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This book is about women in physics in America in the immediate aftermath of World 
War II.  Physics has always been a male-dominated field that has posed challenges for 
women working in the profession.  This was especially true in the United States after 
World War II when the U.S. government sought to make more job openings available 
for war veterans by undertaking a publicity campaign that encouraged women who had 
entered the workplace during the war to leave their jobs and return to their homes to 
care for their husbands and families.

But a number of remarkable women managed to continue working by developing and 
using a wide variety of strategies to maintain their careers in the diverse environments 
that supported physics research.  In this new book, we tell many of their stories and 
demonstrate the strategies they used to survive as physicists...strategies which are still 
applicable today.

Their stories range from Nobel Laureates who engaged in outstanding scientific research 
to women who were instrumental in developing physics education in the United States.  
They worked in the new National Laboratories, the rapidly growing research universities, 
smaller colleges (including particularly women’s colleges), new industries, astrophysics 
and the birth of space science and NASA, and led the new area of health physics.

The book is aimed first at younger women who may be interested in becoming 
physicists, particularly high school students, undergraduates and junior employees in 
their first jobs after completing their degrees.  It will also be of interest to more senior 
women and senior male physicists who wish to develop a friendly climate for women 
in their research groups or departments.  In addition, it will be of special interest to 
professionals in the study of women scientists and the history of science.

About Concise Physics 
Concise Physics™ publishes short texts on rapidly advancing areas or topics, providing 
readers with a snapshot of current research or an introduction to the key principles. 
These books are aimed at researchers and students of all levels with an interest in 
physics and related subject areas.



After the War: Women in
Physics in the United States





After the War: Women in
Physics in the United States

Ruth H Howes
Professor Emerita of Physics and Astronomy, Ball State University

Caroline L Herzenberg
Scientist (retired), Argonne National Laboratory

Morgan & Claypool Publishers



Copyright ª 2015 Morgan & Claypool Publishers

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system
or transmitted in any form or by any means, electronic, mechanical, photocopying, recording
or otherwise, without the prior permission of the publisher, or as expressly permitted by law or
under terms agreed with the appropriate rights organization. Multiple copying is permitted in
accordance with the terms of licences issued by the Copyright Licensing Agency, the Copyright
Clearance Centre and other reproduction rights organisations.

Rights & Permissions
To obtain permission to re-use copyrighted material from Morgan & Claypool Publishers, please
contact info@morganclaypool.com.

ISBN 978-1-6817-4094-2 (ebook)
ISBN 978-1-6817-4030-0 (print)
ISBN 978-1-6817-4222-9 (mobi)

DOI 10.1088/978-1-6817-4094-2

Version: 20151201

IOP Concise Physics
ISSN 2053-2571 (online)
ISSN 2054-7307 (print)

A Morgan & Claypool publication as part of IOP Concise Physics
Published by Morgan & Claypool Publishers, 40 Oak Drive, San Rafael, CA, 94903, USA

IOP Publishing, Temple Circus, Temple Way, Bristol BS1 6HG, UK



To Robert Howes and Leonardo Herzenberg: models for the supportive husband every
married woman physicist needs.





Contents

Preface viii

Acknowledgements ix

Author biographies x

1 Introduction. The setting for women in physics after
World War II

1-1

References 1-7

2 Women physicists in the National Laboratories 2-1

References 2-16

3 Women physicists in research universities 3-1

References 3-16

4 Women physicists in industry 4-1

References 4-13

5 Women physicists in the women’s colleges 5-1

References 5-15

6 Women in astrophysics and early NASA space science 6-1

References 6-13

7 Other women physicists 7-1

References 7-16

8 Epilogue: some final thoughts 8-1

References 8-4

vii



Preface

A casual reader of the history of physics might easily conclude that there were only a
handful of active women physicists in the United States until well into the 1970s.
Even the authors, in their earlier work, were surprised when they found more than
300 women who had done technical work on the development of the first atomic
bomb*. The current volume focuses on our study of quite a number of women
physicists who were professionally active from the end of World War II until the
early to mid 1960s. We limited our study to this time period because it was 1963
which saw the publication of The Feminine Mystique which marked the reactivation
of the women’s movement in the United States, which in turn led to many changes in
the status of women. Career and educational opportunities opened for women in
many areas including physics. Affirmative action became a mandate for federal
agencies and a priority for industries seeking government contracts.

In the process of preparing this manuscript, we have identified many fascinating
women physicists who were working in the years after World War II and greatly
enjoyed their stories. We learned how they managed to overcome the many obstacles
to careers in physics posed by the society of the time. We hope that the reader will
find them as interesting as we did.

*This work was published by Temple University Press as Their Day in the Sun: Women of the Manhattan
Project in 1999.
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Chapter 1

Introduction. The setting for women
in physics after World War II

Prior to World War II, some significant advances in physics took place in the United
States, but the number of physicists was small, and the number of women physicists
was extremely small. Hiring practices and anti-nepotism rules generally barred
married women physicists from university, industrial and even high-school jobs.
During and after World War II, both the practice of physics and the situation of
American women underwent enormous changes. Throughout this period, the
number of women in physics grew, but it has remained low to the present day.

During World War II, the work of most of the physicists in the United States was
focused on defeating the Axis powers through work on wartime military projects,
three of the most important being the development of radar, sonar and nuclear
weapons. World War II was even referred to as ‘the physicists’ war’. In general,
women were encouraged by the government to work in support of the war effort, and
the military quickly hired female college graduates with some scientific knowledge.
Rosie the Riveter was the poster girl for the effort to get American women into the
work force.

