
PPhysicists have honored their own again
this year for outstanding contributions

to fields of importance to industry, that
including optoelectronics, low-temperature
measurement, and the discovery and explo-
ration of nanotubes.

Industrial Physics
Charles H. Henry, the co-inventor of the

quantum-well laser, received the 2001–2002
American Insti-
tute of Physics’
Prize for Indus-
trial Applica-
tions of Physics.
Henry, a pioneer
in optoelectron-
ics at Bell Labo-
ratories, was
cited for his
“ fundamental
contributions to
the understand-

ing of the optical properties of quantum wells
and semiconductor lasers.” Indeed, much of
his research made today’s optical-networking
systems possible. A mastery of theory and
experiment has marked Henry’s innovative
career. In the early 1970s, he calculated the
energy levels of quantum wells, and, together
with Bell Labs colleague Ray Dingle, he
explored the optical transitions in quantum
wells. This seminal work led in 1976 to the
patent on the quantum-well laser, a now
ubiquitous device in compact disc players
and optical communication systems. 

Henry then began investigating semicon-
ductor laser materials and devices, work
that established the alpha parameter as an
important factor in these materials. The
Schawlow–Townes (S–T) theory of laser
linewidths states that linewidth is inversely
proportional to the optical power. In 1960,
Melvin Lax suggested that the S–T formula
needed an additional term (the alpha para-
meter), although it was negligible for gas
lasers. “But Chuck understood that it was
important to semiconductor lasers,” says
Alice E. White, director of integrated pho-
tonics research at Bell Labs. “He showed

that fluctuations in carrier density lead to
phase fluctuations that cause the residency
of the lasers to move around.”

In the late 1980s, Henry began investi-
gating silica waveguides fabricated on sili-
con wafers. “Chuck used his fundamental
understanding of optics to design devices—
such as external Bragg reflectors to stabilize
lasers, polarization splitters, add–drop fil-
ters, and multiplexers and demultiplexers—
that would be useful for optical systems,”
says White. Those pioneering efforts helped
make possible dense-wavelength multiplex-
ing, the backbone of fiber-optic communi-
cations systems (see page 18).

Although Henr y officially retired in
1997, he continues to work with Bell Labs
as a consultant. 

Pake Prize
The American Physical Society (APS) com-

mends a special kind of physicist with the
annual George E. Pake Prize—one who has
combined original scientific accomplish-
ments with management leadership. The
2002 Pake Prize honors Paul Horn, an IBM
senior vice president and its director of

research. He
was cited “for
his innova-
tive contribu-
tions to the
understand-
ing of 1/f
noise, the
elucidation of
surface phas-
es and phase
transitions,
and his signal

achievements in managing IBM Corpora-
tion’s global research team.”

Horn joined IBM in 1979 and quickly
displayed a blend of innovative science and
managerial skills. His most noted scientific
work was in studies of 1/f noise, the phe-
nomenon also known as “flicker” or “pink”
noise. Horn was also among a small group
of physicists who pioneered the use of syn-
chrotron radiation at glancing angles to

study the structure of surfaces. His other
investigations include studies of inhomoge-
neous superconductivity, organic conduc-
tivity, magnetic critical phenomena, the
structure of quasi-crystals, and high-tem-
perature superconductivity. 

Beginning in 1980, Horn held a series of
increasingly demanding management posi-
tions, in addition to his research, which cul-
minated in his becoming IBM’s research
director in 1996. Today, he oversees more
than 3,000 employees at eight laboratories
around the world, and he is credited with
stabilizing IBM’s research resources, improv-
ing morale, and restoring IBM science to its
once towering status.

“Paul is sharply focused on integrating
emerging technologies into the IBM prod-
uct stream, and the immediate value our
innovations bring in solving our customers’
business problems,” says Nicholas M.
Donofrio, the company’s senior vice presi-
dent for technology and manufacturing.
“Our technical teams around the world
have embraced Paul’s vision, and it is very
exciting to see the results of the enthusiasm
and leadership Paul had inspired in them.”

Keithley Award    
The APS’s 2002 Joseph F. Keithley Award

honors Robert J. Soulen, Jr., of the U.S.
Naval Research Laboratory (NRL) in Wash-
ington, DC, for major advances in low-tem-
perature measurement. He was cited for
developing low-temperature noise ther-
mometry to measure temperatures between
1 mK and 1 K, and “for other significant
contributions to thermometry measure-
ment over a distinguished career.”

Soulen’s list of advances in low-tempera-
ture thermometry includes measurement
techniques, devices, sensors, and products.
“In cryogenic circles, Bob has undoubtedly
been the leader in the development of ther-
mometers over the last quarter of a centu-
ry,” says physicist John Clarke of the Uni-
versity of California, Berkeley. In addition to
his scientific research, Soulen has served in
management positions, twice served as a
U.S. representative to the international
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Consultative Committee for Thermometry,
and worked extensively with the low-tem-
perature research community.

