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PREFACE ix

Preface

On March 3, 1863, Abraham Lincoln signed the Act of Incorporation that
brought the National Academy of Sciences into being. In accordance with that
original charter, the Academy is a private, honorary organization of scientists,
elected for outstanding contributions to knowledge, who can be called upon to
advise the federal government. As an institution the Academy's goal is to work
toward increasing scientific knowledge and to further the use of that knowledge
for the general good.

The Biographical Memoirs, begun in 1877, are a series of volumes
containing the life histories and selected bibliographies of deceased members of
the Academy. Colleagues familiar with the discipline and the subject's work
prepare the essays. These volumes, then, contain a record of the life and work
of our most distinguished leaders in the sciences, as witnessed and interpreted
by their colleagues and peers. They form a biographical history of science in
America—an important part of our nation's contribution to the intellectual
heritage of the world.

PETER H. RAVEN
HOME SECRETARY

Copyright © National Academy of Sciences. All rights reserved.
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LLOYD VIEL BERKNER 3

Lloyd Viel Berkner

February 1, 1905-June 4, 1967

by Anton L. Hales

A Supreme Optimist, Lloyd Viel Berkner believed firmly that what should
be done could be done. He had the ability, furthermore, to persuade others that
this was so, thereby getting support for large, expensive projects. As his
contemporary, Merle Tuve, wrote:

The astonishing thing about [Berkner's] lifetime of varied activities is the
frequency with which his large-scale views and proposals were accepted and
worked out, to the mutual benefits of his colleagues and the public which
supported them, usually with public funds.!

He presented his views with vigor, yet Vannevar Bush (another
contemporary) was able to observe:”

Lloyd V. Berkner was undoubtedly one of the best-liked men in the whole
field of science and engineering.

He played a significant role in the scientific effort of World War II and,
after it, in the explosive development of public funding for science and
technology. At the same time he made major contributions to geophysics and to
the development of international cooperation in science.

Frederick Seitz relates the following early illustration of the Berkner style:

As a pall bearer at Berkner's funeral service in Arlington National Cemetery, I
stood next to an air admiral who had been one of Berkner's boy

Copyright © National Academy of Sciences. All rights reserved.
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hood companions. Like all of us present he was experiencing a profound sense
of loss. During one of the interludes in the ceremony, my companion said: "It
is because of Berkner that I am an air admiral. When we were in high school
together he read a newspaper article stating that the Navy planned to give
twenty high school students cadet training for the Air Reserve during summers
and invited applicants. Berkner said to me, 'We are going to take them up on
that.' I suggested that it was a pretty hopeless cause, but he felt the opportunity
was important enough to be worth a try. Both of our applications were turned
down, which led me to say 'I told you so.' Lloyd said, 'Look, we are going to
that camp and going to do from the sidelines exactly what everyone else does.
One day, two of the boys they picked will fall out, and you and I will fall in.' I
followed Lloyd's lead and we did exactly what he proposed, getting up with
the others at dawn and going through all the training routine. The officer in
charge of the program came up to us one day after about two weeks had passed
and said 'Hey! You two, come over here and get into line!'" That was our
admission to Naval Aviation!"

Berkner served in the Naval Reserve until 1965, when he retired with the
rank of rear admiral.

THE EARLY YEARS

Born in Milwaukee, Wisconsin, on February 1, 1905, Lloyd Berkner grew
up in Sleepy Eye, Minnesota. Already at age fourteen he was an enthusiastic
radio amateur with his own station, 9AWM, and before entering college set a
distance-speed record—using only homemade equipment—for relay-radio
communication from Connecticut to Hawaii and back.* At the University of
Minnesota, where he studied electrical engineering, he worked with the
university's experimental radio station to establish WLB, one of the Twin Cities'
earliest broadcast radio stations. He also joined the Naval Aviation Reserve,
took flight training, and devised, installed, and flight-tested a small VHF radio-
communication system for small naval aircraft. (One wonders how he found
time to do all this while completing his degree!)

For a year after graduating from Minnesota in 1927, Berkner

Copyright © National Academy of Sciences. All rights reserved.
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LLOYD VIEL BERKNER 5

worked on a radio-range system for the early airmail routes and on radio
navigation beacons for the Airways Division of the U.S. Bureau of Lighthouses.
Moving to the Bureau of Standards, he accepted an assignment as a radio
engineer with the Byrd Antarctic expedition. Leaving behind his new bride,
Lillian Fulks, he flew with Byrd on the first Antarctic flight—a reconnaissance
mission to find a path through the ice for the ship to reach the base. Once in
Antarctica, Berkner's major duty was to assist Malcolm Hanson in setting up the
radio communication equipment on which the success of the expedition
depended. Little America's seventy-foot antenna masts made radio
communication possible with the expedition's aircraft and stations all over the
world.

After the facilities at Little America were completed, Berkner returned
with the ships to Dunedin to set up a station that would link Little America with
the outside world. Extensive radio operations halfway round the globe to and
from Antarctica represented an early epoch in long-distance radio
communication and made the Byrd expedition an early "media event." Lillian
joined Lloyd in Dunedin, and later the two took part in the Byrd expedition's
triumphal tour of New Zealand.’

In addition to operating the relay link station for communications from
Antarctica, Berkner monitored the strengths of the signals from stations in Great
Britain and the United States. He reported his analysis of these data in his first
scientific publication.®

On returning to the Bureau in 1930, Berkner continued his study of radio
transmission conditions. He persuaded the Bureau’ to initiate a half-million
dollar project for studies of the ionosphere using radio-pulse transmissions—a
technique developed five years earlier by Breit and Tuve at the Department of
Terrestrial Magnetism (DTM), Carnegie Institution of Washington (CIW). This
was the first of his
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LLOYD VIEL BERKNER 6

many successes in getting order-of-magnitude funding increases for scientific
research.

During this period he studied ways to determine the fine structure of the F-
layer of the ionosphere, strove to develop a rationale for the prediction of long
distance short-wave radio propagation conditions, and analyzed ionosphere data
collected during the Second Polar Year (1932). But in the early years of the
Depression, the Bureau of Standards cut the ionosphere project's funds, and the
Carnegie group suggested that Berkner join DTM to continue ionospheric
research on a smaller and more personal scale.

CARNEGIE INSTITUTION OF WASHINGTON,
DEPARTMENT OF TERRESTRIAL, MANAGEMENT (1933-39)

In 1933 the activities of DTM centered on terrestrial magnetism. As acting
director John Fleming recorded in CIW's Year Book 31: "As in the preceding
year, the year July 1, 1931 to June 30, 1932 was given over largely to the
statistical investigations of the accumulated observational material and to the
development of the possible laboratory attack on problems in terrestrial
magnetism and electricity." Research at DTM, however, was neither as
circumscribed nor as pedestrian as this statement might imply.

Under Louis Bauer, DTM had completed a systematic magnetic survey of
the Earth, including biological, physical, and chemical observations made at sea
during the cruises of the nonmagnetic ship, Carnegie. It was the analysis of
these observations and the magnetic field observations to which Fleming
referred. Yet the staff published papers on all aspects of terrestrial magnetism
and electricity, including the relation of magnetic phenomena to solar activity
and the ionosphere. They also measured the direction of magnetism of rocks
and even of sedimentary cores from the North Atlantic.

Copyright © National Academy of Sciences. All rights reserved.
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But in the thirties excitement in physics centered in the atomic or nuclear
fields, and—not surprisingly—DTM physicists became involved in these fields.
Begun in 1926, the atomic physics program was "a deliberate attempt to provide
a new means of attack on some of the most basic problems in magnetism and
physics by the development of artificial (high voltage) sources of high-energy
particles and radiations" (CIW Year Book 31). These experiments included
proton-proton, neutron-neutron, and proton-neutron interactions, as well as
various "transmutation" phenomena. The most exciting results were achieved in
1939 when—following the discovery of nuclear fission of uranium by chemical
methods (in the language of the Year Books, "atomic transmutation")—DTM
nuclear physicists were able to confirm fission of uranium under bombardment
by neutrons. The possibility of a chain reaction, and of whether atomic energy
in amounts of practical importance could be developed, were mentioned in Year
Book 39.

The staff of DTM was a small and coherent group, all well aware of what
each other was doing. It was in this environment that Berkner's scientific
interests developed. Their regular conferences on ionospheric research and
theoretical physics brought visitors from all over the world, and during this
period, Berkner developed his appreciation of geophysics as a global science
dependent on worldwide observations.

At DTM, Berkner worked on the ionosphere-sounding program, and all his
papers were concerned with the ionosphere (and its relation to terrestrial
magnetism, solar activity, and radio transmission) or to the development of
equipment for ionospheric observation (as, for example, the continuously
recording, automatic ionosphere recorder).

In 1936 Berkner and his wife visited Germany and England. In England he
met Sir Edward Appleton, who then
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LLOYD VIEL BERKNER 8

led the British research on the ionosphere. He also attended his first
international meeting, the General Assembly of the International Union of
Geodesy and Geophysics at Edinburgh.

In 1938 the Berkner family spent some months at the Carnegie Magnetic
Observatory at Watheroo, Australia, which proved to be a great family
experience. Travelling by ship to England, they then sailed the Suez Canal route
to Australia, with stops at many ports on the way. There followed nine months
of life in the Australian outback while Lloyd first installed an automatic
ionosphere-sounder, then worked on the records he received from it. On the
way back to the United States, he lectured on aspects of ionospheric research at
universities in Australia and New Zealand.

As Henry Booker wrote of this period of Berkner's career:

In the 1930s only two or three people in the world were thinking about
automatic ionospheric observatories. Of these few, the one who conceived,
designed, built, installed, operated, and exploited scientifically the first group
of successful ionospheric observatories was Lloyd Berkner ... While this
period of Berkner's career was dominated by the creation of a new style of
ionospheric sounding equipment, and while this type of equipment became of
great practical importance for radio communications, his personal objective in
the endeavor was to further the science of geophysics .... With these sounders
many ionospheric phenomena now well known were clearly recognized for the
first time.®

Berkner, Wells, and Seaton published more than fifteen joint papers
describing these phenomena before the outbreak of World War I1.°

It is clear that in the eyes of DTM's three ionosphere researchers and of
other colleagues at DTM, their research was pure, or basic, science. Yet it
would be hard to argue they never had practical ends in mind. Their work on the
ionosphere may not qualify as basic science according to
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Vannevar Bush's definition of basic research as an endless frontier, research
"performed without thought of practical ends."!” Yet basic and applied science
are often linked more closely than Bush's definition implies, with the distinction
left to the taste of the researcher.

In 1939 Vannevar Bush was president of the Carnegie Institution of
Washington. He was also chairman of the National Advisory Committee for
Aeronautics and thus had contacts with the White House staff. Convinced that
war was coming and that science must play an important role in the impending
conflict, he met with President Roosevelt in June 1940. Out of this meeting, the
National Defense Research Committee (NDRC) was born. NDRC—Iater the
Office of Scientific Research and Development—was to enlist civilian scientists
to work in university laboratories on projects deemed by the Committee to be of
importance to the war effort.

Naturally enough, some of the early projects were at DTM: development
of a network of ionospheric-sounder stations in the western hemisphere, so that
optimum communications frequencies could be predicted; development of a
proximity fuse; and atomic fusion experiments using high-energy neutron
bombardment of uranium. Long before Pearl Harbor, Berkner worked with
Harry Wells on the ionosphere-sounder network and with Merle Tuve on the
proximity fuse.

In 1941 Berkner spent a few months in Alaska with Lillian and his two
daughters, Patricia and Phyllis, working on the installation of an ionosphere
sounder at College, Alaska, which he envisaged as the first stage in the
development of a complete geophysical observatory in Alaska.

When the Office of Scientific Research and Development (OSRD) was
formed, Bush appointed Berkner as his assistant, but in September 1941, the
Navy recalled him to ac
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LLOYD VIEL BERKNER 10

tive duty to organize a radar section in the Bureau of Aeronautics. Soon
thereafter he was given charge of all naval aviation electronics engineering.
Berkner worked tirelessly to supply radar to Naval aircraft as fast as possible,
vigorously supporting the development of airborne radar to make fighter
aircrafts' protection of the fleet at night more effective.

Of Berkner's wartime work, Admiral Hall said: "The Navy benefited much
from Lloyd Berkner's work then.... Although professionally demanding, he was
a leader, not a cold driver. Ashore or afloat, he would suggest some idea or
means of solving a problem not previously considered. He was persuasive and
men liked working for and with him."!! The Navy awarded him the Legion of
Merit and the Secretary of Navy's Commendation with ribbon. The British,
conferring on him the Order of the British Empire, called him "a cooperative
friend and forthright critic."

THE POST-WAR YEARS (1946-51)

Berkner returned to DTM in 1946 as chairman of the Section of
Exploratory Geophysics of the Atmosphere. For much of the period from 1946
to 1951, however, he was on leave of absence to study the interaction between
government and science, and Harry Wells managed the Section as acting
chairman. In 1946, Vannevar Bush became chairman of the joint Research and
Development Board created by the Departments of War and Navy,'> and
Berkner was appointed executive secretary of the Board.!* As such he was
responsible for the creation of committees, panels, and other mechanisms for
involving the scientific and technological community in military R&D.

After this assignment he returned to DTM, but was there barely a year
when he was named special assistant to the Secretary of State and granted
another leave of absence.
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LLOYD VIEL BERKNER 11

He headed a committee that planned and programmed the Military
Assistance Program for the North Atlantic Treaty Alliance, saw this program
through Congress, and put it into effect.

His next stint at DTM was broken by a study, carried out with a committee
of the National Academy of Sciences, of the growing impact of science on
foreign policy. The report issued by that committee, Science and Foreign
Relations—often called the Berkner Report—recommended the appointment of
a science advisor to the Secretary of State.

In 1950, during an after-dinner speech at a conference on ionospheric
physics at State College, Pennsylvania, Berkner outlined another pressing area
of ionospheric research.'* He stressed that solving dynamical problems of the
outer atmosphere required a major effort, suggested several directions such an
effort should take, and then launched into a discussion of the evolution of the
Earth and its atmosphere and the role oxygen had played in the emergence of
life from the ocean. During the sixties, Berkner himself returned to his earlier
interest in the study of the Earth's atmosphere.

