
CONTAMINATING SPACE: PROJECT WEST FORD AND SCIENTIFIC

COMMUNITIES, 1958-1965

Recommended:

Approved:

By

Tanya J. Levin 

;/£_

' Advisory Committee Chair 

Director J. Kleinfeld, Northern Studies Department 

Dean J  L e ip z ig  , College of Liberal Arts



CONTAMINATING SPACE: PROJECT WEST FORD AND SCIENTIFIC

COMMUNITIES, 1958-1965

A

THESIS

Presented to the Faculty 

of the University of Alaska Fairbanks

in Partial Fulfillment of the Requirements 

for the Degree of

MASTER OF ARTS

By

Tanya J. Levin, B.A.

G t

 ̂ Fairbanks, Alaska

{(xf y  May 2000
0 .0OO

RASMUSOH LIBRARY
UNIVERSITY OF ALASKA FAIRBANKS



ABSTRACT

From 1958 until 1965 the MIT Lincoln Laboratory worked on a military communications 

experiment which involved injecting a belt of copper dipoles into earth orbit. The US Air 

Force and Defense Department supported this project, called West Ford, because the project 

promised to deliver a secure and reliable system to transmit messages. Some optical and 

radio astronomers protested the belt because they feared that the dipoles would interfere 

with research. Other astronomers and scientists looked positively upon the project primarily 

because of the fields in which they worked, the funding they received, and the contacts they 

maintained. West Ford casts light upon the struggle between different scientific 

communities, the way in which scientists compartmentalize state and professional 

responsibilities, and the nature of scientific advising during the Cold War. The project also 

points to a strand of environmental consciousness, different from, and earlier than, the mid- 

1960s popular movement.
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INTRODUCTION

In 1958, one year after the launch of Sputnik, the Army Signal Corps convened a 

summer study to develop novel military communications systems. During the study, 

named Barnstable, Harold F. Meyer of Ramo-Wooldridge Corporation, and Walter E. 

Morrow, Jr. of the Massachusetts Institute of Technology Lincoln Laboratory, advanced 

the idea of using a chaff layer orbiting in space for long-distance communication. The 

suggestion became the basis for Project Needles, later named West Ford. This Lincoln 

Laboratory project, supported by the Air Force and Department of Defense, proposed to 

insert millions of small, hair-like, metal filaments, called dipoles, in orbit around the earth 

(illustrations 1 and 2). The dipoles would be placed in such a way that they would form a 

narrow belt in space to be used as a means of reflecting signals from large microwave 

transmitters to sensitive receivers separated by vast distances. The idea promised near 

immunity from interdiction and enemy destruction and avoided dependence upon the 

earth's unreliable ionosphere.1

Five years following the conception of this idea an Air Force rocket launched into 

space carrying the West Ford dipole dispenser to a distance of about 3,650 kilometers 

above the earth’s surface. At that altitude the canister separated from its launch vehicle 

and went into earth orbit. As the rays from the sun heated the dispenser the napthelene

1

'Solar storms as well as sunspot conditions can disrupt radio waves attempting to use the ionosphere as a 
reflector or scatterer. Atmospheric nuclear testing can also destroy swaths of the ionosphere temporarily.



ILLUSTRATION 1:

THE WEST FORD DIPOLE BELT

2

The orbiting belt o f West Ford dipoles made possible the demonstration of survivable 

scatter communications across the continent. Lincoln, with Air Force and Department of 

Defense support, developed two test sites—Camp Parks in California and Millstone Hill 

(Westford) in Massachusetts—to test the concept. [W.W. Ward and F.W. Floyd, “Thirty 

Years of Research and Development in Space Communications at Lincoln Laboratory,” 

The Lincoln Laboratory Journal, 1989, V. 2, No. 1, 6].
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ILLUSTRATION 2: 

WEST FORD DIPOLES

The West Ford orbiting dipoles were hair-like segments of copper wire—0.00178 cm in 

diameter and 1.78 cm in length. Lincoln used 480 million of these dipoles in the 

experimental belt launched 8 May 1963. [Ward and Floyd, “Thirty Years of Research,”

7].
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used to bind the dipoles to the canister began to sublime, releasing the dipoles from the 

canister’s hold. Within a few days 480 million dipoles were circling the earth and would 

continue to do so for the next two years. Lincoln had successfully created an 

experimental dipole belt (Appendix B).2 Although communications experiments using 

the belt showed the value of the technique for transmitting voice and teletype messages, 

the project ended in 1965 without producing the proposed denser and longer enduring 

belts.3 At the time of its demise the US government still insisted that the project was 

viable, "well designed and conducted," but declared that the increased reliability of 

missile launches and electronic equipment on satellites would render West Ford less 

effective than "a satellite system using active repeaters."4

During West Ford’s lifetime the project provoked an intense debate nationally and 

internationally among scientists. The conflict positioned traditional optical and radio 

astronomers who feared that the dipoles would hinder their observations against scientists 

who considered dipole belts an interesting tool for scientific study or who, because they

2The dipoles failed to dispense from their canister during the first attempt in October 1961.

3To test the concept Lincoln devised an experimental belt composed of 35 kg in a short-lived (a few years) 
polar orbit. In the future Lincoln had planned for 1,000 to 3,000 kg in longer-lived (decades) polar and 
equatorial belts. W.E. Morrow, Jr., and D.C. MacLellan, “Properties of Orbiting Dipole Belts,” 
Astronomical Journal, April 1961, V. 66, No. 3, 108.

4Daniel Alpert, "Minutes, 32nd Meeting, Defense Science Board," 13 May 1965, Advisory Committee on 
Human Radiation Experiments, Central Intelligence Agency file, NA [See list of archive abbreviations in 
Appendix A]. Passive satellites and systems intercept and then reflect radio signals. Active satellites use 
repeaters that intercept a signal at one frequency and then retransmit the signal at another frequency. With 
active repeaters a signal travels the earth-to-satellite distance only one time. Passive models require the signal 
to travel from the earth-to-satellite-to-earth which attenuates the signal substantially by the time it is received.



worked on government and military science advisory committees, placed a priority on 

national defense needs. This study will examine how scientists chose to respond to this 

military project. An investigation into this controversy provides an opportunity to look at 

how scientists responded to the new technical and instrument developments and to the 

larger role played by the military and US government in funding and directing research in 

the postwar era. The outcome reveals much about the relationship between science and 

state in Cold War America.

In exploring the positions that scientists concerned about West Ford adopted, two 

distinct groups emerge: those who designed instruments and built a scientific program 

around them, and those scientists who started with definite agendas and then sought for 

the tools to accomplish their objectives. The groups represented two different 

communities of researchers, as well as two separate styles of conducting science. I define 

a community of scholars as a group organized around a specific method of research, 

devoted to a certain publication record, inducted into certain societies, and committed to 

specific forums for consensus formation.5 According to this definition, the 

interdisciplinary, tool-building scientists represented a community distinct from those

See James R. Hansen, Spaceflight Revolution: NASA Langley Research Center From Sputnik to Apollo 
(Washington, DC: The NASA History Series, 1995), 190.

Anthropologist of science Sharon Traweek defines a community as “a group of people who have a shared 
past, hope to have a shared future, have some means of acquiring new members, and have some means of 
recognizing and maintaining differences between themselves and other communities.” Sharon Traweek, 
Beamtimes and Lifetimes: The World o f  High Energy Physicists (Cambridge: Harvard University Press, 
1988). My definition encompasses, and expands upon, Traweek’s definition of a community.

5



scientists who researched within one discipline using traditional instruments. The 

majority of West Ford advocates aligned with the instrument community, while the 

majority of its critics aligned with the traditional astronomy community. The 

astronomical community, while still a relatively small group, was splintering over 

internal tensions and dividing into new specialties that competed with each other for 

funding.6 However, West Ford briefly united traditional astronomers together to lobby 

against the project. In contrast, instrument scientists were very closely connected because 

they participated on the same projects and served on the same government and military 

advisory committees. Although researchers never explicitly used the terms “community” 

or “traditional” and “instrument science,” my use of these categories serves to identify the 

two sides in the West Ford debate and helps to uncover how scientists chose where they 

would stand on the project.

6

6In the late 1950s the growth of radio astronomy, shifting patterns of patronage, the widening rift between 
solar system and stellar astrophysicists, the tension between East and West Coast astronomy and ground- 
based and space-based astronomy, and the permeation of big science into the astronomical field was 
fragmenting the astronomical community. See Ronald E. Doel, Solar System Astronomy in America: 
Communities, Patronage, and Interdisciplinary Research, Cambridge: Cambridge University
Press, 1996); Doel, “Evaluating Soviet Lunar Science in Cold War America,” Science After ’40, Osiris, 
1992, V. 7, 238-264; Doel, “Redefining a Mission: The Smithsonian Astrophysical Observatory on the 
Move,” Journal fo r the History o f  Astronomy, February 1990, V. 21, Pt. 1, 137-153, 137-153; DeVorkin, 
“Who Speaks for Astronomy? How Astronomers Responded to Government Funding After World War 
II,” Historical Studies in the Physical and Biological Sciences, forthcoming; and David Edge and Michael 
Mulkay, Astronomy Transformed: The Emergence o f  Radio Astronomy in Britain (New York: Wiley, 
1976).
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The idea is not entirely new—David DeVorkin identified the same dichotomy in his 

book on the V-2 rocket—but does require further elaboration.7 The present study 

examines how the two groups interacted in a way not before examined. DeVorkin 

maintained that traditional astronomers remained largely separate from instrument 

scientists and, indeed, in the case of the sounding rocket, the work of those using this 

vehicle for research had not imposed upon the research of traditional scientists. While 

the two groups did work independently, this did not preclude occasional disputes, 

particularly over the distribution of federal funds.8 However, because West Ford 

threatened traditional astronomy in a more serious and enduring way (astronomers feared 

that astronomy as a field of investigation would be seriously compromised) and because 

West Ford tested the limit of what constituted science in a way that other projects 

proposed during this period had not, a debate ensued between instrument and traditional 

scientists that revealed how the definition of science had expanded following World War 

II to encompass a range of different processes and styles.9

7DeVorkin, Science With a Vengeance: How the Military Created the Space Sciences After World War 
(New York: Springer-Verlag, 1992).

8Allan Needell explored how traditional radio astronomers balked at the push of instrument scientists to 
build and manage government-sponsored radio astronomy facilities in the early and mid-1950s because 
they feared that the instrument builders would channel federal funding away from individual, traditional 
investigators. Needell, “Lloyd Berkner, Merle Tuve, and the Federal Role in Radio Astronomy,” Osiris 3, 
2nd Series, 1987, 261-288.

9The International Geophysical Year in 1957-1958 began in an attempt to forge working relations with the 
Soviet Union, as a way to gather data behind the iron curtain, and as a method of building up a store of 
basic data necessary for the national defense. At the same time, many geophysicists lauded the program 
because it enhanced and broadened their scientific research. Scientific advances such as the discovery of



The instrumentalist community had emerged before World War II, but it became more 

pronounced as well as more dependent upon the military following the war.10 The 

development of new weapons technologies such as the missile and rocket and proposed 

future space weapons prompted the United States military and policymakers to promote 

upper atmospheric and space research. In order to survive the next war the military had 

to understand the environment in which the new weapons would maneuver." The 

availability of large federal funds and the possibility that new vehicles like the rocket 

would uncover scientific data drew certain scientists to research based around a certain 

vehicle, instrument, or project. These scientists had to adapt to, and compromise with, 

their military patrons who attached different objectives and goals—national security 

rather than scientific—to the particular effort.12 DeVorkin’s work revealed a particular 

group of instrument scientists in the first stage of aligning themselves with the military.

the Van Allen belts developed due to the international effort. David DeVorkin explored the research 
conducted by scientists who used the V-2 rocket. The purpose of testing rockets was defense related, but 
researchers used the vehicle in an effective and innovative way to study the upper atmosphere; see 
DeVorkin, Science With a Vengeance, 3-4. Some advocates of West Ford believed that a dipole belt could 
serve as a tool for probing the space environment. Unlike similar projects, however, proponents of West 
Ford had to support and justify their claim that West Ford was scientifically valuable.

I0DeVorkin explained how the military came to control stratospheric ballooning in the two decades before 
World War II in Race to the Stratosphere: Manned Scientific Ballooning in America (New York: Springer- 
Verlag, 1989). Scientists who wished to use the balloon for research had to learn to accommodate the 
missions and objectives of the military.

nRonald E. Doel, “The Earth Sciences and Geophysics,” in John Krige and Dominique Pestre, eds., 
Science in the Twentieth-Century (Amsterdam: Harwood Academic Press, 1997), 391-441.

12DeVorkin, Science With a Vengeance, 3-4.



He ended his study in the mid-1950s as these scientists began to develop a “new and vast 

geopolitical scientific enterprise.”13

An investigation into West Ford reveals not only the close interrelationship between 

the instrument community and the military, but also follows the group into positions of 

authority on newly created, government advisory panels. The review panels, a committee 

of the United States Space Science Board (SSB) of the National Academy of Sciences 

and a President’s Science Advisory Committee (PSAC) subcommittee, asked to evaluate 

West Ford drew their leaders and membership from among those scientists and science 

policy experts predisposed to favor the project. Those asked to review the project as it 

might affect science were chosen from among those most likely to approve the project 

because of their research interests, style of conducting science, and their sensitivity to 

military and state needs, or their relationship to those who placed priority on national 

security. Although no evidence exists that suggests that the evaluators took liberties with 

the data, they did evaluate the projects’ potential harm for astronomy in a less stringent 

and more general way than did those opposed to the project.

Scientists who evaluated federal and military projects with national security 

implications had to weigh not only their scientific merits, but also consider their political

9

'Tbid, 5.



and military implications.14 This manner of evaluation differed from that traditionally 

associated with the peer-review process. Scientists working on government-sponsored 

panels such as PSAC,15 weighed national security interests as a matter of course, but 

some scientists not working on government panels also pondered security issues either 

because much of their funding came from the military or because of their patriotic 

sentiments.16 Within the context of the West Ford controversy individual astronomers 

never publicly disputed or questioned the US government’s competence and jurisdiction 

in conducting the space communications project. This passivity conforms to the overall 

historical context in which West Ford developed: during the height of the Cold War and 

before the great social upheaval associated with the Vietnam War.17

10

14For accounts of the interaction between science and government see A. Hunter Dupree, Science in the 
Federal Government: A History o f Policies and Activities to 1940 (New York: Amo Press, 1980); Chandra 
Mukerji, A Fragile Power: Scientists and the State (Princeton: Princeton University Press, 1989); Gregg 
Herken, Cardinal Choices: Presidential Science Advising From the Atomic Bomb to SDI (New York: 
Oxford University Press, 1992); and Ronald E. Doel, “Scientists as Policymakers, Advisors, and 
Intelligence Agents: Linking Diplomatic History with the History of Science,” The Historiography o f  
Contemporary History o f Science, Technology, and Medicine, Thomas Soderquist, ed. (London: Harcourt 
Academic Publishers, 1997), 215-244.

15For a history of the President’s Science Advisory Committee see Zuoyue Wang, American Science and 
the Cold War: The Rise o f the US President’s Science Advisory Committee, Ph.D. dissertation, University 
of California, Santa Barbara, 1994.

16DeVorkin, Science With a Vengeance, 4.

furtherm ore, Paul Forman, an historian of science, advanced the idea that scientists involved in heavily 
funded military and state research, or research primarily intended for application by the military and state, 
compartmentalize their research from its application. They try to mentally suppress their far-reaching 
social integration because it conflicts with the image they have of themselves as objective, apolitical 
researchers. Paul Forman, “Inventing the Maser in Postwar America,” Science After ’40, Osiris V. 7, 1 BO- 
134.



The debate among the scientists centered instead on whether West Ford would hinder 

astronomical research. For the most part, the opposition consisted of those scientists 

engrossed in fields of research which could be damaged, and for whom national security 

interests did not override professional concerns. Optical astronomers such as William 

Sinton of Lowell Observatory and Ira Bowen of Mt. Wilson and Palomar Observatories 

feared that the dipoles would brighten the night sky, thereby obscuring their observations. 

Radio astronomers such as C.L. Seeger of Stanford and Sir Bernard Lovell of Jodrell 

Bank, England charged that the dipoles would register as superfluous signals in their 

sensitive receivers. These scientists, primarily traditional astronomers, embraced 

methods typical of scientists who investigated phenomena within one discipline and with 

equipment which served as a means to an end, and not the end itself.

Researchers such as physicists Edward Purcell of Harvard, S. Fred Singer of the 

University of Maryland, and Soviet astrophysicist Alla Massevitch of the Astronomical 

Council of the Academy of Sciences, supported the project. Their decision in favor of 

West Ford has much to do with their interest in communications design, their 

participation on government and military science advisory committees, and, in the case of 

Massevitch, with the style of science they performed. West Ford attracted scientists who 

believed they could construct scientific knowledge using the project as a research tool or 

problem. Those who had an interest in West Ford generally felt comfortable working on 

large, interdisciplinary federal and military projects with national security implications.

11



They felt comfortable designing tools and instruments and creating scientific programs 

around the instruments.

Lincoln scientists and researchers also espoused the tool and project-oriented style of 

conducting science in a laboratory dependent upon Air Force and Department of Defense 

contracts and tailored its work in communications and other fields toward meeting its 

patrons’ needs. Stuart Leslie, Dorothy Nelkin, and Rebecca Lowen18 explored how, in 

the case of MIT and Stanford, the military lured university research centers into the realm 

of national defense research in the years following the Second World War. Leslie 

contended that Lincoln, unlike other non-profit technical support corporations, 

maintained a balance between basic and applied research.19 While this is true, it does not 

explain the place of basic research at Lincoln. Basic scientific knowledge accrued from 

projects conducted at Lincoln, but the construction of this knowledge developed as a by

product of research conducted for use by the military and government. Basic science 

only existed at Lincoln because of the creativity and entrepreneurship of Lincoln 

scientists—their willingness to use available tools and defense contracts to further 

investigate natural phenomena.

12

l8Stuart W. Leslie, The Cold War and American Science: The Military-Industrial-Academic Complex at 
MIT and Stanford (New York: Columbia University Press, 1993); Dorothy Nelkin, The University and 
Military Research: Moral Politics at M.I. T. (Ithaca: Cornell University Press, 1972); and Rebecca S. 
Lowen, Creating the Cold War University: The Transformation o f  Stanford (Berkeley: University of 
California Press, 1997).

19Leslie, The Cold War and American Science, 39-40.



Interestingly, opponents also considered the possible impact of West Ford on the 

environment. While proponents largely espoused a cavalier attitude toward pollution 

expected to result from the project, they did indicate their sensitivity to, and concern 

about, projects that could alter the earth’s environment as well as space pollution 

generally. This finding challenges existing literature on the environmental movement 

that suggests that the modem movement developed due to, and following, the publication 

of Rachel Carson’s book, Silent Spring in 1962.20 I contend that some members of the 

public and scientists worried about the environment before Carson published her book.

Chapter one will outline the history of military communications projects and place 

West Ford into the context of one of many designs pursued by the military. The origin of 

West Ford traces back to a World War II effort called Project Window. This chapter will 

uncover how Window evolved into West Ford. The chapter will also investigate the 

commitment of Lincoln Laboratory to the advancement of military communications. 

Lincoln scientists’ devotion to the project demonstrates the style of science that interested 

Lincoln personnel as well as the laboratory’s commitment to national defense work. An 

examination of West Ford can help illuminate the history and character of Lincoln

20Rachel Carson, Silent Spring (Boston: Houghton Mifflin, 1962). For books on the US environmental 
movement see Kirkpatrick Sale, The Green Revolution: The American Environmental Movement 1962- 
1992 (New York: Hill and Wang, 1993); Donald Worster, Nature's Economy: A History o f  Ecological 
Ideas (New York: Cambridge University Press, 1985); Roderick Nash, Wilderness and the American Mind, 
3rd, rev. ed. (New Haven: Yale University Press, 1982); and John McCormick, Reclaiming Paradise: The 
Global Environmental Movement (Bloomington: Indiana University Press, 1989).



Laboratory and its involvement in military communications research as well as the 

military and state interest in space and scatter communications.21

The second chapter will examine those scientists and researchers who supported West 

Ford and analyze why they favored the project. It is important to understand that while 

advocates supported the test belt (an experimental belt which comprised 35 kg of 

dipoles), none publicly supported operational belts (at least two belts each of which 

would contain from 1,000 to 3,000 kg of dipoles). This chapter will also explore the 

arguments West Ford supporters used to sell the project to the astronomical community. 

Although the project received attention in published reports geared toward astronomical, 

geophysical, engineering, general scientific, and public audiences, Lincoln scientists and 

their SSB advisors concentrated most of their efforts on persuading the astronomers that 

the system would prove benign. Advocates tried various schemes to win astronomers’ 

approval—discussions and information dissemination, threats, and concessions. Some 

advocates believed that the project was a valid scientific project. Since some justified the 

project as science, while others denied it, I will explore the range of what American 

scientists felt constituted science in the late 1950s and early 1960s using the terms that 

the scientists themselves employed.

