the
period 1970-72, inclusive; (b) that no decision be made to terminate the OSO program
after 1972 without further review at an appropriate time; (c) that NASA make every effort
to implement such desirable improvements in the OSO spacecraft as increased power,
offset pointing, localized raster scans, provision for slightly longer instruments, greater
data capacity and more flexible data format, and improved pointing accuracy (15-30 sec
of arc); (d) that consideration be given to injection of one or more OSO spacecraft into
a polar retrograde orbit in order to provide continuous surveillance of the Sun.

Comment: NASA is planning for three additional OSO launches: OSO’s I, J, and K.
Although the planning goes no farther at present, NASA has indicated a willingness to
consider further OSQO’s if there is further useful work for these relatively inexpensive
spacecraft. Some of the improvements recommended have been made. OSO now has the
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capability for offset pointing and raster scanning. Further upgrading recommended by
the Ad Hoc Committee of NASA’s Solar Subcommittee is presently being considered for
OSO’s I, J, and K.

Recommendation 3.— (a) That a satellite with Advanced Orbiting Solar Observatory
(AOSO) specifications is an indispensable step in NASA’s solar program, and must be
flown close to the coming solar maximum; (b) that the AOSO program be accorded all
the priority necessary to maintain the launch schedule shown in the Prospectus.

Comment: AOSO was canceled, and no comparable ground-controlled solar spacecraft
of the 5” guiding accuracy class has even been planned. Because of its relatively short life,
during which continuous operation of several different instruments is hardly feasible, the
ATM is not a substitute for AOSO.

Recommendation 4.— (a) That manned missions in the 1968-72 time period, such as the
Astronomical Telescope Orientation Mount (ATOM) in the Apollo Extension Systems,
are desirable to supplement AOSO, but cannot replace it; (b) that because it offers the
prospect of providing answers to critical questions relating to the technology of manned
space telescopes and data recovery, the ATOM concept merits vigorous support.

Comment: The ATOM spacecraft has been renamed “ATM (Apollo Telescope Mount),”
and Apollo Extension Systems is now the Apollo Applications Program (AAP). The
manned ATM has been approved and is scheduled for a 28- to 56-day flight in 1972.

Recommendation 5.— That solar space observation be included in the manned space
science program of the Apollo Extension [153] Systems in order to develop the
technology of manned space astronomical operations. Such observations, which could
attain resolving power of 1 sec of arc in the wavelength region 500-3000A, mark the next
logical step beyond both AOSO and ATOM.

Comment: NASA has made definite and commendable progress in introducing the role
of scientist-astronaut into the manned space astronomy program. However, utilization of
man’s unique capabilities in operating and maintaining a space observatory appears far
from realization. For example, the ATM mission will provide an initial evaluation of men
as onboard observers operating semiautomatic experiments. But man’s unique ability to
assemble, repair, and replace experiments or vital components has not been incorporated
into the design of any existing or planned mission.

Recommendation 6.— That feasibility and design studies begin immediately on orbiting
solar telescopes of at least 1-m aperture designed to obtain a resolution of 0.1 sec of arc
at visible wave-lengths and 0.5 sec of arc at far-ultraviolet wavelength (A>500A). Very large
and complex accessory instruments will be necessary to analyze the solar image. Erection,
operation, and maintenance of this telescope will require full utilization of astronaut--
engineers and scientists.

Comment: Meaningful feasibility and design studies of telescopes of the 1-m aperture
and 0.1” guiding accuracy class have not begun.
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Recommendation 7.— That provision be made for a continuing, uninterrupted
experimental program while the more advanced manned flights are in preparation, with
many flights of various spacecraft, so that a scientist will have frequent opportunities
for observation.

Recommendation 8.— That NASA find means to continue a strong program with
relatively inexpensive rockets and small unmanned satellites at the same time the large
manned projects are underway, since the former are indispensable to the latter.

Comment (7 and 8):

NASA has provided rockets for most worthwhile experiments through fiscal year 1968,
but has failed to meet the increased demand in fiscal years 1969 and 1970, a time period
that is crucial to preparations for the more advanced solar spacecraft like ATM. The OSO
series is to be extended by at least three additional spacecraft of improved performance.

Recommendation 9.— That the relationship between scientists and astronaut-observers
be studied and clarified. In particular, [154] we recommend that when a single, large
scientific instrument is carried, the scientific observation be designated the primary
mission for the flight.

Comment: The designation of the acquisition of scientific observations as the primary
mission objective has been generally followed, and scientific requirements have been met
whenever the requirement can be achieved within certain general Apollo Applications
Program constraints.

Recommendation 10.— That NASA bring more scientists into the space-flight program as
astronauts or observers.
Comment: See comment on Recommendation 5.

Recommendation 11.— That NASA move to provide additional support for ground-based
solar studies. As the flight program grows in sophistication and success during the next
several years, the demands on ground-based work will also increase, and NASA should in
turn anticipate an increased demand upon its resources for support of ground-based
facilities and operations. In addition, in the next few years, NASA should expect, and
respond favorably to, proposals for a few major ground-based solar installations.

Recommendation 12.— That increased support be given to physical research in the
laboratory, as required to develop improved space instrumentation for solar-physics
research, to assist in the data reduction, and to make possible a full interpretation of
the results.

Comment (11 and 12): NASA has continued to support ground-based solar astronomy,
astrophysical laboratory research, and theoretical investigations related to solar research.
The dollar amounts have remained about constant, near 2 million/yr, with no provision
for the increasing costs, although in the face of reduced solar program funds in fiscal years
1968 and 1969 have been reduced. Included in this support have been about 1.7 million
for the construction and operation of two major ground-based solar installations.
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PRESENT STATUS OF SOLAR SPACE RESEARCH

NASA’s program in solar research has showed modest progress from the beginning.
The opportunities for sounding rocket research have, at times, exceeded the demand, but
the program is presently falling behind the demand rather seriously. The upgrading of
sounding rocket capabilities appears to be well in hand, after a considerable delay. Aircraft
have proved to be practical and very useful for observations of eclipses and the far-infrared
solar spectrum. Although the OSO program is behind its originally planned schedule, it has
gone ahead steadily. Five OSO spacecraft [155] have been successfully launched. There have
been spacecraft and experiment failures but, on the whole, the OSO’s are a tremendous
success. They are the most advanced spacecraft so far flown for solar astronomy, and have
amply justified the effort NASA and the many experimenters have put into them.

The first four OSO’s were 60" spacecraft and those presently planned are upgraded
to 30". The scientific results have been invaluable and the experience acquired has
prepared us for the next step, observations from 5" spacecraft.

The current status of NASA’s future program for orbiting solar spacecraft is as follows
OSO’s F, G, H are definitely approved and the construction of both experiments and
spacecraft is underway. NASA plans to extend the series by three more spacecraft which
will incorporate improvements recommended by the 1968 Ad Hoc Committee of the
Solar Subcommittee. They are OSO’s 1, J, and K for the 1972-75 period.

ATM-A is definitely approved and scheduled for flight in 1972. This will be the first
of the much-needed 5" spacecraft, and the first experiment in manned operation of
solar observing instruments. It is unquestionably the most important solar spacecraft
now planned.

Document I-14

Document Title: J. Allen Crocker, statement of Dr. Leo Goldberg, Director of the Harvard
College Observatory, ATM/Skylab, 3 November 1970.

Source: National Archives and Record Administration, College Park, Maryland

As Congress questioned the scientific merit of launching the Apollo Telescope Mount (ATM) on the
initial Skylab mission, NASA contacted a number of researchers to obtain statements of support for
the ATM. This statement from Dr. Leo Goldberg is typical of the responses provided to NASA.

3 November 1970

MEMORANDUM FOR THE RECORD OF TELEPHONE CALL

SUBJECT:ATM/Skylab
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Dr. Leo Goldberg, Director of the Harvard College Observatory, and Chairman of the
NASA Astronomy Missions Board, called and dictated the following statement to me for
Dr. Newell’s use in preparation of budget backup material:

The solar observatory (Apollo Telescope Mount) to be flown in Skylab, under
development and construction since 1965, is undoubtedly the most important solar
spacecraft now planned. It will house by far the most powerful and sophisticated
collection of solar instruments ever flown in a satellite and the combined payload is
designed to investigate a number of very puzzling mysteries surrounding the Sun’s
behavior. For example, the Skylab seeks to discover the mechanism that creates the solar
corona, an enormous expanding envelope of gas at a temperature of two million degrees
which surrounds the earth and reaches out to the very boundaries of the solar system. The
Skylab observations may also reveal how and at what circumstances the Sun manages so
efficiently and quickly to transform vast quantities of stored magnetic energy into heat, as
it does when a giant flare breaks out and bathes the earth and interplanetary space with
x-rays and fast moving particles. The launching of Skylab will climax ten years of
preparatory work which has been so successfully carried out in the series of small OSO
satellites, largely by the same group of experimenters who are involved in Skylab. While
solving many problems, the OSO experiments have also sharply defined a number of the
most essential and critical measurements that can only be made with instruments as
powerful as those projected for Skylab. The astronomical community is eagerly awaiting
the results of these essential measurements and the expected breakthroughs in our
knowledge of the Sun which the Skylab mission promises to bring about.

Finally I want to underscore the importance | attach to the contribution of astronomy
that the astronauts will be making both by performing certain necessary and useful tasks
in connection with the experiments, and in demonstrating man’s capability as a scientific
observer in space.

Document I-15

Document Title: National Academy of Sciences, “Scientific Uses of the Space Shuttle,” 1974.

Source: National Academy of Sciences, Washington, D.C.

One implication of the 1972 approval of the development of the Space Shuttle was that NASA
intended to use the Shuttle, once it became operational, to launch all of its missions, including space
science missions. This report reflects the initial planning by the solar research portion of the space
science community for such a situation.

[cover sheet]
Scientific Uses
of the
Space Shuttle
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NATIONAL ACADEMY OF SCIENCES
[130]

[chapter] 7 Solar Physics
I. SOLAR-PHYSICS OBJECTIVES AND OVERALL PLAN

The outstanding scientific problems in solar physics derive their significance as much
from their intrinsic interest as plasma phenomena of extreme complexity as they do from
their importance for the study and elucidation of a range of basic questions arising in our
efforts to understand the physical universe.*

In summary, these problems center around (a) the origin of solar activity and the
mechanisms underlying its various manifestations (especially flares), (b) the nature and
origin of the mass and mechanical energy flux from the Sun, and (c) physical problems
of broad significance that can only be studied in the Sun. We discuss these broad areas
below, giving particular emphasis to the progress to be anticipated from solar observations
during the Shuttle era.

A. Solar Activity

The study of the formation, heating, and long-term development and decay of
active regions requires spatial correlation of observations made over a broad spectral
range and over consecutive periods of a few days. For example, in order to study the
interaction of rising magnetic fields with the plasma of the solar photospheric layers,
long-term time-lapse observations with high spatial resolution in the visible portion of
the spectrum are needed of velocity fields, small-scale magnetic fields, and features
reflecting different temperature and density conditions. These observations must be
correlated with [131] the uv and x-ray observations of the same areas to yield parallel
data on the higher levels in the Sun’s atmosphere-the chromosphere, transition region,
and inner corona. Data show the spatial structure of active regions to be extremely
complex and to change completely in the higher layers, where the magnetic field
dominates; however, the limited spatial resolution currently available severely restricts
our ability to interpret such data fully. The evolution of activity and the details of
magnetic-field development will almost certainly depend on magnetic-field
measurements made with high spatial resolution and extending over periods of a week
or more.

Little is known about the impulsive nonthermal phase of flare development during
which energy is released and charged particles accelerated to very high energies. We
would like to know the location of the primary acceleration, the magnetic- and electric-
field configurations, and the time sequence of the energy release processes. X-ray and
radio-wave observations provide essential information on the energetic electron
population of a flare, while the white-light, gamma-ray, and neutron emission give clues to
the acceleration of protons. Direct measurement in space of the isotopic content of
energetic flare particles promises to add still another insight into the acceleration,
containment, and release of charged particles. Because theory suggests that the energy
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release and subsequent thermalization must take place in an extremely small-volume,
high-temporal and -spatial resolution is essential.

Another area of current interest is the state of an active region prior to the occurrence
of a flare. There are periods of rapid magnetic change in an active region during several
hours or days prior to a large flare, during which time the x-ray, xuv, and radio emission
tend to increase in intensity. Accelerated particles of comparatively low energy are
observed to escape from the buildup area into interplanetary space. This, with many other
aspects of the buildup, is not understood, and further observations of particle densities,
fluxes, temperatures, and magnetic fields—and the associated time variations—are needed.

B. Energy and Mass Flow in the Solar Atmosphere

The mechanisms that produce the large departures from radiative equilibrium that
characterizes the chromosphere and corona are not understood. Compelling theoretical
and observational evidence suggests that these levels are heated by mechanical
disturbances such as acoustic, magnetoacoustic, and possibly gravity waves originating in
[132] the subphotospheric convection zone. The principal mechanism has not been
identified in spite of the fact that recent years have produced a wealth of data on the
temperature structure of the chromosphere-corona transition region as well as
microscopic motions in the lower atmosphere.

Future work must provide a complete specification of the temperature, density,
velocity structure, and magnetic field over the entire atmosphere from the photosphere
out into the lower corona. Because these layers contain an intricate fine-scale horizontal
structure, closely associated with the concentration of the magnetic field into small
columns, high spatial resolution at all wavelengths is essential. Without such resolution
the critical effects of the channeling of the mechanical energy flux by the magnetic field
cannot be determined.

The flow of mass and energy in the solar atmosphere continues into interplanetary
space in the form of the corona and solar wind. The magnetic field plays a crucial, if
incompletely understood, role in modulating the flow of the material and imprinting an
intricate density, temperature, and velocity structure on the plasma as it rushes out from
the Sun. Space probes have measured these at 1 AU; however, the connection between
these observations and structures in the inner corona is just beginning to be established.
Surprises, such as the recent realization that most of the solar wind originates in quite
undistinguished regions of the corona, where the magnetic field is weak and open and the
density is low, can be expected to be frequent and to lead to exciting revisions of our ideas
on the structure of the outermost atmospheres of the Sun and stars.

Understanding these processes requires a complete specification of the density,
temperature, and magnetic field in the corona and solar wind, with good temporal and
spatial resolution, so that a full three-dimensional model can be established. Since the

* In considering the scientific motivation, we have drawn heavily on the reports of the NASA Payload Planning
Working Group (Blue Book) on Solar Physics and of the ESRO-PASOL Group and particularly on the discussions
of those problems that they believe should consume a major fraction of the best efforts in solar physics through
the first decade of the Shuttle era.
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medium is continually evolving, synoptic observations are necessary to describe the
influence of activity in the lower atmosphere on the upper levels. Moreover, high time-
resolution measures are required to investigate the response of the corona-solar wind
plasma to solar flares. A variety of tools will be required. Spaceborne coronagraphs have
demonstrated their power on the OSO and ATM; however, these data must be
supplemented by x-ray, euv, ground-based radioheliograph and coronagraph, spaceborne
radiospectrographs, and in situ solar-wind measures if a complete picture is to be
obtained. We would particularly stress the need for coordination of ground and space
observations for incisive attacks on particular scientific objectives.

[133] C. Physical Problems of Broader Significance

Solar activity originates below the visible levels of the solar atmosphere; our
knowledge of the structure and dynamics of the interior is, at best, provisional. Models
provide a basis for understanding the most obvious properties of the Sun—its mass,
radius, and luminosity—and show that the presence of a chromosphere and corona
depends on the existence of a convection zone, some of whose characteristics are
reflected in the photosphere. Similar models applied to other stars provide insight into
their evolution, variability, and the processes of element synthesis.

In all these investigations, comparison with the Sun furnishes a critical test; several
tests lead to only a qualified confidence. For example, the currently accepted solar models
predict a neutrino flux well in excess of the measured upper limit. Also, models
incorporating convection in a rotating Sun are not yet sufficiently advanced to explain the
observed differential rotation of the photosphere and the characteristics of the solar
magnetic cycle. With these more obvious features of the Sun unexplained, it is small
wonder that more subtle questions such as the nature of supergranulation cells, solar
oblateness, and the role of the solar wind in the angular momentum history of the Sun
remain subjects of speculation. Likewise, broader questions regarding the presence of
similar phenomena on other stars remain uncertain. The constancy of the solar
“constant”—a fundamental parameter in all studies involving terrestrial climate—appears
to be an article of faith.

It is clear that little progress can be made until our ideas concerning the role of
turbulent convection in determining the structure of the Sun and its interaction with solar
rotation are clarified. Here, a fundamental advance in the theory of turbulent convection
beyond the currently used mixing length models is essential. The application of modern
computational tools to these problems will be essential but may be misleading without this
fundamental knowledge.

A directly related problem is the operation of the solar dynamo and the production
of the solar magnetic cycle. If the investigations mentioned earlier are successful, there
should be no lack of fundamental mental knowledge that would impede progress in the
study of the solar cycle. Advancing our knowledge of the stability of the Sun, and the
consequent implications on the solar constant, and the neutrino deficit must proceed in
concert with these studies. Although progress a can be made using the current models,
the stability of the Sun is most [134] certainly dependent on the coupling between the
energy generating core, the radiative envelope, and the convection zone. Since the
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characteristics of these zones are not fully known, the presence of a solar variability
independent of the magnetic cycle remains uncertain.

D. Relation of Solar Physics to Other Disciplines

The outstanding problems discussed above have an importance far beyond solar
physics. Thus, once the processes of mechanical energy production, transport, and
dissipation are understood, observations of stellar chromospheres and coronae could be
used for further studies of stellar structure and evolution, since the extent of the
subphotospheric convection surely varies with spectral type and class. Since it seems clear
that small-scale photospheric features are associated with production of the mechanical
energy that heat the chromosphere and corona, such motions and fine structures should
exist also in the atmospheres of stars exhibiting chromospheric features; the
interpretation of the spectra of such stars must rest heavily on the solution of the mass and
energy-flux problem of the solar atmosphere.

Continuing studies of the solar wind will find application in understanding stellar
winds and mass-loss mechanisms. The process whereby the solar wind removes angular
momentum from the Sun, thus slowing down solar rotation, is basic to an understanding
of the origin and evolution of the solar system and of other stars and planetary systems.
This mass loss is important in determining the composition of the interstellar medium
and interplanetary plasma.

Solar flares exhibit a broad range of high-energy processes, including the generation
of hard cosmic rays and associated radiation, extending over the spectrum from gamma
rays to radio wavelengths. The Sun provides an opportunity for detailed study of the
interaction of high-energy particles and magnetic fields, since both of these characteristics
can be measured directly. Such studies have clear and direct relevance to the study of
other energetic objects in the universe. Similarly, the study of solar-active regions and the
long-term interaction of the solar plasma and magnetic fields should increase our
understanding of the coupling between solar convection, differential rotation, and the
loss of angular momentum, as well us cycles of stellar activity.

We can look to a continuing stimulation of many other areas in astrophysics coming
from attempts to understand the complex questions posed by solar physics. As a single
example. important [135] studies of atomic processes in low-density plasmas have
followed efforts 'to account for the physical state of the solar atmosphere.

Finally, as man’s technical achievements mount, the importance of a detailed
understanding of solar-terrestrial effects will grow. The influences of solar activity on the
upper terrestrial atmosphere are well documented, if insufficiently understood. The solar
wind stands gut as the principal modulator of the magnetosphere. Significant progress has
been made in our ability to predict the occurrence of major flares, and a capability for
accurate prediction would have economic benefits and may determine the extent to
which man can work in space above the atmosphere. Finally, a possible link between solar
activity and large-scale terrestrial weather patterns suggests potential significance of solar
space studies to all mankind.
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I. PROFILE FOR A BALANCED PROGRAM IN SOLAR ASTRONOMY

With the above objectives as guidelines, we have developed a set of goals that we
believe would provide a well-balanced program in solar astronomy through the 1980’s.
These are outlined briefly below; more detailed descriptions are set out in Section Il11.

A. Spaceflight Aspects

A solar maximum satellite for the 1978-1979 period would allow, in conjunction with
ground-based studies, an incisive approach to the study of solar activity in its various
manifestations. Furthermore, the basic spacecraft, through Shuttle recovery, relaunch,
and revisit, could provide a free-flying payload for long-duration solar experiments in
the 1980’s.

Basic instrumentation for a Shuttle Sortie Solar Observatory (SSO) falls into two
categories. First we envisage a set of major telescopes optimized for different wavelength
regions and feeding interchangeable specialized instruments (spectrographs, direct
cameras, magnetometers). Second would be a versatile, fine-pointed platform for
mounting special-purpose instruments that may be incompatible with the larger feed
telescopes or not require their power—examples [illegible] coronagraphs and
polarimeters. The larger system, at least, should be started soon to provide the
opportunity of studying problems of solar activity with more powerful instruments (even
if narrower in scope) than those on the free-flying satellite.

[136] While the smaller fine-pointed platform should be developed on a single pallet as a
module for the sortie solar observatory, we also see an attractive possibility in its use to
carry payloads on a standby basis-an opportunity whereby an available payload could be
carried on an otherwise unfilled sortie mission. This concept needs study to determine its
feasibility.

Because the ultimate observational needs of solar astronomy may eventually require a
free-flying Large Solar Observatory, we recommend that the National Academy of
Sciences convene a panel of scientists to investigate all aspects of the need and
specifications for, and use of, such a facility.

B. Other Necessary Components of a Balanced Program

1. OTHER SATELLITE OBSERVATIONS

A coordinated approach to a variety of solar-physics problems requires that numerous
observations be made at the same time. Many of these must be made from spacecraft
flying outside the magnetosphere. Particularly relevant are very-low-frequency radio
measurements, in situ observations of solar-wind plasma and magnetic field, and high-
energy particle measurements. Specific attention should be given to the scheduling of
launches of such payloads to optimize the scientific returns coordinated with the solar
Shuttle missions.
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2. DATA ANALYSIS AND THEORETICAL STUDIES

Adequate and sustained support for the analysis of experimental data, as for parallel
theoretical studies, is imperative if the data are to be used for increasing our understanding
of the Sun. This support must be provided for at the earliest planning stages.

