Drawing on his experience as direc-
tor of the International Centre for
Theoretical Physics in Trieste, Abdus
Salam, who gave the banquet address,
emphasized the potentially key role to
be played by the United Nations in
fostering international collaboration in
science. Interestingly enough, the
center at Trieste marks the first impor-
tant step taken by the United Nations
in the direction of the support of pure
as opposed to applied science. It also
serves as a perhaps unique meeting
ground between physicists from the
East and the West, which can also
help in large measure to solve the
problem of the isolation of physicists
from developing countries who must
otherwise exile themselves abroad if
they are to remain active in science.
Salam expressed the fervent hope that
the natural extension of this activity
by the United Nations would consist
ultimately in the founding of one or
several United Nations Universities.

The proceedings of this conference
will be published shortly, and the next
such conference will be held at Van-
derbilt University in the fall.

* % *

The authors thank T. T. Wu (Harvard) for
discussions and suggestions. They feel
that David Feldman (Brown) is to be
congratulated for his efforts as chairman
in organizing this conference.

H. Y. Chiu

Institute for Space Studies and State
University of New York, Stony Brook
S. F. Tuan

University of Hawaii

Kyoto: the Physics
of Semiconductors

In reporting on the highlights of the
7th International Conference on the
Physics of Semiconductors (Kyoto,
Japan, 8-13 Sept. 1966) we are
amazed at the breadth and depth of
the subject matter—basic phenomena
of lattice dynamics, electromagnetic
theory, quantum theory in connection
with band structure, many-body ef-
fects dealing with plasmons, phonons
and interactions between them, quan-
titative effects in transport, magneto-
optical and magnetoacoustic effects
and scattering,

Band structure studies. Theoretical
and experimental investigations of
band structure have been one of the
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JANES, G.5., LEVY, R.H., BETHE, H.A., AND FELD, B.T.
ON A NEW TYPE OF ACCELERATOR FOR HEAVY IONS. December, 1965.

Contract AF 49(638)- 1553,
Published in Phys. Rev. 145:925 (May 1966).

A new device (called HIPAC - Heavy Ion Plasma i&__qcelerator)
which may be capable of accelerating ions of any atomic num-
ber to energies sufficient to overcome the nuclear Coulomb
barrier is described. A closed potential well is created by
filling a toroidal vacuum chamber with electrons; the electrons
are contained by a magnetic field whose intensity is so low that
its effect on the ions can be neglected. Ions are both accel-
erated and trapped in the well; the trapping effect allows suf-
ficient time for the ions to become highly stripped by electron
impact. The very large ion energies that can be achieved in
this way would allow a wide variety of nuclear reactions to be
studied, including inverse fission. The present primitive state
of development of the HIPAC is described, and the future pros-
pects assessed.

WEISS, R.

THE NEAR WAKE OF A WEDGE. Decembor, 1964. Contracts DA -30-069-ORD- 1955

ond AF 04(694)-414. AFBSD-TDR-64-150. N&5-15716. AD 609577.
Published in AIAA J. 4:1557 - 1559 (September 1966).

An analytical model of the two-dimensional laminar near wake
is described. All relevant physical features of the flow, in-
cluding the boundary layer expansion at the shoulder, free
shear layers, recirculation regions and recompression re-
gion are included. A tractable problem is formulated by
matching approximate solutions for each of these regions a-
long mutual boundaries. A set of coupled algebraic equations
is derived, and numerical results obtained for the conditions
of a wind tunnel wedge experiment. Satisfactory agrecment
is obtained between the measured and theoretical variation

of base pressure with Reynolds number. Additional computa-
tions are carried out for a series of wedges of different
length, apex angle, and wall temperature. The variation

of base pressure, wake angle and neck’enthalpy ratio with
altitude is obtained for these bodies. It is shown that the
near wake dimensions scale approximately with body size,
and that the neck enthalpy ratio has a significant variation
with body size, wall temperature and altitude. The effect

of free-stream velocity on the neck enthalpy ratio is seen to
be relatively unimportant, however. A number of extensions
of the first-order model are suggested.
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But the publishing of papers is merely one facet
of the atmosphere of academic freedom pro-
vided at Avco Everett. Here you'll be working
with internationally recognized scientists in such
areas as Aero Physics, Atomic Physics, Plasma
Physics, Re-entry Physics, Superconductivity,
Gas Lasers and Magnetohydrodynamics. And
you'll be part of a creative research laboratory

» MAY 1967 « PHYSICS TODAY

run by research scientists, who themselves are
engaged in pure research.