ASSOCIATED UNIVERSITIES YEARS (1951-60)

In 1951 Berkner became the first full-time president of Associated
Universities Inc. AUI is an autonomous, nonprofit corporation set up by nine
northeastern universities to organize and operate a nuclear research center and
provide large, complex research equipment—such as accelerators and nuclear
reactors—for use by the community.

By 1951, Brookhaven National Laboratory was already well established,
and the AUI trustees, in appointing a fulltime president, sought to insure a
broader role for AUI in scientific management. Berkner chose to give
Brookhaven only general oversight, leaving control of the laboratory in

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/2037.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.
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the hands of the director. At Brookhaven during this period, new high-energy
particle accelerators were developed.

In his early years at AUI, Berkner was involved in a number of defense-
related studies. One of the more important of these was the M.I.T. summer
study program, Project Lincoln, that led to the creation of the Distant Early
Warning (DEW) line in the Arctic.

In 1954 AUI undertook responsibility for the organization of the National
Radio Astronomy Laboratory at Greenbank, West Virginia. The first telescope,
an eighty-five foot dish, was completed in 1958. The construction of the high-
precision, fully steerable, 140-foot-diameter telescope—although beset by both
financial and technical difficulties—was well under way by 1960, though it was
not completed until 1963. It was during his years as AUI president that
Berkner's involvement in national and international science reached its peak.

BERKNER'S ROLE IN NATIONAL AND INTERNATIONAL
SCIENCE

At the Edinburgh General Assembly of IUGG in 1936, Berkner became
secretary of a joint committee of IUGG and URSI (the International Union of
Radio Sciences). In 1946 he was active in the discussion that led to the
reorganization of IUGG and in 1948 became a member of its executive
committee.

Berkner's greatest contribution to international science was his suggestion
(in April 1950 at a party at Van Allen's home in honor of Sidney Chapman) that
a third International Polar Year should be arranged twenty-five years after the
second, instead of after the customary fifty years. Berkner argued that
technologies developed during the war years would make possible more
effective study of Antarctica, that 1957-58 would be a year of sun spot
maximum, and—
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what J. Tuzo Wilson called "the most persuasive of all"—that those present at
the party would be able to participate in 1957-58 but not in 1982-83.'5 Berkner
envisaged a global program, not one restricted to the polar regions, and Sidney
Chapman later suggested it be called the International Geophysical Year (IGY).

The International Council of Scientific Unions (ICSU) created a Special
Committee for the International Geophysical Year (CSAGI) with Sidney
Chapman as president, Berkner vice president, and Marcel Nicolet secretary-
general. Of this group, it was Berkner who took the lead in promoting what
would become the first of the great international programs in geophysics.
Berkner served on the executive committee of the U.S. National Committee,
recruiting Kaplan, Shapley, and Gould to act as chairman and vice chairman of
the National Committee, and chairman of the Antarctic subcommittee,
respectively.

As a result of the IGY and of resolutions passed at the URSI and ITUGG
General Assemblies in 1954 (endorsed by CSAGI later that year), which drew
attention to the advantages of satellites for studying various aspects of solar
activity and their effect on the ionosphere, the satellite programs of the United
States and the USSR began.

When the resolutions were considered by the U.S. National IGY
committee, there were differences of opinion within the committee. Berkner and
Athelstan Spilhaus were vigorous advocates of a nonmilitary U.S. space
program, but others doubted whether this was really science and whether it was
wise for such a large expenditure to be undertaken under the aegis of the IGY
committee. Eventually, in July 1955, President Eisenhower announced that
there would be a U.S. space program, and not long thereafter the USSR
announced a similar program.

As is well known, it was during a reception in honor of
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CSAGTI delegates at the Russian Embassy in Washington on October 4, 1957,
that Walter Sullivan of the New York Times told Berkner TASS had announced
the launch of Sputnik 1. Berkner immediately announced this publicly,
congratulating the Soviets on their achievement. The first U.S. satellite,
Explorer I, was launched on January 31, 1958. Those who believed that the
satellite program would make contributions to science were vindicated when
Van Allen announced on May 1, 1958, the discovery of the first of the Van
Allen radiation belts as a result of an analysis of observations from Explorer 1.

The major and most enduring of IGY achievements was its demonstration
that international cooperation in solving problems of global science could work.
In 1959, the Antarctic program culminated with the signing of the Antarctic
Treaty, which reserves the continent for peaceful and scientific purposes. By the
end of IGY, furthermore, the satellite programs had also made major
contributions to the understanding of the upper atmosphere. And in all of this,
Berkner was highly influential.

Before the end of the International Geophysical Year, the NAS's IGY
group recognized that a mechanism for scientific advice regarding the
continuation of the space exploration program would be needed and made a
proposal to Detlev Bronk, then president of the Academy, for the creation of a
Space Science Board. The Board was created in 1958, before the establishment
of NASA. As its first chairman, Berkner was, in the words of Frederick Seitz, "a
key figure in the advisory structure which guided the evolution of the new
agency."!®

Berkner became president of ICSU in 1955 and was one of those
responsible for the creation of the Committee on Space Research (COSPAR),
the international committee for the promotion of international cooperation in
space
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science. Professor W. J. G. Benyon, who was president of URSI in 1954 when
the satellite resolution was passed, is quoted by Odishaw as paying tribute to
Berkner's role. "Berkner was a man of considerable foresight—indeed in some
ways he could be termed a scientific visionary. More than anyone else he
brought new life and vigor into international cooperation."!” Berkner became
president of URSI in 1957.

Berkner was elected president of the American Geophysical Union (AGU)
in 1959. The Union was a flourishing body but, at that time, its only publication
was the Tramsactions. For a number of years DTM had published a journal
called Terrestrial Magnetism, renamed Journal of Geophysical Research in
1950, with Merle Tuve as editor. By 1958 Tuve had grown weary of being
editor,'® and Berkner, who was president-elect, and Maurice Ewing, who was
president, took the opportunity to bring the journal under the control of Union-
appointed editors Philip Abelson and Jim Peoples. The financial support needed
for this initial phase was obtained from the National Science Foundation.

From this small start the very strong AGU publication program of today
has developed. Abelson remarks that, while president, Berkner "brought about
changes that made the Union the vital organization it is today. .. . Lloyd Berkner
was a man of energy and imagination. He had a liking for people and an ability
to identify talent among them. He selected grand objectives and then moved
decisively, working with others to achieve the goals. Lloyd was an organization
man in the best sense of the word. He understood well how much people
working together can accomplish."!”

One of Berkner's other activities of this time was to chair the Panel on
Seismic Improvement,?° as a result of doubts about whether the monitor system
proposed by the 1958

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/2037.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

LLOYD VIEL BERKNER 16

Geneva Conference was adequate. Their report, written in only three months,
was the blueprint for seismology during the ensuing twenty-five years. Only
recently, aided by instruments that give much more complete coverage of the
seismic frequencies, have we gone beyond its original vision of processes
within the Earth and what can be found out about them. Berkner's role on this
panel was described to me by one of the participants: "Berkner had a larger
vision of what was needed to make seismology into a modern science than
many of the [other committee] members;" and by another: "Lloyd's contribution
was to put things into perspective."

Berkner became a member of the Academy in 1948 and was involved in its
affairs until his death in 1967. He worked through the Academy in all of his
activities in international science. In 1960 he became treasurer and, according to
NAS President Frederick Seitz, "revamped the Academy's investment and
business operations."?!

One of Berkner's Academy activities in the 1950s was to serve as co-
chairman of the National Committee for Meteorology. Convinced of the need
for a national center for atmospheric research, he and others made the case that
led to the creation of the National Center for Atmospheric Research, supported
by the National Science Foundation, in Boulder, Colorado.

From 1956 to 1959 Berkner served on President Eisenhower's Science
Advisory Committee. In 1958 he returned to Antarctica, revisited the 1928-30
Byrd expedition base at Little America, and wrote a report for President
Eisenhower. This report was a factor in the President's decision to continue a
U.S. Antarctic program after the end of the IGY. An island in the Weddell Sea
was named Berkner Island in recognition of his contributions to the
development of research in the Antarctic.
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GRADUATE RESEARCH CENTER OF THE SOUTHWEST

Berkner joined the board of Texas Instruments in 1957 and—in discussion
with Erik Jonsson, Cecil Green, and Eugene McDermott—became aware that a
number of leaders of the Southwest community, concerned about the

serious problems facing the intellectual and economic growth of the Southwest

in this technological age, . . . realized the imperative need for the generation of
an intellectual and scientific climate in the region to ensure its healthy
development.??

As Tuve describes Berkner's reaction to this problem:

With his typical focus on [those] events and problems forming up to trouble us
some years in the future and stimulated by the geographical imbalance so
readily observable in higher educational establishments and research activities
in the United States, Berkner undertook in the late nineteen-fifties to alert the
Midwest and the South to their shortcomings in these areas.?®

Leaders in the Dallas community had set up a Graduate Research Center at
Southern Methodist University to provide broad support for graduate activities,
but Berkner soon became convinced that so complex a problem required more
direct support. As rapidly as qualified faculty were found for the graduate
school, for instance, they came under intense pressure to go to more
scientifically and technologically advanced regions of the country. Berkner
envisaged the creation of a community of scholars in an institution devoted to
postgraduate education and research. On February 14, 1961, with the support of
the community, the Graduate Research Center of the Southwest—subsequently
renamed the Southwest Center for Advanced Studies—came into being.

Berkner expected the Center, with grants from federal agencies, to become
self-supporting within a few years. The Center had not yet reached this goal,
however, when he
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suffered his first severe heart attack in June 1964, only two years after the first
staff members had joined the Center. After two months in hospital and several
more recuperating, Lloyd was forced to curtail his activities on behalf of the
Center. Deprived of his full leadership, the Center still was not fully self-
supporting in 1967, the year he died.

In 1969, after lengthy discussion, the Center became the University of
Texas at Dallas, with undergraduate programs for juniors and seniors and a
limited graduate program. Politically necessary though it may have been, it is
my view that the decision to restrict the University to the last two years of an
undergraduate program could only prevent its achieving the level of excellence
Berkner and the founders of the Center envisioned.?* It will never be known if
Lloyd would have succeeded in achieving his goals for the Center and the
region, or whether the problem of geographical imbalance was too intractable
for a short-term solution. Clearly the long-term solution is still to come.

Although he curtailed his activities on behalf of the Center, Lloyd was
constitutionally unable to take things easy. Together with Lauriston Marshall,
he continued studying the evolution of Earth's atmosphere, the main theme of
his after-dinner speech to the ionosphere conference at The Pennsylvania State
University in 1950. Their view was that Earth was formed without an
atmosphere, or had lost its initial atmosphere at an early stage of its history. The
present atmosphere has formed as a result of the release of gases from the
interior, the three most plentiful being water, nitrogen, and carbon dioxide—
most of which were removed from the atmosphere to form carbonate rocks. It is
not possible for the oxygen of the atmosphere, however, to have come from the
interior as oxygen, and it must have been derived in some way from the water
(perhaps by photodissociation) and from the carbon dioxide (by photosyn
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thesis). Once the water was broken down, its oxygen would have recombined
with the hydrogen unless the hydrogen was able to escape, so that the major
source of Earth's oxygen would have had to be carbon dioxide, with the carbon
deposited as fossil fuel and in sedimentary rocks.?’

These studies alone were not enough to keep Lloyd occupied. He
continued to make speeches stressing the importance of technology in
improving the lot of mankind, while at the same time stressing that "no
technology, however powerful, can solve the problem of an exponentially
increasing population." Berkner fully embraced Francis Johnson's observation
that "it must be recognized that a biological population will expand until
something limits it; this can be deliberate control or it may be hunger or
pestilence."?¢

LLOYD BERKNER, THE MAN

At the dedication of the University of Texas at Dallas's Lloyd Berkner
Hall, many tributes were paid to Lloyd Berkner as a colleague. Two of those
tributes describe the man so well, they are worth quoting here. Odishaw said:

For Berkner came upon you as though on a wave. A large man, large in
physique, large in thought and deliberation, large in style and substance. . .
One general trait of his . . . not generally known . . . [in addition to] his good
judgment about people, [was] his warmth toward the young.

Or as Erik Jonsson put it:

Now permit me to look at Lloyd, the man, as my colleagues and I know him in
SCAS: brilliant, kindly, good-humored, far-seeing, determined, yet patient
with his fellows and a beloved friend . . . . Large of body as well as intellect,
Lloyd moved easily in any segment of the diverse society and environment
between the two Poles. Always he seemed to be "at home" and enjoying
himself.

As I have said before, Berkner believed that what should be done could be
done, and in that sense he was an optimist. But this optimism was never ill-
founded. His goals
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were always achievable and almost always achieved (one major exception being
his unsuccessful proposal to the National Science Foundation for a national
geophysical institute.?” )

Berkner liked to do things quickly. His accomplishments during his short
spells as executive secretary of the Research and Development Board of the
Department of Defense, and at the State Department setting up the Military Aid
Program for the North Atlantic Treaty Organization, attest to this. That he was
aware of this innate hastiness is shown by self-deprecatory comments he made
while speaking to Dael Wolfe, as quoted by Milton Lomask?® :

It's a good thing they picked Alan [Waterman to direct the National Science
Foundation]. He's been slow and cautious, and sometimes people have been
irritated by the way he has handled things. But he has been a steady and
constructive builder. Had I been director I would have moved too fast, and the
Foundation would probably have been torn apart by now. But being aware that
he sometimes moved too fast did not affect Berkner's style of achieving his
ends.

One factor in his success was his great ability to present a cause so
cogently that others found the case difficult to refute. Another was that he
enjoyed committees. He was a good committee member and an excellent
chairman. He always studied the relevant papers before a meeting. He allowed
discussion to continue until he thought all points of view had been expressed,
then presented his own summation of the consensus. His timing and judgment
were good, and in most cases his conclusion was close enough to the views of
the majority that the committee found it acceptable. It was at a committee
meeting of the Council of the Academy that he suffered his last, fatal heart
attack.

