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1970 Model A
Convertibles
Green to UV. A new model year. . . a new
line of high performance convertibles.
We're referring, of course, to our
Models 52AUV and 53AUV Argon Ion
Lasers. Designed and tuned to cruise at
2 and 6 watts, respectively, in the
blue-green region, either system can be
converted to near UV operation by
simply popping in a special set
of multilayer reflectors. Drive now at
351.1 nm and 363.8 nm with guaranteed
outputs of 100 mw with the 52 and
300 mw with the 53.

Need deeper UV lines? Specify the
Model 440 UV Generator which doubles
the 514.5 nm green line into the
biochemically exciting 257.3 nm region.
Temperature controlled for stability
and mechanically designed for easy
alignment, the 440 generates 4 mw when
coupled with the 52 and a booming
35 mw when teamed with the 53.
1970... the year of the laser convertible.

Distributed by:
East Coast:
Coherent Radiation Laboratories
3513 Concord Pike
Wilmington, Delaware 19803
Telephone: (302) 478-3513

West Coast:
Coherent Radiation Laboratories
932 East Meadow Drive
Palo Alto, California 94303
Telephone: (415) 328-1840

Call your local dealer!



Model BHK 1000-0.2M

NEW! HIGH VOLTAGE-
AUTOMATIC CROSSOVER
PRECISION
POWER SUPPLIES
Kepco's new series BHK brings to the high voltage arena
the latest development in power supply technology.

Full automatic crossover operation; <0.01% regulation
in both the voltage and current modes, voltage limiting
in current mode, current limiting in the voltage mode.

VIX® mode indicator lights with a relay closure for re-
mote signal purposes. (Tells you which mode has been
selected - voltage or current.)

d Ten-turn voltage and current controls (with an addi-
tional ten-position range selector for a high resolution
voltage control).

The Kepco BHK Series
includes models for:
0-2000V @ 0-100 mA
0-1000V @ 0-200 mA
0 - 500V @ 0-400 mA

Fully programmable, in both modes-by resistance,
voltage, current or conductance, operationally pro-
grammable with 100 db open-loop gain!

Fast slewing. In high speed mode, voltage can be
programmed at rates in excess of 500,000 volts per
second.

Fast recovery current regulation. In high speed mode,
recovery is at the rate of 0.5 volts per microsecond.

Offset nulling. Controls are provided for nulling the
offset voltage and offset current for truly linear pro-
gramming.

Two references ( + ) and (—) 6.2V DC, used for sum-
ming, scaling, level shifting and biasing the BHK as
a high voltage operational power supply.

Write for Kepco's brand new Catalog B-693, giving
the complete specifications on these remarkable
voltage regulators, current regulators, high voltage
operational power supplies.

The specifications for the BHK power supplies are
presented in two forms: conventional "percent"
regulations specs and the new "offset" specs re-
ferred to the power supply's input. An eight page
application section in this catalog provides an
informative review of this new concept.

WRITE DEPT. AU-23

KEPCO, INC. • 131-38 SANFORD AVENUE • FLUSHING, N.Y. 11352

(212) 461-7000 • TWX # 710-582-2631
Telex: 12-6055 • Cable: KEPCOPOWER NEWYORK
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Industry Standards

These general-purpose XY recorders set
new price/ performance standards for
users. Bold words, but we can prove
them. We call them "general purpose"
because they combine features and per-
formance covering a broad range of
user needs. And the price is down where
everyone serious about recording XY
data can afford them.

High performance: On both the 7035B
(8V2-X 11") and 7005B ( l l " x 17"), you
get 20 in/sec slewing speed, five cali-
brated input ranges from 1 mv/in. to
10 V/ in, with metric calibration op-
tional; one megohm input impedance
on all but the two most sensitive ranges;
0.2% accuracy full scale, with 0.1%
linearity and resettability. Features: All
the time-and field-tested HP features
are standard, such as afl-solid-state cir-
cuitry, exclusive electric paper hold-
down, zener reference, electric pen lift,
easy-load platen, rack/bench converta-
bility, instant access for adjustment or
maintenance. Price: A low $985 (7035B)
and $1195 (7005B).

To check on how closely we meet your
XY recorder standards, call your local
HP field engineer. Or write Hewlett-
Packard, Palo Alto, Calif. 94304; Europe:
1217 Meyrin-Geneva, Switzerland.

HEWLETT M PACKARD

GRAPHIC RECORDERS
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2 4 V 80m A

14V 45mA

Fast analog computation of products, ratios, squares
and square roots is readily performed by the PAR™
Model 230 Multiplier Unit Applications include
mto- and crosscorrelation, precision square-law
letection and mean-square computations, determi-
lations of the instantaneous ratio of two voltages,
nodulation and generation of sum/difference fre-
juencies and broadband frequency doubling.

'eatures of this instrument includes
True four-quadrant multiplication
Dynamic Range 10:j:l (60 dBJ
0,5% Accuracy (below 100 kHz)
Self-contained averaging with variable time
constants to 30 seconds
Automatic overload indication

The Model 230 Multiplier Unit will be a valuable
addition to the instrument inventory of any labora-
tory. It is designed to operate as a free-standing
instrument powered by a standard ±: 24 volt sup-
ply, or as one module in a NIM or RIM (Research
Instrument Module) instrument system.
Price of the Model 230 is $595. For more informa-
tion, including complete details on the RIM instru-
ment system, write Princeton Applied Research
Corporation, Post Office Box 565, Princeton, New
Jersey 08540 or call (609) 924-6835,

PRINCETON APPLIED RESEARCH CORPORATION

90



One of 8 new ways
to live within a shrinking budget

Manual or
automatic
ranging

Gauge cable:
long cable operation
is standard
up to 400 ft

Read pressure
from 1000 to
1x103Torr

Process control:
start process in
any decade and
stop it in same or
any other decade

Read pressure
from1x10"3

to 2x1010 Ton-

All solid state
circuit protects
itself against any
gauge tube malfunction

75 W PR degas
power; read tube
pressure while
degassing

Filament light
turns on only
when emission
current is at
selected value

Continuously
adjustable
emission current
from 100 fiA
to 10 mA

Multiplier switch
changes emission
current by exact
factor of 10

Accessory
connector for two
Thermo-Gauges,
Thermo-Gauge
recorder output,
process control,
and overpressure
protection signals

3V2 in. design
saves panel space

Prices start at $310

j^^@

Granville-Phillips new eight-member family of Ionization Gauge
Controllers is especially designed for applications requiring low-
cost, dependable pressure measurement in the range from atmo-
sphere to the X-ray limit of standard Bayard-Alpert ionization gauge
tubes. Each member of this family satisfies a definite price/per-
formance need. Basic features such as rack mounting hardware,
cables and plugs are included with every unit at no extra cost. For
specific information, write for brochure 260.

GRANVILLE-PHILLIPS COMPANY
S 6 7 5 E A S T A R A P A H O E A V E . • B O U L D E R , C O L O R A D O 8 0 3 0 3 , U . S . A .

Advancing Vacuum Technology
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21 Nucleon-Nucleon Scattering Malcolm H. Mac Gregor
What similarities, what differences, can we find for the two-nucleon forces?

29 New Information Program for AIP
Arthur Herschman, Franz L. Alt and H. William Koch

Computer-organized files will help you find your way in the literature maze

34 Frontiers of Physics Today: Plasmas Harold Grad
Matter in this form shows an unrivaled range of parameters and phenomena

47 More About Tachyons Olexa-Myron Bilaniuk, Stephen L. Brown,
Bryce De Witt, William A. Newcomb, Mendel Sachs,

E. C. George Sudarshan, Shoichi Yoshikawa

Five readers take issue with the protagonists of faster-than-light particles

COVER: Solar prominence (above) and schematic confined plasma (below) con-
trast astrophysical plasma with our aspirations for controlled thermonuclear
power in the laboratory. Harold Grad examines the current state of plasma re-
search in his article on page 34. (Photo by Mt Wilson and Palomar Observatories.)

9 Letters
PhD employment • Lunar atmosphere modification

17 Phimsy
Painting competition at Iowa State University

69 Books
UFO's • Mechanics • Quantum theory • Astronomy

89 Meetings
Nonsuperconducting electron tunneling

95 We Hear That . . .
Van Vleck retires • Faculty changes • Amos deShalit dies at 42

103 Calendar
Partial listing contains new information about meetings

109 Annual Index

118 Guest Editorial
Is Your Research Moral? Arthur Schawlow

55 Search and Discovery

Continuous-wave chemical laser requires no external energy
source • Cold octopole and hot Tokomak show long confinement
times • Air Force solar telescope and OSO-6 now observing the
sun • Dicke panel says US lags in radio-astronomy construction •
Measuring it better: a visit to Bureau International des Poids et
Mesure

63 State and Society

Metzner named assistant director of AIP publications • Fund of
Abdus Salam has first recipient • Dart, Moravcsik to evaluate
foreign graduate candidates • JILA has fellowships and asso-
ciateships for 1970-71 • AIP publishes guide to undergraduate
departments • Health Physics Society elects new officers • Nixon
names 12-man task force to review US science policy • APS ar-
ranges group flights • European Physical Society announces
division chairmen • AIP and society journals available in micro-
film

EDITORIAL STAFF R. Hobart Ellis Jr (editor), Theodora Johnides, Barbara G. Levi, Gloria B. Lubkin, Marian S. Rothen-
berg, Jill Russell, John T. Scott, Frederic Weiss (design)

ADVISORY COMMITTEE Dale T. Teaney (chairman), Solomon J. Buchsbaum, William W. Havens Jr, John N. Howard, Howard
J. Lewis, Robert S. Marvin, Paul M. Routly, Clifford E. Swartz

(Europe, Middle East, North Africa): $7.50; elsewhere: $5.50. Copy-
^ ,r>™ , ' o f Physics. All right reserved.

ix weeks advance notice. Send
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issues.
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high dispersion in a short path length,
minimal stray light

Seven light sources and a wide se-
lection of lenses and accessories make
the Bausch & Lomb Double Grating
Monochromator more versatile than
any other make.

Two Certified-Precision Gratings in
tandem are the heart of the high pre-
cision optical system. The two 1200
grooves/mm plane reflection gratings,
optimized for the 200nm region, cover
the wide, 190-825nm wavelength
range. Purging with dry nitrogen ex-

Double Grating Monochromator

tends the lower range to 180nm.
Wavelength is displayed on a digital
counter. Highly accurate wavelength
calibration is easily accomplished.

Identical left and right side mount-
ing plates and a reversible optical sys-
tem allow interchangeable use of the
entrance and exit positions. Three
quickly selected fixed slits — 0.2nm,
0.5nm, and 2.0nm — assures utmost
precision in slit widths. A single lever
selects both entrance and exit slits
simultaneously.

Bausch & Lomb manufactures a com-
plete line of monochromators, includ-
ing the 250mm, 500mm and High In-
tensity models. Write for our brochure
33-2098, or we'll gladly arrange a
demonstration. Analytical Systems Divi-
sion, Bausch & Lomb, 20424 Linden
Avenue, Rochester, New York 14625.

Member Societies

American Physical Society
Optical Society of America

Acoustical Society of America
Society of Rheology

American Association of
Physics Teachers

American Crystallographic Association
American Astronomical Society

The American Institute of Physics was
founded in 1931 as a federation of leading
societies in physics. It combines into one
operating agency those functions on behalf
of physics that can best be done by the so-
cieties jointly. Its purpose is the advance-
ment and diffusion of the knowledge of
physics and its applications to human wel-
fare. To this end the institute publishes for
itself and the societies 35 journals (includ-
ing translations) bulletins and programs;
promotes unity and effectiveness of effort
among all who are interested in physics,
renders numerous direct services to physi-
cists and the public and cooperates with
government agencies, national associations,
educational institutions, technical industries
and others in such manner as to realize the
opportunities and fulfill the responsibilities
of physics as an important and constructive
human activity.

Governing Board

Ralph A. Sawyer*, Chairman, H. William
Koch*, ex officio, Luis W. Alvarez, Ar-
nold Arons, Stanley S. Ballard*, John Bar-
deen, Robert T. Beyer, Joseph A. Burton,
H. Richard Crane, Herbert I. Fusfeld, Ron-
ald Geballe*, J. E. Goldman, Samuel A.
Goudsmit, William W. Havens Jr*, Ger-
ald Holton, W. Lewis Hyde, G. A. Jeffrey,
Karl G. Kessler, R. Bruce Lindsay*, Rob-
ert N. Little, Archie I. Mahan, G. C.
McVittie, Robert G. Sachs*, Frederick
Seitz, Thor L. Smith, Mary E. Warga*,
Wallace Waterfall, Albert E. Whitford,
Clarence Zener.
* executive committee

General Administration

H. William Koch, Director; Wallace Water-
fall, Secretary; Gerald F. Gilbert, Treasurer
and Controller; Lewis Slack, Associate Di-
rector, General Activities; Kathryn Setze,
Assistant Treasurer; Emily Wolf, Society
Services Manager; Dwight E. Gray, Wash-
ington Representative.

Directors of Professional Divisions

Hugh C. Wolfe, Publications; Arthur
Herschman, Information; Eugene H. Kone,
Public Relations; Charles Weiner, Physics
History; Arnold A. Strassenburg, Education
and Manpower; Harold L. Davis, Physics
Today.

Publishing Operations
A. W. Kenneth Metzner, Assistant Direc-
tor, Publications; David A. Howell, Edi-
torial Manager; Edward P. Greeley, Ad-
vertising Manager; John DiCaro, Sub-
scription Fulfillment.



MEET A NEW GENERATION OF ELECTROMETERS

All New, Line Operated DC Laboratory

Vibrating Capacitor Electrometer

Portable, Battery-operated Multimeter

Keithley sets the design pace for highly stable all solid-state electrometers
Keithley multi-purpose
electrometers extend your
dc measurement capabilities
with widest choice of models,
functions, sensitivities,
stability and price. Can
you really afford to
buy less?

Keithley has over twenty years
of electrometer design experience
and a reputation for the highest
product integrity in the industry.
More models to choose from,
more kinds and variety of elec-
trometer accessories, give you
more measuring capability for
every instrument dollar.

If you're looking for the fast-
est, most sensitive and stable
electrometer ever made, see our

Model 640 Vibrating Capacitor
model. It resolves 2 microvolts,
10"17 ampere and 5 x 10'16 coulomb.
It features stability of 20 micro-
volts per day, 1016 ohms input
impedance and 10 milliseconds
response on mv ranges. A break-
through in price, as well as design,
at only $1995.

If you're looking for superior
stability and economy, check our
mos fet Models 602 and 610C.
Both offer stabilities better than
1 mv per 24 hours. Both measure
voltage, current, resistance and
charge over broader ranges than
any other dc multimeter. Buy
the battery operated 602 for
$695. Or the line operated 610C
for only $615.

If you've thought about sim-
plifying the search for low level

currents, here's a second thought.
Investigate Keithley picoam-
meters. Different models offer
choices of fast response, auto-
matic or remote ranging, long-term
stability, calibrated zero sup-
pression and prices that will
delight you.

See Keithley electrometers
and picoammeters in action. Call
your experienced Keithley Sales
Engineer for demonstrations
and full technical details.

Or contact us direct. Keithley
Instruments, Inc., 28775 Aurora
Road, Cleveland, Ohio 44139.
In Europe: 14 Ave. Villardin,
1009 Pully, Suisse. Prices slightly
higher outside the U.S.A.
and Canada.
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Amperex Nuclear Products
for Research and Radiation
Detection and Monitoring

PHOTOMULTIPLIER TUBES...
• General Purpose Types
• Fast Response Types
• Ultra Violet Types
• Infra-Red Types
• ... and Photomultiplier Base Assemblies

RADIATION COUNTER TUBES...
• Geiger-Muller Tubes for detection of

alpha, beta and gamma rays
• Proportional Counters
• Low Level Counters

RESEARCH PRODUCTS...
• Thermocoax Wire:

Thermocouple and Heater wire
• Vibrating Membrane Capacitors
• Neutron Generators
• Flash X-Ray Tubes

PROFESSIONAL TUBE
DIVISION

HICKSVILLE. L.I., NEW YORK

SEMICONDUCTOR and • NUCLEAR PRODUCTS
MICROCIRCUITS DIVISION I DIVISION
SLATERSVILLE, RHODE ISLAND I HICKSVILLE L.I., NEW YORK

Amperex
A Subsidiary of North American Philips Company, Inc.

ELECTRO-OPTICAL
DEVICES DIVISION

ENTERTAINMENT TUBE
DIVISION

COMPONENT
DIVISION

SLATERSVILLE, RHODE ISLAND • HAUPPAUGE. L. I.. NEW YORK • SLATERSVILLE, RHODE ISLAND



Losses to society

Although I have always admired your
editorial comment for its breadth of
vision and indeed its humanity, I must
take exception to your remarks in the
June issue concerning the current un-
employment among physics PhDs. I
can understand your irritation at sug-
gestions made by some of these people
that society owes them a living, but I
doubt if these complaints are typical,
and in any case, even if the unem-
ployed were to misdirect their criti-
cism, this misdirection would not mean
that the blame for their unfortunate
predicament was theirs alone. Thus,
although I agree that society at large
has more pressing concerns, I do sug-
gest that a large measure of respon-
sibility falls on the shoulders of the
academic physics community.

Briefly, I claim that the graduate
schools have no business turning out
more PhDs than can reasonably be
expected to find academic or other re-
search employment (allowing, natu-
rally, for the usual number of dropouts
and voluntary transfers to other fields).
Of course new PhDs "are equipped to
do other jobs" of value to society. The
point is that they were equipped for
this five or so years ago and would
have taken these jobs at that time if
that is what they had wanted. As it
is, feeling understandably frustrated,
they will presumably give less of
themselves in these jobs now than they
would have done originally. There are
two other losses which society suffers
through the undiscriminating admis-
sions policy of graduate schools: the
service of these students during the
period in which they were working for
their (useless) PhDs, and. the tax
money spent in producing an unem-
ployable elite.

And together with the loss to society
must be considered the great persona)
distress of the individuals concerned.
It is not simply a question of winding
up with $8 000 a year rather than
$14 000. Especially towards the end
of one's PhD work a fairly intimate
collaboration develops between student
and research director. As the two
sweat out their problems together, dis-
cuss them with other physicists, share
the same moments of frustration and

LETTERS

satisfaction and travel together to
physics meetings, the student is led by
his professor into the circle to which
he aspires, namely, the world of phys-
ics research. At any point the associa-
tion can be terminated, should the
student prove inadequate, but if
awarding a PhD means anything at
all, it must surely be regarded as a
certificate of admission to this circle,
at least to the point of a few proba-
tionary years. Although there can be
no question of this admission consti-
tuting a formal contract, the new PhD
who finds himself rejected from this
community at the very moment of
acceptance must surely feel cruelly
betrayed. Obtaining his degree has
required not only several years of fi-
nancially unrewarding hard work but
also a considerable emotional dedica-
tion to physics in general and his field
in particular.

Confronted with this situation,
your "oldtime answer . . . physics is
tough . . . . If you want to work
with us despite the drawbacks we
will let you'* is a cynical irrelevancy.
For the point is that however good the
student is, we will only let him work
with us up to the completion of his
PhD. After that he can take his
chance on the market.

Probably my picture of the personal
relationships involved between student
and professor is somewhat idealized,
but only insofar as graduate students
have come to be regarded as slave
labor, engaged only to serve the ambi-
tions of expanding departments and
the careers of individual professors.
Therein, of course, lies the rub. As
long as there were jobs, no conflict of
interest arose and everyone was happy,
but in this new situation the only hon-
est thing to do is to reduce the output
of PhDs, either by reducing the intake
of graduate students or by raising the
requirements. (The latter solution
could take the form of demanding a
certain measure of competence and
experience in teaching, which would
be suitably remunerated.) If what-
ever solution is adopted involves a
cutback in research so be it: The loss
is not likely to be irreparable.

In asserting that the physics com-
munity has no right to award the de-
gree of PhD to those whom it cannot

MODEL IDDDA

27OOC

Astro 's new MODEL 1000A
ULTRA-HIGH TEMPERATURE
FURNACE is designed for general
lab use with inert, oxidizing or re-
ducing atmospheres, or vacuum —
and features a 2.4 inch diameter by
6 inch long hot zone with a heat-up
time of 20 minutes to 2700° C.
Compact for bench use, and suitable
for either vertical or horizontal op-
eration, the furnace may be loaded
from either end and is provided with
radial and axial ports. Available with
automatic temperature control,
muffle tubes, dilatometers, calorim-
eters, black body cavities and other
accessories.
Astro offers a wide variety of high
temperature furnaces — standard, or
custom engineered to your require-
ments. Chances are you will like
Astro's combination of quality, price
and fast delivery.

INDUSTRIES, INC.
606 Olive Street
Santa Barbara, California 93101
Telephone 805/963-3461

Representatives in all major areas
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2:15 pm, positive ions;
2:16 pm, electrons

^ " ™ - In between, somebody pushed a button on the
outside of the ANS-2000 Van de Graaff accelerator.

And with appropriate choice of source and target the same
accelerator will produce protons, deuterons,

| alpha particles, neutrons, and photons.

> "Instant electrons" are a special feature of certain
. Van de Graaffs. The point is that all Van de Graaffs
[' (400 KeV to 32 MeV) accelerate the fundamental particles

needed for nuclear physics training and research. *m
Only Van de Graaffs are this versatile.

Smaller universities please note:The 400 KeV accelerator costs
less than $25,000. With it, students can perform the

classical experiments that underlie modern nuclear physics.
On the way they master the basic technology of accelerators.

Of course, it takes a modern physicist to direct
this activity, but you may have observed the

attraction an accelerator has for theory-minded men.

HIGH VOLTAGE ENGINEERING

illi

l l l S f

The'complete line of Van de Gfaaflf accelerators is des<
r'liHiQ-h Voltage Engineering Corporation, Burlington, Massac



Complete Nuclear
Physics Teaching Laboratory

At last! An accelerator-based
teaching system for less than
$50,000. A lot less if you already
have some of the electronics.

By system, we mean first, the
equipment: a 400 KeV Van de Graaff
accelerator, vacuum equipment,
magnet, scattering chamber,
detectors, radioactive sources,
support electronics, pulse height
analyzer, and radiation monitor.

Second, our teaching manual: 30
graded experiments in nuclear
physics, explained step by step,

^enough to fill a 3-semester laboratory
course. By then the student will
have performed the fundamental
experiments of nuclear physics and
'encountered a great deal of quantum
mechanics, atomic physics, and
solid state physics.

Research? Yes. In nuclear physics,
solid state physics, atomic physics,
and activation analysis. The magnet
provides for additional research
stations where your staff and grad-
uate students can do original work.

It's everything a teaching/research
system should be: simple to
operate, virtually
maintenance-free,

:easily modified for
different experiments,
low initial cost,
expandable with
optional equipment.

Our booklet, "The Van de Graaff
Nuclear Physics Teaching Laboratory,"
shows just how this equipment and
course book combine theory and prac-
tice in the modern physics curriculum.
We'll be glad to send it to you.

•IPB HIGH VOLTAGE
l i d Burlington. Massach

Name

Position

Organization

Address

ENGINEERING
usetts

ZIP
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employ itself, I would certainly not
hold this to be true for the bachelor
or master degrees. On the contrary,
the programs for these courses have
been far too strongly oriented towards
the student who will eventually go
into research. Physics is an excellent
training for the mind, and it is one of
the scandals of our time that men in
public life are, for the most part,
scientifically illiterate. Physics de-
partments have been sadly derelict in
failing to develop rigorous under-
graduate programs for those who will
eventually do something else: eco-
nomics, law, sociology, politics, etc.
But once a man goes as far as the PhD
in physics, it must be assumed that
this is what he wants to do.

J. MICHAEL PEARSON

Universite de Montreal

Unethical promise of jobs
William Silvert writes of (1) an "em-
ployment crisis," and (2) of a crisis
. . . far deeper and more bitter than a
matter of jobs (PHYSICS TODAY, August,
page 9).

Regarding the employment crisis, it
is hardly reasonable to expect any
course of study to lead surely to well
paid permanent employment. No in-
stitution can properly hold out such a
promise to its students unless it has
the power to enforce it. Lacking this
power, such a promise is unethical.
Unemployment is common among ac-
tors, playwrights, musicians, poets and
composers, but they did not expect
their studies to guarantee jobs. They
studied for the love of the subject.

Beginning about 1950, many public
statements appeared that alleged a
"shortage" of scientific personnel—at
first, mainly of engineers. This pub-
licity began at about the time that the
defense contracting business started to
grow rapidly, on a cost-plus-fixed-fee
basis. One writer suggested that such
contractors made profits on the mere
buying and selling of technical labor,
the customer being the government.
This has not been proved and is not
provable, but it is a fair hypothesis.
The allegations of a "shortage" were
shown to be poorly justified, at best,
as long ago as 1957, when the Na-
tional Bureau of Economic Research
published its book-length study, The
Demand and Supply of Scientific Per-
sonnel. It is surprising that any high-
ly skilled group, such as physicists,

should still believe official statements
from any source as to the demand for
its services, instead of drawing its con-
clusions independently from factual
sources.

Silvert's second remark suggests
deep and widespread disillusionment.
But it fails to advance reasons for this
second "crisis." In so failing, it be-
comes unscientific. This crisis clearly
exists, but it is a symptom. The dis-
ease seems to be hidden. This disease
is probably rooted in practices in in-
dustry and politics. Nobody seems to
know what they are.

Students, at least, are in a position
to search for the underlying disease,
and to try to explain it. I hope that
they will do so instead of merely
reacting to pronouncements from still
other sources. Persons in responsible
positions are likely to be under pres-
sure to protect and extend these posi-
tions as we all know, and so students
may properly question their motives.
What appears to be needed is the
clear application of the human brain
to the political problems that beset
young physicists. They, able to think
clearly, will always do better than spe-
cialists in the more pseudo sciences.

LAWRENCE FLEMING

Pasadena, California

Manpower contradictions
In your August issue there is an ap-
parent contradiction between the
letters of William Silvert and the reply
of Susanne Ellis, on the one hand, and
the reply by Hugh Wolfe to Robert C.
Johnson's letter on the other. The first
letters complain about lack of positions
for physicists. Wolfe complains of
staff losses and difficulties in recruiting
competent people. I have also heard
that the National Accelerator Labora-
tory encounters recruiting problems.

The resolution of the contradiction
might well lie in the areas of work for
which young physicists strive and the
editorial work that the American Insti-
tute of Physics can offer. However, it
would be good to have a more detailed
review of positions available and posi-
tions sought by applicants for jobs.

I know from first-hand information
that many of the smaller colleges are
eager to find good physics teachers,
and I think there are also some job
openings in national laboratories. On
the other hand, I also know of some
young physicists who had considerable
difficulty in locating positions to their
liking even though, in the cases about
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MEASURE/CONTROL/MAINTAIN
cryogenic temperatures witt
CRYOTRONICS precision
instruments for your most
critical applications
Introducing Cryotronics — member
of the growing Malaker family, with
the instruments and accessories for
measurement and maintenance of
cryogenic temperatures. Precision
engineered for maximum accuracy

and reliabil ity, Cryotronics units
meet the exacting requirements of
laboratory, aerospace, oceanography,
and process installations throughout
the world — providing science with
the tools essential for progress.

Call on Cryotronics for: Cryomasto
Self-contained Cryogenic Laboratoryi
Cryodial Temperature Controller ad
accessories / Cryogenic Thermometer
System /AC Resistance Bridge/Brifc
Monitor / VLF Mutual Inductm
Bridge / Cryominder Miniature Jem
perature Controller / Cryolevel CM
tro/-indicator / Cryomatik Liquid Hi
urn Bath Temperature Regulator.

Write for descriptive literature or call (201) 638-6112.

CRYOTROIMICS
A SUBSIDIARY OF MALAKER CORPORATION
WEST MAIN STREET, HIGH BRIDGE. NEW JERSEY O8829

first family of the cryogenics industry
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i

! which I know, they eventually suc-
iceeded. An article that would resolve
| the apparently conflicting statements
'of the letters would, I think, attract
considerable interest.

EUGENE P. WIGNER

Princeton University

Personal ivory towers

K^S a physicist turned engineer (by
jyhoice) I could not help commenting

^Vn two things in PHYSICS TODAY. First
he job shortage for PhDs. It exists
ecause some people got the idea the
IS owed them a personal ivory
)wer—equipped with secretaries,
^clinicians and an unlimited supply of
loney. Now the coach has turned
ito a pumpkin; the horses are mice,
id a cold cruel employer asks, "What
m you do for the corporation?" I
y it is just about time that Alice re-

Wijned from Wonderland.
^:to Second, the journals of the Ameri-
iwln Physical Society. They are excel-
*m it. Try submitting a paper to some
t ity?!gineering journal. Six months later
r#:nonestly) you get a letter saying,

Ve regret that the reviewer . . ."
STUART A. HOENIG

University of Arizona

I lunar atmosphere

lunar atmosphere (vacuum) is a
A puree that has become available to
\j inkind only within the last few

rs. It appears likely that studies of
'dual gas near the moon's surface

provide useful information con-
ting the history and composition of

body. It is possible that the
)n will find important use as a sup-
t for large infrared and ultraviolet
scopes, thermionic devices and
IT apparatus that requires high
ium for operation. Perhaps it is

|thwhile to point out that this envi-
nent may be changed appreciably
the process of lunar exploration
î that in particular some consider-
.1 should be given to the effects of
;tion of large amounts of rocket
s into that environment.
typical manned landing module

it exhaust 5000 pounds of gases,
ly water and carbon dioxide in
ly equal molar amounts with mea-
Je amounts of heavier hydrocar-

At a mean temperature of 300 K
vertical distances required for 1/e
•tion of atmospheric pressure on

| - t- —1

|
!

e

i
1

j

Look Into
This 100 kG
Split-coil Magnet
for Research
Versatility!
• 2.5" horizontal bore
• Four 1 2" optical access ports at

right angles to each other
• Uniform 100 kG field
• Homogeneity to within 0.4% in 1 cm

spherical volume
— and the unit can be "tailored" to
the exact needs of your project.
If your project involves high magnetic
fields, your plans should involve RCA.
Pick from superconductive magnets
with ranges from 20 to 150 kG field,
bore sizes from 1" to 20" and homo-
geneities to within 0.001 % /cm.
For full information on the range of
RCA Superconductive Magnets and
matched system components or RCA
copper-clad Nb3Sn ribbons, write:
Marketing Manager,
RCA Superconductive Products,
Section L-159DC
415 South 5th Street
Harrison, N.J. 07029

Visit the RCA Booth at 18th Annual
Physics Show, Chicago, Jan. 26-28

RCA
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In case of expansion
call Nuclear Data.

mm

Expansion is what our 2200 pulse
height analyzer is all about. How
much expansion? All the way to
computer interface. First step: se-
lect the basic 2200 AEC compati-
ble analyzer. Then expand the
system whenever (and however)
you require: 512 to 4096 channels,
single to dual parameter, multi
spectral scaling. Nuclear Data has
the hardware, and the software, to
keep pace with your expansion
program. You might say we have
bridged the generation gap.

T H E2200
*

" & •' »*.:-':,(Z:f::̂ ''&i;V'- "iiK« &-M=?'k £>:' ; •'.]

m

NUCLEAR DATA INC



LETTERS

the moon are 8.2 X 10° cm for water
and 3.4 X 10G cm for carbon dioxide.
These gases thus expand into effective
volumes of 3.1 x 1024 cm3 and 1.3
X 1024 cm3, respectively. To within
an order of magnitude, the pressure
rises to be expected due to ejection of
this amount of gas are 2 X 10~13

torr for water and 5 X 10~13 torr for
carbon dioxide. Pressures of this
magnitude are measurable with com-
mercially available equipment.

Simple estimates of typical escape
times for these gases indicate that
they will remain for at least several
thousand years. We may then expect
to modify the total lunar environment
irreversibly, and only partly predicta-
bly, each time a rocket lands there.
Only if the natural background pres-
sures of water and carbon dioxide are
several orders of magnitude larger
than the above values will our pertur-
bations of these quantities be unim-
portant.

JOHN O. S TONER JR

University of Arizona

, Emily Wolf and register
I enjoyed the article "The National
Register Looks at Manpower" in the
October PHYSICS TODAY. In one state-
ment, though, it is in error.

At the request of Henry A. Barton,
then director, and Wallace Waterfall,
then as now secretary of the American

, Institute of Physics, I organized the
register in November 1953. I em-
ployed Sylvia Barisch, your senior
author, in March 1954 as one of my
part-time coders. I remained in charge
of the register until 1960, when it was
transferred to the newly formed Ed-

f" ucation and Manpower Division. Mrs
"Barisch had been named supervisor in

* May 1959.
EMILY WOLF

American Institute of Physics

.CORRECTION: The editors apologize
for two typographical errors in Don
B. Lichtenberg's October review of
Paradoxes in the Theory of Rela-
tivity by Yakov P. Terletskii. The
word "comparable" was substituted
in the last sentence, which should

'have-read, ". . . the theory of rela-
tivity is compatible with dialectic
materialism." The first equation in
the fourth paragraph should have read
7 = l / ( l - u V c 2 ) % . •

How to track £ *
down a free radical *
Capture it on paper with a VENTRON EPR/ESR Spectrometer.
You'll have the elusive electron under close scrutiny when other
instruments can barely find a trace. VENTRON EPR/ESR sys-
tems are completely packaged to suit your particular research
requirements for X, K, Ka or V band frequencies. If you're prob-
ing into the realm of electron-nuclear interaction, examine
VENTRON's Broad Band ENDOR. In a single instrument, it
combines high sensitivity, high resolution and an increased
range of scanning speeds. Use it confidently to resolve hyper-
fine structures when the electron spin resonance line is
broadened. Wherever your investigations lead you, if they can
be solved by electromagnetic systems or instruments, consider
the evidence in favor of VENTRON. It includes a background of
such names as Strand Labs, Magnion and Harvey-Wei Is, a com-
mitment to quality that is absolute, and the capabilities for prac-
tical application of advanced technology. Why not investigate?

Ifentron MAGNION DIVISION
B U R L I N G T O N M A S S A C H U S E T T S 0 1 8 0 3 T E L : ( 6 1 7 ) 2 7 2 - 5 2 0 0
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If you think you're looking at
up to 50 KV DC

but you're not 99.99% sure,
better get our better probe.

The 1.84-lb. HVP-250 divides
voltage 1000:1 with .01%

accuracy at 250 megohms
in the space of 12 inches.

Not bad for $395!
Immediate delivery. Get a P.O. off today to Fred Martin,

CPS
Computer Power Systems

722 East Evelyn Avenue, Sunnyvale, California 94086. (408) 738-0530.
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PHIMSY

Physicists can paint doors
PATHDAFRELDO was the name of the
project: "paint those damned freight
elevator doors." It started when Dan
J. Zaffarano, chairman at Iowa State,
decided that everything but the doors
was just fine in the new physics build-
ing. The contest he initiated stimu-
lated 85 entries from faculty, students
and employees. Six were chosen for
the six sets of doors. Lo, one of the
winning designs (entered with num-

"END ALL WAR" ceramic was first
member of a growing sculpture court.

SCRAPBOX SCULPTURE was a surrep-
titious graduate-student contribution.

FISHING DRAGON won first prize for
Klaus Ruedenberg and daughter Ursula.

bers and not the artists' names) was
that of Zaffarano and his junior-high
daughter Elisa. Then at a "Slinga-
thon" the designs were transferred to
the doors.

First prize went to Klaus Rueden-
berg, professor of physics and chemis-
try, and his daughter Ursula for
"Charlie in Minnesota," a fantastic
dragon fishing with his tongue in a
fantastic fish pool. "Clyde" is a huge
psychedelic frog that opens his mouth
when the doors open. All other
entered designs are now framed and
decorate the building hallways.

Not only painted doors are part of
the art scene at Ames. A courtyard
between old and new parts of the
physics building will soon have a new
office complex on one of its other
sides. It became a sculpture garden
and acquired "End All War," a ce-
ramic showing red flames of war rising
from a green prairie and reducing
civilization to a black cinder. Chal-
lenged, some graduate students got
busy and surreptitiously put up a rival
on dedication morning. "From Chaos

New in nuclear power

"A tiny pellet, small enough to fit into
a thimble, can light your home for
three years," says a General Electric
ad that I hear repeatedly on my favor-
ite station, "the radio station of the
New York Times." That doesn't
sound much like huge cranes handling
giant fuel elements, heavy shipping

ZAFFARANO AND DAUGHTER made
one of six designs that went on doors.

to Beauty, Symbolizing the Wonder-
land Trip Toward the PhD" was an
abstraction made from the cryogenics
scrapbox with some round-the-clock
work. Chief solderer, it turned out,
was Durkee Richards, now a PhD
physicist at 3M Research.

"What is all this about?" I asked
Zaffarano. "I always thought you
physicists were dedicated specialists
quite unable to apply yourselves pro-
ductively to anything but the subjects
of your PhD theses." It seems I've
been given the wrong picture.

"Physicists are creative people
whose need for expression often tran-
scends even publication in The Physi-
cal Review" was Zaffarano's answer.
"Since our daily working environment
seems to consist mostly of black-
boards, vacuum pumps, dewars, mag-
nets and racks of modular electronics,
we thought it appropriate to observe
through our new windows that the
worlds of living things, abstract forms
and color also provide outlets for re-
search and creativity to intelligent
people."

containers to shield against radioactiv-
ity and pressure vessels weighing hun-
dreds of tons. You physicists at GE
must have come up with something
new in the way of tiny fuel pellets.

Somebody somewhere is confusing
me, and I hope that the confusion is
unintentional. •
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Holobeam's
CO* Laser-
Plug it in
and it works!
*For drilling & cutting plastics, quartz and other non-metallic

materials
* For heating & welding fine metals
* For optical testing
* For experiments in IR communications

Holobeam's 10-watt CO2 Laser (Series 20) is so rugged, so de-
pendable, customers simply take it from its shipping carton,
plug it in, and it lases. What's more, the sealed-off tube is
guaranteed to produce at least 10 watts for over a thousand
hours. It's the first time you can get this kind of power with-
out a tube requiring gas bottles, pumps, separate water cool-
ing, or other extras.

We can also modify the Series 20 to meet your needs. Brewster
windows.. . external mirrors... 10 watts true CW, rather than
average... or produce 2 watts in single TEMoo mode. Or,
tell us what you need.

Looking for an industrial laser? This workhorse is perfect for
cutting, etching, drilling of plastics, ceramics; welding of fine
metals; cutting and flame-polishing quartz. Research appli-
cations are obvious: Optical testing, infra-red communica-
tions, and long-path intruder detection, to name just a few.

Look to Holobeam for the latest in
ruby/Nd:Glass and CW YAG Lasers!
For more information about the Series 20 or any of Holobeam's
complete line of ruby/Nd:Glass lasers; pulsed and CW
Nd:YAG lasers, accessories, and laser machines, write today
to:Dept.PT-5.

Do you want to work with
the Dynamic Team at Holobeam?—
write Personnel Director

HOLOBEAM, INC.
LASER PRODUCTS DIVISION
560 Winters Avenue • Paramus, New Jersey 07652
TEL. 201-265-5335 • TWX. 710-990-4957
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IT'S NOT SHAPE
ALONE THAT MAKES

AIRCO
KRYOCONDUCTOR

THE IDEAL
SUPERCONDUCTOR

°Kryoconductor , Airco's

multi-strand superconduct-

ing material, started with

our search for the ideal

superconductor.

We found an answer in

niobium-titanium rod, co-

reduced in copper and

formed in many sizes and

shapes, both single and

multi-strand.

Var ious c o p p e r - t o -

superconductor ratios are

a v a i l a b l e , and super-

Wto&
. may be as fine as one mil.

This unique new material

is the forerunner of a com-

plete line of both high and

low field superconductors,

all under the trade name of

, Airco °Kryoconductor.

I For complete informa-

' t i on , con tac t : Ca r l t on

Walker, Airco °Kryocon-

ductor, Central Research

conductor strand sizes may Laboratories, Murray Hill,

be specified to suit your New Jersey 07971, tele-

••«•«•*
•••.*#«#•*

«•»•«««••
«•••••••••"

particular Strands phone (201) 464-2400.

IRGO
Krvoconductor1
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Resolve 10 Nanosecond Signals roise
Complex repetitive waveforms are accurately resolved to 10 nanoseconds and recov-
ered from noise in the new PAR™ High Resolution Boxcar Integrator. The Model
160 achieves signal recovery by time averaging a small portion of a coherent wave-
form over a large number of repetitions. Because the mean value of the noise ap-
proaches zero when averaged over many repetitions, the averaged output results only
from the coherent content of the sampled portion of the waveform. To recover the
entire waveform, the incremental portion being sampled and averaged is either man-
ually or automatically scanned over the period of interest.

An optional digital storage module is available for maintenance of averaging accuracy
in situations where the repetition rate of the investigated phenomenon is extremely
low or to serve as an interface to peripheral data processing equipment.

Price of the Model 160 Boxcar Integrator is $3,950. For more information or to arrange
a demonstration write Princeton Applied Research Corporation, P. O. Box 565, Prince-
ton, New Jersey 08540 or call 609-924-6835.

PRINCETON APPLIED RESEARCH CORPORATION
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NUCLEON-NUCLEON SCATTERING
An atomic nucleus can be considered a set of two-nucleon systems.
What are the forces between these pairs?
How do protons and neutrons differ and how are they similar?
Studies during the past three decades have given some answers and indicated
which new kinds of experiments are likely to be most useful.

MALCOLM H. MAC GREGOR

DETERMINATION OF THE fundamental
law of force between two nucleons has
occupied many physicists for the past
three decades. Because the proton
and electron have obvious similarities
(elementarily, spin of 1/2, equal-but
opposite electric charge, Fermi statis-
tics, antiparticles) the derivation of a
nuclear "Coulomb's law" would seem
to be a just reward for working in this
area. As we have rather slowly and
laboriously learned, however, simplic-
ity appears to be inversely proportional
to some power of the coupling con-
stant.

Indirect means can be used to learn
about the forces between two nucleons.
An atomic nucleus, composed of pro-
tons and neutrons, can be reasonably
treated as a collection of interacting
two-nucleon systems. From the over-
all behavior of the nucleus, certain
properties of the nuclear force, such as
its range and the statistics it obeys,
can be adduced. Direct information,
however, is obtained only by scatter-
ing one nucleon off another. Analysis
of these scatterings will be the subject
of the present discussion.

Early history

The most distinctive feature of the nu-
clear force, its very short range, was
deduced by Ernest Rutherford in 1911.
Modem studies of nucleon-nucleon
interaction were initiated in 1932 when
the neutron was discovered1 and high-
voltage particle accelerators first pro-
duced nuclear reactions.2 Some of the

most crucial discoveries were made
very early, as often happens. By
studying the binding energy of the
alpha-particle Eugene Wigner3 in 1933
confirmed that nuclear forces have a
short range and are very strong. Wer-
ner Heisenberg4 and Ettore Majorana5

pointed to the repulsive-core concept
when they invoked exchange forces to
explain the stability of nuclei against
collapse. In 1935 Hideki Yukawa6

predicted that the nuclear force should
be mediated by exchange of a virtual
meson with a mass of roughly 100
MeV.

Nucleon-nucleon scattering occurs
within the constraints imposed by in-
variance under time reversal and con-
servation of angular momentum and
parity. For a given total angular mo-
mentum J the proton-proton system
has five independent ways in which
the intrinsic spins and the orbital an-
gular momentum can couple together.
These alternatives are shown in figure
1. The two possibilities listed as am-
plitude 5 in figure 1 are equivalent;
one is the time-reverse of the other,
and we are assuming time-reversal in-
variance. The antisymmetry of the
proton-proton wave function when
combined with the conservation of
angular momentum and parity pre-
vents mixing of singlet (S = 0) and
triplet (S = 1) spin states.

If we assume that the proton and
neutron are isotopic states of the same
particle that differ only in the 7Z =
± 1 / 2 projections of their isotopic spin,

then the neutron-proton wave function
must be antisymmetric. In this case,
we have the same five scattering am-
plitudes in spin space as we did for
proton-proton scattering. Scattering,
however, now occurs in two isotopic
spin states ( 7 = 1 and I — 0); so the
direct product gives ten independent
neutron-proton scattering amplitudes.
The 7 = 1 amplitudes as measured in
proton-proton and neutron-proton
scattering should be identical in all
hut electromagnetic effects. This is

Malcolm H. Mac Gregor served in the
US Navy at the end of World War 2 be-
fore obtaining his BA (in mathematics),
MA and PhD (both in physics) at the
University of Michigan. In 1953 he
joined the Lawrence Radiation Labora-
tory at Livermore, where he is now a
research physicist. Mac Gregor's work
has included both experiment (beta de-
cay and neutron scattering) and theory
(nucleon-nucleon analysis). He is also
a graduate research adviser and occa-
sional lecturer at the University of Cali-
fornia, Berkeley, with research interest
in elementary-particle structure.
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the charge independence hypothesis.
The weaker charge-symmetry hypoth-
esis specifies that, apart from electro-
magnetic effects, proton-proton and
neutron-neutron forces are equal.

Nonconservation of isotopic spin is
indicated by the unequal masses of
charged and neutral pions and of the
proton and neutron, the nonlinearity
inherent in superimposing nuclear and
electromagnetic forces and the differ-
ing anomalous magnetic moments of
proton and neutron. Fortunately for
us here, these are all rather small ef-
fects. Assumption of charge inde-
pendence is, we shall see, indispensible
for analysis of existing neutron-proton
scattering data.

Because nucleon-nucleon scatter-
ing occurs simultaneously in five inde-
pendent spin states, it is necessary to
analyze five kinds of scattering experi-
ments at a given energy simultaneously
to determine the elastic-scattering
matrix at that energy. This fact makes
a definitive experimental determination
of the scattering amplitudes a formi-
dable task.

Observed spin and isospin dependence

Observations pointing both to the
greatest complication in the nuclear
force and to its greatest simplification
occurred in 1936. The deuteron is a
neutron and proton bound in a triplet
spin state. From the deuteron struc-
ture we can infer the cross-section
magnitude for triplet neutron-proton
scattering at zero energy. The ob-
served neutron-proton scattering,
which is 1/4 in the singlet state and
3/4 in the triplet state, is much larger
than this value. Thus, as Wigner7

pointed out, singlet neutron-proton
scattering must be much larger than

GREGORY BREIT (left) and EUGENE WIGNER. This famous resonance is shown
at the Gainesville, Florida international nucleon-nucleon conference in 1967. —FIG. 2

triplet neutron-proton scattering; this
work established that nuclear forces,
unlike simple Coulomb forces, are spin
dependent.

Further evidence for spin depen-
dence of the nuclear force was soon
forthcoming. In 1939, measurements
of the magnetic moment and electric
quadrupole moment of the deuteron8

showed that tensor forces, leading to a
D-state admixture in the S-wave
ground state, are present. Analysis of
high-energy proton-proton scattering
data by Kenneth Case and Abraham
Pais0 in 1950 showed that spin-orbit
components are also present in the
nuclear force. The conclusion that we
have today, which is borne out by
studies with a variety of potential
models, is that nature has taken full
advantage of the freedom in nucleon-
nucleon spin space afforded by the in-
variance principles; spin dependence
of nuclear force is as complicated as

it is allowed to be.
The greatest and perhaps only sim-

plicity in nucleon-nucleon scattering
occurs in isotopic-spin space. In 1936,
Gregory Breit and Eugene Feenberg10

analyzed low-energy neutron-proton
and proton-proton scattering and
showed that the singlet-S nuclear
phase shift (the 7 = 1 scattering) is
the same for both processes to within
a few percent, thus experimentally es-
tablishing charge independence.
Many subsequent experiments during
the past third of a century have sub-
stantiated the usefulness of the charge-
independence approximation. It is in-
teresting that Breit and coworkers11

in 1968 were the first to introduce a
nucleon-nucleon phase-shift analysis
in which charge independence is no
longer strictly assumed. Breit's work
in nucleon-nucleon interactions has
spanned the entire modern develop-
ment of the subject (see figure 2).

Amplitude

1

2

3

4

5

Spin S

0

1

1

1

1

Orbital An£

Initial

1 = J

1 = J

I = J + 1

I = J - 1

1 = J ± 1

?ular Momentum 1

Final

1 = J

1 = J

I = J + 1

1 = J - 1

I = J + 1

SPIN-SPACE NUCLEON-NUCLEON amplitudes for Jtotal angular momentum J. In-
trinsic spin and orbital angular momentum can couple in five ways. —FIG. 1

Nucleon-nucleon amplitudes

As we have seen, the proton-proton
system has five complex amplitudes.
If we eliminate one overall phase fac-
tor, specification of these amplitudes
at one energy and angle requires nine
numbers and hence nine independent
experiments. If, however, measure-
ments are made over all angles from 0
deg to 90 deg at one energy, then uni-
tarity relations12 relating real and
imaginary parts of the amplitudes can
be formulated. The result is that, in
principle at least, five kinds of experi-
ments at one energy and all angles
suffice to specify the proton-proton
scattering matrix at that energy.

Because all experiments contain sta-
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over-tistical and other uncertainties,
specification of the scattering matrix is
desirable. If w e do proton-proton
measurements at energies above the
pion-production threshold (280 Mev),
then the unitarity relations are lost;
so nine experiments are again required
to specify the elastic-scattering matrix.
In practice, inelastic effects are small
up to 450 MeV, and accurate phase-
shift analyses can be made up to that
energy.

The neutron-proton system has five
complex amplitudes for each of two
isotopic-spin amplitudes. Because
neutron-proton measurements from 0
deg to 90 deg and from 90 deg to 180
deg can be considered as independent
experiments, five measurements over
the angular range from 0 deg to 180
deg are enough to specify the neutron-
proton scattering matrix for energies
below 280 MeV. Unfortunately, neu-
tron-proton data are often of limited
statistical accuracy and often include
only a few scattering angles. Also,
neutron-proton experiments sometimes
involve deuterium as a neutron target.

M

This use makes a substantial and
somewhat controversial correction nec-
essary to remove the effect of the spec-
tator proton that is contained in the
deuteron.

Thus, except at lowest energies, at-
tempts to analyze neutron-proton data
by themselves13 have been unsuccess-
ful. If, however, proton-proton and
neutron-proton data at the same en-
ergy are available, then the proton-
proton data can be analyzed to give
the / = 1 amplitudes, charge inde-
pendence can be invoked to apply
these to the neutron-proton scattering
and the neutron-proton data can then
be analyzed to give the corresponding
7 = 0 amplitudes. An analysis of this
type was first published in 1961.

Neutron-neutron experiments are
difficult; so few of them have been
done. The main effort here has cen-
tered on the final-state neutron-neu-
tron interaction that is produced when
deuterium is bombarded with neu-
trons or pions. Results indicate agree-
ment to within 1% with the concept
of charge symmetry and to within a

A'

CKP

few percentage points with the con-
cept of charge independence.15

Nucleon-nucleon experiments

As we have seen, in the most general
case nine proton-proton experiments
are needed to specify the elastic-scat-
tering matrix at one energy and angle.
Not surprisingly, it turns out that nine
independent spin-space experiments
can be simultaneously defined.1216

Experiments were first done by scat-
tering protons once (o-), twice
(P, CNN, CK1,), and three times (D, DT,
R, R', A, A'). Figure 3 describes
these observables. The recent devel-
opment, however, of polarized proton
beams and polarized targets has en-
abled experimenters to reduce the
number of scatterings by one and to
improve greatly the accuracy and
comprehensiveness of the experiments.
This "second generation" of experi-
ments is just now starting to have an
important impact on nucleon-nucleon
work.

Fairly complete sets of nucleon-
nucleon data exist at 25, 50, 95, 142,
210, 330, 425 and 650 MeV. These
energies correspond, naturally enough,
to energies of existing cyclotrons. It
is interesting that, their primary mis-
sion of measuring nucleon-nucleon
scattering fulfilled, some of these cy-
clotrons are now being scrapped.

Plwse shift analyses

One major difficulty in analyzing nu-
cleon-nucleon data is that we have so
little theoretical guidance. Scattering
amplitudes are essentially unknown
functions of energy E and scattering
angle 0. The conventional way of
dealing with this situation is to ex-
pand the scattering amplitudes in
terms of angular-momentum states

a(£,0) = f(£) g(0)

The g(0) are known functions that de-
pend on the spin, orbital angular mo-
mentum and total angular momentum
(S, I, J) of the system. The i(E) are
unknown functions of energy and are
expressed in the following unitary form

where the phase shifts S(E) must of
course carry labels S, /, /.

The spectroscopic form for the
phase shifts17

POSSIBLE NUCLEON-NUCLEON EXPERIMENTS. Laboratory-frame diagrams
show polarization component to be measured; a dot indicates a vector out of the page,
and M indicates 90 deg precession in a magnetic field. —FIG. 3

is probably the prevalent notation to-
day; notation used by the Yale group
is very similar.18 For the nuclear-bar
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phase shifts,17 as used for example in
our work at Livermore, the lowest
states of the proton-proton system are:
% , 3P0, *Flf

 3PL,, e,, 3F2 , .'. ., where
S, P, D, F, . . . correspond to / = 0, 1,
2, 3, . . ., and where ej is the mixing
parameter.

The phase-shift decomposition of
scattering amplitudes has several ad-
vantages: because a few low-/ phases
dominate the scattering the number of
free (phenomenological) phases can
be kept reasonably small; physical in-
formation can be inserted by using
effective-range low-energy limits for
S-waves; theory can be inserted by
calculating the small, high-/ phases
from the one-pion-exchange Feynman
diagram and the observed energy de-
pendence of the phase shifts can be
used to test theoretical models. The
outstanding disadvantage of phase-
shift formalism is that the equations
are nonlinear.

Calculation of phases directly from
experiment or of potentials directly
from phases has proved to be impos-
sible. It is necessary instead to go in
the other direction. This means that
we can determine a set of phase shifts
only by making least-squares fits to
the data, and we can determine pa-
rameters of a nuclear-force model only
by making least-squares fits to the
phases or to the data directly.

Phase-shift analyses can be made at
a single energy (actually a narrow
energy band), or over a whole range
of energies. For a range of energies
we must choose a set of parameters
that express the energy dependence of
the phase shifts, and these parameters
are then varied to minimize the least-
squares-sum x2. The only two groups
to carry out large-scale energy-de-
pendent analyses have been Breit's
Yale group and the Livermore group.
Energy-independent analyses have
been carried out at several labora-
tories.

To determine phase shifts one se-
lects a set of phases, calculates the
corresponding observables, determines
the least-square sum ^2 for a fit to the
data and then varies the phases to
minimize ^2. If the data are complete,
statistically accurate and self-consis-
tent, a unique solution (set of phases)
results. In a typical analysis, 1000 to
2000 data may be included in the ^2

sum. The variable parameters, which
include both phase-shift coefficients
and data-normalization constants, can
number 100 or more. Thus selection
of a method to minimize the param-

eters is a nontrivial part of the prob-
lem.