3. GROUND-BASED OBSERVATORIES

In the Shuttle era, solar astronomy will make increasingly heavy demands on the
ground-based observatory capabilities at optical and radio wavelengths. The
multiparameter observational detail required in order to develop an understanding of
solar phenomena necessarily results in the integration of data from a broad variety of
sources. Furthermore, as the understanding of basic solar processes unfolds, it is necessary
to maintain the ground-based as well as the space-based solar capabilities at the forefront
of technological sophistication.

[137] 4. ROCKETS AND BALLOONS

The return from the use of rockets and balloons for solar studies has far more than
justified the cost. With the augmented payload capability and excellent pointing controls
now available, these experiment platforms continue to provide an important part of a
balanced solar-astronomy effort. As solar astronomy enters the Shuttle era, it is important
that the rocket and balloon programs be continued, both for original solar studies and for
the development of Shuttle-compatible instrumentation. Only after we are well into the
operational Shuttle era will experience be available to permit a reassessment of the role
of the rocket and balloon capability for solar studies.

5. SUPPORTING RESEARCH AND TECHNOLOGY

In the past, the SR&T program in NASA has been pivotal in developing and
maintaining the solar-astronomy program and has underlain the excellent progress in
understanding the Sun and its influences. Sadly, the decrease in this type of funding in
recent years has not only had an impact on established research efforts but has curtailed
the investigation and development of new ideas that represent investment in the future.
We most urgently recommend that SR&T support be maintained and augmented as a
balanced part of the total NASA program.

1. MISSION MODEL

Table 17 is the mission model that we recommend to achieve the goals outlined. It is
designed to meet the anticipated needs of U.S., European, and other scientific groups. It
envisages a launch of the Solar Maximum Mission (SMM) in 1977/78, a schedule of sortie
missions starting in 1980 with a buildup to four missions a year from 1983, and, starting
in 1980, an annual schedule of new flights, revisits, and refurbishments of the. free-flyer
spacecraft originally designed for the SMM. A certain fraction of these would carry new
payloads; some would simply replace consumables on the spacecraft. The initiation
schedule (SMM in 1978, first sortie at the end of 1979) is set by the coming solar
maximum and is more fully documented elsewhere.
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TABLE 17 Mission Model

Years
Item 77 80 8. 82 83 84 8 86 87
Missions on which 2 2 2 4 4 4 4 4
SSO is prime payload?
Missions flying the 1 1 1 3 3 3 3 3
SFPP only which are
not included above’
Sortie flights of 1 3 2 2 2 2 2 2
opportunity for the
SFPP*
Solar Maximum Mission® 1
(Large Solar Observatory) 1

@ These are dedicated missions for solar physics only. They might carry into space one
of the four following packages:

Payload Average Annual Rate (full level of activity)
STC + SFPP 2
LFPP + SFPP + FF 1
LFPP + SFPP + HESP 1

® These are missions for which solar-physics payloads carried

by the SFPP will fly with payloads belonging to other disciplines.

* These numbers assume that the number of rocket payloads launched per year in the

Shuttle area will be maintained at the present level of activity in the United States,

Europe, and Japan.

¢ The Solar Maximum Mission satellite will be launched in 1978. It will be recovered

by the Shuttle in 1980, refurbished, equipped with updated instruments, and

launched by one of the dedicated missions once every year.

Over a 10-year period, the total number of dedicated missions will be 34 including the
following: Solar Telescope Cluster (STC), 17 flights; Large Fine-Pointed Platform (LFPP),
17 flights; High-Energy Solar Package (HESP), 7 flights; Free-Flyer Satellite (FF), 10 flights
(or revisits); Small Fine-Pointed Platform (SFPP), 34 flights. The total number of missions
flying the SFPP only over 10 years is 24; the total number of flights of opportunity for the
SFPP for the same period is 21.

The sounding-rocket program goal of 25 flights per year would continue through
1982 at least; its continuation beyond that must be a subject for study over the coming few
years as the Shuttle sortie capability becomes more defined.

Also envisaged is a Large Solar Observatory program with annual revisits, although
the need for closer definition of this program is reflected in our parenthetical entry of this
item in Table 17.

A. The Pre-Shuttle Solar Maximum Mission

Because of the timing requirement imposed by the 11-year solar [139] 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.
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Solar activity may be expected to return in 1977 and reach a peak approximately in
1979, with the likelihood of observing major flares in a seven-day mission decreasing
rapidly after 1981. We believe that an immediate start on this project is required in order
to use this opportunity, which will not be repeated until 1990.

The study of solar activity, especially flares, requires a wide range of instruments to
cover the electromagnetic spectrum from visible wavelengths to several MeV, where solar
nuclear gamma-ray lines have been observed. In particular, the study of the effects of
nonthermal particles at high x-ray and gamma-ray energies requires specialized
instrumentation that was not available during the last maximum in 1968 but that is now
within the state of the art. Further, the high resolution that will become available
simultaneously in spatial and spectral properties of the thermal flare plasma with the
generation of x-ray and euv spectroheliographs, which we believe can be developed in
ample time for the Solar Maximum Mission (SMM), will allow studies that can be achieved
in no other way.

1. DESIGN OF THE SPACECRAFT

The SMM presents an opportunity to develop a standard solar free-flying observatory
for the Shuttle era. The SMM satellite concept developed by the Goddard Space Flight
Center seems to provide an excellent basic capability that can support the pre-Shuttle
SMM and that has the growth capability to accommodate instruments of the class of the
Shuttle Sortie Observatory in a free-flying mode. The SMM concept envisages a Delta-
launched satellite with the capability of fine pointing of some 500 kg of instruments at the
Sun. The SMM concept will, by 1977, provide a pointed payload four times greater than
OSO-l, with over twice the power, more than 10 times the viewing area for pointed
instruments, enhanced pointing accuracy, and comparable telemetry and command
capability. Such capabilities, combined in a single spacecraft, will make it possible to
achieve the scientific objects with a low-cost approach. We strongly endorse the SMM
concept, not only for the pre-Shuttle SSM, which is of paramount importance, but as the
basis for a flexible future series of the Solar Free-Flying Observatories.

[140] Alternative concepts for the spacecraft are not necessarily ruled out; however, it
would be essential that the following requirements be met to provide a viable system:

1. The spacecraft should be available for use at the next solar maximum in
1977-1979.
The pointing stability should be better than 1 sec of arc over a period of 5 min.
The spacecraft should be designed as a revisitable and reusable free-flyer
throughout the Shuttle era.

2.
3.

2. SELECTION OF PAYLOAD FOR SMM

While we recognize that there may be strong constraints on funding experiments for
this mission, it is obvious that the best science, which must be the principal objective of
the mission, will not be accomplished by simply reflying experiments that have already
successfully returned data, simply in the name of economy. The design of the spacecraft
and the ample size and weight provision should allow new experimental approaches. We,
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therefore, urge that NASA ensure that experiment selection follow the proven method of
open competition and impartial review.

B. Use of the Space Shuttle for Solar Research
The following sections summarize our recommendations for use of the Shuttle as a
base for solar experiments and as a transportation system for free-flying satellites.

I. SORTIE MODE

We have identified four basic solar-physics sortie payloads, which can provide the
flexibility to accommodate the broad range of instrumentation required to implement the
observational program outlined. Two payloads have been identified as basic multiuse
facilities: the Solar Telescope Cluster, which provides a basic set of optical feeds for a
variety of imaging, spectroscopic, and polarization studies between 8 A and 10,000 A; and
a High-Energy Solar-Physics Package, which can carry out similar studies between 1 keV
and 100 MeV and with the high time resolution necessary to study nonthermal events. We
have also defined two different size fine-pointed platforms that can accommodate a variety
of specialized instruments. These four basic experiment packages are described in this
section, and representative instrumentation is presented in Appendix A.

[141]
TABLE 18 Characteristics of the Solar Telescope Cluster
Wavelength Spatial Type Aperture Length® Collecting Area
Range Resolution
(sec of arc)
1200 A 0.1 at 5000 A Gregorian 100-cm, 6m 7500 cm?
/5 primary,
/5 overall
300-1600 A 0.5 Normal-incidence 40 cm, /10 5m 1250 cm?
mirror
140-600 A 0.5 on axis Wolter type Il 80 cm 5m 1500 cm?
8-300 A 1 on axis Wolter type | 80 cm 5m 450 cm?
(A >20R)
1-40 keV 4 Oda collimator 50 cm 6m 1000 cm?

aIncludes anticipated focal-plane instrumentation.

(a) SOLAR TELESCOPE CLUSTER

Since radiation emitted over the entire wavelength range from below 1 A into the
millimetric range arises in different height and temperature regimes in the solar
atmosphere, a battery of telescopes is required to carry out the needed research. Our
recommendation for such a battery is summarized in Table 18, while a brief description
of each component appears below. (Alignment of the entire battery on a given solar
feature to within 1 sec of arc, as well as independent pointing of individual telescopes to
any part of the solar disk, is required.) These specifications are presented as our desired
goals; we welt recognize that funding or technical constraints may delay the deployment
of some elements of the ultimate cluster.
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(i) OPTICAL TELESCOPE A 1-m-diameter, /35, diffraction-limited telescope
yielding angular resolution of about 0.1 sec of arc at 5000 A is desired. A design goal
should be to extend the technology of surface finishing so that the system can operate
with similar angular resolution down to Lyman-a. Such a system has the advantage
that it builds upon the technology of intermediate-size systems of 65-cm aperture,
which are planned for flight in the next several years in stratospheric balloons, while
representing a reasonable advance of performance. As a general-use system, such a
heliograph should be equipped with a variety of final image magnifications as well as
auxiliary devices such as spectrographs, filters, polarimeters, cameras, and
magnetographs for investigations in the wavelength range from 1200 A to 1 mm. Such
devices should be designed for modular installation of various combinations for [142]
differing scientific objectives. The use of such a telescope for nonsolar observations
should be considered in its design.

(ii) EUV TELESCOPE This instrument should be designed for maximum collecting
area and greatest possible efficiency (i.e., minimum number of reflections),
consistent with use of high-efficiency stigmatic spectrographs as subsidiary
instrumentation. It should cover the range 300 to 1500 A with normal-incidence
optics, designed to produce image quality better than 0.5 sec of arc within 1 min of
arc of the optic axis. Such a system could then feed, for example, a stigmatic
spectrograph of ~1-m focal length, which also, by rocking the objective by +15 sec,
would produce high-resolution spectroheliograms in a variety of lines. Other possible
instruments that could be placed at the focal plane include (1) narrow-band filters
(e.g., for Ly-a); (2) special-purpose spectrometers for measuring velocities, particular
line ratios, or line profiles; and (3) polarimeters.

Although the efficiency of normal-incidence optics drops seriously in the far uv,
it is important that every attempt be made to extend the spectral ranges to include the
strong He 11 304 A line. Consideration should also be given, however, to extending
the long-wavelength limit of the grazing-incidence Wolter type 11 telescope described
below to overlap the 300- 1600 A range.

(iii) X-RAY TELESCOPES  Adequate coverage of the shorter wavelengths will require
three individual telescopes. Two grazing-incidence imaging telescopes will operate
longward of about 8 A; the shortest wavelengths are probably best covered by a
nonimaging mechanical Oda collimator, although this possibility needs further study.

The characteristics of the individual Wolter-type reflectors would be tailored to
provide the maximum available effective aperture for each range. The short-
wavelength limit of this system is strictly set by the brightness of the source; for solar
flare studies, this telescope should be usable down to approximately 2 A.

For imaging studies, the entire collecting area is available, and a spatial resolution
of 1 sec of arc (or better) should be attainable over a 1-2 min of arc field. For
spectroscopic studies, the different optics allow separate spectrometers to work in the
wavelength ranges from 8 A to ~50 A and from 40 A to ~300 A. Limitations of
collecting area may require spectroscopic or polarization observations to be carried
out at lower resolution.
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[143] The Oda collimator covers wavelengths too short for effective imaging, even at
grazing incidence. It will require devices to raster or scan its field of view over the
regions of interest; it normally will be used to feed spectrometers or polarimeters.

(b) COARSE-POINTED HIGH-ENERGY MEASUREMENTS

Comprehensive measurements of the characteristics of x-ray, gamma-ray, and neutron
emission from the flaring and nonflaring Sun would give insight into the triggering
mechanism and total energy content of a flare (in conjunction with other measurements)
and into the acceleration, containment, and release of charged particles. The recent
OSO-7 discovery of flare-excited nuclear gamma-ray lines is indicative of the expected new
results from future high-energy studies. Use of the sortie mode for these high-energy
experiments permits observations to be made simultaneously with longer-wavelength
experiments and accommodation of high weight and data rates. These ends could also be
accomplished by an appropriate scheduling of free-flyers. The cost-effectiveness of both
modes should be investigated.

The intensity distribution and its variation with time and position should be measured
for photons in the spectral range of 0.001 to above 10 MeV. The flux, spectrum, and time
history of neutrons should be measured; a representative set of instruments is specified in
Appendix A.

The measurements taken during flares will be of great significance when compared
with simultaneous radio spectral and spatial measurements and with solar-particle
measurements obtained by other spacecraft.

(c) GENERAL-PURPOSE, FINE-POINTED PLATFORMS

Several scientific disciplines will require oriented platforms for the Shuttle sortie
mode. To carry the full range of possible solar experiments, we recommend that two
pointed platforms be developed; the stability requirements for both platforms are 1 sec of
arc, but they differ in size. The smaller fine-pointed platform should accommodate
instruments up to 2 m long, and might, for example, be based on a half-pallet section.
This unit could be flown on sortie launches with only a limited amount of unused space
or load capacity. It represents an important component of the proposed facilities; it will
be ideal for carrying the type of experiment now flown on rockets. It will accommodate
larger and heavier payloads than do present rockets and will permit the evolution of
current rocketborne experiments. Its [144] early deployment would allow smaller
scientific groups to participate in early sortie flights.

The larger fine-pointed platform should accommodate instruments up to 2 m in
diameter by 4 m long and weighing up to 3000 kg. As part of the Sortie Solar Observatory
it would, for example, carry large special-purpose instruments not included in the Solar
Telescope Cluster or a problem-oriented package of several experiments of a size
intermediate between current rocket or OSO-type experiments.

The design of these platforms must be such as to allow payload development with
minimal interaction with the Shuttle itself. A clean interface for power, thermal-control,
data-transfer, and experiment control functions is important.

(d) DEPLOYABLE RECOVERABLE FREE-FLYER
A semiautomated free-flying pointing platform based on an evolution of the OSO
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series or the proposed SMM satellite is needed for some observational programs with
duration well in excess of that of a single sortie flight. Additionally, some experiments
require a higher freedom from contamination than is available on the Shuttle.

A deployment recovery mode is likely to be the most efficient way of serving this class
of platform since (i) there is no need to build a new spacecraft for every mission; (ii) the
instrumentation can be returned, updated, recalibrated (with a high degree of
confidence never reached up to now), and flown again; and (iii) spacecraft consumables
and components can be replenished, repaired, or replaced within a short lapse of time.

The SMM satellite should be designed with these needs closely in mind.

(e) OTHER ASPECTS

(i) SOLAR FLIGHTS OF OPPORTUNITY  The payload carrying capability of the
Space Shuttle may be used to permit observations from space in a piggyback mode at
modest cost and with great flexibility. In this mode, experiments of an exploratory or
developmental nature may be carried out on a space-available basis.

For solar studies, this mode would make use of the general-purpose fine-pointed
instrument platform described above. It is desirable that this platform be built as a
modular independent facility to permit mounting into the Space Shuttle with
minimum interference to the prime Shuttle mission. For effective and low-cost [145]
utilization of this mode, it is essential that this facility have clean and standardized
interfaces with the Shuttle orbiter.

We strongly recommend that the experiment accommodation management of this
facility be as direct and informal as possible in order to promote maximum utilization
at minimum cost and lead time.

(i) CALIBRATION Accurate instrument calibration is especially critical for solar
observations whose analysis demands high photometric accuracy. For example, a
powerful method of determining density or temperature of the solar plasma makes use
of the accurate measurement of ratios of spectral line intensities—often at widely
separated wavelengths—and for this the absolute values of these intensities are essential.

The Shuttle sortie mode is well suited for achieving accurate calibration since, in

principle, instrument calibration can be monitored during operation and a thorough
recalibration made immediately after flight.
(iii) THE ROLE OF MAN IN SOLAR SORTIE OBSERVATIONS The recent successful
operation of manned space solar-astronomy experiments of ATM during the Skylab
SL/2 mission has given needed perspective on the role of man in future sortie solar
observations. The man-instrument interaction on ATM takes three forms: as an
observer, as an operator, and as a technician

As observers the SL/2 crew have shown themselves capable of educated and
thoughtful choice of pointing coordinates within the solar features chosen for study
and have made important real-time decisions such as when and how to observe
transient phenomena such as flares. It is fair to say that the presence of educated
observers at the telescopes has greatly enhanced the resulting data.

As operators the crew have skillfully initiated complicated observing sequences,
many of which occurred out of reach of ground stations and therefore could not have
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been initiated from the ground. It is fair to note, however, that if the Skylab had been

in continuous telemetry contact, these operations could have been accomplished

from the ground.

As a technician man has been essential in Skylab; the crew erected a thermal
shield, deployed a faulty solar power panel, overhauled an inoperative stellar uv
experiment, repaired faulty voltage regulators, cleared the optics of the ATM
coronagraph, repaired faulty experiment doors, replaced two jammed film cameras,
and returned exposed film to earth. It seems probable that the usefulness of man as
a [146] technician will continue to be paramount in the Shuttle sortie mode. There
seem to be very strong reasons, however, for carrying out observational and
operational activities from the ground. These include the following:

1. Ground support of scientific operations can continue 24 h per day by rotation of
ground personnel, thus substantially increasing the total observing time.

2. Consultations among a number of solar scientists on the ground before and
during the observational sequences will improve the quality of the observations.
Reasonably high data rates would be required to operate the experiments from
the ground. However, this capability would also permit returning all or a sampling
of the data to earth in real-time or near real-time. This leads to a third advantage
of ground-based operation.

3. Quick-look evaluation of the data within hours or at most a day of the observation
will permit updating and improving observations planned for later in the same
mission. Experience on OSO’s and ATM have proven the worth of quick-look data
evaluation for mission planning.

Therefore, we believe that it is important to provide the capability for ground-based
evaluation, through use of a Tracking and Data Relay Satellite or other continuous high-
data-rate system. One crew member should be thoroughly competent to make technical
adjustments to the solar instrumentation; if he is also a competent observer, he might
carry out observations directly as time permits, in close collaboration with ground-
based colleagues.

IV. REQUIREMENTS IMPOSED ON SHUTTLE AND SPACELAB BY
THE SOLAR PROGRAM

A. Contamination of the Optical Environment

The Panel is concerned that the Shuttle may contaminate the local environment and
the optical surfaces of many of the experiments because of the extensive use of volatile
materials and the uncontrolled dumping of wastes.
[147] The Panel recommends that NASA establish a Shuttle Contamination Control Board
to examine all materials, engineering approaches, and inflight procedures that may have
implications for the contamination problem. Such a group could recommend
modifications to assure that tolerable limits of contaminating gases and particulates are
maintained. A similar Board operated for Skylab, and a considerable body of
observational data on this problem will be available from Skylab.
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B. Scheduling of Solar Missions

Because solar studies typically make use of many coordinated observations, it will be
advisable to schedule solar sortie missions to coincide with supporting ground-based
observations. This will in general be during May-September, as most major solar facilities
are in the northern hemisphere and are located at sites where the skies are clearer during
the summer than the winter months.

C. Orbital Considerations

Solar sortie missions will in general make use of orbits requiring minimum fuel
consumption in order to maximize available payload weight.

Solar free-flyers should be put into orbits that will maximize recovery and revisit
opportunities. Sun-synchronus [sic] missions for studies requiring continuous coverage
are also possible.

D. Tracking and Data-Relay Satellite System (TDRS)

We believe that a data-relay system permitting nearly continuous contact with the
Shuttle sortie is essential for maximum scientific productivity. Further, we believe that the
Orbiter/TDRS wideband data link, which in the present mission model is regarded as
optional, is indispensable to the effective use of the sortie mode and should be a part of
the Shuttle program from the beginning.

E. Payload Capacity

It appears that the solar sortie will be limited by return payload weight for most
missions, which will limit the ability to conduct coordinated experiments. We strongly urge
that the weight landing [148] capacity of the Shuttle be increased to as near the original
goal as possible.

F. Mission Duration

Some solar missions will benefit greatly from longer missions, up to the full 30-day
capability. The Shuttle should be designed to minimize the payload impact of such
longer missions.

G. Use of the Payload Specialist Station

Flights of the Solar Telescope Cluster and other major solar payloads will utilize, on
occasion, the payload specialist in an interactive role in the experiment. However, if the
required console displays and controls are housed in a Spacelab pressurized module (as
presently defined), it appears that the weight of that unit will seriously limit the size of the
scientific payload and may, indeed, prevent flying the full Solar Telescope Cluster.
Assuming that it is impractical to increase the permissible landing weight of the Shuttle,
then the best solution seems to be to design the payload specialist console to allow
adequate servicing of the scientific payload.

H. Data and Control Interfacing
It is recognized that the time available for payload integration with the Shuttle may be
extremely limited. We suggest that these requirements may be met if the pallet itself
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includes a general-purpose computer of substantial capacity (e.g., 128 kbits of direct-
access memory plus mass storage capability of at least 1010 bits) that is used for
experiment control and data management and the payload specialist console serves
primarily as a terminal for this computer. The console should also include video and CRT
displays, the latter for display of information from the computer. Although most control
functions would be derived from the pallet computer, it is advisable to have several analog
servo-control circuits included in the console for instrument manipulation and limited
analog readouts for critical experiment monitors.

With such a design, all experiment functions and computer software could be
integrated and checked out using a Payload Specialist Console Simulator prior to
mounting the pallet in the Shuttle. Also, this approach will minimize mission peculiar
modifications of the Payload Specialist Station, requiring only that the terminal-computer
interface be standardized.