In the years between 1964 and 1967 Lloyd was busier than some of his
friends thought was good for him, but when this was put to Lillian Berkner, she
replied: "When
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Lloyd is doing nothing he is miserable; when he is busy he is happy and will die
happy. I would not have it otherwise."

Berkner never found time to complete a Ph.D., there having always been
more urgent science on his agenda, but he was awarded twelve honorary
degrees (the D.Sc. from the Brooklyn Polytechnic Institute [1955], Dartmouth
College [1958], and the universities of Calcutta [1957], Notre Dame [1958],
Columbia [1959], Rochester [1960], and Tulane [1961]; the Ph.D. from the
University of Uppsala [1956]; the LL.D. from the University of Edinburgh
[1959]; and the D.Eng. from Wayne State University [1962] and Nevada's
Lafayette College [1965]), and numerous other awards. His field was
geophysics, and he received both the Fleming and Bowie medals of the
American Geophysical Union.

More importantly, he was—and is remembered by his friends as—a man
of vision.

I am greatly indebted to Lloyd's daughter, Patricia Berkner Booth, for
providing me with a copy of an essay, "Lloyd Viel Berkner—Man of
Distinction," written by Lloyd's grandson, C. Arthur Booth, in 1978; and also to
Francis Johnson and Al Mitchell of the University of Texas at Dallas for
making available to me copies of materials from the University's archives. My
especial thanks to Professor F. Johnson for sending me a copy of the speeches
made at the dedication of Lloyd Berkner Hall in 1973.
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Robert Bigham Brode

June 12, 1900-February 19, 1986

by William B. Fretter

Assisted by David L. Judd

The Eminent Physicist, distinguished educator, public servant, academic
statesman, and professor emeritus of the University of California, Robert
Bigham Brode, died February 19, 1986, at his home in Berkeley, California.
Robert was one of triplets born June 12, 1900, in Walla Walla, Washington.
Following the example of their father, professor of biology at Whitman College,
Robert and his brothers, Wallace and Malcolm, all became distinguished
scientists.

EDUCATION

Bob Brode's young life included not only science but also a general
cultural education. During those early years he became a proficient flute player,
contributing enjoyment to others and gaining personal pleasure for many years.

Leaving Whitman with a bachelor's degree in 1921, Brode went to the
California Institute of Technology, where he earned the Ph.D. degree in physics
in 1924. By so doing he took his place at the head of a long line; 1924 was the
very first year in which this degree was awarded by Caltech, which was then,
under the direction of Robert A. Millikan, developing its scientific program.
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PREWAR RESEARCH AND TEACHING

Brode's first research, published in 1925, showed that molecules such as
nitrogen and carbon monoxide, or methane and argon—having similar
arrangements of their external electrons—have very similar cross-sections for
collisions with slow electrons, leading to results that are difficult to explain
using classical physics. Not until 1966, when modern computers to evaluate
numerically the wave-mechanical analysis became available, were his results
completely understood. From then on his early work was widely used in
analysis of data concerning the scattering of charged particles at low energies.

Brode started his professional experience as an associate physicist in the
Bureau of Standards. He held a Rhodes Scholarship at Oxford in 1924-25, a
National Research Fellowship at Gottingen in 1925-26, and a research
appointment at Princeton in 1926-27. He married Bernice Hedley Bidwell on
September 16, 1926.

Brode came to the University of California at Berkeley in 1927 as an
assistant professor of physics and rose very rapidly to the rank of full professor
in 1932. During these years he was energetically establishing his program of
research in the growing department, continuing his work on interactions of slow
electrons in various gases, a field now important in research on plasma physics.
Workers at several European laboratories, in particular Dr. L. LePrince-Ringuet
and Dr. P. Auger in Paris, were involved in similar research.

Brode was especially pleased to be awarded a Guggenheim Fellowship for
study in Cambridge and London in 1934-35, as he had developed a great
affection for England from his rewarding stay in Oxford as a Rhodes scholar ten
years earlier. He, his wife, and their two small sons also enjoyed a warm
friendship with the family of P. M. S. Blackett of Birkbeck College, London.
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During this period Brode transferred his activity from very slow electrons
to very fast particles, the heavy components of cosmic radiation. He became
enthusiastic about the scientific results that could be obtained by applying
Blackett's techniques involving counter-controlled cloud chambers to study the
specific ionization and momentum of these particles.

Returning to Berkeley, Brode continued these studies with a succession of
students, starting with M. A. Starr. He reported on the design and characteristics
of a magnet for cosmic ray cloud chamber studies in which the mass of the
mesotron was measured by using a drop-counting technique in the magnetic
field. With his student, Dale Corson, he was able to separate electrons, protons,
and mesons and to measure their masses. In 1938, Corson applied the drop-
counting technique to confirm the theoretical prediction that specific ionization
for electrons should increase with increasing energy for relativistic mass above
about four times the rest mass.

Brode was always interested in teaching both undergraduates and
graduates. He was well remembered by many students as the instructor in the
upper-division course on electricity and magnetism. He participated regularly in
the Monday Night Journal Club started by Ernest Lawrence in the 1930s, often
contributing reports of his own research and keen comments on the work of
others. In the years 1930-43 fifteen graduate students conducted their research
under his direction. During the intensely active period of research and
development before World War II, this work resulted in improved equipment
and analysis, contributing substantially to the development at Berkeley of a
world-class physics department.

WAR SERVICE

Brode's work with cosmic rays was interrupted by the war. Going first to
the Applied Physics Laboratory at Johns
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Hopkins, he played a leading role in the successful research and development
effort on the amplitude-operated radio proximity fuse. When the Los Alamos
project was established in 1943, among its many problems was the development
of a fusing mechanism to detonate a bomb at a specific height above the terrain.
New methods were needed because of the size of the explosion and the
unprecedented level of reliability required, but the proximity-fuse problem had
elements of similarity, so the project's leaders—many of whom had been
Brode's colleagues at Berkeley before the war—sought his talents. Thus it
happened that he joined the project at the start, and his wife and sons arrived a
few months later. During his entire period "on the mesa" from 1943 until he
returned to Berkeley in 1946, Bob Brode was in charge of the "fusing group.

Their early work was directed toward adapting proximity fuses and
developing barometric-pressure switches. The latter program led to creation of a
sizable organization that, in cooperation with the Air Force at distant air bases,
used elaborate instrumentation to collect and interpret data on the evolving
designs. Early in 1944 it became evident that the range of proximity fuses was
inadequate for the increased estimate of detonation height, and that barometric
switches were incapable of the required precision. Brode and his group then
focused their efforts on a newly developed simple radar, which was tested
extensively, using the experience and the organization from the earlier field
tests. A large number of systems were dropped from barrage balloons in New
Jersey and on dummy bombs from aircraft based at Wendover Field, Utah. An
elaborate design evolved using several radars, together with banks of clocks
with pull switches and barometric switches to arm the system after leaving its
aircraft, all in series-parallel
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arrays to guard against trouble from premature operation or failure of any
individual component.

The planning and design began in August 1944 and resulted in production
of operating units almost a year later. The pace of the work, like every other
activity at Los Alamos, was limited chiefly by the number of hours each leader
was able to drive himself and his team. Brode had recruited a mixed group of
fourteen civilians, twelve reserve military officers, and thirty-seven special-
detachment army privates recently drafted after obtaining college degrees in the
sciences. In most accounts of the Manhattan Project the work of this group has
received little attention, yet it was essential. The quality of its field work was
praised by the commanding officers at each of the four sites involved, and the
fusing systems on both bombs used to end the war operated perfectly. The
group's dedication and skill reflected Bob Brode's leadership and the example
he set. One of its members wrote, "No one could have had a more inspiring,
demanding, and sympathetic boss under those remarkable conditions. Bob and
Bernice were outgoing and hospitable to young people. They enjoyed the New
Mexico ambience when time allowed, folk-dancing to all hours on occasion.
Bob played the flute in the local amateur symphony. They were a sincere,
sophisticated but unaffected couple doing all they could to help others and to
maintain a civilized environment during times of great stress."

POSTWAR TEACHING AND RESEARCH

After the war, Brode resumed his teaching and research on measurements
of momentum, specific ionization, and range of cosmic ray mesons. Using a
cloud chamber in the field of a permanent magnet, he made observations of
cosmic radiation particles in a B-29 aircraft at 30,000 feet. He also returned to
guiding the research of graduate students,
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supervising another twenty-two of them between 1946 and 1957, for a total of
thirty-seven students, who have made significant scientific, academic, and
administrative contributions. They included Dale R. Corson, president and
chancellor of Cornell University (1969-79) and William B. Fretter, vice-
president of the University of California (1978-83).

He continued to be active in undergraduate education; in the middle 1960s
he assisted the U.S. Educational Commission in its mission to many European
countries, and took particular interest in the awards of Hayes-Fulbright
fellowships. From 1962 to 1965 he was the chairman of the Committee on
Physics Faculties in Colleges (COPFIC) formed by the American Association
of Physics Teachers and the American Institute of Physics, which reported on
methods for improving the teaching of physics in colleges.

A Fulbright Fellow in 1951-52, Brode was again able to work in England,
this time on research in Manchester, where he renewed ties with physicists he
had known earlier.

Robert Brode was a member of a large number of scientific, academic, and
honorary organizations; in many of them he was sought out for positions of
service and leadership. These include the International Union for Pure and
Applied Physics (vice-president); American Association for the Advancement
of Science (president of the Pacific Division); National Research Council
(chairman, Physics Division Executive Committee); American Association of
University Professors (vice-president and other offices); American Physical
Society (member of the Council); National Science Foundation(associate
director for research); and International Council of Scientific Unions (U.S.
delegate). He served on the board of editors of Reviews of Modern Physics, on
selection panels for Rhodes Fellowships, John F. Kennedy Foreign
Scholarships, and Fulbright Scholarships,
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and on panels for awards by the U.S. State Department, the U.S. Atomic Energy
Commission, and the Institute of International Education. He was also an
associate of the Carnegie Institution and a member of the American Academy
of Arts and Sciences, the Washington Academy of Sciences, the Optical Society
of America, the American Association of Physics Teachers, the American
Institute of Physics, Phi Beta Kappa, Sigma Xi, Delta Sigma Rho, and other
groups. He was acting director of the Space Sciences Laboratory at Berkeley in
1964-65 and was director, in London, of the University's Education Abroad
Program in the United Kingdom in 1965-67.

ACADEMIC STATESMANSHIP

After the war Brode was increasingly sought out by his professorial
colleagues at Berkeley to become a leading member of the Academic Senate.
Brode was a firm believer in faculty self-governance at the University of
California. During the difficult era of McCarthyism, when the university was
rent by the oath controversy, he was a vigorous leader of the faculty, serving as
chairman or member of its most important committees; his integrity,
forthrightness, and deep concern for the welfare of the entire university
community were widely respected. In these roles, and through the American
Association of University Professors, for which he served as vice-president and
in a variety of other posts, he exerted strong and ultimately successful efforts to
restore full academic freedom.

Brode rendered long service to the university as academic assistant to two
of its presidents, Clark Kerr (1960-65) and Charles J. Hitch (1972-73), as well
as to the vice-president for academic affairs, Angus E. Taylor (1967-72). In this
capacity, his wise counsel covered a wide range of subjects, including academic
freedom, reorganization of
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the Academic Senate, admission and enrollment issues, standards of peer
review for faculty, and the changing status of the ROTC programs on the
campus. President-Emeritus Kerr has written of his service, "Bob Brode was
one of the great statesmen of the Berkeley faculty. He gave me the best advice 1
got from anyone. He was always the wise, active, devoted, unselfish leader of
faculty opinion. He had the rare ability to be, at one and the same time, both in
and above the conflicts of the day. His only agenda was the welfare of the
university and of its faculty and students. Might there be more like him!"

HONORS AND AWARDS

Robert Brode's talents and accomplishments were rewarded by a series of
scholarships, fellowships, and honorary degrees:

Rhodes Scholarship, 1924-25

National Research Fellowship, 1925-26

Guggenheim Fellowship, 1934-35

Election to the National Academy of Sciences, 1949

Fulbright Fellowship, 1951-52

Honorary D.Sc. degree, Whitman College, 1955

Centennial Award, University of California, 1968

Honorary LL.D. degree, University of California, 1970

The citation for the final honor listed above serves to sum up his career:

Brilliant  physicist, talented teacher, scientific statesman, creative
administrator, for over four decades you have inspired countless students. Your
interest has ranged from slow electrons in atoms to swift mesons in cosmic
rays. You have been many times chosen to guide the affairs of your discipline
and have lent your wise counsel to your nation and to the world. You
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have given unflaggingly of yourself in service to your colleagues and to your
University. You embody the best of your profession, and we salute you today
in gratitude and affection, and confer upon you our highest honor.

Bob Brode had a great fondness for Christmas music. At this time of year
he often invited students and others to his home for a sumptuous buffet,
followed by singing from the Oxford Book of Carols. For over fifty years,
beginning with his arrival at Berkeley in 1927, he was an enthusiastic singer in
the Monks Chorus of the Faculty Club, a group of faculty members who gather
each December to sing at the annual Christmas dinners of the club. He recruited
several members from the physics department and elsewhere over the years, and
enjoyed regaling the Monks with tales of the Christmas music at King's College
at Cambridge.

This very tall, large-boned, gentle, modest, and considerate man was
decidedly a presence—loved and respected by all who knew him. He and his
diminutive wife Bernice resided happily for many years high in the Berkeley
hills in a distinctive house of rustic redwood design, constructed in part by Bob
with his own hands, and later in a similar house nearer the campus. These
homes made perfect settings for their gracious and informal hospitality to an
enormous circle of colleagues, visitors, students, and friends, who continue to
cherish their memories.
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Karl Taylor Compton

September 14, 1887-June 22, 1954

by Julius A. Stratton

To do full. justice to Karl Compton is an impossible task, for the range of
his interests and activities was virtually limitless, his effect upon the scientific
community profound, and his service to our country in time of war—and in
quieter days—far greater than a nation could expect from a single individual.
He was a leader whose fine mind matched his radiant personality and
understanding heart. He was a man of principle whose transparently honest
goals moved men, a warm friend who inspired loyalty, and a mentor who
engendered pride in achievement. Those of us who knew him closely felt the
shining example of his own life, and the intervening years make us ever more
conscious of the greatest of his legacies to us—his focused and unquenchable
spirit.