Early computer problems at Liver-
more used the grid-search method, in
which one parameter at a time is
varied. Because the parameters are
highly correlated, this is a very in-
efficient method for a large problem.
An improved method, used in early
work at Yale,18 is the gradient search
in which all parameters are varied to-
gether but in an uncorrelated manner.
The most efficient method for large
problems is the matrix search,19 in
which all parameters are varied simul-
taneously along a correlated path in
parameter space.

Although the matrix search has been
used in other applications for a long
time, its first application to the nu-
cleon-nucleon problem was by Peter
Signell.20 The matrix search has an

0 .1%-

additional advantage; the error matrix
for the solution is automatically ob-
tained. At Livermore, a method of
matrix reduction devised by Richard
Amdt19 is used to split phase param-
eters and normalization constants into
a two-step minimization process. This
method lowers the dimensionality of
the matrices by almost a factor of 2
and greatly reduces computer storage
requirements.

Early phase-shift results

The first use of a "computer" to at-
tack the nucleon-nucleon problem was
in the work done by E. Clementel and
Claudio Villi21 in 1955. Their com-
puter was a set of mechanical arms
that could be set to give an analog
simulation of certain scattering-ampli-
tude functions. They were able to
show that, given only proton-proton

SQUARE OF COUPLING CONSTANT (g )

PROBABILITY FUNCTIONS for 310-MeV Stapp phase-shift solutions. The maximum
probability obtained for Stapp solutions 1 and 2 at g2 n 14 agrees with the g2 = 15
value obtained from pion-nucleon scattering analyses. —FIG. 4
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differential cross-section data, there
are four sets of P-phases for each value
of the S-phase (up to some maximal
value for S), and all give precisely the
same fit to the data. This work was
later adapted at Livermore22 for UNI-
VAC I, the world's first true electronic
computer.

Modem phase-shift analysis started
at Berkeley. In 1956 a group using
the 184-inch cyclotron completed mea-
surements of a, P, D, R and A at 315
MeV.23 Armed with these data, Henry
Stapp and his collaborators, who
had access to Livermore and Los Ala-
mos computers, did a proton-proton
phase-shift analysis. They used 14
free phases (S-H waves), set the re-
mainder equal to zero and found five
acceptable phase-shift solutions.

Following the lead of the Japanese
school,24 Michael Moravcsik25 and A.
F. Grashin20 independently proposed
that the Stapp analysis could be im-
proved by calculating the higher phase
shifts from one-pion exchange (OPE)
instead of just setting them equal to
zero. This reduced the number of
acceptable solutions to two, called
"Stapp solutions 1 and 2." In addi-
tion, the pion-nucleon coupling con-
stant, which enters into the calculation
of the OPE phases, was shown for the
first time to have a nucleon-nucleon
analysis value consistent with that ob-
tained from pion-nucleon analyses.
These results are illustrated in Figure
4. Subsequent analyses of Rochester
proton-proton data at 210 MeV27

showed that the Stapp-solution types
1 and 2 occurred there also. Later
analyses have shown that Stapp solu-
tion number 1 is the correct one.

The first energy-dependent analysis
of proton-proton scattering was car-
ried out by the Yale group,28 and was
soon followed by a similar analysis at
Livermore.29 Subsequent Yale anal-
yses14 included both proton-proton
and neutron-proton scattering.

Recent elastic-scattering studies

Analyses of energy-independent phase-
shifts have been carried out by groups
at Berkeley, CERN, Dubna, Harwell,
Kyoto, Livermore, and Michigan State.
All used essentially the same method
of analysis; differences in solutions
can be attributed to slightly different
choices of data or of the number of
phenomenological phases. The results
of these analyses are in general agree-
ment with each other.

The Yale group11 has carried out
energy-dependent phase-shift analyses
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of proton-proton and neutron-proton
scattering from about 10 MeV to 350
MeV. We at Livermore have com-
pleted similar analyses from about 1
MeV to 450 MeV30 and additional
analyses extending to 750 MeV.3182

The Yale group, in choosing energy-
dependent forms for the phase shifts,
selected pure mathematical functions
with the requisite flexibility to fit their
data.

At Livermore functions that have a
singularity structure19 and threshold
behavior33 consistent with the dictates
of the Mandelstam representation were
used (see figure 5). In regions where
data are complete and accurate enough
to set limits on the solution, the Yale
and Livermore phase-shift values are
in reasonable agreement. This agree-
ment indicates that neither analysis is
appreciably form-limited and that en-
ergy dependences obtained for phase
shifts are reliable. As further confir-
mation the Livermore work also in-
cludes single-energy analyses at 25,
50, 95, 142, 210, 330, and 425 MeV.
The energy-dependent and energy-in-
dependent phase shifts are in agree-
ment; this agreement would not occur
if the energy-dependent forms were too
rigid.

These phase-shift results fulfill the

longstanding goal of obtaining a set
of nucleon-nucleon scattering ampli-
tudes that cover continuously the en-
tire elastic-scattering region. The final
Livermore analysis includes 1076 pro-
ton-proton data from 1 to 450 MeV
and 990 neutron-proton data from 0.5
to 425 MeV. 52 phenomenological
parameters representing 27 elastic
phases and one inelastic phase are
sufficient to give a statistically ac-
curate fit (^2 = 1.1 per data point) to
the entire collection of 2066 data span-
ning this energy range. Also, because
the parametrization is continuous and
mathematically well defined, the pa-
rameter error matrix gives statistically
determined uncertainties in the phases
and in all functions of the phases over
the energy range.

Remaining problems

There are still some difficulties with
phase-shift analyses, particularly with
the 7 = 0 amplitudes. At low energies
we expect from the sign of the deu-
teron quadrupole moment that the cx

coupling parameter should be posi-
tive.34 Also, the 1P1 phase shift might
be expected to approximate its OPE
value at low energies. Phase shift
analyses, however, often give anoma-
lous values below 50 MeV for these
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phases. The difficulty can be attrib-
uted to a lack of accurate neutron-
proton differential cross-section data at
low energies,30 but recent measure-
ments85 may remedy this deficiency.

Unfortunately, existing neutron-pro-
ton data below 50 MeV are not com-
pletely self-consistent. At energies
above 210 MeV, and particularly at
330 MeV, the neutron-proton data are
incomplete enough that an accurate /
= 0 matrix can not be defined. How-
ever, the latest triple-scattering neu-
tron-proton data at 425 MeV3e give
a well defined result for 7 = 0 ampli-
tudes at that energy. By adding these
data to the energy-dependent analysis,
it is possible to obtain reasonably re-
liable neutron-proton phase shifts at
330 MeV. This result illustrates one
of the virtues of an energy-dependent
analysis.

To achieve accurate fits to the data
below 10 MeV, one must apply vac-
uum-polarization corrections to the
proton-proton amplitudes and use sep-
arate 1S0 phases for the proton-proton
and neutron-proton systems. The
data are now so accurate that failure
of charge independence for the aS0

phase must be taken into account.11

The other phases do not yet require
this additional freedom.30

At energies above 280 MeV inelastic
effects should be considered. Up to
450 MeV, inelastic scattering is less
than 10% of elastic scattering. On
theoretical grounds it is reasonable to
attribute this small inelasticity entirely
to the 2Do phase shift. Inclusion of
an inelastic component in the 1D1»
phase does not appreciably lower x

2,
but it gives slightly different and more
realistic phase-shift values.

To summarize the proton-proton sit-
uation, 1076 carefully selected pro-
ton-proton data form a set that spans
the 1-450 MeV region. This set
yields good statistical accuracy, rea-
sonable completeness at selected ener-
gies and self-consistency within the
data set. These data determine a
unique phase-shift solution; scattering
amplitudes are accurate to within a
few percent over the entire elastic en-
ergy range and up to about 450 MeV.
Restrictions imposed by fitting all of
these data simultaneously are stringent
enough that inconsistencies between
these data and any new measurements
can be promptly identified.87

The neutron-proton situation is not
so favorable: the 990 experimental
points form a set that spans the energy
region from 0.5 to 450 MeV, but al-

though some selection has been made,
the remaining data are not completely
self-consistent. Also, statistical and
systematic uncertainties in some of the
data are quite large. The data are
nowhere complete and in many energy
regions are woefully incomplete.
Nevertheless, by combining the neu-
tron-proton data with proton-proton
data (or with the proton-proton
7 = 1 scattering matrix) and invoking
charge independence, we can obtain a
solution type that is reasonably well
delineated over most of this energy
region. Errors in the 7 = 0 phases
given by error matrices appear to be
realistic, although they must be used
with some reservations; an incomplete
data set can lead to actual errors much
larger than those predicted by the
standard statistical analysis, and sys-
tematic errors caused, for example, by
improper corrections for binding ef-
fects in the deuteron, would not be re-
flected in the error-matrix calculations.

Errors in energy-dependent phases
are given by the parameter error
matrix. These should be regarded as
the smallest possible errors and would
be the true errors if the energy-de-
pendent forms were correct. Errors
given by energy-independent analyses
should be regarded as the greatest
possible errors and would be the true
errors if experiments at one energy
were completely uncorrelated with ex-
periments at other energies. By carry-
ing out both types of analysis, we can
obtain bounds for the errors. Because
phase shifts are highly correlated, so
are the errors. To obtain accurate
statistical results in fitting to a model,
one must use the full error matrix; the
diagonal components are not sufficient.

Recent inelastic-scattering work

Inelastic corrections are small and
can be appropriately handled at ener-
gies up to 450 MeV. Few data exist
in the region between 450 and 600
MeV, but from 600 to 700 MeV quite
a complete proton-proton data set ex-
ists. Most of the data are from
Dubna,38 but substantial contributions
have been made at other laboratories,
such as Berkeley and Saclay, France.
The big difficulty at 650 MeV is that
the inelasticity is now roughly 40% of
the total scattering, and simple treat-
ment of inelastic phases does not suf-
fice.

Phase shift studies have been made
at 650 MeV,39 and solutions can be
obtained that give excellent fits to the
data. These solutions, however, in-

volve a somewhat arbitrary handling
of the inelasticity; one must apportion
the inelasticity among a number of
phase shifts, and there is remarkably
little theoretical guidance as to just
how to do this. In studies at Liver-
more31 we tried many different models
for the inelasticity, and we obtained a
corresponding number of elastic phase-
shift solutions. Coupling between in-
elastic and elastic processes is strong.

Our conclusion at Livermore (to
which some of our colleagues do not
wholly subscribe40) is that a definitive
set of proton-proton phases at 650
MeV can not be obtained from present
data and the present state of inelastic-
scattering theory. Nine complete pro-
ton-proton experiments would in prin-
ciple define the proton-proton elastic-
scattering matrix at 650 MeV, but
these experiments do not yet all exist.
The data on inelastic scattering and
the theory to handle these data are
both very sketchy. High-intensity
cyclotrons planned for the Swiss Fed-
eral Institute of Technology, Zurich
and for Los Alamos should supply im-
portant new measurements in this en-
ergy region.

Any 650-MeV neutron-proton anal-
ysis, because it necessarily depends on
7 = 1 amplitudes obtained from pro-
ton-proton scattering and on 7 = 0 in-
elastic effects, is thus almost meaning-
less. Solutions can be obtained that
give precision fits to the data, and the
magnitudes of the large 7 = 0 phases
can be roughly determined. But small
uncertainties in 7 = 1 amplitudes be-
come large uncertainties in addition to
uncertainties for the 7 = 0 amplitudes.

As far as definitive phase-shift analy-
ses of the nucleon-nucleon system are
concerned, I feel that present experi-
mental and theoretical situations com-
bine to impose a sharp cutoff at 450
MeV; this is perhaps just a way of
saying that the opportunities exist at
higher energies.

Implications for theory

The outstanding theoretical success in
the nucleon-nucleon field in the last
decade has been the one-boson-ex-
change (OBE) model.41 The only
part of the nuclear force that can be
calculated unambiguously from field
theory is that due to exchange of a
single (virtual) particle, the pion. If,
however, we consider narrow reso-
nances in multipion states as "parti-
cles," then we can calculate their con-
tributions to the nuclear force. It is a
remarkable fact that if the pion, the
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P-WAVES as determined experimentally (error flags) and as calculated from one-boson
exchange, TT, />, w and a Born terms all make important contributions, and the sum
(heavy solid line) is in good qualitative agreement with experiment. —FIG. 6

p and OJ resonances and a strong scalar-
isoscalar interaction (taken for con-
venience to be the a resonance) are
treated in Born approximation, they
give phase-shift values for P-waves
and higher that are in good qualitative
agreement with experiment for proton-
proton and neutron-proton scattering
over the elastic-scattering range (see
figure 6). Furthermore, masses and
coupling constants that must be used
to obtain this good fit agree with
values that can be deduced from direct
measurements and other physical pro-
cesses.42

There are, however, definite limi-
tations to the one-boson-exchange
model; unitarity corrections to the
Born terms are small and unimportant
for the high-/ amplitudes and are large
and unbelievable for the lowest-/ am-
plitudes. Thus, although the lowest-

order OBE model is a good one, it is
difficult to improve. The challenge
imposed on theorists by the OBE
model is to explain the existence of the
p and OJ resonances. Just why these
saturate their 2?r and 3?r quantum
states, and why they contribute so de-
cisively to the nuclear force, is in my
opinion the main question to be an-
swered by nucleon-nucleon theorists.
From nucleon-nucleon analyses, we
can not conclude much of anything
about the width of the a resonance.
A strong enhancement in this state,
however, is certainly required to fit
the data.

The challenge at higher energies is
to calculate, in a useful way, the pion-
production amplitudes. It is clear
from low-energy work that exchange
of a single virtual pion is the domi-
nant mechanism in all phases (even

including P-waves!) except S-waves.
At energies above 280 MeV we are in
the regime where a real pion is pro-
duced. One feels intuitively that
ability to handle the appearance of a
real pion from the virtual cloud sur-
rounding a nucleon would contribute
substantially to understanding the
properties of that cloud.

Another challenge, one that may
perhaps be studied at both lower and
higher energies, is to see what limits
nucleon-nucleon scattering data im-
pose on interaction at very short dis-
tances.43 The hard core has recently
become in many models a softer core,
and the nature of the core region is
important in nuclear-structure calcula-
tions. The extent to which measured
nucleon-nucleon amplitudes limit this
region, and the relevance of these am-
plitudes to phenomena like the non-
locality of the potential, remain fruit-
ful areas for investigation.

At the crossroads

In the 1930's broad features of nu-
cleon-nucleon interaction were de-
termined. The ensuing three decades
have seen this work extended experi-
mentally until now a reasonably com-
plete mapping has been obtained for
proton-proton and neutron-proton
scattering over the entire elastic en-
ergy region. Roughly speaking, this
mapping has an accuracy of perhaps
5% for proton-proton scattering and
10c/c for neutron-proton scattering.
This accuracy is good enough to im-
pose reasonable bounds on potential
models, and to make it appear un-
likely that any major surprises will
occur if these experiments are ex-
tended at the same level of sophistica-
tion.

The experimenter's choice is to re-
tire or to aim for the \c/c level. At
Harvard and Rochester the choice was
to retire. At Berkeley, Chicago,
Dubna, Los Alamos and Orsay, experi-
ments featuring polarized targets are
superseding older triple-scattering ex-
periments. At Saclay, a recent en-
trant into low-energy nucleon-nucleon
work, a high intensity polarized proton
ion source has been developed. Simi-
lar beams for low-energy measure-
ments have been developed at Berke-
ley and Los Alamos.

At VA -accuracy level, phase-shift
analyses must include careful correc-
tions for magnetic-moment effects, vac-
uum-polarization effects and manifest-
ations of charge-independence break-
down Theoretical models should be-
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gin to show some sorting of 2?r and 3?r
effects. Because experimental uncer-
tainties are magnified in analytically
continuing the scattering amplitudes
off the energy shell, improved ac-
curacy would permit a better deter-
mination of the usefulness of the boot-
strap concept in this area.

In the inelastic region, the right
turn at the crossroads would lead to
a double-barreled experimental-theo-
retical attack on the nucleon-nucleon
problem. Theorists must derive
models for production processes, tell
experimentalists just what kind of
pion-production experiments they
need to test the models, recheck their
models with the experiments and re-
peat the process. An on-line collabo-
ration is needed to get meaningful re-
sults in this difficult area. The plan-
ning groups at Ziirich and Los Alamos
see the need for this kind of close
collaboration between theory and ex-

periment, and their new experimental
facilities will include, they hope, asso-
ciated theoretical groups. Dubna, and
other very high energy laboratories
have of course followed such as ap-
proach for years.

A new field of physics

One outcome of this work is the emer-
gence just now of a new field that we
might call intermediate-energy ele-
mentary-particle physics. High-en-
ergy physicists have remarkably little
interest in anything that happens be-
low a few GeV; nuclear physicists
have no reason to be interested in any-
thing higher than a couple of hundred
MeV. Thus physicists who wish to
work at 500 MeV find that they are
no longer welcome at the crowded
high-energy conferences, and they
can't understand what is going on at
the nuclear-physics conferences. So

they have, in desperation, finally
started their own conferences.39-44

For nucleon-nucleon workers, this dif-
ficulty with energies is compounded
because the nucleon-nucleon field is
itself in the gray area between ele-
mentary-particle physics and nuclear
physics. Does it belong in volume 4 or
volume 5 of the Physical Review?

Development of polarized ion
sources, polarized targets and high-in-
tensity accelerators signals the begin-
ning of the next generation of nucleon-
nucleon and pion-nucleon experi-
ments. Workers in this field of inter-
mediate-energy physics will form a
more distinctive branch of physics than
was apparent in the past. If they suc-
ceed, however, in knocking down any
of the formidable barriers that limit
our present understanding, we can be
assured that the consequences will be
felt by their colleagues both above and
below.

References

1. I. Curie-Joliot, F. Joliot, Compt.
Rend. 194, 273 (1932); J. Chadwick,
Proc. Roy. Soc. (London) A136, 692
(1932).

2. J. D. Cockcroft, E. T. S. Walton,
Proc. Roy. Soc. (London) A136, 619
(1932).

3. E. P. Wigner, Phys. Rev. 43, 252
(1933).

4. W. Heisenberg, Z. Physik 77, 1
(1932).

5. E. Majorana, Z. Physik 82, 137
(1933).

6. H. Yukawa, Proc. Phys-Math. Soc.
(Japan) 17,48 (1935).

7. H. A. Bethe, R. F. Bacher, Rev. Mod.
Phys. 8, 193 (1936).

8. J. M. B. Kellogg, I. I. Rabi, N. F.
Ramsey, Jr, J. R. Zacharias, Phys.
Rev. 55, 318 (1939); 56, 728 (1939).

9. K. M. Case, A. Pais, Phys. Rev. 80,
203 (1950).

10. G. Breit, E. Feenberg, Phys. Rev. 50,
850(1936).

11. R. E. Seamon, K. A. Friedman, G.
Breit, R. D. Haracz, J. M. Holt, A.
Prakash, Phys. Rev. 165, 1579 (1968).

12. L. Puzikov, R. Ryndin, J. Smorodin-
skij, Nuclear Physics 3, 436 (1957).

13. M. H. Mac Gregor, R. A. Arndt, A. A.
Dubow, Phys. Rev. 135, B628 (1964).

14. M. Hull, K. Lassila, H. Ruppel, F.
McDonald, G. Breit, Phys. Rev. 122,
1606 (1961); M. H. Mac Gregor,
Phys. Rev. 123,2154 (1961).

15. I. Slausv Rev. Mod. Phys. 39, 575
(1967).

16. R. J. N. Phillips, Nucleon-Nucleon
Scattering Experiments, Harwell re-
port AERE-R3141 (1960).

17. H. P. Stapp, T. Ypsilantis, N. Metrop-
olis, Phys. Rev. 105, 302 (1957).

18. G. Breit et al, Phys. Rev. 128, 826
and 830 (1962).

19. R. A. Arndt, M. H. Mac Gregor, Phys.
Rev. 141, 873 (1966); R. A. Arndt,
M. H. Mac Gregor, Methods in Com-
putational Physics, vol. 6, Academic
Press (1966).

20. P. Signell, N. R. Yoder, N. M. Mi-
skovsky, Phys. Rev. 133, B1495
(1964).

21. E. Clementel, C. Villi, Nuovo Ci-
mento [10] 2, 1165 (1965).

22. H. P. Noyes, M. H. Mac Gregor, Phys.
Rev. I l l , 223 (1958); M. H. Mac
Gregor, Phys. Rev. 113, 1559 (1959).

23. O. Chamberlain, E. Segre, R. D.
Tripp, C. Wiegand, T. Ypsilantis,
Phys. Rev. 105,288 (1957).

24. Prog. Theoret. Phys., Supplement 3,
(Kyoto) (1956).

25. P. Cziffra, M. H. Mac Gregor, M. J.
Moravcsik, H. P. Stapp, Phys. Rev.
114,880 (1959).

26. A. F. Grashin, Sow Phys.-JETP 9,
1223 (1959).

27. M. H. Mac Gregor, M. J. Moravcsik,
Phys. Rev. Lett. 4, 524 (1960).

28. Reported at the London "Few Nu-
cleon Conference," 1959.

29. H. P. Stapp, H. P. Noyes, M. J. Mor-
avcsik, Proceedings of the 1960 High
Energy Conferences at Rochester, p.
128; Proceedings of the 1962 High
Energy Conferences at CERN, p. 131.

30. M. H. Mac Gregor, R. A. Arndt, R. M.
Wright, Phys. Rev. 182, 1714, (1969).

31. M. H. Mac Gregor, R. A. Arndt, R. M.
Wright, Phys. Rev. 182, 1714 (1969).

32. M. H. Mac Gregor, R. M. Wright,
Phys. Rev. 173, 1272 (1968).

33. M. H. Mac Gregor, Phys. Rev. Lett.
12,403 (1964).

34. G. Breit, R. D. Haracz, High Energy
Physics, (E. H. S. Burhop, ed.) vol.
1, p. 21, Academic Press Inc., New
York, (1967).

35. L. N. Rothenberg, T. G. Masterson,
Angular Distribution of 24-MeV Neu-
trons Scattered by Protons, Univ. of
Wise, abstract for APS Washington
meeting, April (1969).

36. S. C. Wright, D. Shawhan, L. Pon-
drom, S. Olsen, R. Handler, Phys.
Rev. 175, 1704 (1968).

37. M. H. Mac Gregor, R. M. Wright,
R. A. Arndt, Phys. Rev. Lett. 19,
1209 (1967); M. H. Mac Gregor,
R. A. Arndt, R. M. Wright, Phys.
Rev. 179, 1624 (1969).

38. J. Bystricky, J. Cech, Z. Janout, Yu.
M. Kazarinov, F. Lehar, L. B. Par-
fenov, Phys. Lett. 28B, 572 (1969).

39. Proceedings of the 1st International
Colloquium on Nucleon-Nucleon and
Pion-Nucleon Interactions, Dubna,
lune (1968) (in Russian).

40. S. I. Bilenkaya, G. Cozzika, F. Lehar,
Z. Janout, Phase-Shift Analysis of p-p
and n-p Elastic Scattering at 735
MeV, CERN preprint, June 1969.

41. N. Hoshizaki, S. Otsuki, W. Watari,
M. Yonezawa, Progr. Theoret. Phys.
(Kyoto) 27, 1199 (1962); R. A.
Bryan, C. R. Dismukes, W. Ramsay,
Nucl. Phys. 45, 353 (1963).

42. R. A. Arndt, R. A. Bryan, M. H. Mac
Gregor, Phys. Lett. 21, 314 (1966).

43. S. Stone III, Univ. of Calif, at
Berkeley thesis, A Eorm-Free, Semi-
phenomenological, Error-Bounded,
Potential Representation of Two-Nu-
cleon Experiments, July 1969.

44. A. E. S. Green, M. H. Mac Gregor,
R. Wilson, Rev. Mod. Phys. 39, 495
(1967). 0

28 . DECEMBER 1969 . PHYSICS TODAY



NEW INFORMATION
PROGRAM FOR AIP
How do you cope with the ever-increasing flood of literature?
A new computer-assisted system will offer new and better
ways of obtaining physics information. We seek your opinions.

ARTHUR HERSCHMAN, FRANZ L. ALT and H. WILLIAM KOCH

THE AMERICAN INSTITUTE OF PHYSICS,

with support from the National
Science Foundation, is currently en-
gaged in a major effort to develop and
implement a computer-assisted "Na-
tional Information System for
Physics." Designed by physicists, for
physicists, the new system is sched-
uled to begin pilot operations early
next year. We at AIP believe the sys-
tem to be urgently needed, but how
do you, the physicists, feel about it?

This article presents a description of
the main features of the new system so
that you can form an opinion on its
merits and its potential usefulness.
After you have read the article, we
hope to hear from you on this impor-
tant question: Do you feel there is
need for this program and is it aimed
in the right direction?

AIP responsibility

Because we believe that there is a
need for a physics-information system
and that AIP is the logical place for its
development, we have assumed the
responsibility and undertaken the for-
mulation and development of a new
system.

AIP was founded in 1931 as a fed-
eration of leading societies in physics
to serve those needs of the physics
community that could best be fulfilled
by the societies jointly. It presently
has seven member societies, whose
47 000 members are also institute
members, plus 19 affiliated societies
with an interest in physics, 150 corpo-
rate associates and a Society of Phys-
ics Students. The institute services
for this sizable community run the
gamut from publicizing physics and
physicists, strengthening educational
programs, documenting the history
and development of physics and rep-

resenting physics nationally and inter-
nationally—to the largest single pub-
lishing effort for physics in the world.
AIP publishes 16 archival journals,
comprising 25% of the world's articles
in physics and translates 13 Russian
journals, for an additional 10%.

As a natural extension of its respon-
sibility and in accord with its mandate
to engage in activities "for the ad-
vancement and diffusion of the knowl-
edge of the science of physics," AIP,
with support from NSF, has been ac-
tively planning further information
services since mid 1966.1 These
plans led to our program for the de-
sign and development of a national in-
formation system for physics. At the
end of 1967, a new division was or-
ganized within AIP to handle the
project.2

The division has the assistance of a

15-member advisory committee, which
was appointed by AIP member so-
cieties, of about 100 physicist-respon-
dents selected by the advisory com-
mittee and of liaison members from
other interested groups, both from re-
lated scientific societies (chemistry,
mathematics and engineering) and
from interested government agencies.
The results of this effort, a national
physics-information system, will be
ready for implementation during
1970. (A document describing the
proposed system was recently present-
ed to NSF in support of a request for
funding the pilot operations.)3

Why a new system?
A new system is needed to cope with
the exponential growth of physics lit-
erature, which has been doubling
about every seven and a half years. It

Arthur Herschman (left) has been director of the AIP information division since its
inception in 1967. A theoretical physicist, who received his PhD from Yale Uni-
versity in 1954, Herschman was formerly coeditor of The Physical Review.

Before becoming AIP director in 1966, H. William Koch (center) was chief of the
radiation-physics division at the National Bureau of Standards. Koch joined NBS
in 1949, after receiving his PhD from the University of Illinois, and worked in the
high-energy-radiation section until becoming division chief.

Franz L. Alt (right), who took his PhD in mathematics at the University of Vienna,
became deputy director of the information division after 19 years with the National
Bureau of Standards. At NBS he was assistant chief of the applied-mathematics
division and, later, area manager for information systems, design and research.
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is not that physicists are writing more,
but that more physicists are writing-
more physicists in every speciality. In
1968 alone, over 50 000 research pa-
pers were published in more than 500
journals. Finding information in the
traditional way, by scanning journals
and through formal and informal talks
at meetings, is no longer practical.
Although one may still keep up with
new developments of immediate inter-
est, it is almost impossible for any one
physicist to keep abreast of bordering
areas and related specialities with
which he should be familiar.

The tendency of the present proce-
dures to be designed for authors* con-
venience has also aggravated the
problem. Authors, not readers, deter-
mine when, where and how the infor-
mation is presented. As a result, pa-
pers on any given subject are dis-
persed over many journals, and a sin-
gle journal may contain, side by side,
papers on widely different subjects.
The reader is left to cope with the
flood as best he can, which all too
often results in information coming to
his attention too late for his need.

What is clearly required is a better
way to organize and manage the infor-
mation so it can be routed more accu-
rately and efficiently from author to
reader.

Computerized file

The only feasible way to organize and
manage a collection this large is by
computer—to have a computer record
of each new paper that allows a file to
be organized and searched on a cur-
rent basis according to physicists' in-
terests.

As presently conceived, the file
would initially contain records for
about one half of the world's physics-
journal articles, but would be expand-
ed to cover almost all journal litera-
ture, as well as nonjournal material, in
the not-too-distant future.

Every month, for AlP-published
journals during the prepublication
cycle and for other journals as they are
received, the information-division staff
will prepare, for each new paper, a
"record" that contains basic informa-
tion about the paper: author, journal,
title, abstract, citations (that is, refer-
ences to other literature), a list of
"key words" and a special "AIP classi-
fication number."

These records are then transcribed
onto magnetic tapes. Thus the cumu-
lative file of all such records consti-
tutes, in effect, a machine-searchable

"physics almanac" that can be queried
for a multitude of purposes and pro-
duces a variety of services. Specially
formatted printed versions of all or
part of the file can be widely distrib-
uted for ready reference. The file it-
self could answer specific questions
both at AIP and at suitably equipped
subscribing institutions.

Each item in the article record rep-
resents a "handle" that can retrieve
the complete record. Thus one can
ask for all articles published in a given
journal or year or by a particular author
or institution; papers that contain cer-
tain specific words in their title or
abstract or that cite another paper or

have a number of citations in common
with a given paper; and finally, papers
about a particular kind of physics.

Classification scheme

The classification procedure that the
system as a whole will use was devel-
oped by AIP in cooperation with out-
side physicists specializing in various
branches. It is a procedure for writ-
ing a formatted statement of what,
objectively, a paper is about. The box
on page 31 is an example and shows
how the classification number is con-
structed using "verb expressions," rep-
resented as integers, followed by
"nouns," represented as decimal num-

"THE READER IS LEFT TO COPE with the flood as best he can ,

30 • DECEMBER 1969 . PHYSICS TODAY



bers. Typical verb expressions are:
"the subject of primary interest is . . ."
and "the method used is . . ." and "the
host or environment is . . . ."

The more digits in a numerical
noun, the more specific its meaning.
For example ".2" means particle, ".28"
means hadron, ".282" means baryon,
".2821" means nucleon, ".28211"
means proton.

This particular way of "spelling"
nouns has the advantage of exhibiting
the word roots. Suppose, for in-
stance, you want papers on hadrons.
All nouns beginning with the digits
".28" belong to the class hadron.
Knowing this, a request can easily be
formulated. The same request, in
clear language, would require a speci-
fication of all words included in the
class hadron (meson, pion, kaon, bar-
von, hyperon and nucleon). In the
example (right) the title is less ex-
plicit, from the viewpoint of informa-
tion retrieval, than is the classification
number.

What the file will do

One of the principles underlying the
design of the system was that it should
evolve gradually; not only will its cov-
erage of physics literature be in-
creased step by step, but also its ser-
vices wall become more sophisticated
in stages. Thus we can improve the
system as we go along.

The services that will be offered
during 1970 and early 1971 are all
straightforward products of the infor-
mation file:

•Current Physics Titles (CPT), a
current-awareness journal, initially in
four sections that probably will be:
particle, field and nuclear physics;
atomic, molecular, chemical, plasma
and fluid physics; solid-state physics;
and optics, acoustics, astrophysics and
geophysics. We expect the sections
will be published every other week,
with each section representing a print-
out of the accumulated records since
the previous issue. The records will
be arranged, under a new system of
headings, in as many places as physi-
cists would expect to find them. The
journal will be produced through com-
puter-controlled photocomposition, so
that it will be of high typographic
quality.

•A series of specialized bibliogra-
phies in several of the narrower fields
of physics (updated periodically) as
well as indexes for the primary jour-
nals published by AIP

• Searchable Physics Information

CLASSIFICATION EXAMPLE

For the paper "Evidence of Quarks in Air-Shower Cores'
0.1; 1.271; 2.9534; 4.24; 6.29

0 The document type is . . .
0.1 experimental;

1 The subject of primary interest is . . .
1.2 particle physics,
1.27 more precisely, a particle property,
1.271 specifically, its existence;

2 The method used is . . .
2.9 a technique,
2.95 more precisely, a particle technique,
2.953 still more precisely, a detection technique,
2.9534 specifically, track visualization;

4 The entity of primary interest is . . .
4.2 a particle,
4.24 more precisely, a hypothetical particle;

6 The host or environment is . . .
6.2 particles,
6.29 more precisely, cosmic rays.

Notices (SPIN), a magnetic-tape ser-
vice that will allow organizations with
adequate computer facilities to estab-
lish their own current file of physics
information. The tapes will be issued
monthly and will contain the records
accumulated since the previous issue.
The subscribing institution could use
its own search programs or specifically
designed AIP programs.
At a later date, the system will offer:

• File searches based on requests.
This service would be of particular
value to scientists writing reviews or
data compilations. Considering the
importance of this activity in evaluat-
ing-and distilling the literature into a
more meaningful and digestible form,
additional means for encouraging the
production of such articles are also
being planned.

• Lists of articles tailored to the
needs of groups of physicists working
in specialities and who do not have
local facilities for using the magnetic-
tape (SPIN) service, as well as proce-
dures for subdividing journals into
packages that would better suit the
needs of smaller interest groups.

• Microform copies of the primary
articles, as a backup to CPT and
SPIN.

Long-range prospects

We expect to improve the system on a
continuing basis, rendering services as
effectively, and as inexpensively, as
possible. As a long-range prospect,
we hope to offer a centralized service,
with decentralized satellites, that

would cope with all the information
needs of the physics community as
well as those of the broader national
scientific and technical community for
physics information.

It would offer reference sendees
and would obtain copies of hard-to-get
material and refer questions it can not
answer to sources that could. The
system would also afford direct on-line
access to the computer file from
remote-access terminals in physics de-
partments and other institutions. The
centralized service also would have fa-
cilities for "scholars in residence," to
supply clerical and reference aid for
review writers.

Such a centralized facility would be
linked into a network of "information
centers" at various institutions and of
similar facilities for other disciplines
and for physics in other countries.
This organization, with its information
file and its broad spectrum of services,
linked into a network of other infor-
mation centers and services would
constitute the "National Information
System for Physics."

Value and cost

Each potential user must determine
for himself what a service like this is
worth. How many hours per week do
you spend looking for information?
How many hours would you save if
you only had to look through one
booklet, a short list or a response on
your computer terminal? How much
time would you save if the article was
in one small collection or a numbered
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entry on a reel of microfilm that your
librarian or secretary could copy?

These questions raise a number of
imponderables. To put them into
better perspective, consider that each
published article represents about
$60 000 worth of research investment;

costs about $500 to be published and
will cost about $15 to process and
enter into the proposed physics-infor-
mation file. The distribution price for
listing that article in CPT will be only
a fraction of a cent per copy. IT, say,
one out of a hundred articles is inter-
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System development

Chemistry

Physics

Other disciplines

University based and other

B Operational support

L J Research and studies

L J Translations and international

1967 1968 1969
FISCAL YEAR

1970 (estimate)

COST OF INFORMATION SYSTEMS. Chart compares NSF support of information
programs by type and discipline during 1967-70. —FIG. 1

Chemistry 1.81%

Psychology 0.40%

Average 0.16%

Physics and astronomy 0.14%

Mathematics 0.14%

Biological sciences 0.05%

Social sciences 0.03%

Engineering sciences 0.01%

INFORMATION VS RESEARCH COST. Chart depicts ratio of NSF support for
development of information systems to all federal support of research in the fiscal year
1968. The high percentage for chemistry is partly because most chemistry research is
privately financed. FIG. 2

esting to you and one out of a thou-
sand important, would it be worth-
while for you to have it pinpointed?
Similar considerations apply to the
other services. Is a system that could
accomplish these things worth the
cost?

The initial cost of development and
pilot operation is being funded by the
NSF, as part of its nationwide support
of information services in scientific
disciplines. Figures 1 and 2 show
KTSF expenditures for these purposes,
both in absolute magnitude and in
relation to total research support. Is
it in the national interest to have the
NSF support these programs? In
1968 NSF spent about $14 million for
information activities in various scien-
tific disciplines—less than 10% of the
total was for physics. The improve-
ment of efficiency in physics research
and development activities is clearly
in the national interest. The saving of
a fraction of an hour per week by each
of the 30 000 physicists in the Nation-
al Register of Scientific and Technical
Personnel, not to mention all the other
users of physics information, would
more than make up for all of the costs
borne by the NSF.

In the future many of the operating
services are expected to be self-sup-
porting after the requested funding
period ends in 1973. Some of the
newer services would still need subsi-
dies, and funds would still be required
for further development of longer-
ranged projects. The rate of NSF
support, however, would probably de-
crease, and the additional cost would
be offset by the greater values of the
ultimate system.

A question

This program has been endorsed by
the AIP governing board, which rep-
resents the member societies. But
considering the magnitude of this un-
dertaking, we would like the addi-
tional opinions of individual physi-
cists: What do you think of our pro-
posed system? Please write us and
give us the benefits of your views and
ideas on this matter.
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100
MHz

ball game.

And staying ahead
for keeps is the
name of the game.

Everywhere
you look, there's a
Nuclear-Chicago
instrument that's
playing to win.

In the compact multi-
channel analyzer contest, our entry has a
big jump on all the others. One plug-in board
turns it from a 512 to 1024-channel hotshot.
And how about these high-scoring features:
silicon-TTL integrated circuits, standard 106

memory, low-noise active-filter amp.
Then there's the 4096-channel analyzer

we're fielding. With a performance-to-price
ratio that can't be beat. Comes on strong as
either a single-parameter or (with additional
100-MHz ADC's) a multiparameter analyzer.
Full-parallel, random-access memory and built-
in data processor plus plug-in card upgrading
—a real pro right down the line. Lots more
brawn, lots more brain that make everything
else look sort of second-string.

Ditto for our
NIM-compatible
analog-to-digital
converter with a

100-MHz digitizing
rate. For all-out,

heads-up play when
teamed up with our

4096-channel analyzer. Which
becomes an unbeatable multiparameter

analyzer when up to 8 ADC's are used. Maxi-
mum conversion range: 8192 channels.

And, hitting clean-up, our NIM-compatible
Research Series modules. A savvy line-up of
modules plus analyzers. Team-mates in a modu-
lar data-acquisition system (composed of up to
12 subsystems, each with up to 12 modules).
Each subsystem accumulating and reading out
independently, automatically. The new addi-
tions to our module batting order: Printing
sealer. Printing timer/sealer. Data interface.
Power matrix. All with low-noise electronics.

Come over to the winning side. Our side.
Call your Nuclear-Chicago sales engineer or
write us to learn the full score. It's your ball. 8.298

NUCLEAR-CHICAGO
A SUBSIDIARY OF G. D.

2000 Nuclear Drive, Des Plaines, Illinois 60018, U.SA
Donker Curtiusstraat 7, Amsterdam W. The Netherlands
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PLASMAS
This "fourth state of matter" offers an immense
variety of physical phenomena. Applications are
tentative, but surprisingly widespread.

HAROLD GRAD

THE TENOR OF OUR TIMES is receptive

to a very young science that claims
dominion over 99% of the matter in the
universe, proposes to fuel a cross-coun-
try auto trip with the deuterium from
one gallon of sea water, offers to re-
place the magic of catalysis in polymer
chemistry with precise knob turning,
promises to alleviate the pollution
problem by instant vaporization of
waste and garbage, ventures to propel
space ships and essays a role in cos-
mology. Even though these specific
future applications of plasma physics
are not proven, the potentialities of
plasma, the "fourth state" of matter,
are difficult to overstate.

Without regard to applications, the
wealth of physical phenomena en-
countered in the plasma state exceeds
the variety spanned by substances as
diverse as air, water, peanut butter and
superfluid helium. I will not presume
to give a balanced picture of this ex-
plosively developing field. Instead, I
present here some of the flavor of the
subject through a few topics of per-
sonal interest and familiarity, binding
it together by an overall evaluation of
where we are and where we may be
heading; at the conclusion are listed
some complementary articles of gen-
eral interest.

The frontiers of the subject are, in a
word, everywhere. Despite a phe-
nomenal growth in theoretical under-
standing and in experimental control
of plasmas, there are almost daily rev-
elations and discoveries of new and
unexpected fundamental insights, fre-
quently overturning our most cherished
beliefs.

In common with nuclear physics we

hear echoes in plasmas; in common
with superfluid helium we observe not
only second sound but also third,
fourth, and more; in common with gas
dynamics, we find shock waves and
turbulence, both in bewildering vari-
ety; in common with crystallography
we find anisotropy, but in much more
exaggerated form; in common with all
other fields, plasmas display waves, but
in an unprecedented assortment of
types, packets and interactions.

One branch of physics, for example
superfluidity, is catalyzed by the dis-
covery of an unexpected natural phe-
nomenon. Another, say fundamental-
particle physics, explores unknown ter-
ritory simply "because it is there" and
will uncover unusual phenomena as a
matter of course. Plasma physics lies
closer, in spirit, to the latter. Unex-
pected and unfamiliar phenomena are
abundant, and each discovery opens a
new subfield. Yet no evident single
focus unifies the subject other than
our desire to discover what we can
about ionized and conducting matter.
Whether the conceptual unity hoped
for in fundamental-particle physics will
ever overtake plasma physics is doubt-
ful. Certainly the basic qualitative
principles that govern plasma behavior
are not yet established. Even so, the
initial dust cloud is beginning to settle,
goals are taking shape, measurements
are becoming reliable (see figure 1),
and practical means of answering ques-
tions are beginning to emerge.

What is a plasma?

A plasma is any electrically conducting
medium whose electrical properties are
sufficiently pronounced to react back

on an external field. There is no end
of materials that fit this description.
Plasmas are found in the ionosphere, in
the solar wind, within the sun, and on
reentry from space; within the labora-
tory, we have hot hydrogen plasmas
and replicas of the sun, also relatively
cool gas discharges and alkali plasmas;
other plasmas occur in semiconductors,
in polymer chemistry, and in metals,
both liquid and solid. These diverse
substances are related by many quali-
tative and even some quantitative fea-
tures: plasma oscillations, Alfven
waves, the concept of magnetic flux
carried with the flow, and so on.
Nonetheless, even one of these distinct
types of plasmas possesses a vast range
of parameters and exhibits an awesome
variety of qualitatively different prop-
erties.

For example, the major experimental
programs that are currently considered
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to be directly relevant to the con-
trolled-thermonuclear goal deal with
hydrogen plasmas at temperatures
ranging over a factor of 103 and densi-
ties over 106 (see table on page 36).
The comparison of air with water,
which is only 103 times as dense, or
water with a white dwarf, which is
only 105 times as dense, or superfluid
helium with atmospheric helium,
which is only 102 as hot, leads us to ex-
pect similar large differences in the
properties of plasma states separated
by so many orders of magnitude.

One of the important plasma param-
eters is ft, the ratio of plasma to mag-
netic-field energy density. A factor of
105 separates the values of /? found in
hot-plasma research. Thus we can ex-
pect all theoretical and experimental
problems—orbits, equilibrium, diffu-
sion, stability, injection, heating, im-
purity control—to be five orders of

magnitude apart. Different phenom-
ena dominate plasma behavior in
high- and low-/? plasmas; the tech-
nology, the diagnostic tools, the the-
oretical models, even the basic quali-
tative intuitions, are quite distinct.

Plasma parameters

A primitive but important clue to
the qualitative types of phenomena
that are likely to be encountered is
given by the values of key dimension-
less parameters. As a fluid, air be-
haves more like water, at similar Mach
and Reynolds numbers, than slowly
moving air behaves like hypersonic air.
Similarly, macroscopic MHD (see box
on page 37) theory may be adequate
for very different solar and laboratory
plasmas in comparable scaled param-
eter ranges. However, instead of two
basic parameters as in classical dis-
sipative fluid dynamics (Mach and

Reynolds), two in ordinary kinetic the-
ory (Mach and Knudsen) and two in
ideal MHD (Mach and Alfven) we
have seven or more in standard, fully
ionized, plasma physics.

Crudely subdividing the range of
each parameter into small, medium
and large, we can expect 32 = 9 quali-
tatively different regions to cover fluid
dynamics (potential, boundary-layer,
hypersonic, turbulent flow, and so on),
and 37 = 2187 regions to cover plasma
physics in a comparably crude way.
Entirely different physical phenomena
will arise depending on the relative

LASER INTERFEROGRAMS of
Scylla IV, showing plasma compression
and loss out of the ends, at 2.4,
3.6, 4.9 and 6.1 microsec. The number
of fringes is proportional
to density. —FIG. 1
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values of lengths such as the electron
radius, collision cross section, mean
distance between electrons, Debye
length, Larmor radius, mean free path.
Different phenomena will also arise
that depend on the frequencies ob-
tained by combining these lengths with
thermal speed, or Alfven speed, or
speed of light, not to speak of inter-
ference and resonances with each other
and with independent externally im-
posed geometrical lengths, excitation
frequencies, and speeds. The high
dimensionality of this parameter space
is the key without which we cannot be-
gin to understand the structure of
plasma physics. Our goal is not to find
one theory of plasma behavior but to
find very many theories of the behavior
of many different plasmas.

Medium versus geometry

A considerable amount is known about
shock waves. In ordinary kinetic
theory of an unionized gas a single
parameter (the shock strength or
Mach number) completely de-
termines the profile of a plane shock
wave. The corresponding steady
plane shock wave in a fully ionized
plasma takes six dimensionless param-
eters to specify its profile. In the
special case of a weak shock propa-
gating perpendicular to the magnetic
field, the profile depends only on /3 and
the Hall factor OJT, in addition to the
mass ratio a2 — m_/m + . One might
expect the mass ratio to be an unessen-
tial parameter, because it is always
small, but the limit as a2 approaches
zero is quite singular. It is most easily

Harold Grad, since 1958 director of the
Magneto-Fluid Dynamics division and
professor of mathematics at the
Courant Institute of Mathematical Sci-
ences, New York University, lists his re-
search interests as plasma physics and
controlled thermonuclear fusion, kinetic
theory, statistical mechanics and fluid
dynamics. He is retiring chairman of
the plasma-physics division of the
American Physical Society and a former
chairman (1963). of the division of
fluid dynamics.

Typical

Device

2X (Lawrence Radiation
Laboratory) Mirror with
well

T3 (USSR)Tokomak
Scylla IV (Los Alamos)

Theta pinch
Focus (Los Alamos)

Coaxial gun*
DCX-2 (Oak Ridge)

Mirror
Stellarator C (Princeton)
Centaur (Culham)

Cusp-ended theta pinch

* Volume of plasma is about 0.01

Hot Plasma Parameters

Density
(ions /cm3)

5 X 1013

5 X 10"

4 X 1016

2 X 101*

5 X 109

3 X 1013

1016

cm3.

Ion temperature
(KeV or 107K)

8.0

0 .5

5.0

6.0

500

0.15
0.3

Confinement
time

1 millisec

20 millisec
3 microsec

0.1 microsec

0.5 sec

1 millisec
5 microsec

0
0.1

0.002
0.8

high

0.001

0.0001

0.99 +

surveyed by taking /3 ~ a1 and OJT ~
as for a variety of values (positive and
negative) of r and s. Each r,s region
shown in figure 2 represents qualita-
tively different behavior; the shock
thickness is dominated by a different
dissipative mechanism such as ion vis-
cosity, electron Hall heat flow, and so
on. The transition regions, combining
two or more mechanisms, are more
complicated. To obtain all this infor-
mation must surely have taken scores
of man-years of calculation! Fortu-
nately this wealth of physical informa-
tion, representing the asymptotic solu-
tion of a pair of Boltzmann equations
(ions and electrons) and Maxwell's
equations, is given by an explicit,
though very complicated, algebraic for-
mula. Unfortunately we cannot ex-
pect other problems to yield explicit
solutions of such generality.

As we have mentioned, the number
of parameters for more general (finite
strength, oblique), but still classically
collision-dominated shock profiles goes
up from three to six. Only a very
small part of this parameter space has
been investigated. More seriously, en-
tirely new dissipative mechanisms, in-
volving a host of instabilities, turbu-
lence and so on, enter with greater
shock strength.

The shock problem is posed for an
infinite medium with no boundaries or
geometrical features; its complexity, in
different parameter ranges, arises en-
tirely from intrinsic plasma properties.
To isolate plasma from geometrical
complications we turn to the opposite
extreme of the simplest plasma model,
ideal static MHD. There is now only
a single plasma parameter, /? (instead
of up to seven with more realistic
models). But as soon as we try to

contain the plasma, geometrical com-
plications enter.

For example, consider containment
in a stellarator. In its more complex
forms this concept may involve sepa-
rate curved and straight sections, each
with a different helical winding, or
several superposed helical windings on
a common circular axis. The simplest
stellarator has a circular axis and a
single, symmetric, periodic helical
winding; to describe it requires four
lengths and three field parameters for
a total of at least six dimensionless
parameters. But from the limited
theory that is available, we find that
the simplest MHD model is sufficiently
fertile to reveal qualitatively different
physical behavior in different corners
of the six-dimensional parameter
space. Most of this space is still terra
incognita.

The shock and stellarator examples
just given illustrate plasma and geo-
metrical complexities respectively.
Some idea of the possible interplay
between physical and geometrical
effects in plasmas can be obtained by
a glance at classical fluid dynamics
where much more is known. One de-
scription of a fluid is by a dispersion
formula, say co2 = k2a2 where a2 =
dp/dp is the speed of sound. Hidden
in this trivial formula for an ordinary
gas are the theory of the organ pipe,
lift and drag, all of diffraction theory,
and the transition from wave to ray
optics. Spatial variation of a2, through
its dependence on density and tem-
perature, introduces refraction, tran-
sonic flows, shocks, implosions and ex-
plosions, all sorts of waves (gravity,
ship, and tidal), breakers and bores,
wakes, cavitation, bubbles, and so on.
Viscosity complicates the dispersion
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GLOSSARY

MHD—ideal, nondissipative, macro-
scopic magnetoflujd dynamics

guiding center-small Larmor radius
orbit (and collective plasma) ap-
proximation

/3=8TTP/H3— ratio of plasma to mag-
netic pressure (or enegy)

z-pinch—cylindrical plasma column
with /* and Be

0-pinch—cylindrical plasma column
with ld and Bz ("Pinch" originally
referred to a transient; now it refers
also to static equilibria.)

Q-machine—alkali plasma (originally
hoped to be "quiescent")

Tokomak—toroidal z-pinch; flux sur-
faces formed by plasma current

stellarator—toroidal; flux surfaces
formed by external windings, usually
helical

multipole—usually toroidal configura-
tion with internal conductors, either
supported or levitated

banana—drift surface (see figure 9b)
loss cone—part of phase space from

which an orbit will eventually escape
Bohm diffusion, DB —an arbitrary

• • c k T
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1 formula only slightly, but it introduces
an assortment of boundary layers, sedi-
mentation, and all of meteorology and
oceanography. We see that almost
all the interesting qualitative physical
phenomena in a classical fluid are not

visible in the dispersion formula and
are found only in finite geometries with
boundaries.

In an infinite homogeneous plasma
the formula that describes propagation
of small-amplitude plane waves, cor-
responding to OJ2 = k2a2, has been
studied extensively but by no means
exhaustively. It is a transcendental
relation involving the ion and electron
velocity-distribution functions, and it
exhibits an infinite number of disper-
sive and anjsotropic modes as well as
many continua. In principle each
plasma mode could ramify as widely
as all of classical fluid dynamics in a
real geometry. Taking fluid dynamics
as our model, we expect that most of
the basic qualitative plasma phe-
nomena will be discovered only as non-
linear and finite geometry effects, not
directly visible in the dispersion for-
mula. Only in the simplest plasma
models, such as MHD, guiding center,
and magnetoionic theory, is there an
appreciable corpus of nonlinear- and
finite-geometry plasma effects. Some
geometrical effects appear as rather
direct generalizations of classical
effects; an example is the Fresnel
zones, which are essential to the de-
scription of excitation and detection of
ion-acoustic waves. Other effects
such as coupling of different linear
modes through boundary conditions or
through variable density of the me-
dium are more peculiar to plasmas.

We should not leave the impression

DISSIPATION MECHANISMS in a weak shock. Each region represents a different
dissination mechanism as a function of the values of p and wr relative to the mass
ratio From P. N. Hu, Phys. Fluids 9, 89 (1966). —FIG. 2

that plasmas are always more complex
than their neutral counterparts. As a
possible counterexample we point to
fluid turbulence, which is a strongly
nonlinear and essentially three-dimen-
sional phenomenon, only slightly re-
lated to fluid instability. We can com-
pare it with the motion of a bouncing
ball on a cobblestone street and the
unrelated facts that the top of a stone
is unstable and a pot hole stable.
Plasma, with its greater variety of
waves and interactions and spectral
complexity, allows an entirely different
type of weak turbulence in which non-
linearity can be handled as a quasi-
linear perturbation. We also have
strong plasma turbulence, which is
likely to remain essentially empirical.

To return to the question "What is
a plasma?", we can only say that we
are just beginning to find out.

To catch a hot plasma

Although nature is always exceedingly
complex, physics gains its strength pre-
cisely by rejecting complexities as they
occur in nature in order to study se-
lected, isolated "basic" phenomena.
"The unreasonable effectiveness of
mathematics in the natural sciences"1

results from natural selection of iso-
lated phenomena—both experimental
and theoretical—as the subject matter
of science. The basic goal of experi-
mental plasma physics is the construc-
tion of experiments, each of which iso-
lates an individual phenomenon, in
enough variety to cover qualitatively
the entire field. This is a long-term
project, but the multiplicity of effects
is not the most serious road block.
Before we can study a plasma, we have
to catch one. For a hot plasma, this
stipulation conflicts with the best sci-
entific sequence. To create a hot
plasma and keep it away from the walls
long enough for study requires com-
plex experimental procedures and com-
plicated geometries that conflict with
the desire to isolate individual phe-
nomena. In a contained hot plasma
the scientific problems are presented
all at once rather than in sequence.
Analysis of complex systems is com-
monplace in engineering, but not when
the individual phenomena have not
yet been scientifically explored.

The relatively high degree of under-
standing of mirror plasma, compared
with toroidal plasmas, is probably a
result of the dominance, in mirrors, of
a single identifiable physical mecha-
nism. The mirror configuration is
characterized by extreme anisotropy
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and a pronounced loss cone (see figure
3). The two principal containment
problems are scattering into the loss
cone and plasma instability. Both the
basic scattering loss mechanism and
the basic loss-cone instability can be
studied analytically in an infinite
homogeneous medium without boun-
daries, and therefore with a high de-
gree of theoretical reliability. "Finite-
geometry" complications can be ad-
joined afterwards as relatively minor
peturbations of the basic phenomena
that do not drastically change the
qualitative picture.