[149] V. GENERAL CONSIDERATIONS

A. The Impact of Quality Assurance on Costs

The Space Shuttle could substantially reduce the cost of transporting payloads to
orbit, as well as increasing the number of flight opportunities. To take advantage of these
opportunities, the cost per pound of payload must be substantially reduced. Part of this
saving may be achieved by substantially streamlining the documentation and verification
requirements of present-day quality assurance procedures.

We recommend that a panel of experienced Principal Investigators and satellite and
experiment program managers from the various NASA Centers and from NASA
Headquarters be established to examine the problem of quality assurance in the Shuttle
era and to make specific recommendations on procedures for sortie instruments and for
instrumentation on free-flyers. We believe that the basic quality assurance approach
recommended in the Shuttle sortie model presented by NASA is an excellent one and
recommend that Principal Investigators work closely with NASA to implement this
approach. We also recommend asking the proposed panel on quality assurance to
consider the Solar Maximum Mission proposed for 1978, since this mission will be a
prototype of the free-flyer of the Shuttle era.

B. Convening of a Shuttle Experimentation Planning Committee

Because the Shuttle and sortie laboratory are still in the planning stage, it is important
to establish a continuing channel for exchange of information—e.g., payload
accommodations, contamination control, and pointing requirements—between the
scientific community and the Shuttle and sortie laboratory planners. Accordingly, we
recommend that a committee of representative experimenters be set up for this purpose;
this committee could be drawn, for example, from the existing U.S. and European
working groups. We also recommend that these working groups be continued.

C. Selection and Responsibilities of Scientists
We consider that the successful construction and operation of individual instruments
of any size is best accomplished under the supervision of a single responsible scientist. The
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process of selecting experiments must avoid conflict of interest, be open at all program
[150] phases, and must reflect the requirement that observing time and data are to be
made available to guest investigators. A promising start in defining management
responsibilities in this area is set out in detail in the report of the NASA Payload Planning
Working Group.

D. The Crucial Role of SR&T Support

Supporting research and technology provides, at modest cost, the basis from which
flight programs grow. The Shuttle promises to provide a splendid opportunity for
deployment of new and exciting instruments. To produce these in time for solar
maximum, a start must be made now on instrument development. Because of the large
payloads carried by the Shuttle, a substantial effort is needed, requiring a corresponding
increase in SR&T funding or special allocation of funds for Shuttle instrument
development.

VI. RECOMMENDATIONS

1. The occurrence of solar activity presents a unique opportunity to investigate a
broad variety of energetic astrophysical processes and, in particular, to study the role
played by magnetic fields in such phenomena. For this reason, it is crucial to exploit the
forthcoming maximum in solar activity (anticipated for early 1979); an equivalent
opportunity will not be repeated until at least 1990.

We, therefore, recommend that the highest priority be given to the implementation of
a Solar Maximum Mission ( SMM ) satellite to be launched in late 1977 to observe the
upsurge of solar activity and designed to permit uprating as a free-flyer in the
Shuttle era.

2. The early data from the ATM have clearly demonstrated that instrumentation
covering a wide range of the electromagnetic spectrum is essential for a broad attack on
the fundamental problems of solar physics. This concept can be used to great advantage
on the Shuttle because of its high-payload and data-return capabilities. Such a wide variety
of problems can be approached in this wad that a series of missions is required, each
having different specialized detectors at the focal planes of a cluster of generalized light
collectors.

We, therefore, recommend that a flight program be initiated with the aim of
development of a Shuttle Sortie Observatory consisting of (a) a solar telescope cluster of
large collectors covering a wide range of the electromagnetic spectrum and designed to
feed different focal-plane instruments on different flights; (b) a small, fine-pointed
platform for experiments of the rocket class; (c) a coarse-pointed package for high-energy
solar measurements.

[151] 3. Certain important needs of solar physics are not met by the Shuttle sortie.
Among these are (a) long-term, synoptic observations of such long-lived phenomena as
active regions and coronal structures where moderate data rates suffice; (b) rare events,
such as major flares, which can be studied only by long-duration observations; (c)
contamination-free observations; and (d) observations for correlative purposes with
observations from other spacecraft or from the ground. All these needs can be met by a
free-flying spacecraft. The concept of periodic recovery, refurbishment, and instrument
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interchange on the SMM spacecraft offers an attractive, flexible, and inexpensive
solution to this need.

We, therefore, recommend the creation of a solar free-flyer program based on Shuttle
recovery and upgrading of the SMM spacecraft.

4. Certain important solar instruments such as coronagraphs and some special xuv
devices require a large fine-pointed platform but are not adaptable to the general-purpose
Solar Telescope Cluster.

We, therefore, recommend the development of a large fine-pointed platform to
accommodate these larger instruments.

5. Considerable cost savings may be realized by developing instruments usable by
different disciplines and programming observations so that some of the powerful
hardware developed in one area of astronomy can be used for observations in others.

We, therefore, recommend that close attention be given at all planning stages to the
possibility of development of modular instrument packages or interdisciplinary use.

6. The ultimate observational goals of solar studies make the eventual deployment of
large instruments on a free-flying platform a most attractive possibility, particularly in view
of recent spectacular a Skylab, OSO, and ground observations. With the availability of the
Shuttle to carry such large loads, the time is ripe to begin planning for such a program.

We, therefore, recommend that a panel be convened under the auspices of the National
Academy of Sciences to study all aspects of a Large Solar Observatory (LSO).

7. Because of the novelty and complexity of the Shuttle operation, we recommend the
establishment of a representative Shuttle experimentation planning board drawn from
the disciplines to work closely with the Shuttle and sortie laboratory planners in defining
experiment accommodations to be required.

8. Because of the severe weight penalty presently imposed by the use of the sortie
laboratory module, we recommend that, as a priority matter, adequate payload specialist
console space be provided [152] along with sufficient and data storage in the
orbiter/sortie pallet mode.

9. Because of the planned operational mode, detailed specifically in the above text,
we recommend that the fundamental importance to solar-physics missions of a wideband
Shuttle/TDRS relay satellite capability be kept closely in mind in all planning stages.

10. The extent to which the potential of the Shuttle is realized in advancing space
science depends intimately on the degree of continued input of the scientific community,
especially during the planning stages. The discipline working groups constituted by NASA
have set a sound direction for such communication. We, therefore, recommend that a
continued and close interaction between scientists and planners be recognized as an
essential component in Shuttle development and that appropriate mechanisms (e.g.,
discipline working groups) be established to ensure this interaction.
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Document I-16

Document Title: Andrea K. Dupree, Chairman, Ad Hoc Committee, “Report of the Ad
Hoc Committee on Interaction Between Solar Physics and Astrophysics,” 18 June 1976.

Source: American Astronomical Society, Solar Physics Division Papers, American Institute
of Physics, Washington, D.C.

A persistent concern among the leaders of the U.S. solar research community was the possibility of the
field’s isolation from other areas of astronomy and astrophysics. To avoid such isolation, a Division
of Solar Physics was established within the American Astronomical Society, and there were occasional
ad hoc efforts to identify areas of common interest between solar physics and other areas of
astronomical research. This report reflects one such effort.
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[1] I. Background and Introduction

Many solar astronomers are concerned about the existing separation between solar
physicists and the rest of the astronomical community. In response to this concern, the
Executive Committee of the Solar Physics Division suggested that an ad hoc committee be
formed. This committee was asked to recommend appropriate action to the Solar Physics
Division to enocurage [sic] increased interaction between solar phyiscs [sic] and
astrophysics. This Report contains the recommendations of the committee.

It is useful to summarize here the existing problem. The study of solar physics, which
once was an integral part of astrophysics and the astronomical community, appears now
to be a distinctly separate and isolated field of astrophysical research. Communication and
cross-fertilization among the subdisciplines of astrophysics has declined. The
astronomical community is largely unaware of and maybe indifferent to current research
in solar astronomy.

This present situation concerns solar physicists because of the adverse effects that
could result from the loss of interest and hence support from the astronomical
community. Lack of support for solar physics on a national and local level can endanger
funding as well as encourage a further decrease in faculty positions in solar physics. Few
students are then produced or even exposed to the problems and potential in [2] the
study of the Sun. The implications and also the complexity, of the situation are clear.

In fact, that solar physics is a significant, active, and vital field is well known to Division
members. Its strength, vitality, and broad interdisciplinary extension are also extensively
documented in two recent reports: the Space Science Board Study on Solar Physics (the
“Parker Committee” report) and the Report of the Solar Astronomy Task Force to the Ad
Hoc Interagency Coordinating Committee on Astronomy (1.C.C.A.).

It is not the intent of this Committee to review or to update their conclusions except
to note that the field of solar physics contains numerous substantial, exciting, and
unsolved problems that relate to practically every aspect of the Sun and its environment.
Additionally, the study of the Sun carries with it strong interdisciplinary relationships to
stellar astrophysics, atomic and molecular physics, plasma physics, and magneto-
hydrodynamics, to name but a few.

This Committee feels that positive steps can be taken by the Solar Physics Division as
well as by individuals to improve the current situation. Our recommendations to the SPD
follow. Of course, any Division strongly relies on actions of individual members, and in
some cases individual actions would appear to be the more effective ones. Suggestions to
individual members follow in 111.

Il. Recommendations to the SPD

1. Continue meeting jointly with the American Astronomical Society. Contributed
solar papers should be mixed where appropriate with non-solar papers.

2. Invited review and topical sessions sponsored by the SPD and simultaneous with
AAS meetings should be encouraged.

3. The SPD should be aggressive about its responsibility to provide invited speakers to
the AAS. The SPD should emphasize specific topics of common interest to solar and non-
solar astrophysicists.
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4. The SPD should actively initiate, solicit, and support meetings, conferences,
symposia, and. colloquia, among solar and non-solar astronomers on topics of
mutual interest.

5. The SPD officers and members should be aware of other societies and meetings where
solar physics can have an impact. The officers of the SPD should encourage and propose a
selection of solar physicists for invited papers and perhaps attendance at appropriate meetings.

6. The officers of the SPD should capitalize on new areas of astrophysics where solar
physics can strongly contribute. For instance, the launch of HEAO-B where X-ray
spectroscopy will be carried out on non-solar sources: IUE and ST where the ultraviolet
spectrum of non-solar objects will be generally available. Solar physicists are well-
acquainted with the UV and X-ray regions as well as phenomena in high temperature
plasmas. The SPD should encourage interdisciplinary lectures, [4] conferences, and
meetings in these areas.

I1l. The members of the SPD can act individually in a number of ways. The following
recommendations are offered.

1. Suggest, support, and encourage the appointment of solar physicists to faculty
positions. This effort is one of the most important contributions that an individual can
make. Astronomical research and the production of students centers on the university.
Astronomers and students need exposure to active programs of solar research.

2. Publish solar papers of general interest in The Astrophysical Journal. This may
require a new point of view to be developed among solar physicists. Specifically, we should
always ask ourselves the question: What are the implications of a particular solar physics
observation for the theory of stellar atmospheres? In research, we should try to emphasize
fundamental rather than superficial results. Point out the parallels between phenomena
of the physical principles underlying the phenomena in the Sun and in non-solar objects.
Papers with broad interest should go to The Astrophysical Journal or, for instance,
Astronomy and Astrophysics.

3. Apply theoretical and observational techniques developed in solar research to
nonsolar problems.

4. Seek to publish semi-popular papers in Science, Sky and [5] Telescope, Scientific
American, or other journals read by a large fraction of astronomers. Encourage editors to
include papers relating to solar physics.

5. Volunteer for lectures and colloquia. In addition, encourage and publicize visits,
discussions, lectures, etc. by solar physicists at your local (institutional) level.

6. Improve the public relations and publicity for solar physics. Think seriously about
the idea of a general press release for a worthy and interesting result. Make an effort to
point out, publicly and privately, the relevance of solar physics to the rest
of astronomy.

7. To insure continued federal support for solar physics, it is obviously important to
have strong representatives on advisory committees. Relations with Washington should be
cultivated at all levels.

8. The journal Solar Physics has received some criticism. It is felt that only papers of
strictly solar interest should be published there. Perhaps, to make the journal more
inviting to non-solar astronomers, it would be useful to reorganize the sections which,
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while they cannot parallel the divisions used by Astronomy and Astrophysics, could at least
reflect the more general interest in physical and atmoic [sic] processes as studied on the
Sun and in relation to other stars. It is also the responsibility of individual members to
maintain high standards for refereeing papers submitted to Solar Physics.

Document I-17

Document Title: Space Science Board, National Research Council, “Report on Space
Science,” 1975.

Source: National Academy of Sciences, Washington, D.C.

This is another report from the scientific community in the mid-1970s, pointing out the interactions
between solar research and other questions of scientific interest. In this case, the focus was on the
contribution of solar physics to the understanding of solar-terrestrial relations.
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[147]
[Chapter] F
Solar Physics

I. SUMMARY
A. Introduction

Solar physics has become one of the most complex subjects in astrophysics. The Sun,
our daytime star, is sufficiently near that its surface can be studied in detail, revealing the
many phenomena that make up the complicated personality of an average stellar object.
Similar effects and variations are part of the makeup of every star, and collectively of whole
galaxies, but are blissfully suppressed in the unresolved radiation from the “night-time”
stars. Observations of the Sun present a variety of phenomena that at first sight defy
rational explanation in terms of the familiar concepts of physics but ultimately stimulate
the theoretical understanding of new effects. Historically, the chromosphere and corona
are outstanding examples, having stood in contradiction to the views of thermodynamics
at the time their properties were determined.

The Sun presents such diverse phenomena as the cool prominence on phase
immersed in the hot coronal gas phase, differential rotation, the 22-year magnetic cycle,
the sunspot, the flare, and the predicted but still missing neutrino emission from the core
(which provides the only independent test of the theory of stellar interiors). Each of these
effects has proved to be an enigma, with only partial understanding available. Yet each
limits the understanding of all stars. One of the [148] solar contributions of greatest
importance to astrophysics has been the detailed study of nonequilibrium thermodynamic
systems in the solar photosphere, chromosphere, and corona. The knowledge of such
systems developed from the Sun is now applied to the less tractable problem of the
analysis of the radiation from the unresolved disks of other stars.

The active ejecta of relativistic particles and hot plasma seen in solar flares provide the
only examples of this violent phenomenon subject to detailed diagnostic examination.
Many active stars and galaxies display ejecta of similar appearance. The solar wind is the
only example of a stellar wind subject to comprehensive observation and theoretical
modeling. The solar flare is the only example of the stellar-flare phenomenon (that
appears in such colossal form in the dwarf-M emission stars) subject to close scrutiny and
analysis. It is possible to diagnose the effects of many active phenomena only with the
assistance of the closeup observations and theory of the solar analogue.

Recent studies of the Sun and its variable activity, together with the long record of
variation of weather and climate of earth, show that there may be both a short- and a long-
term relationship. Numerical modeling suggests a close connection between global
circulation at low altitudes and the ozone-induced thermal gradients in the upper
atmosphere. Modeling has also suggested that a minor change in solar luminosity or



122 SOLAR PHYsICS FROM SPACE

ultraviolet emission may produce a major change in climate, which indicates the
importance of precision synoptic studies of the luminosity of the Sun. Indeed, the whole
problem of variation of terrestrial climate and solar luminosity suggests that it would be
important to monitor the luminosities of other stars of the same class as the Sun.

The convective zone beneath the photosphere is responsible for the chromosphere,
the corona, and the solar wind. It is also responsible for the differential rotation and for
the generation of the magnetic field of the Sun, whose emergence through the surface is
the agent that converts the quiet Sun into an active Sun.

Many phenomena on the quiet Sun depart remarkably from thermodynamic
equilibrium. The quiet Sun is active in many ways, but on so small a scale as to be
inconspicuous. The convection beneath the photosphere causes superheating of the
tenuous atmosphere above the photosphere, producing the chromosphere (10* °K) and
the transition to the corona (10° °K) above. The quiet Sun exhibits magnetic fields over
the entire surface, appearing either as the small ephemeral bipolar regions or as
individual compressed flux tubes in the boundaries between the supergranule convective
cells. The spicules evidently leap [149] up through the chromosphere along these flux
tubes. The transition region is rendered extremely inhomogeneous by small-scale activity.

The conspicuous features of solar activity are large, and their forms are easily
observed from the ground in visible light. Their general character was discerned decades
ago. Their internal workings, however, are of small scale (100 km or less) and, in some
cases, visible only in radio, ultraviolet, or x rays. Their general causes are conjectured from
the general observations in visible light, but their particular effect can be probed in detail
only from instruments carried out of the terrestrial atmosphere on spacecraft or by such
sophisticated ground-based facilities as the Very Large Array (VLA). The high-resolution
ground-based observations, together with the OSO series of spacecraft and the Skylab
observations, have provided the exploratory observations that define the general nature
of the complex atmosphere and activity of the Sun and have begun to probe the internal
working of the various phenomena. The next stage is the detailed diagnostics,
coordinating the necessary high-resolution observations to determine the precise physical
nature of each phenomenon.

The variety of effects presented by the Sun has led to the development of a broad
observational and theoretical program aimed at exploring and understanding this
complex behavior. This is not the appropriate place to review the milestones that have
already been passed. Suffice it to say that a variety of problems still lie ahead, baffling and
challenging and beckoning to be solved. We can group these problems loosely into two
categories, the quiet Sun and the active Sun, each of which presents many
separate problems.

This report outlines a general, coordinated assault on the many questions and
problems presented by the Sun. Sections Il and Il [no other sections included] explore
the various problems, Section IV describes the observations and theoretical studies that
are needed to probe the many phenomena, and Section V outlines the organized
observational programs from the ground and from spacecraft that will provide the
necessary information.

B. Recommended Program
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1. SOLAR MAXIMUM MISSION

Of the several major space efforts required, the most timely is the Solar Maximum
Mission (SMM), aimed at probing the active regions and particularly the solar flare. The
instruments for the mission have been defined, designed, and in many cases already
tested. The experimental groups are prepared, many of the needed diagnostic techniques
are [150] tested, and the solar maximum of 1979 is approaching. We consider the SMM a
pivotal step in space research. A new start is required in fiscal year 1977 in order to launch
it by late 1979. The predicted behavior of the active regions and flares to be observed by
the SMM is discussed in Section V.B. and in Appendix A [not included].

If it is not possible to begin funding in 1977, present experimental teams will dissolve
and the cost of a later start will be increased, while the declining chances of obtaining
complete coordinated observations of moderate-sized (importance 2) flares will seriously
imperil the scientific objectives of the mission. In that case, we feel compelled to
recommend abandoning the SMM and the serious study of flares until the next solar
maximum in 1990. Since solar flares and active regions are central to the understanding
of solar physics, the loss of the SMM would be a serious blow to the exploration of solar
activity, leaving a conspicuous gap in our knowledge at a crucial point.

Whether or not the SMM is approved, we recommend proceeding with the study of
the quiet Sun, and other forms of activity, with the combined Shuttle instruments and
facilities in coordination with various free-flyer missions and ground-based observations.

2. EARTH-ORBITING FREE-FLYERS

The Solar Synoptic Satellite (SSS) series would be a series of free-flyers designed to
achieve substantial improvements in the quality of observations and in the continuity of
coverage of the evolution of quiet and active coronal structures such as coronal holes,
active regions, and streamers. These satellites will provide (a) basic solar research
information; (b) long-term history of features selected for high-resolution, short-term
Shuttle sortie studies; (c) observations of coronal structure to complement the Solar
Stereoscopic and out-of-the-ecliptic missions; and (d) monitor the long-term variability of
the solar “constant” and ultraviolet emissions.

Possible vehicles for the SSS would be follow-on SMM-type spacecraft or Explorer-
class spacecraft.

Other free-flying satellites to be considered for flight in the 1980’s include the
“Pinhole” satellite and the Large Solar Observatory (LSO).

3. SPACELAB INSTRUMENTS

NASA is currently studying five facility-class instruments for Spacelab flight in the
early Shuttle era. These include a 1-m-class optical/uv [151] telescope facility, an xuv
telescope facility, a soft x-ray telescope facility, a hard x-ray imaging facility, and an euv
telescope facility. Their capabilities, presently under definition, will clearly make them the
cornerstone of much of the observational research discussed in the body of this report. It
is hoped that by mid-1980, one or more of the facility-class instruments will be available
for flight during the period around the solar maximum and during the flight of the SMM.
While such facility instruments could be an enormously valuable complement to the
SMM, they could in no way be a substitute for it, because of the short flight time of
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Spacelab missions and the fact that they lack the extremely broad range of instrumental
capability contained on the SMM.

The special-purpose instruments on Spacelab are more specialized than facility
instruments. Some, such as solar gamma-ray and neutron telescopes, should be flown as
early as possible in Spacelab in order to overlap with flare studies on the SMM.

4. INTERPLANETARY MISSIONS

Interplanetary missions, such as the Interplanetary Monitoring Platforms (IMP), the
International Sun-Earth Explorers (ISEE), the Solar Stereoscopic Mission, and the Out-of-
the-Ecliptic Missions are of great importance for solar physics, both because of their direct
measurements of particles and fields and (for the latter) their capability to view conditions
over the poles of the Sun.

The missions perhaps most unique in their exploratory scope are the out-of-the-
ecliptic missions (OOE). Their purpose is to probe the conditions in the space outside the
thin layer to which satellite orbits are now confined. The OOE spacecraft would be
instrumented to study the solar wind, cosmic rays, and fast solar particles at middle (solar)
latitudes, looking directly into the most intense solar active regions and, over the poles of
the Sun, looking directly into the large polar coronal holes. They would be instrumented
to observe the azimuthal form of the coronal structures and to observe the convection,
circulation, and magnetic fields in the polar regions in order to develop an understanding
of the global structure of the circulation and convection in the Sun.

The possibility of sending a probe directly into the Sun (the solar “plunger”), in order
to return information from distances as close as two or three radii above the photosphere,
should also be studied carefully. Planning for the earth-orbital Solar Synoptic Satellites
(discussed above) should ensure their operation concurrently with interplanetary
missions to obtain coordinated observations.