THE EARLY YEARS (1887-1918)

Karl Taylor Compton was born in Wooster, Ohio, on September 14, 1887,
the eldest child of Elias and Otelia Augspurger Compton. Mary, Wilson, and
Arthur would follow. Elias's Anglo-Saxon Presbyterian forebears had come to
America prior to the Revolution and eventually settled in Ohio, to which
Otelia's family—Alsatian and Hessian Mennonites—came early in the
nineteenth century.
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Elias, who grew up on a farm, taught school before entering the University
(now College) of Wooster, a Presbyterian institution, from which he was
graduated with highest academic honors in 1881. He moved on to theological
school, full of plans for the ministry and service in foreign missions. In his final
year, however, he responded to a call from Wooster to substitute for an ailing
professor. Ordination, on the basis of these nearly completed studies, was
granted in 1897. He had performed so well at Wooster that he was urged to
accept a regular appointment, and he remained there until his retirement,
becoming professor of philosophy and serving for many years as Dean.

Elias Compton married Otelia Augspurger in 1886, and the pair proved to
be remarkable parents of a remarkable family. The three sons, all with Princeton
doctorates, eventually became college presidents. Two—Karl and Arthur—
were distinguished physicists, and the latter became a Nobel Prize laureate in
1927. Their daughter, Mary, an excellent scholar and honor graduate of
Wooster, fulfilled a parental dream by spending many years in India as the wife
of C. Herbert Rice (also a college president) and as an active missionary worker.

The four young Comptons' lives and achievements are perfect testimony to
the importance of childhood environment and the influence of home and family.
There can be no doubt that the strength of Karl Compton's character and his
supreme regard for the individual, as well as his innate ability and intelligence,
stem from his background. It was a family reared in an atmosphere of stability
and spirituality, of discipline and understanding, of shared interests and
responsibilities and commitment to the common good. There was, in addition,
always time for fun and the enjoyment of life.

A rough outline of "preliminary random ideas, to be refined" indicates that
K.T., as he came to be known by
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many, intended to write his memoirs—which, had he been spared, surely would
have presented a fascinating, honest account of a productive and eventful life.
First on his list were his parents, their plans, and their home on College Avenue
—always a haven for students and the central focus of his early days; then came
his friends, the gangs, and the games; his public school days and skipping a
grade; transfer in 1902 to Wooster's preparatory department for the last two
years of high school, and his college days there. He would have emphasized the
jobs he took from the age of eleven through college to earn spending money and
also, as he once said, "to harden my muscles for athletics." He carried hods on
construction projects, worked as a farm hand, mule skinner, and book
canvasser, in tile and brick factories, and, following a brief introduction to
surveying in a mathematics course, on the "first mile of state-paved road in
Ohio." He enjoyed "the daily grind of the pick and shovel gang" and "the finesse
to be acquired in pitching a shovelful of dirt onto a wagon." From the men he
came to know who dug ditches, laid bricks, worked on farms, and whose "good
qualities and special abilities" he appreciated, he learned "the joy of working
with your hands."

Beginning in 1897, Karl's summer vacations were spent camping out at
Lake Otsego in Michigan with friends and students from the college joining the
family party. There he developed a lasting appreciation for the outdoor life,
fishing, canoeing, hiking, hunting. For relaxation he liked nothing better than a
strenuous canoe trip in the wilderness. It was an interest that provided more
than an opportunity for quiet reflection and the testing of physical endurance. It
also provided the challenge of leaving the camp site better than he had found it,
and he brought to that task the same sense of responsibility that would guide
him in every effort he undertook.
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Both Karl and Arthur gave early evidence of an interest in science. Though
Karl announced while still in the preparatory department that he wanted to be a
scientist, he still had not decided on a specific field when he was a sophomore
in college. At that time he was doing odd jobs in the biology laboratory, and
looked forward to an assistantship for the following year. Funds did not become
available, however, and he accepted an appointment in the Physics Department
as an assistant in charge of arranging equipment and setting up laboratory
experiments. But for this change in circumstances, he might well have become a
biologist rather than a physicist. He would often cite this incident as an example
of how seemingly minor events can alter the direction of one's life.

Karl was graduated cum laude in 1908 with a bachelor of philosophy
degree. As an undergraduate he had been in every way an outstanding student
leader and participant in extracurricular activities. He was, above all, a fine
athlete. He was a left end on the football team and became captain in his senior
year. As a member of the varsity baseball team (of which he also served as
captain), he was a good hitter and fielder and, as a senior, served as pitcher. He
also coached the girls' basketball team, was active in his fraternity, and taught a
Bible class for the Y.M.C.A.

He remained at Wooster as a graduate assistant and laboratory
demonstrator for elementary physics. It was a period in which he demonstrated
a remarkable aptitude for teaching and—in the assessment of a later colleague—
experienced an awakening of "genuine scientific understanding." His master of
science degree was awarded in 1909, and his thesis, "A Study of the Wehnelt
Electrolytic Interrupter," was published in the Physical Review the following
year, the first of hundreds of publications.

The year 1909 brought an important decision with re
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spect to his future. Karl received an offer to head the science department of a
missionary college in Korea—exactly the kind of life work Elias hoped his
eldest son would choose to follow. But misgivings about his readiness for such
a responsibility were reinforced by his father, who counseled that the best
preparation for a teaching career would be further graduate work at a great
university with superb library and laboratory facilities. Karl decided upon
Princeton, attracted by its new Palmer Physical Laboratory and the presence of
two physicists from Cambridge University: Owen W. Richardson and James H.
Jeans. Still, he was forced to postpone his enrollment there until he could amass
sufficient funds.

An appointment as instructor of chemistry at Wooster for 1909-10 was
welcome—not only for the money it would provide, but also for the opportunity
to continue to play baseball with a local "bush league" team. During that year,
however, Karl rapidly increased his reputation as an outstanding teacher, a
reputation he would maintain for many years to come.

Entering Princeton in 1910, Karl Compton was appointed to a half-time
teaching assistantship and in 1911 was awarded the Porter Ogden Jacobus
Fellowship, the most prized fellowship at the university, which recognizes the
highest scholastic achievement in the graduate school. Because of O. W.
Richardson's interest in experimental and laboratory work, Compton chose to
work with him to complete his doctorate and through him was led to a
deepening interest in electron theory. His thesis dealt with electrons liberated by
ultraviolet light. It was followed by several papers—authored jointly with
Richardson—on the photoelastic effect, as well as several experiments testing a
theory that would later bring Richardson the Nobel Prize. Compton received his
Ph.D., summa cum laude, in 1912, and he had already
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accepted an appointment to teach physics beginning in 1913 at Reed College, a
new undergraduate institution in Portland, Oregon. A one-year postdoctoral
appointment at Princeton allowed him to remain there to carry on the research
undertaken with Richardson, which led to further publications on the
photoelastic effect. During that year Karl's brother Wilson came to Princeton to
take a doctorate in economics.

In June 1913, Karl Compton married Rowena Rayman, whom he had met
at Wooster during his freshman year and to whom he had been engaged since
1908. They took up residence on the Reed campus, and so began his active
professional life.

At Reed, Compton's title was instructor, yet he was solely responsible for
the instruction in physics and worked hard to build up the department and its
laboratory facilities. He inspired his students with an interest in research,
collected apparatus, carried on experiments, and published a number of papers
in the Physical Review. He looked upon these years as wonderful experience
but was happy to return to Princeton in 1915 as assistant professor of physics.

PRINCETON YEARS (1915-30)

Karl's brother Wilson had received his Ph.D. from Princeton in June 1915
and was teaching at Dartmouth, but Arthur, who had begun work for a master's
in physics in the fall of 1913, was still there, a year away from completing his
doctorate. They enjoyed working together on research and, during this period,
developed a device known as the Compton Electrometer. At this time also, Karl
declined an offer to join the General Electric Company as a research physicist,
while agreeing to act as a consultant under an arrangement that continued for
many years.

Anxious to do his part in World War I, Karl began working on projects at
Princeton, the Thomas A. Edison Labo
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ratories, and the Signal Corps in Washington, D.C. Associated with the
Research Information Service in December 1917, he was sent to Paris and
assigned to the American Embassy as an associate scientific attaché. Beyond
the technical work involved, this experience afforded an opportunity to come in
contact with many important scientists and engineers with whom he developed
life-long relationships. Above all, he came to understand the urgent need in time
of war for what he later called "combat scientists"—though he could hardly
have foreseen the major role he would play in World War II.

Following the Armistice of November 1918, Karl Compton returned home
to his wife and three-year-old daughter, Mary Evelyn, and to Princeton, to
which he had become deeply attached. Sadly, Rowena died in the fall of 1919.

In June of that year, at the age of thirty-one, Compton's outstanding
qualities as a teacher and experimental physicist were rewarded by promotion to
full professor. His gift for teaching was to become almost legendary at
Princeton, a gift marked not alone by the clarity of his presentation and a
contagious enthusiasm, but also by his manifest concern for the well-being and
progress of each student. Yet this dedication to teaching in no way detracted
from his interest and devotion to research. He was soon recognized as the most
distinguished member of the Palmer Laboratory, and graduate students came in
increasing numbers to work under his direction.

Broadly, his field included electronics and spectroscopy, his research
ranging over such subjects as the passage of photoelectrons through metals,
ionization and the motion of electrons in gases, the phenomena of fluorescence,
the theory of the electric arc, absorption and emission spectra in mercury vapor,
and collisions of electrons and atoms. Over a hundred papers appeared in
various scientific jour
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nals throughout the Princeton years, constituting an impressive testimonial to
his vital energy and imagination and his generosity in sharing both work and
credit with students and colleagues.

His reputation grew both nationally and internationally, and in 1927 he
was named director of research at the Palmer Laboratory and appointed to the
Cyrus Fogg Brackett Professorship. This new chair enabled him to concentrate
on graduate work in the department, of which he was named chairman in 1929.
He looked forward to years of teaching and research, determined to make
Princeton's physics department the best in the world.

Then an invitation came that would profoundly alter the course of his life.
Early in 1930, to his utter surprise—the greatest surprise, he once said, of his life
—he was asked to become president of the Massachusetts Institute of
Technology.

MASSACHUSETTS INSTITUTE OF TECHNOLOGY (1930-54)

Compton was well acquainted with MIT's reputation as a distinguished
school of engineering—an institution whose graduates had made enormous
contributions to the progress of American industry and technology for nearly
three-quarters of a century. But, with a few exceptions, MIT had (to use
Compton's words) cut relatively little figure in scientific circles.

But enormous advances in science were rapidly transforming existing
engineering practice and introducing a whole new range of future opportunities.
An engineering education that focused largely on the techniques and procedures
of current industrial practice was no longer adequate. Science lay at the heart of
modern engineering, and MIT's scientific curriculum needed strengthening to
prepare the school's students for the broadening horizons looming ahead. In
those days the Institute was experienc
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ing a period of intellectual unrest—an old-fashioned confrontation between
conservative forces rooted in the past and young rebels bent on change. I was
one of those young rebels in the Department of Physics, and we were fortunate
to have the support of many senior faculty members who shared our views and
reinforced our beliefs.

What we were witnessing, in fact, was the end of an era. We were
awakening to a whole new world of science—science in its fundamental sense,
which was almost totally missing from the Institute of that time—and to a new
awareness of how this modern science might transform engineering of the
future. There were signs that things were beginning to stir. New facilities for
chemistry were already in the planning stage, distinguished physicists from
abroad had been invited to spend short periods in Cambridge, and younger
members of the faculty were returning from graduate work in Europe. But
progress was frustratingly slow.

To the members of the MIT Corporation, Karl Compton was the perfect
choice to lead the Institute to a bright future. Never having thought of assuming
the presidency of any institution, he was loath to leave Princeton, his students,
and his research. In the end, however, he was inspired by the challenge, as he
explained in a letter to the editor of The Daily Princetonian: "the magnitude of
this opportunity to help science 'make good' in engineering education creates an
obligation which transcends other considerations."

He took office in July 1930 in a time of great need and—unhappily—
adversity, for his arrival coincided not only with the onset of the Depression
with all its financial nightmares, but also with a period when science and the
applications of science were under attack, viewed by many as the cause of
social ills and national despair. Compton would
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prove to be a courageous spokesman in defense of science and technology, and
despite terrible problems of day-by-day funding, his contributions to the
strengthening of basic science, to the quality of an Institute education, and to
the enhancement of its international reputation will never be forgotten.

The Institute, of course, did not change character overnight. But
everywhere, after Compton's arrival, there was a change of spirit, and it was
clear that a new road lay ahead. By the end of his first five years in office, he
had given MIT both an administrative and an educational structure, established
clear lines of communication between faculty and administration, encouraged
research and graduate study, supported curricular revisions, and established a
graduate school. Compton was deeply conscious that the basic sciences and the
spirit and methods of scientific research must find representation in the
education of those who would contribute most heavily to the technological
advances of the future. He also understood that if MIT's scientific departments
were to make meaningful contributions, science for its own sake must have a
legitimate place in the curriculum.

In 1921 Karl Compton had married again, and he and the former Margaret
Hutchinson, a graduate of the University of Minnesota, won the hearts of
students, faculty, and alumni through their friendliness, good will, and genuine
concern for others. During his years as president, student amenities on campus
were greatly improved, and (as one might have imagined) the athletic program
received his wholehearted support.

Everything he set out to do as president he measured against the charter of
the institution under his care. He responded with an enthusiastic "Yes!" in
reaffirming the principles of that charter, and "its truly great idea of public
service." His views on MIT's obligation for public ser
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vice not only led to the Institute's extensive involvement in the government's
scientific effort during World War II, but also helped create a model of
cooperation between university and government that was emulated all over the
country.

