
three new Keithley
solid state picoammeters

31

HIGH SPEED
Models 417/416

LOW ZERO DRIFT
Model 409

provide a ten-fold increase in speed
of response over other instruments.
Speed is maintained by the unique
plug-in design which allows the
amplifier input to be located up to
100-feet from the instrument chas-
sis. Rise times may be adjusted
with a front panel damping control.
Both models are identical except
the 417 provides calibrated current
suppression from 104 to 1013 am-
pere. Applications include use in
mass spectrometry, vacuum studies
and plasma physics studies.

Ranges: 10-13 to 3 x 1O5 ampere fs
• Accuracy: ±2% fs to 10-" ampere;

±3% beyond
Zero Drift: less than 1% per 8 hours,

with one volt source
Output: ±3 volts for fs meter de-
1 flection
Rise Time: 30 milliseconds on 10-"

ampere range at critical damping
Model 417 High Speed

Picoammeter $850
Model 416 High Speed « i « g

Picoammeter . . .. • P^PPpL. 650

allows long term measurements of
currents as low as 1013 ampere.
Circuitry is completely solid state,
except for electrometer tube input,
assuring reliability and low power
consumption. Zero check switch
permits zeroing the meter-without
disturbing the circuit. Applications
include use with photocells, photo-
multipliers, and ion chambers. With
the Model 4103 Electronic Trip, the
409 is excellent for nuclear reactor
control.

• Ranges: 3 x 1 0 n to 10-3 ampere fs
• Accuracy: ±2% fs to 101 ampere;

±3% beyond
• Zero Drift: less than 1% per 24 hours.

with one volt source
• Output: ±3 volts for fs meter de-

flection
• Rise Time: 1.5 seconds on 1012 am-

pere range
Model 409 Low Zero Drift

Picoammeter $525
Model 4103 Electronic Trip

(installed). 185
Send for Engineering Notes on New Picoammeters

OTHER KEITHLEY PICOAMMETERS
Model 410—high sensitivity, 20 linear ranges . .
Model 411—exceptional stability, 17 linear ranges. . . . . .
Model 412—log n amplifier, 6 decade span
Model 413A—log n amplifier, 8 decade span
Model 414—high performance over 17 linear ranges . . . .
Models 420A/421—log n period amplifiers . .

ic E

$ 490
535
485
485
295
1050

12415 Euclid Avenue • Cleveland 6, Ohio

dc microvoltmeters • differential voltmeters • wideband voltmeters

reason" (p. 112); "A product of men-
tal laziness, ignorance, and supersti-
tion, . . . philosophical intuitionism
is a form of dogmatism far more dan-
gerous for culture than aprioristic
rationalism. . . . It leads directly to
authoritarianism, irrationalism, and
charlatanism, the main enemies of
cultural growth" (p. 120) .

Perhaps the less excitable mathema-
tician or scientist (as contrasted with
the philosopher) will find more solidly
rewarding Dr. Bunge's analysis of the
role of intuition in relation to his
own field of activity. Here, in the
text and through the extensive bibli-
ography, he will uncover much to en-
oaoe his attention, if he should fall
into an analytic mood.

The book originated in a course of
lectures given to students of mathe-
matics, philosophy, and physics in the
University of Pennsylvania at the be-
ginning of session 1960-61; philoso-
phers will probably accept it as ade-
quate by way of a sketch for a more
leisurely and detailed study of a diffi-
cult topic; mathematicians and physic-
ists may be content, having read it, to
leave the issue where it stands, whilst
they get ahead with the work in hand.
But even they will not be ungrateful,
one imagines, lor so much insight into
their modes of apprehension and
thought.

Viscosity and Flow Measurement. A
Laboratory Handbook of Rhcology. By
J. R. Van Wazer, J. W. Lyons, K. Y. Kim,
R. E. Colwcll. 406 pp. Intersciencc, New-
York, 1963. SI4.00.
Reviewed by Herbert Leader man, Na-
tional Bureau of Standards.