The Keithley award winner began his
research career in 1966 at what is now the
National Institute of Standards and Tech-
nology (NIST), and he joined the NRL in
1987. Two of his principal contributions
came in the fields of noise thermometry and
fixed-point thermometry. He perfected a
noise thermometer, based on a resistive
superconducting quantum-interference
device, to measure thermodynamic temper-
ature below 1 K and down into the mil-
likelvin region. “Soulen’s triumph has been,
over the ensuing years, to investigate and
ultimately pin down all the systematic
errors so that we can now use the device to
measure absolute thermodynamic tempera-
ture from 1 K down to 1 mK,” says Ralph P.
Hudson, Soulen’s former mentor at NIST.

In fixed-point thermometry, Soulen’s
major innovation was the use of supercon-
ductor transition temperatures to pinpoint
temperature over the ranges of 0.5 to 20 K
and 15 to 200 mK. He also developed a cir-
cuit that is almost universally used to mea-
sure these superconductivity transitions.

McGroddy Prize   
Sumio Iijima of NEC Corp. (Tsukuba,

Japan) and Donald S. Bethune of the IBM
Almaden Research Center (San Jose, CA)
shared the APS’s 2002 James C. McGroddy
Prize, which recognizes outstanding achieve-
ment in the science and application of new
materials. They were cited for their inde-
pendent discovery and development of sin-
gle-wall carbon nanotubes, a form of pure
carbon that can behave like a metal or semi-
conductor, transmits heat better than dia-
mond, and ranks among the strongest
materials known.

In 1991, while studying the geodesic C60
molecules called “buckyballs” with an arc-
discharge between two carbon rods, Iijima
discovered multiwall nanotubes in the
residue on the carbon rods. C60, one of a
family of molecules called fullerenes, had
so intrigued researchers that no one
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had carefully
explored the
d e p o s i t s
formed on the
e l e c t r o d e s
used to create
buckyballs. When Iijima examined the
residue with a high-resolution transmission
electron microscope, he found tiny tubes
that consisted of two or more concentric
tubules only nanometers in diameter. 

“That finding established the connection
between multiwall nanotubes and the
fullerenes,” says Mildred S. Dresselhaus,
professor of physics at the Massachusetts
Institute of Technology. Iijima—who is also
a professor at Meijo University (Nagoya,
Japan)—continued his research. Two years
later, he and Bethune published separate
papers reporting the discovery of single-
wall nanotubes, which had been predicted
but which were thought to be impossible
to fabricate in the laboratory. Unlike the
multiwall tubes, single-wall nanotubes are
nearly perfect molecular structures, which
makes them ideal for components in
nanoscale electronic devices.

“This experimental discovery of single-
wall carbon nanotubes led to an extremely
productive period for both theoretical and
experimental developments in this impor-
tant field,” says Dresselhaus. “Currently,
the carbon nanotubes field is moving
rapidly, with a publication rate of about
1,000 papers per year relevant to both
novel science and promising applications.”

Europhysics Prize  
Sumio Iijima also shared the 2001 Agi-

lent Technologies Europhysics Prize with
three other physicists for his discovery of
multi- and single-wall carbon nanotubes
and pioneering studies by all four researchers
of the new materials’ fundamental proper-
ties. Co-winners were Thomas W. Ebbesen,
currently at the NEC Research Institute
(Princeton, NJ); Cees Dekker of Delft Uni-
versity in The Netherlands; and Paul L.
McEuen, now at Cornell University.

“These researchers have made essential

contributions
to open a new
field in con-
densed-mat-
ter physics at
the interface

of nanoscience, nanotechnology, and molec-
ular electronics,” the European Physical
Society announced in awarding the prize. 

Ebbesen and his team developed ways to
produce large quantities of purified nan-
otubes, which further expanded research.
His group also demonstrated that nan-
otubes have exceptionally large elastic mod-
uli and are remarkably strong fibers. This
strength is combined with an ability to
buckle in a reversible manner, a mechanical
property with many promising applications.

Dekker and McEuen’s groups pursued
the electrical properties of nanotubes. In
1997, both teams reported that the tiny
tubes behave as coherent quantum wires,
which opened a new research direction.
Nanotubes are one-dimensional conduc-
tors, which can be envisioned as rolled-up,
seamless graphite sheets with a hexagonal
lattice. Their electrical properties depend
on their detailed atomic structure. Several
groups had predicted that nanotubes
should be either metallic or semiconduc-
tors, depending on the tube diameter or
the wrapping angle. Cees and his col-
leagues first showed this in 1998. In the
same year, they demonstrated the first sin-
gle-molecule transistor based on an indi-
vidual carbon nanotube that could operate
at room temperature. The next year, they
revealed an intramolecular junction.
McEuen and his team showed in 2000 that
inter-nanotube junctions can act as molec-
ular diodes. Ω
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