Under Compton's hand MIT underwent a revolutionary transformation,
both of its intellectual temper and in the definition of its academic horizons. In
this process he developed guidelines for a new approach to education in science
and engineering, so that his influence extended far beyond the confines of a
single institution.

Compton's active role in the Society for the Promotion of Engineering
Education (now the American Society for Engineering Education), of which he
was president in 1938, was, therefore, of special significance. As chairman of
the Committee on Engineering Schools of the Engineers' Council for
Professional Development he led the way in setting standards for the
accreditation of engineering curricula. He believed that education, and
particularly scientific and technical education, should be broadly based and
responsive to the needs of the times, and that science should be put to work and
could contribute significantly to industrial progress.

Despite his seemingly total immersion in teaching and research, Karl
Compton—from the very outset of his career—took an active and constructive
part in many of the affairs of the larger scientific community. In 1923 he was
elected a member of the American Philosophical Society. The following year he
became a member of the National Academy of Sciences, for which he served as
chairman of the Section of Physics from 1927 to 1930. In 1925 the American
Physical Society named him vice president, and two years later he succeeded to
the presidency.

In the early 1930s, Compton joined with other leaders of the APS to
organize the American Institute of Physics—a
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major achievement. Karl Compton guided this body—designed to bring
together in federation a number of disparate societies relating to developing
fields in physics, to serve as a spokesman for physics in relation to the general
public, and to sponsor a program of publication for the dissemination of a
burgeoning body of research results in the field—first as chairman of the board,
from its inception in 1931 to 1936, and in succeeding years as a wise counselor.
To this task he brought his characteristic energy, tact, vision, and wisdom. In
his honor the Institute established, in 1957, the Karl Taylor Compton Medal
Award "for distinguished service in the advancement of physics."

In 1935, Compton also served as president of the American Association for
the Advancement of Science. He was a fellow of the Optical Society of
America and a member of the American Chemical Society, the Franklin
Institute, and several professional engineering societies.

WORLD WAR II: COOPERATION WITH THE MILITARY

In 1933 President Roosevelt asked Karl Compton to chair a new Scientific
Advisory Board. Its creation was not accompanied by a clear mandate from the
government, however, and it was discontinued two years later. But with the
advent of World War II, he once more moved to the forefront of scientists who
saw the need for reliable scientific advice at the highest level of government.
When the National Defense Research Committee was created in 1940, under the
chairmanship of Vannevar Bush, Compton was appointed a member and chief
of Division D, which comprised those academic and industrial engineers and
scientists responsible for detection—chiefly radar, fire control, instruments, and
heat radiation. In 1941, the NDRC became part of a new Office of Scientific
Research and Development, also headed by Bush, with Compton in charge
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of those divisions concerned with radar, radar countermeasures, guided
missiles, optics, and physics.

Compton chaired the United States Radar Mission to the United Kingdom
in 1943 as well as the committee that received a similar British mission to the
United States in the following year. From 1943 to 1945 he was Chief of the
Office of Field Service of OSRD, and in 1945 he was scientific adviser to
General MacArthur and head of the Pacific Branch of the OSRD in Manila.
With the official Japanese surrender on September 1, 1945, Compton left
Manila for Japan as a member of a Scientific Intelligence Mission.

Throughout these busy years, he was called upon for committees and
advisory boards on a variety of subjects—production of synthetic rubber,
military training, weapons, and chemical warfare—and served on the Secretary
of War's Special Advisory Committee on the Atomic Bomb.

Nor did demands from Washington cease when the war was over.
President Truman appointed Compton to a committee on the atomic bomb test,
and he was chairman of the Joint Chiefs of Staff's Evaluation Board for such
tests. In 1946 he became chairman of the President's Advisory Commission on
Military Training and from 1946 to 1948 was a member of the Naval Research
Advisory Committee.

Despite continued demands from Washington, Compton managed to turn
his attention once again to the affairs of MIT, whose needs had been profoundly
affected by World War II. He also found time to serve as a trustee of the Ford,
Rockefeller, and Sloan Foundations, the Sloan-Kettering Institute, the
Brookings Institution, and Princeton University, to name but a few of a long list
of philanthropic and government activities dating back to the thirties.

In 1948, answering still another call from Washington, he agreed to
succeed Vannevar Bush as chairman of the Joint Research and Development
Board, an agency designed
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to oversee military scientific research efforts in the postwar period. But a year
later, for reasons of health, he was forced to relinquish the post. Having
resigned the presidency of MIT and been elected chairman of its Corporation in
1948, he returned to Cambridge in November 1949.

HONORS AND AWARDS

The many awards that rightfully came to Karl Compton throughout his life
honored all that he did for his country and his countrymen and recognized long
and faithful service in the cause of science, engineering, and education. In
awarding him the Marcellus Hartley Medal! in 1947, the Academy cited his
"eminence in the application of science to the public welfare," both for his
contributions—as a physicist and an administrator—to the nation's "wartime
research effort . . . and in the reinforcing of collaboration and understanding
between civilian scientists and military men."

In 1946 he received the highest civilian honor of the U.S. Army, the Medal
for Merit, for personally "hastening the termination of hostilities," particularly
by means of the radar research and development program he directed. In 1948
he was named Honorary Commander, Civil Division, of the Most Excellent
Order of the British Empire, and Knight Commander of the Norwegian Order of
St. Olaf. He was promoted to Officer in the French Legion of Honor in 1951.

The Washington Award of the Western Society of Engineers came in
1947, the Lamme Medal of the American Society for Engineering Education in
1949, and in 1950, the Hoover Medal—a joint award of the American Institute
of Electrical Engineers, American Society of Mechanical Engineers, American
Institute of Mining and Metallurgical Engineers, and American Society of Civil
Engineers.
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His contributions as a physicist were especially recognized by the Rumford
Gold and Silver Medals of the American Academy of Arts and Sciences in
1931, the William Proctor Prize for Scientific Achievement of the Scientific
Research Society of America in 1950, and the Priestley Memorial Award of
Dickinson College in 1954 for his contributions to "the welfare of mankind
through physics."

Compton was also the holder of thirty-two honorary degrees, the one from
Princeton (in 1930) aptly stating that "he merits honors the more because he
counts them less than the satisfaction of work well done."

IN CONCLUSION

In New York for a meeting in June 1954, Compton suffered a heart attack.
Six days later, on June 22, a massive blood clot ended his life. Three children
survive: Mary Evelyn (Mrs. Bissell Alderman) from his marriage to Rowena
Rayman; and—from his marriage to Margaret Hutchinson, who died in 1980—
Jean (Mrs. Carroll W. Boyce) and Charles Arthur. There are also several
grandchildren and great-grandchildren.

A figure of great dignity and tremendous strength of character, Karl
Compton made an enormous contribution to the intellectual and scientific
development of our country in one of its most critical periods. His stature stems
from his visionary ideas on science and education and his response to the great
currents of thought that were stirring men's minds in his day.

To grasp the full range and depth of Compton's character, one must
recognize how it molded the thinking and actions of those who shared his
intellectual environment. A brilliant experimental physicist, an inspiring
teacher, a great academic leader, a conscientious public servant, he was beyond
all these a wise and dedicated statesman of
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science, vigorous in thought, deeply rooted in religious tradition, and utterly
fearless in expressing what he believed to be true and right. To every effort he
brought a full measure of extra strength—warmth of friendship and
understanding, firmness of character, modesty, and effective administrative skill.

He has been described as a great American. He was a great, and
responsible, human being as well.

NOTE

1. Today known as the National Academy of Sciences Public Welfare Medal, the Academy's
highest honor, and the only award presented on behalf of the entire Academy membership.
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Clyde Hamilton Coombs

July 22, 1912-February 4, 1988

by Amos Tversky

Clyde Coombs will be remembered by his fellow psychologists and other
social scientists for his seminal contributions to the analysis of qualitative
measurement and multidimensional scaling, and for his innovative models of
conflict and choice. Clyde will be remembered by his students and friends as an
inspiring teacher and colleague, who stimulated and enriched the lives of those
who were fortunate enough to know him. Clyde was endowed with enormous
energy, genuine curiosity, and a deep commitment to research and testing.
Research, for Clyde, was an exciting adventure in the realm of new ideas, and
teaching provided him with an opportunity to share ideas with his students and
to convey his contagious enthusiasm, as well as his personal warmth and
unfailing sense of humor. Although Clyde was primarily a theoretician who
developed mathematical structures for describing cognitive processes, he was
also a gifted experimentalist who introduced several elegant and innovative
designs and an ingenious data analyst who contributed some powerful and
parsimonious methods for the analysis of psychological data. Indeed, much of
Coombs' work may be characterized as an attempt to discover and articulate the
formal structures that are hidden in psychological data.
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Coombs' major contribution consists of his creative analysis of the
qualitative structures that arise from similarity and preference data, and the
insightful applications of this analysis to many psychological problems. In an
early paper entitled "A Theory of Psychological Scaling" that appeared in 1952,
Coombs developed his central ideas about qualitative measurement that served
as the basis for the ideal point model and the unfolding technique. Coombs
realized, as did other psychometricians, that the measurement of psychological
attributes cannot be carried out using the standard logic of physical
measurement that is based, in one form or another, on the concatenation of
objects and is carried out by the counting of units.

How, then, can we quantify psychological attributes, such as similarity or
preference? The traditional psychometric approach, applied by Spearman and
Thurstone to the measurement of intellectual abilities, employs factor analysis
and similar statistical techniques to construct abstract dimensions from
observed intercorrelations among variables, such as test scores. An alternative
approach, developed by Thurstone for the measurement of attitude and
preference, posits an underlying probabilistic process whose location
parameters, estimated from choice probabilities, are interpreted as
psychological scale values. Coombs was not fully satisfied with either the
correlational or the probabilistic approach to psychological measurement
because they introduced strong, and largely unverifiable, assumptions. Instead,
he approached the problem of psychological measurement from a purely ordinal
perspective that does not presuppose a numerical structure. In this respect,
Coombs' work pioneered the development of multidimensional scaling and
axiomatic measurement theory, while Thurstone's work was the precursor of the
modern theory of signal detection.
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Coombs began his analysis with a classification of empirical relational
structures based on (i) whether the observed relation is binary (e.g., x is brighter
than y) or quaternary (e.g., w and x are closer than y and z), and (ii) whether the
data refer to objects from one set (e.g., stimuli) or to objects from two distinct
sets (e.g., individuals and stimuli). The two dichotomies yielded four kinds of
structures that Coombs called preferential choice data, single stimulus data,
stimulus comparison data, and similarities data. This classification scheme was
used by Coombs to exhibit the distinctive features of different data structures
that can nevertheless be embedded within a unified system.

The central elements in Coombs' system are the ideal point model for
similarity and preference, the ordered metric scale derived from these data, and
the unfolding technique for constructing this scale. Coombs' system, therefore,
has three major components: a psychological model of choice, a measurement
structure implied by the model, and a scaling technique for recovering the
underlying structure. In the ideal point model, both individuals and stimuli are
represented as points in some multidimensional space. The dimensionality of
the space depends on the nature of the stimuli: rectangles are two-dimensional,
paintings can have many dimensions. Each individual is represented in the
space by an ideal point that corresponds to the most preferred position of that
individual. According to this model, a person prefers option 4 over option B if
and only if 4 is closer to B to his or her ideal point. Thus, voters order political
candidates, or consumers order products, by the distances from their ideal
points. This model does not restrict the representation of the options, and it
allows different individuals to have radically different preference orderings. The
force of the model stems from the assump
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tion that all individuals and stimuli reside in a common space, which constrains
the set of permissible preference orderings.

Coombs noted that the preference orders generated by different individuals
convey a great deal of information about the structure of the common space—
even when the number of alternatives is relatively small as is often the case in
many applications. These data give rise to what Coombs called an order metric
scale, which consists of a partial ordering of the distances between stimuli. This
scale represents a new type in the classification of scales introduced by Stevens;
it lies between the purely ordinal scale obtained by a simple ordering of
stimulus points and the stronger interval scale that requires a complete ordering
of all interpoint distances.

Coombs and his students applied this model to a wide variety of choice
problems, varying from marketing to politics and from risk to psychophysics.
The unidimensional case illustrates the power of the model. Consider, for
example, a group of voters who rank-order each of several candidates for office,
and suppose the candidates differ along a single left-right dimension. Because
the ideal points of all the voters lie on the same left-right dimension, the
permissible orderings of the candidates are constrained. Clearly, an individual
whose ideal point is to the left of all candidates will order them from left to
right, whereas an individual whose ideal point lies to the right of all candidates
will order them from right to left. An individual whose ideal point lies near the
middle of the scale, however, will prefer the candidates in the center to those
who lie on either extreme. This model can accommodate many, but not all,
preference orders. In particular, it prohibits any ordering in which both left and
right candidates are preferred to those in the center. Such an ordering is
excluded in the unidimensional case because there is no point
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on the line that is closer to both the left and the right than to the center. The
preference orders that are compatible with the unidimensional ideal point
model, therefore, are those generated by single-peaked utility functions over the
left-right dimension. A single-peaked utility function is an ordinal scale of
preference that reaches its maximum somewhere along the dimension and falls
off monotonically in either direction. This notion, which generalizes the
standard notion of a monotone utility function, played a central role in Coombs'
research on choice and conflict. The significance of Coombs' analysis stems
from the fact that it provides a method for discovering an underlying common
dimension, if one exists, even when there is no a priori (e.g., left to right)
ordering of the points. Thus, Coombs' model generalizes the psychometric
notion of a unidimensional ensemble of items (e.g., test questions or attitude
statements) developed by his longtime friend Louis Guttman.

