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Introduction

One of the most important developments of the twentieth century has been the move-
ment 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 tran-
sition from an Earthbound to a spacefaring people. This desire to understand the devel-
opment 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 car-
ried out under government sponsorship, it was accompanied by the documentary
record required of public institutions, and there has been a spate of official and pri-
vately 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 mate-
rial 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 his-
torical material available on space matters, the National Aeronautics and Space
Administration (NASA) decided in 1988 that it would be extremely useful to have avail-
able 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 recog-
nizing that much space activity has taken place under the sponsorship of the
Department of Defense and other national security organizations, within the U.S. pri-
vate 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 evolu-
tion 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 con-
tracted with the Space Policy Institute of George Washington University’s Elliott School
of International Affairs to prepare such a collection. This is the fifth volume in the doc-
umentary history series; three additional ones detailing programmatic developments
with respect to aspects of space science not covered in the current volume, and to
human spaceflight, 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 mate-
rials 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 Washington, D.C.,
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headquarters. 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
some of the highlights of the holdings at headquarters. Historical materials housed at
the other NASA installations, at institutions of higher learning, and at 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 exploitation.

Copies of the documents included in this volume in their original form will be deposit-
ed in the NASA Historical Reference Collection. Another complete set of project mate-
rials is located at the Space Policy Institute at George Washington University. These
materials in their original form 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 three major sec-
tions, each covering a particular aspect of the origins, evolution, and execution of the U.
S. space science program. Chapter 1 deals with the origins, evolution, and organization of
the space science program. Chapter 2 deals with solar system exploration. Chapter 3 deals
with NASA’s astronomy and astrophysics efforts. Volume | in this series covered the
antecedents to the U. S. space program, as well as the origins and evolution of U.S. space
policy and of NASA as an institution. Volume 11 dealt with the relations between the civil-
ian space program of the United States and the space activities of other countries, the rela-
tionship between the U. S. civilian and national security space and military efforts, and
NASA’s relations with industry and academic institutions. Volume 111 provided documents
on satellite communications, remote sensing, and the economics of space applications.
Volume IV covered various forms of space transportation. Future volumes will cover solar
and space physics, earth science, and life and microgravity science (Volume VI), and
human spaceflight (Volumes VII and VIII).

Each chapter in the present volume is introduced by an overview essay. In the main,
these essays are intended to introduce and complement the documents in the chapter
and to place them in a chronological and substantive context. Each essay contains ref-
erences to the documents in the chapter it introduces, and may also contain references
to documents in other chapters of the collection. These introductory essay s 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 documents included in each section were chosen by the project team in concert
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 material from the private recollections of important actors in shaping
space affairs. The contents of this volume thus do not comprise in themselves a com-
prehensive historical account; they must be supplemented by other sources, those both
already available and to become available in the future.
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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 chapter in which it is placed. As a result, the first document in the
third chapter of this volume is designated “Document 111-1.” 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 docu-
ments 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 com-
ment. 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 doc-
ument 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
al relevant records. As a result, this documentary history can raise an immediate ques-
tion from its users: why were some documents included while others of seemingly equal
importance were omitted? There can never be a fully satisfactory answer to this ques-
tion. 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 development important to the evolution of the space program?

e 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?

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, | was ultimately responsible for the decisions about
which documents to include and for the accuracy of the headnotes accompanying them.
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It has been an occasionally frustrating but consistently exciting experience to be
involved with this undertaking. My associates and | 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 1

Space Science: Origins, Evolution,
and Organization

by John E. Naugle and John M. Logsdon

Modern space science really began in 1946 when scientists first started to use balloons
and sounding rockets to carry instruments to the outer fringes of Earth’s upper atmos-
phere. With the latest technological advances, balloons could float at an altitude of
100,000 feet for several hours, enabling scientists to study cosmic rays and other atmos-
pheric and stellar phenomena. Soon after, sounding rockets soaring to 400,000 feet gave
scientists a fleeting glimpse of the ultraviolet and x-ray radiation from the Sun and stars.
Almost ten years of upper atmosphere science using these new tools created a communi-
ty of scientists eager to extend their observations. These efforts were followed by the
International Geophysical Year in 1957-1958, when scientists planned to orbit satellites
for their research. They recognized that satellites could provide months of observing time
hundreds of miles above Earth’s atmosphere, something neither balloons nor sounding
rockets could do.!

When the Soviet Union launched Sputnik | on October 4, 1957, public reaction fos-
tered greater efforts in space science as an attempt to atone for the Cold War humiliation.
As a result, the United States began to pour previously undreamed of resources into space
science. Hundreds of scientists shifted their research arena from Earth-bound research
laboratories to Earth orbit and the remote reaches of the solar system. Some were driven
by the opportunities to discover new phenomena; others were enticed by the resources
available in a growing, exciting, and dynamic field.

To manage these efforts, the United States created a new agency in July 1958, the
National Aeronautics and Space Administration (NASA). Americans expected NASA to
organize a coherent national space science program that would regain U.S. leadership in
space science and technology. It took NASA and space scientists nearly six years to achieve
a coordinated, mutually agreeable program, but from 1964 to the present NASA has con-
ducted a sophisticated, productive space science program, though not without continuing
tension between the space agency and space scientists. During this period several thou-
sand astronomers, physicists, chemists, and life scientists conducted experiments on
NASA missions, and the results of NASA’s programs have revolutionized human under-
standing of Earth’s place in the cosmos.

1. On the IGY see, Constance McL. Green and Milton Lomask, Vanguard: A History (Washington, DC:
NASA SP-4201, 1971), pp. 6-39; Rip Bulkeley, The Sputniks Crisis and Early United States Space Policy: A Critique of
the Historiography of Space (Bloomington, IN: Indiana University Press, 1991), pp. 89-122; R. Cargill Hall, “Origins
and Early Development of the Vanguard and Explorer Satellite Programs,” Airpower Historian 9 (October 1964):
102-108; Robert A. Divine, The Sputnik Challenge: Eisenhower’s Response to the Soviet Satellite (New York, NY: Oxford
University Press, 1993); Walter A. McDougall, . . . The Heavens and the Earth: A Political History of the Space Age (New
York, NY: Basic Books, 1985).
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The Origins of Space Science (1946-1958)

In the years immediately following World War 11, the U.S. scientific community turned
its attention from support of the war effort to the scientific questions that had been the
focus of attention before the war. As they did so, new techniques for obtaining data became
available; that development marked the beginning of the U.S. space science effort.

Balloons, Cosmic Rays, and Mesons

After World War 11, the Office of Naval Research started the Skyhook balloon program.
Although the Navy justified support of the program because of its eventual value to mili-
tary systems, civilian scientists established the objectives of the program and conducted the
research. Large plastic balloons carried cosmic ray instruments to altitudes above 100,000
feet. Because the cost of the balloon program was relatively low and because graduate stu-
dents could assemble a payload in a few months in a university laboratory, the Skyhook pro-
gram enabled many academic scientists and graduate students to study cosmic rays.>

V. F. Hess, an Austrian physicist, discovered cosmic rays in 1911 while searching for
the source of a highly penetrating radiation. He personally carried a Wulf electrome-
ter to a height of 5,000 meters, in an open gondola, where he found the ionization to
be sixteen times that at the surface. Hess correctly interpreted his observations as
demonstrating that the highly penetrating radiation came from outside the atmos-
phere rather than from the surface of Earth. Physicists could not immediately deter-
mine the nature of the radiation. Since it came from outside Earth—from the
cosmos—they named the phenomenon “cosmic rays.” By 1940, when World War 11
stopped cosmic ray research, physicists knew that most cosmic rays were positively
charged particles of great energy that, upon entering the atmosphere, generated cas-
cading showers of electrons, positrons, gamma rays, and some kind of unknown, high-
ly penetrating charged particles.

In 1947, scientists at the University of Bristol exposed thick, very sensitive photo-
graphic “nuclear emulsions” to cosmic rays on a mountaintop in the Alps. In the emul-
sions they found the tracks of two new particles, heavier than a proton and lighter than
an electron. They named these new particles the pi and mu mesons.® The pi meson proved
to be the glue that held a nucleus together and the mu meson, the mysterious highly pen-
etrating particle in cosmic rays. In 1948, using a Skyhook balloon to expose nuclear emul-
sions to cosmic rays at high altitudes, scientists at the University of Minnesota and the
University of Rochester discovered that, in addition to protons and electrons, cosmic rays
also included high-energy atomic nuclei stripped of their electrons.* These two scientific
discoveries sparked intense interest in cosmic rays. For about a decade, until proton accel-
erators replaced cosmic rays as a source of mesons, cosmic rays and their nuclear interac-
tions occupied center stage in theoretical physics. Many future space scientists took up the
study of cosmic rays in this period.

2. David H. DeVorkin, Race to the Stratosphere (New York, NY: Springer-Verlag, 1989), pp. 296-304.

3. B. Occhialini and C. F. Powell, “Nuclear Disintegrations Produced by Slow Charged Particles of Small
Mass,” Nature 159 (February 8, 1947): 186-90.

4. P. Freier, E. J. Lofgren, E. P. Ney, F. Oppenheimer, H. L. Bradt, and B. Peters, “Evidence for Heavy
Nuclei in the Primary Cosmic Radiation,” Physical Review 74 (July 15, 1948): 213-17.
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In the mid-1950s, just as proton beams from accelerators were replacing cosmic rays
as sources of mesons, scientists discovered that during a solar flare the Sun emitted large
numbers of cosmic rays and modulated the flux of cosmic rays coming from outside the
solar system. These two discoveries, coupled with anticipation of the onset of a period of
high solar activity in 1957, stimulated a renewed interest in cosmic rays. Unfortunately, the
time of onset of a solar flare is unpredictable and it reaches its peak intensity in a few min-
utes. Sounding rockets and balloons were not good enough platforms to study solar flares
because it was difficult to launch them on such short notice. On the other hand, a satel-
lite would be an ideal platform. From such a platform outside Earth’s atmosphere, a sci-
entist could continuously monitor cosmic rays. After 1958, large numbers of cosmic ray
physicists entered the fray determined to be the first to get a cosmic ray detector on a satel-
lite. They were young, eager, and full of ideas for experiments that required satellites and
space probes. Meanwhile, other groups of scientists had been using rockets to observe the
Sun and stars. They were equally interested in getting their telescopes onto satellites.

V-2 Upper Atmosphere Panel

At the end of World War 1l in May 1945, the U.S. Army acquired a number of German
V-2 rockets, together with many of the engineers who had developed them (including
Wernher von Braun), and brought the rockets back to the United States for examination
and testing. In late 1945, the Army offered scientists the opportunity to put experiments
aboard these rockets as they were launched for engineering tests. This offer led to the for-
mation of an ad hoc “V-2 Upper Atmosphere Panel” in February 1946 to “develop a sci-
entific program, assign priorities for experiments to fly on the V-2s, and to advise the Army
Ordnance Department on matters essential to the success of the program.™

Working through the panel, astronomers and geophysicists used these sounding
rockets to study the properties of the upper atmosphere, solar and stellar ultraviolet
radiation, and the aurora. Scientists used all the V-2s, then used new sounding rockets
developed to replace them, and continued to control the nation’s sounding rocket pro-
gram until NASA Headquarters took over this function in 1958.° The minutes of the
meetings of the V-2 Upper Atmosphere Panel provide a vivid history of the many fail-
ures and occasional triumphs of these first space scientists. [I-1, 1-2, 1-3] After the for-
mation of NASA, several members of the V-2 Panel joined the space agency and applied
the experience they had gained to the organization and management of NASA’s space
science program. Together with those scientists who had been conducting balloon
experiments, these “rocket scientists” formed the nucleus of the initial U.S. space sci-
ence community.’

5. The Panel started life as the V-2 Upper Atmosphere Panel; in 1948 it became the Upper
Atmosphere Rocket Research Panel, and in 1957, the Rocket and Satellite Research Panel. On this Panel see,
David H. DeVorkin, “Organizing for Space Research: The V-2 Panel,” Historical Studies in the Physical and
Biological Sciences 18 (1987): 1-24.

6. See James A. Van Allen, Origins of Magnetospheric Physics (Washington, DC: Smithsonian Institution
Press, 1983), and Homer E. Newell, Beyond the Atmosphere: Early Years of Space Science (Washington, DC: NASA SP-
4211, 1980), for details of the Panel. Newell’s book is an outstanding summary of the development of the NASA
space science program by its chief architect.

7. See R. Cargill Hall, Lunar Impact: the History of Project Ranger (Washington, DC: NASA SP-4210, 1977).
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International Geophysical Year

The members of the V-2 Panel and the cosmic ray physicists were a small minority of
the many other astronomers and geophysicists interested in the intense solar activity pre-
dicted for 1957. In 1952, scientists Lloyd Berkner, Sidney Chapman, and Marcel Nicolet
persuaded the International Council of Scientific Unions (ICSU) to organize an
International Geophysical Year (IGY), a cooperative scientific endeavor to study solar-ter-
restrial relations during the period of maximum solar activity. Some sixty-seven nations,
including the Soviet Union, agreed to conduct cooperative experiments to study solar-ter-
restrial relations during the IGY.

In October 1954, ICSU challenged the United States and the USSR to use their mis-
siles, which were being developed for war, to launch scientific satellites as part of the IGY
program. In July 1955, the United States responded by announcing that it would develop
a new rocket, the Vanguard, to launch scientific satellites. A year later, the Soviets
announced that they too would launch scientific satellites as a part of the IGY. Thus began
a race to see who would be first to launch an Earth satellite.

A National Security Council white paper approved by President Dwight D.
Eisenhower, “U.S. Scientific Satellite Program,” provided the rationale behind the
satellite program. [Volume I, Document 1-10] This paper, discussed on May 20, 1955,
by the White House National Security Council (NSC), encouraged the Department of
Defense to develop and launch a small scientific satellite “under international aus-
pices, such as the International Geophysical Year, in order to emphasize its peaceful
purposes . . . considerable prestige and psychological benefits will accrue to the
nation which first is successful in launching a satellite . . . especially if the USSR were
to be the first to establish a satellite.” This document summarizes many of the forces
that shaped space science over the coming years. The paper justified space science
because of its contribution to national security, not because it was an activity worthy
of support on its own merits. President Eisenhower and his associates were primarily
interested in establishing the international legal principle that national sovereignty
did not extend to the altitudes at which a satellite would orbit, and thus that there was
no obstacle in international law to the overflight of a reconnaissance satellite over
Soviet territory. To them, the scientific purposes of the satellite were of secondary
importance. [Volume I, Document 11-12]

Within two months, the Naval Research Laboratory’s (NRL) proposal to develop a new
Vanguard rocket to launch initial U.S. scientific satellites was chosen over the Army’s com-
peting Project Orbiter proposal by an “Ad Hoc Advisory Group on Special Capabilities.”
[Volume IV, Document I-4] The organization, conduct, and initial failure of the Vanguard
Program stimulated the space science effort and helped shape its organization.

Although NRL managed the Vanguard program, the overall scientific and techni-
cal direction came from a Technical Panel for the Earth Satellite Program (TPESP).
The National Academy of Sciences and its operating arm, the National Research
Council, organized TPESP, which consisted mostly of scientists. [1-4] Richard Porter,
an engineer from General Electric who had been in charge of the U.S. V-2 program,
chaired TPESP. The Panel directed the work, set policies, selected experiments, and
formulated scientific objectives for the Vanguard project. The National Science
Foundation and the U.S. Army, Navy, and Air Force participated in the work and pro-
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vided funds to pay for it.® However, it was the TPESP, which met about once a month,
that controlled the pace and scientific content of Vanguard. Although NRL was
responsible for building Vanguard, it could not start work on the payload for a mis-
sion until the Panel had established the objectives of the mission and selected the
experiments.® [1-5]

The Vanguard program proved much more difficult to accomplish, and therefore much
more costly, than had been anticipated. The original cost estimate for the program was
$15-20 million; by the spring of 1957, the estimate had grown to $110 million, with possible
growth to $150-200 million. President Eisenhower and the National Security Council con-
sidered canceling the program in May 1956, but decided to let it continue. The Eisenhower
administration in mid-1956 also considered, but rejected, the possibility of authorizing the
Army to attempt a satellite launch in advance of the first scheduled launch in the Vanguard
program. [Volume IV, Document I-7, 1-8] By 1957, neither the Department of Defense nor
the National Science Foundation was eager to provide the additional funds to complete
Vanguard; it took White House intervention to force them to do so. [1-8]

Sputnik

In the fall of 1957, as TPESP’s cumbersome machinery slowed progress and Vanguard
continued to fall behind schedule, the governing body of the IGY met in Washington, DC. On
Friday, October 4, 1957, the Soviet Union hosted a party for the group at its Embassy. Midway
through the party, Lloyd V. Berkner, ICSU president and a prime mover behind the IGY,
announced that the Soviets had just launched a satellite.*® The dramatic launch of the first
satellite, Sputnik I, surprised the world. The Soviets had opened the age of space exploration.

The successful launch of Sputnik set off an accelerated U.S. effort to launch a satel-
lite, despite attempts by President Eisenhower and his associates to minimize the signifi-
cance of the Soviet accomplishment. [ 1-9 and Volume 1V, Document I-9 and 1-10] At its
November 6 meeting, TPESP agreed that if there were a decision by the Department of
Defense to provide one or more of Wernher von Braun’s Jupiter C rockets as a backup to
the Vanguard, one of the experiment packages it had approved would be shifted from a
Vanguard launch attempt to the initial Jupiter C attempt. [I-10] On November 8, 1957,
Secretary of Defense Neil H. McElroy indeed did direct the Army to use its Jupiter C
launch vehicle to launch two satellites.

In early November 1957, the Soviets launched Sputnik Il with a dog named Laika
aboard. In December, the United States attempted to launch the first Vanguard. The rock-
et burst into flames, crumpled, and dumped its satellite back onto the launch pad. So far,
the score was 2-0 in favor of the Soviets.

OnJanuary 31, 1958, Wernher von Braun, leader of the German engineers who devel-
oped the original V-2s, the Redstone, and the Jupiter C, used the Jupiter C to place

8. When Vanguard developed budget problems, even the Central Intelligence Agency (because of its
interest in establishing the principle of free satellite overflight) provided some of the project’s funding. See
Dwayne A. Day, John M. Logsdon, and Brian Latell, Eye in the Sky: the Story of the CORONA Spy Satellite
(Washington: Smithsonian Institution Press, 1998).

9. See James A. Van Allen, Origins of Magnetospheric Physics, and John E. Naugle, First Among Equals: The
Selection of Space Scientists (Washington, DC: NASA SP-4215, 1991), for more information about the role of TPESP.

10. “Soviet Embassy Guests Hear of Satellite from an American as Russians Beam,” New York Times,
October 5, 1957, p. A3.
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Explorer 1, the first American satellite, into orbit. The satellite was developed by the
Army’s Jet Propulsion Laboratory and carried an experiment designed by James Van Allen
of the University of lowa, one of the individuals involved in shaping initial U.S. involve-
ment in space science research. Even after the 1955 selection of Vanguard as the sole U.S.
scientific satellite project, Van Allen had remained in touch with the von Braun team in
Alabama, and thus was quickly able to switch his payload from the Vanguard launcher to
the Jupiter launcher after that opportunity became available. [1-6, I-7]

The Van Allen Belts

Riding on Explorer 1 were Geiger counters built by Van Allen. On May 1, 1958, at a
joint session of the American Physical Society and the National Academy of Sciences, Van
Allen announced the most significant discovery from Explorer 1 and the subsequent
Explorer 3 mission, then in orbit: that there were high energy radiation belts surround-
ing the Earth.* [1-12] These “Van Allen Belts” consisted of doughnut shaped regions of
space centered on the geomagnetic equator and filled with high energy (40 MEV) pro-
tons orbiting around magnetic lines of force and oscillating back and forth between the
northern and southern hemispheres. The belts proved to be more than just an exciting
scientific discovery; the radiation level in the belts was so intense that, if a human or a
satellite were orbiting within them, he or she would receive a lethal dose of radiation in a
few hours, solar cells would rapidly deteriorate, and electronic equipment would mal-
function. Because of the belts, almost all Earth satellites have been placed in orbits either
below or beyond them. Whereas the Sputniks had not produced any exciting or signifi-
cant scientific results, Van Allen’s discovery electrified the scientific community. Van Allen
and his hard-working graduate students had demonstrated that a team of academic sci-
entists could design and build instruments that worked in space. Later, when engineers
argued that academic scientists were not qualified to build instruments for spacecraft,
someone was sure to remind them of Explorer 1. Van Allen’s unexpected discovery and
the worldwide acclaim he received attracted many young people to space science.

Creating a National Space Science Organization

In the near hysteria that prevailed after the success of the first two Sputniks and the
failure of the first Vanguard, the United States began an intense effort to create a space
program that would restore American pride and prestige. The Speaker of the House, Joe
Martin, and the Senate Majority Leader, Lyndon Johnson, each chaired hearings to learn
why the United States had fallen behind and how best to organize the U.S. response. Many
organizations fought to gain control of the nation’s space effort.’? After Sputnik I, the
Rocket and Satellite Research Panel (the successor to the V-2 Upper Atmosphere Panel,
which had become the Upper Atmosphere Rocket Research Panel in 1948 and had

11. J. A. Van Allen, G. H. Ludwig, E. C. Ray, and C. E. Mcllwain, “Observation of High Intensity Radiation
by Satellites 1958 Alpha and Gamma,” Jet Propulsion 28 (September 1958): 588-92.

12. Newell, Beyond the Atmosphere; Robert L. Rosholt, An Administrative History of NASA, 1958-1963
(Washington, DC: NASA SP-4101, 1966); and McDougall, . . . The Heavens and the Earth, provide more details and
many references on the forces at work in the 1957-1958 period.
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changed its name again in 1957) doubled its membership. Its members prepared a plan
for a civilian agency to take over the exploration of space and then testified before
Congress in favor of their plan. [I-11] That plan best represented the views of the nascent
U.S. space science community as the nation organized its space response to Sputnik.

The Space Act

In March 1958, President Eisenhower, under attack by the media and a
Democratically controlled Congress, selected the National Advisory Committee for
Aeronautics (NACA) to become the core of the new space agency. He sent a bill to
Congress, which when revised became the National Aeronautics and Space Act of 1958.
The President signed this Act into law on July 29, 1958, creating the National Aeronautics
and Space Administration (NASA). [Volume I, Document 11-17]

The Space Act was, and still is, significant to space science, not only because of what
it says about space science, but also by what it left unsaid. The Act stated that the general
welfare and security of the United States required space activities and listed eight objec-
tives for those activities. The first objective: “the expansion of human knowledge of phe-
nomena in the atmosphere and space” made space science a high priority for NASA. The
fifth objective set a goal for space science: “the preservation of the role of the United
States as a leader in aeronautical and space science and technology . . . .” This statement
set a relative rather than an absolute goal for space science. In 1958, there were only two
countries with space programs; therefore it tied federal support for space science directly
to the relative status of the United States and the Soviet space science programs.

The Act directed the administrator of NASA to arrange for scientists to help plan
the scientific measurements and observations to be made, to conduct itself or arrange
for another party to make those measurements and observations, and to provide for
the widest possible dissemination of their results. The Act did not state how to involve
scientists in planning, but directed that the administrator be responsible for planning
and conducting space science. If a spacecraft failed, or the Soviets scored a first,
Congress wanted one individual held accountable, not a committee or two or three
cooperating agencies.

The Space Science Board

As the Administration and Congress moved to create NASA and the staff of the NACA
worked to make that organization the core of the new space agency, scientists organized
themselves to participate in the planning and execution of the program. On June 4, 1958,
the president of the National Academy of Sciences, Detlev Bronk, created a Space Science
Board. The members of the Board, mostly senior academic scientists, were asked to draft
a space science program, identify institutions and scientists to conduct the program, and
provide their recommendations to the Administrator of the new NASA, once it began
operations. Bronk appointed Lloyd V. Berkner, a dynamic, hard-driving scientist, to be
Chairman of the Space Science Board. [I-13]

Between June and October, Berkner organized the Board and sent a telegram to sci-
entists and scientific institutions that invited them to propose space science experiments.
[1-14] He created committees to evaluate the two hundred proposals the Board received.
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In December 1958, the Board recommended an initial scientific program of over thirty
missions to the NASA Administrator, and issued a primer on space science to allow other
scientists to propose additional experiments. [I-15, 1-16] These missions ranged in size
from sounding rockets to solar and astronomical observatories. The members of the
Board thought they were recommending a program for the next two or three years. It
took NASA the better part of the next decade to complete that program.

NASA Establishes Its Space Science Program

On October 1, 1958, when T. Keith Glennan, the first NASA Administrator, opened
the doors of the new agency, he had no space scientists on his staff and no space science
program at any of the NASA centers. Under the Space Act, Glennan had the option of
either having NASA conduct the space science program or arranging for other agencies,
such as the National Science Foundation (NSF), to conduct it. He decided that NASA
should be responsible for space science and created the Office of Space Flight Programs
at NASA Headquarters. He appointed Abe Silverstein, a propulsion engineer from the
NACA Lewis Research Laboratory, as its director. In turn, Silverstein appointed Homer E.
Newell® to be his Assistant Director for Space Sciences at NASA Headquarters. To conduct
the program, the Eisenhower administration transferred from the Army to NASA control
over the Jet Propulsion Laboratory (JPL) in Pasadena, California, which was operated by
the California Institute of Technology, and created a new “Field Center,” the Goddard
Space Flight Center (GSFC) in suburban Maryland near Washington.* Besides Newell, an
additional fifty NRL scientists transferred to NASA. Most went into a Space Science
Division at GSFC. Two came to NASA Headquarters to help Newell administer the space
science program.

In December 1958, Administrator T. Keith Glennan issued a document that specified
how he intended to plan and conduct the space science program. This document out-
lined the objectives for NASA’s space flight experiments, and stated that the research pro-
gram would be national in scope and would be based on recommendations from, among
other groups, the Space Science Board. NASA would ask educational and research insti-
tutions, industry, and federal laboratories to participate in the program. NASA, not the
Space Science Board, would establish the priorities for experiments and projects.*

By the beginning of 1959, Newell had a clear and unambiguous mandate to organize
and manage a comprehensive space science program. At NASA Headquarters he had only
a three-man staff, hardly adequate to administer a large and complex program that
involved NASA Centers, universities, and industry. [1-18] In addition, he was engaged in a

13. At the time, Newell was Superintendent of the Atmosphere and Astrophysics Division, Naval Research
Laboratory (NRL). NRL was the organization in charge of the Vanguard Program. Newell and Silverstein had
been discussing the transfer of NRL scientists for sometime before NASA opened its doors.

14. On the Goddard Space Flight Center and Jet Propulsion Laboratory see, Alfred Rosenthal, Venture into
Space: Early Years of Goddard Space Flight Center (Washington, DC: NASA SP-4301, 1985); Lane E. Wallace, Dreams,
Hopes, Realities: NASA's Goddard Space Flight Center, The First Forty Years (Washington, DC: NASA SP-4312, 1999);
Clayton R. Koppes, JPL and the American Space Program: A History of the Jet Propulsion Laboratory (New Haven, CT:
Yale University Press, 1982).

15. NASA, Policy on Space Flight Experiments (Washington, DC: NASA, December 12, 1958); T. Keith
Glennan, The Birth of NASA: The Diary of T. Keith Glennan, edited by J.D. Hunley (Washington, DC: NASA SP-4105,
1993), pp. 6-15.
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tug-of-war with the Space Science Board for control of the space science program. He also
had a battle going with William Pickering, the director of JPL, as to whether NASA
Headquarters or JPL would formulate the lunar and planetary program that JPL had cho-
sen as its desired share of the space science effort.

The Space Science Board expected to function with NASA somewhat as TPESP had
functioned with respect to the Navy in the Vanguard program. During 1959, as Newell
increased the size of his staff and moved to take charge of the program, the Board con-
tinued in its self-appointed role. Finally, on October 29, 1959, NASA used the power of the
purse to take control. In a letter that provided funds for the operation of the Board for
1960, NASA directed the Board to focus on long-range strategy for space science and leave
the detailed planning and conduct of the program to NASA. [I-17]

The Reorganization of 1959

In addition to the external problems with the Space Science Board, there were inter-
nal problems with NASA’s organization. In December 1959, to clarify the roles and mis-
sions of the Centers (and for a variety of other reasons), Glennan reorganized NASA. He
assigned the responsibility for all automated lunar and planetary missions to JPL. All Earth
satellite and sounding rocket missions went to Goddard. [1-19]

Following Glennan’s reorganization, Silverstein reorganized the Office of Space
Flight Programs; he abolished Newell’s Office of Space Sciences (OSS) and created two
new program offices—Lunar and Planetary Programs and Satellite and Sounding Rocket
Programs—to replace it. He appointed Newell, a scientist, as his deputy. He appointed for-
mer NACA engineers to head each of the program offices and appointed scientists to be
their deputies. This pairing of scientists and engineers at each administrative level proved
to be a good technique for assuring that each program office identified and, where pos-
sible, resolved its own scientific and technical issues.*

Newell chaired a Space Science Steering Committee; the director and deputy direc-
tor of each of the two new program offices were its other members. To provide technical
support to the Steering Committee, he created several scientific subcommittees. An
“administrative scientist” from Newell’s staff chaired each of these subcommittees. The
membership consisted of academic scientists and scientists from Goddard and JPL; each
had a mixture of wise-old-heads and “young Turks.” These subcommittees planned the
program in their discipline, reviewed the proposed experiments for a specific scientific
mission, and established priorities for their flight on that mission. Through the Steering
Committee and its subcommittees, Newell brought together the scientific and engineer-
ing talent needed to assure him that a mission was ready for development and that the
program office had chosen the best possible experiments. The external scientific com-
munity was ambivalent about these changes, which further reduced its influence over
NASA'’s space science program. [1-18]

Newell decreed that all proposals for scientific experiments would come to NASA
Headquarters, and administrative scientists at Headquarters would manage the process of
soliciting, receiving, and evaluating all scientific proposals and selecting the scientists for

16. Glennan, The Birth of NASA, pp. 21-30; Naugle, First Among Equals, pp. 58-78.
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all space science missions. In April 1960, NASA issued Technical Management Instruction
37-1-1, which specified exactly how NASA would select space scientists to participate in
missions and outlined what their role would be during a mission. This has proved to be a
durable procedure. Four decades later, NASA continues to use the same basic approach
established in this document. [1-20]

James Webb Takes Charge

By the end of 1960, NASA had created a space science organization and established
the broad policy and procedures for planning and conducting a space science program,
and the program was beginning to produce scientifically valuable results. [I-21] Space sci-
entists, however, still had a fundamental problem with the organization at NASA
Headquarters; while there were scientists at each level of the organization, those in charge
were always ex-NACA engineers, while a scientist served as the deputy at each level. In
addition, as new projects began to mature and budgets tightened, a host of serious tech-
nical issues emerged.

Overshadowing all of these issues was the future of NASA. Would the new President,
John F. Kennedy, support a vigorous space program? Would the new Administrator of
NASA continue the policies laid down by Glennan or would he make major changes?
What would happen to the fledgling space science program?

On February 14, 1961, James E. Webb took charge as the new NASA Administrator.’
Although he continued the basic policies established by Glennan, Webb took several steps
to strengthen the space science program. As part of the Apollo buildup, in 1962 he added
a Sustaining University Program with a $40 million annual budget to provide funding for
new facilities and graduate student fellowships. (See Volume |1, Chapter 3, for a discus-
sion of this program.) In November 1961, he reorganized NASA, abolishing the Office of
Space Flight Programs and appointing Homer Newell as associate administrator of a new
Office of Space Science (OSS). Thereafter, Newell reported directly to the Administrator
of NASA.=

Newell continued, but in reverse, the policy of pairing a scientist and engineer. He
selected Edgar M. Cortright, an ex-NACA engineer, to be his deputy. He changed the
name of the Sounding Rocket and Satellite Program to Geophysics and Astronomy and
appointed a scientist as director. He created a Bioscience Program office and appointed a
scientist to head it. Each of these new directors selected engineers to be their deputies.
This arrangement established the tradition that the associate administrator of the Office
of Space Science would always be a scientist,’® and that he would always have an engineer
as his deputy. The director of a program office could be either a scientist or engineer, but
he and his deputy must constitute a scientist-engineer pair.

Webb placed Newell in charge of NASA’s launch vehicles for robotic missions. He also
placed JPL and Goddard under Newell’s direction. He assigned the Sustaining University
Program to Newell. Thus, with the exception of the tracking and data acquisition system,

17. On Webb see, W. Henry Lambright, Powering Apollo: James E. Webb of NASA (Baltimore, MD: Johns
Hopkins University Press, 1995).

18. Rosholt, An Administrative History of NASA, 1958-1963, pp. 217-26.

19. This tradition was violated from 1982-1987, when an engineer, Burton I. Edelson, served as NASA’s
Associate Administrator for Space Science and Applications.
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Newell had under his direct control all the programs and all the institutions, capabilities,
and facilities needed to conduct the space science program. He still, however, had to fight
for his share of the NASA budget. He was also directed to provide data on the lunar sur-
face and the radiation levels in cislunar space to the Apollo Program. Otherwise, Newell
controlled an independent, self-sufficient space science organization.

The space science organization that Webb and Newell established in 1961 continued
approximately unchanged until 1974, when NASA Administrator James C. Fletcher reor-
ganized NASA.* Fletcher shifted control of JPL and Goddard from OSS to a new Office
of Institutional Affairs to assure even-handed treatment of all NASA Centers. In anticipa-
tion of the Shuttle Era with a single transportation system, he transferred control of all
launch vehicles from OSS to the Office of Manned Space Flight (OMSF).* These two
changes substantially weakened the control of the Office of Space Science over its destiny.
No longer was the associate administrator of the Office of Space Science head of an inde-
pendent, self-sufficient office. If the associate administrator had a problem at a Center
they had to work through another associate administrator, rather than directly with the
Center director, to resolve it. Instead of controlling the performance and schedule of
their own fleet of launch vehicles, the associate administrator now had to compete with
the other users of the Shuttle.

In the early 1980s, another NASA Administrator, James M. Beggs, restored control of JPL
and Goddard to OSS, but not control of launch vehicles. Otherwise, the basic space science
organization established in 1960, and modified in 1961, continues to administer the program.

Learning to Conduct a Sustainable Space Science Program

By the mid-1960s, the OSS organization, its two Field Centers, and associated space
scientists were seasoned veterans, able to plan and conduct a successful space science pro-
gram. Budgets were increasing, annual launch rates were increasing, and scientists were
making discoveries. Space scientists sensed no limitations, other than their own energies
and imaginations, to their desire to explore and understand the universe. [1-22]

In June 1967, concerned by the management deficiencies found during the investi-
gation of the Apollo 1 fire and looking for ways to improve the management of human
space flight programs, NASA Administrator Webb asked Homer Newell to review the phi-
losophy and techniques that he was using so successfully to manage the space science pro-
gram. The resulting review summarized the hard lessons learned during the earlier
troubled times. [1-24]

In the summer of 1967, shortly after the Webb review, Newell and his staff suffered a
major setback. Though they had mastered the technical skills required to conduct a space
science program, they had not learned the political skills required to maintain scientific
support for a mission, or to accurately judge the support they could expect from Congress.

Planetary exploration had begun, like lunar exploration, in a race between the United
States and the USSR to see who would be the first to get some sort of spacecraft near Mars
or Venus. The Soviets tried for Venus first, launching on February 12, 1961. Unlike the lunar

20. On Fletcher see, Roger D. Launius, “A Western Mormon in Washington, D.C.: James C. Fletcher,
NASA, and the Final Frontier,” Pacific Historical Review 64 (May 1995): 217-41.

21. The formal name of this organization at NASA Headquarters was the Office of Manned Space Flight
from the beginning of NASA until August 2, 1982, when it became the Office of Space Flight.
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contest, however, the Soviets did not win the race to Venus; their spacecraft failed before
reaching Venus. The U.S. Mariner 2 flew by Venus on December 14, 1962. In June 1963, the
Soviets got to Mars first, but with little scientific return. The United States did not get to Mars
until July 15, 1965, when Mariner 4 took twenty-two pictures as it flew past the planet.?

In the mid-1960s, as OSS planned its future Mars programs, two problems confronted
NASA senior managers. They needed to find missions that required the big Saturn V launch
vehicles developed for Apollo, and they had to decide whether to focus the entire planetary
program on the exploration of Mars, or to have a more modest Mars program and explore
other planets such as Venus and Jupiter. They turned to the Space Science Board for help.

In the summer of 1965, the Space Science Board conducted a summer study that rec-
ommended that NASA focus its space science program on exploring Mars, a recommenda-
tion that had first emerged in 1964. [1-23] NASA used this recommendation in an attempt to
solve both its problems. It formulated a $2 billion program, Voyager, to search for life on
Mars, and it canceled plans for missions to other planets. Voyager consisted of a pair of
orbiter-landers to be launched on one Saturn V. Despite the positive recommendation of the
Space Science Board, Voyager was controversial. Few scientists supported the mission; most
opposed it as too risky and too expensive. In the summer of 1967, because of the conflicting
testimony from scientists and because of the general shortage of funds due to the cost of the
Vietnam War and the needs of the Great Society, Congress killed the project.? Voyager was
the first major space science project to be killed by Congress. (See Chapter 3 of this volume
for further discussion of this controversy over the future of the planetary program.)

OSS and its space scientists learned some hard lessons in practical politics from the
Voyager fiasco and the highly constrained budgets of the late 1960s and early 1970s. They
learned to resolve their differences in internal scientific discussions, not in complaints to
the media or in testimony before Congress. Massive scientific backing could not guaran-
tee Congressional support for a mission, but massive scientific opposition could certainly
kill it. They also learned that there was an ill-defined limit to the size of a space science
mission and the annual space science budget that Congress would support.

In the fall of 1967, Webb reorganized the Office of Space Science and renamed it the
Office of Space Science and Applications (OSSA). He promoted Homer Newell to be
NASA Associate Administrator, the agency’s number three job. He replaced Newell with
John E. Naugle, a scientist, appointed Newell’s deputy, Edgar Cortright, to be deputy
director of OMSF, and replaced him with Oran Nicks, an engineer.

To avoid future problems, OSSA formed a Lunar and Planetary Mission Board and
an Astronomy Mission Board to assist in planning future missions and to provide a
forum to identify and resolve differences among scientists and between the scientists
and OSSA.*

Between November 1967 and November 1968, NASA’s Office of Space Science, the Lunar
and Planetary Mission Board, the Space Science Board, and the scientific community ham-
mered out a mutually acceptable planetary program for the 1970s. Although the program con-
tinued to emphasize the exploration of Mars by recommending the Viking orbiters and soft
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landers and two other Mars orbiters, it also included a Venus-Mercury flyby, two Pioneer mis-
sions to Jupiter and Saturn, and a “Grand Tour” of all the outer planets except Pluto. But for
a two-year delay in Viking, loss of one of the other Mars orbiters, and a downsizing of the
Grand Tour spacecraft to become Voyager, this program was carried out exactly as planned.®

Relations between NASA’s Office of Space Science and Office of Manned Space Flight
were strained throughout the 1960s. Space scientists resented the priorities and media
attention enjoyed by the Apollo program. They complained about the lack of plans or
funding in the Apollo program for lunar research. When NASA decided to include lunar
research in Apollo, questions arose as to whether OSS or OMSF should be responsible for
it. In September 1966, Robert C. Seamans, NASA Deputy Administrator, assigned respon-
sibility for all space science, including that to be performed on crewed spacecraft, to the
Office of Space Science, but decreed that the funding be carried in the OMSF budget and
then transferred to OSS after congressional approval.?® This arrangement further exacer-
bated the tension between OSS and OMSF. The scientific staff of OSS complained that
OMSF would not adequately fund scientific work; OMSF engineers complained that OSS
scientists neglected lunar research in favor of other areas of space science. To solve the
problem, Newell created a Manned Space Science Division, staffed it with OSS scientists
and OMSF engineers, and required that the head of the division report to him on scien-
tific issues and to the head of OMSF on technical and funding issues.

Even so, tensions between the “manned” and “unmanned” elements of NASA and the
relevant external communities persisted as the Apollo program reached its end. [I-25]
They were made worse when NASA appeared to ignore the advice of the scientific com-
munity as it planned its “post-Apollo” program. [1-26, I-27] These tensions have continued
until the current time, and appear to be an unavoidable feature of a U.S. civil space pro-
gram that combines the drama of human space flight activities with a commitment to
obtaining top-quality scientific results.

The Emerging Crisis in Space Science

The 1970s were to all appearances a “golden age” for space science. In 1976, two
Viking spacecraft landed on the surface of Mars, and in 1977, two Voyager spacecraft
began their journeys to Jupiter and Saturn, and on to Uranus and Neptune. Also in 1976,
President Gerald Ford approved “new starts” for two large science missions for launch in
the 1980s—a Galileo spacecraft to do in-depth exploration of Jupiter and its moons, and
a large space telescope (later named Hubble) that had been a high priority for space sci-
entists for almost three decades. But there were also troubling longer-range trends. The
administration of President Jimmy Carter did not give high priority to the space pro-
gram, and the budget demands of Space Shuttle development made approval of addi-
tional large space science missions difficult. [I1-28] Both the Carter administration and,
in 1981, the new administration of Ronald Reagan refused to approve a U.S. mission to
Halley’s Comet.?” In addition, the Reagan administration directed NASA to cancel one
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of its ongoing space science missions, and seriously considered terminating the Solar
System Exploration Program and transferring JPL to some other government agency.
(See Volume 11, Documents I-8 and 1-9, on the cancellation of the International Solar
Polar mission that resulted from the 1981 Reagan administration directive, and Chapter
3 of this volume on the threat to terminate the Solar System Exploration Program.)

By 1986, the space science community perceived itself to be in a crisis situation.
NASA'’s Space and Earth Science Advisory Committee concluded that the space science
program was “facing grave difficulties” leading to “a growing sense of unease and frustra-
tion over the program’s diminishing pace.” The Committee noted that “more and more
missions were being identified as candidates for ‘new starts’ at a time when prospects for
new starts were becoming uncertain,” and that as a result “the competition among
prospective missions had escalated to a counterproductive level.”[1-29]

New Approaches to Managing Space Science

In 1988, a new head of NASA’s Office of Space Science and Applications, Lennard Fisk,
took a new approach to dealing with this competition. Rather than having potential missions
compete with each other annually to determine which of them NASA would recommend as
its next new start, Fisk created a strategic planning process. The first version of this plan, issued
in April 1988, noted the “trend toward large, complex, long-duration missions” that had
become characteristic of the space science enterprise in the 1980s.% The plan set scientific pri-
orities for prospective missions and programs, and thereby determined the order in which var-
ious proposed missions would be put forth by NASA for White House and congressional
approval. The plan assumed continuing growth in NASA'’s budget. It thus proposed that NASA
would initiate one major or moderate new mission each year. This was clearly a bullish outlook,
given the difficulties of obtaining new start approvals during the preceding decade. [1-30]

The strategic planning approach was initially successful. NASA received new start
approvals for three major space science missions between 1989 and 1991—the Advanced
X-Ray Astronomical Facility, a Comet Rendezvous-Asteroid Flyby mission, and a mission to
do in-depth exploration of Saturn, called Cassini.