At the end of World War II, the US government feared that the flood of returning
soldiers seeking jobs would throw the country back into a financial depression.
Consequently, the government launched two efforts that significantly affected
women: (1) a publicity campaign to encourage women to leave the workforce and
care for their families, thereby providing job openings for the returning men; and
(2) the GI Bill, a law that provided a range of benefits for returning World War II
veterans, encouraging returning soldiers to further their education and thus delay
their entry into the work force. The GI Bill attracted large numbers of men to
college, helped build the US system of research universities as well as its industrial
workforce, and opened up opportunities for educated women and men to teach at
college level.
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Women also took advantage of educational opportunities available through the
GI Bill. For example, Marjorie Peason enlisted as a WAVE (Women Accepted for
Voluntary Emergency Service—a corps of women who enlisted in the US Navy and
served in shore jobs freeing men for sea duty) specifically to get a college education.
She worked in Washington on predicting the weather for the Pacific battlefields and
Japan. On being discharged in 1946, she spent one week at home and then enrolled
in the University of Minnesota to study electrical engineering [1]. The publicity
campaign to direct women into homemaking instead of paid employment was more
harmful to women in physics because women physicists were generally profession-
ally oriented and uninterested in wearing high heels while vacuuming, and they were
unwilling to forsake their interest and professional activities in science.

The end of World War II was soon followed by the beginning of the Cold War, a
state of elevated military tension between the powers of the Western and Eastern
Blocs, which ramped up in 1947 and continued for over 40 years, until about 1991.
As a result, military research and development continued, initially somewhat
downscaled from the level during World War II, but soon exhibiting appreciable
growth. Research began in additional areas of physics, notably condensed matter
physics.

By the late 1940s, the number of students majoring in physics had more than
doubled from prewar levels. Demand for physicists continued to outstrip supply well
into the 1960s. In a poll conducted in the early 1960s, Americans ranked ‘nuclear
physicist’ as the third most prestigious occupation. However, the situation for women
was somewhat different. While many women, almost 90, were awarded doctorates in
physics over the postwar decade, the fraction of female PhDs in physics declined to
one in 40, and the fraction of women in the profession of physics generally, to one in
25 [2, p 371]. The proportion of women receiving advanced degrees in physics fell by
a factor of two between the prewar and postwar decades [3].

Thus, the climate for all physicists, and particularly for women physicists,
changed rather abruptly at the end of World War II. Physics grew very quickly,
but it branched in many directions, so telling the stories of women who worked in
physics after the war is more complex than telling the stories of women who worked
on the three great projects of World War II [4].

In the early aftermath of World War II, there were at least three major arenas that
impacted heavily on the work of all physicists: the politics of science, military
developments usually tied to the Cold War and its arms race, and technical
developments that changed the ways physics was done. The story of American
women in physics is set against the background of these changes and was strongly
influenced by them. Table 1.1 presents the major political events that affected
women in physics after the war.

At the end of World War II, the military managed and funded the government’s
wartime research establishment, notably the group of military research laboratories
that included Los Alamos, Oak Ridge, Hanford and other sites used for the design
and production of nuclear weapons. On 1 January 1947, the McMahon Act
transferred the control of this system of laboratories and associated sites to a
civilian agency, the Atomic Energy Commission (AEC). When the McMahon Act
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separated the development, production and control of nuclear weapons from the
military, military aspects were taken over by the Armed Forces Special Weapons
Project. The AEC was charged with setting the direction of the research done in the
facilities it controlled, on weapons as well as on civilian uses of nuclear technology,
and also for any other research programs established. The AEC was additionally
responsible for stocking the US arsenal with nuclear weapons. The new agency had
to develop a management strategy for individual sites, as well as an overall strategy
for its programs. It is no wonder that this was a turbulent time at the Manhattan
Project sites, which would later evolve into the National Laboratory System, a
system of centralized national laboratories funded by the public and charged with
research and development to benefit both the military and the public welfare.
Argonne National Laboratory, which had initially been formed to carry out Enrico
Fermi’s work on nuclear reactors as part of the Manhattan Project, was designated
as the first national laboratory in the US on 1 July 1946 [5].

Research developed rapidly at universities around the country, where the military
funded new buildings with laboratories staffed, in many cases, by scientists who had
worked on the Manhattan Project. The returning GIs flooded classrooms and left
the colleges and universities very short of teaching staff. The National Science
Foundation (NSF) was created on 10 May 1950 to support research based on
scientific merit rather than potential civilian or military applications, and the NSF
supported a great deal of academic research.

The Cold War brought what seemed like almost unlimited funding for research in
several areas of physics, including nuclear and particle physics. Corporations as well
as governments also began to realize how important materials science could be to
them. Physics research, no matter how basic, seemed to be a magic bullet for the
development of new technologies. However, at the same time the Cold War brought
on a wave of fear of aggression from the communist bloc of nations led by the Soviet
Union. As a consequence, security measures in science became more stringent,

Table 1.1. Politics of science after World War II.

Timeline for the politics of science after World War II

Servicemen’s Readjustment Act (GI Bill) 22 June 1944
Establishment of first National Lab—Argonne 1 July 1946
McMahon Act (Atomic Energy Act) 1 August 1946
The transfer of control of nuclear production to AEC 1 January 1947
McCarthyism 1948–56
The Korean War 25 June 1950–27 July 1953
Establishment of National Science Foundation 10 May 1950
Oppenheimer hearing 12 April 1954
Brown vs Board of Education 17 May 1954
Establishment of NASA 1 October 1958
Publication of The Feminine Mystique 1963
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resulting in barbed wire and guarded gates at some research sites, and more security
restrictions on information release for topics such as research on fissionable
elements, with further restrictions on publication [6]. Suspicion and security
regulations drove many scientists to quit government laboratories. The Red Scare,
which promoted fear of left-leaning politics and questioned the loyalty of individual
scientists, was led by Representative Joseph McCarthy of the House Un-American
Activities Committee (HUAC). This changed the demographics of science in the US
as various universities fired faculty members who refused to sign loyalty oaths or
discuss the politics of their colleagues and friends with HUAC. On 12 April 1954,
the scientific leader of the Manhattan Project, J Robert Oppenheimer, was deemed a
security risk after a hearing before the AEC and was refused a security clearance, an
action that divided the physics community.

