
rent through the barriers. Then
Giaever, who had been taking a course
in superconductivity at Rensselaer
Polytechnic Institute, decided to cool
the junctions to superconducting
temperatures. He speculated that the
change in the density of states asso-
ciated with the onset of superconduc-
tivity should cause a change in the I-V
characteristic of a tunneling sandwich
as one or both of its metal films become
superconducting. He decided to switch
to lead because he realized it would have
a bigger gap and a higher transition
temperature than aluminum. Early in
1960, he did the experiment to measure
the current in the insulating layer with
a sandwich of aluminum-aluminum-
oxide-lead, using only a vacuum system
for evaporating the metal films, an am-
meter, voltmeter, simple cryogenic
equipment and liquid helium. He was
soon able to show that the linear I-V
characteristic of a normal sandwich be-
came highly nonlinear when one of the
metals became superconducting and
then found that when both metals be-
came superconducting a negative-resis-
tance region appeared. He was thus
able to observe the energy gap and the
density of states peak that had the form
predicted by BCS theory.

The tunneling experiment was soon
repeated and extended by workers else-
where, and Giaever tunneling proved to
be a powerful tool for studying the
energy gap and neighboring density of
states of superconductors; it opened up
a new field of phonon spectroscopy.

Josephson, 22 years old in 1962, was
a graduate student of Brian Pippard at
Cambridge. He was working on boun-
dary effects of superconductivity and
had read a recent paper by Morrel
Cohen, Leo Falicov and James Phillips
(then at the University of Chicago),
which explained why the superconduct-
ing density of states should be observa-
ble in Giaever tunneling. Josephson
believed there would be important co-
herence and phase effects across boun-
daries and found in the Chicago work
terms that did not vanish when the
voltage across the barrier was set equal
to zero. He showed his calculations to
Philip Anderson (who was then on a sab-
batical at Cambridge and was teaching
Josephson solid-state and many-body
theory) and to Pippard and discussed
his ideas with them. It was decided to
publish a paper in Physics Letters.

In the 1962 paper Josephson pre-
dicted that a supercurrent could tunnel
through a thin insulating barrier sepa-
rating two superconductors. With no
applied voltage, he said that the super-
current would be proportional to the
sine of the difference in phases of the
superconducting wave functions in the
metals on either side of the barrier.
This is known as the "dc Josephson
effect." Furthermore, he predicted that

if a voltage V is applied across the bar-
rier, an alternating current would flow
with a frequency given by 2eV/h, and
that there would also be harmonics.
When Vis in millivolts, the frequency is
in the high microwave range. Further
calculations appeared in the thesis Jo-
sephson wrote to become a fellow of
Trinity College.

Anderson became an enthusiastic
proponent for Josephson's ideas, espe-
cially their illumination of fundamental
problems of symmetry in quantum
mechanics. On returning to Bell Labs
in August he decided with John Rowell
to attempt to verify the dc Josephson
effect. After struggling for several
months to make suitable junctions with
metals other than aluminum, they even-
tually made one of tin-tin oxide-lead,
saw the dc Josephson effect once the
oxide was made thin enough, and ob-
served, as expected, that the current was
very sensitive to applied magnetic field.

The following year Sidney Shapiro
(Arthur D. Little) observed the ac
Josephson effect, showing that applied
microwaves could mix with the Joseph-
son oscillation and give steps in the
I-V characteristic. To detect the radia-
tion being emitted by the Josephson
juction, Giaever in 1965 reported using
a second junction to pick up the radia-
tion that leaked from the first to the
second junction. Meanwhile, two
groups directly observed the radiation—
I. K. Yanson, V. M. Svistunov and I. M.
Dmitrenko of the Ukrainian Academy
of Sciences and later B. N. Taylor, D. N.
Langenberg, D. J. Scalapino and R. E.
Eck of the University of Pennsylvania.

In retrospect, it appears that Joseph-
son currents in different structures
(crossed wires and point contacts) may
have been observed by R. Holm and W.
Meissner in 1932 and by I. Dietrich in
1952, and in the oxide junction by
Giaever and perhaps by others. But as
Anderson has pointed out (PHYSICS
TODAY, November 1970, page 23). the
observation could be interpreted as a
short across the layer separating the two
metals.