A new NASA Administrator, Daniel S. Goldin, came to the space agency on April 1,
1992, with a very different approach to future space science missions and different
expectations for the future of NASA. He directed his associates to plan for a level
NASA budget in the future, rather than continued growth. He indicated that Cassini
would be the last major space science mission that NASA would propose for some
time, and emphasized a “faster, better, cheaper” approach to future mission planning.
The rationales behind such an approach rejected the trend toward large, complex,
long duration missions that had been stressed in the 1988 and subsequent strategic
plans, suggesting that undertaking more missions, each at lower cost and with short-
er times between approval and launch, would produce better scientific returns, allow
more scientists an opportunity to get involved with NASA missions, and better accom-
modate an occasional mission failure. [1-31, 1-32] Goldin also reorganized the Office
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of Space Science and Applications, dividing its programs among three new offices—
Space Science, Mission to Planet Earth (later renamed Earth Science), and Life and
Microgravity Science and Applications.

The continuing tension between space scientists and the human space flight program
resulted in a congressional suggestion that all of NASA’s science programs be gathered
into a quasi-autonomous “National Institute for Space Science,” modeled on the organi-
zation of the National Institutes of Health. The thought behind this suggestion was that
by making space science somewhat independent of the rest of NASA, its budget could be
stabilized rather than be traded off against the budget needs of the human space flight
program (in this case, the International Space Station and Space Shuttle operations). A
panel of the Space Studies Board (the new name for the Space Science Board, adopted in
the late 1980s to signal a broader mandate for the Board) examined this and other sug-
gestions for changing the way that NASA managed space science. While rejecting the idea
of a National Institute for Space Science, the Board made other, less far-reaching, sugges-
tions for improving the management of the space science effort. [1-33]

Space Science in the Twenty-First Century

Although he rejected the specific content of earlier space science strategic plans,
NASA Administrator Goldin was a strong advocate of the strategic planning process in
general. Between 1992 and 1996, he and his associates considered various strategic visions
to guide future space science efforts. These efforts were accelerated by President Bill
Clinton’s call for rethinking NASA'’s space science program following the August 1996
announcement that a Martian meteorite contained possible evidence of ancient fossilized
organisms. (See Chapter 3 for additional discussion of this announcement.) NASA and
the National Research Council in October 1996 convened a workshop attended by lead-
ing space scientists to consider a reformulation of the rationale for NASA’s scientific
efforts; the results of that workshop were presented to Vice President Al Gore in
December 1996 and formed the basis for White House approval on a new space science
initiative organized around the theme “Origins.” [1-34] A new space science strategic plan,
issued in November 1997, spelled out the initiative in detail and identified the future mis-
sions needed to accomplish it. [1-35]

The Origins initiative is addressing a set of “fundamental questions.” They include:

e How did the Universe begin and what is its ultimate fate?

e How do galaxies, stars, and planetary systems form and evolve?

e What physical processes take place in extreme environments such as black holes?

e How and where did life begin?

e How is the evolution of life linked to planetary evolution and to cosmic phenomena?
e How and why does the Sun vary and how does Earth and other planets respond?

e How might humans inhabit other worlds?®

In addressing questions such as these, the space science enterprise has in just over a half-
century evolved from modest attempts to put a few scientific instruments aboard captured
weapons of war to a comprehensive attack on questions that have puzzled humans for millen-
nia. Whatever else happens in space in the twenty-first century, space science is poised to thrive.

30. NASA, The Space Science Enterprise Strategic Plan: Origins, Evolution, and Destiny of the Cosmos and Life
(Washington, DC: NASA, November 1997), p. 4.
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Document I-1

Document title: G. K. Megerian, General Electric Company, “V-2 Report #2, Minutes of
Meeting,” February 27, 1946.

Source: National Air and Space Museum, Smithsonian Institution, Washington, D.C.

Document 1-2

Document title: G. K. Megerian, General Electric Company, “V-2 Report #13, Minutes of
the V-2 Upper Atmosphere Research Panel Meeting,” December 29, 1947.

Source: National Air and Space Museum, Smithsonian Institution, Washington, D.C.

Document 1-3

Document title: G. K. Megerian, General Electric Company, “Panel Report #35, Minutes
of the Upper Atmosphere Rocket Research Panel,” April 29, 1953.

Source: National Air and Space Museum, Smithsonian Institution, Washington, D.C.

At the end of 1945, the U.S. Army brought to the United States a number of German V-2 rockets
and key members of the team, led by Wernher von Braun, that had developed them. At the end of
1945, the Army notified U.S. scientists that it was willing to allow scientific instruments to be
placed atop the V-2s during the series of test firings scheduled for the White Sands range in New
Mexico. These would not be attempts to enter orbit, but rather vertical flights to heights of as much
as 160 kilometers, which provided heretofore unavailable opportunities to gather data about the
upper atmosphere and beyond. This came as welcome news to scientists already planning experi-
ments in the upper atmosphere. To “develop a scientific program, assign priorities for experiments
to fly on the V-2s, and to advise the Army Ordnance Department on matters essential to the success
of the program,” which was managed for Army Ordnance by the General Electric Company, a
“V-2 Panel” was formed. It included from its inception individuals such as James Van Allen who
was to hecome a pioneering space scientist; other members added subsequently included William
Pickering, future head of the Jet Propulsion Laboratory, and Homer Newell, first head of NASA's
space science program after 1958.

These minutes of several of the Panel’s meetings capture the intense character of its activities. The last
V-2 was fired in 1952; thereafter most launches used an Aerobee rocket developed by the Applied
Physics Laboratory. By 1948, the group had dropped the “V-2” from its name and operated as the
Upper Atmosphere Research Panel until early 1957, when its name was changed to the Rocket and
Satellite Research Panel.
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Document I-1
[no page number]
RESTRICTED
V-2 REPORT #2
SUBJECT: Minutes of Meeting
PLACE: Princeton University, Princeton, N.J.

DATE: Wednesday, Feb. 27, 1946

PRESENT: Capt. G. D. Bagley - Signal Corps
Dr. E.C. Buckley - NACA

Dr. W. G. Dow - U. of Michigan
Mr. R.G. DuBois - Wright Field
Dr. C. F. Green - General Electric Co.

Dr. K. H. Kingdon - General Electric Co.
Capt. W.W. Kellogg - AAF

Maj. E. Kotcher - Wright Field ATCS
Dr. E. H. Krause - Naval Research Lab.
Dr. M. H. Nichols - Princeton U.

Dr. E. O. Salant - Applied Physics Lab.
Dr. C. N. Warfield - NACA

Dr. F. L. Whipple - Harvard

Lt. Col. H. A. Zahl -SECL

Mr. G. K. Megerian - General Electric Co.

PURPOSE OF MEETING

To elect a chairman

To decide on matters of organization

To discuss generally the construction of the warhead

To establish a schedule for rocket firing

To outline the problems of those present at the meeting
To discuss telemetering and recording

To make recommendations to Army Ordnance Dept.

Nogok~whE

SUMMARY OF RESULTS
1. CHAIRMANSHIP
It was the general feeling of those present that inasmuch as Dr. Krause is devoting 100%

of his time to problems in physics of the upper atmosphere, he was the logical candidate.
Dr. Krause was elected chairman of the Panel. There were no dissenting votes. It was
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agreed that the chairman’s functions should be both technical and administrative.

[2]
2. ORGANIZATION and REPRESENTATION

The original panel was to have consisted of one representative from each of the following
groups —

Naval Research Laboratory
General Electric Co.
Princeton University
Harvard University
Vacancy

a0 o

All members were to be working members.

The University of Michigan subsequently nominated Dr. W.G. Dow to fill the vacancy. Dr.
Dow is also acting in an advisory capacity for the Pilotless Aircraft Branch of the Air Tech
Service Command at Wright Field.

It was stated that Col. [J.G.] Bain had suggested that Dr. M.J.E. Golay also be a member
representing the Signal Corps on this Panel.

At the beginning of this meeting therefore, the Panel consisted of representatives from —

Naval Research Laboratory
General Electric Co.
Princeton University
Harvard University
University of Michigan
U.S. Army Signal Corps

PP o0T®

Dr. E. O. Salant of the Applied Physics Laboratory, John [sic] Hopkins University, asked at
this meeting that his groups also be considered for representation. The Panel agreed to
accept a representative from APL.

The Panel now consists of a representative from each of the following groups —

Organization

Naval Research Laboratory Dr. E. H. Krause
General Electric Co. Dr. C. F. Green
Dr. K. H. Kingdon
Princeton University Dr. M. H. Nichols
Harvard University Dr. F. L. Whipple

University of Michigan Dr. W. G. Dow
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U.S. Army Signal Corps Dr. M. J. E. Golay *
John [sic] Hopkins University  Dr. J. A. Van Allen *
G.E. Co. Technical Aide Mr. G. K. Megerian

*Not present at this meeting

[3] This group is primarily interested in the physics of the upper atmosphere. The func-
tions of the Panel will be —

a. To advise the super-advisory panel on matters relating to technical phases of the
tests, and —
b. To supervise the design and construction of the necessary scientific equipment.

The super-advisory panel mentioned above is a group to be organized in the near future.
It will not be directly associated with this Panel and will report to Gen. Barnes on all fir-
ings.

3. CONSTRUCTION of the WARHEAD

There are 2 warheads in the U.S. at White Sands, N.M. — 50 warheads have been lost en
route from Germany to the U.S. NRL is now proceeding with the design and construction
of 25 additional warheads — approximate cost is $1000 each.

The general construction is as follows —

Overall length 7 ft.
Dia. at base 4 ft. 51/2 in.
Empty wt. = 250 kg or 560 Ibs.
Tot. cap. = 16.7 cu.ft. (This is not usable cap.)
Contour is not a true cone, but an ogive.
Warheads to be cast in accordance with German dimensions.
Warhead consists of 4 sections: A-B-C-D
Nose section (A, B) may be aluminum casting.
Nose section (A, B) to be bolted to base section (C, D).
Base section (C, D) to be steel cstg.1/4 in. wall thk.
Base section (C, D) to be pressurized.
Nose section (A, B) 50 in. long - vol. 1151 cu. in.
. Base section (C) 24 in long - vol. 1634 cu. in.
Base section (D) 30 in. long — vol. 25000 cu. in.
Tube (dia. approx. 4 in.) thru sections C, D for passing air to alcohol tank
C.G. to be kept as far forward as possible.
Lens of collective type to be mounted in nose.
Flush mounted windows for cosmic ray studies. Maximum material NRL wants to
go thru for cosmic ray measurements is 1.4 cm of Hg or its equivalent.

SeTVOS3ITATOS@oOo0Te
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[4] Generally speaking, the reason for the above type of construction is that pressure,
spectroscopic and cosmic ray measurements are all contending for the nose position
because of roll and stability considerations. Complete working drawings of the warhead
which is to be built will be available within the next few weeks and will be forwarded to all
Panel members.

The ogive results in what is considered to be a better aerodynamic curve than a true cone,
but aerodynamic characteristics are not available for an ogive of this form. The group
agreed to accept the warhead with an ogive contour as designed. A cone may be tried later
for Sect. A, B.

In a phone conversation between Dr. Whipple of Harvard and Dr. Johnson at Aberdeen
on this matter of ogive vs. cone, Dr. Johnson stated that he saw no difficulty in use of a
right circular cone contour for either a part of or all of the warhead. He felt this would
not disturb the aerodynamic of the rocket, but added that he had no authority to make a
decision. In a subsequent discussion of this matter with Dr. R. W. Porter of the G.E. Co. at
Schenectady, Dr. Porter stated he does not believe there will be any difficulty in substitut-
ing a tangent cone for the section A, B of the warhead.

The possibility of ejecting instruments from the warhead at the top of its trajectory was dis-
cussed, but the remaining time before firing does not permit the design and construction
of a satisfactory ejecting mechanism.

Balance will be achieved by means of lead poured or secured into containers welded in
the warhead.

Accessibility will be provided by means of 2 large flush-mounted doors in Section D and
thru the ends of Sect. C and D. Sect. A, B will be detachable from Sect. C and D.

German calculations indicate that skin temperatures will read 750°F on the rise and
1250°F on the fall of the missile. The former temperature occurs after 75 seconds and the
latter occurs after 315 sec.

There were several questions raised regarding the possible use of aluminum casting for
nose Sect. A, B of the warhead. This matter is to be explored further, but in the meantime
steel casting will be used.

The warhead will be secured to the instrument chamber by means of 20 bolts. The instru-
ment chamber will house (among other equipments) —

[5] a. Telemetering equipment (10 channels)
b. Amplifiers for temperature measurements
c. Receivers
d. Transmitters
e. Batteries
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It was stated that deviations of 10° to 17° or more may be expected from the trajectory of
the missiles.

4. SCHEDULE of ROCKET LAUNCHINGS

Dr. Green stated that static tests on No.1 missile had been postponed from March 8 to
March 15. The first 6 missiles fired will be primarily for General Electric Company’s
Project Hermes. The Panel agreed to adopt a “hands off” policy on missiles No. 1, 2 and
3. Various members of the Panel indicated interest, however, in being able to introduce
certain equipment in missiles No. 4, 5 and 6 provided this would be agreeable to the G.E.
Co. In a subsequent discussion between Dr. Green and Dr. Porter at Schenectady on
March 1, Dr. Porter agreed to wreckage tests on missiles No. 4, 5 and 6.

The minimum number of missiles required is as follows —

a. General Electric Co. (6)

b. NRL (5)

c. Princeton (5)

d. University of Michigan  (5)

e. APL (5)

Total 26
Minimum requirements - 26 missiles
Number available - 25 missiles

The schedule of PROBABLE launching dates for the first 25 missiles is —

Probable LAUNCHING Date

Missile Assigned to 1946
#1) G.E. Co. April
#2)

#3)

#4) G.E. Co. May
#5)

#6)

[6]

#7 NRL )

#8 Princeton University )

#9 APL ) June
#10 University of Michigan )

#11 NRL )

#12 Princeton University )

#13 APL )
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#14 University of Michigan ) July
#15 NRL )

#16 Princeton University )

#17 APL )

#18 University of Michigan )

#19 NRL ) August
#20 Princeton University )

#21 APL )

#22 University of Michigan )

#23 NRL ) September
#24 Princeton University )

#25 APL )

Because of the present shortage of one missile, Princeton and University of Michigan will
work out between them a plan as to which of them will use missile No. 24.

The Naval Research Laboratory is planning to furnish all the warheads and telemetering
equipment for the first 25 missiles. Dr. Krause agreed to check whether any financial
arrangements need to be made between NRL and each of the other groups to whom mis-
siles have been assigned. Dr. Krause estimated that deliveries on warheads would begin on
April 15, 1946. One telemetering set will be assigned with each warhead.

Dr. Whipple suggested that the biological sciences be considered when obtaining data in
the upper atmosphere. This suggestion was placed in the form of a motion and passed by
the Panel. Dr. Whipple will follow the matter and report his findings at a later date.

The possibility was discussed of using WAC corporals in conjunction with the above firing
tests. The Panel agreed, however, that while the WAC corporal is a device for measuring
temperatures and pressures, it is not in the same class with a V-2.

The Panel passed a motion recommending that 25 additional V-2 missiles be built on an
extended time schedule of 5 months (or longer) beyond the present schedule.

[7] Princeton would like to install a cosmic ray transmitter in missiles No. 4 and 5.

5. OUTLINE OF INVESTIGATIONAL PROGRAMS

General Electric Co.

Currently, General Electric’s primary interest is in Project Hermes. Dr. Green stated that

G.E. will be busy with V-2 launchings until June 1, 1946. From that date on G.E. will be in
a position to assist other groups in the panel with their work.
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Princeton University

Dr. Nichols outlined Princeton’s program as follows —

a. Cosmic rays
Measurements of total intensity
b. Propagation
Ground meas. of e layer
lonization effects, concentration, etc.
Propose to use Doppler-method
c. Optics
Photocell measurements
d. P, T measurements
Ratio of undisturbed pressure (p) to stagnation pressure (p,)

University of Michigan

Dr. Dow submitted a written report by the Air Technical Services Command which con-
tained an extensive list of desired data. This report is attached as ENCLOSURE ‘A,” but
should not be construed to represent University of Michigan’s program. U. of M.’s present
responsibility has to do only with the propagation properties of the upper atmosphere. The
immediate program is part D (below) which is to be accomplished by microwave radar on
the ground and a low frequency transmitter with 2 beacons installed in the missile. Dr. Dow
expressed a desire to have as many missiles as possible be equipped with these beacons.

[8] The report of the Army Air Forces — Air Technical Service Command - (enclosure ‘A’
Attached) outlines a list of desired data. The groups who will provide the answers have
been indicated on the enclosure.

John [sic] Hopkins University

Dr. Salant outlined the Applied Physics Laboratory’s program as follows —

a. Cosmic rays
Total counting rate
Counter telescope
Film for stars
Cloud chamber
b. Spectroscopy
Photoelectric cells
Vacuum (and quarts) spectrograph
Interior of warhead
Sampling of gases in warhead
Temperature measurements in warhead
e. Magnetic tape recording of data.

Qo
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Dr. Salant expressed a desire to include film and magnetic tape in the first 5 missiles mere-
ly to see what happens to the film and tape. This will be suggested to Dr. Porter of G.E. for
his comments.

Harvard University

Dr. Whipple of the Harvard College Observatory stated that he was also acting as a repre-
sentative for M.I.T. The Harvard-MIT program involves —

a. Meteor Studies
Densities in the upper atmosphere
Pressures in the upper atmosphere
b. Desire to receive German data requiring interpretation

Harvard’s program involves —
a. Solar phenomena
[9] Design of spectro equipment for study of the sun (if any branch of the
armed services desires work of this nature). Feel that ascents should be made
to near the 100-mi. level in order to clear the ozone bands.

Measuring upper atmosphere winds. No financial arrangements made to
date. No equipment facilities available at this time.

U.S. Army Signal Corps.

Lt. Col. Zahl stated that all data the Signal Corps is interested in will be recovered from
the Panel. The Signal Corps is all interested in the phases following the V-2 firings, but
only from a passive research viewpoint.

Dr. Golay will attend future Panel meetings as the representative for the Signal Corps.

Lt. Col. Zahl will supply the Panel with copies of a report on Detection of Tracking on V-
2 Rocket Firings at White Sands.

Naval Research Laboratory

Dr. Krause outlined NRL’s program as follows —

a. Cosmic rays
Total counting ratio and relation to —
Hard shower components
Soft shower components
Cloud chamber (long range plan)
b. Spectroscopy
Vacuum (and quartz) spectrograph
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c. Sampling of gases in warhead (long range)

d. Sampling temperature on skin of warhead at several points, inside of warhead at
several points, and air temperature at some distance (few mm) from skin by
means of a resistance thermometer.

e. Stagnation pressure at nose

f. Propagation measurements

Method involving harmonic relationship between 3 frequencies, one of
which is the critical [10] frequency. This will involve direct determination of
phase delay.

Thru jet exhaust streams by means of x-band transmitter and x-band receiver
located in fins of V-2 at one point.

Dr. Krause stated that there was considerable duplication in the objectives of NRL,
Princeton and APL, but that this duplication was desirable.

Dr. Krause indicated that NRL’s long range program (8 to 10 months after firing V-25)
involved missiles reaching an altitude of 300,000 ft. NRL is also planning smaller rockets
and will try to interest some manufacturer in manufacturing rockets to specifications.

On the immediately forthcoming tests, the accuracy of radar track is expected to be
approximately 15 yds. for range and 1 mil for angularity. The missile will be above 100,000
ft. between 60 sec. and 360 sec. after takeoff.

6. TELEMETERING — RECORDING — POWER SUPPLY

NRL is planning to furnish all telemetering equipment. The telemetering will consist of
10 channels and cost approximately $3000 each. The telemetering will operate with

a. 1000 Mc frequency band
b. 1to 3 micro-sec. pulses
c. repetition rate of 1/500 sec.

Delivery on the first 5 sets is expected approximately April 16, 1946, plus 30 additional sets
by May 15, 1946. One telemetering set will be assigned with each warhead.

Antennas will be installed in the warhead either in horizontal or vertical slots (Sect. D of
warhead).

Recording - will use string recording oscilloscopes. Movement of film will be about 4
in./sec. Propose the use of absolute time bases of 440 ¢ from WWV. Ten meters will be set
up on the ground for calibrating the system.

The Panel recommended that the time base and record-tracking data tie in on the same
film. Also that take-off (t,) be plotted. Slant range and altitude are independent.
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[11] Power Supply -

a. Input voltage to system 0" to 5
b. Number of channels = 10 (tentatively established)
c. Peak power output = 500 watts
d. Power requirements 1500 10 ma.

105" 40 ma.

250" 7 ma.

-150° 1 ma.

6.3 7 amp.

7. RECOMMENDATIONS
The Panel makes the following recommendations to the Army Ordnance Department.

a. Approve immediate construction of 25 additional warheads on an extended time
schedule of 5 months or longer.

b. When firing missiles, that fuel be burned completely and not cut off thereby
avoiding danger of fire and subsequent destruction of equipment when missiles
crash.

c. Tie in time base and record-tracking data on same film — also plotting take-off
(to)

d. That the matter of coordinating frequency with other groups be brought to a
head as soon as possible.

e. That the Signal Corps will supply 3 more Communication Stations with personnel
to operate them.

8. GENERAL

The Panel discussed briefly the German drawing showing the tail section of the warhead
with a view to installing equipment in the tail fins. It was suggested that all available
German data and all information on roll and stability be gathered together and sent to
the writer for distribution to all members of the Panel.

The matter of power supply and frequency allocation and interference was discussed, but
due to lack of time it was agreed to take this up for further discussion at the next meet-
ing.

[12] It was definitely agreed that matters of frequency and time coordination are all-
important and should be effected as soon as possible with groups working on other phas-
es of the problem.

Enclosure ‘B’ is a map of the White Sands NM Proving Grounds. This is being distributed
only to members of the Panel.
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9. NEXT MEETING

The next meeting of the Panel will be held —

Date — Wednesday, March 27, 1946

Time — 10:00 A.M.

Place — Washington, D.C.

Naval Research Laboratory
Bldg. 42, Room 318
Phone Trinidad 2424 Ext. 323, 325, 326

Prepared by: [signature]
G.K. Megerian
General Electric Co.

Aeronautics & Marine Eng. Div.

Schenectady, N.Y.

DISTRIBUTION:

(Please see attached) [omitted]

Document 1-2

[no page number]

V-2 REPORT #13

SUBIJECT: Minutes of V-2 Upper Atmosphere Research

PLACE:

DATE:

Panel Meeting

Hotel Sherman
Chicago, Illlinois
Monday, December 29, 1947
- PRESENT -
Lt. Col. J.G. Bain OCO
Mr. E.W. Beth AMC/CFS
Mr. T.R. Burnight NRL

Dr. W.G. Dow U. of Michigan

Washington, D.C.
Cambridge, Mass.
Washington, D.C.
Ann Arbor, Mich.

27
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Mr. H.C. Early U. of Michigan Ann Arbor, Mich.
Mr. J.B. Edson BRL Aberdeen, Md.
Maj. J.O. Fletcher AMC Wright Field, Ohio
Dr. G.W. Gardiner N. Mex. A&M State College, N.M.
Dr. M.J.E. Golay SCEL Belmar, N.J.
Mr. W.F. Gould Franklin Inst. Philadelphia, Pa.
Dr. C.F. Green G.E. Co. Schenectady, N.Y.
Dr. D. Hagelbarger U. of Michigan Ann Arbor, Mich.
Mr. R.P. Haviland G.E. Co. Schenectady, N.Y.
Mr. J.J. Hopfield APL/JHU Silver Spring, Md.
Mr. H.L. Karsch WSPG WSPG, N.M.
Dr. E.H. Krause NRL Washington, D.C.
Mr. D.P. LeGalley Bu. Ord. Washington, D.C.
Mr. H.A. Martens U. of Michigan Ann Arbor, Mich.
Mr. G.K. Megerian G.E. Co. Schenectady, N.Y.
Dr. H.A. Miley AMC/CFS Cambridge, Mass.
Mr. H.W. Neill U. of Michigan Ann Arbor, Mich.
Dr. H.E. Newell, Jr. NRL Washington, D.C.
Mr. H.E. Norton Army Chem. Center Edgewood Arsenal, Md.
Dr. M.D. O’Day AMC/CFS Cambridge, Mass.
Dr. W.H. Pickering CIT Pasadena, Calif.
Mr. F.V. Schultz U. of Michigan Ann Arbor, Mich.
Capt. J.P. Smith Air Weather D. WSPG, N.M.
Mr. N.W. Spencer U. of Michigan Ann Arbor, Mich.
Mr. W.J. O’Sullivan NACA Langley Field, Va.
Mr. J.A. Van Allen APL/JHU Silver Spring, Md.
Mrs. F.L. Whedon OC Sig. O. Washington, D.C.
Dr. F.L. Whipple Harvard & Navy Ord.  Cambridge, Mass.
Col. M.C. Young Hqg. USAF Washington, D.C.

* * k% %

[2] AGENDA OF MEETING

1. Resignation of Dr. E. H. Krause from the V-2 Upper Atmosphere Research Panel.
2. Selection of chairman to preside at this meeting.

3. New members - Dr. Newell (NRL), Dr. Pickering (CIT).

4. Election of new chairman.

5. Preparation and distribution of data reports on completed firings.

6. V-2 Firing schedule.
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7. Reports on completed firings.

8. Reports on future firings - experiments of special interest.
9. Letter from RDB re budget support for V-2 Panel agencies.
10. Letter from OCO re classification of V-2 information.

11. Consideration of OCO letter re change in scope of V-2 Upper Atmosphere Research
Panel.

12. New NRL telemetering system.
13. Recovery.
14. Next meeting.

SUMMARY OF RESULTS

1. RESIGNATION OF DR. E. H. KRAUSE FROM THE V-2 UPPER ATMOSPHERE
RESEARCH PANEL

In a letter dated 21 November, 1947 addressed to the Secretary of the V-2 Panel via
Col. Toftoy, Office Chief of Ordnance, Dr. E. H. Krause of the Naval Research
Laboratory submitted his resignation both as member and chairman of subject Panel
because of his new work at NRL. This letter was read to the Panel members present at
this meeting.

Dr. Krause, who was also present, personally expressed regret that it had become neces-
sary for him to resign from the Panel. He urged that basic research (as compared with
applied research) be pursued as much as possible on all V-2 rockets.

[3]
2. SELECTION OF CHAIRMAN TO PRESIDE AT THIS MEETING

A motion that Dr. Krause be chairman pro temp of this meeting was voted on and carried
unanimously.

3. NEW MEMBERS — DR. NEWELL (NRL). DR. PICKERING (CIT)

The Secretary of the Panel received a letter dated 28 November 1947 from the Naval
Research laboratory via Col. Toftoy, Office Chief of Ordnance, nominating Dr. H.E.
Newell, Jr. to membership on the V-2 Panel. Dr. Newell has taken over Dr. Krause’s former
duties as Head of the Rocket Sonde Research Section at NRL.
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Attached to the above mentioned letter was one dated 4 December 1947 from Col. Toftoy,
Office Chief of Ordnance, addressed to the Secretary of the Panel and requesting that the
nomination of Dr. Newell to replace Dr. Krause as Naval Research Laboratory
Representative be acted on favorably by the Panel.

A motion was made and seconded that Dr. Newell be a member of the V-2 Panel. The vote
on this motion was unanimously favorable.

In another letter dated 21 November 1947 from Col. Toftoy to the Chairman of the V-
2 Upper Atmosphere Research Panel, the Panel was advised that in accordance with
conversations between Dr. Krause, Dr. Newell and Col. Toftoy with reference to ex-
pansion of the scope and activities of the V-2 Panel, the Office of Chief of Ordnance
had invited the California Institute of Technology to membership on the Panel. This
letter requested that Dr. W.H. Pickering (and Dr. H.S. Seifert, alternate) nominated
by the California Institute of Technology be recognized as the representatives of CIT
on the Panel.

A motion was made and seconded that Dr. Pickering be a member of the V-2 Panel. The
vote on this motion was unanimously favorable.

For purposes of record, the V-2 Upper Atmosphere Research Panel as now constituted is
indicated on the following page.

[4] Name of Member Agency Represented
Dr. W.G. Dow University of Michigan
Dr. M.J.E. Golay Signal Corps Engr. Laboratory
Dr. C.F. Green General Electric Company
Dr. H.E. Newell, Jr. Naval Research Laboratory
Dr. M.D. O’Day Air Material Command
Dr. W.H. Pickering California Institute of Technology
Dr. N. Smith National Bureau of Standards
Dr. J.A. Van Allen* Applied Physics Laboratory/JHU
Dr. F.L. Whipple Harvard College Observatory
Mr. G.K. Megerian Executive Secretary (G.E. Co.)

*Dr. Van Allen is now the new chairman of the V-2 Upper Atmosphere Research
Panel. Please see section 4 below.

4. ELECTION OF NEW CHAIRMAN

In this matter of the election of a new chairman of the V-2 Panel, Col. Bain stated that
from the Office of the Chief of Ordnance’s point of view, it would be desirable to have the
new chairman located in the D.C. area. As in the past with Dr. Krause as chairman, a com-
parable arrangement would facilitate and expedite the disposition of business matters
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between OCO and the V-2 Panel. Close proximity of the new chairman to OCO was felt to
be an important consideration.

Concurring with the above feeling, the V-2 Panel nominated Dr. Van Allen despite his dec-
lination and Dr. Newell as candidates for the Panel chairmanship. In a secret ballot vote
taken immediately after the nominations, Dr. Van Allen was elected as the new chairman.

Following this election, a motion was made by Dr. O’Day that Mr. Megerian be made an
executive secretary to act as vice-chairman of the Panel in the possible absence of the
chairman at future meetings. This motion was seconded and the subsequent vote of the
Panel was favorable.

5. PREPARATION AND DISTRIBUTION OF DATA REPORTS ON COMPLETED
FIRINGS

There was considerable discussion concerning the preparation and distribution of data
reports on completed firings. Dissatisfaction still prevails among active Panel agencies
because of reports now issued failing to reach these agencies and particularly because of
continued lack of ballistic and trajectory data from the Ballistics Research Laboratory at
Aberdeen.

[5] Mr. Karsch stated that WSPG issues 2 reports on all firings. The first of these is a pre-
liminary report describing what is in the missile, experiments to be performed, etc. This
is issued prior to the firing. Within a week after the firing, a second report is issued con-
taining all available results at that date. These reports apparently have not been reaching
all actively interested agencies. It was agreed that the Secretary of the Panel will advise Mr.
Karsch at WSPG of the desired distribution of these reports for Panel agencies. WSPG in
turn will forward sufficient copies as indicated.

In this connection, Mr. Karsch stated that if WSPG could obtain more information from
all active agencies on V-2 rocket experiments, a report more satisfactory to all agencies
could be issued. A letter on this subject has been written by Gen. Blackmore to the V-2
Panel Chairman requesting such information. The attention of all active agencies is invit-
ed to this request. A copy of Gen. Blackmore’s letter is appended to these minutes as
Enclosure A [omitted].

The problem of obtaining ballistic and trajectory data from Aberdeen has been a trou-
blesome one since the start of the V-2 program at WSPG. Mr. Edson of BRL reported that
their problem is not an easy one because of a critical lack of computing and reducing per-
sonnel. There are no indications of any immediate relief in this respect. During discus-
sions of this entire problem, it appeared that Dr. Gardiner of State College NM can
furnish askania trajectory data very shortly after each firing. Interested agencies may
request this information directly. Additional data will be requested from Aberdeen
through a single BRL representative such as Mr. Clancy who is located at WSPG and to
whom the official requests will be directed.
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The Aberdeen problem is one that causes real concern to all active agencies. Significantly,
the problem will become worse because as reported by Col. Young, AAF firings at [6]
Alamagordo will increase after the first of the year (1948) and BRL’s analytical load will
become correspondingly heavier.

In discussion of Dr. Pickering’s remark that full reduction of data is frequently not neces-
sary, it was suggested that each Panel agency state in its basic firing requests for each mis-
sile the extent of tracking data reduction required. Such statements will in many cases
alleviate the burden of data reduction.

6. V-2 FIRING SCHEDULE

A copy of the V-2 firing schedule is appended to these minutes as Enclosure B [omitted].
There are no significant revisions other than a request by Dr. O’Day to move up AMC’s
firing date in the ninth cycle from 19 August to 22 July. The affected agency in this case,
the General Electric Company, is agreeable to the change. Consequently, the General
Electric Company missile will be fired on 19 August.

To assist WSPG in launching V-2 rockets on a regular schedule, all active agencies will
please refer to Enclosure C [omitted] appended to these minutes. Enclosure C is a nor-
mal rocket assembly and test schedule as prepared by Mr. L. D. White of the General
Electric Company at WSPG.

It is intended to reduce the excessive last-minute load of work on WSPG personnel in the
last few days before each firing and should be adhered to by all agencies to the full extent
practical.

[7]
7. REPORTS ON COMPLETED FIRINGS

MISSILE #24 — Pressure measurements made by the General Electric Co. on this missile
are classified. Mr. Haviland reported that reports have been prepared and these are
obtainable through Office Chief of Ordnance.

MISSILE #27 — G.E. Co. — Mr. Haviland stated that the primary experiment in this missile
involved heat transfer data. The data has been reduced for the period from 0 to 64 sec. at
which time telemetering stopped functioning. A complete report is being prepared which
will include skin and boundary temperatures. The max. skin T on the nose was 610°F.

TEST ROUND — NOV. 20, 1947 — Mr. Haviland reported that the overall appraisal of the
new American made components is that -they definitely worked satisfactorily up to the
time of motor failure. The trouble was attributed to a mechanical failure and not control
failure of the new components. This was borne out by the fact that the new components
worked perfectly in the Dec. 8 missile.
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The new components consisted of the following —

(a) Gyros - German design with modifications.
(b) Mixer computer.

(¢) Rebuilt main distributor.

(d) Changed all wiring to stranded wire.

The instrumentation included 3 auxiliary displacement gyros in roll pitch and yaw plus 1
rate gyro. There were 3 pick-off units which isolated the main gyros and 4 pick-off units
which isolated the output of the mixer computer.

Mr. Haviland reported that the cause of the turbine shutting down is still unknown.

Mr. Karsch stated that the new components in this test round were very extensively tested
at WSPG and found to be fully as good as, if not better than, the German units. The feel-
ing at WSPG is that there will be less [sic] failures in the future than in the past.

The test round missile performance was as follows:

(a) Max. ht. 17 mi.

(b) Range 1 mi. E and | 1/2 mi. N of blockhouse.
(c) Max. vel. 1700 ft/sec.

(d) Side drift to E believed caused by wind.

[8] MISSILE #28 — AMC — Dr. O’Day reported that the experimental equipment worked
up to 100 sec. with the exception of the blossom experiment. At 100 sec. about one-half
of the experiments ceased to function because of an explosion in the warhead due to
some unknown cause. The blossom experiment was not ejected as planned.

Mr. Gould stated that to date it has not been definitely determined as to what hap-
pened to the blossom experiment. Blossom was supposed to go off at Zenith. When
the missile failed an actual attempt was made to eject the parachute after Zenith was
reached, but the ejection equipment did not function - cause unknown. The para-
chute was destroyed, but some film was recovered from the containers. The films are
now being processed

All missile control equipment functioned perfectly.

This missile remained on the launching platform for some period of time after loading
with oxygen. Both Mr. Karsch and Mr. Norton reported on measurements made on the
mid-body of the missile during this period. The temperature went down 1°F every 20 min-
utes. This was felt to be insignificant since the temperature differential in total would be
only 6°F in 2 hrs. Although the parachute-camera equipment was close to the O, tank, the
problem of temperature was not considered to be critical.
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On this flight, 2 of the 3 Douglas aspect cameras installed in the missile were recovered.
The films are now being analyzed. This is the first successful recovery of the Douglas
aspect cameras in a V-2 missile.

In connection with the above blossom experiment there was some feeling that the trou-
ble may have been attributable to the use of 2 cut-off receivers in the missile — this prac-
tice is still in use at WSPG. It is believed that the connection of 2 receivers in parallel can
interact and cause trouble instead of doubling the safety of the flight, which was the orig-
inal intent of the decision to use 2 receivers in each V-2. WSPG has recommended to OCO
that the number of radio fuel cut-off receivers in a V-2 be reduced from 2 to 1.

8. REPORTS ON FUTURE FIRINGS — EXPERIMENTS OF SPECIAL INTEREST

MISSILE #25 — SC — Dr. Golay reported that missile #25 will again contain the sulphuric
acid smoke experiment. Launching is scheduled for 8 Jan. at 20 to 25 minutes before sun-
rise. The missile will also carry a grenade experiment to determine the velocity of sound
at various altitudes.

[9] In response to Dr. Golay’s request for space on other missiles to be used by the Signal
Corps for installation of heliographs (total weight per unit 55 Ibs. — desirable complete set
comprises 3 units) and sampling bottles, the following agreements were reached.

(a) Missile #36 — 5 Feb. — G.E. Co.
OK for SC to include 3 heliographs
(b) Missile #35 — 19 Feb. — APL
OK for SC to install 3 heliographs plus sampling bottles

MISSILE #34 — NRL — Dr. Newell reported that this missile scheduled for launching on 22
Jan. will include the following major experiments.

(a) Cloud chamber experiment.

(b) Pressure measurements with refined gages [sic] to measure pressures up to
135 Km within few % accuracy.

(c) lonosphere experiment — relative electron and ion densities.

MISSILE #36 — G.E. Co. — Mr. Haviland reported that this will be a specially controlled
missile.

MISSLE #35 - APL — Dr. Van Allen reported that APL will repeat its cosmic ray experiment
using a single counter. There will also be included a new spectrograph with a grating of
30,000 lines/in. with two axis sun seeker to hold the light on the slit during roll and tum-
ble. Other experiments to be included -

(a) Heavily lead shielded cosmic ray ionization chambers (in warhead)
(b) Sampling bottles (cleared with Dr. Nichols)
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(c) K-25 camera
(d) 3 Heliographs (if OK with WSPG)

This missile is scheduled for launching a half-hour after dawn on 19 Feb.

MISSILE #37 — AMC - Dr. O’Day reported that plans for this missile have been changed.
The missile is scheduled for launching on 4 March and was to have contained blossom 3.
This is to be a night firing containing the following experiments.

[10] (a) Temperature measurements — especially in the ozone layer.
(b) Sky brightness.
(c) Experimenting with light sources for emission and absorption spectrum.

* k k k k k k%

Dr. Whipple informed active agencies that there are 6 Pohl crystals on hand available for
future V-2 tests. These crystals were developed by the Germans and have the property of
reacting to ultra-violet light and measuring the intensity between 2000 A° and 2260 A° and
below 2000 A°. The crystals do not react to ordinary visual light. Interested agencies may
contact Dr. Kuiper of the Yerkes Observatory.

During the discussion of these crystals, Dr. Krause stated that NRL had considered the use
of such crystals. Two significant problems are believed to be present; one is that of con-
taining the crystals, the other is the effect of temperature on the crystals. If the crystals are
exposed, they may get hot and also on impact the crystals may get hot.

In this connection, Dr. Van Allen stated that APL is equipped to measure the sensitivity of
such crystals to temperature changes. APL feels that the temperatures attained on impact
are not too significant because to date there has been no evidence of fogging on films
recovered after impact.

* k k k k k k%

Mr. Edson informed the Panel that Aberdeen Proving Ground has shipped its new track-
ing telescope to WSPG for installation. It is expected to be ready for use approximately by
March 1. The telescope has a 16” aperture, is mounted on a 90 mm gun mount and has a
special recording head. It will be located on Mule Peak, altitude 8000 ft., a few miles south
of Alamagordo.

Mr. Edson is also arranging spectrographic attachments to be used in connection with the
telescope for studying the spectroscopy of jet flames on missiles in flight.

[11]
9. LETTER FROM RDB RE BUDGET SUPPORT FOR V-2 PANEL AGENCIES
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It will be recalled that at the previous V-2 Panel meeting held on 1 Oct. 1947, the Panel
voted that in connection with the problem of budgets and expenditures, a letter be writ-
ten to the Upper Air Panel of RDB stating the way operations have been carried out, jus-
tifying the basic principle of this procedure, pointing out the budgetary problem and
recommending that RDB support and defend the budgets as submitted by all the active V-
2 Panel agencies. On 13 Oct. 1947, Dr. Krause wrote such a letter.

In a letter dated 20 Nov. to Dr. Krause as chairman of the V-2 Panel, C.S. Piggott, Executive
Director of RDB’s Committee on Geophysical Sciences, wrote that the RDB Panel had
regarded favorably the matter of supporting budgets of V-2 Panel agencies and had passed
a resolution, to this effect. A copy of Mr. Piggott’s letter is appended to these minutes as
Enclosure D [omitted].

Since the matter of this year’s budgets has been disposed of, it was suggested at this V-2
Panel meeting that the time for action on next year’s budgets should be before Sept. 1948.

10. LETTER FROM OCO RE CLASSIFICATION OF V-2 INFORMATION

Appended to these minutes as Enclosure E [omitted] is a copy of a letter from Col. H.N.
Toftoy to the Commanding General, WSPG dated 21 October 1947 stating the policy of
the Office of the Chief of Ordnance in regard to classification of V-2 information.

11. CONSIDERATION OF OCO LETTER RE CHANGE IN SCOPE OF V-2 UPPER
ATMOSPHERE RESEARCH PANEL

Prior to the date of this V-2 Panel meeting, all Panel members were mailed a copy of a let-
ter from Office Chief of Ordnance dated 6 Nov. to the Chairman of the V-2 Panel propos-
ing a plan for increasing the scope and activities at the working level (of the V-2 Panel) to
cover upper atmosphere research other than the V-2.

The general feeling was that the Panel members would like to have more time to think
about this proposal change. Consequently, the Panel voted to carry over this item until the
next meeting.

[12]
12. NEW NRL TELEMETERING SYSTEM

Dr. Newell reported briefly that the first V-2 flight with the new system will be on April 15.
A new ground station is being set up. The new system will have the same range as the old
system.

13. RECOVERY

Mr. Karsch stated that equipment from V-2 flights is sometimes recovered after the orga-
nized search has been discontinued. Identification and disposition of this material pre-
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sents a problem at WSPG. It is requested therefore that all agencies participating in V-2
rocket firings fill out a form describing the items desired to be recovered. A copy of
WSPG’s suggested form is appended hereto as Enclosure F [omitted].

All active agencies are urged to cooperate with WSPG in this matter.
14. NEXT MEETING

The next meeting of the V-2 Panel will be held on Wednesday, January 28, 9:30 A.M.
(EST) at the Naval Research Laboratory, Bldg. #9, Washington, D.C. Persons planning
to attend this meeting will kindly advise the Secretary in order that clearances may be
established at NRL.

Prepared by: [signature]
G. K. Megerian
General Electric Co.
Aeronautics & Ord. Systems Div.
Schenectady, New York

Document 1-3

[no page number]
PANEL REPORT #35

SUBIJECT: Minutes of Meeting of Upper Atmosphere Rocket Research Panel
PLACE: Navy Department

T-Building #3, Room 1803

Washington, D.C.
DATE: Wednesday, April 29, 1953

*oxk PRESENT **

Mr. W. W. Berning APG/BRL Aberdeen, Md.
Cdr. K. W. Cramp OCNO Op-51 Washington, D.C.
Capt. G. D. Dean OC Sig. O Washington, D.C.
Lt. E. W. Diehl, USN NOMTF WSPG, New Mexico
Dr. W. G. Dow U. of Mich. Ann Arbor, Mich.
Mr. M. Dubin AFCRC Cambridge, Mass.
Dr. H. D. Edwards AFCRC Cambridge, Mass.