5. LEVEL OF EFFORT PROGRAMS

The above recommendations stress the requirements of solar space research.
Important research from ground-based observatories remains to be done even if all the
space missions are implemented. The value of both space and ground observations should
be measured by our ability to understand them, to interpret them in terms of basic
physical mechanisms that are also applicable to other fields of science, and to relate them
to other phenomena of interest to mankind. We recommend, therefore, a strong level of
effort program in theoretical solar research, diagnostics, computer simulation of solar
processes, and laboratory astrophysics to complement and enhance the space effort.

For ground-based observations, the following will continue to be of interest:

a. Small-scale dynamics in the lower solar atmosphere related to coronal heating,
convection, waves, and mass loss. (If implemented, the large optical Shuttle
telescope might reduce the significance of this type of ground-based effort.)

b. Large-scale global circulation on the Sun and the shape of the Sun itself. Both are
related to solar structure, solar dynamo, and solar activity cycles.

c. Synoptic observations of solar variability.

d. Thermal radio emission of the outer solar atmosphere.
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e. Nonthermal radio emission associated with solar transients.

f.  Neutrino flux energy spectrum.

Many of these ground-based observational programs are an important part of the
overall space effort, both as an essential and integral part of the SMM and as part of a level
of effort program. They will also be an important complement to the other space missions
discussed in this report. The threat to the continued existence of excellent ground-based
facilities, and the actual closing of one facility, is a matter of extreme gravity for the space
program. We urge, therefore, that adequate support be provided to ensure the continued
pursuit of high-quality ground-based solar research.

Document I-18

Document Title: Memorandum from Noel W. Hinners, Associate Administrator for Space
Science, to Dr. John F. Clark, Director, NASA Goddard Space Flight Center, “Solar
Maximum Mission System Definition and Execution Plan,” 15 January 1976.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

A mission to study the Sun during its period of maximum activity in the late 1970s was the highest
priority objective of the solar research community for the decade. NASA finally approved the
development of such a mission, called the Solar Maximum Mission, in early 1976. The mission was
intended to be the first to use a standard spacecraft bus, designed for Space Shuttle retrieval.

[no page number]
[Stamped JAN 15 1976]

MEMORANDUM
TO: Goddard Space Flight Center
Attn: Dr. John F. Clark, Director
FROM: S/Associate Administrator for Space Science
SUBJECT: Solar Maximum Mission System Definition and Execution Plan
REF: Memo fr S/Hinners to Cooper dtd 2 Dec 75, same subject

In the process of formulating the FY 1977 NASA budget, several decisions have been
made that affect NASA’s planning for the Solar Maximum Mission.

The Execution Phase Project Plan for the Gamma Ray Explorer (GRE) has not been
approved. The System Definition and Execution Plan for Solar Maximum Mission (SMM)
as approved in the referenced memo is based on the GRE development preceding the
SMM with the GRE initiating the development of the standard subsystems and a spacecraft
bus. Since development of the GRE will not proceed in FY 1976, the SMM Project Plan
should be revised to incorporate the following guidelines:
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The SMM project will advance the concept of standardizing spacecraft
subsystems. The SMM Project Manager should provide technical guidance which
will yield, as an outgrowth of the SMM development, subsystems which can be
considered as NASA standards and can be used by many of NASA’s future
missions. This activity should be carried out within the available resources and
should not compromise the basic objectives of the SMM and its experiments.

The SMM should be designed to be launched on a Delta 2910 and with provisions
that will permit retrieval from orbit by the Shuttle Transportation System (STS).
Development of a [2] Flight Support System (FSS) will be deferred. In-orbit
servicing of the SMM is not a requirement.

Subsystems and components originally identified for use on the GRE mission
should be considered for use on the SMM.

The R&D resources budgeted to the SMM project for the execution phase of the
SMM by fiscal year are supplied as an enclosure. Provision should be made in the
scientific experiment accommaodations to include a solar monitoring experiment
of approximately 23 Kg, 18000 cm3 volume and a maximum power consumption
of 10 watts. Resources should be allotted in the budget for the development and
operation of this experiment.

It is requested that a revised SMM project plan, including schedules, procurement

plans, resources, and manpower, be submitted to my office for review and approval by
February 27, 1976.

Noel W. Hinners

Enclosure

cc. P. Burr

ST SD
HGlaser ACalio

*kkkkkikkikk

[enclosure]

SOLAR MAXIMUM MISSION
R&D RESOURCES GUIDELINES
NOA ($M) INCLUDING SAMSO INFLATION

ADVANCED TECHNICAL DEVELOPMENT PHASE

FY 76

1.0

TRANSITION

0.7
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EXECUTION PHASE

EY 77 FY 78 EY 79 FY 80 FY 81 TOTAL

20.1 27.5 13.4 4.7 3.3 69.0

Document I-19

Document Title: Jet Propulsion Laboratory, “Project Plan for International Solar Polar
1983 Mission,” November 1978.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

The next planned solar research mission after the Solar Maximum Mission was to be a joint effort
with the European Space Agency (ESA). Such a mission had been under study for several years. This
project plan represents the results of those studies, and it was the basis for project approval. NASA and
ESA were to launch identical spacecraft that would transit the Sun’s polar regions and would provide
stereoscopic images of solar phenomena. The United States in 1981 cancelled its spacecraft
contribution. (See Volume 11, Chapter 1.)

[cover sheet]

Project Plan

For

International Solar Polar
1983 Mission

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California 91103

November 1978

[1-1]
SECTION |
INTRODUCTION

A. IDENTIFICATION

International Solar Polar Mission (ISPM) is the Project title (UPN 836) designated by
the NASA Office of Space Science in its request for a plan under the NASA Physics and
Astronomy Program. The Program Project Approval Document (PAD) (Ref. 1-1) [no
references included] notes that the Program comprises Astrophysics Programs, Solar
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Terrestrial Programs, and Upper Atmospheric Research. The ISPM Project is an element
of the NASA Solar Terrestrial Program.

B. SCIENTIFIC BACKGROUND
Studies of the Sun and heliosphere have a central role in the space program, as this
area of science is one with vast practical benefits to man. The Sun provides the controlling
influence on Earth’s weather and climate. Since changes in solar conditions have the
potential for causing variations in weather and climate, increased human knowledge of
the Sun can allow increased understanding of these variations and their implications.
The Sun is a star, and is the only star close enough that we can resolve its surface
structure. The heliosphere is the only large-scale astrophysical plasma that we can observe
in situ. Then by analogy, observations of the Sun and the heliosphere serve as a basis for
deciding what is possible in other astrophysical settings.
Numerous space missions have been flown to study the Sun and the heliosphere. Each
of these missions has been limited in one major respect. To date no spacecraft has
ventured off the solar equatorial plane by more than about 15° in heliographic latitude.
This limitation is a serious one. As can be seen in the eclipse photograph shown in Figure
1-1 [figures not included] or in the X-ray photograph of the solar corona shown in Figure
1-2, the solar atmosphere exhibits [1-3] pronounced variations with latitude which should
result in commensurate variations in the heliosphere. To date, then, we have studied only
a non-representative sample of the solar wind. Similarly, our observations of the Sun are
limited by projection effects because we have observed the Sun only from a narrow range
of view angles.
Recent advances have now made it possible to explore the heliosphere and view the
Sun over the full range of heliographic latitudes. The major advances of note are:
(1) Planetary payload injection capability, from the Titan/Centaur launch vehicle
system of the 1970’s to the Space Shuttle/Inertial Upper Stage combination of
the 1980’s.

(2) Precision space navigation and trajectory correction maneuver capabilities, such
as made possible the multiple flybys of the planet Mercury by the MVM Spacecraft
and the swingbys of the planet Jupiter by Pioneers 10 and 11.

A science rationale is provided in Section IlI-A [not included].

C. PROGRAMMATIC BACKGROUND

Out-of-ecliptic missions have been considered by NASA almost from its formation as an
agency (Ref. 1-2, 1959). In its early years, NASA also sponsored scientific meetings, of
relevance to such missions, that collected and disseminated the results of space research,
such as the plasma space science symposium held at the Catholic University of America,
Washington, D.C., on 11-14 June 1963 (Ref. 1-3), and the conference on the solar wind held
at the California Institute of Technology, Pasadena, California, on 1-4 April 1964 (Ref. 1-4).

Various studies that lead to an out-of-ecliptic mission were published between 1963
and 1974, wherein the early studies are technology-oriented and the later studies focus on
projects and system designs. Minovitch described in his now-classic report (Ref. 1-5, 1963)
the use of gravity-assisted trajectories [1-4] to obtain multiple-body flybys. Biermann (Ref.
1-6, 1965) reviewed aspects of the physics of interplanetary space, such as the
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interplanetary plasma, magnetic fields and dust, and cosmic rays. Minovitch (Ref. 1-7,
1965) next provided details in his sequel to Ref. 1-5 of out-of-ecliptic trajectories which
used Jupiter to perturb the spacecraft to achieve trajectories as described in Section IV-A
[not included] herein. Hrach (Ref. 1-8, 1968) described an out-of-ecliptic probe mission
which used electric propulsion. Simpson and others (Ref. 1-9, 1969) reviewed the
potential of an out-of-ecliptic mission for fields and particles astronomy. Hrach and Strack
(Ref. 1-10, 1970) described an early application of solar electric propulsion to a 1 AU out-
of-ecliptic mission.

The NASA Ames Research Center (ARC) accomplished an in-house study during FY
1971 of a Pioneer Spacecraft out-of-ecliptic mission, with supporting tasks performed by
the TRW Systems Group, and thus provided the first comprehensive report (Ref. 1-11,
1971) on the use of the Jupiter swingby mode. This mission was discussed in the context
of an FY 1973 New Start with launch in May 1974.

NASA assigned lead Center responsibility for out-of-ecliptic missions to the ARC in
the early 1970’s.

JPL accomplished an in-house study during FY 1971 of a 3-axis stabilized, solar electric
(propulsion) multimission spacecraft (SEMMS) capable of the following baseline
missions:

(1) Out-of-ecliptic at 1 AU or less.

(2) Mercury orbiter.

(3) Outer planet orbiter.

(4) Comet and asteroid rendezvous.

(5) Close solar probe.

(6) Direct and swingby outer planet flyby.

A project plan (Ref. 1-12, 1971) was submitted for Phase B and for planning Phase
C/D as an FY 1973 New Start with earliest launch in July 1975. The final report is in three
volumes (see Ref. 1-13, 1971).

[1-5] European scientists had also realized the desirability of designing an out-of-ecliptic
mission. During 1971 and 1972, a preliminary study of an independent out-of-ecliptic
probe was carried out by a European Space Research Organization (ESRO) group
composed of three scientists and five staff members (Ref. 1-14, 1972).

Wilcox (Ref. 1-15, 1973) considered specific aspects of space exploration with an out-
of-ecliptic spacecraft and gave particular attention to the solar latitude interval from about
35° to about 65°, an area where projection effects begin to hamper earth-based
observations, and to the polar regions above 65°. Wilcox used the ARC-prepared
description of the trajectory of a single spacecraft. ARC continued discussions with NASA
Headquarters on the use of Pioneer H (a refurbished Pioneer 10/11 prototype spacecraft
with refurbished experiments) for an out-of-ecliptic mission and a project plan (Ref. 1-16,
1973) was submitted for an FY 1975 New Start with launch in July or August 1976.

The ESRO Solar System Working Group, having discussed the scientific priorities for
the 1980’s, recommended to the ESRO Launch Program Advisory Committee (LPAC) a
solar-interplanetary mission aimed at investigating the heliographic latitude dependance
[sic] of solar wind properties and at performing a stereoscopic study of solar activity (Ref.
1-17, 1973).
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Shortly afterwards, when defining the guidelines for ESRO scientific mission studies
(Ref. 1-18, 1974), the LPAC identified two candidate projects:

(1) A solar stereoscopic mission, requiring a space probe reaching an angular
distance from the Sun-Earth line of at least 40°. This mission, according to the
LPAC, could probably be carried out most cheaply in the case of a dedicated solar
mission by a spacecraft in the ecliptic plane. However, the LPAC recognized that
if an out-of-ecliptic interplanetary mission was planned, a stereoscopic view could
be obtained using the separation in solar latitude thus achieved.

[1-6](2) An out-of-ecliptic mission, reaching at least 37° of heliographic latitude (direct
injection), but preferably getting to higher latitudes.
The two candidate projects above were considered during the NASA/ESRO Science
Program Review held at the European Space Research and Technology Centre
(ESTEC) on February 11, 1974, when the following conclusions were agreed:

(1) Solar Maximum Mission (SMM); NASA would continue independently to study
the SMM, since it seemed quite possible to use the SMM as one half of a
stereoscopic mission. ESRO would continue independently its studies on a
spacecraft which would constitute the other half of a stereoscopic mission.

(2) Out-of-the-Ecliptic Probe; it was proposed that NASA and ESRO jointly study
mission concepts which can achieve a higher heliographic latitude via the direct
injection mode. The one possibility noted was to incorporate a solar electric
propulsion (SEP) module in the spacecraft. NASA would use this mission as a
test flight for SEP in preparation for a 1981 Encke rendezvous mission,
therefore the out-of-ecliptic mission would be launched in 1979/1980.

The ESRO Scientific Program Board, during its meeting on April 30, 1974, decided
that a mission definition study should immediately be undertaken in connection with
NASA, to study the scientific objectives and technical feasibility of a combined Out-of-
Ecliptic/Solar Stereoscopic mission. NASA agreed, and a Joint Mission Definition Group
was established in May 1974 with 3 European scientists and 4 U.S. scientists. Program
guidance was provided by ESRO Headquarters and NASA Headquarters. Technical and
programmatic support were supplied by ESRO, ARC and JPL.

A symposium on “The Sun and Solar System in Three Dimensions”, organized by ESRO,
was held at the European Space Research Institute (ESRIN), Frascati, Italy, in July 1974.
Written versions of the talks were made available to the Mission Definition Group. The
Group met at JPL in August 1974 [1-7] when ARC first proposed the dual spacecraft
concept. The report (Ref. 1-19) of the Mission Definition Group was published in December
1974, and it is noted that the dual spacecraft concept proposed by ARC is first described
therein. The report described the use of both the SEP and Jupiter swing by options.

The NASA/ESRO Science Program Review was next held 4-5 February 1975. NASA
and ESRO agreed:

(1) To accept the dual spacecraft mission as primary with a single spacecraft option.

(2) To pursue preliminary spacecraft and mission definition studies.

(ESRO and the European Launcher Development Organization (ELDO) merged about
this time to form the European Space Agency (ESA).)

A workshop on mechanisms for solar Type Il radio bursts was held at the University
of California, Berkeley, California, on 8-9 May 1975. Baumbach and others (Ref. 1-20)
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reported the use of plasma wave experiments on satellites to determine three-dimensional
trajectories of such bursts.

NASA and ESA sponsored a symposium on the study of the Sun and interplanetary
medium in three dimensions at the NASA Goddard Space Flight Center (GSFC) on 15-16
May 1975 (Ref. 1-21). Over 200 European and U.S. scientists attended to review the out-
of-ecliptic mission and all aspects of related science.

To carry out the studies agreed upon, ESA contracted with the British Aircraft
Corporation (BAC) for a detailed spacecraft definition study to start September 1975.
ARC and JPL performed in-house studies, and ARC contracted with TRW and Martin
Marietta for additional support. Joint ground-rules were:

(1) Use Space Shuttle with 4-stage 1US.
(2) Dual spacecraft concept.
[1-8] (3) Backup option no. 1: a single spacecraft; and Space Shuttle with 2-stage 1US
plus spinning injection stage (TEM-364-4).
(4) Backup option no. 2: a single spacecraft; and Atlas/Centaur launch vehicle
plus spinning injection stage (TEM-364-4).

The BAC 4-volume final report was published in April 1976 and provided a complete
technical description of the ESA spacecraft and all of its interfaces, a system specification,
system analysis and definition, subsystem analysis and definition, development plans and
cost estimates (see Ref. 1-22). The ARC final report was also published in April 1976 (Ref.
1-23). ESA published its own final report in May 1976 (Ref. 1-24).

NASA assigned overall project management responsibility for continuing the out-of-
ecliptic mission studies to the JPL on 1 July 1976. NASA and JPL formed an Out-of-Ecliptic
Science Working Group (SWG) in August 1976 to provide science guidance to JPL in-
house studies during FY 1977. (The SWG report is found in Ref. 1-25, and the JPL final
reports are found in Refs. 1-26 and 1-27.) ESA contracted with BAC for additional studies.
The JPL and ESA/BAC study groundrules were:

(1) Use Space Shuttle with 4-stage IUS (no change).

(2) Dual spacecraft concept (no change).

(3) No backup options.

(4) Two modes of NASA/ESA cooperation:

(a) Each to provide one spacecraft.
(b) NASA to provide selected subsystems and ESA to provide both spacecraft.
(This mode was eliminated from further consideration in January 1977.)

The NASA Cost Review was held at JPL in May and July 1977. Subsequently the Project
was submitted to the Congress as a (proposed) New Start for FY 1979.

ESA plans to contract competitive studies for the period January through July 1979,
followed by study by a single contractor from September through [1-9] December 1979.
The ESA contract for development of the ESA Spacecraft is planned to be signed in
January 1980. The details of the planned JPL contract-ing effort for the NASA Spacecraft
are provided in Table 6-2 [not included] herein.

D. SCOPE OF PROJECT PLAN
This Plan defines the Joint NASA/ESA International Solar Polar 1983 Mission. Two
spacecraft will be launched from Cape Canaveral, Florida, by a single NASA Space
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Transportation System in February 1983, to a Jupiter gravity--assist swingby over the poles
of the Sun. The spacecraft provided by the United States is designated the NASA
Spacecraft. The spacecraft provided by the European Space Agency is designated the ESA
Spacecraft.

Technical and implementation information related to the NASA spacecraft contained
in Sections 1V and V, such as the descriptions, mission design, trajectory characteristics,
mission events and maneuvers, is the result of studies at JPL and elsewhere and must be
considered as representative or typical data which is not final in any sense. Technical
information on the ESA Spacecraft is provided where appropriate, again with recognition
that this information is representative, but not final, data.

Technical information on the NASA and ESA science payloads is based upon the
proposals submitted by those scientists who were conditionally selected as Principal
Investigators, and is more subject to revision before science confirmation than afterwards.

This Plan presents neither requirements for the system design concept study
contractors nor conclusions of the system design concept studies.

[2-1]
SECTION Il
PROJECT PLAN SUMMARY

The primary mission objectives of the ISPM Project are to extend scientific knowledge
and understanding through exploration of the Sun and its environment, and to
investigate possible mechanisms coupling solar variability to terrestrial weather and
climate by studying the Sun’s structure and emission as a function of latitude from the
solar equator to the solar poles. The secondary mission objectives are to perform
investigations of interplanetary physics during the initial Earth-Jupiter phase and the
Jovian magnetosphere during the Jupiter flyby phase.

The ISPM Project uses a NASA Spacecraft and an ESA Spacecraft. The two spacecraft
are launched from Cape Canaveral, Florida by a single NASA Space Transportation System
(STS) with a 3-stage Inertial Upper Stage (IUS) combination into an interplanetary orbit
toward Jupiter. Shortly after injection the two spacecraft are separated from the third stage
of the 1US. The flight paths take both spacecraft nearly in the ecliptic plane to Jupiter with
a small separation in Jupiter arrival time achieved by post-launch maneuvers. By choosing
the proper Jupiter encounter strategy, the gravitational field of Jupiter is used to deflect
both spacecraft into out-of-ecliptic trajectories, one north and the ‘other, south. After
Jupiter flyby, both spacecraft travel in heliocentric out-of ecliptic orbits with high
heliographic inclination and passages over the rotational poles of the Sun at 1.3 AU to 2.0
AU from the Sun.

Launch opportunities to Jupiter occur every 13 months. The more favorable
geometries, however, occur on approximately six year centers, when Jupiter crosses the
ecliptic plane. The most favorable geometry occurs next in December 1981/January 1982.
The following opportunity (February 1983) will be used by the ISPM Project with a 10-day
launch period. End-of-Mission occurs on or before 30 September 1987.

[2-2] The Announcement of Opportunity for the ISPM mission was issued jointly by NASA
and ESA on 15 April 1977. NASA followed the guidelines and procedures for acquisition
of investigations defined in Refs. 2-1 and 2-2, with minor modifications occasioned by the
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joint process. A conditional selection of the science payloads for each spacecraft was
announced jointly on 15 February 1978. In addition to the hardware investigations, NASA
and ESA also conditionally selected scientists for a joint Radio Science Team and for
participation in theoretical and interdisciplinary science investigations. NASA and ESA
then formed a joint Science Working Team from among the conditionally selected
scientists.

NASA Spacecraft conceptual designs are currently being developed by two aerospace
contractors. Each configuration under study incorporates significant elements of that
firm’s previous spacecraft designs. A final competition will be conducted furing [sic] FY
1979 between these two firms and will lead to the selection of a single contractor to
accomplish the design and development of the NASA Spacecraft.

The ISPM is a joint international project. The United States will supply:

(1) The NASA Spacecraft.

(2) One partial and five complete science experiments for the ESA Spacecraft.

(3) Department of Energy radioisotope thermoelectric generators for both
spacecraft, and one electrical thermoelectric generator (a simulator for test
purposes) to be shared by NASA and ESA.

(4) Launch operations services and launching by the NASA Space
Transportation System.

(5) Tracking and data acquisition (TDA) for Earth-orbital checkout of both
spacecraft and TDA from deep space.

(6) A mission control and computing facility with hardware, software and personnel
to conduct flight operations.

(7) Appropriate processed data records to scientific and engineering personnel.

(8) Technical advice and consultation.

[2-3] The ESA Member States (Belgium, Denmark, France, Germany, Ireland, Italy,
Netherlands, Spain, Sweden, Switzerland, and United Kingdom) will supply:

(1) The ESA Spacecraft.

(2) Software and personnel to manage and support ESA flight operations and data
processing at the U.S. facility.

(3) Technical advice and consultation.

The Federal Republic of Germany (FRG), through its Federal Minister for Research
and Technology (BMFT), will supply three complete science experiments for the
NASA Spacecraft.

The Project plans to use existing technology, equipment, NASA standard subsystems,
NASA data system standards, and existing NASA and contractor facilities to the maximum
extent possible. Development is limited mainly to the science instruments and to their
data processing.