If you're an advanced degree Research Scien-
tist and are interested in doing research in a
University-type atmosphere, which also offers
all the personal advantages of private industry,
look into Avco Everett.

For further information or a bibliography of re-
cent abstracts, write Mr. Louis Rudzinsky.

AVCO

EVERETT

RESEARCH
LABORATORY

2385 REVERE BEACH PARKWAY
EVERETT, MASSACHUSETTS 02148
An Equal Opportunity Employer




MEETINGS

central themes of the semiconductor
conferences that have been tradi-
tionally held every two years since
1952, Techniques and computer cal-
culations from the embryonic begin-
nings, reported in 1954 at Amsterdam,
have been advanced significantly. In
particular, perturbation and pseudopo-
tential calculations, correlated with ex-
perimental data, principally those ob-
tained by optical reflectivity tech-
niques, have now given a fairly com-
plete picture of the band structure
throughout the Brillouin zone of not
only elemental materials, such as ger-
manium and silicon, but also the more
complex 3-5 and 2-6 compounds.

Optical investigations. Although
optical and infrared experiments have
been traditionally important tools for
the study of fundamental semiconduc-
tor properties, sophistication of meth-
ods and elegance of results reported at
the Kyoto conference indicated the
maturity of this field of physics. The
use of high-resolution spectrometers,
combined with low temperature, has
made possible measurements in new
crystals of complex structure such as
the layer compounds of the gallium-
selenide family. An interesting inves-
tigation of amorphous germanium, in
which the short-range order is approx-
imately the same as in single crystals
but the long range order is absent, re-
vealed spectral structure in the in-
frared region, analogous to that of
crystalline material.

Another significant class of prob-
lems to be studied by optical means
has been lattice vibrations in crystal-
line material. In particular, observa-
tion of higher-order Raman and multi-
phonon processes is currently of great
interest in semiconductors. Such spec-
tral studies of phonon processes are
pertinent because of the current and
future work in the area of Raman scat-
tering with laser beams.

In a session devoted to impurities,
such topics as impurity-band tails in
degenerate semi-conductors were dis-
cussed. This subject is important in
the infrared emission from diodes and
lasers, Sophisticated theoretical and
experimental studies of the compli-
cated energy-level structure of neutral
and singly and doubly ionized impurity

levels in host crystals such as german-
lum and silicon were carried out by
means of piezospectroscopic tech-
niques. Results were also reported on
the Zeeman effect of acceptor states in
type II diamond.

Magnetooptics. New crossed-elec-
tric- and magnetic-field effects at very
high magnetic fields, of the order of
100kG or more, were presented; there
is great theoretical interest here, not
only in magnetoabsorption but also
in photon-assisted magnetotunneling,
Some interesting work concerned re-
cent experiments and theory of non-
linear magnetodptics, in which multi-
photon-induced interband transitions
have been observed with a Q-spoiled
carbon-dioxide laser. Resonance non-
linearities that were indicated show
great promise for future study of semi-
conductors and semimetals. From re-
sults obtained by combination of pie-
zoreflectance and high magnetic fields
it was apparent that there is a new fu-
ture for the quantitative study of band
structure in semiconductors, semime-
tals and metals as well.

The study of solids with lasers com-
bined with high magnetic fields was
not restricted to the near infrared with
sources such as the carbon-dioxide
laser; for example, the cyanide laser
has been used to observe cyclotron
resonance in p-type germanium at
0.337 nm in fields up to 150 kG. Cy-
clotron resonance has also been stud-
ied in the submillimeter region near
0.7 nm using well known carcinotron
sources. Thus it appears that these
two techniques of generating coherent
radiation have converged in this re-
gion of the spectrum and, in conjunc-
tion with superconducting magnets,
should provide very effective tools for
resonance studies in semiconductors
and semimetals.