Dr. M. Ference, Jr. SCEL Belmar, N.J.
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Dr. C. F. Green

Lt. Cdr. G. Halvorsen
Mr. E. E. Harriman
Mr. L. M. Jones

Lt. M. S. Jones, Jr. USN
Dr. L. D. Kaplan

Maj. T. S. Lewis, Jr.
Mr. J. R. Lein

Mr. K. R. Medrow
Mr. G. K. Megerian
Dr. H. E. Newell, Jr.
Dr. M. D. O’Day

Mr. W. J. O’Sullivan
Dr. W. H. Pickering
Mr. N. W. Spencer
Mr. J. W. Townsend, Jr.
Dr. J. A. Van Allen
Mr . T. B. Walker

Mr. J. R. Walsh

Dr. F. L. Whipple

Mr. P. H. Wyckoff

Discussion on Oxford meeting.

Reports on completed firings
(a) Aerobee AF-34 (GRD-9)
(b) Aerobee AF-35 (GRD-10)

(c) Aerobee NRL-12
(d) Aerobee NRL-13
(e) Aerobee SC-27
(f) Aerobee SC-28
(g) Aerobee SC-30

Next meeting

G.E. Co.
OCNO Op-51
BU. ORD.
U. of Mich.
ONR
UuswB
USAF AWS
AFCRC
NRL

G.E. Co.
NRL
AFCRC
NACA

CIT

U. of Mich.
NRL

U. of lowa

Aerojet-General Corp.

SCEL
Harvard (AF & ONR)
AFCRC

***AGENDA***

18 Feb. 1953
14 Apr. 1953

Schenectady, N.Y.
Washington, D.C.
Washington, D.C.
Ann Arbor, Mich.
Washington, D.C.
Washington, D.C.
Andrews AFB
Cambridge, Mass.
Washington, D.C.
Schenectady, N.Y.
Washington, D.C.
Cambridge, Mass.
Langley Field, Va.
Pasadena, Calif.
Ann Arbor, Mich.
Washington, D.C.
lowa City, la.
Azusa, Calif.
Belmar, N.J.
Cambridge, Mass.
Cambridge, Mass.

USAF
USAF
10 Feb. 1953  NRL
12 Feb. 1953  NRL

17 Feb. 1953  SCEL
24 Apr. 1953  SCEL
23 Apr. 1953 SCEL

Report on results of previous firings
Future experiments of special interest

Coordinated Panel program for Northern latitude firings
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*** SUMMARY OF DISCUSSION ***

1. DISCUSSION ON OXFORD MEETING

The Panel was informed by Dr. Van Allen that although there was no recent correspon-
dence from Professor Massey immediately prior to this meeting, he has had substantial
assurances that plans are well in hand for the meetings in Oxford the week of August 24.

A firm Panel program has been transmitted to the Oxford group by the Chairman on the
basis of the diverse titles and abstracts of papers to be presented by individual Panel mem-
bers and others. It was suggested that about 150 copies of these papers be sent to the
Secretary by mid-July to be forwarded to Oxford for the advance information of partici-
pants. This would allow for the preparation of questions to be asked during the sympo-
sium, thereby assuring fruitful discussion. All papers, of course, should be cleared through
the proper military channels as necessary.

In view of the substantial nature of the contributions from the U.S., England and
European countries to the Oxford conference, Dr. Van Allen proposed that durable pub-
lications of the papers in collected form should be provided for. He had inquired of the
plans of the Gassiot Committee, but had not yet received a reply. It was felt that any British
publication which is planned should provide suitable credit to the Panel in the title page,
etc. Publication in a special issue of the Reviews of Modern Physics was discussed as a pos-
sibility for obtaining automatic distribution of some 5,000 copies in a reasonably prompt
way. The possibility that one of the university presses (Princeton, Chicago, etc.) might be
interested in publishing the compilation as a bound book was also considered.

It was agreed that the Chairman would ascertain further information on various modes of
publication and proceed with the matter as he saw proper.

[3] There was some discussion concerning attendance at the Oxford meeting by persons
outside of the Panel. Such persons are thoroughly welcome, although the problem of
transportation will be an individual one for them.

Dr. Dow and Dr. O’Day both expressed the thought that contractors’ representatives with
field experience should be present to discuss actual techniques on instrumentation and
rocket handling. It was brought out that Dr. C. F. Green will present a paper on this topic.

It was Dr. Whipple’s feeling that the symposium group will be interested more in the sci-
entific aspects of instrumentation rather than techniques and actual operational details.

With regard to the problem of transportation to England, Lt. Jones (USN) of ONR
informed Panel members that arrangements can be made to fly with MATS, either from
Westover Field, Mass. or from Patuxent, Md. The USAF has daily flights from Westover on
all types of aircraft while the Navy flies DC-6’s from Patuxent on Tuesdays to London and
on Fridays to Paris.
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Requirements due to the Coronation make it advisable to submit reservations early and
also to obtain priority “One” if possible. A priority “One” may be necessary because it is
likely that there will be a sizeable waiting list of military personnel for these flights. Civilian
passports and medical injections will be necessary.

The Panel Chairman was advised by Capt. Sanders of ARDC that the Oxford symposium is
regarded as a meeting sponsored by the Federal Government. Consequently, USAF person-
nel are confronted with no travel problem. Naval contractors can become temporary Naval
technicians and if the need arises, invitational travel orders can be issued to facilitate travel.

Because of differences in individual plans there will be no effort by the Panel to travel as
a group.

* Kk Kk k kX

2. REPORTS ON COMPLETED FIRINGS

AEROBEE AF-34 (GRD-9) 18 Feb. 1953 USAF - This flight was a test vehicle reported by
Dr. O’Day. Launching took place at 1042 hours after encountering a delay of 2 hours due
to trouble with the HADC monitor equipment. The actual versus predicted performance
was as follows:

ACTUAL PREDICTED
Peak altitude (miles) 7 71
Time to peak (sec.) 178 176
Burnout time (sec.) 32.2 34
Payload (Ibs.) 163 -
Dry wt. missile CG 130 in. from tip
Time to impact (sec.) 545 540

The rocket had a very high roll rate of 7 rps immediately after burnout. Fibreglass, which
had been used on the nose cone and fins, did not adhere properly and was believed to
have contributed to the high roll rate due to partial peeling.

[4] This flight was instrumented for the purpose of localizing causes of failure experienced
previously. Mr. Walker reported that a lateral accelerometer was located in the nose for mea-
suring vibration or violent yawing motion. Temperature-indicating varnishes were painted
inside the nose and fins, thermistors were located at various points, a pressure gauge was con-
nected to the thrust chamber, and contacts of the cut-off valve were monitored. In addition
an aspect camera was provided by the New Mexico College. Lateral vibration in the nose did
not exceed 0 + 1/4 g. Vibrations, temperature and aspect data will be available later.

Mr. O’Sullivan raised a question whether some structural failure had occurred and called
attention of the Panel to research studies by NACA showing the effects of aerodynamic
heating on structures flying through the air. These studies have shown
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(a) Weakening of structural members due to high temperature.

(b) Temperature gradients resulting in unequal expansion, even for structures of
homogeneous material.

(c) Augmentation of the effects (b) in structures of heterogeneous material due to
different thermal coefficients of expansion.

(d) Distortion and strain result. Common symptoms are loosening of the skin on
aerodynamic structures and subsequent skin flutter.

It was suggested by Dr. Dow that detailed reports be issued to the Panel on these test
flights.

AEROBEE AF-35 (GRD-10) 0845 hours 14 April 1953 USAF - This second test vehicle was

also a type RTV-A-la Aerobee similar to AF-34 except that there were thin stainless steel
“cuffs” (16 mm wide) on the leading edges of the fins to protect the welds from excessive
heating. There was no abnormal roll in this flight. Performance exceeded expectations.

Actual versus predicted performance of this flight was reported by Dr. O’Day as follows:

ACTUAL PREDICTED
Peak altitude (miles) 77 £2 72
Time to peak (sec.) 200 175
Burnout time (sec.) - 34
Payload (Ibs.) 159
Dry wt. missile CG 130 in. from tip
Time to impact (sec.) 535 540

The burnout time on this flight is not known because of some confusion between two
recording stations. Dry weight refers to missile weight less fuel.

There was a single camera inside the rocket looking at one fin and one cable type antenna
having 1/16-inch diameter. The fin showed no evidence of flutter at all. The cable type anten-
na (U. of Utah) was one of three extending from the tip of a fin forward to the nose cone.

Dr. Van Allen mentioned that APL had used with considerable success similar type “out-
rigger” stainless steel antennas for telemetering and radio cut-off on the first Aerobee
flight in 1947 and 1948. A full description of such [5] antenna systems for 85 mc/sec and
34 mc/sec use is contained in the APL Aerobee report.

An aspect camera again was included in AF-35 by the State College of New Mexico.

On both AF-34 and AF-35 no parachute was flown, but the tail cone was separated approx-
imately 20 seconds after zenith time.

It was reported by Mr. Walker that the fins of AF-35 were not located after impact, but the
nose section was recovered in good condition. The fibreglass on the nose section indicated
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an excellent bond. Mr. Walker mentioned also that UCLA under an Air Force contract has
developed a “temp-tab” device for determining temperature in a rocket. This device consists
of 17 small triangles of different alloy materials which define the maximum temperature
reached by fusing in the range 105°F to 550°F. The device has a short time constant.

On the basis of these two test vehicle firings, Dr. O’Day expressed the belief that future
Aerobee firings under similar conditions would have a high probability of success. The
AFCRL now regards this new 4000 Ib. thrust Aerobee as proved in and available for use by
upper air research groups.

AEROBEE NRL-12 10 Feb. 1953 NRL - With a payload of 120 pounds, this flight reached
an altitude of about 86 miles (138 km) above mean sea level at 195.2 seconds. Other per-
formance data reported by Dr. Newell were as follows:

(@) Burnout - 44.2 seconds.

(b) Velocity at burnout - 4700 ft/sec.

(©) Altitude at burnout - 95,730 ft. (above WSPG)
(d) No recovery of tail section

(e) Nose section recovered

The rocket showed severe heating and discoloration from the nose tip to a slot section 25
inches back from the nose tip. Below this point there was evidence of paint discoloration.

A modified Bennett RF mass spectrometer failed to operate in this flight. The most prob-
able cause is believed to be leakage of pressure seals.

The altitude was also verified by rocket borne pressure gauges. The Aerobee was one of
the original 2600 Ib. thrust type. The payload was especially light.

AEROBEE NRL-13 12 Feb. 1953 NRL - Results of this flight were reported by Dr. Newell
as follows:

(@) Launched at 0008 MST

(b) Peak altitude 84.5 £ 0.5 miles (136 km) above sea level
(©) Burnout 46.2 sec.

(d) Velocity at burnout 4640 ft/sec

(e) Altitude at burnout 98,460 ft (above WSPG)

) Time to peak 196.2 sec.

((0)) Impact NE corner White Sands region

(h) Recovery of nose section successful

() No tail parts found.

[6] The rocket showed very severe heating from the tip to the slot section 25 inches back
from the nose tip, severe heating from this slot to the end of the ogive and discoloration
of paint below this point.
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The r.f. mass spectrometer operated successfully; 97 samplings of composition were taken
between 85 km and 106 km on the ascent of the rocket and 103 samplings between 136
km and 89 km on the descent of the rocket at a sample rate of 0.94 per second. Of these
samples, those between 85 km and 106 km on the ascent must be discarded because the
mean free path of the gas within the spectrometer was too short for proper operation. The
range covered was 54 AMU to 6 AMU. Analysis of these data is almost complete and a
report will be issued in late spring.

Mr. Townsend of NRL observed that there was no change in the A/N2 ratio during flight
although the gas pressure within the tube did vary—decreased—until peak and then
increased on the way down in a reasonable manner. Water vapor was recorded as well as
several peaks identified as coming from higher hydrocarbons. There is a strong possibili-
ty that the air in the spectrometer was contaminated with gas carried along by the rocket,
gas arising from the burned paint on the nose cone, and residual rocket fuel vapor.

Dr. Whipple reiterated his suggestion of a previous meeting that the deliberate inclusion
of a contaminant of distinctive molecular weight in the pressurizing gas of the nose cone
will provide a good check of validity of the high altitude results.

Mr. Townsend reported that Freon had been introduced for this purpose in NRL-12 but
unfortunately not in NRL-13. The seal of the spectrometer was opened at 93 km on NRL-
13. Emission was off for the first 10 or 12 sweeps, then settled down. The spectrometer
appeared to be operating properly from 106 km over the peak of flight and back down to
106 km on the decent [sic].

Apart from the contaminants noted above, the composition of the samples closely resem-
bled sea level air in #13. In later flights it is planned to expose the complete spectrometer
to the atmosphere without the usual entrance canal and glass envelope. It may be possi-
ble in this way to learn something of the degree of dissociation of O, and N,.

Flights 12 and 13 also carried pressure and density instrumentation which operated satis-
factorily. A comparison of day-night data will thus be possible.

In connection with mass spectrometry, Dr. O’Day cited the work of Mr. Friedman of the
University of Connecticut. He has a small mass spectrometer for the analysis of Geiger
counter gases. Such an instrument might be adaptable to rocket use. Dr. Nier at
Minnesota has recently developed a compact permanent magnet type mass spectrometer.

In June on the NRL Viking rocket flight, the r.f. mass spectrometer experiment will be
repeated. The nose cone will not be opened up, but an intake tube will be utilized having
a very high conductance, an open area diameter of 2 1/2 cm and a length of 6-7 cm.

[7] AEROBEE SC-27 17 Feb. 1953 SCEL - This rocket flew successfully to an altitude of 66
miles with a payload of 155 1/2 Ibs. Additional performance data reported by Mr. J. R.
Walsh was as follows:
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©)) Time of firing 2350 hrs.

(b) Predicted peak altitude 67 1/2 miles

(©) Actual peak altitude 66 miles

(d) Time to peak alt. (Pred.) 176 sec.

(e) Time to peak alt. (Act.) 174 sec.

) Max. velocity at burnout (Pred.) 4180 ft. /see.
(9 Max. velocity at burnout (Act.) 4111 ft. /sec.
(h) Burnout time 45.1 sec.

Aerobee SC-27 with a 2600 Ibs. thrust motor was instrumented with seven grenades to
measure upper air temperatures in the winter season. Of these 7 grenades, 5 exploded
in space at estimated altitudes from 127,200 ft. to 258,000 ft. Grenade rounds #2 and
#7 failed.

Weather at the time of the firing was optimum - clear, calm and ideal for sound ranging
measurements. The ballistic cameras and sound ranging equipment worked satisfactorily.
Telemetering failed at about 75 seconds, but ground flash detectors observed the grenade
detonations, so its loss was a non-essential one.

Data from this flight had not been reduced at the time of this meeting, but are believed
to be of exceptionally good quality.

Both the temperature and the horizontal wind structures in the above mentioned altitude
range will be obtained, assuming zero vertical wind velocity.

Dr. Ference reported that the analysis of data of this nature from previous flights had
shown a maximum wind velocity as high as 200 mi./hr. at 50 km altitude. The altitude
increments between grenade bursts are usually about 8-10 km.

There was considerable discussion on winds and on visible meteor trains in the atmos-
phere. The determination of the actual wind fields up to 80 km altitude has much scien-
tific interest as does the observation of various types of trains.

Dr. Whipple stated that wind shears of 100 mph in less than one kilometer have been
observed in rare cases. Accumulating evidence suggests that there may be as much struc-
ture in the 50-100 km altitude range as in the troposphere.

There was extended discussion of possible rocket methods for making persistent smoke
trains or other type trains at high altitudes, which could be photographed for at least sev-
eral minutes in order to directly observe wind velocities. In spite of earlier failures by var-
ious groups to make satisfactory trails, Dr. Whipple stated his belief that it should be
possible to do. This belief was based on the observed persistence of meteor trains (a few
minutes up to an hour) in spite of the low energy delivered to the atmosphere. Meteor
trains are self luminous but it is not known whether it is the amount of material or amount
of energy which is of significance in determining the visibility.
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[8] Dr. Ference commented on the potential meteorological significance of a knowledge
of the wind structure in the 45-70 mile altitude region for understanding large scale move-
ments of the atmosphere. At altitudes above 100 km, ionospheric methods are now yield-
ing a considerable body of wind information.

The Air Force Cambridge Research Laboratory is sponsoring the development of a sodi-
um vaporizer by the Arthur D. Little Company. Dr. O’Day described it as a simple device
using thermite burning at 3000°F as a source of heat.

Mr. Walker and Dr. Van Allen suggested the use of a rocket itself as a possible generator
of a visible train. It would probably be a simple matter to add sodium in the propellant of
a Jato and arrange for it to be fired at high altitude.

Vikings burn to an altitude of about 65 km but no night flights have been made yet. The
WAC Corporal in successful Bumper burned into the E layer, but this was a day flight. Most
rockets—Aerobees, V-2, Corporals, etc.—burn out at much lower altitudes.

The temperature of a Jato flame is 3000 - 4000° F.

AEROBEE SC-28 24 April 1953 SCEL - Only a very preliminary report was available on this
firing. Mr. Walsh reported that the flight was instrumented with 7 grenades to measure
temperature and winds. The last 2 grenades failed to detonate. Launching took place at
0319 hours immediately following the U. of Michigan “falling sphere” flight, in an effort
to correlate temperature data. Velocity at burnout on SC-28 appeared close to normal.
Data from the five successful grenades are probably good.

It was observed by Dr. Ference that the Signal Corps appears to have experienced the low-
est altitudes on Aerobee flights taking payload into account. Burning times and velocities
at burnout appear to be normal, but peak altitudes have fallen short when compared with
APL and NRL Aerobee flights.

Fabrication at Aerojet of these Aerobee rockets takes place separately for the NRL and
SCEL contracts. Handling procedures at WSPG, however are identical for all Aerobees.

Lt. Diehl, Officer in Charge of Aerobee firings at the Naval Ordnance Missile Test Facility
at White Sands, was present at the meeting. He reported that they are equally puzzled by
the subnormal performance of the SCEL units. SC 27 and NRL 12 and NRL 13 were fired
within a few days of each other. Acid from the same batch with the same storage was used
for all three. Fuel for the three was all mixed at the same time. Handling procedure was
as nearly identical as possible. All three were pressurized with helium to 2250 psi.

The quality of the acid has been the subject of considerable investigation. Mr. Walker stat-
ed that it has been conclusively established that for the old thrust chambers (APL-NRL
type) acid containing about 1% of solids (Fe,O; etc.) gives much superior performance.
The catalytic action of these traces of impurities is apparently the reason for the mysteri-
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ously superior performance of acid stored in stainless steel drums over that stored in alu-
minum drums.

[9]. AEROBEE SC-30 24 April, 1953 SCEL - This flight was instrumented by the U. of Mich.
for SCEL with a “falling sphere” experiment to determine upper air densities. Weather
conditions at the time of launching were poor. Time of launching was 1230 hours.
Performance and instrumentation reported by Mr. Jones were as follows:

(@) Peak altitude 365,000 ft.

(b) Time to peak 185 sec.

(©) Payload 110-120 Ibs.

(d) Extended blunt ogive nose section and very long rocket
(e) Sphere ejected from front end by Doppler Command
) Single antenna used for receiving and transmitting

The inflated sphere is 4 ft. in diameter and weighs about 50 Ibs. It is perfect to about +
1/2 inch. The use of a single antenna for receiving and transmitting makes less ambigu-
ous the corrections for spin in reduction of the Doppler data. The thirteen Doppler
receiving stations were each provided with crossed dipole antenna.

Data were received by the 13 Doppler receiving stations, but between x + 250 sec. and
X + 370 sec. there was a power failure at one of the ground sources supplying power to
8 of these 13 recorders. Despite this failure, there were adequate data from the remain-
ing stations.

An 80°F rise in temperature was noted on the sphere. The inflated diameter of the
sphere is 4 ft. and the weight is 50 Ibs. There are no projections on the sphere and the
Doppler unit is inside the sphere. Measurements can be made beginning at 260,000 ft.
on the way down.

No leaks were experienced in this flight. The pressure was 3.7 psi absolute. In the range
of 365,000 to 300,000 ft. an acceleration accurately equal to g was observed. At 270,000 ft.
there was about 0.1 g drag. The Doppler positional error is = 0.1 cycle or about 1.3 ft. (ran-
dom). The ambient temperature can be determined to about + 8°C with present tech-
nique. It is hoped to ultimately reduce the error to + 4°C. The present battery and
Doppler unit weigh 9 pounds. The internal pressurizing gas bottle weighs 20 Ibs.

The Michigan group would prefer to work with a rigid sphere 15” diameter—the same
diameter as the Aerobee. This will be aerodynamically equal to the present sphere if the
weight can be reduced to five pounds.

Dr. Whipple inquired if a light in the sphere might not make a much lighter body (with
subsequent greater drag acceleration). Optical tracking can give an accuracy of + 10 feet
at 50 miles using the star background in a night firing. Dr. Whipple’s meteor cameras give
60 measures/sec as presently set up near Las Cruces.
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Mr. Jones replied that this possibility has been under consideration

Vertical winds do not cause an appreciable error in temperature as long as they are neg-
ligible in velocity compared to the velocity of the sphere (Mach No. = 2).

*hhkkhkhkhkhhhhkik

[10] 3. REPORTS ON RESULTS OF PREVIOUS FIRINGS

There were no further data to report at this time.
4. FEUTURE EXPERIMENTS OF SPECIAL INTEREST

Dr. Van Allen reported that the State University of lowa is preparing another summer
expedition to Thule, Greenland, and then back South. Fourteen balloon-launched rock-
et flights are planned to measure total primary cosmic ray intensity and to measure sepa-
rately the primary intensities of heavy nuclei. Seven of these flights will be instrumented
with single Geiger counters while the remaining seven will be equipped with ionization
chambers.

In addition, Dr. Van Allen’s group will collaborate with NRL in another 7 rounds to obtain
pressure and temperature measurements as far north as possible.

It is planned in these firings to employ the same techniques used last summer. The high-
est successful flight at that time with a Deacon rocket was 295,000 ft. from a balloon
launching altitude of 57,000 ft. It is hoped that a Deacon summit altitude of 325,000 ft.
will be achieved from a balloon launching altitude of 70,000 ft. When this is accomplished,
an attempt will be made to reach 360,000 ft. from a launching altitude of 95,000 ft. This
is believed to be the limit of the techniques using the Deacon rocket.

*hkkhkkkkk

Mr. Lein of AFCRC revealed that the Air Force plans to instrument several Aerobee rock-
ets for sky brightness and electron density experiments. The first of these firings will take
place in June and July. The June rocket will contain the propagation experiment, while
the July rocket will have a bi-axial pointing control to measure the solar constant. Other
firings will follow in September and October.

*hkkhkhhkhkhkhkhkx

At NRL, plans are being made to instrument Viking #10 for a group of experiments on
propagation, temperature, pressure and high altitude densities. The flight is scheduled
for 23 June and represents the last of initial upper air series Viking rockets. One of the
camera installations will represent an effort to evaluate the light of the day sky.



48 SPACE SCIENCE: ORIGINS, EVOLUTION, AND ORGANIZATION

Following Viking #10, there will be an Aerobee flight with a sun-follower and set of pho-
ton counters in the autumn of 1953.

*khkkhkhkhkhkhkhkhx

In view of anticipated reductions in Government appropriations, Dr. Dow raised the issue
of how the Panel might seek to obtain more information per dollar. It was his observation
that the State University of lowa group under [11] Dr. Van Allen was accomplishing this
objective by the technique of launching a small rocket from a balloon.

Dr. Van Allen stated that except for two men, his group carries on this activity as thesis
work with graduate students. A large rocket requires an expensive outlay, but if the scale
of operations can be reduced to the level of usual university research activities, fruitful and
thoughtful high altitude work can be done with modest expenditures.

*hkkhkhkhkhkhkhkhkx

5. COORDINATED PANEL PROGRAM FOR NORTHERN LATITUDE FIRINGS

This subject encompasses the general idea of upper air studies by means of rockets fired
around the world and the International Geophysical Year 1957-58.

Because of the Panel’s broad interest in this subject and with specific reference to a recent
letter by the Signal Corps to CNO indicating interest in Aerobee rocket-firings from the
U.S.S. NORTON SOUND at northern latitude, Dr. Van Allen invited Lt. Cdr. Halvorsen of
OCNO to discuss the matter informally.

Cdr. Halvorsen was in charge of Aerobee firings at White Sands for several years and sub-
sequently was missile officer on the U.S.S. NORTON SOUND during Aerobee and Viking
firing expeditions.

He pointed out that the NORTON SOUND is presently assigned to high priority military
missile evaluation programs. The first reaction in C.N.O is that it would be very difficult
to arrange time for upper atmosphere research expeditions. However, there are occa-
sional lulls in the missile activities and he stated his belief that with a sufficiently flexible
program on the part of the upper atmosphere groups involved, advantage might be taken
of these lulls to conduct Aerobee firings in the Alaskan region. It will also be necessary
that preparations for the work be as complete as possible in order to reduce the time
required of the ship.

The Signal Corps at present is looking for an expression from the Navy before deciding
on a site and preceding [sic] with any definite plans. If the Navy Dept.’s response is favor-
able, the Signal Corps will prepare a detailed study of all requirements. Serious consider-
ation already has been given to instrumentation requirements (land based) for use in
conjunction with shipboard firings.
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Instrumentation requirements in the launching area present a major problem unless mil-
itary installations are already there.

A launching crew would have to be supplied by the Signal Corps, although these men can
be supplemented to some extent by the ship’s crew in a distant land-based operation.

It is recognized that the Signal Corps’ request to CNO is of a type that will recur periodi-
cally from other agencies and, in Cdr. Halvorsen’s opinion, CNO will be able to accom-
modate such requests only on the basis of free periods between the NORTON SOUND
missions.

There was some discussion concerning an alternate plan involving a mobile [12] Aerobee
tower platform and utilizing a railroad flat car for transportation to other latitudes. A
highway caravan also was mentioned.

Mr. Jones of the Univ. of Michigan has expressed his thoughts on this subject in a recent
letter to the Signal Corps appended hereto as enclosure A [omitted].

In the course of discussion, Dr. Whipple expressed the thought that a mobile carrier not
only has the advantage of low maintenance, but also should be of vital interest to Army
Ordnance who may wish to undertake a program separate from that of the Panel.

Mr. Townsend suggested that it might be advantageous to mount the Aerobee tower, asso-
ciated tracking and telemetering facilities and work shops on automotive trailers of the
sort available in the Army Transportation Corps. Such trailers could then be moved over
roads or could be transported on railroad flat cars as appropriate.

It became evident that a new Aerobee tower would have to be built; split perhaps in 3 sec-
tions for convenience in handling, transportation aboard a flatcar and erection. This
would appear to be cheaper than attempting to rebuild the existing Norton Sound
Aerobee tower.

The Panel is agreed that the basic idea of mobile Aerobee firing facility is an excellent
one, but that one agency should take the initiative with the Panel’s support to get the job
done. Other agencies would also use the facilities.

As a consequence, the Signal Corps will undertake to contact Army Ordnance in this mat-
ter. The Ordnance Department will be furnished with a technical plan covering mobile
launching equipment for Aerobees, an estimate of the cost involved and the urgency for
such project.

It was felt there may be a possibility that some equipment of this type exists in the
Ordnance Department. This will be investigated, but in any event one of the largest items
of expense appears to be the new tower.



50 SPACE SCIENCE: ORIGINS, EVOLUTION, AND ORGANIZATION

In this connection, Mr. Berning stated that missiles fired from a mobile caravan—either
railroad or highway—pose a major problem in obtaining accurate tracking data. The esti-
mated cost would be $150,000 for a Doppler station to give triangulation on a 200 ft. base
line. Two right angle 200 ft. base lines would be needed. Increasing the base line involves
increased costs and additional Doppler stations.

Dr. Dow suggested emphasis on experiments which are not dependent on the accuracy of
tracking data; i.e., sampling, pressure measurements, etc.

*khkkhkhkhkhkhkhkhx

With reference to the experiments to be performed during the international geophysical
year 1957-1958, Dr. Newell submitted a preliminary list of experiments for the considera-
tion of Panel members. This list is appended hereto as enclosure B [omitted].

Prior to this meeting and, in response to Dr. Newell’s letter, Mr. Berning suggested com-
plete Doppler instrumentation would be required for the sphere [13] experiment. Also,
Dr. Ference had suggested that photography of the earth’s surface be added to the list to
determine cloud structure, cover, albedo and other geophysical data.

Dr. Dow indicated that he would like to see a globe of the world with a master plan out-
lining what is to be done in 1957 so that the Panel could work in the direction of filling
in the vacancies. It was emphasized that the Panel must think in terms of priorities and
dollar costs.

In this connection, Dr. Van Allen felt that there is much to be said for an inexpensive pro-
cedure which can be extended to numerous sites on a high quantity basis. Balloon-
launched Deacon rockets cost only a total of $1,000 each and fill this category for a
number of experiments. He expressed the opinion that only in some such inexpensive
manner can the Panel look forward to continuing high altitude research with rockets over
a considerable period of time.

A distinctively different view was expressed by Dr. O’Day and Dr. Pickering. They both
commented upon the increasing tempo of development and production of large military
missiles and of proving ground and missile ship facilities. If military need for these mis-
siles is reduced in the coming period of years, they may be available in large quantities for
use by scientific groups.

Dr. Newell pointed out the role of large rockets for exploratory measurements at ever
higher altitudes whereas the smaller, inexpensive rockets are suitable for a wide range of
synoptic observations.

In further discussion of plans for the International Geophysical Year, Dr. O’Day suggested
that the Oxford Conference in August would be an appropriate time to discuss the matter
with our foreign colleagues who will be present there. Of particular interest will be the coor-
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dination of ground-based experiments with rocket firings of the Panel agencies. He believes
that the Panel should agree on a few important areas of investigation; that collective effort
should be concentrated on these in the interest of conclusiveness and full comprehension.

It was agreed to defer further discussion until the Oxford Conference.

*hkhhkhkhkk

Before the close of the meeting, Mr. O’Sullivan informed the Panel of a new rocket unit
designated as the T-40 which is available now to all the Services. The T-40 has half the
thrust and twice the burning time of the Deacon, but the specific impulse is considerably
better than that of the Deacon.

*hkkkikkkkik
6. NEXT MEETING

The next meeting of the Panel will be held at the Air Force Cambridge Research Center
during the first week in October. Further details will be issued at a later date.

Members are reminded to keep in touch with the Secretary concerning the development
of transportation and housing arrangements for the Oxford Conference.

Prepared by G. K. Megerian [signature]
General Electric Company
Schenectady, New York

Document I-4

Document title: Technical Panel on Earth Satellite Program, United States National
Committee for the International Geophysical Year 1957-1958, “Minutes of the First
Meeting,” October 20, 1955.

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

Once the proposal that the United States would attempt to launch a scientific satellite during the
International Geophysical Year (IGY) had heen approved by the Eisenhower administration, and the
Vanguard proposal of the Naval Research Laboratory had been selected for the satellite program, the
National Research Council, the operating arm of the National Academy of Sciences that was in over-
all charge of U.S. preparations for the IGY, organized a Technical Panel on Earth Satellite Program
(TPESP). This panel set the scientific objectives for the Vanguard program, selected experiments for
various launch attempts, and oversaw the implementation of the program.
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[no page number]

National Academy of Sciences ADMINISTRATIVELY RESTRICTED
National Research Council FOR OFFICIAL USE ONLY
Washington 25, D.C.

2.

UNITED STATES NATIONAL COMMITTEE
for the
INTERNATIONAL GEOPHYSICAL YEAR 1957-58

Minutes
of the
First Meeting
Technical Panel on Earth Satellite Program
October 20, 1955
Room 716, 1145 19th Street, N.W.
Washington 6, D.C.

Attendance

1.1 Members: R. W. Porter (Chairman), Hugh Odishaw (Secretary), Joseph
Kaplan, H. E. Newell, Jr., W. H. Pickering, A. F. Spilhaus, Lyman
Spitzer, J. A. Van Allen, F. L. Whipple.

1.2 USNC Secretariat: G. F. Schilling, Marian McCray.

1.3 Invited Participants and Observers: S. E. Clements, J. P. Hagen, J. W.
Joyce, T. J. Killian, P. A. Smith, C. S. Weaver.

Introductory Session

2.1. Dr. Porter as Chairman of the USNC-IGY Technical Panel on the Earth
Satellite Program, convened the meeting and welcomed the participants. He pro-
ceeded to discuss the tasks before this Panel, making reference to letters of
October 2, 1955, from Dr. Joseph Kaplan, Chairman of the U.S. National
Committee for the IGY, appointing the members of this Panel (Attachment 1 to
these Minutes). The Chairman summarized the principal tasks for the Panel:

a) To formulate the scientific program to be carried out by means of artifi-
cial satellites as part of the U.S. program for the International
Geophysical Year.

b) To delegate and direct the execution of this program.

) To establish policies and formulate procedures related to the program in
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the fields of (i) budget, (ii) information policy, and (iii) institutional rela-
tionships.

[2] 2.2. The Chairman outlined the relationships of the Panel to other groups as
follows:

2.2.1  Because the Panel is an instrument of the USNC, all Panel actions must
be approved by the USNC or the USNC Executive Committee. In its advisory
function to the USNC, the Panel is expected to take executive actions within the
scope of responsibilities outlined in the letter of Dr. Kaplan, October 2, 1955.

2.2.2 The relation of this Panel to other USNC Technical Panels and
Committees is one of independent equality, and the interchange of information,
with appropriate discipline consultation as deemed necessary, represents the
principal responsibility of this Panel to other Panels.

2.2.3  The relationship of this Panel to the Department of Defense will be car-
ried out in the form of liaison on the appropriate level. The following discussion
brought out that sufficient over-lap was in existence between this Panel and
appropriate DOD Committees through joint-membership to ensure satisfactory
initial working relations at this time.

2.2.4  The discussion did not reveal the necessity of immediate direct contact of
this Panel with other Government agencies, since these relationships appear to be
properly covered by existing USNC relationships.

2.2.5. Inview of the critical time-table of the Earth Satellite Program, the Panel
stressed the desirability of direct relationship to Project Vanguard. It was agreed
in the following discussion that there would be complete information inter-
change with Project Vanguard and with the Office of the Assistant Secretary of
Defense for Research and Development.

2.3 The Chairman made reference to the AGENDA (Attachment 2 to these
Minutes) and the AGENDA DOCUMENT before the participants, and the Panel
proceeded to discuss the various agenda items.

3. Budget Problems

3.1 Mr. Odishaw proceeded to review the historical developments pertain-
ing to the USNC-IGY budget and detailed the present status. He explained the
necessity of developing a budget for the Earth Satellite Program before
November 7, 1955, for presentation to the USNC at this date; this stringent
deadline had been made obligatory by present commitments of the USNC to
submit a complete IGY supplemental budget to the NSF, the Bureau of the
Budget, and the Congress for the next fiscal year. He alluded to the difficulty of
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preparing such a budget without accurate knowledge of financial requirements
of Project Vanguard.

3.2. A discussion ensued as to a budgetary interpretation of DOD logistics
support of the IGY Satellite Program as stated in the Presidential announcement
of July 29, 1955. It was understood that the Department of Defense agreed, in
principle, to furnish logistic support for the NAS-USNC Satellite Program within
reasonable limits, similar to logistic support provided by DOD for USNC-IGY pro-
jects such as the Antarctic Program, the Fort Churchill Rocket operation, and
other undertakings. The Panel felt that it was necessary to get a better under-
standing of the scope and limitations of Project Vanguard before detailing a bud-
get for the USNC to be presented before the Congress.

3.3 It appeared that at the present time the objectives of Project Vanguard
were to put one satellite into orbit with six vehicles being scheduled to try this.
Since it obviously cannot be predicted what number of trials will have to be
attempted before successful achievement of the objective, thus ending Phase | of
Project Vanguard, the Panel faced the difficulty of budgeting for ten instrument-
ed satellites as called for in the USNC-IGY LPR program and budget document of
May 6, 1955, without being able to define the unknown number of Vanguard trys
[sic] which may not be completely successful. A compromise solution was later
found by the Panel (see Item 3.8 of these Minutes).

3.4 Dr. Spilhaus suggested that the Panel could budget regardless of n £ 6
unsuccessful Vanguard trys [sic], if broken down into the following categories:

a) Basic Instrumentation.

b) Number of scientific instrumentation units up to a maximum of six.

) Operation costs depending on estimate of length of time.

d) Propulsion units plus instrument units needed above the number of six.

Tentative time estimates indicated that Project Vanguard would attempt to start earnest
trys [sic] by the beginning of the IGY, i.e., in July 1957.

3.5 The Panel set up a Working Group on Budget, consisting of

Homer E. Newell, Jr., Chairman
J. A. Van Allen
F. L. Whipple

with the following assignment: to prepare a satellite budget, at least in preliminary form, for
presentation to the USNC on November 7, 1955; this budget is to be prepared in coopera-
tion with the USNC Secretariat. It was understood that this group would take proper cog-
nizance of the LPR Program and budget document of May 6, 1955, as approved by the USNC,
but would not be limited by this document because of further developments since that date.
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3.6 On request, Mr. Odishaw presented an outline of general budget policies
and procedures of the USNC as follows: The USNC-IGY has been set up by the
National Academy of Sciences-National Research Council and charged with
responsibility for planning, direction, and execution of a scientific program
which constitutes the effort to be extended during the International Geophysical
Year by the United States of America. To this effect, the USNC, on behalf of NAS-
NRC, has set up technical panels and subcommittees and has developed appro-
priate scientific programs and budgets.

A source of support for the program was needed and the Academy decid-
ed that the National Science Foundation was the appropriate Federal agency
through which the program could be presented to the Congress. The
Foundation has been responsible for the Government’s fiscal sponsorship of
the Academy’s IGY Program since then, and a procedure has been developed
and successfully utilized whereby NSF cooperates with the USNC in submit-
ting the Academy’s IGY Program budget to the Bureau of the Budget and the
Congress. Individual projects, after having been accepted, reviewed, and
endorsed by USNC Technical Panels, and approved by the USNC, receive
their funding in the form of individual grants from the USF upon request by
the USNC.

3.7 It became apparent that no details were available to DOD with regard to a
preliminary USNC-IGY budget of $5,300,000 for Project Vanguard. The Panel final-
ly resolved that it would be advisable to follow the same pattern which has been set
as a precedent by other IGY projects such as the conventional Rocket Program.

3.8 The Panel discussed and drew up the following tentative operational pro-
cedures:
Item Agency Budget Responsibility

Primary Costs, Missiles, Launchings,

Logistics (6 trys [sic]) DOD DOD
Costs of Basic Instrumentation and

Observation and Computations to

place Missile in orbit, track it, and Suppl. USNC - IGY DOD
Telemetering Air to Ground. Possibly (NAS advisory)
to include Orbit Computing Center.

Basic Scientific Instrumentation,

Optical Observations, Supply. USNC - IGY NAS

Communication, Data Reduction,
and Publication.

(DOD advisory)
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3.9 A discussion developed on the present plans of NRL and the envisioned
scope of Project Vanguard. It appeared that Project Vanguard has made tentative
plans to include scientific instrumentation in addition to the setting up of obser-
vation stations, the cost for putting the experiments into satellites, and teleme-
tering. An official statement was made on behalf of DOD that Project Vanguard
plans were not yet approved by DOD, that DOD would secure this information
and share it promptly with the USNC, and that DOD was in full accord with gen-
eral NAS-USNC policies and attitudes vis-a-vis the NAS-USNC satellite program.

Scientific Program

4.1 A detailed discussion developed on technical and scientific aspects of the
Earth Satellite Program for the IGY.

4.2 This discussion introduced the topic of security classifications. Mr.
Odishaw stated that the USNC Secretariat had not made an official check on the
security clearances of all participants, but informally had reason to believe that all
participants had active security clearances.

It was realized that scientific instrumentation would be unclassified, but
that certain technical information is to be considered, at least at present, as
SECRET security information. The Panel passed a resolution that for the present
everything pertaining to this meeting would be considered ADMINISTRATIVE-
LY RESTRICTED-FOR OFFICIAL USE ONLY until such time when the Panel
decides to release either portions of it or all of it. It was further resolved that at
the present time the technical information contained in the discussion under
item 4.1 above and item 4.3 below would be considered SECRET information
with access limited to participants of this meeting. This portion of the Minutes is
contained in Attachment 3 [omitted] to these Minutes and this Attachment car-
ries a SECRET security classification as of 20 October 1955.

4.3 The Panel reviewed preliminary requirements and drew up specific
requirements relative to Project Vanguard (see Attachment 3 to these Minutes),
and unanimous agreement was reached that NRL will submit to this Panel specific
formal proposals for proposed projects and related instrumentation of specific
designs for consideration at the next Panel meeting.

5. Information Problems

5.1 The Panel discussed the topic of a Symposium on Scientific Merit of a
Satellite Vehicle (refer to Tabs 6.1 of the AGENDA DOCUMENT). The Panel
finally set up a Working Group on a Symposium consisting of Van Allen
(Chairman) and Odishaw with the following assignment: evaluation of problems
of a Symposium and Briefing Session as to timing, and preparation of a
Symposium outline for consideration by the Panel at its next meeting.

5.2 The Panel discussed operational procedures of the scientific aspects of
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the Earth Satellite Program, including ways and means of inviting project pro-
posals, reviewing them, and execution of same. Attachment number 4 is a copy of
the general outline proposed by Dr. Van Allen. The Panel suggested that the Van
Allen process be related to the Symposium and Briefing Session.

5.3 The Panel set up a Working Group on Optical Observations and
Tracking, consisting of Dr. F. L. Whipple (Chairman) and Dr. Lyman Spitzer with
the following assignments: study and planning of the optical tracking portion of
the satellite program and submission of a report to the Panel at its next meeting.
The Working Group was advised to work closely with NRL.

5.4 The Panel agreed to release a public announcement (probably at or
shortly following the next meeting) relative to the existence and membership of
this Panel.

5.5 The date of the next meeting of this Panel was set for 9:30 a.m., Monday,
November 21, 1955, in Room 716, 1145 19th Street, N.W. Washington 6, D.C.

*hkkhkhkhkhkhkhkhx

[Attachment 1]

[no page number]

COPY

ADMINISTRATIVELY RESTRICTED
FOR OFFICIAL USE ONLY

National Academy of Sciences
2101 Constitution Avenue, N.W.
Washington 25, D.C.

UNITED STATES NATIONAL COMMITTEE
for the
INTERNATIONAL GEOPHYSICAL YEAR 1957-58
October 2, 1955

Dear Dr. .. .:

On behalf of the USNC Executive Committee, | am writing to ask you to serve as a
member of the USNC Technical Panel on the Earth Satellite Program. The enclosed doc-
ument provides some recent information on the U.S. - IGY program, and some reference
to the satellite program appears in the section on rocketry. To this brief description, I
should like to add the following comments;

The Committee’s thinking about an instrumented satellite program began last October
during the international meeting on IGY at Rome. Prior to this meeting, the IUGG and
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URSI had adopted resolutions recommending such an effort. The ICSU Special Committee
for IGY, concerned with international coordination of the IGY, considered these resolutions
and adopted a similar one. It was this which initiated our planning at Rome.

Upon the return of our group to the United States, the USNC carefully considered the
resolution and adopted a favorable position by March 10. In the meantime, a special study
group was established, drawn largely from our panel on rocketry and including certain spe-
cialists, to consider aspects of technical feasibility and the scientific experiments that might
be undertaken. These studies (which, of course, will be made available to the Panel) per-
mitted the Executive Committee to propose a preliminary program and budget document
designed to serve as the basis for securing our Government’s position. As you know, the
President announced the Nation’s backing of the program on July 29, 1955.

The document alluded to above recognized that a satellite program would require the close
collaboration and assistance of the Department of Defense. Accordingly, the satellite program was
formulated in terms analogous to those already established for our “conventional” rocket explo-
ration program, in which the Committee assumed responsibility for the planning and direction
of the scientific program and provided funds, through the National Science Foundation, for the
rockets and instruments while Defense agreed to provide facilities, launching equipment, and var-
ious logistic support. A somewhat similar pattern is envisioned for [2] the satellite program and |
am pleased to report that preliminary work is already proceeding along these lines.