A body may be said to manifest flow
behavior if it possesses no definite rest
configuration, its rest configuration
thus being a function of the surface
traction history; and if its deformation
behavior from a rest configuration for
any given surface traction history is
repeatable. Ignoring the question of
thixotropic behavior, the most general
constitutive equation for a body mani-
festing inelastic inertialess flow be-
havior reduces for the case of steady
simple shear to a single-valued monot-
onically increasing shear stress as a
function of rate of shear. This re-
lationship is often called the "flow
curve"; for materials whose flow be-
havior can be thus represented the
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THE MECHANICS OF TURBULENCE

The complete proceedings, in English, of the International Sym-
posium, Marseilles, 1961, sponsored by the Centre National de la
Recherche Scientifique

Twenty-four papers, with discussion and commentary. The session
titles and contributing authors are Diffusion and Lagrangian Ef-
fects (J. L. Lumley, S. Corrsin, P. G. Saffman, J. 0. Hinze); Energy
Transfer in Homogeneous Turbulence (G. K. Batchelor, R. H.
Kraichman, Ian Proudman, T. H. Ellison); Steady Fully Developed
Turbulence (J. 0. Hinze, A. A. Townsend, E. A. Spiegel) Free Turbu-
lence (Hans W. Liepmann, Donald Coles); Turbulent Boundary
Layers (J. C. Rotta, Alan L. Kistler, A. Walz); Turbulence in Compres-
sible and Electrically Conductive Media (L. S. G. Kovasznay, M. V.
Morkovfrt, Jolin Laufer, H. K. M off at); New Concepts and Recent
Contributions (J. Kestin, P. D. Richardson, A. Favre, J. Gaviglio,
R. Dumas, A. N. Kolmogorov, J. Bass).

February 490 pages $19.50

EASTERN THEORETICAL PHYSICS CONFERENCE

Proceedings, October 26-27,1962 edited by M. E. Rose

Nuclear physics, particle physics, and general relativity are the
central themes of the twenty-five papers. The contributors are
G. E. Brown, M. Baranger, R. A. Sorensen, R. Ferrell, B. Bayman,
L. C. Biedenharn, M. E. Rose, L. J. Wiegert, S. B. Treiman, J. S.
Levinger, M. W. Kirson, J. Steinberger, G. Snow, S. Barshay, G.
Costa, A. H. Zimmerman, R. L. Gluckstern, E. L. Lomon, H. Gold-
berg, W. W.S. Au, C. N. Yen-Liu, G. Breit, C. N. Yang, S. A. Blud-
man, E. J. Schremp, B. Zumino, H. Jehle, W. C. Parke, C. E. Rossi,
B. DeWitt, J. L. Anderson, R. Arnowitt, P. J. Westervelt, and J. A.
Wheeler. Discussions and references are included.

1963 462 pages paper: $5.00

GORDON AND BREACH
SCIENCE PUBLISHERS, INC.

150 FIFTH AVENUE, NEW YORK 11

PHYSICISTS
We are currently seeking to add several senior
physicists to our Staff. We are a small company
working on the borderline between basic and
applied research in government sponsored pro-
grams. Our areas of interest include: Magneto-
hydrodynamics, Nuclear Weapons Physics,
Atomic and Molecular Interactions, and Upper
Atmospheric Physics. We can offer a senior per-
son the opportunity to do research of worth in
these areas.

Our salaries are attractive and there are other
benefits of interest such as company manage-
ment by practicing physicsts and location in
Cambridge, Massachusetts near good libraries.
In addition, we can offer a senior person the
opportunity to initiate his own programs under
company sponsorship.

If you have a Ph.D. or equivalent, and demon-
strated capability to perform independent re-
search in one or more of the areas mentioned
above, please write to:

Dr. S. L. Kahalas
Mt. Auburn Research Associates, Inc.
12 Norfolk Street
Cambridge 39, Massachusetts

An equal opportunity employer

.. Published: December 1963 Volume 13 •—

ANNUAL REVIEW OF
NUCLEAR SCIENCE

. . . prepared for those engaged in teaching and
research by well-known investigators in each
special field.

Editors: E. Segre, G. Friedlander, H. P. Noyes

Editorial Committee: E. Creutz, H. M. Patt, L. I.
Schiff, E. Segre, E. H. Taylor, C. S. Wu

Contents: 590 pages
Penetration of Protons, Alpha Particles and

Mesons, U. Fano.
Passage of Heavy Ions Through Matter, L. North-

cliffe
Strange-Particle Resonant States, R. Dalitz
Radiation Effects on Macromolecules of Biological

Importance, F. Hutchinson
The Physics of Munos and Muon Neutrinos, G.

Feinberg and L. Lederman
Pionic Resonances, G. Puppi
Methods and Applications of Activation Analysis,

E. Sayre
Nuclear Stripping Reactions, N. Glendenning
Physics, Chemistry, and Meteorology of Fallout,

R. Bjornerstedt and K. Edvarson
Analysis of Bubble Chamber Data, A. Rosenfeld

and W. Humphrey
Coulomb Excitation, P. Stelson and F. McGowan
Monitor Reactions for High Energy Bombard-

ments, /. Cumming

All volumes are clothbound, with cumulative,
subject and author indexes.

