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the local San Ildefonso Indians and a
special appreciation of their remark-
able pottery and sand paintings. With
his first wife, Inge, and, after her
death, with his second wife, Miriam,
Hughes amassed an art collection
that gave their home in New Haven
some of the ambience of a charming
museum set.

Hughes was also an originator of
the use of polarized electrons in high-
energy accelerators: In 1963, he led a
group that developed the first polar-
ized source for SLAC. That vision led
to the observation of parity noncon-
servation in electron–nucleon scatter-
ing and to measurements of the deep
inelastic scattering of polarized elec-
trons by nucleons. The control of the
spin of the incident electrons on polar-
ized nucleon targets allowed measure-
ments of the proton’s spin-dependent
structure; those measurements demon-
strated inadequacies in the under-
standing of the relationship between
the nature of the proton’s constituents
and its spin. Some 10 years after
Hughes’s work at SLAC was termi-
nated, his son, Emlyn Hughes, led a
program that extended the measure-
ments of polarized-electron scattering
by polarized nucleons.

In the last two decades of his life,
Hughes took leading roles in three
major programs. He conceived of and
led an experiment to measure the
anomalous magnetic moment of the
muon g – 2 to an accuracy of better
than 1 ppm. That effort placed severe
constraints on the extensions of the
standard particle physics model. He
continued his work on nucleon spin
constituents as the spokesman for the

Spin Muon Collaboration at CERN,
and he directed an extensive program
of muonium physics at LAMPF until
it closed in 1996.

Although Hughes preferred to di-
rect his administrative talents to his
varied experimental programs, he kept
in sight his early goal “of doing good
things for the world.” He accepted the
position of chairman of the Yale physics
department during the critical years
1960–66, when Yale was undergoing a
transformation into a modern research
university. He also worked sedulously,
from 1962 until his death, as a trustee
of Associated Universities Inc, which
operated Brookhaven National Labo-
ratory and the National Radio Astron-
omy Laboratory.

Hughes was elected to the National
Academy of Sciences in 1967. In 1978,
he was awarded the American Physi-
cal Society’s Davisson–Germer Prize
in Atomic Physics and, in 1990, the so-
ciety’s Tom W. Bonner Prize in Nu-
clear Physics.
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Henri Arthur Levy
Henri Arthur Levy, a pioneer in

neutron crystallography at Oak
Ridge National Laboratory (ORNL),
died of congestive heart failure on 
25 March 2003 at his home in Oak
Ridge, Tennessee.

Henri (who pronounced his name
“Henry”) was born in Oxnard, Cali-
fornia, on 12 September 1913. He at-
tended Caltech, where he received his
BA in chemistry in 1935 and his PhD
in physical chemistry in 1938. His
thesis included a section on second-
order polarization energies in atoms,
a theoretical topic proposed by Linus
Pauling. Another section described
electron diffraction studies done in co-
operation with Lawrence Brockway.
After receiving his degree, Henri
stayed on at Caltech to work on x-ray
crystallography.

In 1943, Henri joined Clinton Lab-
oratories, the predecessor to ORNL,
where he became an expert in the new
field of radiochemistry. He extracted
radioactive lanthanum from fission
products to produce an intense radia-
tion source needed at Los Alamos for
testing the implosion bomb during
World War II. That work formed the
basis of articles he subsequently pub-
lished on designing laboratories to
handle radioactive materials.

As the war work wound down,
Ernest Wollan and Clifford Shull
began using a neutron beam from
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ORNL’s Graphite Reactor for diffrac-
tion studies on various crystalline
powders. Henri quickly followed
their example and set up a neutron
diffraction instrument for chemical
studies. In 1949, Selmer Peterson
joined ORNL to work with Henri on
a study of potassium hydrogen fluo-
ride, which was of interest because
the bifluoride ion would eventually
prove to have a strong centered hy-
drogen bond between the fluorine
atoms. Because their initial powder
experiments were inconclusive, they
proceeded with one of the first single-
crystal neutron diffraction studies
and produced a precise analysis of
potassium hydrogen fluoride.

Henri and Peterson made other
studies of hydrogen-bonded materi-
als, including a detailed study of sev-
eral phases of the ammonium halides.
Their single-crystal study of heavy ice
showed conclusively that Pauling’s

postulate of disordered hydrogen
bonding was correct. As a result, the
Antarctic Place-names Commission
later honored Levy and Peterson,
along with others who had worked on
water and ice, by naming islands in
Antarctica’s Crystal Sound after
them. Henri also made important
studies of liquids by both x-ray and
neutron diffraction, many of them in
collaboration with Alfred Narten, also
of ORNL. Notable was their 1967 x-
ray study of water over the tempera-
ture range from 4 to 200°C.

Henri and his coworkers developed
automatic data-collection equipment
and computer programs to control ex-
periments and analyze results. For
the early single-crystal neutron dif-
fraction work, he designed a mechan-
ical device that permitted the experi-
menter to preset angles for rotation of
the sample about one axis so that the
intensities of 20 reflections could be
measured automatically.

When one of the early electronic
computers became available at ORNL
in 1954, Henri’s group quickly put it to
use for various crystallographic calcu-
lations. When the Oak Ridge Research
Reactor came on line, Henri and his
coworkers developed a three-circle dif-
fractometer controlled by punched
paper tape from the computer. The re-
sulting data counts were punched on
tape for automatic processing. When
minicomputers became available in
1965, Henri’s group programmed the
PDP-5 computer to control a four-
circle Picker diffractometer, first as an
x-ray instrument and then for neutron
crystallography at ORNL’s High Flux
Isotope Reactor Facility.

Henri and I developed and distrib-
uted a full-matrix, least-squares
structure refinement program that
was modified so often that the 1979
version listed nine authors. By 1981,
that program had been cited more
than 3000 times. A companion pro-
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Dirk ter Haar

Dirk ter Haar, emeritus reader in
theoretical physics at Oxford Uni-

versity, died peacefully on 3 Septem-
ber 2002 in the Dutch city of Drachten
following a family birthday celebra-
tion. The cause of death was pul-
monary embolism. He contributed to
diverse areas of theoretical physics
and played a leading role in the dis-
semination of the subject.

ter Haar was born in Oosterwolde,
the Netherlands, on 22 April 1919, the

gram permitted the calculation of
various molecular parameters with
their standard errors. We also cre-
ated a method for correcting observed
bond distances for the thermal mo-
tion of the atoms involved.

In 1978, Henri retired at the then
mandatory age of 65. However, he
continued to develop methods for
combining electron microscope im-
ages to produce three-dimensional 
information.

Henri served as an officer of the
American Crystallographic Associa-
tion, first as secretary (1961–63),
then as president-elect (1964), presi-
dent (1965), and past president
(1966). He was also a member of the
US National Committee for Crystal-
lography.

Henri joined the Smoky Moun-
tains Hiking Club in 1945 and main-
tained his membership for the rest of
his life. While hiking with this group,
he met his future wife, Bettie Ju-
resco. He later proposed to her on the
Appalachian Trail.

Undoubtedly, Henri’s work has
had a profound influence on our
knowledge of the atomic and molecu-
lar structure of matter. Techniques
that he pioneered are still being used
to advance this knowledge.

William R. Busing
Oak Ridge, Tennessee