14

21For a history of military communications see Daniel Headrick, The Invisible Weapon: 
Telecommunications and International Politics, 1851-1945 (New York: Oxford University Press, 1991); 
and Gerald R.M. Garratt, One Hundred Years o f  Submarine Cables (London: H.M.S.O., 1950).



Chapter three explores how opponents evaluated West Ford and made decisions 

regarding whether or not to contest the project. Some scientists lobbied against the test 

belt while others, believing that the experiment posed no immediate threat, did not agitate 

against the test launch. This chapter will examine the case these scientists made against 

erecting the experimental belt. The section will further scrutinize Leo Goldberg, a 

leading US astrophysicist. Although personally opposed to the project, Goldberg 

supported it publicly because of his concern for national security. Other opponents also 

weighed the political and defense implications in deciding whether or not to lobby against 

West Ford. An unwillingness to confront or refute the US government may have 

discouraged several researchers opposed to the belt (Goldberg is one example) from 

protesting against the experiment, but it would seem that for the staunchest opponents the 

potential damage to their research outweighed other concerns. Goldberg made decisions 

about the project by weighing the needs of his government, his profession, and his career. 

At different periods during the project each consideration received more or less weight.

Chapter four examines West Ford in the context of environmental issues. It 

investigates scientific and popular responses to West Ford before Silent Spring 

crystallized the modem environmental movement. The study will demonstrate a different 

environmentalism than what most historians have considered: not an environmental ethic, 

but a functionalist approach to viewing the control and manipulation of nature. Holders 

of this view agitated against the destruction, or contamination, of nature's laboratory out

15



of a concern for the advancement of science. The public's fear and growing concern for 

the consequences of large-scale environmental experimentation also surfaced during this 

period. The chapter also tracks the environmental controversy surrounding West Ford as 

picked up by environmental activists.

The concluding chapter will explore why the experiment ended without producing an 

operational belt. Since some scientists attributed the decision to discontinue plans for the 

denser ring to scientific opposition, this section will evaluate the effectiveness of 

scientists in lobbying against the project. Did astronomers effectively fight the national 

security state in the case of West Ford, or did the project end because the technique used 

became obsolete?22 The conclusion will also explore the broader meaning for the 

struggle between different scientific communities, the way in which scientists prioritize 

state and professional responsibilities, and the nature of scientific advising during the Cold 

War.

Despite its significance, there are few publications about this unique project. Eugene 

B. Skolnikoff described the project and its implications for science policy briefly in his 

1967 book, Science, Technology, and American 23 Skolnikoff served as an advisor

to the President's Science Advisory Committee and remembers, but did not participate in,

22See Jessica Wang, “Science, Security, and the Cold War: The Case of E.U. Condon,” 1992, V. 83, 
238-269. Wang refers to the national security state as the mobilization of every societal sector to confront 
communism. Wang attributes the idea to Daniel Yergin, Shattered Peace: The Origins o f the Cold War 
and the National Security State (Boston: Houghton Mifflin, 1977).

23Eugene B. Skolnikoff, Science, Technology, and American Policy (Cambridge: The M.I.T. Press, 1967).

16
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West Ford discussions. Walter McDougall mentioned West Ford in ...The Heavens and 

the Earth: A Political History o f the Space Age as one of many military space projects 

undertaken during the early 1960s.24 Andrew Butrica set West Ford into the context of 

communications history in his introduction to the edited volume, Beyond the Ionosphere: 

Fifty Years o f Satellite Communication.15 Beyond the Ionosphere contains a chapter 

about space communications research at Lincoln Laboratory written by William Ward 

and Franklin Floyd, which originally appeared in The Lincoln Laboratory 

Other references scattered through the book mention West Ford as an example of passive 

satellite design. Petr Beckman offered an interesting participant account of the project in 

Eco-Hysterics and the Technophobes11 Beckman reported serving on a Czechoslovakian

government science advisory panel for West Ford during the controversy. He put West

24Walter A. McDougall, ...The Heavens and the Earth: A Political History o f  the Space Age (New York: Basic 
Books, 1985).

25 Andrew J. Butrica, ed., Beyond the Ionosphere: Fifty Years o f Satellite Communication (Washington, DC: 
NASA History Office, 1997)~see Butrica, “Introduction,” xiii-xxxiv; Jon Agar, “Moon Relay Experiments 
at Jodrell Bank,” 19-30, particularly 29; David N. Spires and Rick W. Sturdevant, “From Advent to 
Milstar: The U.S. Air Force and the Challenges of Military Satellite Communications,” 65-78, particularly 
66; William W. Ward and Franklin W. Floyd, “Thirty Years of Space Communications Research and 
Development at Lincoln Laboratory,” 79-93, particularly 79-81; David J. Whalen, “Billion Dollar 
Technology: A Short Historical Overview of the Origins of Communications Satellite Technology, 1945- 
1965,” 95-127, particularly 109; Jonathan F. Galloway, “Originating Communications Satellite Systems: 
The Interactions of Technological Change, Domestic Politics, and Foreign Policy,” 171-192, particularly 
186; and Joseph N. Pelton, “Project SHARE and the Development of Global Satellite Communications,” 
257-281, particularly 267.

26W.W. Ward and F.W. Floyd, “Thirty Years of Research and Development in Space Communications at 
Lincoln Laboratory,” The Lincoln Laboratory Journal, Spring 1989, V. 2, No. 1, 5-34, esp. 5-9.

27Beckman presented interesting commentary on the project and an interesting anecdote; however, he mistook 
crucial project dates. While his story appears authentic, he cannot be taken as a fully reliable source. Petr 
Beckman, Eco-Hysterics and the Technophobes (Boulder: The Golem Press, 1973).



18

Ford into the context of the environmental movement. Eva Freeman wrote an 

institutional history of Lincoln, MIT Lincoln Laboratory: Technology in the National 

Interest, in which West Ford received a prominent mention as part of Lincoln’s research 

in the field of military communications.28 These works mention opposition to the project, 

but do not analyze which group of astronomers protested nor the manner in which they 

lobbied, nor do they examine why certain astronomers and scientists fought the project 

while others favored it or were reconciled to it. This study will attempt to set West Ford 

into the context of the late 1950s and 1960s, highlighting the military and state need for a 

reliable communications system, the changing conditions in science and astronomy, and 

the relationship between science and state during the Cold War.

Technical publications written during the project's lifetime are more abundant. 

Scientists explored both the technical details as well as scientific repercussions in 

journals such as Science, Nature, Proceedings o f the IEEE, and the Astronomical 

Journal}9 The majority of articles written during the earliest phase of the project

28Eva C. Freeman, ed., MIT Lincoln Laboratory: Technology in the National Interest (Lexington: Lincoln 
Laboratory, Massachusetts Institute of Technology, 1995).

29W.E. Morrow, Jr. and D.C. MacLellan, “Properties of Orbiting Dipole Belts,” W. Liller, “Report on the 
Effects of Project West Ford on Optical Astronomy,” A.E. Lilley, “Radio Properties of an Orbiting Scattering 
Medium,” L. Goldberg, “Project West Ford—Properties and Analyses, Introduction,” all in the Astronomical 
Journal, April 1961, V. 66, No. 3, 105-118; “Long-Range Radio Communication by Satellite Microwave 
Dipoles—The West Ford Project,” Nature, 23 September 1961, V. 191, No. 4795, 1237-1238; I.I. Shapiro, 
and H.M. Jones, “Lifetimes of Orbiting Dipoles,” Science, October 1961, V. 134, No. 3484, 973-979; S.F. 
Singer, “Interaction of West Ford Needles with Earth’s Magnetosphere,” Nature, October 1961, V. 192, No. 
4800, 303-306; S.F. Singer, “Interaction of West Ford Needles with the Earth’s Magnetosphere and Their 
Lifetime,” Nature, December 1961, V. 192, No. 4807, 1061; E.M. Purcell, “The Case for the ‘Needles’ 
Experiment,” New Scientist, February 1962, V. 13, No. 272,245-247; A.C.B. Lovell, and M. Ryle,
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appeared in journals devoted to astronomy. The focus on that community reflected a 

determination by project planners to diffuse dissent by disseminating information among 

those most likely to raise serious objections. As the story spread popularly, newspapers 

around the world reported upon the implications and development of West Ford, and 

discussions of the project continued in general scientific journals like Science and 

Nature.™ When the project slowly faded into a memory, the specialized journal

“Interference to Radio Astronomy From Belts of Orbiting Dipoles (Needles),” D.E. Blackwell, and R. Wilson, 
“Interference to Optical Astronomy From Belts of Orbiting Dipoles (Needles),” both in Quarterly Journal o f 
the Royal Astronomical Society, June 1962, V. 3, No. 2, 100-114; S.F. Singer, “Dust and Needles in the 
Magnetosphere,” Transactions o f the American Geophysical Union, March 1963, V. 44, No. 1, 29; 1.1.
Shapiro, I. Maron, and L. Kraft, Jr., “Experimental Study of Charge Drag on Orbiting Dipoles,” Journal o f 
Geophysical Research, April 1963, V. 68, No. 7, 1845-1850; H.M. Jones, C.W. Perkins, and 1.1. Shapiro, 
“Orbital Lifetime of the West Ford Dipoles,” Science, June 1963, V. 140, No. 3572, 1173; A. Sandage, and C. 
Kowal, “West Ford Dipole Belt: Optical Detection at Palomar,” and W.G. Tifft, et al., “West Ford Dipole 
Belt: Photometric Observations,” both in Science, August 1963, V. 141, No. 3583, 797-799; W. Liller, 
“Optical Effects of the 1963 West Ford Experiment,” Science, January 1964, V. 143, No. 3605, 437-441; 
C.F.J. Overhage, “The Lincoln Laboratory West Ford Program—An Historical Perspective,” John W. Findlay, 
“West Ford and the Scientists,” W.E. Morrow, Jr., and T.F. Rogers, “The West Ford Experiment—An 
Introduction to This Issue,” 1.1. Shapiro, H.M. Jones, and C.W. Perkins, “Orbital Properties of the West Ford 
Dipole Belt,” F.E. Heart, D. Karp, A.A. Mathiasen, F. Nagy, Jr., W.R. Crowther, and W.B. Smith, “Measured 
Physical Characteristics of the West Ford Belt,” C.L. Mack, Jr., and B. Reiffen, “RF Characteristics of Thin 
Dipoles,” I.L. Lebow, P.R. Drouilhet, Jr., N.L. Daggett, J.N. Harris, and F. Nagy, Jr., “The West Ford Belt as a 
Communication Medium,” D.C. MacLellan, W.E. Morrow, Jr., and I.I Shapiro, “Effects of the West Ford Belt 
on Astronomical Observations,” P. Waldron, D.C. MacLellan, and M.C. Crocker, “The West Ford Payload,” 
B.E. Nichols, and D. Karp, “West Ford Radar and Microwave Equipment,” B.F. LaPage, E.W. Blaisdell, and 
L.J. Ricardi, “West Ford Antenna and Feed System,” F.E. Heart, and A.A. Mathiasen, “The Antenna Pointing 
System for West Ford,” all in Proceedings o f the IEEE, special issue on Project West Ford, V. 52, No. 5, May 
1964,452-606; I.L Shapiro, “Last of the West Ford Dipoles,” Science, December 1966, V. 154, No. 3755, 
1445-1448.

30The protests of astronomers brought the project to the attention of the popular press as well as popular 
science journals. See Lawrence E. Davies, “Space Project Hit by Astronomers,” New York Times, August 
1961, West Ford Project, OW-300000-01, NASM; Walter Sullivan, “Science vs. Defense,” New York 
Times, August 1961, West Ford Project, OW-300000-01, NASM; “West Ford Project Approved,” Flight,
24 August 1961, 251, West Ford Project, OW-300000-01, NASM; David Perlman, “Berkeley Furor: 
Astronomers Assail U.S. ‘Needle Shot’,” San Francisco Chronicle, 14 August 1961, HUG FP 83.18 
(Goldberg), Box 6, HUA; John W. Finney, “U.S. Science Unit for ‘Needle’ Belt,” New York Times, 6 
October 1961, HUG FP 83.18 (Goldberg), Box 6, HUA; Walter Sullivan, “Needles Orbiting to be Tried



Proceedings o f the IEEE published a special edition to discuss the results of the project. 

The journal catered to electrical and electronics engineers, a group likely more interested 

in the techniques, design, and results of the experiment than in consequences to 

astronomy, or the environment.

More illuminating than the published record are the archival records of the Space 

Science Board’s ad hoc committee to investigate West Ford, correspondence between 

scientists, and Lincoln Laboratory records. This work is based upon newly discovered 

archival documents and recently declassified material. The majority of the sources for 

this study came from the Leo Goldberg papers, housed in the Harvard University 

Archives,31 the Lincoln Laboratory Archives, the Manuscripts Division of the Library of 

Congress, and the US National Archives. The Leo Goldberg collection contains two file 

folders specifically related to West Ford history. His documents, which are open to 

inspection, contain the majority of the S SB’s ad hoc committee notes. The Lincoln 

Laboratory Archives are not open to the public, but with permission I was allowed to 

spend one week inspecting their West Ford collection. The holdings contain a 

chronology and unpublished history of the project as well as technical reports and 

newspaper clippings. The US National Archives maintains two folders on West Ford, 

primarily consisting of communications passed among scientists evaluating the project

Again, New York Times,1962, West Ford Project, OW-300000-01, NASM; “Observing the Satellites: The 
West Ford Orbit,” Sky and Telescope, January 1962, 13, West Ford Project, OW-300000-01, NASM.
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and SSB committee records. Barry Commoner’s papers at the Library of Congress 

describe Commoner’s opinion toward West Ford and clarify the position Commoner and 

other environmental activists espoused toward environmental manipulation and large- 

scale science projects. In the Smithsonian Archives, Fred L. Whipple’s papers contain 

two folders related to the technical design of the project. S. Fred Singer’s papers, also in 

the Smithsonian collection, contain his calculations regarding belt lifetime and properties. 

Newspaper articles about West Ford are deposited in the archives at the National Air and 

Space Museum (NASM) of the Smithsonian Institution. Until recently the Smithsonian 

Institution had certain of the project artifacts on display as part of an exhibit. These 

artifacts—a dispenser and sample dipoles—are now stored at the NASM Garber facility.

This study investigates the West Ford debate as contested by scientists and 

researchers, including those affiliated with Lincoln. The present study will not 

investigate how the military and Department of Defense viewed the debate. West Ford 

clearly interested the Air Force and the Defense Department—these entities hoped that the 

project might fill their need for a secure and reliable system of communications.

However, the sponsors publicly distanced themselves from the project in order to avoid

21

3,Harvard accessioned the papers of key project advocate Edward Purcell, but at the time of this writing 
had not made them available for researchers.



provoking greater criticism. A further study could investigate the sponsors’ opinions 

regarding the development of the project and their view of the surrounding controversy.32
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CHAPTER 1: LINCOLN LABORATORY AND 

COMMUNICATIONS IN THE NATIONAL INTEREST 

IN THE EARLY COLD WAR

West Ford’s origin was the wartime project called Window, but it also incorporated 

radio communication techniques developed following World War II. Because of the 

importance of reliable communications for the military and government, West Ford 

promised to fill an important need. Lincoln Laboratory’s dependence upon the military 

and the federal government for funding and its commitment to enhancing the national 

defense meant that basic research occurred there only as a by-product of applied projects. 

Lincoln’s reputation in the existing literature as a center of basic and applied research 

thus needs modification.

War often serves as a catalyst for action. World War II and the nascent Cold War 

intensified the United States military’s desire for better long-range communications 

methods. In the 1950s the military, State Department, and Department of Defense all 

searched intensely for a system that was reliable, secure, and not subject to jamming. 

This was not just of military interest, as the State Department had longed since the late 

1940s for a way to overcome Soviet jamming in order to spread US propaganda behind 

the “iron curtain.”33

33Allan Needell, "‘Truth is Our Weapon’: Project TROY, Political Warfare, and Government-Academic 
Relations in the National Security State," Diplomatic History, Summer 1993, V. 17, No. 3, 403.



During World War II the United States learned to mistrust undersea cables that were 

easily cut or taken over.34 As part of the war effort scientists, mostly radio engineers, 

devised a way to transmit messages without reliance upon sea floor cables. These 

researchers experimented with scatter communications using the troposphere35 and, to a 

lesser extent, the mesosphere36 as a reflector of radio waves (illustration 2). The 

Radiation Laboratory (Rad Lab) at the Massachusetts Institute of Technology 

investigated radar (RAdio Detection And Ranging) and radio propagation. Their 

classified findings became part of the civilian domain during the post-war demobilization 

of scientists. Following the war the military continued to support the Rad Lab in its new 

guise, the Research Laboratory of Electronics (RLE). The Massachusetts Institute of 

Technology Lincoln Laboratory "was an intellectual as well as contractual extension of 

RLE."37

In the 1950s researchers successfully used the ionosphere to transmit radio signals.38 

Use of the E-layer (illustration 3) to transmit signals developed in response to a United
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34 S.P. Brown and G.F. Senn, "Project Score," Proceedings o f  the IRE, April 1960, V. 48, No. 4, 625; and 
George P. Oslin, The Story o f Telecommunications (Macon: Mercer University Press, 1992), 326-327.

35 The troposphere extends outward from the earth’s surface to about seven to ten miles in altitude.

36 The mesosphere extends from the top of the stratosphere (about seven to ten miles above the earth’s 
surface) to an altitude of about 50 miles.

37 Leslie, The Cold War and American Science, 34.

38 Needell, ’’Truth is Our Weapon," 410.
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ILLUSTRATION 3:

THE UPPER ATMOSPHERE AS VISUALIZED IN 1958
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States desire to broadcast propaganda.39 In the early 1950s the Project Troy committee, a 

panel of social scientists and scientists, met to consider how to overcome Soviet jamming 

of the State Department sponsored Voice of America broadcasts. The scientists 

suggested several methods of penetrating the iron curtain, among them distributing cheap, 

durable receivers around the world, dropping propaganda pamphlets from balloons, and 

ionospheric scatter broadcasting.40 Use of the ionospheric, or E-layer, allows for a wider 

range of communication than does the mesospheric or tropospheric layers.

Many scientists, engineers, and communications researchers jumped on the scatter 

communications bandwagon in the years following the war. In 1952 Harvard astronomer 

Donald Menzel unsuccessfully sought a government patent for a meteoric ionization trail 

scatter device for a secure military communications system. The reason for the 

government's decision not to award the patent is not stated. Perhaps Menzel did not 

know that a Stanford graduate student named Oswald G. Villard, Jr., had won an ONR 

contract to study meteoric and ionospheric conditions which thwarted long-range radar 

and communications and was at that time investigating ways to circumvent difficulties 

and improve communications.41 Furthermore, two proposals came close to what became
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39 The E-layer, the lowest well-defined layer of the ionosphere regularly occurring during the daytime at 
about 60 miles above the earth’s surface, reflects medium frequency radio waves. For further information 
regarding atmospheric radio propagation see, Donald J. LeVine, Aerospace Antenna , An
Overview (Washington, DC: National Air and Space Museum, Smithsonian Institution, 1995), 42-60.

40Needell, "Truth is Our Weapon," 410.

41Leslie, The Cold War and American Science, 58.



the key concept of project West Ford. Henri G. Busignies received a patent, assigned to 

International Telephone and Telegraph, in 1956 for a long distance communications 

system that used artificial reflectors. In August 1960, while West Ford remained 

classified, an article in Aviation Week and Space Technology reported that the Soviet 

Union had proposed girdling space above the equator with a web or net of dipole 

reflectors to improve long-distance communications.42 Concurrently a respected Russian 

geologist proposed erecting a band of dust in the atmosphere around the Arctic.

Although mostly concerned with the warming effect he hoped to achieve, Dimitiy 

Ivanovich Shcherbakov also pointed to the communications possibilities should the 

material placed in the atmosphere contain elements that would reflect radio waves.43 

Shcherbakov had proposed an impossible project: to orbit enough dust to create a 

warming effect would prove too expensive and arduous to warrant. Yet the Air Force and 

Department of Defense determined that the cost and feasibility of orbiting dipoles in 

space, West Ford, did warrant an attempt if it could deliver secure and reliable 

communications.

The scatter communications technique presented its own host of difficulties, however. 

Solar storms and magnetic anomalies common in polar regions disrupt the ability of the
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42Industry Observer,” Aviation Week and Space Technology, 1 August 1960, np, Director’s Office, West 
Ford Correspondence, 1962, LLA.