The Jet Propulsion Laboratory has been designated to manage the Project for the
NASA Office of Space Science. JPL will manage the NASA Spacecraft System, which will
be procured in a system procurement mode. The NASA Space Transportation System will
be managed by the NASA Johnson Space Center. The STS/ISPM Project management
interface is being defined. The JPL has been designated by OSTDS the lead Center
responsible for all Tracking and Data Acquisition support for the ISPM Project. The data
collecting and processing activity will use the NASA Spaceflight Tracking and Data
Network (STDN), the TDRS, the JSC Mission Control Center, the Deep Space Network,



134 SOLAR PHYsICS FROM SPACE

the NASA Communications Network, and the JPL Mission Control and Computing
Center facilities.

Joint management relationships between NASA and ESA, formal systems reviews and
design reviews are discussed herein.

[2-4] No environmental issues have developed to date.

At the July 1977 NASA Cost Review the planning estimate for development of the total
baseline project through launch plus thirty days, excluding STS costs, was established at
$178.1 M, inflated. The planning estimate for operations of the total baseline project was
established at $37.0 M, inflated.

Document 1-20

Document Title: Memorandum from Goetz Oertel, NASA Deputy Chief, Solar Physics, to
Director, Physics and Astronomy Programs, “Priorities in Instrumentation Development
for Solar Astronomy,” 7 October 1979.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

High-resolution observation of solar phenomena was a top-priority objective of solar researchers from
at least the late 1960s. (See Document 11-13.) At the end of the 1970s, NASA began to plan for
instruments that would facilitate such observations. The mission to incorporate such capabilities
became known as the Solar Observation Telescope.

[no page number]
[Stamped OCT 7 1979]

TO: SG/Director, Physics and Astronomy Programs
FROM: SGS/Deputy Chief, Solar Physics
SUBJECT: Priorities in Instrumentation Development for Solar Astronomy

1. Goals in Solar Astronomy

Research in Solar Astronomy falls into two categories, depending upon the angular
and time scales of the phenomena under study. Large scale aspects of the Sun and
phenomena can be studied with presently available angular resolution from space and
from the ground depending upon the absorption properties of the earth [sic]
atmosphere. Thus, the structure and physics of the solar atmosphere near the
temperature minimum can be studied with suitable problem-oriented payloads such as on
the pointing section of OSO-1 and the general solar magnetic field can be studied by
ground-based techniques and by measurements in situ in the interplanetary minimum.
On the other hand, there are phenomena on the Sun which can be understood only if
angular and time resolution are significantly improved while maintaining a high spectral
resolution. Examples include flares, spicules, intergranular space, certain filaments, and
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other phenomena or structures which we have identified but which — by all indications in
hand - have a significantly smaller fine structure than is presently resolvable. The
indications include glimpses of smaller detail at rare moments of superb seeing, magnetic
field gradients of tens of kilogauss per arc second, and rapid time variations of flare
related emissions.

While problem oriented payloads can be chosen for sufficiently large scale
phenomena, solar physics is still in the exploratory phase when it comes to small scale
phenomena which require angular resolution of better than one arc second. Physical [2]
understanding of these phenomena requires as a first step the exploration of their
detailed structure. Spectral studies of these structures will then identify the physical
mechanisms at work and will lead to the understanding we seek.

2. Recommendation 1

It is therefore my position that the development of a capability to study structures with
angular sizes of .1 to 1 arc seconds has highest priority in the exploratory portion of the
solar physics program. The long range goal is a 1.5 meter diffraction limited solar telescope
in space. A diffraction limited solar telescope of half this aperture is the logical
intermediate step, not because it may happen to be possible on some particular mission,
but because an intermediate step is in my opinion necessary for the attainment of the goal.

The “photoheliograph” has been under development for a few years now and has had
the benefit of continued support by Hal Zirin and his group at the California Institute of
Technology. It represents the logical next step to take and should be implemented. With
a universal filter it will be capable of resolving structures about 3 times smaller in diameter,
or 9 times smaller in area, than have been resolved so far. It may in fact be sufficient to
complete the exploratory phase of the study of many solar phenomena. It will be
sufficient, in all likelihood, to discover new ones and perhaps give surprises, and certainly
a great deal of excitement.

It happens that the photoheliograph will fit the present ATM canister. While the flight
of a second solar ATM with this instrument would be desirable and an excellent way to
take this important step on a timely basis, the photoheliograph as an advanced solar space
telescope is not dependent upon a second solar ATM, but upon the availability of any
mission with the necessary capabilities.

The development of a diffraction limited photoheliograph will take a considerable
effort in time. It is impossible to come up with such a system on short notice. It is necessary
to continue the development at Cal Tech vigorously so that a flight unit can be produced
on relatively short notice when an opportunity arises.

[3] 3. Recommendation 2

Next highest priority is given to an X-ray telescope system with angular resolution
higher than 1 arc second, with large effective aperture to assure high time resolution, and
with associated spectroscopic equipment to provide spectral information.

[signature]
Goetz K. Oertel
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Cc: SGT/Aucremanne
SGT/Chase
MLA/Forsythe

Document I-21

Document Title: Letter from Harold Glaser, Director, Solar Terrestrial Division, NASA, to
Dr. Thomas A. Mutch, Associate Administrator for Space Science, 30 May 1980.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

Document I-22

Document Title: Letter from James M. Beggs, NASA Administrator, to the Honorable
Larry Winn, Jr., House of Representatives Committee on Science and Technology, about
the Solar Maximum Mission, 16 April 1982.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

The Solar Maximum Mission was launched in February 1980, and it began to return a constant
stream of high-quality data. NASA soon considered whether it was desirable and feasible to retrieve
and refurbish the satellite for a second launch for additional research missions. A plan to do that
was developed in May 1980. When the satellite lost its fine-pointing capability in December 1980, its
retrieval and repair became of even greater interest, since its other instruments were still operating well.
NASA had to fight to justify the retrieval mission, which finally took place in April 1984. The satellite
was repaired on orbit and returned to useful service.

Document I-21

[no page number]
[stamped 30 MAY 1980]

TO: S/Associate Administrator for Space Science
FROM: ST-5/Director, Solar Terrestrial Division
SUBJECT: Solar Maximum Mission Retrieval

In response to your request, | have developed a Division recommendation on the
possible retrieval of the Solar Maximum Mission spacecraft.
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The Solar Maximum Mission development program, authorized in 1976, has been
funded for orbital operations through February 1981. NASA has submitted a funding
request for two additional years of operation. Based on the February 14, 1980 launch, the
three years of operations will extend through February 1983. Due to orbital decay the
SMM will have a finite active lifetime. Actual orbital data yield an earliest possible reentry
time of early 1983. The dispersion on this projection is quite high, but if retrieval is
incorporated as a firm requirement, we must assume the earliest possible reentry date. At
first look the likely end of useful lifetime and the planned operational time (through Feb
83) are compatible.

Requirements were originally placed on the SMM that the spacecraft be designed to

be compatible with both Shuttle and expendable launch vehicles and also that the SMM
be capable of retrieval by the Shuttle. The SMM has complied with these requirements in
that it has been designed to be mechanically and electrically compatible for retrieval by
Shuttle. The OSS is managing the development of a Flight Support System (FSS) to
facilitate such retrieval. The FSS was designed with SMM funds and development is
funded by STS, to provide a retrieval capability for the Shuttle.
[2] To retrieve SMM there are several elements of the Space Transportation System (STS)
that must be provided. First, a Shuttle launch opportunity during the period must be
identified. Second, the STS must certify that the orbiter has the capability to rendezvous with
the spacecraft at approximately 250 n mi. Finally, the Flight Support System development
must be completed, tested and interfaced with the orbiter. Prior to a commitment to
retrieve, there should be a study to define the specific requirements for retrieval and the
associated costs and to determine the disposition of the retrieved spacecraft. It should be
noted, that there are no authorized or funded retrieval plans for the SMM by either OSS or
STS. In fact, the most recent STS manifest does not include the SMM retrieval.

One possible utilization for the retrieved SMM would be for the Solar Corona
Explorer/Mission that is currently undergoing scientific and technical study. This project
will study origin of the solar wind using several newly developed diagnostic techniques,
and the three dimensional evolution and structure of the Sun’s corona. The strawman
payload includes a coronagraph. Thus, a recovered SMM would provide a spacecraft bus,
solar pointing and guidance systems, instrument mounting systems and at least one of the
four or five experiments required for an SCE. The tentative launch period would be 1987
or 88, in time to phase with the solar polar passages of the ISPM.

There appears to be center support for a retrieval of the SMM. Staff of the Goddard
Space Flight Center have briefed the Office of Space Transportation Operations on a
proposed plan to demonstrate in-orbit servicing and retrieval utilizing the
SMM Spacecraft.

Conclusion

The SMM is currently returning high quality data and should be operated as long as
meaningful scientific data can be obtained. The retrieval of the SMM will require an
intensive effort over the next three years. Firm program commitments will have to be
made for manpower and resources in FY 81.
[3] Retrieval would be a new and unique undertaking involving the Space Transportation
System in a substantial way. As a first step in determining an Agency policy on SMM
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retrieval | suggest that you meet with Glynn Lunney to discuss potential benefits and
management structure of such a retrieval. Funds will have to be budgeted in FY 80 for
definition studies and in FY 81 and subsequent years for the actual retrieval. If the
Agency, for policy reasons, determines that a retrieval program is desirable to recover a
reusable spacecraft and to demonstrate STS performance we should support the effort
but with the provision that the SMM be operated through its useful lifetime. If there is a
decision to retrieve SMM, | recommend consideration of reuse of the spacecraft by
the SCE.

[signature]
H. Glaser

Document I-22

[no page number]
[Stamped APR 16 1982]

Honorable Larry Winn, Jr.

Committee on Science
And Technology

House of Representatives

Washington, D.C. 20515

Dear Mr. Winn:

I understand that the Committee on Science and Technology will soon consider the
recommendations of its Subcommittees on the FY 1983 budget for programs of the
National Aeronautics and Space Administration. The Space Science and Applications
Subcommittee has recommended a significant change in the program proposed by the
President by deleting FY 1983 funding for the Solar Maximum Repair Mission and
recommending that NASA’s FY 1982 reprogramming request for this demonstration be
rejected. | strongly urge you to reconsider these proposed actions when the full
Committee meets on this subject.

As described in our reprogramming request dated February 19, 1982, the proposal to
rendezvous with the Solar Maximum Mission spacecraft and perform on orbit repair has
a very high priority in the total NASA program. We recognize and appreciate the
Committee’s concern about the availability of resources. We have attempted to address
this concern and, indeed, as described further below, have managed to significantly
reduce the total cost of the mission such that the previously identified FY 1982
requirement of $35 million (the amount deleted by the Space Science and Applications
Subcommittee) is now approximately $18 million.

I am also concerned that we have perhaps failed to adequately convey the scientific
potential of this mission. During the period of full operation of the Solar Maximum
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Mission, the scientific data were unsurpassed; they provided an important link in the
continuous study of the Sun and its interrelationship with our environment. However,
many of the phenomena discovered during the first phase of the mission require deeper
investigation. For example, the mission has shown that the amount of energy emitted by
the Sun changes with time; these changes have strong consequences which could effect
the Earth’s climate. Continuation of these measurements through the solar cycle would
be of great scientific importance. For instance, a repaired Solar Maximum Mission would
be able to continue the study of solar flares through the observation of the very strong
flares which usually occur a few years following the sunspot maximum. A repaired SMM
could also carefully test the various flare models and theories which have been derived
as a result of the original mission.

Although the Solar Maximum Mission was an unqualified success for seven months,

the observatory was expected to remain fully functional for three or more years.
Reacquisition of high quality solar data through repair of the SMM is much more cost
effective and timely than attempting to replace the spacecraft which cost more than $300
million in terms of equivalent FY 1983 dollars.
[2] Additional benefits could also be realized by restoration of the SMM spacecraft. An
operational SMM in 1986 would provide the capability to observe Halley’s Comet in some
detail while the comet is in its closest proximity to the Sun. The repair mission, planned
for early 1984, would occur at a time when the Tracking and Data Relay Satellite System
(TDRSS) will have become operational and, because the Solar Maximum Mission
spacecraft has provisions for use of the TDRSS, deployment of its antenna will significantly
improve the science data acquisition from the observatory. Operating techniques
developed for the SMM-TDRSS combination would provide an important foundation for
a similar system planned for Space Telescope operations.

Space Shuttle operational experience gained on the first three orbital test flights has
made a very positive contribution to the assurance that necessary Shuttle systems required
to successfully perform the Solar Maximum Repair Mission are available. In addition, the
opportunity to demonstrate and validate the Space Shuttle as something more than just a
payload launcher could have international implications. At a time when international
competition for launching space systems is becoming formidable, demonstration of the
versatility of the Space Shuttle as a servicing and repair “work bench” could be
instrumental in convincing future users that the Shuttle system provides added assurance
that their payloads can be made to operate successfully after enduring the rigors of launch
and space exposure.

As mentioned earlier, the resource requirements for the Solar Maximum Repair
Mission have been significantly reduced through the adoption of an ascent trajectory
which obviates the need for the use of the Orbiter Maneuvering System Payload Bay Kit.
This revised plan has reduced the necessary FY 1982 funding to approximately $10 million
as opposed to the earlier estimate of $35 million. The total mission costs for the SMM
repair are estimated at $45-55 million, which is comprised of specific repair costs as well
as planned generic STS hardware. While this estimate excludes Shuttle launch costs, the
launch costs assignable to the SMM repair are minimal because the SMM support
hardware would occupy only approximately twelve feet of the sixty-foot payload bay of the
Shuttle. The proposed SMM repair mission is manifested on a shared basis with the
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deployment of the approved Long Duration Exposure Facility (LDEF), and the LDEF will
occupy most of the payload bay of the Shuttle Orbiter.

In closing, let me say that | have been very impressed by the response from the
scientific community in support of this mission. At a meeting in San Diego during the
week of March 22, a distinguished group of solar physicists prepared a unsolicited white
paper on the benefits of restoring the Solar Maximum Mission. | am enclosing a copy of
the Summary Report of this group, as well as a summary of the scientific opportunities
which would be lost if the repair mission is not undertaken. Additional endorsements of
the science benefits of the mission have been made by the Committee on Solar and Space
Physics of the Space Science Board of the National Academy of Sciences.

I urge you to reconsider the Subcommittee’s recommendation, and to support the
Solar Maximum Repair Mission as submitted in the President’s budget request. I am
available for further consultation concerning this matter at any time.

Sincerely,

[signature]
James M. Beggs
Administrator

*hkkkkkikk

[no page number]
ENCLOSURE 1

Scientific Importance
of the
REPAIR OF THE SOLAR MAXIMUM MISSION

Summary of the Report of the Ad Hoc Committee

The Solar Maximum Mission was launched February 14, 1980, following a decade of
planning by NASA and the solar physics community. Intended for an operational life of 2-
3 year, its scientific usefulness was seriously impaired after nine months because of failures
in the spacecraft attitude control system. There is strong scientific justification for its repair
and return to full operation. Reactivation of the spacecraft is necessary to complete the
original objectives of the mission, and offers a unique opportunity to address a new set of
objectives. These have arisen in part from discoveries made by the Solar Maximum Mission,
in part from the existence of new theoretical and observational tools. Renewal of the
mission will provide valuable data concerning solar plasma phenomena, solar-terrestrial
relations, solar internal structure and dynamics, and variability in the Sun’s energy output.
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[no page number]
ENCLOSURE 2

SOLAR MAXIMUM MISSION
Impact of Failure to Repair

The SMM was launched in 1980 as a two to three year mission focused on the study
of solar flares. Because of failure of the coronagraph/polarimeter after seven months and
the loss of fine pointing after nine months, many scientific opportunities were lost.

Following are examples of scientific opportunities which will be lost if the SMM
spacecraft and coronograph are not repaired:

Comprehensive observations of great, terrestrially important flares.

Observations, by the SMM imaging and spectroscopic instruments, of X-ray
producing flares.

Observations relating flares to transients affecting the outer corona and
interplanetary space.

Precision data on variability in the total radiative energy of the Sun over a long
time base.

High resolution X-ray spectra of diagnostic importance to understanding solar plasma
and plasma processes.

Observations tracing magnetic fields in the outer solar atmosphere.
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Observations on the sunspot cycle dependence of flare, solar wind, solar constant and
solar oscillation properties.
Complete many guest investigator programs on both flare and non-flare topics.

Document I-23

Document Title: Letter from Peter A. Gilman, Senior Scientist, Head, Solar Variability
Section, High Altitude Observatory, National Center for Atmospheric Research, to Dr.
David Morrison, Acting Deputy Associate Administrator for Space Science, NASA,
8 April 1981.

Source: Federal Records Center, Suitland, Maryland

Document I-24

Document Title: Letter from Dr. David Morrison, Acting Deputy Associate Administrator
for Space Science, NASA, to Dr. Peter Gilman, High Altitude Observatory, National
Center for Atmospheric Research, 30 April 1981.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

NASA in February 1981 was forced by the incoming Reagan Administration to cancel one of its
approved scientific missions as a budget-cutting measure, and it chose to cancel the U.S. spacecraft
that was to be part of the NASA-ESA International Solar Polar Mission. This action produced anger
and dismay in the U.S. solar research community. This exchange of letters captures the intensity of
the feelings involved.

Document 1-23

[no pagination]
April 8, 1981

Dr. David Morrison

Acting Deputy Associate Administrator
for Space Science

NASA

Washington, D.C. 20546

Dear Dr. Morrison,
I just received your “dear colleague” letter of 16 March concerning the amended FY
81 and 82 NASA budgets. I must tell you that in light of recent actions taken by NASA
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management to attempt to scuttle the International Solar Polar Mission, including
particularly the way the various relevant scientific advisory groups were treated, | take an
extremely cynical view of the pious statements of your opening paragraph, to wit
“Communication between those of us in Washington and the real world of science in the
universities and NASA centers is particularly important in the current environment of
budget cuts and reexamination of program priorities at NASA. We should all work
together to use the limited resources available to the best advantage and to continue to
make the case for a strong space science program in the future.”

In the ISPM matter, | believe NASA acted most unwisely in either failing to seek or
flagrantly disregarding the advice of every science advisory body that had any interest. As
a member of one of these bodies, the Committee on Solar and Space Physics of the
National Academy, | felt our committee was unable to deal with the most important
budgetary issues because we were largely kept ignorant of NASA management’s overall
strategic thinking. Thus members were forced to respond after the ISPM cuts were
announced and attempt to light a back fire. | would hardly call this “good
communication” or “working together.”

This experience raises serious questions in my mind as to whether NASA is really

interested in the advice of scientists in the community on important matters, or whether
we are just ornaments added to lend credibility. Your testimony before Congress
concerning ISPM cuts implies you believe this program has not been seriously harmed -
and yet you know it has, and you know the space science community both in the U. S. and
Europe believes it has. A congressman reading your testimony, knowing NASA is supposed
to listen to outside scientific advice, might think you had credible scientific backing for
the judgment that ISPM remains a strong scientific program — when nothing could be
further from the truth.
[2] | could go further into the arguments as to why crippling ISPM was so unwise even in
a time when we are forced to face the budget setbacks of the current Administration, but
I won’t, because you have heard them all already. By this letter, | am instead expressing my
deep concern over what | see as a serious erosion of the credibility of the process by which
NASA seeks scientific advice and acts upon it. If such erosion continues, it will greatly
impair the ability of NASA and the scientific community to achieve its common goal of a
strong, productive space science program.

Sincerely yours,

[signature]

Peter A. Gilman

Senior Scientist

Head, Solar Variability Section

cC:
Dr. Louis Lanzerotti
Dr. Richard Hart

Dr. Alastair Cameron
Dr. Alan Lovelace
Mr. Andrew J. Stofan
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Dr. Franklin D. Martin
Dr. J. David Bohlin
Mr. Hugh Loweth

Document I-24

[no page number]
National Aeronautics and Space Administration
Washington, D.C. 20546
April 30, 1981

Dr. Peter Gilman

High Altitude Observatory

National Center for Atmospheric Research
P. O. Box 3000

Boulder, CO 80307

Dear Dr. Gilman:

Thank you for your letter of April 8 expressing concern about the International Solar
Polar Mission (ISPM) and registering your unhappiness at the way NASA has dealt with
this issue. As you may be aware, the circumstances surrounding the FY 1982 Budget
Amendment have been extremely difficult for us in the Office of Space Science (OSS).
The President’s policy of reducing Federal expenditures, as applied to us by the Office of
Management and Budget, mandated a 23% cut in OSS funds for Fiscal Year 1982. After
considering a great many options, we concluded that a cut of this magnitude could not be
absorbed without major impact on one of our three large ongoing flight missions — Space
Telescope, Galileo or ISPM. | do not believe this conclusion is disputed by the science
community. We, in OSS, felt the elimination of the U.S. spacecraft in the ISPM was the
least harmful option available to us, and we have acted accordingly.

All of these decisions involving the FY 1982 Budget Amendment had to be made
under circumstances where it was impossible for the Agency to consult with any scientific
advisory groups or with the European Space Agency, our partners in the ISPM. This
restriction was placed upon us by OMB and was not NASA’s choice; however, contrary to
the assertion in your letter, our decisions have been generally supported by the scientific
community, including the Space Science Board and the Space Science Advisory
Committee. The fact that NASA management must occasionally make major decisions of
this sort without the direct participation of scientific advisory groups makes it all the more
important that we routinely maintain a close working relationship with those groups. Only
if there is “good communication” and if we are regularly “working together” do we have
much chance of success.

I assure you that we at NASA are well aware of the severe restriction in the science
capabilities of ISPM inherent in the elimination of the U.S. spacecraft, and we are
continuing to work with ESA to try to find a solution that will permit ISPM to continue as
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a dual spacecraft mission, although in a descoped mode. However, it is also true that this
mission is a truly exploratory one, and it is our belief that even just the ESA spacecraft with
its current payload [2] will be able to achieve a significant scientific return. Concerning
the tone of the written congressional testimony, | can only remind you that as a part of the
Executive Branch, we at NASA support the President’s Economic Recovery Plan.