Only recently have we discovered
that toroidal systems, in addition to
their own peculiarly toroidal difficul-
ties, possess most of the problems of
mirror machines. Loss cones emerge
in many forms in a toroidal system,
but less obtrusively than in a mirror.
Many classes of mirroring (trapped)
orbits appear with all their attendant
problems, but they do not dominate.
In all but the simplest toroidal
geometries, anisotropy appears in an
essential and complex way, but again
in a weakened form. In even the
geometrically simplest closed con-
figuration (Tokomak), the field
topology enters significantly. It ap-
pears more than likely that the reason
we do not yet understand the limita-
tions of toroidal confinement is that
there are so many comparable com-
peting effects, not that a single
elusive effect remains to be discovered.
Thus far every simple mechanism has
been proved to be inadequate. Syner-
gistic combinations are beginning to be
explored. Empirically the simplest

configuration (Tokomak) is also the
most successful. Perhaps recent recog-
nition of the complexity of the toroidal-
containment problem will turn out to
be the single most important step
towards its ultimate resolution.

The rapid growth of technology and
empirical experience in containing hot
plasmas (see table on page 36) has
also made itself felt in accelerating the
discovery of basic physical phenomena.
For example, in a situation that is not
atypical of containment experiments,
the plasma found in the DCX-2 appa-
ratus is quite different from what is in-
jected, and it is contained by inci-
dental fine structure in the applied
mirror field. But the plasma is quite
uniform and has served as an excellent
medium for basic studies of finite Lar-
mor radius and extremely anisotropic
effects (including, ultimately, the dis-
covery of the mechanism for the origin
of the plasma).

There has also been a large recent
development of relatively low budget,
nonthermonuclear plasma experi-
ments insensitive to wall isolation.
From the point of view of basic phys-
ics, the two classes of plasmas are
sufficiently distinct to require pursuit
of both.

One example of a basic pheno-
menon not intimately tied to contain-
ment is the plasma echo (to be dis-
cussed later). Another example is
the interaction of plasma oscillations
and optical emissions. The fluctuat-
ing electron density modulates light
emission at the plasma frequency.
This effect, first observed in the iono-
sphere, can be used for atomic mea-

DENSITY CONTOURS in velocity space for a typical mirror-machine loss-cone
distribution. Darker color represents greater density. —FIG. 3

suremenfs of excited-state lifetimes oi
for plasma diagnostics.

The relatively well developed field
of alkali plasmas is, in some respects,
a bridge between the physics of con-
tained and noncontained plasmas.

Where is the frontier?

The goal in plasma physics, as in the
study of any fluid such as air, water,
or liquid helium, is to understand and
to control it—to pump, to compress, to
heat and extract energy, to propagate
waves, to measure and, above all, to
keep it from leaking.

In view of the ramification of the
subject, it is not surprising to find that
progress is not uniform over all of
plasma physics. At the frontier, open
questions range from determination of
an equation of state in one type of
plasma to highly specialized effects
dominated by details of the geometry
and distribution function in another.
In highly condensed plasmas, such as
very high-pressure alkali (classical) or
solid-state (degenerate-electron) plas-
mas, elementary thermodynamic and
transport properties are the immediate
problem, both experimentally and
theoretically. In moderately dense
#-pinches, macroscopic equilibrium
and stability questions on a microsec-
ond time scale are the most urgent
present concern. In some well docu-
mented mirror-contained hot plasmas
the spectrum of identified phenomena
is much broader, and we have consist-
ent theoretical and experimental in-
formation about large classes of waves
and instabilities in strongly non-Max-
wellian plasmas on a relatively long
time scale. In at least one case, mea-
surements provide an essentially com-
plete ion-distribution function in veloc-
ity and physical space.

The one feature common to all ex-
perimental areas is the impressive im-
provement in reliability and flexibility
of diagnostic methods. By pushing
the state of the art in x-ray techniques,
in charge-exchange neutral measure-
ments, in Thomson scattering and in
laser holography, selective tools are
being developed to cover wide ranges
of density and temperature.

In problems where theory and ex-
periment make an attempt to converge
on an isolated phenomenon (for ex-
ample, the plasma echo, which is ap-
proximately one dimensional in an in-
finite homogeneous medium), there is
very good agreement between the two.
In containment geometries, where ex-
perimental flexibility is severely
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MIRROR-MACHINE configuration, typical of open-ended devices. —FIG. 4

limited, the agreement is not nearly as
good.

The factors that limit currently
operating mirror machines and 0-
pinches are fairly well understood, but
scaling to new parameters is not at all
certain. In stellarators and Tokomaks
even the present limiting factors have
not been identified, and scaling is un-
known. Multipoles lie somewhere in
between.

The hallmark of a clean physics ex-
periment, isolation of a specific phe-
nomenon, is just as much a necessity
for an effective theory. Even in pure
theory it is not easy to isolate an effect
by fiat, just by adding or dropping a
term. As in experiment, the long-term
goal of plasma theory is to find and
develop an arsenal of models and diag-
nostic techniques that are capable of
separating out different effects. The
development of sophisticated theoreti-
cal diagnostics has lagged somewhat
behind that of experiment. This lag
may be because the tradition that
valid experimental results require great
care is not quite so widespread in
theoretical work.

Qualitative concepts

Because of the enormous complexity of
plasma physics, rough qualitative
models take on more than their usual
importance. Where do the qualitative,
intuitive concepts that bind a field
arise? If history is any guide, they do
not come from synthesis of masses of
experimental or theoretical data; nor
do they come from use of crude theo-
retical analyses of complicated prob-
lems (such as an analysis of a contain-
ment configuration). Rather they
arise from solutions of simple problems
that turn out to be more accurate and
more representative of the general case
than one could reasonably expect.

It is illuminating to consider fluid
dynamics as a prototype of a well de-

veloped subject. The simplest fluid
model, incompressible irrotational flow,
is hardly realistic. But every aerody-
namicist expends considerable effort
to develop a strong intuition about this
nonexistent fluid. He describes actual
flows as deviations from this ideal (in
boundary layers, shocks, and so on).
Without a precise knowledge of these
deviations, potential flow has very little
value; with this knowledge, it is price-
less. Without the aid of the ideal
theory, the more exact viscous theory
would also have very little value, sim-
ply because of its complexity. Despite
great advances in theory and in com-
puting capability, we stilL solve the
full Navier-Stokes equations only in
elementary geometries. Fluid dy-
namics thus exhibits a complex, sym-
biotic relation among its subtheories,
with the whole greater than the sum
of its parts.

The ideal plasma concept of "frozen"
flux, carried with the plasma, has a
similar significance. Although it is al-
most always a poor approximation, one
can hardly cany on a sensible discus-
sion of plasma containment or motion
without this concept as the starting
point.

On the other hand, qualitative de-
scriptions do not always help. A
simple illustration of the pitfalls of
semantic analogy is given by the dia-
magnetic properties of a plasma.
This concept clearly requires quantita-
tive modification, because a plasma is
a rather complex substance. But the
extent of this modification is surprising.

The simplest evidence for the dia-
magnetic effect is the current carried
by the circular orbit of a charged par-
ticle in a uniform magnetic field.
Similarly, in a nonuniform but unidi-
rectional field, the macroscopic equilib-
rium pressure balance, p + B2/2 =
constant, indicates that the plasma de-
presses the field strength. In a more

CUSP GEOMETRY with opposed Helm-
holtz coils. This is the prototype mag-
netic-well geometry. —FIG. 5

complex geometry the orbits become
complicated, and the static pressure
balance is anisotropic. The guiding-
center approximation to the orbits is
closely tied to the diamagnetic image,
because it assigns to each particle a
constant (negative) magnetic moment.
The plasma current perpendicular to B
is the sum of a definitely diamagnetic
contribution from the magnetic-mo-
ment density and a current arising
from the drift of guiding centers across
the field. The latter component, fre-
quently called the "diamagnetic drift,"
can easily have a paramagnetic sign.
When paramagnetic it can even dom-
inate the contribution of the magnetic
moment and create a locally paramag-
netic region in the plasma.

One can be more precise with a
special class of guiding-center equilib-
ria that yields an exact mathematical
analog of a classical nonlinear mag-
netic medium (B is a function of H).
For this anisotropic equilibrium, the
pressure components, p'l and p±, are
constant on |B| contours. Taking /x =
BfH as the definition of permeability,
we find the criterion for a paramag-
netic region, \x > 1, to be dp^/dB >
0 (or P|| > p_j_). The alternative defi-
nition, /x = dB/dH, yields /.<, > 1
wherever dp±/dB < 0. These criteria
are not intuitively evident. But with
cither definition, locally paramagnetic
and diamagnetic regions can be found
easily.

More striking than the existence of
local paramagnetic regions is the
possibility of a fully self-consistent
plasma equilibrium that is globally
paramagnetic (for example, in a simple
mirror or cusp field, figures 4 and 5).
In other words, the inductance of the
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external coil is increased by introduc-
ing plasma. Because plasma current
along B complicates the interpretation
of the diamagnetic effect, I have given
only examples in which J^ = 0.

The special case quoted, in which
the plasma can be unambiguously
identified as diamagnetic or paramag-
netic, is also one in which stability is
easily determined. In contrast to the
classical result that a diamagnetic solid
is stable in a well, each of the four
combinations, diamagnetic or para-
magnetic plasma in a well or on a hill,
can be cither stable or unstable.

One plain conclusion is that, in
competition between the elegance and
simplicity of a concept and the com-
plexity possible in a plasma, complex-
ity can usually be expected to triumph.

Psychological roadblocks

Another example of an appealing
but somewhat specious qualitative con-
cept is that of a magnetic well. Basi-
cally, we expect a plasma (diamag-
netic!) to be stable in a well. The
original magnetic-well formulation
(1955), for a plasma with no internal
magnetic field, separated at a sharp
surface from a vacuum field, gave the
necessary and sufficient condition for
MHD stability that the magnitude of
B increase everywhere from the plasma
surface. An immediate consequence
was that no plasma with a smooth
boundary, mirror or toroidal, can be
stably contained; only the cusped ge-
ometries (for example, figure 5) are
stable. This qualitative stability
principle was dramatically demon-
strated experimentally, in 1960, by
applying cusped coils to the very un-
stable pinch.

A much more significant experiment
from the point of view of thermonu-
clear confinement, was M. S. Ioffc's
in 1962; he showed that cusped coils
reduced fluctuations and improved
containment in a mirror. But, al-
though this was a landmark from the
point of view of containment, the
physics was (and is) not clear. The
mirror-contained plasma is strongly
anisotropic, and its boundary is not a
flux surface. The mechanism for the
initial fluctuations and high loss rate
has not been definitely identified. Nor
do we know the reason for the im-
provement after application of the
well, because its imposition has impli-
cations for several classes of micro as
well as macro stability and also for the
equilibrium drift-surface topology.

Among the theoretical instabilities

affected by well-like field configuration
are interchange, drift, trapped particle,
resistive, local and modified negative
mass. Each one depends on a differ-
ent magnetic-field criterion. In addi-
tion, there are several related (but
different) well-like properties of the
field that have a bearing on the con-
tainment of individual orbits and phase
mixing of plasma imperfections rather
than on any collective property. And
finally there are cases where applica-
tion of a magnetic well is detrimental
for containment.

To summarize, the magnetic well
may be ten of the most important
plasma-containment concepts, but it is
not just one! It is one thing to syn-
thesize and coordinate; it is another to
obliterate essential differences.

Another example of a non-concept is
the term "Bohm diffusion." As a dif-
fusion coefficient, the Bohm value is
the product of thermal speed and Lar-
mor radius. The Bohm time can also
be obtained as the length of time re-
quired for a drifting ion or electron to
pass once around a minor circumfer-
ence. As the term is used, Bohm dif-
fusion does not refer to a phenomenon
or to a mechanism but to a natural
plasma time scale that can arise in
many ways, both collective and non-
collective. There are easily a dozen
different physical mechanisms that can
give rise to loss rates comparable to
Bohm. Their semantic synthesis into
a single concept is artificial and a
degradation of information.

Echoes, shocks, and phase mixing

Dissipation appears in a time-reversible
theory in the guise of phase mixing;
analytically, it is recognized as a con-
tinuous spectrum. The basic point is
that any finite or infinite discrete sum,
2#,,exp {UDJ) , oscillates indefinitely;
an integral, y*a(w)exp (iwt) dw, can,
however, decay. The most important
qualitative feature of a continuous
spectrum is that it preserves much of
the information fed into the system by
initial and boundary data and gives rise
to much more complex phenomena
than a discrete normal mode, which is
primarily a property of the medium.
The fact that "Landau damping'' is not
universally given by Landau's formula
and that the wave preserves initial and
boundary data has long been recog-
nized theoretically and has recently
come to the fore with experimental
observations of echoes and various
"ballistic" or free-flow effects.

Phase mixing with collisionless

damping is not restricted to kinetic
models but is also found in macro-
scopic theory of Alfven waves and in
cold plasma and magnetoionic theory.

In ordinary air, a wall oscillating at
a fixed frequency o> gives rise to a dis-
turbance exp[io) (t—x/v) ]. Integrating
over a Maxwellian velocity distribution
gives a signal that damps approxi-
mately as exp[—(o>x)2/3]. This colli-
sionless decay has been experimentally
confirmed for high frequency waves
in argon. The damping is reduced at
lower frequencies, and when the
wavelength exceeds the mean free path
and collective behavior dominates over
ballistic, the wave eventually ap-
proaches an undamped ordinary sound
wave.

Exactly the same phenomenon holds
in a plasma, except that the collective
effect of the charge-separation field
enters much more strongly than that
of collisions—at the Debye length in-
stead of at the much larger mean free
path. Landau damping describes the
electrostatic modification of free-flow
collisionless damping and is valid for
wavelengths not smaller and not too
much larger than the Debye length.

Only within recent years has more
accurate theory delimited, and very
careful experiment been able to con-
firm Landau's more than 20-year-old
formula. At the same time, "non-
Landau" damping effects, such as
echoes and ballistic effects in ion-
acoustic and other waves, are also be-
ing observed.

To obtain a spatial echo, two parallel
grids are excited at different frequen-
cies. Any nonlinear coupling of the
two disturbances exp[ito(f—x/v)] and
exp[/a/(f—x'/v)] will produce a signal
exp[t(o>—*>')* + i(<a'xf—ax)/v]. The
phase mixing disappears and the mod-
ulated signal is regenerated as an echo
at a position such that o/x7—ux = 0.

Space-resolved electron-plasma ech-
oes have been observed, as have time-
resolved ion-acoustic echoes produced
by asynchronism from plasma gradi-
ents. The magnitude of the echo is
being used as a sensitive measure of
the collisional dissipation and of the
dissipation resulting from externally
imposed noise between initiation and
echo, as in the nuclear-magnetic-reso-
nance effect.

Collisionless shocks are also a mani-
festation of phase mixing, but in a
more complex nonlinear version. In
most laboratory shocks that are identi-
fied as collisionless, the dissipation is
presently attributed to an instability

40 • DECEMBER 1969 • PHYSICS TODAY



or to turbulence. In some of the more
elaborate theories, a structure involv-
ing two or more distinct instabilities in
sequence is invoked. For example, a
steep wavefront with large electron
current density induces a two-stream
instability. The instability produces
thermalization only in the direction of
the current; the resultant unstable
anisotropic distribution induces fur-
ther thermalization.

In principle, neither instability nor
turbulence is needed to effect irrevers-
ibility in a collisionless model. The
earliest collisionless shock models, an-
tedating experiment, were laminar;
they involved phase mixing of ion
orbits and "collisions" of particles with,
the electric and magnetic fields.

Although the first reliable collision-
less shock measurements were of the
earth's bow shock, laboratory experi-
ments have recently become quite re-
liable in several collisionless regimes.
Present understanding is largely em-
pirical, based on the introduction of
ad hoc "anomalous" collision frequen-
cies into a theoretical calculation to
achieve an experimental fit. Definite
identification of irreversibility mecha-
nisms remains open, because the most
reliable theory is for weak shocks
whereas most experimental data is for
strong shocks. The particular value of
a shock wave in heating a plasma is
that the plasma itself chooses which is
the most efficient irreversible mecha-
nism under the given circumstances.

Factors in containment

In the physics of hot plasmas the prob-
lem we must face first is containment.
This problem can be split into a study
of orbits, equilibrium, stability and
diffusion. They are all interrelated;

in particular, knowledge of particle
orbits is used everywhere. But only
the most primitive approximations of
the highly developed orbit theory can
be used quantitatively in the more
difficult self-consistent plasma applica-
tion. Nevertheless, we shall see that
even the most sophisticated orbit re-
sults give very important qualitative
information about all these subjects.

The logical sequence for a study of
containment is that given above: first
individual orbits, then self-consistent
equilibrium, then stability and diffu-
sion. In particular, poor containment
can follow as easily from orbit and
equilibrium considerations as from in-
stability. This prescription has been
moderately well followed in mirrors,
taking into account the dominant role
of the loss cone. Although the em-
phasis in toroidal investigations has
long been on microinstability (in par-
ticular, drift and resistive), it has,
somewhat belatedly, become clear that
these mechanisms should defer in
priority to the more basic questions of
orbits, self-consistent equilibrium, and
macrostability, all of which are inade-
quately understood. Especially on
the present time scale of high-beta ex-
periments, it is quite unlikely that
microphenomena are important.

The distinction between "macro"
and "micro" instability is not a ques-
tion of the theoretical model but a dis-
tinction between an instability that
moves the plasma bodily to the wall
and one that exhibits small-scale fluc-
tuations. The containment effect of
the latter is usually described as "en-
hanced" diffusion. Either type of in-
stability can be tolerable or cata-
strophic, depending on the time scale.
The basic time of growth of a small-

ROTATIONAL TRANSFORM

PLASMA DENSITY in the Wendelstein 1=2 stellarator as a function of the rota-
tional transform. There are strong resonances where the field lines close after 3, 4,
5 . . . 15 . . . times the long way round the torus. —FIG. 6

amplitude disturbance is rarely a mea-
sure of the importance of the instabil-
ity. The two-stream instability, for ex-
ample, exhibits extremely fast growth
but is self-limiting, saturating at a low
amplitude of fluctuation that preserves
the velocity profile at a marginally un-
stable shape.

Exactly the same distinction should
be made between a localized failure of
microequilibrium and global macro-
disequilibrium. For example, it was
the impossibility of gross pressure bal-
ance in the simplest toroidal field that
led to the invention of the original
figure-eight stellarator. But there are
also strictly local failures in maintain-
ing a self-consistent plasma-field equi-
librium. These failures can lead to
anomalously high currents, irreducible
fluctuations propagating as Alfven
waves, and enhanced losses.

Moreover, even in macroscopic
MHD stability theory, it is only by
making distinct separation between
local and global instability that we
can establish some points of contact
between theory and experiment.

The one property that is unique to
toroidal containment is closure (as dis-
tinguished from curvature, which can
be mimicked in open systems). Mag-
netic lines carry all sorts of informa-
tion: electrostatic potential, Alfven
waves, guiding-center orbits, and so
on. In an open system, information is
exchanged with the outside world in
both directions along a magnetic line,
whether intentionally or not. In a
toroidal system, the information re-
mains inside; there are specific plasma
complaints that are neither sensed nor
easily remedied. An example is reso-
nance effects in magnetic surfaces and
particle orbits, which have long been
known from experience with accelera-
tors. But recently collective plasma
closure effects have been predicted and
also observed. Figure 6 shows the ob-
served dependence of equilibrium
plasma density on rotational transform
in a carefully designed stellarator.
Distinct peaks are found for fields with
resonances up to the 15th order (that
is, a field line closes after 15 circuits
the long way round the torus). Be-
cause the mean free path is less than
one circuit of the torus, this observa-
tion can not be an orbit effect. A
possible explanation of this effect is in
terms of microequilibrium. Selective
mathematical diagnostic methods that
may allow comparison with experi-
ment are gradually being developed.

Instability has had a much more in-
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tensive development than equilibrium.
The proliferation over the years of
theoretical microinstabilities is itself
characteristics of an explosive insta-
bility. There are recent signs of satura-
tion. This can not be ascribed to the
hypothesis that most instabilities are
already known, because as we have al-
ready pointed out, only an infinitesimal
part of the totality of gross qualitative
plasma phenomena has yet been ex-
amined. What is a more likely ex-
planation of the microinstability slow-
down is discouragement, as only a
small fraction of the list of theoretical
instabilities has been identified experi-
mentally.

Equilibrium

The difficulty of attaining plasma
equilibrium can be seen by a glance
at figure 7, which shows a typi-
cal particle orbit in a stellarator mag-
netic field. As an indication of how
an equilibrium configuration might ap-
pear, recall that a fixed value of the
distribution function must be assigned
to each orbit in phase space (this re-
quirement is prior to any strictures of

self-consistency). It is clear that any
equilibrium distribution function is
very complicated, to say the least.
More careful study shows that it is,
in many cases, mathematically impos-
sible. Even a Maxwell demon could
not inject the plasma correctly. In a
real plasma we must expect "to find a
certain irreducible level of fluctuations
—independent of any question of sta-
bility. When we add self-consistency,
we find that the number of special situ
ations that allow time-independent so-
lutions is even more restricted.

There is, of course, no reason other
than mathematical convenience to look
for stationary states. But without this
convenience, the whole of conventional
stability theory, based on perturbations
about an assumed equilibrium, evap-
orates! When faced with the collapse
of a theory one usually argues that
something has been left out—finite
Larmor radius, Debye radius, resis-
tivity, and so on. But further study
in this case shows that the only chance
of resolving the crisis in containment
theory lies in using cruder rather than
more sophisticated models.
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PARTICLE ORBITS in a stellarator field, calculated by computer. The numbers
are provided only to facilitate following the orbit sequence. From H. Gibson J. B.
Taylor, Phys. Fluids 10, 2653 (1967). —FIG. 7

For some mathematical purposes it
is appropriate to consider rational
numbers as negligible, "of measure
zero" compared to irrationals. But for
many purposes the rationals must be
considered on a par with the irration-
als. For example, in a stellarator field
with shear (variable rotational trans-
form ), the volume occupied by rational
transform is finite. The variation of
rotational transform would look quali-
tatively as shown in figure 8, where the
flat stretches, of constant rational trans-
form, occupy finite regions. Within
these regions of constant transform,
the magnetic field exhibits islands,
ergodic regions, and all sorts of pathol-
ogy. (The magnetic field is as smooth
as you like—the pathology enters only
in answer to the delicate question of
what happens to a magnetic line if it is
followed forever.)

With axial symmetry the magnetic
field exhibits no such pathology.
There are no gaps in the flux surfaces,
and the rotational transform varies
smoothly. But particle orbits (which
can also be assigned a rotational trans-
form) will, even in the case of axial
symmetry, behave as in figure 8. In
other words any time-independent
equilibrium, in which a constant value
of the distribution function must be as-
signed to each orbit, will be pathologi-
cal.

Returning to an asymmetric geom-
etry (such as a stellarator), although
a field line can be very complex (for
example, ergodic) in a flat region, it is
contained forever between two legiti-
mate flux surfaces. This is not true of
orbits in the asymmetric geometry.
There are everywhere dense (possibly
thin) loss cones from which particles
can escape, given enough time. A true
equilibrium distribution would have
the value zero on this complex distrib-
uted loss cone. The same is true of
any asymmetric mirror machine.

In some cases the pathological
regions can be estimated to be very
thin. In this case, the additional re-
quirement of self-consistency of plasma
currents with magnetic field turns out
to be an independent source of path-
ology, namely very high current den-
sity in a new set of "flat" regions.

There is a large body of theory con-
cerning equilibrium, frequently pre-
senting "proofs" of the existence of
equilibria to all order in general ge-
ometries. Interpretation of such
formal analytic results needs great
care. They have the valuable property
of being blind to certain complicated
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phenomena. But they remain blind
whether the neglected phenomena are
negligible or dominant! We need a
careful mix of naive and sophisticated
calculations to extract the most useful
information-for example, how long
does it take for an approximate
equilibrium to break up? Some slight
progress is being made here.

More phase mixing

Most of the orbit and equilibrium
pathology disappears when we use the
guiding-center orbit approximation in
a mirror machine. Moreover, phase
mixing can sometimes be relied upon
to correct imperfections of symmetry
in the injected plasma. For example,
consider an axially symmetric mirror
machine. Because of field gradients,
a guiding-center orbit will drift
around a flux surface in a time com-
parable to the Bohm diffusion time.
It is easy to verify that the sense of
the drift reverses for particles that mir-
ror close to the center and those that
almost spill over. Phase-plane shear
(variable drift speed, see figure 9a)
provides phase mixing so that, if we
ignore collective effects, any asym-
metric plasma injection will be cor-
rected after a number of drift periods.
(More precisely, for low-energy non-
drifting orbits, there is a stationary
phase point, indicating poor mixing in
this part of phase space.)

If axial symmetry is disturbed, the
degenerate zero velocity curve in fig-
ure 9a will split, to form a drift pat-
tern like that in figure 9b. The con-
tours in figure 9a are level lines of a
volcano, which, in figure 9b, lies on
a slope. Although the shear is not
zero, it is small throughout the banana
region, and we can expect local errors
in plasma symmetry to die away rela-
tively slowly. During this process,
local fluctuations would be observed.
This poorly mixing region of phase
space is the same one that is influential
in creating drift instabilities, but the
present phenomenon is quite distinct—
in particular, it is noncollective. It is
interesting to note that there are some
magnetic-well configurations that do
not exhibit drift reversal and banana
regions.

In a mirror machine with multiple
mirrors, and in most toroidal devices,
there will be several trapped states, as
in figure 10, each generating its own
family of drift surfaces. These drift
surfaces have no relation to the flux
surfaces, even for vanishing Larmor
radius. Since a local maximum of B

VOLUME

ROTATIONAL TRANSFORM shown schematically as a function of plasma volume.
In principle the flat portions occur at each rational value. FIG. 8

DRIFT CURVES in a mirror machine. The direction of drift reverses as the
turning point moves out. The zero-drift curve in a symmetric field (a) opens up
into a "banana" region with asymmetry (b). —FIG. 9

will vaiy from one magnetic line to
another, a drifting particle can spill
and change its trapped state (see fig-
ure 11). This change produces a ran-
dom walk among the drift "surfaces,"
which turn out not to be surfaces at
all, but to cover a finite volume of
phase space ergodically. Equilibra-
tion through phase mixing will prob-
ably be slow in such regions. An easy
estimate shows that drift surfaces or
drift volumes that touch a wall or a
loss cone give a direct loss rate com-
parable to Bohm, without the interven-
tion of scattering or fluctuations.

Diffusion

Diffusion is a very general term. It
describes a variety of dissipative mech-
anisms that allow violation of the ele-
mentary, perfectly conducting concept
of a plasma whose elements remain
fixed to given magnetic lines or flux
surfaces.

In the formulation as a random walk,
diffusion of particles is not self-con-
sistent. With an ambipolar calcula-
tion, it becomes slightly self-consistent.

But to make it fully self-consistent in-
volves at least all the complexities of
the self-consistent-equilibrium prob-
lem that we have briefly outlined.

The diffusion problem is both quali-
tatively and quantitatively different in
different ranges of the collision fre-
quency y. If v is large, we have a ran-
dom walk of particles, localized in
physical space. With v smaller than
the Larmor frequency, there is a ran-
dom walk of guiding centers. If v be-
comes smaller than the "bounce" fre-
quency of reflection between mirrors,
collisions induce a random walk from
magnetic line to line. Still smaller v,
comparable to the drift frequency
around the machine, yields a random
walk of drift surfaces (qualitatively
similar to the noncollisional random
walk induced by changes in the
trapped state, figures 10, 11). The
first two cases are considered to be
classical because they can be treated
macroscopically, with a plasma resis-
tivity. Diffusion among magnetic lines
or drift surfaces is frequently termed
"anomalous," or nonclassical although
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Magnetic field strength

TRAPPED STATES. Particles in different energy states can be trapped in different
mirrors in a complex mirror machine. —FIG. 10

it is a consequence of purely classical
orbits and Coulomb scattering.

But even the completely macro-
scopic resistive model of diffusion
(small mean free path) can exhibit
anomalies. Macroscopic plasma diffu-
sion across a field is a complex interac-
tion between two more basic types of
diffusion. In a mixture of neutral gases
we have a diffusion coefficient, Do.
Diffusion of a magnetic field through a
conducting solid is described by a co-
efficient DM = 1/fj^cr (<J is the conduc-
tivity) . The elementary kinetic-theory
formula, a ~ e2D0/kT, suggests that
Do and DM are essentially reciprocals!
For a plasma in a simple magnetic
field, the competition between these
two effects at different rates gives (at
low P) the classical diffusion coefficient
Dc ^ /?DM; (the competition is fierce,
and the combined diffusion equation
that results is unconventional, with a
nonlinear decay as \/t rather than ex-
ponential as in simple diffusion).

In more complex geometries we ex-
pect coupling between these two basic
rates. This coupling is only partially
accounted for in the standard theory
by the Pfirsch-Schluter factor. Be-
cause this factor diverges under the
same circumstances that lead to diffi-
culties with microequilibrium, we can
not consider the macroscopic "self-con-
sistent" theory to be definitive.

Some rough estimates have been
made of a slightly self-consistent model
with realistic guiding-center orbits. A
model that combines such drift sur-
face (banana) diffusion with realistic
self-consistency (as in the macroscopic
theory) appears far in the future.

Trends

Originating in discharge physics and
astrophysics, spurred mainly by the

controlled thermonuclear program in
the past 15 years, plasma physics is
now branching into many new direc-
tions, meanwhile developing into a
recognized academic discipline.

We can grasp the significance of the
field of plasma physics only in the con-
text of its enormous phenomenological
variety and—especially for hot plasmas
—experimental difficulty. Growth,
measured both in achievable experi-
mental plasma parameters and in depth
of understanding, is either fabulous,
when compared to the state of the art
a few years ago, or negligible, when
compared to what visibly remains to
be done. Observable trends toward
simplicity in plasma experiments,
toward simpler theoretical models and
at the same time away from simplistic
theoretical explanations are both in the
right direction.

Both experimental and theoretical
techniques are becoming more specific
and more precise, more quantitative
and more professional. A portent is
the recent start, internationally, of seri-
ous engineering studies of hypothetical
operating thermonuclear reactors.
The significance is not that we can see
a target date, but that we can imagine
being caught short. The complexity
of plasma phenomena implies a con-
comitant large variety of options; with
some ingenuity, success is not in doubt.
But the time scale is not easily esti-
mated, because the scientific and tech-
nological problems that must be solved
are not yet fully formulated.

Plasma physics is, in a sense, the
union of three classical fields-fluid dy-
namics, kinetic theory, electromagnetic
theory. Although classical, these are
fields that have all seen profound ad-
vances in the past 20 years. In the
specialities of nonlinear waves and in-

CHANGE OF TRAPPED STATE for a
drifting particle. The choice of second
state is essentially random. —FIG. 11

stabilities, there has been a gratifying
infusion into plasma physics of ideas
from electrical engineering. We
should hope and expect that in a sub-
ject as vast as plasma physics, similar
profit will ensue from interaction with
these and other scientific disciplines
with their divergent backgrounds,
techniques and viewpoints.

I am grateful for the unstinting assistance
and criticism of Albert A. Blank in pre-
paring this manuscript, and also to Harold
Weitzner, Herman Fostma, Robert Hirsch,
Nathan Marcuvitz, Norman Lazar and
Raul Stern for their valuable suggestions.

This work was supported by the US
Atomic Energy Commission under con-
tract AT-(30-1) 1480.
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Meet ALICE. * She's the newest fu-
sion experiment at the Lawrence Ra-
diation Laboratory, Livermore,
Calif, (i) Her superconducting mag-
net provides stable confinement for
hydrogen plasma for controlled ther-
monuclear fusion. It will create a
magnetic well and exert force on the
electrically charged particles of the
plasma. Material containers are just
not suitable.

Shaped like a baseball (unlady-.
like, but efficient), her magnet will
produce a cusped magnetic field close
to 20 kG in the center and up to 75
kG at the conductor.

She's girdled in Supercon super-

conductor that permits the economic
achievement of steady-state fields in
large coils and a corresponding ease
of accessibility to the center of the
coil. Alice's i^-inch square conduc-
tor will carry 2400 amperes during
operation.

But, Alice is only wearing one
style of Supercon superconductor.
Supercon has supplied superconduc-
tive materials in strips as large as
2" w. x 0.10" th. and in wires as small
as .0032" dia. Supercon can make
superconductors larger, smaller, or
anywhere in between and in lengths
that will simplify your winding op-
eration.

Supercon is the world's largest
manufacturer of superconductors. We
handle its fabrication from ingot to?
finished conductor. Our research
group is constantly refining our prod-
uct and manufacturing methods.
They'd love to get wound up in your
next project and suggest the best
Supercon conductor for it. For infor-
mation, contact: Norton Company,
Supercon Division, 9 Erie Drive,
Natick, Massachusetts 01760

*Adiabatic Low Energy Injection and Contain-
ment Experiment.
(1) Operated for Atomic Energy Commission by
University of Calif.

ALICE IS ALL WRAPPED
UP IN SUPERCON.

* m

Superconductor

Alice's magnet

NORTON
SUPEBCON DMS/ON
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Update your LASER SUPPLIERS file. Add
TRW Instruments to LASERS, SOLID STATE.
You have us filed under LASERS, PULSED
GAS, and that's stillcorrect.

TRW Instruments now manufactures solid
state lasers based on the vast storehouse of
solid state technology built up by TRW's years
of solid state research and development.

We're tooled up to take a crack at your solid state
laser requirements. We're ready right now to give
you what you need when you need it, in NdrYAG,
ruby and Nd:Glass lasers and laser systems.

We're ready to supply solid state lasers and laser
systems from cw to picosecond pulsewidths for
holographic applications; for research; for Industrial
applications such as welding, drilling, cutting, and IC
trimming; and for just about any solid state laser
application you have in mind.

We're ready to sell you solid state lasers at competitive
prices, delivered with optimum reliability guaranteed,
backed up by quick dependable servicing.

TALK TO TRW INSTRUMENTS ABOUT YOUR Nd:YAG, RUB% OR
Nd:GLASS LASER REQUIREMENTS. WE HAVE THE ANSWERS.

TRW INSTRUMENTS

Factory ~~~ 139 Illinois Street EtSegundo, California 90245 (213) 535-085,

Sales Offices — New York (516) 333-1414 • Lbs Angeles, California (213) 867-&•
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MORE ABOUT TACHYONS
Not so fast! say critics of the May article
in which Bilaniuk and Sudarshan offered the arguments for
faster-than-light particles. Their letters
raise questions about causality and interactions. The
original authors contribute a reply.

OLEXA-MYRON BILANIUK, STEPHEN L BROWN, BRYCE DeWITT, WILLIAM
A. NEWCOMB, MENDEL SACHS, E. C. GEORGE SUDARSHAN, SHOICHI YOSHIKAWA

"Anything that is not forbidden is com-
pulsory," says Murray Gell-Mann's half-
facetious totalitarian principle. What
then about faster-than-light particles
called "tachyons"? In their May article1

Olexa-Myron Bilaniuk and E. C. George
Sudarshan argued that valid solutions
of Albert Einstein's relativity equations
describe such particles. Thus if Ein-
stein's equations are accurate descrip-
tions of the physical universe and if
solutions not forbidden are compulsory,
tachyons must exist.

The May article stirred up a flurry of
correspondence directed largely at two
questions: Are the tachyon solutions
valid? Do they have significance in our
real world? From those letters we have
chosen five that represent the principal
viewpoints. With them we publish
Bilaniuk's and Sudarshan's reply to
their commentators.

Real force, imaginary mass
The May article by Bilaniuk and Su-
darshan presented a very interesting
and provocative discussion of the pos-
sible existence of particles that can
travel faster than light. After pre-
senting their case, the authors pointed
to several objections that have been
raised against their proposal, and they
showed how their own viewpoint an-
swered these objections. Some fur-
ther objections that could be raised,
however, are not mentioned by the
authors. I should like to discuss them
in this letter.

The authors base their argument on
the relationships among energy, mo-

mentum, mass and speed that follow
from the mechanics of particles in spe-
cial relativity theory. They point out
that since both energy and momentum
depend on the mass factor, Mo/ (1 —
i;2/c2)1/2, the conserved quantities
could remain real numbers if simul-
taneously v2/c2 > 1 and m0 is replaced
with the purely imaginary proper mass
im*. The argument is that since en-
ergy and momentum—not inertial mass
—are the observables, only these quan-
tities must have a description in terms
of real numbers.

A tacit assumption here is that the
appearance of inertial mass originates
in the expressions for energy, momen-
tum, etc. But this is not actually true,
according to the full meaning of rela-
tivity theory. For in Einstein's orig-
inal approach, special relativity is
only a special case of general relativ-
ity. (Indeed, the adjective "special"
implies this fact). In general relativ-
ity theory energy and momentum are
not defined quantities! The conser-
vation laws are in fact only the asymp-
totic features of the general formalism
in the limit of a local domain. How-
ever, inertial mass is defined here in
global terms. It relates to the metri-
cal field gv-" (x) through Einstein's
field equations. Thus inertia is a more
general property of matter than energy
or momentum. The inertia of mat-
ter appears in terms of a (continu-
ously distributed) field on the right

side of Einstein's equations. The met-
rical field solutions, g*v (x) appear on
the left side of these equations. Now
if the inertial mass of any bit of matter
(in the proper frame of reference)
should be represented by a purely
imaginary number, it would follow
that the corresponding metrical field
solution of Einstein's equations (in
the same frame of reference) must
also be represented by a set of imag-
inary numbers. But this would be
inadmissible for several reasons. One
important reason is that in the local
limit, the metric tensor must approach
the diagonal form ( 1 , - 1 , - 1 , - 1 ) that
characterizes special relativity theory.
The latter, of course, is a set of real
numbers. If gv-v is represented by a
set of purely imaginary numbers in
its global description, it could not
approach a set of real numbers in a
continuous fashion under any cir-
cumstances! Physically, the continual
approach of g^v toward the Lorentz
metric in the local domain corresponds
to the diminishing effect that one bit
of matter (in this case the tachyon)
would have on other matter.

The gist of this argument is that
the inertial mass term m0 derives from
a more primitive relation than the
expressions of energy and momentum
in special relativity. Once the general
relation that relates inertia to the
global features of a physical system
is found, one can take the asymptotic
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limit and derive the value for the
mass of a bit of matter in the local
domain. Only at this stage (in prin-
ciple) does one insert this parameter
in the energy and momentum expres-
sions. But the original general rela-
tion that identifies inertia with the
metrical field necessarily requires that
the proper mass be represented by a
purely real number. In this case, the
further requirement that the energy,
momentum, etc., be represented by
real numbers would not permit v/c to
be greater than unity.

One further argument against the
existence of tachyons has to do with
the fact that one does not measure
energy and momentum in any experi-
ment; one rather measures the energy
and momentum transfer, a change of
energy-momentum. But a change in
energy-momentum has to do with
force—the force that causes an inter-
action between matter and matter
and, in turn, relates to the correspond-
ing change of state of motion of the
interacting matter. Now if inertial
mass relates to a measure of the re-
sistance to the change in the state of
motion of matter and if we define the
force exerted by matter on matter

(the momentum transfer that is
mutually exchanged) in terms of real
numbers, then the mass itself must
also be represented by a real number.
Otherwise an imaginary-mass particle
would not interact with a real-mass
particle. In particular, if one part of
this mutual interaction is a measuring
apparatus—which we have already
used to detect real-mass particles (for
example, a cloud chamber)—then it
should not be able to detect imaginary-
mass particles.

At the root of this objection is the
omission in the paper by Bilaniuk and
Sudarshan of discussion of interaction
between the tachyon and any other
matter. But it is essential in this
problem to introduce the description
of interaction because of the neces-
sary appearance of matter with real
mass to interact with the faster-than-
light particles. My argument above
implies that as soon as this interaction
is taken into account, the conclusion
is reached that (within the frame-
work of relativity theory) no matter
described by real mass could respond
in any way to the tachyon. From
this point of view, then, the tachyon
must remain in a theoretical domain

THE AUTHORS

Mendel Sachs, professor at the Stated
University of New York, Buffalo, is now
on leave at the Department of Applied
Mathematics and Theoretical Physics,
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William A. Newcomb, plasma physicist^ [
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M Shoichi Yoshikawa is at the plasma-
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Bryce DeWitt is a specialist in quan->
tized gravity and a professor at the
University of North Carolina. His three
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^Stephen L. Brown, who does operations
research for the Stanford Research In-
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that is beyond the domain of physics.
My argument has been based on a

look at the consistency of the tachyon
description within the theory of rela-
tivity. Therefore I do not at all dis-
agree with the attempt to find faster-
than-light particles. But I do dis-
agree with the authors' interpretation
of the results of such experimentation.
For if such particles should be found,
I should have to conclude (in contrast
with the authors' contention) that
the theory of relativity would have
been refuted.

MENDEL SACHS

State University of New York, Buffalo

Tachyonic Cerenkov radiation
I should like to raise one question in
connection with the recent article by
Bilaniuk and Sudarshan. The au-
thors alleged that a charged tachyon,
by the emission of Cerenkov radia-
tion, would ultimately enter a "trans-
cendent" state of infinite velocity or
zero energy. However, this would
not appear to be a relativistically in-
variant condition. An infinite-velocity
trajectory is one that is orthogonal
(in the space-time sense) to the time
axis of one's reference frame, and it
will not be orthogonal to the time axis ..
of another frame. How can this be ^
reconciled with the principle of rela-
tivity?

WILLIAM A. NEWCOMB

Lawrence Radiation Laboratory,
Livermore ,.

Violation of causality
The article by Bilaniuk and Sudarshan
is well written and the exposition of
tachyon theory is almost perfect.
This, however, permitted me to con-
ceive the following objection: If
tachyons are to be produced or ab-
sorbed by tardyons or luxons, the
causality principle is not upheld. My
objection does not exclude the possi-
bility that tachyons may interact with
other species in an uncontrolled
manner. (I will clarify the uncon-
trolled manner in the last paragraph.)

The causality principle is to be put
in the following form: If an event A
causes the event C at the same loca-
tion in a coordinate system S yet
earlier in time (figure 1), the causality
principle is violated. Whether the
event C is the emission of a tachyon
or absorption of a tachyon is imma-
terial. What I would like to point
out is that by transmitting a tachyon
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Light cone

CAUSALITY VIOLATION. Effect in frame S appears to precede cause in S through
signals to and from frame S' moving with respect to S. —FIG. 1

it does not require sophisticated argu-
ments or the invocation of thermo-
dynamical irreversibility and quantum-
mechanical uncertainties to prove it.

First of all, if tachyons exist, they
must interact with normal matter. If
they interact with normal matter, it
must be possible, in principle, to
produce them in a beam. Moreover,
it must be possible to modulate this
beam at the source, and hence to
send a directed signal faster than
light. For purposes of the present
argument it is sufficient to represent
such a signal as a spacelike line in
spacetime. An actual signal would
be a striped ribbon since time is re-
quired both to emit it and to receive
it. But if emitter and receiver are
far enough apart, the width of the
ribbon can be neglected.

Let A and B be two observers, both
at rest in an inertial frame (x, t).
(We suppress coordinates y and z
for simplicity.) Let A emit a modu-
lated burst of tachyons at the space-
time event Z, as shown in figure 2.
Let this signal be received by B at
the event Y. Because Y is later than
Z, in the common inertial frame of
A and B, both observers agree that
A is the emitter and B the receiver,
and that positive energy has been
transmitted from A to B.

Now suppose a third observer D

at t = 0, the observer P in the co-
ordinate system S can induce the
emission of another tachyon at t =
"~*o (<0) . This seems to me a very
clear case of the violation of causality.

It hardly requires any explanation.
I shall sketch the argument. Observer
P sends a tachyon at t = 0 to another
observer Q located at B on a moving
coordinate S'. Observer Q then finds
that a negative-energy tachyon is ab-
sorbed at B; that is, a positive-energy
tachyon is emitted in the negative x'
direction. As soon as he notes the
emission of this tachyon, he sends
another tachyon with a faster velocity
along the negative x' axis. This sec-
ond particle is then absorbed by an
absorber located at C. The observer
P finds that a positive tachyon was
emitted at C (t = —t0). Clearly the
emission of a tachyon at C was caused
by the decision of the observer at A
(t = 0) . Hence, the causality prin-
ciple was violated.

If we can control the interaction
between a tachyon and other particles

in any way (such as blocking the
motion of a tachyon), we can violate
the causality principle. For example,
if we let observer P pass only a
tachyon with a specified velocity to
reach observer Q and if we let Q
allow the passage of only those
tachyons faster than the first tachyon
to reach P, eventually P finds a passing
of a tachyon earlier in time because
another tachyon with a specified
velocity passes later in time.

SHOICHI YOSHIKAWA

Princeton University

Reinterpretation won't work
Your authors Bilaniuk and Sudarshan
cannot get off the hook as easily as
they pretend they can in their article.
I refer to their claim that by reinter-
preting negative-energy tachyons
traveling backward in time as posi-
tive-energy tachyons traveling forward
in time they can avoid the causality
objections against the tachyon hy-
pothesis. This is simply not true, and

IN ONE FRAME Y conies after X and Z.
Dots show tachyon signals. —FIG. 2

IN OTHER FRAME event
events X and Z.

Y precedes
—FIG. 3
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is passing in the vicinity of B near Y,
with a relative velocity v (<c). In
figure 2 the world lines of B and D
are drawn as if they intersected at Y;
the intersection could actually take
place a little later. Suppose that
during the time of intersection (that
is, while they are fairly close to one
another) B transmits to D the infor-
mation he has received (by way of
the tachyon signal) from A, and
suppose this transmission takes place
by means of ordinary photons. Be-
cause photons are quite conventional
carriers of information, there will again
be no ambiguity about who is doing
the emitting and who the receiving.
On the other hand, by the relativity
principle, the laws of physics must
be the same for D as they are for A,
and hence he will be perfectly capable
of immediately sending back to A,
with an identical tachyon transmitter
of his own, the information he has
received from B.

Since the world lines of tachyons
are spacelike, there exists a range of
values for v, determined by the
tachyon velocity, for which the second
tachyon signal appears, from the point
of view of observers A and B, to propa-
gate into the past. Suppose v is in this
range. Then arguments will arise,
between A and B on the one hand,
and D on the other, about who is do-
ing the sending and who is doing the
receiving. To avoid such arguments
let us suppose that instead of sending
the tachyon signal to A, D sends it
instead to a fourth observer C who
happens to be at rest relative to D
but whose world line intersects that
of A at the moment of receipt of the
signal, denoted in the figures by X.
(Here again the intersection could
take place slightly later.)

Figure 3 shows the sequence of
events as viewed in the common in-
ertial frame of C and D, denoted by
(x',tf). Because event X is later than
Y in this frame, C and D agree that D
is the emitter and C the receiver.
Since the other observers, A and B, are
not involved in the transaction, their
views on the subject are irrelevant.

Finally, let C transmit to A by
means of photons, while the two are
close together (that is, in the vicinity
of X), the information he has received
from D. The net result is that A is
now in possession of information about
his own future, with all the paradoxes
that such knowledge entails.

I can think of only three ways to
avoid such paradoxes:

1. Tachyons never exist other than
as virtual particles.

2. The universe as a whole is so
finely tuned (for example, by quan-
tum mechanical interference effects)
that whenever information is sent into
the past, as in the above example, it
is always wiped from the receiver's
memory in time to prevent paradoxes
from occurring.

3. Emission and absorption of
tachyons can take place only between
members of a restricted class of ob-
servers possessing velocities relative
to some preferred inertial frame (for
example, the frame of the "fixed"
stars, or some other cosmological
frame) less than some critical value.

None of these restrictions holds in
the scheme put forward by Bilaniuk
and Sudarshan.

BRYCE D E W I T T

University of North Carolina

Why wait for light?
The article by Bilaniuk and Sudarshan
seems to me a remarkably clear ex-
position of the possibility of super-
luminal particles. In reading the ar-
ticle, I was struck by the practical
implications that such particles might
have. (I have not kept sufficiently
current with the research in the sub-
ject to know whether these implica-
tions have already been discussed.)

Briefly, the argument is as follows:
Class II particles (luxons) can be pro-
duced, modulated and detected by
tardyon observers. The tachyon prop-
erties discussed imply that similar
control could be exercised over Class
III particles (tachyons), especially
through the intermediation of luxons,
as in the Cerenkov-detection pro-
posal. Tachyons could therefore be
used for communication systems.
Such communication systems would
be useful only where ordinary electro-
magnetic radiation is too slow, as in
interstellar communication. Finally,
it would seem likely that any extra-
terrestrial life of high technology
would be aware of tachyons (if they
exist) and would use them for com-
munications instead of waiting cen-
turies for replies at the speed of light.
Perhaps, then, the Project OZMA con-
cept of monitoring electromagnetic
radiation for intelligible patterns will
turn out to have much less potential
for interstellar contact than a tachyon
monitoring system.

STEPHEN L. BROWN

Stanford Research Institute

The rebuttal
We are gratified by the response of
so many physicists to our article.1

The comments published above con-
stitute only a small sample of the
letters, reports and preprints we have
received. Although we knew that sev-
eral points in our article needed
elaboration, that others were specula-
tive, and that a few were pure con-
jectures, yet we did not expect so
many physicists to take notice. After
all, there is little in that article that
we had not already said, for example,
in our paper "Meta-Relativity" pub-
lished in 1962 in the American Journal
of Physics.2 Then the reaction was en-
tirely positive. A very favorable com-
mentary by Angus Hurst on our
"Meta-Relativity" paper was published
in Mathematical Reviews.3 A team
of physicists at the Nobel Institute
in Stockholm undertook the first sys-
tematic search for faster-than-light
particles.4 Gerald Feinberg5 and
Arthur C. Clarke6 have given excel-
lent exposition of our ideas to a wider
audience. But because the causality
arguments remained unresolved and
because nothing at all was said about
tachyon interactions, such a favorable

reaction seemed almost too good to
be true. As Bryce DeWitt puts it, we
did not expect to "get off the hook
that easily."

After having studied the above
letters and all the other correspon-
dence quite carefully, we are now con-
vinced more than ever that our ex-
tension of the special theory of rela-
tivity to include superluminal par-
ticles (metarelativity) is viable and
that we can satisfactorily answer all
objections raised so far.

General relativity. Let us first deal
with the point questioned by Mendel
Sachs. He argues that our theory is
inconsistent with the general theory
of relativity. We disagree. We had
pointed out that for energy and mo-
mentum to be real, the proper mass
of a tachyon must be imaginary.
Sachs contends that an imaginary
proper mass raises difficulties regard-
ing gravitation because gravitation
couples to inertia. Let us recall that
the relativistic gravitational field is
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coupled to the density of energy and
momentum and not to the density of
proper mass. In the limit of slowly
moving tardyons (ordinary massive
particles) one can approximate the
relativistic interaction by a Newtonian
interaction using the proper mass den-
sity but only in this special case and
in this special limit. It just happens
that under these circumstances the
proper mass density and the energy
density are equal (apart from the c2

factor). As long as the energy and
momentum of tachyons are real (that
is, the proper mass is imaginary)
tachyons present no anomaly regard-
ing gravitational interactions in gen-
eral relativity theory.

Transcendent tachyons. William
Newcomb's question is quite intrigu-
ing. Indeed, a charged tachyon that
has reached its zero-energy "transcen-
dent" state in one frame still has some
energy left in some other frame moving
with a velocity w relative to the first;
hence in that frame the tachyon can
keep on radiating. This contradic-
tion can be resolved by recalling that
according to an observer in the second
frame the sign of the energy and the
direction of travel in time will be
reversed (in accordance with the
switching principle) when the tachyon

reaches a velocity c2/w relative to the
first frame. The events that lead to
a transcendent tachyon in one frame
look like a head-on collision and an-
nihilation of a tachyon and an anti-
tachyon in another. Thus Newcomb
is quite correct in pointing out that
the transcendent state would not be a
relativistically invariant condition.
There is nothing disquieting about this
because it is not the description of
events that must remain invariant
when we go from one frame to an-
other, only the laws that govern these
events.

Causality. As we pointed out in
our PHYSICS TODAY article,1 causality

objections against superluminal par-
ticles are by far the most subtle, and
much room for reflection remains in
this regard. The questions raised by
Shoichi Yoshikawa and DeWitt bear
this out. Both are refined versions of
earlier formulations of the causality
paradox. Yoshikawa follows closely
Richard Tolman's original arguments,7

and DeWitt essentially parallels chap-
ter 28 of David Bohm's monograph on
relativity.8 Because the earlier pre-
sentations ignored the fact that a sig-
nal traveling backward in time carries
negative energy, they were incom-
plete and could be dismissed as such.
Yoshikawa and DeWitt, on the other
hand, do allow for the sequence re-
versal. They point out that in prin-
ciple the flow of information can be
opposite to the direction of travel of
a tachyon beam conveying the infor-
mation. This is a novel conclusion.
They show that if such counterdi-
rected information flow were indeed
possible, the closed causal loop would
be reestablished notwithstanding our
switching principle.

In devising gedanken experiments
on superluminal communication it is
necessary to take very careful account
of cosmological boundary conditions.
While assuming the existence of cer-
tain transmitters and receivers, we
may not at the same time ignore the
presence of other matter in the uni-
verse. In particular we have to make
certain assumptions regarding the
tachyon background. The simplest
assumption is that the number of
tachyons crisscrossing the universe is
finite. Moreover, we know that as
far as tardyons are concerned, this
situation would still hold for an ob-
server in a different inertial refer-
ence frame. Such would not be the
case for tachyons.

Preferred frame. To see why the
case is different with tachyons, con-
sider two pieces of equipment, one a
large emitter and the other a large
receiver. Let both be located in what
we shall call the "standard" frame
where the flux of tachyons coming
from distant regions of the universe is
finite. Under such circumstances,
however large the detector, the num-
ber of tachyons that it will detect per
unit time is finite. On the other hand,
the number of tachyons the large
emitter can emit is at our disposal
and can be made arbitrarily large. It
should be noted that as long as the
observations are made from the stan-
dard frame, the above situation holds
irrespective of whether the emitter-
receiver system is stationed in the
standard frame or whether it is car-
ried in a fast moving rocket. Further-
more the assumption that the number
of tachyons streaming into the stan-
dard frame from distant random
sources is finite implies that the num-
ber of tachyons within a certain mo-

mentum range is also finite. We know
that corresponding to this momentum
range there exists a reference frame
in which the role of emitter and re-
ceiver for tachyons is interchanged.
An observer in that frame would find
that as far as he is concerned there is
a limit to the number of particles that
can be emitted within a velocity range
greater than a certain critical value
but that an arbitrarily large number
of such particles can be detected by
a suitable piece of apparatus.