$8.50 postpaid (U.S.A.); $9.00 (foreign)

Available From:

ANNUAL REVIEWS, INC.
(a nonprifit corporation established for the benefit

of science.)

231 Grant Avenue, Palto Alto, California

? Clip & Mail Today

ANNUAL REVIEWS, INC., Grant Ave., Palo Alto, Calif.

Please send me the ANNUAL REVIEW OF NUCLEAR SCIENCE,
volume 13 @ $8.50 postpaid (U.S.A.); $9.00 (foreign).

If you wish a standing order please check here.
(California residents please add 4% sales tax)

Name. . .

Address.
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PHYSICISTS

Outstanding opportunities
for Physicists have been cre-
ated at Westinghouse by the
expansion of our Electron
Tube operation in commer-
cial, industrial, communica-
tion and military markets.

Physicists with experience
or interest in R&D, Product
Design, Manufacturing Engi-
neering or Application En-
gineering are invited to ex-
plore immediate openings in
the following areas:

CATHODE RAY TUBES
R&D on television picture
tubes, special purpose indus-
trial and military display de-
vices, solid state image in-
tensifiers.

IMAGE TUBES
R&D on orthicons, vidicons,
intensifiers, photo-conductive
materials, photo-sensitive ma-
terials for infra-red UV and
visible spectra.

MICROWAVE TUBES
R&D on magnetrons, klys-
trons, TWT's, special electron
devices, fundamental study
programs on interaction cir-
cuits, and cross field amplifier
programs.

POWER TUBES
Design and development
work on radiation detectors,
industrial R.F., mercury pool,
high vacuum modulator and
rectifier tubes. Also design of
test equipment.

Write or send resume to:
Mr. Wm. Kacala, Technical Recruiting,

P.O. Box 284, Elmira, N.Y.
or phone collect REgent 9-3611

An Equal Opportunity Employer

W j Westinghouse
• • • M lUCTiONic run DIVIIION * ^ IIMUA. NIW TO«IC

flow curve is generally quite tempera-
ture-dependent. For sufficiently small
shear stress and rate of shear, in the
absence of turbulence, these quantities
are proportional to each other. Apart
from density, the flow behavior of an
essentially incompressible body is then
characterized by a single parameter,
the (Newtonian) viscosity.

Methods of measuring Newtonian
viscosity, for a wide range of values of
this parameter, together with a de-
scription of the limited number of
commercial instruments available at
that time, were given in the classic
monograph of Barr; later develop-
ments along these lines are found in
the monograph of Philippoff and the
smaller one of Merrington. During the
past two decades, many commercial
instruments have been developed for
measuring flow properties, usually of
specific industrial materials. At the
worst, such instruments yield a number
for given conditions of operation,
which may or may not correlate with
practical application. If such instru-
ments are calibrated, for example with
liquids of known viscosity, then if the
material under investigation manifests
Newtonian flow behavior, its viscosity
can be determined. Many such ma-
terials, however, manifest a flow be-
havior which is nonlinear and often
substantially inelastic; such instru-
ments therefore give "pseudo-viscosi-
ties" for different conditions of op-
eration. By suitable analysis of the
data with or without some modifica-
tion of the instrument, the flow curve
of the material can often be deter-
mined.

The central portion of this book is
concerned with a critical evaluation of
several commercially available, and
some unavailable, flow-measuring in-
struments; their range of application
and advantages and limitations, based
upon the experience of the authors
with a somewhat wide range of ma-
terials, are discussed in detail. In the
first instance, the measurement of the
viscosity of materials manifesting New-
tonian flow behavior is considered. Par-
ticular consideration is given to the
question of the measurement of the
flow curve of materials manifesting
non-Newtonian inelastic behavior with
each instrument as supplied or with
suitable modification. The question of

the effect of the heat generated in a
material under high rate of shear on
instrumental readings is considered.

The beginning of the book is con-
cerned with some brief theoretical re-
marks concerning the elastic and flow
behavior of materials. Disregarding the
elaborate (and expensive) instrumen-
tation found on many such commercial
instruments, flow measuring instru-
ments are basically simple; the design
of such instruments and the interpre-
tation of the data involve however a
considerable knowledge of modern
fluid mechanics. The reader not
trained in this field cannot expect to
get a good understanding of the the-
oretical basis of rheology from the
brief introduction. However, a rather
complete bibliography of currently
available books and monographs in
this field is supplied, with a few most
valuable for parallel or further study
specifically indicated.