43Dimitiy Shcherbakov, “The Ring,” Inventor and Realizer, February 1960, No. 2, 2, Director’s Office, 
West Ford Correspondence, 1962, LLA.



ionosphere to reliably reflect radio waves.44 The Johnston Island Hardtack 1958 series of 

nuclear tests demonstrated that high altitude explosions could temporarily destroy swaths 

of the ionosphere. Military strategists planned on war involving nuclear explosions and 

Arctic maneuvers and, therefore, needed a system that provided all the advantages of 

ionospheric scatter communications while avoiding the unreliability of the earth's 

ionosphere. Morrow and Meyer responded with a proposal to create an artificial, or tin, 

ionosphere. The method mated the jam-proof character of scatter communications with 

the reliability promised by the dipole belt. A belt of dipoles would not be subjected to 

vagaries in sun-earth relations and would fill in quickly following a nuclear explosion. 

The Russians’ success in launching Sputnik satellites I and II in late 1957 and the 

successful launch of the first American satellite in early 1958 pointed to the viability of 

placing objects in earth orbit.

As the Soviet Union launched Sputnik the US military focused on how they could 

benefit from entry into the space arena. Access to space beckoned as a likely answer for 

improved communications systems. Moreover, using space to facilitate communications 

would, according to US policy makers, proclaim American technological superiority and 

a commitment to peaceful space ventures. To counter the numerous space "firsts" of the 

Soviets, the US worked to ready the first global communications satellites. Lincoln 

worried that the Soviets would erect their own dipole belt before they could launch West
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44During WWII the allies believed that Germany had developed an effective technique to jam high-



Ford. The directors received a copy of the Aviation and Space Technology article 

and Shcherbakov’s paper announcing similar Soviet proposals. Subsequently Lincoln 

had a researcher investigate the Soviet’s capacity for manufacturing superfine wire.45 

According to science policy and radio communications expert Lloyd Berkner: “it would 

be... unfortunate to kill the West Ford Project without most careful study, and to then 

find that another nation had solved the problems associated with the dipole system and 

developed an acceptable system.”46 Furthermore, President John F. Kennedy believed 

that an international communications system erected by the United States would enhance 

national prestige and improve relations among the less developed nations.47 West Ford 

thus benefited from the competition between East and West and the US desire to gain the 

allegiance of unaligned nations. However the military demanded that all this come in an 

economical package.48 Unique in its class, West Ford promised to meet all of the above 

criteria.

Projects usually do not spring from a vacuum and West Ford was no exception.

Besides operating on the principles of radar and radio propagation devised during the war

frequency communications. They soon learned that a period of sun spot maxima was their nemesis.

45M.M. Dotye to William Radford, letter, 12 September 1961, Director’s Office, West Ford 
Correspondence, 1962, LLA.

^Lloyd Berkner to Leo Goldberg, letter, 1 January 1961, Director’s Office, West Ford Correspondence, 
1963, LLA.

47McDougall, ... The Heavens and the Earth, 352-260.

48Donald L. Jacoby, "Communications Satellites," Proceedings o f the IRE, April 1960, V. 48, No. 4, 602- 
604.
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and during the post-war period, West Ford descended directly from a successful war 

project, as noted above, called Window. During the war the allies released aluminum 

strips, known as chaff, from aircraft to confuse Axis radar. The signals that the strips 

reflected hoodwinked the enemy into thinking that a plane existed where it did not. 

Project advisors working on West Ford frequently referred to the orbiting dipole belt as 

the chaff belt. Indeed, the first materials proposed were chaff strips. Morrow referred to 

the tin strips as needles, giving the project its first title, because they had the same size as 

common sewing needles. The Research ANd Development (RAND) Corporation 

prepared an independent review of the Needles design. RAND researcher S.H. Reiger, 

proposed that Lincoln substitute chaff with long rotating wires or dipoles. Reiger 

advanced his suggestion because he calculated that the dipoles would offer more security 

than chaff.49 When the name of the project changed from Needles to West Ford (after 

Westford, a town in Massachusetts that was the site of the transmit center), it not only 

presented the project with a more innocuous front (important since it was about to go 

public), but also acknowledged how the project design changed. The window equation, 

that wire scatters best a wavelength twice the length of the wire, enabled Lincoln 

scientists to choose the eventual dipole size and material.50

49S.H. Reiger, "Long-Distance Communication Via Reflection From Orbiting Long Wires," A RAND 
Report Prepared fo r the Advanced Research Projects Agency Department o f  Defense, Confidential, 28 
February 1961.

50Lincoln Laboratory employed copper filaments cut to 0.00178 cm in diameter and 1.78 cm in length.



When scientists gathered in 1958 for the Army Signal Corps summer study on military

communications, called Barnstable, General James D. O'Connell urged them to examine

each of the basic design concepts of our present communications system and 

consider what would be the opposite way to do the job. To me, the chances seem 

good that this would produce systems better meeting military requirements than 

those we are now developing.51

Yet when Morrow and Meyer devised West Ford, they did not produce an entirely novel 

system. The Needles concept combined two well-known radio techniques developed 

during the war and immediate post-war era. First, the system created a reflecting layer 

equivalent to that existing in nature. Second, West Ford recycled the calculations and 

techniques devised during World War II for Project Window.

Lincoln Laboratory proposed, and the United States Air Force and Department of 

Defense supported, the concept eventually titled West Ford, because the system promised 

to deliver a reliable and secure method of communications. West Ford filled a niche 

within the military arsenal in a manner that no other previous communications system 

had. It also filled a gap at Lincoln Laboratory created by the transfer of its first project— 

the Semi-Automatic Ground Environment (SAGE)-to the newly created MIT REsearch
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(MITRE) Corporation.52 Workers who had participated in SAGE now channeled their 

efforts into similar endeavors of interest to the national defense. The long-range 

communications group originally devoted to SAGE embarked on West Ford.53

At the time that Lincoln divested itself of SAGE, Lincoln Director Overhage was 

pondering a closer connection to its parent organization, MIT. Pessimistically he doubted 

that the ties could be strengthened when MIT decided to remain aloof from large military 

projects. Wiesner, then director of the Research Laboratory of Electronics an MIT 

interdepartmental laboratory, hosted Project Barnstable, but never considered housing 

Needles development on the university campus because he claimed that the project was 

too big. His decision may have followed a precedent set by MIT provost Julius Stratton 

who, in 1950, had turned over SAGE to Lincoln Laboratory because of the political 

controversy surrounding the project.54 Eventually SAGE became too politically charged 

for even Lincoln:

Overhage wondered if Lincoln could survive another SAGE and still preserve its 

academic integrity, or whether renewed Air Force demands for large-scale
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52Ramo-Wooldridge was likewise looking for a new project. In the 1950s R-W, a new corporation, 
received Air Force contracts to manage the development of the Intercontinental Ballistic Missile. By 1958, 
however, R-W was in "in the throes of sloughing off old preoccupations and embarking on new ventures." 
Lincoln assumed primary leadership for West Ford and reduced R-W to a subcontractor’s role. R.J. 
Harman, “Needles/West Ford, 1958-June 1962,” draft, Director’s Office, Project West Ford, Needles/West 
Ford, 1958-June 1962, LLA.

53Ibid, xiv.

54Leslie, The Cold War and American Science, 33.



programs in strategic communications and ballistic defense might simply 

overwhelm the laboratory's fragile balance of basic and applied research.55 

Overhage took on that risk when he took control of Needles. Perhaps at this time he

realized that the laboratory’s future was permanently entangled with that of the armed

forces. As an administrator, Overhage pondered the distinction between basic and

applied research, but Lincoln researchers seemed unconcerned about the labels others

attached to their work.

Researchers at Lincoln failed to distinguish between basic and applied work because

of the project-oriented style of science to which they adhered. Basic research evolved

from their participation only as a by-product of this work. Irwin Shapiro’s work

exemplified the style of research conducted at Lincoln: interdisciplinary and instrument-

and project-driven. Shapiro received his Ph.D. in physics, but during the course of his

career he taught geophysics as well as physics at MIT and worked at the Harvard-

Smithsonian Center for Astrophysics as a radio astronomer. Shapiro used the dipole belt

as a way of investigating properties of the upper atmosphere. As a result of the task

assigned to him—to calculate the lifetime that the belt of dipoles would exist in orbit—

Shapiro and his colleagues discovered that solar radiation pressure exerts a force on

orbiting bodies.56 The idea to determine radiation pressure occurred as a result of, not

55Ibid, 39.

56R.W. Parkinson, H.M. Jones, and 1.1. Shapiro, “Effects of Solar Radiation Pressure on Earth Satellite 
Orbits,” Science, March 1960, V. 131, No. 3404, 920-921.
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previous to, investigations into West Ford. Like other advocates of the West Ford 

project, Lincoln scientists believed that West Ford was a scientific project because 

scientific knowledge emerged as a result of the experiment. Lincoln researchers belonged 

to the instrument scientist community.

The search for a patron to underwrite West Ford's burgeoning costs illuminates the 

dynamic role of military and government science organizations in the 1950s and early 

1960s. Although the Army Signal Corps supported Barnstable, and showed an interest in 

the conceptual design of Needles, the Corps did not offer funding for West Ford. Lincoln 

sought a match with the Advanced Research Projects Agency (ARPA), but after a brief 

honeymoon, Lincoln complained that ARP A, a Defense Department unit, while 

interested, had no money and hesitated to act on Needles. During this period ARPA 

experienced a decline as the Director of Defense Research and Engineering unit took over 

Department of Defense responsibilities. The newly formed National Aeronautic and 

Space Administration (NASA) courted Needles briefly, but project designers rejected the 

low, and therefore short-lived, orbit, 600 to 800 miles, that NASA proposed. Lincoln 

wrestled with patrons and anemic funds until it found a home for the project in the US 

Air Force and the Department of Defense in 1960.

Despite the difficulty in finding a sponsor and raising funds, Lincoln scientists’ 

remained committed to seeing the project through to a successful conclusion. Once 

begun Lincoln scientists found the project intrinsically interesting from a scientific
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standpoint and they pushed the project to consummation in order to test their theory 

regarding the design’s viability.57 The next chapter will look at how the method of 

conducting research espoused by Lincoln and other project advocates, sparked a debate 

regarding how science should proceed and what constituted a scientific program.

Since West Ford would eventually end its life labeled as an outdated technology, it is 

important to place the project into the context of contemporaneous communications 

designs. Other communications designs developed during the West Ford era included 

Project Score (a Department of Defense satellite with a delayed and real-time repeater 

launched in 1958), Moon Relay (a Department of Defense initiative to use the moon as a 

reflector of radio waves begun in 1959), Echo (a NASA passive, satellite balloon 

launched in 1960. Echo 2 flew in 1964), Project Courier (a Department of Defense 

delayed repeater satellite launched in 1960), and Telstar (an American Telephone and 

Telegraph active satellite launched by NASA in 1962. Telstar 2 followed in 1963).58

During the lifetime of West Ford, and particularly in the early 1960s, agencies with an 

interest in the development of communications systems stood at the intersection of 

divergent technological paths. One road led to the development of passive satellites and 

programs, and another led to the innovation of active satellites. Private communications 

companies, as well as the new Goddard Space Flight Center of the National Aeronautics

57Irwin Shapiro, 3 July 1997, interview, R.J. Harman, “Needles/West Ford 1958-June 1962,” Draft, 8, 8c, 
Director’s Office, Project West Ford, Needles/West Ford, LLA.
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and Space Administration, advocated active satellite development. Langley Space Flight 

Center, another NASA center, channeled its resources into passive systems, but NASA 

headquarters soon turned over prime responsibility for satellite development to Goddard. 

Goddard apparently chose active satellites due to the preference of its director.59 

Corporations such as American Telephone and Telegraph would earn money by owning 

the channels for active satellites whereas passive models could be used freely by anyone 

with access to adequate instrumentation. Due to the nature of active repeaters, the 

reception of signals was also of better quality than that delivered by passive systems. As 

early as 1960 scientists prophesied the triumph of active satellites over passive devices.60 

Yet the military remained committed to passive models even after active models proved 

their value because passive models promised what the active satellites could not: 

reliability and security. Active satellites could be jammed or destroyed by nuclear 

explosions. Indeed, the first active repeater satellite, Telstar, functioned for only six 

months: the United States’ high-altitude nuclear tests knocked it out of commission.61 

Only after the final test of West Ford did Lincoln turn its full attention to securing active 

satellites from the dangers of jamming. However it would be years before the active
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satellites could promise a comfortable degree of safety. Lincoln launched the first 

military active communications satellite in 1965.62

West Ford promised more rewards for the military than its active competitors and also 

bested its passive peers. In the same year that Morrow and Meyer incubated Needles, 

Walter O'Sullivan at Langley devised Echo.63 Echo was a reflective balloon designed to 

orbit 1,000 miles above the earth. The balloon traveled in an erratic orbit and a given 

station could only use the balloon for the short period of time that it passed within range. 

However the use of Echo demonstrated the effectiveness of passive satellite design for 

evading interdiction. Western Europe used Echo in 1960 in a manner that fulfilled the 

dreams of the Troy panel eight years previous. Radio Free Europe used Echo to bounce 

one minute radio broadcasts behind the iron curtain to Bulgaria, Czechoslavakia, and 

Hungary. The programs played the national anthem of each country and concluded by 

wishing them eventual freedom and independence.64 The tremendous size of the balloon 

blatantly proclaimed America's progress in space technology. Yet Echo was subject to 

enemy attack; nuclear explosions could also destroy Echo.

On the other hand, an explosion could not sweep the West Ford system out of 

operation. In the event of a nuclear explosion the band would repair itself by filling in.

62Eva C. Freeman, ed., MIT Lincoln Laboratory,67-69.

63Thomas W. Thompson, "The Echo I Experiment: The Beginnings of Air Satellite Communications," 
Rome Air Development Center Office of History, October 1985, 1.

“ Ibid, 29.
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Lincoln did not foresee any potential way an enemy could eradicate the belt or jam the

signals broadcast by it. The State Department desired a system immune to interdiction in

order to transmit broadcasts behind the iron curtain.

Advisors studying West Ford, namely Villard and science policy experts Alan Shapley

and Richard Porter, planned for inclusion of the dipoles in the propaganda program.

Although the trio recommended the use of the system to transmit broadcasts to the Soviet

Union, this potential was seen as an added benefit, and a way in which to publicize the

belt, but not the true reason for erecting the belt (secure military communications).

Public announcements, they opined, should emphasize the communications experiment as

a means to improve relations between Washington and Moscow.

Considerations should be given to the possibility of an exchange of television 

broadcasts between the U.S.A. and the U.S.S.R. (on a reciprocal basis) using the 

Needles experiment to provide the necessary relay link. A similar exchange might 

be made with Western Europe. It is difficult to imagine any more effective means 

for dramatizing the peaceful uses of outer space than exchanges of this sort.65 

The United States had nothing to lose. Should the Soviet Union accept the offer, it

meant that the US had gained an ally to support them in undertaking the project. Since

nothing could prevent Soviet scientists from using the system it did not matter that the

US would need to reveal project information. Should the Soviet Union decline the offer,

it would still appear that the US had attempted to further the goals of improved
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international relations and the peaceful use of space. The United States could hardly 

hope for a joint program when one member remained firmly against the resultant product. 

In the case of Echo the USSR did cooperate. They used the balloon to carry out 

experiments and transmit communication. However, the balloon did not have the 

permanence that West Ford potentially carried nor could the balloon hope to spread 

propaganda further than the satellite borders. Indeed, the Echo experience was unique: in 

the late 1940s the Soviets had stepped up measures to jam Voice of America broadcasts 

and in 1962 they rejected the United States offer to join the International 

Telecommunications Satellite Consortium (INTELSAT).66 Still the United States 

continued to push for cooperation on communications projects. In September 1959,

Philip Farley, science policy advisor, had proposed that President Dwight Eisenhower 

extend an invitation to cooperate on a communications project involving chaff (West 

Ford) to Soviet Premier Nikita Khrushchev during his upcoming visit to Washington. It 

is not known whether the advice was heeded.67 During the 1950s and 1960s the 

President’s Science Advisory Committee (PSAC) advanced plans to cooperate on other 

communications projects involving passive and active satellites. In a 1962 report in
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65R.W. Porter, A. Shapley, O. Villard, Jr., "Report to the chairman of the SSB on International Relations 
Aspects of Project Needles," Confidential, 15 April 1960, HUG FP 83.18 (Goldberg), Box 6, HUA.

66Instead the Soviets devised its own system, INTERSPUTNIK. See McDougall, ... The Heavens and the 
Earth, 431.

67“Possible US-USSR Cooperative Scientific Project” 19 September 1959, White House Office of the 
Special Assistant National Security Affairs/Special Assistant Series, Box 7, DDE.
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Science, Daniel Greenberg, a journalist who commented on the relationship between the

government and science, reported that:

the pressure for a military role in space has had to work against the 

Administration's fervent desire to promote peaceful space undertakings with the 

Soviets. Joint ventures such as weather and communications satellites and 

magnetic field studies do not necessarily exclude a simultaneous military effort, 

but the cooperative programs inevitably partake of much of the technology that 

would go into a military space effort; once space becomes a military arena, the 

room left for cooperative efforts would be considerably reduced.68 

Although the plan to use West Ford as an instrument to create international ties, or

spread propaganda, was important, this was only a cover for the project's larger and more

fundamental, military mission. Advocates could not announce West Ford for what it was.

Porter, Shapley, and Villard acknowledged that:

demonstrable military strength on the part of the United States of America is, of 

course, an important element in maintaining the respect and confidence of the 

nations which are not already part of the Soviet bloc. It is unlikely, however, that 

the people of such nations would regard the fulfilling of U.S. military 

communications needs, of which they would have little knowledge or 

understanding, as specifically beneficial to themselves.69 

Only policy makers and scientists believed their line that a US communications system

would bring the world closer and tighten the bond between the US and the Third World.

68D.S. Greenberg, "Military in Space: Air Force Seems To Have Won Argument For Expanded Program," 
Science, 6 July 1962, V. 137, No. 3523, 24.



In 1958 Dr. Feliks Burdecki of South Africa complained to the International Council of 

Scientific Unions that Eisenhower’s use of the SCORE satellite to send a message to 

mankind represented a blatant propaganda ploy.70 Yet wanting to believe their pacific 

nature and needing a cover to publicize West Ford, scientists such as Porter, Shapley, and 

Villard trumped the use of communications as a means to improve international relations. 

Knowing that the project would be impossible to keep secret, West Ford advocates 

endeavored to package the system in a manner in which they could gain support and fend 

off the criticism they expected would come. And as anticipated, immediately upon 

declassification an intense debate ensued between advocates of the system (the 

instrument scientists) and the opponents (the traditional astronomers). This conflict 

reveals much about how these two communities defined science, and helps to uncover the 

nature of their relationship to the state during the early Cold War.
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CHAPTER 2: SUPPORTING AND DEFENDING 480 MILLION DIPOLES

The main supporters of Project West Ford, apart from Lincoln and its funding 

agencies, consisted largely of scientists interested in the possibility of using a dipole belt 

to conduct scientific research: instrument and project-centered scientists. The most 

articulate supporters of West Ford served on the independent review committees—a 

Space Science Board (SSB) ad hoc Needles, later West Ford, committee and a President’s 

Science Advisory Committee (PSAC) West Ford panel—convened to examine the effect 

West Ford would have on science. Indeed, they seemed chosen for the committees 

because they were predisposed to favor the project: because of their research interests, 

style of conducting science, and the priority they placed on national security. This 

chapter examines the SSB committees because of its members’ support for West Ford 

and because of these committees’ efforts to convince opponents that the project would 

not harm science. West Ford also illuminates the type of scientist attracted to service on 

government science advisory committees as well as how these scientists evaluated the 

projects that came up for review. Identifying the main proponents of West Ford and 

examining why they likely embraced the project, as well as what the SSB committee did, 

or proposed to do, to pacify and co-opt opponents, is the subject of the present chapter.

In August 1959 Lincoln Laboratory officials, worried about the scientific and 

international implications of the project, wrote the Chairman of the SSB, Lloyd Berkner



for an outside evaluation of Needles.71 According to Lincoln director Carl Overhage and 

associate director William Radford, “Dr. Berkner, himself an experienced communicator, 

was keenly interested and promised to establish an ad hoc committee of the Space 

Science Board to examine in detail the question of interference.”72 Berkner devoted his 

scientific career to radio engineering and his political career to the national defense of the 

United States. He became an active proponent of West Ford and worked to ensure that 

Lincoln could pursue the experiment.

Berkner actually formed two SSB committees: a Needles ad hoc committee that met 

four times between January and June 1960 and examined the possible hazards of the 

project for science and international policy, and a West Ford committee that began work 

shortly after the first committee was dismissed. The West Ford committee had 

responsibility for explaining the newly declassified project to scientists and assuring them 

that it would not imperil their research.73

The ad hoc committee began with eleven researchers, but grew into a committee of 

nineteen scientists (Appendix C). Villard, the Stanford graduate student who studied

7lJohn W. Findlay, “West Ford and the Scientists,” Proceedings o f  the IEEE, special issue on Project West 
Ford, May 1964, V. 52, No. 5, 455.