The USNC Technical Panel on the Earth Satellite Program provides, in our opinion, a
challenging opportunity for contributions in a pioneering area: | am sure that | need not
elaborate on this point. The problems confronting the Academy and the Committee are
important ones. The Panel must consider, for example, a variety of scientific and technical
problems, must establish various policies concerning the projected program, evaluation of
suggested research projects, and direction of the effort. The activities of the Panel will require
meetings of the group and may well entail a fair amount of time—how much it is difficult to
say. The Panel will undoubtedly add working groups and consultants, and such moves will,
perhaps, spread the burdens facing us while simultaneously drawing in specialists that the
group may desire on various topics, e.g., orbit problems, vehicle instrumentation observing
station instrumentation, etc. The proposed Panel group is listed on the attached sheet.

I have discussed this subject and your nomination with Dr. Bronk, President of the Academy,
and he joins me in the hope that you can serve on this Panel, whose activities may well be destined
to play a historical role in the research of outer atmosphere. It is urgent that the Panel begin its
operations soon: therefore, may | hear from you promptly by airmail or by collect telegram.

Sincerely yours,

[signature]
Joseph Kaplan
Chairman

Enclosure:
Proposed United States Program for the International Geophysical Year 1957-58
August 1955

*khkkhkhhhkhkhkhx
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Attachment 2
ADMINISTRATIVELY RESTRICTED
FOR OFFICIAL USE ONLY

National Academy of Sciences
2101 Constitution Avenue, N.W.
Washington 25, D.C.

UNITED STATES NATIONAL COMMITTEE
for the
INTERNATIONAL GEOPHYSICAL YEAR 1957-58

First Meeting of the USNC-IGY Technical Panel
on the Earth Satellite Program to be held on
October 20, 1955, at 9:30 a.m. in Room 716
1145 19th Street, N.W. Washington 6, D.C.

AGENDA
1. Terms of Reference: (Tab I).
2. Review of USNC-IGY Satellite Program Background (Tab 2).
3. Review of DOD Developments.
4, Scientific Program:
4.1 Choice and Design of Scientific Experiments (Tab 2.3).
(i) The Instrumentation Problem.
(ii) The Ground Station Observational Problem.
4.2 Handling of Program Proposals (Tab 4).

5. Budget Problems:
5.1 The USNC-IGY Program Budget.
5.2 The USNC-IGY Supplemental Budget.
5.3 The ESP Budget Document of 6 May 1955 (Tab 2.4).
6. Information Problems:
6.1 Security Classifications.
6.2 Scientific Information: The Proposed Symposium (Tab 6.1).
6.3 Public Relations:

(i) Background: The International Context and the NAS Position (Tab
2.1); White House Announcement (Tab 2.5); Vanguard Announcements
(Tab 6.2); DOD Meeting on 12 October 1955.

(ii) USNC Recommendations: The Basic TPESP Public Relations Policy.
The implementation of this Policy.
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(iii) Public Relations vis-a-vis the Panel: Public Announcement. Panel
Member Positions on Inquiries and in Addresses.

7. Next Meeting: November 18, 1955.

*khkkhkhkhkhkhkhkhx

[Attachment 4]

COPY

[handwritten: “Van Allen Outline of Operational Procedures”]

1.

6.

1.

19 October 1955

DEPARTMENT OF PHYSICS
State University of lowa

Scientific Program with Satellite

Technical Aspects Common to Nearly All Experiments

The vehicle: acceleration; flight path; payload volume, weight, and
configuration.

Source of Circuit Power.
Telemetering Transmitter.
Telemetering Receiving Stations (ground based or shipboard)

Tracking

(a) Initial tracking and guidance (Missile point of view).

(b) Rudimentary tracking adequate for many experiments; e.g., solar U.V.,
meteoric impacts.

(c) Intermediate gravity tracking for other experiments; e.g., cosmic ray sur-
veys, geomagnetic field plotting.

(d) High quality tracking; e.g., geodetic and ray measurements.

Aspect Control, if any.

Choice of Scientific Experiments

Scientific Symposium.
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2. Invitation for Proposals.

3. Panel Judgment on Relative Merits of Proposals Submitted and on
Competence of Persons Making Proposals (Written Proposals and Personal
Presentation).

4. Allocation of Funds, if necessary.

5. Assignment of Vehicles.

6. In view of [the] relatively small number of persons engaged in this type of

research and in view of close mutual familiarity, a considerable telescoping of
the above may be possible.

Document I-5

Document title: Working Group on Internal Instrumentation of the 1.G.Y. Technical Panel
on Earth Satellite Program, “Minutes of First Meeting,” March 6, 1956.

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

Once TPESP began operations, it established working groups on the various aspects of its responsi-
bilities. Deciding what scientific instruments and other devices would be carried inside the Vanguard
satellite was the principal responsibility of the Working Group on Internal Instrumentation. At its
first meeting, the group reviewed the various candidate proposals and set forth selection criteria for
choosing among them.

[no page number]

Administratively Restricted
For Official Use Only

lowa City, lowa
6 March 1956

Minutes of First Meeting of
Working Group on Internal Instrumentation of the I.G.Y.
Technical Panel on Earth Satellite Program

Place and Time of Meeting: 9:00 A.M., 2 March 1956, Room 4807
Enrico Fermi Institute for Nuclear Studies of University
of Chicago.
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Present:

Absent:
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L. R. Alldredge, M. Ference, Jr., H. Friedman, W. W. Kellogg, L. Spitzer, Jr., J.
A. Van Allen.

H. Odishaw, R. W. Porter.

1. The present technical, administrative and fiscal status of the Earth Satellite program

was

briefly reviewed.

2. Dr. Van Allen reported on the results of a meeting on the 24th of February with Drs.
Porter, Hagen, Newell and Rosen at N.R.L.:

@

[2] (b)

The agreed objectives of the E.S.P. are, in order of decreasing priority:

(1) Place an object in orbit and prove by observation that it is there.

(2) Obtain a precision optical track for geodetic and high altitude atmospheric
drag purposes and

(3) Perform experiments with internal instrumentation (After achievement of
objective (2) in one or two flights, objective (3) will take precedence over (2)).

It was emphasized by Mr. Rosen that the necessary performance specifications for
each of the three stages are very stringent indeed. Every effort will be made to
deliver the nominal payload of 21.5 Ibs. into a useful orbit. But the achievement
of this objective within the established time scale is by no means certain.
Reduction of third stage inert weight gives an increase of final velocity at the rate
of 80 (ft/sec)/1b.

(c) If necessary to buy improved performance by reduction of payload it was agreed

tentatively that this should be done by working up the following list in approxi-
mately the order 6, 5, 4, 3, 2, 1 as necessary:

(1) Empty third stage bottle (18”"diameter by 50” length) - 0 Ibs. payload

(2) #(1) plus minitrack, mounted in a minimum size and weight capsule - 6 Ibs.
payload

(3) Same as #(2), except mounted in a 20” sphere - 8.5 Ibs. payload

(4) #(1) plus minitrack, telemeter and 2 Ibs. experiment, mounted in a minimum
size and weight capsule - 14 Ibs. payloads

(5A) (Porter) #(4) except mounted in 20"sphere - 18.5 Ibs. payload

(5B) (Van Allen and Newell) Same gross payload and general contents as #(5A)
except mounted in a minimum size and weight capsule to allow a 5.5 Ib
experiment - 18.5 Ibs. payload

(6) Greater total payloads and sizes as feasible

The tentative and controversial nature of this listing was realized. But the discus-
sion served to develop the firm view that the payload must be regarded as a flex-
ible element of the system and that a variety of payloads must be developed to
take advantage of all reasonable degrees of overall vehicle performance.
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[3] (d) It was agreed that the head end of the 3rd stage bottle will be designed with stan-

®

®

()]

dard attachments so that various payloads can be freely interchanged.

Project Vanguard will develop a set of “black-box” specifications for payload cap-
sules for the guidance of groups which are developing instrumentations. Such
specifications will include axial and radial g’s, vibrational frequencies and accel-
erations, temperature limits, surface finish, data on center of gravity, moments of
inertia, dynamic balancing, etc. It is anticipated that the vibration during third
stage burning may provide the most rigorous feature of the specifications. A ten-
tative set of specifications will be provided to the T.P.E.S.P on the 8th of March.
Dr. Hagen stated that they expect to establish a testing laboratory for the assis-
tance of groups who are developing instrumentation.

Dr. Hagen agreed to excerpt pertinent characteristics of the minitrack system
from reports of restricted distribution so that these characteristics can be made
available to instrumentation groups.

The outline of a proposed telemetering system was sketched by Mr. Townsend.
Details will be presented to the T.P.E.S.P. on 8 March. Present planning on
telemetering is still quite preliminary and it appears that several competing pos-
sibilities should be considered.

The principal business of the meeting was the detailed discussion of the merits of the

various proposals for internal instrumentation which have been received to date. It
was agreed that they should be assessed on the following four aspects:

[4]1 (2

(b)

©

C))

Scientific Importance. This aspect was taken to be measured by the extent to
which the proposed observations, if successful, would contribute to the clarifica-
tion and understanding of large bodies of phenomena and/or by the extent to
which the proposed observations would be likely to lead to the discovery of new
phenomena.

Technical Feasibility. This criterion emcompassed [sic] evidence for previous suc-
cessful use of the proposed technique in rockets (or otherwise), apparent adapt-
ability of the instrumentation to the physical conditions, and data transmission
potentialities of presently planned satellites, nature of data to be expected, and
feasibility of interpretation of observations into fundamental data.

Competence. An assessment of competence of persons and agencies making pro-
posals was attempted. The principal foundation for such assessment was previous
record of achievement in work of the general nature proposed.

Importance of a Satellite Vehicle to Proposed Work. The nature of each propos-
al was analyzed with respect to the questions: Is a satellite essential or very strong-
ly desirable as a vehicle for the observing equipment proposed? Or could the
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observations be made nearly as well or better with balloons or conventional rock-
ets as vehicles?

4. Discussion developed the point-of-view that the development of internal instrumen-
tation was lagging far behind other aspects of the Earth Satellite Program. The
Working Group agreed that it was its duty and the duty of the parent Panel to actuate
such developments at the earliest feasible date in order that a comprehensive variety
of internal instruments be proved-in [sic] in rocket flights and otherwise and [5] be
available on a time scale consistent with the intended flight schedule. The most
important aspects of the actuation of any such project are:

(a) An assurance to the persons or agency in question that their apparatus is on the

tentative “flight priority list.” This assurance might be in the form of a “letter of
intent” stating that—subject to successful development of the apparatus, subject
to vehicle capabilities, and further subject to judgment of the Panel as develop-
ments proceed—their apparatus will be installed and flown on one or more of the
1.G.Y. satellites.

(b) Funding of the effort by contract or transfer of funds.

(c) Supplying of technical information necessary for proceeding intelligently (Cf.

para. 2(e), 2(f), 2(g)). This may be done in part by documents and in part by con-
ference of persons concerned.

5. Part A. Proposals Formally Received to Date.

(Summarized by assigned serial number, Title, Principal Investigator, Agency and funds

requested).

ESP-1 “A Proposal for Meteorological Observations from an Earth Satellite,” W. G.
Stroud, Signal Corps Engineering Laboratories, $93,000 for 2 years.

ESP-2 “Proposal for IGY Satellite Experiment to Detect Extreme Ultraviolet Solar
Radiation by Photoelectric Techniques,” H. E. Hinteregger, Air Force Cambridge
Research Center, $5,000 for travel.

ESP-3  “Proposal for Thermal Measurements,” P. R. Gast, Air Force Cambridge Research
Center, $38,400 for 2 years.

ESP-4 “Proposal for the Measurement of Interplanetary Matter from the Earth Satellite,”
Maurice Dubin, Air Force Cambridge Research Center, $90,000 for 2 years.

[6]

ESP-5 “Detection of the Far Infrared Band Emission of the Planet Earth,” Jean I. F. King,

Air Force Cambridge Research Center (and J. Strong, Johns Hopkins University),
$25,000 for 2 yrs.
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ESP-6 “lonospheric Structure as Determined by a Minimal Artificial Satellite,” Warren
W. Berning, Ballistic Research Laboratories, Aberdeen Proving Ground, $15,000
to $50,000 for various alternatives.

ESP-7 “Proposal for Measurement of Meteoric Dust Erosion of the Satellite Skin,” S. F.
Singer, University of Maryland, $47,150 for 2 1/2 yrs.

ESP-8 “Satellite Environmental Measurements,” H. E. La Gow, Naval Research
Laboratory. No funds requested.

ESP-9 “Solar Lyman-Alpha Intensity,” H. Friedman, Naval Research Laboratory. No
funds requested.

ESP-10 “Cosmic Ray Experiment,” L. H. Meredith, Naval Research Laboratory. No funds
requested.

ESP-11 “Proposal for Cosmic Ray Observations in Earth Satellites,” J. A. Van Allen, State
University of lowa, $106,375 for 3 yrs.

Part B. Proposals of Doubtful Status

ESP-12 “A Fundamental Cosmological Experiment for the Artificial Satellite,” William A.
Baum, Mount Wilson and Palomar Observatories. (Author’s intention not clear.)

ESP-13 “Solar Ultraviolet Measurements,” Fred L. Whipple, Smithsonian Astrophysical
Observatory. (Informally submitted only.)

ESP-14 “Release of Balloons for Air Density Near Apogee,” Fred L. Whipple, Smithsonian
Astrophysical Observatory. (Informally submitted only.)

[7]

ESP-15 “Observations of the Earth’s Magnetic Field in Artificial Satellites,” S. F. Singer,
University of Maryland, $61,230 for 2 yrs. (Temporarily withdrawn due to payload
limitations announced in Ann Arbor.)

6. The Working Group tentatively recommends the following “Flight Priority Listing.”
This listing is based on detailed discussion of individual proposals per paragraph 3 of
these minutes. The proposals are arranged in decreasing order of overall priority:

ESP-8* [handwritten: 1/4 in [illegible] with ESP 9]

9 [handwritten: 1 3/4]

11 [handwritten: 2 Ib.]

4 [handwritten: 3 Ib. +]

6 [handwritten: O Ib. or 2 Ib., [illegible handwriting]]
10 [handwritten: 1 Ib.]
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5 [circled; handwritten: out - too horoz.]
1 [handwritten: 1 Ib.]

7 [handwritten: very light, 2 1/2 0z.]

2 [handwritten: not proven [illegible]]
12 [circled; illegible handwriting]

3 [circled; illegible handwriting]

(*Environmental measurements, though not of fundamental scientific interest, are rec-
ommended, for obvious practical reasons, to be done in the first one or two flights.)

It further recommends that at least a selected group of these programs be actuated at the
earliest possible time.

7. The Working Group notes the absence of proposals in the following important fields:
(a) Magnetic field in the vicinity of the earth.

(b) Radio noise measurements at frequencies below the ionospheric cut off.

(c) Atmospheric density by internal methods (e.g., by such methods as described by
Dr. Spitzer and by Mr. Jones at the Ann Arbor symposium).

[8] (d) Worldwide ionospheric transmission measurements (e.g., as described by
Drs. Hartman and Haviland at the Ann Arbor symposium).

8. The Working Group recommends that sympathetic consideration be given to pro-
posals which will serve to develop a reservoir of broad scientific interest and compe-
tence in a continuing program of national scientific satellite flights even though such
work may not yield practical apparatus for the short range 1.G.Y. program.

9. The Working Group proposes to give further consideration to the establishment of a
world-wide set of telemetering receiving stations for the continuous or nearly contin-
uous reception of observed data.

10. The Working Group proposes to consider concerted action on development of solar
batteries, telemetering systems of more general applicability, data storage and read
out devices, etc.

Respectfully submitted,
[signature]

J. A. Van Allen,
Chairman
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Document 1-6

Document title: Ernst Stuhlinger, Army Ballistic Missile Agency, to Dr. James A. Van Allen,
State University of lowa, November 23, 1956.

Source: Special Collections, University of lowa Library, lowa City, lowa.
Document I-7

Document title: James A. Van Allen to Ernst Stuhlinger, February 13, 1957.

Source: Special Collections, University of lowa Library, lowa City, lowa.

Ernst Stuhlinger was one of Wernher von Braun'’s closest associates and served as a link between the
von Braun team and the scientific community. Even after the Army’s proposal to launch the first U.S.
scientific satellite was rejected in mid-1955, Stuhlinger kept in touch with scientists such as Van Allen
who might be interested in putting their experiments aboard an Army-launched satellite, should the
Army receive authorization to attempt a satellite launch (as it did in November 1957). Van Allen,
perhaps at the time the most influential of the scientists hoping to get space-based data, was indeed
interested in that possibility, and forwarded a copy of his reply to William Pickering, head of the
Army’s Jet Propulsion Laboratory, who presumably would be responsible for satellite design for an
Army launch. Interestingly, none of the possible experiments Van Allen listed in his letter flew aboard
the first U.S. satellite, Explorer 1, which was launched by von Braun’s Jupiter C and designed by JPL.
That first experiment was a geiger counter originally intended to fly on the second Vanguard scientif-
ic satellite. However, the existing link between Van Allen and the von Braun team facilitated their col-
laboration, once the authorization to attempt a satellite launch was granted.

Document 1-6

[no pagination]
U. S. ARMY ORDNANCE CORPS
ARMY BALLISTIC MISSILE AGENCY
HUNTSVILLE, ALABAMA

IN REPLY
REFER TO
ORDAB-DV
23 November 1956

Dr. Van Allen
Department of Physics
lowa State University [sic]
lowa City, lowa
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Dear Jim:

I wish to thank you again very sincerely for the most pleasant and stimulating day in
your Physics Department and with your family. In particular, | was very happy to realize
that our thoughts regarding satellites were so much alike. Wernher von Braun was no less
intrigued when | told him of our discussions. We would be very glad to have you here on
a visit to show you what we have and can do. We even think that we could send one of our
own planes to lowa City to pick you up and take you home again later.

We are now looking forward to receiving some of the design drawings of your instru-
ments. | am enclosing some papers which we mentioned in our talks for your retention.

Please give my sincerest regards to Mrs. Van Allen.

Yours very sincerely,

[signature]

ERNST STUHLINGER
Director,

Research Projects Office
Development Opns Division

Incls:

Document I-7

[no page number]
STATE UNIVERSITY OF IOWA
IOWA CITY
DEPARTMENT OF PHYSICS

13 February 1957

Dr. Ernest [handwritten line drawn through second “e” in correction] Stuhlinger
Army Ballistic Missile Agency
Huntsville, Alabama

Dear Ernest [handwritten line through second “e”]:

1. We are delighted to know that there is a possibility of flying some scientific appara-
tus on one or more of your orbiters.

It is my understanding that a total payload of 15 pounds is now regarded as feasible.
In considering what types of scientific apparatus may be appropriate, | have taken two
pounds as a reasonable weight. And, of course, | have depended rather heavily on the con-
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siderations in which our I.G.Y. Working Group on Internal Instrumentation has been
engaged for over a year.

I have assumed no data storage of the type which requires command read-out and
have also assumed that the 1.G.Y. 108 mc/sec telemetering stations will be available, or that
substantial Microlock array will be available.

2. The following are of very great interest and appear feasible:

(a) Comic Ray Observations (See attached more detailed description and
“Scientific Uses of Earth Satellites” Chapter 20).

(b) Time Fluctuations of Solar Ultraviolet and X-Radiation (S.U.E.S. Chapters 16
and 19).

(c) Meteoric Erosion and Penetration (S.U.E.S. Chapters 8, 32, 33).

(d) Air Density (20” expandable sphere of very light weight 0.7 pound total instal-
lation weight and optical tracking).

(e) Radiative Energy Balance of the Earth.

(f) Cloud Cover and Weather Patrol.

(9) lonospheric Measurements Using Two On-Board Transmitters of Different
Frequency (S.U.E.S. Chapter 30).

[2] 3. In addition there may be mentioned the ionospheric measurements which can
come from the comparison of optical and radio tracking data. The apparent radio
position of the satellite transmitter is influenced by ionospheric refraction in a quite
different way and to a much larger extent than is the optical position. Also the (much
smaller) optical refraction is almost perfectly calibrated-out by photography against
the star background. These ionospheric measurements require no on-board instru-
mentation other than the beacon transmitter itself. But they do require radio track-
ing of the highest feasible accuracy and establishment of a precise orbit over a long
period or nearly simultaneous optical observations if the elements of the orbit are
rapidly changing.

The air density can be determined simply from ground based tracking data, without
on-board apparatus, as can also all of the geodetic data of interest. The air drag object of
paragraph 2(d) above is a device of good optical visibility and of greater drag sensitivity,
though the latter property will be desirable only if the altitude of perigee is substantially
above 200 miles.

4. Needless to say, our group here at the State University of lowa is very eager to par-
ticipate in your program. We now have all the appropriate elements of a suitable cosmic
ray apparatus well developed, as well as the foundations for interpretation of the observed
data. We can make several sets of flight gear (See enclosure) [omitted] within about a
month after receipt of definite packaging details. The only other significant factors which
are not presently known to us are the impedance, voltage and pulse width of our signal
for modulating the transmitter.

We shall await further information with great interest.
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Sincerely yours,

[signature]

J. A. Van Allen

Head, Department of Physics

Enclosure: Cosmic Ray Apparatus for Satellite Observations

[handwritten: “Copy sent to W.H. Pickering on 4/16/57"]

Document 1-8

Document title: Percival Brundage, Director, Bureau of the Budget, Memorandum for the
President, “Project VANGUARD,” April 30, 1957.

Source: Dwight D. Eisenhower Presidential Library, Abilene, Kansas.

As the Vanguard program continued, so did its cost growth. President Eisenhower and the National
Security Council reviewed the program’s cost growth in May 1956, and decided to let the program con-
tinue. Even the Central Intelligence Agency, presumably because of Vanguard’s importance in estab-
lishing the right of satellite overflight, contributed emergency funding to keep the program going. The
question of canceling Vanguard arose again in April 1957, as the Department of Defense and the
National Science Foundation resisted providing the additional funds needed to keep up with cost
growth. Once again, the Eisenhower administration decided to continue the program. The General
Cutler mentioned in this memorandum was Lloyd Cutler, Special Assistant to the President.

[stamped: UNCLASSIFIED]
[no page number]

EXECUTIVE OFFICE OF THE PRESIDENT
BUREAU OF THE BUDGET
WASHINGTON 25, D.C.

MEMORANDUM FOR THE PRESIDENT
[stamped: APR 30 1957]
Subject: Project VANGUARD

The Department of Defense advises that developmental difficulties requiring addi-
tional time and effort have resulted in further upward revision of the estimated total cost
of Project VANGUARD and that it will not be possible to complete the presently autho-
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Sincerely yours,

[signature]

J. A. Van Allen

Head, Department of Physics

Enclosure: Cosmic Ray Apparatus for Satellite Observations

[handwritten: “Copy sent to W.H. Pickering on 4/16/57"]

Document 1-8

Document title: Percival Brundage, Director, Bureau of the Budget, Memorandum for the
President, “Project VANGUARD,” April 30, 1957.

Source: Dwight D. Eisenhower Presidential Library, Abilene, Kansas.

As the Vanguard program continued, so did its cost growth. President Eisenhower and the National
Security Council reviewed the program’s cost growth in May 1956, and decided to let the program con-
tinue. Even the Central Intelligence Agency, presumably because of Vanguard’s importance in estab-
lishing the right of satellite overflight, contributed emergency funding to keep the program going. The
question of canceling Vanguard arose again in April 1957, as the Department of Defense and the
National Science Foundation resisted providing the additional funds needed to keep up with cost
growth. Once again, the Eisenhower administration decided to continue the program. The General
Cutler mentioned in this memorandum was Lloyd Cutler, Special Assistant to the President.

[stamped: UNCLASSIFIED]
[no page number]

EXECUTIVE OFFICE OF THE PRESIDENT
BUREAU OF THE BUDGET
WASHINGTON 25, D.C.

MEMORANDUM FOR THE PRESIDENT
[stamped: APR 30 1957]
Subject: Project VANGUARD

The Department of Defense advises that developmental difficulties requiring addi-
tional time and effort have resulted in further upward revision of the estimated total cost
of Project VANGUARD and that it will not be possible to complete the presently autho-
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rized six vehicle project within the January estimate of $83.6 million for the total cost.
Arrangements have been made to fund approximately $70 million to date. Of this
amount, some $50 million is being provided by the Department of Defense for the launch-
ing vehicles and related activities of which $25 million was advanced from the fiscal year
1957 Department of Defense emergency fund and has not been replaced. A fiscal year
1956 appropriation for the National Science Foundation has provided funds for the satel-
lites themselves and the scientific instrumentation and ground observations.

We have been advised that it is currently estimated that if no further major develop-
mental problems are encountered, the project may be completed within a total of $110 mil-
lion. With respect to the probability of success of the project within this level of funding,
the Department of Defense has reviewed and reconfirmed its statement to the National
Security Council at the meeting of January 24, 1957, that in the technical judgment of
Defense scientists and their consultants at least one successful satellite should result from
six launchings of the presently planned Project VANGUARD launching vehicle. Since
arrangements have been made to fund approximately $70 million, an additional amount
of $40 million would be required to complete the project on present assumptions.

While no further major technical difficulties are now anticipated, it must be recog-
nized that flight tests have not yet been completed. We have been advised that in the event
unforeseeable developments should make it necessary to incorporate fundamental
changes in the present approach or to employ an alternative approach, substantial addi-
tional funds beyond the $110 million estimate might be required.

When continuation of the policy established under NSC 5520 was considered at the
NBC meeting of May 8, 1956, it was decided that this policy should be continued “with the
understanding that the program developed thereunder will not be allowed to interfere
with the ICBM and IRBM programs but will be given sufficient priority by the Department
of Defense in relation to other weapon systems to achieve the objectives of NSC 5520.”

The use of Department of Defense emergency funds in late fiscal year 1956 as well
as during fiscal year 1957 was necessary because costs of [2] development and procure-
ment of the launching vehicles increased much higher than the original estimate. The
Central Intelligence Agency had made $2.5 million available to the Department of
Defense, and the National Science Foundation was able to transfer $5.8 million when
the decision was made to plan for no more than six launchings. It is the position of the
Department that use of its funds was not based on any understanding by the
Department that it had a continuing responsibility for funding this project but rather
that the Department has used its funds thus far because no other clear-cut assignment
of responsibility for funding the launching vehicles has been made and because it was
assured that funds advanced to this project would be replaced, at least insofar as
advances were made from fiscal year 1957 funds.

The Secretary of Defense has now concluded that it is not advisable for the
Department to provide further support of the project in fiscal year 1957 or future years
from the emergency fund. In addition to the fact that the Department does not consider
that it has a continuing responsibility for funding the project, the Secretary’s position is
understood to result from the fact that the Department has not been reimbursed for fis-
cal year 1957 emergency funds already provided as well as from congressional criticism of
the use of emergency funds for this purpose. In this connection it is noted that in view of
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established fiscal policies limiting supplemental appropriations to the most urgent cases,
the Bureau of the Budget recently disapproved a request of the Department of Defense to
reimburse the emergency fund.

The Bureau of the Budget has reviewed this problem with staff of the Department of
Defense and the National Science Foundation. From the evidence at hand, the Bureau of
the Budget believes that the project cannot go forward without additional funding. Taking
into consideration the fact that this project has all the elements of a guided missile devel-
opment program together with additional problems of a novel and difficult character, it
is not surprising that substantial cost increases have occurred. However, inasmuch as the
Department is now well into the project and states that it has already resolved a number
of the technical problems, the present estimate of $110 million may be more reliable than
previous estimates.

On the other hand, in the light of past experience with this project and in the absence
of flight test results confirming the soundness of the present approach, | believe that it
should be recognized that the final cost of the project may be as high as $150 to $200 mil-
lion. In weighing the benefits deemed to be derived from the project and its priority in
comparison with all the other current projects, it was initially approved in the expectation
that the cost would be between $15 and $20 million. | question very much whether it would
have been authorized, at least on a crash basis, if the actual cost had been know at that time.
[3] Itis hoped that in the future more careful estimates will be made as to the total cost or
range in possible costs before such projects are initially approved. Furthermore, this seems
to offer an opportunity to give up a desirable project for something else which is consid-
ered to be of higher priority in relation to cost and benefits to be derived. We are present-
ly developing nine inter-continental and intermediate missiles with a range of over 1,000
miles, some of which involve comparable techniques and which will require difficult prior-
ity decisions as to programming and funding. Some eliminations will have to be made.

The Department of Defense has indicated interest in this program to about the same
degree it has shown on some other basic research projects, but has stated that its interest
is not sufficient to justify the project’s continuance with Department of Defense financing.
Therefore the Department believes that the program must be justified on the basis of the
several national objectives stated in NSC 5520 rather than on the Department’s interest.

The Department of Defense believes that to prosecute the balance of the program
successfully, adequate financing should be arranged by supplemental requests submitted
for appropriation to the National Science Foundation, which the Department considers
to be the sponsor of the program. The Department would assist in justifying the supple-
mental requests of the National Science Foundation by assuming the burden of justifica-
tion as to the technical difficulties encountered and the cost elements involved.

It should be noted that one of the important considerations has been and is the com-
pletion of the project during the period of the International Geophysical Year. If you
desire the project to be continued in accordance with the existing policy under NSC 5520,
it is suggested that the following actions could resolve the current financing problem:

1. The Department of Defense should be directed to provide immediately $5.8 mil-
lion from the emergency fund to continue the project from May 1 through
approximately August 1. The Department feels it must clear this use of the emer-
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gency fund with the Appropriations Committees who have questioned the pro-
priety of its use for this purpose. It should be recognized that the Department
would prefer that these funds be replaced.

2. A fiscal year 1958 budget amendment should be submitted requesting an addi-
tional $34.2 million for appropriation to the National Science Foundation to
cover costs to completion of the project, assuming that current cost estimates are
valid, that no further major difficulties are encountered in the course of com-
pleting the development, and that the [4] Department of Defense would contin-
ue to provide general support for which no special funding has been considered
necessary. Upon availability to the National Science Foundation these funds
would be transferred to the Department of the Navy to complete the program.

The National Science Foundation believes that in view of the national interests
involved the program cannot be permitted to fail at this stage. If it were the only possible
alternative to cancellation of the project, the National Science Foundation would consid-
er it necessary in the total national interest to request a supplemental appropriation to
cover the costs required to complete the responsibilities undertaken by the Department
of Defense under NSC 5520. However, the National Science Foundation recommends that
the Department of Defense provide the necessary funds to complete the project for the
following reasons: (1) the Department of Defense is responsible under the present terms
of NSC 5520 for the portion of the program requiring additional funds; (2) the
Department of Defense is best qualified to justify to the Congress the reasons for present
cost increases.

Apparently, both the Department of Defense and the National Science Foundation
are very reluctant to continue to finance this project to completion. But each is quite pre-
pared to have the other do so.

General Cutler believes the following considerations are particularly relevant to a
decision in this matter:

“1. The substantive scientific information concerning upper atmospheres which
might be acquired by the launching of a successful satellite. Included in this infor-
mation would be data as to the content of the upper atmosphere (such as invisible
heavenly bodies) through which the very costly intercontinental ballistic missiles, if
perfected, must pass.

“2. The world reaction to an abandonment by the U.S. in mid-stage of the satellite
program. A conclusion that the richest nation in the world could not afford to com-
plete this scientific undertaking would be unfortunate. Even more unfortunate would
be an inevitable inference that American scientists were not up to bringing the pro-
ject to a successful conclusion.

“3. The reaction of the scientific community to the abandonment by the U.S. in mid-
stage of the satellite program. A time when the Free World is coming more and more
to depend on advanced technology and scientific accomplishment is not a time to
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alienate the scientific community at home and lead it to believe that the Government
has lost faith in scientific accomplishment.

From what | hear and read, the scientific community and those in highly technical
industry who work with them are already sensitive in this regard.

“4, A final decision on the satellite program should be made by the President on an
integrated presentation of the views of all concerned in this matter. The integrated
process of presentation, such as is illustrated in the National Security Council, is a pri-
mary achievement of this Administration. Where so much, beyond financial consid-
erations alone, is at stake, the President should have the benefit of an integrated
presentation and discussion. This point of view is important, irrespective of what the
President’s decision might ultimately be.”

It should be noted that the Air Force has already started its own project for a much

larger reconnaissance satellite vehicle and is spending approximately $10 million in fiscal
year 1957 and is currently planning additional funding of at least $10 million for fiscal
year 1958. Therefore, whether or not the International Geophysical Year satellite project
is completed, research in this area will not be dropped.

[signature: Percival Brundage]
Director
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Document 1-9

Document title: Memorandum for the President, “Earth Satellite,” unsigned but written
by Deputy Secretary of Defense Donald Quarles, October 7, 1957.

Source: Dwight D. Eisenhower Presidential Library, Abilene, Kansas.

President Eisenhower called a meeting with his top advisers on the morning of October 8, 1957, to dis-
cuss the implications of the Soviet launch of Sputnik I and how the United States should respond to it.
This memorandum was given to the President at the start of the meeting and formed the background for
the discussion. Since 1955, Donald Quarles had been the highest-level Department of Defense official
most closely following the attempt to develop a U.S. scientific satellite. He had been the primary architect
of the strategy to use that satellite to establish the right of free satellite overflight over all areas of the globe,
a necessary precondition for the development of U.S. reconnaissance satellites. This link between space
science and national security objectives was one of the major realities of the early U.S. space program.

[“TOP SECRET” stamped on each page but crossed out and stamped
“UNCLASSIFIED"]
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THE SECRETARY OF DEFENSE
WASHINGTON

7 October 1957
MEMORANDUM FOR THE PRESIDENT
SUBIJECT: Earth Satellite

The first serious discussion of an earth satellite as a scientific experiment to be incorpo-
rated in the program for the International Geophysical Year took place at a meeting of the
International Council of Scientific Unions in Rome, Italy, in October 1954. At this meeting
which Russian scientists attended, a resolution was adopted recommending—"In view of the
advanced state of present rocket techniques, . . . .. that thought be given to the launching of
small satellite vehicles . . . . . ” We assumed at that time that the Russian scientists were inno-
cently concurring in this resolution. It now seems likely that it was part of a deliberate plan.

We in Defense were concerned at that time about international reactions to a recon-
naissance satellite that the Air Force was giving serious study to. It was felt that scientific
satellites which would be clearly non-military and clearly inoffensive might help to estab-
lish the principle that outer space is international space. Thus, reconnaissance satellites
travelling in it could not be objected to by the countries over-flown because the space is
free and the satellite itself is inoffensive in character.

Pursuing this line of thought with our own scientists led to the adoption by the U.S.
National Committee for the International Geophysical Year of a resolution recommending
that the U.S. institute a scientific satellite program. This matter was considered at the high-
est government level with the conclusion that such a program should be pursued as part of
IGY. Within the Government, responsibility for scientific aspects was assigned to the
National Science Foundation. Defense participation would be to supply the rocketry need-
ed to place such a satellite in orbit. Since such rocketry would follow the same general lines
as our long-range ballistic missile developments, it was part of the stated policy at that time
that the scientific satellite should not interfere with the top priority ballistic missile pro-
gram. In line with the recommendations of the Special Scientific Advisory Committee that
studied the matter at that time, the Navy’s proposals were accepted, and the scientific satel-
lite project was assigned to the Naval Research Laboratory as Project VANGUARD.

In order to meet the requirement that it be non-interfering with top priority ballistic
projects, and for other technical reasons, the Navy pursued an independent course of
rocketry involving improvements in earlier Navy high-powered rockets, as well as the
development of new equipment.

The National Science Foundation worked with the U.S. Committee of IGY to formu-
late plans for the satellite as such and its instrumentation, as well as for the preparation
and deployment of the ground observer equipment required for the program. To guide
public relations in this area, a special sub-committee of OCB was established with repre-
sentation from the White House, State, Defense, CIA, USIA, National Science Foundation
and the National Academy of Sciences. On July 29, 1955, the White House announced
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that plans “are going forward for the launching of small, unmanned earth-circling satel-
lites as part of the U.S. participation in the International Geophysical year.” The military
participation in rocketry was de-emphasized as being incidental to the scientific program.
All subsequent public releases have followed this same line.

The VANGUARD program was last presented to the NSC on May 10, 1957. The
program outlined at the time contemplated the launching of certain test vehicles during
the rest of this year and the launching of the first fully instrumented satellite vehicle about
the end of March 1958. It was planned that certain of the earlier launchings would carry
a smaller satellite sphere which would be placed in orbit and tracked as a check on the
rocketry, instrumentation and ground stations. The earliest of these experimental part-
size satellites is now scheduled to be launched about December 1, 1957. A current review
of the Navy’s programs indicates that from where we are today there would be little to be
gained by attempting to accelerate or substantially modify the VANGUARD program in an
attempt to launch a satellite at an earlier date than now planned. At best, the changes that
could be made would produce either marginal accelerations of schedules or high risk pro-
grams that would have a fair chance of failure. Somewhat similar remarks apply to the pos-
sibility of paralleling the Navy program with an Army program based on the REDSTONE
missile. Since, in any event, the U.S. satellite would be second rather than first, it appears
sound to adhere to our program as presently planned.

The satellite which the Soviets launched on October 4th was generally in line with the
planning of the International Scientific Committee, but deviated in certain respects, the
most important of which was the change in the radio signal frequency which had been
agreed upon internationally as 108 megacycles and which the Soviets abandoned for rea-
sons of convenience and, no doubt, speed, substituting signals at much lower frequencies
(around 20 and 40 megacycles) where their techniques were more readily available.

There is considerable intelligence to indicate that the Russian satellite work has been
closely integrated with and has drawn heavily on their ballistic missile developments,
including the range facilities. In fact, it seems quite likely that the ICBM test which they
announced on August 27th and follow-on experimental work since that time was either
related to or even an integral part of their satellite program. Their scientists who came to
Washington to participate in the IGY conferences on the satellite programs must have
known when they left Moscow that the first Soviet launchings were scheduled for approx-
imately October 4th. In retrospect one sees that their whole behavior has been carefully
planned to fit either with a successful launching or with a failure, depending on informa-
tion that they would later receive from Moscow. The fact that what they claim was their
first attempt was successful, and that it was timed perfectly in relation to the IGY confer-
ences in Washington supports the thesis that this was all a very carefully laid plan to make
maximum cold war capital out of their satellite program.

The satellite they have actually launched is said to carry only radio signaling instrumen-
tation and, of course, this is all we have observed. They describe the satellite as being a 22
inch diameter sphere, about the same as our own, but claim that it has a weight of about 185
pounds as compared with our 21 pounds. This leaves some uncertainty as to whether what
they are calling their satellite is not a combination of the 22 inch sphere and the last stage of
rocketry required to give this sphere its orbital velocity. In our planning, we will separate the
sphere from the last stage rocket. Another difference between the two plans is that the
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Russian satellite has been placed in an orbit averaging about 370 miles above the surface of
the earth, whereas the U.S. VANGUARD plan involves orbit in the range of 300 miles above
the surface. Still another interesting point is that the Soviets launched their satellite on an
orbit inclined about 65° to the equator (which is probably consistent with their ballistic mis-
sile range in Siberia); whereas our plans are to launch VANGUARD in an orbit only about
25° from the equator (which is consistent with our Long-Range Proving Ground layout south-
east from Cape Canaveral, Florida). The orbit of the Russian satellite derives less advantage
from the rotational velocity of the earth and is, therefore, a more difficult orbit requiring
more powerful rocketry, other things being equal. If the 185 pounds is in fact the weight of
the sphere, placing it in the Soviet satellite orbit 370 miles above the surface would require
substantially more powerful rocketry than that planned for VANGUARD. This again is con-
sistent with the thesis that the Soviets have used their ballistic missile rocketry which we know
to be powerful enough to launch a satellite of the general character now being observed.

As we see it, two main cold war points are involved: (1) the impact on public imagina-
tion of the first successful invasion and conquest of outer space, and (2) the inferences, if
any, that can be drawn about the status of their development of military rocketry. As to the
former, we are face to face with the basic unfavorable fact that the Russians have been first.
We can take the position, however, that our satellite program has been coordinated
throughout with the International Scientific Community and that it has been programmed
as a part of the International Geophysical Year (July 1, 1957 through December 31, 1958).
It can be pointed out, that as to instrumentation and as to availability of ground observa-
tion points and other appropriate scientific arrangements, our launching schedule follows
a carefully prepared plan. The question of the first country to launch is minor compared
with the question of the success of the program in achieving scientific objectives. Moreover,
the Russians agree that their first satellite falls short of scientific objectives and for this rea-
son they propose to launch additional ones from time to time. Consistent with our inter-
national planning, we propose to continue with our plans and on our schedule.

As to the military implications of the Soviet satellite, the facts as indicated above appear to
be that the satellite success does indicate competence in long-range ballistic missiles and does
tend to corroborate their ICBM claim of August 27. Parenthetically, one might observe that the
Russians, if they were sure that we would not start a war, could properly conclude that their
speed in developing ICBM was not so important as to require non-interference from their satel-
lite program. In other words, both their objectives would be cold war objectives, and they would
therefore logically follow the program that would yield the maximum cold war results. In our
own case, this logic would not apply, and our decision to make the VANGUARD program non-
interfering with the high-priority ballistic missiles was certainly reasonable at the time, even
though it may appear questionable in retrospect. On this second point, our public position
might well be that our own VANGUARD program was divorced from military rocketry as much
as possible, and the fact that our schedules have not, produced a satellite at as early a date as
the Russians have succeeded in doing is without military significance. The rocketry we are using
is completely separate from ICBM and IRBM rocketry. Other technical requirements than the
mere production of high-powered rockets have controlled our schedules.

A proposed public announcement stressing these two key points is attached. [omitted]

Attachment



78 SPACE SCIENCE: ORIGINS, EVOLUTION, AND ORGANIZATION

Document I-10

Document title: Technical Panel for the Earth Satellite Program, United States National
Committee for the International Geophysical Year 1957-1958, “Minutes of the
Fourteenth Meeting,” November 6, 1957.

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

Meeting one month after the launch of Sputnik 1, TPESP considered what to recommend if, as was
possible (and indeed happened two days later), the Department of Defense authorized the use of two
Jupiter-C rockets as backups to Vanguard for launching a U.S. scientific satellite. The Panel decided
that if a launch opportunity on a Jupiter-C became available, it would withdraw the experiment pre-
pared by James Van Allen from the Vanguard program and assign it to Jupiter-C. The Panel was
aware that Van Allen had kept in touch with Wernher von Braun and his associates about the pos-
sibility of launching a Geiger counter on the Army rocket even after it had been eliminated in 1955
from the competition to launch the first U.S. scientific satellite (see Documents 1-6 and 1-7).

[no page number]

FOR OFFICIAL USE ONLY

National Academy of Sciences
2101 Constitution Avenue, N.W.
Washington 25, D.C.

UNITED STATES NATIONAL COMMITTEE
for the
INTERNATIONAL GEOPHYSICAL YEAR 1957-58

MINUTES
of the
Fourteenth Meeting
Technical Panel for the Earth Satellite Program
November 6, 1957
Associations Building, 1145 19th Street, N.W.
Washington 6, D.C.

Call to Order

The fourteenth meeting of the USNC-IGY Technical Panel for the Earth Satellite
Program convened at 9:30 a.m., November 6, 1957, with Chairman R.W. Porter presiding.
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Members Present: R.W. Porter (Chairman); J.G. Reid, Jr. (Secretary); Michael
Ference, Jr.; J.A. Hynek (for F.L. Whipple); W.W. Kellogg (for
J.A. Van Allen); H.E. Newell, Jr; Hugh Odishaw; W.H.