In dealing with attributes such as money or pain, it is natural to assume
that everyone will prefers more to less, or less to more. In such cases, the utility
scale is a monotone function of the attribute in question. For such attributes,
such as temperature, risk, or conservatism, we normally prefer intermediate
levels over extreme ones, and different people prefer different levels. This state
of affairs gives rise to the single-peaked preference functions, which Coombs
investigated both theoretically and empirically. Many years later, Coombs
discovered an explicit statement of this idea in an eighteenth-century book by
Joseph Priestley, the discoverer of oxygen, who discussed the flow of pleasure
and pain associated with variation in temperature. Although the significance of
single-peaked preference functions has been recognized by several scholars
since Priestley, Coombs made two distinct contributions in connection to this
concept.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/2037.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

CLYDE HAMILTON COOMBS 64

First, he analyzed the qualitative structure that lies behind this
representation and showed how to recover the underlying dimension (e.g., right-
left) from individuals' preference orders, when the ordering of the stimuli is not
known in advance. He also showed that some of the metric properties of the
dimension (i.e., the ordering of intervals) can also be inferred from the data,
using the unfolding algorithm. Second, Coombs did not accept the presence of
single-peaked preferences as a blind fact to be treated as a primitive concept.
Instead, he attempted to derive it from more basic principles of hedonic
experience. He proposed that nontrivial choices involve a conflict between the
upside and the downside, or between the benefit and the cost. To understand the
making of decisions, therefore, we must understand the principles that govern
the resolution of this basic conflict. Coombs proposed two such principles:
"One is that good things satiate and the other is that bad things escalate"
(Coombs, 1983, p. 21). With George Avrunin, Coombs formalized these
assumptions and showed how the satiation of good and the escalation of bad
give rise to single-peaked preference functions. These assumptions also served
as a basis for their systematic analysis of the various types of conflict (e.g.,
approach-approach, approach-avoidance), which was summarized in The
Structure of Conflict, Coombs' last monograph, which was published after his
death.

Coombs' contribution to the analysis of preference, however, is not limited
to the investigation of its formal structure and its psychological underpinnings.
Coombs applied these notions to a wide array of psychological problems,
ranging from judgments of the severity of crimes to the pattern of citation in
psychological journals, and from preferences concerning family composition to
the problems of risk perception and risk preferences, to which he devoted much
of his research.
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Coombs did not view expected utility theory as an adequate descriptive
model, and throughout his career he developed alternative accounts of risky
choice, and tested them in many experiments. Coombs departed from the
traditional analysis of risk in two important respects. First, he distinguished
clearly between the perception and the preference for risk and explored their
interrelations, using the newly developed methods of conjoint measurement. He
investigated the parameters that control the perceived riskiness of options and
concluded that it is determined primarily by the undesirable outcomes and their
likelihood, rather than by the desirability of a risky prospect can be decomposed
into two components: its expected actuarial value and the value of the risk it
entails. Contrary to the classical assumption of risk aversion according to which
all people minimize the risk component, Coombs argued that different
individuals have different ideal levels of risk at the same level of expected
value, and that people choose between gambles in order to achieve the level of
risk they desire.

The ideal point model is very typical of Coombs' style and character. On
the one hand, he was fiercely individualistic and committed to the idea that
people are entitled to their own views, tastes, and beliefs. At the same time, he
held strong beliefs and uncompromising views on scientific and personal
conduct. The ideal point model reconciles the tension between individual
freedom and global order. Individuals are allowed to have different ideal points
and different preferences, yet they must all coexist in a common space that
imposes some higher-order constraints, which are needed to ensure the
coherence of the system.

BIOGRAPHY

Clyde Hamilton Coombs was born in New Jersey on July 22, 1912, but he
spent most of his early life in California,
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where he developed a lifelong love of outdoor activities, particularly camping,
tennis, and swimming. His first two college years were spent at Santa Barbara
State, where he studied mathematics and engineering in preparation for a
military career that he intended to pursue largely because his father, who died
before Coombs was born, had been in the Navy. A course in psychology,
however, opened up an exciting new world for Clyde and convinced him to
change direction. Coombs stopped his college education for a year to read
psychology and physiology, and continued his education at the University of
California at Berkeley, where he majored in psychology. He was strongly
influenced by Wagner Brown, Edward C. Tolman, Robert Tryon, and Nathan
Shock. His preference for hard science led him to pursue courses in chemistry
and biology, aiming to study psychological problems from a physiological
perspective. He completed a master's thesis on adaptation of the galvanic skin
response, and he planned to do a dissertation on olfaction.

The second event that changed Coombs' academic course was the
appearance of L. L. Thurstone's Vectors of the Mind, which first introduced
Coombs to the new field of mathematical psychology. One of his teachers at
Berkeley, Robert Tryon, formed a small group that went through Thurstone's
book chapter by chapter. Coombs was very impressed with the possibilities of
using mathematical models to study psychological processes, and he wrote to
Thurstone, who offered Coombs a research assistantship at the University of
Chicago. In 1937 Coombs went to Chicago and began a new phase in his
intellectual development. Thurstone had created in Chicago a stimulating
intellectual environment, full of fervor and excitement. The weekly seminars in
Thurstone's home generated intense discussions of basic scientific and
methodological problems. Coombs followed Thurstone's example and, for more
than thirty years, he
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ran a weekly seminar in his home in Ann Arbor that became a major forum for
the discussion of new, exciting ideas in measurement, scaling, and decision
research.

At Chicago Coombs studied mathematical biophysics with Nicholas
Rashevsky, who provided him with a different perspective on mathematical
modelling. Coombs also met a graduate student in demography, Lolagene
Convis, who later became his wife. Clyde and Lolagene Coombs had two
children, Steven and Douglas. As a graduate student, Coombs was asked to
teach an elementary course in social psychology, a field with which he was not
acquainted. Approaching this task with his characteristic enthusiasm, Clyde put
an enormous amount of effort into preparing the course, which made him
appreciate both the significance of social psychology and the difficulty of
applying the scientific method to the complicated problem of interpersonal
relations. Much of his work in the following years dealt with the attempt to use
formal models and deductive reasoning to illuminate complex psychological
processes. This is the theme of his 1983 book Psychology and Mathematics.

After receiving his Ph.D. in 1940, Coombs became a personnel research
psychologist for the U.S. War Department. Over the next six years, he rose to
the rank of major and designed a separation counseling program for
demobilized G.I.s that won him the Legion of Merit. In 1947, Coombs returned
to academic life, joining the psychology department of the University of
Michigan in Ann Arbor under the inspired chairmanship of Donald Marquis,
who encouraged a broad-based department and was very supportive of
interdisciplinary approaches and innovative research. At the invitation of
Samuel Stauffer, director of the Laboratory of Social Relations, Coombs spent
the academic year 1948-49 with Paul Lazarfeld and Fred Mosteller at Harvard
Univer
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sity, where he began to develop his "ideal point" model and unfolding technique.

Upon his return to Michigan in 1949, Coombs began developing a
mathematical psychology program that became noted for the quality of its staff,
research, and students. Coombs initiated an interdisciplinary seminar that
attracted people from philosophy, mathematics, economics, political science,
sociology, and psychology—all interested in the development of a mathematical
social science. In the summer of 1952, Coombs and R. M. Thrall, of the
mathematics department, received a grant from the Ford Foundation for a
summer institute on interdisciplinary approaches to measurement and decision
making. The result of the summer institute, held in Santa Monica, was a book
edited by Thrall, Coombs, and Davis entitled Decision Processes, which played
an important role in shaping the emerging field of behavioral decision research
and mathematical psychology.

While Coombs was developing and refining his theoretical ideas, he also
carried out an innovative experimental program. A particularly insightful study
that revealed some of the stochastic characteristics of choice behavior was
conducted while Coombs was a Fulbright fellow at the University of
Amsterdam in 1955-56. This experiment, which involved choice between
various shades of gray, demonstrated elegantly the need to incorporate ideal
points (in this case concepts of a perfect gray) into the measurement of
sensation. The next sabbatical year, spent at the Center for Advanced Study in
the Behavioral Sciences in Palo Alto in 1960-61, gave Coombs the opportunity
to put together many of the ideas he had developed over the years. The logical
interrelations among the various data-collection procedures and data-analytic
techniques were explored in detail in Coombs' major book on scaling, 4 Theory
of Data,
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which was published in 1964. Back at Michigan, Clyde continued to teach and
train a new generation of mathematical psychologists. He took enormous pride
in his students and followed their intellectual development throughout the years.
His lively and exciting course on mathematical psychology attracted many
students, who convinced him to write an elementary graduate text based on this
course. This book, coauthored with former students Robyn Dawes and Amos
Tversky, appeared in 1970, and it has been translated into six foreign languages.

Lolagene Coombs' research on fertility problems and gender preferences in
Asia provided Coombs with a new domain for his scaling methods. Working
together, Lo and Clyde utilized conjoint measurement and unfolding theory to
develop scales for measuring people's preferences for family size and gender
composition. These scales, and the models from which they derived, were
applied and tested in many countries. Their research showed that despite the
large variations among cultures, people's preferences in all countries are better
described in terms of ideal points for the number of children and for the balance
between genders than in terms of specific ideal points for the number of boys
and the number of girls.

Much of Coombs' work on choice was concerned, directly or indirectly,
with the question of conflict. How do people reconcile incompatible goals and
inconsistent objectives, and how do they trade off risks against benefits? Shortly
before his retirement, Coombs turned his attention and energy to this
fundamental problem. In collaboration with George Avrunin, he explored the
origin of the single-peaked preference function that played such a central role in
his work and analyzed the structure of both intrapersonal conflict and
interpersonal conflict from this perspective. This work culminated in a book
entitled Structure
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of Conflict, which brought together many of the major themes from Coombs'
work. With an impeccable sense of timing, Coombs was able to complete the
revisions of the manuscript and send it to the publisher a day before his
unexpected death.

Coombs' retirement from the University of Michigan did not slow him
down in the least. With his characteristic exuberance and zest for life, he
continued to pursue his research on the structure of conflict and to teach at the
universities of Hamburg, Calgary, and Santa Barbara. The flexible "retirement"
schedule permitted him and Lo to travel to far places, such as the Galapagos
and the Amazon, to play tennis, to go camping in Idaho, and to continue his
activity in the French Wine Club that had amply supplied his table for many
years. The Coombs' spent more time at their second homes in Vermont and
Florida, but Clyde always carried his portable computer from one setting to
another, and that allowed him to continue the work he enjoyed so much. Until
the very last day, he remained an active outdoorsman, a witty conversationalist,
and a gracious host.

Clyde was a creative scientist, an inspiring teacher, and a beloved friend.
But perhaps his most precious gift was his ability to enjoy life—people,
research, scenery, and art—and to make others' lives richer and more enjoyable.
In a field populated by models, Clyde provided the best model of all: himself.

He will be remembered and missed.

HONORS AND RECOGNITIONS

For many years, Clyde Coombs chaired the Mathematical Psychology
Program at the University of Michigan. He served on numerous review
committees for the National Science Foundation, the National Institutes of
Health, the Canadian Research Council, and the Deutsche Forschungs
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gemeinschaft. He was president of the Psychometric Society (1955-56) and of
the Division of Measurement and Evaluation of the American Psychological
Association (1958-59), and he was the first head of the Society for
Mathematical Psychology (1977-78). He was an honorary fellow of the
American Statistical Association (since 1959), and he was elected to the
American Academy of Arts and Sciences (1977) and to the National Academy
of Sciences (1982). He received an honorary doctorate from the University of
Leiden, The Netherlands, in 1975, and was awarded the Distinguished
Scientific Contribution Award of the American Psychological Association in
1985.
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Carl Ferdinand Cori

December 5, 1896-October 19, 1984

by Mildred Cohn

Unraveling the glycolytic and glycogenolytic pathways was a remarkable
feat and a testament to the imagination and ingenuity of all those who
participated. Carl and Gerty Cori contributed an essential part and in so doing
were among the pioneers who showed that biochemical investigations of
isolated enzyme systems could lead to an understanding of physiological
processes. From their discovery of the first product of glycogen breakdown,
glucose-1-phosphate, the Coris went on to isolate and crystallize the enzyme
phosphorylase that catalyzed the reaction—the first of a class of reactions in
which inorganic orthophosphate reacts to yield an organic phosphate ester.

Glycogen phosphorylase proved a treasure trove for biochemistry. By
reversal of the phosphorylase reaction, it was shown that a macromolecule
could be synthesized in a cell-free system. The enzyme was further found to
exist in two interconvertible forms, though one was inactive in the absence of
adenylic acid, which acted as an effector. The next generation of scientists
trained in the Cori laboratory, using the Coris' fundamental discoveries, probed
still further and discovered the two most widespread metabolic regulatory
mechanisms: the cyclic AMP system and phos
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phorylation-dephosphorylation of enzymes accompanied by a cascade system of
control.

EUROPE (1896-1922)

Carl Cori never regretted leaving Europe at the age of twenty-five to come
to the United States and grew to be thoroughly at ease with the language,
institutions, and customs of his chosen country. Yet he was, and would always
be, a product of his cultured European background.

Carl Ferdinand Cori was born in Prague (then part of the Austro-
Hungarian empire) on October 19, 1984. When he was two the family moved to
Trieste, where his father took over as director of the Marine Biological Station.
Carl spent his formative early years in Trieste, and his autobiographical essay,
"The Call of Science" (1969), paints the picture of a happy childhood in a
cultured and international milieu. In Trieste, Carl came into contact with a
variety of ethnic groups. He was soon fluent in Italian, and the racial tolerance
he developed there proved to be life long. Educated at the classical gymnasium
from 1906 to 1914, furthermore, he obtained a grounding in Latin and Greek he
would never forget.

Just as important, however, was the informal education he received at the
Marine Biological Station. During field trips on the motorboat "Adria," his
father, who captained the boat, lectured on the geology, botany, and early
cultural history of the coastal region in addition to its oceanography and marine
biology. Renowned for his own broad erudition in biology, archaeology, and
history, the younger Cori attributed his abiding interest in them to his
experiences on these field trips.

Summers with his extended family in the Austrian Tyrol rounded off Carl's
education by giving him a love of mountaineering and music. His only
rebellion, he records, was
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a certain penchant for practical jokes aimed at embarrassing his parents. His
reference to a crystal of permanganate in the chamber pot, for example, caused
consternation for a visiting maiden aunt with hypochondriac tendencies.