72C.F.J. Overhage and W.H. Radford, “The Lincoln Laboratory West Ford Program—An Historical 
Perspective,” Proceedings o f the IEEE, special issue on Project West Ford, May 1964, V. 52, No. 5, 452- 
454.

73From the conception of the project until August 1960 the project was classified. The first committee 
convened held special security clearances, but by the time that this ad hoc committee, augmented by 
several new members and participants, finished its work many scientists had heard about the project.
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meteoric communications, now a Stanford professor, agreed to chair this committee. 

When writing to invite the other ten men to serve on the ad hoc committee, Villard lauded 

the project as “one of the most important developments in the communications field.”74 He 

expected that those to whom he wrote would share that view and would find their 

participation on the committee, “an interesting and rewarding experience.”75 The first 

committee membership included several researchers who worked on radio wave 

propagation problems (D.K. Bailey, K.W. Bowles, Franklin Roach,76 and Von R. 

Eshleman77) or had in the past (Fred L. Whipple78) or who had worked on scatter 

communications design (Eshleman and Villard). Another member, Victor Regener, did not 

share the others’ interest in propagation or communications research, but did consider the 

project an interesting scientific experiment.79 Due to their research interests these men did 

share Villard’s enthusiasm and did embrace the project.
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According to Purcell “the word was beginning to get around.” Edward M. Purcell, “The Case for the 
‘Needles’ Experiment,” New Scientist, 1 February 1962, V. 13, No. 272, 246.

74O.G. Villard, Jr. to Mssrs. Bailey, Bowles, Cunningham, Eshleman, Findlay, Jastrow, O’Keefe, Regener, 
Roach, Whipple, “Formation of ‘Needles’ Committee; First Meeting on January 8, 1960,” memo, 29 
December 1959, Fred L. Whipple Papers, Box 6, SLA..

75Ibid.

76Bailey and Bowles worked at the Central Radio Propagation Laboratory.

77Eshleman worked at the Stanford Radio Propagation Laboratory and had pioneered the work in meteor 
burst communications (a type of scatter communications using meteors).

78Whipple had worked on Project Window.

79O.G. Villard, Jr., “Project Needles: An Evaluation Report by an Ad Hoc Committee of the SSB,” 
confidential draft, 6 June 1960, HUG FP 83.18 (Goldberg), Box 6, HUA.



Typical of most advocates, the group lauded the possible benefits of the project for 

their area of research and ignored or glossed over potential damage to specific fields. 

Roach of the Central Radio Propagation Laboratory and Regener, a physicist at the 

University of New Mexico, investigated the possible affect on photometry, and stated that: 

“the experiment would be of interest to auroral and air glow observers (photometric work) 

rather than being objectionable. Photometrists throughout the world would find the Needles 

belt valuable to observe and to measure for calibration purposes.”80 The reaction of 

photometrists to this invitation varied. Some appeared mildly interested, while others 

strongly opposed the concept.81 Neither Roach nor Regener represented the astronomical 

perspective. They approached the problem from the point of view of auroral and air glow 

specialists rather than of stellar astronomers. Members on the SSB ad hoc committee did 

not represent the views of traditional astronomers. They determined that their 

responsibility entailed considering the implications of the project “from the standpoint of 

science as a whole.”82 Since the committee, as well as other supporters, evaluated West 

Ford as it would affect science in general they felt comfortable knowing that the project
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80Ibid.

81“SSB Informal Notes on Meeting Ad Hoc Study Group Project West Ford,” 7 May 1961; and Leverett 
Davis, Jr., to John Findlay, letter, 10 October 1961, both in HUG FP 83.18 (Goldberg), Box 6, HUA.

82Ibid.



would “only temporarily inconvenience any one field.” 83 In contrast, opponents 

examined the project as it would affect their particular specialty.

Set up as an impartial advisory panel, the SSB ad hoc Needles committee at times did 

more than independently review the project. In an April 1960 report its members stated that 

they were “in no position to assess the practical considerations that make even the proposed 

first experiment necessary and are therefore unwilling to recommend that it be carried out at 

all.”84 Two months later they showed less reticence. In June the committee determined that 

their mission entailed considering the implications of the project for science, determining 

the correctness of the general concept, and developing “recommendations for the 

presentation of the project to the scientific community (domestic and international)."85 As 

recorded by Villard, the majority view recommended that the experiment be conducted and 

decided that the Lincoln undertaking, besides having important practical applications for 

communications, represented a valuable and useful scientific experiment.86 Leo Goldberg 

balked at this mode of operation. Although not officially on the committee, he attended the 

group’s meetings. He reminded Ross Peavey, secretary of the SSB, that the SSB could not
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83Critics of West Ford concentrated their evaluations on how the project would harm their special area of 
research. O.G. Villard, “Project Needles: An Evaluation Report by an ad hoc Committee of the Space 
Science Board,” HUG FP 83.18 (Goldberg), HUA.

84R.C. Peavey to G.A. Derbyshire, confidential memorandum, 15 April 1960, HUG FP 83.18 (Goldberg), 
Box 6, HUA.

85O.G. Villard, Jr., “Project Needles: An Evaluation Report by an Ad Hoc Committee of the SSB,” 
confidential draft, 6 June 1960, HUG FP 83.18 (Goldberg), Box 6, HUA.

86Ibid.



endorse the project, but existed only to protect the space sciences should Lincoln undertake 

the experiment. Goldberg chastened both Peavey and Berkner that: “the SSB must not 

provide the experiment with a cloak of scientific respectability. The reaction from the 

scientific community we represent is sure to be adverse and angry.”87 Yet the SSB did 

undertake the project’s presentation to scientists, and while Goldberg fretted about the 

SSB’s willingness to act as a shield for the project, he later found himself, to his dismay, 

defending it before his peers.

Goldberg disagreed with the SSB when the group supported West Ford as a scientific 

undertaking. But some members of the group, as well as certain scientists not connected 

with the committee or project, regarded the project in that light because of their instrument 

style of conducting science and their research interests. Scientists S. Fred Singer and Alla 

Massevitch both contemplated how to structure scientific investigations around the dipole 

belt. Singer, a physicist at the University of Maryland, did so in an article for Nature. 

Rather than dispute the potential hazards for astronomy he tried “to point out the 

possibility of making unique observations which can help establish the important 

parameters of this interaction (the interaction of the needles with the space 

environment).” He further suggested a “useful modification of the experiment.”88 Singer 

came from the instrument science community—during his career he straddled several

87Goldberg to Ross Peavey, dictated on the telephone, 21 June 1960, Goldberg; and Goldberg to Berkner, 
letter, 25 November 1960, Director’s Office, West Ford Correspondence, 1963, LLA.
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disciplinary lines to investigate phenomena—and was involved in government science 

advising. Singer did not question the propriety of erecting a dipole belt. If the US chose 

to erect a belt then he would find a way to conduct research incorporating the new tool.

Massevitch, an astrophysicist in the Astronomical Council of the Academy of 

Sciences, likewise laid plans for a scientific project modeled around the belt. She stated 

that Soviet astronomers would be interested in a cooperative observing program, and 

hoped that the launch data and orbital elements would be available for this purpose, 

hopefully ten days in advance. She further explained that the USSR Academy of 

Sciences sent out a circular to USSR astronomers based on Liller’s circular.89 The 

assignment to track the progress of the globe-girdling belt resembled an earlier task she 

led in early 1957. During the International Geophysical Year, Massevitch had headed the 

effort to organize satellite tracking stations all over Russia. She pioneered special 

telescopes and timing systems for use by hypothetical, future satellites.90 West Ford 

observations required a similar network of tracking stations and similar observational 

techniques and equipment. In many respects West Ford filled for Massevitch the gap left 

by the completion of the IGY. Furthermore, Massevitch had strong connections with 

Fred L. Whipple, the Smithsonian Astrophysical Observatory director, who sat on the

88S.F. Singer, “Interaction of West Ford Needles with Earth’s Magnetosphere,” Nature, 28 October 1961,
V. 192, No. 4800, 303.

89“Space Science Board Informal Notes on Meeting Ad Hoc Study Group Project West Ford,” 7 May 1961,
HUG FP 83.18 (Goldberg), Box 6, HUA.
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SSB Needles ad hoc committee and on the PSAC West Ford committee.91 The

instrument style of conducting science crossed both political and ideological boundaries.

Nevertheless, Goldberg disagreed with advocates who labeled West Ford a scientific

endeavor and, on one occasion, Berkner supported this opinion. In writing Jerome Wiesner,

special assistant to the president for science and technology, he stated that:

there is to our mind no solid scientific reason for erecting the belt. Any purely 

scientific questions that may be answered by West Ford can be answered in other, 

less controversial ways. The reasons for West Ford are therefore technological and 

operational—and should be presented in this frame of reference.92 

Berkner reversed that position in October of that year. Writing David Z. Robinson,

technical assistant for the PSAC panel that reviewed West Ford, Berkner emphasized that

“the Board has expressed itself repeatedly that projects such as West Ford which offer

certain scientific and technological advantages should be permitted."93 The change in

opinion corresponded to political difficulties that occurred at the time that Berkner wrote

Wiesner (he wrote asking for a delay because of an increased lifetime prediction for the
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93Berkner to David Z. Robinson, letter, 6 October 1961, Record Group 359, Box 114, Space-Satellite- 
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experiment), but which had abated at the time that Berkner wrote Robinson (the project had 

been reassigned to a resonant orbit).

Those who embraced the instrument and project-centered approach to science were 

sensitive to the unstable ground on which they attempted to build a scientific base of 

support for West Ford. When Purcell wrote an article for the British science journal 

Scientist in support of the project, he attempted to defend it as an interesting scientific 

project. However, he realized that some scientists would challenge him on this point and 

therefore he switched tactics and concluded the article by defending the right of the US 

government to conduct the experiment. Purcell wrote: “even if you regard a concern for 

reliable communication lines as unworthy of scientific consideration, you cannot 

reasonably expect the United States Government to view its responsibilities from that 

angle.”94 Purcell believed that the project was a worthy scientific project, but knew that 

he could not defend it successfully as such.

The debate regarding whether West Ford represented science pointed to the fundamental 

difference in points of view over how science should proceed. Rather than representing a 

semantic debate between basic and applied science or technology and science, the 

discussion concerned ideology: how should science proceed? Lincoln scientists and 

instrument scientists considered anything that grew out of institutional projects, or around 

proposed or existing instruments, to be scientific programs. Scientists such as Goldberg

50



started with a scientific problem, concept or idea, and then constructed a project to test that 

concept, choosing an appropriate instrument to aid in their experiment. Regarding West 

Ford, Goldberg explained, “The experiment is chiefly of commercial and military 

importance. Its scientific value is secondary.”95 During the West Ford controversy those 

scientists who believed that the project was a useful scientific exercise had to defend their 

point of view.

Berkner formed a new SSB committee on the basis of advice given to him by the SSB ad 

hoc Needles Committee before this first group was dismissed: they had called for the 

declassification of the project and requested the formation of a group of radio astronomers 

to monitor the project. The SSB West Ford committee first convened in July 1960 and 

given the responsibility to inform the astronomical community about the project (which was 

declassified in August of that year) and to assuage their fears regarding interference. 

Goldberg asked for the participation of an optical astronomer on the committee, and 

Berkner responded by appointing Harvard astronomer William Liller to the new committee. 

The West Ford committee assumed the responsibility of disseminating information to 

scientists. Unlike the first SSB committee, the West Ford group consisted primarily of 

astronomers (Appendix D). However, a few were also instrument scientists (Frederick
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Haddock,96 William Hiltner,97 John Findlay, the chairman98), chose career paths that 

included advising the government and military (Haddock99) or had relationships—typically 

subordinate—to those who did (Findlay,100 William Liller, and A.E. Lilley101). Berkner 

added Hiltner and Allan Sandage, both photoelectric photometrists, sometime after the 

formation of the committee when charges arose that West Ford might jeopardize 

photometry. Sandage, an astronomer at Mt. Wilson Observatory, did not share any of the 

above interests. Liller reported that Sandage opposed West Ford and declined an invitation 

to participate in making observations of the dipole belt because of his fear that the belt 

would ruin future experiments “of a type that cannot now even be imagined or predicted.”1 

Shortly after entering the committee, for reasons not specified, Sandage reversed his stand 

against West Ford deciding that the project would not harm either optical or radio 

astronomy. In 1962 Sandage began work as a consultant to the National Science
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96Haddock taught electrical engineering at the University of Michigan and was, at the time of West Ford, a 
member of the Air Force Office of Scientific Research Arecibo evaluation panel, on a President’s Science 
Advisory Committee panel, on the advisory committee for planetary and interplanetary science at NASA, and 
a member of the ad hoc working group for Apollo science experiments and training.

97Hiltner considered instrumentation a prime research interest.

98Findlay’s research led him to use the tools of radio astronomy, physics, and engineering. Although 
trained as a physicist, he was a fellow of an Electrical and Electronics Engineers group and worked as a 
radio astronomer.

"See note 38.

100Findlay, chair of the SSB West Ford committee, worked at the National Radio Astronomical Observatory 
(NRAO), a position he received because of his association with Berkner and a post that required him to report 
to Berkner until a change in leadership occurred in 1961.

101 Liller and Lilley worked at Harvard under Whipple and Goldberg, two astronomers actively engaged in 
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Foundation and became a visiting member of the NRAO, a post that put him into closer 

contact with Findlay.

In June 1960 Goldberg had contested the membership of the ad hoc Needles committee 

when he asserted that Roach and Regener’s did not represent the astronomical community. 

Following the formation of the West Ford committee, when he continued to protest the 

committee’s decisions using the Roach and Regener example, Berkner responded by 

drawing his attention to the new committee’s membership: “Is the committee (with the 

addition of Liller) so constituted as to receive acceptance by astronomers?”102 This 

question, interestingly, never surfaced among those in the opposition. In the astronomical 

community the committee membership had firm reputations.

At one point the concern raised by the opposition led to the formation of a third 

committee. A PSAC panel convened briefly—in late September and early October 

1961—to ascertain the safety of the project for science, and was easily convinced that the 

project would not harm astronomical observations. According to Shapiro, PSAC had the 

power to terminate the West Ford project during that review.103 Instead the group stated 

that the US could proceed with the communications experiment and concluded that the 

test belt would not harm any branch of science.104

102Berkner to Goldberg, letter, 1 January 1961, Director’s Office, West Ford Correspondence, 1963, LLA.

l03Shapiro, interview, 3 July 1997.

l04“Report of the Panel on Project West Ford,” 3 October 1961, Record Group 359, Box 114, Space- 
Satellite-Westford 1961, NA. Not enough is known about PSAC primarily because much of the data
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This advisory committee, while very powerful, was characterized by national security 

restrictions that delineated its membership and jurisdiction.105 Both PS AC and its 

predecessor, the Office of Defense Management-Science Advisory Committee (ODM- 

SAC), were “old boys clubs” composed of scientists associated with wartime projects, 

particularly the Manhattan project or the Rad Lab.106 One scientist, US optical 

astronomer Albert Whitford, declined to join a panel of ODM-SAC, in favor of 

“astronomy-as-usual.” In refusing the invitation he stated: “I want to be freer to think on 

my own thoughts and to campaign on the political front than one committed to highly 

classified work is now apparently permitted to be.”107 Whitford later exercised that right 

when he protested the West Ford experiment. Those that chose to join government 

science advisory panels either did not feel oppressed, likely because they shared the 

national security mindset, or because they considered the fundamental problems for 

review intrinsically interesting, which correlated with the instrument style of science 

these scientists typically embraced. Scientists on PSAC chosen to evaluate West Ford
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concerning the advisory committee were only recently declassified, or still await declassification. 
Although the group held an important role in shaping the relationship between science and the federal 
government during the Cold War, its work remains largely unknown. One work that recently emerged— 
Zuoyue Wang’s dissertation, American Science and the Cold War—treats the group in a comprehensive 
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crisis in late 1957. The President’s Science Advisory Committee grew out of the (ODM-SAC), but 
because PSAC, unlike ODM-SAC, resided in the White House, it had more authority and influence.

106Wang, American Science and the Cold War, 18.



were also those most likely to approve the project because of their research interests and 

their willingness to consider national defense implications as well as scientific issues 

(Appendix E). Moreover, rather than use the typical peer-review process associated with 

science they used a review process adapted to the time constraints they faced and one that 

weighed national security implications along with the scientific details. This did not 

mandate the members to react in a certain manner, but it did make the likelihood of 

dissent from the expressed views of the military and government officials less likely.

The science advisor for the president and chair of PSAC, Jerome Wiesner, worked on 

scatter communications at Lincoln Laboratory. He was also the associate director of the 

MIT Research Laboratory of Electronics in the early 1950s, and during the West Ford 

controversy was on the Lincoln Laboratory steering committee. Wiesner worked on 

Project Troy and hosted the Barnstable study that led to the development of West Ford— 

which he later assigned to Lincoln. Shapiro recalled that Wiesner walked in almost at the 

conclusion of his presentation to PSAC in order to, according to Shapiro “see what was 

going on.” He left after a few minutes convinced that everything was fine.108

The PSAC panel convened to review the project consisted of those who led or had an 

interest in communications (John Tukey, chairman,109 Rudolf Kompfner,110 Purcell111) or

l07Ibid, 36.

l08Shapiro, interview, 3 July 1997.

l09Tukey, a professor of mathematics at Princeton, worked on communications research and collaborated 
with Bell Telephone Laboratories (Bell Labs).
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who were instrument and project-centered (Purcell,112 Whipple,113 Paul Herget114). Two 

members of the panel, Whipple and Findlay, advised, or had advised, the project as SSB 

committee members. Purportedly Villard also reviewed the project as a member of the 

committee, but his name did not appear on the written report.115 A traditional astronomer, 

Martin Schwarzschild did not fit into either category. However, he agreed with the 

group’s finding that the project would not threaten astronomy.116

The PSAC panel had to evaluate the project by weighing both the military and scientific 

implications. Their review consisted of two simultaneous sessions that lasted from one and 

one-half to two hours. One session looked at the scientific aspects of West Ford, including 

a review of the orbital calculations and a review of the interference problem. The second 

session reviewed the military aspects of the project, including questions relating to the
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14 June 1977, American Institute of Physics.
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,14Herget worked as a consultant for Projects Atlas, Vanguard, and Mercury—all vehicles that could boost 
instruments above the earth’s atmosphere.
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performance of the launch vehicle, the probability of injection into the desired orbit, and the 

military consequences of a further delay in the initial experiment.117 Robinson alerted the 

directors of Lincoln Laboratory to ready a technical presentation for PSAC at the review 

session. One Lincoln leader, J.V. Harrington, suggested that Shapiro report on the orbit 

calculations and Morrow speak on the question of interference. Robinson asked a 

representative of the Air Force to report on those aspects related to the military.118

Shapiro stated that his portion of the review was “controversial” because the orbital 

calculations that he and his colleague, Harrison Jones, were doing were “virtually 

unique.”119 Moreover, a British astronomer, Desmond King-Hele, had tried to 

independently check their conclusions and arrived at a different lifetime estimate.120 

According to Shapiro the PSAC group was really judging him rather than his calculations. 

Although he held the “naive idea that they would do everything from first principles,”121 he 

came to realize that they could not justify his conclusions independently because they 

lacked sufficient time. Instead they analyzed whether he could “pass muster with the kinds

" 6David Z. Robinson to William Sinton, letter, 3 September 1963, Director’s Office, West Ford Project, 
Correspondence 1963, LLA.

I17J.V. Harrington to C.F.J. Overhage and W.H. Radford, letter, 20 September 1961, Director’s Office,
West Ford West Ford Correspondence, 1963, LLA.

" 8Ibid.

" 9Shapiro, interview, 3 July 1997.

I20lbid. The inconsistency arose because King-Hele used an orbit inclination which differed by two
degrees from Shapiro. The following month King-Hele, using the same inclination as Shapiro, reconciled 
his conclusions with that of Shapiro and Jones. John W. Findlay, “Diary of Discussions and Visits in 
England October 13-19, 1961,” Director’s Office, West Ford Correspondence, 1963, LLA.
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of questions they asked.”122 When the PSAC panel reported their conclusions they stated 

that the “design of the experiment and the careful analysis of the orbits give reasonable 

assurance” of a limited lifetime.123 However, in the end the group based their findings on 

the limited amount of material used in the experiment rather than on the expected 

lifetime.124 The group decided that the experiment could proceed without danger to science.