I regret very much that you perceive a serious erosion of the credibility of the process
by which NASA seeks scientific advice and acts upon it. | personally would not be at NASA
Headquarters if | did not believe that the Office of Space Science was committed to
carrying out a sound and innovative program of space science and to working closely with
the science community through a variety of advisory groups. | stand by my sentiment
expressed in my 16 March Dear Colleague letter, that “we should all work together to use
the limited resources available to the best advantage and to continue to make the case for
a strong space science program in the future.”

Sincerely,

[signature]

David Morrison

Acting Deputy Associate
Administrator for Space Science

CCS:
Dr. A.G.W. Cameron
Dr. Richard Hart

Dr. Louis Lanzerotti
Dr. A. M. Lovelace

Mr. Andrew J. Stofan
Dr. Franklin D. Martin
Dr. J. David Bohlin

Document I-25

Document Title: Memorandum from Edmond M. Reeves, Acting Deputy Director, Shuttle
Payload Engineering Division, NASA, to Director, NASA Goddard Space Flight Center,
“High Resolution Solar Observatory (HRSO) as a Space Station Program,” 4 November 1986.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

Document I-26

Document Title: Letter from Dr. Eugene N. Parker, The Enrico Fermi Institute, University
of Chicago, to Dr. Lennard A. Fisk, Associate Administrator for Space Science and
Applications, NASA, 4 June 1987.
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Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

Document I-27

Document Title: Letter from Dr. Lennard A. Fisk, Associate Administrator for Space
Science and Applications, NASA, to Dr. Eugene N. Parker, The Enrico Fermi Institute,
University of Chicago, 8 July 1987.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

NASA struggled in the mid-1980s to find a way to get a significant new solar research mission
initiated. What had been known as SOT, the Space Optical Telescope, was renamed High Resolution
Solar Observatory, and briefly was planned as an attached Space Station payload. This concept had
only a brief lifetime, and then the mission was re-redefined as a separate robotic spacecraft. These shifts
were disheartening to the solar research community, which doubted whether NASA would ever proceed
with the kind of mission its members believed was needed. Despite its advocacy for a next solar research
mission, NASA in 1988 was unable to gain White House approval for such an undertaking, and it
subsequently disappeared from NASA plans.

Document I-25

[no pagination]
National Aeronautics and
Space Administration
Washington, D.C. 20546
[Stamped: NOV 4 1986]

TO: Goddard Space Flight Center
Attn: 100/Director

FROM: EM/Acting Deputy Director, Shuttle Payload Engineering
Division

SUBJECT: High Resolution Solar Observatory (HRSO) as a Space Station Program

Recent changes in planning here at Headquarters now require that HRSO be
planned as a Space Station payload. There continues to be strong scientific and
programmatic support for the new HRSO program, and sufficient funding is being
provided in FY 1987 to make the needed progress towards development phase approval
for FY 1988. GSFC has done an outstanding job of restructuring the Solar Optical
Telescope (SOT) program, and we look forward to implementing this mission at long last.
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In addition to the continuation of advanced definition phase activities for the HRSO
program, GSFC is requested specifically to update three study areas which were previously
conducted or initiated for SOT. These separate but related studies need to be in the areas
of: 1) accommodation to Space Station; 2) contamination (with and without a potential
ultraviolet strap-on instrument); and 3) servicing on-orbit (including, but not limited to,
telerobotics). These studies should be based on the assumption that HRSO will fly on the
earliest planned configuration of Space Station, but should give consideration to the
subsequent Space Station growth. Close coordination with all appropriate elements of the
Space Station office will be essential.

Since interface specifications are not available for Space Station at this time, you are
requested to proceed with HRSO using currently defined Spacelab/Shuttle interfaces. At
such future time as one or more interfaces cannot meet this assumption, then some
intermediate device or change to HRSO will have to be considered. Nothing in this
directive shall preclude the option of a precursor flight of HRSO on the Shuttle.

Preliminary results from the studies are requested to be part of the reconfirmation
review of HRSO required by the Non-Advocate Review Board and which will be conducted
in June or July 1987. Please keep this office informed on progress towards these objectives.

[signature]
Edmond M. Reeves

Document I-26

[no pagination] June 4, 1987
Dr. Lennard A. Fisk

Associate Administrator for

Space Science & Applications

Mail Code E

National Aeronautics and Space

Administration Headquarters

Washington, D. C. 20546

Dear Len,

I appreciated very much the opportunity to discuss the High Resolution Solar
Observatory with you last week. Since that time, | have been thinking about the situation
and | have a number of comments. Or should | say lamentations? First of all, there is a
growing feeling in the solar physics community that the essential solar observations that
need to be done from space (e.g. high angular resolution, UV, etc.) will not be done by
NASA, if, indeed, they are done at all. This conviction is based on the continuing delays
in the high resolution telescope, which was initiated in 1974, as | recall, and has
subsequently been redesigned, descoped, and greatly reduced in cost in response to
various requests from NASA. Recently, a collaborative program with the UK has been
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developed, further cutting the cost of the mission to NASA. What is more, HRSO presently
enjoys a certain congressional sympathy. And in spite of all this, HRSO is again put off and
continues to be the orphan in the NASA management structure. Charlie Pellerin,
reflecting the majority opinion of the AMOWG, never showed any real interest to SOT or
HRSO. He generally forgot to mention HRSO, unless one of us solar types reminded him.
Indeed, over the last year, it has become clear in my attendance at AMOWG meetings that,
in spite of occasional protestation to the contrary, the solar telescope is considered a
nuisance. High Energy Astrophysics is the real name of the game in NASA astrophysics.
Big, expensive, sexy and phenomenological.

I do not understand the scientific basis, if indeed there is one, for the communal
disinterest in the hard science at which HRSO is aimed. X-ray astronomy is limited to
phenomenology because it cannot be shown why an ordinary star is obliged to produce a
corona hot enough to emit X-rays. One would think, therefore, that X-ray astronomers
would be intensely interested in putting their field on a firmer footing. The HRSO
provides the opportunity to go after the crucial observational facts for a star like the Sun.
It is the dynamics of the fibrils that is responsible, apparently, for both the X-ray corona
and the coronal holes, i.e. responsible for the X-ray emission and the mass loss.

It is clear that the AMOWG is not intending to further HRSO under Pellerin’s
guidance, and there is nothing to be achieved by the continuing participation of solar
physics types in Pellerin’s AMOWG. | do not intend to waste more time attending future
AMOWG meetings. Your proposal to establish a Solar-Terrestrial Physics Division is a step
that is desperately needed. Equally important, in the short term, is the task to get HRSO
going again. So | have talked to Dan Spicer, with regard to the important question of
launching HRSO as a free flyer. He informs me that there are three serious options,
centered on a Delta launch, using the space bus design employed for the SMM. These
options have, apparently, been choked off before being communicated to your office.
Noel Hinners has the dope on the launch possibilities and would be happy to describe and
explore them with you.

The fundamental importance of the HRSO observations to the physics of stars cannot
be over-emphasized. Nor can we overlook the fact that, as of the moment of this writing,
there is nothing on which the solar physics community can base a belief that NASA will carry
out the HRSO observations in the foreseeable future. Things have deteriorated over the
years to the point where the young blood is avoiding the field because nothing is happening.
I think, however, that the means to remedy this unfortunate situation may be available.

Sincerely yours,

[signature]
Eugene N. Parker
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Document I-27

[no page number]
National Aeronautics and Space Administration [stamped “Jul 8 1987"]
Washington, D.C. 20546

Dr. Eugene N. Parker

The Enrico Fermi Institute
The University of Chicago
933 East 56th Street
Chicago, IL 60637

Dear Dr. Parker:

I would like to thank you for your long and thoughtful letter of June 4, 1987, in which
you discussed a number of aspects of the High Resolution Solar Observatory (HRSO)
program. | assure you that the difficulties in achieving a start of this most important
program have caused as much frustration here at NASA as in the solar community. Your
comments about the importance of understanding the exact physical processes in stars is,
of course, exactly why HRSO is of such high intrinsic value for astrophysics. There are few
things that would give me, and many others here, as much pleasure as seeing this program
finally approved for development, including a firm plan for its operations phase. Let me
now address briefly the other specific points that you raised.

I am aware of the idea of the use of a free-flying satellite bus for HRSO. Dr. Charles
Pellerin, Director, Astrophysics Division, initiated such a study this spring in an effort to
provide a backup plan. However, at that time, HRSO was actively being considered by
Congress with regard to the Fiscal Year (FY) 1988 budget submission as a Spacelab/Space
Station payload, consistent with the program plan for the last 5 years. Therefore, it was
judged unwise to surface an alternative plan which might be perceived to be at variance
to the one which Congress had specifically directed in the course of last year’s budget
appropriation. Enclosure 1 [not included] is a program plan/information package
developed this spring which concludes with an outline of the two options (Spacelab vs.
free-flyer) and the position adopted this spring by the HRSO Program Office while the FY
1988 budget was under active discussion. If HRSO fails to gain definitive support in the
final version of the FY 1988 budget, alternative approaches will be examined.

While | cannot speak directly to your perceptions regarding the Astrophysics
Management Operations Working Group (AMOWG), | would like to point out two facts
concerning the support by Dr. Pellerin for the HRSO program. Enclosure 2 [not
included] is a copy of a letter recently sent by Dr. Pellerin to all members of the Space and
Earth Science Advisory Committee (SESAC). In it, HRSO is given the highest priority
ranking in the Astrophysics [2] program, along with the Advanced X-ray Astrophysics
Facility (AXAF). The second-factor that should be kept in mind is that, owing to the
current organizational structure within the Office of Space Science and Applications, the
HRSO program appears in the budget of the Shuttle Payload Engineering Division, not
that of the Astrophysics Division. | assure you that HRSO is prominently displayed therein
for our consideration in preparation of the FY 1989 budget.
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Finally, 1 appreciate hearing your views on the possibility of the creation of a new
division for the solar and space plasma physics disciplines. This concept has been under
very active consideration here, and | hope to be able to make a decision on it in the
near future. In closing, | would like to thank you for the very active and steady support
that you have given to the space science program over the duration of your career. We
share the mutual regret that not all of the worthwhile programs that should be flown as
part of this nation’s space program can be accommodated within the budgets made
available to us. | can only ask your patience and continued support as we try to initiate the
ones we can within the limitations of financial resources and flight opportunities.
Sincerely,

[signature]

L. A. Fisk

Associate Administrator for
Space Science and Applications

Document 1-28

Document Title: Space Studies Board, National Research Council, “Space Science in the
Twenty-First Century: Imperatives for the Decades 1995 to 2015,” 1988.

Source: NASA Historical Reference Collection, History Office, NASA Headquarters,
Washington, D.C.

Beginning in the mid-1980s and extending over the period of rethinking the NASA space science
program in the aftermath of the Challenger accident, the renamed Space Studies Board (formerly the
Space Science Board) made a comprehensive assessment of the desirable scientific objectives for the
future space program. This excerpt summarizes the Board’s thinking with respect to solar research.

SPACE SCIENCE IN THE
TWENTY-FIRST CENTURY:
IMPERATIVES FOR THE
DECADES 1995 TO 2015

SOLAR AND SPACE PHYSICS

Task Group on Solar and Space Physics
Space Science Board
Commission on Physical Sciences, Mathematics, and Resources
National Research Council
NATIONAL ACADEMY PRESS
Washington, D.C. 1988
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[33]4
New Initiatives: 1995 to 2015

Many of the most novel and exciting initiatives in solar and space plasma physics for
the period 1995 to 2015 will involve combining remote sensing or imaging techniques in
situ. Observations for the study of the Earth's magnetosphere and the analysis of the solar
corona, as well as other solar phenomena. These new initiatives fall into four groups,
corresponding to the following subdisciplines of solar and space physics: heliospheric
physics, terrestrial magnetospheric physics, terrestrial atmospheric physics, and planetary
science.

SOLAR AND HELIOSPHERIC PHYSICS
Local Measurements in the Solar Atmosphere

At present, our understanding of the origin of the solar wind is based entirely on
theory and remote sensing. Direct measurements of the solar wind plasma, the
interplanetary magnetic field, the energetic particle population, and associated wave-
particle interactions are available, but only at distances greater than the 0.3 AU perihelion
distances of Helios 1 and 2. The task group recommends a Solar Probe mission whose
primary objective is to carryout the first in situ observations of the solar wind plasma and
fields (electric and magnetic) near the source of the wind in the [34] solar atmosphere.

FIGURE 4.1 A trajectory for the Solar Probe.

]
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Included will be a detailed study of energetic particles, which will yield important
diagnostic data on particle acceleration processes and coronal structure.

The spacecraft must be placed in an orbit that will bring it as close to the Sun as
possible and still survive to provide useful data near closest approach. A perihelion
distance of 4 solar radii is anticipated, with a local wind speed of about 50 km/s, electron
and ion plasma temperatures of about 106K, and plasma density and magnetic field
strength of less than 10" electrons/cm 3 and 10' gamma, respectively. A drawing of the
Solar Probe trajectory is shown in Figure 4.1.

Theories of solar wind origin place the transition region from subsonic plasma flow
to supersonic flow somewhere between 1 and [35]10 solar radii. Radio scattering
experiments on Viking during superior conjunction suggest a critical point closer to 10
solar radii. In situ measurements should clarify this issue.

The location of the critical point and the plasma properties (speed and temperature)
of the supersonic wind will depend greatly on the physical processes that heat the corona.
Theoretical studies suggest that the proton temperature profile is very sensitive to these
heating processes. It is not clear whether the corona contains an extended region of
heating (out to as far as 20 solar radii) or undergoes adiabatic expansion beyond the solar
surface. Plasma temperature data and observations of the wave types and amplitudes
should lead to the identification of the important heating and acceleration mechanisms.

Many other important problems can be studied with Solar Probe, including a detailed
characterization of coronal streamers, the place of origin and the boundaries of high-
speed and low-speed flows close to the Sun, the extent of heavy element fractionation and
elemental abundance variations, and the scale sizes of inhomogeneities and the
development of the magnetohydrodynamic turbulence that characterizes the solar wind
near 1 AU and beyond. The Solar Probe mission can also study the solar spin down rate
through measurements of solar wind angular momentum flux.

Further study needs to be carried out to determine the best method of designing
detectors that are required to look in the direction of the Sun.

In the original study, it was assumed that the spacecraft would go to Jupiter, where a
gravity assist would send it on course to the inner corona. Our task group learned of a
possible alternate trajectory involving a hypersonic flyby in the upper atmosphere of
Venus; the two possibilities are sketched in Figure 4.2. It should be possible to add low-
thrust propulsion in order to attain an it ecliptic orbit around the Sun with a 1-year
periodicity so that the probe enters the vicinity of the Sun several times. As shown in
Figure 4.2 , the Venus flyby technique also yields a very short orbital period.

High-Latitude Solar Studies
The heliosphere is known to have a complicated three-dimensional structure. The
magnetic field is a tight spiral near the solar end equatorial plane, but is expected to be
essentially radial over the [36]
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FIGURE 4.2 Two concepts for the trajectory of a Solar Probe mission.
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solar poles. Coronal holes, one of the sources of high-speed solar wind, are expected to
produce quasi-steady high-speed flows over the solar poles during much of the solar cycle,
whereas at low latitudes interacting high- and low-speed flows predominate.

To understand heliospheric conditions at low solar latitudes has required numerous
missions, e.g., Explorers, Pioneers, Mariners, and Voyagers. To understand heliospheric
conditions at high latitudes will similarly require repeated missions. NASA and ESA will fly
the first exploratory mission over the solar poles (Ulysses). However, as with most
exploratory missions, Ulysses will probably uncover more questions than it will answer,
and follow-on missions will be required.

The objective of the Solar Polar Orbiter (SPO) would be to provide a detailed, repeated
study of conditions at all heliographic latitudes. In circular orbit, SPO will observe the
heliosphere at constant radius and thus will distinguish latitude from radial effects. With

FIGURE 4.3 The orbit of the Solar Polar Orbiter shown together with locations of other solar measurement
platforms (Starprobe, the 1-AU observing network, and the Heliosynchronous Orbiter).
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a circular orbit at less than or equal to 1 AU, and thus [37] an orbital period less than or
equal to 1 year, SPO should be able to make several passes over the solar poles in a
nominal mission lifetime, and thus distinguish spatial from temporal effects.

No detailed study of an SPO mission has yet been done. However, the required orbit
should be achievable through the use of a low-thrust, continuous acceleration propulsion
system such as solar-electric propulsion with a final orbit as shown in Figure 4.3.

The SPO spacecraft should carry a full complement of plasma, energetic particle,
magnetic field, and radio wave instruments, similar to what is to be flown on ISPM. In
addition, SPO should have pointing capability, through the use of a despun platform on
a spinning spacecraft, or as a three-axis stabilized spacecraft, for detailed solar
observations using a coronagraph, x-ray telescope, and similar photon observing
instruments.

The principal technical development required for SPO is a solar-electric propulsion
system, or its equivalent, for low-thrust, continuous acceleration. In the cost projections
for SPO it is assumed that such development will not be charged against the mission costs,
because the need is common to several proposed [38] programs. Also, studies need to be
conducted on the impact of a continuous propulsion system on particle, field, and photon
instrumentation, and on the measurements these instruments make.

Outer Coronal Physics

The Heliosynchronous Orbiter (HSO), as described in the ESA document Horizon
2000, is an instrumented probe orbiting the Sun at about 30 solar radii with a 25-day
period, synchronous with the rotation of the Sun (see Figure 4.3).

This mission will be able to address a very broad range of scientific objectives from solar
physics, physics of the interplanetary medium, and high-energy astrophysics to relativity:

« Investigation of the morphology and dynamical development of all solar structures
from the photosphere to the outer corona from a vantage point close to the Sun (0.15
AU) over a large range of solar latitudes, with frequent access to the solar polar regions.
Stereoscopic viewing of structures through motion of the spacecraft. The understanding
of the relationship between the thermal structure and heating of the solar corona will
ultimately permit the identification of the physical nature of the solar wind acceleration.
Imaging of the coronal structures could be achieved by observations at 1 AU.

» Investigation of the three-dimensional structure of the inner heliosphere near or
even outside the region where the wind is accelerated.

* Measurements of solar wind particle fields and waves; studies of the heating and
acceleration of the solar wind (thermally or wave-driven wind?) with the advantage of a
wide latitude coverage.

« Studies of the propagation, acceleration, and modulation of solar energetic particles
including the significant reduction of propagation effects with respect to 1 AU. Study of
shock wave acceleration.

» Radio sounding of the solar corona as the spacecraft passes behind the Sun.

» Correlative studies of expanding and traveling solar structures and their
manifestation in interplanetary space.
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e Investigation of the three-dimensional distribution of mass and velocity of
interplanetary dust in the inner heliosphere.
[39]= Investigations of the Hermean magnetosphere and remote sensing of Mercury
during flybys early in the mission (the last in situ measurements date from Mariner 10 in
1974-1975.)

» Establishment of a reference observatory for other missions in the heliosphere, in
particular for solar optical remote sensing missions near 1 AU.

» Baseline observations of galactic gamma-ray bursts.

» Performance of relativity experiments (if possible, e.g.), determination of J2 (the
second gravitational moment) in the case of a highly elliptic orbit; frame dragging
experiments.

The technological problems (propulsion, thermal design, data transmission pose a
considerable challenge. The mission concept is certainly not only attractive to a large
scientific community, but it would also be appealing to the general public and from the
technological point of view.

1-AU Observing Network

The Sun is the only star that we can observe from different directions, i.e., from any
position within the heliosphere. This provides a stereoscopic view of structures whose
geometry and energy content cannot be determined because they are either optically thin
or because parts of them are not entirely visible from one single viewing condition. In
addition, simultaneous observations at different positions inside the heliosphere provide
three-dimensional snapshots of the magnetic field and the solar wind, important
observations that will give new insight into the mechanisms that govern the wind
generation, acceleration, and propagation. Similarly, simultaneous measurements of the
irradiance with a set of several spacecraft would allow us to infer what mechanisms induce
variations in the solar constant, whether they are due to sunspot luminosity deficiencies
compensated by equivalent increases on the hidden solar hemisphere or whether they are
in phase over the whole surface and due to global variation of the solar volume. It should
also be noted that a 360° network for ecliptic monitoring of flare events might become an
indispensable element in any manned mission to another planet.

A set of 4 1-AU spacecraft positioned at 90° in the ecliptic plane and augmented by
another one in a solar polar orbit should (see Figure 4.3) provide the necessary means to
conduct [40] these measurements. They should be equipped with coronagraphs, XUV
and x-ray telescopes, particle detectors, magnetometers, and radiometers. The 1-AU
spacecraft near Earth could be at L1; the Space Station could service an L1 platform
essentially as well as a geosynchronous one.

Additional Solar and Heliospheric Studies

There is now a considerable body of evidence to suggest that all scales of structure on
the Sun, as well as other astrophysically interesting objects, are ultimately governed by
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small-scale processes associated with intermittent magnetic fields and turbulent stresses.
The understanding of the physics of the creation and decay of these dynamical structures
is essential to a proper description of large-scale structures (such as coronal active regions,
flares, and the solar wind) and their effects on interplanetary space and the near-Earth
environment.

The interplay between processes occurring on vastly different spatial scales is
ubiquitous in astrophysics. Whether in accretion disks feeding black holes at the center of
active galaxies or quasars, in the magnetospheres of neutron stars, or in the x-ray coronae
now known to surround a wide range of stars, small-scale magnetohydrodynamic
processes are thought to influence and sometimes control the behavior of the object.

In these astrophysical situations, observations using even the most advanced
technology currently conceivable will not allow us to directly observe the controlling
small-scale processes. Using the Sun, however, we can indeed imagine direct observations.
The Sun is therefore a unique tool for advancing our understanding of a broad class of
astrophysical phenomena, if we can penetrate to the domain of underlying processes that
often operate on spatial scales of 1 to 100 km.

An orderly progression of goals that could realize much of this 21 promise would
include the following:

1. Development of the successor to the Solar Optical Telescope and its integration
into the Advanced Solar Observatory on the Space Station, along with the development of
0.1-arcsec ultraviolet and x-ray solar instruments on the Space Station.

