
an undergraduate engineering course.
The topics are well selected and care-
fully explained, with good use of ex-
amples and analogies. The concepts
of random variables and probability
distribution and density functions are
introduced early, without the usual in-
tervening material on balls and urns
and associated combinatorial prob-
lems. A disadvantage of this rapid
advance is that the concept of the
sample space (and the importance of
choosing it well) is almost completely
neglected. Needless to say, there is
no measure theory. The strong law of
large numbers is not treated, but there
is a careful presentation of the weak
law and of the central-limit theorem.
Transformations of random variables
are not discussed.

A unique feature of the book is an
excellent chapter on the elements of
statistics in which the meaning and ef-

Plasmas: equations
and instrumentation

KINETIC EQUATIONS OF GASES
AND PLASMAS. By Ta-You Wu.
398 pp. Addison-Wesley, Reading,
Mass., 1966. $12.50

INSTRUMENTATION FOR HIGH
SPEED PLASMA FLOW. By Allen E.
Fuhs. 180 pp. Gordon and
Breach, New York, 1966. $19.50

by Herbert Malamud

A kinetic equation for a gas is an equa-
tion for the one-particle distribution
function f(x,v,t) in the form 5//dr
= F(f), where F is generally a func-
tional of /. The best known example
of such an equation is Boltzmann's, in-
troduced in every elementary course in
kinetic theory.

Considerable effort and ingenuity
have been expended in the past two
decades in attempts to improve on
Boltzmann's equation. These efforts
began with the work of Nikolai Bogol-
iubov in 1946. He separated the time
development into two time scales, the
time for a collision and the much long-
er time between collisions. He ob-
tained a system of equations that
could, in principle, be solved to all or-
ders in density. The first order yields
the Boltzmann equation. Recently, it
has been found that the orders higher
than the second diverge. Bogol-

fective use of the basic probabilistic
concepts is well brought out. Among
the problems treated are estimation of
the mean and variance, confidence in-
tervals and the chi-squared and stu-
dent tests.

There are two brief chapters on ran-
dom processes, devoted mainly to
elementary properties of covariance
functions and power spectral densities.
There is a good collection of examples,
with hints for the more interesting
problems.

The book should serve well as an
undergraduate text; in fact, it is the
culmination of a set of notes devel-
oped over the last 12 years for a
course at the Ecole Nationale Supe-
riere de TAeronautique in Paris.

Thomas Kailath teaches courses in sta-
tistical communication theory at Stanford.

iubov's work was extended by S. T.
Choh and George Uhlenbeck, by R.
L. Guernsey and others. Edward
Frieman and Guido Sandri as recently
as five years ago explicitly introduced
different variables for the different
time scales of Bogoliubov. I. Prigog-
ine and R. Balescu developed an itera-
tive technique to solve the Liouville
equation.

Recent interest in plasmas is reflect-
ed here also. The long-range Cou-
lomb interaction introduces a diver-
gence into the kinetic equation that is
artificially avoided by the introduc-
tion of a Debye-length cutoff, such as
in the Fokker-Planck and Vlasov equa-
tions.

Other methods that utilize this cut-
off, explicitly or implicitly, have been
developed by Bogoliubov, A. Lenard,
and Guernsey, and also by Norman
Rostoker and Marshall Rosenbluth
and others.

Wu emphasizes in the introduction
that the difficulties in describing insta-
bilities of plasmas and divergences in
the higher orders of the equations for
neutral particles indicate difficulties of
a basic nature still remaining in the
theory.

The book follows the organization
of a seminar series given by the author
at the Polytechnic Institute of Brook-
lyn Graduate Center and elsewhere.
The seminar was attended by your re-

Westinghouse

are growing with the
rapidly expanding Night Vi-
sion market and closed
circuit TV field.

Exclusive developments in
SEC camera tubes, high reso-
lution and special purpose
vidicons, image intensifies,
and solid state devices make
Westinghouse a leader in the
field.