Carl's family boasted illustrious scientists and academics on both sides.
Ferdinand Lippich, his maternal grandfather and professor of mathematical
physics at the German University of Prague, had (in addition to making
theoretical contributions to physics) developed the polarimeter as a precision
instrument. Wilhelm Lippich, his great-grandfather, had been an anatomist at
the University of Padua and a professor in Vienna. His uncle Friedrich Lippich
was professor of chemistry in Prague, while his father, Carl 1. Cori, was one of
Europe's leading zoologists and marine biologists. Prominent scientists,
furthermore, were frequent visitors to the house, and it is hardly surprising that
young Carl chose to embark on a scientific career.

In 1914, at the age of seventeen, he entered the Carl Ferdinand University
(the German university of Prague) to study medicine—at that time the
customary route to a research career in the life sciences. He was fortunate to
find there an intelligent and charming fellow student, Gerty Radnitz, who
shared his interest in science and love of the outdoors. In 1916, while still
medical students, they published their first joint research paper. Later, Gerty
became Carl's wife and was, until her death in 1957, his dedicated scientific
collaborator.

During World War I, in his third year at the university, Carl was drafted
into the Austrian army. He was first stationed in a bacteriology laboratory,
where—after a severe bout of typhoid fever he ascribed to his own carelessness
—he taught himself a meticulous technique for handling pathogens. Later he
served in a hospital for infectious diseases near the Italian front. Because of his
knowledge of Italian,
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he was charged with caring for civilians as well as soldiers. While he could help
some patients with the drugs then available, he found tuberculosis, malaria,
pellagra, scurvy, and typhoid rampant in this poorly nourished population. His
inability to help the victims of an influenza epidemic shocked him. This, along
with the experience of a long and dangerous retreat amid a mass of
undisciplined soldiers, made him skeptical about the practice of medicine and
strongly averse to war ever after.

Cori returned to Prague in 1918, completed his clinical studies, and was
awarded the M.D. degree. He and Gerty were married in Vienna, where both
had gone to do postdoctoral work, in August 1920. He divided his laboratory
work between the university's Pharmacology Institute and its internal medicine
clinic but found his experiences in the latter so discouraging that he had no
desire to continue in clinical medicine. The alternative—a career devoted
entirely to research—was attractive both to him and to Gerty. Unfortunately, the
postwar devastation in Austria made it highly unlikely that they would find paid
positions; one could hardly get enough to eat. Gerty Cori, working at Karolinen
Children's Hospital, developed symptoms of xerophthalmia from the inadequate
diet provided for her there.

Fortunately, Carl Cori's research on the mechanism of seasonal variation of
vagus action in the frog heart (1921) caught the attention of H. H. Meyer, who
had just retired from the Pharmacology Institute. In the summer of 1921, Dr.
Gaylord, director of the State Institute for the Study of Malignant Diseases
(now the Roswell Park Memorial Institute) in Buffalo, New York, asked Meyer
to suggest a biochemist for his institution. Meyer recommended Cori, who was
interviewed for the position but was so certain that nothing would come of it
that he accepted a position with
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Otto Loewi in the Pharmacology Department of the University of Graz.

Cori stayed at Graz only six months, during which he learned a great deal.
Loewi's enthusiasm and originality coupled with his wide knowledge of all
aspects of biomedical science made him an invaluable mentor. It was during
this intellectually stimulating period that Cori first thought of a way to study
intestinal absorption, and the fate of sugar, in general, in the animal body. But
other aspects of the Graz experience were decidedly unpleasant. To be eligible
for employment at the university, Cori had had to prove his Aryan descent, and
despite his scientific stature, Otto Loewi's future there was questionable. Living
conditions and research facilities were woefully inadequate. When Gaylord
offered Cori the position in Buffalo, therefore, both he and Gerty Cori
welcomed the opportunity to leave Europe. Carl left early in 1922, and Gerty
joined him six months later.

BUFFALO, NEW YORK (1922-31): STATE INSTITUTE FOR
THE STUDY OF MALIGNANT DISEASES-ROSWELL PARK
MEMORIAL INSTITUTE

In Buffalo, Cori initiated his life's work on carbohydrate metabolism and
its regulation. Obliged to do routine laboratory tests for the hospital affiliated
with the Institute, he used the opportunity to hone his analytical skills. His first
paper on carbohydrate metabolism was published in 1922; in the ensuing
decade, he published some eighty papers. After some initial problems in
1922-23 (1969,1), Gerty Cori, who had a position in the Institute's pathology
department, was allowed to collaborate with Carl, and the majority of those
eighty papers are joint publications. In the following discussion no attempt will
be made to assess individual contributions because it was the work of two peers
speak
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ing with one inseparable voice. As Carl Cori stated (1947,1): "Our efforts have
been largely complementary; and one without the other would not have gone so
far as in combination."

Regulation of Glucose Concentration in the Blood

The question the Coris wanted to answer was: What regulates blood
glucose concentration? Their initial experiments were physiological, designed
to determine the amount of sugar absorbed in the alimentary tract by measuring
the unabsorbed sugar left in the gut of a rat after it had ingested a known
amount (1925,5). This was followed by experiments with a new method devised
to determine the glycogen content of liver and carcass separately.

But in order to assess changes in glycogen concentration after sugar
ingestion or hormone administration, a control value had first to be established.
It was found that the glycogen concentration was fairly constant in rats fasting
for twenty-four to forty-eight hours. Higher and more uniform glycogen
concentrations, furthermore, could be obtained by giving an amount of glucose
that could be absorbed completely in three hours.

Having established conditions and analytical methods that were
reproducible, it was then possible to do balance studies to determine the fate of
the absorbed glucose in fasted rats and the influence insulin and epinephrine
had on that fate. The researchers found that insulin increased oxidation of
glucose and conversion to muscle glycogen but decreased conversion to liver
glycogen (1926,1, 1928,1). Epinephrine, on the other hand, decreased muscle
glycogen and increased liver glycogen (1928,2,3). Since it was known that
muscle glycogen does not contribute glucose to blood, the Coris concluded that
another intermediate must be formed from muscle glycogen and circulated
through
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the blood to the liver to become the precursor of liver glycogen. Since it was
known that lactic acid was formed when glycogen disappeared in muscle, the
Coris postulated—and later demonstrated—that lactate was the intermediate in
the "cycle of carbohydrates" (1928,2,3).

The "cycle of carbohydrates," which the researchers represented in the
diagram given below (1929,1):

_ ~ > ———— blood glucose >
liver glycogen muscle glycogen
<——— blood lactic acid <

came to be known as the "Cori cycle." This scheme derived from research
on the circulation of carbohydrate material in the intact animal was a milestone
in the elucidation of carbohydrate metabolism and, along with other insights on
blood homeostasis, helped clarify the action of epinephrine on blood glucose.
Yet equally important were the reliable—and reproducible—techniques
developed by the Coris to detect and quantify even small changes in liver
glycogen, on which their research depended.

Influential Publications

During his stay at the Institute in Buffalo, Carl Cori also published a
number of papers dealing with cancer. In 1923, Otto Warburg found that tumors
display higher aerobic and anaerobic glycolysis than normal tissue. But
Warburg's studies were carried out in vitro, and the Coris were the first to
demonstrate that tumors in intact animals also showed abnormally high
formation of lactic acid from glucose (1925,4).

In 1931, Cori wrote a masterly review on mammalian carbohydrate
metabolism (1931,4). With more than 100
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pages and some 500 cited references, the review included a critical evaluation
of the literature, a summary of the pioneering work Carl and Gerty Cori had
accomplished, and an indication of the direction of their future research on the
mechanism of glycogenolysis. It established Carl Cori as a leader in the field
and influenced the study of carbohydrate metabolism for many years to come.

WASHINGTON UNIVERSITY SCHOOL OF MEDICINE, ST.
LOUIS (1931-45)

In 1931, Carl and Gerty Cori moved to St. Louis, where Carl became the
chairman of the Pharmacology Department at Washington University and Gerty
was given a position in the department, albeit with a token salary. In addition to
his research, however, Cori was now expected to organize a department, equip a
research laboratory, and spend considerable time teaching medical students.
Understandably, there was a hiatus in the publication of papers.

During the last phase of the Buffalo period, however, the Coris had started
working with isolated muscle preparations rather than intact animals. From
balance-studies with epinephrine, they had concluded that the formation of a
precursor of lactate from glycogen that accumulates in muscle is accompanied
by the disappearance of inorganic phosphate (1930,5). They had developed a
method, furthermore, for detecting hexose monophosphate simultaneously as
both hexose and phosphate (1931,3). These experiments were a prelude to their
important discovery of glucose-1-phosphate, for it was in St. Louis that their
research progressed in the direction of biochemistry.

Phosphorylase—The Cori Ester

To study the concomitant disappearance of glycogen and phosphate, the
Coris decided to use minced skeletal muscle
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from frogs. When the water extracted, muscle dispersions were incubated
anaerobically in phosphate buffer, and they observed that—unless boiled
muscle extract were added—only small amounts of hexose monophosphate
were produced. In the first striking result from these experiments, they
identified 5'-adenylic acid as an obligatory activator of the reaction (1936,4;
1938,1)—a finding that foreshadowed the idea that the allosteric activation of
appropriate enzymes regulates metabolic processes.

At the 1935 International Physiological Congress in Moscow, the Coris
presented their results on the formation of hexose monophosphate from the
reaction of glycogen with stoichiometric amounts of phosphate in rat and frog
muscle. Subsequently investigating the reaction in muscle extracts on his own,
J. K. Parnas confirmed that, simultaneous with the cleavage of glycogen,
phosphate  disappears—a reaction he characterized with the term
"phosphorolysis."

Because there was a large discrepancy in their analytical results for hexose
monophosphate between phosphate- and reducing-power determinations, the
Coris postulated the formation of a hitherto unknown phosphorylated,
nonreducing precursor of hexose-6-phosphate. Having isolated this product as a
crystalline brucine salt, they tentatively assigned it the structure of glucose-1-
phosphate. They adduced, together with S. P. Colowick, final proof of this
structure by synthesizing a-glucose-1-phosphate (1937,2), and it subsequently
came to be known as the "Cori ester."

Discovery of the Cori ester bore the hallmark of the Coris' meticulous
approach to scientific problems. Their success depended first and foremost on
reliable methods of analysis whose results could be quantified—as seen in their
analysis of phosphorylated hexose. They took particular care, furthermore, with
the design of their experiments—as exemplified by the series that led to their
identification of the
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activator 5-AMP. Add to this the element of luck, for the muscle dispersions the
Coris' chose as a medium allowed glucose-1-phosphate to accumulate. In intact
muscle, the presence of Mg?* causes the enzyme phosphoglucomutase (1938,3)
to convert glucose-1-phosphate to glucose-6-phosphate, so that its concentration
is nineteen times that of glucose-1-phosphate at equilibrium. But happily for the
Cori experiments, in their method of muscle preparation, much of the Mg?* was
"washed out." They suggested that, contrary to earlier notions, blood glucose in
the liver is regulated by the sequential action of three enzymes: glycogen
phosphorylase, phosphoglucomutase, and glucose-6-phosphatase—a sequence
confirmed by their later work (1939,1).

The Coris named their new-found enzyme, which catalyzed the formation
of  glucose-1-phosphate  from glycogen and inorganic phosphate,
"phosphorylase,” consistent with Parnas's term "phosphorolysis" for the
reaction. This new intermediate in glycogenolysis, furthermore, was novel in
two ways. First, it was the first known example of the esterification with
inorganic orthophosphate at the reducing group of a hexose. It was also
evidence of a phosphorolytic cleavage of glycogen by the enzyme.

Their 1936 discovery launched the Coris full-fledged into enzymology.
Seeking to synthesize glycogen, they reversed the phosphorylase reaction,
adding a small amount of glycogen when they observed a lag in its production
(1939,3). This established the need of a primer in polysaccharide synthesis and
produced as a product a large, starch-like polysaccharide (1940,2). For the first
time, researchers working with a cell-free preparation had synthesized a
macromolecule—an exciting demonstration that contradicted the long-held
notion that the biosynthesis of macromolecules required energy-metabolism and
could, therefore, occur only in intact cells.!
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It would be difficult to overestimate the conceptual impact of the Coris'
biosynthesis of glycogen. Because of their success, subsequent investigators
used biochemical approaches to investigate how macromolecules are
synthesized, approaches that served them well.

Polysaccharides and Phosphorylase a and b

In 1942-43, the Coris collaborated with Arda Green to publish a series of
brilliant papers laying the groundwork in two important areas: 1) the structure,
biosynthesis, and characterization of polysaccharides; and 2) the
characterization of phosphorylase a and b and their role in metabolic regulation.

The Coris' purification and crystallization of muscle phosphorylase
(1942,1) made large quantities of the polysaccharide it produced available for
study, enabling them to investigate the synthesis and chemical structure of the
product formed from glucose-1-phosphate. The polysaccharide formed in the
phosphorylase reaction was not glycogen (a branched polysaccharide) but rather
an unbranched polysaccharide similar to amylase. The necessity of adding liver
or heart muscle extract to phosphorylase to induce the formation of glycogen
led the Coris—in an ingenious series of experiments—to infer the existence of
another enzyme, in addition to phosphorylase, in the formation of branched
polysaccharides (1943,2).

In this same period they were investigating how phosphorylase activity
was regulated in some detail. Describing, with Arda Green, two forms of
muscle phosphorylase, a and b, they found that the b form was active only in
the presence of 5'-AMP (1943,1). The formation of b from a, furthermore, was
demonstrated to be enzyme-catalyzed. The researchers named this PR
(prosthetic-group removing) enzyme, but 5'-AMP—the presumptive prosthetic
group—

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/2037.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

CARL FERDINAND CORI 90

was not found in phosphorylase a. Establishing that the a form contained four
times as much phosphate as the b form, the Coris postulated, with their usual
astuteness, that interconversion plays a significant role in metabolic regulation,
since the inactive form is found in resting muscle, while the active form is
found in contracting muscle (1974,1).

WASHINGTON UNIVERSITY, ST. LOUIS (1945-66)

With the end of World War II, Carl Cori left the Pharmacology
Department to become chairman of the Biochemistry Department, and scientists
from all over the world flocked to St. Louis to work with the Coris. From 1946
to 1960 I, too, was privileged to be in Carl Cori's department. Both Coris
trained young scientists, and they were consistently supportive, treating us with
respect, offering encouragement, and expressing appreciation.