Refutation. Let us assume now a
standard frame So in which the
tachyon background is zero. This will
simplify our arguments without any
essential loss of generality. While
the tachyon background in So is zero,
the observer Po can still emit any num-
ber of tachyons of any velocity v > c.
For another observer Px moving with
a velocity w < c relative to the stan-
dard frame this situation implies the
impossibility of his emitting tachyons
with a velocity greater than a certain
threshold velocity ux = c2/w. In-
stead he will see a flux of tachyons
with velocities u > ux streaming into
his receiver every time he activates it.
This is so because an arbitrary number
of tachyons can be emitted by Po.
Every time F± activates his receiver
(which is an emitter for Po), it will
register incoming tachyons. Con-
versely, F1 will not be able to use his
emitter (receiver of Po) for sending
tachyons with a velocity u > c2/w
towards distant regions of space be-
cause doing so would mean that ob-
server Po would register tachyons
coming from infinity every time he
opens his detector; such an action
is contrary to our assumption that
no tachyons from distant sources
exist for the observer in the standard
frame. In dealing with the causality
paradoxes it is not necessary to as-
sume that one of the observers is
at rest in the standard frame. But
by referring to this frame, we can
determine which of the signals of the
vicious causal cycle can not be sent.
In other words, irrespective of the
state of motion of the emitter, only
those signals that carry information
and energy in the same direction as
seen in the standard frame are pos-
sible. Under such circumstances no
causal loops could arise and no "anti-
telephone," such as proposed by
Gregory Benford, David Book and
William Newcomb,9 could be built.

The above suggested resolution of
the refined causality arguments cor-
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responds to the third way by which,
according to DeWitt, causality para-
doxes can be avoided. It is in no
ivay incompatible with our generaliza-
tion of the special theory of relativity.
However, a question that may be in
order is whether the assumption of
existence of a preferred frame, such
as So above, is consistent with the
postulates of special relativity. After
all, is not the exclusion of a pre-
ferred frame what relativity is all
about? No, it is not. The postulates
of special relativity require the laws
of physics, including the speed of
light, to be the same in all inertia]
frames. They do not preclude the
existence of cosmological boundary
conditions that permit us to single
out a particular local frame as a pre-
ferred reference system. For example,
the frame of reference in which the
cosmic 3-K black-body radiation is
isotropic could be considered a pre-
ferred frame that can be distinguished
from all other frames.

Other avenues. The approach we
suggest above is by no means the only
way by which hypothetical super-
luminal particles can be reconciled
with the logical requirements of the
causality principle. For example,
Raymond Fox, Charles G. Kuper
and Stephen G. Lipson10 attempt
to accomplish this by extending the
method of Arnold Sommerfeld and
Leon Brillouin.11 Another simple, if
somewhat brute force, solution is of-
fered by Ray Skinner12 who simply
postulates that negative-energy en-
ergy-momentum transfers must be un-
suitable for signaling.

Although it is not our feeling
that any radical changes in physical
concepts are necessary to accommo-
date the tachyon hypothesis, there are
some serious physicists who shrug off
the causality objection by simply say-
ing, "So what?" Roger G. Newton13

and Paul L. Csonka14 are doing pre-
cisely that. They feel that no pre-
cepts of logic would be violated if
the temporal order of cause and effect
were sometimes reversed. Which-
ever approach will ultimately prove
the best, we are convinced that
causality objections offer no compelling
grounds for desisting from further
theoretical and experimental work on
metarelativity.

Acausal experiments. This assertion
is particularly true of searchers for "sin-
gle events" for which the causality ar-
guments, such as raised above and else-
where,915 are irrelevant. An excel-

lent example of this type of experi-
ment is the search for the reaction
p + p - * p + p + T (tachyon)
which Bogdan Maglic, James Norem,
Howard Brody and their collabora-
tors have told us they propose to carry
out at the Princeton-Penn accelerator.
In some other frame this reaction may
appear as p + p + T -> p + p. Since
data to be recorded by their missing-
mass technique16 pertain to tardyon
channels only, this type of experiment
would reveal the presence of tachyons
without forcing them to disclose the
direction of their path in time. [The
experimenters are placing their proton
detectors at 120 deg, whereas the
maximum angle for protons from the
p - f p - > p - f p - f X (real-mass par-
ticle) reaction is 90 deg. Only
tachyons having a proper mass be-
tween 0.5t and 3.5t GeV could lead
to emission of protons in the 120 deg
direction.] Providing the experiment
is not thwarted by unexpected back-
ground problems, Maglic and his col-
laborators hope to be able to infer the
existence of tachyons even if the cross
section for their production is as small
as 10G times smaller than that for
the p + p -> p + p + 7T° reaction.
An earlier p + d -» He3 + X missing-
mass search for tachyons,16 also
initiated by Maglic, was inconclusive
because the cross section for produc-
tion of He3 turned out to be extremely
low (about 10"34 cm2 at 3 GeV).
Maglic holds out much more hope for
the p + p —» p + p + X reaction.

Other experiments unaffected by
causality objections include the bub-
ble-chamber search by Charles Baltay
and collaborators17 for the reactions
K- + p -» A + T and p - + p -> TT+

+ TT~ + T (we use p - for antiproton),
and the search for the reaction w~
+ p -» n + T that Michael Kreisler
tells us he is carrying out. In some
other frame these reactions may look
like K - + p + T - * A , p - + p + T
-> 7T+ + 7T-, and IT- + p + T -» n,
respectively.

Superluminal physics. We are very
much encouraged by imaginative sug-
gestions such as that of Stephen
Brown above and that of John W.
Rhee,18 but we prefer to withhold our
comment on them until tachyons ac-
tually have been detected and their
properties are better understood.

In conclusion we wish to say that
we are pleased to see our sentiments
echoed in a comment to us from
Iwo Bialynicki-Birula to the effect
that the concept of faster-than-light

particles is not really that unorthodox.
He reminds us that all concepts of
nonlocal interactions in field theory
imply the existence of some agent
carrying the interaction over space-
like distances and thus nonlocal field
theories have implicitly assumed the
existence of some sort of superluminal
entity. Notwithstanding questions of
causality, we hope to have shown2

that the special theory of relativity
can be consistently generalized to ac-
commodate faster-than-light particles.

By way of encouragement to all
those working or contemplating work
in the field of superluminal physics
let us quote the adage coined by David
Farragut at Mobile Bay: "Damn the
torpedoes; full speed ahead!"

OLEXA-MYRON BILANIUK

Swarthmore College
E. C. GEORGE SUDARSHAN

University of Texas at Austin
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Transmitting the changing scene

This girl's picture was produced
on a special Picturephone® system; it
will never look like this in your
home. The white areas mark the only
picture points which changed in 1/30
second (the duration of one video
frame). The remainder of the picture
was blanked out.

This emphasizes how
Picturephone use differs from ordi-
nary television: the Picturephone
camera usually points at a single
scene throughout a call and most of
the motion is confined to the
subject's lips and eyes. Everything
else—perhaps 90 percent of the
picture—remains stationary.

Frank W. Mounts of Bell Labora-
tories used this fact to design an
experimental video system that may

make it possible to transmit three
Picturephone calls over a channel
that otherwise could carry just one.

An ordinary Picturephone system
sends thirty complete pictures each
second. In Mounts' experimental
system, only changes from one
picture to the next are transmitted.
A complete picture (information
about dot positions and brightnesses)
is stored at both the transmitting and
receiving ends. As the camera's
electron beam scans the original
image, the brightness at each point is
compared with the stored value.
Whenever there is a significant
difference, the system updates the
stored frame and transmits the new
brightness level and dot position.

At the receiving end, as the

picture tube's beam arrives at each
point, the incoming information is
checked to see whether a picture-
point revision has arrived. If so, it is
displayed and stored.

Because some areas of the pictui
do not change, while others change
extensively, revised points may come
in bursts. Transmitter buffers smootf
the flow by reading the information
out onto the line at a constant rate.

This new technique, one of
several now being investigated at
Bell Laboratories, promises to help
keep transmission costs down when
the Picturephone service becomes
generally available.
From the Research and
Development Unit of
the Bell System— • * • • • • _

7 Bell Lab
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A NEW Ge(Li) STANDARD
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Another standard in performance of Ge(Li) detec-

tors is set by Princeton Gamma-Tech. Now energy

resolution is guaranteed where you need it—at high

energies (7.639 MeV) as well as at low (1.33

MeV).

Our ultra-high-efficiency, high-resolution Ge(Li)

detectors are now guaranteed to have a system en-

ergy resolution of better than 6 KeV (FWHM) at

the 7.639 MeV Iron doublet. The typical perform-

ance of these detectors is illustrated in the spectrum

above—4.5 KeV (FWHM). The resolution at Co60

is 2.5 KeV FWHM, with a 25 cm. relative efficiency

of 8%.

If you did not see Princeton Gamma-Tech's ultra-

high-efficienq', high-resolution Ge(Li) detectors

demonstrated at the New York and Washington

APS meetings, or wish further information, ask for

our latest inventory data sheets including spectra of

actual performance. These Ge(Li) detectors are

ready for immediate delivery.
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GAMMA-TECH -IS

Box 641, Princeton, N.J. 08540, U.S.A.
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SEARCH AND DISCOVERY

|Continuous-Wave Chemical Laser Requires No External Energy Source

Terrill A. Cool and Ronald R. Ste-
ens1 of Cornell University believe
ey have produced the first continu-

us wave all-chemical laser. In a pa-
• he delivered 26 Nov. at the Amer-

an Physical Society fluid dynamics
vision meeting in Norman, Okla-

homa, Cool told how they mixed com-
liiercially available bottled gases to

' get 1.06 X 104 nanometer emission
from carbon dioxide without any ex-
ternal energy source to initiate or sus-
tain lasing action. Maximal power
output was 8 watts; lasing continues
until the reactants are depleted (up to
several hours). The laser operates at
about 4% efficiency; Cool predicts
\5c/c efficiency with proper design
modifications. A typical electrically
excited CO2 laser has an overall effi-
ciency of about 8%.

Cool's mechanism for chemical
pumping of COL, involves a fluorine-
helium mixture, deuterium and nitric-
oxide gases as well as CO2. To ob-
tain fluorine atoms F2 and NO are
mixed:2

F2 + NO -> NOF + F

The flowing gas, which now contains
both F and F2, is mixed with deuteri-
um to produce vibrationally excited
deuterium fluoride in a chain
reaction3

F + D2 -> (DF)* + D

D (DF)* + F

The deuterium fluoride then transfers
vibrational-rotational energy to CO2,
pumping the CO2 to the upper laser
level8'4-5 from which it emits 1.06 X
104-nm radiation.

The reaction vessel is similar to one
used previously by Cool, Stephens and
Theodore J. Falk. F2 and NO are
mixed in an 11-mm bore quartz side-
arm; deuterium and carbon dioxide
are injected at the upstream end of a
9-mm bore Teflon tube. The reaction
time in this high-speed (600 m/sec)
flow is extremely rapid (100-200 mi-
crosec); Cool believes that most of the
laser output is from this portion of the
flow (see figure).

The Cornell results have shown that
a practical flow system is possible.

Exhaust

2-meter radius mirror

Teflon tube

Pressure tap

NO

Gas injector for D2 and CO2

Sidearm

F2 and He

Inlets

CONTINUOUS-WAVE ALL-CHEMICAL LASER. Arrows show paths of reacting
gases. Lasing action occurs mainly in upstream portion of tube.

Because their system operates through
a collision mechanism and, unlike
some other chemical-laser systems, is
not limited to a maximal size, the Cor-
nell group believes it could be devel-
oped into a high-power laser. A con-
tinuous-wave chemical laser of this
type might be used in space.

Chemical lasers were first devel-
oped by Ceorge C. Pimentel and Je-
rome V. Kasper6 at the University of
California, Berkeley. The Berkeley
group, says Pimentel, has been using
pulsed chemical lasers to investigate
the role of vibrational and rotational
energy states in chemical-reaction dy-
namics. Other groups1-7 have re-
ported continuous chemically pumped

Cold Octopole and Hot Tokomak

Two results reported at the Dubna In-
ternational Symposium on Closed
Confinement Systems have excited fu-
sion physicists. The high temperature
and long confinement time that Lev
Artsimovich observed with Tokomak
(PHYSICS TODAY, June, page 54) have
been confirmed by a visiting British
team, and with the Gulf General
Atomic multipole Tihiro Ohkawa ob-

lasers, but until now an external en-
ergy source has been required.
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Show Long Confinement Times

served very long confinement times.
In further experiments (which Ohkawa
reported at the November meeting of
the APS plasma-physics division in
Los Angeles) Ohkawa observed clas-
sical diffusion in a dilute cold plasma.
His collaborators were Masaji Yoshi-
kawa, Robert Kribel and A. A.
Schupp.

Ohkawa used an octopole, which
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SEARCH AND DISCOVERY

consists of four internal rings carrying
parallel currents in the toroidal direc-
tion. Just like all multipoles, the
device has axial symmetry about the
major axis of the torus. Ohkawa de-
signed the device to reduce losses to
the ring supports, one of the major
limitations in earlier octopoles; it has
a plasma volume of 10 000 liters.

In the first experiments Ohkawa
used a plasma density of 3 X 1010

particles/cm3; electron temperature
was about 5 eV. In the new experi-
ments Ohkawa pushed the density
higher (1011 particles /cm3) and the
temperature lower (a few eV), to a
regime where one should get classical
diffusion. Ohkawa did indeed ob-
serve classical diffusion for the first
150 millisec; then the behavior
smoothly changed and became Bohm-
like. His measured decay time of 200
millisec corresponds to about 300 times
the Bohm value.

Although the octopole confinement
is the longest observed in any toroidal
device, its plasma is cold and dilute
and not likely to be scaled up into a

reactor because of the interior rings.
(General Atomic plans to build a
Doublet device, in which internal
conductors are replaced by plasma
current.) However, because the oc-
topole plasma is well contained one
might now try to understand what
effects are responsible for the en-
hanced confinement and then apply
the knowledge to a geometry that is
more suitable for a fusion reactor.

The Tokomak plasma is already
nearly thermonuclear; it gives neu-
trons, it is hot and it is dense. At
Dubna N.J. Peacock and D. C. Robin-
son of Culham Laboratory and N.
Sammikov of the Kurchatov Institute
reported that Tokomak T-3 produced
in one mode of operation electron
temperatures of 900 ± 100 eV and
confinement times of about 25 milli-
sec with a density of 2 X 1013 par-
ticles/cm3. Earlier measurements by
Kurchatov had yielded 3 X 1013

particles/cm3 at 1000 eV and 20
millisec. The Culham-Kurchatov col-
laboration determined temperature
and density by analysis of Thomson
scattering from a pulsed ruby-laser
beam.

Air Force Solar Telescope and OSO-6 Now Observing the Sun

Two new devices are now observing
the sun—a solar vacuum-tower tele-
scope built by Air Force Cambridge
Research Laboratories and OSO (Or-
biting Solar Observatory)-6.

The solar telescope is 111 meters

AIR FORCE SOLAR TELESCOPE is
111 meters high. The optical system
is evacuated to 0.250 ton*.

high and has a central core that con-
tains the entire optical system, which
is evacuated to 0.250 torr. Light en-
ters through a 76-cm aperture, passes
through a quartz window and is then
reflected by two flat mirrors to the 64-
inch (1.62-meter) focusing mirror
(focal length 55 meters) at the bot-
tom of the shaft. Theoretical resolv-
ing power is 0.2 sec of arc; so one
can expect to resolve fine details on
the solar disc.

Because the objective port is high
above most air turbulence and heat
currents that swirl up when the sun
heats the ground, and because the op-
tical system is evacuated, image sta-
bility is expected to be excellent.
Richard B. Dunn designed the system.

Located in the Sacramento Moun-
tains of New Mexico, the $3.3-million
instrument will be used to study solar
centers of activity—sunspots, magnetic
fields, flares and plage areas. One goal
is identification of precursors to solar
flares.

OSO-6 is returning data from seven
experiments. From its vantage point
above the atmosphere, it can study in
detail the ultraviolet and x-ray spectra
at any point in the solar disc. Its ex-
pected lifetime is six months.

IN BRIEF

US and Soviet radio astronomers were
to collaborate this fall on the longest
baseline ever used for two-telescope
interferometry. Telescopes at
Green Bank, W. Va., and the
Crimean Astrophysical Observatoiy
near the Black Sea-9600 kilometers
apart—should provide a resolution of
0.0003 to 0.0005 seconds of arc at a
3-cm wavelength.

Construction has begun on an observa-
tory to house a 40-inch (101-cm)
astrometric telescope at the Fan
Mountain Observatory of the Uni-
versity of Virginia.

A two-year oceanographic study of the
central Mediterranean is taking
place. Geophysicists from the
Woods Hole Oceanographic Institu-
tion, the University of Bologna and
the University of Trieste are cooper-
ating in the project and expect to
obtain continuous reflection and re-
fraction data from the earth's crust
down to the Mohorivicic discontinu-
ity.

Dicke Panel Says US Lags in
Radio-Astronomy Construction

The National Science Foundation Ad-
Hoc Advisory Panel for Large Radio-
Astronomy Facilities, headed by Rob-
ert H. Dicke, has decried the lack
of US radio-astronomy construction.
The panel, originally convened in Au-
gust 1967 (PHYSICS TODAY, September
1967, page 71), met again to review
its original recommendations. In a re-
cently issued report the panel points
out that none of the suggestions made
two years ago has yet been imple-
mented. The US, it says, has stood
still while Germany, India, the Neth-
erlands and the UK have begun con-
struction on large radio telescopes,
several of which will soon be in opera-
tion.

Noting that discoveries since the
panel first met (pulsars, existence of in-
terstellar formaldehyde, ammonia and
water) have made construction of new
telescopes even more imperative now
than two years ago, the panel recom-
mends that:

• the 305-meter spherical-dish tele-
scope at Arecibo, Puerto Rico (PHYS-

ICS TODAY, April, page 65) be resur-
faced so that it can be useful for cen-
timeter-wave radio astronomy. Resur-
facing was urged two years ago as a
relatively inexpensive improvement.

• the Cal Tech proposal for con-

56 . DECEMBER 1969 • PHYSICS TODAY



struction of an eight-dish array at the
Owens Valley Observatory be ac-
cepted.

•construction of a fully steerable
134-meter radome-enclosed dish be
begun immediately, probably in the
dry southwestern portion of the US.

• construction of the Very Large
Array of 27 antennas, as proposed by
the National Radio Astronomy Obser-

vatory, be begun immediately. This
array would produce up to three pic-
tures daily with a resolution of 1 sec of
arc, which is equal to that of optical
photographs.

• studies of methods for construc-
tion of very large steerable dishes be
continued. Emphasis should be on
design of an antenna useful at wave-
lengths as small as 3-6 mm.

• support of university radio as-
tronomy be continued and improved.

• grants and contracts for US sup-
port of radio-astronomy installations
require not only that half the observ-
ing time be available to visitors, but
also that the installations be managed
to assure representation of national in-
terests and maximal usefulness to visi-
tors.

Measuring It Better: A Visit to Bureau International des Poids et Mesures

In an old house in Paris
All covered with vines
Lived twelve little girls
In two straight lines.

If you drive west from Paris toward
Versailles, you can easily pass through
the little town of Sevres without
knowing that in it is the International
Bureau of Weights and Measures.
Only when you turn through a narrow
arched gateway and climb a few hun-
dred yards through the woods to a
small clearing in the Pare de St Cloud
do you come to the little historic
manor, Pavilion de Breteuil.

The approach and the exterior
suggest an atmosphere like that of the
lines that open Ludwig Bemelmans's
"Madeleine in Paris/' Once, in fact, it
bad such an atmosphere. "Forty years
ago," Jean Terrien, the present direc-
tor told me on a recent visit, "Bureau
International des Poids et Mesures
had the feeling of an old lady. There
were few pieces of original research."

Step inside, though, and you find a
different atmosphere. The neat labo-
ratories are making some of the most
careful measurements in the world.
The aim is to determine standard
values and best procedures to measure
them. Major concerns are length,
mass, time, acceleration of gravity,
electrical units, temperature, photom-
etry and ionizing radiation.

The main function of the bureau is
coordination of efforts everywhere to
define and measure quantities accu-
rately. Its small staff ("about 50 per-
sons including the gardener," said
Terrien) can not do such amounts of
work as go on at the US National Bu-
reau of Standards and the UK Nation-
al Physical Laboratory. But it does
much to test and compare the meth-
ods suggested by these and similar na-
tional laboratories. Moreover seven
international consultative commitees
based at BIPM make the most funda-
mental decisions required for coordi-
nation and cooperation. Their seven

subjects are electrical quantities, pho-
tometry, thermometry, ionizing radia-
tion, definition of the meter, definition
of the second, definition of units.

40 governments have signed the
"Convention du Metre," the 1875
treaty under which BIPM was born.
They meet at least every six years and
usually every four years in the Confer-
ence Generale des Poids et Mesures.
(Terrien shuddered at the thought
that BIPM might have become part of
the League of Nations or the United
Nations. As an organization fulfilling
a purpose, it is running more effec-
tively than those trying to find pur-
poses they can fulfill.) The 40 elect
an 18-member committee, which
operates BIPM and the seven con-
sultative committees.

The bureau is in no sense French al-
though it happens to have a French
home and a French director. Former
directors have been Swiss, Italian,
Norwegian and British. It does not
even function as a standards bureau

HISTORIC MANOR HOUSE in western outskirts of Paris is home for international
bureau that specializes in standard values an,d best procedures to measure them.

DIRECTOR JEAN TERRIEN was for-
merly an opticist on staff of the bureau.
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Monsanto makes nuclear sources
to fit your requirements

Unique source requirements? Bring
them to Monsanto Research Corpora-
tion. We've been custom-tailoring
uncommon sources for government,
industry, universities for over 20
years as a matter of routine.

If your source need is a common one,
MRC may have it available now.
We've built up quite an inventory of
standard neutron, alpha, beta, and
gamma sources. All ready to package
in a wide range of high precision
hardware.

So, whether you need everyday or
never-before nuclear sources, call
collect (513) 268-5481 or 268-6769.

Or write Monsanto Nuclear Products,
Monsanto Research Corporation,
Dayton, Ohio 45407.

STANDARD SOURCES
Alpha sources. From Po 210, Pu 238, Pu 239,
Am 241—microcuries to curies.
Neutron sources. From Po 210, Pu 238, Pu
239, Am 241—millicuries to kilocuries—on
targets of BE, B, F, Li.
Beta and gamma sources. From a wide
variety of isotopes.
Threshold detectors. From PU 239, U 235,
U 238, NP 237.
Non-radioactive target and secondary
sources. Calorimetry services. Shielded con-
tainers. Radioisotopic heat sources. And
special shipping containers for sources.

Monsanto
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SEARCH AND DISCOVERY

for France, which distributes standard-
ization work among several minis-
tries and only recently has moved to
coordinate the various efforts more
closely.

The BIPM staff has 12 physicists,
eight of them "pure" and four experi-
enced in the work of the bureau.
Working with them are 12 very skill-
ful senior technicians.

Length. "What measurements do
you consider particularly your own?"
I asked Terrien. "We make a special-
ty of length," he replied and described
the work that went into the redefini-
tion of the meter. When the change
from a standard bar to an optical
wavelength was proposed, the US sug-
gested a Hg198 line, the Germans
proposed Kr84 or Kr86 and the Rus-
sians preferred a standard based on
Cd m . Starting in 1955 Terrien,
who was not then director but an opti-
cist on the staff, spent three years
studying line shapes. He finally con-
cluded that the Kr86 transition 2p10

-> 5d5 (now the base of the defini-
tion) was best. It made a narrow
spectral line, and Terrien could ex-
plain its shape completely in terms of
Doppler shift, pressure broadening
and lifetimes of states.

Unfortunately the line is not entire-
ly symmetrical. To improve upon it
as a length standard two courses are
possible: One is to recognize the line
shape in a Michelson-interferometer
pattern and with it specify just which

part of the line is the standard wave-
length. The other is to go to a laser
method. Lasers, to be sure, have the
difficulty that tuning can pull the oscil-
lation away from the natural wave-
length. To remedy it you can adjust
the laser to a natural absorption fre-
quency. Work is commencing on the
scheme. For example the helium-
neon laser has several coincidences
with iodine and methane absorptions.
Probably ten or 15 usable coincidences
are known now and 100 might ap-
pear with two or three years of work.

In the laboratory, I visited the com-
parator BIPM uses to compare stan-
dard bars with the krypton line.
Temperature of the room it stands in
is controlled to a few hundredths of a
degree, and temperature in its tank to
a thousandth. The operator sits next
door, directing a light beam along a
selected interference path and recog-
nizing scratches on the test bar by sig-
nals from optical scanning devices.

Time and gravity. Time is closely
related to length, or, if you prefer, it
has become the same quantity now
that measurements of optical frequen-
cies have become possible. The de-
velopment puts BIPM into a new busi-
ness. There are no time standards at
Sevres, but there exists the consulta-
tive committee on the second. "I am
learning now what I must know," says
Terrien as he discusses how BIPM
may get involved. He feels that with
recent improvements of technique the
present second based on a cesium
transition is the best unit, but the hy-

LENGTH COMPARATOR operates by remote control in constant-temperature envi-
ronment. With interferometry it compares standard bars with krypton-86 wavelength.

drogen maser might produce a better
one. Laser standards are better in
principle, but accuracy with them is
not yet good enough to compete.

I stood at the spot where accelera-
tion of gravity is known to eight sig-
nificant figures. Changing elevation
by 2 cm changes the last figure, point-
ed out Terrien. So would a signifi-
cant amount of concrete construction
in the basement. Then we walked
next door where standard cells in tem-
perature-controlled oil baths and stan-
dard resistors offer the basis for elec-
trical measurements. Gravity and
electrical measurements are closely re-
lated. As you know better the weight
of a kilogram, you can measure more
accurately the forces between coils;
forces are related to the standard am-
pere, and so on.

A working group of the committee
on electrical units studies measure-
ments of the proton gyromagnetic
ratio. Well enough measured, it
might some day be a basis for better
electrical units.

Another new device that might
serve the same purpose uses the Jo-
sephson effect: A constant potential
appears across a narrow junction be-
tween superconducting metals when
they are driven with a fixed frequen-
cy.

Radiations. The newest section of
BIPM is devoted to ionizing radia-
tions. I saw x-ray and neutron genera-
tors, Co60 irradiators, free-air and
cavity ionization chambers, gamma
spectrometers and counting devices
for neutron and radioactivity sources.
Among unique accomplishments of
the section is an absolute alpha-parti-
cle spectrograph for maximal possible
accuracy. It uses a homogeneous
magnetic field that bends alphas
emerging from a slit through semi-
circles and causes them to focus on a
photographic plate. Results obtained
so far add at least one decimal place
to best former measurements. Hopes
are for detection of line shapes pro-
duced by interaction between alphas
and the electron clouds of the atoms
from which they come.

Terrien is a careful man whose man-
ner suggests the precision with which
French engineers design their cars and
vacuum tubes. He says his job makes
him travel too much in his efforts to
learn what he must know. Like phys-
icists of other times and places he and
BIPM appear to enjoy the challenge of
making discoveries by resolving the
next decimal. —RHE •
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Branching and looping flexibili
provided by "IF" keys exparv
programming capability.

Trig functions covering all quad-
[tan x) rants and any size angle in

degrees or radians.

764.8367 z temporary
5.336 S46 815 05 y accumulat

33.50 x keyboard

Dynamic range 10 *8to
10", nearly 200 dec-
ades. Observation of

math operations on 3 displayed registers.
Up to 16 more registers for data storage.

Complex and vector arithmetic
simplified with coordinate trans-
formation keys, rectangular-to-

polar and vice-versa, in milliseconds.



Program from the keyboard. Record
and store 196-step programs on
credit-card-size magnetic cards for
repeated use.

Edit programs easily. Single step
through programs to check and
de-bug. Address an individual

step and make corrections without re-
entering the entire program.

Now the emancipator...
computes, plots and

Prints
Quietly
The HP 9100A Calculator frees you from the drudgery
of complex problem solving.

The HP 9125A Plotter frees you from the tedium
of hand-plotting graphs.

And now, the quiet HP 9120A Printer frees you from
the manual transfer of data.

Add up these three capabilities, and what do you have?

THE ONLY TOTAL GRAPHIC COMPUTING SYSTEM
AVAILABLE TODAY FOR $204 PER MONTH!

With this new electro-sensitive printer you speed up
your computations by eliminating the need to record
results. You get a permanent record of all inputs —a
record that makes error tracing quicker and easier.
And, you have printed proof of all your computations.

The 9120A printer gives you maximum flexibility in
what you print. You can print all of the displayed
information; a complete listing of the program
instructions stored in memory; or only the information
you specify. The 9120A does this printing at the rate
of 3 lines per second — without the distracting noise
of a mechanical printer.

You get completely documented calculator programs
that are specifically designed for use with the plotter
and printer. And, you can put this system to work
for you today, not sometime in the distant future.

If you want a printer that operates quietly in an
office environment— if you want a low-cost system that
gives you total graphic solutions —call for a quiet
demonstration of the complete emancipator today.

To put this total system to work for you even faster,
send your purchase order to any Hewlett-Packard
Sales and Service office (located in principal
cities throughout the world). For a 22-page brochure,
write Hewlett-Packard, P. 0. Box 301, Loveland, Colorado
80537. Europe: 1217 Meyrin-Geneva, Switzerland.

Price: HP 9100A Calculator, $4,400; HP 9120A Printer,
$975; HP 9125A Plotter, $2,475. Lease/rental plans start
as low as $1.50/computing hour based on average usage.

HEWLETT /K>! PACKARD



Sound Spectrograpns ao Tor
sound or electrical signals what a
spectroscope can do for complex light.
They can sample a signal and print out a
graph showing all component frequencies,
their relative levels and their duration.

TIME

BASIC
SPECTROGRAPH 1HZ-107KHz

1
MUSICAL MEDICAL BIOACOUSTIC GEOPHYSICAL

MECHANICAL ACOUSTIC

For catalogs
and information

or to discuss
new applications,

please contact:
Irving Silberg

at
PHYSIOLOGICAL GEOMAGNETIC
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Metzner Named Assistant
Director of AIP Publications

A. W. K. Metzner was named to the
new position of assistant director of
publications for the American Insti-
tute of Physics, where he shares re-
sponsibility for all operations with
Hugli C. Wolfe, director of publica-
tions. Metzner will explore new com-
position techniques, particularly com-
puter-aided photocomposition and

METZNER

typewriter composition. He and the
editorial staff for The Physical Review
are located at the institute's newly ac-
quired 3000 square feet of space at
300 East 42nd Street, New York.
Metzner was formerly an editor of
The Physical Review and involved in
the typewriter composition of Section
1 at Brookhaven National Laboratory.

David Howell was also recently ap-
pointed as manager of the AIP edi-
torial section, within the publication
division, and replaces David Biesel.
Howell was formerly with the techni-
cal-information division at the Ameri-
can Institute for Aeronautics and As-
tronautics.

Fund of Abdus Salam
Has First Recipient

A Fund for Physics in Developing
Countries has been set up by Abdus

Salam, director of the International
Centre for Theoretical Physics (PHYS-

ICS TODAY, Sept., page 77, 1968), with
the $30 000 he received as winner of
the 1968 Atoms for Peace Award.
The first fellowship recipient is A. Q.
Sarker, an East Pakistani physicist
who specializes in dispersion theory
and high-energy physics.

In an effort to thwart the brain
drain, the fund will help research
physicists, particularly theoretical
physicists, from the developing coun-
tries. First priority will be the award-
ing of fellowships to senior physicists,
permitting them to participate in the
Centre activities; preference will be
given to theorists from Pakistan. The
board of trustees consists of Paolo Bu-
dini, deputy director of the Centre;
P. T. Matthews of Imperial College,
London; I. H. Usmani, chairman of
the Pakistan Atomic Energy Commis-
sion; and Salam.

Support funds, which are invested
at 5.59c interest with the Italian
bank, Cassa di Disparmio di Trieste,
have come from the firms Messrs
Piaggio and Co, Genoa; Pirelli S.p.A.,
Rome; SNAM Progetti S.p.A., Milan;
and Tarbela Joint Venture, Milan—in
addition to the bank itself, which
made the first donation and agreed to
pay interest on its donation at 11%.
The appeal for donations was made
by N.A.M. Raza, former Pakistani am-
bassador to Italy.

Dart, Moravcsik to Evaluate
Foreign Graduate Candidates

How can universities evaluate a pros-
pective foreign graduate student with-
out seeing him? Francis Dart and
Michael Moravcsik, Univ. of Oregon,
aim to do something about the prob-
lem. With support from the universi-
ties of Oregon, Michigan, Pittsburgh
and California at Los Angeles they are
writing evaluations based on inter-
views in Korea, Hong Kong, Thailand,
Singapore, Malaysia, India and Pakis-
tan. Their month-long trip was de-
signed to include interviews with
about 150 students who want to study
advanced physics in the US. The visit
dates were 11 Oct.-19 Nov.

Each report will be available to any
school in which the student is inter-

ested and any interested in him. The
four universities sponsoring the Phys-
ics Interviewing Project get the evalu-
ations first; two months later it be-
comes generally available. Dart and
Moravcsik only evaluate; they are not
involved in recruitment, admission,
scholarships and the like.

The two-man committee and their
sponsors view the project as an experi-
ment. Students admitted through it
will be surveyed during 1970-71 to
see whether personal interviews im-
prove selection.

JILA Has Fellowships and
Associateships for 1970-71

The Joint Institute for Laboratory As-
trophysics is soliciting applicants for
1970-71 visiting fellows and research
associates. " J o m t " means Bureau of
Standards plus University of Colorado,
and the institute is housed on the uni-
versity campus at Boulder. Its sub-
jects are theoretical astrophysics, low-
energy atomic physics and related
topics.

About ten stipends exist in each
category (associates get $11 000 plus
expenses), and other visitors are in-
vited to come with their own support.
One more fellowship is shared be-
tween JILA and the university Labo-
ratory for Atmospheric and Space
Physics. Fellows are expected to
come with extensive postdoctoral re-
search and have no obligations. As-
sociates are new PhDs and are ap-
pointed simultaneously to a university
department and JILA.

AIP Publishes Guide to
Undergraduate Departments

A guide to the physics departments at
622 US colleges and universities of-
fering undergraduate majors has been
published by the American Institute
of Physics. Another 207 schools that
offer majors but did not respond to
the AIP questionnaire are listed. The
176-page book includes information
on faculty, students, equipment, and
physics-major programs. Copies of
Student's Guide to Undergraduate
Physics Departments can be ordered
from AIP, 335 E. 45th St., New York,
N. Y. 10017. Price is $2.00 per copy
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ell Laboratories, Eastman Kodak, Western
lectric, Texas Instruments, Gulf Research,
omsat, Hughes Research, Sprague
lectric, Signetics Division of Corning,
id other companies,

DS Alamos Scientific Laboratories,
ASA, Naval Applied Science Laboratories,
anscom Air Force Base, U.S. Bureau of
lines, and other government installations,

tanford Research, Catholic University,
olorado State, Mississippi State, Ball
tate, Rose Polytechnic, Carnegie Mellon
niversity, Oregon State, C.W. Post, State
niversity of N.Y., University of West Virginia
niversity of Missouri, and other universities-

Have all ordered our particle accelerators.
(How come no one knows our name?)

Because, until we reacquired the
total marketing responsibility for our
products from our good friends
(Picker Nuclear, if you must know),
you heard their name, not ours. Ac-
cordingly, we'd now like to introduce
ourselves as the independent com-
pany that designs and manufactures
the particle accelerators acquired by
the organizations listed above. The
knowledgeable organizations listed
above.

So: we are Accelerators, Inc., of
Austin, Texas, a major producer of
low energy particle accelerators

since 1965. And, nowadays, in the
energy range in which we've con-
centrated we apparently supply more
particle accelerators than all of the
other accelerator manufacturers
combined. Rather gratifying, that.

But that's history. What can we do
for you now?

Whatever your interest, we can de-
sign and build the particle acceler-
ator that's specifically tailored to
your needs. Ion implantation. Neu-
tron activation analysis. Neutron
radiography. Teaching. Research.
Others? We'll work with you to pro-

vide the particle accelerator that fits
your individual requirements. As we
did with Bell Laboratories, Eastman
Kodak, Western Electric, Texas In-
struments . . .

Please now write for our catalogs
and/or tell us of your application.
Accelerators, Inc., 212 Industrial
Boulevard, Box 3293, Austin, Texas
78704 (phone 512-444-3639).

Accelerators Inc.
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prepaid or $2,50 if billed. Intended
to be particularly interesting to ad-
visers in high schools and colleges,
the book is a companion volume to
Graduate Programs in Physics and As-
tronomy.

Health Physics Society
Elects New Officers

The Health Physics Society has an-
nounced that officers for 1969-70 are:
J. Newell Stannard (University of
Rochester School of Medicine), presi-
dent; Claire C. Palmiter (Federal Ra-
diation Council), vice-president; Rob-
ertson J. Augustine (Bureau of Radio-
logical Health), secretary; Robert L.
Zimmerman (Nuclear Research Cen-
ter, Georgia Institute of Technology),
treasurer.

Nixon Names 12-Man Task Force
To Review US Science Policy

A second review of federal science
policy in the US has been ordered by
President Nixon. Ruben F. Mettler,
executive vice-president of TRW, Inc,
heads the 12-man group, which in-
cludes Charles H. Townes of the Uni-
versity of California at Berkeley, Alvin
M. Weinberg of Oak Ridge National
Laboratory and Philip Handler, presi-
dent of the National Academy of Sci-
ences.

APS Arranges Group Flights
To Europe and Japan in 1970

Group flights to Europe and Japan
timed to coincide with major inter-
national meeting in 1970 are being
arranged by the American Physical
Society for its members and also
their families. The schedule includes
spring and summer flights to London,
summer flights to Helsinki and Lei-
den, and a late summer flight to Tokyo.
Prices are substantially below com-
mercial rates. Details can be ob-
tained from the business manager of
the society at 335 E. 45th St., New
York, N. Y. 10017.

European Physical Society
Announces Division Chairmen

Chairmen have been named for the
first five divisions of the European
Physical Society. The EPS Council
has approved the divisions for two
years, after which it will review the

situation and make any changes it
feels appropriate. The divisions and
their chairmen are:

Atomic spectroscopy, Alfred Kast-
ler, Paris; Condensed matter, Samuel
F. Edwards, Manchester; Low-tem-
perature physics, Jan de Boer, Amster-
dam; plasma physics, Bo Lehnert,
Stockholm, and quantum electronics,
Klaus P. Meyer, Berne.

The council can approve additional
divisions on application of five or
more members.

AIP and Society Journals
Available in Microfilm

Microfilmed volumes of all American
Institute of Physics journals and some
member-society journals are available
as of 1 Jan. 1970. Supplied by Uni-
versity Microfilms Inc, they can be or-
dered from AIP at one cent per page
only after publication of a complete
journal volume. 1969 and later vol-
umes are in 16-mm reels; some earlier
volumes in 35 mm and others in 16
mm or microfiche; and Russian-trans-
lation volumes only in 16 mm. AIP
will charge the original subscription
price if the cost is higher than one
cent per page.

IN BRIEF

High isotopic-purity isotopes of U233,
U234 and Pu242 are being sold by
AEC, and CoG0 at high specific ac-
tivity (more than 200 curies per
gram) is available on loan from
AEC for heat sources.

State and local governments are get-
ting help in developing and plan-
ning science policies under a pro-
gram supported by the National
Science Foundation. Charles E.
Falk, NSF planning director, is in
charge.

The University of Miami has estab-
lished a solid-state laboratory with
$45 000 from the university research
council and $16 000 from the uni-
versity budget.

The American Nuclear Society has
added "organization members"
(paying $100 to $500 per year) to
its membership roster.

National Bureau of Standards has
completed eight years of construc-
tion at Gaithersburg, Md., with a
Fluid Mechanics Building, 20th
primary structure on the grounds.

Spectronics, Inc, is a new developer

and manufacturer of optoelectronics
and infrared systems in Dallas, Tex.
G. W. Paxton is president.

An International Committee on Thin
Films with nine members from nine
countries has as chairman Klaus H.
Behrndt, NASA Electronics Re-
search Center, Cambridge, Mass.

Franklin A. Long, Cornell, is director
of a new interdisciplinary program
in science and technology. Starting
with a $140 000 National Science
Foundation grant, it will study prob-
lems of national and worldwide con-
cern: public policy, defense, food,
ecology, population, urbanization.

Science for the Blind, a nonprofit or-
ganization providing scientific mate-
rial on tape to about 500 persons,
urgently needs volunteer readers
with tape recorders for Science Re-
corded, which has been including
selections from PHYSICS TODAY for
more than five years. Volunteers
should contact: Mrs Donald A.
Duncan Jr, Science for the Blind,
221 Rock Hill Rd., Bala-Cynwyd,
Pa.

The American Society for Mass Spec-
trometry has grown out of Commit-
tee E-14 of the American Society
for Testing and Materials. J. L.
Franklin, Rice University, is presi-
dent.

A new national committee on material
sciences (metallurgy, chemistry and
solid-state physics) is headed by
Frank J. Blatt, Michigan State.

The Hospital Physicists' Association
(British) has transferred its secre-
tariat to headquarters of the Insti-
tute of Physics and the Physical So-
ciety. IPPS will carry on day-to-
day business, but the 25-year-old,
850-member association will still
control its own activities.

Sigvard Ekiund has been appointed to
his third four-year term as director
general of the International Atomic
Energy Agency.

43 persons have been named to a
Metric System Study Advisory Panel
by Secretary of Commerce Maurice
H. Stans. The panel will assist the
secretary, the director of the Na-
tional Bureau of Standards, and the
Bureau's Metric System Study
Group headed by Alvin McNish.

The Scientists' Institute for Public In-
formation has received a $210 000
grant from the Alfred P. Sloan
Foundation to help expand its efforts
to stimulate discussion of issues in-
volving science and technology.

Diffraction Limited of Bedford, Mass.,
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WHAT FREE-SPECTRAL RANGE DO YOU NEED?

The Model 242, a scanning Fabry-Perot Interferometer, provides a wide choice . . .
an infinite number to be exact. Add to this such features as variable mirror

spacing and extreme stability and the 242's versatility becomes even more apparent.
To further enhance its appeal, Tropel's new PZM electromicrometers

have been incorporated as standard equipment. These micrometers permit
mirror adjustments to be made of accuracies of 10 7 radians. This means maximum

finesse can be achieved quickly and easily at any mirror separation. Finesse
greater than 225 has been observed with the new Model 242 with a 1 cm.

Piano cavity. Now super-resolution is a reality in the examination of mode structure
of CW or pulsed lasers, for Brillouin scatter studies or for other difficult

spectral analysis problems.

EXCLUSIVE FEATURES:
• Compactness and simplicity of design
• Extremely high degree of versatility which allows proper

selection of free-spectral range and resolution
• Unmatched stability permitting adjustment of the cavity

spacing while scanning
1 Choice of three mirror configurations . . . piano, confocal,

bifocal
• Quick interchange of mirrors
• Remote cavity tuning
• Removable magnetic feet
• Usable in scanning configuration, photographic or visual
configuration, and ultra-narrow band filter configuration

AVAILABLE WITH:
• Plano-Plano mirror combination for Piano cavity
• Piano-Spherical mirror combination (5cm radius or
2.5 radius) for bifocal cavity

1 Spherical-Spherical mirror combination (5cm radius or 2.5
radius) for confocal cavity

• Five spectral ranges (each range available in any mirror
configuration)

Cd UV 0.325M

Cd 0.43M to 0.46M

Ar 0.46/LI to 0.56M

HeNe 0.60M to 0.70M

IR 1.05M to 1.15M

• Manual mirror adjustments only
i Accessory systems equipment

For further
information
contact IIUH>EL,,»c.

Designers and Manufacturers of Precision Optical Systems and Instruments

52 WEST AVE., FAIRPORT, N. Y. 14450

PHONE: (716) 377-3200
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has been sold for the second time in
a year. Last year (PHYSICS TODAY,

January, page 93) the Ealing Cor-
poration acquired the optical con-
cern. Now Sanders Associates of
Nashua, N. H., has bought it from
Ealing.

Ethel Snider was appointed to the new
position of administrative secretary
for both the American Crvstallo-
graphic Association and the Ameri-
can Association of Physicists in
Medicine, as of 1 Sept. Snider's
office is at the American Institute of
Physics, which has begun publish-
ing the Quarterly Bulletin of the
AAPM. ACA is a member society
of the AIP, and AAPM is an affili-
ated society.

NEW JOURNALS

Gordon and Breach is publishing four
new journals: Crystal Lattice De-
fects, a quarterly, with R. R. Hasi-
guti, University of Tokyo, as editor;
Geophysical Fluid Dynamics, a
quarterly with A. R. Robinson, Har-
vard, as editor; Modern Geology, a
quarterly, with Luciano B. Ronca,
Boeing Scientific Research Labora-
tories, as editor; Earth and Extra-
terrestrial Sciences: Conference Re-
ports and Professional Activities, to
be published irregularly, with A. G.
W. Cameron, Belfer Graduate
School of Yeshiva University, as
editor.

John G. Daunt is editor of the Journal
of Low Temperature Physics, a new
bimonthly from Plenum Publishing
Corp.

Atomic Data, a quarterly journal "de-
voted to compilations of experi-
mental and theoretical results in
atomic physics," had its first issue in
September. Katharine Way, Duke
University, is editor, and Academic
Press is publisher.

IKirT Nuclear Journal, published by
International Research and Technol-
ogy Corp in Washington, was
started this year to provide analysis
of developments in nuclear technol-
ogy and its impact on society.

Optics Communications, a new quar-
terly devoted to "rapid publication
of short contributions in the fields
of optics and interaction of light
with matter " is being published by
North-Holland Publishing Co. The
editor is Florin Abeles of the Labo-
ratoire d'Optique, Paris. •

sta-bil-i-ty
(stQ-bil's-ti), n., pl.-ties.
1. resistance to change; permanence. 2. the state
or quality of being stable or fixed; steadiness.
3. resistance to crazing and surface deterioration.
4. a meticulously annealed and carefully fabri-
cated NE PLASTIC SCINTILLATOR that
can provide unsurpassed mechanical and optical
properties and maximum light emission.

HE 110 'NE 102
nuclear enterprises, inc.

935 Terminal Way / San Carlos / California 94070 / (415) 593-1455
Associate Company Nuclear Enterprises, Ltd., Edinburgh, Scotland

THERMOELECTRIC
COLD

Completely interchangeable tube sockets permit end-
window PM tube-type and custom-dynode networks to be
used with any of these PFR cooling chambers. The new
TE-109 accepts popular side & dormer-window types. All
permit low light-level detection with maximum dark
current reduction.
Continuous cooling and automatic temperature-stabilizer
circuitry (TE-102 TS) permits remote station operation.
The water-cooled TE-104 is ideal for lab use; and the
dry-ice unit at right (TE-200) loads from top, eliminating
need for disassembly when adding coolant. All PFR
chambers permit continuous, gain-stable, frost-free
operation.
Products for Research has standard and custom chambers
for virtually every PM tube operation — cooled and un-
cooled. Complete specifications and prices sent on request.

Products for Research, Inc.
57 North Putnam Street Danvers, Massachusetts (617) 774-3250
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FORMULATIONS OF CLASSICAL AND QUANTUM DYNAMICAL THEORY
by GERALD ROSEN, Department of Physics, Drexel Institute of Technology, Philadelphia,
Pennsylvania

This monograph reviews the mathematical structure within the logical relationships
between classical mechanics and quantum mechanics for nondissipative, closed physical
systems. Quantum mechanics is formulated according to Feynman, Schreodinger, and
Dirac. Up-to-date detail is given for the conceptually paramount Feynman passage
and "sum-over-histories" formulations for quantum mechanics. The mathematics
necessary for the understanding of this text are introduced in elementary terms, making
the work readily accessible to the reader. Recent quantum field theory applications of
functional differential operator formulations are also included.

December 1969, about 150 pp.

THE FUNDAMENTAL CONSTANTS AND QUANTUM ELECTRODYNAMICS
by B. N. TAYLOR, RCA Laboratories, Princeton, New Jersey. W. H. PARKER, Depart-
ment of Physics, University of California, Irvine, California; D. N. LANGENBERG, Department
of Physics and Laboratory for Research on the Structure of Matter, University of Pennsylvania,
Philadelphia, Pennsylvania.

This volume offers the most critical, comprehensive, and up-to-date analysis of theo-
retical and experimental information bearing on the fundamental physical constants.
This book makes available, in permanent monograph form, an original article appear-
ing in the July 1969 issue of Reviews of Modern Physics; it has been prepared in
cooperation with the American Physical Society in anticipation of the widespread inter-
est this material is certain to evoke among physicists in general as well as workers in the
precision measurements—fundamental constants fields.

December 1969, about 350 pp., $5.00

PHYSICAL ULTRASONICS
by ROBERT T. BEYER, Department of Physics, Brown University, Providence, Rhode Island
and STEPHEN V. LETCHER, Department of Physics, University of Rhode Island

Physical Ultrasonics is intended for graduate students and scientists who plan to apply
ultrasonic techniques to study the physical properties of solids, liquids and gases. A
thorough presentation is given of the generation, propagation and detection of ultra-
sonic waves with emphasis placed on the physical processes such as irreversible thermo-
dynamic treatment of relaxation theory, non linear effects, absorption in insulators, dis-
location damping and spin wave interaction.

November 1969, about 365pp., $18.50

RADIATION AND PROPAGATION OF ELECTROMAGNETIC WAVES
by GEORGE TYRAS, Cullen College of Engineering, University of Houston, Houston, Texas

This volume is intended for use in a two-semester graduate course in electrical engineer-
ing or electrophysics for students with only undergraduate preparation in electromag-
netic theory. It will also provide practicing engineers with a highly valuable reference
source. Topics covered include plane waves in anisotropic media and inhomogenous
media, spectral representation of elementary sources, field of a dipole in a stratified
medium, radiation in anisotropic plasma, axial currents and cylindrical boundaries,
diffraction by cylindrical structures, and aperatures on cylindrical structures.

1969, about 375 pp., $17.50

ACADEMIC PRESS NEW YORK AND LONDON
111 FIFTH AVENUE, NEW YORK, N. Y. 10003
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BOOKS

UFO's: fact or fiction?

SCIENTIFIC STUDY OF UNIDENTI-
FIED FLYING OBJECTS. E. U. Con-
don, scientific director; Daniel S. Gil-
mor, ed. E. P. Dutton, New York,
1969. Cloth $12.95, paper $1.95

ALIENS IN THE SKIES. By John
G. Fuller. 217 pp. Putnam, New
York, 1969. $5.95

UFO's? YES!: WHERE THE CON-
DON COMMITTEE WENT WRONG.
By David R. Saunders and R. Roger
Harkins. 256 pp. The New Ameri-
can Library, New York, 1969. $.95

by GERALD ROTHBERG

If I were asked for the most important
guideline in studying unidentified fly-
ing objects (UFO's), I would un-
doubtedly say, "Be skeptical of every-
thing!" I do mean everything, the
con as well as the pro of the UFO
controversy. Too many persons find
it impossible to delve into the subject
without eventually becoming overly
zealous supporters of their own points
of view. I like to believe this has not
yet happened to me, but so the reader
can judge I will first indicate my back-
ground in the subject.

In the summer of 1967 I worked
for the University of Colorado Un-
identified Flying Objects Project, di-
rected by Edward U. Condon. The
motivation was my belief that evidence
of extraterrestial intelligence (ETI),
if UFO's could provide it, would be
the most important discovery of all
time. The first difficulty, however,
is, "What constitutes evidence?" At
one extreme is Condon's attitude:1

"I won't believe in outerspace saucers
until I see one, touch one, get inside
one [and] haul it into a laboratory and
get some competent people to go
over it with me." At the opposite ex-
treme are the religious fanatics who
have gathered around some of the self-
proclaimed contactees.

This already delicate question of
evidence is further complicated by
economics. With its limited re-
sources, $526 000, the Colorado UFO
project produced a good, minimal ef-
fort. A thorough study would require
orders of magnitude more money.
For example, James E. McDonald,
meteorology professor and senior
physicist at the Institute of Atmo-

spheric Physics, University of Arizona,
talks of an effort the size of the Na-
tional Aeronautics and Space Adminis-
tration. Faced with the economic im-
plications, I would be very confident
of my evidence before accepting ETI
as a reasonable working hypothesis for
recommending a large-scale investiga-
tion.

Almost all our information about
UFO's is from reports of visual sight-
ings. Some of these are truly startling
and mysterious. I am very unhappy
about these sightings, because it is so
easy to be deceived, and after my work
as a field investigator with the Colo-
rado project I am even more skeptical.
One night, for example, I was present
when about a dozen people in Harris-
burg, Pa., reported an object 1000
feet above the city, flashing red,
white and blue. It turned out to be
the star Capella, which was also later
responsible for a report of a flashing
object with projecting antennas and
a dome.

My reason for working with the
Colorado project was to attempt to
improve the objectivity of the data by
obtaining instrumental observations,
or combined instrumental and visual,

with a team of scientists who were
prepared in advance to go into the
field with suitable instruments and
who had good mobility. This ap-
peared possible because there occa-
sionally is an outbreak of UFO activity
reported in a limited geographical
area. There happened to be such an
outbreak in the Harrisburg area that
summer and, after a month of prepara-
tion at project headquarters in Boul-
der, I spent a month there making
what I consider the best attempt so far
to see and record a UFO at first hand.
A brief description of this effort ap-
pears as case 27 in the UFO-project
report. I personally investigated
about 100 sightings and took 9000 pic-
tures with an all-sky camera, set up in
the center of activity, but never saw or
recorded a UFO. Three or four of the
sightings I investigated are as good as
some of the classic cases in the UFO
books, and it is this nagging residual
that keeps me from dismissing the
whole business as ridiculous. When
you arrive at the scene of a sighting
within 30 minutes and an otherwise
normal, respectable family tells you a
large luminous disk with a dome and
a flashing red light hovered 30 feet

LENTICULAR CLOUDS over Sao Paulo, Brazil. (Photo appears in the UFO-project
report and is reproduced courtesy of the Aerial Phenomena Research Organization.)
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over their heads, it is hard to believe
they did not see something real and
strange.

The report of the Colorado project,
Scientific Study of Unidentified Flying
Objects, has to be read by everyone
interested in the UFO question. It
is almost a thousand pages long, but
in the first reading many hundreds of
pages containing peripheral technical
information can be passed over.

Aliens in the Skies by John G. Fuller
is essentially just the transcript of the
"Symposium on Unidentified Flying
Objects" held on 29 July 1968, before
the House Committee on Science and
Astronautics. At this meeting six
reputable scientists, including Mc-
Donald and J. Allen Hynek, professor
and head of the astronomy depart-
ment at Northwestern University and
chief scientific consultant of UFO's to
the Air Force, presented a case for
the continued and expanded study of
UFO's in direct opposition to the
eventual recommendation of the
Colorado project.

Fuller has written two other books
on the subject, Incident at Exeter and
The Interrupted Journey, but this
latest book is definitely not of their
quality. Aside from a number of
nasty remarks about Condon and edi-
torial comments on the testimony,
there is nothing in this book that can
not be obtained from the printed
record available from the govern-
ment.2 Some of the most important
material at the symposium was pre-
pared documents submitted for in-

clusion but not delivered orally at the
meetings. Most of this material is not
included in Fuller's book, which also
lacks a table of contents and does
not identify the congressmen who
participated.