Westinghouse needs physi-
cists, engineers and sci-
entists who want to grow
and contribute in any of the
following fields:

Application Engineering
Tube Test and Evaluation
Electron Optics
Photoelectron Emission
Fiber Optics Technology
Physical Chemistry
Design Engineering

Come and join over 400 technical,
engineering and scientific personnel
serving military, industrial and com-
mercial markets with the finest in
electronic tubes.
Send resume indicating salary re-
quirements to:
Mr. William Kacala
Westinghouse Electronic Tube Div.
Box 284 Elmira, New York

w ) Westinghouse
An equal opportunity employer
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viewer with some profit, and the book
will serve well its intended purpose as
a graduate text. It is a bit short, how-
ever, as a self-study course for those
having little prior acquaintance with
the subject. Over 150 references and
author and subject indexes add to the
book's value.

Fuh's Instrumentation for High
Speed Plasma Flow is a little mono-
graph written by a specialist for spe-
cialists. It is a description of a par-
ticular way to diagnose some particular
types of plasmas.

The type of plasma treated here is
changing rapidly in time, either in
position or in some other characteristic.
Such plasmas include, for example, the
sheath that forms around a high-speed
vehicle as it enters planetary atmos-
phere, or the plasma in a high-speed
shock tube, or that in an MHD power-
generating facility, or in any of a num-
ber of other research and practical de-
vices. The instrumentation discussed
here consists of a system of coils in
which a current flowing at some chosen
amplitude, frequency (including zero)
and phase is related to the current in-
duced thereby in another coil or coil
system. The coupling of the two sys-
tems is affected by the plasma of in-
terest, making possible a whole field of
plasma diagnostics.

A number of instruments of this
class is described. The author has
presumably come into contact with
them in the course of his work at the
Plasma Research Laboratory of The
Aerospace Corporation. These instru-
ments measure such parameters as the
product of plasma conductivity and
velocity, the average electron-collision
frequency, the velocity, or determine
the presence of turbulence.

The book begins by developing
some useful equations and relations,
and then describes how the types of
signal to be used are developed.
There is a section giving typical plas-
ma parameters to be expected in vari-
ous situations, and the effects of these
on signal. Finally there is a descrip-
tion of a number of individual instru-
ments and how they solved particular
diagnostic problems.

It is clear that each instrument de-
scribed is the result of at least several
man-years of effort. Anyone who may
have a problem he thinks similar to
one solved here would be foolish not

profile
of LAMPF

The Los Alamos Meson Physics Facility
project involves the development of a
linear accelerator capable of producing
a beam of 800 MeV protons with an
average current of 1 milliampere. This
unprecedented proton beam is essen-
tially 10,000 times more intense than
that from any existing machine in this
energy range. Upon collision with appro-
priate targets, pi mesons, and subse-
quently mu mesons, will be produced in
enormous quantities. They will be used
for fundamental research in nuclear
physics. The pion and muon beam inten-
sities will permit important experiments
in meson physics which are impractical
with present day accelerators. Mesic
atoms will be produced in abundance;

neutron and neutrino research will be
conducted.
In the current phase of the program the
talents of the following types of person-
nel are utilized: Experimental and
Theoretical Nuclear Physicists; High
Energy Physicists; Mathematicians;
Electronics Engineers (Controls, Micro-
waves, and Communications); Mechan-
ical Engineers; and Technicians and
Draftsmen.

A limited number of opportunities exist
for highly qualified scientists and engi-
neers in Los Alamos research programs.
Interested individuals are invited to
send resume to:

Director of Personnel
Division 61-119

SCIENTIFIC LABORATORY
OF THE UNIVERSITY OF CALIFORNIA
LOS ALAMOS, NEW MEXICO

An Equal Opportunity Employer. U.S. Citizenship Required.
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ENL offers two miniature devices with properties suitable for
calibrating and monitoring nuclear systems.

MODEL 482 GALLIUM PHOSPHIDE N P JUNCTION
ELECTROLUMINESCENT DIODE

• Emission at 5600 A

• Rise time less than 10 nanoseconds

• Low power consumption

• Low impedance diode (light source)

• High and/or continuously variable intensity output

• Small physical size

• Designed for calibration of PM tubes

• For calibration of coincidence systems when diodes
are connected in series

MODEL 452 GALLIUM ARSENIDE LIGHT SOURCE

• High output

• Rise time two nanoseconds or faster

• For calibration of photosensitive solid state nuclear
detectors

• For calibration of solid-state nuclear detectors, dif-
fused or Li drifted type

SEMICONDUCTOR NUCLEAR RADIATION DETECTORS
ENL offers substantial price reductions due to large-volume
production. Write for new technical bulletins and data sheets.