Though we were somewhat in awe of the breadth and depth of Carl Cori's
knowledge, our daily departmental luncheons in the library were much
enlivened by his wit. One of those rare individuals to whom all products of the
human intellect are accessible, he was equally at home discussing archeology,
music, or botany. He spoke only when he had something to say, was both
logical and precise, and was, therefore, always listened to with great respect.
Cori was intellectually and personally so compelling that even occasional
contact with him left a tremendous impression. His direct, unornamented
approach to the pursuit of his scientific objectives could make him seem aloof,
even austere, but he was never solemn, and his high spirits often gave rise to a
wonderful gaiety.

Cori's linguistic ability was legendary, and his scientific writing was
exemplary in its economy and rigor. His psychological insight was uncanny. On
one occasion, after an hour with a prospective graduate student, he discussed the
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student with me and predicted the kind of scientific career the student would
have. Twenty years later, his prediction had been completely confirmed.

Cori's philosophy regarding the way to run a small department was to
gather a group in which everyone would work on different aspects of the same
general subject—in the case of his Biochemistry Department, carbohydrate
metabolism. Some might be interested in the physical properties of enzymes or
in their detailed mechanisms of action, others might be interested in more
physiological effects of hormonal regulation, but all would benefit from
interaction with each other. Under Cori, this system proved particularly
effective, but whether it would have been so under anyone else's leadership is
questionable.

The Coris lived with their son, Tom, born in 1936, in a pleasant house of
modern design in a suburb of St. Louis. There they particularly indulged in
gardening, a hobby Carl Cori pursued actively throughout his life. They
extended hospitality to members of the department and visiting scientists and to
their many non-scientist friends, who included sociologists, artists, and
musicians. In the Cori home, the welcome was always warm and the
conversation animated and intellectually stimulating.

In 1947, the Coris were awarded the Nobel Prize for Physiology or
Medicine, which they shared with Dr. Bernardo Houssay of Argentina. Dr.
Houssay was cited "for his discovery of the importance of the anterior pituitary
hormone for the metabolism of sugar," while Carl and Gerty Cori were cited
"for their discovery of the catalytic conversion of glycogen." The announcement
of the award engendered great excitement and joy in the laboratory and among
their friends everywhere. Gerty Cori was the first American woman to receive
the Nobel Prize and the third from anywhere in the world, having been preceded
only by Marie Curie and
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Iréne Joliot Curie. But 1947 was also the year that brought the devastating news
that Gerty Cori was suffering from an incurable form of anemia, the disease that
led to her death a decade later. Gerty's zeal was undaunted, and, if possible, her
dedication to science was even more inspiring than it had been before her illness.

In 1956, their associates over the years at Washington University
published a tribute to the Coris in a special issue of Biochimica Biophysica Acta
entitled Enzymes and Metabolism: A Collection of Papers Dedicated to Carl F.
and Gerty T. Cori on the Occasion of Their 60th Birthday. Contributors
included five future Nobel laureates—C. de Duve, A. Kornberg, L. F. Leloir, S.
Ochoa, and E. W. Sutherland—and the volume included many important and
elegant papers. Several treated subjects particularly close to the Coris' interest,
including Sutherland et al.'s treatment of phosphorylase a and b conversion;
Krebs and Fischer's paper on the conversion of phosphorylase b to a; and
Ochoa, Grunberg-Manago, and Ortiz's paper on a new enzyme, polynucleotide
phosphorylase.

In addition to the 1947 Nobel Prize, Carl Cori received many other awards
and honors. Among them were the Lasker Award of the American Public
Health Association; the Squibb Award of the American Society for
Endocrinology, which he shared with Gerty Cori; and the Willard Gibbs Medal
of the American Chemical Society. He received honorary degrees from many
universities, including Cambridge (England), Granada (Spain), Monash
(Australia), and Trieste (Italy).

Cori was also elected to many prestigious intellectual academies and
societies, including the American Academy of Arts and Sciences, the National
Academy of Sciences (1940), and the American Philosophical Society. He was
also a member of many foreign academies and societies, including the
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Royal Society (London), the National Academy of Medicine (France), and the
Royal Danish Academy of Sciences.

Glycogen Structure and the Regulation of Carbohydrate
Metabolism

Because his research focused on enzymes from 1945 on, it was fitting that
Cori head a department of biochemistry. But to him enzymes were always a
means to understand the metabolic pathways in the cell. In his research he first
attempted to isolate and characterize the mechanism of action of enzymes
during glycogenolysis and glycolysis, then sought to understand the regulation
of carbohydrate metabolism by hormones. Together with M. W. Slein, the Coris
isolated and crystallized glyceraldehyde-3-phosphate dehydrogenase from
rabbit muscle (1945,3); tightly bound NAD was found in the crystalline enzyme
(1948,4). (J. Harting and S. Velick later elucidated this enzyme's mechanism of
action, an example of substrate-level oxidative phosphorylation.) Next, with L.
Berger, M. W. Slein, and S. P. Colowick, they isolated, from yeast, pure
hexokinase, the enzyme that catalyzes the formation of glucose-6-phosphate
from glucose and ATP, the first step in glucose utilization (1946,3). In 1948,
Gerty Cori, J. F. Taylor, and A. A. Green crystallized aldolase. A year later,
Carl Cori and V. Najjar purified phosphoglucomutase, which converts glucose-1-
phosphate to glucose-6-phosphate, and investigated its mechanism of action
(1949,1,3).

In 1951, Gerty Cori and J. Larner described a new enzyme they called "the
debrancher." This was an amylo-1,6 glucosidase, and it catalyzed the hydrolysis
of the 1,6 glucosyl bonds at the branch points in glycogen. Now—with the
combined activities of phosphorylase and the debrancher enzyme—glycogen
could be almost completely degraded in the presence of phosphate to produce
glucose-1-phos
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phate from the o-1-4 linkages, and glucose from the o-1-6 linkages,
respectively. It was possible, consequently, to decipher the structure of
branched polysaccharides. As degradation with both enzymes proceeded and
fewer branch points remained, glycogen was found to produce a decreasing
amount of glucose, suggesting a tree-like, branched structure as a model for
glycogen structure.

Hand in hand with the Coris' studies of the properties of the enzymes, they
continued to research the problem of metabolic regulation. After demonstrating
with Sutherland that insulin preparations brought about glycogenolysis in liver
slices, Cori, Sutherland, Haynes, and Olsen isolated the impurity in the insulin
preparations, which proved to be glucagon, the glycogenolytic factor in insulin
preparations (1949,3). Cori and Sutherland subsequently showed that glucagon
and epinephrine increase the rate of conversion of phosphorylase b to a, thereby
controlling the rate of glycogenolysis in liver (1951,2). In the mid-fifties,
Sutherland (with Wisolait) and Krebs (with Fischer), both trained in Cori's
laboratory, proved that the conversion of phosphorylase b to a involved
phosphorylation of the enzyme—Sutherland working with the liver enzyme and
Krebs with the muscle enzyme. Sutherland's studies led to his discovery of
cyclic AMP formation, while Krebs's work led to the elucidation of the complex
cascade of regulating enzymes involved in the conversion of b to a.

The Action of Insulin

From his experiments with rat-muscle extracts, Cori concluded that insulin
could increase glucose utilization by overcoming the inhibitory effects of
adrenocortical fractions. He also suggested that insulin's first site of action was
at the hexokinase-catalyzed reaction: glucose + ATP — glucose-6-phosphate +
ADP by reversing the inhibitory ef
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fects of anterior pituitary and adrenocortical factors. This proved difficult to
reproduce, however, and—after a good deal of research by a number of
investigators—a consensus evolved that insulin acts first by affecting the
permeability of muscle cells to sugars. This was confirmed some ten years later
by Cori and Helmreich, who presented evidence that insulin increases the
permeability of muscle to glucose.

Although Cori's attempt to establish the direct effect of insulin on the
enzyme level was unsuccessful, the Coris' studies on phosphorylase, as well as
later studies by Sutherland and others, validated the idea of explaining hormone
action by proceeding experimentally from the whole cell to the pure, isolated
enzyme. It should be noted that, to this day, the mechanism of insulin action is
not completely understood.

Using intact diaphragms from rats, Cori and M. Krahl were able to show
that glucose uptake in the diaphragms of diabetic rats was stimulated in the
presence of insulin (1947,2). In later studies, they showed that insulin strongly
affects the uptake of pentose (1957,2) and 2-deoxyglucose (1960). These in
vivo studies demonstrated, furthermore, that hexokinase in diaphragm muscle
from diabetic rats is inhibited.

Glycogen-storage Diseases

Throughout the fifties the Coris also investigated the nature of glycogen-
storage diseases, and Carl Cori continued this research into the sixties. They
were the first to pinpoint the defects in glycogen-storage diseases on the
molecular level. Von Gierke's disease, for instance, is characterized by very low
levels, or the complete absence, of the enzyme glucose-6-phosphatase in the
liver (1952,2). This enzyme catalyzes the breakdown of glucose-6-phosphate to
glucose, and, in its absence, glycogen cannot yield blood glucose. The Coris
conducted further studies on glycogen
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storage disease in collaboration with B. Illingworth (1956,2), which were
continued after Gerty Cori's death (1959,1, 1965,1).

THE LATER YEARS: BOSTON (1966-84)

At the end of the difficult decade of Gerty Cori's illness, which culminated
in her death in 1957, Carl Cori was emotionally drained. Fortunately, this
period was succeeded by a happy marriage in 1960 to Anne Fitzgerald-Jones,
with whom he shared many interests in archeology, art, and literature. Carl
Cori's wit and grace flourished in this last period of his life in the warm
atmosphere of his and Anne Cori's home. After his retirement from the
chairmanship of the Biochemistry Department of Washington University in
1966 at the age of 70, the couple moved to Boston.

Carl Cori left an indelible mark on Washington University by the example
of his high standards and the outstanding productivity of his group. W. H.
Danforth, a former Cori postdoctoral fellow who became chancellor of
Washington University, acknowledged the strong influence Carl Cori, whose
advice was often sought and heeded, on the university.

Enzyme Synthesis and Gene Expression

In 1966, Cori was appointed visiting professor of Biological Chemistry at
Harvard Medical School and occupied a laboratory at Massachusetts General
Hospital. He remained active in research until his final illness in 1983 and
formed many deep friendships in Boston, as attested by the number of people
who attended his memorial service held there.

Concerned about metabolic regulation for more than forty years, Carl Cori
now struck out in a new direction—the study of the regulation of enzyme
synthesis at the level of gene expression. This work was a collaborative effort
with the eminent geneticist Salomé Gliiecksohn-Waelsch of the Albert Einstein
College of Medicine.
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They investigated radiation-induced mutations in mice in which deletions
in the chromosome region that included the albino locus served as a marker
(1968,2). Because of the suppression of glucose-6-phosphatase, these deletions
proved lethal in homozygous mutant mice (1968,2, 1969,2, 1970,1), since this
liver enzyme (which the Coris had found to be deficient in von Gierke's
glycogen-storage disease) is essential for the maintenance of blood sugar levels.
The mutants manifested multiple biochemical defects (1973,1), including a
deficiency of tyrosine aminotransferase and certain blood plasma proteins
(1976,5). These multiple biochemical abnormalities, and the lack of gene-
dosage effect in heterozygotes, suggested the involvement of other genes
besides structural ones.

Yet, with many enzymes being synthesized normally, it was clear that this
was not a defect in the general mechanism of protein synthesis. As it continued
(1981,1, 1983), this research produced a striking result: unequivocal evidence
that the structural genes for several of the missing enzymes were completely
normal, but that regulatory genes were deleted. The DNA of the structural genes
is encoded to specify the structure of the protein, but the regulatory gene
determines the expression or non-expression of the structural gene.
Furthermore, the Gliiecksohn-Waelsch and Cori group's experiments
demonstrated by experiments hybridizing mutant mouse liver cells and normal
rat hepatoma cells that the regulatory genes for glucose-6-phosphatase and
tyrosine aminotransferase were deleted from chromosome 7, and that structural
genes are on other chromosomes.

This work broke new ground in demonstrating that both structural and
regulatory genes are essential for the synthesis of individual proteins in a
mammal, a phenomenon previously only known to occur in bacteria and yeast.
It is impressive that Carl Cori in his ninth decade was making
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significant contributions to a problem at the frontier of molecular biology. His
mind continued to absorb new knowledge and use it creatively to the end of his
life.

Cori was often called upon to write review articles, and this did not cease
during his years in Boston. He also wrote a considerable number of historical
articles in this period, and philosophical treatises on the relation between
science and the humanities. In addition to an autobiographical essay, he wrote
articles about scientists he had known, including Francis Schmitt, Earl
Sutherland, James Summer, Embden, and Gerty Cori. He ended his own
memoir with:

The frontiers of physics, astronomy and biology, and the instrument of their
study, the human mind, fill one with wonder as to the great creations of art and
architecture, past and present. From these, and from contact with nature, love
and friends, spring the joy of living and the understanding of sorrow and of the
human predicament. Humanism may be as important to mankind as
competence in a particular field of science.

Carl Cori was an eminently civilized man.

The best source for Carl Cori's early life is his autobiographical essay,
"The Call of Science," which appeared in Annual Review of Biochemistry. Other
excellent sources include Herman M. Kalckar's historical account of the Cori's
contributions in "Selected Topics in the History of Biochemistry: Personal
Recollections," Comprehensive Biochemistry 35 (1983); a biographical memoir
for the American Philosophical Society Yearbook (1985), by John T. Edsall;
and the very detailed biographical memoir in Biographical Memoirs of Fellows
of the Royal Society, 32 (1986), by Philip Randle.

NOTE

1. L. F. Leloir and his collaborators subsequently showed that, in vivo, a different enzyme—
glycogen synthetase—catalyzes the formation the a-1,4 glucosidic bond from UDP-glucose in
the biosynthetic pathway of glycogen.
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