This time period also marked the Soviet Union’s launch of Sputnik, the beginning
of the space race and the establishment of the National Aeronautics and Space
Administration (NASA) on 1 October 1958. NASA would employ many physicists,
including some notable women, in subsequent years.

World War II also radically changed the way that physics was conducted. During
and after the war, the government acquired an unprecedented role in the funding of
research. The resources available became enormously larger. Furthermore, the
separation between pure research and applied research and technology became
blurred. Before World War II, almost all advances were due to one scientist working
on her (or his) own or with a very few colleagues. It was often funded by the
researchers themselves or interested wealthy individuals. After World War II, this
approach became the exception rather than the rule, and physics entered the era of
Big Science, which continues to the present day, with concomitant bureaucratization
[6]. In 1950, the American Institute of Physics publication Physics Today noted that
‘The springtime of Big Physics has arrived’ [2, p 378].

At the end of World War II, the US had no assembled nuclear weapons. That
changed rapidly, as shown in table 1.2. Los Alamos, Hanford and Oak Ridge set to
work to remedy this situation by producing a number of weapons based on early
nuclear fission designs and beginning design work on more efficient nuclear fission
weapons for special purposes. Laboratory directors at Argonne and Oak Ridge also

Table 1.2. Nuclear weapons after World War II.

Timeline for nuclear weapon developments after World War II

US arsenal: no implosion bomb assembled 1 September 1945
Soviets test of a fission weapon 29 August 1949
Program to develop hydrogen bomb started 30 January 1950
US test of thermonuclear device at Enewetak November 1952
US arsenal of 841 nuclear weapons, total yield 50 megatons End of 1952
First Soviet test of a thermonuclear device, Joe 4 12 August 1953
US test of first hydrogen bomb at Bikini Atoll 1 March 1954
US arsenal 5 543 nuclear weapons, yield 17 546 megatons End of 1957
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began to develop nuclear reactors for use in the production of civilian electric power.
Laboratory directors at the weapons laboratories argued forcefully for the support
of general nuclear research at their facilities because (1) research results might be
critical for future weapons development and (2) unless scientific staff had the
opportunity to conduct basic research, the most capable scientists would migrate to
the developing research universities. The AEC continued these policies immediately
after its creation in 1947.

On 29 August 1946, the Soviets tested a nuclear fission weapon well before the US
had anticipated it could. (It turned out that the Soviet spy system had provided its
nuclear scientists with information on the Manhattan Project, greatly shortening the
development time for Soviet nuclear weapons.) The discussion of what to do about
the Soviet success involved many physicists, with some, notably Oppenheimer and
Fermi, advocating the development of more powerful and sophisticated fission
weapons and others, led by Edward Teller, advocating a crash program to develop a
weapon based on nuclear fusion which, it was anticipated, could have almost
unlimited power. In early 1950, President Truman announced a crash program to
develop a thermonuclear (fusion) weapon, the hydrogen bomb. Both the US and the
USSR successfully developed and tested such weapons. By the end of the decade, US
and Soviet arsenals held thousands of nuclear weapons.

It was also well-established that atmospheric testing of nuclear weapons released
radioactive isotopes into the atmosphere. Public fear of nuclear radiation drove
support for stopping nuclear testing and by 1963 both governments had agreed on
the Limited Nuclear Test Ban Treaty which forbade atmospheric testing. After this,
the weapons laboratories developed methods for underground nuclear testing and
began to diversify their research portfolios beyond the production and development
of nuclear weapons.

Among the new technical developments, there was no device that had a greater
impact on physics or was more closely associated with physicists than the computer.
Many women were active in computer development, but the story of the computer is
a saga in its own right and will not be treated here.

A major contributor to the development of computers was the advent of solid-
state electronic devices, specifically the coming of the transistor, which was
announced by Bell Telephone Laboratories in late 1947. This led to the replacement
of vacuum tubes, which were relatively large and operated at higher voltages, by
transistors, which operated at lower voltages, emitting much less heat. The use of
transistors also made circuitry much more reliable. The development of the
transistor caused a boom in solid-state electronics and spawned the growth of an
industry in which many of the major companies supported active research
laboratories. Integrated circuits followed in the late 1950s and then microprocessors
in the late 1960s and 1970s. The large industrial research laboratories competed
with the National Laboratories and the research universities. They provided
employment for many physicists and also created a demand for students with
technical training. The miniaturization of circuit components enabled by the
transistor also made it more feasible to launch spacecraft and contributed to the
acceleration of the space race.
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Studies in condensed matter physics continued, with some successes and hopes for
additional advances in areas such as high-temperature superconductivity, which
seemed to promise new and very useful technological applications. The discovery of
the Lamb shift in 1947 led to increased interest in quantum electrodynamics.

Additional developments in physics included the invention of the laser in 1958,
and further progress took place in many other areas, notably in understanding the
nucleus, the fundamental forces and elementary particle physics. Women physicists
worked in all these areas. Women were especially active in astronomy and
astrophysics as they had traditionally been.

Obviously we have omitted any number of technical developments, but this
limited list concentrates on those developments that most affected women physicists.