David R. Saunders and R. Roger
Harkins's book, UFO's? Yes!: Where
the Condon Committee Went Wrong,
is meant to be read before reading the
project report itself because, like
Fuller's book, it attempts to question
the credibility of the report by ques-
tioning Condon's objectivity and that
of the project administrator, Robert J.
Low. In my opinion the report does
represent the thinking of a substantial
number of the senior staff, perhaps
even the majority, and therefore it
can not be faulted on grounds of bias.
I would have been less negative and
recommended a small continuing
study.

Although the report suggests that
the usual funding agencies accept re-
search proposals in this area, it ap-
pears very unlikely that the standard
machinery for processing proposals
will result in any grants. I would like
to know if anyone has submitted a
research proposal on UFO's. What-
ever one thinks about the controversy
between Saunders, on the one hand,
and Condon and Low, on the other,
which eventually reached the public in
Fuller's article in Look3 and resulted
in the dismissal of Saunders from the
project, this book and Fuller's are in
fact important complements to the
project report.
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Harkins was a reporter for the
Boulder Daily Camera during the
project. Saunders is a psychology
professor at the University of Colo-
rado and was one of the principal in-
vestigators of the project and its driv-
ing force. He put together a oatalog
of sightings that numbered roughly
2000 by the time I left the project.
The prospective reader then, if he is
not put off by the lurid title and book
oovers, will find a very readable ac-
count of the inner workings of the
project and the conflicts that finally re-
sulted in its schism.

But the book has more in it than
that. The title UFO's? Yes! means
that Saunders now believes there are
at least a small number of "real"
UFO's, that is, reports of UFO's that
lend themselves to thorough investiga-
tion and that have been investigated
and found inexplicable in terms of
known phenomena. This important
point is also made repeatedly in the
UFO symposium. Saunders also be-
lieves that ETI is the least implausi-
ble explanation of these real UFO's.
This is in marked contrast to the pro-
ject report, which plays down the few
unexplained sightings by burying them
in a mass of cases that were plausibly
explained. Of the 59 field investiga-
tions carried out by the project, none,
of course, conclusively support ETI,
but a few interesting cases remain
unexplained, and these should have
been prominently displayed to ensure
they would not be passed over. They
possibly contain the only worthwhile
information in the whole study. Ac-
tually the project case against UFO's
is much stronger than these numbers
indicate. Many sightings are dis-
cussed in other sections of the report
and satisfactorily explained, and per-
haps hundreds of other sightings,
most of which have also been ex-
plained, do not even appear; for ex-
ample, the 100 reported in Harris-
burg, and the numerous ones investi-
gated by telephone and discarded be-
fore field teams were sent.

Saunders discusses what he con-
siders the strongest evidence for real
UFO's and also describes his current
research on statistical and psychologi-
cal aspects of UFO's and possibilities
for future studies. There are also
descriptions of some other UFO sight-
ings that sometimes seem overdrawn
when compared with the descriptions
of them in the project report.

These three books should appeal
to a wide audience. The subject is
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inherently sensational and at times
the documents read like first-rate de-
tective stones, but the investigators'
scientific training also comes through
clearly. None of these books, though,
should be read without the others.

One annoying feature of the project
report is its deliberate obscurity in
witnesses' names and exact sight loca-
tions in the case studies. It is not
clear why this was done, because the
report does not do it consistently, and
in many other cases these identifica-
tions are made. Furthermore some
of these cases are classics in UFO
literature. This procedure makes it
difficult to compare the results of the
project's investigation of a UFO re-
port with the descriptions given in
the other books. Two of the more
difficult examples are case 5 of the
report, which appears on page 126 of
"UFO's? Yes!" and case 42, which ap-
pears on page 197. Paul Julian's
discussion of orthoteny, that is the
straight-line relationship among dif-
ferent UFO sightings, appears in the
report (section 6, chapter 10), but is
not listed in the index and is rele-
vant to Saunders's discussions.

The point of view of the project
report is that all but a small per-
centage of UFO reports can be rea-
sonably explained, including some
that seem very strange. Therefore
it is plausible that the residue of un-
explained reports could also be ex-
plained if more information were
available, and that the hypothesis of
ETI is unnecessary and unproductive.
Saunders, McDonald and others be-
lieve that among this residual are
cases that are demonstrably not caused
by known natural phenomena, and
that ETI is the most plausible hypoth-
esis. We now need some reputable
journal to recognize this legitimate
scientific controversy and to publish
analyses of UFO reports with the ETI
proponents also stating their results.
Who knows? They may just be right.
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Precursors of Galileo and
modern science

MECHANICS IN SIXTEENTH-CEN-
TURY ITALY: SELECTIONS FROM
TARTAGLIA, BENEDETTI, GUIDO
UBALDO & GALILEO. Translated
and annotated by Stillman Drake
and I. E. Drabkin. 428 pp. The
Univ. of Wisconsin Press, Madison,
Wisconsin, 1968. $12.50

by ROBERT S. SHANKLAND

This is a work of the very highest
scholarship and in the tradition of
Stillman Drake's other distinguished
works on Galileo and related subjects
in the history of science. The book
was prepared in collaboration with
the late I. E. Drabkin, and includes
introductions written by him for his
translations. This selection of writ-
ings covers a century that was the
final transition period leading from
medieval to modern science.

The emphasis at that time was
almost exclusively on mechanics, hy-
draulics and the related mathematics,
especially algebra, which was recently
introduced into Europe. It is also the
period when Aristotle's influence
steadily declined and Archimedes of
Syracuse's, whose works had recently
became available in a useful transla-
tion, became more and more domi-
nant. There is also evidence of Hero
of Alexandria's influence and faint
suggestions of ideas from Leonardo
da Vinci.

The editors have prepared a
splendid introduction that could hardly
be improved upon as model writing
in the treatment of the history of
science as a rigorous intellectual dis-
cipline. The excellent translations
present the works of Niccolo Tortag-
lia, Giovanni Benedetti, Guido Ubaldo
and an early hitherto unpublished
work of Galileo on motion, prepared
during his teaching days at Pisa.

Many of the subjects that the
physics student usually associates ex-
clusively with the name of Galileo
were considered in great detail by
some scientists during the 16th cen-
tury. Examples are the science of
weights that led to important appli-
cations in the balance and the in-
vestigations of levers and pulleys
that led to Fontana's success in erect-
ing the Egyptian obelisks in Rome.
Many military machines were studied
and perfected and also the screw of
Archimedes, which to this day plays
an important role in the agriculture

of Egypt. Ballistics commanded
great attention, and also closely
studied before Galileo were falling
bodies and projectile motion, includ-
ing air resistance. During that time
scientists investigated many simple
and complex machines, both for their
inherent scientific interest and for
their great practicality in architecture,
especially as applied by Alberti, and
in shipbuilding and maritime equip-
ment, as shown above all in the great
arsenal at Venice.

This is a fascinating book that
clarifies the earlier scientific develop-
ments that made Galileo's great ad-
vances possible: It is also history in

TRAJECTORY DIAGRAM by Niccolo
Tartaglia, superimposed on a landscape,
as shown by Walther Ryff in Der geomet-
rischen Biixenmeisterey, in Der Archi-
tectiir . . . (Niirnburg, 1558). Photo
courtesy of Burndy Library.

a broader and deeper sense than sim-
ply a record of scientific progress.
There is a fine presentation through-
out of the groping and progress
needed to develop the scientific con-
cepts so essential to Galileo's syn-
thesis of mechanics. The literary
style is excellent, and the scholarship
is detailed and authoritative. The
book is certainly a contribution to our
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When you develop an instrument
capable of near-perfect voltage
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measure charge, current, and
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2.999. Optional digital output also
available.
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understanding the development of
MT WILSON AND PALOMAR OBSERVATORIES

science.

The reviewer is with Case Western Re-
serve University, where he is Ambrose
Swasey Professor of Physics.

Emphasis on hard facts
PHYSICS OF PLANETS. (NASA-
TT-F-515). By V. I. Moroz. 412
pp. NASA, Washington, DC, 1968.
$3.00

by ROMAN SMOLUCHOWSKI

There are few, if any, sciences that
stir the imagination more than astro-
physics. Even the length of articles
in the New York Times, which actually
is acquiring an enviable reputation
as a "science journal," shows that the
only peers of astrophysics in this re-
spect are genetics and other biosci-
ences. For the last ten years or so we
have been bombarded with spectacu-
lar discoveries concerning either re-
mote parts of the universe, which are
populated by such mysterious objects
as quasars, pulsars and John Wheeler's
"black holes," or concerning our own
familiar and much more easily identi-
fiable solar system and its planets.

Unfortunately there are no recent
books in English written on a reason-
ably advanced level dealing with
physics of all planets. Some do exist
on the popular side, such as the other-
wise excellent series published by the
National Aeronautics and Space Ad-
ministration and edited by C. M.
Michaux. Others encompass several
volumes each written by many au-
thors, which precludes continuity and
uniformity of level, and there are
also books that deal only with a few
planets, like the recent (1968) and
very good Introduction to Planetary
Physics by W. M. Kaula.

The author of Physics of Planets,
V. I. Moroz from the P. K. Sternberg
Astronomical Institute in Moscow, has
contributed widely to spectroscopic
observations of nearly all planets. His
present book is an excellent and com-
pact introduction to the whole field
of planetary physics. It starts with
a good summary of basic concepts,
tools and pertinent measurements, fol-
lowed by chapters dealing with
Mars, Venus, Mercury and the giant
planets. There are a large number
of illustrations, diagrams and over 600
references.

JUPITER with red spot and shadow
of the satellite Ganymede above.

The tone of the book would appeal
to a skeptical observer; that is, the
primary effort is placed on facts and
on their evaluation, and only the most
acceptable theories are expounded in
some detail. This is a very welcome
feature in a field where the ratio of
hard facts to theories and hypotheses
is probably even lower than in bio-
sciences.

The main drawback is that the ref-
erences do not go beyond 1965, and
thus the book does not cover such ex-
citing observations as F. J. Low's mea-
surements of the thermal emission of
Jupiter, newer data on the nature of
the polar caps of Mars and of its sur-
face composition and the recent con-
troversy concerning the surface tern-

A partisan view

QUANTUM THEORY OF MATTER.
(2nd edition) By John C. Slater.
763 pp. McGraw-Hill, New York,
1968. $15.00

by PHILIP L. TAYLOR
It is probably true to say that the quan-
tum theory of matter is a subject that
has broadened rather than deepened in
the 18 years since the first edition of
this text was published. Our current
view of a crystal as a bestiary of ele-
mentary excitations has led to an un-
derstanding of many previously puz-
zling phenomena. On the other hand,
our present knowledge of atoms and
molecules, as well as of energy bands
in solids, owes more to large digital
computers that helped us develop con-
cepts formulated in the early days of
quantum mechanics.

In this new edition of his book, John

perature of Venus. On the other
hand, the results obtained by Mariner
4 and the complex decametric- and
decimetric-radiation patterns of Jupi-
ter are discussed in considerable de-
tail. I was particularly impressed by
the space devoted to Jupiter's red
spot, to the famous "south tropical
disturbance" and to the atmospheres
of Jupiter and Mars. Many numeri-
cal data in the book are more up to
date than those in C. W. Allen's As-
trophysical Quantities, which was last
revised in 1962.

On the negative side, one has to
mention first the poor translation and
careless proofreading. For instance
"oblateness" is translated as "com-
pression," and a column in table 97
is titled "Ratio of Planet Mass to
Satellite Mass*' when it should be
"Ratio of the Mean Radius of the
Satellite Orbit to Planet Radius." As
a result the reader is told that Jupiter
is 2.5 times as heavy as its famous
fifth satellite. But a very valuable
feature of the book is that besides
references to Western literature there
are numerous references to Soviet
literature, which is so often unknown
to us. Altogether the book is useful
and should find a wide audience.

R. Smoluchowski is professor of solid state
sciences at Princeton University and has
been active in the part of astrophysics tlxat
deals with properties of condensed matter,
especially the surfaces and the interior of
the moon, Mars and Jupiter.

Slater has chosen not to follow the
path of diversification, but has instead
concentrated on enlarging his treat-
ment of the topics covered in the first
edition. Thus the first half of the
book represents an introduction to
quantum mechanics in the wave-me-
chanical-cum-historical tradition, and
the second half discusses the applica-
tion of the one- and two-electron
Schrodinger equation to a large variety
of molecules and solids. The discus-
sion of molecular orbitals is particularly
clear and extensive and includes de-
scriptions of the ammonia, ethylene
and benzene molecules. There are
ample instructive problems at the end
of each chapter.

Some readers may fault this text for
its failure to mention any aspect of
collective behavior or of those most ex-
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PSNS: The idea
is involvement!

Many students feel that sci-
ence has to be complex, unin-
telligible and uninteresting.
PSNS-a course designed
especially for nonscience
high school seniors and col-
lege freshmen, does away
with that idea.

This new program leads the
student to an understanding
of the nature of solid matter
through the close integration
of textbook and simple labo-
ratory experiments. It is built

around the idea of active
involvement-showing stu-
dents, with everyday tools,
the basic concepts of
physical science.

Laboratory equipment, sup-
plied by Damon, is simple and
inexpensive. The text, An
Approach to Physical Sci-
ence, is developed around
experimentation and encour-
ages speculation, rather than
passive memorization.
Throughout, the program

allows the student to be at
ease with science and to see
scientific concepts as prod-
ucts of human observation.

For more information write:
John Wiley & Sons, Inc.
605 Third Avenue, New York,
N.Y. 10016.

WILEY

(g) DAMON

ouch to I'htjsicul Science
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rating states of matter, the superfluid
land the superconductor. I would be
Fmore inclined to accept this work for
| what it i s -a partisan view of the theory
' of matter-and forgive its author for
Lretaining the book's overly ambitious
•title. This new edition will be warmly
[welcomed by anyone who has enjoyed
f the earlier version, and will bear fur-
ther witness to Slater's qualities as one
of our most notable teachers.

does have some attractive features that
would make it worthwhile for refer-
ence purposes, including a commenda-
ble neatness of organization, a clarity
of exposition that takes nothing for
granted and many meticulously drawn
diagrams. To the teacher of elemen-
tary physics it would provide a good
source of supplementary material, but
for the practically minded engineer

and technician, who encounters prob-
lems involving light and sound, it has
enough useful information that can be
obtained quickly to make it a good
place to look first.

Robert Lindsay is a professor of physics
at Trinity College and has been teaching
physics to science and engineering majors
for 15 years.

Thilip Taylor is associate professor of
physics at Case Western Reserve Univer-
sity, and is the author of a forthcoming
text on the quantum theory of solids.

Waves and lines

LIGHT AND SOUND FOR ENGI-
NEERS. By R. C. Stanley. 344
pp. Hart Publishing Co., 1968.
$12.00

by ROBERT LINDSAY

This book, by a British author who is
lecturer in applied physics at Brighton
College of Technology, is an effort to
provide a broader and deeper exposi-
tion of sound and optics than the typi-
cal British engineering student might
be expected to obtain from his elemen-
tary physics course. The chapters de-
voted to geometrical optics give con-
siderable attention to such often by-
passed topics as thick lenses, aberra-
tions and photometry as well as ana-
lyzing in more than usual detail some
of the commonly encountered optical
instruments.

The chapters on physical optics em-
ploy standard approaches to interfer-
ence, diffraction and resolving power
with a theoretical development based
almost completely on the principles of
superposition and the Huygens tradi-
tion. No mention is made of recent
work in lasers and holography. The
chapters on sound include the de-
scription of techniques for measuring
the velocity of sound in solids, liquids
and gases, a thorough but elementary
treatment of the vibrating string and
several resonance situations and a sur-
vey of architectural acoustics and ul-
trasonics.

Most US engineering curricula re-
quire three or four semesters of ele-
mentary physics. Existing texts al-
ready treat these subjects at a reason-
able depth and it appears unlikely that
a book at this relatively low level
would be suitable as a regular text. It

Two aids for galactic research

STELLAR KINEMATICS. By W. M.
Smart. 320 pp. Wiley, New York,
1968. $12.50

GALACTIC ASTRONOMY. By Dimi-
tri Mihalas, with collaboration of
Paul McRae Routly. 257 pp. W. H.
Freeman, San Francisco, Calif.,
1968. $10.00

by KENNETH YOSS

These two books are useful additions
to the sparse list in galactic research,
which is receiving more attention with
the recent availability of a new gen-
eration of modern observational
equipment. Proper appreciation and
analysis of the resulting data is es-
sential, and these two books should
aid in this increased activity.

Despite the first-glance similarity
(six of eight chapters in one are on

the same topics as six of 14 in the
other), the purposes are totally dif-
ferent, as are the levels of usefulness.
One is a textbook for a first course in
galactic structure, the other a detailed
mathematical explanation of well
known classical problems in stellar
kinematics.

W. M. Smart is well known for his
precise mathematical developments
concerning problems in galactic struc-
ture. His Spherical Astronomy and
Stellar Dynamics are classics, familiar
to and often used by researchers in
galactic structure. Stellar Kinematics
is limited to basic problems concern-
ing stellar motions, and many sections
are modifications from Stellar Dynam-
ics, which does not lessen its useful-
ness. Smart's attention to detail is

MEDIEVAL COSMOLOGY. Woodcut depicts traveler putting his head through the
vault of the sky to discover the complexities that move the stars. (Photo taken from
Knowledge and Wonder by Victor F. Weisskopf, Doubleday, 1966.)

PHYSICS TODAY . DECEMBER 1969 • 75



\s\ss*

Big
ones
o r -

. . . little ones . . .

. . . in the , . - ^ V
discharge capacitor field
MAXWELL carries them!

Series C
Energy
Discharge
Capacitors
5 kV to 75 kV

• High voltage
• Low inductance
• High voltage reversal
• Long life expectancy
• Low cost/ joule
• Immediate delivery

1.85,uF-60kV

" x 1 4 " x 2 5 "

Series M Pulse Discharge Capacitors
FOR LASER SYSTEMS -

AND OTHER APPLICATIONS

• Up to 125 J/lb

• to 7.8 J/in.3

• to 12 kV
• Low inductance
• High repetition rates
• Long life expectancy
• Over 150 models
• Immediate delivery

3 W DIA.
3 Yz» LG.

For details
contact: MAXWELL

MAXWELL LABORATORIES, INC.
9244 Balboa Avenue

San Diego, Calif. 92123
(714) 279-5100

PUBLISHING CORPORATION

THE MANY-BODY PROBLEM
MALLORCA INTERNATIONAL SCHOOL OF PHYSICS, AUGUST 1969

Director , L. M. Garr ido , Professor of Theoretical Physics, University of Barcelona
Edited by A. Cruz, University of Zaragoza
and T. W. Preist, University of Exeter

In an attempt to encourage new research and to consolidate prog-
ress made, eminent physicists discuss numerous aspects of the
many-body problem. Invaluable as a state-of-the-art report on
this vital topic, the book features papers by L. J. Boya, E. R. C.
Caianiello, C. B. Dover, C. P. Enz, I. Fujiwara, L. van Hove, N. J.
Horing, P. C. Martin, W. Thirring, and E. J. Verboven.
333 PAGES NOVEMBER 1969 $15.00

ELEMENTARY EXCITATIONS IN SOLIDS
PROCEEDINGS OF THE CORTINA LECTURES AND 4 LECTURES FROM
THE CONFERENCES ON LOCALIZED EXCITATION, BOTH HELD IN
MILAN
Edi ted by A. A. Marad l ld in , Department of Physics, University of California at
Irvine
a n d G. F. Narde l l i , Groppo Nazionale Struttura della Materia, C.N.R. and Physics
Institute, University of Milan, Italy

Reporting the latest advances in the field, this volume will be of
great value to solid state physicists and crystallographers.
CONTRIBUTORS: A. A. Maradudin, G. F. Nardelli, W. Ludwig, M. Bal-
kanski, M. F. Collins, A. J. Sievers, R. O. Pohl, R. J . Elliott, J. Callaway,
P. Resibois, E. Burstein, J. J . Hopfield, G. Baldini, I. P. Ipatova, A. A.
Klochikhin, R. F. Wallis, G. Chiarotti.
536 PAGES NOVEMBER 1969 $35.00

MOSSBAUER EFFECT METHODOLOGY
Series e d i t e d by I rwin J . G r u v e r m a n , Head, Special Sources Department,
New England Nuclear Corporation, Boston, Massachusetts
Volume 5
PROCEEDINGS OF THE FIFTH SYMPOSIUM ON MOSSBAUER EFFECT
METHODOLOGY, HELD IN NEW YORK, FEBRUARY, 1969

Presenting outstanding contributions on current developments,
the latest volume in this invaluable series includes reports on en-
vironmental control, new applications and methodology, and tech-
niques for measurements in radioactive materials. Interdis-
ciplinary in approach, this book discusses Mossbauer applica-
tions in such fields as metallurgy, mineralogy, and biology.
CONTENTS: Spectroscopy: Mossbauer effect studies of lattice dyna-
mic anisotropy and line asymmetry in semiconductor and organometallic
tin compounds, H. A. Stockier and H. Sano • Mossbauer spectroscopy
of inorganic antimony compounds, J. G. Stevens and L. H. Bowen •
Mossbauer spectroscorpy of organometallic compounds in noncrystalline
matrices, S. Chandra and R. H. Herber • Mossbauer effect studies on
Eu1*1 in mixed oxide structures, G. W. Dulaney and A. F. Clifford • Sys-
tematic interpretation of the isomer shifts in t in , antimony, tellurium,
iodine, and xenon, G. K. Sheney and S. L. Ruby • Mossbauer studies of
vitamin Bn and some related cobalamins, R. T. Mullen • Applications:
Polarization effects in Mossbauer absorption by single crystals, R. M.
Housley • Determination of zero point phonon parameters: Calibra-
tion of the second order Doppler shift, T. A. Kitchens, P. P. Craig, and
R. D. Taylor • The Mossbauer effect in microcrystals, D. Schroeder •
After-effects of Auger ionization following electron capture in cobalt com-
plexes, Amar Nath, M. E. Vin, P. Klein, W. Kundig, and D. Lichtenstein •
Methodology: Mossbauer effect in radioactive materials, A. J. F. Boyle
and G. J . Perlow • The Mossbauer effect: A new method for measuring
diffusion, J. G. Mullen and R. C. Knauer • Mossbauer spectrometry as
an instrumental technique for determinative minerajogy, C. L. Herzen-
berg • Mossbauer experiments with a He3 /He4 dilution refrigerator, G.
M. Kalvius, T. E. Katila, and O. V. Lounasmaa.
APPROX. 267 PAGES JANUARY 1970 $19.50

RADAR CROSS SECTION HANDBOOK
By George T. Ruck, Sen/or Research Scientist
Donald E. Barrick, William D. Stuart, and Clarence K. Krichbaum,
Battelle Memorial Institute, Columbus, Ohio
In two volumes this extensive work is the first which attempts to
give radar cross section data and analytical techniques for all
radar targets for which information is available. With results
presented through curves, tables, and engineering equations,
the Handbook features a special chapter devoted to detailed de-
scription of theoretical techniques, and is invaluable as a ref-
erence for both scientists and students.
APPROX. 935 PAGES JANUARY 1970 2 VOLUMES, $75.00

consultants bureau/plenum press
Divisions of Plenum Publishing Corporation

114 FIFTH AVE., NEW YORK, NEW YORK 10011
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again evident, and this book should
prove invaluable to a worker coi>
cerned with proper procedure, the ef-
fect of observational errors and in-
complete sampling on the results.

This concern for detail is in vivid
contrast to his virtual omission of
modern interpretation of the observa-
tions. For example, solar motion is
treated in a classical manner; the
cause of variation in solar apex for
different stellar groups and the dis-
tinction between standard and basic
solar motion are not mentioned.
Chapters 3 and 4 are concerned with
star streaming, which has historical
and mathematical interest but little
immediate practical use. The next
chapter introduces the concept of el-
lipsoidal distribution of stellar-velocity
vectors, but his discussion of its fun-
damental cause, found in the final
chapter on galactic rotation, is very
brief. He avoids such interwoven
topics as stellar-density distribution
and galactic dynamics so limiting the
book to kinematic problems, as the
title indicates.

Dimitri Mihalas is known for his
fine work in stellar atmospheres, and
he is to be admired for his motivation
in writing Galactic Astronomy. A
first text in galactic structure is
needed, and this book goes far in fill-
ing the vacancy. It is regrettable that
the first modern text has not been
written by an experienced researcher
in the field, however, because so much
of its value depends on the proper
evaluation of available observational
data. Unlike Stellar Kinematics, dis-
cussion and interpretation of observa-
tions are included but at times should
be more extensive.

The first three chapters in Mihalas's
book are devoted to brief descriptive
topics found in elementary texts, but
these 45 pages should either have
been omitted entirely or significantly
expanded. The weakness of this sec-
tion is exemplified in the discussion
of eiTors in trigonometric parallaxes.
His explanation for negative parallaxes
is actually incorrect. It is regrettable
that he did not reference more au-
thoritative sources, such as Peter van
de Kamp's Principles of Astrometry
(W. H. Freeman), which deals in
detail with problems of this type.
From chapter 4 on, where he is con-
cerned with specific details of stellar
motions, galactic rotation and galactic
dynamics, there is little to criticize.
Mihalas writes well, and the book con-
tains sufficient detail to introduce

the student to the concepts. Unlike
Smart, he effectively discusses the cur-
rently important problems of galactic
structure, such as interstellar absorp-
tion and the relation between stellar
populations (ages) and motions (ve-
locity ellipsoids). In many cases dia-
grams would have better conveyed
the concepts than the extensive tables,
most of which are unnecessary in a
book of this type.

The difference in detail in the two
books, which illustrates the basic dif-
ference in their purposes, is vividly
depicted in the respective chapters on
statistical parallax; Mihalas devotes
six pages to it (a good length for a
textbook), and Smart takes 36 pages.

Both books will remain useful for
some time: Stellar Kinematics be-
cause it represents a rigorous mathe-
matical approach to standard prob-
lems in the subject, quite independent
of the constant, but slow, improve-
ment and increase in observational
data; Galactic Astronomy because
it is presented in a readable form and
includes most major topics of interest
in the subject at a useful level for a
first text in the field.

Kenneth Yoss is an astronomy professor
at the University of Illinois Observatory,
Urbana, III

Beauty in the eye of the beholder

LAGRANGIAN DYNAMICS: AN IN-
TRODUCTION FOR STUDENTS. By
C. W. Kilmister. 136 pp. Plenum,
New York, 1968. $7.50

by GARRISON SPOSITO

In 1834, while in the process of de-
livering his own name onto the list of
the immortals in physics, Sir William
Rowan Hamilton wrote in celebration
of the men who had created analytical
mechanics. He singled out with obvi-
ous gratitude Comte Joseph Louis
Lagrange as one who had "perhaps
done more than any other analyst to
give extent and harmony to such de-
ductive researches, by showing that
the most varied consequences respect-
ing the motions of systems of bodies
may be derived from one radical for-
mula; the beauty of the method so
suiting the dignity of the results, as to
make his great work a kind of scientific
poem."

Hamilton's elegant praise has in no
sense become hyperbole with the pas-
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Technological
Injury:
THE EFFECT OF
TECHNOLOGICAL ADVANCES
ON ENVIRONMENT, LIFE
AND SOCIETY
Edited by J. Rose

Technological advances in this cen-
tury have been of immense benefit
to mankind: they have also re-
sulted in grave dangers, affecting
the very fabric of life and society.
Thus, the higher standard of living
is accompanied by the catastrophic
pollution of our environment, cities
in distress, populations under stress
and an economy based on waste.
But man has a choice of keeping this
planet healthy or of dying with it.

This book is a collection of 15 chap-
ters contributed by experts in vari-
ous fields relating to the effect of
technology on environment, life and
society. The aim of this work is to
present to an intelligent public a
sober and fair account of the poten-
tial and actual dangers of techno-
logical advances. Technological In-
jury points out these dangers, im-
partially discusses their implica-
tions, and shows what steps should
be taken to counteract the existing
and potential effects. The contents
of this book are divided into 2 sec-
tions: POLLUTION OF THE EN-
VIRONMENT and EFFECTS ON SO-
CIETY AND LIFE. All who care
about the world they live in will
welcome this book.

-ORDER FORM-

GORDON AND BREACH,
SCIENCE PUBLISHERS, INC.
150 Fifth Avenue, New York, N. Y. 10011
Please send ^ copy(ies) of TECHNO-

i Effect of Technologi-
cal Advances on Environment, Life, and So-
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Reference Edition

$19.50/Prepaid $15.60
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^Professional Editions are available only to in-
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Neve and Outstanding
Texts from HVHey

THE ELEMENTS AND STRUCTURE OF THE
PHYSICAL SCIENCES
Second Edition
By J. A. RIPLEY, JR., Stanford University; and R. C. WHITTEN,
National Aeronautics and Space Administration.
Discusses the development of the underlying principles of the
physical sciences. 1969 Approx. 704 pages $11.50

QUANTUM MECHANICS
Second Edition
By EUGEN MERZBACHER, University of North Carolina,
Chapel Hill.
Revised and expanded, this new edition includes a thorough
treatment of second quantization and an introduction to the
quantum field theory of photons and electrons.

1969 Approx. 608 pages In press

THERMAL PHYSICS
By CHARLES KITTEL, University of California, Berkeley.
A new, modern, elementary approach to thermal physics based
on the methods of Gibbs. 1969 Approx. 448 pages $10.95

OPTICS
By MILES V. KLEIN, University of Illinois.
An intermediate level text on classical geometrical and physi-
cal optics. 1969 In press

NUMBERS AND UNITS FOR PHYSICS
A Program for Self-Instruction
By ROBERT A. CARMAN, San Bernardino Valley College.
A programmed introduction to the quantitative language of
physical science; designed as a self-study supplement to
beginning courses. 1969 In press

ELEMENTARY RADIATION PHYSICS
By G. S. HURST, University of Kentucky; and J. E. TURNER,
Oak Ridge National Laboratory.
Explains basic atomic and nuclear physics, emphasizing as-
pects of importance in medicine and nuclear engineering.

1969 Approx. 326 pages In press

John Wiley & Sons, Inc.
605 Third Avenue, New York, N.Y. 10016
In Canada: John Wiley & Sons Canada Ltd., 22 Worcester Road, Rexdale, Ontario
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sage of time. I n remarkable analogy
with its creator's undiminishing pres-
tige as succeeding revolutions racked
his adopted country, the Lagrangian
method has stood impervious to the
two great revolutions that have trans-
formed dynamics in this century. The
words written by Hamilton could in all
respects have been written as well by
Richard Feynman or Julian Schwinger.

It is no wonder then that one might
wish to include at least a peek at
Lagrangian dynamics in an advanced
undergraduate course on classical me-
chanics. The problem is that such a
peek has to be elementary but not
superficial, and that this condition is
difficult to meet in most textbooks
without their becoming impossibly
bulky. The solution to the dilemma,
according to C. W. Kilmister, mathe-
matics professor at King's College in
London, is to add to the reading list a
little volume such as his Lagrangian
Dynamics: An Introduction for Stu-
dents.

Kilmister's book contains six chap-
ters, of which the third through fifth
are involved directly with illustrations
of the Lagrangian method. To be
honest, one must say that these chap-
ters will be largely incomprehensible
to the reader who does not know fairly
well the calculus of variations and vec-
tor analysis. Moreover the reader
must have a feeling for, or at least a
great tolerance of, the dynamics of
rigid bodies, because the discussions
deal solely with macroscopic systems
subject to constraints.

In chapter 3, for example, we meet
the symmetric top, a hoop (inside of
which dangles a simple pendulum) a
bell and clapper slightly idealized and
a centrifugal governor. In the fourth
chapter, on small vibrations, we face
the double pendulum; in the fifth, on
impulsive forces, we observe a rhom-
bus of uniform rods collide with a wall.
The character of these applications will
likely preclude the use of the book by
anyone who believes heartily that the
notion of constraint is artificial in the
present milieu of dynamics.

It is probably not without some
value to remark that this book might
have a special appeal to professors or
students who prefer to see classical
mechanics as applied mathematics
rather than theoretical physics. The
tone of the book is decidedly mathe-
matical, and it achieves its finest form
with the statement, in chapter 2, that
"the reason why the anholonomic case
can arise is now simply that not all

vector fields are families of normals to
hypersurfaces." In the same sense one
might add, with a twinkle in one's eye,
that the reason why aperiodic oscilla-
tions in three-space can arise is that
not all numbers are rational. Evi-
dently beauty is indeed in the eye of
the beholder.

An associate professor at Sonoma State
College, California, the receiver has
taught courses on analytical dynamics for
the past few years.

Highly coherent

FUNDAMENTALS OF QUANTUM OP-
TICS. By John R. Klauder and E.
C. G. Sudarshan. 279 pp. W. A.
Benjamin, New York, 1968. $13.50

by MARVIN M. MILLER

Since the publication in 1963 of a se-
ries of papers by R. J. Glauber, the
quantum theory of optical coherence
has become an active area of research.
However, with the notable exception of
Glauber's 1964 Les Houches lecture
notes, an authoritative account of the
many interesting developments in this
field has not been available in book
form. The appearance of a mono-
graph by two of the leading contribu-
tors in the field, J. R. Klauder and E.
C. G. Sudarshan, is especially timely
because of the importance of this re-
search, and the fruitful application of
the notion of coherent states to the
study of problems outside the domain
of quantum optics.

The first three chapters are devoted
to a concise review of selected topics
in classical-coherence theory and semi-
classical-counting statistics. Chapter 4
considers the physical origin and treat-
ment of coupled, nonlinear, partial dif-
ferential equations with stochastic-
driving terms, or stochastic-initial con-
ditions or both. Although such equa-
tions arise in many physical contexts,
this discussion has particular relevance
in quantum optics, in view of the suc-
cess of model-laser theories that de-
scribe the dynamics of the nonlinear
interaction between the laser systems
and reservoirs by means of fluctuation
equations with Markoffian noise-source
excitation.

Chapters 5 and 6 provide a lucid
exposition of some basic concepts of
abstract quantum mechanics and a
nonrelativistic analysis of the operator
equations of motion for the electro-
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magnetic field. Chapter 7 is a detailed
account of the properties of the co-
herent states. Among the topics dis-
cussed are the completeness (appar-
ently first noted by John von Neu-
mann) and over completeness of these
states, their relationship to Segal-Barg-
mann Hilbert spaces of entire functions
and the differential-operator represen-
tation of the creation and annihilation
operators.

Especially noteworthy is the dis-
cussion in chapter 8 of a particular co-
herent-state representation of the den-
sity operator that specifies the statis-
tical state of the radiation field and is
known in the literature as the diagonal
or F representation. As Glauber has
remarked, the question of the gener-
ality of this representation "lies in
mathematically rather deep waters,"
and has provoked a fair amount of con-
troversy and confusion in the past.
The authors' rigorous formulation of
the optical-equivalence theorem, and
their discussion, particularly on page
192, of its physical implications should

A review of reviews

ANNUAL REVIEW OF PHYSICAL
CHEMISTRY, VOL. 19, 1968. H.
Eyring, C. J. Christensen, H. S.
Johnston, eds. 645 pp. Annual
Reviews, Palo Alto, California, 1968.
$6.50

by E. E. MUSCHLITZ, JR

Volume 19 of Annual Review of Phys-
ical Chemistry is the 1968 edition of
a long and successful series. The
current volume contains 20 articles
and presents the reviewer with a dif-
ficult task in doing justice to the ef-
forts of all the authors involved.
Physical chemistry includes a wide
variety of topics, and the breadth of
the subject is amply demonstrated by
individual review titles in the volume.
The reviews are well written and doc-
umented, most having 100 or more
references and many having over 200.

Periodic short reviews of progress in
active areas of research are of value
not only to the experienced investiga-
tor but also to the graduate student.
Especially for the latter, a good re-
view article should be instructive as
well as informative. Most of the re-
views in this volume have achieved
this objective.

A. N. Frumkin and N. M. Emanuel
of the USSR Academy of Sciences are
the authors of an interesting survey,

prove valuable in illuminating the re-
lationship between the quantum and
semiclassical theories of optical coher-
ence.

The last two chapters deal with spe-
cial states of the radiation field and in-
tensity interferometry in quantum op-
tics. There is a discussion of various
laser models and J. P. Gordon's inter-
esting approach to the model devel-
oped by M. Lax is considered in some
detail.

The level is suitable for advanced
students and research workers in quan-
tum optics. It is written in a clear
style with a careful attention to math-
ematical and physical subtleties not
often considered in the literature, and
it is highly recommended to those who
wish an authoritative account of re-
cent work in this area.

The reviewer is assistant professor of elec-
trical engineering at Purdue University
specializing in quantum optics and elec-
tronics.

"Fifty Years of Soviet Physical Chem-
istry," which heads the list of articles.
This is followed by reviews on "Elec-
tric Paramagnetic Resonance" by Alan
Carrington and Geoffry Luckhurst;
"Fused Salts" by S. J. Yosin and H.
Reiss; "Electrochemistry" by Fred An-
son (perhaps too broad a field for a
short review article) and "Experi-
mental Inorganic Thermochemistry"
by W. N. Hubbard, P. A. G. O'Hare
and H. M. Feder. Recent develop-
ments, particularly new experimental
techniques, in studies of "Fast Reac-
tions in Solution" are described by
Edward Eyring and Bruce Bennion.

R. Henry and Michael Kasha have
written a penetrating review on "Ra-
diationless Molecular Electronic Tran-
sitions" in which they give a critical
historical summary of the theory of
these processes and develop the sta-
tionary-state approach to excited-state
interactions of Rhodes, Henry and
Kasha and of Jortner that eliminates
radiationless transitions. "Ligand
Substitution Dynamics" by Cooper
Langford and Thomas Stengle is the
next review, and it is followed by a
thorough analysis of recent theory and
experiment on "Vibrational and Rota-
tional Relaxation" by Roy Gordon,
William Klemperer and Jeffrey Stein-

PHOTON
SPECTROMETER

SYSTEMS

NEC/ has acquired the entire stock
of TMC Si(Li) Nondispersive X-ray
Spectrometer Systems (Photon Spec-
trometers) - over 40 in all. Resolu-
tions on several of these are as low as
325 eV. The entire stock is being
offered at sale prices.

Sample Prices
350 eV $2950
550 eV 1450

Also on Sale:

Preamplifiers
Detector Bias & Preamp

Power Supplies
Ion Pump Power Supplies

Write or phone for details or visit us
for an inspection of inventory.

NUCLEAR EQUIPMENT CORPORATION

931 Terminal Way,
San Carlos, Calif. 94070. 415-591 8203
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II LIN U t i l O u l t N I I M U . . . apparatus for physics teaching and

demonstration, industrial optics, crystal structures and orbital models.

i:

PHYSICS CATALOG
Mechanics
Heat
Optics
Electricity
Atomic and Nuclear Physics

i:

i:

OPTICAL CATALOG
Constructional Parts for Optical Benches
Micro-Optical-Bench
Optical Accessories Cathetometers
Viewing Telescopes Electrometers
Microwave Teaching Equipment

ORBITAL CATALOG
Orbital Models
Permanent Crystal Models
Basic Series of Crystallographic

Structures
Components for Building Models

K L I N G E R S C I E N T I F I C A P P A R A T U S C O R P O R A T I O
83-45 Parsons Blvd.. Jamaica. N. Y. 11432

Now, in one complete package, you can perform functions re-
quiring concentrated intense heat or l ight . . . aging and thermal
stress testing . . . soldering and unsoldering . . . heat shrinkage
and curing . . . evaporation and outgassing in air or vacuum .. .
material softening and melting . . . many, many more.

The CINTRA Model 506 Thermal/Light Source is rich in infra-
red, visible and ultraviolet radiation. The controlable radiant
power from a Tungsten Halogen Lamp is focused to a con-
venient work area outside the quartz exit window. Constant
power outputs to 150 watts per cm2 at effective temperatures
to 3400°K are obtainable.

Let me know if the CINTRA Model 506 Thermal/Light Source
will work in my application:

NAME

COMPANY.

ADDRESS.

CITY & STATE. ZIP.

440 Logue Avenue
Mountain View, California 94040
(415)969-9230

Cintra
L. Physics International Company I
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feld. These authors have included
several valuable tables collating the
various systems that have been stud-
ied with the experimental methods.

Only in recent years with the ad-
vent of ultrahigh-vacuum techniques
has it been possible to carry out sur-
face studies on clean single-crystal
surfaces. Gabor Somorjai reviews the
experiments on surface structure, sur-
face dynamics and gas-surface inter-
actions in his article on "Surface
Chemistry." Lewis Friedman's review
on "Ion-Molecule Reactions" empha-
sizes the new experimental techniques
with tandem mass spectrometers
(measurements of the product-ion en-
ergies and angular distributions have
recently been made for several reac-
tions), ion cyclotron resonance for
studies of reaction mechanisms and
photoionization as a means of produc-
ing reactant ions in known internal-
energy states.

The review "Mass Spectrometry" by
Kenneth Rinehart Jr and Thomas
Kinstle attempts to cover too large a
topic for a short review article. The
emphasis is on high-resolution mass
spectrometry and structure of organic
positive ions. Alan Haught writes a
very instructive review on "Lasers and
their Applications to Physical Chem-

Machine calculations

COMPUTING METHODS FOR SCIEN-
TISTS AND ENGINEERS. By L. Fox
and D. F. Mayers. 255 pp. Oxford
Univ. Press, New York, 1968. $6.25

by NORMAN A. BAILY

The authors, members of the Oxford
University Computing Laboratory,
state that the primary purpose of this
book is to enable its users to improve
their use of the computer and to ob-
tain more accurate and meaningful so-
lutions. If one restricts its application
to that of a handbook, it should have
no difficulty in achieving the authors'
aims. However, the mathematics are
complex enough that even physical sci-
entists who are primarily experimen-
talists would have to spend consider-
able time studying the suggested meth-
ods to determine the proper one for a
particular problem.

The field of automatic computation
is of prime importance in all branches
of science, and the book emphasizes
the proper selection of methods for
the numerical solution of many differ-
ent mathematical forms. The book,

istry." This is followed by reviews on
"Gas Reactions Yielding Electronically
Excited Species" by B. A. Thrush,
"Statistical Mechanics—A Review of
Selected Rigorous Results" by Joel
Lebowits, "Vibrational Spectroscopy"
by Herbert Strauss and "Nuclear
Magnetic Resonance" by J. Jonas and
H. S. Gutowski.

D. W. Urry's review "Optical Ro-
tation" is centered on applications to
peptides and polypeptides. This is
followed by an article on "Quantita-
tive Conformational Analysis; Calcula-
tion Methods" by James Williams, Pe-
ter Stang and Paul Schleyer and one
on "He3—He4 Solutions" by Norman
Phillips.

The editors are to be congratulated
on their selection of authors for this
volume, for each is an acknowledged
expert in his field. These authors have
treated their subjects not only in a
comprehensive but also a critical fash-
ion. In the current era of a burgeon-
ing literature, good reviews such as
these are filling a role that is becom-
ing more and more essential.

E. E. Muschlitz Jr is a chemistry pro-
fessor and head of physical chemistry at
the University of Florida.

therefore, makes a very valuable con-
tribution because a vast majority of
computer users have not ordinarily
delved deeply into the problems dis-
cussed. Sections of the book are quite
sophisticated and possibly would be
difficult for the occasional machine
user to apply properly. It is specifi-
cally designed for persons thoroughly
familiar with computing but who per-
haps do not have either the training
or experience to obtain the best results.
In general, the book is an excellent re-
view of the methods for handling com-
mon difficulties.

Some of the more important topics
covered are: error analysis, floating-
point arithmetic, recurrence relations,
finite differences and the usual com-
mon operations such as polynomials,
matrices and numerical integration.
The authors have stressed the impor-
tant difference between inherent and
induced stability and have treated fun-
damental theory where they felt that
it was not well known by most com-
puter users. The book does not em-

CAMBRIDGE

UNIVERSITY PRESS

Elements of Advanced
Quantum Theory
J. M. ZIMAN

In this newly published work, Pro-
fessor Ziman uses the same kind of
approach he employed successfully
in his Principles of the Theory of
Solids.

He gives a connected mathemat-
ical derivation of the important
results, concentrating on the central
ideas without elaborate detail or
unnecessary rigor. He explains in
the simplest possible terms the sym-
bols and concepts which frequently
confront the active research worker
in solid state, nuclear, and high-
energy physics, and in theoretical
chemistry: field operators, propaga-
tors, graphs, Green functions, spin-
ors, the S-matrix, irreducible repre-
sentations, continuous groups, etc.

$9.50

The Physics of Metals
Part 1: Electrons
Edited by J. M. ZIMAN

Part 1 of this two-volume work treats
the electronic properties of metals
and contains articles on the calcu-
lation of band structures (V. Heine),
observation of the Fermi surface (D.
Shoenberg), effects of a magnetic
field (A. B. Pippard), surface and size
effects (R. G. Chambers), conduc-
tion of heat and electricity (J. M.
Ziman), liquid metals (T. E. Faber),
alloys (P. J. Brown and W. H. Taylor),
and special properties of transition
metals (J. Friedel).

Part 2, in preparation, is subtitled
Defects and is being edited by P. B.
Hirsch.

Part i : Electrons $14.50

CAMBRIDGE UNIVERSITY
PRESS

32 East 57th Street
New York, N.Y. 10022
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The Lincoln Laboratory of the Massachusetts Institute of Technology
conducts research in selected areas of advanced electronics with
emphasis on applications to national defense and space exploration.
Radio Physics is a field of major interest. The program includes
radio propagation studies leading to systems for satellite and deep-
space communications, as well as investigations of the sun and
the planets, utilizing new techniques of radar astronomy. All
qualified applicants will receive consideration for employment without
regard to race, creed, color or national origin. Lincoln Laboratory,
Massachusetts Institute of Technology, Box 15, Lexington, Mass. 02173.

bolid State Physics
Information Processing
Radio Physics and Astronomy
Radar
Computer Applications
Space Surveillance Techniques
Re-entry Physics
Space Communications
A description of the Laboratory's
work will be sent upon request.
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phasize derivations but rather provides
detailed procedures for testing and ar-
riving at a specified computational er-
ror that might be caused by rounding
errors and degree of approximation.
Even though its treatment is limited,
the book provides a much needed

' compendium of computational meth-
ods applicable for the solution of many
common problems.

The reviewer is with the University of
California, San Diego, and is a machine
user both for the numerical evaluation of
theoretical expressions and for the practi-

| cal applications of radiation dosimetry.

NEW BOOKS

ELEMENTARY PARTICLES
Phenomenological Theories of High En-
ergy Scattering: An Experimental Eval-
uation. By Vernon D. Barger and David
B. Cline. 201 pp. W. A. Benjamin, New
York, 1969. Cloth $15.00, paper $6.95
Theory and Phenomenology in Particle

I Physics, Part A and B. A. Zichichi, ed.
315 pp. Academic, New York, 1969.
$14.00
Springer Tracts in Modern Physics, Vol
49: Electron Scattering, Photoexcitation
and Nuclear Models; Baryon Current
Solving SU(3), Charge-Current Algebra.
G. Hohler, ed. 146 pp. Springer-Verlag,

j . New York, 1969. $11.00

NUCLEI
Springer Tracts in Modern Physics, Vol.
49: Electron Scattering, Photoexcitation
and Nuclear Models; Baryon Current
Solving SU(3), Charge-Current Algebra.
G. Hohler, ed. 146 pp. Springer-Ver-
lag, New York, 1969. $11.00
Introduction to Nuclear Physics and
Chemistry. (2nd edition). By Bernard
G. Harvey. 463 pp. Prentice-Hall, En-
glewood, N. J., 1969. $14.95
Advances in Nuclear Physics, Vol 3.
Michel Baranger and Erich Vogt, eds.
480 pp. Plenum, New York, 1969.
$22.50

I> Induced Radioactivity. By Marcel Bar-
| bier. 424 pp. Wiley (Interscience),

New York, 1969. $21.00

ELECTRICITY AND MAGNETISM
Francis Bitter, Selected Papers and Com-
mentaries. T. Erber and C. M. Fowler,
eds. 551 pp. MIT Press, Cambridge,

* Mass., 1969. $20.00
' Fundamentals of Electrodynamics. By
Boris Polosky and Kaiser S. Kunz. 492
pp. Marcel Dekker, New York, 1969.
$14.50

FLUIDS, PLASMAS
Magnetodynamique des Fluides. (2nd

edition). By Henri Cabannes. 289 pp.
Centre de Documentation Universitaire,
Paris, 1969.
Nonlinear Plasma Theory. By R. Z. Sag-
deev and A. A. Galeev. 122 pp. W. A.
Benjamin, New York, 1969. Cloth
$12.50, paper $4.95
Flow Equations for Composite Gases.
J. M. Burgers ed. 332 pp. Academic
Press, New York, 1969. $18.50

SOLIDS
Semiconducting II-VI, IV-VI, and V-VI
Compounds. By N. Kh. Abrikosov, V. F.
Bankina, L. V. Poretskaya, L. E. Sheli-
mova, and E. V. Skudnova. (Trans, from
Russian) 252 pp. Plenum Press, New
York, 1969. $19.50
Tunneling In Solids: Solid State Physics
Supplement 10. C. B. Duke, ed. 353
pp. Academic Press, New York, 1969.
$16.00
Applied Solid State Science, Vol. 1: Ad-
vances In Applied Solid State Physics.
Raymond Wolfe, ed. 404 pp. Academic
Press, New York, 1969. $15.00

ASTRONOMY, SPACE, GEOPHYSICS
Geophysics and Space Data Bulletin, Vol.
6. Anne L. Carrigan, ed. 359 pp. US
Air Force, L. G. Hanscom Field, Mass.
Annual Review of Astronomy and Astro-
physics, Vol. 7. Leo Goldberg, ed. 717
pp. Annual Reviews, Palo Alto, Calif.,
1969. $8.50
Eclipse Phenomena in Astronomy. By F.
Link. 271 pp. Springer-Verlag, New
York, 1969. $19.50

BIOPHYSICS
Biology and the Physical Sciences. Sam-
uel Devons, ed. 379 pp. Columbia Univ.
Press, New York, 1969. $12.50

THEORY AND MATHEMATICAL PHYSICS
Springer Tracts in Modern Physics, Vol.
50; Current Algebra and Phenomenologi-
cal Lagrange Functions. (Papers from
1st International Summer School for The-
oretical Physics, Univ. of Karlsruhe, 22
July-Aug., 1968). G. Hohler, ed. 156
pp. Springer-Verlag, New York, 1969.
$11.00
Stochastic Theory and Cascade Processes.
By S. Kidambi Srinivasan. 216 pp.
American Elsevier, New York, 1969.
$12.50
Men of Physics: L. D. Landau, Vol. 2:
Thermodynamics, Plasma Physics and
Quantum Mechanics. By D. Ter Haar.
198 pp. Pergamon, New York, 1969.
Cloth $5.50, paper $3.25
Fruhgeschichte der Quantentheorie,
1899-1913. By A. Hermann. 181 pp.
Physik Verlag, Mosbach in Baden, 1969.
Quantum Chemistry: Elementary Prin-
ciples and Methods. By N. V. Riggs.
243 pp. Macmillan, Toronto, Canada.
1969. $9.95
Elements of Advanced Quantum Theory.
By J. M. Ziman. 269 pp. Cambridge
Univ. Press, New York, 1969. $9.50
Elements of Quantum Theory. By Frank

Oxford

The Collected Papers
of G. H. Hardy
INCLUDING JOINT PAPERS
WITHJ. E. LITTLEWOOD AND
OTHERS; VOLUMES III AND IV

Edited by a committee appointed by the London
Mathematical Society. The primary object of
these publications is to render more accessible
the papers of this great mathematician, which
in their original form appeared in many jour-
nals over a period of almost sixty years. The
editors have provided introductions to groups
of papers, and commentary where appro-
priate. To be completed in seven volumes.

Volumes III & IV, $14.75, each

Angular Momentum
SECOND EDITION

By DAVID MAURICE BRINK, Balliol College,
Oxford; and GEORGE RAYMOND SATCH-
LER, Oak Ridge National Laboratory. For the
second edition of this concise account of the
quantum theory of angular momentum, and
its basis in the symmetry properties of physical
laws, the authors have added a chapter on
graphical methods. (Oxford Library of Physical
Sciences.*) Paper, $3-50

High Voltage Technology
By L. L. ALSTON, Director of Electrical Re-
search, British Railways Board. Intended as an
introduction for graduate engineers and other
scientists, this book is based upon a high-volt-
age course held at the Post-Graduate Educa-
tion Centre, Atomic Energy Research Estab-
lishment, Harwell, in 1965 and 1966. It is
written by men engaged in high-voltage work
in universities, industry, and research estab-
lishments. Cloth, $14.40. Paper, $7.20

Thermal Neutron
Diffractions
Edited by B. T. M. WILLIS, University College,
Cardiff. In this book, based on papers pre-
sented at the international summer school
held at Harwell in July 1968 on Accuracy in
Neutron Diffractions, recent research on the
magnetic and nuclear elastic scattering of
thermal neutrons is reviewed by leading
workers in the field. This research has led to
new information on the electronic and nuclear
charge distributions in solids, and the book
should be of interest to crystallographers,
solid-state physicists, and chemists. l}0 text
figures. $9.60

OXFORD W
UNIVERSITY W

PRESS W
200 Madison Avenue,

New York, N.Y. 10016
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Six special things, not four.
(Four components. Or two systems. You choose.)

All solid-state high voltage
power supply (HV-4R)—ultra
low noise for operating
photomultipliers, electron
multipliers, proportional
counters, and ionization
chambers. Small, light, 500 to
6,100 volts DC range, reversible
polarity, highly filtered, noise:
less than 300 MV RMS.
Forms a complete matched
system with the preamplifier-
amplifier-discriminator and
either of the particle, multipliers
shown below. Write for file HV.

Preamplifier-amplifier-discriminator (PAD-1)—for
use with photomultipliers and electron multipliers
in mass spectrometers and fast counting
systems. Charge sensitive; rise-time: 3 nsec,
output: 4 volts into 5012, miniaturized, rugged.

Combines with the high voltage power supply
above and either of the particle multipliers
below to form a complete matched system.
Write for file PAD.

Particle multiplier (MM-2),
patented—has the same general
characteristics as the particle
multiplier shown above, but is
only half the diameter (1").

Forms a complete matched
system when combined with
the high voltage power supply
and preamplifier-amplifier-
discriminator above. Write for
file MM.

Johnston Laboratories Jnc.
3 Industry Lane, Cockeysville, Md. 21030.

Particle multiplier (MM-1), patented—for pulse
counting or current measurement of electrons,
ions, UV or x-ray photons, and energetic
neutral atoms or molecules. Adjustable high
gain (up to 10' °), stable, guaranteed
reactivateable, non-magnetic, no ion feedback
or instability, integral resistor chain, small,
light, rugged, bakeable, repairable.
Other options available (e.g., interchangeable
cathodes.)