2. Interferometric experiments in the ultraviolet and extreme ultraviolet, aimed at a
preliminary reconnaissance of solar features at angular sizes much less than 0.1 arcsec.
[41]3. Development of new 1-m class facilities, utilizing the emerging multilayer coating
technologies, designed to obtain resolution in the 0.0l-arcsec regime at extreme
ultraviolet or soft x-ray wavelengths.

4. Improvement of the angular resolution of 1-m class telescopes by the use of
multiaperture arrays to achieve baselines of order 10 m. Further details are contained in
Appendix D.



Chapter Two

Space Physics

by James Green and Brian Dewhurst*

1. Origins of Space Physics

Space physics, the study of the particles, magnetic fields, and electric fields that
surround Earth and extend to the Sun, has been a central portion of NASA’s science
program since the Agency’s inception; indeed, carrying out space physics experiments
(James Van Allen announced the discovery of what came to be known as the Van Allen
belts in May 1958) preceded the 1 October 1958 opening of NASA. (See Documents II-1
and Volume V, I-5.) The study of the Sun itself, the interactions of its layers, the mysteries
of the corona, the origin of sunspots, and other topics make up the field of solar physics,
and were discussed in the previous chapter of this volume.

Although physicists had conducted upper atmosphere research using balloons and
sounding rockets for some years before 1957, the scientific field of space physics began
with the space race. The Soviet Sputnik 1 and 2 missions were launched into orbit around
Earth in October and November 1957.

Rather than wait for the troubled Vanguard program to produce a working launch
vehicle and satellite, the Department of Defense decided in November 1958 to use the
Army’s Jupiter-C rocket to place an American satellite in orbit. The Technical Panel for the
Earth Satellite Program of the U.S. National Committee for the International Geophysical
Year was given the task of selecting the scientific investigations that would go on the Explorer
1 spacecraft. The Secretary of Defense had promised the President that the satellite would
launch in ninety days, so there was very little time in which to make this selection.

The panel decided to use experiments that had already begun development for launch
during the Vanguard program, selecting a meteoritic dust detector, temperature sensors,
and a cosmic ray measurement experiment designed and built by Van Allen, who in
preceding years had been in touch with the von Braun rocket team in Huntsville with
respect to the requirements for flying his instrument in a satellite developed by the Army’s
Jet Propulsion Laboratory, launched on a booster developed by von Braun. (See Volume V,
Documents I-6, I-7, and I-10.) Van Allen had mapped cosmic ray intensities throughout the
upper atmosphere using a campaign of sounding rocket experiments. He had discovered
that the levels of cosmic rays evened out at altitudes above 55 km, leading him to believe
that he had discovered what their intensity was in space. The Explorer satellite gave him
the opportunity to carry his experimentation into space and validate his conclusion.

* We would like to gratefully acknowledge our discussions with Joseph Alexander, David Bohlin, Michael
(Mike) Calabrese, David Cauffman, the late Burton Edelson, Robert Farquhar, Kent Hills, Noel Hinners, John
Hrastar, Frank McDonald, Norm Ness, Charles Pellerin, Guenter Reigler, Tyco VonRosenvinge, and William
Worrall. All contributed to the development of this essay.
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In January 1958, the first U.S. space mission, Explorer 1, carried Geiger Muller tubes;
again in March 1958, Explorer 3 (after Explorer 2 failed) carried them. Both missions
detected an inner radiation belt in which the fluxes increased with altitude, unlike the
cosmic-ray flux.' In May 1958, Van Allen announced the discovery of this belt. (Sputnik 2
was equipped with Geiger Muller tubes and actually made the first observation of the
inner radiation belt; but due to the U.S.S.R.’s policy of secrecy, Soviet scientists were not
able to have access to the data until much later.)

While U.S. scientists were analyzing their data and speaking about their initial results
(See Volume V, Document I-12), Congress passed the Space Act of 29 July 1958,
establishing NASA. The Space Act provided NASA with wide latitude for the definition and
establishment of its missions. NASA continued to launch missions to the inner radiation
belt (the term “belt” was actually coined by a news reporter during a news conference on
1 May 1958), discovering more of its nature and structure. (See Document II-2.)
Scientifically, the space race was moving quickly, and once again the Soviet mission Sputnik
3, launched in May 1958, observed the outer radiation belt before Explorer 4, launched in
late July 1958. But based on the time of published articles about these discoveries, James
Van Allen will always be remembered as the discoverer of both radiation belts.

The discovery of the two Van Allen radiation belts brought the new field of space
physics a great deal of attention. The belts had implications for everything from
proposed Department of Defense (DOD) satellites to the survivability of humans in
orbit. The discovery also had a substantial impact on the direction of space science
research. In early 1958, the newly established DOD Advanced Research Projects Agency
(ARPA) had approved plans for five Pioneer satellites designed to fly by the Moon and
to transmit television pictures of the Moon’s surface. When the inclusion of a television
camera proved infeasible, ARPA managers decided to use the Pioneer spacecraft to
expand on Van Allen’s discovery. Pioneers 1, 2, and 3 failed to achieve escape velocity
and fell back to Earth, though they produced some useful data during their brief flights.
Pioneer 4, however, escaped Earth’s gravity well and flew by the Moon, eventually
settling into an orbit around the Sun. Pioneer 4 also returned excellent data on the
inner and outer Van Allen belts.

As the ARPA-managed Explorers and Pioneers were proceeding, NASA began to
organize itself. Homer E. Newell, a veteran upper atmosphere physicist who moved to the
new space agency from the Naval Research Laboratory and was put in charge of NASA’s
space science activities, laid out NASA’s new program in space research. In a speech
before the Royal Society in London on 12 November 1958 (See Document II-3), Newell
presented a relatively comprehensive plan for space research in Earth’s upper
atmosphere, ionosphere (including the radiation belts), and astronomy.* The
responsibility for carrying out much of this program was given to the new Goddard Space

1. James A. Van Allen, “Energetic Particles in the Earth’s External Magnetic Field,” in Discovery of the
Magnetosphere, C. S. Gillmor and J. R. Spreiter, eds. (Washington, DC: American Geophysical Union, 1997), pp.
235-264.

2. Homer E. Newell, Beyond the Atmosphere: Early Years of Space Science, NASA SP-4211 (Washington, DC:
Government Printing Office,1980). This book is an excellent summary of the early years of space science at
NASA, written by the individual most responsible for the space science program in the first fifteen years
of NASA.
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Flight Center (GSFC) in Greenbelt, Maryland.” Newell brought to NASA a number of
Naval Research Laboratory scientists who became the core of the Agency’s space science
capabilities at GSFC. The Jet Propulsion Laboratory of the California Institute of
Technology was transferred from Army to NASA management and focused its efforts on
lunar and planetary science missions.

In the fall of 1958, Leslie H. Meredith (the newly appointed head of the Space
Sciences Division at GSFC and Van Allen’s first graduate student) invited John Naugle and
Frank McDonald to join the new GSFC science team; these two individuals were to be
central to the NASA space science effort for many years. The two scientists began their
tenure at GSFC on 1 July 1959. McDonald’s first assignment was to develop a satellite that
would later be designated Explorer 12. One of McDonald’s first decisions was to split the
management of the project into two positions—the project manager and the project
scientist. The project manager would oversee the implementation of the program, while
the project scientist made the necessary scientific decisions. McDonald recognized that
the day-to-day management of a scientific project did not have to be done by a scientist,
and that good scientists were not necessarily good project managers. It made much more
sense to have a strong project manager responsible for the overall success of a mission and
a strong project scientist who had the power, or could invoke the power, to overrule the
project manager if the scientific objectives of a mission were in jeopardy. This simple
management structure became the standard for all subsequent NASA science programs.

Explorer 12 was launched on 16 August 1961. For three months the satellite provided
cosmic-ray data, the most important of which was the first observation of high-speed
particle streams coming from what was later believed to be a solar Coronal Mass Ejection
(CME) which occurred on September 28. The dispersion of the arrival times of various
solar particles and the observation of a large geomagnetic storm associated with the CME
were groundbreaking in recognizing the relationships of Earth’s magnetic storms with
events originating at the Sun. Explorer 12 later failed due to a short circuit in the
transmitter, but a spare satellite was launched on 2 October 1961 as Explorer 14 and
continued the study.

A vyear later, on 10 July 1962, the United States launched Telstar 1, the first
communications satellite. Unfortunately, the launch was only 24 hours after the Starfish
test in which the American military detonated a nuclear device in the upper atmosphere.
The resulting explosion inflated the Van Allen belts, causing large amounts of penetrating
radiation that led to substantial damage to the Telstar satellite. This event brought about
much interest in the effects of such radiation in the upper atmosphere and low-Earth
orbit. The Defense Department asked NASA to provide a satellite to observe these effects
during the next nuclear test, which was scheduled to occur in approximately two months.
GSFC decided to use the spare Explorer 14 satellite and pack it with off-the-shelf radiation
experiments. Known as Explorer 15, this satellite was launched on 27 October 1962. The
satellite was a success, mapping the extent and composition of the artificial radiation belts
created by the test, as well as the decay rates of these belts. In addition, Explorer 15
produced the first detailed maps of the ion and electron populations near Earth. While

3. The original location of GSFC was a vacant building at the Naval Research Laboratory until the facility
at Greenbelt, Maryland, was constructed.
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the Explorer nomenclature continued to be used to designate U.S. satellites for years,
Explorer 15 was the final first-generation American space physics satellite.

Another important line of missions that was established early in the space program
was the Injun series of satellites meant to study Earth’s magnetosphere. Injun was not an
acronym, but rather the name assigned by James Van Allen and his students to the series.
All of these spacecraft were designed and built at the University of Iowa, where Van Allen
was the head of the Department of Physics. During most of the time period of the Injun
series, the University of Iowa was the only university able to produce satellites in-house.

This series contained six missions and extended from June 1961 to the launch of the
Injun-6 (also known as Hawkeye) in June of 1974. The objective of this series of missions
was to study natural and artificial trapped radiation belts, auroras, airglow, and any other
geophysical phenomena they might discover. These satellites were jointly funded by the
Naval Research Laboratory and NASA.

2. Origins of the Interplanetary Monitoring Program (IMP)

As NASA planned a response to the launch by the Soviet Union of the first man in
space, Yuri Gagarin, on 12 April 1961, the Agency convened a meeting in early May in
which the various science disciplines discussed their potential contributions to the human
spaceflight program, and particularly to a potential lunarlanding program. Frank
McDonald was asked to provide the “particles and fields” perspective. McDonald realized
that the radiation environment between Earth and the Moon would need to be fully
understood in order to determine what protection the astronauts would need. To achieve
this understanding, he proposed the Interplanetary Monitoring Platform (IMP) program,
quickly approved at NASA Headquarters.

The IMP program* had several scientific objectives. The primary objective was to study
and monitor the radiation environment in Earth’s magnetosphere and near lunar space.
Because continual monitoring was part of Apollo program requirements, a whole series of
IMPs was planned. As a part of this effort, further goals were to develop the capability to
predict solar activity and flares, to study the relationship between the Sun and Earth, and
to determine the quiescent properties of interplanetary magnetic fields and how they are
related to solar particle fluxes.

McDonald was responsible for the design of the scientific payload for the first three
IMP missions. He chose a range of experiments that would investigate magnetic fields,
cosmic rays, and the solar wind, the flow of particles away from the Sun’s corona.’” This
suite of instruments was the last set of experiments to be chosen unilaterally by a project
scientist.® In mid-1960, Newell stated that instrument selection on future NASA missions
would be made by NASA Headquarters based on peer review by the scientific community.
By this time, NASA Headquarters had established a series of advisory committees. At the

4. Paul Butler, Interplanetary Monitor Platform: Engineering History and Achievements, NASA TM-80758, May 1980.

5. Frank McDonald, “IMPs, EGOs, and Skyhooks,” Journal of Geophysical Research, 101, 10521-10530 (1996).

6. John Naugle, First Among Equals: The Selection of Space Science Experiments, NASA SP-4215 (Washington, DC:
Government Printing Office, 1991).
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fall 1961 Particles and Fields Subcommittee meeting, the committee accepted McDonald’s
recommendations for the initial IMP missions, but made it clear that it supported the
concept that future selections would be made at the Headquarters level.

After a substantial delay (due to the problems with the Thor-Delta launch vehicle),
IMP 1 was launched on 27 November 1963. In order to sample as much of interplanetary
space as possible, the IMP satellites were placed into a highly elliptical orbit (with apogees
at ~ 15 to 30 Earth radii). The spacecraft were able to provide substantial insight into the
magnetosphere and magnetosheath, and data from IMP-1 was used to discover the
existence of the geomagnetic tail. Over the next four years, the IMP series provided a
substantial amount of data.

As the IMP program was underway, Norman Ness of GSFC, the Principal Investigator
(PI) of the IMP-1 Magnetic Field Experiment, and discoverer of the geomagnetic tail,
came up with the concept of having an IMP placed in orbit around the Moon.” This was
the beginning of the Anchored IMP (AIMP) effort. The first AIMP overshot the Moon,
due to more powerful performance from the Thor Delta booster than was anticipated.
AIMP-1 was placed into a highly elliptical Earth orbit, however, and provided much useful
data on Earth’s magnetic bow shock and geomagnetic tail. The next AIMP attempt
achieved lunar orbit on 21 July 1967 and provided a wealth of data on the particle and
field environment in lunar orbit.

After the success of AIMP-2, the IMP line returned to using highly elliptical Earth
orbits. On IMP-7 and -8, Ness suggested using a secondary motor to put the spacecraft
into a more circular orbit. This innovation removed the limit on lifetime caused by
atmospheric drag and enabled the IMPs to remain in orbit indefinitely. IMP-8 provided
useful data throughout the rest of the twentieth century and was still in operation in
2002.

As NASA began to send probes to Mars and Venus and to plan for exploratory missions
to the outer planets and Mercury, space physicists were eager to measure the “particles and
fields” associated with planets other than Earth. They were concerned that NASA was not
giving adequate attention to the space physics aspects of solar system exploration, a
concern that NASA claimed was not warranted. (See Documents II-7 and II-8.)

Data about the structure of the magnetosphere and the radiation belts were
rapidly accumulating from the numerous NASA missions, but access to the data for the
whole science community was very difficult. On 15 August 1960, Newell told Abe
Silverstein, head of the NASA Office of Space Flight Programs, that NASA would release
the reduced data from its missions to the broader scientific community and would
archive the data for future users. (See Document II-4.) Newell subsequently developed
a policy for handling data from NASA missions, giving initial access to investigators who
had conceived space experiments or who had developed instruments to gather data in
space. In 1966, Newell established the National Space Science Data Center (NSSDC) at
GSFC. The establishment of the NSSDC enabled U.S. investigators to archive their data
at a central location and provided a mechanism to distribute the data to any U.S.
scientist upon request.

7. Norman F. Ness, “Pioneering the Swinging 1960s into the 1970s and 1980s,” Journal of Geophysical Research,
101, 10497-10509 (1996).
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But the international science community still could not obtain access to this archival
data. In September 1968, Dr. Merrill A. Tuve, Chairman of the Geophysics Research
Board of the National Academy of Sciences (NAS), asked NASA Administrator James
Webb to approve the transfer of the responsibilities of the U.S. Rockets and Satellites
Center from NAS to NASA. (See Document II-6.) The Rockets and Satellites Center was
part of the World Data Center system that maintained important international
agreements for the exchange of archival data with the international science community.
The task of responding to this request fell to Newell who, on 12 November 1968,
assigned the management responsibility to the NSSDC. (See Document II-7.) As part of
the World Data Center system, the NSSDC could make its archival data available to
foreign scientists upon request. This arrangement greatly facilitated the distribution of
space physics data and stimulated important national and international scientific
collaborations in space physics.

3. The Shift to Multiple Observations

By the early 1970s, NASA had an advisory committee structure at every level.
Individuals like Arthur C. Clarke were advising the Administrator on broad space issues,
another committee of scientists was advising the Associate Administrator for Space
Science on overall research strategy, ad hoc subcommittees were evaluating concepts for
specific missions, and working groups were interacting with project directors and major
office heads. In addition, of course, the Space Science Board of the National Academy of
Sciences and its various committees provided external advice to NASA. Through these
multiple channels, any scientist could propose an idea for a space experiment or mission.
Many of these ideas found their way into a NASA Announcement of Opportunity (AO),
the formal mechanism by which scientists competed for access to space. To get an idea
into an AQO, it was necessary to have the advocacy of an established scientific institution or
a NASA Field Center, support from a NASA program office, and support from the
appropriate advisory committees. (See Document II-9.)

By the 1970s, space physicists had developed a basic understanding of the
environment in the neighborhood of Earth from the analysis and publication of data from
their individual instruments. However, only a small percentage of the research that was
accomplished was done by relating data from multiple instruments on various spacecraft
or with ground-based measurements. A major change in direction in space physics
research occurred when the Scientific Committee on Solar-Terrestrial Physics
(SCOSTEP), which operated under the auspices of the International Council of Scientific
Unions, established an international program designed to understand magnetospheric
processes by coordinated observations with space and ground-based instruments. The
International Magnetospheric Study (IMS) period ran from 1976 to 1979. NASA
scrambled to participate in this effort. (See Document II-10.) The principal NASA
contribution consisted of correlative data from operating spacecraft, data from the
International Sun-Earth Explorer (ISEE) program (which had three spacecraft), and
support from the NSSDC. During and shortly after the IMS period, the NSSDC held a
series of intensive data comparison workshops enabling scientists to use data from many
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sources. These workshops were called Coordinated Data Analysis Workshops® and were
designed to understand the response of the magnetosphere to changes in the solar wind.
The IMS period and the workshops had a major effect on the thinking of the science
community, turning its attention from exclusive analysis of local, in situ measurements to
more global science questions that needed to be answered using multiple data sources.
Attempts to respond continued into the 1980s and 1990s.

4. The Tortuous Path to a Comet’s Tail

In 1977 and 1978, three ISEE spacecraft were launched to study the solar wind and its
impacts on Earth’s geospace environment during the maximum period of the sunspot
cycle. The ISEE-1 and -2 spacecraft orbited Earth in a highly elliptical orbit and remained
mostly in the magnetosphere, but ISEE-3 was placed into a halo orbit (as observed from
Earth) at the Sun-Earth libration point, L1 (the location between the Sun and Earth
where the pull of the gravity of the two bodies effectively cancel one another out, allowing
an object in that position to remain there without expending station-keeping energy).
The value of ISEE-3 in measuring solar wind input into Earth’s magnetosphere was
immediately appreciated by the entire space physics community. Within a few years of
operations, the three spacecraft had completed an impressive list of space physics firsts.
By August 1981, in the declining phase of the solar cycle, they had completed their
primary mission. ISEE-1 and -2 were the last two missions in the IMP series and provided
data for over eight years after they were launched. The long-term fate of ISEE-3, however,
would be determined in a very different, highly political way.

Comets were created at the birth of the solar system and as such have been of
considerable interest to planetary scientists. The most famous comet has probably been
Comet Halley, which is visible once every 76 years. In the late 1970s, the Japanese space
science agency ISAS, the Soviet bloc grouping Intercosmos, the European Space Agency,
and NASA were all planning missions to Comet Halley at the time of its March 1986 passage
by the Sun. Though the rationale offered in support of NASA’s planned mission to explore
Halley was a combination of scientific curiosity and national prestige, obtaining the
scientific priority and, ultimately, the funding proved to be impossible.” After more than
three years of planning, Halley rendezvous mission was never approved. NASA’s dropping
out of the race to a comet did not affect the efforts of the other space agencies; in fact, it
stimulated ESA to plan, on its own, what became the Giotto mission. Previously, ESA had
planned to collaborate with NASA in a single Halley mission.

Even though NASA did not gain approval for a dedicated comet mission, the goal of
being the first nation to visit a comet was quite important to some U.S. scientific working
groups. In addition, many American scientists were surprised and even embarrassed to
learn that NASA would not be first to a comet. It was in this climate that in March 1981,
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235-241.
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Fred Scarf (Principal Investigator for ISEE-3) and Robert Farquhar (ISEE-3 orbital
engineer) devised a plan for ISEE-3 to move from the L1 point to deep into Earth’s
magnetospheric tail, and then on to Comet Halley using lunar swingby trajectories. ISEE-3
still had onboard fuel remaining after it had been maneuvered to L1, and it had
maintained its halo orbit for three years." Even before the launch of ISEE-3, plans for a
magnetotail excursion had been discussed, but using the remaining fuel for a Comet
Halley encounter was a new twist brought about by the circumstances of not having a
NASA mission to Halley.

This intriguing proposal was investigated by NASA’s space science leaders. On 27
April 1981, Andrew Stofan, NASA Associate Administrator for Space Science and
Applications, authorized Thomas Young (Director, GSFC) to conduct a feasibility study
for the Comet Halley encounter. (See Document II-11.) During this initial study, it
became clear that although reaching Halley in March 1986 was possible, a better option
was an encounter with Comet Giacobini-Zinner (GZ) in September 1985.

On 8 February 1982, the plan for ISEE-3 to encounter Comet GZ after its deep-tail
mission in Earth’s magnetosphere was presented to the ISEE-3 science working team. The
science working team rejected the Comet GZ mission option and voted to send ISEE back
to L1 after the deep-tail encounter. But Scarf and Farquhar remained undaunted; they
sought and received the endorsement of their magnetotail-GZ plan by the Comet and
Asteroid Working Group of the Solar System Exploration Committee (SSEC), which
reported to Burton Edelson (who in 1982 had replaced Stofan as Associate Administrator
for Space Science and Applications). David Morrison, SSEC Chair, stated, “This use of the
ISEE-3 spacecraft [for encountering Comet GZ] in its extended mission mode has our
warm endorsement, and it is hard to imagine that NASA would decline this opportunity to
obtain new and unique data with such a small expenditure of resources.” An endorsement
for the magnetotail-GZ encounter plan from the powerful Space Science Board of the
National Academy of Sciences followed. The Board also recommended that NASA should
take steps to replace the monitoring functions of ISEE-3 of the upstream solar wind at L1,
but the majority of the ISEE-3 investigators still remained against the Comet GZ option. In
the face of this conflict, NASA Headquarters remained silent, and no decision was made.