After declassification Lincoln and the SSB had to respond to arguments by traditional 

astronomers that the project would harm their research. The laboratory and the SSB 

committees tried several tactics to silence criticism and allay concern among the 

astronomical community. The SSB committees advised dissemination of project 

information arguing that, by publishing calculations regarding the project, the SSB and 

Lincoln—the authors of those calculations-—could prove to opponents that the experiment 

would not obstruct observations. While they received their request, the decision to 

declassify the project came only after a major debate among the SSB, Berkner, and the 

Lincoln directors and staff. The West Ford committee further sought to diffuse criticism by 

responding directly and countering opponents’ letters and articles. Seesawing between 

extremes, proponents of West Ford offered concessions at times and issued warnings at

l2'Shapiro, interview, 3 July 1997.

122Ibid.

l23John Tukey, John Findlay, Paul Herget, Rudolf Kompfner, Edward Purcell, Martin Schwarzschild, Fred 
Whipple, “Report of the Panel on Project West Ford,” 3 October 1961, Record Group 359, Box 114, 
Space-Satellite-Westford 1961, NA.
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others. One SSB Needles committee report advised Lincoln to adopt a civilian cover for the 

project, a front to hide the military implications of the design.125 The authors of this report 

aimed to weaken the ability of astronomers to develop cross-disciplinary or extra-scientific 

coalitions. Science eventually evolved into a cover, although as we have seen, some 

scientists who worked on the project and supported it, considered the project to be a worthy 

scientific experiment.

In early 1960 the Needles ad hoc committee successfully lobbied Lincoln to declassify 

the project, except for those details related to specific military use, and recommended the 

dissemination of project information through recognized international unions and reputable 

scientific journals.126 It made sense and good politics to open the experiment to public 

scrutiny. Lincoln toyed with the idea of keeping the project secret and to do so would 

have fitted the times. In 1958 the United States launched, without prior warning, Project 

Argus, a successful nuclear project designed to create an artificial radiation belt in the 

upper atmosphere. Moreover, the Soviets routinely exploded their nuclear charges, and 

announced launches, as fait accompli.127 Nevertheless, Joseph Salerno, a Lincoln staff 

member, urged internationalization of the project. Salerno was pessimistic about the 

ability of the United States to control belt use, and less sanguine regarding the

l25Porter, Shapley, Villard, “Report to the Chairman of the Space Science Board on International Relations 
Aspects of Project Needles,” HUG FP 83.18 (Goldberg), Box 6, HUA.

I26G.A. Derbyshire to R.C. Peavey, confidential memorandum, 15 April 1960, HUG FP 83.18 (Goldberg), 
Box 6, HUA.

59



competence of other nations in erecting similar systems. On 10 December 1959 he wrote 

a memo outlining the advantages and disadvantages of declassifying the project.128 If 

Lincoln kept the project secret then the US would gain the prestige of a space “first,” the 

US would insure an initial monopoly by inhibiting other nations from having the time to 

design, develop, and build equipment to use the system, and, by limiting oversight, the 

US could erect the belt in less time.

In contrast, Salerno reasoned, by declassifying the project, the US would promote the

internationalization of space and gain a “strong moral position from which to argue that

no country carelessly, and without concern for the rest of the world, can contaminate

space.”129 This position was later endorsed by other project advocates. Writing in

defense of the project in 1962, Purcell stated that the US government’s willingness to

bring the project into the

open, a year ahead of time, for quantitative examination by the world scientific 

community... was, in my view, responsible and rational. I suspect that the 

establishment of such a precedent will prove to be the most significant result of 

West Ford, whatever the future may hold for that mode of radio 

communication.130
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Furthermore, according to Salerno, by declassifying the project the US could gain a 

strong position from which to chasten the Soviet Union for its secrecy in launching 

missiles and its general unwillingness to publish data and disseminate scientific 

information. The United States would not gain by keeping West Ford clandestine, nor 

could the US hope to keep the project secret once erected. As the Space Science Board 

convinced Lincoln, the project would attract greater international criticism if an 

astronomer discovered the deployed needles than if it was announced in advance. 

Furthermore, Purcell alleged that the “word was beginning to get around. Fragmentary 

knowledge and rumours naturally left many scientists apprehensive and suspicious.”131 

A further reason for declassification was advanced that seems to have decided the issue. 

Berkner expressed confidence that should Lincoln declassify the SSB conclusions regarding 

the inconsequence of the dipole experiment to astronomical research, the findings would 

convince radio and optical astronomers that they need not fear for their profession.132 

Berkner took the occasion in February of 1961 to explain this to Carl Overhage, the director 

of Lincoln Laboratory, and to suggest to him what coalesced as a series of articles written in
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the April Astronomical Journal,133 The four articles discussed potential hazards to optical 

and radio astronomy and spacecraft due to orbiting dipoles.

The first article, written by Goldberg, introduced the subject and gave a brief overview 

of its history to date.134 In the following article Lincoln scientists Morrow and Donald 

MacLellan discussed the properties of orbiting dipole belts. They concluded that an 

experimental belt would not interfere with radio astronomy except when instruments 

intercepted the belt where it was illuminated by very high radio equipment operating at 

frequencies near the dipole resonance. The authors determined that in the worst case the 

interference level would still fall below the best radiometer sensitivities at that time. The 

dipoles would not obstruct radio nor radar services. Morrow and MacLellan posited that 

micrometeorite (particles which exist naturally in space) collisions with a spacecraft would 

pose as much of a threat to space vehicles as collisions with dipoles. Dipole collisions with 

spacecraft would cause “little more than surface scratches.”135 Lilley agreed with Morrow 

and MacLellan that the test would produce negligible effects on radio astronomical research
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in his article. Lilley mentioned briefly, however, that the hypothetical operational belt 

would create unavoidable problems.136

Liller’s report on the effects for optical astronomy contrasted with the other papers’ 

sanguine view. Liller agreed that observations would, at best, barely detect the dipoles 

using “presently existing optical instruments.” However, he extrapolated his research on 

dipole effects beyond contemporary instruments and concluded that the experimental belt 

would limit astronomical instrumentation aboard satellites. Furthermore, he suggested that 

astronomers monitor the belt’s effects, proposed techniques for observation, 

and called for declassification of orbit data, launch date, and dispensing 

mechanism.137

At the time that the SSB requested Liller to write the journal article they also asked him 

to write a letter to his colleagues, calling on them to assist in making optical measurements 

and observations of the belt. Liller’s journal article formed the basis of this letter.

Although reactions of SSB leaders to the journal article have not been found, the reactions 

to the letter, which was practically a duplicate of the article, have surfaced. Berkner and 

Peavey both deplored what Liller had written in his letter. Peavey redacted Liller’s letter, 

but the edits came too late to prevent Liller’s mailing the letter to a substantial number of 

US colleagues. In the rewrite Peavey had deleted all references to an orbiting telescope: “In
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view of the fact that planned launching of astronomical telescopes aboard satellites is still 

two or three years away, your argument concerning the effects of the first dipole belt 

appears hard to support.”138 In justifying the changes, Peavey stated that certain changes 

“seemed desirable in order to put the first experiment in proper perspective..., other 

changes seemed valuable in the national interest.” Peavey sent Liller a redraft which he 

claimed: “covers the points of your letter but is more in accord with the SSB positions 

regarding this project."139 The deletion of the potential effects of orbiting telescopes 

reduced Liller’s paper to an expression of accord; the experiment would not effect optical 

astronomy using current instrumentation. Peavey requested Liller to send future drafts to 

him for review.140

Berkner wrote Peavey asking him to take up the matter of Liller’s “careless treatment” of 

West Ford, as expressed by his poorly written letter, with Goldberg, insinuating that 

Goldberg could, in some way, influence Liller.141 Goldberg responded to Peavey by 

explaining that the “original wording was due more to Liller’s lack of experience than to 

anything else and that he has every desire and intention to be cooperative with the Space 

Science Board and the Lincoln Laboratory.” Furthermore, Liller used the corrected version
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in a recent mailing “to astronomers abroad and particularly to those in the Soviet Union.”142

It appears that SSB leaders watched the committee closely and attempted to keep a tight

reign on members’ actions.

Lincoln Laboratory and the Air Force committed themselves to open review, but did

not publish all the data pertinent to the project. Even to the time of this writing some

aspects of the project remain classified. Scientists were not given the orbiting

parameters, an aspect of vital importance in determining lifetime.143 The United States

never released the exact time and trajectory of the rocket launch.144 Peavey, responding to

Liller’s request that he be given more specific project information to pass on to his

astronomical colleagues, reported:

With regard to declassification of the date and time of launching as well as the 

intended size, shape and position of the West Ford orbit, I am informed that this is 

not possible because of the objectives of the primary satellite mission on which 

the Project West Ford experiment will ride as a piggy-back.145 

At the International Astronomical Union conference in Berkeley, California in 1961 the

United States delegation, already preoccupied with the political overtones present, struggled
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ineffectively to prevent international confrontations.146 During the conference astronomers 

from the United States committee announced a policy statement prepared by the National 

Aeronautics and Space Council and approved by President John F. Kennedy, which 

promised that the experimental belt would not hinder astronomy.147 They stated that plans 

for belts with more dipoles would not proceed until scientists analyzed and evaluated test 

results and project designers engineered safeguards which would limit interference to space 

activities and scientific inquiry. The Space Science Board would continue to study the 

operation and inform scientists regarding when and how to make measurements. They 

urged scientists around the world to cooperate in making observations in order to determine 

the "behavior of an orbiting dipole belt, both in terms of its astronomical properties and of 

its communication capabilities."148 Scientists should evaluate the project not only as it 

touched their field, but should also consider the potential value for communications. The

l46The State Department as well as US astronomers wanted the conference to proceed smoothly and worked to 
insure that West Ford would not spark an international incident. US astronomers hinged their hopes on a 
successful conference because they regarded the US opportunity to host the IAU as vital to the development of 
American astronomy. In the past, due to Cold War tensions, astronomers had urged that the IAU meetings be 
held outside of the US and USSR. However, astronomy had advanced to such a degree in Russia that US 
astronomers agitated the State Department for the opportunity to communicate with their Soviet counterparts. 
Tensions relaxed enough by the 1950s that the USSR was able to host the conference in 1958. One US 
astronomer “(Otto) Struve began arguing with US officials that without consecutive meetings in the USSR in 
1958 and US in 1961, the IAU might dissolve, isolating American researchers.” Ronald E. Doel, “Diplomatic 
Constraints on American Science: The Cold War Relations of U.S., Soviet, and Chinese Astronomers, 1950- 
1961,” draft.

l47The National Aeronautics and Space Council was a body whose members included the Secretary of 
State, the Secretary of Defense, the Administrator of the National Aeronautics and Space Administration, 
and the Chairman of the Atomic Energy Commission. The Vice President of the US chaired this council.

148Proceedings of the Eleventh General Assembly, Transactions o f the International Astronomical Union, V. 
XIB, Proceedings, 1961.



implication: more than scientific principles mattered in an evaluation of a program that 

involved national security and public interests. In response the IAU executive committee 

lauded American willingness to announce plans in advance of the launch, but stated that it 

viewed with alarm the possibility that the dipole band might exist in orbit for many years.149

When the United States promised at Berkeley that it would not erect an operational 

belt until scientists had objectively determined the consequences of the test belt to science 

and judged the results innocuous, the White House was not declaring that science had 

primacy over state interests. Contemporaneously the US put state needs ahead of science 

when, in 1962, it continued high altitude atmospheric nuclear testing. Astronomers 

protested the resumption of the testing using the Berkeley declaration as their right to 

demand a cessation, but to no avail.150 Moscow and Washington did sign the Limited 

Test Ban Treaty in 1963, but for political and technical reasons and certainly not to 

appease the astronomers.151 In West Ford’s case it appeared that the US promoted the 

goals of science at a cost to Air Force and State Department interests, but the US 

government never endorsed this interpretation. The decision to formulate the Berkeley
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policy statement, like the decision to ratify the partial test ban treaty, was likewise 

political.

At Berkeley the United States sought, unsuccessfully, to silence controversy at the 

important IAU meeting and overcome the past record of appearing to work against efforts 

to protect radio astronomy. During the 1959 International Radio Conference in Geneva 

the US delegation “took a position that was widely interpreted as being opposed to 

adequate protection of radio astronomy from man-made interference.”152 The Berkeley 

declaration suggests the ideology codified by Salerno in his memo calling for 

declassification. The United States desired to export an image of their government as a 

moral nation and one truly concerned for the welfare of science. Although not explicitly 

stated in the Berkeley declaration, the US government wanted it understood that the SSB 

and the government “have acted openly, have made information available publicly (the 

London URSI meeting and the Astronomical Journal articles), and have solicited advice 

nationally and internationally.”153

Perhaps the US never intended to pursue an operational belt during a time of peace. 

However the United States hedged its bets at Berkeley by requesting that scientists take 

into account the communications possibilities provided by the system. Maybe after the

l52R.W. Porter, A. Shapley, O. Villard, Jr., “Report to the Chairman of the Space Science Board on 
International Relations Aspects of Project Needles,” Confidential, 15 April 1960, HUG FP 83.18 
(Goldberg), Box 6, HUA.

'“ Hugh Odishaw to the Members of the SSB Committee on Project West Ford, Dr. Bronk, Dr. Berkner,
Dr. Goldberg, private memorandum, 11 August 1961, HUG FP 83.18 (Goldberg), Box 6, FIUA.
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test belt provided a feasible and frugal method to transmit communication, the scientists 

would regard a dipole belt as a minor obstacle, worthy of working around.

When Berkner requested that Goldberg take responsibility for transmitting the National 

Academy of Sciences' position at the IAU meeting at Berkeley, it placed Goldberg in a 

difficult position.154 Goldberg entered the IAU General Assembly hoping that he could 

avoid taking on the support of a project which he felt could stand only on military, not 

scientific, merits, but found himself “forced” to do just that.15:1 The US chemist and Nobel 

laureate Harold Urey wrote to Berkner in agreement with Goldberg. Urey stated that: "the 

Space Board of the National Academy of Sciences should not get into a position where it is 

blamed for decisions taken by the President and his office."156 Although Berkner’s request 

that Goldberg represent the Academy and the SSB on West Ford matters at the IAU exists 

in the form of a letter from Hugh Odishaw, executive director of the SSB, to Goldberg, the 

letter lacks a coercive tone. Goldberg felt forced to defend the project using scientific 

reasons, but the letter did not ask Goldberg to specifically do so. While possible that

l54Berkner asked Goldberg to “assume leadership within the IAU context on behalf of the Academy.”
Hugh Odishaw, a member of the Space Science Board, sent a circular to the members of the SSB 
committee on Project West Ford, Dr. Bronk, president of the US National Academy of Sciences, Berkner, 
and Goldberg. The “private, tentative, diffident suggestions,” requested board members to “take 
appropriate initiative and or steps” to obstruct a critical resolution appearing before the IAU condemning 
West Ford. Odishaw did not offer practical advice on avoiding the circumventing the resolution, which did 
emerge, aside from mentioning that “he would not want to see an argument develop.” Hugh Odishaw to 
the Members of the SSB Committee on Project West Ford, Dr. Bronk, Dr. Berkner, and Dr. Goldberg, 
“West Ford Statements,” private memorandum, 11 August 1961, HUG FP 83.18 (Goldberg), Box 6, HUA.
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another communication addressed this topic, it is more likely that, by merely assuming 

leadership in presenting the project at a scientific gathering using his position as IAU vice 

president, Goldberg felt pushed into defending the project scientifically.

The choice to have astronomers announce the project made it appear that West Ford 

was supported by astronomers and valued as a scientific project. The use of an 

astronomical forum provided the project with an aura of scientific legitimacy. Science 

became a cover for the project, although some scientists, as already explored, clearly 

regarded the project as scientific. By exploiting astronomical and scientific channels 

advocates found the appropriate forum in which to debate the project scientifically with 

their most ardent critics. Proponents expected that they could assure astronomers with 

published quantitative data (using hypothetical ephemeris because specific launch data 

remained classified) that the experiment would not harm their profession. For the 

majority this proved true. However, as will be explored later, some scientists drew 

different conclusions from the given data.

Villard, Shapley, and Porter proposed a formal patina: they advocated using the belt to 

further relations between the US and the USSR (see chapter 1). They suggested this use 

as a way to cover up the military application and also as a way in which to isolate the 

opposition they expected to come from astronomers, particularly radio astronomers.

They posited that:
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unless the public can be made to believe that Project Needles will be beneficial in 

some specific way, it will tend to support any publicly voiced objections by radio 

astronomers because of its favorable regard for science in general and for radio 

astronomy in particular. The reaction would be particularly strong in the Soviet 

Union where astronomy has long had great stature in the public mind.157 

The Soviet Union responded to US overtures using scientific channels as well. The

Soviet Academy of Sciences sent out a letter to Detlev Bronk, president of the US

National Academy of Sciences, and a Moscow Tass bulletin condemning the project.158

Most advocates, either consciously or, through compartmentalization, avoided the

military and state implications in public statements regarding West Ford. Purcell was an

exception.159 Purcell upheld the actions of his government in carrying out the West Ford

project. He claimed that the need for a secure communications system justified the

pollution: “my government had a valid reason for wanting to distribute 75 lb of copper

through 10 million cubic miles of space”.160 As a scientist who worked intimately on

Satellite-Westford 1961, NA.
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government panels, the science advisory board of the US Air Force (1953-1957) and 

PSAC (1957-1960 and 1962-1966), Purcell empathized with the military and state need 

for security. He felt comfortable oscillating between scientific and political spheres; for 

Purcell, the two often overlapped.

When scientists challenged the SSB and Lincoln’s conclusions the Board replied to 

individual scientists directly by mail or telephone, or publicly through a published article. 

On one occasion the Board planned a special meeting with one distraught astronomer, 

William Sinton. During the meeting the Board successfully refuted his calculations 

which posited that the copper dipoles would sublimate in space causing a green gas to 

appear around the earth (see the following chapter). Although the Board granted this 

personal audience, on other occasions they found correspondence sufficient. Leverett 

Davis, Jr., a space physicist at the California Institute of Technology, wrote John Findlay 

to say he had become reconciled to the project. Since his colleague and SSB committee 

member Allan Sandage, “was clearly convinced that the West Ford Project would not 

damage either optical or radio astronomy, I did not feel that I should object to it.”161

Although Lincoln and the SSB took pains to assure astronomers, using published 

quantitative data, that the effects of the experimental belt would prove negligible, at times 

they had to convince astronomers that they should accept and accommodate what effects 

might develop. Edward Dyer, of the SSB secretariat, wrote Eshleman, at the Radio
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Propagation Laboratory at Stanford University for information regarding Eberhardt 

Rechtin’s claim that individual dipoles would prove “catastrophic” for radar research. 

Rechtin acknowledged that as long as the observer knew where the belt existed, it could 

be avoided, but argued that after the belt dispersed individual dipoles would pose a 

significant hazard.162 Purcell claimed that individual dipoles would present no 

insurmountable harm to pulsed radar data, but might trouble another form of data 

gathering, CW-bistatic systems. Eshleman reported to Dyer that even after the dispersal 

of the dipoles the project would not prove “catastrophic.” He suggested ways in which 

researchers could work around difficulties, using techniques similar to those used in 

evading naturally occurring obstacles and other artificial orbiting bodies. For studies of 

the upper atmosphere at frequencies near the dipole resonant frequency, “the effects of 

the dipoles would be much more difficult to overcome, though range-gating methods 

(turning the transmitter off during disturbances) would still be applicable to some 

degree.”163 Eshleman concluded that the dispersed dipoles would trouble future research 

in radar astronomy at a certain signal level, but would not ruin that area of research.164 

The Board eventually convinced Rechtin that the dipoles, although disruptive, could be 

worked around.

l61Leverett Davis, Jr. to John Findlay, letter 10 October 1961, HUG FP 83.18 (Goldberg), Box 6, HUA.
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On one occasion the SSB asked Lincoln and the Air Force to accommodate the desires 

of the astronomers. In May 1961 Lincoln reported that the experiment was ready to fly. 

Unfortunately, because the canister rode piggy-back on the scheduled launch, Lincoln 

could not dictate the parameters of the orbit. When the orbital height of the launch 

vehicle changed and Lincoln scientists realized that the change in altitude would increase 

the belt lifetime from about one and one-half years to more than twenty, they asked the 

SSB to reevaluate the project’s effects on astronomy given the extended lifetime. The 

Space Science Board was alarmed at the new calculations. The Board requested, and 

received, a postponement.