Complete matched system when combined with
the high voltage power supply and preamplifier-
amplifier-discriminator above. Write for file PM.



NOW AVAOBLT
A valuable reference work for

Solid State Theorists
"Tables of Irreducible
Representations of
Space Groups and Co-
Representations of Mag-
netic Space Groups" by
S. C. Miller and W. F.
Love; University of Colo-
rado, Boulder, Colorado.
Cloth $50

Contains tables for ' the
major properties of the 230
space groups (including the
double groups) and the
1421 m a g n e t i c space
groups which for accuracy
were computer generated.
Character tables and com-
patibility tables are in-
cluded for the regular
space groups in addition to
their irreducible represen-
tations. Presented for the
first time is a complete
tabulation of the co-repre-
sentations of all of the
magnetic space groups and
their type according to Wig-
ner. This book contains a
48-page introduction, 410
pages on the space groups
and 685 pages on the mag-
netic space groups. This is
an invaluable reference
work to anyone working
with the symmetry pro-
perties of solids.

Pruett Press, Inc.
P.O. Box 1560
303 449-4919
Boulder, Colo. 80302

Magnetic
Bravois
Lattices

(Tetragonal
System)

ULTRA-STABLE
DUAL VOLT/CURRENT SOURCES

• 5 PPM STABILITY/100 HOURS
• 1 PART IN 10 MILLION RESOLUTION
• 0 . 0 1 % ACCURACY
• DIGITAL VOLTAGE & CURRENT

SELECTORS
• PROGRAMMABLE
• ALL SOLID STATE

Model No.

TC602CR

TC100.2BR

Voltage Range

6/60 V
1/10/100V

Current Range

60/600 mA/2A
1/10/100 mA

Complete line of general purpose, pre-
cision, and ultra-stable, ac and dc volt-
age/current sources and calibrators.

N O R T H HI LLS
E L E C T R O N I C S , I N C
Glen Cove, N. Y. 11542 • Phone (516) 671-5700

J Bockhoff. 304 pp. Addison-Wesley,
Reading, Mass., 1969. $10.50
Introductory Probability Theory. By
Y. A. Rozanov. 148 pp. (Trans from
Russian) Prentice-Hall, Englewood Cliffs,
N. J., 1969. $6.95
Dispersion Relation Dynamics. By Hugh
Burkhardt. 289 pp. Wiley (Intersci-
ence), New York, 1969. $18.50
Linear Partial Differential Operators (3rd
edition). By Lars Hormander. 285 pp.
Springer-Verlag, New York, 1969. $10.50
Quantum Mechanics with Applications.
By David B. Beard and George B. Beard.
333 pp. Allyn and Bacon, Boston, 1969.
$11.50

INSTRUMENTATION AND TECHNIQUES

Glass Machines: Construction and Oper-
ation of Machines for the Forming of
Hot Glass. W. Giegerich and W. Trier,
eds. Springer-Verlag, New York, 1969.
$18.00
Thin-Film Transistors. By Andrew C.
Tickle. 144 pp. Wiley, New York, 1969.
$9.95
Digital Electronics for Scientists. By
H. V. Malmstadt and C. G. Enke. 545
pp. W. A. Benjamin, New York, 1969.
$9.50
Hochspannungsmesstechnik, Massgerate
und Messverfahren. By Adolf J. Schwab.
236 pp. Springer-Verlag, New York,
1969. $12.25
Structures Technology for Large Radio
and Radar Telescope Systems. James W.
Mar and Harold Liebowitz, eds. 536 pp.
MIT Press, Cambridge, Mass., 1969.
$30.00
Non-Destructive Testing Views, Reviews,
Previews. By United Kingdom Atomic
Energy Authority Research Group. 233
pp. Oxford Univ. Press, London, 1969.
$8.00
Moire Fringes in Strain Analysis. By
Pericles S. Theocaris. 426 pp. Per-
gamon, New York, 1969. Cloth $9.50,
paper $8.00
Elektronenmikroskopische Methodik. By
G. Schimmel. 243 pp. Springer-Verlag,
New York, 1969. $19.50
Photometric Methods of Analysis. By A.
B. Calder. 312 pp. American Elsevier,
New York, 1969. $16.75

HEAT, THERMODYNAMICS, STATISTICAL

PHYSICS

Thermal Conductivity, Vol. 2. R. P. Tye,
ed. 353 pp. Academic, New York, 1969.
$15.00
Elements of Solid-State Energy Conver-
sion. By Manfred Airman. 287 pp.
Van Nostrand, New York, 1969. $12.75

PHYSICS AND SOCIETY
Perils of the Peaceful Atom: The Myth
of Safe Nuclear Power Plants. By Rich-
ard Curtis and Elizabeth Hogan. 274 pp.
Doubleday, New York, 1969. $5.95

MISCELLANY
Physics Literature: A Reference Manual.
Robert H. Whitford, ed. 272 pp. Scare-
crow Press, Metuchen, N. J., 1968. $8.50

MOIECUIAR
BEAM
Sysravi
Here is the first compact
molecular beam accelerator to
be commercially available. In
a mere 42 x 30-inch floor area, .
the MB-1 delivers high inten-
sity beams of neutral particles
— atoms or molecules — at
precisely controllable energies
from 1/100 to 10 electron
volts. Beams are injected by
a supersonic nozzle into a
vacuum region at intensities of
7.5 x 1015 atoms per cm2.
Because it has widely variable
and carefully controlled pro-
perties, the beam of the MB-1
can be used for satellite
re-entry simulations, gas
hydrodynamics, surface chem-
istry, scattering studies,
crossed molecular beams, and
many other applications. The
system is the result of years
of research in molecular beam
technology.
Could the MB-1 advance your
^research? Call or write for full
information.

HIGH VOLTAGE ENGINEERING
' EQUIPMENT DIVISION, Burlington,
Mass. 01803 g Suppliers of
research equipment: Accelerator
Accessories — Scattering Cham-
bers, Beam Profile Monitors, Beam
Jne Plumbing, Beam Handling
System. Accelerators — 150-300
CeV air insulated systems, Molec-
ilar Beam Systems, Ion Sources.
Cryogenics — Mossbauer Cryo-

fctats and Furnaces, Control
Systems. Magnets — Quadrupoles,
Switching Magnets, NMR-Flux-
meters, Ultra Stable Power
Supplies, Custom Electromagnets.
Vacuum — Valves 1 - 40 inches,
All metal valves, 2-inch and
4-inch plumbing, Vacuum Pumps.
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Why is the Jarrell-Ash

LASER RAMAN SYSTEM

THE BEST?
A. LOWEST SCATTERED LIGHT
The Jarrell-Ash Laser Raman System
utilizes a new double Monochromator
(vertically-stacked Czerny-Turner
instruments) that produces stray light
levels of less than 10"10. This permits
detection of very weak Raman spectra,
especially important when it occurs close
to the exciting line.

B. PERFECT TRACKING
Gratings of both monochromators are
mounted on a common pivot to insure
perfect tracking over the entire
wavenumber range of the instrument.
This allows sharply defined Raman
spectra to be recorded even though it
may occur as far as 3000 to 4000 cm-1

from the exciting line.

C. BETTER RESOLUTION
Utilizing twin, symmetrical Czerny-Turner
optical paths, the double monochromator
produces better resolution than any
other comparable instrument.
Maintaining extremely small included
angles, coma is reduced to negligible
proportions. The direction of the lower
monochromator's optical path is
reversed from that of the top. This

eliminates "double dispersion" and
provides higher energy through-put and
higher resolution with a narrow exit slit.

D. ACCEPTS NUMEROUS
COMMERCIAL LASERS
The Jarrell-Ash Laser Raman System can
utilize many of the newly developed
commercial lasers, e.g., the He-Ne, Kr,
Ar and others that maintain constant,
stable high intensity output. This allows
great flexibility in exciting various
samples.

E. LARGEST SAMPLE CHAMBER
The sample chamber features a working
area 66 cm wide x 85 cm long x 60 cm
high to permit use of even large Dewars
for controlled temperature experiments.

F. FLEXIBLE OPTICAL PATH
The optical path offers high efficiency
and flexibility. The use of Brewster
angle-prisms to divert the laser beam,
eliminates light loss due to reflection.
Special lenses are employed to maintain
intensity and control beam size.
Provisions are made to direct the laser
beam down through, straight through, or
up into the sample.

G. POLARIZATION FEATURES
Polarization characteristics of the
gratings are matched to those of the
system. Special optics permit the plane of
polarization of the laser beam to be
altered accurately, an especially useful
feature in semi-conductor, crystal and
related studies.

An informative, descriptive bulletin on
the 25-300 Laser Raman System is
available on request. Direct requests to
Jarrell-Ash Co.

Iv

•
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88 • DECEMBER 1969 • PHYSICS TODAY



MEETINGS

Normal-State Electron Tunneling Only Qualitatively Understood

From an experimentalist's point of
view, the field of electron tunneling
owes its present lively state to the dis-
covery of the p-n tunnel diode by Leo
Esaki in 1957 and of tunneling
through oxide layers by John C. Fisher
and Ivar Giaever in 1960. The results
in the oxide system became even more
remarkable when the electrodes
against the oxide were made super-
conducting by Giaever in 1960. In the
five years that followed, a happy com-
bination of theory and simple experi-
ments led to confirmation of the
Bardeen-Cooper-Schrieffer gap and
square-root singularity in the electron-
ic density of states, the fascination of
the Josephson effect and the measure-
ment of the details of the electron-
phonon interaction.

However, in the past two years, in-
terest has again cycled to p-n diodes,
metal-semiconductor conductor con-
tacts and metal-insulator-metal (M-I-
M) junctions in the normal state. As
a result a conference on nonsupercon-
ducting electron tunneling was held at
Prouts Neck, Maine, during 3-5 Sept.
The meeting was arranged in the style
of a Gordon conference with morning
and evening sessions. In keeping with
the Gordon conference tradition, no
further publication of proceedings is
contemplated. Previous conferences,
which considered tunneling into both
superconducting and normal elec-
trodes, were held at Philadelphia
(1961) and Ris0 (1967).

The result of this conference can be
summarized briefly: Tunneling in
normal systems, for experimentalists
and theorists alike, is in some trouble
unless one is satisfied with a purely
qualitative understanding of the field.
Remembering the successful applica-
tion of tunneling to superconductivity,
we may find this conclusion surpris-
ing. The origin of the difficulties of
the normal state was summarized by
Doug Scalapino (University of Cali-
fornia, Santa Barbara) in his impres-
sions at the end of the conference.
The superconducting experiments
probe properties of the electrodes over
distances comparable to the coherence
length, generally large enough to sam-
ple bulk effects (maybe not in the

case of transition metals and type-II
materials), whereas the normal-state
experiments are affected by the nature
of the tunnel barrier, sometimes only a
few atom layers thick, and by the
metal electrodes within a screening
length of the oxide-metal interface.
Thus tunneling has become a problem
of surface physics.

The first topic dealt with at the
conference was: How well can the
overall conductance-versus-voltage de-
pendences be explained by single-par-
ticle tunneling theory? Next, interac-
tions of the tunneling electron with
the oxide, or impurities or particles in
the oxide, led to discussion of "zero-
bias anomalies." Finally, observations
of interactions within the electrodes,
the many-body or self-energy effects,
were reported and the theory of these
effects received considerable discus-
sion.

Single-particle tunneling. The cal-
culation of single-particle tunneling
currents through a potential barrier re-
quires an exact knowledge of the bar-
rier potential as a function of distance.
As Gerald Mahan (University of Ore-
gon) pointed out in the opening talk,
this is poorly known in p-n diodes and
only guessed at in M-I-M junctions;
therefore, the metal-semiconductor
contact (Schottky barrier on degener-
ate material) has received the most at-
tention recently. He showed that a
calculation of the tunneling current
could be made, based on uniform
charge density in the depletion region,
which results in a parabolic potential
barrier. Experiments in which the
barrier height and thickness are deter-
mined by independent measurements
give an absolute conductance in "bet-
ter than an order of magnitude" agree-
ment with the calculation. The ex-
periments also show the correct volt-
age dependence of the conductance.
This agreement holds only when the
surface-barrier contacts are made by
cleaving the semiconductor in vacu-
um. Mahan's gloom with respect to
M-I-M junctions was questioned by
Carver Mead (Cal Tech) who pre-
sented a detailed investigation of
aluminum—aluminum-nitride metal
junctions. Combining capacitance

and current-voltage measurements on
a series of junctions with different ni-
tride thicknesses, he and collaborators
have determined the E versus k rela-
tionship for • the electron over the
whole of the forbidden gap of the in-
sulator. This result raised the inevita-
ble question: What "band structure"
can we associate with such thin layers,
and is the insulator crystalline or
amorphous? The extension of such
careful analysis to other systems will
be of interest.

For M-I-M systems, the tunneling
conductance at low voltages (less than
200 mV) is not constant but has a
roughly parabolic dependence on volt-
age. As reported by J. M. Rowell
(Bell Labs), calculations based on
simple trapezoidal barriers also show
that the minimal conductance only oc-
curs at V = 0 for symmetrical barriers.
However, no comparison of calculated
and measured conductance has been
made for junctions with barrier pa-
rameters determined independently.

Returning to an older barrier prob-
lem, phonon emission in p—n diodes,
Charlie Duke (University of Illinois,
Urbana) concluded that the theory of
Kleinman offers a good description of
the effect. New measurements of
such phonon-assisted tunneling in a
very wide gap material with complex
lattice dynamics, silicon carbide, were
reported by Phil Stiles (IBM).

Impurities. Although most oxide
junctions contain unknown impurities,
the addition of intentional impurities
to the barrier is a relatively recent de-
velopment. Two talks on the very in-
teresting effects of adding metallic
particles were given by Hansrudi Zel-
ler (GE) and John Lambe (Ford).
Although different in concept and re-
sults, the two experiments both raise a
puzzling question. In the work de-
scribed by Zeller (performed in collab-
oration with Giaever) the well known
agglomeration of very thin metal films
is used to introduce an array of parti-
cles (about 10 nm or less in diameter)
into the oxide of a tunnel junction.
The current flows as electrons tunnel
to the particles, localize, and then tun-
nel to the other electrode. However,
if a particle is about 5 nm in diameter,
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the addition of one electronic charge
requires a charging energy (Ar) of ap-
proximately 10 meV. For a single par-
ticle the junction conductance would
show a step at A(.. For a distribution
of particles the conductance rises
rapidly as a function of voltage; that is,
the resistance shows a strong peak at
V = 0. Zeller frequently pointed out
that this picture can be generalized to
explain all "zero-bias resistance peaks,"
by claiming that "states" exist in the
harrier with a density given by dG dV.
This explanation, of course, is possible,
but it appears dangerous to assume
that it is always correct, and hence to
lose interest in the problem. For ex-
ample, an alternative explanation of
the conductance dip near V = 0 in
metal—semiconductor contacts in-
volves the excitation of phonons in
the semiconductor depletion layer.

The theory of Duke and others was
compared to experiment by Tom Car-
mthers (University of Chicago) and,
although the energy range of the ob-
served structure is correct, a disagree-
ment in line-shape was apparent.
Further discussion of the various ex-
citation processes observable in
metal—semiconductor contacts was
given by Matthew Mikkor (Ford)
and William Thompson (IBM). The
possibility of observing organic impu-
rity vibrations was a point of disagree-
ment in these two talks.

Let us return now to the physics of
particles. A small globule brought
close to a metal electrode will, by tun-
neling, lose or gain electrons until its
highest filled electron level is within
the charging energy (Af.) of the Fermi
level in the electrode. In order to ex-
plain the data Zeller assumes that,
over all the particles of a given size,
the highest filled level is uniformly
distributed within —Ac to +AC of
the Fermi level. In other words,
there is no preferred alignment of the
particle level with the electrode, be-
cause partial electronic charge cannot
be exchanged. However, it is just
such an alignment that is essential to
the new work described by Lambe.
He and Bob Jaklevic (Ford) studied
the metal-oxide-particle-oxide-metal
system where one oxide is too thick to
permit tunneling. The properties of
the device are probed using capaci-
tance measurements, that is by mak-
ing electrons hop on and off the par-
ticle through the thinner oxide. The
resulting capacitance-voltage depen-

dence, which shows symmetrical
structure about V = 0, is explained on
the basis of some degree of alignment
of particle "Fermi level" with that of
the electrode. Even more dramatical-
ly, if a voltage (or series of voltages)
is applied to the device at room tem-
perature and maintained during cool-
ing, then at low temperatures the ca-
pacitance-versus-voltage structure is
removed from V = 0 and shifted to the
"forming" voltage (or voltages). This
result implies that realignment of par-
ticle and electrode "Fermi levels" is
induced by the applied voltage. The
necessary transfer of partial charge to
the particle is achieved by "polariza-
tion" of the oxide. Although details
of this polarization were not under-
stood, results described by John Adler
(University of Alberta) may be rele-
vant. In a study of the excitations of
molecular impurities in aluminum-
oxide tunnel junctions he found that
the relative strengths of the various vi-
brational modes could be changed by
applying a voltage to the junction at
room temperature. If this change
implies a motion, or rotation, of polar-
ized molecules then it is equivalent to
rearrangement of charge in the oxide.

So far, all tunneling layers between
metal films have been thermally
grown oxides. However, Giaever de-
scribed his fabrication of junctions
using evaporated semiconductors such
as germanium, zinc sulfide and cadmi-
um sulfide. By oxidation, any pin-
holes in the semiconducting layer
were filled with oxide of the base
metal. That tunneling was taking
place through the semiconductor was
confirmed by observing conductance
structure at the correct energy for ex-
citation of LO phonons in the semi-
conductor. In the case of cadmium
sulfide Giaever showed that the tun-
neling characteristic could be changed
by shining light on the junction; a
"tunable tunneling matrix element."

Zero-bias anomalies. As mentioned
above, the question of zero-bias anom-
alies was discussed frequently at the
conference. One of the best under-
stood of these is the conductance-peak
anomaly. This anomaly is categorized
by a conductance obeying the law

log

where eV is the voltage, kBT the tem-
perature, and Eo a cut-off parameter.
The conductance is also strongly de-
pendent on magnetic field. An expla-
nation for this effect had been ad-
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vanced by Appelbaum and Anderson,
based on the electron spin-flip scatter-
ing of magnetic impurities in the bar-
rier region. David Losee and Edward
Wolf (Eastman Kodak) presented
data on a number of different
vacuum-cleaved degenerate semicon-
ductor Schottky-barrier junctions, in
which they ascribe the origin of the
magnetic impurities in their systems to
the neutral donors at the edge of the
depletion layer. They found good
agreement between their data and the
Appelbaum theory if they suitably ex-
tended the theory to include the life-
time broadening of the magnetic level
as well as a g-shift. Work on these
anomalies in metal-doped insulator-
metal junctions was reported by
Adrian Wyatt of Nottingham Univer-
sity and also Paul Nielsen of Chicago.

Many-body effects. The influence
of many-body effects on nonsupercon-
ducting electron tunneling generated
considerable discussion. In the past,
tunneling has been a powerful probe of
the many-body interactions in super-
conductors. This is because of the
strong momentum dependence of the
electron self-energy in a superconduc-
tor, which makes the structure seen in
the conductance large, and the super-
conductor's large coherence length,
which makes the superconducting
wave functions near the metal-oxide
interface only weakly dependent on
the details of this surface. Both these
effects no longer operate in nonsuper-
conducting tunneling. There the self-
energy is predominantly frequency de-
pendent, leading to small (1 % ) struc-
ture in the conductance. The effective
"coherence length" is the order of the
Fermi wavelength, so that the exact
form of the metal-oxide interface (or
semiconductor-Schottky barrier deple-
tion layer) has an important influence
of the structure one sees on the con-
ductance.

Craig Davis (Ford) presented
work, done in collaboration with
Duke, on the influence of the electron
self-energy, (resulting from the elec-
tron-optical phonon interaction in
semiconductors) on the conductance
of Schottky barriers. The self-energy
in this case is purely frequency depen-
dent. He emphasized that no struc-
ture in the conductance would be pre-
dicted unless the momentum depen-
dence of the tunneling matrix element
is taken into account. This momen-
tum dependence is uniformly ignored

in superconducting tunneling; so we
see again the important difference be-
tween the two types of tunneling.

The standard approach to tunneling
calculations, the tunneling Hamilto-
nian, came under attack in work pre-
sented by Joel Appelbaum and Bill
Brinkmann (Bell Labs). They ar-
gued that the tunneling Hamiltonian
predicts the incorrect form for the
transition matrix elements because it
first calculates the coupling between
the electrodes and then considers the
influence of the many-body effects.
To rectify this problem they proposed
a theory that considers the transition
rate between exact many-body states
of the electrodes. If the transition
rate is calculated by the WKB approx-
imation, they find they can recover
the conventional formula for the cur-
rent, but with the transition matrix
element replaced by one that is pre-
dominantly frequency dependent. In
general, they find that the current de-
pends on the electron Green's function
in the vicinity of the barrier. They
showed, for the particularly simple ex-
ample of the electron interacting with
magnetic impurities (zero-bias con-
ductance peak), that the size as well
as the sign of the zero-bias anomaly
depends on the relative position of the
impurity and the junction interface.

The theoreticians therefore con-
cluded that the surface can have a
profound influence on the self-energy
effects observed in the conductance of
metal-insulator-metal junctions. It
was also obvious that experimentally
great variations in junction properties
(presence of zero-bias conductance
peak, for example) are obtained by al-
tering oxidation procedures. This re-
sult indicates that, in future, tunneling
experiments must be increasingly tied
to surface studies of the metal elec-
trodes, with such tools as low-energy
electron diffraction, field emission,
Auger spectroscopy and optical stud-
ies.

The conference was sponsored by the
Ford Scientific Laboratory, by the Na-
tional Science Foundation, and by the Air
Force Office of Scientific Research. As
stated above, no proceedings are to be
published, but those interested in further
reading on the subject will find an excel-
lent up-to-date review in: C. B. Duke,
Tunneling in Solids, Academic Press, New
York (1969) (Solid State Physics, Sup-
plement 10).

J. A. APPELBAUM
J. M. ROWELL

Bell Telephone Laboratories
Murray Hill N.J. D
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WE HEAR THAT . . .

John H. Van Vleck
has retired from
Harvard Universi-
ty and is now Hol-
lis Professor of
Mathematics, Em-

Particular-
y known for

his work in magne-
VAN VLECK tism and quantum

theory of atomic structure, Van Vleck
was instrumental in creating the divi-
sion of engineering and applied phys-
ics at Harvard. In 1952 Van Vleck
was president of the American Physi-
cal Society, and he has served as vice-
president of both the American Acad-
emy of Arts and Sciences and the In-
ternational Union of Pure and Applied
Physics. Among the awards he has
received are the National Medal of
Science, the Michelson Award of the
Case Institute of Technology and the
Langmuir Prize of the American Phys-
ical Society.

i
Kenneth Fox has returned to the Uni-

i versity of Tennessee as assistant pro-
l| fessor after a two-year leave as a Na-
I tional Academy of Sciences senior

postdoctoral research associate. Fox
spent the two years at the Cal Tech
Jet Propulsion Laboratory.

Two Colgate University physicists,
James N. Lloyd and Charles H. Hol-
brow, are on leave for the current
academic year. Lloyd, an assistant
professor, is at the University of Mary-
land, and Holbrow, an associate pro-
fessor, is at Stanford.

Miles E. Anderson, professor of phys-
ics at North Texas State University,
has been appointed associate vice
president for academic affairs. James
R. Sybert is now chairman of the
physics department, H. James Mackey
has become professor, and James A.
Roberts and Thomas J. Gray are as-
sociate professors. R. Muthukrishnan
of Michigan State University has
joined the department as assistant pro-
fessor.

George C. Weiffenbach has been
named director of geoastronomy pro-
grams at the Smithsonian Astrophysi-
cal Observatory. In this new post,

Weiffenbach will be responsible for
optical-laser tracking, long-base inter-
ferometry and maser-clock space ex-
periments. Weiffenbach was formerly
supervisor of the space research and
analysis branch of the applied physics
laboratory at Johns Hopkins. Harri-
son E. Radford has also joined the ob-
servatory staff. Radford was formerly
a molecular physicist with NBS, and
will establish a laboratory at the ob-
servatory to study molecules known to
exist in interstellar space.

John A. Da vies has been promoted to
associate professor in the physics de-
partment at Clark University. Wil-
liam R. Fehlner, formerly at the Uni-
versity of Illinois, is now assistant pro-
fessor at Clark.

Russell G. Groshans has been ap-
pointed staff engineer for product en-
gineering at RCA. Groshans, who
was a systems engineer at RCA,
Hightstown, had been a US Air Force
physicist until 1967.

Warren Proctor has been appointed
manager of market development labo-
ratories for the Varian analytical in-
strument division. Proctor was pro-
fessor of physics at the University of
Washington until he joined Varian in
1955.

James T. Shipman is the new physics
chairman at Ohio University, and
Roger W. Finlay and David S. Onley
were promoted to professor. Jacobo
Rapaport, who had been at Oak Ridge
National Laboratory, was appointed
associate professor.

State University of New York at Bing-
hamton has two new assistant pro-
fessors of physics. They are Noel Yeh,
formerly at Columbia, and Robert
Pompi, who had been a research as-
sociate at Binghamton.

Robert G. Breene Jr, has been ap-
pointed as professor and Mohindar S.
Seehra as assistant professor at West
Virginia University. Breene was for-
merly with Physical Studies, Inc., and
Seehra was at the University of Roch-
ester. The physics department also
announced that T. Tietz, chairman of

the department of theoretical physics
at the University of Lodz, Poland, will
be visiting professor for 1969-70.

Frank J. Blatt is acting chairman of
the Michigan State University physics
department, succeeding Sherwood K.
Haynes who will remain in the depart-
ment. New members of the Michigan
faculty include B. Hobson Wildenthal,
formerly of Texas A & M University,
who will be associate professor and
William P. Pratt, formerly of Los Ala-
mos Scientific Laboratory, assistant
professor. Rubby Sherr of Princeton
and F. C. Barker of Australian Nation-
al University will spend this year as
visiting professors at Michigan State.

New director of the University of New
Hampshire Space-Science Center is
William R. Webber. Webber, for-
merly at the University of Minnesota,
succeeds Lawrence Cahill.

Langdon T. Crane has been named re-
search professor and director of the
Institute for Fluid Dynamics and Ap-
plied Mathematics of the University of
Maryland. Crane was formerly pro-
gram director for atomic and molecu-
lar physics at the National Science
Foundation. Frank W. S. Olver, for-
merly of the National Bureau of Stan-
dards, was also named research pro-
fessor at the institute, while R. Bruce
Kellogg, Herbert Lashinsky and
Thomas D. Wilkerson were promoted
to that position. James Yorke was
promoted to research associate profes-
sor.

Virgil B. Elings, on leave from the
University of California, Santa Bar-
bara, will spend this year as a senior
research scientist at Siginatron, Inc. in
Santa Barbara.

Yale University announces that Daniel
E. Rosner is associate professor of en-
gineering and applied science. Ros-
ner was formerly with the Aerochem
division of Sybron Corporation.

Florida State University announces
that Edward Desloge and Steve Ed-
wards have been promoted to profes-
sor and James Skofronick and Gerald
Speisman to associate professor. An-
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thony Colleraine, who was at the Uni-
versity of Maryland, has become assis-
tant professor at Florida State.

Piel of Scientific American
Wins Arches of Science Award

Gerard Piel, publisher of Scientific
American, is the 1969 recipient of the
Pacific Science Center Arches of
Science Award. The $25 000 awards
are given for contributions to the pub-
lic understanding of what science
means to man. In 1947, Piel, along
with Dennis Flanagan and Donald H.
Miller Jr, acquired Scientific American
and began to revitalize the magazine,
which now has a circulation of more
than 400 000.

Ronald J. Sladek is acting head of the
Purdue University physics depart-
ment. Sladek succeeds Richard W.
King who died 12 Aug. (PHYSICS

TODAY, October, page 105)

The physics department of the Uni-
versity of Virginia, Charlottesville,
will have a new chairman, Judah M.
Eisenberg, as of February. Robert V.
Coleman is acting chairman until
Eisenberg returns from his sabbatical
leave at Tel Aviv University. W. Dex-
ter Whitehead, former chairman of the
department, has become dean of the
Graduate School of Arts and Sciences
at the university, but will continue as
professor of physics and director of
the Center for Advanced Studies.
Several other changes have occurred
at the physics department: Vittorio
Celli was promoted to professor; Mi-
chael Coopersmith, formerly of Case-
Western Reserve University and Diet-
er Drechsel, formerly of the University
of Frankfurt, have been appointed as-
sociate professors; John Ruvalde, of
the University of Chicago and Ste-
phen Thornton of the University of
Wisconsin are new assistant profes-
sors.

Jerry L. Peacher and Alexander O.
Animalu are new assistant professors
at the University of Missouri, Rolla.

Stevens Institute of Technology has
promoted Earl L. Roller, a particle
physicist, to professor. Edward A.
Friedman, Bela M. Mecs and Norman
J. Horing have been promoted to asso-
ciate professor.

The MIT instrumentation laboratory
will have a new director on 1 January,
Charles L. Miller, now head of the
civil-engineering department. The
present director, Charles Stark
Draper, will continue to serve as sen-
ior adviser and director of major
projects. Draper, who founded the
instrumentation laboratory, retired
from the MIT faculty two years ago.
The laboratory will be renamed the
Charles Stark Draper Laboratory in
recognition of his contributions.

William O. Statton has been promoted
to professor of materials science and
engineering at the University of Utah.

Robert S. Knox has
succeeded Morton
Kaplon as head of
the physics and as-
tronomy depart-
ment at the Uni-
versity of Roches-
ter. Kaplon will

i remain as profes-
KNOX sor. Joseph H.

Eberly and Thomas Ferbel were pro-
moted to associate professor, and G.
Badhwar and P. Slattery are now as-
sistant professors. John Krizan of the
University of Vermont is a visiting as-
sociate professor this year.

Michael J. Moravcsik has succeeded
Marvin D. Girardeau Jr as director of
the Institute of Theoretical Physics of
the University of Oregon. Girardeau
is on sabbatical leave.

Promotions in the physics department
at Indiana University include Walter
E. Bron and Guy T. Emery to profes-
sor and Delbert W. Devins and Rich-
ard M. Heinz to associate professor.
New assistant professors are Lloyd L.
Chase, Shu-Yuan Chu, A. W. Hendry
and Peter Schwandt.

Robert Vessot and Martin Levine
have joined a newly formed research
group at the Smithsonian Astrophysi-
cal Observatory to develop and adapt
hydrogen maser clocks for space and
geophysical applications. Vessot and
Levine were formerly at Hewlett-
Packard, Beverly, Mass.

New additions to the physics faculty
of Southern Illinois University at Ed-
wardsville are Hadi H. Aly, visiting
professor, from the American Univer-
sity of Beirut; Ika-Ju Kang, associate
professor, from Southern Illinois at

Carbondale; Thomas O. Baldwin, as-
sociate professor, from Oak Ridge Na-
tional Laboratory; and Padmanabha
Narayanaswamy, assistant professor,
from the American University of
Beirut.

Irvin A. Miller, assistant professor of
physics, has been named acting dean
of the Drexel Institute of Technology
College of Science.

At the University of Wisconsin nu-
clear-engineering department Harold
K. Forsen has been promoted to pro-
fessor and John M. Donhowe and
Wesley K. Foell have been promoted
to associate professor. Charles W.
Maynard will spend this year on leave
at the Sandia Corporation.

New York University School of Medi-
cine announces the promotion of Ber-
nard Altshuler to professor of environ-
mental medicine.

The physics department at Illinois In-
stitute of Technology announces that
Porter Johnson, formerly of Case-
Western Reserve, is now assistant pro-
fessor, and Val R. Veirs, a recent
graduate of IIT, is visiting assistant
professor. Robert L. Warnock and
Thomas Erber have been promoted to
professor and Frederick J. Ernst to as-
sociate professor. A former visiting
associate professor, Fritz Herlach of
EURATOM, is now associate professor,
and a former visiting assistant profes-
sor, Cheuk-kin-Chau, is now assistant
professor.

New physics de-
partment chairman
at the State Univer-
sity of New York,
Stony Brook, is
Morton Hamer-
mesh. Hamermesh
had been head of
the school of

HAMERMESH physics and astron-
omy at the University of Minnesota
since 1965; Walter H. Johnson is now
acting chairman at Minnesota. Ham-
ermesh, a theoretical nuclear physi-
cist, is a fellow of the American Physi-
cal Society and was on the board of
trustees of Universities Research As-
sociates while at Minnesota.

Alexander J. Dessler has been appoint-
ed science adviser to the executive
secretary of the National Aeronautics
and Space Council; the council is a US
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BEFORE BUYING AN AIR CORE SOLENOID...

P.E.M. AIR CORE SOLENOID
MODEL ACS 12-27-72
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P m a x / C O I L = 26KW

H30 FLOW/COIL = 2.6 GPM
@ A P = 100 PSI

P.E.M. s
FLEXIBLE DESIGN,
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Adaptability by design is a specialty of ours.
That's why this air core solenoid features
modular coil design —you select the bench
length and number of coil modules to meet
your specific requirements. Here are other
benefits of the design:

3 Current density along the axis can be adjusted
to produce the desired field distribution

D Coils are wound with continuous radial spiral
and opposing conductor transitions to minimize
field distortion

C Coils are wound with hollow copper conduc-
tor vacuum-impregnated with epoxy resin in alu-
minum support rings

Write or call—we'll gladly send you
all the facts. We at PEM design to
your exact needs. Count on PEM
for fast delivery, too!

PACIFIC ELECTRIC MOTOR CO.
1009 66th Avenue • Oakland. California 94621 • 415/569-7621 J

98 DECEMBER 1969 • PHYSICS TODAY



WE HEAR THAT

government advisory group headed by
Spiro Agnew. Dessler has been chair-
man of the Rice University space-
science department since 1963.

AEC Cites Three Men for
Outstanding Contributions

The Atomic Energy Commission has
awarded Lauriston S. Taylor, George
B. Darling and Paul M. Gross citations
for outstanding service to the national
atomic energy program. Taylor, spe-
cial assistant to the president of the
National Academy of Sciences, is hon-
ored for his work in radiation protec-
tion; Darling's award is for his studies
on the delayed effects of radiation on
men (he is director of the Atomic
Bomb Casualty Commission in Hiro-
shima); Gross, who helped organize
the Oak Ridge Institute of Nuclear
Studies and is president of Oak Ridge
Associated Universities, is being hon-
ored for his work at Oak Ridge.

Visiting professor at the University of
California, Riverside, this fall is Rich-
ard J. Eden of Cambridge University.

Kenneth C. Clark is the new program
director for aeronomy in the atmo-
spheric sciences section, division of
environmental sciences of the National
Science Foundation. Clark, a geo-
physicist, is on leave from the Univer-
sity of Washington.

William S. Porter has been promoted
to professor at Southern Connecticut
State College. John W. Snyder of
Ohio State University and Lee T.
Matthews of the University of Ver-
mont are new assistant professors.

L. Eric Cross, professor of electrical
engineering, and Heinz K. Henisch,
professor of physics, have been ap-
pointed associate directors of the Ma-
terials Research Laboratory at Penn-
sylvania State University.

Craig J. W. Gunsul, formerly at the
University of Delaware, has joined the
physics department at Whitman Col-
lege as assistant professor. James G.
Pengra, of Whitman, i§ currently vis-
iting at the Nuclear Research Center,
Georgia Institute of Technology.

Joseph W. Weinberg has been named
Kenan Professor of Physics at Syracuse

University. The Kenan professor-
ships, named for William R. Kenan Jr,
were established at five New York
universities to improve the quality of
undergraduate teaching. Weinberg, a
theoretical physicist, was at Case-
Western Reserve University before he
came to Syracuse.

Dame Kathleen Lonsdale, past presi-
dent of the International Union of
Crystallographers, is visiting professor
at the Ohio State University depart-
ment of mineralogy this fall.
Lonsdale is professor of chemistry at
the University of London.

DeShalit of Weizmann
Institute Dies at 42

It is our sad task to report that
Amos deShalit died of acute pancrea-
titis on 2 Sept. at the age of 42. His
untimely passing is a great loss to his
family, to the world of physics, to his
institute and country and to the entire
world. A brilliant physicist, deShalit
was one of the very few who are at
home with both experiment and theo-
ry. He was a brilliant administrator;
while he was head (1954-66), the nu-
clear physics department at the Weiz-
mann Institute, Rehovoth (Israel) de-
veloped into a leading center for the
study of nuclear and particle physics,
rivaled in its impact by only a handful
of other institutions. He was a brilli-
ant educator; since 1963 he had been
actively involved in improving science
education in Israel, particularly in the

DESHALIT

Piezoelectric
Translators

With a Lansing Piezoelectric Translator you
can frequency stabilize your laser, examine
its power tuning curve, scan an interferometer,
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Most versatile units available
Lansing's Piezoelectric Translators are the
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mirror mount. Tapped holes make custom
mounting easy. The translators have OD's of
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Supporting electronics
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to be used with the translators to form closed
or open loop control systems.
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of CO2 and other gas lasers.
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3. High Voltage DC Amplifier - variable gain,
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Specifications
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in systems with wavelengths to 10.6/i, with-
out compromising safety or performance.

Series
21.800
21.900
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Avenue, Ithaca, New York, 14850. (7)
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secondary schools. This activity was
recently made formal by the creation
at Weizmann of a department of
science teaching that was headed by
deShalit. Deeply committed to his
country, he was much concerned with
the problems of the Arab population.

DeShalit's involvement in world af-
fairs motivated a great many of his ac-
tivities; he did much to bring togeth-
er physicists of all countries and politi-
cal persuasions and helped to organize
many international conferences. In
July he gave the summary talk at the
Heidelberg conference on heavy-ion
induced nuclear reactions, and he had
been scheduled to participate in a
round-table discussion of the future of
nuclear physics at an international
conference that took place late in
August.

He was one of the principal archi-
tects of the biennial international con-
ferences on nuclear and high-energy
physics; the proceedings of the most
recent of these conferences, held at
Columbia University, is to be dedicat-
ed to his memory. Involved for many
years with the problems of developing
countries, deShalit was a member of a
United Nations advisory committee.
At the time of his death he was host to
a conference at Rehovoth on "Science
and Education in Developing States"
and had been scheduled to address it.

| This partial list of his activities is a
pale reflection of his personal impact;
his greatest and unique contribution
came from his direct and indirect in-
fluence upon friends and colleagues
all over the world. Physics became
more interesting and exciting to every-
one who came in touch with him. His
presence made a discussion more fruit-
ful, a seminar more instructive, an ex-
periment more significant. He raised
questions and challenged ideas. He
brought life and excitement to phys-
ics; this was not only because of his
great insight, which enabled him to
point to the essential ideas and rela-
tions, but also because of his readiness
to listen and to follow the work of oth-
ers, his openness to questions, his in-
terest in any thought or idea, his en-
thusiasm for every new insight and his
ability to recognize the significance of
an idea.

So many friends had his help in de-
veloping their own ideas, help that he
gave freely and unsparingly. When he
visited laboratories, he left behind the
seeds of many successful theories and

experiments. His remarks and sugges-
tions spawned many papers.

DeShalit's own publications are in
nuclear physics, although his master's
thesis, done in 1949 under Giulio Ra-
cah's direction, was on the self-ener-
gy problem. An experimental thesis
in 1951 with Paul Scherrer at Zurich
began a series of experimental and
theoretical papers in which nuclear
structure was probed through electro-
magnetic and weak interactions.
DeShalit's fundamental contributions
to the understanding and exploitation
of the shell model culminated in 1962
with a seminal book that he wrote
with Igal Talmi, titled "Nuclear Shell
Theory."

He had been interested more re-
cently in the application of tools de-
veloped in elementary-particle physics
to studies of the nucleus. And, vice-
versa, he was using methods developed
for the shell model to extract from the
electromagnetic properties of elemen-
tary particles some of their underlying
structure. At the time of his death he
had just completed the first volume of
a two-volume book on nuclear theory
that he was writing with one of us.
He was scientific director of the
Weizmann Institute from 1962 to
1966 and director-general from 1966
to 1968.

He was a member of KTPAP, one
of the correspondents of Comments on
Nuclear and Particle Physics, and on
the editorial board of Nuclear Physics,
Annals of Physics, Nuclear Data and
Nuclear Instruments and Methods.

A member of the Israel National
Academy of Sciences and Humanities,
he received in 1964 the Israel Prize
for the Exact Sciences and in 1969
was elected a foreign member of the
American Academy of Arts and Sci-
ences. In recent years he was a visit-
ing professor at Stanford University
and the Massachusetts Institute of
Technology.

Amos deShalit is no longer among
us. We will miss his imaginative in-
sights and bold ideas. We will miss
the contagious pleasure he had in phys-
ics. We will miss his warm personal-
ity, his directness, his ability to create
bonds and bridges across political
chasms. Men like him are sorely need-
ed, and they are always in short sup-
ply; our world will be colder without
him.

HERMAN FESHBACH

VICTOR F. WEISSKOPF

Massachusetts Institute of
Technology •
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Ion beams from hydrogen to the heav-
iest masses can now be formed rou-
tinely. The Model 910 produces
positive ion beams of most elements
from hydrogen to the transuranium
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metals, alkaline earths, transition
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for atomic beam studies, surface ef-
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exact intensity, profile and position of
ion electron beams for an oscilloscope
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tope separations, mass spectrometers
and ionmolecule systems. Manufac-
tured by Danfysik AS.
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bakeable; tolerances to .001 inch, by
INTERNATIONAL ION SYSTEM CORP.

BEAM PROFILE MONITOR • MAGNET
POWER SUPPLIES • BETA RAY SPEC-
TROMETERS • HEAVY ION ACCELER-
ATORS • ISOTOPE SEPARATORS

Write for Brochures

Physicon Corporation
P. 0. Box 9186, Boston, 02114 Mass.
Telephone: (617) 491-7997

PHYSICS TODAY • DECEMBER 1969 101



80

60

40

20

10

8

6

4

1

^ /

/

>

/

>

^ —

T YPICAL KbSPONSb CHAKAC1 bKlb 1 ILS.

. S-20

^ S-25

^ \

\

\

6"/- Qi

\

\ \
N

. \

\

\

\

\

\

\

\

\

^ C 3 I O O O F * (E

vT. \\ \\\•A
\\

£~~~-—*—

RMA)

\

\ \

\ \

300 400 500 600 700 800 900 1000

WAVELENGTH NANOMETERS

TheC31000F
as the detectc
in the Apollo
ranging exper

'- was used
)r
11 laser
iment.

^m

••I
1111

NEW! EXTENDED RED RESPONSE RCA-C31000F
QUANTACON PHOTOMULTIPLIER The C31000F is new! It's an Extended-Red, Multi-

Alkali cathode version of the previously-announced
C31000D. C31000F is recommended for applications
in the red area of the spectrum, particularly laser detec-
tion and Raman spectroscopy. The latest addition to
the RCA QUANTACON photomultiplier family, it is
characterized by the use of Gallium Phosphide as the
secondary emitting material on the first dynode.
Gallium Phosphide boosts the single electron resolu-
tion of this newest RCA QUANTACON photomultipli-
er as much as 10 times over that of tubes using con-
ventional dynode materials. Asa result, it is possible for
this 2 " dia. light detector, whose prototype is the
industry-famous 8575, to discriminate between light-
producing phenomena that generate one, two, three, or
four photoelectrons.

Developed by RCA, the use of Gallium Phosphide
places the C31000F and other RCA QUANTACON
photomultipliers at the forefront of devices that can
reveal nuclear, astronomical and biochemical events
never seen before.

For more information on this 12-stage device, and
other RCA QUANTACON photomultipliers, including
the C31000D and the 5-inch C70133B, see your local
RCA Representative. For technical data on specific
types, write: RCA Electronic Components, Commer-
cial Engineering, Section L159P/ZPIR, Harrison, N.J.
07029. In Europe, contact: RCA International Market-
ing S. A., 2-4 rue du Lievre, 1227 Geneva,Switzerland.

*Typical Q.E. at 860 nm is 1.4%, corresponding to a
radiant sensitivity of 10 mA/W. C31000E is the flat-
faceplate version of the C31000F which has a curved
faceplate.
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CALENDAR

This is a partial calendar comprising only notices received since last month. A
complete calendar is published every third month. Readers are referred to the
last one, published in October, if they wish a comprehensive listing of notices.
The January issue will contain the next complete calendar.

Information in the calendar is compiled from a file maintained in the PHYSICS TODAY
office. Readers are invited to write or telephone for general calendar information
beyond what we print. For complete information concerning an entry, readers are
advised to consult the contact and the original PHYSICS TODAY reference.

Abbreviations:

AAPT—American Association of Physics
Teachers

AAS—American Astronomical Society
ACA—American Crystallographic Assoc.
APS—American Physical Society
ASA—Acoustical Society of America
OSA—Optical Society of America
s OF R—Society of Rheology

AEC—US Atomic Energy Commission
AFCRL—Air Force Cambridge Research

Laboratories

Coding:

date subject • HOST • Location (Contact) [submission deadline] Physics Today ref.
• new listing • new information

ANS—American Nuclear Society
AVS—American Vacuum Society
IAEA—International Atomic Energy

Agency
IEEE-Institute of Electrical and

Electronics Engineers
IPPS—The Institute of Physics and

The Physical Society
IUPAP—International Union of Pure

and Applied Physics
NBS—National Bureau of Standards
ORNL—Oak Ridge National Laboratory

DECEMBER 1969 MARCH 1970

10-12 • Holography and the Computer •
IBM • Houston (J. A. Jordan)
7/69

18-20 • Pulsars and High-Energy Activity
in Supernovae Remnants • AC-
CADEMIA INTERNAZIONALE DEI
LINCEI • Rome (B. Bertotti,
Laboratorio di Astrofisica, C. P.
67, Frascati (Rome), Italy) 12/69

19 • • N. Y. ACAD. sci. • 2 E. 63 St.,
N. Y. (J. Lebowitz, Belfer School,
N. Y., N. Y. 10033) 12/69

JANUARY 1970

19-23 • Electrochemistry D CORDON RE-
SEARCH CONFERENCES • Santa
Barbara, Calif. (Alexander M
Cruickshank, Pastore Chemical
Lab U. of Rhode Island, Kings-
ton, R. I-, 02881) 12/69

26-30 • Polymers • CORDON RESEARCH
CONFERENCE • Santa Barbara
Calif. (Alexander M. Cruickshank)
12/69

11-13 • Scintillation and Semiconductor
Counters • IEEE, AEC, NBS •
Wash., D. C. (R. L. Chase, Brook-
haven Nat'l Labs., Upton, N. Y.
11973) 12/69

23-27 • Progress in Sodium-Cooled Fast-
Reactor Engineering • IAEA,
AEC • Monaco (John H. Kane,
Div. of Tech. Info., AEC, Wash.,
D. C. 20545) 12/69

Topics: Primary components, steam generators,
safety technology, hydraulic and structural-core
technology.

APRIL 1970

3, 4 • Midwest Theory Conference •
UNIV. OF NOTRE DAME • Notre
Dame, Indiana (W. D. McGlinn,
Dept. of Physics, U. of Notre
Dame, Notre Dame, Ind. 46556)
12/69

6-8 • Resonance in Conducting Mate-
rials • UNIV. OF WARWICK •
Univ. of Warwick, Coventry,

Partial calendar—see note at opening.

SPECTROSCOPY

Cryo-Tip£l Refrigerators:
inexpensive solutions
to difficult
cryogenic interfaces.
• Temperatures down to 3.6° K

• Temperature control to ± 0 . 1 ° K

• Uses gaseous, not liquid, helium.

• Wide variety of interfaces available.

A single Cryo-Tip? Refrigerator serves
many operations simply by changing the
inexpensive vacuum shroud interface.

These refrigerators operate by the
Joule-Thomson expansion of economi-
cal, convenient cylinder gas, eliminat-
ing the need for liquid helium. Gives
precise temperature control from
3.6° K to 300° K by simply varying gas
pressure.

Cryo-Tip refrigerators are now used
for low-temperature experiments in UV,
IR, visible and nuclear spectroscopy —
with interfaces for many makes of
spectrometers. Other uses include x-ray
diffraction, Hall effects, field-ion mi-
croscopy, semiconductor studies, ESR,
EPR, NMR and cooling of lasers and
low-noise receivers.

Available for open- or closed-cycle
"plug-in" operation.

For full technical information, write:
Advanced Products Dept., Air Products
& Chemicals, Inc., Box 538, Allentown,
Pa. 18105.
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SUPERCONDUCTIVE MAGNETS
High Homogeneity for N.M.R.-E.S.R. - Magnetic Cooling
- Quadrupoles - High Field - Split Coil - Power Supplies.

CRYOSTATS
Cyrostats of Proven Design - Optical - X-Ray - Mossbauer
- Magnetic Susceptibility - Variable Temperature -
Complete Systems - Controls.

THE DILUTION REFRIGERATOR

Standard Modular Dewar
with Rotating Optical Tail

Harwell He3/He4 Dilution Refrigerator - Continuous
Temperatures Below 0.03° K - Broad Application
including High Fields.

OXFORD INSTRUMENT CORPORATION
P.O. BOX 6404, ALBANY, CALIFORNIA 94716 (415) 525-9372

NEW

YOUR CHOICE AMONG
4 Models: 3/4 or 1-m fl with wavelength or
wavenumber drive

Dozens of convenience accessories:
Periscope Viewer, for aligning small samples;
Source Chamber; Experiment Chamber;
Retransmitting Slidewire, forX-Y presentation;
Rotating Refractor Plate; IR through UV Detectors;
Cameras; Electronics; Cooled Detector Housings;
Straight Through External Optics; Exit Beam Splitter

1 7 0 0 SERIES

SPEXTROMETERS

VERSATILITY IS FURTHER PROVIDED WITH

2500:1 range of scanning speeds

stepper/synchronous motor for computer
interfacing

stigmatic system

kinematic mount for grating interchange

range from UV to far IR in a single instrument

flat field for photography

INDUSTRIES INC./P.O. BOX 798/METUCHEN, N.J. 08840
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APRIL 1970

i

Warwickshire, UK (R. Dupree,
Univ. of Warwick) 12/69

27-29 • Frequency Control • ELEC-
TRONIC COMPONENTS LAB., US
ARMY ELECTRONICS COMMAND •
Fort Monmouth, N. J. (J. M.
Stanley, Electronic Components
Lab., Fort Monmouth, N. J.
07703) 12/69

MAY 1970

1,2 • Experimental Meson Spectros-
copy • UNIV. OF PA. • Phila.,
Pa. (Jules Halpern, Physics, U. of
Pa., Phila., Pa. 19104) 12/69

4, 5 • Transducers • IEEE • Gaithers-
burg, Md. (H. P. Kalmus, Harry
Diamond Labs., Dept. of the
Army, Wash., D.C.) 12/69

18-22 • Materials Symposium • us AIR-
FORCE, AMERICAN INST. OF AERO-
NAUTICS AND ASTRONAUTICS,
AMERICAN ORDINANCE ASSOC., SO-
CIETY OF AEROSPACE MATERIAL
AND PROCESS ENGINEERS • Miami
Beach, Fla. (Air Force Sympo-
sium '70, P.O. Box 38, Dayton,
Ohio 45420) 12/69

JUNE 1970

28-2 • • HEALTH PHYSICS SOCIETY

Chicago (R. F. Cowing) 7/69

JULY 1970

20-24 • Dielectric Materials, Measure-
ments and Applications • IEEE,
INSTITUTE OF ELECTRICAL ENGI-
NEERS ( U K ) • Univ. of Lancas-
ter, UK (1EE, Savoy Place, Lon-
don W.C. 2, UK) 12/69

21-24 • Nuclear and Space Radiation
Effects • IEEE • San Diego,
Calif. (R. Thatcher, Battelle Mem.
Inst., 505 King Ave., Columbus,
Ohio) 12/69

AUGUST 1970

11-15 • Magnetic Recording • HUNGAR-
IAN OPTICAL, ACOUSTICAL AND
CINEMATOGRAPHIC SOCIETY •
Budapest (M.J.K., Optical, Acous-
tical and Cinematographic Soci-
ety Budapest 5, Szabadsdg ter
17, Hungary) [2/70] 12/69

26-29 • Small-Angle X-ray Scattering D
ACA • Graz, Austria (O. Kratky,
Inst. for Physical Chemistry,
Univ. of Graz, Heinrichstrasse 28,
A 8010, Graz, Austria) 12/69

SEPTEMBER 1970

15-18 • Gas Discharges • IPPS, INSTI-
TUTE OF ELECTRICAL ENGINEERS
(UK) D London (IEE, Savoy
Place, London W.C. 2, UK) 12/69

Partial calendar—see note at opening.

Model 1000 Current Integrator

• UNPRECEDENTED ACCURACY — .02% of full scale.

• PERMANENT CALIBRATION — no user adjustment required; accuracy is maintained by the
highest long-term stability achievable at the present state of the art.

• HIGH RESOLUTION— 100 pps eliminates need for interpolating meters; permits direct connec-
tion to automatic data processing systems.

• EXTREMELY LOW INPUT IMPEDANCE — .! microvolt input voltage drop; eliminates errors due
to leakage from target to ground; no loss of accuracy with water-cooled targets.

• WIDE RANGE — 15 ranges from 2 na to 20 ma F. S.

• CHOPPER STABILIZATION — solid-state chopper stabilized input amplifier eliminates drift.

• VERSATILITY — accepts inputs of either polarity - pulses or dc.

• OFFSET ADJUST — adjustable input balancing current to neutralize thermal emf's and leakage
in external circuit; special mode of operation provided to permit very accurate balancing.

• CURRENT INDICATION — panel meter provides continuous indication of input current.

• AUTOMATIC DEAD TIME CORRECTION —output may be inhibited by dead time signal from pulse
height analyzer, etc.

• ISOLATED GROUND — common input terminal may be grounded anywhere in experimental
system to avoid ground loops.

Our users include Government Laboratories, Universities
and leading accelerator manufacturers throughout the world.

BROOKHAVEN INSTRUMENTS CORPORATION
BOX 212 PHONE 516—289-1617 BROOKHAVEN, N. Y. 11719

in
simplified
retrieval of
noise buried
signals with

Ithaco's 353
Phase-Lock amplifier

• no tuning required
• phase and gain not affected by adjust-

ment or drift in reference frequency
• adapts automatically to virtually any

reference input
• ultra stable, highly linear detector—no

overload at 1,000 : 1 noise to signal
ratio

• 1.0 Hz to 200 KHz operation

• plug-in construction permits addition
of new or specialized features-pre-
vents obsolescence

For further information and complete
specifications contact:

607 272-7640

ITHACOTNC
735 WEST CLINTON STREET, ITHACA, N.Y. 14850
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For magnetic
research
and testing

RFL Model 101
Magnetometer

In the lab or field, RFL's Model
101 fluxgate magnetometer is ideal for
measuring low value magnetic flux
density.