Transport investigations. One of
the striking features in investigating
transport phenomena in semiconduc-
tors is the more extensive use of high
magnetic fields. In the study of one
new phenomenon, oscillatory magne-
toconductance in silicon surfaces, de
fields up to 93 kG were employed. A
relatively new quantum transport ef-
fect, magnetophonon resonance, was
studied in indium antimonide and in-
dium arsenide by sweeping a pulsed
magnetic field up to 500 000 G and
observing oscillations in the magneto-

nlerieromelry?
Nelerodyning?

Here 15 @ Single Ire-
quency, stable He-Ne

e,
2413

for open loop Systems,

§ 34T

wilh servo [requency
conirol.

ELECTRO OPTICS
ASSOCIATES

The LAS-203 is designed to fit into precision
optical systems that demand high resolution
and stability. Applications include fringe-
counting interferometers for length and ve-
locity measurement; checkout of precision
optical components; optical heterodyning
and calibration.

Salient specifications are:

s 200 microwatts CW output near 6328 A
wavelength.

o Single frequency, single-transverse
TEMuo, mode.

o Temperature-compensated for frequency
stability of 100 MHz per °C, open loop.

» |ntegral photodetector generates
control signal.

« Piezoelectric frequency tuning.
» Modular construction.
= Full one year warranty.

Ask ELECTRO OPTICS ASSOCIATES, where the
Second Generation of Lasers is available now.

ELECTRO
OPTICS
Emammm ASSOCIATES

981 COMMERCIAL AVENUE, PALO ALTO, CALIFORNIA
(415) 327-6200

PHYSICS TODAY =+ MAY 1967 + 103



Radiation Effects
in Optical Materials

™ SPECTROGRAPH

QUADRUPOLE
MAGNET

™ IRRADIATED REGION

OF CRYSTAL

__— PULSED =

LIGHT SOURCE
VIEW ALONG LIGHT BEAM

PLAN VIEW

Pulsed Electron Bombardment of Solids

What defects are formed
0.01 microsecond
after irradiation?

NRL invites you
to help find the answer.

This is just one of the problems currently being studied at the Naval
Research Laboratory. There are hundreds of others equally intriguing.

NRL, the Navy's corporate laboratory, is engaged in research and
development embracing practically all branches of physical and engineering
science and covering the entire range from basic investigations of
fundamental problems to applied and developmental research.

The Laboratory has current vacancies and a continuing need for
physicists, chemists, metallurgists, mathematicians, oceanographers,
engineers (electronic and mechanical), and technical editors and
writers for challenging assignments.

Persons appointed receive the full benefits of career Civil Service
including regular salary increases and liberal retirement. The
Metropolitan Area offers excellent living conditions and recreational
facilities to suit a variety of needs. Six local universities provide
opportunities for graduate study in almost any field.

The Laboratory encourages its employees to further their professional
education. Send resume or Standard Form 57 to:

The Director (Code 1818-6)
Naval Research Laboratory
Washington, D.C. 20390

An Equal Opportunity Employer

MAY 1967 e+ PHYSICS TODAY

MEETINGS

resistance arising from resonant scat-
tering of electrons when the Landau
level or spin spacings coincide with
the energy of the optical phonon.

The natural extension of microwave
and millimeter semiconductor tech-
niques to semimetals was quite evi-
dent throughout the conference. Not
only traditional dc techniques but also
cyclotron resonance, which was first
reported in 1954 in germanium and
silicon, have now been found extreme-
ly useful in studying semimetals such
as arsenic, which are in many ways
similar to semiconductors. An inter-
pretation of magnetothermoelectric
and galvanothermoelectric effects ob-
served in bismuth, which has anisotro-
pic and complicated energy surfaces,
was considered.

A paper on bismuth-antimony alloys
also illustrated the close relation be-
tween semimetals and semiconductors.
The quantum transport Shubnikov-de
Haas technique indicated that this
alloy indeed does become a semicon-
ductor in the vicinity of 12% concen-
tration of antimony in bismuth as had
been predicted earlier. In related
work it was demonstrated that for suf-
ficient doping with tin, bismuth con-
ducts primarily by holes in a manner
analogous to an extrinsic p-type semi-
conductor.