In writing to Wiesner, Radford and Overhage expressed dismay and shock that the 

SSB had deserted the project. The Lincoln leaders considered the SSB’s call for a 

postponement a betrayal. Wiesner undoubtedly took the SSB balk into consideration 

when he decided upon a delay. According to the Berkeley declaration the US 

government promised to ensure a temporary and safe procedure. The new lifetime 

calculations flaunted that promise. At the IAU meeting Goldberg objected to 

representing the project “inasmuch as the published Academy statement transmitting the 

policy declaration of the National Space Council was not a full and accurate presentation
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of the position of the Space Science Board and its committees."165 Goldberg argued that 

the lack of safeguards left the project without support from the Space Science Board.166

Yet the postponement represented only a partial concession. The SSB had asked that 

the project be placed on a civilian vehicle, delayed until it was slotted for a resonant orbit, 

and fitted with a ground command device to ensure it would eject in the appropriate 

location. The Air Force delayed the project in order to launch the experiment in an 

appropriately short-lived orbit, but did not assign West Ford its own vehicle, nor did it 

include a ground command on the system.167

The Air Force and Lincoln went ahead with the project without the safeguards because 

it wanted the project for use during the sun spot minimum and refused to wait long 

enough for a civilian vehicle. Use of a ground command, meanwhile, would destabilize 

the main experiment riding with West Ford.168 When the first test of West Ford aborted 

it was in the wrong orbit. Lincoln believed that West Ford was fail-safe and was baffled 

when the test failed to function as theorized.169 The failed first experiment gave those 

scientists who continued to worry about dipole lifetime more authority to request the

l65Goldberg to Berkner, letter, 30 August 1961, Record Group 359, Box 114, Space-Satellite-Westford 
1961, NA.

166Ibid.

167Wiesner to Goldberg, letter, 7 July 1961, Record Group 359, Box 114, Space-Satellite-Westford 1961, 
NA.

l68Wiesner to Berkner, letter, 7 July 1961, Record Group 359, Box 114, Space-Satellite-Westford 1961,
NA.
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development of a ground command device for the next test. The second trial carried the 

device.

The ineffectiveness of the SSB in receiving their demands demonstrated that scientists 

did not have control of the project. Although the project attracted the support of certain 

scientists who thought they could use it as a tool for research, when they attempted to 

influence planning and decision making it became apparent that the military and 

government really drove the project. Lincoln Laboratory did not mind the participation 

of the SSB committees since their support gave the project a respectable patina and 

helped deflect the criticism of their strongest opponents, the traditional astronomy 

community, but Lincoln would not suffer the interference of scientists when they 

attempted to influence the project’s design and timing.170 As long as the SSB requested 

that astronomers accommodate the project the military and Lincoln tolerated the group’s 

oversight, but when the group asked the Laboratory and its sponsors to concede a matter 

that they were not prepared to, they ran into opposition.

Due to the type of science they conducted, instrument scientists evaluated the project 

in a manner different from traditional astronomers: first, they looked at how it could be 

used for constructing scientific research, and second, they reviewed it as it would affect 

science in general and did not worry about the negligible consequences for specific fields.

l69Edward R. Dyer, Jr., to Members, IAU Committee on Project West Ford, Members, SSB West Ford
panel, memorandum, 1 December 1961, HUG FP 83.18 (Goldberg), Box 6, HUA.

76



77

Those that sat on the PSAC panel also weighed the military implications. The next 

chapter will look at how the way that traditional astronomers viewed the project 

influenced them to respond differently.

1?0R.J. Harman, “Needles/West Ford 1958-June 1962,” draft, Director’s Office, Project West Ford, 
Needles/West Ford, 1958-June 1962, 76-82, LLA.
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CHAPTER 3: “I WILL BE AFFECTED BY THE BELT...”:

THE OPPOSITION RESPONDS

Those most against West Ford were those who feared that their research would suffer 

as a result of the project: primarily traditional optical and radio astronomers. Opponents 

trusted the hypothetical ephemeris published by Lincoln which formed the basis for the 

calculations regarding lifetime and properties of the dipole belt, but they chose different 

values for permissible pollution and the darkness of the night sky, and therefore, arrived 

at different conclusions than those advanced by advocates. Opponents also evaluated the 

project using more demanding standards—partly because they based their analyses on the 

effects West Ford could have on astronomy in the future—whereas advocates worried 

only about the present.

As we have seen, Goldberg represented one of the debate’s most conflicted characters. 

Goldberg personally disliked the project—he called chaff belts a menace to science—but 

publicly he defended it.171 He refused to recognize that the project had scientific merit, 

but he introduced the subject in a scientific journal article and at an astronomical 

conference. He wanted the project terminated, but he also wanted US security enhanced. 

The ideals that Goldberg tried to compartmentalize conflicted in a way that required him 

to consciously rank his priorities. He would support the project only on the condition that

171Goldberg to Berkner, letter, 25 November 1960, Director’s Office, West Ford Correspondence, 1963, 
LLA.



it would not seriously jeopardize astronomy. When he feared that it might harm 

astronomical research, Goldberg threatened to publicly renounce the project. Although 

the majority of opponents consisted of traditional astronomers and those who feared that 

their research would suffer as a result of West Ford, a detailed investigation of 

Goldberg’s response to the project demonstrates that scientists do not always respond to 

complex problems involving sensitive issues in algorithmic ways.

However, those in favor of the project did attempt to categorize their opponents: they 

theorized as to why certain astronomers could not reconcile themselves to the West Ford 

experiment. Purcell asserted that the British represented the most tenacious opponents 

and, indeed, a disproportionate number of the most intractable opponents were British.172 

Findlay went to England for a week immediately before the first launch specifically to 

meet with and assure British astronomers that the project would not harm their 

research.173 According to historian of science Jon Agar, “radio telescopes” in Great 

Britain “were portrayed as a root of national resurgence, feeding on the cultural 

association of instrument with nation.”174 Perhaps patriotism figured as one factor that 

influenced how these English scientists responded.
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Recently Irwin Shapiro reminisced that the opposition to the project consisted 

primarily of West Coast astronomers.175 Shapiro conjectured that West Coast 

astronomers charged that East Coast astronomers, having lost a suitable environment for 

conducting observations (due to overpopulation, city lights, development), wanted to 

disrupt research on the West Coast as well.176 However, this statement is likely more 

indicative of Shapiro’s and other supporters’ paranoia. The Space Science Board West 

Ford committee seemed chosen in part to achieve a geographical balance: two scientists 

worked on the East Coast (A.E. Lilley, and William Liller), two worked in the Midwest 

(Frederick Haddock and William Hiltner), one worked in the mid-Atlantic region (John 

Findlay), and one worked on the West Coast (Allan Sandage). When George Derbyshire, 

a member of the SSB Secretariat and an advisor on the SSB West Ford committee, called 

for a special meeting to gather with Sinton where he researched at Lowell Observatory in 

Flagstaff, Arizona, Derbyshire mentioned that with the recent induction of Hiltner and 

Sandage on the committee and with the need to meet with Sinton to address his concerns 

“the center of population has now shifted to the west.”177 While supporters appeared 

sensitive to the tension that existed between East and West Coast astronomy during this
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period, their concern that this strain dominated the West Ford controversy seems 

unsubstantiated.

One letter which has surfaced alluded to this conflict, but suggested just the opposite. 

The director of Lick Observatory in California, Albert Whitford, wrote Wiesner 

expressing his apprehension, and that of his colleagues, over the possibility that the 

dipoles would be inserted into the wrong orbit and remain up indefinitely. He wrote that 

“those of us engaged in big-telescope astronomy on the West Coast were very much 

heartened to learn that this concern is shared by non-astronomers and by astronomers 

whose immediate concern is not ground-based astronomy with facilities in being.” This 

comment alleged that those opposed to West Ford consisted of geographically dispersed 

researchers and an unusual combination of ground based telescope enthusiasts and OAO 

advocates.

The most vocal challengers to West Ford—Sinton, Rechtin, Ira Bowen, Whitford,

Fred Hoyle, Sir Bernard Lovell, D.E. Blackwell, Martin Ryle, and Jan Oort—researched 

either on the West Coast or outside of the US, predominately in the United Kingdom. 

However the list of advocates and advisors included scientists with a mix of geographical 

affiliations. Prominent West Coast researches who favored the project included Villard 

of Stanford, Regener of the University of New Mexico, Sandage of Mt. Wilson, and 

Eshleman of Stanford. While geography might serve as a good predictor of how a
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particular scientist might respond to West Ford, more useful is an investigation of the 

scientist’s research provenance.

Sinton, Whitford, and Bowen (director of Mt. Wilson and Palomar Observatories in 

California) researched on the West Coast, a region endowed with dark, clear skies. Their 

optical measurements took advantage of excellent regional strengths. West Ford, which 

threatened to increase the background illumination of the night sky, particularly 

threatened their work. They posited that if the dipoles existed for several years, or 

indefinitely, their research would inevitably suffer. Bowen pointed out that at his 

observatory:

the unusually bright permanent aurora caused by the high sunspot maximum of 

the past six or eight years has prevented the completion of the more critical phases 

of several of the important programs on the 200-inch Hale telescope. Plans are 

now being made to take advantage of the sunspot minimum of the mid-1960s to 

complete these vital programs.178 

The erection of a dipole belt, planned for those years would undermine Bowen’s plans. 

Sinton strongly objected to the project, stating, “I will be affected by the belt primarily in 

my photoelectric observations of comets.”179 In early 1961 Sinton had calculated that the 

copper dipoles would sublimate in space causing a green glow of gas in a belt around the
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earth. This new development surprised the SSB; the group had not considered this 

possibility. The Board called a hasty meeting with Sinton, members of the SSB 

committee, and representatives of Lincoln Laboratory at Lincoln to discuss Sinton’s 

complaint. At the meeting the Lincoln group was able to counter convincingly that the 

sublimation rate of copper was much lower than the figure offered by Sinton. The SSB 

West Ford committee reported in the notes detailing the meeting that, “Sinton indicated 

his figures might be off by a factor of 100.”'80 After the meeting Sinton appeared to have 

dropped his argument against the belt, but he resurfaced after the launch of the second 

test belt. In an article printed in Science, Sinton, two Lowell colleagues, and A.A. Hoag 

of the U.S. Naval Observatory at Flagstaff, Arizona, deduced from their photoelectric 

observations of the belt that the West Ford test belt represented a distinct hazard to 

astronomical photometry from a satellite and that further denser belts would jeopardize 

ground-based photometry. In presenting their opinion regarding future belts, they stated, 

“we strongly disapprove of any such experiment.”181 David Z. Robinson wrote Sinton in 

response to the article: “I am not sure, but I don’t believe that on the dates you were 

looking there were any dipoles behind the carrier, and certainly there was not the lateral
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spread that you obtained.”182 Sinton and his colleagues wrote their article hoping that 

their evaluations would forestall future belts.

Rechtin made the strongest case for interference. He acknowledged that as long as the 

observer knew where the belt existed, it could be avoided, but argued that after the belt 

dispersed individual dipoles would pose a significant hazard.183 Purcell agreed that the 

dipoles might indeed trouble CW-bistatic systems. At the time of the project Rechtin 

worked as the director of NASA’s deep space instrumentation program. Previously he 

was an electrical engineer who worked as a group supervisor for secure communications 

and as director chief of telecommunications while at the Jet Propulsion Laboratory from 

1949 to 1960. That he objected to the project despite his government connections 

suggests that research provenance was the foremost factor in his evaluation. Lincoln and 

the SSB eventually succeeded in convincing Rechtin that “although the dipoles will 

constitute a definite nuisance under a certain combination of circumstances, it will be 

possible to work around them.”184 However, by one Lincoln account Rechtin’s
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objections, combined with British astronomer Lovell’s threat to raise an international 

incident, led to the PSAC review.185

English optical astronomers Blackwell, of the University Observatory, Oxford, and R. 

Wilson, of the Atomic Energy Research Establishment at Harwell, contested Purcell’s 

February 1962 New Scientist article in which Purcell argued that the increase in sky 

brightness due to orbiting dipoles would be 1 percent.186 Blackwell and Wilson choose a 

darker value for the night sky than did Lincoln and the SSB and, therefore, put the 

increase in illumination at 2 percent for ground-based telescopes and 8 percent for 

orbiting telescopes.187 Otherwise their calculations matched those performed by Lincoln 

scientists and the SSB. However, Blackwell and Wilson stressed the implications of the 

experiment. They quoted Morrow and MacLellan’s article in the Astronomical Journal 

in which the Lincoln scientists had predicted that an operational belt would utilize from

1.000 to 3,000 kilograms of dipoles. Taking the higher amount of dipoles into account,

3.000 kilograms, Blackwell and Wilson calculated that an operational belt would raise the 

brightness of the night sky by 200 percent and queried: “Is it any wonder that reaction in 

many quarters has been ‘sharp and vocal?”’188

185R.J. Harman, “Needles/West Ford 1958-June 1962,” draft, 94, Director’s Office, Project West Ford, 
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British radio astronomers Lovell and Ryle also responded to Purcell’s New Scientist

article in a letter to the same. They stated that:

Professor Purcell can hardly expect his article on the United States ‘needles’ 

experiment... to remain unchallenged in a British journal, particularly as he gives 

the impression that the opposition of the International Scientific Unions and of 

British scientists is largely based on emotions rather than on scientific 

assessment.189

They accepted the properties assigned the dipole belt by Morrow and MacLellan in their 

article in the Astronomical Journal, but chose lower values for the maximum permissible 

power for signals transmitted by those using the belt for communication. If 

communications users operated the belt above their proposed limits—and they 

anticipated this occurrence without more stringent frequency allocation for science—then 

the transmitted signals would interfere with radio astronomy.190 Lovell and Ryle also 

anticipated obstruction if the dispersion of the belt did not proceed as expected. Yet 

Lovell and Ryle explained that British scientists would waive objections to the test 

experiment if the US government would incorporate safeguards to insure a minimum 

lifetime.191
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These British astronomers, Lovell and Ryle as well as Blackwell and Wilson, 

countered Purcell using quantitative measurements so as to avoid charges that their 

assertions rested on emotional reactions. However the real crux of their concern centered 

on lifetime and the idea that condoning the experiment would lead to a precedent for 

future belts.

Opponents pondered future developments when determining their position in relation 

to the project. The president of the IAU, Holland’s Jan Hendrik Oort, contemplated 

telescopes of considerable size in vehicles above the atmosphere. Belgian astronomer Pol 

Swings worried about interference to future instruments and techniques expected to exist 

by then.192 Herman Bondi, a British theoretical astrophysicist, remarked that, “technical 

progress in the next few years will inevitably increase the danger. Detecting power of 

radio telescopes will improve so swiftly that the needle belts will become a serious 

obstacle to highly important astronomical research.”193 At the time of the IAU the SSB 

lifetime estimates were not yet declassified. In order to counter the concern over the 

belt’s lifetime, which dominated discussions at Berkeley, Berkner asked the Air Force 

and Lincoln to publish Shapiro’s paper regarding the lifetime of the belt.194 Yet

l92Jan Hendrik Oort, “Inaugural Ceremony: Address by the President of the International Astronomical 
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knowledge that the belt in the correct orbit would exist for less than two years would 

scarcely console Stanford radio astronomer, C.L. Seeger, who warned that the West Ford 

dipoles might inject into the wrong orbit and last indefinitely.195

Opponents based their evaluations of West Ford on future possibilities and, therefore, 

worried about lifetime in a manner that proponents did not. Opponents failed to mentally 

separate the experimental belt from the denser, more enduring belts. Sinton complained 

that, “though the first ‘experiment’ will have only 75 pounds of needles, it has been 

suggested that eventually tons of needles will be involved. If these later launchings are 

not seriously contemplated what is the point in making the first one?”196 West Ford’s 

tenacious nemesis Lovell agreed that the first test would likely have an insignificant 

effect upon astronomy, but worried about the precedent that would result from condoning 

the project. Lovell worried that further experiments of West Ford’s ilk would surely 

follow. In contrast, advocates separated their attitude toward the experiment, which they 

supported, from an operational belt, which most disavowed. Furthermore, supporters 

generally based their evaluations on the scarce amount of material planned for use in the 

test belt rather than on the amount of time the material would remain in orbit.197
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United States opponents of the project—like American supporters—separated the 

scientific issues, which they debated, from the military implications, on which they 

remained silent. United States astronomers felt either unwilling or unable to refute the US 

government’s jurisdiction to erect a space communications system. Perhaps they did not 

question the government’s authority (the turmoil surrounding Vietnam was still years in 

the future), or perhaps they did not want to take on a fight they knew they could not win 

and which might set a precedent for future conflicts. In contrast, a commission of the 

International Astronomical Union and one English astronomer showed less reticence.

The General Assembly of the IAU at Berkeley adopted a resolution against West Ford 

that maintained “that no group has the right to change the Earth’s environment in any 

significant way without full international study and agreement,” and appealed to all 

governments that planned for space experiments which could affect astronomical research 

“to consult with the International Astronomical Union before undertaking such 

experiments and to refrain from launching until it is established beyond doubt that no 

damage will be done to astronomical research.” The IAU took a bold stand; however, it 

lacked the authority to enforce its legislation. Lovell never directly challenged the right 

of the US government to erect a dipole belt, but he did criticize the military origin of 

West Ford:

we are extremely worried that the Americans should consider this project 

necessary. The National Aeronautics and Space Administration is planning an 

effective programme of communications satellites which will in no way interfere
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with astronomy. It has not escaped the notice of my committee that the project is 

planned not by NASA but by the US Air Force.198 

Although he was a traditional astronomer, Lovell had certain factors in his background

that might have predisposed him to remain neutral and not lobby against the project.

Lovell, at the time of the controversy, depended upon US Air Force funding for research

support and to defray instrument operating costs at his research center, Jodrell Bank. He

also enjoyed a close relationship with project supporter and advisor, Whipple.199 In some

respects Lovell represented a character as divided between the two sides as Leo

Goldberg. However, Lovell chose to react in a different manner than did his American

counterpart. Lovell worked against the project while Goldberg publicly defended it.

Goldberg shared characteristics common to both scientific communities. Goldberg 

received his PhD in astrophysics from Harvard in 1938. After leaving Harvard, Goldberg 

went to the University of Michigan, where he eventually served as chairman of the 

department of astronomy and director of the university and McMath-Hulbert 

Observatories. In 1961 he returned to Harvard to take a position at the university and at 

the adjacent Smithsonian Astrophysical Observatory. Goldberg left rocketry because he 

would not commit himself solely to instrument development; his primary concern was 

solar research. Goldberg, a member of the interdisciplinary SSB, also served in 

leadership capacities in the mainstream astronomical unions. From 1959 to 1961
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Goldberg served as vice president of the American Astronomical Society and from 1958 

to 1964 as vice president of the International Astronomical Union. On the other hand, 

Goldberg shared with Berlcner, Villard, and Purcell the experience of serving on 

government and military advisory panels. From 1959 to 1962 he served on the US Air 

Force Science Advisory Board and from 1962 until 1964 on the Defense Science Board. 

Although Goldberg balanced his roles and responsibilities to science and state, at times 

conflicts arose which required him to give preference to one over the other. Goldberg 

tacitly approved West Ford to a certain limit; he understood his nation’s need for security. 

However when the project seriously threatened to compromise the field of astronomy 

Goldberg placed a higher priority on professional concerns.

When Berkner sought out astronomers to fill the SSB West Ford committee he asked a 

group of optical astronomers for their opinion of the project and to nominate candidates 

for the committee. One astronomer polled, George Herbig, expressed the "view that (the) 

burden of proof of damage is always on the astronomers regardless of (the) 

irresponsibility of the proposal."200 Goldberg noted that he agreed with this assessment. 

Berkner disagreed; “the Board cannot and should not attempt to prevent otherwise 

justifiable and important experiments because of unsubstantiated fears of damage.”201

'"Agar, “Moon Relay Experiments at Jodrell Bank,” 19-30.

200Leo Goldberg, "Westford," handwritten notes, no date, HUG FP 83.18 (Goldberg), Box 6, HUA.

201Berkner to Goldberg, letter, 1 January 1961, Director’s Office, West Ford Project, Correspondence,
1963, LLA.
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Goldberg personally disliked West Ford and asked members of the SSB and Berkner and 

Wiesner to limit their enthusiasm in defending the project. Goldberg was not a scientist 

who shared the instrumentalist point of view. Although interested in instrument building, 

he resisted the idea that science as a by-product of a technical and operational project 

represented scientific research. He resented the SSB’s providing West Ford “with a cloak 

of scientific respectability.”202

Goldberg, like most opponents, based his evaluation of the project upon 

considerations of a short lifetime, and not density. He predicted that in the future satellite 

observatories would become practical and that West Ford would disturb their long- 

anticipated capabilities. When he realized that the belt would exist longer than previously 

thought he wrote Wiesner that he could “no longer support the published conclusion of 

the Space Science Board,” that the project—which was “based in part upon an expected 

short lifetime of the West Ford experiment"—would not adversely affect any branch of 

science. He warned that based upon new lifetime predictions the SSB would need to 

publicly revoke its tacit approval. Although he found the prospect “disagreeable to 

contemplate,” he did “not enjoy playing a game in which the ground rules may be
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changed unilaterally at any time.”203 In Goldberg’s view the change in lifetime would 

cause a damage to astronomy that national security interests could not justify.