We will discuss two major classes of women physicists in subsequent chapters.
First, a number of women physicists worked on military projects, while others
worked in the universities or industrial laboratories while the war was in progress.
After the war, some of these women continued in research in areas such as nuclear
weapons and nuclear reactor development, some switched into new fields such as
health physics and played key roles in their development, and a few dropped out of
physics. The second set of women consisted of members of a generation of women
who finished their degrees during the war years. They entered the workforce in the
late 1940s and early 1950s. They played significant roles in the new large industrial
laboratories and in the growing field of condensed matter physics. They also did
significant work at NASA and contributed to the educational reforms in science that
followed the launch of Sputnik. Like their male colleagues, some of these women
suffered for protecting their colleagues and friends from the harsh investigations of
the HUAC.

We have organized the stories of these women according to the institutions that
employed them. This grouping is necessarily arbitrary, particularly since many of
the women we discuss changed jobs and worked in more than one research field
during this period. We choose it because it highlights the types of work and the
importance of the work that women physicists conducted during the late 1940s and
1950s, and assists us in telling their stories.

We limit our discussion largely to the late 1940s and 1950s, as is evident from the
time lines above, although tracing individual careers requires going outside this time
limit. During the 1960s, the civil rights and women’s movements began to affect all
workplaces. Moreover, the physics conducted in the National Laboratories changed
with the signing of the Limited Test Ban Treaty in August 1963, and physicists there
began to focus on issues of safety and the verification of arms control agreements, as
well as new ways of producing energy. The development of the personal computer,
which also dates from the early 1960s, vastly changed the way in which physics was
done, as did the construction of very large accelerators in dedicated facilities. All
these developments affected the work that women physicists did and the character of
the physics workforce. While we include some minimal discussion of physics and
physicists in the 1960s and later, this book focuses on the challenges and successes of
women physicists in the years immediately following World War II, before the eras
of affirmative action and the personal computer.
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Chapter 2

Women physicists in the National Laboratories

DuringWorld War II, almost all physicists were involved in some sort of war-related
research or in teaching military officers. Some worked in small groups at universities
around the country. The radar project was headquartered at Massachusetts Institute
of Technology (MIT) and the sonar project at Johns Hopkins University, while the
Manhattan Engineer District oversaw work at the Manhattan Project sites; the large
production facilities, however, were managed by industrial contractors (Monsanto
at Clinton, TN and DuPont at Hanford, WA). With the end of World War II,
leaders in the scientific community turned their attention to the question of what
should be done with this enormous research infrastructure. Certainly it should not be
dismantled. They also confronted the fact that many physicists engaged in military
research were eager to resume their civilian careers. For example, personnel at the
Metallurgical Laboratory (Met Lab) at the University of Chicago had been largely
moved to positions at Clinton Laboratory or Hanford Laboratory to help with the
reactor work there long before the war ended.

The individual laboratories evolved from sites of the Manhattan Project, and
were managed in a variety of ways under the direction of the AEC. The model
varied. For example, Brookhaven was not an original research site of the Manhattan
Project, but it was established by a group of physicists who had worked on the
Manhattan Project as a center for the construction of accelerators and reactors for
fundamental research. Argonne consolidated the research established in the Chicago
area by the Met Lab and was managed by the University of Chicago; Oak Ridge,
managed by a consortium of universities, focused on the development of reactors;
and Los Alamos, managed by the University of California, focused on weapons
development. Lawrence Berkeley Laboratory, managed by the University of
California, grew to provide users from industry and academia access to
Lawrence’s cyclotrons. It was agreed that the labs should compete with one another
to ensure that their research programs were efficient economically and of high
scientific quality, particularly since classified research could not be published
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or subjected to peer review. Edward Teller lobbied for the establishment of
Livermore as a center of research on nuclear weapons to provide a check on Los
Alamos’s work [1].

The evolution of the National Laboratories offered a variety of opportunities for
women physicists to do exciting physics and avoid the anti-nepotism rules at
universities. Edith Truslow andRalph Smith [2] groupedManhattan Project scientists
atLosAlamos intofive categories,whichwere foundat all theManhattanProject sites:

1. academic personnel on leave from universities and colleges;
2. young PhDs recently arrived from graduate school;
3. graduate students with varying experience;
4. technicians, administrative and clerical personnel; and
5. officers and enlisted personnel.

Most of the established scientists were eager to return to their civilian jobs, and
graduate students wanted to finish their degrees. Military personnel were ordered to
report to their induction points and muster out. Laboratory directors returned to
their civilian positions. Although General Leslie Groves (US Army commander of
the Manhattan Project during the war) remained in overall charge, the individual
project sites suffered a sudden shake-up in leadership. Many laboratory staff
struggled to decide whether to accept jobs offered by the Manhattan Project labs
or to accept civilian positions in academia or industry. For women, the situation was
often complicated by having young children and, at least in Oak Ridge, Los Alamos
and Hanford, the rough housing built cheaply to accommodate wartime staff.

New PhDs were a different kettle of fish. Many of them had joined the
Manhattan Project straight out of graduate school and did not have established
careers to pursue. Several young married women PhDs who worked on the
Manhattan Project remained in the lab system after the war along with their
husbands and went on to distinguished careers.