As Josephson's predictions were veri-
fied, enthusiasm for his ideas grew and
led to a great deal of experimental effort.
For example the Josephson effect has
been used to make a precision deter-
mination of the fundamental constant,
h/e, and could also be used to measure
h/me and h/m\\v. The effect has been
used for ultrasensitive electromagnetic
measurements, for the detection and
demodulation of high-frequency radia-
tion and has the possibility of being used
as a high-frequency generator in the re-
gion between microwave and infrared
frequencies. Some groups are consider-
ing using Josephson tunnel junctions to
replace transistors in high-performance
computers.

Esaki took a diploma in physics from

the University of Tokyo in 1947 and then
joined the Kobe Kogyo Corporation.
In 1956 he went to Sony, meanwhile
working toward his PhD, which he re-
ceived from the University of Tokyo in
1959. The following year he joined
IBM, where he is at present an IBM
fellow at the Thomas J. Watson Re-
search Center in Yorktown Heights,
New York.

Giaever received a degree in mechani-
cal engineering in 1952 from the Nor-
wegian Institute of Technology, served
in the army and worked as a patent ex-
aminer in Norway before he joined
General Electric's Advanced Engineer-
ing Program at the Peterborough Works
in Canada in 1955. The following year
he transferred to GE in Schenectady,
where he worked first as an applied
mathematician. In 1964, he received
his PhD from Rensselaer. Since 1958 he
has been at the GE Research and De-
velopment Center, where he is a
Coolidge Fellow.

Josephson earned his BA in 1960 from
Cambridge and four years later received
his PhD. In 1967 he became assistant
director of research and in 1972 a reader
in the physics department at Cam-
bridge. —GBL

Staff changes at the
NSF physics section

Marcel Bardon, NSF physics section
head, has announced staff changes in
his section. Albert L. Bridgewater,
formerly a research associate at the
University of California Berkeley, will
work with Bardon as staff assistant.
David A. Jenkins will serve as asso-
ciate program director for intermedi-
ate-energy physics; he is on leave from
Virginia Polytechnic Institute and
State University. Richard A. Isaacson,
from the Illinois Institute of Technolo-
gy, is the new associate program direc-
tor for theoretical physics. He re-
places Harold Zapolsky who has be-
come chairman of the Rutgers Univer-
sity physics department.

There are two staff changes in the
nuclear-physics program. Gerald T.
Garvey, on leave from Princeton Uni-
versity, will direct the program while
William S. Rodney is on sabbatical
leave at Cal Tech and Los Alamos.
Morton K. Brussel, after a year as its
associate program director, will return
to the University of Illinois.

in brief
Copies of the brochure "Fellowship and

Research Opportunities in the Math-
ematical Sciences" covering pre- and
post-doctoral awards for 1973-74 are
available free of charge from Division
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of Mathematical Sciences, National
Research Council, 2101 Constitution
Ave. N. W., Washington, D. C.
20418.

Travel grants from the National Re-
search Council Math Division are
available for congresses to be held
during August 1974. Applications
can be obtained from Math Division,
National Research Council, Wash-
ington, D.C. 20418 and are due 31
December.

An updated version of the National
Bureau of Standards metric wall
chart, NBS Special Publication 304
(Revised October 1972), is available
from the US Government Printing
Office, Washington, D. C. 20402, for
$0.55 each. A smaller version of the
chart, NBS Special Publication
304A, is available for $0.25.

The National Science Foundation has
released two reports. Federal Funds
for Research, Development and
Other Scientific Activities, Fiscal
Years 1971, 1972, and 1973, Vol. 21
(NSF 72-317), is available from the

US Government Printing Office,
Washington, D. C. 20402, for $2.75
per copy. Scientists, Engineers, and
Physicians From Abroad, Trends
Through Fiscal Year 1970 (NSF 73-
312) can be obtained for $1.00 a
copy.

Technology Assessment, a journal de-
voted to the examination of prob-
lems arising from man's use of tech-
nology, is being published by Gordon
and Breach Science Publishers, 441
Park Ave South, New York, N. Y.
10017, at an individual subscription
rate of $16.00 per four-issue volume.
Other special rates are available.
The journal is the official publica-
tion of the International Society for
Technology Assessment.