When advocates indicated that interplanetary dust would interfere with OAO 

observations as much as dispersed dipoles, Goldberg challenged the finding, but used the 

debate tactic typical of advocates. He asserted that “if it indeed could be shown that even 

the dispersed West Ford belt would result in inappreciable scattering as compared with 

that of the dust there would be no argument. But we simply do not know the intensity of 

the dust-scattered radiation.. ,.”204 Rather than argue the distinction between naturally 

occurring material and avoidable, artificial debris, or the amount of material then in 

circulation compared with the cumulative amount after the addition of dipoles, he stated 

that the understanding of the dust was not sufficient to incorporate into the project’s 

defense. Interestingly, opponents typically ignored statements that the potential hazard of 

orbiting dipoles compared with obstructions naturally occurring. In this manner they 

avoided questioning whether the military and state had the right to pollute space.

Although he wished to avoid defending the project on scientific grounds, as we have 

seen Goldberg found himself having to do so at the IAU. Yet Berkner’s charge for 

Goldberg to take the lead at Berkeley obliged, but did not obligate him. At Berkeley 

Goldberg resigned himself to project defense and explanation. In this instance he put his

203Leo Goldberg to Jerome Wiesner, letter, 14 June 1961, HUG FP 83.18 (Goldberg), Box 6, HUA.
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duty to nation ahead of his personal resolve to separate the project from the protective 

arm of the SSB and science. A journalist covering the conference quoted Goldberg as 

advising “his alarmed fellow scientists: The first experiment will not be harmful to 

optical or radio astronomy.”205 Publicly he remained silent regarding the doubts he still 

harbored concerning the project.

Immediately following the IAU, Goldberg wrote Berkner complaining about the 

impossible role that he was forced into at the conference. He argued that the SSB 

committee approved the project with the stipulation that Lincoln and the Air Force would 

include in the experiment a ground command system to prevent the erection of the belt in 

an inappropriate orbit. The policy declaration of the National Aeronautics and Space 

Council had not accurately represented the SSB’s position regarding West Ford; the 

policy statement failed to promise the ground command system and the separate, civilian 

vehicle. What most bothered Goldberg about the inconsistency was that, in the eyes of 

foreign and US astronomers, the prestige and authority of the Academy and the SSB 

suffered. He urged Wiesner to push for the full publication of the findings and 

recommendations of the Board and its committees in order “to win back the confidence of 

astronomers.”206
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At the conclusion of the second experiment, Goldberg wrote Overhage, director of 

Lincoln, that he had “very mixed feelings” regarding the project. He felt that it would be 

better if such experiments as West Ford were not necessary, but “on the other hand, if the 

experiment enhances the security of the US, I am very happy.”207 He congratulated 

Lincoln on the successful culmination of dedicated work. In this statement appears the 

Goldberg who worked on the Air Force advisory board and on the defense science board. 

A Goldberg who understood government and state needs and advised on military 

projects.

Goldberg experienced conflicts and mixed feelings throughout the project. At times 

he let one ideal take priority over another. When the experiment overstepped what he 

considered permissible, he threw more weight to scientific concerns. At the IAU 

conference he supported his government, subordinating his scientific ideals. Yet the 

conference clearly required him to choose between conflicting ideals, the professional 

and the political. Although Goldberg endeavored to compartmentalize roles, 

circumstances arose which forced his several roles into conflict, requiring him to make a 

conscious choice between compartments.

All the actors in the West Ford drama had to choose how to respond to the project. 

Opponents seemed to consider hazards posed to their specialty foremost in their 

evaluations. Thus most opponents dropped their lobbying when the Air Force and
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Lincoln promised that the project would be conducted responsibly; when they decided 

that the experiment would not endanger their profession. Advocates justified the 

experiment on scientific grounds and/or sympathized with government and military 

requisites. This led them to condone the experimental belt, but did not lead them to 

support an operational belt; an operational belt would not add new scientific knowledge 

beyond that provided by the experimental belt, and in a time of peace, would not fill a 

pressing military need.

Although opponents shared certain factors that would encourage them to lobby against 

the experiment—and advocates had in common factors that led them to favor it—some 

characters involved in the debate did not react as expected. Goldberg represented a 

scientist who made a choice regarding how he would appraise the project by weighing 

different ideals. While Lovell faced the same conflicts, he chose the opposite course as 

Goldberg. Scientific style, patronage, relationships, research provenance can help 

predict, but not dictate, how scientists will respond to a given stimulus: these individuals 

remain free to choose their own paths.
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CHAPER 4: POLLUTING SPACE

During the Scientific Revolution (1500s-1600s) Francis Bacon, an influential 

philosopher of science, and his followers developed a view of nature stripped of magical 

and feminine symbolism. Nature became “a gigantic piece of clockwork with which 

humankind could tinker at will.”208 In the mid-twentieth century some scientists 

interested in applying their knowledge to improve on the basic design of that clock, 

developed plans for large-scale, environment-altering experiments. Among the many 

projects proposed, appeared plans for large dams in the US and USSR, as well as 

innumerable plans to modify the climate and landscape. During the International 

Geophysical Year, 1957-1958, an international coalition of scientists studied the 

effectiveness of weather modification.209 The Soviets proposed several ambitious projects 

to warm Siberia: besides the proposal by Shcherbakov (which, as we saw in chapter one, 

was to create a layer of atmospheric dust to intensify the sun’s rays)—certain Soviets 

proposed that a Bering Sea dam would create a more temperate Arctic.210 In the United

208Peter J. Bowler, The Norton History o f  the Environmental Sciences (New York: W.W. Norton and 
Company, 1992); also Carolyn Merchant, The Death o f Nature: Women, Ecology, and the Scientific 
Revolution (London: Wildwood House, 1980).

209Harold Bullis, The Political Legacy o f the International Geophysical Year, prepared for the 
subcommittee on national security policy and scientific developments of the committee on foreign affairs 
U.S. House of Representatives (Washington, DC: U.S. Government Printing Office, 1973), 30.

2,0Eugene B. Skolnikoff, Science, Technology, and American Foreign Policy, (Cambridge: The MIT Press, 
1967), 87. For an interesting account of other Soviet large, environment-shaping projects see Loren 
Graham, The Ghost o f  the Executed Engineer: Technology and the Fall o f  the Soviet Union (Cambridge: 
Harvard University Press, 1997).
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States a physicist who played a key, albeit controversial role, in the postwar development 

of US nuclear weapons, Edward Teller, foresaw perfect landscapes created by nuclear 

power: “We will change the earth’s surface to suit us.”211 Teller promised to move 

mountains and create harbors with atomic swords beaten into plowshares.212 Likewise, 

when Morrow and Meyer grew frustrated with the natural ionosphere, they decided to 

create their own.

Yet these visionaries had their critics. In the 1950s there arose among some scientists 

and among the public in general the idea that experimentation on a global level could 

produce irreversible and deleterious affects. However, not much is known about people’s 

perceptions of the environment in this era. Literature documenting the history of the 

modem environmental movement213 has typically centered around the mid-1960s, and

21 spencer R. Weart, Nuclear Fear: A History o f Images, (Cambridge: Harvard University Press, 1988), 
211.
212Dan O’Neill, The Firecracker Boys (New York: St. Martin’s Press, 1994).

213Defmitions of the modem environmental movement have one aspect in common: most focus on the 
scope and broad appeal of the cause. Kirkpatrick Sale called it “concerted, populous, vocal, influential, 
active;” see Sale, The Green Revolution: The American Environmental Movement 1962-1992 (New York: 
Hill and Wang, 1993), 6. John McCormick, in Reclaiming Paradise: The Global Environmental 
Movement, delineated it from previous conservation movements as being: “more dynamic, more broad- 
based, more responsive, and... (with more) public support.” McCormick, Reclaiming Paradise: The 
Global Environmental Movement (Bloomington: Indiana University Press, 1989), 47. Furthermore 
McCormick and Roderick Nash observed that the movement now challenged utilitarianism: the new 
environmentalists embraced conservation for human survival. See Nash, “Conservation as Quality of the 
Environment,” The American Environment: Readings in the History o f Conservation, Roderick Nash, ed. 
(Reading: Addison-Wesley Publishing Company, 1968), 155-156; and McCormick, Reclaiming Paradise, 
47. In Wilderness and the American Mind, Nash further qualified the movement as one that started people 
thinking of the world as “one environment.” Nash, Wilderness and the American Mind, revised ed. (New 
Haven: Yale University Press, 1973), 252. Using a definition of the environmental movement that 
emphasizes its broad public support implies that the movement was conceived fully formed and embraced 
immediately. To focus full attention on a river, ignoring the small creeks feeding into it, is to remain



further emphasized one event in that decade-the publication of Rachel Carson’s 1962 

book about the use of chemical pesticides, Silent Spring, as the origin of the movement.214 

Works that have acknowledged a precursor to Silent Spring either have focused entirely 

upon the scientist’s, in particular biologist’s and ecologist’s, fear of nuclear fallout, or 

have endeavored to tie the inception of the movement to external developments such as 

social and political changes.215 With few exceptions the majority of the publications 

written on the environmental movement have failed to find any explicit environmental 

concern among scientists and the general public unconnected with nuclear weapons in the 

years before 1962.216
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ignorant of the river’s source. Before the environmental movement became vocal, active, and influential, it 
was weak, timorous, and hesitant. By basing a definition of the movement around people’s concern with 
human survival and environmental problems that could affect the whole world (conservation and green 
efforts of other eras were based around local issues) the origins of the movement and its uniqueness come 
into sharper focus. Using this definition, the nuclear testing of the 1950s and West Ford both formed the 
earliest phase of the environmental movement’s history.

214Rachel Carson, Silent Spring (Boston: Houghton Mifflin, 1962). In The Green Revolution, Sale 
contended that certain social factors existed which readied society to accept Carson’s book, but believed an 
environmental concern did not exist before that date: “it is fair to say that there was really no such thing as 
an environmental movement... before the publication of Silent Spring" (p. 6).

215Donald Worster believed that the movement could be traced to biological scientists who, noticing the 
ecological effects of atomic fallout, began a campaign of information and protest. Worster, Nature ’$ 
Economy: A History o f Ecological Ideas (Cambridge: Cambridge University Press, 1985), 340.

216John McCormick listed six important elements that emerged “long before the 1960s” that prepared the 
way for the modem environmental movement: one, the effects of affluence, two, the age of nuclear testing, 
three, the publication of Silent Spring, four, a series of well-publicized environmental disasters, five, 
advances in scientific knowledge, and six, the influence of other social movements. Reasons one and six 
related to changes in society that changed the way that people viewed materialism and authority; they are 
external forces and only indirectly readied the public to accept environmentalism. The well-publicized 
disasters that McCormick listed occurred from 1966 to 1972 and not “long before the 1960s.” Silent 
Spring was printed in 1962. His second and fifth points are more credible: the testing of nuclear weapons 
did convince many people, including Carson, that man could irreversibly modify the global environment, 
and the scientific knowledge that emerged as a result of international collaborations did lead some
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An investigation into West Ford suggests that scientists and the public discussed and 

worried about the affects of irreversible, large-scale experimentation and global pollution 

before Carson’s book crystallized the environmental movement. The present study also 

illuminates an environmental concern among the public that, while partly connected to 

nuclear fear, was also distinct from worries about the bomb.

Both sides of the West Ford debate recognized the project in part as an environmental 

issue, although their response to it along this line varied according to their overall 

evaluation of the project. Astronomers opposed to West Ford argued that the project 

would pollute and contaminate space.217 While project advocates generally espoused a 

cavalier attitude toward pollution expected to develop as a result of West Ford, they also 

realized, and showed concern for, other large-scale manipulation of the environment that
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scientists to believe that man was changing his environment. Others have mentioned nuclear fear as a 
precursor to the 60s movement-Worster and Weart, for example-but McCormick went further in his 
examination of the activities of scientists and how they came to understand the environment. Although 
McCormick only briefly mentioned the International Geophysical Year (while emphasizing the 
International Biological Program, which did not occur until 1964), he did emphasized that “the rise of New 
Environmentalism paralleled substantial new initiatives in international scientific research.” McCormick, 
Reclaiming Paradise, 47-62. The data gathered from the International Geophysical Year led some 
geophysicists to conclude that the earth’s climate was changing. See Spencer Weart, “Global Warming, 
Cold War, and the Evolution of Research Plans,” Historical Studies in the Physical Sciences, 1997, V. 27, 
Pt. 2, 348-353.

2l7Although some environmental activists might argue that the astronomers who opposed the West Ford 
proposal lacked environmental ideals and ethics, and therefore were not part of an environmental 
prehistory, this argument leads to an intellectual dead end. Astronomers feared for their profession more 
than for the consequences for outer space, but modem environmentalists also brought in personal agendas 
when rallying for their causes. For an understanding of environmental ethics see, Aldo Leopold, A Sand 
County Almanac (New York: Oxford University Press, 1949); and Bill Devall and George Sessions, Deep 
Ecology (Salt Lake City: G.M. Smith, 1985). Several articles address the subjective nature of knowledge 
construction regarding environmental issues: see, for instance, Sheila Jasanoff, “Science, Politics, and the 
Renegotiation of Expertise at EPA,” Science After ‘40, Osiris V. 7, 195-217; and Sheldon Ungar, “The



could result in irreversible harm. Since they anticipated that the public would worry 

about possible long term effects on climate and the environment they studied this 

possibility in order to counter that concern. The way in which scientists and the public 

evaluated the potential affects West Ford might have upon the environment illuminates 

an environmental awareness and sensitivity that existed before Silent Spring. By the end 

of the project the environmental movement had grown stronger and more popular. One 

illustration of this was that at this time the biologist and environmental activist, Barry 

Commoner entered the West Ford conflict.

Astronomers opposed to West Ford used comparable rhetoric as that later espoused by 

environmentalists: both groups spoke of pollution and contamination. An astronomer at 

the Royal Greenwich Observatory who wrote the Space Science Board offering his 

opinion of the West Ford project stated: “...I am entirely opposed to operations which 

leave the surroundings of the Earth littered with objects that might impede astrophysical 

observations.”218 Moreover, opponents backed their statements with action. The council 

and members of the American Astronomical Society found it “imperative to guard against 

the irreversible contamination of space” and passed a resolution in opposition to space 

pollution that could harm basic scientific research.219 The Executive Committee of the

Rise and (Relative) Decline of Global Warming as a Social Problem,” Sociological Quarterly, 1992, V. 15, 
No. 4, 483-50.

218“Resume of Reactions to Project West Ford,” 12 June 1961, Director’s Office, West Ford 
Correspondence 1963, LLA.

2l9American Astronomical Society, “Resolution,” 20 June 1961, HUG FP 83.18 (Goldberg), Box 6, HUA.
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IAU went a step further when it asserted in a resolution passed at Berkeley in 1961 that 

“no group has the right to change the Earth’s environment in any significant way without 

full international study and agreement.”220 This group called for an assessment of the 

possible environmental impacts of large-scale, environment-altering projects before they 

would allow these proposals to proceed.

A year and a half following the 1961 Berkeley meeting, the Committee on Space 

Research—like the IAU, an umbrella organization under the International Council of 

Scientific Unions—convened a consultative group to conduct the type of assessment 

requested by the IAU. Shortly after this group formed, and one month following the 

launch of West Ford, it developed a mission statement indicating its initial concern for 

the following three topics: pollution of the upper atmosphere, orbiting dipoles (West 

Ford), and contamination of the moon and planets.221 After studying the affects of the 

Lincoln Laboratory project, the group announced that the experiment had not caused 

harmful interference with astronomical observations, but recommended that the 

international scientific community should have the opportunity to thoroughly review “any
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future experiments with this general character” beforehand in order to ascertain that the 

project would not harm science.222

Those in favor of West Ford generally believed that the experiment would prove 

benign for science and for the environment and, therefore, adopted a casual attitude 

regarding potential pollution. Defending the project, Edward Purcell wrote, “Surely there 

is a larger question here. In our time, technology has brought about irreversible 

environmental change on a large scale.”223 He mentioned the changing C02 content of 

the air, pollution of rivers, and the emission of rocket fuel in the atmosphere. Purcell 

charged, “Shall we take charge of our affairs like rational men? If objective balancing of 

risks can never justify an irreversible action, responsible action is simply blocked, while 

irresponsible action remains unchecked.”224 He acknowledged that people could change 

the environment, and that those changes could be permanent, but attached no negative 

connotations to those changes. Purcell asserted that responsible projects such as West 

Ford could prove useful; he stated that West Ford would benefit the US government and

103

222Ibid. The copy of this report contained in the Lincoln Laboratory files has a question mark to the side of 
the recommendation that subsequent projects “with this general character” be evaluated by the international 
scientific community—likely because this community had reviewed West Ford, whereas the statement 
implied that it had not.

223Purcell, “The Case for the ‘Needles’ Experiment,” 247.

224Ibid.



military.225 In Purcell’s opinion the ends (a reliable and secure communication system) 

justified the means (space pollution).

Advocates tended to dismiss charges that the dipoles would pollute space by arguing 

that space was not pristine and that other space projects and vehicles already in use 

contaminated space to a greater degree than would West Ford. Purcell stated: “Lest one 

imagine space without dipoles empty, there is so much meteoritic matter in our 

neighborhood that the Earth sweeps up some 10,000 tons of it daily.”226 He neglected to 

discern between particles naturally occurring and materials artificially injected into earth 

orbit.227 An ad hoc Needles committee decided that: “the material added by the Needles 

experiment is probably negligible in comparison with that ejected from a single high 

altitude rocket or space probe.”228 However, the committee admitted that the binder 

material would “add many orders of magnitude to the molecules already present in this 

highly rarified region, with many possibilities for photochemical effects.”229 Yet rather
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entered orbit during the Midas-IV launching.” “Observing the satellites,” Sky and Telescope, January 
1962, 13 West Ford Project, OW-300000-01, NASM.

228Villard, “Project Needles: An Evaluation Report by an Ad Hoc Committee of the Space Science Board,” 
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than worry about the environment, they proposed using binder contamination “as a 

separate important experiment.”230

The SSB committee for Needles considered West Ford contamination of little 

consequence, but did ask the SSB to consider forming, at the international level, a Space 

Pollution Control Agency to deal with other projects that might seriously contaminate 

space. While they believed West Ford would not harm the environment, they showed a 

sensitivity that people could alter nature and an awareness that an agency would need to 

assemble in order to thwart future programs that threatened to substantially modify the 

environment.

With the age of nuclear weapons testing in the 1950s and 1960s scientists and some 

members of the public came to believe that man could alter the environment on a global 

level and in an irreversible manner.231 As historian of science Spencer Weart examined in 

Nuclear Fear, people found that life with the bomb entailed uncertainty, fear, and 

suspicion.232 Some of the paranoia around nuclear testing transferred over to the public’s 

mistrust of West Ford and in many ways the histories of the two intertwined.

Morrow and Meyer conceived of the tin ionosphere largely in response to the 

Flardtack nuclear explosions, which had destroyed a sizeable swath of the ionosphere. 

They innovated the use of dipoles because an explosion would never succeed in
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destroying even the majority of the millions of dipoles in orbit. While the public also 

associated the project with the nuclear bomb, they did so in a different respect: a nervous 

populace associated the new communications technique with the public health affects of 

nuclear testing. One newspaper article on West Ford observed that, “although there is no 

danger to public health the issue has taken on some of the emotional overtones of the 

controversy over radioactive fallout.”233 In April 1960 the SSB Needles ad hoc 

committee had posited that the public might panic over health issues or fear for property 

damage from needles fallout.234 True to this prediction, scientists at Lincoln later 

received letters from individuals claiming that dipoles returning to earth were landing on 

their property.235 Tom Rogers, the associate head of the radio physics division at Lincoln, 

responded to one letter by explaining to the author that the materials that he found were 

not dipoles and then forwarded to him a sample of dipoles.236 Shapiro further responded 

to the question of dipole reentry in an article published in Science. Shapiro explained that 

although the dipoles reentered the upper atmosphere intact the chance of finding a dipole
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in the area with the densest per unit surface area, the polar regions, was slim, and 

sarcastically noted an absence of funds for a dipole recovery search.237

With the resumption of atmospheric nuclear testing in 1962 at least one astronomer, 

the general secretary of the IAU, D.H. Sadler, turned his attention from a protest against 

the West Ford project (which he felt was now being conducted in a responsible manner) 

to a protest against nuclear testing.238 This scientist then attempted to use the IAU’s 

Berkeley resolutions issued during the West Ford conflict to fight the continuation of 

atmospheric nuclear testing. He believed that the IAU Executive Committee resolutions 

authorized scientists to demand a cessation to any activities that could imperil science.239 

Lovell and British astronomer Fred Hoyle protested both atmospheric testing and West 

Ford. In each situation astronomers represented the most ardent and articulate allies 

lobbying for the protection of the atmosphere and space.240

Alongside the fear of nuclear contamination a broader concern developed among the 

public regarding environmental degradation. In their report outlining expected reactions 

to West Ford, Villard, Porter, and Shapley warned that the general public would fear 

adverse climatic effects and scientists would worry about chemical contamination of the

237Irwin I. Shapiro, “Last of the West Ford Dipoles,” Science, 16 December 1966, V. 154, No. 3755, 1445- 
1448.