ELECTRO-NUCLEAR LABORATORIES, INC.
115 Independence Drive, Menlo Park, Calif. 94025; (415)322-8451
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FLEXPAI
stainless steel hose

Part
Number

FX-501
FX-503
FX-506
FX-751
FX-753
FX-756
FX-101
FX-103
FX-106

O.D.
(inches)

Vz
Vz
Vz
V*
3A
%
1
1
1

Flex
Length

(inches)

1
3
6
1
3
6
1
3
6

Price
Each

6.75
8.75

12.00
7.50
9.75

13.25
8.00

10.50
14.75

Price
6-Pak

37.50
49.50
69.00
42.00
55.50
76.50
45.00
60.00
85.50

All sizes have 1 " cuff lengths

STAINLESS STEEL
TUBING WITH
RUBBER-HOSE
FLEXIBILITY

This seamless tubing replaces rub*
ber, glass and plastic tubing in
high vacuum, chemical, cryogenic
& other critical laboratory appli-
cations where only the cleanliness,
strength, absolute leak tightness
& durability of stainless steel can
be trusted. Sizes listed are now
in stock & available for immedi-
ate delivery. Contact factory for
specials.

A\ A SON-I? i:\SHAW Industries
BOX 445, CARPINTERIA, CALIFORNIA 93013, PHONE (805) 684-2413

Get pure metals
and single crystals

Yesterday!
* Single crystals and high-

purity metals are now
ready for immediate
delivery . . . from Alfa
Crystals, a division of
Alfa Inorganics. We pro-
duce such varied crys-
tals as randomly ori-

ented alu mi num, bismuth,
cobalt, indium, lead, silver,
zinc and nickel in single
crystals and alloys, grown

from 99.999% minimum
purity metals. For complete

list of pure metals and single
crystals immediately available,
send for Alfa's 1967 catalog.

ALFA CRYSTALS
Division of Alfa Inorganics, Inc. .
34 CongressSt., Beverly, Mass.01915

West Coast Distributor: Wilshire Chemical Co., Inc.
15324 So. Broadway. Gardena, Calif. 90247/(213) 323-9232
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to refer to the book, since even a hint
of an idea that is useful could save
much time and expense.

On the other hand, to use the book
effectively one must already be fairly
conversant with the theory involved,
and with basic plasma diagnostics gen-
erally. It is not meant to teach this
basic material.

At the size and price, this book is
extremely cheap for the man who may
need it; it is expensive for anyone else.

The reviewer has worked with plasmas,
including the reentry sheath. He is pres-
ently studying the chemical reactions tliat
may he induced by plasmas in some or-
ganic systems.

NEW BOOKS

ELEMENTARY PARTICLES & FIELDS

Symmetry Principles and Fundamental
Particles. Conf. proc. (Istanbul, Turkey,
August 1966). Behram Kursunoglu,
Arnold Perlmutter, eds. 531 pp. W. H.
Freeman, San Francisco, 1967. Paper
$10.00

ATOMS & MOLECULES

Molecular Forces: Based on the Baker
Lectures of Peter J. W. Debye. By
Benjamin Chu. 176 pp. Interscience,
New York, 1967. $10.00
Photoionization Processes in Gases. By
Geoffrey V. Marr. 282 pp. Academic
Press, New York, 1967. $12.50
Methods of Experimental Physics, Vol.
4: Atomic and Electron Physics Part B:
Free Atoms. Vernon W. Hughes, How-
ard L. Schultz, eds. Academic Press,
New York, 1967. $15.50

SOLIDS

Positron Annihilation. Conf. proc.
(Wayne State U., Detroit, July 1965)
A. T. Stewart, L. O. Roellig, eds. 438
pp. Academic Press, New York, 1967.
$17.50
Electrical Propertries of Semiconductor
Surfaces. By Daniel R. Frankl. 310 pp.
Pergamon Press, Oxford, 1967. $13.50
Thermoelectric and Thermomagnetic Ef-
fects and Applications. By T. C. Harman,
J. M. Honig. 377 pp. McGraw-Hill,
New York, 1967. $17.50