The apparent hiatus in this book
is due to the gap, now being closed,
between theoretical and experimental
nonlinear rheology. From the theo-
retical point of view, there has been
an ignorance of the suitable forms of
the constitutive equations to represent
the flow behavior under various con-
ditions of real materials; from the ex-
perimental point of view, there has
been a lack of understanding of the
principles of flow measurement and
of the fundamental parameters or
functions to be measured. From the
point of view of one aspect of rheol-
ogy, this book attempts to close the
gap.

The final portion of the book is
concerned with the theory and meas-
urement of linear viscoelastic behavior.
As in other treatises dealing with this
type of behavior, the theoretical and
experimental treatments appear to be
based upon the extensive experience
of the authors with certain types of
materials manifesting linear viscoelas-
tic behavior under certain conditions.
For this reason the uninitiated should
not be surprised to find other com-
pletely different approaches, for ex-
ample, in the starred references given
by the authors. This book covers ap-
proximately the same field last re-
viewed over twenty years ago in the
monograph by Philippoff referred to
above.
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Particle Accelerator
Operated By

Princeton University
and the University

of Pennsylvania

Located at
Princeton University

Stimulating Work in
a University Program

of Basic Research

Positions in Research
Area of this 3 BEV Proton

Synchrotron Project

SENIOR
PROGRAMMER
REQUIREMENTS:

2 years work background on large
scale computers

Potential to lead and technically di-
rect a small group of junior program-
mers

Minimum B.S. in Enginering, Math
or Science

DUTIES:
Develop programs required for com-
puter solution and processing

Prepare detailed flow charts, write
appropriate machine language in-
structions

Work with well-defined problems and
concepts under guidance of program-
ming analysts or as directed by sec-
tion supervisor

PROGRAM
ANALYST
REQUIREMENTS:

years in computer pro-

specialized computer

At least 3
gramming
Experience
routines
Some supervisory or technical liaison
background
Minimum B.S. in Engineering, Math or
Science; advanced degree preferred

DUTIES:
Develop and improve automatic pro-
gramming routines
Prepare logical flow charts
Assist in formulation of systems con-
cepts relating to computer applica-
tions
Instruct programming personnel as
required
Possibly co-ordinate, guide and moni-
tor activities of programming per-
sonnel
Prepare complex computer problems

Work in suburban Princeton Area. Salary comparable to industry. Un-
unusal benefits include 4 weeks paid vacation and generous retirement plan.

Write: A. C. Allen

ACCELERATOR
P.O. Box 682

An equal opportunity employer
Princeton, N.J.

-An entirely new- . .

OPTICAL BENCH
RAIL STOCK

(at Vi the price you'd expect)

Aluminum—cut it to
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There are several statements with
which other rheologists will disagree.
Apart from these minor points, this
book should be of valuable service to
the industrial rheologist, who is called
upon to measure significant flow prop-
erties of industrial materials. The time
and often the experience is lacking to
design specialized equipment for the
measurement of specific rheological
properties. This book should help the
industrial rheologist with some prior
background in the field to select and
if necessary modify commercially avail-
able equipment for the measurement
of significant rheological properties.

Fluid Dynamics. An Introductory Ac-
count of Certain Theoretical Aspects In-
volving Low Velocities and Small Ampli-
tudes. By G. H. A. Cole. 238 pp. (Me-
thuen, London) John Wiley & Sons, Inc.,
New York, 1962. .$4.95.
Reviewed by R. B. Lindsay, Brown Uni-
versity.

The accelerating development of aero-
dynamics in recent times, together
with increased interest in such things
as plasma dynamics and related physi-
cal problems, has served to put con-
siderable emphasis on the need for
up-to-date, concise, introductory treat-
ments of fluid dynamics. The impor-

tance of such is all the greater since
the older classical treatises, in addition
to being heavily mathematical, usually
fail to come to grips with the actual
physical conditions prevailing in the
interesting practical cases of fluid flow.
The present work, one in the valuable
series of Methuen's Monographs on
Physical Subjects, endeavors to pro-
vide, in brief, but readable, compass,
an adequate introduction to modern
fluid dynamics. '""**

The first four chapters contain a
more or less conventional treatment
of the motion of an ideal fluid, mainly
restricted to irrotational flow, and in-
cluding a very brief summary of sound
waves in gases. Viscous and thermal
effects are then introduced, followed
by a study of the laminar boundary
layer and turbulence. There is a sub-
stantial chapter on the various dimen-
sionless parameters associated with
fluid flow, like the Reynolds, Strouhal,
Mach numbers, etc. The book con-
cludes with a short chapter on hydro-
magnetics. This confined to treatment
of continuum magnetohydrodynamics
and does not include plasmas.