Jane Hamilton (figure 2.1) grew up in Denver and studied at the University of
Chicago, where she was awarded her PhD in physics in 1942 [3]. There she met and
married David Hall, a fellow physics student. She taught for a year as an instructor
at the University of Denver and in 1943 both Halls joined the Met Lab, the
Manhattan Project site at the University of Chicago. In 1944, they moved to the
Hanford site, where Jane was a senior supervisor for DuPont [3], assigned to work
on health physics instrumentation since anti-nepotism rules did not allow her to
work with her husband on reactors [4]. In 1945, Enrico Fermi, then the director of
the Argonne site of the Met Lab in Chicago, brought Jane to Argonne as an
associate physicist and assistant to the director [5]. That lasted only two months
because David Hall had accepted a position at Los Alamos. Jane became a staff
member at Los Alamos in late 1945 [3].

AtLosAlamos, shewasamemberof the group thatdesignedandbuilt theClementine
reactor, the first plutonium-fueled reactor with liquid metal coolant. It went critical in
1946 and operated until Christmas Eve 1952. Reactor operator Jane Heydorn—
who arrived at Los Alamos as a member of the Women’s Army Corps (WAC)
and worked as a telephone operator before transferring to the electronics
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construction group, where she returned after her discharge—remembers that Jane
Hall trained her to operate Clementine in 1949, when she became probably the
first and only woman to operate a fast neutron reactor. She remembers that after
training, Jane Hall handed her the key to the reactor console and said, ‘Now it’s
all yours. Take good care of it.’ When Clementine shut down, Heydorn moved to
the midnight shift on the Water Boiler, another reactor fueled with weapons grade
uranium [6].

Jane Hall moved up the ladder of Los Alamos administration to become
Assistant Director, while conducting research on reactors, x-ray crystallography,
neutron physics and cosmic radiation. In 1967, she was named a member of the
AEC Committee on Nuclear Materials and Safeguards. She retired from Los
Alamos in 1970, but continued to serve as a consultant [7]. She served as secretary
of the General Advisory Committee (GAC) of the AEC from 1956–59 and was
named to the GAC itself as its first woman member in 1966 for a term to expire in
1972. On 6 October 1970, she was awarded the AEC Citation and a gold medal as
the first woman to receive this award [3].

Another example of a woman who stayed in the lab system, Elizabeth (Diz)
Riddle Graves, grew up in Oklahoma City and received her PhD in physics from the
University of Chicago, where she married fellow graduate student Al Graves. The
Graves moved to Austin, Texas but left in 1943 for Los Alamos. Although Diz
Graves had studied neutron scattering for her dissertation, she could not work at the
University of Texas because of anti-nepotism rules, and thus the young couple

Figure 2.1. Jane and David Hall at the controls of a cyclotron at Los Alamos Scientific Laboratory,
10 September 1947. Photograph courtesy of Los Alamos Historical Society Photo Archives.
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became separated, since Diz stayed in Chicago. Al Graves made it a condition of his
coming to Los Alamos that his wife should also be offered employment.

After the war, the Graves family remained at Los Alamos to raise their three
children. Al worked in the nuclear testing division and at the time of his death in July
1965 was division leader [8]. Diz worked in the physics division with fast neutron
experiments and at the time of her death in 1972 was a group leader there [9]. She
was known for her sense of humor and her indomitable devotion to her experiments.
She actually went into labor while working on an experiment and continued work
while timing her contractions with a stopwatch [10].

On 21 May 1946, Al Graves was in a group of seven men watching as Louis Slotin
demonstrated how to push two pieces of enriched uranium or plutonium towards each
other to measure the neutrons emitted as fissions were triggered by the neutrons they
exchanged. By measuring the distance and heat generated in the samples, he could
determine their content of fissile material. The experiment was done by pushing slugs
toward one another with a screwdriver and was known to be dangerous (it was called
‘tickling the dragon’s tail’!).

Slotin was training the men in his techniques when his hand slipped and the room
filled with a blue glow of ionization that meant a chain reaction had started. Slotin
flung himself over the experiment to push the pieces of fissile material apart. He
knew immediately that he had received a lethal dose of radiation. Al Graves had
been at Slotin’s shoulder when the accident started, and Slotin asked Diz to calculate
the dose the person at his shoulder had received without telling her that it was her
husband. Graves lived to die of a heart attack, but developed some symptoms of
radiation poisoning, including cataracts and temporary baldness [11]. Diz also
turned down an appointment to the AEC because she did not want to leave her
husband and family soon after the accident [12].

Yet another well-known woman physicist, Leona Woods (figure 2.2), received her
PhD in molecular spectroscopy from the University of Chicago in 1943 [13]. In 1942,
Met Lab moved into the basement lab where she was working on molecular
spectroscopy, and Leona was eager to join the group of intelligent young men who
played as hard as they worked [14]. The group built the first nuclear reactor, a ‘pile’
of graphite bricks with uranium spheres embedded in them, under the football
stadium of the University of Chicago. The group made history when this nuclear
reactor went critical on 2 December 1942 and produced the world’s first self-
sustaining, controlled nuclear chain reaction. Woods was included because her skill
as a glassblower enabled her to construct the neutron detectors that determined
when the pile went critical.

In July 1943, Woods married John Marshall, a physicist who had come to
Chicago from Columbia, and the couple helped rebuild the pile outside Chicago in
the Red Gate Woods, codenamed Argonne Woods, one of the temporary sites used
by the Met Lab prior to the establishment of Argonne National Laboratory. Leona
became pregnant and worked on the pile while hiding her pregnancy under overalls
and a denim jacket until the baby’s birth in 1944, when the Marshalls headed for the
Hanford site to help with the construction and operation of the plutonium

After the War: Women in Physics in the United States

2-4



production reactors. Leona’s mother moved, too, and with the help of Fermi’s
bodyguard, the baby was raised well [15]. At the end of the war, Leona received a
1946 Mademoiselle Merit Award along with Captain Arlene Schiedenhein,
commander of the WACs on the Manhattan Project, and the USS Missouri,
glamour girl of the fleet [16].

