
throughout, even if it is not always
possible to agree with the author.
The text is enlivened by numerous
clever cartoon drawings, many involv-
ing little demons doing various hu-
morous things in the name of the prin-
ciples of quantum mechanics.

The reviewer is Hazard Professor of Phys-
ics at Brown University and is interested
in the philosophy of physics.

Kinetics of liquids

THE PHENOMENA OF FLUID MO-
TIONS. By Robert S. Brodkey.
737 pp. Addison-Wesley, Reading,
Mass., 1967. $22.50

by LAWRENCE TALBOT

Texts on fluid mechanics make their
appearance on the publishers' lists
with almost predictable regularity.
Authors of such texts are generally
aware, sometimes to the point of self-
consciousness, of their roles in the
proliferation of material on the sub-
ject. They will often explain in a
preface the rationale behind their en-
try into the lists: a new approach to
the standard material, a new selection
or arrangement of the material, a new
projected audience and so on. Fre-
quently such explanations are far from
convincing. However, the present in-
stance is a happy exception. The au-
thor's aim is to provide a first-year

I graduate text on fluid mechanics for
chemical engineers, and to this end he
has brought together many topics of
technical importance to the chemical
engineer that are not found in fluid
mechanics textbooks.

The book is divided into three
main sections. The first is intended to
give a theoretical background to fluid
flow, starting with some vector and
tensor preliminaries. It then intro-
duces the equations of change and the
various flux vectors of transport theory
and culminates in the derivation of the
Navier-Stokes equations.

The second part of the book is de-
voted to the standard applications of
the flow equations such as are found
in most texts: in viscid flows, exact
and boundary-layer solutions of the
laminar-flow equations, integral meth-
ods, dimensonal analysis and one-di-
mensional compressible flow. These
topics are treated generally in a selec-

tive and introductory fashion. Each

FORMATION AND MOTION of drops and bubbles. (An artist's impression repro-
duced on the jacket of The Phenomena of Fluid Motions by Robert S. Brodkey.)

by itself could form the subject of a
complete volume (as indeed they
have).

The third part of the book really
justifies its being. This portion,
which accounts for two thirds of the
volume, covers phenomenological and
statistical theories of turbulence, non-
Newtonian phenomena and multi-
phase flow. The approach is very
well balanced. Theory is given where
it exists, and comparisons with experi-
ments are made. But important tech-
nical problems are not avoided simply
because they are messy and not ame-
nable to neat analysis. If the only ap-
proach is an empirical one, that ap-
proach is presented and argued

A quasar guide

QUASI-STELLAR OBJECTS. By
Geoffrey and Margaret Burbidge.
235 pp. W. H. Freeman, San Fran-
cisco, 1967. $7.50

by HONG-YEECHIU

Eight years have passed since the dis-
covery of quasars, but the origin and

through on its physical basis.
The bibliography is exhaustive and

up to date. I know of no other book
in which the subjects of non-New-
tonian and multiphase flow are treated
in as organized, clear and complete
fashion as they are here. For this
reason, this book will surely be of
value not only for what it was in-
tended, a graduate text for chemical
engineers, but also as a source book
for all engineers concerned with real-
life fluid flow problems.

The reviewer is a professor of aeronautical
sciences at the University of California,
Berkeley.

nature of these incredibly bright and
bizarre objects remain a mystery.
Theory after theory has been com-
pounded to explain their existence,
only to be abandoned when the next
set of data came in.

In this well written book, Goeffrey
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Current and Forthcoming Titles
in the Physical Sciences from
Van Nostrand Reinhold

a one semester text
in basic physics for
liberal arts majors

DESCRIPTIVE COLLEGE PHYSICS, Third Edition
Harvey E. White, University of California, Berkeley.

Spring, 1970/app. 512 pages/about $9.75

an introduction to
the physical concepts

of photography

FUNDAMENTALS OF PHOTOGRAPHY
C. B. Neblette, formerly Director of School of Photo-
graphic Arts and Sciences, Rochester Institute of
Technology.
Early Spring, 1970/app. 400 pages /about $10.00

MOMENTUM
SERIES

Published for the Commission on College Physics under the general edi-
torship of Walter C. Michels, Marion Reilley Professor of Physics, Bryn
Mawr College; this series of paperbacks is designed to present lucid and
accurate analyses of significant areas in classic and modern physics.

seminal papers in
nuclear fission

20 THE DISCOVERY OF NUCLEAR FISSION
Edited by David L. Anderson, Oberlin College; and
Hans G. Graetzer, South Dakota State University.
Fall, 1969

fluid dynamics
of sea motion

# 2 1 THE WAVES
George M. Hidy, Science Center, North American
Rockwell Corporation.
Fall, 1969

a guide to
the functions of

mathematical physics

SPECIAL FUNCTIONS FOR
SCIENTISTS AND ENGINEERS
W. W. Bell, University of Aberdeen, Scotland.
1969/247 pages/$5.50/paper

atomic and
nuclear physics

ATOMIC AND NUCLEAR PHYSICS:
An Introduction in S.I. Units, Second Edition
T. A. Littlefield and N. Thorley; both of the University
of Newcastle upon Tyne, England.
1969/app. 448 pages/about $6.50/paper

an introductory
physics text for

science and engi-
neering majors

FOUNDATIONS OF PHYSICS
Walter C. Michels, Bryn Mawr College; Malcom Correll,
University of Colorado; and the late A. L. Patterson.