CLASSICAL PHYSICS

Electrodynamics of Moving Media. By
Paul Penfield Jr, Hermann A. Haus. 276

pp. MIT Press, Cambridge, Mass., 1967
$12.50

Internal Reflection Spectroscopy. By
N. J. Harrick. 327 pp. Interscience,
New York, 1967. $16.50
Electromagnetic Wave Theory. Conf.
proc. (Delft, Netherlands, Sept. 1965) J.
Brown, ed. 1099 pages in two volumes.
Pergamon Press, Oxford, 1967. $43.00

MATHEMATICS & MATHEMATICAL PHYSICS
Relativistic Hydrodynamics and Magnet-
ohydrodynamics: Lectures on the Ex-
istence of Solutions. By Andre Lichnero-
wicz. 196 pp . W. A. Benjamin, New
York, 1967. Cloth $9.50, paper $4.95
Difference Methods for Initial-Value
Problems. (2nd edition) By Robert D.
Richtmyer, K. W. Morton. 405 pp. In-
terscience, New York, 1967. $14.95

INSTRUMENTATION & TECHNIQUES
Liquid Helium Technology. Conf. proc.
(International Institute of Refrigeration,
Boulder, Colo., 1966) 557 pp. Pergamon
Press, Oxford, 1966. $15.00

COMPILATIONS

Universal Tables for Magnetic Fields of
Filamentary and Distributed Circular
Currents. By Philip J. Hart. 489 pp.
American Elsevier, New York, 1967.
$19.00
Encyclopedia of Electronics Compon-
ents. Alva C. Todd, ed. I l l pp. Allied
Radio, Chicago, 1967. Paper $1.00
Physics Pocketbook. Hermann Ebert, ed.
575 pp. Trans, from German. Oliver &
Boyd, Edinburgh, 1967. 63 s.

HISTORY & PHILOSOPHY

The Foundations of Scientific Inference.
By Wesley C. Salmon. 157 pp. U. of
Pittsburgh Press, Pittsburgh, 1966. Paper
$2.25
The Origins of Chemistry. By Robert P.
Multhauf. 412 pp. Franklin Watts, New
York, 1967. $7.95

ASTRONOMY, SPACE, GEOPHYSICS
Annual Review of Astronomy and Astro-
physics, Vol. 5. Leo Goldberg, David
Layzer, John G. Phillips, eds. 694 pp.
Annual Reviews, Palo Alto, Calif., 1967.
$8.50

CHEMISTRY & CHEMICAL PHYSICS
Annual Review of Physical Chemistry,
Vol. 18. H. Eyring, C. J. Christensen,
H. S. Johnston, eds. 486 pp. Annual
Reviews, Palo Alto, Calif., 1967. $8.50

TEXTBOOKS

Advanced Quantum Mechanics. By J. J.
Sakurai. 336 pp. Addison-Wesley,
Reading, Mass, 1967. $15.00

NEVA/

Handbook!

Send for your copy of the
first of a series of Laser
Appl icat ion and Engi-
neering Notes.
The handsome binder for
the entire series of notes
is available with our com-
pliments if you have a
continuing interest in this
dynamic field.

h nu systems, inc.
4000 Campbell Ave./Menlo Park,

Calif. 94025/(415) 323-2442

ENGINEERS
PHYSICISTS

Maxwell Laboratories, Inc., of San Diego/
Calif., offers unique opportunities in the
new and fast-growing field of Pulse
Power, with openings in research, de-
sign, project engineering, and program
management.

You need a physics/electrical engineering
background. Experience with capacitor
banks, pulse electronics, high voltage or
radiation phenomena will help, but it's
not essential.

If you have a driving enthusiasm
. . . if words like "megavolt,"
"nanosecond," and "megamp"
excite you . . then we can train
you.

This is the opportune time to join Maxwell.
Two years of steady growth have given
us stability, security and a burgeoning
reputation. Add a brand new building
and bursting order books—surely this is
the rare opportunity for rare people.

Send resumes to
Mr. R. A. Fitch

MAXWELL
Laboratories, Inc.

P.O. Box 20508 (Dept. PI)
San Diego, Calif. 92120

An Equal Opportunity Employer
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