After the war, the Marshall’s returned to Chicago, where she became a research
associate at the Institute for Nuclear Studies of the University of Chicago in 1947.
Her work with Enrico Fermi supported a gradual transition from nuclear to particle
physics. Her second son was born in Chicago in 1949. When Fermi died in 1954,
Leona moved to the Institute for Advanced Study in Princeton, while John Marshall
moved to Los Alamos. Leona then worked as a visiting scientist from 1958–60 at
Brookhaven National Laboratory, before moving to New York University as an
associate professor. Although she had then been promoted to full professor, she
accepted an appointment as an associate professor of physics at the University of
Colorado at Boulder in 1963. She served as a consultant to Los Alamos, TRW Space
Systems Group and the Rand Corporation, which named her a staff member from
1966–70. Her interests evolved from nuclear physics to problems in fundamental
particles and cosmology.

Figure 2.2. Leona Woods Marshall at the University of Chicago in 1946. Photo courtesy of Argonne National
Laboratory.
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John Marshall had remained at Los Alamos during this time and in 1966 the
Marshalls divorced, with Leona then marrying Willard Libby, who was on the staff
at UCLA and had won a Nobel Prize in 1960 for the development of radiocarbon
dating. After four years of commuting, Leona accepted positions as a visiting
professor of engineering at UCLA and as a staff member at R&D Associates. In
1972, she dropped her affiliation with UCLA and worked full time with R&D
Associates. Her interests shifted to problems in cosmology and climate change. She
also wrote a book about her experiences in physics, The Uranium People. The
quality of her work is attested by the fact that she was a fellow of the American
Physical Society and the Royal Geographical Society, however, her peripatetic
career kept her from leadership positions, although she played important roles in
many projects [14, 15, 17].

The other women physicists who worked at Argonne National Laboratory
included two women born in Germany, future Nobel laureate Maria Mayer (whose
work will be described in a later chapter because her most famous discoveries were
made at the University of Chicago) and Luise Meyer-Schutzmeister [18–20]. Meyer-
Schutzmeister was awarded a PhD by the Technical University of Berlin in 1943.
While in Germany, she taught at the Technical University of Berlin, worked at the
University of Gottingen and served as a group leader at the Radioisotope
Laboratory of the Max Planck Institute for Medical Research. She married
German-born astrophysicist Peter Meyer, who specialized in cosmic rays, and
they immigrated to the United States in 1953, going to the University of Chicago,
where Peter was appointed to the faculty. Luise became a research associate at the
Institute for Nuclear Studies at the University of Chicago in 1953. In 1956 she
became an associate scientist in the Physics Division of Argonne National
Laboratory, and in 1973, a senior scientist. She conducted resonance absorption
and fluorescence measurements of gamma rays in nuclear reactions, was a member
of the team that provided the first independent confirmation of the discovery of the
Mössbauer effect and was involved in elucidating the structure of nuclear giant
resonances [19]. She continued her research studies at Argonne until her death in
1981. Luise and Peter had two sons [21]. Luise was recognized as a Fellow of the
American Physical Society. The Luise Meyer-Schutzmeister Award, named in her
honor, was created by the Association for Women in Science for graduate students
in physics [18, 19].

Physicist Kay Way had been the first PhD advisee of John Wheeler, a brilliant
theoretical physicist at the University of North Carolina. She obtained her PhD in
1938, taking the time to co-author three papers because there were no jobs. In 1938,
Way obtained a Huff Research Fellowship at Bryn Mawr College, followed by an
appointment as an instructor at the University of Tennessee. By 1942, she had been
promoted to assistant professor and was working on a project to build a neutron
source for the production of an isotope of plutonium from 239Np. She was then
recruited to the war effort to study mines and minesweeping. She heard rumors of
the Manhattan Project work in Chicago, called Wheeler, and soon found herself
helping Alvin Weinberg analyze neutron behavior in Fermi’s atomic piles, and
studying the systematics of the radioactive decay of fission products, which lead to
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the well-known Way–Wigner formula. In the early summer of 1945, Way moved to
Oak Ridge, Tennessee to work at the Clinton Laboratory of the Manhattan Project,
where large experimental reactors were under construction [22]. She had been
commuting between Chicago and Oak Ridge in an ancient car that she bought from
a friend for 150 US dollars. Her designs supported the plutonium production
reactors at Hanford, and she visited there, where she knew Jane Hall. She also
visited Los Alamos, since she knew about the ‘atomic bomb’ project [23].

When the war ended, Way recognized that the vast amount of data on various
nuclei collected during the war needed to be organized. So in December 1945, she
helped run a conference at Oak Ridge to examine the problem. The conference
eventually led to the formation of Oak Ridge Associated Universities, which
oversaw the operation of Clinton Laboratory when it became Oak Ridge
National Laboratory. In 1946, she also co-edited the book, One World or None,
an influential discussion of a nuclear world by many distinguished scientists,
including several Nobel Laureates, among them Albert Einstein. It was about this
time that the McCarthy hearings began affecting several staff members at Oak
Ridge. Meanwhile, Way continued to work at Oak Ridge on organizing nuclear
data, a vast and essential undertaking. In 1949, she moved to the National Bureau of
Standards in Washington to work full time on the data project.

In 1953, Way led the formation of the Nuclear Data Project, for which a group of
well-regarded physicists collected and organized data into the Nuclear Data Sheets,
which were used by almost all nuclear experimentalists well into the 1970 s. Also in
1953, Way moved to the National Research Council and back to Oak Ridge in 1963.
Throughout this period she continued her work on nuclear data. In 1954, she and
Marion Wood studied the systematic trends in the half-lives of beta decaying
nuclides and published a method for approximating the energy of beta decays in
isotopes where it has not been measured, the first example of what became known as
a Way–Wood systematic.