1968/886 pages/$12.95/Teacher's Guide available

a senior text
in relativity

for physics majors

ESSENTIAL RELATIVITY:
Special, General, Cosmological
Wolfgang Rindler, Southwest Center for Advanced
Studies, Dallas, Texas.
1969/app. 336 pages/about $7.95

Send for your on-approval copies.

Write College Division,
ftfflsl

VAN NOSTRAND REINHOLD COMPANY
300 Pike Street / Cincinnati, Ohio 45202
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RADIO TELESCOPE at Cambridge,
where Sir Martin Ryle and his colleagues
catalog radio sources.

and Margaret Burbidge present a sys-
tematically classified and beautifully
compiled account of the observational
properties of quasars; their book could
well become a classic in its field. Al-
though one of the authors is a strong
proponent of a speculation known as
the "local theory of quasars," admira-
bly those chapters devoted to observa-
tional facts contain only traces of fa-
voritism.

The discovery of quasars came in
1961 almost by accident. The radio
astronomy group at Cambridge Uni-
versity, under the direction of Martin
Ryle, had been engaged in the cata-
loging of radio sources since the
middle 1950's. Their aim was to pro-
vide precise locations of radio sources
with the hope that they might ulti-
mately be identified with objects visi-
ble on photographic plates made with
large optical telescopes. In the 3C
catalog there were a number of iso-
lated radio sources whose positions did
not coincide with any of the known
supernova remnants or galaxies.

In a fruitful collaboration, radio as-
tronomers provided their optical coun-

terparts with the precise locations of
several of those isolated radio sources
that were then identified with starlike
objects on plates made at the Mt Wil-
son and Palomar Observatories.

At first the images were thought to
be stars, but, as data volleyed back
and forth between England and south-
ern California, further study showed
that they were not stars, but objects of
a kind hitherto unknown.

The spectra of these starlike images
showed sets of emission lines that
could be interpreted as highly red-
shifted lines of common elements such
as hydrogen, magnesium and oxygen.
To date, the largest red shift found is
2.223 (PKS 0237-23) and the small-
est, 0.16 (3C273).

Certain quasars also show absence
of radio emission, but many quasars
also show absorption as well as emis-
sion lines. Generally the red shift of
the absorption lines is different from
those of emission lines, and a large
number of absorption-line red shifts
are clustered at 1.95, for objects with
emission-line red shifts ranging from
1.95 to 2.22. One quasar, PKS 0237,
shows two sets of red-shift lines of 1.95
and 2.20 whereas the emission-line red
shift is 2.223. Another quasar, PKS
0019-04, shows an absorption-line red
shift of 1.965 although that of the
emission line is only 1.955. This im-
plies that the matter that produces
these absorption lines is falling into the
quasar. No explanation has been of-
fered for this and other related pecu-
liar phenomena.

The Burbidges present further anal-
ysis on the energy distribution from
quasars, which cannot be explained in
terms of any simple radiation mecha-
nism such as black body or synchro-
tron. Their variability appears to be
quite random and provides no insight,
and their distribution in space is iso-
tropic. These data, valuable as they
are, offer little clue to the nature of
quasars.

About one third of the book is de-
voted to theories. The authors are
correct in dismissing present theories
of quasars as inadequate or inappli-
cable. A valid question, however, still
remains: Does the red shift of quasars
indicate their distance or their state of
motion? Those propounding cosmo-
logical distances for quasars are faced
with the energy problem (and many
others); those propounding local ori-
gin for quasars are faced with even
more serious problems in addition to
those already existing in the other

case. (Caution: As the evolutionary
path of physics has shown, one theory
does not merit acceptance over
another simply because it has fewer
fundamental difficulties.)

In conclusion, I feel that the Bur-
bidges did an excellent job. As new
data piles in, this book will not only
survive but will also serve as a guide
for further presentations. I would
compare this book with The Realm of
Nebulae, which was also written when
new data on cosmological observations
were arriving at an astonishing rate.
30 years after it was published, stu-
dents are still profiting by it. The
basic method of research in cosmologi-
cal observation has not changed, al-
though many telescopes up to twice
the size used by Edwin Hubble, in
making the initial discovery, have
since been built. Another 30 years
from now, we can expect a student
still to be profiting by reading the Bur-
bidges' presentation of observational
data on quasars in the golden 1960*5.

Hong-Yee Chiu is a physicist at the God-
dard Institute for Space Studies.

Beams at work
NARROW ANGLE ELECTRON GUNS
AND CATHODE RAY TUBES. By
Hilary Moss. 224 pp. Academic
Press, New York, 1968. $11.00

by J. AROL SIMPSON

From time to time a determined
worker succeeds in clearing a small
patch in the thicket that grows rank
on the border between science and
technology. Once this area is cleared
it presents no hazards for later settlers.

Plilary Moss has accomplished this
task for his chosen subject by dint
of almost 30 years of diligent and
productive work.

The area of his clearing contains
only electron guns of low total-cur-
rent efficiency and convergence angles
so low that lens aberrations and the
small angular deflections of the beams
play no role. But within this limited
scope, which includes a large portion
of the electron guns in current use,
little now remains to be done, and
we can stop worrying about this area.
Moss's book is essential to anyone
who needs to design a gun of these
characteristics.

The book has no pretensions of
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