A new Data Center specializing in
spectral line shapes and shifts has
been established at the National Bu-
reau of Standards. The Center will
collect and catalogue all relevant lit-
erature and publish bibliographies
and critical reviews of various topics
in atomic line broadening.

Collective Phenomena: An Interna-
tional Journal of Discussion and
Speculation has recently begun pub-
lication. It is available from Gordon
and Breach Science Publishers, Inc,
440 Park Ave, New York, N. Y.
10016 at $15.00 for individuals and
$45.00 for others.

A National Science Foundation re-
port, An Analysis of Federal R&D
Funding by Function, FY 1963-73
(NSF 72-313), is available from the
US Government Printing Office,
Washington, D. C. 20402, for $2.50 a
copy.

With the assistance of the National
Science Foundation the University of
Pennsylvania has established the
National Center for Energy Manage-
ment and Power. The Center offers
an interdisciplinary graduate pro-
gram in energy management and
power. For information write Iraj
Zandi, Chairman, Graduate Group of
Energy Management and Power,
University of Pennsylvania, Philadel-
phia, Pa. 19104.

the physics community
Society of Rheology
announces new officers

The new officers of the Society of Rhe-
ology are president Ronald R. Rivlin,
vice-president Jack R. Knox and secre-
tary Robert A. Mendelson.

Rivlin, the Centennial University
Professor and director of the Center for
the Application of Mathematics at Le-
high University, succeeds F. R. Eirich
of the Polytechnic Institute of New
York. A native of England, Rivlin re-
ceived his doctorate in mathematics
from Cambride University in 1952. He
taught for fourteen years at Brown
University before going to Lehigh in
1967.

Vice-president Knox, a research as-
sociate at Amoco Research Laborato-
ries, Napierville, 111., will become pres-
ident of the Society in two years.
Knox worked as a research chemist
with E. I. du Pont de Nemours & Co
from 1952 to 1960, when he joined Avi-
sun Corp. He holds a PhD in physical
chemistry from the University of Dela-
ware (1963).

Mendelson is a research specialist at
Monsanto Corp in Indian Orchard,
Mass. He has worked with Monsanto
ever since completing his doctorate in
chemistry at Case Western Reserve
University in 1956.

Newly elected executive committee
members-at-large are Irvin M. Krieger,
professor of physical chemistry and
macromolecular science at Case West-
ern Reserve, and L. J. Zapas of the
National Bureau of Standards.

Treasurer Edward A. Collins, a de-
velopment consultant to B. F. Good-
rich, and the Society's editor Raymond
R. Myers, professor and chairman of
the chemistry department at Kent
State University, will continue in their
posts.

Leo Goldberg becomes
president of IAU

Leo Goldberg, director of the Kitt Peak
National Observatory, was elected to a
three-year term as president of the
International Astronomical Union at
the organization's recent general as-
sembly in Sydney, Australia. He re-
places retiring president Bengt
Stromgren of Denmark.

Goldberg assumed the directorship of
the Kitt Peak Observatory in 1971.
Prior to that time he was chairman of
the department of astronomy and di-
rector of the Harvard College Observa-
tory (1966-71). Although he has made
contributions in a variety of areas, his
primary research interests have to do
with atomic structure theory and its
application to astrophysical problems.

Four new officers
elected by OSA

Newly elected officers of the Optical
Society of America for the coming year
are president-elect Arthur L. Schawlow
of Stanford University and directors-
at-large John G. Conway of Lawrence

SCHAWLOW

Berkeley Laboratory, Charles J. Koest-
er of the American Optical Corp and
Douglas C. Sinclair of the Institute of
Optics. University of Rochester. Di-
rectors-at-large serve a two-year term.

In 1958 Schawlow, in collaboration
with Charles H. Townes, demonstrated
for the first time that lasers were tech-
nically feasible. At Stanford, where he
has been since 1961, Schawlow's re-
search has dealt with the optical spec-
tra of ions in crystals, lasers, and their
scientific spectroscopy. During 1951-
61 Schawlow worked on the staff of
Bell Laboratories. He holds a doctor-
ate from the University of Toronto
(1949). •
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