Pickering.

Members Absent: G.M. Clemence; J. Kaplan; A.F. Spilhaus; J.A. Van Allen;
F.L. Whipple.

USNC Secretariat: L.N. Cormier.

Invited Participants: W. Berning (BRL); J.E. Froehlich (JPL); A.M. Gerlach
(AFCRC); G. Grimminger (USAF); T.J. Killian (ONR);
P.H. Kratz (NSF); W.J. O’Sullivan, Jr. (NACA); E. Rechtin (JPL);
R.W. Stroup (NRL); J.W. Townsend, Jr. (NRL); H.A. Zahl
(USASEL); H.K. Ziegler (USASEL).

*** Denotes formal action taken by the TPESP.

[2] Chairman Porter announced that this meeting had been called for the consideration
of a number of urgent items. He suggested that the following agenda be followed and
there was assent by all present:

Review of the USSR satellite data.
Backup Vehicle Program.

Internal Instrumentation Program.
Tracking Program.

Panel Organization.

Long-Range Program.

SN

1. Review of the USSR Satellite Data. A comprehensive discussion was held on
Russian satellites 1957-alpha 1, 1957-alpha 2, and 1957-beta. Many of the technical
details in connection with these satellites were based on conjecture; there was no
Panel action taken on this. At the end of this discussion, Porter emphasized the
importance of channeling all data obtained on Russian satellites to the NRL Control
Center.

2. Backup Vehicle Program. Porter announced that information discussed on this sub-
ject is for official use only and should not be given dissemination until the Department of
Defense gives permission. He then informed the Panel that DOD had been considering
the addition to the satellite program of two backup rounds of the Jupiter-C type. He
announced that approval of these plans had gone through the lower echelons of author-
ity, and that the plans were then at the highest level for approval.

Configuration of the payload carried by the Jupiter-C would be cylindrical rather
than spherical, with a total weight amounting to 18 or 20 pounds and a diameter of six
inches. The spin rate of this vehicle would be about two to three times as great as that of
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the Vanguard, and the acceleration would be about twice as great. The instrumentation
section would not be separated from the last stage of the launching vehicle.

Porter announced that JPL will be doing most of the work on the configuration for
the Jupiter-C launchings, and that JPL’s position in the Jupiter--C series is analogous with
that of NRL in the Vanguard series. He also stated that he had discussed the instrumen-
tation with Kellogg quite thoroughly. No action had been taken by the Working Group on
Internal Instrumentation, but members available for comment appeared to have no obvi-
ous dissent to this program. The following is a cursory review of the status of the various
experimental packages in relation to their possible adaptation to the Jupiter--C series:

Package I - Is in advanced stages of development, design, and testing. Could not
be easily modified to the Jupiter-C configuration; although this could
be done, possible wasted effort might indicate that some other exper-
iment would be a better choice.

[3] Package Il - Is in advanced stages of development, but has not had the time and
effort for NRL testing invested in it that Package | has had. It is con-
sistent with the required configuration weight-wise. This experiment
would be left attached to the final stage of the rocket vehicle; the
resultant possibility of increased visibility would be an advantage.
Presence of the last stage should not affect the cosmic ray instru-
mentation.

Package Ill -  The magnetometer in this experiment might be adversely affected by
the steel contained in the last stage of the Jupiter-C.

Package IV-a- This experiment might also be affected by the presence of the last
stage, and a greater correction factor might have to be taken into
account.

Package IV-b - This experiment has had considerable design work in the Jupiter-C
configuration and would probably be a better candidate for this
series than IV-a. However, it contains no environmental instrument
while Package Il does.

*** |n view of the above considerations it appeared more practical for Package Il to be
withdrawn from Vanguard and placed in the Jupiter-C series rather than any of the other
experimental packages. It was also pointed out that Van Allen and others working with this
experiment had given consideration and had perhaps applied actual design work to the
adaptation of the experiment to the Jupiter-C configuration. Further, it appeared that
there was general agreement on this by JPL and Army people as well as by those working
on the experiment. Final decision would be contingent upon the definite availability of
Jupiter-C vehicles to the satellite program, and upon Van Allen’s approval of the plan.
Porter stated that in connection with the backup launching there was a question of
whether a backup for the cosmic ray experiment should be prepared. This is based upon
(a) the possibility that for any reason the cosmic ray experiment may not be ready in
time; or (b) the more realistic possibility that Package Il would have a successful ride on
the first attempt and another experiment would be able to ride in the second firing.
While it is possible that DOD would not let a second firing be made if the first were suc-
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cessful, it would be well to be prepared in case this could be done. Porter expressed the
thought that NRL might be asked to work up a package of environmental equipment
suitable for this purpose to be interchangeable with the cosmic ray package, or that pro-
vision might be made for a backup which is a different kind in that it would provide a
highly visible experiment of some sort and would be useful in getting air density at very
high altitudes.

[4] Porter stated that the one high visibility experiment that had been found to have
any real feasibility or any practical scientific utility appeared to be the large inflatable
balloons that have been developed by NACA. It also appeared that a 12-foot sphere
would be preferable to the 12-foot corner reflector, since the reflector is too small to be
a good radar reflector at the frequencies of interest to ionospheric investigations. The
sphere would have greater visibility and would be more susceptible to interpretation of
air drag and radio reflection data. The very high drag sensitivity of the large inflatable
sphere is at once its principal disadvantage and advantage. In order to have a lifetime
long enough to be at all usable, the large inflatable sphere must be in an orbit with a
perigee well above 300 miles. On the other hand, this technique appeared to be the only
practical way of getting air drag data at such altitudes. It appeared that a 300-mile or bet-
ter perigee can be obtained by using an apogee impulse technique. Although untried,
there appeared to be no reason why such a technique should not work. Froehlich
explained that neither of the two Jupiter-C vehicles under discussion is appropriate for
modification for the apogee impulse technique. He also stated that if another Jupiter-C
were made available, the technique could be incorporated by, but not before, June
1958. Porter noted that a Vanguard vehicle might also be adapted to use the apogee
impulse technique.

*** The Panel agreed that a large inflatable sphere orbiting at a high altitude would con-
stitute a valuable scientific experiment which should be conducted eventually. Although
immediately available vehicles are not suitable, the Panel desired to urge NACA to contin-
ue the development and testing of a 12-foot inflatable sphere with the hope that a suitable
vehicle would become available, possibly as soon as June 1958.

*** Kellogg moved, and it was unanimously agreed, that the Secretary write letters insur-
ing that a) NACA would be encouraged to continue work on inflatable spheres, and b)
that DOD be urged to develop a suitable vehicle.

Pickering announced at this point that he would like to explain in some detail the
things to be included in the first two Jupiter-C vehicles. He also indicated concurrence
with Porter’s announcement of JPL’s position with Jupiter-C, and pointed out that JPL
would have complete responsibility for the high speed stages and for the instrumentation
payloads as far as the Army is concerned.

Pickering explained that there would not be sufficient time to adapt the SUI cosmic
ray experiment to the Jupiter-C configuration if the command receiver and tape recorder
storage readout system are to be included. However, unless the storage feature is includ-
ed in at least one flight, SUI would probably be unwilling to transfer its experiment from
the Vanguard series. Therefore JPL proposes to prepare two types of instrumentation, the
first of which for the sake of simplicity and reliability would use continuous telemetry only;
and the second of which would more closely resemble the original experiment and
employ both continuous and command readout telemetry.
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Both types of instrumentation would measure the cosmic ray count, four tempera-
tures, and the effects on two erosion gauges. For added reliability each type would employ
two independent transmitters. The first transmitter would operate at a power of about 100
milliwatts for about two or three weeks; scientific data from the Geiger counter and from
one erosion and two [5] temperature gauges would be contained in the frequency varia-
tion of an amplitude modulated 108.03 mc carrier. The second transmitter would operate
at a power of about 10 milliwatts for about two or three months; redundant cosmic ray
data, and data from the other erosion and the other two temperature gauges would be
contained in the frequency variation of a small--deviation phase modulated 108.00 mc car-
rier. Each transmitter would telemeter four measurements on standard telemetering
bands 2, 3, 4, and 5. The low-power transmitter, which uses only small amplitude phase
modulation, would be a highly stable transmitter for tracking.

There was some discussion on the number and type of erosion gauges to be used. It
was agreed that this choice should remain flexible and with JPL. The AFCRC gauge devel-
oped for use in conjunction with the SUI experiment would probably be used, but addi-
tional and/or substitute gauges were offered by NRL.

*** The Panel agreed to accept the instrumentation proposal for the backup program as
outlined above contingent upon availability of two Jupiter-C vehicles and upon Van Allen’s
approval.

Porter noted that implicit in this agreement was the decision to drop the proposed
NRL environmental package from the backup program.

Pickering stated that it would be highly desirable to have additional telemetry coverage,
particularly for the cosmic ray package containing no storage and command readout system.
Three sets of Microlock receiving Systems are available. Pickering proposed that one be
placed at the launching site, and that the remaining two be placed near the geomagnetic
equator at separated longitudes. Singapore and Nigeria would be ideal but there would prob-
ably be insufficient time to complete all of the necessary negotiations and preparations.
Hawaii and the Philippines would probably be more practical sites if Army support could be
obtained for the operation of the stations. However, it was agreed that the possibility of locat-
ing stations at Singapore and Ibadan, Nigeria should be investigated. These two stations
would be primarily for telemetering rather than for tracking and would provide valuable
additional coverage for any satellite experiments using continuous telemetry on 108 mc.

3. Reminder of Internal Instrumentation Program. Newell and Townsend pointed out
the necessity of having at the earliest possible date an absolute decision on the disposition
of the SUI experiment, since it would be necessary for NRL to drop this experiment
almost immediately from its development and test program and work instead on its sub-
stitute. Newell stated that it is probably already too late to move any of the other experi-
ments into position for the second earnest try, should Lyman-alpha be launched
successfully on the first earnest try. As a backup for this possibility NRL can prepare an X-
ray/environmental package from spare Lyman-alphaZenvironmental packages.
Essentially, this can be done by changing the ionization chamber. Although the change is
somewhat complicated by the need for either more sensitive instrumentation or a larger
ionization chamber and consequent modification of the pressure zones, the X-ray exper-
iment could be prepared on relatively short notice.
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[6] The decision to transfer the cosmic ray experiment from the Vanguard to the Jupiter-
C series automatically eliminated the necessity of choosing between the radiation balance
and cloud cover experiments. After some discussion it was agreed that of the remaining
experiments, the cloud cover experiment could be brought into the number two position
with the least disruption of the present satellite program. Further, it was believed that the
instrumentation for this experiment had progressed sufficiently to be able to meet the
launching dates originally intended for the cosmic ray experiment.

Zahl and Ziegler explained that if the cloud cover experiment is to meet the early
launching date, the project would have to be given top priority consideration by the Army
and full cooperation would have to be received from NRL. They further explained that
while there were no technical risks, procurement difficulties caused by strikes, for exam-
ple, might prevent SEL from meeting the schedule. Finally, they warned that although
rapid data analysis and presentation is especially desirable for this experiment, the data
evaluation equipment may not be ready until three months after the satellite instrumen-
tation. They stated it may be possible to obtain sample pictures of a crude type fairly soon
after the data is obtained.

Porter stated that he would work closely with the IGY Secretariat, and that he would
endeavor to obtain the necessary high-level Army endorsement of the project.

Townsend noted that NRL support for the cloud cover experiment would be extreme-
ly difficult to fulfill under the present launching schedule. He referred to the following
chart which had been prepared and distributed earlier by Newell and Stroup:

Launching Vehicle: TV-5 SLV-1 SLV-2 SLV-3 SLV-4 SLV-5 SLV-6 TV-4bu
Package I, Lyman-
alpha Env. (NRL) X X X X X X X X
Package 11, Cosmic
Ray-Meteorite
Detection (SUI- X X X X X X
AFCRC)
Package IlI,
Magnetometer/
Sub-Satellite X X X X
(NRL-NACA)
Package 1V,
Radiation Balance
or Cloud Cover X X
(Univ. of Wisc. or
USASEL)
Package la, X-ray-
Environmental X X X X X
(NRL)
Package 1Va, Second
of Group IV This experiment could not be readied in time to be included in
experiments the present launch schedule.
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[7]*** Ference moved and the Panel agreed to authorize Porter, together with the IGY
Secretariat, to take such steps as seem necessary and possible to place the cloud cover
experiment in the position vacated by the cosmic ray experiment in light of information
which may develop as a result of further inquiries about the speed-up program and the
capabilities of SEL and NRL.

Newell noted that additional funds would be necessary to bring both meteorological

experiments to tested-for-flight configuration. The Secretariat was requested to work with
NRL on this matter.
*** After some discussion Porter requested that the minutes show that it is the desire of
the Panel that if it is not possible, either by extending the program or by some means
for meeting the speeded up program with the cloud cover package, then the next best
alternative in the minds of the Panel members is to substitute the X-ray/environmental
package.

The Panel discussed the implications of the speeded up launching schedule to the sci-

entific program not only with reference to the increased difficulty of preparing experi-
ments but in particular with reference to possible damage which closely spaced
launchings might inflict upon scientific observations. To this end the Panel resolved:
*** “In view of information presented today by the Naval Research Laboratory concern-
ing the proposed speed-up of IGY satellite firings, the Panel desires to point out that any
such schedule as is now proposed would adversely affect the possibility of completing the
orderly series of scientific experiments now contemplated.

“It should be noted that it now appears that it will be necessary to change the experi-
mental program somewhat as a result of the probable addition of a different type of back-
up vehicle and the consequent need to derive the maximum of meaningful scientific
results from these satellites as well as from those originally planned. The Naval Research
Laboratory has stated that it will not be able to provide the required support in the way of
engineering coordination and environmental testing for this modified program. The
Panel believes that even if some way could be found to provide the necessary NRL sup-
port, the scientific program would still be jeopardized by vehicular difficulties as well as by
problems associated with tracking and telemetering which would inevitably result from
the proposed speed-up.

“It is the opinion of the Panel that the primary value of the IGY satellite program, after
a first successful satellite has been achieved, will reside in the scientific accomplishments
resulting from an orderly series of experiments and the Panel strongly recommends that
no action be taken that would jeopardize these accomplishments.”

The Panel drafted a second resolution to allow for the possibility that the request con-

tained in the first resolution cannot be realized:
[8] “On the assumption that there exist reasons of such overpowering importance that the
previous recommendation relating to a speed-up in the firing of the IGY satellite vehicles
cannot be considered, it is requested that the Department of Defense make adequate pro-
visions for supporting work on the part of NRL for this series of experiments and possible
ways and means by which the currently contemplated series of experiments, which includes
the Lyman-alpha, magnetometer, radiation balance, and cloud cover experiments, can be
satisfactorily handled by the Naval Research Laboratory without unduly sacrificing any
work elements which are vital to the obtaining of maximum reliability in flight.”
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*** As a result of a discussion regarding the advisability of requesting additional vehicles
for additional experiments, the Panel agreed that the USNC-IGY Secretariat should make
an urgent inquiry to the Department of Defense requesting official information on the
status of the backup program. However, at this time there would be no request made for
additional vehicles to be added to either the Vanguard or Jupiter-C series of firings.

*** Porter then announced that ONR had recommended an experiment having to do
with life processes which, it is believed, could be available for inclusion in the first test
sphere scheduled for December. He stressed that this experiment was not for publication
at this time. It is lightweight and extremely simple. It is proposed to put a colony of sim-
ple yeast organisms in a nutrient medium in a capsule, and measure the pressure in a void
which will be proportional to the generation of carbon dioxide. The rate of generation of
carbon dioxide from a known sample with a given start of its life history will show the
reproduction of successive generations, and the rate of life processes in each generation.
A comparison of this experiment with the control experiment which would be run on the
ground, reproducing as nearly as possible the same stresses which would pertain, tends to
indicate very well the stresses of flight in the satellite. This is a statistical experiment, and
is in many ways more meaningful and fundamental than the much-publicized USSR
experiment with the dog. The Panel expressed general approval of this experiment and
its inclusion in the test spheres. However, Porter suggested that the TPESP go on record
as recommending that the first flight of this experiment be made as nearly at zero G as it
is technically possible. Hynek so moved and Newell seconded the motion, proposing that
the following be added to the statement: “ ... since it is felt very strongly that the zero G
feature of the experiment is its primary justification.” There was no dissent, and it was
agreed that Kellogg would take the necessary action in this connection.

4. Tracking Program. Hynek reviewed the history of Project MOONWATCH budgetwise,
pointing out that it has developed into a more important operation than was intended or
even thought of at the time funding was obtained, and with the increase in number of
teams wishing to participate, plus the demand for information relating to satellite obser-
vations, he desired a statement from the TPESP as to what the Smithsonian Observatory’s
responsibilities in connection with the Project should be. He also noted that the SAO had
received criticism for not providing sufficient information to observatories and others,
and that the question had been raised about extending visual observations to more north-
ern latitudes. Hynek pointed out that he was not at this time [9] recommending any
course of action, but was requesting advice. He said that they had outlined three plans for
consideration in this matter of MOONWATCH operations: 1) Maintain status quo—i.e.,
no further expansion beyond present commitments insofar as registering teams is con-
cerned. It was also pointed out that by maintaining status quo, the Project still could not
operate on the available $15,000 for the rest of the year. 2) Expand into the higher lati-
tudes organizationally and consequently operationally. 3) The third alternative would be
to end the project. Hynek then presented a detailed summary relating to these MOON-
WATCH proposals.

*** After discussion, the Panel approved the immediate allocation of $25,000 to Project
MOONWATCH subject to the satisfaction of Odishaw on details of the expenditure of the
funds. Hynek then requested, and Porter approved, that the record show that responsi-
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bility for curtailing MOONWATCH operations, should this be necessary, would fall direct-
ly on the USNC-IGY Secretariat.

Porter announced that he had made no arrangements for locating two meteor cam-
eras at interim sites since it did not appear that Satellite 1957-beta would have a long life.

A brief discussion was held on radio tracking, but no report on recent operations of
the prime Minitrack stations was available. When it was learned that the Minitrack station
in South Africa did not include telemetering facilities, the TPESP urged that telemetry
equipment be added to the station if this were at all possible.

Newell reported that work was being done in connection with the Panel’s earlier
request that several organizations which had gathered substantial radio tracking data be
thanked for their assistance to NRL and be encouraged to continue this assistance. The
specific organizations involved here are: NBS, Stanford, University of Alaska, RCA, ARRL,
and the University of Illinois.

The Panel noted the possible radio interference problem which might result from sev-
eral satellites operating on the same frequency. In addition to adequate spacing of U.S.
satellites, the members of the Panel believed coordination to avoid such radio interfer-
ence might be an appropriate item for international consideration.

5. Panel Organization. Porter announced that at the last meeting of the USNC Executive
Committee held the previous week, there had been considerable discussion about the fact
that orbit data on USSR satellites was being received, but that it was not being scientifically
exploited. Of primary concern here was the obtaining of ionospheric data from the 20-40
mc transmission of the satellites. He stated that his position at the Executive Committee
meeting had been that the TPESP charter had never clearly defined that Panel’s respon-
sibility in connection with ionospheric experiments using artificial satellites, and that
reliance had been placed on the Technical Panel for lonospheric Physics to outline what
is desired of the TPESP in this connection. As a result of the discussions, the Executive
Committee had reached a decision and stated that satellite ionospheric research matters
would be the responsibility of the TPESP.

Document I-11

Document title: J. A. Van Allen, Chairman, “National Space Establishment: A Proposal of
the Rocket and Satellite Research Panel,” December 27, 1957.

Source: National Air and Space Museum, Smithsonian Institution, Washington, D.C.

The Rocket and Satellite Research Panel was the expanded successor to the panel of scientists that had
guided the U.S. upper atmosphere research effort using balloons and sounding rockets since 1946. The
Panel recognized that the Eisenhower administration and the Congress were, in the aftermath of the
first two Sputnik launches, thinking about how best to organize for an expanded U.S. space program.
The Panel wanted to make sure that the views of the directly interested scientific community were con-
sidered in these deliberations; this statement represented their recommendations. After Sputnik 1, the
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Rocket and Satellite Research Panel doubled its membership. Its members prepared a plan for a civilian
agency to take over the exploration of space and then testified before Congress in favor of their plan.

[no page number]
27 December 1957

NATIONAL SPACE ESTABLISHMENT

A Proposal of the Rocket and Satellite Research Panel

Summary of Proposal

It is proposed that there be created a unified National Space Establishment for the
purpose of carrying out the scientific exploration and eventual habitation of outer space.
It is imperative that the United States establish and maintain scientific and techno-
logical leadership in outer space research in the interests of long-term human progress
and national survival.
. Role

The role of the National Space Establishment shall be to unify and to greatly expand
the national effort in outer space research, specifically excluding areas of immediate mil-
itary urgency (e.g., the development, production and fielding of intercontinental and
intermediate-range ballistic missiles).
2. Mission

The broad mission of the National Space Establishment shall be to establish United
States leadership in space research by 1960 and to maintain it thereafter.

Accomplishment of this mission requires the following specific achievements:

(a) An intensified program of scientific soundings with high-altitude rockets, imme-
diately.

(b) An intensified program of scientific and technical developments with small instru-
mented satellites of the earth, immediately.

[2] (c) Impact on the moon with non-survival of apparatus, by 1959.
(d) Placing an instrumented satellite in an orbit about the moon, by 1960.

(e) Impact on the moon with survival of scientific instruments, by 1960.
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Returnable, manned satellites in flight around the earth, by 1962.

Manned circumnavigation of the moon with return to the earth, by 1965.

(h) Manned permanent satellite, by 1965.

O}
0

Manned expedition to the moon by one or two men, by 1968.

Manned expedition to the moon by a sizeable party of men, by 1971.

A thorough analysis of existing capabilities shows that all of these objectives are with-
in reach of a unified, vigorous national effort.

3. Funds Required

A detailed analysis shows that the accomplishment of the basic mission will require a
national expenditure of ten billion dollars over the next decade.

4. Administrative Status of National Space Establishment

@

(b)

©

It is strongly desirable that the N.S.E. be given statutory status as an independent
agency in order that its work can be freely directed toward broad cultural, scien-
tific and commercial objectives. Such objectives far transcend the short term,
though vitally important, military rocket missions of the Department of Defense.

If the proper creation of an independent agency is judged to require an intoler-
able delay, then it is believed that statutory existence under [3] the Secretary of
Defense (but not within the jurisdiction of any one of the military services) will
be a workable arrangement for the immediate future. But in this event, it is urged
that the “charter” of the agency explicitly provide for its independence as soon as
its stature and achievements make this advisable.

It is explicitly advised that the National Space Establishment not be placed with-
in the jurisdiction of any one of the three military services. There are many rea-
sons, growing out of extensive professional experience, for this view. The military
services are basically operating agencies, not research ones. The research talent
of any branch of the military services is almost inevitably turned toward helping
meet short-term, limited objectives. Such a point of view would assure the failure
of a National Space Establishment in its broad mission—which is truly a national
one, far beyond the mission of any one of the services or of the Department of
Defense taken as a whole. During the early phases of space research, it is evident
that existing facilities and existing missile technology of the Department of
Defense can make enormous contributions. The National Space Establishment
must be set up in such a way that it enjoys the unqualified support of all three ser-
vices, and not merely one of them. Such a situation is believed to be possible only
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if the N.S.E. is an independent agency from the outset or if it is directly responsi-
ble only to the Secretary of Defense during its early years—with the clear prospect
of independence at the earliest possible date.

(d) There must be clear channels for mutual cooperation between the proposed
N.S.E. and all levels of the Department of Defense, in order to assure no jeopardy
of short term, vital military need on the one hand and in order to assure maxi-
mum rate of advance of space research on the other.

[4] 5. Remarks on the Long Range Importance of Space Research

It is already clear that international leadership hinges, to a very great extent, on pre-
eminence in scientific and technological matters.

Space research will contribute enormously to the educational, cultural, and intellec-
tual character of the people of the United States and of the world. Indeed, the exploration
and eventual habitation of outer space are the finest examples of the “Endless Frontier.”
It is for such bold endeavors that the highest motives of men should be invoked.

There will be a rich and continuing harvest of important practical applications as the
work proceeds. Some of these can already be foreseen—reliable short-term and long-term
meteorological forecasts, with all the agricultural and commercial advantages that these
imply; rapid, long-range radio communications of great capacity and reliability; aids to
navigation and to long-range surveying; television relays; new medical and biological
knowledge, etc. And these will be only the beginning. Many of these applications will be
of military value; but their greater value will be to the civilian community at large. (To use
a homely example, the telephone is certainly a valuable military device, but its importance
to the civilian population is vastly greater.)

6. Availability of the Rocket and Satellite Research Panel for Consultation and
Participation

The Rocket and Satellite Research Panel comprises a broad membership of persons
of extensive experience in all aspects of the proposed program of outer space research.
Its members are professionally dedicated to national leadership in this field. They offer
their services, individually and collectively, in the conduct of the broad mission of the
National Space Establishment.

[5] The Rocket and Satellite Research Panel
Berning, W. W. Army Ballistics Research Laboratory
Delsasso, L. A. Army Ballistics Research Laboratory
Dow, W. G. University of Michigan
Ehricke, K. Convair Corp.
Ference, M. Ford Research Laboratory
Green, C. F. General Electric Company

Greenberg, M. Air Force Cambridge Research Center
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Jones, L. M. University of Michigan

Kaplan, J. University of California

Kellogg, W. W. Rand Corporation

Newell, H. E. Naval Research Laboratory

Nichols, M. H. University of Michigan

O’Day, M. D. Air Force Cambridge Research Center
Pickering, W. H. Jet Propulsion Laboratory

Spencer, N. W. University of Michigan

Stehling, K. Naval Research Laboratory

Stewart, H. J. Jet Propulsion Laboratory

Stroud, W. G. Army Signal Engineering Laboratory
Strughold, H. Randolph Air Force Base

Stuhlinger, E. Army Ballistic Missile Agency

Townsend, J. W.

Naval Research Laboratory

Van Allen, J. A University of lowa

Chairman
Von Braun, W. Army Ballistic Missile Agency
Whipple, F. L. Smithsonian Astrophysical Observatory
Wyckoff, P. H. Air Force Cambridge Research Center
Zelikoff, M. Air Force Cambridge Research Center
Megerian, G. H. General Electric Company

Secretary

Document I-12

Document title: J. A. Van Allen, G. H. Ludwig, E. C. Ray, and C. E. Mcllwain, “Observation
of High Intensity Radiation by Satellites 1958 Alpha and Gamma, Jet Propulsion 28
(September 1958): 588-92.

Source: Copyright American Rocket Society (now American Institute of Aeronautics and
Astronautics), 1958. Used with Permission.

These are excerpts from the first published paper reporting the findings of James Van Allen and his
colleagues at the State University of lowa from the experiment they placed aboard the first U.S. satel-
lite, Explorer 1, launched January 31, 1958, and re-flew aboard Explorer 111, launched March 26,
1958. (These satellites were also designated 1958-alpha and 1958-gamma.) Van Allen’s results were
first announced at a May 1, 1958, meeting of the American Physical Society and the National
Academy of Sciences. This paper reflects a presentation made six weeks later, with additional data
analysis, at a meeting of the American Rocket Society.
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[588] Observation of High Intensity Radiation by Satellites 1958
Alpha and Gamma!

J.A. VAN ALLEN,? G. H. LUDWIG,® E. C. RAY* and C. E. McILWAIN®
State University of lowa, lowa City, lowa

Introduction

This is a preliminary report of results obtained concerning radiation intensities mea-
sured with a single geiger tube carried by the artificial earth satellites 1958 a and 1958 y.®

The counting rate of the counter in 1958 a was transmitted continuously, and the data
were recorded only when the satellite was quite near one of the 16 receiving stations dis-
tributed over the earth.

The data collected by 1958 y were also telemetered continuously. In addition, a small
magnetic tape recorder stored the data obtained during each entire orbit. Then, as the
satellite passed near one of the receiving stations, a radio command from the ground
caused these data to be read out.

A preliminary study of the data obtained from 1958 a and several interrogations of
1958 y has been carried out, with the following results.

Reasonable cosmic ray counting rates have been obtained for altitudes below about
1000 km. In particular, we have obtained a plot of omnidirectional intensity vs. height in
the vicinity of California for the first two weeks in February. This curve, extrapolated down
to altitudes previously reached by rockets, agrees with earlier data.

At altitudes greater than about 1100 km, very high counting rates were obtained. This
conclusion is the result of a somewhat lengthy analysis. Geiger tube output rates up to
about 140/sec have actually been observed. In addition, periods have been found during
which the geiger tube put out less than 128 pulses in 15 min. (We have a scaling factor of
128.) The considerations detailed in section 3 cause us to conclude that this is not due to
equipment malfunction, but is caused by a blanking of the geiger tube by an intense radi-
ation field. We estimate that if the geiger tube had had zero dead time, it would on these
occasions have been producing at least 35,000 counts/sec.

We surmise that the radiation we have found is closely related to the soft radiation pre-
viously detected during rocket flights in the auroral zone.”

The radiation intensity necessary just to blank the geiger tube is equivalent to 60 mr/hr.
In this connection the recommended permissible dose for human beings is 0.3 r/week.® The
present radiation is 0.3 r in 5 hr or less.

Several geophysical effects of this radiation seem possible. It is very likely closely relat-
ed to aurorae and geomagnetic storms. In addition, a rough calculation suggests that the

1. Assisted by U.S.ZIGY Project 32.1 of the National Academy of Sciences and the National Science
Foundation.
Head, Department of Physics.
Research Assistant, Department of Physics.
Assistant Professor, Department of Physics.
Research Assistant, Department of Physics.
These satellite are sometimes called Explorer 1 and Explorer 3, respectively.
Meredith, Gottlieb and Van Allen, J.A., Physics Reviews, Vol. 97, 1955, p. 201
Kinsman, S. “Radiological Health Handbook,” U.S. Dept. of Health, Education and Welfare, 1955, p. 292.
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radiation may be sufficiently intense to contribute important heating to the upper atmos-
phere. It will be important to investigate the amount of atmospheric ionization, light and
radio noise which would be produced, under various assumptions as to the nature of the
radiation.

1. Instrumentation for 1958 a and
1958y

The instrumentation for 1958 a consisted essentially of a single Geiger Mueller tube,
a scaling circuit for reducing the number of pulses to be worked with, and telemetry sys-
tems for transmitting the scaler output to the ground receiving stations. The system con-
tained in 1958 y was identical, with the addition of a miniature tape recorder for storing
the data for the duration of each orbit and a command system to cause the telemetry of
the stored information over a ground receiving station (Fig. 1) [all figures omitted].

Identical G.M. counters, scaler input circuits and scaling circuitry were used in the two
cases. The G.M. counters were Anton halogen quenched counters having approximately
0.050 in. thick stainless steel walls. In addition, the counters were surrounded by the stain-
less steel cases of the payload, which were 0.023 in. thick. Thus the total absorption was
approximately 1.5 gm cm-2 of stainless steel (approximately [589] 15 per cent iron, 25 per
cent chromium). The G.M. tubes had essentially infinite lives, small variation in counting
efficiency for the range -55 to 175 C, approximately 85 per cent counting efficiency for
cosmic rays, and about 0.3 per cent counting efficiency for photons of energy 660 kev. The
dead time of the counters was approximately 100 microsec. The length of the counter wire
was 4 in.; the inside diameter of the counter was 0.781 in.

Following the counters were current amplifiers, which directly fed the first scaler
stages. The scalers were bistable transistor multivibrators, which operated over a wide
range of supply voltage and over a temperature range of -15 to 85 C. This limitation was
caused by the supply batteries. The scaler resolving time was 250 microsec. If input pulses
at higher rates than 4000 per sec periodic were received, the scaler simply indicated a con-
stant rate of 4000 per sec. That is to say, the scaler would not go out of operation if this
rate was exceeded. It did, however, have an input pulse amplitude discrimination level, so
that counter pulses of less than approximately one eighth normal were not counted

In each of the satellites, the output of a scale of 32 was telemetered directly by the low
power transmitter. In addition, it was transmitted by the high power transmitter in 1958 a.
In all cases, the shift of state of the output scaler stages caused a discontinuous shift in the
frequency of the subcarrier oscillators, of which the outputs were transmitted by the appro-
priate transmitters. The data telemetered in this manner have been readable when the
rates of input pulses to the scalers were between 0.14 pulses per sec (16 pulses or the
change of state per 2 min pass) and 80 pulses per sec by the bandwidth of the receiving and
data reduction systems.

In 1958 y additional scaling circuits were included to provide a total scaling factor
of 128 for the data to be stored. It was also necessary to include a time base, in order that
a proper correlation could be established between the data and the satellite position. These
two bits of information were combined in such a way that they could both be stored and
telemetered on a single channel. Fig. 2 indicates the manner in which an inhibitor circuit



EXPLORING THE UNKNOWN 93

effected [sic] this combination. The time base input was a train of pulses at the rate of one
each sec. These pulses appeared at the output of the inhibitor, and were recorded, unless
one was preceded by an output from the scale of 128, in which case it was suppressed.

The tape recorder was advanced in a discontinuous manner at the rate of one
step per sec. As the tape advanced, it wound a spring for the eventual return of the tape
to the starting point.

Upon receipt of a properly coded interrogation signal by the command receiver
in the satellite, a relay system was activated which caused the higher power transmitter to
be turned on and the tape to be released, so that the spring was free to return it to zero.
The return tape speed was controlled by an eddy current damping system, so that the play-
back time was approximately 5 sec. As the tape returned, the information was read off the
tape, telemetered, and the tape was erased. Upon completion of the cycle, the relays were
reset, the transmitter turned off, and the next recording begun.

The information thus telemetered to the ground was the train of pulses emanating
from the inhibitor circuit, except that it was much compressed in time. It can be seen then
that scaler input pulse rates between 0 and 128 per sec were properly passed on, and that
all rates above 128 per sec appeared as a rate of 128 per sec, that is, all pulses missing.

2. Summary of Preliminary Observations

Table 1 is a list of the stations receiving data and reporting them to us. The stations
labeled JPL are operated under the auspices of the Jet Propulsion Laboratory at Pasadena,
Calif. Those labeled NRL are operated by the Naval Research Laboratory in Washington,
D.C. Data were obtained from 1958 a only when it was reasonably near one of these sta-
tions, since it had no provision for storing data for a later readout. We have already ana-
lyzed most of the data from the JPL stations, and some of that from the NRL stations as
well. This work is continuing.

A small magnetic tape recorder in 1958 y stored the cosmic ray information for an
entire orbit, and then played it into a transmitter on command from the ground. Data
from nine of these orbits have been reduced in a preliminary way. We already have on
hand many more of these passes, and are reducing the data from them in a routine way.

It is evident from the above summary that the present report is a very preliminary one.
The nine cases from 1958 y occur during the last four days of March, and we expect ulti-
mately to have data obtained during several weeks after those days. In addition, we have
so far reduced the data from 1958 y only in a rather rough way, as explained in the fol-
lowing paragraphs. Finally, we do not yet have highly accurate data on the satellites’ orbits.
We do have the position of 1958 a as a function of time tabulated in 1 min intervals as sup-
plied by the Vanguard computing center for the month of February. These data seem to
be in error by several minutes in time, but apparently are sufficiently accurate for the pur-
poses of the present report. So far for 1958 y, we have only a set of orbital elements for
March 26 and position vs. time for one orbit on April 1, together with estimates of the var-
ious perturbations. This information, supplied to us by the Vanguard Computing Center,
has made it possible for us to estimate the orbit during the last days of March with rea-
sonable accuracies. In particular, we estimate that our error in determining the time of
passage through perigee is not more than about 5 min on March 31, and is less on earli-



94 SPACE SCIENCE: ORIGINS, EVOLUTION, AND ORGANIZATION

er dates. Our errors in estimating latitude and longitude may amount to 10 deg in some
cases.

Accurate orbital data will ultimately be supplied to us by the Vanguard Computing
Center.

Table I Receiving stations
Blossom Point, Md. NRL
Fort Stewart, Ga. NRL
Antigua, Br. W. Ind. NRL
Havana, Cuba NRL
San Diego, Calif. NRL
Quito, Ecua. NRL
Lima, Peru NRL
Antofagasta, Chile NRL
Santiago, Chile NRL
Woomera, Aus. NRL
Patrick Air Force Base, Fla. JPL
Earthquake Valley, Calif. JPL
Singapore JPL
Ibadan, Nigeria JPL
Temple City, Calif. JPL
Pasadena, Calif. JPL

[590] We discuss first the data obtained from 1958 a.

Fig. 3 is a plot of height against counting rate near the California coast. All of the
passes recorded by JPL stations in California are included in this graph. There is some
variation in latitude, which presumably accounts for some of the scatter of the points. In
addition, as explained above, the orbital data are not yet known with good accuracy, and
this presumably contributes significantly to the scatter. A linear extrapolation down to a
height of 100 km yields a value of omnidirectional intensity of 1.22 (cm?sec)?, in ade-
quate agreement with values we have previously obtained from rocket flights, consider-
ing the crudity of the extrapolation. The data shown figure were nearly all taken before
Feb. 11.

The data obtained by the NRL stations in South America during the first two weeks of
February are altogether different from those just discussed. The passes fall into two class-
es. In the first case, one obtains a counting rate of about 30/sec, a roughly reasonable
value. In the second case, the telemetered signal fails to show a single scaler output pulse
during the approximately 2 min of clean signal. This represents an input rate to the scaler
of less than about 0.1 sec. There are, in addition, a few cases showing a strong change in
counting rate during the pass.

For reasons discussed in section 3, we believe that the extremely low output rate of the
scaler is caused by very intense radiation which “jams” the geiger tube so that it puts out
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pulses of such low height that they are below the threshold of the counting circuits.
Laboratory tests show that this first happens for the present equipment when the radiation
reaches such an intensity that a counter of the same effective dimensions and efficiency as
the present geiger counter but with a zero dead time would produce 35,000 counts/sec.

Fig. 4 is a plot of height vs. geographic latitude in the vicinity of 75 W longitude.
The positions of 1958 a during reception of its telemetering signal by various of the
NRL stations are marked. A code designates the kind of information received. It is at
once evident that the extremely low counting rates observed all occur at a high altitude,
while the more or less normal rates occur at a low altitude. Transitional cases occur at
intermediate altitudes.

Quite similar behavior is observed near Singapore, and probably also Ibadan. In these
two cases no thorough study has been made, mostly because of the lack of trajectory data
for the dates on which extremely low telemetered counting rates occur. In the one case at
Singapore where such a rate occurred on a date for which orbital data were available, the
extremely low counting rate observed occurred at an altitude of about 2000 km.

Fig. 5 is a plot of geographic latitude vs. geographic longitude for various orbits. Only
the high altitude cases are plotted on this figure. The fact that the segments of data do not
correspond to positions of closest approach to the interrogating stations is due to our so
far inaccurate knowledge of the trajectory.

These data already suggest a picture of the geophysical phenomenon being mea-
sured. The data from 1958 y are much more explicit. Fig. 6 is a plot of the scaler output
as a function of time as given by the tape recorder readout for the pass ending near San
Diego on March 28, 1748 UT. Since the tape recorder can only record one scaler output
pulse each second (see section 1) the maximum indication on the tape recorder output
corresponds to 128 counts/sec for the geiger tube output rate. (Our scaling factor is 128
in this case.) It is evident from the figure that reasonable counting rates occur near the
two ends of the pass. These ends correspond to the most northern latitudes and the low-
est heights above the earth. The section where the counting rate indication is zero corre-
sponds to a portion of the magnetic tape where no tuning fork pulses were missing, and
hence no scaler output pulses occurred. This condition lasted 15 min, and 128 pulses were
fed to the scaler during this time. This is an [591] average counting rate for the interval
of 0.14/sec, to be compared the usual cosmic ray rate for a geiger tube of this sort of about
50/sec. The counter goes through the transition from putting out essentially no counts to
putting out a great many very quickly, and we presume that most of the 128 counts
observed during this 15 min interval occurred near the ends of the interval. There is, of
course, no real evidence for this.

As discussed in detail in the next section, we believe that if we had had a detector with
zero dead time, and a storage mechanism of unlimited capacity, Fig. 6 would begin where
it does now, and at about 13 min would have begun rising rapidly to a peak near 25 min
at which point the counting rate would have been greater than 35,000 counts/sec. After
this time, the rate would gradually have subsided, returning finally to about the value actu-
ally recorded near the end of the pass.

Fig. 7 is a plot of geographic latitude vs. geographic longitude of those orbits for
which the tape recorder readout data have so far been analyzed. We have simply identi-
fied the transition points between portions of the record where no tuning fork pulses are
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missing, all tuning fork pulses are missing, or some tuning fork pulses are missing. These
three different kinds of regions are identified on the graph as >15,000/sec, 128 to 15,000,
and < 128, respectively. The dashed portions of the various curves represent regions where
the identification as to counting rate range is uncertain. Since these passes all occurred
during March 28 through March 31, the orbit did not have time to precess appreciably.
Since perigee was near the most northern latitude, a given latitude corresponds closely to
a given altitude. It is evident that at high altitudes and low latitudes, mostly in a certain
range of longitude, the counting rate is very high. Near perigee the counting rate is low.
Elsewhere intermediate counting rates occur. Possible interpretations of this result will be
discussed in section 3.

3. Interpretation of Observed Data

We now propose to justify our claim that when essentially no scaler output pulses
occur, the apparatus is, in fact, exposed to very intense radiation.

Three possibilities are immediately evident. The apparatus may have some simple
malfunction. This possibility can immediately be rejected except for the scalers, geiger
tubes, and geiger tube voltage supplies, since the subsequent treatment information is
completely different in the 1958 a and 1958 y. Some effect of temperature seems the only
reasonable possibility here. The temperature of the geiger tube was measured in 1958 y
and telemetered on the continuously operating transmitter. The observed temperatures
range from zero to about 15 C. As discussed in section 1, the operating range of the cir-
cuitry is -15 to 85 C. In addition, the frequencies of the continuously telemetering chan-
nels which carried the cosmic ray information are significantly temperature sensitive.
These showed that no extreme temperatures occurred at the location of the correspond-
ing sub-carrier generators.

Another possibility might be that the satellite passed through regions which very few
cosmic rays could reach. This is extremely unlikely. A magnetic field of the order of one
gauss extending over thousands of kilometers and remaining unbelievably free of local
irregularities would be required to exclude a sufficient fraction of the cosmic radiation.

The possibility that we firmly believe is correct is that the geiger tube encountered
such intense radiation that dead time effects reduced the counting rate essentially to zero.
In order explore this possibility, we have carried out the following experiments.

A spare flight unit for 1958 a was placed in an X-ray beam which was hardened by a
3/8 in. thick brass absorber. The voltage on the X-ray tube was varied between 50 and 90
[592] kev to vary the flux over a wide range. The counting rate was measured with and
without lead shields which permitted only part of the beam to reach the geiger tube. In
this manner the counting rates with and without the dead time effects were determined.
As shown in Fig. 8, the dead time effects are negligible up to highest rates which can be
handled by the telemetering systems. At high fluxes few of the pulses from the geiger tube
have sufficient amplitude to operate the scaling circuit, and the counting rate returns to
the range which can be telemetered. At very high fluxes no pulses have sufficient ampli-
tude, and the counting rate is zero.

An ion chamber placed in the position of the satellite apparatus measured an inten-
sity of 60 milliroentgens per hr at the minimum flux required to reduce the counting rate
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to zero. The ionization produced by different energy X-rays or by charged particles pro-
ducing this effect would of course be different from this measurement. The X-rays used
for this measurement had energies in the range 50 to 90 kev.