238D.H. Sadler to Professor J. van Miegham, letter, 10 May 1962, HUG FP 83.18 (Goldberg), Box 6, HUA.

239Executive Committee, “Resolution No. 1 and No. 2,” Proceedings o f the Eleventh General Assembly, 
Berkeley 1961, Transactions o f the International Astronomical Union, V.XIB, 83-87.

240Skolnikoff, Science, Technology, and American Foreign Policy, 86-87.
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ionosphere and climate.241 Findlay mentioned that the SSB committee came to the 

conclusion that the dipoles and binder would cause neither harm nor interference with the 

insolation of the earth or contaminate the upper atmosphere. The group investigated the 

pollution of space as it affected the environment generally, a quasi-environmental impact 

report, and found the effects of West Ford negligible.242

As seen through the reports of the popular press, some members of the public 

pondered West Ford and its possible effects on the environment and arrived at different 

conclusions than the SSB. An article in an English newspaper discussed both West Ford 

and upper-atmospheric nuclear testing: “the layman wonders whether such experiments 

could have more grievous effects than interfering with the researches of astronomers.”

The author queried, “could a proliferation of this space experimenting one day have an 

effect on our environment in the sense that it would interfere with our daily life?”243 

Another article about West Ford and nuclear testing posited that due to orbiting waste, 

stars might not be visible by 1984.244 A December 1960 article published in Globe and 

Mail Toronto, discussed space pollution generally and opined that: “if experience on

241Porter, Shapley, Villard, Jr., “Report to the Chairman of the Space Science Board on International 
Relations Aspects of Project West Ford,” HUG FP 83.18 (Goldberg), Box 6, HUA.

242Villard, “Project Needles: An Evaluation Report by an Ad Hoc Committee of the Space Science Board,” 
HUG FP 83.18 (Goldberg), Box 6, HUA.

243“Contaminating Space,” Western Morning News, 17 May 1963, Director’s Office, West Ford 
Correspondence, 1964, LLA.

244Iain Ferguson, “Stars May Be a Memory by 1984,” Manchester Evening News, 16 May 1963; see also 
Arthur C. Clarke, “The Meddlers,” Playboy, March 1964, 103, 168, both in Director’s Office, West Ford 
Correspondence, 1964, LLA.
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earth is any guide, this (space contamination) will all be justified in the name of progress, 

and anybody who objects will be written off as a conservationist crank.”245

Petr Beckman alleged that West Ford represented the earliest case of technophobia and 

ecohysterics, by which he meant the public’s fear of scientific meddling with the 

environment.246 Beckman reported that at the time of the project no one took the 

detractors seriously.247 However, this statement seem unsubstantiated: relatively few 

people rallied against the project, but because West Ford’s supporters expected a greater 

outcry than that which occurred and because they acknowledged that large-scale 

experimentation could alter the environment, they very seriously considered the possible 

consequences of orbiting dipoles for space and the earth’s environment. The SSB and 

Linclon endeavored to calculate whether the pollution levels would rise beyond 

acceptable levels for astronomical observations, as well as for public health and 

climate.248
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West Ford began at a time when relatively few members of the general public worried

seriously about the affects of technological tinkering, but by the mid-1960s this condition

had changed and more people, scientists in particular, began to lobby against large-scale,

environmental modification. At the end of the West Ford project, environmental activists

had entered the scene and one, Commoner, led an investigation into the Lincoln

experiment. In a report, called the Integrity o f Science, Commoner criticized the now

completed project. Although he appreciated the US government’s candor in making

some data available and in inviting scientific review, Commoner decried the continued

classification of project details and the failure to mandate a ground command device for

the first test. He applauded the actions of astronomers who worked to ensure a safe test

of the dipole belt, but derided the government for not following through on their

suggestions. According to Commoner, “a predictive failure may be irreparable, for the

experiments are not confined to a single laboratory, but intervene in phenomena which

are unique on the planet.”249 Extending this argument from West Ford to other large-scale

scientific and technological programs, Commoner continued:

we have been... intruding upon the delicately balanced fabric of the environment 

without being aware—either in the scientific community, or in the public 

generally—of the consequences until massive and in some cases, irreversible,
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damage has been done. .. .We are fumbling blindly with a tool that we do not 

know how to use.250

Commoner, himself a scientist, did not call for an end to experimentation, but did ask that 

scientists work to avoid altering the environment on a large-scale without an awareness of 

all the possible consequences. Interestingly, the newspaper and journal articles that 

linked West Ford with pollution and other large-scale, environment-altering projects, also 

separated scientists who favored and participated on these types of projects from other 

scientists who did not. In the formative period of the modem environmental movement, 

an anti-technology and science stance was not yet apparent.

Yet it was the advance in technology and science—regardless of who chose to apply 

the constructed knowledge—that made possible the alteration of the environment on a 

global level. Nuclear weapons and rockets that could place pollutants in the earth’s 

atmosphere and space had the potential to pollute and contaminate the environment. 

During the 1950s the many proposals to modify the environment led certain scientists and 

members of the public to ponder the potential long-term consequences that could develop 

as a result of these experiments. West Ford is an example of one project that astronomers 

feared would irreversibly contaminate space and one that the public feared could tamper 

with climate and put at risk public health. The reactions from scientists and the public to 

this project helps illuminate people’s perceptions of the environment and their concern

I l l

250Notes, Berry Commoner Papers, Box 88, LC.



for its fragility in an era that few historians have explored. The fear surrounding the 

placing of million of dipoles in earth orbit points to an environmental awareness that 

existed before Silent Spring as well as a sensitivity for the affects of large-scale projects, 

other than the nuclear bomb, on the environment.
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EPILOGUE AND CONCLUSION

Although some astronomers lobbied adamantly against West Ford from the time that it 

was declassified in 1960 until it ceased to be an issue around 1964, the United States Air 

Force and Lincoln nevertheless undertook the experiment. On 8 May 1963 a rocket 

carrying the millions of copper dipoles was launched into space. It would appear that 

those in favor of West Ford—the military, Lincoln, and instrument scientists—had won 

the argument and that traditional astronomers had lost. However, the outcome of this 

debate was not that simple. While distraught astronomers could not stop the 

implementation of an experimental belt, they did receive certain concessions, influenced 

some areas of the project’s design and, as some participants have asserted, played a role 

in the military’s decision to forgo an operational belt. At the same time, it became clear 

that those scientists who advised Lincoln wanted to control the direction of the project, 

but could not. Their impotency became apparent when they tried unsuccessfully to direct 

Lincoln and the military in a direction that neither the laboratory nor its sponsor wanted 

to go. The West Ford experiment serves to illuminate the importance of national security 

demands in delineating the relationship between science and the state and the nature of 

government science advising during the early Cold War.

Astronomers in 1960s America lacked the power and authority to develop policy and 

influence governmental decision-making, largely because politicians viewed them as
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relatively unimportant for the national defense. In marked contrast, the atomic physicists 

had more bargaining power in negotiations with the state because they held knowledge 

crucial to the security of the US and were, moreover, established in government science 

advisory positions. Astronomers during this period were openly divided over whether 

they should involve themselves in political and military affairs.251 While Goldberg and 

Whipple chose to do so, other astronomers, such as Whitford and the noted Harvard 

astronomer Harlow Shapley, did not because they feared that political service would bias 

their scientific research. Since astronomers never fully proved their worth for the 

national defense, they tended to have little influence in the political sphere.252

Goldberg himself perceived a subordinate relationship of the astronomers to the US 

government. At the inception of the West Ford project he remarked that he shared the 

view of astronomer George Herbig that the “burden of proof of damage is always on the 

astronomers regardless of (the) irresponsibility of the proposal."253 Indeed, when 

Goldberg complained to Berkner about the Space Science Board’s endorsement of West 

Ford, Berkner returned a letter to him stating that “the Board cannot and should not
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attempt to prevent otherwise justifiable and important experiments because of

unsubstantiated fears of damage.”254 Furthermore, he contended that:

it is entirely possible that these (the SSB’s) investigations have overlooked some 

factor, but at this point, then, the astronomers have the burden of showing, 

quantitatively, how and to what extent the present estimates of performance and 

of damage by Project West Ford are in error.255 

It appeared (at least in this instance) that astronomers never had priority when the needs

of science and the requirements of the state conflicted.

Moreover, astronomers lacked an effective group or agency to which to turn for

redress when troubled by issues such as West Ford. They passed resolutions in their

professional organizations (the International Astronomical Union and the national

astronomical societies and groups) condemning the project, but these groups did not have

the authority to enforce their mandates or to inhibit the US from conducting the

experiment. Meanwhile, individual astronomers wrote to the president’s science advisor

Jerome Wiesner and members of the Space Science Board ad hoc Needles and West Ford

committees in the hope that they would listen to and address their concerns. Yet their

pleas were largely ineffectual, although the SSB endorsed several of their demands.

Nevertheless, astronomers did have one point of leverage which they came to use.

The opposition gained certain concessions from the US government (thanks to the
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intervention of the Space Science Board and science advisor to the president Jerome 

Wiesner) because politicians feared that the campaigning of astronomers would provoke 

an international, political incident that could damage the United States’ national 

prestige—an important component of national security. While astronomers held little 

power and authority, they did enjoy a favorable reputation among the public. When they 

brought the matter to a wider audience, and turned West Ford into an issue of 

international concern, they increased their influence to monitor the project substantially. 

In deciding how to conduct the project the military and the government had to weigh the 

potential cost to the prestige of US science, and by extension to the nation, against the 

potential benefit of the operation for the national defense. Certain project participants 

have contended that the activism of astronomers against the project created a political 

nightmare that in the end overshadowed the good to be had from an operational system.256

Likewise, SSB advisory committee members achieved some success in persuading the 

Air Force and Lincoln to undertake certain actions by linking their requests to the needs 

of the national security state. They managed to convince Lincoln and the military to 

declassify West Ford and to keep the experiment limited to under two years because they 

could show that this would weaken the extent of opposition but, at the same time, would

255lbid.

256David Z. Robinson, June 1997, and Irwin I. Shapiro, 3 July 1997, personal communications with the 
author. Michael J. Hogan explored the influence of popular views on the conduct of foreign policy in 
America in the World: The Historiography o f American Foreign Relations Since 1941 (Cambridge: 
Cambridge University Press, 1995).
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not compromise the integrity of the project. On other occasions their requests were not 

granted—such as when they asked for a ground command device for the first launch and 

a separate launch vehicle—because they failed to show, to the satisfaction of Lincoln and 

the Air Force, how national security would not suffer by granting these concessions. 

While the SSB could demonstrate that the use of a ground command device and a civilian 

launch vehicle would undercut the opposition’s main point of contention over lifetime, 

they could not prove to Lincoln and the Air Force that these efforts to placate the 

astronomers justified the subsequent delay of a project that Lincoln and its sponsor 

judged as meeting an immediate and urgent need.

Scientists who held positions on government science advisory panels seemed to

understand the necessity of working with and accommodating the needs of the military

and government. Don K. Price, Goldberg’s colleague at Harvard, penned a letter to the

editor of Science in 1963 regarding the limitations of PSAC and science advisory

influence: “It would be a delusion of scientific grandeur to think that the scientists in the

Executive Office have undue power in that political competition.” He continued by

insinuating that science advisors cannot overturn opinion, but can only work within the

direction set by politicians:

If scientists have begun to have a role of usefulness to the President, and of 

influence within the administration on problems which affect the scientific
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community, it is largely because they have learned that service in a confidential 

staff capacity does not license them to undertake independent political action.257 

The group appeared mandated to advise politicians about the likely scientific

consequences of projects and to suggest ways in which to limit the negative repercussions

of these programs on science rather than request the termination of particular programs.

Although they did not “undertake independent political action,” it should not be assumed

that these researchers were apolitical or that they merely bowed to politician’s

expectations. Rather, these science advisory committees drew their members from

among those researchers most concerned about the national defense and from among

those whose style of conducting science led them to embrace and participate on the type

of projects under review. In the case of West Ford it appeared that the PSAC review

panel enlisted those most likely to approve the project. The instrument style of

conducting science, as well as a review process that weighed scientific and national

security implications that these government science advisors espoused, almost guaranteed

a favorable response to West Ford.

Yet regardless of the response from scientists—positive or critical—the military and 

Lincoln decided to erect the experimental belt and did so successfully in May 1963. 

Scientists and engineers measured the propagation characteristics of the belt and 

transmitted communications using the system. Observations agreed well with theoretical
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257Don K. Price, “President’s Science Adviser,” Science, 6 December 1963, V. 142, No. 3597, 1257.
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predictions and Lincoln researchers further declared that orbiting dipoles presented a 

feasible method of communication.258 Yet despite the effectiveness of the project, the 

military never launched any operational belts. Some project participants have contended 

that astronomers caused the cancellation but, as we have seen, they only indirectly 

influenced this decision. In contrast, the Defense Science Board (DSB) that terminated 

the project declared that the rise of active satellites had rendered West Ford obsolete and 

cited the increased reliability of missile launches and electronic equipment on satellites to 

justify their decision.259 Likely the cause of the termination combined elements of each— 

opposition from astronomers and technological advance—as well as changes occurring in 

the political sphere.

In 1961 and 1962, while the government and civilian space and communications 

agencies moved their resources into active satellite development, the military continued 

with West Ford, a passive system, because it promised to survive enemy attack and 

interdiction in a way that active satellites could not. The military did not know at that 

time if an effective military satellite system could be produced. They first assigned 

Lincoln a contract to determine the feasibility of military satellites in 1963. Only two

258The belt functioned most effectively during the first fifty days when the dipole density was the highest 
and Lincoln used this period to transmit digital data and voice transmissions. After this first phase the 
dipoles spread to form a more uniform belt that could only support teletype transmission. I.L. Lebow, P.R. 
Drouilhet, Jr., N.L. Daggett, J.N. Harris, and F. Nagy, Jr., "The West Ford Belt as a Communications 
Medium," Proceedings o f  the IEEE, special issue on West Ford, May 1964, V. 52, No. 5, 543-563.

259Minutes, 32nd meeting, Defense Science Board, 13 May 1965, Advisory Committee on Human 
Radiation Experiments, Central Intelligence Agency file, NA.



years later did Lincoln produce the first defense satellite with active repeaters. This 

system, while not yet as secure as desired, did demonstrate that in the future active 

satellites could be made that would suit defense requirements.

In the meantime, the military felt that it could wait for a secure system. Due to the 

passage of the Limited Test Ban Treaty in August 1963 the intense desire to produce a 

system that could survive nuclear attack—the only means of destroying a satellite at that 

time—waned.260 If war had threatened, with the anticipated treaty breaking and 

communications interdiction, the military might well have pressed for the erection of an 

operational belt. As it was, the potential for an operational belt during an uneasy peace 

appeared poor, particularly when weighed against the opposition posed by astronomers. 

West Ford’s only remaining redeeming quality—its near immunity from jamming and, 

therefore, its ability to deliver propagandistic broadcasts to the Soviet Union—could not 

save the project. The opposition had robbed the project of any benefits that might accrue 

from such a use: the negative publicity surrounding the project guaranteed that any 

messages delivered by West Ford would reflect poorly upon the US.

At the time of the project’s conclusion, West Ford faced opposition not only from 

astronomers, but also from environmental activists. West Ford existed during a period of 

technological hubris—a time when certain researchers proposed large-scale environment- 

altering projects such as climate modification, large-scale dam construction, and nuclear
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experimentation. This led to a concern among some scientists and members of the 

general public about the potential effects of these programs. Some astronomers and 

members of the public challenged West Ford and included arguments that the 

communications experiment could pollute space, modify the earth’s climate, and 

jeopardize public health. While they had not the strength nor the numbers to attract a 

large public following or inhibit the project on the grounds that the project would harm 

the environment, they were taken seriously by the project’s advocates. By the time that 

West Ford was canceled in 1965 the strengthening of the modem environmental 

movement, the growth of regulatory agencies, and oversight by environmental activists— 

the roots of which existed during the earliest West Ford years—contributed to the 

decision to forgo future dipole belts.

Yet, in the end, the decision to terminate the project rested in the hands of the military 

and state. During the early Cold War the whole of society was mobilized for the defense 

of the nation. An investigation into the West Ford case demonstrates how national 

security concerns served as the center around which all important decisions revolved. 

Lincoln scientists and instrument scientists who had an interest in the continuation of the 

project, because of their style of conducting science, benefited from the government’s 

decision to launch the experimental belt. Yet, they received only what the military and 

government felt would also benefit the needs of the state. The SSB could not force the
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military and the government in a particular direction and Lincoln because of its unique 

charter as a center for defense research had neither the reason nor the resolve to contradict 

their sponsors. In contrast, the traditional astronomy community believed they had a 

reason to protest the project because they claimed that it would hinder their observations. 

They did receive some of their demands, but not because they proved scientifically that 

West Ford was hazardous, but because they threatened to provoke an international 

incident that, in turn, would have harmed national security. In the end, the need for 

national defense determined the course of events and the outcome of the West Ford 

experiment.
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SOURCES

Archival sources cited herein are identified by the following shorthand notations:
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APPENDIX B 

WEST FORD DATA

General

Number of packages launched: 2

Design life: 3 to 6 years (for the experimental belt)

Launch vehicle: Atlas-Agena B

Major contractor: MIT Lincoln Laboratory

Date of the first launch: 21 October 1961

Orbit: circular, 3500-km altitude, 96 degree inclination 

Committee on Space Research designation: piggyback 

Date of the second launch: 8 May 1963

Orbit: circular, 3,650-km altitude, 87 degree inclination 

Committee on Space Research designation: piggyback

Physical Description

An individual dipole (made from AWG-53 copper wire) in second payload 

Length: 1.78 cm 

Diameter: 0.00178 cm 

Weight: 40 ugm 

Number of dipoles in the second payload: 480,000,000 

Weight of second payload: 19 kg

Terminals

Number built: 2, at Westford, Massachusetts, and Camp Parks, Pleasanton, California 

Antenna: 18.3 m (60ft) cassegrain paraboloid 

Signaling bandwidth: 4 MHz
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Transmit center frequency

Westford: 7750 MHz 

Camp Parks: 8350 

Receive center frequency

Westford radar: 7750 MHz 

Westford communications: 8350 

Camp Parks radar: 8350 MHz 

Camp Parks communications: 7750

Status

The orbiting dipole belt from the second payload was gone by 1966 because of 

atmospheric drag. The mean orbit of the belt had been arranged so that the pressure of 

solar radiation would cause reduction of its perigee. Upon conclusion of the test 

program, the terminals were adapted to other uses.

[William Ward, “West Ford Transmission Parameters,” Martin P. Brown, Jr., ed., 

Compendium o f Communication and Broadcast Satellites 1958 to 1980 (New York: 

IEEE Press, 1981), 302],
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APPENDIX C 

THE SPACE SCIENCE BOARD AD HOC NEEDLES COMMITTEE

Oswald G. Villard, Jr., Chairman

D.K. Bailey

K.W. Bowles

Franklin Roach

Von R. Eshleman

John Findlay

Robert Jastrow

Victor Regener

Fred L. Whipple

O’Keefe*

Cunningham*

Stanford University, Radio Science Lab 

Central Radio Propagation Lab 

Central Radio Propagation Lab 

Central Radio Propagation Lab 

Stanford University, Radio Propagation Lab 

National Radio Astronomy Observatory 

National Aeronautic and Space Administration 

Physics Department, University of New Mexico 

Harvard College Observatory, Harvard

???

???

*No documents have surfaced that identify the first names of these members. Therefore, 

positive identification is impossible at present.
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APPENDIX D 

THE SPACE SCIENCE BOARD WEST FORD COMMITTEE

John Findlay, Chairman 

Frederick Haddock 

William Hiltner 

William Liller 

A. Edward Lilley 

Allan Sandage 

George Derbyshire 

Edward Dyer

National Radio Astronomy Observatory 

Prof. of Electrical Engineering, University of Michigan 

Prof of Astrophysics, Yerkes Observatory (U. of Chicago) 

Prof of Astronomy, Harvard College Observatory 

Prof. of Astronomy, Harvard College Observatory 

Astronomer, Mt. Wilson Observatory 

SSB Secretariat 

SSB Secretariat
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APPENDIX E 

THE PSAC WEST FORD REVIEW PANEL

John Tukey, Chairman Professor of Mathematics, Bell Labs

John Findlay Nat’l Radio Astronomy Observatory

Paul Herget Professor of Astronomy, U. of Cincinnati

Rudolf Kompfher Bell Telephone Laboratories

Martin Schwarzschild Professor of Astronomy, Princeton

Fred L. Whipple Professor of Astronomy, Harvard
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