Way retired from Oak Ridge in 1968 and became an adjunct professor at Duke
University. She was a fellow of both the American Physical Society and the
American Association for the Advancement of Science [22].

Mary Langs started her university education at the University of Washington in
Seattle and received a fellowship to Mills College, where she earned a master’s
degree in 1941. She subsequently received another fellowship to George Washington
University. In 1942, she married Harold Argo, a fellow graduate student at George
Washington. As professors left for war projects, she taught freshman physics. Then
the Argos moved to Los Alamos, where they worked in Teller’s group doing
calculations in support of his project to produce a fusion bomb.

The Argos followed Teller to Chicago when he left Los Alamos in February 1946,
and Harold returned to graduate study. Mary worked briefly with future Nobel
laureate Maria Mayer and then started a family that would eventually grow to a
daughter and three sons. The Argos lived on the top floor of the Mayers’ house in
Hyde Park in Chicago. In 1948, the Argos moved back to Los Alamos, and Mary
Argo returned to work in 1960, doing opacity calculations until her retirement in
1984. She greatly enjoyed her work, never stopped learning and stayed in touch with
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Edward Teller, with whom she collaborated on several projects. Her husband
boasted that he never had to explain anything to her [24].

In many ways, Mary Argo’s career path was typical of those of younger women
who came to Los Alamos to work on the Manhattan Project. For example,
Margaret Ramsey came to Los Alamos in the spring of 1945 after completing her
bachelor’s degree at the University of Rochester, doing calculations in astrophysics
under the direction of Robert Marshak. In 1946, she left Los Alamos and studied for
a year at Indiana University before getting married in 1947 and moving to Cornell to
the complete coursework for her master’s degree from Indiana University. For the
next few years, she worked as a teaching assistant and a research assistant on the
photographic emulsions used to record nuclear events at the Cornell synchrotron
and at Caltech. At that point, she decided to drop out of physics [25].

The stories of Margaret Ramsey and Mary Argo illustrate the exodus of
scientists, both men and women, from the Manhattan Project labs. The labs in
turn recruited new scientists, including several women physicists. The four stories
told below illustrate the variety of women who took jobs at the labs after the war,
and how they balanced their work and their personal lives.

Judy Gursky (figure 2.3) graduated with a BA in physics from Mt Holyoke
College in 1947 and visited the office of the American Physical Society in New York
City because she had heard that they kept a card file of open jobs. Judy joined Oak
Ridge National Laboratory when she was 20 and worked in the physics division on
materials used for shielding, although she was more interested in nuclear level

Figure 2.3. Judy Gursky in her lab at Los Alamos. Photograph courtesy of Phillip Gursky.
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schemes. She then transferred to the electronics group, where she had a phenomenal
boss, P R Bell, with whom she spent three years developing and testing materials
made for scintillation counters, which also gave her the opportunity to work on
nuclear level schemes as a way of testing the detectors. She was of particular value to
the group: most male members of the group were color blind and could not read the
codes on resistors [26].

Judy then entered graduate school in physics at Vanderbilt University, where she
completed the course work for a PhD and met a fellow graduate student, Martin
Gursky, who was a theorist and had just finished his qualifying exams. Martin was
intrigued by the new female graduate student and introduced himself by sticking his
head into her office and asking, ‘Do you like chamber music?’ Judy and Martin were
married in 1953 and soon had their first child. Martin had to get a job while he
finished up his PhD. He went to Los Alamos accompanied by Judy and their child.
Judy completed her MS in 1954 and Martin completed his PhD in 1958 [26].

By 1955, the couple had a two-year-old son and a baby of eight months, but Judy
went back to work at Los Alamos. She was probably the first staff member hired
part time. She worked with the electronics group using radioactive lanthanum to
look at changes in density during an explosion. After a year, Judy transferred to P
(physics) Division, thinking that she would be working on nuclear decay schemes.
However, she was put to work making targets for the lab’s Van de Graaff
accelerator and the cyclotron, a critical skill in accelerator studies of nuclear
properties. Judy was good at it! The Gurskys had five children in eight years, and
Judy remained half time until all the children were in school, at which juncture she
was hired full time and continued making isotopically enriched targets for multiple
groups, including a number of visiting faculty members, such as physicist Fay
Ajzenberg-Selove. Judy helped form a group of target makers from around the
world who met to discuss techniques [26].

At Los Alamos, Judy Gursky worked alone, even declining a technician when she
was offered one. She had much useful consultation with the materials division. She
made targets from at least two-thirds of the elements, including all of the isotopes of
lead and platinum. She remembers carrying finished targets from her lab to the
accelerators in a box on her bicycle, since that was the fastest way to get them from
one place to another. In 1983, Judy retired although she worked as a consultant until
1993 when the Van de Graaff accelerator was shut down [26].

Like Gursky, Elizabeth (‘Beth’) Hebb graduated from a women’s college, Bryn
Mawr, with a BA cum laude and with honors, in 1950. She then moved to Indiana
University, where she obtained her master’s and PhD degrees in physics. She also
met her husband, Eugene Plassman, at Indiana University. He had fought in World
War II, then completed his undergraduate work at Hastings College in Nebraska,
and was working on his graduate degrees in physics at Indiana University. He had
visited Los Alamos as a summer student in 1953 and returned there in 1955 as a staff
member after a short stint at the University of Kentucky [27].