We have little concrete evidence concerning the nature of this radiation. Apparently,
however, it is not electromagnetic. It makes its effects felt through the 1.5 g/cm? of
absorber which constitute the hull of the satellite and the walls of the counter. Photons
with such energy should then be seen down to the lowest altitudes our equipment reach-
es. The radiation can presumably be either protons or electrons. If it is electrons, we then
are probably detecting bremsstralung formed in the satellite shell.

4. Implications

Any reasonable identification of this radiation strongly suggests several geophysical
consequences. It is unlikely that the particles have several Bev of energy each. Then in
order to reach such low heights through the geomagnetic field they must at least initially
be associated with plasmas which seriously perturb the magnetic field at an earth radius
or so. We presume that this plasma is closely related to geomagnetic storms and aurorae.

Secondly, at heights only a little above 1000 km, there is still some atmosphere. Crude
quantitative estimates suggest that the energy loss in this residual atmosphere of the radi-
ation we detect may contribute significantly, if not dominantly, to the heating of the high
atmosphere. In addition to considering this heating effect, it will be important to calcu-
late, on various assumptions as to the nature of the radiation, the amount of visible light,
radio noise, and ionization produced.

Finally, there are obvious biological implications of these results. As discussed in sec-
tion 3, if photons are being detected directly by the geiger tube, and if these photons are
in the energy range 50 to 90 key, then the radiation field inside the satellite corresponds
to about 0.06 r/hr. The maximum permissible dose for human beings is 0.3 r/week. Other
assumptions as to the nature of the radiation would obviously lead to different results.
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National Aeronautics and Space Administration, the National Academy of Sciences moved to assert
its influence in shaping the U.S. space science program. Academy President Detlev Bronk established
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a Space Science Board on June 4, 1958, and named the strong-willed Lloyd V. Berkner to be its chair.
The Board held its first meeting on June 27, at which it reviewed existing plans for space activities
and began the process of identifying scientifically valuable experiments to be carried out in space. On
July 3, Berkner sent a telegram to a number of scientists soliciting ideas for such experiments. The
Board also prepared a primer on space science with the goal of broadening the base of scientists inter-
ested in putting experiments and instruments into orbit or beyond. On December 1, 1958, the Board
submitted its recommendations for an initial space science program to NASA, NSF, and ARPA, the
latter of which had been set up to manage Department of Defense space efforts.

This quick-moving effort did not receive a totally positive reception from those in the new NASA who
believed that it was their responsibility, not that of the Space Science Board, to plan the nation’s space
science program. In the work request to the Space Studies Board for fiscal year 1960, NASA asked the
Space Studies Board for “guiding principles” for the space science effort “rather than a detailed pro-
gram formulation.” The tension between the external space science community and NASA managers
has been a constant feature of the U.S. space science effort.

Document 1-13
[no page number]

National Academy of Sciences PRIVATE
2101 Constitution Avenue, N. W.
Washington 25, D.C.

MINUTES
of the
First Meeting
Space Science Board
June 27, 1958
Rockefeller Institute
New York, New York
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Dr. Lloyd V. Berkner, Chairman Dr. Bruno B. Rossi
Dr. Harrison S. Brown Dr. Alan H. Shapley
Dr. Leo Goldberg Dr. John A. Simpson
Dr. H. Keffer Hartline Dr. S. S. Stevens
Dr. Donald F. Hornig Dr. Harold C. Urey
Dr. W. A. Noyes, Jr. Dr. James A. Van Allen
Dr. R. W. Porter Dr. O. G. Villard, Jr.

Dr. Harry Wexler
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Invited Participants

Dr. Detlev W. Bronk, President Dr. Robert O. Piland
Dr. S. D. Cornell Dr. Alan T. Waterman
Dr. Hugh L. Dryden Dr. Herbert F. York

Members Secretariat

Dr. Hugh Odishaw, Executive Director Mr. G. A. Derbyshire
Mr. L. N. Cormier Mr. J. G. Reid, Jr.

[2] Dr. Lloyd V. Berkner, Chairman, presiding.

Chairman Berkner announced the charter of the Space Board is contained in
President Bronk’s letter of June 26, 1958, which states:

“We have talked of the main task of the Board in three parts — the immediate pro-
gram, the long-range program, and the international aspects of both. In all three we
shall look to the Board to be the focus of the interests and responsibilities of the
Academy-Research Council in space science; to establish necessary relationships with
civilian science and with governmental scientific activities, particularly the proposed
new Space Agency, the National Science Foundation, and the Advanced Research
Projects Agency; to represent the Academy--Research Council in our international
relations in this field on behalf of American science and scientists; to seek ways to stim-
ulate needed research; to promote necessary coordination of scientific effort; and to
provide such advice and recommendations to appropriate individuals and agencies
with regard to space science as may in the Board’s judgment be desirable.

As we have already agreed, the Board is intended to be an advisory, consultative, cor-
relating, evaluating body and not an operating agency in the field of space science. It
should avoid responsibility as a Board for the conduct of any programs of space research
and for the formulation of budgets relative thereto. Advice to agencies properly respon-
sible for these matters, on the other hand, would be within its purview to provide.”

The work of the Board will cover three phases:
1. Immediate program
2. Long-range program

3. International program

Responsibilities of the Board — Detlev W. Bronk. President

President Bronk described the need for the Board and the National Academy’s hopes
for accomplishment. He pointed out his wish that the Board provide for an orderly exten-
sion and continuation of the rocket and satellite work of the USNC/IGY. With rockets and
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satellites there are opportunities for many fields of science through the application and
development of new techniques. He called the Board’s attention to its membership which
did represent many fields of science as well as different geographical locations. President
Bronk stated that the Board was being formed [3] because of the urgent need to provide
help and advice to a possible new civilian space agency (the National Aeronautics and
Space Agency), the National Science Foundation and the Advance Research Projects
Agency. Continuity of Program would be insured through common membership of R. W.
Porter, Chairman of the Technical Panel for the Earth Satellite Program, and, he hoped,
through members of the Secretariat.

Introduction to Tasks of the Board — L. V. Berkner, Chairman

Chairman Berkner introduced the Board to some of its tasks:

1. Encourage participation of scientists from universities and institutions outside of
government to ensure U.S. space science development on a broad base. While
government participation was essential, it would be unwise for space science to
develop entirely within the bounds of government activity. Consequently, the
Board must encourage initiative outside the bounds of government laboratories.

2. Provide guidance to scientific endeavor in the field of space science, encouraging
the participation from all fields of science, guiding integration of similar propos-
als, and eliminating that which is inappropriate. He noted that these functions
would be best provided by a board broadly representative of U.S. science outside
direct government channels.

3. Be aware of the military and commercial aspects of space science as well as the
purely scientific.

He listed as primarily military applications: reconnaissance, intelligence and
communications — jamming activities; and as an example of commercial
application, the use of satellites as communication and TV links. He pointed
out the effect that would be produced on the other two by pure science use.
Chairman Berkner made clear that the launching of a space vehicle has
become an international symbol of scientific success and strongly influences
a desire for cooperation. As an example, he mentioned the IGY which had a
tremendous effect on international relations.

4. Work to prevent contamination of moon and planets.
Through ICSU and other international bodies, obtain recognition of the
problem, and prevent irresponsible or unnecessary contamination of moon

and planet surfaces and atmosphere.

5. Work with government space agencies.
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Provide advice, guidance and assistance to all government space agencies to
aid in development of effective space science programs and experiments.

[4] Chairman Berkner presented his plans for the meeting as follows:
1. Review the government plans and programs
2. Discuss the work of the Board
a. Immediate program
b. International activities (joint or shared experiments)
c. Long-range program plans
3. Organize the Board on an ad hoc basis
a. Ask each member to analyze the problems in his own scientific field, perhaps
with a small subject committee
b. Work out the means of international co-operation; i.e., consider the propos-
al for the ICSU Special Committee on Space Science

c. Establish the secretariat

Remaining Space Program of the IGY — R. W. Porter

There are in the Vanguard program five vehicles remaining for three flight-ready
experiments. The experiments are: (1) cloud-cover: cloud mapping for weather forecast-
ing; (2) the earth’s magnetic field: satellite-borne magnetometer and several ground-
based magnetometers for synchronized comparison measurements; (3) earth’s energy
balance: energy radiation and re-radiation. (He also stated that there is considerable pres-
sure to reschedule the solar x-ray and ultraviolet experiments which have not been suc-
cessfully launched.)

In the Explorer program, there are three vehicles and two experiments being readied
for flight: (1) a repeat of the radiation experiments with improved instrumentation to pro-
vide adequate range of counting rates; (2) the 12-foot inflatable sphere to obtain air-drag
data together with suitable radio beacons.

In the Lunar Probe program, there are five vehicles (three Air Force and two Army).

Experiments:

(1) Photoelectric scanners to show where it has gone.

(2) Magnetometer with a sensitivity of 10 gamma.

(3) Cosmic ray intensity experiment (Simpson, University of Chicago) — Air Force
probe.

(4) Soft radiation experiment (Van Allen, State University of lowa) — Army probe.

Final Satellite for the IGY Program.
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Juno 11 type vehicle — 120-pound payload containing:

(1) A cosmic ray experiment
(2) Solar x-ray and ultraviolet experiments
[5] (3) Energy balance experiment
(4) Meteorite measurement (size distribution)
(5) Possible corner reflectors (geodetic experiment)
(6) Stabilized harmonically-related transmitters for ionospheric measurements.

This program concludes the IGY satellites and lunar probes with the last launching to
take place in about March 1959.

Space Payloads in 1959 — Dr. Herbert F. York

Dr. York stated that ARPA has no charter for planning satellite programs in pure sci-
ence beyond February 1959; that in the military program a reconnaissance satellite with
attitude control is planned. As far as vehicular development is concerned, the Advanced
Research Projects Agency program is as follows:

1. Composite Thor

Authorized for development in 1959, a vehicle to put 1800 pounds total weight in
orbit, including 400-pounds useful payload; available for scientific use roughly one
year later.

2. Composite Atlas

Target date for development July 1959; to fly six months later. Total weight in
orbit 4000 pounds, useful payload 3000 pounds. Perigee altitude 300 miles. Available
for science possibly late in 1959. It was noted that experimental payloads might be car-
ried “piggyback” in several Atlas vehicles in the military series of nose cone tests.

3. JunolV

The Juno IV, would orbit 1600 pound payload including 1200 pound instrument
package (this might provide soft landing on moon for 100 pound-payload); not now
established as a military project but might be ready by mid-1959 if funded soon.

ARPA has no funds to proceed with scientific vehicle construction. In summary,
Dr. York stated:

(1) No additional vehicles are available for space science beyond IGY.

(2) Space vehicles for scientific use will require on the order of one year after request.

(3) Capability for space probes (with limited instrument payloads) to nearer planets
should be available in the 1960 period.
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(4) Orbit control of suitable precision will be available within one year with a sacrifice
in payload for control use.
[6] (5) If ARPA’s proposed “Man in Space” program is approved, recovery of payload
from any vehicle can be expected in 1959-60.

At this point, Chairman Berkner advised the Board that it was his hope that Board
meetings could be conducted with free and open discussion without danger of publica-
tion or release of information concerning operations of other agencies by Board mem-
bers.

Upon question of Dr. Urey, it was agreed that Board members should be free to dis-
cuss launching potentialities with members of the scientific community to ensure ade-
quate development of plans; but the Board should endeavor to avoid advance public
release of the tentative plans of launching agencies.

He stated that Dr. Cornell would prepare an announcement of the activation of the
Board for publication in Science, Physics Today, and perhaps the newspapers, but that no
press conferences would be held.

He advised the Board that:
(1) Two indoctrination works would be provided by the Academy
a. Exploration in Space by Clarke
b. Scientific Uses of Earth Satellites edited by Van Allen
c. Space Research and Exploration by Bates (distributed at the meeting)
(2) Insofar as security clearance was concerned, the Board agreed that it should not
be cleared for security as a Board, but it could adequately follow classified projects

through cleared Board members strategically placed on the ad hoc committees.

Future Vehicles and Science Payloads — Dr. Herbert F. York

Future developments were summarized by Dr. York as follows:

1960 - Up to 3000 pounds available for satellites with 1/3 to 1/5 of the 3000 pounds
for moon or planet exploration.

Post

1960 - (1961-1962) Using Atlas or Titan, up to 6000 to 8000 pounds for satellites,
1/3 to 1/5 of the 6000 to 8000 pounds for moon or planet exploration.

Mid

1960’s — (1965) Up to 25,000 to 50,000 pounds for satellites using a single rocket
with 1,000,000 to 2,000,000 pounds thrust. (Payload in orbit can be cal-
culated at 2% to 3% of the rocket thrust in pounds).
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Post
1965 - 50 tons into orbit by multiplexing of rockets.

[7] York stated that nuclear-powered rockets would not be available under ten years and
that, in his opinion, chemical engines are adequate for satellite use and that nuclear
engines should be good primarily for producing large velocity changes. With regard to
space stations, Chairman Berkner suggested that the Board must eventually study this
problem thoroughly before taking a position.

Present and Future Organizations

Advanced Research Projects Agency — Dr. Herbert F. York

ARPA is established to carry out assignments for the Secretary of Defense in all
research fields and to study and recommend solutions to the Secretary of Defense where
cross-service problems are involved. Currently, its mission includes the study of ballistic
missile defense where it is both an operating and a staff agency; develop-ment of solar pro-
pellants where its function is staff; the study and development of what needs to be done -
staff responsibility.

He pointed out that temporarily, ARPA is the only agency operative in the space pro-
gram and that it provides coordination with NACA, NSF, and NAS.

National Aeronautics and Space Agency — Dr. Hugh L. Dryden. Director. NACA

Dr. Dryden stated that since 1926 NACA has been an operating research rather
than an advisory agency. He pointed out to the Board some general characteristics and
some major differences between the Senate and House versions of the Space Agency
bills. He expressed confidence that these differences would soon be resolved satisfac-
torily. In both versions of the bills, Congress has tried to give the Space Agency very
broad powers. For example:

(1) To accept services, to contract or to cooperate with individuals, agencies, corpo-
rations, universities or others.

(2) To permit reorganization across departmental lines thus consolidating space pro-
grams in one agency.

(3) Probably to provide for the arrangement of international scientific experiments.

National Science Foundation — Dr. Alan T. Waterman. Director

Dr. Waterman stated that the Science Foundation’s activity is concerned primarily with basic
research as contrasted to development activities. Currently, the Foundation provides finan-
cial administration and support for the scientific portion of the IGY satellite program. In the
future, it will be most anxious to provide similar support to experimenters and will, through
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its staff, support (a) experiments that must be worked out in the laboratory to assess their
feasibility in space science; (b) the invention of hardware to carry out experiments in space;
(c) the reduction and analysis of data representing scientific results of experiments. The
National Science Foundation will provide for a review of proposed projects.

[8] Dr. Waterman defined the government’s position in research as being that each
agency should have funds for the support of basic research in areas related to its particu-
lar problems. The National Science Foundation’s interest is not limited but is much more
general: It assists all agencies, groups, and individuals where the research does not relate
obviously to their missions. Dr. Waterman stated that the National Science Foundation
would be able to provide financial support for the Space Science Board if it is required.
(Dr. S. D. Cornell has the responsibility for developing support and will discuss this fur-
ther with Dr. Waterman.)

National Academy of Sciences — Dr. Hugh Odishaw, Executive Director, USNC-IGY

Dr. Odishaw outlined the operation of the National Academy of Sciences-IGY rela-
tionships. International coordination is under the general cognizance of the
International Council of Scientific Unions, through its Annee Geophysique
Internationale (1957-58) Comite Special, which is really the general assembly of IGY
National Committees. The National Academy of Sciences set up the U.S. National
Committee for the IGY, which formulated over-all plans and policy and now meets on the
order of two times per year. The operating agency is the Executive Committee of the U.S.
National Committee which now meets about once per month. There are technical pan-
els drawn from each scientific area having general responsibility for the conduct of
experiments in each of the IGY disciplines. The panels which are of particular interest to
the Board are those for rockets and for satellites. These panels specifically provide stim-
ulus, direction, and project review. The Committee further provides for international co-
operation and directs and plans the U.S. efforts in the IGY. The staff currently consists of
a total of about fifty, including secretarial and clerical. Dr. Odishaw pointed out that close
relationship had been maintained with the Department of Defense, the National Science
Foundation and other government agencies. He added that the Committee was anxious
to see an orderly continuation of both the rocket and satellite programs and that it had
strongly urged for some time the establishment of a Space Science Board. He warned
that rocket and balloon potentialities for scientific research should not be neglected in
the face of the prospective satellite program.

President Bronk remarked that there were many points of similarity between the work
of the Space Science Board and the IGY. However, he felt that since government agencies
would play a major part in launching of Space Science Board experiments, the work of the
Space Science Board would be less operational than the IGY and involve more co-ordina-
tion of planning.

Existing and Planned Funding — 1959

ARPA — Dr. York advised that funds are available only for the existing programs
already outlined.
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[9] NASA - Dr. Dryden stated that the NASA budget is currently unclear. The 1959 bud-
get will contain $72,000,000 specifically for space science with about $250,000,000 includ-
ed for related and complementary areas. Dr. Dryden stated that some funds (perhaps
$10,000,000) may be transferred from ARPA but that this situation is also not clear.

NSF — Dr. Waterman said that NSF has its standard budget for basic research. It cur-
rently plans only through the continuation of IGY in the space field. Moreover, the Bureau
of the Budget will not consider specific requests until the space agency is established. NSF’s
1960 budget discussions have included $20,000,000 for instrumenting 12 satellites (one per
month). However, again the Bureau of the Budget will not accept a formal request for these
funds. In discussion of these reports, Dr. Dryden stated that NASA will want to pick up
where the IGY program ends in such fields as optical and radio tracking, computing and
so forth. There was some discussion in the Board on the possible sources of funds for non-
governmental space science proposals, if Dr. Waterman’s request was not approved.

Dr. Porter informed the Board of the TPESP and USNC recommendations for imme-
diate fundings for future space experiments to be administered by the National Science
Foundation. President Bronk emphasized the need for arousing Congress and the public
to the continuing and expanding needs of scientific research. Dr. Odishaw pointed out
that no IGY money would be left on the conclusion of the IGY programs. He restated the
USNC resolutions concerning immediate needs for $6,000,000 to insure [sic] that exper-
imental packages will continue to be available in the period immediately following IGY. In
accordance with Dr. Waterman’s request, specific experiments for immediate activation
will be provided in connection with this resolution.

Proposed Outline of Work of Board - L. V. Berkner, Chairman

Chairman Berkner proposed that the work of the Board be apportioned among the mem-
bers on an ad hoc basis. The permanent organization would be determined by experience.

After discussion of tentative ad hoc committees, the Board agreed on the following
assignments.

(1) Geo-Chemistry of Space and Exploration of Moon and Planet — Chairman, H. C.
Urey; Vice-Chairman, Harrison S. Brown

(2) Astronomy and Radio Astronomy — Leo Goldberg, Chairman

(3) Future Vehicular Development (Beyond Military Requirements and Including
Space Stations) — Donald F. Hornig, Chairman

(4) International Relations Field — W. A. Noyes, Chairman
Co-ordination with ICSU. ICSU will decide whether an inter-national Space
Board is necessary and the Board should be able to provide a U.S. position to
them by September. Other problems in the international field will include
the international sharing of payloads, environmental testings, advice on reg-
ulation, and ICSU representation.
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[10](5) Immediate Problems — R. W. Porter, Chairman
Space laboratories, orbits, immediate research projects, reorganization of
TPESP, continuity and immediate support of NSF and ARPA.

(6) Space Projects — Bruno B. Rossi, Chairman
Long-range planning and general guidance.

(7) lonosphere — A. H. Shapley, Chairman
Experiments pertaining to ionospheric studies including ionization,
whistlers, and special propagation effects.

(8) Physics of Fields and Particles in Space — Chairman, J. A. Simpson;
Vice-Chairman, J. A. Van Allen

(9) General Engineering Service and Co-ordination — O. G. Villard, Chairman
Telecommunications, telemetry, guidance, environmental conditions, com-
ponents and functions of the central laboratory for NASA.

(10)Meteorological Aspects of Satellites — Harry Wexler, Chairman

(11)Psychological and Biological Research — Chairman, H. K. Hartline;
Vice-Chairman, S. S. Stevens

(12) Geodesy -

The Board discussed the need for a member skilled in the field of geodesy. It was
agreed that the Chairman should discuss this matter further with President Bronk.

Chairman Berkner outlined the scope of activity of the Committees as follows:

(1) In general, as designated in the Space Board charter provided by President
Bronk. More specifically, for each committee within its field to investigate all
aspects of problems such as payload compositions relative importance of experi-
ments, expectancy, timing, environmental effects, orbital requirements and so
forth, in relation to the effort and cost involved.

(2) To develop knowledge through symposia, publications, committee member-ship
and so forth. (The need for such activities was emphasized by Dr. Urey.)

(3) To make reports to the Space Science Board. In turn, based on the work of the
committees, the Space Science Board must issue studies of:

[11] a. Scientific programs and timing.
b. Vehicle requirements and timing.
c. Extent and character of support.



EXPLORING THE UNKNOWN 109

d. Long-range national plan.

Chairman Berkner asked the Board to consider this proposed outline of assignments
and committee organizations and be prepared for discussion later in the day. This discus-
sion produced the following:

On the selection of committee memberships, chairmen were urged to keep their com-
mittee small although it was recognized that all committees will not be the same size.
Recommendations for membership and organization are to be made to Chairman
Berkner and President Bronk.

The Secretariat will assist Committee Chairmen and the Board when it is orga-
nized. Hopefully this will be soon.

Secretariat

Dr. Odishaw reported on his study of Secretariat organization required for Board
support.

With a number of ad hoc committees to support, as well as the Board itself in meet-
ings, (international as well as Board and committees), symposia, adequate documentation
possibly Congressional testimoney [sic] and the like, a minimum of 6-7 professional staff
members with adequate secretarial assistance is required. Funds in the order of $250,000-
$300,000 are required for the first year of operation.

Subsequent discussion established this level of operation to be necessary and reason-
able. President Bronk agreed and thought that the Secretariat, when appointed, working
with Dr. Cornell, could arrange side support from government agencies that will be associ-
ated by the work of the Board. If necessary, further support of private found will be sought.

Drs. Van Allen and Shapley pointed out that the sunspot cycle which has been
obtained throughout IGY is very high but is decreasing rapidly and to be exploited
requires the immediate availability of satellite experiments to follow the IGY series. Dr.
Berkner emphasized the importance of Dr. Porter’s committee, and stated that he would
like to see from Dr. Porter a proposal for an immediate program, within one month or six
weeks. This program is to include recommendations for specific experiment packages and
satellites over the next two years. The other committees must develop experimental pro-
grams geared to achieve results in three to five years; but, inevitably, they must also assist
Dr. Porter in unravelling [sic] the immediate problems in their respective fields.

[12] Information on the current efforts was provided by Dr. Van Allen as follows:
(1) The TPESP continuing program document (copies provided).

(2) The NACA committee under Guyford Stever which includes representation of all
interests (military, scientific, commercial).

(3) Pressing needs are for an immediate program
a. Publication of the needs through symposia.
b. Determination of where and to whom to submit proposals.
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c. Sifting and consideration of proposals.
d. Establishment of adequate funds.
e. Flight assignment to a vehicle.

(4) Experience shows that flight engineering consumes a long time and, therefore,

planning for experiments is urgently needed.

(5) It must be recognized that space science is expensive.

Discussion then proceeded to the work of Dr. Porter’s committee.

Dr.

Porter stated that he did not feel a satisfactory study could be conducted and a

report and recommendation made to the Board within this six weeks time. He recom-
mended that each Board member (as a committee chairman) assume responsibility, as
indicated, for evaluation of the following experiments or areas which the TPESP had rec-
ommended as requiring immediate activation.

Experiments Committee No.
1. Solar Corpuscular Radiation

2. Mass Spectrometers & Pressure Gauge
3. Magnetometer - light pumping

4. Cosmic ray package

5. Color of extragalactic light

6. Relativity experiments

7. Astronomical problems

8. Geodetics (perigee motion)

9. Nocturnal U.V.

10. Life Sciences — Growth of Living Tissue
11. Psychological Experiments

12. 100-Ft. Inflatable Sphere

13. lonospheric Experiments

Dr.

. Meteorological Package (Advanced)
. Gamma Ray Astronomy

Porter stated that these questions need to be answered:

(1) What can be done that can be instrumented by June 1959 to January 1960?

[13]

a. The weight of the instruments (less than 100 pounds per experiment
includes power supplies and data storage and transmission).

b. Orbit required (any, lower than 1000 miles).

c. Stabilization (1 to 2 for short periods to four weeks).

(2) What agency is best prepared to develop the experiment?

(3) When can instruments be ready?
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(4) What is the cost?
(5) What is the weight?
(6) What are the vehicular requirements?

For establishing an immediate program Dr. Porter requested that each committee
rman address himself to these questions for each pertinent experiment within the

scope of his committee. In the meantime, he would endeavor to collect all current pro-
posals for the next meeting. Out of these, he hoped to select a few of immediate signifi-
cance. He would ask for help from members of the Board in their respective fields.

Disc

ussion by Committee Chairmen

[14]

Urey-Brown — Geo-Chemistry of Space and Exploration of Moon and Planet(s)

Backside of the moon

Chemistry of moon surface

Seismology of the moon

Magnetic properties of the moon

Soft landings on the moon

Study of use of environmental materials as propellants.

o0k~ wWN R

Goldberg — Astronomy and Radio Astronomy

Four months of work and study will be required for a good experimental program;
this would require some funds which Dr. Waterman indicated NSF can supply.

Hornig — Future Vehicular Development
Primary objectives are:

1. Stay ahead of activities and keep Board informed of developments.
2. Recommend on future vehicular development and needs.

Noyes — International Relations Field

1. Provide recommendation to ICSU on proposed establishment of
International Space Board by September 1958.

2. Develop a feel for the character of the regulations problem; while this is a
governmental or inter-governmental problem, the Board must understand it.

3. Develop long-range plans for co-operative efforts in experiments, i.e., shared
payloads. (It was recommended that Noyes attend the CSAGI R&S meetings
in Moscow early August.)
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Rossi — Special Projects

Gamma ray astronomy — gravitational red-shift.
Long-range visionary experiments and/or programs.

Shapley — lonospheric Projects

Experiment search and evaluation is already underway through an ad hoc work-
ing group of the TPESP.

Simpson-Van Allen — Physics of Fields and Particles in Space
Suggested consolidation of committees appears workable and justified.

Hartline-Stevens — Psychological and Biological Research
Suggested consolidation to study the problem is acceptable and appears work-
able. W. R. Lovelace and Orr Reynolds were mentioned as being excellent sources
of information. The recent Satellite-Life Sciences Symposium was also indicated
to provide a basis for study.

Wexler — Meteorology
It is possible that space science will revolutionize meteorology. It was noted that
IGY experimenters will run out of money soon. Suomi of the University of
Wisconsin and the Signal Corps team of Stroud were cited as examples. It was
agreed that every effort should be made to provide for continuation of their work.
Funds should be provided for data analysis by meteorologists.
A meteorological committee exists in ARPA and Wexler will use it in Board activity.

Villard — General Engineering Service and Co-ordination
Responsibilities of this group include information theory, telemetry, environ-
mental conditions; liaison aspects and components specifications for all other
committees. In addition, evaluation of need for, and characteristics of, a NASA
Space Laboratory are [sic] required.

In summary Chairman Berkner summarized the Tasks of the Board thus:

1. To collect information.

2. To broaden the base of Space Science.

3. To develop a national Space Science program that is effective scientifically.
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[15] Action Porter is to present a basic document evaluating the fifteen experiments
and with the answers to the questions raised to the next Board meeting.

Second Meeting Space Science Board
Casperi Hall, Rockefeller Institute, 9:30 A.M., July 19, 1958

First meeting of the Board adjourned at 4:50 P.M.

Document |-14

[handwritten “night letter 7/3/58 — USNC/IGY ESO”]
[handwritten “cc:  Berkner

Porter

Joyce

Odishaw”]
[no pagination]

WESTERN UNION TELEGRAM
CONFIRMATION COPY

Academy has been asked by government to assess possible experiments that might
be designed and constructed for satellite flights during next two years. This is admittedly
a preliminary study but could lead to support of some experiments in near future.
Approximate payload per flight perhaps as high as hundred pounds and within this limit
several smaller non-conflicting experiments might be accommodate. Should appreciate
your assistance and following information airmail within one week. Do you or your col-
leagues have experiment(s) that could be developed to point of final environmental test
by mid-1959 or earlier. If so, please provide following information on each proposed
experiment. First, several paragraphs describing each experiment, its scientific value, and
the proposed instrumentation. Include estimated weights. Second, provide best possible
estimate of total cost for design and construction of four complete hardware units, flight
liaison personnel, data reduction and analysis. Third, provide estimate of months
required between granting of funds and completion of hardware. Regret need to ask for
such information on so short notice but cannot avoid.

L.V. Berkner Chairman NAS Space Science Board

C/0 Associated Universities Inc. 10 Columbus Circle, New York 19, New York
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SCIENTIFIC RESEARCH IN SPACE:
PROCEDURES FOR CONDUCTING EXPERIMENTS IN
SATELLITES AND SPACE PROBES

Space Science Board
National Academy of Sciences
Washington, D.C.
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[4] 1. The Challenge of Scientific Research in Space

Recent achievements in rocket technology have cleared the way for a revolution
in physical science: experimentation in space. Measurements performed above the
earth’s atmosphere can be expected to have an impact on astronomy comparable to
that of the invention of the telescope. New information thus gained on chemical reac-
tions occurring on other planets and stars cannot fail to influence our understanding
of the basic physics and chemistry of the universe. This understanding can then be
tested with the aid of lunar, planetary, and solar probes. The possibility of studying life
forms on other planets should be of the utmost significance to biology and the sever-
al life sciences.

It can be expected that the next few years will bring to hand a flood of new informa-
tion, of the greatest consequence to mankind.

To make the most of this challenging opportunity, it is essential that the United
States have a vigorous and effective program of research in space. This can only be
achieved by ensuring the fullest possible participation by U.S. scientists and scientific
institutions. At the present time, it appears likely that the production of rocket and
satellite vehicles may far outstrip the supply of scientific experiments ready to be
flown.

One purpose of this booklet is to interest U.S. scientists in participating in this coun-

try’s space science program. Another is to summarize the essential information which will
be needed by anyone deciding to take part.
[5] At the present time, it is likely that every qualified person who is interested in con-
ducting scientific experiments in space can find an opportunity to do so. There is no
shortage of funds for supporting really worthwhile projects. The initiative clearly rests with
the individual investigator.

Research in space is not simple. It calls for unfamiliar techniques; it involves uncer-
tainties and it requires coordination with other experimenters. Many aspects of the work
are not under the immediate control of the participating scientist.

However, all of these difficulties can be minimized or overcome. In this connection,
the National Academy of Sciences has set up a Space Science Board whose purpose is to
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assist those wishing to participate in research with the aid of rockets or satellites. This book-
let was prepared with the same objective. Inquiries and correspondence will be welcome.

Lloyd V. Berkner,
Chairman

[6] 2. Purpose of This Booklet

This booklet is addressed to the many scientists of the United States who have not yet
given serious consideration to the possibility of conducting experiments with the aid of
satellites and space probes. Its purpose is to point out the opportunity for worthwhile
research utilizing this new technique; to suggest that the obvious practical difficulties are
by no means so formidable as they might seem; and to encourage new investigators to try
their hands in this field. The general aim is to make the United States space research pro-
gram more effective by ensuring participation by the largest possible number of compe-
tent investigators.

Later sections of this booklet will discuss reasons why experimentations in space are
worthwhile from the standpoint of an individual scientist—for example, a member of the
faculty of a university. There will then be presented a brief account of how research in
rockets and satellites is done, with notes on the principal facilities available, the organiza-
tions that might be in a position to provide support, and other similar information.

3. Space Experimentation as a Research Field

To an individual investigator, such as a member of the faculty of a university, research
in satellites and space probes may seem at first glance almost hopelessly formidable. There
are a number of reasons, however, why this point of view is unjustified. In fact, it is possi-
ble to say that at the present time, the general area of scientific research in space is one
which offers unprecedented opportunity. The reasons for this point of view are summa-
rized below.

[7] a. Money to Support Space Research is Available. A number of agencies, ranging
from the National Science Foundation through the Advanced Research Projects Agency,

are interested in supporting studies and experiments having to do with space science. At
the present time, no really worthwhile proposal can fail to find support, and this situation
is likely to persist for a long time.

b. Available Vehicles Are Outstripping Available Experiments. Both the number of
rockets in production, and their reliability, are rapidly increasing; the cost of placing a

pound of material in orbit is rapidly falling. Vehicles can be placed on a production-line
basis; but for the most part scientific experiments, being individual and sequential, can-
not. Thus the number of tested experiments ready for flight may fall well behind the
number of payloads which, for one reason or another, will be flown anyway.
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c. Larger Payloads Coming. Payload weight restrictions lengthen the time request-
ed to engineer the hardware of a given experiment. Payloads for typical satellite orbits will
soon rise to values of the order of 100 pounds, thus increasing the range of possible exper-
iments and easing the engineering problem.

d. Proposer of Experiment Need Not Build Hardware. It is possible for the propos-
er of an experiment to have as much or as little to do with the hardware as he desires. He

can turn the entire proposal over to an agency, such as NASA, for implementation. Those
who wish to are encouraged to develop their own “breadboard” models, to see them
through the flight testing phase, and to supervise preflight testing.

[8] e. In Many Research Areas, Space Experiments Will Supersede Conventional
Techniques. In many fields, the great advances made possible by research in space will ren-
der research by conventional techniques obsolete. Many workers will sooner or later wish
to avail themselves of the opportunity for conducting research in space.

4. Special Aspects of Space Research: Role of the Space Science Board

Conducting experiments in satellites bears little resemblance to the traditional
physics research conducted in the basement of a lecture hall on Saturday afternoons with
the aid of a few graduate students. Yet the historical record shows that the contributions
of individual scientists and their student collaborators have been enormously productive.
It is accordingly a challenge to see how research in space can be organized so as to be as
appealing as the traditional informal variety.

Realizing the importance of the individual investigator to a national program of sci-
entific research in space, the National Academy of Sciences has set up a Space Science
Board whose assignment is to encourage the fullest possible participation in research
done with the aid of satellites and space probes, and to assist and represent individual sci-
entists in every step of the necessarily lengthy procedure between conception and con-
clusion of an experiment.

A very brief outline of this procedure now follows. First, an experiment must be
proposed and reviewed. After approval is obtained, a sponsor is found, and a place for
the experiment [9] on the test schedule determined. This may call for some compro-
mise in the details of the experiment, since economy usually requires that several be
flown at once, and different experiments may interfere with one another. Furthermore
the orbit or path selected for a given vehicle may not be optimum for all the experi-
ments. After necessary compromises have been made, the task of engineering begins.
A suitable physical embodiment must be capable of withstanding the enormous static
and dynamic forces to which the apparatus is subjected during the launching phase, as
well as the variations in temperature encountered during every phase of flight. At the
present time, only a few institutions have the necessary facilities for conducting envi-
ronmental tests. The model, once completed, must perform in accordance with the
experimenter’s specifications. Launchings for the most part take place at military
installations; data are received and sent back to the investigator from tracking stations
in various parts of the world.
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At the present time, the scheduling of payloads available for unclassified research is
being handled by the National Aeronautics and Space Agency. The N.A.S.A. will also spon-
sor the preparation of experiments, and will ready them for flight. Experiments of pri-
marily military interest are coordinated by the Advance Research Projects Agency of the
Defense Department. Contracts for experiment preparation can be let by A.R.P.A., or by
other military agencies. Preparation of equipment for flight will be assigned by A.R.P.A. to
the appropriate service laboratory.

[10] The flow chart of Fig. | [all figures omitted] illustrates these procedures graphically
for the case of an unclassified proposal.

It is appreciated that this technique for doing research has formidable aspects. In an
effort to answer questions and possible objections to space research which might be raised
by individual experimenters, Table | has been prepared. It is the aim of the Space Science
Board to see that as many as possible of these objections are minimized or removed.

5. Function and Policies of the Space Science Board

The Space Science Board of the National Academy of Sciences has been requested
by N.A.S.A., N.S.F,, and A.R.P.A. to review and assess the relative scientific importance of
proposals for space research which have been submitted to those organizations. The
Board operates in a purely advisory capacity; it makes recommendations only, and con-
cerns itself with scientific matters only. (The Board may endorse a particular experiment,
as being scientifically important, but the choice of a contractor is up to the agency which
sponsors the work.)

Chairman of the Board is Dr. Lloyd V. Berkner; its executive officer is Dr. Hugh
Odishaw, and its secretary is Mr. Ross Peavey. The Board maintains offices at the National
Academy of Sciences, 2101 Constitution Avenue, Washington 25, D.C. The Board consists
of 15 members representing the various fields of scientific endeavor. These members, in
turn, are heads of committees consisting of competent scientists and experts in the Board
member’s special field.

[11]How the Board Can Help Individual Investigators

Proposals for scientific research in satellites and space probes should be sent to the
Board for consideration. To save time, copies can simultaneously be sent to possible spon-
soring agencies (N.A.S.A., AB.P.A,, etc.). If doubt exists as to the most suitable sponsor-
ing agency, the Board will be glad to advise.

The Board will endeavor to keep itself informed of all U.S. and foreign research in
the space field, so that it can inform the proposer of a particular experiment of the rela-
tionship of that experiment to other work being performed elsewhere.

The Board will consider proposals, and will provide its recommendations concerning
the suitability and relative priority of experiments to potential sponsors and to the origi-
nator of the proposal. When, in the Board’s opinion, a particular branch of science or
class of experiments is not receiving sufficient attention, the Board may take an active role
in promoting interest in that particular area.
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Specific Policies

The broad aim of the Board is to do everything possible to further and to strengthen
the United States space research effort. With this aim in mind, the Board has adopted cer-
tain policies, which are outlined below.

a. Unclassified Research
The Board will be concerned with unclassified scientific research only, and will
encourage early publication of essential scientific results.

[12]b. Largest Possible Participation
In general, the Space Science Board wishes to encourage participation in space

research by as many qualified investigators as possible in the largest possible number of
institutions. The Board will be grateful for any suggestions that will help it achieve this
goal.

¢. Encouragement of the Individual Investigator
The Board believes that the overall effectiveness of a national program of research on

space science is related directly to the number of qualified scientists who participate in it.
Hence it desires to encourage participation by as many individual investigators as possible,
even though they may be at relatively isolated institutions.

d. Encouragement of Individual Initiative
Recognizing that many important discoveries in science have stemmed from specula-

tive, ad hoc, or unprogrammed research, the Board wishes to encourage individual ini-
tiative and will give fair consideration to research proposals that may seem to run counter
to the prevailing scientific thought of the day.

e. Encouragement of Individual Control of Experiments
It is the Board’s policy that the individual experimenter should have as much control

over his own experiment as possible. Thus, to the extent that practical circumstances per-
mit, the individual experimenter should be able to:
1. have adequate liaison with those responsible for model construction and
environmental testing.
[13] 2. test his own equipment before firing.
3. determine the actual time of firing.
4. have full and complete access to the resulting data.

f. Encouragement of Experimenter’s Participation in Hardware Preparation
To the extent that circumstances permit, the Board feels it desirable for individual exper-

imenters to take an active part in the preparation and testing of experimental equipment. At
the present time, model construction and environmental testing can be done only in a very
few large centers for such work. It is felt that there should be a reasonable number of uni-
versity laboratories having the facilities to determine whether a given experiment is flight fea-
sible or not. The main engineering, however, will have to be done at the large centers.
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g. Encouragement of Contracting Procedures that Serve the Above Objectives
Since it takes roughly a year to prepare a space experiment a year to collect data, and

then another year to analyze the results, the traditional system of one-year contracts with
yearly renewals is felt to be cumbersome. Three to five year contracts should be estab-
lished whenever possible.

The chief investigator’s own institution should have the contract for final equipment
testing and data reduction, except when the investigator himself should desire otherwise.

In the event that an industrial firm prepares some portion of the experimental equip-
ment, the contract for this work should, [14] whenever possible, be a subcontract from the
investigator’s institution, rather than a direct contract from the sponsoring agency.

h. Protection of Individual Authorship and Priority of Conception

The Space Science Board will keep a careful record of the date of receipt of each sug-
gestion or proposed experiment. From time to time the Board will publish a list consist-
ing of a one-sentence description of the general field of each such proposal, the author’s
name, and the date of receipt.

i. Disclosure of Proposal Contents
The Board will treat all proposals and correspondence as private material, unless the

author desires otherwise. In the event that it would be desirable for author A to know the
contents of a proposal by author B, A’s permission will always be obtained before releas-
ing anything to B.

j. Handling of Simultaneous Proposals
Often the next step forward in a given field of experimental science will become appar-

ent to several individuals or groups of individuals at once, thus resulting in proposals which
compete or conflict. Although the Board cannot make recommendations concerning the
choice of contractors, it can serve as an intermediary in the event that two or more individ-
uals or agencies wish to join forces in performing an experiment which both have proposed.

k. Proprietary Rights
In view of the large number of its Committees, [15] subcommittees, and consultants,

the Board cannot accept responsibility for maintaining the privacy of proprietary or “com-
pany confidential” material. Every effort will be made to respect the wishes of those who
submit proposals, but it must be understood that the submission, and the later conduct of
the experiment, is at their own risk.

I.  Meetings. Symposia, and Publications
The Board will endeavor to develop a national program for research in space science.

It plans to hold meetings and symposia, and to support publication whenever feasible.

m. Publicity
In view of the current public interest in space research, the Board feels that the follow-
ing rules concerning release of publicity should be followed to the fullest extent possible.
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1. In general, releases should be cleared in advance through the National
Academy of Sciences.

2. There should be no advance description of specific experiments. Only gen-
eral classes or kinds of experiments may be mentioned.

3. Ingeneral, there should be no general publicity release concerning an exper-
iment until after the launching.

4. News stories concerning the results of experiments should be timed to coin-
cide with publication of a scientific paper, or presentation of a full discussion
at a scientific meeting.

5. The chief investigator himself has the right to release the results of his own
experiment. This must be made [16] clear to subcontractors and others in a
privileged position who may be consulted by the press.

n. Preparation of Proposals
No fixed form need be followed in submitting proposals to the Space Science Board.

However, the following pieces of information are of great value in assessing the relative
merit of proposals.

1. Itshould be made clear why a given experiment must be performed in a satel-
lite or space probe, rather than in a rocket or sounding balloon.

2. The qualifications and previous experience of the chief investigator should
be listed.

3. The percent time to be devoted by the chief investigator to the proposed pro-
ject should be given. It will be helpful to list other commitments and respon-
sibilities of the chief investigator.

4. The significance to science of the proposed experiment should be pointed out.

6. Sources of Financial Support for Space Research

a. Study and Research Leading to the Design of Experiment
The value and feasibility of an experiment usually develops rather directly out of the

scientific familiarity and activity of a scientist in a particular field. The conception of the
experiment and its design have usually already been worked out in some detail by the time
the first proposal is contemplated.