A major decision point finally appeared that would either doom the Comet GZ
encounter option or maintain it. For ISEE-3 to even make Comet GZ, it had to be
repositioned in its halo orbit about L1. The Director of Space Sciences at GSFC, George
Pieper, although initially against the Comet GZ option, approved the repositioning of
ISEE-3. (See Document II-12.) In a memo to Frank Martin, Office of Space Science and
Applications at NASA Headquarters, Pieper stated that “unless you advise me to the
contrary, the 10 June 1982 orbit maneuver will be carried out.” This gave NASA
Headquarters ten days to decide; again it remained silent. With the repositioning of
ISEE-3 completed, Pieper bought time for the study team to complete its work and
Headquarters to make a final decision.

On 6 August 1982, the decision meeting was held at NASA Headquarters. Charlie
Pellerin, Deputy Director of the Astrophysics Division of NASA Headquarters, made the

10. Robert W. Farquhar, “The Flight of ISEE-3/ICE: Origins, Mission History, and a Legacy,” American
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presentation to Sam Keller, Deputy Associate Administrator of the Office of Space Science
and Applications (OSSA), to obtain approval for in situ exploration of Comet GZ. (See
Document II-13.) The pros and cons were discussed extensively, with the focus of the
discussion centering on the risk of losing ISEE-3. Pellerin argued that “the
uncertainties/risks cited . . . appear to me to be less than those that generally exist when
we start a project” and that two major risks already had been overcome; there had been
no launch vehicle failure and no “infant mortality” (failure during the early days of
spacecraft operation). ISEE-3 was operating nominally and was in space ready to go. In
summary, Pellerin argued that the “return justifies the risk—NASA should do it.”

From the viewpoint of the ISEE-3 Principal Investigators, Fred Scarf, Ed Smith, and
Sam Bame all supported the GZ encounter; Ed Stone, Dieter Hovestadt, and Harry
Heckman supported it, but with conditions; and Keith Oglivie, Robert Hynds, Jean-Louis
Steinberg, Kinsey Anderson, Tyco Von Rosenvinge, Peter Meyer, Bonnard Teegarden, and
John Wilcox all opposed it. Weighing all the facts in a controversial decision, Burt Edelson
approved the Comet GZ mission on 30 August 1982. (See Document II-14.) On 22
December 1982, ISEE- 3 was renamed the International Cometary Explorer (ICE).

To ensure rapid delivery of the data to the ICE European investigators, a transatlantic
link was established connecting GSFC, a main SPAN (Space Physics Analysis Network)
routing center, to the European Space Operations Center (ESOC) in Darmstadt,
Germany." ESOC then directly connected all the ICE investigators in Europe together,
thereby creating ESA’s first Internet; the network was called European-SPAN or E-SPAN."
On 11 September 1985, ICE made history as the first spacecraft to fly through a comet tail.
For the first time in NASA’s history, real-time spacecraft data flowed directly from the
tracking stations to the central SPAN network hub, across the United States to ESOC, and
then to all the ICE investigators for rapid analysis."” The scientific return from ICE was
impressive, but the space physics community would have to wait nine years before it would
be able to replace ISEE-3 at the L1 location, a loss that some still feel was an enormous
blow to making rapid progress in the understanding of solar wind interactions with
Earth’s magnetosphere.

5. Saving Space Physics: The Selling of ISTP

NASA organized a study group in 1977 to define a major program in space plasma
physics for the 1980s. The result of this effort led to the Origins of Plasmas in the Earth’s
Neighborhood, or OPEN, program. OPEN had plans to launch four spacecraft, one each
in solar wind (Wind), polar (Polar), and equatorial (Equator) orbits in the inner
magnetosphere, and one in the deep geomagnetic tail (Geotail) region. Similar studies
were being conducted by ESA and ISAS at the time. The concept behind OPEN was to
observe the solar wind energy, from the Wind spacecraft, as it flowed into the deep tail of
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the magnetosphere where magnetic reconnection, to be observed by Geotail, was believed
to start the flow of energized plasma from the tail into the inner magnetosphere, where
Equator and Polar would observe the results. This overall explosive flow of energy into the
inner magnetosphere, producing an intense current around Earth (called the ring
current) and an intense aurora, was called a geomagnetic storm.

NASA, ESA, and ISAS hoped that there could be convergence among their separate
plans for solar-terrestrial work, but getting approval for a new space science mission,
much less a coordinated set of missions among international partners, was a complex
process. In the first stage, the separate scientific communities involved established their
highest-priority scientific objectives. They agreed on the scientific questions that
needed answers and the logical steps to get those answers. A certain amount of logic
should have prevailed in this stage. In the second stage, the scientific community, NASA,
and, in the case of the joint project, the space agencies of the other countries involved
decided on the basic instruments, the kinds of spacecraft, the funding, and the missions
to be flown. This process had some logic, but generally was chaotic. The project team
had to consider national priorities, several bureaucracies, and the state-of-the-art
technology of the instruments and the spacecraft, just to name a few of the issues.
“Selling the mission,” or obtaining the necessary funds and authority from multiple
governments to conduct the mission, constituted the third and most chaotic and
unpredictable stage. All of these patterns were manifested in creating the International
Solar-Terrestrial Program (ISTP).

In 1979, NASA released an Announcement of Opportunity for OPEN. Investigators
who provided instruments and participants in the science working groups on these
missions were selected in 1981. Even with all this effort on the part of NASA and the space
physics community, OPEN did not receive a new start in the President’s budget for 1983;
its future was quite uncertain.

The Solar-Terrestrial and Astrophysics Division within OSSA, home of the OPEN
program, was reorganized and became the Astrophysics Division in late 1981. This
reorganization eliminated the Plasma Physics Branch and the Solar and Heliospheric
Physics Branch. Key space physics personnel were dispersed into other divisions. Not only
was the OPEN program in jeopardy, but the discipline of space physics also no longer had
any advocacy within the NASA management. Without such advocacy, the entire space
physics community would not endure long.

Against this backdrop, Burt Edelson, an engineer with long experience in
communications satellites, became the Associate Administrator for Space Science and
Applications in February 1982. During Edelson’s first month at NASA, a number of
scientists put pressure on him to get some form of space physics program restarted. In
response, Edelson initiated another reorganization and brought back the Solar and
Heliospheric Physics Branch, but now within the Astrophysics Division, and created an
Upper Atmospheric and Magnetospheric Branch within a new organization named the
Earth Science and Applications Division. In addition, Edelson decided to bring to NASA
someone from the community who was dynamic and could take the OPEN program to the
next step. He contacted James Van Allen from the University of Iowa for suggestions. Van
Allen recommended Stanley Shawhan, an outstanding professor and Principal
Investigator on the Dynamics Explorer 1 mission at the University of Iowa. Shawhan
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accepted an IPA (Intergovernmental Personnel Act) position at NASA Headquarters and,
in September 1983, joined the Upper Atmospheric and Magnetospheric Branch.

Shawhan’s first assignment from Edelson was to get the OPEN program started through
some sort of international cooperation; the new Associate Administrator was a strong
advocate of such collaboration. Shawhan initiated a series of bilateral meetings between
NASA and ISAS, and between NASA and ESA. In Shawhan’s first year at Headquarters, he
merged the NASA OPEN program with NASA’s participation in ISAS and ESA solar-
terrestrial missions into a single endeavor and established a project office at GSFC. This new
program was called the International Solar-Terrestrial Physics (ISTP) Program. As the
program developed, NASA would be responsible for the Wind, Polar, and Equator missions,
along with fast-paced, ground-based, and theory activities. ESA was responsible for the
SOHO and Cluster missions, with ISAS responsible for the deep-tail Geotail mission.

In addition to these ISTP project activities, it was clear that a strong archive and
communications capability had to be a key element of an infrastructure necessary to
facilitate data exchange between the agencies. Neither ESA nor ISAS maintained a space
physics archive, and the NASA archive, the NSSDC, was, as discussed in a 1984 report"
from the NAS Joint Data Panel of the Committee on Solar and Space Physics, in desperate
need of overhauling. In response to this NAS report, Edelson stated that NASA would
undertake a number of important activities that would establish improved access to
archives and data. (See Document II-15.) In particular, Edelson redefined the NSSDC and
provided baseline funding for the SCAN network, which was later renamed the Space
Physics Analysis Network (SPAN). SPAN became NASA’s first Internet-based
communications network.

With these activities initiated, all seemed ready for implementation. However, as part
of the budget process, NASA’s upper management determined that ISTP was too costly in
1984. In late summer of that year, the NASA Administrator challenged OSSA to
restructure the NASA contribution to ISTP for about half its original proposed cost.

By 24 August, Shawhan and Mike Calabrese (a space physics program manager)
developed and documented" possible approaches for reducing the costs of the NASA part
of the ISTP program. The key element of reducing the costs was the dropping of the
Equator spacecraft. At that time, NASA was negotiating with the Air Force on a new mission
called the Combined Release and Radiation Effects Satellite (CRRES); NASA decided that
this mission would serve as the replacement mission for Equator. Shawhan broke the news
to the selected investigators on Equator that the available budget could not support three
NASA missions, and Equator would be deleted with the equatorial measurements to be
provided by CRRES. He indicated that this action was needed to keep the rest of the
program intact. Shawhan was persuasive. Even though the investigators were tremendously
disappointed, they supported his overall goal of a coordinated set of spacecraft.

The scientific goals of the revamped ISTP program were to develop a comprehensive,
global understanding of the generation and flow of energy from the Sun and through
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Earth’s space environment (called geospace). Shawhan redefined NASA’s portion of the
ISTP program into two distinct parts. The Global Geospace Science (GGS) program
would contain Wind, Polar, ground-based analysis, theory, and NASA’s portion of the
CRRES program. The Collaborative Solar-Terrestrial Research (COSTR) program would
contain NASA’s portion of Geotail, SOHO, and Cluster.

NASA’s budget for fiscal year 1985 contained only funds for further design and mission
analysis of ISTP; there were no funds for a new start. But Shawhan was undaunted; he told
the Director General of ISAS, Professor Minoru Oda, that NASA would fully support its role
in the Geotail mission. (See Document II-16.) NASA’s commitment enabled Oda in April
of 1986 to receive approval for ISAS to build Geotail, the most expensive ISAS mission to
date. ISAS was the first agency to gain budget approval for an ISTP mission, which showed
its trust in NASA and its reliance on Shawhan to keep the U.S.-Japan bargain.

Prior to Shawhan’s joining NASA, Edelson had become involved in the international
Inter-Agency Consultative Group (IACG)." The science heads of the four major space
agencies, NASA, ESA, ISAS, and Intercosmos, were the members of the IACG. The IACG
had been formed in 1981 specifically to better coordinate the set of international missions
that were to encounter Comet Halley in order to enhance their scientific return.

After the successful Halley encounter, Edelson wanted to keep the IACG going. He
could see that international cooperation, at the right level, had a role to play in selling
certain programs, and that solar-terrestrial physics was the next logical program for the
IACG. Edelson noticed that each of the agencies had space physics projects, and they all
had a number of political problems, especially NASA’s ISTP program. At the 1985 meeting
of the IACG, Edelson suggested that if the IACG were to continue to work as a multi-
agency coordinating body, a permanent “Terms of Reference” would need to be
developed. The first post-Halley mission meeting of the IACG was held in Padua, Italy, in
November 1986. Using the principles that the agencies had already worked out for
coordinating the Comet Halley encounters, a set of general IACG principles were drafted.
These new Terms of Reference were quickly signed by all agency space science leaders.
The IACG decided that solar-terrestrial physics would be its next area of focus and created
the following three working groups to support this effort: Science, Data Exchange, and
Mission Design and Planning. Members of these three working groups were from the
science communities and space agencies of the participating countries.

At TACG meetings, the chairman from each working group would make
recommendations designed to better coordinate the efforts in each of the agencies to
further facilitate ISTP science. Each recommendation was either approved, not approved,
or modified before approval by unanimous agreement of each agency space science chief.
Under the IACG auspices, international science communication networks between NASA,
ESA, ISAS, and Intercosmos were put into place or maintained. With NASA’s SPAN well
established and an international link to Europe already operational, one of the first IACG
recommendations was to maintain this transatlantic link. By 1987, the NASA SPAN
network was connected to ISAS. The establishment of Internet-based communications
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between the agencies provided a revolution in the way scientists and mission planners
worked together. International cooperation was at its highest, but NASA still had no firm
commitment for its own ISTP missions.

The space physics community in the U.S. was vigorously pushing for a new start for
ISTP, which scientists believed was vital for the survival of the space physics discipline.
Although Shawhan supported a new start for the entire ISTP program, he was unable to
obtain administration support for such an initiative. Consequently, Shawhan developed a
strategy that would present to Congress the COSTR program one year before the GGS
program. By starting the NASA portion of the cooperative ISAS and ESA programs ahead
of NASA’s own programs, Shawhan would be able to make good on his commitment of
NASA support to those efforts. Although the science community had hoped that the
entire ISTP program would be approved at one time, there was confidence that Shawhan’s
leadership could deliver the program in a two-phase approach. The initial COSTR
arrangements were for NASA to provide 40 percent of the Geotail payload, 25 percent of
Cluster and SOHO payloads, data support, and a NASA launch of Geotail. The selling of
the GGS program to Congress involved NASA retaining a leadership role. In the COSTR
program, NASA was playing only a supporting role. This strategy worked; the White House
and Congress approved a new start for COSTR in 1986 and for GGS in 1987. With these
two programs approved, the entire NASA ISTP program was now in place, with the IACG
providing a capability to facilitate the international collaboration on both operational and
scientific levels. Once COSTR was approved, international support became solid. In
March 1987, the joint ESA/NASA Solar-Terrestrial Science Programme (STSP), Cluster,
and SOHO Announcement of Opportunity was released. Within a year, Geotail
investigators were selected and confirmed for flight.

Meanwhile, at NASA Headquarters, Edelson left, and Lennard Fisk became Associate
Administrator for Space Science and Applications on 6 April 1987. A new Space Physics
Division was created in 1988 and, within a year, included the Cosmic and Heliospheric
Physics Branch, the Solar Physics Branch, the Magnetospheric Physics Branch, and the
Ionospheric Physics Branch. In addition, NASA received a budget augmentation for the
COSTR program which increased NASA’s contribution from 25 percent to 33 percent of
the SOHO and Cluster missions. This augmentation was necessary in order to preserve
collaboration with ESA in SOHO and Cluster, and ensure the development of both
missions. The GGS investigators were selected based on the original OPEN AO and
confirmed for flight. Instrument investigations were jointly selected for definition for
SOHO and Cluster. By the end of 1989, ESA confirmed SOHO and Cluster investigations
for flight. With that confirmation, the complex national and international components
for ISTP were in place.

By the late 1980s, space physics was a discipline brought back from near extinction by
the sheer energy, devotion, and leadership of Shawhan; the support of the NASA ISTP
team of Mario Acuna, Joseph Alexander, Dave Bohlin, Mike Calabrese, Art Poland, and
Ken Sizemore; the overall guidance and management insight from Edelson and Fisk; and
the support of the science community.

For NASA, in general, this was a period of undertaking large missions such as the
Great Observatories. (See Volume V, Chapter 3, for a discussion of these missions.) The
ISTP program became the “Great Observatory” set of missions for space physics. In this
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era, with adequate budgets available, spacecraft and instrument performance was the
highest priority. ISTP was now established and under construction, but one more major
challenge lay ahead for NASA’s GGS mission before it would finally become a reality.

6. The Cost Conscious 1990s—Trading Performance and Cost

Lennard Fisk had not been at NASA Headquarters a month in 1987 when he was
faced with a major decision. One of the instruments on the Magellan mission to Venus was
significantly over budget. At an earlier time in NASA’s history, money would just be
“found” to cover instrument overruns, since performance was the highest priority. In
contrast, Fisk decided to cancel the instrument on Magellan based on the projection of its
high cost to completion. Fisk told his staff that he did not want to cancel another
instrument and that they had to figure out a way to keep costs under control. NASA
budgets were getting tighter, with much less flexibility to accommodate cost growths. Fisk
challenged his program managers in OSSA to come up with some sort of science
investigation cost-control procedures. The result was a Cost Control Plan (CCP) for each
proposed mission which contained a series of de-scoping options. The CCP became a
requirement for mission approval and was to be created at the onset of the development
phase for every new mission and implemented when the investigation was confirmed. The
de-scoping options in the plan were identified on an instrument-by-instrument basis, with
the key options delineated in the confirmation letters to the investigators for each
instrument. If unforeseen costs occurred during the development phase of an instrument,
CCP procedures would be implemented. Decreasing instrument performance or
reducing redundancy were the typical compromises outlined in the CCP. By January 1990,
the CCP for NASA’s ISTP program was completed. (See Document II-19.) This document
was also NASA’s first CCP.

A number of changes in key personnel at NASA Headquarters occurred in the early
1990s. The space physics field experienced a major setback with the sudden death of
Shawhan in 1990 from a heart attack. Shawhan was well-respected, and his death was a major
loss to the community, both as a person generally well-liked because of his fairness and as a
person who made significant contributions in saving the field and in creating a number of
new missions. Fisk moved quickly to replace him; George Withbroe came on board within a
year as the new head of the Space Physics Division. Shawhan was a tough act to follow, but
in time Withbroe would prove to be another major strength for the community. In 1992,
Daniel Goldin became the new NASA Administrator. Goldin was known for his ability to
make broad and sweeping changes in an organization and to force it to reinvent itself
throughout. In October 1992, Goldin split Fisk’s jurisdiction into three separate offices, one
for Earth Science, one for Life and Microgravity Science, and one for Space Science. Fisk
retained control over only a third of these new units. By 1993, Fisk had departed and was
replaced by Wes Huntress as the new Associate Administrator for Space Science.

Goldin was determined to usher in a new era of more cost-control measures and
approaches. He believed that such steps were necessary for the Agency to survive past the
end of the Cold War. Goldin told both the White House and Congress that he was going
to implement a system to better establish and control NASA’s ongoing programs. Goldin’s
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“faster, better, cheaper” approach to new missions was first delineated in the 1992
Discovery Program Handbook (see Volume V, Document I1-39) and continued into the
Explorer program (see below), but he did not stop with these approaches.”

Goldin established Program Commitment Agreements (PCAs) between him and his
Associate Administrators to do a particular mission with a delineated set of
requirements in science and cost. In a 15 June 1993 memo to his staff, all Center
Directors, and the Director of JPL, Goldin established a Program Management Council
(PMC), headed by his Deputy, General Jack Dailey. (See Document I1-22.) The Council
would provide an additional program review at the Agency level for “addressing
strategic planning, implementation, and management of all major Agency programs.” A
review would be initiated by the Deputy Administrator when the cost to completion, as
estimated by the Comptroller, was projected to exceed the established baseline cost of
a mission by more than 15 percent, or when any other PCA threshold requirement, as
determined by the PMC chair, was being violated. The PMC was directed specifically to
recommend “cancellation or continuation of programs and projects.” This approach
was designed to prevent going back to Congress for more money to solve the problem
of escalating costs in the mission development phase. It was commonly believed among
the NASA staff that Goldin intended to cancel a project or mission to demonstrate his
serious intent.

The first project to be seriously reviewed for cancellation was GGS (Wind and
Polar). By this time, the workload of the ISTP development had brought about the
establishment of a GGS (Wind and Polar) and a COSTR (Geotail, SOHO, and Cluster)
program office at GSFC to manage the ISTP program. Bill Huddleston served as
Program Manager for GGS at NASA Headquarters, while John Hrastar was the GGS
Project Manager at GSFC. The Wind and Polar spacecraft were being developed by
Martin Marietta and were both experiencing a variety of development problems and
cost overruns. The GGS review occurred on 5 April 1994. In an effort to save the
program, John Hrastar presented to the PMC a series of options. Hrastar’s preferred
option was for a program re-baseline in which Wind would move forward while Polar
would be put in storage; this was seen as a way to move the GGS project forward and get
costs under control. Wind was still a very viable scientific mission without Polar. Hrastar
argued that if Wind was launched and operating successfully and there were enough
funds remaining, the project office would then consider restarting Polar. This approach
was accepted by the PMC. (See Document II-23.) Both Wind and Polar were finally
completed. They did not exceed 15 percent above the baseline cost ceiling. Wind was
launched on 11 November 1994 and Polar on 24 February 1996. The cancellation of
GGS would have been devastating to the space physics community and might very well
have ended serious research in the field in the United States.

17. For an assessment of this approach, see Howard McCurdy, Faster, Better, Cheaper: Low-Cost Innovation in
the U.S. Space Program (Baltimore, MD: Johns Hopkins Press, 2001).
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7. The New Explorers

With the 1980s emphasis on performance versus cost and schedule, the development
of NASA'’s flagship missions were costing almost a billion dollars each. However, overall
funding for NASA space science missions was being reduced by the end of the decade.
The impact of the high costs of large space science missions even influenced the progress
of the long-running Explorer program of small satellites, which had been providing
relatively low-cost access to space for physicists since NASA’s early days.

Due in part to the Challenger accident in 1986 and the complexity of the existing
approved missions, the stretching out of all programs undergoing development in the
Explorer line was increasing their costs significantly and thereby delaying the new
Announcements of Opportunity that were necessary for initiating new missions. In
essence, the OSSA budget in the post-Challenger period was overcommitted. At that point
in time, Charles Pellerin headed the Astrophysics Division where the Explorer program
resided. He recognized the need for major changes in this program. His goal was to
shorten the time from mission selection to flight. He also recognized that given the
number of missions already in development, any new announcement at that time would
lead to “five missions being selected,” and that such an action could possibly close the
Explorer opportunity to the end of the 1990s. (See Document II-17.) Pellerin made a
decision to hold off on any new large Explorer missions, to have a competition for Small
Explorer missions (SMEX), to concentrate on launching the existing backlog of approved
missions, and to use the time gained to decide on how to restructure the Explorer
program. (Dan Goldin’s 1992 push for faster, better, cheaper was in line with what Pellerin
had decided he needed to do six years earlier.) After intense discussions with the science
community, the new Explorer program began to emerge. (See Document I