Beth moved to Bradley University in Peoria until her marriage to Eugene in 1955,
at which time she moved to Los Alamos, where she worked on materials for
weapons development. In 1960, she was appointed assistant group leader, in 1970,
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a group leader, and in 1981, an assistant division leader. In 1982, she was named
Associate Division Leader for Weapons Systems and in 1983 she also became
the Program Manager for Production and Surveillance. She retired in 1991 as
the Design Engineering Leader (also for weapons). At the lab, she was a member
and chair of the Staff Review Committee and the Nuclear Criticality Safety
Committee. She belonged to the American Physical Society and the American
Nuclear Society [28].

Her technical work on weapons development is classified. As an administrator,
she was in charge of managing groups of scientists and technicians, most of whom
were men. She recalled only one instance in her first year at Los Alamos where being
a woman made a difference. When merit raises were to be announced, Eugene’s
group leader called her group leader to make sure that her raise would not be larger
than his and cause bad feelings at home. She also fondly recalled that when she was
expecting her first child, the men in her group boiled water every morning without
any idea what role it would play in delivering a baby, but knowing that it was
traditional and feeling they owed it to her. One of them reports that they drank a lot
of instant coffee on those mornings. Beth left work two days before the birth of her
son, although she worked until the last minute before the births of her other three
children, two daughters and another son. She sometimes worked half or three
quarters time if the home situation demanded it, but usually worked full time as a
physicist and held another full-time job as a mother. She was well-liked, enjoyed
swimming and hiking, and was active in the community [29]. As one woman who
worked with her said, she was ahead of her time.

Gertrude (‘Trude’) Scharff Goldhaber arrived at the newly created Brookhaven
National Laboratory in 1950—as the first woman PhD hired by that lab—at an
older age and by a more devious path than those followed by Gursky and Plassman.
By the time of her death in 1998, she was a senior scientist at Brookhaven, a member
of the National Academy of Sciences and a fellow of both the American Physical
Society and the American Association for the Advancement of Science. She was also
a co-founder of Brookhaven Women in Science [30].

Trude completed her doctoral degree in Munich in 1935 with Walther Gerlach.
Her research concerned the way that stress affects magnetization in ferromagnetic
materials above the Curie temperature. She realized then that she needed to leave
Germany, so she fled to London, where she had difficulty finding a position, in part
due to the flood of refugees. After living on the proceeds of the sale of her camera for
six months and working as a translator, she finally accepted a postdoctoral position
with G P Thompson, working on electron diffraction. It was made very clear that
she would not receive a permanent position, so she searched for another job until she
married Maurice Goldhaber, a young American physicist whom she had met while
he was studying in Berlin. Maurice had a job on the faculty at the University of
Illinois, so the couple moved to Urbana, where their two sons, both of whom
became theoretical physicists, were born [31–33].

The University of Illinois had strict anti-nepotism rules and refused to hire
Trude in spite of her excellent credentials; nor could she be given a laboratory, so
she had to either quit physics or join in her husband’s research, without a salary.
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This she did, and managed to discover that neutrons were emitted in spontaneous
fission as well as in neutron-induced fission; however, the paper could not be
published until after the war. The Goldhabers would spend 11 years in Urbana,
during which time Trude would have no regular job, although after the war, she
was appointed a research assistant professor. The Goldhabers observed beta rays
impinging on lead atoms and rigorously demonstrated that the beta rays were
indistinguishable from electrons [31].

In 1950, the Goldhabers both accepted staff positions at Brookhaven National
Laboratory. There Trude worked on the collective excited nuclear states at low
energies, verifying the variable moment of inertia model by comparing the energies
of the first two excited states in several regions of the nuclear mass spectrum. She is
remembered for developing graphs to explain her results. She even managed to
publish a paper with her son Alfred, possibly the first paper published in physics by a
mother/son team [31, 32]. The importance of her cumulative work is evidenced by
the many honors she received, notably her election to the National Academy of
Sciences.

Another recruit to the National Laboratories, in this case to Los Alamos, was
Alice Hall Armstrong, known widely as Miss A. After Armstrong’s graduation from
Wellesley College in 1919 with a degree in physics, she took a job with the National
Bureau of Standards (NBS) in Washington, D C. The NBS certified the amount of
radium in sources used for cancer treatment in the US, and she thought the work
would be interesting. She worked as a laboratory assistant for about a year, checking
radium dial wristwatches for use by the army, and was then able to transfer to the
radium section as an assistant physicist [34]. She said that there were quite a number
(half a dozen) of women working at NBS at that time. She often worked late when
an unusually large shipment of radium came in. The female technician with whom
she worked and who had graduated from Bryn Mawr, Frieda Kenyon, was used to
guns, so she brought one in and planned to fire it twice out of the window of the lab
to alert the gatekeeper to call the police if needed. They never had to fire the gun, but
it made them much happier to have it [35].

The instrumentation they used to measure the radium in samples was a gold-leaf
electroscope, which they could charge and then discharge through ionizing the air
around it by bringing the radium sample to be tested close. They measured the time
it took to discharge the electroscope and compared it to the time it took a standard
source, made by Marie Curie, to discharge it. The standard was a small amount of
radium barium sulfate in a sealed glass capsule. The German standard had exploded
because of the buildup of radon gas, and one night when Armstrong was holding the
US standard in forceps, she either dropped it or it exploded. She notified the chief of
division immediately, terrified that she had destroyed the national standard. She was
given a sheet of brown paper and sent home to shake herself off, undress, wrap all
her clothes in the paper and bring them back to the bureau to salvage the precious
radium. This happened in 1922 after Curie’s visit in 1921, when Armstrong actually
met her [35].

Armstrong left NBS in 1922 and enrolled in graduate study at Radcliffe in order
to get a master’s degree and earn more money. The problem with physics courses
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