Though the mathematical analysis
is adequate and in general clear, the
principal emphasis is on the physical

ideas involved, particularly in the case
of turbulent flow and boundary layer
problems. The general results are pre-
sented with clarity, though greater use
of charts and graphs would have been
helpful. In his desire to achieve brev-
ity, the author occasionally leaves out
material badly needed by the novice
in the subject. This is true, for exam-
ple, for the important concept of
group velocity in wave motion. Here
the reader not previously initiated
will learn nothing of the meaning of
group velocity and must make do with
a series of formulas. The acoustician
will not be contented with the chapter
on sound waves. In particular, he will
be depressed by the implication that
sound waves are nothing but small
oscillations in a gas. The sufficiently
incautious reader may indeed receive
the impression that because the com-
pressibility of a liquid is much smaller
than that of a gas (the author states
that a liquid is essentially incompressi-
ble) , there can be no sound waves in
a liquid. This would make the sub-
marine detection problem difficult in-
deed!

There is a brief but useful bibliog-
raphy, somewhat marred by the care-
less misspelling of many proper names.

BOOKS RECEIVED
GENERAL

Reports on Progress in Physics, Volume
26. A. C. Strickland, ed. 472 pp. The In-
stitute Of Physics and The Physical So-
ciety, London, 1963.

ATOMIC & MOLECULAR PHYSICS
The Theory of Atomic Spectra (1935 ed.).
By E. U. Condon, and G. H. Shortley. 441
pp. Cambridge Univ. Press, New York,
1963. Paper $3.95.

CHEMISTRY & CHEMICAL PHYSICS
Effect of Ionizing Radiation on High
Polymers. By T. S. Nikitina. E. V. Zhur-
avskaya, and A. S. Kuzminsky. Transl.
from Russian by Scripta Technica, Inc.
90 pp. Gordon and Breach, New York,
1963. $4.95.
Annual Review of Physical Chemistry,
Volume 14. H. Eyring, C. J. Christensen,
and H. S. Johnston, eds. 433 pp. Annual
Reviews, Inc., Palo Alto, California, 1963.
$8.50.
Configurational Statistics of Polymeric
Chains. By M. V. Volkenstein. Transl.

from Russian by Serge N. Timasheff and
M. J. Timasheff. 562 pp. Interscience,
New York, 1963. $20.00.

ELECTROMAGNETIC WAVES & ELECTRONS
Advances in Electronics and Electron
Physics, Volume 18. L. Marton and Claire
Marton, eds. 342 pp. Academic, New York,
1963. $12.50.
Meteorological and Astronomical Influ-
ences on Radio Wave Propagation. (Nato
Advanced Study Institute, Corfu, 1961).
B. Landmark, ed. 318 pp. (Pergamon,
Oxford) Macmillan, New York, 1963.
$15.00.

EXPERIMENTAL TECHNIQUES
A Stress Analysis of a Strapless Evening
Gown and Other Essays for a Scientific
Age. Robert A. Baker, ed. 192 pp. Pren-
tice-Hall, Englewood Cliffs, N. J., 1963.
$3.95.
Principles of Reliability. By Erich Pieru-
schka. 365 pp. Prentice-Hall, Englewood
Cliffs, New Jersey, 1963. $15.00.
Cryogenic Engineering. By J. H. Bell, Jr.

411 pp. Prentice-Hall, Englewood Cliffs,
N. J., 1963. $16.00.
High-Pressure Measurement. Symp. Proc.
(New York, Nov. 1962). A. A. Giardini
and Edward C. Lloyd, eds. 409 pp. Butter-
worths, Washington, D. C , 1963. $10.75.

GEOPHYSICS & EARTH SCIENCES
Jet-Stream Meteorology. By Elmar R.
Reiter. Transl. from German. 515 pp.
The University of Chicago Press, Chicago,
1963. $17.50.
An Introduction to Atmospheric Physics.
By Robert G. Fleagle and Joost A. Bus-
inger. Vol. 5 of Internat'l Geophysics
Series, edited by J. Van Mieghem. 346
pp. Academic. New York, 1963. $12.00.
General Oceanography. An Introduction.
By Giinter Dietrich. Transl. from German
by Feodor Ostapoff. 588 pp. Interscience,
New York, 1963. $20.00.

HANDBOOKS, TABLES, ETC.
Soviet Men of Science. Academicians and
Corresponding Members of the Academy
of Sciences of the USSR. By John Turke-
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