However, there are undoubtedly situations where the complexity of an experiment,
feasibility in terms of state of the art, [17] or other considerations, may justify an exten-
sive preliminary analysis or feasibility study. In such cases, a request for support may be
addressed to the National Science Foundation if the experiment is of basic scientific inter-
est. Studies dealing with engineering or environmental aspects of space research might
find support from NASA. Those of military significance may be supported by ARPA.

b. Development of Experiment and Instrumentation
Further development of the experiment and instrumentation prior to the establish-

ment of a flight package design constitutes a major area of responsibility for the scientist.
Funds for supporting the extensive work in this phase of the program may be obtainable
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from NASA or, for military applications, from ARPA. Where special zones of technical
interest are involved, supporting funds may be obtainable directly from research offices of
the respective military services, e.g., ONR, ARDC, ARO, AFCRC, WADC, USAESL.

c. Development of the Flight Package
The program for adapting acceptable instrumentation to its place in a flight package

is largely the responsibility of NASA or of ARPA (for military type experiments). In any
case, an experiment which has progressed to this point will have already established sup-
port from one of these agencies for collaborative work required of the author of the
experiment, or of his staff.

d. Liaison With Launching, Data Handling and Data Analysis
The cognizant government agency, NASA or ARPA, maintains responsibility for the

launching and tracking of a space [18] experiment as well as for the recording and reduc-
tion of telemetry data. The experimenter has the responsibility for maintaining all requi-
site liaison and final reduction and analysis of all telemetry data. Support for these phases
would undoubtedly derive from NASA or ARPA. However, there is the possibility that sup-
port for analysis of data of basic scientific interest may also be obtainable from NSF.

7. FElight Package Considerations

The launching of an experiment in a satellite or space probe involves a most signifi-
cant expenditure of time, effort, and engineering capabilities. Preparation of a suitable
scientific flight package accordingly requires careful collaboration between authors of
experiments and the engineers and scientists conversant with flight package design. The
following guidelines are offered for the use of scientists in evaluating the possibilities of
placing a particular experiment in space.

a. Weight Availability
Launching capabilities have thus far limited our scientific payloads for satellites to

about 20 pounds in orbits of some 300 miles mean altitude. During 1959 the availability
of improved booster and upper-stage rockets should increase payload capabilities to more
than 100 pounds. (With the present state of the art, about 25 pounds is required for a five-
watt power supply using solar cells; about 35 pounds for the satellite body, hardware, and
radio transmitter; with approximately 40 pounds remaining for [19] instrumentation.) By
late 1959 or early 1960 a still larger booster rocket should make it possible to place in orbit
payloads in the range of one to two tons. At the same time, improved guidance should
facilitate the precise attainment of higher altitude orbits with appropriate reduction in
payloads.

By 1962 improvement in upper-stage rockets should make possible the launching of
several tons into a 300-mile orbit or more than a ton into an orbit of co-rotation with the
earth at 22,300 miles altitude. In the period beyond this, very powerful launching rockets
should be available. It is then likely that scientific justification rather than launching capa-
bility may play the determining role in our science program.
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b. Space Availability
For the immediate future, weight rather than space appears to impose the greater

restriction on scientific satellite packages. Both Explorer and Vanguard satellites have car-
ried most of their scientific equipment in a centrally located cylindrical instrument com-
partment about 6” in diameter. Therefore, instrument assemblies have taken the form of
disk-shaped modules or decks of various heights, arranged in a stack. The Pioneer, on the
other hand, disposed its instrument packages around the equator of its top-shaped shell.

Components and fabrication techniques similar to those for miniaturized airborne
and missile electronics have proved satisfactory for space use. Instruments requiring exte-
rior surface mounting or bulky units of non-modular dimensions can probably [20] be
accepted in prospective launching vehicles, which should permit satellite volumes as
much as several cubic feet.

c. Payload Power Availability

The electrical power supply carried by the space vehicle ordinarily determines the total
amount of scientific data which can be detected, amplified, and telemetered to the earth.
Reasonable flexibility exists for the band width of communication and observation in com-
parison to the operating lifetime of the system. Thus far, satellites and space probes have
depended almost entirely upon chemical batteries. These have in general encountered no
serious difficulties in meeting the outer space environment. In comparison with optimum
figures of about 80 or more watt hours per pound of batteries, space vehicles have designed
for and obtained performance of about 50 watt hours per pound. Mercury cells have been
used, and silver-zinc cells have been projected for use in a later satellite. On the average, our
satellites have utilized about twenty-five per cent of available weight for the battery pack.

In 1958 Beta, the 6” Vanguard test sphere, sufficient power was developed by banks of
solar cells to operate a transistor transmitter at about twelve milliwatts. This operation,
which has continued for sunlight periods since March 17, 1958, indicates that silicon solar
cells are not rapidly damaged by the space environment. Their more extensive use in
future vehicles is expected. For the range of variation of aspect in an uncontrolled satel-
lite, for the storage of energy during dark periods, for regulation and [21] voltage con-
version about five pounds are presently required for the supply of one watt. This is
equivalent to more than 1,500 watt hours per pound, if a one-year life is assumed. A 5-watt
power system of this type will be used in a late IGY satellite.

Nuclear powered devices are expected to provide efficiencies up to perhaps 2,000 watt
hours per pound for high power, long life applications in space vehicles. Although such
systems are well advanced in development, the problems of their application, particularly
shielding and dissipation of the generated heat, may present difficulties. In summary, U.S.
satellites to date have operated at a fractional watt level with lifetimes up to a few months.
Prospective space vehicles should operate at a few watts for periods up to a year. It may be
expected that the 1960-62 period will see the operation of space science vehicles at power
levels of 50 to 100 or more watts.

d. Payload Temperature Control
The approximate solution of the problem of the temperature of a satellite or space

vehicle was worked out prior to launching, both for the Explorers and for Vanguard 1. In
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both cases, temperature range reported from the satellites agreed with predictions within
design limit. The space vehicle temperature represents a balance between radiation
absorbed by or heat dissipated within the satellite and the heat lost by radiation, or latent
heat exchanges within the satellite. By suitable adjustment of the absorption and emission
characteristics of the various portions of satellite surfaces over the full spectral [22] range,
and with due consideration of the satellite orbit, the shell temperature for Explorer | was
restricted to a range of 25°C. to a probable 90°C. cyclic range. This may increase to a vari-
ation of from 0°C. to about 40°C. within the shell.

In the case of Vanguard |, temperature stabilization at about 40°C. appears to have
been reached within one day after launching.

In summary, it is indicated that the present state of the art makes possible the design
of instrument compartments adequate for the maintenance of temperature limits and
within the requirements of instrument components of a type suitable for airborne or
other mobile applications. The possibility of maintaining a close temperature regulation
for a portion of the instrument compartment to any reasonable degree is attainable at the
sacrifice of some payload weight and operating power.

e. Shock and Vibration Requirements
Once an instrument package has achieved orbit or a condition of coasting flight in

space, it is essentially in a force-free condition except for the effects of residual spin, atti-
tude control, or a possible meteoritic impact. In this environment, large-size light-weight
structures may be developed for scientific purposes, e.g., by the inflation of plastic bal-
loons. However, prior to the attainment of this free flight condition the instrument pay-
load package must withstand appreciable shock and vibration during an initial period of
shipment and handling leading to its being placed on the launching pad; as well as the
subsequent [23] launching period where acceleration forces of both setback and spin are
encountered along with random vibration over a wide spectrum along all three axes.

For establishing dependability of the payload package to meet its launching environ-
ment, an extensive program of shock and vibration testing has been evolved in the satellite
program. Test limits are dictated in large measure by the shock and vibration characteris-
tics of the launching rocket system and the mounting characteristics of the payload itself.
Specific test routines have been worked out for the Vanguard launching system, the Jupiter-
C, the Pioneer, and the Juno-2. These have included: dynamic balancing; acceleration with
spin tests; vibration (random noise, band limited 20 - 1500 cps) along all three axes.

Although the test limits differ in some degree for the various launching systems, the
following, taken from the type approval tests for the Juno-2 flight prototype payloads, may
be taken as typical:

(1) Shock

Complete payload subjected to about four 100G shocks parallel to axis of
launching thrust. Tests by means of ballistic hammer.
(2) Vibration

Random noise, 15G rms parallel to thrust axis for two minutes. Random
noise, 12G rms along two planes mutually orthogonal and perpendicular to thrust
axis. Two minutes for each plane. A test on electrodynamic [24] shaper with white
noise drive.
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(3) Static Acceleration
Payload to be held at 75G for two minutes, by means of centrifuge.
(4) Spin
After dynamic balancing, the payload is spun at 900 rpm for ten minutes.

The foregoing tests are applied to the flight prototype sample. Somewhat less rigor-
ous flight acceptance tests are then applicable to identical payloads scheduled for actual
flight.

The development of the payload instrument package for withstanding these mechan-
ical requirements, as well as thermal and low pressure requirements, is the responsibility
of an expert space package design group having cognizance of the launch in question.
Ideally, this group should begin to work cooperatively with the scientist carrying out the
experiment at an early phase of his instrument development, even prior to the comple-
tion of a laboratory bench model of the instrumentation. Following the successful testing
of individual components, there is the qualification of the complete instrument configu-
ration for flight readiness through a flight approval test. At this point, the flight package
engineers assume responsibility for adapting the approved instrumentation into a flight
prototype package which will meet test requirements and, at the same time, be function-
ally acceptable to the responsible scientists.

[25]f. Laboratories Equipped to Make Environmental Tests
Massive test equipment is required for carrying out the full range of environmental

tests for payload instrument packages, particularly for payload capabilities of 100 pounds
or more. Adequate installations of test equipment are located at laboratories engaged in
the development and design of airborne or space vehicle instrumentation. These include
NASA facilities at NRL, Washington, D.C.; the Jet Propulsion Laboratories at the
California Institute of Technology, Pasadena, California; The Army Ballistic Missile
Agency in Huntsville, Alabama; and the Air Force Ballistic Missile Division, Inglewood,
California. Others having such test equipment are a number of major commercial con-
tractors active in the Defense Program, such as, the Space Technology Laboratories,
Lockheed Aircraft, Douglas, Convair, General Electric, and others. These facilities would
not ordinarily be available for other than military program use. Less extensive test equip-
ment is adequate for the test of individual components and sub-assemblies leading to the
flight approval test. This class of shock and vibration equipment and thermal-vacuum test
chambers is doubtless in use at the State University of lowa and is probably established in
great part in a number of other university laboratories that have been active in programs
of airborne electronics. It is likely that a number of such test facilities will soon be estab-
lished throughout the country for assisting scientists in the initial development of flight-
worthy space instrumentation.

[26]g. Telemetry
Scientific satellites have used two general methods for the telemetry of scientific data

to the earth. Most of these have continuously impressed one or more channels of data on
radio frequency carriers of about 108 mc, which also served as beacons for radio tracking.
Both phase and amplitude modulation have been used. Reception of a complete record
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for a satellite employing continuous telemetry requires an extensive worldwide network of
receiving stations placed so that one is always within line of sight of the satellite. Despite
the severity of this requirement, excellent, though not complete, records have been
obtained for the U.S. satellites using continuous telemetry.

An alternate scheme planned for the Vanguard satellites and so far used successfully
in Explorer 111 utilizes the readout upon command of satellite data. With the satellite con-
tinuing a data storage system sufficient for one orbit, it is possible for a complete data
record to be obtained from readouts made once each orbit as the satellite passes over the
“picket fence” array of Minitrack stations.

Our satellite experiments have been basically simple and their results have involved a
communication rate of only a few cycles per second. Even when the synoptic data for one
entire orbit has been compressed for readout transmission during passage over a tracking
station, the communications bandwidth has not exceeded 15 kc. Design of experiments
for narrow band signals was considered preferable not only for its reduced communica-
tions power [27] requirement but also for the attendant increased reliability from instru-
mental simplification and the lessened requirement for data reduction and analysis.

As space science experiments become more complex, improvements of telemetry
capabilities may be expected. With the present state-of-the-art, communications capabili-
ties approach video bandwidths for satellite altitudes of several hundred miles. Limitations
are of an engineering rather than basic nature. Current capabilities also exist for main-
taining signal bandwidths of a few tens of cycles out to distances of several hundred thou-
sand miles. It has been estimated by the Jet Propulsion Laboratory that improvements
should make it possible by 1962 to communicate at 30 cps bandwidth to a distance of
about 5 billion miles or, alternately, to five hundred million with a voice channel of 3 kc.

h. Tracking Facilities Available
Facilities for tracking satellites by radio and optical means and for the computation of

orbital position as a function of time have been established as a part of the U.S. IGY pro-
gram. These facilities are now being continued and expanded as part of the U.S. Space
Program under NASA. The radio tracking network consists of Minitrack (interferometer)
stations at the following locations:

Blossom Point, Maryland

Savannah, Georgia

Havana, Cuba

Mt. Cotopaxi, near Quito, Ecuador

Lima, Peru

Antofagasta, Chile

Santiago, Chile

San Diego, California

Woomera, Australia

[28] These stations are also equipped for command readout of telemetry. Some are also
equipped for tracking at 40 mc. A network of Micro-lock stations for increased longitudi-
nal coverage includes stations at the following locations: San Gabriel and Earthquake
Valley, California; Cape Canaveral, Florida; Ibadan, Nigeria; and Singapore. A number of
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additional radar and space vehicle reception stations have also been set up through ARPA
and the military services.

Precise observations leading to the computation of definitive orbits for satellites
are carried out by an optical tracking network which is operated by the Smithsonian
Astrophysical Observatory. This includes the following stations, each equipped with an F-
I, 20” photo telescope: White Sands, New Mexico; Florida, near Palm Beach; Curacao,
Netherlands West Indies; Arequipa, Peru; Villa Dolores, Argentina; Olifantsfontein, South
Africa; Cadiz, Spain; Shiraz, Iran; Naini Tal, India; Woomera, Australia; Mitaka, Japan;
Haleakala, Maui, Territory of Hawaii.

i. Data Handling
Centralized headquarters at NASA are now being organized for reduction and com-

pilation of both telemetry and orbital data. Thus it may be expected that scientists who
will engage in satellite or space experiments may expect to receive reduced and compiled
data, ready for study.

Telemetry data in the form of the original magnetic tapes with time base, upon receipt
from the telemetry recording stations, are broken down into individual tape records of
the respective telemetry channels. Data can be furnished to the experimenter in this [29]
form or in the form of a continuous strip oscillographic record, suitable for direct appli-
cation of the channel calibration.

Orbital data provide a correlation of scientific data with the position of the instrument
package in space. These data can be furnished to the scientist as a tabulation of coordi-
nates of orbital subpoints and vehicle altitudes, given at specified instants of time.
Presently, the uncertainty of the positions in space so defined is probably about 5 miles.
For experiments requiring higher precision of position, some improvement is undoubt-
edly possible.

Document I-16

[no page number]
NATIONAL ACADEMY OF SCIENCES
SPACE SCIENCE BOARD
2101 Constitution Avenue, N.W.
Washington, D.C.

Memorandum Report, December 1, 1958
TO: Administrator, National Aeronautics & Space Administration
Director, National Science Foundation
Director, Advanced Research Projects Agency

FROM: Hugh Odishaw, Executive Director, Space Science Board
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SUBJECT: Recommendation of the Space Science Board for Space Experiments

This document presents, in outline form, current recommendations of the Space Science
Board. These recommendations are based on studies conducted by the appropriate commit-
tees of the Board during the summer and early fall of 1958. They were formally adopted by the
Board at its meeting on October 24-25. The content of the recommendations is known to the
principal federal agencies having responsibilities in space work (National Aeronautics & Space
Administration, National Science Foundation, Advanced Research Projects Agency), by virtue
of their participation in the meeting of the Board, while one of these agencies (NASA)
received upon request a complete set of the proposals on November 4, 1958. The Board is con-
tinuing its studies and will submit further recommendations of its findings.

Insofar as possible, the Board has considered five implementation phases with respect
to the experimental proposals:

Phase 1. Feasibility study.

Phase 2. Development of a bench model. (This includes the experimental demon-
stration of the principles using transistor circuitry and other critical components required
in satellites and rockets. It may also include preliminary balloon flights to test the appa-
ratus.)

Phase 3. Development of a flight prototype model. (This model uses flight type
components or the physical equivalents and is ready for a design test program although it
may not have the final configuration required for a specific satellite.)

[2] Phase 4. Checkout, launching and coordination. (This includes flight package
design and fabrication, test of flight packages, preparation for a launching, and partici-
pation by the experimenter in a launching to the extent required.)

Phase 5. Data reduction and analysis.

Wherever possible, the recommended agency and recommended experimenter are
indicated. Supporting documents received from interested proposers are attached to pro-
vide more details of the proposed experiment where this material has been available to
the Board. With respect to such proposals, the Board believes that the proprietary inter-
ests of the submitting scientists, whether with respect to unique concepts or instrumental
apparatus, must be kept in mind as a matter of principle and statute.

1. ASTRONOMY
A. Solar Physics
1. Title: Solar Lyman-alpha Radiation Measurements

Institution: U.S. Naval Research Laboratory
Project Director: Herbert Friedman
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Remarks: This experiment is essentially the same as that supported under IGY
Project 32.8 and which is still unflown. Herbert Friedman of the Naval Research
Laboratory and William A. Rense of Upper Air Laboratories, University of
Colorado, are considered to be the two investigators most ready for immediate
work in the investigation of solar ultraviolet and X-ray radiation.

Board Action: The Board recommends support of this experiment for phases 1
through 5. (See also item 2 below.)

Supporting Document: Paper, “The Lyman-alpha Experiment.”

Title: A Solar Lyman-alpha Intensity Monitor
Institution: Upper Air Laboratories, University of Colorado
Project Director: William A. Rense

Board Action: The Board recommends support for phases 1 through 5. (See also
“Remarks,” item 1 above.)

Supporting Document: Letter dated July 9, 1958, from William A. Rense to
Chairman, Space Science Board.

Title: An Experiment for Mapping the Sun in the X-ray and Far UV Regions by
Means of a Satellite

Institution: U.S. Army Signal Research and Development Laboratory

Project Director: W. G. Stroud

Remarks: The Board notes that Stroud has indicated a willingness to collaborate
with Herbert Friedman of the U.S. Naval Research Laboratory in this experiment
and that to a certain extent Stroud’s qualifications are complementary to
Friedman’s.

Board Action: The Board recommends that Stroud be encouraged to collaborate
with Friedman on this experiment.

Supporting Document: Proposal, titled as above.

B. Stellar Astronomy

1.

Title: Proposed Study for a Satellite Telescope
Institution: Princeton University Observatory
Project Director: Lyman Spitzer

Board Action: The Board recommends support for phase 1 of this work and sug-
gests that the National Science Foundation may be an appropriate source of sup-
port for the study phase of the program.
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Supporting Document: Proposal, titled as above.

2.

[4] C.

1.

1.

Title: Feasibility Studies of the Development and Operation of an Astronomical
Telescope in a Satellite Orbit

Institution: Smithsonian Astrophysical Observatory

Project Director: Fred L. Whipple

Remarks: The Board recognizes the scientific importance of an orbiting astro-
nomical telescope, as proposed by the Smithsonian-Harvard Observatories, for
observing radiation in the far ultraviolet. There is further agreement on the gen-
eral feasibility of this proposal and the preliminary plans for executing it.
However, since the formal proposal on the project was not available for Board
consideration, further action is deferred.

Board Action: The Board recommends phase 1 support.

Supporting Documents: Proposal, titled as above and supporting documentation
entitled “Notes on the Development and Operation of an Astronomical Telescope
in a Satellite Orbit.”

General

The Board reaffirms its recommendation that consideration be given to provid-
ing support as soon as possible, for the development of a flashing light system,
suitably packaged, for incorporation in a geodetic or astronomical satellite and
that a study of ground tracking facilities be concurrently made to determine their
adequacy. (See letter of July 24, 1958, from Executive Director, Space Science
Board for prior recommendation.)

Il. THEORY OF RELATIVITY

Title: Relativistic Clock Experiment
Institutions: (1) National Bureau of Standards — Rubidium gas cell clock

(2) Massachusetts Institute of Technology — Cesium beam clock
Project Directors: (1) Peter Bender, National Bureau of Standards

(2) Jerrold R. Zacharias, Massachusetts Institute of Technology

Remarks: Because of the fundamental scientific value of an experimental valida-
tion of the general theory of relativity, the Board recommends that a satellite
clock experiment be carried out as soon as possible. The Board is advised that
suitable launching vehicles will probably not be available before 1960, and there-
fore recommends the following program schedule:

a. Completion of feasibility study (phase 1) on both the rubidium gas cell
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clock and the cesium beam clock (by the respective institutions) with

definitive technical reports by May 1, 1959.

b. Completion of three (3) flight prototype models of each type (phase 3)

by December 31, 1959.

Board Action: The Board recommends immediate support to:

[5]

(1) National Bureau of Standards, for phases 1 through 3.
(2) Massachusetts Institute of Technology, for phases 1 through 3.

In addition to the two experiments above, the Board recommends that
support also be provided to Peter Bender, National Bureau of Standards, for
instituting a program with a qualified lamp manufacturer for the improve-

ment of alkali vapor lamps for light pumping applications.

Supporting Documents: a. Proposal from National Bureau of Standards
b. Proposal from the Massachusetts Institute of
Technology and the National Radio Company
c. Minutes of the Special Ad Hoc Committee for the
Consideration of the Relativistic Clock, October 7,

1958

I11. IONOSPHERIC PHYSICS

1. Title: Satellite Ground-Based lonospheric Measurements
Remarks: The Board recommends that the following IGY satellite ground-based
ionospheric measurement programs be continued for an additional year in view
of the observational opportunities that will probably be available during the peri-
od July 1, 1959 to June 30, 1960.
IGY
Project Project Estimated
Number  Short Title Institution Director Amount
32.40 Radio Interferometry U. of Illinois G. W.
and Data Analysis Swenson $ 66,000
32.41 Interferometer/Doppler National Bureau Ralph J.
Recording & Analysis of Standards Slutzl 21,500
32.42 Auroral lonosphere Studies U. of Alaska C. Elvey 66,000



SPACE SCIENCE: ORIGINS, EVOLUTION, AND ORGANIZATION

IGY
Project Project Estimated
Number  Short Title Institution Director Amount
32.43 Electron Density & Stanford U. 0. G.
Propagation Locations Villard 70,400
32.44 Doppler Measurements Penn State A. H.
from Spaced Locations Waynick 82,200
32.46 Absolute Signal Strength Linfield Research  W. P.
& Frequency Measurements Institute Dyke 31,600
32.47 True-Height Electron National Bureau Ralph J.
Density Profiles of Standards Slutz 75,000
32.48 Polar Satellite Propagation Geophysics ResearchW. Pfister
Measurements Directorate, AFCRC 25,000
TOTAL $537,700
Supporting Documents: These projects are described, respectively, in the
attached IGY Earth Satellite Program documents.
[6] 2. Title: Multifrequency lonospheric Beacon Transmitter

Remarks: The Board strongly recommends that a multifrequency ionospheric
beacon transmitter be included in an early flight package, preferably for a launch-
ing not later than June 1959, and endorses the following optimum characteristics
as developed by the Working Group on Satellite lonospheric Measurements of
the IGY Technical Panel for the Earth Satellite Program:

Frequencies: Approximately 20, 40, 108, 400, 1000 Mcs, harmonically related.
Transmitter stability: 1:107

Minimum power: 100 milliwatts to 1 watt with a stability for field strength mea-
surements of less than 1%.

Antenna: Linearly polarized along the spin axis.

Modulation: Amplitude modulation or pulse modulation keyed off for one sec-
ond period every thirty seconds on 20 and 40 Mc.
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Lifetime: One year (self-destruction feature to be included if possible).

Orbit: 75° preferred but 51° would be acceptable; a 63° orbit should be avoided.
Perigee: 150 to 200 miles.

Apogee: Consistent with one-year lifetime.

It is also recommended that consideration be given to the addition of a frequen-
cy close to 40 Mg, i.e., 38 Mc, to permit better studies of Faraday rotation effects.

Title: Direct Atmospheric Electric Measurements from Satellites
Institution: U.S. Naval Research Laboratory
Project Directors: R. E. Bourdeau and J. F. Clark

Remarks: This group has instrumented such an experiment in rockets and could
draw on the experience of the NRL miniaturization group.

Board Action: The Board recommends immediate funding, phases 1 through 5,
of this proposal.

Supporting Document: Proposal, titled as above.

Title: Development of Modified Langmuir Probe

Institution: U.S. Naval Research Laboratory

Project Directors: C. A. Pearse and Willard H. Bennett

Board Action: The Board recommends support of this experiment through phase 2.
Supporting Document: Proposal, “Charge Density and lonic Composition.”
Title: lon Density Probe

Institution: Geophysics Research Directorate

Project Director: Mrs. R. C. Sagalyn

Remarks: This experiment is based on a modification of the ion density probe in
Sputnik I1l. The experimenter requires three or four months to complete her
study of improvements on the USSR experiment, but this could be accelerated
with additional funds.

Board Action: The Board recommends support through phase 2.

Supporting Document: Minutes of Second Meeting, Committee on lonospheres
of Earth and Planets, Space Science Board, October 20, 1958.
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6. Title: VLF Pulse Experiment
Institution: Stanford University/Stanford Research Institute
Project Director: R. A. Helliwell

Remarks: This experiment involves development of a pulsed transmitter by which
pulse signals are received from the ground and monitored in the satellite. The
study would require two to three months.

Board Action: The Board recommends support for feasibility studies (phase 1).
Supporting Document: “Proposal for a Very Low Frequency Satellite Experiment.”

[8] 7. Title: VLF Continuous Wave Experiment
Institution: Stanford Research Institute

Project Director:

Remarks: This experiment embodies a CW transmitter experiment in which sig-
nal strength from a CW vlf station is measured on mutually perpendicular mag-
netic loop and electrical dipole antennas.

Board Action: The Board recommends support for a review in detail (phase 1) of
scientific and engineering design problems.

Supporting Document: Preliminary Proposal from Stanford Research Institute
(par. 4).

8. Title: Topside lonospheric Sounder
Institution: National Bureau of Standards, Central Radio Propagation Laboratory,
Boulder, Colorado

Project Director:

Board Action: The Board recommends support for a study (phase 1) to deter-
mine feasibility and design requirements.

Supporting Document: Minutes of Second Meeting, Committee on lonospheres
of Earth and Planets, Space Science Board, October 20, 1958.

IV. PHYSICS OF FIELDS AND PARTICLES IN SPACE

A. Magnetic Fields

1. Title: Magnetic Field Studies from an Earth to Moon Package and a Polar Orbit
Earth Satellite
Institution: U.S. Naval Research Laboratory
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Project Director: J. P. Heppner and L. E. Meredith (with Varian Associates)
Remarks: Instrumental development includes light-pumping alkali vapor magne-
tometer (scalar) having approximately 10-5 gauss sensitivity. This is for use in
studies within 2 earth radii, fringe or transition fields as functions of time and
position (3-20 earth radii), interplanetary fields (solar connective field) as func-
tions of time, and lunar field.

Board Action: The Board recommends support for phases 1 through 5.
Supporting Document: Proposal, titled as above.

Title: Search for Hydromagnetic Waves above the lonosphere

Institution: Lockheed Aircraft Corp., Missile Systems

Project Directors: Francis S. Johnson and A. J. Dessler

Remarks: Project involves no significant instrument development.

Board Action: The Board recommends support for phases 1 through 5.

Supporting Document: Lockheed document LMSD-5134, Section 1.

Title: Mapping of the External Geomagnetic Field from Satellites
Institution: University of New Mexico

Project Director: V. H. Regener

Remarks: This proposal involves the development of instrumentation and its use
in studies of fringe or transition fields as function of time and position.

Board Action: The Board recommends support through phase 2.
Supporting Document: Proposal, titled as above.

Title: High Altitude Studies of the Earth’s Magnetic Field
Institution: State University of lowa

Project Director: L. J. Cahill, Jr.

Remarks: Involved here are studies within 2 earth radii and studies of fringe or
transition fields as function of time and position at greater altitudes.

Board Action: The Board recommends support for phases 1 through 5 with the advice
that the simplest possible equipment should be used for immediate exploration.

Supporting Document: Memorandum for Space Science Board from the State
University of lowa dated July 12, 1958, p. 14.
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Title: Development of Minimum Weight Prototype Instrumentation for
Geomagnetic Measurements with Earth Satellites

Institution: Smithsonian Astrophysical Observatory collaborating with Batelle
Memorial Institute and Harvard College Observatory

Project Director: Fred L. Whipple, Smithsonian Astrophysical Observatory

Remarks: This proposal involves a vector magnetometer utilizing the Hall effect
in a semi-conductor, with a vector sensitivity approaching 10* gauss. This develop-
ment appears desirable because of light weight, simplicity, and possibility of
future improvement.

Board Action: The Board recommends support through phase 2.

Supporting Document: Proposal, titled as above.

General

1.

2.

With regard to basic instrumentation requirements for the measurement of mag-
netic fields, the Board recommends immediate support for the development of
magnetometers to the following specifications:

(a) scalar (light pumping), of sensitivity 10° gauss and sampling time a few sec-
onds.

(b) vector, of sensitivity 10* gauss, angular precision 2°-5° at 10* gauss level. Here,
improved semi-conductor magnetometers offer promise. The possibility is
suggested that MAD unit or Navy 3-component pendulum unit may be
improved to approach these specifications.

(c) There is need for an extremely simple instrument suitable for routine use in
rockets and satellites for exploratory purposes. Here, small size and weight,
simplicity of operation, and sensitivity are most important.

An extended period of geomagnetic field observations should be initiated as soon
as possible, 1959 at the latest, in order to take advantage of observational possi-
bilities during the post maximum period of the solar cycle. These observations
should continue for a year or more.

[11] B. Low Energy Particle Radiation (< 100 Mev)

1.

Title: Low Energy Particle Studies
Institution: State University of lowa
Project Director: J. A. Van Allen
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Remarks: These studies are aimed at the mapping of low-energy particle density
and spectrum with pole-to-pole orbits; and for particle identification, which is
considered to be of greatest immediate importance (search for protons, elec-
trons, He*, etc.).

Board Action: The Board recommends support for phases 1 through 5.

Supporting Document: Memorandum for Space Science Board from State
University of lowa dated July 12, 1958.

Title: Satellite Auroral Particle Measurements
Institution: U.S. Naval Research Laboratory
Project Director: L. R. Davis and L. H. Meredith

Board Action: The Board recommends support for phases 1 through 5.

Supporting Document: Proposal, titled as above.

C. Cosmic Rays

1.

[12]2.

Title: Cosmic Ray Investigations
Institutions: Bartol Research Foundation and Rias, Inc., Division of The Martin
Company
Project Directors:  Martin A. Pomerantz — Bartol
Gerhart Groetzinger — Rias, Inc.

Board Action: The Board recommends support through phase 2 for the following
experiments:

(a) composition, intensity and variations with time of relativistic particle energies
(b) exploratory studies of particles with atomic number greater than 6.
(c) searches for * electrons.

Supporting Documents: Proposal from Bartol dated July 11, 1958; Letter from
Gerhart Groetzinger to Chairman, Space Science Board, dated July 11, 1958.

Title: Studies Concerning Relativistic and Nonrelativistic Particle Energies
Institution: State University of lowa
Project Director: J. A. Van Allen

Remarks: Involved here are studies in composition, intensity, and variations with
time of relativistic and nonrelativistic particle energies.

Board Action: The Board recommends support through phase 3.
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Supporting Document: Memorandum for Space Science Board from State
University of lowa dated July 12, 1958.

Title: Satellite-Borne Cosmic-Ray Experiments
Institution: The University of Chicago

Project Director: J. A. Simpson

Board Action:

1. The Board recommends support through phase 3 for those portions of the
proposal dealing with:
(a) studies in composition, intensity, and variations with time of relativistic
and nonrelativistic particle energies.
(b) experiments in the use of cosmic rays as probes of geomagnetic field,
solar and interplanetary magnetic fields.
2. The Board recommends support through phase 2 for that portion of the pro-
posal on the search for + electrons.

Supporting Document: University of Chicago documents CML-PR-E-1150 and
127.

Title: High-Energy Gamma-Ray Satellite-Borne Experiment
Institution: Massachusetts Institute of Technology, Laboratory for Nuclear Science
Project Director: W. Kraushaar

Board Action: The Board recommends support through phase 2.
Supporting Document: Proposal, titled as above.

Title: A Proposal for the Measurement of Cosmic Light and Radiation from an
Earth Satellite

Institution: California Institute of Technology, Jet Propulsion Laboratory

Project Director: H. Victor Neher, for cosmic-ray portion

Board Action: The Board recommends support for phases 1 through 5 for the
cosmic-ray portion of the experiment.

Supporting Document: JPL Publication No. 70 attached.

Title: Proposal to Explore the Properties of High Energy Radiation at Rocket
Altitudes

Institution: University of Chicago

Project Director: Marcel Schein
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Remarks: This proposal has already been endorsed by the Space Science Board
and presumably has been included in the Department of Defense Program by the
Geophysics Research Directorate.

Board Action:

1. The Board recommends support through phase 3 for experiments with recov-
erable emulsion blocks carried in rocket nose cones.

2. The Board recommends support through phase 2 for experimental searches
for magnetic monopoles.

Supporting Document: Proposal, titled as above.

D. General

[14]2.

Title: Observation of X-rays ( 0.5 Mev)
a. Map of celestial sphere in the light of x-rays
b. Image of sun and solar flares

c. X-rays of terrestrial origin

d. Spectral distribution

Remarks: Adequate instrumentation appears to be available. Attitude control and
registration appear to be required.

Board Action: The Board recommends that proposals be solicited.

Title: Special Aurora and Airglow Observations

a. Pictures of Earth in the A 5577A and A 3914A Bands

b. Associated low energy detectors on vehicles with experiment
c. Associated magnetometers

d. Far ultraviolet exploration of auroral distributions

Remarks: To meet the instrumentation requirements for image registration and
transmission, improvements may be needed in attitude control and registration,
photoelectronic devices, image storage, and wider band telemetry.

Board Action: The Board recommends that proposals be solicited.

—

itle: Detection of Interplanetary Particles: 0 to 50 kev lons, Electrons, Neutral
Atoms, and Molecules, etc. as follows:

Energy spectrum

Ratio of neutral to charged

Composition

Directional detection

Time dependence

Associated magnetic fields

000 oW
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g. Plasma experiments (<100 ev particles)
h. Search for free radicals in space

Remarks: These measurements will require development of new kinds of detec-
tors supported by improvements in attitude registration, electron-multiplier
development, and radio probe methods.
Board Action: Proposals should be solicited and interest stimulated in measure-
ments of this type.

V. METEOROLOGY
Title: Investigation of Thermal Radiation Budget of the Earth and Survey of
World-Wide Thunderstorm Activity Using an Earth Satellite
Institution: University of Wisconsin
Project Director: V. E. Suomi
Remarks: The Board recommended to the Government on July 24, 1958, that sup-
port be given to the development of equipment for a directional bolometer
experiment designed to make measurements of global radiant energy. Details for
this bolometer are given in Section 1V of the enclosed proposal.

Board Action: The Board recommends immediate support for the following
experiments:

Improved Radiation Balance Experiment, Phases 1 through 5 (Section II)
Improved Meteorological Experiments, Phases 1 through 5 (Section 111)
Experiment Using Directional Bolometers, Phases 1 through 5 (Section 1V)

Radiation Cloud Cover (combination experiment), Phases 1 through 5
(Section V)

World-Wide Thunderstorm Survey, Phase 1 (Section V1)

Supporting Document: Proposal, titled as above.

VI. INTERPLANETARY PROBES AND SPACE STATIONS

In order to develop a Board position with regard to interplanetary probes, consider-

able study was given to the general consideration of the problem and to two proposals,
one for a Venus probe and one for a Mars probe. The Board did not consider these last
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proposals per se but used, as the basis for formulating its recommendation, the general
recommendations which were transmitted to the Government by our letter of October 3,
1958, summarized herewith as follows:

1.

[16] 2.

It is urgently necessary to begin the exploration of space within the solar system
with any means at our disposal if a continuing U.S. program of space science and
exploration is to proceed at an optimum rate. To this end, a comprehensive pro-
gram of deep space probes should be initiated.

With vehicles of the Thor-Able it appears possible to get a payload of the order of
50 Ibs. out to interplanetary distances in the fairly near future, while maintaining
communication and control. As far as the Thor is concerned, it is recommended
that it be used without a control retro rocket as part of the payload and that the
additional weight thereby made available be used to increase the reliability of
communications, and perhaps for additional experiments.

It is recommended that a program aimed at launching a Mars probe during the
1961 conjunction be immediately initiated.

With a combination such as Atlas and a high-performance second stage, a payload
in excess of 1,000 Ibs. seems feasible. It is therefore recommended that immedi-
ate steps be taken to begin the development of a space vehicle based on the Atlas
plus a high-performance second stage, together with suitable communications
and controls, in order to provide a payload sufficient to carry out a more scien-
tifically satisfying set of experiments on the planets Venus and Mars. In addition,
because of the long lead time involved in such a program, development of vehi-
cle telemetry and experimental equipment should be started soon.

A study of appropriate scientific packages for different classes of space probes is
now in progress. Recommendations resulting from this study will be provided to
the Government shortly after the first of the year.

With regard to manned space stations, the Board feels that further study is
required before specific recommendations can be provided.

Supporting Document: Minutes of the Ad Hoc Committee on Interplanetary Probes
and Space Stations, September 13, 1958.
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Document I-17

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
1520 H Street Northwest
Washington 25, D.C.

[handwritten: Oct. 20, 1959]

Dr. S. Douglas Cornell
Executive Officer

National Academy of Sciences
2101 Constitution Avenue, N.W.
Washington 25, D.C.

Dear Dr. Cornell:

The enclosed work request for the Space Science Board has been sent to the National
Science Foundation to be used as a basis for discussion in negotiating the renewal of the
Space Science Board contract for Fiscal Year 1960. If you desire, we would be pleased to
discuss this with you in detail.

Sincerely yours,

[signature]
Hugh L. Dryden
Deputy Administrator

Enclosure:
Work Req. to SSB
fm NASA, dtd 12 Oct 59

cc: Dr. H. Odishaw, NAS

*khkkhkkhkhhkhkhhx

[no page number]
WORK REQUEST TO THE SPACE SCIENCE BOARD
FROM THE
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

1. Long Range Planning
The National Aeronautics and Space Administration would like to have from the

Space Science Board a continuing input of thoughts, ideas and recommendations on the
broad overall objectives, and the course that the space science activities in the United
States should take. A prime question is: What are the basic philosophical objectives that
should underlie the space sciences activities and program? Guiding principles are need-
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ed, rather than a detailed program formulation, which must be worked up in the NASA
in consideration of a variety of factors, such as budget, availability of rockets, testing facil-
ities, the balanced program emphasis between space sciences and other NASA activities,
and so forth.

The following several paragraphs include some of the NASA thinking on the overall
problem and question.

Any program is naturally composed of individual tasks that stem from the ideas and
activities of the individual workers. In the case of the space sciences program these tasks
are generally in the form of a rocket, satellite, or space probe experiment, and occasion-
ally may be a related or supporting theoretical or laboratory investigation. These individ-
ual tasks are themselves best described in terms of the scientific disciplines in which they
fall. Sometimes groups of tasks are gathered together into convenient packages for man-
agement or budgeting purposes.

But underlying the science program there should be a philosophical pattern that ties
the various tasks together into a coherent and unified program, and which provides a com-
pelling motivation that in itself can be accepted as adequate justification for the program.
The underlying philosophy and basic motivation should be such that (in addition to the
scientific specialists themselves who are working in the field, and who would naturally
approve) the scientific community in general would feel the necessity of supporting the
program in principle, that the Government recognize the desirability and necessity of sup-
porting the program, and that the public accept the value of the program and support it.

One such basic philosophical objective might be to learn as much as possible about

the earth, its atmosphere, and its environs. The idea here would be to put man in a posi-
tion of understanding thoroughly the planet on which he lives. This is a worthy objective,
one that may be expected to lead to both scientific and practical benefits. One may in all
conscience ask the people of the United States to support such an objective. It is, in fact,
the very motivation that underlay [sic] the International Geophysical Year. In the area of
space science such an objective would call for a broad and substantial program.
[2] A somewhat broader philosophical basis for a space science program might be to
learn as much as possible about the solar system, with particular emphasis upon solar ter-
restrial relationships. Since the sun is the primary source of energy for activity on the
earth, in fact the very basis of man’s ability to exist on the earth, a vigorous program direct-
ed at obtaining a thorough understanding of solar terrestrial relationships closely con-
cerns the daily interests of mankind.

Another, and very exciting, philosophical basis for a space science program would be
to learn as much as possible about the behavior of terrestrial life forms in space and under
the conditions of space flight, and to seek out extraterrestrial life. The philosophical
implications of a discovery that life does indeed exist elsewhere than on earth are tremen-
dous, and surely of interest to the entire world, as well as to the scientist.

Finally, one might set as one objective of a space science program, a concerted search
for the fundamental nature of the universe, of its origins, and of the bodies within it,
including the sun and earth. Included here would be the search for experimental and
observational evidence that could be used to seek out the fundamental nature of gravita-
tional forces, or to determine the relationships between electromagnetic and gravitation-
al fields, for example.
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The NASA would appreciate having from the Space Science Board a continuing input
on what should be the philosophical guidelines to use in building up the NASA space sci-
ence program. Are those briefly stated above appropriate? Are there better ones? Has any-
thing been left out? Where should the initial program emphasis lie? Should all of the
above philosophical objectives be pursued vigorously simultaneously, or should there be
some time phasing of the pursuit of the different objectives? What should be the broad
lines of attack (a) to start, (b) after 5 years, (c) even later?

2. Discipline Planning
The strength of a scientific research program rests on good ideas and properly con-

ducted experiments. The individual scientists are the source of both of these. The various
discipline committees of the Space Science Board can serve a valuable function as a forum
for discussion, and as a stimulus to the scientific community in their respective disciplines.
To NASA the most valuable product of the Space Science Board committees would be a
continuing outpouring of ideas for individual experiments, broad lines of attack, and rel-
ative emphases, all properly related to broad philosophical objectives as discussed above.
NASA would also appreciate being informed of the names of scientists who would be inter-
ested in participating in the program. (In this connection NASA would, of course, under-
take to honor and protect the rights of the individual scientists submitting original ideas
for research.)

[3] NASA would find such an input from the different committees of great value in the
detailed formulation of the NASA national space sciences program. In this connection, it
may be of value, from time to time, to call upon individual Space Science Board commit-
tees to meet at NASA for a working session to consider with the NASA space sciences staff
specific problems of program planning.

3. International Programs
The NASA wishes to establish both the fact and the posture of a sound and substan-

tive program of international cooperation in space research. To this end, NASA proposes
to utilize all appropriate media. The ICSU Committee on Space Research (COSPAR) is
regarded as a particularly appropriate medium for this purpose. In keeping with the U.S.
tradition of maintaining contact with international scientific bodies through the U.S.
National Academy of Sciences, NASA would like to maintain contact with COSPAR
through the NASA and its Space Science Board.

NASA anticipates that COSPAR will serve as a focal point and means of suitable
endorsement for cooperative activities in space research, as a forum for scientific discus-
sion, and as a means of stimulating scientific interest and participation in space research.
It is understood that COSPAR will not be an operating group.

NASA will undertake, through the Space Science Board, to keep COSPAR informed
of the U.S. space science program and its scientific results. NASA will look forward to hav-
ing the thoughts, ideas and suggestions of COSPAR in the area of space research. It is
hoped that the Space Science Board will act to stimulate and transmit such contributions.

NASA presently contemplates two types of cooperation in developing its internation-
al program. The first involves bilateral arrangements in which each participant meets the
costs of its own contributions, so that there is no interchange of funds; however, there is
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no requirement that the contributions of the different participants be equal. Where such
cooperative projects involve sizeable efforts and sums of money, the agreements between
technical agencies must ultimately be formulated in government-to-government agree-
ments. COSPAR’s contribution to such cooperation would come in the form of stimulus,
comment, general aegis, and assistance in disseminating information as desirable.