Use it for geophysical exploration,
paleomagnetism, terrestrial magnetic
experiments, locating ferrous mate-
rials, non-destructive testing, and
measuring.

Measures 1 to 100,000 gamma in
10 ranges. Built-in field compensation
enables 0.5 gamma sensitivity/resolu-
tion up to 70,000 gamma.

Rugged, all solid-state design.
Operates on 115-230V or mercury bat-
teries. Calibration check built into unit.
Weight: 11 lbs. Write for literature.

RFL Industries, Inc.

Instrumentation Div. • Boonton, NJ. 07005
TEL: 201-334-3100 / TWX: 710-987-8352 / CABLE: RADAIRCO, N. J.

O C T O B E R 1 9 7 0

28-30 • Electron Devices • IEEE •
Wash., D. C. (IEEE, 345 E. 47th
St., N.Y.,N.Y. 10017) 12/69

NOVEMBER 1970

15-19 • Magnetism and Magnetic Mate-
rials • IEEE • Miami Beach,
Fla. (IEEE, 345 E. 47th St.,
N.Y.,N.Y. 10017) 12/69

NEW LISTING OF

SHORT COURSES AND SCHOOLS

12 JANUARY-10 APRIL

Theory of Imperfect Crystalline Solids
• INTERNATIONAL CENTRE FOR THEO-
RETICAL PHYSICS • Trieste, Italy
(Deputy Director, International Centre
for Theoretical Physics, P.O. Box 586,
1-34100 Trieste, Italy)

2-6 FEBRUARY

Quantum Electronics t • CONTINUING
EDUCATION IN ENGINEERING AND THE
COLLEGE OF ENGINEERING, UNIV. OF
CALIF., BERKELEY • San Francisco
(Continuing Education in Engineering,
Univ. of Calif. Extension, 2223 Fulton
St., Berkeley, Calif. 94720)
Topics: Q-switching and mode-locking of
lasers, self-focusing and defocusing of laser
beams, laser deflection and modulation, gen-
eration and propagation of ultrashort optical
pulses, far-infrared sources, nonlinear optics
and high-power lasers. Participants will in-
clude J. Whinnery, S. E. Schwarz, R. Chiao,
A. J. DeMaria, T. K. Gustafson, G. C. Pimen-
tel and Y. R. Shen.

15-21 FEBRUARY

Gas Kinetics • DEPARTMENT OF CHEM-
ISTRY, UNIV. OF CALIF., IRVINE D Lake
Arrowhead, Calif. (D. L. Bunker, Dept.
of Chem., Univ. of Calif., Irvine, Calif.
92664)
Topics: Potential surfaces, cross sections
and rate constants, scattering theory, kinetic
spectroscopy, quenching reactivity of excited
molecular states, lasers, hot-atom chemistry,
ion-molecule reactions, molecular-beam stud-
ies of inelastic and reactive processes, tra-
jectory studies, chemical activation, energy
transfer and unimolecular reactions.

23 FEBRUARY-7 MARCH

New Developments in High-Energy
Physics • INSTITUTE FOR THEORETICAL
PHYSICS OF THE UNIV. OF GRAZ • Graz,
Austria (H. J. Faustmann, Organizing
Committee, Inst. for Theor. Phys.,
Universitiitspaltz 5, A-8010 Graz Aus-
tria)

Partial calendar—see note at opening.

GUARANTEED
ONE YEAR

ULTRA LOW INDUCTANCE
ENERGY STORAGE
CAPACITORS

For laser, simulation
and spark discharge
technology...

FAST DISCHARGE
E-Type capacitors feature fast
discharge and are designed
for quantum electronics in
the scientific and industrial
optical community.

3 STANDARD STYLES
EA 1 nanohenry or less

inductance
EB (very high energy) between

1 and 10 nanohenrys
EC specifically designed for

organic dye and liquid
lasers

Ring frequency is measured on
every unit — tested 1 minute at
twice rated voltage.
E-Type series guaranteed 1 year
up to 85°C at up to 100 pps.
A complete line of High Voltage
DC Filter, CP70 Type, Pulse and
RF Capacitors • Pulse Forming
Networks • Modular Power Sup-
plies • Special Charging Power
Supplies.

CONDENSER
PRODUCTS
CORPORATION

Box 997, Brooksville, Florida
Phone: 904-796-3562
California: 213-277-2050
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Are you a British scientist or engineer thinking of returning to work in research and
development in Britain ? You may find what you are looking for, without going home
first in the Scientific Civil Service, the United Kingdom Atomic Energy Authority, or
the Central Electricity Generating Board. And your family fares back to this job
may be paid.

The work is mainly applied, in that it has a practical end in view, but fundamental
research is frequently involved. There are likely to be openings in most branches of
the physical and engineering sciences, especially in mathematics and computing.

Career Appointments
are on offer mainly at the starting point of Scientific Officer and Senior Scientific
Officer (or their equivalents), for which candidates will most likely be between the
ages of 23 and 31.

Research Fellowships
are prestige awards, offered to scientists and engineers of exceptional ability, usually
for 2-3 years. Fellowships may lead to career appointments.

A Selection Board composed of practising research scientists and engineers,
drawn from R. & D. establishments in the three organisations, will be in:—

CANADA (OTTAWA):

interviews beginning in mid-January
1970. Last Day for the receipt of
applications: 5th December 1969.

If you are in Canada
please write to:
Mr. H. G. Sturman,
Senior UKAEA Representative
in Canada,
P.O. Box No. 1245,
Deep River, Ontario.

U.S.A. (NEW YORK AND
SAN FRANCISCO):
interviews beginning in mid-March
1 970. Last Day for the receipt of
applications: 9th January 19.70.

If you are in the U.S.A.
please write to:
Dr. J. M. Lock, Director,
United Kingdom
Scientific Mission,
British Embassy,
Washington, DC. 20008.

Issued jointly by the Civil Service Commission, the U.K. Atomic Energy Authority
and the Central Electricity Generating Board.



obtain complete information on these nuclear
instruments

® ! C » • M
®- $ G e t t i

A M P L I F I E R S

Main Amplifiers
High Gain Pulse Amplifier
Twin Amplifier
Charge Sensitive Preamplifier
Proportional Counter Preamplifier
Add-Subtract Amplifier
RC Shaper
Baseline Restorer
Bias Amplifier, Controlled Stretcher,
DC Restorer and Pile-up Rejector

COUNTING AND PRINTOUT UNITS

Sealer/Timer
100 MHz Prescaler
Timer
Crystal Clock
Ratemeter
Serial to Parallel Decoder
Printout Control Unit
Digital to Analog Converter
Pulse Generator

SPECTROMETERS AND DETECTORS

Integrated Nuclear Spectrometer
Automatic Baseline Advance
Integrated Radiation Counter
ELSCINT Scintillation Detector Bases

T I M I N G

Particle Identifier
Pulse Shape Discriminator
Fast Slow Coincidence
Overlap Coincidence
Pile-up Rejector
Fast Discriminator
Fast Amplifier Discriminator
Time to Amplitude Converter
Linear Gate
Single Channel Analyzer

MONITORS

Geiger Survey Meter
Radiation Monitor
Digital Curie Meter
Coating Gauge

N I M POWER SUPPLIES

NIM Standard Bin
Bin Power Supplies
HV Bias Power Supply

a postcard to us will bring you our
new nuclear instrumentation catalog

please write to

ELSCINT LTD.
AN ELRON SUBSIDIARY
RO.B.5258 HAIFA.ISRAEL.

ELRON INC.
97O1 N.KENTON AVE.

SKOKIE ILLINOIS BOO7B
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book review
editorial
erratum
letter
meeting report
obituary

SUBJECT INDEX

ACCELERATORS
Argonne ZGS pulses. MAR 63
Canadian council weighs role on Batavia machine.

MAY 65
CERN-Serpukhov collaboration yields data on particle

yields. JUL 71
CERN storage rings in two years experimenters are

making plans. SEP 62
Electron cloud to produce highly stripped heavy ions.

MAY 58
First director of CERN 300-GeV accelerator. FEB 69
Giant scintillation counter is good for high energies.

MAY 58
Hermes II produces 150 000 amperes of 13-MeV

electrons. AUG 67
Indiana U builds 200-MeV sector-focused cyclotron.

JUL71
Intense MeV-electron beams and prospects for accel-

erators. JUN 59
Lamb-effect sources make better polarized ion beams.

JAN 67
LAMPF aims for 1972. users' group organizes. MAY

65
Matter meets antimatter in Akademgorodok. AUG 62
More electron rings LRL forms them. Dubna starts

extraction. APR 63
NAL plans for bubble chambers. JAN 64
Positron Beams. D E Yount. FEB 41
PPA proposes heavy-ion improvement program to

AEC. OCT59
Serpukhov data suggest asymptopia may be further

away than ever. OCT 57
Three Decades of Fast-Neutron Experiments. H H

Barschall. AUG 54
Tunnel dug for Stanford superconducting hnac. MAR

63
US groups may be able to work at Serpukhov. APR

79
Weisskopf panel reports on high-energy physics in

next decade. OCT 65

ACOUSTICS Acoustics. L L Beranek. NOV 47
Analysis of Musical-Instrument Tones. J. Risset and

M V. Mathews. FEB 23
Sound laboratory completed at NBS. JAN 87
Ultrasonic microscope may be more sensitive, nonde-

structive. AUG 66

AMERICAN ASSOCIATION OF
PHYSICS TEACHERS
AAPT should endorse AAUP statement on academic

freedom and tenure. (L) SEP 9
Book on demonstration experiments sponsored. MAY

66
Chicago meeting (see APS)
Humanists dissect morals, models, graphics of

ompttmonfor short teach.ng films. AUG 109

Resource letters and reprint booklets, JAN 87
Winners of apparatus competition announced. APR 91

AMERICAN ASTRONOMICAL SOCIETY Fredrick
named AAS secretary; McVittie resigns. SEP 7 1

AMERICAN INSTITUTE OF PHYSICS
AIP discriminatory policies. (L) JUN 9
AIP in 1968 Expansion and Experimentation. J P.

Wiley Jr. JUN 43
AIP. societies seek ways to cut publishing costs. MAY

69
AIP and society journals in microfilm. DEC 65
APS. SPS councils. C0MPAS meet in Washington.

JUN 68
Corporate associates to discuss federal support. SEP

71
Feinberg, Commoner. Crane probe scientists- social

role. APR 80
Fewer prospective employers use AIP placement ser-

vice.JUL77
First three-day science-writers seminar held. FEB 7 1
Guide to undergraduate departments. DEC 63
History conference probes role of nuclear theorists,

JUL75
Information division asks $4 2 million over three years.

JUL74
Journal prices raised. NOV 67
Metzner new assistant director of publications. DEC

63
National Register. (L) JUL 19
The National Register Looks at Manpower. S Bansch

and T Johnides, OCT 48. (L) DEC 1 5
New Information Program for AIP. A Herschman. F.

Alt. H W. Koch. DEC 26
New policies for unsupported publishing. FEB 69. (L)

JUL 15
New York Times writer wins AIP-US Steel writing

award. MAY 67
1 969 governing board. MAY 67
North American faculty directory. NOV 67
Page charges. (L) MAR 15
Placement figures show tight physics job market. APR

83
References to unpublished works, (L) OCT 1 1
SATC0M challenges societies to improve their publi-

cations. AUG 75
Science writing award to Thorne. OCT 105
Study offers solutions to school science problems.

JUL74
Tax reform bill may limit scientific society activities.

OCT 67
An unemployment crisis. (L) FEB 13. JUL 9. AUG 9.

DEC 1 1. 13
US Steel. AIP add category to science-writing awards.

FEB 75
Visiting privileges for Americans and Australians. SEP

72
Work Complex Study. (L) MAY 1 3

AMERICAN PHYSICAL SOCIETY
AAPT-APS Meeting Returns to New York. J P Wiley

Jr. JAN 57
Activist groups seek ways to bring science into poli-

tics. APR 79
Activists take ABM fight to Congress. White House,

JUN 69
Antiballistic missile system. APS in Washington dis-

cusses. JUL 99
APS scope of concern should include physicists. (L)

MAY 1 1
APS should endorse AAUP statement on academic

freedom and tenure. (L) SEP 9
APS. SPS Councils. C0MPAS meet in Washington.

JUN 68
Dissidents force a vote on 1970 Chicago meeting,

APR 85. (ER) SEP72
Exhibit, general sessions highlight Washington meet-

ing. APR 87
Group flights to Europe and Japan, DEC 65
New division will focus on cosmic radiations. JUN 73
New policies for unsupported publishing. FEB 69; (L)

JUL 15
1970 Chicago meeting (L) FEB 11. 69. MAR 65. (L)

APR 9. 79. (L) MAY 9. 65. (L) JUN 11. AUG 17.
SEP 15. OCT 1 1

1 932 APS meeting. APR 1 23
Petition for division on the problems of physics and

society. (L) JUN 15
Physical Review Letters cuts page budget 10%. MAY

71
SLAC and APS division publish new preprint list. JUN

73
Suggestions for a more relevant society. (L) JUN 1 5
Travel arrangements for meetings. (L) APR 1 1
An unemployment crisis. (L) FEB 13. JUL 9. AUG 9,

DEC 11.13
What Happened to My Paper?. S A Goudsmit. MAY

23. (L) AUG 15

AMERICAN PHYSICISTS ASSOCIATION Inception.
NOV 65

ASTRONOMY. SPACE AND GEOPHYSICS
Apollo 1 1 success brings astronomy down to earth.

SEP 65
Astronomy, progress summarized for New York State

section. JUN 89
British and Dutch build new radio telescopes. APR 63
Condon study rebuts UFOs. critics offer own version.

MAR 67
Continental Drift. D L Turcotte and E R Oxburgh.

APR 30. (L) AUG 11
Cornell facility to probe planets. MAR 63
Crab pulsar optically identified, other pulsars show

slowdown. MAR 60
Dicke panel says US lags in radio-astronomy con-

struction, DEC 56
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Doherty Foundation gift to Lamont Observatory, MAR
73

48-University consortium to coordinate space re-
search. OCT 69

Hot water source in space may act as maser, APR 63
Information from Deep-Space Tracking, P. M. Muller

and W L. Sjogren, JUL 46
Infrared background radiation higher than expected,

FEB 67
International space project will study solar processes.

NOV 59
Interstellar isotopic abundance of carbon agrees with

earth's, FEB 67
Interstellar medium contains ammonia, FEB 67
Interstellar medium has biological preservative. MAY

58
JILA has fellowships for 1970-1, DEC 63
Long-Baseline Interferometry, B F. Burke. JUL 54; (L)

NOV 1 1
Lunar atmosphere, (L) DEC 1 3
Mars Manners to study surface and atmosphere, MAY

59
NAS names Rubey director of lunar science institute,

JAN 85
Near-earth study program proposed for 1968-75.

MAR 61
Orbiting telescopes scan ultraviolet wavelengths. MAR

63
The Origin of the Elements, D. D. Clayton. MAY 28,

(L) OCT 15
Polar cap may have geoelectric field. APR 64
Presidential panel proposes new ocean resources

agency, MAR 73
Program is proposed for outer-planet trips in 70s.

OCT 59
Re Pulsars. S P. Maran and A G. W Cameron. (L)

JAN 1 1
Quasistel/ar Objects and Seyfert Galaxies, S. A Col-

gate. JAN 27
Sensors in the Deep Sea, D R. Caldwell. F. E Snod-

grass, and M H Wimbush, JUL 34
Short-period pulsar slows. FEB 67
Solar telescope and 0S0-6 observing the sun. DEC

56
Theorists offer explanation for pulsar speeding up. JUL

68
Vela pulsar slows, speeds up. and then slows down

again. JUN 63
A Visit to Arecibo finds a telescope seeking improve-

ment. APR 65
Weber reports 1660-Hz gravitational waves from

outer space, AUG 61
Where Do We Go From Here?. A. E. Ruark. SEP 25
X Rays from Crab have period of radio signals, JUL 68

ATOMIC ENERGY COMMISSION Six films available
from free-loan libraries. NOV 67

AWARDS
AEC honors Joliot, Halban, Kowarski. Perrin. FEB 1 13;

Anderson Award to Mills. SEP 115, ANS Special
Award to Ward. AUG 101; Arctowski Medal to Par-
ker and Wild. JUL 1 12; ASA Honors Waterfall. JUN
99; Atoms-for-Peace Award to Eisenhower, JUN
99. to seven scientists. JUL 111; Bingham Medal
to Encksen. JAN 137; Bonner Prize to Breit. APR
127; Buckley Solid-State Prize to Hopfield and
Thomas. MAR 115. Coblentz Award to Zerbi. MAR
117; Day Medal to Vine, MAR 117, Dunn Medal to
Lax, MAY 107, Franklin Institute Honors Theuerer,
Duwez, Berger, JAN 135; Gold Medal to Hunt.
MAY 107. Gray Medal to Spencer. AUG 101;
Guggenheim Award to Svestka, JAN 135. Harris
Medal to Radkowsky. MAY 109; High Polymer
Prize to Bunn. MAR 115; Hoover Medal to Seitz,
JAN 135. IPPS gives six prizes. MAY 109, Ives
Medal to Rank, AUG 101; Jansky Lectureship to
Shklovsky. JAN 137. Langmuir Prize to Slichter,
MAR 1 15; Lark-Horovitz prize to Spears. AUG 101,
Lawrence Award to Chew, Cromer, Hayes, Gelbard,
Nuckolls. JUN 99; Maryland Young Scientist Award
to Pugh. MAR 117, Materials-Technology Award to
Strnat. Olson. Hoffer, FEB 113; Michigan State
creates Osgood Award. MAY 109, Millikan Award
to Fowler. SEP 117; Mo. Science Educator Award
to Hilton. FEB 111; Montana State creates Johnson
Award. JAN 137, Navy Achievement Award to
Scanlon, JAN 139. Navy Civilian Service Award to
Karle, FEB 111; New Scientist Award to Joseph-
son. SEP 117; Nominations open for OSA Adolph
Lomb Medal, JAN 93; NYU Alumni Award to Pri-
makoff. JUN 99; Oppenheimer Prize to Dirac, APR
127; Penrose Medal to Wilson, MAR 117, Planck
Medal to Dyson. JUL 112. Quantum Molecular
Award to Levine, JAN 139, Research Corporation
Award to Gell-Mann, MAR 115, Richardson Medal
to Cary. MAR 117; Rosa Award to Memke. APR
128; Rumford Medal to Gabor, MAR 117; Salam
sets up fund, DEC 63; Science writing award to
Thorne, OCT 105; Spectroscopy Society creates
Burns Award. JAN 137. Stratton Award to Lide.
APR 128; Tillyer Medal to Riggs, MAR 117; Trent-
Crede Award to Vigness. MAY 107; US Standards

Institute honor Wolfe. FEB 111; Vetlesen Prize to
Birch and Bullard. FEB 111; Warner Prize to Sar-
gent, APR 127

BIOPHYSICS Interstellar medium has biological pre-
servative, MAY 58

Re Magnetic Fields in Biology. A Kolm, (L) MAR 1 5

BUBBLE CHAMBERS CERN ultrasonic bubble cham-
ber. MAR 61

CHEMICAL PHYSICS Spectra suggest anomalous
water is a stable polymer of H2O, SEP 61

CRYOGENICS
Advances in Superconductivity, J Bardeen, OCT 40
Is there a new mechanism for superconductivity?. JAN

64
Josephson effect permits new look at fundamental

constants, AUG 66
Solid staters study fluctuations in superconductors,

MAY 57
Superconductivity, new materials and more applica-

tions. MAR 101. (L)SEP 1 1

CRYSTALLOGRAPHY: Crystal acts like a two-
dimensional antiferromagnet, JUL 69

Crystallographers elect Guinier as new president, OCT
67

Crystallographers Offer Meetings Within Meetings, W
C Hamilton. AUG 23

Crystallography. International Congress of. JUL 1 1 7
Crystals, S C. Abrahams, contributions by C. S. Barrett

and D Harker, AUG 30; (L) OCT 9
30 Years of Small-Angle X-Ray Scattering. A Guinier.

NOV 25

EDITORIALS
Better Teaching with Better Problems and Exams

(Guest Editorial). MAR 134, (L) OCT 1 1
D Phil, or D Phys.?. JAN 1 54, (L) APR 9. 1 1
Re In Politics. How Should We Do Our Thing?, (L)

JAN 9. FEB 1 1. MAR 1 1
Is Your Research Moral? (Guest Editorial) DEC 1 18
The Practical Need for Beauty. APR 144; (L) JUL 17
Reflections on the Moon, SEP 1 28
We Need an Informed Conscience. AUG 1 14
What Shall We Do for the Commission on College

Physics? (Guest Editorial), NOV 120
Who Finds the Job?. JUN 112; (L) SEP 9. NOV 9.11.

DEC 9
Who Pays the Bills?. MAY 124

EDUCATION

Academic freedom and tenure. (L) SEP 9
AEC will give used nuclear-studies equipment to

schools. SEP 72
All-girl physics course makes converts in Illinois. APR

80
Beams retires at Virginia. AUG 97
College Physics Commission reports results in

1966-68. JUN 71
Computers in Physics Instruction, G Schwarz, 0. M.

Kromhout, and S. Edwards. SEP 40
Decreasing physics enrollments, (L) MAR 1 3. JUL 9
Draft affects 12.6% of physics graduate students. SEP

71
Federally supported research in universities, AIP topic,

AUG 69
Foreign graduate candidates evaluated by Dart. Mor-

avcsik. DEC 63
Foreign scientists available under Fulbnght-Hays Act

JUN71
48-university consortium to coordinate space re-

search, OCT 69
The Graduate Student. Introduction, MAR 23

How Does He See Himself?: Cornell University. A
R Evans, MAR 25; University of Florida. J. and
M. Taube, MAR 26; Howard University. M. J.
Smith. MAR 28. University of Illinois. S. C Fain
Jr, MAR 29, University of New Mexico, B. D
Hansen III. MAR 30, City College, CUNY.J. Slev-
in, MAR 31; University of Pennsylvania, J. R
Powers, MAR 32; Northwestern University. J.
Oberteuffer, MAR 33.

Why Has He Changed?. J. C. Slater, MAR 35 (L)
JUL9

How Does He Fare in Britain?, C. C Butler. MAR
39;

What Does He Study?, A A Strassenburg and M.
T. Llano. MAR 45; (L) JUL9

Where Does He Come From? Where Does He Go?,
S D. Ellis. MAR 53; (L) AUG 9

IBO international physics syllabus and exam. JAN 85
To Joseph Henry, J A Wheeler. FEB 1 1 1
Lycommg College enjoys high-school physics day

FEB 71
Manpower studies show physics leveling off. SEP 72
Maryland plans to tram 23 Negro college teachers,

MAY 73
NSF grants to improve science teaching. FEB 70

NSF physics section discusses support policies and
prospects, SEP 73

The physics dropout what turns him off?, OCT 67
RE: Physics and the Nation in a Crystal Ball, L M.

Branscomb. (L) JAN 9
Plodders are the backbone. (L) FEB 9
The Postdoctoral Research Associate-Instructor, A. E.

S Green. JUN 23
President underlines support for science. MAR 65
PSNS finds $60 000 surplus. JUL 79
Research stoppage focuses on national science goals,

APR81
Romanian physics education, (L) MAY 13
Specialized irrelevancy, (L) AUG 9
Student director becomes full-time visiting scientist.

JUL73
Study offers solutions to school science problems,

JUL74
Universities, Congress study institutional grant propos-

als. MAY 67
University scientists discuss government and science,

MAR 65

ELECTRICITY Electricity and Rain, J. D. Sartor, AUG
45

Grids instead of walls for electrogasdynamic genera-
tors, MAR 60

ELECTRONS. ATOMS AND MOLECULES Atomic
Physicists meet for Arnold Sommerfeld Centennial,
FEB 99

Atoms. V. W Hughes. FEB 33
Polarized beams show promise for atomic collision ex-

periments, NOV 87
Re Spectroscopy. Quantum Chemistry and Molecular

Physics, R. S. Mulliken. (L) JAN 9

ELEMENTARY PARTICLES AND FIELDS

Cascade particle completes octet, (L) APR 13
Check of T invariance in electromagnetic interaction.

APR 64
CP-violating decay of long-lived K meson, NOV 56
Elementary Particles, G Veneziano, SEP 31
Form Factors of Elementary Particles, R. Wilson, JAN

47
Fundamental particles at high energy, APR 11 5
Giant scintillation counter is good for high energies,

MAY 58
High-energy physics, theory falls behind experiments,

JAN 1 19
Is this a quark I see before me?, OCT 55
More About Tachyons. 0. M. Bilaniuk. S. L. Brown. B.

DeWitt, W. A. Newcomb. M. Sachs. E. C. G Sudar-
shan. S Yoshikawa. DEC 47

Nucleon-Nucleon Scattering, M. Mac Gregor. DEC 21
Particle physicists exchange facts, models and specu-

lations, NOV 93
Particles Beyond the Light Barrier, 0. Bilaniuk and E.

C G Sudarshan. MAY 43; (L) OCT 9
Regge-cut theory yields encouraging results, SEP 101
Serpukhov data suggest asymptopia may be further

away than ever, OCT 57
Symmetries and quarks raise more questions than so-

lutions, OCT 93
Veneziano representation excites strong-interaction

theorists, MAR 59
What Is the Point of So-Called "Axiomatic Field Theo-

ry"?. A S. Wightman. SEP 53

EUROPEAN PHYSICAL SOCIETY Announces division
chairmen, DEC 65

Growing society has 31 000 members, NOV 63
Members gather in Florence. JUN 67

FEDERATION OF AMERICAN SCIENTISTS: Sakharov
essay welcomed; Hollander to edit response. APR
80 '

FLUIDS and PLASMAS Artsimovieh Talks about Con-
trolled-Fusion Research, J. L. Tuck and G. B. Lub-
kin. JUN 54

Bernoulli theorem confirmed, MAR 63
Cold octopole and hot Tokomak show long confine-

ment times, DEC 55
Committee recommends magnetohydrodynamic study,

NOV 67
Hundred-joule lasers are producing high-temperature

plasmas. NOV 55
Plasmas, H. Grad. DEC 34
Tokomak proposals endorsed by AEC. AUG 69
US fusion experimenters want to try Tokomaks now,

JUL67

GOVERNMENT

Activists take ABM fight to Congress. White House.
JUN 69

AEC. Puerto Rico to study nuclear-energy center sites.
FEB 75

AEC will give used nuclear-studies equipment to
schools. SEP 72
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Antiballistic missile system. APS in Washington dis- Transition-radiation detector for high energy. NOV 59
cusses. JUL 3si

B a t a v i a

mmittee ° U t l m e S agenda f ° r 91st Cong-
Daddano seeks comment on unifying science activi-

ties. AUG 75

Dedication of solid-state building at Argonne JUL 73

Draft Draft Affects 12 6% of physics graduate stu-
dents. SEP 7 1 . Nearly half of all graduate students
eligible for draft. MAR 65

DuBridge will be science adviser to Nixon, JAN 85

Federal Aid Budget cuts hurt many-but not as badly

as feared. JUN 67. Decline in federal support of re-

search documented. APR 93. Federally supported

research in universities. AIP topic. AUG 69. John-

son budget holds science to a "cost-of-living" raise.

MAR 65. LAMPF aims for 1972 users'group orga-

nizes. MAY 65. Nixon releases another $10 million

to NSF, MAR 65. Nixon's April budget revisions.

MAY 65. NSF announces plans for 1970 expendi-

ture limits. OCT 67. NSF appropriation approved.

AUG 69. NSF physics section discusses support

policies and prospects. SEP 73; President under-

lines support for science. MAR 65. Tax reform bill

may limit scientific • society activities. OCT 67,

Toward regionally relevant research. (L) FEB 9. Uni-

versities. Congress study institutional grant propos-

als. MAY 67; Weisskopf panel reports on high-

energy physics in next decade. OCT 65

House unit proposes steps to improve federal labs.

JAN 91

How the President gets his science advice A visit to

OST. AUG 70

IAEA seeks better ways to detect nuclear-material di-

version. AUG 69

National science board studies future goals for

upgraded NSF. FEB 69

Needs for a National Policy, E Q Daddano OCT 33

New leaders will overhaul US science policy for

1970s. FEB 73

Nixon intends to nominate Heffner deputy director of

OST. JUL 74

Nixon names task force to review science policy. DEC

65

Nuclear Diversion Safeguards 1 The IAEA Program.

B W Sharpe. NOV 33

Nuclear Diversion Safeguards 2 The US Program, W

A Higmbotham. NOV 40

Political storm breaks over appointment of NSF direc-

tor. JUN 67

Political upheaval causes cancellation of 1 1th Latin

American School of Physics. JUL 74

Presidential panel proposes new ocean resources

agency. MAR 73

Research stoppage focuses on national science goals.

APR 81

SATCOM challenges societies to improve their publi-

cations. AUG 75

Tokomak proposals endorsed by AEC. AUG 69

Two presidential science task forces will help Du-

Bridge. JAN 85

University scientists discuss government and science.

MAR 65

US ratification of nonprohferation treaty. APR 79

HISTORY AND PHILOSOPHY History conference

probes role of nuclear theorists. JUL 75

HUMOR A Philistine Asks for Equal Time. Sister J

Dilton. MAY 38

INDUSTRY Sociosystems laboratory explores urban

problems. JUN 73

INFORMATION AIP information division asks $4 2

million over three years. JUL 74
Evaluating published research results. (L) APR 1 5

Mmireview suggested. (L) OCT 13

New Information Program for AIP. A Herschman. F

Alt. H W Koch. DEC 26

SATCOM challenges societies to improve their publi-

cations. AUG 75

INSTITUTE OF PHYSICS AND THE PHYSICAL SOCI-

ETY Members approve royal-charter application.

FEB 70
New Council Officers. OCT 69

INSTRUMENTATION

Biomedical Applications of Holography. E J Feleppa.

JUL 25
Giant sc.nt.llat.on counter is good for high energies.

Information from Deep-Space Tracking. P M Muller

anH W L Sioaren. JUL 46
LongBasel.ne fnterferometry. B. F. Burke. JUL 54. (L)

Quan,um1elec,ron,cs conference in Japan. 1970. JUN

SenVors in the Deep Sea. 0 R Caldwell. F, E. Snod-
grass. andM H. Wimbush. JUL 34

INTERNATIONAL ATOMIC ENERGY AGENCY IAEA
seeks better ways to detect nuclear material diver-
sion. AUG 69

International nuclear information system. OCT 71
Liechtenstein. Niger, and Zambia join. JAN 93
Nuclear Diversion Safeguards 1. The IAEA Program

B. W Sharpe. NOV 33

IUPAP The International Union of Pure and Applied
Physics. L Kerwin. MAY 53; (L) SEP 1 7

INTERVIEWS Edward Condon. MAR 66, Jesse W
Beams. AUG 97. Lev Artsimovich. JUN 54. Wayne
Gruner. et al. SEP 73

MAGNETISM Crystal acts like a two-dimensional an-
tiferromagnet. JUL 69

German National Magnet Lab will have 5-MW capaci-

ty. SEP 65

World's largest superconducting magnet. JAN 64

MANPOWER

Budget cuts hurt many—but not as badly as feared,

JUN 67

Draft affects 12 6% of physics graduate students. SEP

71

Fewer prospective employers use AIP placement ser-

vice. JUL 77

Median salary of US scientists in 1 968. MAR 7 1

The National Register -Looks at Manpower. S Barisch

and T Johnides, OCT 48. (L) DEC 1 5

Nearly half of all graduate students eligible for draft.

MAR 65

Placement figures show tight physics job market. APR

83

Relationship between academic training and job re-

quirements. (L) MAY 1 1

Studies show physics leveling off, SEP 72

An unemployment crisis. (L) FEB 13. JUL 9. AUG 9.

OCT 17. DEC 11. 13

MEETINGS

Amorphous semiconductors stimulate fundamental

and applied research. OCT 97

Astronomy, progress summarized for New York State

Section, JUN 89

Atomic physicists meet for Arnold Sommerfeld Cen-

tennial. FEB 99

Exact statistical mechanics at Irvine. APR 1 1 7

Fundamental particles at high energy. APR 1 1 5

Gordon Research Conferences. APR 133

High-energy physics, theory falls behind experiments.

JAN 1 19

Normal-state electron tunneling. DEC 89

Particle physicists exchange facts, models and specu-

lations. NOV 93

Polarized beams show promise for atomic collision ex-

periments. NOV 87

Regge-cut theory yields encouraging results. SEP 1 01

Semiconductor instabilities, interest grows in. AUG 89

Superconductivity, new materials and more applica-

tions. MAR 101 . (L) SEP 1 1

Symmetries and quarks raise more questions than so-

lutions. OCT 93

Thin-Film studies discussed in Boston, progress in.

AUG 91

NATIONAL ACADEMY OF SCIENCES

Academies of Science offer exchange visits to Ameri-

cans. SEP 71

Bromley heads physics survey committee. SEP 71

Philip Handler elected president. FEB 69

Report suggests regional problem-solving centers.

OCT 69

Rubey named director of Lunar Science Institute. JAN

85

NATIONAL BUREAU OF STANDARDS Astm honored

at dinner, NOV 103

Branscomb named head. JUL 74

Sound laboratory completed. JAN 87

NATIONAL SCIENCE FOUNDATION

Biologist named director. JUL 77
Dicke panel says US lags in radio-astronomy con-

struction. DEC 56

Grants to improve science teaching. FEB 70

Institutional grants will be computed differently. FEB

69

Median salary of US scientists in 1968. MAR 71

National science board studies future goals for

upgraded NSF. FEB 69

Needs for a National Policy. E Q Daddano. OCT 33

Nixon releases another $10 million to NSF, MAR 65

NSF appropriation approved. AUG 69

Physics section discusses support policies and pros-

pects. SEP 73

Plans for 1 970 expenditure limits. OCT 67

Political storm breaks over appointment of NSF direc-

tor. JUN 67

SATCOM challenges societies to improve their publi-

cations. AUG 75

NUCLEAR RESEARCH

AEC. Puerto Rico to study nuclear-energy center sites

FEB 75

Berkeley group reports discovery of element 104, JUL

69

Electron cloud to produce highly stripped heavy ions,

MAY 58

History conference probes role of nuclear theorists,

JUL75

IAEA seeks better ways to detect nuclear-material di-

version. AUG 69

Isobanc Analog Resonances. W R. Coker and C F.

Moore. APR 53

Josephson effect permits new look at fundamental

constants, AUG 66

K-Mesic atoms indicate a nuclear neutron skin, OCT

57

Lamb-effect of sources make better polarized ion

beams. JAN 67

Lifetime of compound nucleus is measured by crystal

blocking. JUL 67

Re More Intense Thermal-Neutron Beams. We Need.

R M Brugger. (L) JUN 17

New insight is offered into the fission process, FEB

64. (L) JUN 9

Nuclear Diversion Safeguards 1 The IAEA Program,

B W Sharpe. NOV 33

Nuclear Diversion Safeguards 2 The US Program. W.

A Higmbotham. NOV 40

Nuclear Models. D R. Inglis. JUN 29

Nucleon-Nucleon Scattering, M Mac Gregor. DEC 21

Oak Ridge uses U233 as reactor fuel, MAR 63

The Origin of the Elements. D D Clayton. MAY 28;

(L)OCT 15

Polarized targets used to study spin effects, APR 64

Search for stable elements heavier than uranium, FEB

63

Three Decades of Fast-Neutron Experiments. H H.

Barschall, AUG 54

Tokomak proposals endorsed by AEC. AUG 69

Ultracold neutrons may redefine electnc-dipole-

moment value. NOV 56

US fusion experimenters want to try Tokomaks now,

JUL67

Variable moment of inertia for even-even nuclei. MAR

61

OBITUARIES

Carl E Adams. JAN 139. John G. Albright. MAY 1 13;

Sister Mary John Allard. APR 129; Leslie R. An-

ders. JUN 101. Gladys A Anslow. JUL 1 12. Walter

H Barkas. AUG 103, Arthur A Bless, JUN 100;

Frank P. Bowden. FEB 113. Janet H Clark. JUL

112. Amos deShalit. DEC 99. Warren DeSorbo.

APR 128; Ray L Edwards, AUG 103; Donald W.

Engelkemeir. SEP 117, Gordon Francis. MAR 119,

George Glockler. MAY 109, Nicholas Golovin. JUN

100, James H Harrold. JUL 1 12. Harvey C Hayes.

JAN 139. Harry H Hess. NOV 107. Egon A Hiede-

mann, MAY 111, Else Holm, JUN 101; Hilde Kall-

mann-BijI, MAR 119. Gunnar Kallen. APR 129;

Richard W King. OCT 105. Aleksandr A Lebedev.

JUL 112. Frank Matossi. APR 129. Alexander B.

McLay. JAN 139; Richard W Michie. AUG 103.

Raymond Morgan, MAY 113. W Adair Morrison,

MAY 111, George M Murphy, MAR 119; Richard

G. Nuckolls, MAY 111. Richard S Perkin. JUL 112,

Cecil F Powell. NOV 107. Fritz Reiche, MAR 119.

Jerzy Sawicki. FEB 113, Otto Stern. OCT 103; Ar-

thur Van Zee, JUL 1 12. Libor J Velinsky. FEB 1 13,

Kenichi Watanabe. NOV 107

OPTICAL SOCIETY OF AMERICA Qumn fills new

post of executive director, SEP 7 1

OPTICS

Biomedical Applications of Holography. E J Feleppa

JUL25

Coherent optics and holography, more applications for

JUL103

CW chemical laser with external source. DEC 55

Hundred-joule lasers are producing high-temperature

plasmas. NOV 55

Nonlinear Optics. J A Giordmaine. JAN 39

Penn. now has state registration of laser systems JUL

79

Sandia operates picosecond laser at 50-joule output
JUN 60

Ultrasonic microscope may be more sensitive, nonde-
structive. AUG 66

PHIMSY

American physicist on a coin. JUL 23, Change units

to solve problems. NOV 19; Chicago Tribune

speaks. FEB 21; A console for theater sound. MAY

19; The cost of calories. APR 19; D'Abro the

search goes on. JAN 17; Decimal angle units. MAY
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19; Decimal time is here. FEB 19; (L) MAY 17; De-
tective work with infrared, AUG 19, Does excite-
ment make you mean?, OCT 19; The earth is still
flat. MAR 19; The Fairbank Anti-Murphy Law, JAN
15; For everyone his own way, AUG 19. For the
man with no needs, JUN 19; The function is the
particle, AUG 21 ; Fusion power at last. APR 21 ,
Gamow gambols. FEB 19; The geography of parity.
APR 19, How about decimal time?. (L) FEB 19,
MAY 17. Integrated Circuit, A Mackay. OCT 19; 0
joyous need for jobs. OCT 19, Lasers in the kitchen,
FEB 21 ; To learn big, study small. APR 19, Lots of
Peltier devices. AUG 19; More about stamps, NOV
19. More fun with decimal places, AUG 19; More
physics philately, SEP 19; A name is a name is a
. . . . NOV 19; NBS metric wall chart. JUN 19,
Never trust anybody. JUN 2 1 , New in nuclear
power, DEC 17; Nomenclature, nomenclature . . . .
NOV 19. Our German equivalent. JUN 19; Our
growing Gamow collection. JUL 21 , A page is a
space is a page, JUN 19, Perchance to wake, MAR
19. Physicists can paint doors, DEC 17; Physicists
on coins, JAN 15; Physics has versatility, JUL 21 ;
Physics learns the hard sell, APR 19, Poems for
computers. NOV 21 . A practical Peltier effect. FEB
19; Practical surface science. MAR 17; Pulsars in
poetry. FEB 19; Purcell on Dicke. FEB 19; Quarks
are up and down, APR 21 ; Rheology in poetry,
MAY 19, "Schlieren Effect," B Ahlborn, JUN 19,
Seen carbon 14 Lately7, MAR 17, Some attention
from outside. JUN 21 , Some meetings are informa-
tive. JAN 15; "Sonnet on Maxwell's Equations," R
E. Swing, APR 21 ; "The Special Theory of Relativi-
ty," A Mackay. JAN 15; . . and stall on the ground.
MAR 19; That 1932 banquet picture. OCT 19. You
incredible witnesses, AUG 19; We take to the
a i r . . . , MAR 17, Weston Batavia Fermi machine.
AUG 21

PHYSICS TODAY AIP discriminatory policies. (L) JUN
9

Lack of discussion of the moral problem of working in
the national-security field. (L) MAR 1 1

No mention of an unemployment crisis. (L) FEB 1 3

PUBLISHING NEWS Benjamin monograph series in
paperback, JAN 87; Journal of Statistical Physics,
MAR 71 ; Minireview suggested. (L) OCT 13. North
American faculty directory, NOV 67. Preprints in
Particles and Fields, JUN 73; References to unpub-
lished works. (L) OCT 11; La Rivista del Nuovo
Cimento, JUN 7 1 , Science Citation Index, (L) APR
1 5. Science writing award to Thorne, OCT 1 05

QUANTUM THEORY Mind Your k's and q's to simpli-
fy solid-state theory. FEB 64

An Operational Interpretation of Nonrelativistic Quan-
tum Mechanics. W E. Lamb Jr. APR 23; (L) OCT 9

Quantum electronics conference in Japan, 1970, JUN
107

Where Do We Go From Here?, A E Ruark. SEP 25

RELATIVITY Space, Time and Elementary Interactions
in Relativity. M. Sachs, FEB 5 1 . (L) SEP 13. NOV
1 1

Where Do We Go From Here?, A E Ruark. SEP 25

SCIENCE AND SOCIETY Needs for a National Policy,
E Q Daddano. OCT 33

The Privilege of Being a Physicist, V. F. Weisskopf.
AUG 39

Report suggests regional problem-solving centers,
OCT 69

Sociosystems Laboratory Explores Urban Problems.
JUN 73

SOCIETY OF PHYSICS STUDENTS APS. SPS coun-
cils. COMPAS meet in Washington. JUN 68

7500 members in 365 chapters. MAY 73
SPS gives 9 undergraduate cash awards for research.

APR 89
Student director becomes full-time visiting scientist,

JUL73

SOLIDS

Advances in Superconductivity, J Bardeen. OCT 40
Amorphous semiconductors stimulate fundamental

and applied research, OCT 97
Crystal acts like a two-dimensional antiferromagnet,

JUL 69
Electrons in Metals. W. A. Harrison, OCT 23
Glassy semiconductors show switching and memory

effects, JAN 63
Mind Your k's and q's to simplify solid-state theory.

FEB 64
Normal-state electron tunneling, DEC 89
Ovshinsky effect. (L) MAR 9, JUL 1 1
Semiconductor instabilities, interest grows in, AUG 89
Solid staters study fluctuations in superconductors,

MAY 57
States of Aggregation. K Mendelssohn, APR 46

Thin-Film studies discussed in Boston, progress in,
AUG 91

30 years of Small-Angle X-Ray Scattering. A. Guinier,
NOV 25

A visit to the semiconductor institute in Leningrad,
JAN 69

SOVIET UNION: Matter meets antimatter in Akadem-
gorodok. AUG 62

A visit to the semiconductor Institute in Leningrad,
JAN 69

STATISTICAL MECHANICS Exact statistical mechan-
ics at Irvine, APR 1 17

UNITS Redefinition of temperature, volt and gravity
standards, JUL 71

Units for Logarithmic Scales. C S McCamy. APR 42,
(L) JUL 19

Visit to Bureau International des Poids et Mesures,
DEC 57

AUTHOR INDEX

Aarons. J . (BR) MAR 91 . FEB 87
Abrahams, S C , contributions by C. S Barrett and D

Harker, Crystals. AUG 30
Adomian. G , (L) APR 1 1
Agassi, J , (BR) SEP 95
Ahlborn, B., Schlieren Effect. JUN 19
Alt. F L (see A Herschman)
Alvarez. L W.. (L) APR 9
Amdur. I . (BR) JAN 1 1 1
Ashcroft. N . (BR) NOV 71
Atherton. D L (see V L Newhouse); (L) SEP 11

Baily, N. A.. (BR) MAY 89. JUL 94, DEC 83
Bahse, P. L. (BR) FEB 83
Ballard, S. S . (BR) APR 101
Bardeen, J . Advances in Superconductivity. OCT 40
Bansch, S and T Johnides, The National Register

Looks at Manpower, OCT 48
Barnard. A C L. and E A. Sallin. (L) OCT 9
Barrett. C. S. (see S. C Abrahams), (L) OCT 9
Barschall, H H., Three Decades of Fast-Neutron Ex-

periments. AUG 54
Bates. L F , (L) SEP 17
Bederson. B , (MR) Polarized Beams Show Promise

For Atomic Collision Experiments, NOV 87
Bederson. B . V W Hughes and L. Spruch. (BR) JAN
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Beranek, L L. Acoustics, NOV 47
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Bernstein. B.. On Presenting the 1968 Bmgham
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Bilaniuk. 0 and E C G Sudarshan, Particles Beyond

the Light Barrier, MAY 43
Bilaniuk, 0 . S L Brown, B DeWitt, W A. Newcomb.

M Sachs, E C G Sudarshan. S Yoshikawa. More
About Tachyons, DEC 47

Bhtzstem. W . (L) FEB 19. MAY 17
Bolton. John G , (L) JAN 1 1
Borcherds. P. H . (L) OCT 11
Borowitz. S.. (BR) NOV 75
Bradner. H. (BR) SEP 81
Branscomb. L , (BR) NOV 69
Brown, L M., (MR) Fundamental Particles at High En-

ergy. APR 115
Brown, S L. (see 0 Bilaniuk)
Brown, W S . (L) MAR 15
Brush, S G . (L) JAN 9, JUL9
Burke, B F , Long-Baseline Interferometry, JUL 54
Butler, C C , The Graduate Student How Does He

Fare in Britain?. MAR 39

Caldwell. D R . F E Snodgrass, and M. H. Wimbush.
Sensors in the Deep Sea. JUL 34

Callen, E and J B Goodenough. (L) MAY 13
Callen. E R . B T. Chertok. D. S. Falk, H Jehle. H P.

Kelly. R. H Parmenter, H E Stanley. (L) SEP 1 5
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Campbell, J A., (MR) Symmetries and Quarks Raise
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Cass.T. R.(BR) NOV 79
Chang. H . (BR) MAY 87
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Clayton, D. D.. The Origin of the Elements. MAY 28
Coker. W. R and C. F. Moore, Isobaric Analog Reso-

nances. APR 53
Colgate, S. A., Quasistellar Objects and Seyfen

Galaxies. JAN 27
Collier. R. J . (BR) JUN 75
Collins, K. E.. (L) JUL 15
Cook, W. R.,(L) AUG 11
Cox, E. F., (L) AUG 19
Cox. M E. (BR) APR 97
Craig, P.. (BR) JAN 97
Cranberg, L. (L) APR 15
Crane. D . (BR)OCT87
Crane. H R., (E) Better Teaching with Better Problems

and Exams. MAR 134

Daddano. Emilio Q., (L) JAN 9; Needs for a National
Policy, OCT 33

Dahl, P. F.. G H. Morgan, and W. B Sampson. (L)
SEP 1 1

Dauber. P.. A. H. Rosenfeld, G. R. Lynch, and C. G.
Wohl.(L) APR 13

DeWitt, B (see 0. Bilaniuk)
Dillon, Sister J, A Philistine Asks for Equal Time. MAY

38
Drake. W R.. (L) SEP 15

Edwards. S (see G Schwarz)
Ellis, R. H.. Jr. (E) D. Phil, or D. Phys.?. JAN 154; (E)

The Practical Need for Beauty. APR 144; (E) Re-
flections on the Moon. SEP 128; (E) We Need an
Informed Conscience. AUG 114. (E) Who Finds
the Job?. JUN 112. (E) Who Pays the Bills?. MAY
124

Ellis, S. D . The Graduate Student Where Does He
Come From? Where Does He Go?. MAR 53; (L)
MAY 13. AUG 11

Ellis. W N.,(L) FEB 9
Elsasser. W M (see D R Rodenhuis)
Epstein, K. J . (L) SEP 13
Ermenc. J J.. (BR) FEB 80
Evans. A R . The Graduate Student: Cornell Universi-

ty, MAR 25

Fain. S C . Jr. The Graduate Student University of Illi-
nois, MAR 29

Falk. D S (see E. R Callen)
Faust. W. L. (L) FEB 13
Feleppa, E J . Biomedical Applications of Holography.

JUL25
Feshbach. H and V F Weisskopf. (OB) DEC 101
Fishbane. P. M and L. M. Simmons Jr. (MR) Regge-

Cut Theory Yields Encouraging Results, SEP 101
Fleming. L, (L) DEC 11
Francombe, M (see H. H. Wieder)
Franken. P.. (MR) APS in Washington Discusses Anti-

ball istic Missile System. JUL 99
Freeman. I M . (BR) MAR 87
Fnedlander. M W . (BR) MAY 95

Gammel. J L, (BR) JUN 85. JUL 93. AUG 78
Garvin, D . (L) OCT 13
Geballe. R.. R. A. Sawyer, and E. L. Jossem. (E) What

Shall We Do for the Commission on College Phys-
ics?. NOV 120

Gillis. J .(BR) APR 109. JUN 76. OCT 83
Giordmaine. J A , Nonlinear Optics, JAN 39; (BR)

JUN 75
Goodenough. J. B. (see E. Callen)
Goudsmit. S. A.. What Happened to My Paper?, MAY

23
Goudsmit. S. A. and G. L Trigg, (L) MAR 9, JUL 13
Grad, H . Plasmas. DEC 34
Green. A E S . The Postdoctoral Research Associate-

Instructor, JUN 23
Greenberg. D F . (L) MAY 1 1
Greenberg. W M., (L) NOV 1 1
Guinier, A.. 30 Years of Small-Angle X-Ray Scattering.

NOV 25

Hambourger, P. D..(L) JUL 13
Hamilton. W C, Crystallographers Offer Meetings

Within Meetings. AUG 23
Hansen, B. D.. Ill, The Graduate Student University of

New Mexico. MAR 30
Harker. D. (see S. C Abrahams)
Harrison. W A.. Electrons in Metals. OCT 23
Haskell, R. E.. (MR) More Applications for Coherent

Optics and Holography. JUL 103
Hasted. J B , (BR) JUN 77
Havens, W W.. Jr. (U APR 13. MAY 9
Hayward. E. (BR) APR 107
Herring. C. (L) FEB 1 1
Herschman, A., F. L. Alt and H. W. Koch. New Infor-

mation Program for AIP, DEC 26
Hersh. H. N. (L) MAY 11, JUN 15
Higgins, R J . (BR) OCT 79
Higinbotham, W. A., Nuclear Diversion Safeguards: 2.

The US Program. NOV 40
Hilsum. C, (MR) Interest Grows in Semiconductor In-

stabilities, AUG 89
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Jossem. E. L (see R Geballe)

Keefe. D.. (BR) APR 95
Kelley. J B.. (BR) JAN 109. MAR 89 APR 109 OCT

79. NOV 73
Kelly. H P. (see E. R Callen)
Kerwin. J D . (L) NOV 9
Kerwin. L. The International Union of Pure and Ap-

plied Physics. MAY 53
King. L D. P.. (L) JUN 17
Kirk. T B W . (L) APR 9
Koch. H W (see A Herschman)
Kolin. A . (L) MAR 15
Koonce. C. S . (BR) AUG 83
Kromhout. 0 M (see G Schwarz)

Lamb. W. E . Jr, An Operational Interpretation of Non-
relativistic Quantum Mechanics, APR 23

Land. C. E..(L) JUN 11
Lande. A.. (L) NOV 1 1
Lasky. D M . (L) SEP 19
Lebowitz. J. L. (BR) JUL91
Lecomte. J .(L)SEP 17
Levine. H. B.. (BR) JUN 77
Levme. R . (L) NOV 9
Levinger. J. S . (L) JUL 1 1
Lewis. H W.. (L) JUL 1 1
Lichten. W.. (BR) JUL 91
Lichtenberg. D. B . (MR) Particle Physicists Exchange

Facts. Models and Speculations. NOV 93. (BR)
OCT 74. (ER) DEC 15

Liebhafsky. H A.. (BR) APR 1 1 1
Lillich. R. B . Phimsy. Phimsy. who are you?. NOV 1 9
Lindsay, B . (BR) MAR 85
Lindsay. R. B . (BR) MAY 97. SEP 83. DEC 85
Llano. M T (see A A Strassenburg)
Lockeretz, W . (L) SEP 9
Lubkin. G B (see J L Tuck)
Lynch. G R (see P. Dauber)

Mac Gregor. M.. Nucleon-Nucleon Scattering. DEC 21
Mackay. A.. The Special Theory of Relativity. JAN 15;

Integrated Circuit. OCT 19; Poems for Computers.
NOV 21

Malamud. H.. (BR) JUL 83
Maran. S P. and A G W Cameron. (L) JAN 1 1
Marton. L . (BR) MAR 76. JUL 86. AUG 81 . OCT 76
Mathews. M V (see J. Risset)
Mattis. D C . (BR) JUL 84. AUG 85
Maxwell. E. and B. B Schwartz. (L) JUN 1 5
Mayer. M. E . (MR) Exact Statistical Mechanics at Ir-

vine. APR 1 17
Mayer. W.G. (BR) NOV 81
McCamy. C S . Units for Logarithmic Scales. APR 42
McCarthy. M F . (BR) APR 105
Mclnturff. A. D . (L) SEP 1 1
Mendelssohn. K . States of Aggregation. APR 46
Mermin. N. D . (BR) JUL 89
Merzbacher. E . (BR) APR 101
Mielczarek. E. V . (BR) MAR 77
Miller. M M.(BR) DEC 79
Moore. C F (see W R Coker)
Moravcsik. Michael J . (MR) Theory Falls Behind Ex-

periments in High-Energy Physics. JAN 1 1 9
Morgan. G. H (see P. F Dahl)
Muller. P M. and W L Sjogren. Information from

Deep-Space Tracking. JUL 46
Muschhtz. E. E. Jr . (BR) DEC 81

Newcomb. W A. (see 0. Bilamuk)
Newhouse. V. L. and D L Atherton. (MR) New Mate-

rials and More Applications for Superconductivity.
MAR 101

Nimeroff. I . (BR) JUN 8 1 . JUL 85

Oberteuffer. J , The Graduate Student Northwestern

University. MAR 33
O'Brien. B.J.(BR) OCT 73
O'Connell. J . (BR) MAR 85
Ohphant M L. (BR) MAR 75
Olsen. L O.. IUJUN 11
Oppenheimer. F. (BR) FEB 77
Orear.J. ( D M A Y 9
Osgood T.H..(BR)FEB83
Ovshmsky.S R ( U M A R 9
Oxburgh E R (see D. L. Turcotte)

Parmenter. R H. (see E. R Callen)
Pasachoff. J M . Twinkle. Twinkle. 1969, FEB 19
Paul. W.. (MR) Amorphous Semiconductors Stimulate

Fundamental and Applied Research. OCT 97
Pauling. L.. (L) JUN 9
Pearson. J M . (L) DEC 1 1
Percival. I. C and H H Stroke. (MR) Atomic Physi-

cists Meet for Arnold Sommerfeld Centennial. FEB
99

Perl. M L.. (L) MAR 1 1
Perry. J. A , Jr. (L) MAY 17
Pewitt. E. G . (BR) OCT 75
Plumb. H H . (BR) SEP 89
Pollack. G L. (BR) FEB 91
Pompi. R L. (MR) Progress in Astronomy Summa-

rized for New York State Section, JUN 89
Powers. J. R.. The Graduate Student University of

Pennsylvania. MAR 32
Ptak. R (see R Stoner)

Rabi. I I . (OB) Otto Stern. OCT 103
Rau. R R and N P Samios. (L) APR 15
Rice, S A . (BR) FEB 83. JUL94. OCT 77
Richards. W B . (I) APR 1 1
Rieckhoff, K E . (L) APR 9
Rindler. W , (BR) FEB 87
Risset. J and M. V Mathews, Analysis of Musical-

Instrument Tones. FEB 23
Robinson. C F . (L) AUG 9
Rodenhuis. D R and W M Elsasser. (BR) JUL 81
Romam. J . (BR) SEP 89. OCT 77
Rosenfeld. A. H (see P. Dauber)
Rothberg, G . (BR) AUG 83. DEC 69
Rowell. J M. (MR) Normal-State Electron Tunneling.