Proceeding from linear transport
theory it is natural to consider the be-
havior of electrons under the action of
high electronic fields—that is, the hot
electrons. The invited paper in this
session emphasized the role of optical
phonons, which are excited by the hot
electrons, in determining the energy
distribution of these energetic carriers.
In turn, particularly in piezoelectric
crystals, the effect on phonon distribu-
tion of energy transfer between elec-
trons and phonons was pointed out.
Hot electrons are of considerable in-
terest because of their role in the am-
plification of acoustical waves by fast
moving charges, avalanche breakdown
in low-energy-gap semiconductors,
and the well known Gunn effect. In
discussing the current instabilities in-
volved in the latter effect in gallium
arsenide, experimental evidence was
presented for the creation of high-field
domains of electrons in the higher

band and for the drift of these do-



mains, which are responsible for the
microwave oscillations.

Electron-phonon interactions that
occur naturally in the context of hot
electrons can be examined from anoth-
er viewpoint, namely, the “acoustoe-
lectric” effect; this phenomenon has
been widely studied in cadmium sul-
fide. In particular, the physics of
high-frequency sound amplification
and the mechanisms of the nonlinear
electron-phonon interaction were ex-
amined not only in cadmium sulfide
but also in tellurium and many-valley
semiconductors as well. A unique
presentation concerned the observa-
tion of polarons (mobile charge in
polar crystals that drag along excited
phonons) in indium antimonide. The
most significant aspect of this work
was the behavior of polarons in a mag-
netic field, examined by the interband
magnetotptical phenomenon.

Impurity conduction is a phenome-
non that was observed some time ago;
only recently with more advanced the-
oretical techniques and better exper-
iments, however, has this subject be-
come susceptible to quantitative theo-
retical analysis. One of the papers
presented the thesis that s-d scattering
due to spin interactions may be impor-
tant. The resistance minimum as a
function of temperature (in this case
with magnetic field), which is well
known in magnetic alloys, is thought
to resemble the Kondo effect of spin
scattering. The role of localized spins
in impurity scattering has also been
proposed in a different form by Toyo-
zawa and appears to be in qualitative
accord with experiment. In another
approach to understanding the phe-
nomenon of impurity conduction it was
studied as a function of frequency.

Superconducting and magnetic sem-
iconductors. Among the relatively
new aspects of semiconductor physics
that were introduced at this confer-
ence were semiconductors that exhibit
magnetic properties and those that be-
come superconductors at very low
temperatures. = What is significant
about these semiconductors is that
since the carrier concentration can be
controlled, new information can be ob-
tained regarding the mechanism of su-
perconductivity.  This remarkable
phenomenon has been extensively
studied in strontium titanate and ger-
manium telluride, below 1°K.

The conference was held under the joint
auspices of the International Union of
Pure and Applied Physics and the Science
Council and Ministry of Education of
Japan. It was organized by T. Muto,
chairman, and G.M. Hatoyama, secretary.
The proceedings have been published as
a supplement to volume 21 of the Journal
of the Physical Society of Japan.

B. Lax

National Magnet Laboratory, MIT
J. G. Mavroides

Lincoln Laboratory, MIT

Magnetizers Discuss Their
Ways and Whys at Grenoble

The magnetic-field parameter is now
recognized as one of the most impor-
tant in modern and future science and
technology. This is the reason for
world-wide interest in production and
application of high magnetic fields
and the importance of the 1966 Inter-
national Conference on High Magnet-
ic Fields (University of Grenoble,
France, 12-14 Sept.). It was spon-
sored by the Centre National de la Re-
cherche Scientifique, with the blessing
of the International Union of Pure and
Applied Physics and had more than
250 participants.

High-field production. The fol-
lowing is a list, from the conference, of
laboratories that produce intense mag-
netic fields by conventional, supercon-
ducting, combined, quasi-continuous
cryogenic, pulsed and explosive tech-
niques:

Conventional  continuous  fields
(using some megawatts of power) in
the 100-kG range and above were re-
ported from
France:

Laboratoire d’Electrostatique et de
Physique du Métal, University of Gre-
noble, 103 kG, 3-cm diameter.

Centre d’Etudes Nucléaires, 100 kG.
United States:

Low Temperature Laboratory, Uni-
versity of California, Berkeley, 100
kG, 12-cm diameter, 50-em length.

National Magnet Laboratory, Cam-
bridge, Mass., 225 kG, 3-cm diameter
(240 kG for a short time).

Holland:

Kamerlingh Onnes Laboratorium,
Leiden, 80 kG, 8.6-cm diameter.
England:
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undersea, surface, air, anti-air,
amphibious and space.
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