The second type of cooperation involves the participation of scientists abroad in
NASA experiments where such participation is possible merely by exercise of their own
efforts, as in ordinary ground base applications. Such cooperation will, however, require
adequate information. It is to be hoped that the Space Science Board will devote consid-
erable thought and effort to the establishment, through COSPAR, of effective and rapid
channels of communication to facilitate the types of cooperation described above.

[4] 4. Data and Results

The Space Science Board could provide a most useful service by arranging to contin-
ue the operation and functioning of the World Data Center A for Rockets and Satellites
after the close of the International Geophysical Cooperation—1959. NASA would be
happy to discuss the possibility of defraying the costs of this Center. NASA would also
undertake to forward to the Center the results and data obtained from the space sciences
basic research program.

As part of the Center activity, it would be of great value to have a continuing literature
search and abstracting activity in the field of space research, coordinating and supple-
menting other similar activities. Timely reports of current activities and results from rock-
ets, satellites, and space probes would be of value to the scientific community, and also to
NASA operations. Such an effort should cover not only U.S. activities but also those of
other countries.

Document 1-18

Document Title: John A. Simpson, University of Chicago, to Lloyd Berkner, Associated
Universities, July 30, 1959.

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

Together with James Van Allen and Herbert Friedman of the Naval Research Laboratory, John
Simpson was one of the most prestigious of the pioneering space scientists. In this letter, Simpson
expresses his concern regarding the organization of the U.S. space science program in its first months
of NASA's operation.

[no page number]

FOR OFFICIAL BOARD USE ONLY
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THE UNIVERSITY OF CHICAGO
Chicago 37, lllinois
The Enrico Fermi Institute
for Nuclear Studies

July 30, 1959
Dr. Lloyd Berkner
Pres. Associated Universities
10 Columbus Circle
New York 19, New York

Dear Lloyd:

On my way back from Europe | had time to reflect on the events of the past year relat-
ed to the participation of scientists in experiments on space vehicles and to the question
of stimulation of research requiring these vehicles.

It is clear that the U.S. scientific community must rely heavily upon NASA in these
matters, and, therefore, my question is: Are the policies of NASA, as they are now being
evolved, directed to the achievement of the goals we all feel are so necessary for the
strengthening of U.S. science?

Although my knowledge of their plans is quite limited, as are my contacts with their
current programs, my personal opinions are mixed regarding the developments in NASA.
On the credit side, they have done an excellent job of getting under way rapidly and have
acquired adequate funds to carry out a strong program in pure and applied research.
They have brought some excellent people into their organization and there is a tremen-
dous amount of good will and enthusiasm for the success of the organization.

However, | write you because of a growing realization that NASA’s policies do not lead
to the most effective use of the talents of U.S. scientists deeply interested in this subject. |
give three examples which illustrate my point.

1. Most acutely needed are large payload engineering facilities capable of integrat-
ing the scientific requirements of various scientific investigators into unified pay-
loads for satellites and space probes. University and other research groups do not
have these facilities and in general do not want to undertake this part of the job.
Subcontracting (for example as in the case of Space Technology Laboratories)
has proven defects which | do not need to restate here. All this was clear by
January 1959. In my opinion a bold effort is needed on the part of NASA to estab-
lish one or more payload engineering centers as part of [2] NASA capable of serv-
ing the scientific community and its expanding interests. Instead of this, however,
it appears that NASA is [in] an ambivalent position. It has a very modest payload
engineering laboratory derived from the Vanguard program and has directed its
main effort to the acquisition of scientific staff to increase its capability in under-
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taking scientific experiments within its own organization. Today we are wonder-
ing where we shall find a payload engineering group oriented primarily toward
the interests of the scientists rather than the military organizations.

The scientific community needs to be assured that adequate backup vehicles and
payloads are available for their experiments and that not too much time will
elapse before experiments are repeated following vehicle failures. No reasonable
guarantees have come forth as of this writing. This inevitably eats into the morale
of the participating scientists. In addition, it has been very difficult to get infor-
mation on what will be accepted on board the different payloads for 1960.

The concept of the NASA “working groups” of participating scientists is not clear.
It is not yet certain whether the working group will decide which experiments go
on a given payload of [sic: or] whether the working group simply carries out deci-
sions already made within the NASA organization. For example, a meeting for a
Lunar Probe Working Group was called early in May but since that time we have
had no communication whatever regarding further plans even though we hope
there will be a shot in the first three months of 1960. The “working group” con-
cept at the present moment leaves us with real uncertainties as to whether we are
doing our own experiments as we conceive them, or are part of a technician team
supplying instrument payloads for a NASA project. It is not obvious which
approach is the most practical and | do not try to judge this here. However, inde-
cision, in my opinion, is hurting the progress in this field.

I believe they must have a scientific group within the organization so as to be able to
judge the over-all effectiveness of their programs and to undertake research of impor-
tance. However, this can be done without neglecting the national service aspect of the
NASA program. In my opinion, we can make immediate progress by NASA’s taking a
strong lead in developing its own large diversified payload engineering facility to serve the
scientists.

In spite of these criticisms, | have considerable admiration for the way Glennan and
his organization have tried to face up to a very difficult situation in our government. |
write these opinions in confidence to you and would be delighted to have them discussed
at our next Board meeting.

Sincerely,

J. A. Simpson
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Document 1-19

Document title: Richard A. Horner, Associate Administrator, NASA, to William H.
Pickering, Director, Jet Propulsion Laboratory, December 16, 1959.

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

As the capabilities needed to carry out a comprehensive space science program were either created by
NASA or transferred to it during 1958 and 1959, it became imperative for NASA's top managers to
assign the agency’s “role and missions” to the various elements of the organization. The Jet Propulsion
Laboratory had hoped not only to be the lead NASA element for deep space exploration, but also to
have a role in developing at least the upper stages of the launch vehicles needed to undertake deep
space missions. However, with the November 1959 decision to transfer the Wernher von Braun “rock-
et team” from Army to NASA control, NASA Headquarters, through this letter, told JPL that its mis-
sion was to be limited to deep space exploration, and that NASA Headquarters in Washington, not
JPL, would be responsible for overall planning of lunar and planetary missions in the context of
NASA's space science program, and that JPL would then be responsible for detailed mission planning
and implementation, the latter in collaboration with universities and the aerospace industries.

It is also worth noting that NASA by December 1959 had decided, as indicated in this letter, to focus
its initial deep space robotic missions on the moon rather than on planetary exploration.

[1]

COPY
December 16, 1959

Dr. William H. Pickering, Director
Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Drive

Pasadena 3, California

Dear Bill:

It is my purpose in writing this letter to restate some of the program policies of
the Administration that we discussed during your recent visit to Headquarters and
relate them to the current circumstances.

There have been two recent decisions of major importance insofar as the imple-
mentation of our space exploration program is concerned. The first was the
announcement by the President of his intention to transfer the space oriented com-
ponent of the Army Ballistic Missile Agency at Huntsville, Alabama, to the NASA, and
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the second was the more recent determination to cancel the development of the Vega
vehicle. I know this second decision must be disturbing in many respects to you and
your staff and will certainly necessitate a major reorinetation [sic] of the Laboratory
work program. It will, however, afford us an opportunity to advance toward our long-
term objective of having each of the Centers directly involved in the space experi-
mentation program assigned a major functional area of responsibility. Briefly, this
arrangement can now be described as follows:

The NASA Huntsville facility under the direction of Dr. von Braun will have devel-
opment responsibility for the launch vehicle systems. It will also carry out vehicle
launching operations to the point of injection. The Goddard Space Flight Center will
be responsible for earth satellite space craft, and sounding rocket payloads in both
their development and operation. The development and operation of space craft for
lunar and interplanetary exploration will be the responsibility of the Jet Propulsion
Laboratory. It is pertinent to note here that the Administrator has decided that our
efforts for the present planning period should be concentrated on lunar exploration
as opposed to exploration of the planets.

In consonance with these assigned responsibilities, the Headquarters staff is being
reorganized such that there will be two components sharing the responsibility for the
space experimentation program. Dr. Abe Silverstein will direct the staff elements
responsible for space craft development and operation. The Jet Propulsion
Laboratory and the Goddard Space Flight Center will report to him in this capacity.
Staff responsibility for the launch vehicle activity will be directed by Major General
Don Ostrander with the Huntsville Center reporting to him. It is apparent that each
of the three [2] laboratory Centers will have direct program interest at each of the
launch sites.

These functional areas of responsibility have been assigned with full recognition
that it may be necessary to change their boundaries in the coming years as the pro-
gram develops, and it will undoubtedly be necessary to cross functional lines in spe-
cific work assignments where individual Center competence or facility capability
indicates the desirability. For example, it might be decided at some future time that
manned space flight to the moon will be the responsibility of Goddard while JPL
would concentrate its attention on exploration of the planets. The primary purpose
of these assignments is to set responsibility for program planning and initiation and
permit the Center Directors to formulate their supporting research and advance
development efforts in accordance with the needs of these program responsibilities.
It should also be noted that there will be a transition period of many months before
current work assignments can be realigned to fit the pattern of functional responsi-
bilities described herein.

In carrying out its responsibility for planning and execution of [the] lunar and
interplanetary space exploration program, the Jet Propulsion Laboratory will accom-
plish detailed mission planning, develop space craft to carry out these missions, inte-
grate the experiment instrumentation into the space craft, acquire and analyze the
necessary data during the mission flight and record final results. It is apparent that at
presently foreseen levels of program activity it will not be possible for the Laboratory
to accomplish all of the space craft development solely with the use of its own staff. It
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is, therefore, expected that a part of the developments will be contracted with indus-
try and the Laboratory will assume the responsibility of monitoring such contracts.

The proper development and integration of the entire NASA program to assure the
optimum use of resources, a full use of research and development results by all of the
Centers, and compatible timing in all of the program elements is the responsibility of the
Headquarters staff. To this end, an annual program guidance document will be provided
to the Centers in the early months of each calendar year. It will reflect in general terms
the accomplishments to be sought in each functional area and the approximate level of
resources upon which the Centers may base their planning. Additional information con-
cerning the results of related research and development undertaken elsewhere in the
NASA program or in that of the Department of Defense will be furnished as appropriate.
Such additional information would include extracts from the long-range plan of the
Administration or any ad hoc studies undertaken for the purpose of guiding our over-all
space experimentation program.

[3] In response to this program guidance, the field Centers will be expected to
formulate a detailed plan of work which sets forth their resource requirements and
schedule of accomplishments. These submissions from each of the Centers will be in
turn reviewed by the Headquarters staff. After this review it is my intention to convene
a program council made up of the Directors of each of the field Centers and staff com-
ponents concerned, to consider the staff and Center recommendations for program
content. The deliberations of this program council will establish final guidelines for
the program that will be submitted to the Administrator for his consideration in the
annual budget review. Incidentally, it is my intent that the program council will be
convened periodically through the year to consider program implementation prob-
lems as appropriate.

The procedure | have described will be initiated with the program guidance for
the Fiscal Year 1962 program which you may expect at the Laboratory in February 1960.
Immediate planning attention is necessary, however, to accommodate the changes inci-
dent to the Vega cancellation. | am sure you will proceed energetically and in conso-
nance with the guidance from the Headquarters staff in planning a program of
experiments using the substitute vehicle. You may be assured of our understanding in
the difficulties caused by this dislocation in your work schedule. | am confident that with
mutual effort a satisfying and meaningful program can be implemented with the
resources available.

Sincerely yours,
[signature]

Richard E. Horner
Associate Administrator
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Document 1-20

Document title: Office of Space Flight Programs, NASA, “Establishment and Conduct of
Space Sciences Program — Selection of Scientific Experiments,” NASA Management
Instruction 37-1-1, April 15, 1960.

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

By this management instruction, NASA set forth its basic process for the conduct of space science mis-
sions. This process, which specified NASA's responsibilities and participating scientists’ responsibili-
ties with respect to the conduct of a space science mission, remained in place for over thirty years, until
it was replaced by the “faster, better, cheaper” approach to space science missions.

[no page number]

MANAGEMENT MANUAL
OFFICE OF SPACEFLIGHT PROGRAMS
TECHNICAL MANAGEMENT INSTRUCTIONS
NUMBER
37-1-1
EFFECTIVE DATE
April 15, 1960

SUBJECT: ESTABLISHMENT AND CONDUCT OF SPACE SCIENCES PROGRAM—
SELECTION OF SCIENTIFIC EXPERIMENTS

1. PURPOSE
This Instruction defines responsibilities and establishes procedures for the conduct of
the NASA Space Sciences Program.

2. BACKGROUND

Under the provisions of the National Aeronautics and Space Act of 1958 (42 U.S.C.
2451 et seq.), the NASA is responsible for developing and executing a program in
space sciences which is scientifically sound and in which the scientific community has
broad participation. Success of the program rests in large measure on the ideas and
technical abilities of participating scientists, both within and outside NASA. It is essen-
tial, therefore, that such competence be utilized in developing and carrying out sci-
entific space missions and experiments, in analyzing research and development
requirements, and in recommending efforts to further national program goals.
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3. PROGRAM RESPONSIBILITIES

a.

b.

[2] c.

d.

Director of Space Flight Programs. The Director of Space Flight Programs is

responsible for overall direction of the NASA space sciences program, including:

(1) Establishment of the short and long range scientific program;

(2) Selection of experiments, experimenters, and specific flight missions;

(3) Determining research and development needs to meet overall scientific
objectives; and

(4) Appraising results of research efforts.

Space Sciences Steering Committee. The Space Sciences Steering Committee,

appointed by the Director of Space Flight Programs, serves as the focal point for

space sciences activities and is responsible for the review and approval for sub-

mission to the Director of Space Flight Programs of:

(1) Proposed short and long range space sciences programs;

(2) Proposed experiments, experimenters and contractors;

(3) Program and budgetary breakdowns and supporting research recommenda-
tions; and

(4) Scientific space science assignments for the Goddard Space Flight Center and
the Jet Propulsion Laboratory.

Space Sciences Steering Committee Subcommittees. Subcommittees are appoint-
ed by the Director of Space Flight Programs for various space science disciplines

or groups of disciplines, including Aeronomy, lonospheric Physics, Energetic

Particles, Astronomy and Solar Physics, Lunar Sciences, and Planetary and

Interplanetary Sciences. Such subcommittees serve in an advisory capacity to the

Steering Committee and the Assistant Directors of Space Flight Programs and are

responsible in their own areas of interest and competence for providing advice

and assistance in:

(1) Formulating short and long range plans;

(2) Analyzing, evaluating, and recommending proposed flight experiments and
supporting research; and

(3) Reviewing programs for weaknesses, gaps, and imbalances, and recommend-
ing necessary actions to correct such inadequacies.

Assistant Directors of Space Flight Programs. The Assistant Directors of Space

Flight Programs are responsible for:

(1) Working with the subcommittees to organize “state-of-the-art” information in
pertinent scientific disciplines;

(2) Making tentative selections of experiments and experimenters based on rec-
ommendations of subcommittees and field centers;

(3) Working directly with the appropriate field centers to secure the necessary
budgetary backup and supporting documentation; and

(4) Supporting and coordinating the research and development work of the field
centers in executing approved programs and missions.
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Field Centers. The Goddard Space Flight Center is responsible for conducting

missions involving earth satellites and sounding rockets. The Jet Propulsion

Laboratory is responsible for conducting unmanned missions involving lunar and

deep space probes. In carrying out these responsibilities, such installations will:

(1) Initiate proposals for and participate in the performance of space science
experiments and projects.

(2) Technically evaluate proposals submitted by Headquarters for recommenda-
tions.

(3) Analyze supporting requirements and recommend scheduling of space sci-
ences programs.

(4) Prepare and operate, either in-house or by contracts consistent with estab-
lished policy, the necessary spacecraft to carry out approved scientific missions.

(5) Conduct or contract for supporting research on advanced technology and
instrumentation.

(6) Monitoring of selected Headquarters research and development contracts.

4. SELECTION PROCEDURES

a.

Proposed experiments submitted by scientists within and without NASA will be
forwarded to the appropriate Assistant Director of Space Flight Programs. The
Assistant Directors will submit such proposals to the appropriate advisory sub-
committee and to Centers for review and advice. In selecting experiments, pro-
posals from research scientists will be considered on the following basis:

(1) Desirability within the discipline to which it pertains;

(2) Probability of acquiring positive scientific results;

(3) Worth and timeliness in comparison with other competing proposals; and
(4) Competence and experience of its proposer.

With advice and assistance of the Center and appropriate subcommittees, the
Assistant Directors of Space Flight Programs will make tentative selections of
experiments and experimenters, and will submit such recommendations to the
Space Sciences Steering Committee.

The Space Sciences Steering Committee will review the detailed plans and for-
ward its recommendation, including the designation of the Center to be assigned
the technical management responsibility, to the Director of Space Flight
Programs for approval.

The Director of Space Flight Programs will approve the mission and will assign
the responsibility for program execution.

5. RELATIONSHIP BETWEEN CENTERS AND EXPERIMENTING SCIENTISTS

a.

After selection of flight experiments, funding for prototype models or design con-
cepts of scientific instruments for the selected experiments will be provided either
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by NASA Headquarters or by the Center with the approval of the Office of Space
Flight Programs. At this time, a Center may be assigned the responsibility for tech-
nical monitoring of selected Headquarters contracts. The schedule for comple-
tion of prototype models will be established by the Center, consistent with the
spacecraft development program.

Completed prototypes or design concepts will be delivered to the Center and eval-
uated by the Center personnel in collaboration with the experimenters.
Additional development of the selected instruments will be made under the tech-
nical direction of the Center in collaboration with the experimenting scientists. If
the Center personnel determine during the course of fabrication of the flight
instruments that modification of the functional specifications are required in
order that the instruments operate reliably in the overall system, such modifica-
tions will be made on the basis of agreement between the Center and the exper-
imenters. For modifications which imply major changes in the scientific objectives
of the experiment, concurrence of the Office of Space Flight Programs will be
obtained by the Center.

Based on the functional specifications determined by the responsible experime-
ters, the following functions will be performed by or under the direction of the
Center with the assistance of the experimenters:

(1) Fabrication,

(2) Testing,

(3) Calibration,

(4) Checkout of flight instruments,

(5) Integration of experiments into payload and/or spacecraft,

(6) Participation, as necessary, in field operations,

(7) Acquisition and reduction of data from measurements taken in flight.

Each selected experimenting scientist will be responsible for:

(1) Preparing the prototype instruments and associated equipment for his exper-
iments,

(2) Cooperating in the preparation of flight instrumentation, its environmental
testing and calibration for flight,

(3) Participating, as necessary, in field operations,

(4) Analyzing and reporting the data from his experiment.

PAYLOAD DESIGN AND FABRICATION

The responsible Center, with the concurrence of the Office of Space Flight Programs,
will determine whether the Center or an outside contractor will design and construct
the scientific instrument payload and/or spacecraft.
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7. RELATIONSHIPS WITH UNIVERSITIES AND NONPROFIT ORGANIZATIONS

[5] b.

[6] f.

The Office of Space Flight Programs and Centers will inform each other con-
cerning their plans involving universities and nonprofit organizations and of all
concepts and dealings with the scientific community.

With prior approval by the Office of Space Flight Programs, Centers may invite
proposals for experiments, including the supplying of flight hardware, from uni-
versities and other nonprofit organizations in accordance with overall NASA pro-
gram obijectives. Centers are not authorized to proceed with negotiations for
research and development effort with universities and nonprofit organizations
without prior approval of the Office of Space Flight Programs.

Proposals received by Centers from universities and nonprofit organizations will
be forwarded to the Office of Space Flight Programs for preliminary appraisal
and, where appropriate, for assignment of detailed tech [sic] technical evalua-
tion. The Director of Space Flight Programs will make the determination whether
or not to proceed.

For those proposals which the Office of Space Flight Programs supports,

copies of such proposals will be forwarded to the Director, Division of

Research Grants and Contracts, Office of Business Administration, NASA

Headquarters. The Division of Research Grants and Contracts, NASA

Headquarters, will:

(1) Determine the form of the contractual arrangement to be used, that is con-
tract or grant;

(2) Make the preliminary contact with the business management of the universi-
ty or nonprofit organization leading to a contractual arrangement; and

(3) When requested, proceed to negotiate and consummate the contract.

Where the contract is a field assignment, the Office of Space Flight Programs,
after obtaining the above clearances, will inform the Center that it is authorized
to negotiate and consummate the contract.

Centers may be requested to monitor and administer contracts led by
Headquarters in addition to monitoring and administering their own contracts.
The field centers are responsible for keeping the Division of Research Grants and
Contracts, NASA Headquarters, currently informed of the financial and manage-
ment status of each assigned project.

The procedure set forth herein does not apply to grants for basic research
financed from non-project research and development funds. Such proposals will
be handled by Headquarters in accordance with instructions to be issued.
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[signature: “D. D. Wyatt”]
[handwritten: “for”] Director of Space
Flight Programs

Approved:
[signature]

T. Keith Glennan
Administrator

Document 1-21

Document title: NASA, “Evaluation of USSR vs. US Output in Space Science, Release No.
61-34,” February 27, 1961.

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

The January 1960 statement of National Space Policy [Volume I, Document 11-21] declared that
NASA should “select from among those current or projected U.S. space activities of intrinsic military,
scientific or technological value, one or more projects which offer promise of demonstrably effective
advantage over the Soviets and, so far as it is consistent with solid achievements in the overall space
program, stress these projects in present and future programming.” This policy allowed for a modest
space race with the Soviet Union, as long as a particular mission also had “intrinsic” value. By early
1961, there was broad curiosity regarding comparative U.S. and U.S.S.R. space science achievements.
This paper, developed at Goddard Space Flight Center, addressed this issue.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON 25, D.C.

RELEASE No. 61-34 February 27, 1961

NOTE TO EDITORS:

The attached paper entitled “Evaluation of USSR vs. US Output in Space Science” was pre-
pared by NASA upon the request of the Committee on Science and Astronautics, U.S.
House of Representatives.
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O. B. Lloyd, Jr.
Director
Public Information
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February 25, 1961

EVALUATION OF USSR VS. US OUTPUT IN SPACE SCIENCE

GENERAL IMPRESSIONS

The average quality of Soviet scientific research is the same as that of the United
States. This conclusion is based on perusal of their literature and on personal contacts
between scientists of both countries in conferences held between 1956 and 1960, both in
nuclear physics and in areas related to space research.

The range of ability of Soviet scientists is also approximately the same as that of US
scientists. A few are brilliant, as good as this nation’s best physicists, and the majority do
conventional but necessary research.

It is a striking fact that in spite of equality of talent in US and USSR science, nearly all
the highly original work in space research has come out of the US program. The first two
Sputniks had little or no scientific apparatus, apart from a biological experiment; and
while the third Sputnik had a great deal of interesting geophysical apparatus, this flight
was never followed up by the second generation of experiments with which the Russians
could have capitalized on their experience with Sputnik I1l. However, these references
relate only to basic scientific investigations and not to technology. The USSR has achieved
a number of successes, such as the Sputnik Il moon shot and the recent space cabin
launchings, which were great achievements in space technology.

The US, on the other hand, has been responsible for:

1. first detection of trapped energetic particles (Van Allen belts);

2. launch of Explorer VI and Explorer VIl energetic particle satellites; measurement
of energy distribution and time variation of radiation in the Van Allen belts; coor-
dinated observations of radiation belt and red auroral arc over Colorado;

[2] 3. launch of Pioneer V space probe; communication with earth out to distance of
23 million miles; study of properties of interplanetary space; detection of cloud of
energetic particles sweeping over Pioneer V en route from sun to earth at the
time of a solar storm; correlation between ground-based atmospheric data and
data received simultaneously from Pioneer V in deep space and from Explorer
VII near to earth;

4. correlation between solar weather activity and atmospheric density, via satellite
drag measurements; first measurement of air density at an altitude of 1000 miles,
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using drag data from the ECHO satellite;

5. launch of the lonosphere Satellite; measurement of density and temperature of
electrons and ions in the upper atmosphere; measurement of ionospheric distur-
bances during the solar storm of November 1960;

6. satellite contributions to geodesy and celestial mechanics: precise measurement
of variations in sea level, gravitational perturbations by sun and moon, effect of
solar radiation pressure;

7. TIROS cloud-cover photographs; and

8. ECHO passive communications experiment.

Another significant fact appears in the comparison of US and USSR papers published
in the periodical literature or presented at international conferences: The US and USSR
papers are of comparable quality but the number of US papers greatly exceeds the USSR
contribution. This very sizeable discrepancy in the level of effort constitutes the most sig-
nificant difference between the US and USSR space research programs. The USSR has
capitalized skillfully on the advantage in payload capability which it acquired from its early
successes in missile [3] development. It has concentrated on a small number of flights,
and has chosen its missions for these flights with close attention to their impact on world
opinion and their effectiveness in reinforcing the public image of USSR strength in sci-
ence and technology. Yet the USSR has done relatively little in space science, considering
the resources at its command in payload capability. It is very difficult, for example, to
understand why the USSR failed to follow up the remarkable flight of Sputnik 11 with fur-
ther geophysical satellite experiments.

Perhaps the explanation is that Soviet scientists are not in close contact with their
program planning authorities, and have not been able to participate effectively in the
formulation of their space program. The gathering momentum in the US space sci-
ence program, and the remarkable variety of fields in which highly original results are
being obtained, must be credited, in part, to the insistence of US authorities on the
development of a sound and broadly-based program in space science, and to their
continuing efforts to enlist in the program an increasing fraction of the country’s sci-
entific community.

There is another circumstance which has probably had a major effect in determining
the relative levels of effort in US and USSR space research. This is the fact that the US has
had a tradition of strong support for research over the last several decades, and has devel-
oped a powerful base for scientific operations in this country, including many large labo-
ratories with highly trained staffs. This is true in nuclear physics and solid state physics, as
well as in the earth sciences and other disciplines from which space research draws its
problems and techniques. The base of research in the USSR, on the other hand, is not as
deep as in the US. It is new and relatively thin. For this reason the USSR scientific effort
is spotty, with excellent work in certain fields on which Soviet interest has been concen-
trated for one reason or another, whereas work in other fields of equal scientific interest
is poor or entirely missing. Because the US has tremendous scientific resources at its com-
mand it has been able to develop a vigorous program in atmospheric physics, auroral phe-
nomena, geophysics, sun-earth relationships, and trapped particle research without
appreciably reducing its level of effort in other fields of research. We have in fact devel-
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oped an entirely new field to a very high [4] level of activity in the short space of two years.
The Russians may not have the reserve strength in laboratory facilities and trained talent
to do this without disrupting established areas of research, and perhaps this is the prima-
ry reason for the paucity of their achievements in space science thus far.

It is important to note that this reflects the situation at the present moment. In mak-
ing an assessment of the Soviet position it is also important to look at the rate of change
of their effort, in addition to the current level. The USSR is believed to be training its sci-
entists at a rate several times greater than the rate of training in the US, and it is entirely
possible that the USSR may strengthen the weak spots in its scientific structure and move
ahead in an effort to overtake us in every important area of research, in the course of the
next several years or perhaps the next decade. It may be noted again that the intrinsic abil-
ity of the Russian scientific community is in no way inferior to that of our own; and that,
therefore, there is no reason why they cannot overtake us in this period if we do not con-
tinue to develop and to strengthen our program.

Figures on the number of papers presented at international meetings suggest that the
Russian level of effort in space science has not increased appreciably between the Moscow
CSAGI meeting in 1958 and the Nice COSPAR meeting in 1960 in spite of the greater rate
of training of scientists in the USSR. It is possible that the talent being trained in this area
is still at the graduate student level and has not yet reached the level of responsibility at
which this effect can be felt in Soviet contributions to conferences. It is the impression of
a US authority on upper atmosphere theory that this is the case in atmospheric physics
and in sun-earth relationships. In any case, the contrast between the output of the USSR
space research program and our own cannot have failed to impress the Soviet scientific
community itself, and some elements of the USSR government. USSR scientists may suc-
ceed soon in persuading their government to initiate a more vigorous program in space
physics under the stimulus of our own successes in this field.

In summary, the USSR space science program has dissipated some of its momentum
after the initial successes of the Sputnik launchings; while the US program has picked up
momentum from a [5] standing start, and now surpasses the USSR effort in its breadth of
interest, originality of concept, and volume of research. However, we should anticipate
that the Russians will respond to this challenge with a more vigorous space science pro-
gram of their own in the future.

SPECIFIC IMPRESSIONS

QUALITY OF PRESENTATIONS

USSR papers cover the same range as those in the US. The top stratum of individual
talents in the USSR scientific community is also comparable to ours, according to impres-
sions gained in meetings and by an examination of the translated literature. The Russians
have very capable people working in some fields, such as cosmic radiation and energetic
particle measurements, and are also strong in mathematics, celestial mechanics, astro-
physics, seismology, and observational aspects of oceanography. In certain other areas of
the earth sciences and astronomy, either directly or indirectly related to the space program,
the USSR makes a less favorable showing in comparison with the work in the United States.
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For example, the USSR has published little on the geodetic applications of satellites,
a most fruitful field of endeavor in the United States, and a major source of important
developments in geophysics. The analysis of satellite orbits to obtain density data also has
been carried out at a high level of activity by several groups in the US. In particular, the
discovery of a correlation between satellite drag and solar activity, one of the most signifi-
cant developments in this field, was made by L.G. Jacchia at the Smithsonian Astrophysical
Observatory, and his work has since been refined and extended to reveal important diur-
nal variations. There has been relatively little USSR work published on this important and
interesting problem.

It is possible that this particular field of geodesy is considered sensitive by the
Russians, and that for this reason a substantial amount of USSR material has been held
back from publication.

[6] QUANTITY OF PRESENTATIONS

The United States stands strongly to the fore in the quantity of work, in its volume,
and in the number and variety of fields in which we have been doing original work. The
contrast between the level of our effort and that of the USSR appears both in the com-
parison of presentations at international meetings, and in the survey of US and USSR sci-
entific periodicals.

Presentations at International Meetings. Two major international conferences in
space research have been held in the last few years. The first of these was the CSAGI con-
ference in Moscow, in July 1958. The US sent a large delegation to this conference. US
contributions to the program were varied and extensive, and gave an impression of
strength in our incipient space science effort, in spite of the weakness of our vehicle capa-
bility at that time. The next international meeting in the field was arranged by COSPAR,
and convened in Nice in January 1960. The number of US and USSR contributions to
these meetings is listed below:

us USSR
CSAGI (1958) 39 15
COSPAR (1960) 40 10

The US and USSR numbers are about the same for the two meetings. It might be
noted that the Goddard Theoretical Division alone read five papers to the COSPAR meet-
ing, half as many as the entire USSR contribution, and ranging over the fields of celestial
mechanics, geodesy, the moon and planets, meteorites, and trapped particles. A perusal
of the table of contents of the recently published Proceedings of the COSPAR Conference
drives home the point that the US program contrasts very favorably with the USSR effort
in its breadth and in the fullness of participation of the American scientific community.

Volume of Publication. A bibliography has been compiled of USSR periodical litera-
ture in space physics, appearing in reputable Soviet publications (PROCEEDINGS of the
Soviet Academy, GEOPHYSICS BULLETIN of the Soviet Academy, SOVIET ASTRONO-
MY, SOVIET JETP, SOVIET PHYSICS EXPRESS) and also the (British) JOURNAL OF
PLANETARY AND SPACE SCIENCE.
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[7] For comparison, NASA has examined the contents of the JOURNAL OF GEOPHYSI-
CAL RESEARCH for the years 1958-1960. The JOURNAL OF GEOPHYSICAL
RESEARCH is the principal medium for the publication of space physics in the US, and
contains approximately half of all papers on this subject and related topics in the earth
sciences.

The Soviet series, ARTIFICIAL EARTH SATELLITES, has not been included in the
USSR lists because it does not constitute a part of the periodical literature on current
research to be compared with the JOURNAL OF GEOPHYSICAL RESEARCH.

The table below lists US and USSR contributions gathered from these sources for the
years 1958-1960. The 1960 figures are extrapolated from the volume of publications for
the first six months of 1960.

1958 1959 1960
USSR 5 8 17
US (JGR) 5 64 111

We see that the US and USSR efforts started at comparable levels, that the USSR effort
has shown a moderate increase in the last three years, and that the US effort has shown a
greater increase. It appears from these figures that the US has reacted vigorously to the
challenge of the first Russian successes in space rocket technology. Our space program has
been able to draw on the resources of US research, and has greatly exceeded the modest
increase in the Russian effort over this period.

The contrast in the level of US and USSR efforts in space physics is in fact so great that
we may expect a counterreaction from the USSR, in the form of a greater emphasis on sci-
entific effort in their space program. There may in fact be a hint of this development in a
recent unusual display of initiative on the part of the USSR, through its proposal for the
organization of a conference on problems of lunar research to be held in Leningrad in
December of this year under the joint auspices of the USSR Academy and the I1AU.

Detail of Publication; Openness at Meetings. In the first post-Sputnik period, USSR
reports on satellite experiments and calculations were sketchy, both at meetings and in
the periodical literature. The papers lacked the details needed for the [8] formation of an
independent judgment regarding the validity of results presented. It should be noted that
this secretiveness was confined to the rocket and-satellite area; in other fields of physics
and the earth sciences USSR publications and presentations have been relatively open and
detailed. Another factor may contribute to the sketchiness of some of the Russian pre-
sentations. It appears to be the practice of the USSR to send a relatively small delegation
of leading Soviet scientists to these meetings, who then read review papers on the work of
a large number of their colleagues. For this reason some of the areas of research covered
in their papers may lack the intimate understanding of the subject which is required to
answer pertinent questions.

Since 1958 USSR publication policy seems to have relaxed to some degree, although
USSR publications on orbit data and tracking systems are still virtually non-existent.

Timeliness. Originally the USSR appeared to favor newspaper releases over publica-
tion in the professional literature, for early reports on their satellite results. After the
Moscow CSAGI meeting this situation improved considerably. Preliminary notes on USSR
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results have been appearing as promptly as in the US, about six to eight weeks after launch
for the most interesting results. For example, Sputnik | was launched on January 2, 1959,
and the Vernov note describing cosmic ray and trapped particle measurements was sub-
mitted for publication in the USSR ACADEMY PROCEEDINGS on February 25, 1959.
Sputnik 111 was launched early in September of 1959, and the paper describing the pho-
tographs of the hidden face of the moon was received for publication in the USSR ACAD-
EMY PROCEEDINGS on November 14, 1959.

These examples refer to the publication of preliminary notes, equivalent to our let-
ters to the editor. The detailed papers appear somewhat more slowly than in the US, typ-
ically after a delay of 12 months vs. six months in the US.

Channels of Communication. As noted above, in the first period of the USSR space pro-
gram the Russians appeared to prefer qualitative newspaper accounts for the layman to
quantitative publication in serious scientific journals. An examination of the literature sug-
gests that this is no longer the case. As in the US, newspaper articles on achievements of
exceptional interest [9] appear in the Russian press or public media at approximately the
same time their preliminary scientific reports are published. The impression of this earlier
but no longer valid circumstance has persisted because the newspaper stories are picked up
immediately and translated quickly by the Department of Commerce and other agencies for
distribution to government personnel; whereas the Academy proceedings and scientific lit-
erature do not appear in translated form until a much later time. For this reason US scien-
tists often obtain their first reports on interesting results through a PRAVDA translation.

It appears that the Moscow CSAGI meeting was responsible for the change towards
normal channels of scientific communication and away from the public press. The detail
presented in the US papers at the Moscow meeting, and the strongly critical attitude of
the US delegation regarding Soviet suppression of detail, seemed to have had a beneficial
effect. The dates of publication quoted above for the Sputnik | and Sputnik 111 experi-
ments demonstrate this clearly. It seems reasonable to say that Soviet officials and scien-
tists have shown a positive response to US criticism in these matters and can no longer be
censured as severely on this basis as in 1958. An exception is the area of tracking systems
and orbit information, in which USSR disclosures are still inadequate.

Document 1-22

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.

With the mobilization to carry out Project Apollo in full swing and after almost four years of NASA
carrying out the U.S. space science program, the non-governmental science community agreed with
NASA that it would be timely to take a comprehensive look at the current and future space science pro-
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gram. Accordingly, a Space Science Board “summer study” took place from June 17-August 10, 1962,
at the State University of lowa, with James Van Allen as its host. This report summarizes the results

of that study.

[cover page]

[1-1]

A REVIEW
OF
SPACE RESEARCH

The Report of the Summer Study
conducted under the auspices of the
Space Science Board
of the
National Academy of Sciences

at the
State University of lowa
lowa City, lowa
June 17-August 10, 1962
Publication 1079
National Academy of Sciences-National Research Council
Washington, D.C.
1962
Chapter One
INTRODUCTION AND SUMMARY

|. Introduction

Toward the end of 1961, both the National Aeronautics and Space Administration
and the Space Science Board recognized the timeliness of an evaluation of the national
research program in space and its future objectives. Some five years of expanding space
research activity provided a background of experience and discovery for an inquiry into
the problems and opportunities before the scientific community. The same period had
also seen an appreciable development in the nation’s technological capabilities for space
research: new vehicles had been brought to operational status and others were rapidly
being developed, techniques of spacecraft maneuverability and orientation had advanced
substantially, allowable payload weights no longer imposed such severe restrictions on the
design of scientific instruments, and a world-wide net of tracking and telemetry stations
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had been established to assure ready acquisition of scientific data. In November 1961,
NASA had established the Office of Space Sciences as one of its four primary divisions.
And during this time NASA had acquired a useful body of administrative and manage-
ment experience in the conduct and support of research in this complex new field.

Considering these factors, the Board and NASA concluded that the time was appro-
priate for a review of the primary problems in space research in each major scientific area
and of the policies and procedures which would shape the national effort for the years
ahead. It was recognized that such a review required an extended period of deliberation
by specialists in various fields. Accordingly, plans were made to conduct an eight-week
study of these matters under Board direction during the summer of 1962.

Boundaries of the subject matter for discussion by the Space Science Summer Study
were set early in the planning. The Study would direct its attention to the objectives of
basic research in space: the status of present achievement in each scientific field, current
NASA programs in these disciplines, the goals toward which each scientific program
should be directed during coming years, and related administrative and policy questions.
On the other hand, the Study was not to be concerned with certain other aspects of the
NASA program, such as the development of new propulsion systems, applied technology
(e.g., communications and navigation satellites), etc., except as developments in these
programs had direct relevance to the program of basic research in space. The man-in-
space program, culminating with the Apollo manned mission to the Moon, while primar-
ily a program of technological development in its present stages, was considered in terms
of its scientific potentials, because it will certainly eventually lead to a greater capacity for
science in space.

[1-2] The objectives of the Space Science Summer Study were outlined by Dr. Lloyd V.
Berkner, then Chairman of the Space Science Board, to Summer Study participants at the
opening session:

“The first task is carefully to consider the future course of our nation’s scien-
tific program in space, and to help the government’s planners to chart the way.
This is a grave responsibility, and you have been chosen because you as a group
represent a broad coverage of the disciplines involved in space research, and we
have enough time this summer to think carefully about all facets. In particular,
the backup research that underlies a comprehensive program must be fully elab-
orated.

“The second task is similar, and involves aiding the government in its conduct
of the space research program in such a way that maximum benefit will come
from it. We all recognize the many opportunities opened by the space age for edu-
cation, stimulation of industry and the nation’s economy, research in many allied
fields, collaboration and exchange of ideas with scientists in other countries, etc.
These many extra benefits from our space activities can only be fostered if the
program is wisely administered, and here, again, your advice has been sought
and—we are assured—will be carefully heeded. If I may identify one of these
aspects that deserves especial attention, it is education for space research and
engineering. The burden of carrying out the education and training of new sci-
entists and engineers rests with our universities, and it is not entirely clear how
NASA, the National Science Foundation, the Department of Defense, Congress,
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the President, and the university community can best work together in our chang-
ing world to do this job. The training of young people is a major national respon-
sibility. We will consider this matter carefully.

“The third task is not so much a task as an inevitable consequence of our
Summer Study. You, as spokesmen for the scientific and industrial community,
will be privy to the problems being faced by our government administrators and
scientists, and they in turn, will hear your views. The strength of our program will
depend on mutual respect and understanding between the various interests, and
it is most important for the university and industry people to comprehend the
many broad problems and decisions that must be faced by our government peo-
ple. The two-way exchange of ideas may perhaps, in the long run, be one of the
most enduring benefits to come from our efforts. It is with this in mind that many
of the key people from the government have agreed to spend time with us, and
to be a part of our Study. Let us be careful at all times to listen to each other.”

More than one hundred scientists participated, both full and part time, in the

Summer Study. (For a list of participants, see Appendix Il [omitted].) Many of these sci-
entists received, for the first time, an opportunity for close association with scientific and
administrative personnel of NASA and of other government agencies with space interests.
This association was valuable for a number of reasons.
[1-3] First, it permitted the exploration and clarification of many of NASA’s policies
and procedures which of necessity deal with the complex nature of space missions: e.g.,
the technological framework necessarily surrounding the contributions of experimenters,
the scheduling and launching problems associated with expensive and complicated space
rocket systems, the many factors involved in tracking and data acquisition by telemetry
that call for extensive networks of stations in many parts of the world. Just as a better
appreciation of these problems was attained by the scientific community, so the NASA staff
became more aware of the interests and problems of experimenters throughout the
nation, particularly those involved in the conduct of research at universities.

Second, this association led to a growing appreciation of the quality of NASA’s scien-
tific staff and of the general excellence of its scientific program planning and execution.

Third, and very probably most important of all, this association, because it was of suf-
ficient duration to afford ample time for exploring attitudes and views, and because it was
characterized by candor and openness, provided a basis for a satisfactory examination of
space science—achievements so far, current status, and plans for the years immediately
ahead. The validity of the findings of the Summer Study rests significantly upon the qual-
ities of this association.

The material from which this report is compiled comes from the reports of more than
twenty different working groups and subgroups. It thus reflects varied approaches.
Preliminary reports from each group were submitted to the entire Summer Study for
review and comment before being prepared in final form for inclusion in this report.
Opinions, even within each working group, were not always unanimous. The report thus
does not pretend to reflect every shade of opinion: it is intended to be a consensus of the
Summer Study participants. At the end of each chapter will be found an appendix listing
the persons who participated in the discussion of that subject; not all those whose names
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appear necessarily subscribe personally to every opinion recorded in that chapter.

The scientific content of the space program has been treated very differently by the
different groups of specialists participating in the Summer Study. For instance, the
astronomers have, on the whole rightly, assumed that every astronomer would know what
scientific data of value can be deduced from a given line of experimental development,
and so have not elucidated the science in detail. On the other hand, the chapter on par-
ticles and fields summarizes what we know today and what we need to know; in this case
the specialists have assumed that the experimental lines of attack will be obvious.

Some of the science reviewed in this report is similar to, or in elaboration of, that in

earlier reports of the Space Science Board or of NASA committees and consultants. In par-
ticular, one can refer to the following three documents as supplementary reading, in
which the scientific goals of space research are described in greater detail: two reports by
the Space Science Board—Science in Space (L. V. Berkner and H. Odishaw, Eds.,
McGraw-Hill Book Company, New York, 1961) and The Atmospheres of Mars and Venus
(W. W. Kellogg and C. Sagan, Eds., NAS-NRC Publication 944, 1961)—and NASA’s Long-
Range Thinking Document.
[1-4] Although some of the scientific discussion in this report necessarily represents a
review and elaboration of earlier thinking, some new topics are given consideration. The
chapter on biological researches is an example. Progress made in arriving at a policy on
sterilization is reported, and also a plan for deriving the maximum scientific return from
the manned exploration of space. In sterilization, enough experience has now been accu-
mulated for setting up procedures realistic enough to be incorporated into the prepara-
tion of lu