DEC 89
Ruark. A E.. Where Do We Go From Here?. SEP 25
Rudin. R. A . (L) JUL 9
Ryan. Ciaran, (BR) JAN 101

Sachs, M.. Space. Time and Elementary Interactions in
Relativity, FEB 51 . (L) SEP 13. NOV 13. (see 0
Bilamuk)

Sachs. R G.. (BR) AUG 77. (ER) SEP 17
Salam. A and M Jean. (OB) Jerzy Sawicki, FEB 1 1 3
Sallm. E A (see A C L Barnard)
Samios. N P (see R R Rau)
Sampson. W. B (see P. F Dahl)
Sartor. J D.. Electricity and Ram. AUG 45
Sawyer. R A. (see R Geballe)
Schaefer, J . (L) JUL 11
Schawlow. A L. (E) Is Your Research Moral?, DEC

118
Schillaci. M. E.(L) OCT 1 1
Schlegel, R . (BR) APR 103
Schwartz. B. B (see E Maxwell)
Schwartz. C. (L) JUN 9
Schwartzmann, M J and M D Turner. Practitioner's

Lament. NOV 19
Schwarz. G.. 0 M Kromhout. and S Edwards. Com-

puters in Physics Instruction. SEP 40
Scott. T A.(BR) FEB 85
Shankland. R. S. (BR) MAY 98. OCT 85. DEC 7 1
Sharpe. B W. Nuclear Diversion Safeguards The

IAEA Program. NOV 33
Siegman. A. E . (L) FEB 17
Silverman. P. J.. (BR) JUN 81
Silverman. S . (L) OCT 15
Silvert. W . (L) AUG 9
Simmons. L M . Jr (see P. M. Fishbane)
Simpson. J A., (BR) SEP 87
Singer. S. F. (BR) MAR 77
Singleton, J. H.. (BR) AUG 79
Sjogren. W L (see P. M Muller)
Sklar, L, (BR) AUG 79
Slabmski. V. J . (L) MAY 19
Slater. J. C, The Graduate Student Why Has He

Changed?. MAR 35
Slevin. J . The Graduate Student City College. CUNY.

MAR 31
Smith. M J . The Graduate Student Howard Universi-

ty. MAR 28
Smoluchowski. R , (BR) DEC 73
Snodgrass. F E (See D. R Caldwell)
Snow. J A . (BR) JUL82
Sposito. G , (BR) JAN 107. MAR 83. APR 107. MAY

82, JUL84. SEP91. DEC 77
Spruch. L (see B Bederson)
Stanley, H E (see E R Callen)
Stoecklem. J D . (L) MAR 13
Stoner. J 0 . (L) DEC 15
Stoner, R and R Ptak, (L) JUL 9
Strassenburg. A A. (L) FEB 15, and M T Llano. The

Graduate Student What Does He Study? MAR
45

Straumams. M E.(BR)JUN79
Street, R E (BR) JUN 83
Stroke. H H (see I C Percival)
Sudarshan. E C G. (see 0 Bilamuk)
Swing. R E . Sonnet on Maxwell's Equations. APR 21

falbot. L. (BR)SEP85
Tanenbaum. B S . (BR) NOV 77

Taube. J and M. Taube. The Graduate Student Uni-
versity of Florida. MAR 26

Taylor. P L. (BR) DEC 73
Terrell. J.. (L) NOV 1 1
Thomas, K M . (L) SEP 9
Thun. R. E..(L) JUN 13
Trammell. G. T. (L) OCT 9
Trigg. G. L. (see S. A Goudsmit)
Tuck. J. L. and G. B. Lubkin, Artsimovich Talks about

Controlled-Fusion Research. JUN 54
Turcotte. D L and E R Oxburgh. Continental Drift.

APR 30; (L) AUG 13
Turner. M D (see M J Schwartzmann)

Valk. H S . (BR) FEB 80, MAR 93. JUL93
Van Vleck, J H . (BR) JUL 86
Veneziano, G . Elementary Particles. SEP 31

Weber. J . (BR) FEB 81
Weber. R L . (BR) JUL 84. AUG 80
Weinstock. H ,(L) JUN 13
Weisberg. L R (L) OCT 1 1
Weiss. G . (BR) JUL95
Weisskopf. V F . The Privilege of Being a Physicist,

AUG 39. (see H Feshbach)
Weissman. S . (BR) MAY 93
Wheeler. J A , To Joseph Henry. FEB 1 1 1
Wickman. H H . (BR) JAN 99. JUL 87
Wieder, H H and M Francombe. (MR) Progress in

Thin-Film Studies Discussed in Boston. AUG 91
Wightman. A S . What Is the Point of So-Called "Axi-

omatic Field Theory•"?. SEP 53
Wigner. E . (BR) MAY 91 . (L) DEC 1 3
Wiley, J P.. Jr, AAPT-APS Meeting Returns to New

York. JAN 57, A IP in 1968 Expansion and Ex-
perimentation. JUN 43

Williams. 0 W , (BR) JAN 107
Wilson. F L , (BR) JAN 103. FEB 1 1, JUL86
Wilson. R., Form Factors of Elementary Particles. JAN

47
Wimbush. M H (see D. R Caldwell)
Wohl. C G. (see P. Dauber)
Wolf. E. (L) DEC 15
Wolf, W. (BR) JUL 87
Wolfe, H C. (L) AUG 15
Wolfe. J. G.. (L) FEB 9
Wolfenstem. L..(L) JUL 17
Wortis. M.(BR) NOV 75

Yaes, R J ,(L) AUG 17
Yoshikawa, S (see 0 Bilamuk)
Yoss. K , (BR) DEC 75
Yount. D E. Positron Beams. FEB 41

Zernik. W . (L) FEB 13
Zimmermann. R E . (L) JUL 19
Zipin, R. B.. (BR) JAN 99. FEB 85. AUG 81. OCT 76.

NOV 77

BOOKS REVIEWED INDEX

ACOUSTICS Ingard, K U (see P M Morse)
Morse, P. M and K U Ingard, Theoretical Acoustics

(R S Shankland). MAY 98

ASTRONOMY. SPACE, GEOPHYSICS

Burbidge. G and M Burbidge. Quasi-Stellar Objects
(H Chiu). SEP 85

Burbidge. M (see G Burbidge)
Caputo, M . The Gravity Field of the Earth: From Clas-

sical and Modern Methods (J Gilds). JUN 76
Eisele, J. A.. Astrodynamics, Rockets. Satellites and

Space Travel An Introduction to Space Science
(R L Weber). JUL 84

Flugge. S . ed , Encyclopedia of Physics. Vol.
49/2. Geophysics III. Part II (J Aarons). FEB 87

Fuller, J G . Aliens in the Skies (G Rothberg). DEC 69
Gilmor. D S . ed . Scientific Study of Unidentified

Flying Objects (G Rothberg). DEC 69
Harkins. R. R (see D R Saunders)
Hess. W. N.. The Radiation Belt and Magnetosohere

IB J O'Brien). OCT 73
Kanamon, H (see H Takeuchi)
Kopal. Z . An Introduction to the Study of the Moon

(S. F Singer), MAR 77
Kopal. Z. Telescopes in Space (P G Bergmann).

MAR 93
Mihalas. D . Galactic Astronomy (K Yoss) DEC 75
Moroz. V I . Physics of Planets (R. Smoluchowski)

DEC 73
Saunders. D R and R R Harkins. UFO's? Yes'

Where the Condon Committee Went Wrong (G
Rothberg). DEC 69

Smart. W M . Stellar Kinematics (K Yoss), DEC 75
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Takeuchi, H . S. Uyeda. and H. Kanamon. Debate
About the Earth Approach to Geophysics
Through Analysis of Continental Drift (0 W. Wil-
liams), JAN 107

Uyeda, S. (see H. Takeuchi)

ATOMS. MOLECULES. CHEMICAL PHYSICS
Bates. D R and I Estermann. eds.. Advances in

Atomic and Molecular Physics. Vol. 4 (S. Borow-
itz). NOV75

Bederson, B and W L. Fite, eds.. Methods of Experi-
mental Physics. Vol 7A Atomic and Electron
Physics (J. B Hasted). JUN 77

Chu, B . Molecular Forces Based on the Baker Lec-
tures of Peter J W Debye (S. Weissman). MAY
93

Chnstensen. C J (see H Eyring)
Estermann. I (see D R Bates)
Eyring, H , C J Chnstensen, and H. S. Johnston, eds.,

Annual Review of Physical Chemistry, Vol 19.
1968 (E E Muschlitz), DEC 81

irabelinsku. I L. Molecular Scattering of Light (H. B.
Levine) JUN 77

Fite, W L (see B Bederson)
Hamilton, W C and J. A Ibers, Hydrogen Bonding in

Solids Methods of Molecular Structure Determi-
nation (J. G Hoffman) NOV 79

Hirshfelder. J 0 , ed.. Advances in Chemical Physics,
Vol 12 Intermolecular Forces (I Amdur), JAN
1 1 1

Hughes. V W and H L. Schultz. eds.. Methods of Ex-
perimental Physics. Vol. 4, Atomic and Electron
Physics. Part B Free Atoms (W. Lichten), JUL 9 1

Jenkins. R. and J. L. de Vries. Practical X-Ray Spec-
trometry (H. A. Liebhafsky). APR 1 1 1

Johnston, H S (see H. Eyring)
Lever. A B. P.. Inorganic Electronic Spectroscopy (S.

A. Rice). OCT77
McMillan. J A . Electron Paramagnetism (H H Wick-

man). JUL87
Melia. T. P., An Introduction to Masers and Lasers (R.

J Collier), (L) FEB 17
Schultz. H L (see V W Hughes)
de Vries. J L. (see R Jenkins)

BIOPHYSICS Sheppard. J J.. Jr. Human Color Per-
ception A Critical Study of the Experimental
Foundation (I. Nimeroff). JUN 81

CONFERENCE PROCEEDINGS
Bederson. B . V. Cohen. V. W. Hughes, and F. M J Pi-

chamck. eds.. Atomic Physics (B. Bederson. V W.
Hughes, and L. Spruch). JAN 1 1 3

Blinc. R . ed.. Magnetic Resonance and Relaxation (T.
A Scott), FEB 85

Cohen. V (see B Bederson)
Ehlers. J , ed.. Relativity Theory and Astrophysics. Part

1 Relativity and Cosmology (W. Rindler), FEB 87
Hughes, V. W. (see B Bederson)
Pichanick. F M J (see B. Bederson)

ELEMENTARY PARTICLES
de Beauregard. 0. C. Precis de M'e-

canique Quantique Relativiste (P. G Bergmann),
MAY 85

Kabir. P. K . The CP Puzzle Strange Decays of the
Neutral Kaon (R. G. Sachs). AUG 77; (L) SEP 1 7

Lurie. D.. Particles and Fields (J. Bernstein),
OCT83

Mattuck. R. D . A Guide to Feynman Diagrams in the
Many-Body Problem (H Chang). MAY 87

Rosenblatt. J . Particle Acceleration (N A Baily) MAY
89

Weissenberg. A 0.. Muons (J L. Gammel). JUL 93
Wilson, J G and S A. Wouthuysen. eds.. Progress in

Elementary Particle and Cosmic Ray Physics, Vol.
9{H. Valk). MAR 93

Wouthuysen. S A. (see J. G. Wilson)

FLUIDS. PLASMAS
Bekefi, G . Radiation Processes in Plasmas (H. H. C.

Chang), JAN 103
Betchov. R and W. 0 Criminale. Jr, Stability of Paral-

lel Flows (J Gilhs), OCT83
Cole. G H A.. An Introduction to the Statistical Theo-

ry of Classical Simple Dense Fluids (J. L. Lebo-
witz). JUL91

Criminale, W 0 . Jr (see R. Betchov)
Greenspan, H. P. The Theory of Rotating Fluids Cam-

bridge Monographs on Mechanics and Applied
Mathematics (D R Rodenhuis and W. M. Elsas-
ser).JUL81

Losev. S A. (see Ye V Stupochenko)
Osipov, A. I. (see Ye. V Stupochenko)
Rosa, R J.. Magnetohydrodynamic Energy Conversion

(J Kelley) NOV 73
Shidlovskiy, V. P., Introduction to the Dynamics of

Rarefied Gases (R. E. Street), JUN 83
Simon, A and W. B. Thompson, eds., Advances in

Plasma Physics Vol. 1 (B S. Tanenbaum), NOV
77

Stupochenko, Ye. V., S. A. Losev, and A. I. Osipo
Relaxation in Shock Waves (E. Wigner). MAY 91

Thompson, W. B. (see A. Simon)

HEAT, THERMODYNAMICS. STATISTICAL PHYSICS:
Gray. P. (see S. A. Rice)

Rice. S. A. and P. Gray, The Statistical Mechanics of
Simple Liquids (J. L. Lebowitz). JUL 91

HISTORY. PHILOSOPHY
Bondi, H.. Assumption and Myth in Physical Theory (L.

Sklar). AUG 79
Childs, H , An American Genius: The Life of Ernest Or-

lando Lawrence (M. L. Oliphant). MAR 75
Davis. N. P., Lawrence & Oppenheimer (F. Oppen-

heimer). FEB 77; (ER) MAY 17
Drake. S. and I. E. Drabkin. eds.. Mechanics in Six-

teenth-Century Italy: Selections from Tartaglia.
Benedetti. Guido Ubaldo and Galileo (R. S. Shank-
land). DEC 71

Drabkin, I E. (see S. Drake)
Irving, D., The German Atomic Bomb: The History of

Nuclear Research in Nazi Germany (J. J. Ermenc).
FEB 80

Ludwig, G , Wave Mechanics (G Sposito), APR 107
Pfeiffer, A., Dialogues on Fundamental Questions of

Science and Philosophy (R. Schlegel). APR 103
Rigal. J. L. ed.. Le Temps et la Pens'ee Phy-

sique Contemporaine (L. Marton), OCT 76
Sakharov, A D.. Progress. Coexistence and Intellectual

Freedom (J. M. Hollander). MAY 77
Schonland. Sir B., The Atomists (1805-1933) (B

Lindsay), MAR 85

INSTRUMENTATION AND TECHNIQUES
Aleksandrov. Yu.. G. S. Voronov, V. M. Gorbunkov, N.

B. Delone. and Yu. I. Nechayev. Bubble Chambers
(E.G. Pewitt), OCT 75

Alston, L. L., ed., High-Voltage Technology (L. Mar-
ton), JUL 86

Bartee, E. M . Engineering Experimental Design Fun-
damentals (R. L. Weber), AUG 80

Chasmar, R. P. (see R. A. Smith)
Delone, N. B. (see Yu. Aleksandrov)
Dennis, N. T. M. and T. A Heppell, Vacuum System

Design (J. H. Singleton). AUG 79
Fox. L.. and D. F. Mayers, Computing Methods for Sci-

entists and Engineers (N. A. Baily) DEC 83
Gorbunkov, V. M. (see Yu. Aleksandrov)
Heard, H G., ed., Laser Parameter Measurements

Handbook (R. B. Zipin), OCT 76
Heppell, T. A. (see N. T. M. Dennis)
Jones. F. E. (see R. A Smith)
Kaufman, M . Giant Molecules The Technology of

Plastics. Fibers and Rubbers (R. B Zipin) NOV 77
Levi. L.. Applied Optics A Guide to Optical System

Design. Vol 1 (J. A. Giordmaine). JUN 75
Mayers. D. F. (see L. Fox)
Moss, H.. Narrow Angle Electron Guns and Cathode

Ray Tubes (J. A. Simpson). SEP 87
Nechayev, Yu. I. (see Yu. Aleksandrov)
Neubert. H. K. P., Strain Gauges Kinds and Uses (R.

B. Zipin). AUG 81
Shutt, R. P.. ed., Bubble and Spark Chambers Princi-

ples and Use, Vol. 1 and2(D. Keefe), APR 95
Skudrzyk, E . Simple and Complex Vibratory Systems

(G.Weiss). JUL 95
Smith, R. A., F. E. Jones, and R. P. Chasmar. The De-

tection and Measurement of Infra-Red Radiation
(2ndEdition) (H. Malamud). JUL 83

Thornton. P. R., Scanning Electron Microscopy Appli-
cations to Materials and Device Science (L. Mar-
ton), AUG 81

Voronov, G. S. (see Yu. Aleksandrov)
White, G. K, Experimental Techniques in Low-

Temperature Physics (2nd Edition) (H. H. Plumb).
SEP 89

Zijlstra. H., Experimental Methods in Magnetism, Part
J: Generation and Computation of Magnetic
Fields; Part 2 Measurement of Magnetic Quan-
tities (R. J. Higgms). OCT 79

NUCLEI

Baranger, M. and E. Vogt. eds.. Advances in Nuclear
Physics. Vol. 7 (E. Hayward). APR 107

Collard. H. R., L. R. B. Elton, and R. Hofstadter,
Landolt-Bornstein. Numerical Data and Functional
Relationships in Science and Technology. New
Series. Group 1. Vol. 2 Nuclear Radii (J. O'Con-
nell), MAR 85

Elton, L. R. B. (see H. R. Collard)
Gruverman, I. J.. ed., Mbssbauer Effect Meth-

odology, Vol. 3 (H. H. Wickman), JAN 99
Gurevich, I. I and L V. Tarasov. Low-Energy Neutron

Physics (R. S. Shankland), OCT 85
Hofstadter, R. (see H. R. Collard)
McCarthy, I. E., Introduction to Nuclear Theory (V.

Canuto), OCT 78
Migdal. A. B., Theory of Finite Fermi Systems and Ap-

plications to Atomic Nuclei (J. L Gammel) JUN
85

Tarasov, L. V. (see I I Gurevich)

OPTICS
Brown, R., Lasers: Tools of Modern Technology (R. B.

Zipin) NOV 77
Fleury, P and J. Mathieu, Images Optiques {4th Edi-

tion) (J. Romain), SEP 89
Francon, M.. Optical Interferometry (S. S. Ballard),

APR 101
Goodman, J. W., Introduction to Fourier Optics (M. E.

Cox). APR 97
Klauder, J. R. and E. C. G. Sudarshan, Fundamentals

of Quantum Optics (M. M. Miller), DEC 79
Levine. A K.. Lasers, Vol. 2 (D. F. Hotz), JUL 83
Mathieu, J. (see P. Fleury)
Sudarshan, E. C. G. (see J. R. Klauder)
Wright, W. D.. The Rays Are Not Coloured: Essays on

the Science of Vision and Colour (I. Nimeroff).
JUL85

PHYSICS AND SOCIETY
Brooks. H.. The Government of Science (P. Craig).

JAN 97
Bube, R. H.. ed.. The Encounter Between Christianity

and Science (F. L. Wilson). JAN 1 03
Commission on Marine Science. Engineering and Re-

sources, Our Nation and the Sea (H. Bradner),
SEP81

Danhof. C. H , Government Contracting and Techno-
logical Change (J Agassi). SEP 95

Fachverband fur Strahlenschutz, Radiological Pro-
tection of the Public in a Nuclear Mass Disaster
(N. A. Baily). JUL 94

Feinberg, G . The Prometheus Project (L. Branscomb),
NOV 69

Leeds, M., ed.. Washington Colloquium on Science
and Society (Second Series) (M. W Friedlander).
MAY 95

Orlans, H., ed.. Science Policy and the University (P.
Craig). JAN 97

Seymour. S. F.. ed.. Washington Colloquium on
Science and Society (First Series) (M W Friedlan-
der). MAY 95

Wigner. E. P.. ed.. Who Speaks for Civil Defense? (L
Marton). MAR 76

Ziman. J M.. Public Knowledge: An Essay Concerning
the Social Dimension of Science (D. Crane), OCT
87

POPULARIZATIONS Bergmann. P G.. The Riddle of
Gravitation (J Weber). FEB 81

Koslow. A , ed.. The Changeless Order: The Physics of
Space, Time and Motion (E. V. Mielczarek), MAR
77

Shapley. H . Beyond the Observatory (M. F. McCar-
thy). APR 105

SOLIDS
Akhiezer. A. I.. V. G. Bar'yakhtar. and S. V. Peletmin-

skn. Spin Waves (M. Wortis). NOV 75
Alder, B., S. Fernbach and M Rothenberg, eds., Meth-

ods in Computational Physics, Vol 8: Energy
Bands of Solids (N. Ashcroft) NOV 71

Angus. W. R., J. Favede, J. Hoaru, and A. Pa-
cault, Landolt-Bdrnstein. Zahlenwerte und
Funktionen aus Physik. Chemie, Astronomie. Geo-
physik und Techmk. (6th edition) Vol. 2 Eigen-
schaften der Materie in ihren Aggregatzust-
anden. Part 10 Magnetische Eigenschaft-
en II (J. H Van Vleck), JUL 86

Bar'yakhtar. V G. (see A. I. Akhiezer)
Ehrenreich. H. (see F. Seitz)
Favede. J. (see W. R Angus)
Fernbach, S. (see B. Alder)
Gorter, C. J.. ed.. Progress in Low Temperature Phys-

ics. Vol 5 (G. Sposito), JAN 107
Hoaru. J. (see W. R. Angus)
Ibers. J A. (see W. C. Hamilton)
Kuper. C. G.. An Introduction to the Theory of Super-

conductivity (J. A. Snow), JUL 82
Long, D., Energy Bands in Semiconductors (D. C. Mat-

tis).JUL84
March. N. H., Liquid Metals (S. A. Rice). FEB 83
Mason. W. P., ed., Physical Acoustics. Principles and

Methods, Vol. 4, Parts A and B: Applications to
Quantum and Solid State Physics (W. G. Mayer).
NOV 81

VlcCreight. L R. (see H. W. Rauch)
Ovsienko. D. E.. ed., Growth and Imperfections of Me-

tallic Crystals (M. E. Straumanis), JUN 79
Pacault, A. (see W. R. Angus)
Peletminskii, S. V. (see A. I. Akhiezer)
Rauch, H. W., W. H. Sutton, and L. R. McCreight, Ce-

ramic Fibers and Fibrous Composite Materials (T.
R. Cass), NOV 79

Rothenberg, M. (see B. Alder)
Schieber, Michael M., Experimental Magnetochemis-

try: N on metallic Magnetic Materials, Vol. 8 (W.
Wolf), JUL 87

Seitz, F., D. Turnbull. and H. Ehrenreich, eds.. Solid
State Physics: Advances in Research and Applica-
tions, Vol.21 (D. C. Mattis), AUG 85
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T/' J3C, Qu,antum TheorV of Molecules and Solids.

D Mermrn)^ur89S e" / C O n^C f O" ' °nd MetalS (N

C73C"" °UantUm Theory of Matter (P. L Taylor).

Sutton. W. H.(seeH. W Rauch)
Turnbull. D. (see F. Seitz)

TEXTBOOKS

Alonso. M. and E. J. Finn. Fundamental University
Physics. Vol. 3 Quantum and Statistical Physics
(F. L Wilson). JUL 86

Azaroff. L V.. Elements of X-Ray Crystallogra-
phy (R. B. Zipin). JAN 99

Barford. N C . Experimental Measurements Precision,
Error and Truth (J. B. Kelley). JAN 109

Battino. R and S E Wood, Thermodynamics An In-
troduction (J B Kelley). APR 109

Beiser. A , Modern Physics An Introductory Survey (T
H.Osgood). FEB83

Bernstein. J . Elementary Particles and Their Currents
(C. Ryan). JAN 101

Blatt. F J.. Physics of Electronic Conduction in Solids
(C S Koonce). AUG 83

Blokhintsev. D. I. Pnncipes Essentiels de la
Mecanique Quantique (R. B Lindsay)
SEP 83

Bonsenko. A. I. and I E. Tarapov. Vector and Tensor
Analysis with Applications (P. L. Balise). FEB 83

Brodkey. R. S . The Phenomena of Fluid Motions (L
Talbot). SEP 85

Cabannes, H.. General Mechanics (J E Romam) OCT
77

Chirgwin. B. H and C Plump'ton. Elementary Classical
Hydrodynamics (J B. Kelley). MAR 89

Feather. N.. Electricity and Matter (I. M Freeman).
MAR 87

Finn. E. J. (see M. Alonso)
Jackson. E. A.. Equilibrium Statistical Mechanics (G.

Sposito). MAR 83
Joseph. A. and D J Leahy. Programmed Physics, Part

4 Kinetic Theory and Thermodynamics; Part 5
Topics in Modern Physics (G L Pollack). FEB 91

Kawai. M. (see K. Kikuchi)
Kikuchi. K and M Kawai. Nuclear Matter and Nuclear

Reactions (J. L. Gammel). AUG 78
Lawden. D F.. The Mathematical Principles of Quan-

tum Mechanics (G Sposito). MAY 82
Leahy. D J. (see A. Joseph)
Levy, R A., ed . Principles of Solid State Physics (R J.

Collier). JUN 75
Plumpton. C. (see B. H. Chirgwin)
Richards. J. W.. Interpretation of Technical Data (J. B.

Kelley). JAN 109
Sakurai. J. J.. Advanced Quantum Mechanics (H. S.

Valk). FEB 80
Samarski. A A. (see A N. Tychonov)
Schwartz. H M . Introduction to Special Relativity (R.

B.Zipin). FEB 85
Stanley. R. C. Light and Sound for Engineers (R. Lind-

say). DEC 75
Tandberg-Hanssen. E., Solar Activity (J. Aarons). MAR

91
Tarapov. I E. (see A. I Bonsenko)
Tychonov. A. N and A. A Samarski. Partial Differen-

tial Equations of Mathematical Physics, Vol. 2 (J.
Gillis). APR 109

Wood, S E (see R Battino)

THEORY AND MATHEMATICAL PHYSICS
Beran. M. J , Statistical Continuum Theories (S A

Rice). JUL 94
Bialynicki-Birula. I and Bialynicka-Birula. Z. Quantum

Electrodynamics (0. M Bilaniuk) NOV 70
Birss. R. R.. Electric and Magnetic Forces (J B Kelley).

OCT 79
de Broglie. L. Ondes Electromagnetiques et

Photons (R. B Lindsay). MAY 97
Butkov. E.. Mathematical Physics (G Sposito). SEP 91
Cracknel. A. P.. Applied Group Theory (G Rothberg),

AUG 83
Flugge. S., Lehrbuch der Theoretischen Phys-

ik. Vol. 2: Klassische Physik I, Mechanik geordnet-
er und ungeordneter Bewegungen (P. G. Berg-
mann). JUN 83

French. A P.. Special Relativity The MIT Introductory
Physics Series (P. G Bergmann). MAY 95

Haray, F . ed.. Graph Theory and Theoretical Physics
(G. Sposito). JUL 84

Kilmister. C W . Lagrangian Dynamics: An Introduc-
tion for Students (G Sposito). DEC 77

Mehta, M. L. ed.. Random Matrices and the Statistical
Theory of Energy Levels (E Merzbacher). APR
101

Miller. W . Jr. Lie Theory and Special Functions (H S.
Valk). JUL 93

von Neumann. J , Mathematische Grundlagen der
Quantenmechamk (P. G Bergmann). MAY 85

Strauss H L., Quantum Mechanics: An Introduction
(P J Silverman). JUN 81

TprlPtskn Y P Paradoxes in the Theory of Relativity
(D.B L.chtenberg).OCT74;(ER)DEC15 D

The American Institute
of Physics

Invites You
to aid in the development of an outstand-
ing library of the history and philosophy
of physics as a

FRIEND OF THE
NIELS BOHR LIBRARY

"Historic studies are an important tool
for understanding mankind's position in
the world, and in this century the history
of science assumes particular significance.
It is therefore gratifying to see so great
an increase of creative scholarship in that
field, and I hope that its further develop-
ment will be greatly encouraged and facil-
itated by this Library."

—NIELS BOHR, summer 1962
From a letter to the
Director of AIP.

The Niels Bohr Library of the History
and Philosophy of Physics, in the AIP
Headquarters Building, contains source
materials for serious studies of the history
and philosophy of 20th century physics.
Contributions made through the Friends
organization support the development of
the resources of the Library.

Please enroll me as a Friend of the Niels
Bohr Library:

• Annual

• Contributing

• Sustaining

• Patron

($10.00 per year)

($25.00 per year)

($50.00 per year)

($100.00 per year)

• Benefactor ($1000.00 or more)

Affiliation is for the calendar year. Con-
tributions are income tax deductible.
Make checks payable to American Institute
of Physics.

Name

Please send this form and your
contribution to:

American Institute of Physics
335 East 45 Street

New York, N. Y. 10017

Translations of

SOVIET
PHYSICS

JOURNALS
Published by the

AMERICAN INSTITUTE OF PHYSICS

#

Soviet ASTRONOMY-AJ

Soviet Journal of Nuclear Physics

Soviet Journal of Optical Technology

Optics and Spectroscopy

Soviet Physics - ACOUSTICS

Soviet Physics - CRYSTALLOGRAPHY

Soviet Physics-DOKLADY

Soviet Physics - JETP

JETP Letters

Soviet Physics - SEMICONDUCTORS

Soviet Physics-SOLID STATE

Soviet Physics - TECHNICAL PHYSICS

Soviet Physics-USPEKHI

For subscription prices and
other information, address

AMERICAN INSTITUTE OF PHYSICS
335 East 45 Street, New York, N. Y. 10017
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Position wanted:

Experimental physicist, 34, Ph.D., interested to diffraction in its
various aspects relevant to solid state science, theory-oriented, seeks
teaching and/or research position starting on July or September
1970. Publications in X-ray diffraction. Reply to Box 1269,
Physics Today, 335 E. 45 St., New York, N. Y. 10017.

Positions Open

RESEARCH FELLOWSHIPS
THEORETICAL PHYSICS INSTITUTE

University of Alberta, Edmonton, Canada

Applications are invited for postdoctoral research fellowships in
theoretical physics. Fellowships carry a stipend in the range
$6,500-7,500 per annum, income tax free and are tenable for periods
up to three years. Removal assistance is provided by the Institute.

Applicants should ask two or three referees to write letters of
recommendation. In addition, applicants shoili state their age,
qualifications and experience and supply a list of publications. All
correspondence should be addressed to Y. Takahashi, Theoretical
Physics Institute, University of Alberta, Edmonton, Canada, from
whom additional particulars may be obtained.

TEACHING AND RESEARCH ASSISTANTSHIPS
The Physics Department of Southeastern Massachusetts University, North
Dartmouth, Massachusetts offers teaching and research assistantships for
September 1970 to students entering its Master of Science degree program.
The stipend is $3000 per academic year. Current research is in the areas of
experimental and theoretical elementary particle physics, theoretical nuclear
physics and X ray scattering from thin films. For information apply to
Chairman, Physics Department, SMU, North Dartmouth, Massachusetts
02747, or to the Dean of the Graduate School.

University of Bridgeport
Bridgeport, Connecticut

The Department of Physics at the University of Bridgeport is seeking a qualified Ph.D.
Physicist to fill the position of Department Chairman. Candidates should have expe-
rience in both teaching and research. The department currently has both under-
graduate and graduate programs through the Master's level. The University of
Bridgeport, beautifully situated on Long Island Sound, is readily accessible to Uni-
versity centers at New Haven, New York City, and the Brookhaven National Labora-
tories. Salary and rank open. Candidates please forward resume to: Chairman,
Search Committee for Physics, College of Arts and Sciences, University of Bridge-
port, Bridgeport, Connecticut 06602

EDITOR
We are seeking a Senior Editor—Physical Sciences, Technology, Math to work on

young people's encyclopedia. Background requirements: at least 3 years experience
as a teacher or in curriculum development/testing, previous history of authorship
and/or publishing experience, strong educational background. Please forward
resume and salary requirement to J . K. Downey, Personnel Manager, Encyclopaedia
Britannica, 425 North Michigan Avenue, Chicago, Illinois 60611. An Equal
Opportunity Employer.

THE CENTER FOR NAVAL ANALYSES
CNA conducts operations research and systems analysis studies for the U.S. Navy

and government agencies. The CNA study program covers:
• Concept Formulation • Operational Employment of Systems
• Planning and Procurement • Relationship Between System

Characteristics and Performance
A distinguishing feature of CNA is the emphasis placed on analysis of immediate
value to decision makers.

The CNA environment in many respects is similar to the academic. We have the
freedom to select and carry out research programs on topics of naval interest and to
publish results. Within this framework CNA can also undertake research on non-
defense matters. We offer opportunities for advanced study, independent research,
or temporary faculty appointments.

At CNA knowing physics helps but what's really important is how well and how
logically you think. We are looking for physicists, preferably with a Ph.D., who are
interested in applying their quantitative skills to a variety of interesting and unique
real-world problems and related empirical work. Even though the problems differ,
most require the ability to:

• Develop Analytical Models• Abstract from Complex
Interactions

• Do Test Design and Validation • Perform Complex Data
Analysis

These are areas which draw heavily on a physics background.
To attract superior people CNA naturally provides superior compensation and

benefits. If you have an interest in receiving additional information, write to:
Mr. Terry A. Harris, Professional Staffing, Center for Naval Analyses, 1401 Wilson
Boulevard, Arlington, Virginia 22209.
Operated Under Contract With The University of Rochester/An Equal Opportunity
Employer.

MONASH UNIVERSITY

Melbourne Australia

CHAIR OF EXPERIMENTAL PHYSICS
Applications are invited for appointment to a Chair of Experimental

Physics which has been established with the intention of extending the range
of research and post-graduate training. The new Chair is the third Chair
of Physics to have been established by the University Council. Current
research interests of the Department of Physics are in theoretical and experi-
mental Solid State Physics for which high magnetic field assemblies, liquid
»He and <He facilities etc., are available.

Those who wish to make preliminary enquiries should write to the Chair-
man of the Department, (Professor R. Street), Monash University, Clayton,
Victoria 3168, who will be glad to supply details of present facilities and of the
existing undergraduate and post-graduate programmes and to discuss sugges-
tions for future developments.

Salary: $A12,000 per annum. Superannuation on the F.S.S.U. basis.

Full information on application procedure, conditions of appointment, etc.,
is available from the Secretary-General, The Association of Commonwealth
Universities, Appointments Section, 36 Gordon Square, London W.C.I., or
the Academic Registrar of the Un'varsity, Clayton, Victoria, Australia 3168.

Applications close with the Academic Registrar on 16th January 1970.
The council reserves the right to make no appointment or to appoint by

invitation at any stage.
J.D. Butchart
ACADEMIC REGISTRAR

GRADUATE STUDY IN MATERIALS SCIENCE, NORTHWESTERN
UNIVERSITY.
Fellowships, research and teaching assistantships are available for advanced study
in the fields of physical, mechanical, thermodynamic and structural properties of
metals, ceramics, polymers, semiconductors, and liquid crystals. Applicants with
degrees in metallurgy, ceramics, materials science, engineering, or the physical sci-
ences will be considered. Graduate study may be started in September, January,
March, or June. Requests f >v application materials or information about current
research interests of the faculty should be directed to: Chairman, Department of
Materials Science, Northwestern University, Evanston, Illinois 60201.

Applications are invited for teaching appointments in Depart-
ment of Physics offering intensive under-graduate program.
Ph.D. required. Competitive salaries plus transportation.
Address inquiries to Dean Bryant Harrell, Robert College
of Istanbul, Turkey, 548 Fifth Avenue, New York, N. Y.
10036.

GRADUATE STUDY IN HIGH ENERGY

ACCELERATOR HEALTH PHYSICS

AND NUCLEAR REACTOR HEALTH PHYSICS

Harvard University—School of Public Health

Fellowships are available to U.S. citizens for a program of study leading to
the Master and Doctor of Science in Hygiene degrees. The curriculum in-
cludes study in radiation protection and biophysics at the School of Public
Health and in physics, mathematics and engineering at the Harvard Graduate
School of Arts and Sciences. Students may also take courses at the Mass-
achusetts Institute of Technology. For further details, write to Dr. Jacob
Shapiro, Harvard School of Public Health, 665 Huntington Avenue,
Boston, Massachusetts 02115.

POSITION WANTED

Teaching and research position desired in radiological physics.
M.S. in physics, 1962. Seven years teaching experience in mathe-
matics and radiological physics. Would consider part-time position
as institutional radiation safety officer. Box 1269A, Physics
Today, 335 E. 45 St., New York, N. Y. 10017.

THE UNIVERSITY OF LIVERPOOL
Chair of Experimental Physics

Applications are invited for the Chair of Experimental Physics vacated by Professor
A.W. Merrison. It would be advantageous if candidates had research interests in
the physics of condensed media, for example metal, crystal, liquid, or semi-conductor
physics, or superconductivity. Salary will be not less than £4,060 per annum.

One copy of an application stating age, qualifications and experience should be
received not later than 15th December, 1969, by the undersigned from whom further
particulars may be obtained.
BOX 1269B, AMERICAN INSTITUTE OF PHYSICS, 335 E. 45 ST., N.Y. N.Y. 10017
H.H. Burchnall, Registrar.

COURANT INSTITUTE POSTDOCTORAL VISITING MEMBERSHIPS

The Courant Institute of Mathematical Sciences of New York University offers
postdoctoral Visiting Memberships to mathematicians, scientists and engineers who
are interested in its program of training and research in a broad range of pure and
applied mathematics. Applications for the academic year 1970-1971 must be sub-
mitted before January 1, 1970. Inquiries should be d Iressed to the Visiting Me™"
bership Committee of the Courant Institute, 251 Mercer Street, New York, N.Y.
10012.
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Seven members of a growing, versatile cryogenics family.
A representative grouping from the most complete transfer lines, in-transit refrigeration tankage, heli-
cryogenic product line available.The complete MVE urn containers and transfer lines, as well as research
Cryogenics line includes cryobiological field and dewars and custom cryogenic fabrication. A family
storage units, pressurized vessels, vacuum jacketed f\ of superior products, matched by superior service.

For further information, contact

M V E
MINNESOTA VALLEY ENGINEERING, INC

NEW PRAGUE, MINNESOTA 56071 U.S.A.

TELEPHONE 612-758-4484 CABLE MVE INC

CRYODIFFUSION S.A.-28 RUE BAYARD

PARIS, FRANCE TELEPHONE 225-53-69

COURANT INSTITUTE INSTRUCTORSHIPS IN MATHEMATICS are open to
young mathematicians with doctor's degrees who show strong promise in research.
The teaching duty will consist of one course each term, of which one term will be
related to the field of interest of the instructor. Appointments are for two years.
The academic salary for nine months will be S10,500. In addition, the instructor
may receive two ninths of this amount for research in residence during two summer
months. Inquiries or requests for application forms should be addressed to the Com-
mittee on Instructorships, Courant Institute of Mathematical Sciences, New York
University, 251 Mercer Street, New York, N.Y. 10012. Applications should be
filed no later than January 1, 1970.

PHYSICISTS IN GEOPHYSICS,
SURFACE, MOLECULAR AND

SOLID STATE PHYSICS
There are vacancies in the above mentioned fields in our Depart-
ment of Physics. Senior posts as well as junior posts are available
to holders of M.S. or Ph.D. degrees. The candidates for the
Senior posts should be able to organize research groups in their
Special ties.
Salaries depend upon the qualifications of the candidate. The
minimum monthly salary is Bs 3000 (SI.00 = Bs 4.50). The can-
didates should have a working knowledge of Spanish and should
be able to teach basic and advanced courses.
Further particulars and information can be obtained from the
Physics Department, Centro de Ciencias, Universidad de Los
Andes, Merida-Venezuela.

Service

S £ A N N I N G ~ E L E C T R O N MICROSCOPY & ELECTRON MICROPROBE

SERVICE

Editorial
Positions for
Physics Today
Graduate training in
science desirable
but not necessary.

• Washington editor. Should
have journalistic reporting
experience in science and be
able to handle responsibility of
setting up and developing
Washington office.

• Managing editor. Experience
and interest in creative
journalistic copy editing plus
experience in handling overall
responsibility for production
and scheduling operations.

Write to the editor.
Include resume and salary
requirements.

PHYSICS TODAY
335 E. 45th St.,
New York, N.Y. 10017
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GUEST EDITORIAL

Is Your Research Moral?

The author of this invited editorial is
chairman of physics at Stanford. He
has three degrees from Toronto, and
before going to Stanford he worked at
Research Enterprises, Columbia Uni-
versity and Bell Telephone Laboratories.
His research has been in rf, microwave
and optical spectroscopy, solid-state
physics and quantum electronics.

lyrowadays science and scientists are
^ being attacked from all direc-

tions. On the one side there are those
in Congress, the military and the gen-
eral public who say that if science
were doing what is expected, it would
have won the war in Vietnam and pro-
duced horrible new weapons to terrify
all possible enemies. On the other
side many students and intellectuals,
even including some scientists, say
that if scientists were doing their job
properly, they should have produced
an end to poverty, racism, air pollu-
tion, overpopulation and war.
Strangely, both opposed groups of
critics argue that since science has not
performed according to their specifi-
cations, either scientists are misdirect-
ing their efforts or perhaps science is
irrelevant and has little to contribute
to the solution of important human
problems. Both groups equally fail to
understand the real nature of scientific
discovery and the ways in which sci-
entific knowledge eventually makes
possible the goals people desire.

A fuller understanding of nature is
esthetically pleasing and deeply satis-
fying, but its social significance comes
because it is also useful. It makes us
prophets so that we and our successors
can predict what can happen and can

even tell something of the conse-
quences that will follow if we make
.something occur. Part of the attrac-
tion of physics is that simple laws and
concepts have extremely far-reaching
consequences and apply in a very
wide range of situations. For just this
reason the ultimate applications of
physical discoveries are almost never
apparent at the beginning. We all
know something of the long history
extending from the nuclear atom and
the mass-energy equivalence to atomic
power. We who know such history
should recall it and tell it to those who
question the nature and utility of
science.

T et me give two examples from rel-
atively recent technological histo-

ry. The first I know personally, for
when Charles Townes and I were trying
in 1957 to see whether the maser prin-
ciple could yield a generator of coher-
ent radiation in or near the range of
visible wavelengths, we gave almost
no thought to applications. I had
never heard of a detached retina, and
yet one of the earliest applications of
lasers was for eye surgery to prevent
retinal detachment. Although lasers
are still quite primitive and many of
the more obvious applications remain
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impractical, they have been applied to
a wide range of needs, most of which
could hardly have been foreseen ex-
cept by a person who specialized in
the particular area of application.
But if we had tried to attack these
needs head on, as might have been
done by a specialist in eye surgery, we
would never have been thinking about
stimulated emission from atomic sys-
tems.

Considerably more important conse-
quences have come from Felix Bloch's
discovery of the concept of energy
bands in solids and their influence on
conduction of electricity. In the 20
years after' Bloch's 1928 thesis, the
band ideas guided the whole develop-
ment of solid-state physics. And yet,
as late as 1953, 25 years after the dis-
covery, one could have said truthfully
that these ideas had not led to greatly
improved metals nor to any other im-
portant practical consequences. But a
year or so later, there began serious
applications of the transistor, a device
that really could not have been invent-
ed without the conceptual framework
of the band theory. Now, the impact
of the use of transistors and other semi-
conductor devices on human life is al-
ready enormous. To take a few ex-
amples, there are cardiac pacemakers

and the ubiquitous transistor radio,
which is playing such an important
role in unifying some developing
countries. Without semiconductor
devices the entire space program
would be nearly impossible. It is
hard to conceive of either the human
aspects of space flight (such as envi-
ronmental and weather-observation
satellites), the scientific aspects (such
as astrophysical observatories and
moon landing probes) or the military
aspects without large-scale and light-
weight semiconductor computers. In
industry, it seems quite possible that
semiconductor logic will eliminate a
large part of the routine drudgery that
seemed for a while to be an inescap-
able consequence of mass production.
None of this could possibly have been
foreseen at the time of the original sci-
entific discovery. Yet from all our ex-
perience we should have faith that sci-
entific ideas do have consequences,
important consequences that greatly
increase the range of decisions that
man can make. It is the nature of
man to make choices and to master his
environment. With science and its
consequences we have the tools to
make decisions, good or bad. If we
sacrifice scientific research for imme-
diate social gains, we might have a

short-range benefit, but we are surely
mortgaging our future.

A fter applications of science become
apparent, the people and their

representatives must decide whether
the applications are good or bad. Here
scientists must play a part by sharing
knowledge of the possible courses and
their likely consequences. If the facts
are known, we can be optimistic that
the people will more often choose
courses to their own benefit than the
reverse. Every thinking scientist
must have faced this question and
concluded that, broadly, scientific
discoveries do eventually open up
badly needed alternatives from which
more good than evil will be extracted.

Whatever the grounds for such
faith, whether from a religious convic-
tion or from a knowledge of scientific
and technological history, we must put
these concerns aside when we con-
front the mysteries of the universe.
In the light of this belief that good
things do eventually come from new
knowledge, I am convinced that good
scientific research is a highly moral ac-
tivity. The only kind that is not moral
is that which can be characterized by
a phrase of Wolfgang Pauli's: "It
isn't even wrong."

—Arthur L. Schawlow
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Now!
WORLD'S
RECORD

PERFORMANCE
IS NOW

AVAILABLE FOR YOUR
LABORATORY

< 2 . 0 keV@ 1.33 MeV

1.5 keV .a 662 keV

1.0 eV a 122 keV

True and closed ended coaxial

Ge(Li) detectors with efficien-

cies up to 5% (compared to a 3x3

Nal crystal at 25 cm).

State of the art performance

achieved by Model 104 Cooled

Preamplifier and advanced

cryogenics.

Also available are Ge(Li) systems

with up to 20% efficiencies!

Write or call for details
and a quotation.

n \x o 1 e a. r
d i o d e s

ccbox 135, prairie view, Illinois 60069

Phone: 312-63-4-387O
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Talk about
coincidence

Four inputs accept NIM
standard normal or

complementary fast logic
signals. Required input

2 nsec in any mode.

Selectable bin gating.

Locking toggle switches
select participating inputs

in NORMAL mode; all
inputs participate in

MAJORITY mode.

Direct-coupled limiting
VETO input with buffered

VETO output.

Two dual YES and one
dual YES regenerated
outputs provide high

fanout. Pulse pair resolu-
tion typically 6 nsec.

Width of YES outputs
adjustable over the range

of 4 to 200 nsec. Updating
resolution of 5 nsec.

Dual OVERLAP (AND)
and dual OVERLAP

(NAND) NIM standard
fast logic outputs. Full
output 2 nsec FWHM

or greater. Output pulse
pair resolution typically

4.5 nsec.

Three direct-coupled
inputs accept NIM stan-
dard normal or comple-
mentary fast logic signals
of 2 nsec duration or
greater.

Resolution of 6 nsec for
full NIM standard output
pulses. Updating resolution
of 5 nsec.

Direct-coupled VETO
input.

MAJORITY level selected
by locking toggle switch;
all inputs participate.

Two dual YES and one
YES regenerated NIM
standard fast logic out-
puts. Output pulse width
continuously adjustable
between 4 and 200 nsec.

n
^ ^ NUCLEAR INSTRUMENTATION

For complete specifications, contact EG&G, Inc., Nuclear Instrumen-
tation Division 36 Congress Street, Salem, Massachusetts 01970.
Phone: (617) 745-3200. Cables: EGGINC-SALEM. TWX: 710-247-6741.



Inside this box,
the world's most precious
handful of dust
will reveal its secrets

to an Ortec detector.

Three-pound container of "lunar f ines" goes into a lead shield in special low-level radiation counting facility of the Lunar Receiving Laboratory in
Houston. Detector is mounted in the cryostat column, 5 mm from the sample.

Fifty feet underground, in a room specially shielded
against background radioactivity , radiochemists are
measuring the gamma radiation emitted from a con-
tainer of moondust.

From the data they collect, these scientists, working at
the Lunar Receiving Laboratory of the Manned Space-
craft Center in Houston, will be able to determine the
radionuclide composition of the dust, how long it has
been exposed on the lunar surface, the nature of the
cosmic radiation to which it was exposed, and other
valuable information.

Some of the analyses are being performed with the aid
of an Ortec Ge (Li) semiconductor spectrometer. The
detector has a resolution specification of 2.5 keV for
the 1.33 MeV line (actual performance is a little better,

at about 2.3 keV). Peak-to-Compton ratio is 22:1;
efficiency is 7%.*

NASA expects to release the data obtained with this
detector when it announces its findings in January.
Along with the rest of the scientific community, we
eagerly await the results.

Ortec Incorporated, an EG&G company, 101 Midland
Road, Oak Ridge, Tenn. 37830. Telephone (615)
482-1006. In Europe: Ortec GmbH, 8 Munchen 13,
Frankfurter Ring 81. Telephone (0811) 359-1001.
* Efficiency relative to a 3" x 3" Nal(TI) crystal with source to detector

spacing of 25 cm.

A N , EGKG COMPANY
4551





probability distribution

w,, = \cfe\*
Suppose that the eigenfunction <j>fg is
written in terms of certain real func-
tions R and S as

exp { -

where both R and S depend on the
indices / and g. The first step in the
measurement then involves converting
the wave function «HMM) of the sys-
tem into a new wave function $s(x)
given by

ts(x) = t(x,tu)
exp { iSfg(x) } (7)

by applying a pulse potential

Us(x,t)=-*Sft(x)8(t-til)

to the system. Then the probability
amplitude Cfg of equation 6 has the
value

Jfg =/«„(x)+s(x)dx

which is just the overlap integral be-
tween the new wave function ^g(x) of
the system and the real normalized
wave function Rfg. From the earlier
discussion of state preparation we know
how to find a potential Ufg(x) in which
Rfg(x) is an eigenfunction of energy E.
This potential is given by

Hence, the second stage of the mea-
surement process involves the sudden
application of the potential Ufg(x) and
removal of the potential V(x) from
the system with a wave function given
by equation 7. The next task is to find
the probability that the particle is in the
state of energy E. This could be ac-
complished by the usual kind of Stern-
Gerlach procedure. In this manner, we
find the desired probability that the
operators F, G have values Ff, Go for
the state \p (x,£M) of the system of inter-
est. It will be noted that the measure-
ment problem is now more complicated
than for Hamiltonian operators, as the
potentials U(x,t) to be applied depend
on the values of / and g, and hence a
series of measurements has to be made
for each set of /, g values.

Limitations

Some concluding comments are in
order.

• We have assumed that all classi-
cally describable potentials U(x,t) are
available to us experimentally. This is
quite similar and closely related to an
assumption made by Niels Bohr and

Leon Rosenfeld13 in their discussion of
the measurement of electromagnetic
fields, that test bodies of very great
mass and charge density were available
to them, whose quantum-mechanical
fluctuations of position and momentum
could be neglected.

• Our discussion of measurement
considers the observation of any one
dynamical variable, A. Instead, we
could measure another one, B, for the
same state ^(.\\fM). For each operator
we could determine the dispersion
measure AA or AB. The product of the
fluctuation measures would obey the
Robertson14-Schr6dinger15 generaliza-
tion

AA- AB > 1/21<[ A,B]> |

of Heisenberg's uncertainty relations.
It should be noted, however, that such
uncertainty relations do not refer to
measurements, whether simultaneous
or not, of a pair of observables. In spe-
cial cases, involving commutability, it
might be possible to measure first one
observable and then another, but in
general the thoroughgoing measure-
ment of the first observable will so dis-
rupt phase relations that it will serve
no physical purpose to subsequently
measure a second observable on the
resulting mixture.

To measure simultaneously two non-
commuting observables A and B (for
example, x and p) one would have to
find a potential U(x,t) that was deter-
mined by both A and B. In general, I
do not believe that this can be done in
such a way that the desired informa-
tion emerges from the measurement.
One could, of course, form a single
Hermitian operator out of the two
Hermitian operators A and B. Some
examples are (AB + BA), -i(AB —
BA), A2B + BA\ ABA, etc. Any one of
these Hermitian operators could be
measured, as already indicated, but
this would not be the desired simul-
taneous measurement of A and B.

• It is possible to extend the methods
outlined so that measurements on
many-body systems can be made.

• I do not see how to apply proce-
dures of the kind outlined above to the
relativistic quantum domain, or to field
theory. In the absence of such gener-
alizations, it may well be doubted that
the story that I have given provides any
significant insight into the real mean-
ing of quantum mechanics. However,
it is true that almost all expositions of
quantum mechanics make use of the
fictional notion that some kinds of
measurements are possible. I have

described certain experimental procc
dures for making them. There may b
other ways. If they cannot be made i]
some fashion, either as I have sug
gested, or otherwise, then it appear
that our understanding of the meanim
of the quantum theory is correspond
ingly diminished, and it is only like!)
to be increased when a better theory oJ
measurement for the more general rela-
tivistic and field-theoretic cases can be
given. Of course, it may be that a sys-
tem of rules for calculation can exist,
despite the absence of an operational
interpretation of the kind I have
attempted. For the teaching of quan-
tum mechanics now, it is certainly a
convenient fiction to pretend that the
usual textbook assumptions about mea-
surement have a meaning, even if from
an operational point of view they do
not. The mathematical formulation of
quantum mechanics by Dirac beauti-
fully matches the assumed notion of
measurability. However, there is clear-
ly much more for us to learn.

This article is based on a lecture given 3
July 1968 at the 6th triennial Conference
of Physics Nohel Prize Winners held at
Lindau (Bodensee), West Germany. This
work was supported in part by the US
Air Force Office of Scientific Research.
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For totally optimized detector systems, Tennelec now
offers the widest and most complete line of nuclear semi-
conductor detectors available. These detectors are made
to our exacting specifications by Philips. A variety of
materials, volumes, types and depletion depths are on
our shelves. Specials can be furnished with minimum
delay. Specifications are outstanding and prices are
competitive.
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ACQUIRING DETECTOR SYSTEMS?

INQUIRE TENNELEC! Do it today!

Rush complete information on Detector Systems.
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