
According to the author, the princi-
ple that cause precedes effect means
that particles of imaginary mass (com-
monly called tachyons) could be emit-
ted only in a random fashion that
could not be used to send signals with
superluminal velocities. Nevertheless
many ordinary particles that are emit-
ted randomly (beta rays for example)
can be used to emit signals with the
help of movable absorbers that act as
shutters. Tachyons would thus have
to have special properties to preclude
sending controlled signals with such
arrangements.

The difficulty with particles of neg-
ative mass is that in collisions with or-
dinary particles they would on the av-
erage lose energy as the ordinary par-
ticles gained energy. They would pro-
vide an inexhaustible supply of energy
to ordinary matter, thereby violating
the second law of thermodynamics. As
stated by Terletskii, because we have
not noticed violations of the second
law means that there can not be many
such particles in our neighborhood
and also that their interaction^ with
ordinary matter must be of short
range. Thus particles of negative
mass could not be charged; yet ac-
cording to the author, such particles
might have cosmological significance,
for example as the source of the ener-
gy of quasars.

The author's attacks on the name
"relativity" and on the philosophy of
logical positivism are not relevant to
the rest of the book. In this same vein
are his arguments that the theory of
relativity is comparable with dialecti-
cal materialism.

BUBBLE CHAMBER. This 80-in. instrument is used with the alternating-gradient
synchrotron at Brookhaven National Laboratory. The large aperture at lower right is
for the source of illumination; around it are four smaller apertures for cameras. The
hydraulic ram below the chamber moves the entire assembly along a rail track.

The reviewer, a professor at Indiana Uni-
versity, has contributed to the literature
on the paradoxes of special relativity, tak-
ing the orthodox point of view that the
theory is self-consistent.

Tracking particles

BUBBLE CHAMBERS. By Yu. Alek-
sandrov, G. S. Voronov, V. M. Gor-
bunkov, N. B. Delone, Yu. I. Ne-
chayev. 371 pp. Indiana Univer-
sity Press, Indiana, 1967. $17.50

by EDWARD G. PEWITT

For the past several years bubble-
chamber physics has been on a plateau
with only minor changes and improve-
ments in the many chambers now op-
erating. The number of photographs

taken has roughly been doubling every
two years and analysis systems in uni-
versities and laboratories have kept
pace.

For the most energetic beams now
being used, the present 2-meter long
chambers are of marginal precision.
This, together with the need for cham-
bers of very large volume to study
neutrino interactions, stimulated sev-
eral groups to design and build a new
generation of giant bubble chambers
with useful volumes of 10 m3 or more,
which should be operating within a
few years at the high-energy laborato-
ries.

The design of the new chamber
eliminates the full-size glass window
for viewing and achieves economy by
using several small hemispherical win-

dows and wide-angle lenses for pho-
tography. Other innovations include
bubble illumination by light reflected
from Scotchlite papered over the walls
and superconducting coils to generate
the magnetic field in three of the five
chambers under construction.

Bubble Chambers is mostly of his-
torical interest because the latest refer-
ences are unfortunately only from
1962 (US work up to 1960). The
authors have presented their work un-
der three categories: physical prin-
ciples of bubble chamber operation,
design of bubble chambers and parti-
cle identification. Detailed treatment
is given to bubble growth and bubble
illumination on which the authors are
knowledgeable. The discussion is
weighted toward heavy-liquid cham-
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bers that have received major Russian
effort. The figures are small and lack
detail. Insufficient space is devoted
to the design of bubble-chamber mag-
nets, and superconductivity is only
briefly mentioned. The problems of
automatically processing bubble-
chamber photographs are not dis-
cussed in any detail.

Although the book has an old-fash-
ioned flavor, it contains many points
that may be of reference value to
bubble-chamber builders and users,
students and those with a general in-
terest in experimental technique. For
a later and more comprehensive work
on this subject, the reader is referred
to Bubble and Spark Chambers, edited
by R. P. Shutt (1967).

Edward G. Pewitt is leader of the group
building the 3.7-meter hydrogen bubble
chamber at Argonne National Laboratory.

Fundamentals of time
LE TEMPS ET LA PENSEE PHYSI-
QUE CONTEMPORAINE. J. L.
Rigal, ed. 149 pp. Dunod, Paris,
1968. Paper 16.50 F

by LADISLAUS MARTON

This book, entitled Time and Contem-
porary Physical Thinking, is part of the
new series, Realites de la Science.
The whole series attempts to present
what the editor calls an "initiation
into fundamental principles" and a
"clarification of what these principles
want to say and what they do not
say."

Let us start by stating that the pres-
ent volume succeeds in that preset

task reasonably well. I say reasonably
well because the 12 contributions by
different authors vary considerably not
only in presentation but also in scien-
tific rigor. The contributions are
separated into four parts of the book:
"Time in Classical Physics," "Space
and Time," "On Time and Informa-
tion in Probability Physics" and "Idea
of Time in Microphysics." Each of
these parts is preceded by a lengthy
introduction and discussion by the edi-
tor, J. L. Rigal, a professor at the Uni-
versity of Besangon. The editor men-
tions in his preface that it took about
five years to gather the material for
this relatively short book—which seems
to be an excessive time for such a con-
densed publication.

The first part is divided into six
contributions. These articles are on
the sources of time measurements,
time in classical mechanics, time in as-
tronomy, atomic and molecular clocks,
distributed time and the age of celes-
tial bodies. The discussions center
quite a bit on the precision attained
with different devices. Surprisingly,
although the precision is amply dis-
cussed, there is absolutely no indication
about the lack of agreement or lack of
accuracy in defining the epoch.

The second part of the book dis-
cusses some "old paradoxes, discovery
of space-time, and the principle of
relativity and equivalence between
space and time." Rigal states that the
time concept may vary with the physi-
cal circumstances and that the fourth
dimension of space-time is not neces-
sarily identical with ordinary classical
time.

In the third part of the book there
are two chapters entitled "The Second
Principle of the Science of Time" and
"Time and Information, Probability
Concepts." The final chapter is "The
Idea of Time in Modern Physics."

Some of these presentations are
quite good. Others are on a rather
elementary level, or they present a
more literary than factual considera-
tion of the topics. I have a few com-
ments that are not quite favorable.
First there are too many typographical
errors. There are altogether too
many errors to make comfortable read-
ing for a reader who is not French.
Another objection is the typographical
setup. There are about 20 different
typefaces used throughout the book.

Last but not least, there is a sum-
mary bibliography on the last page.
About six items are listed with a re-
mark indicating that all the other bib-

liographies are presented at the end of
each chapter. However, out of 12
chapters, only three have bibliogra-
phies.

L. Marton is an electron physicist en-
gaged in the international relations of the
National Bureau of Standards.

Techniques for coherent sources
LASER PARAMETER MEASURE-
MENTS HANDBOOK. H. G. Heard,
ed. 489 pp. Wiley, New York
1968. $15.95

by RICHARD B. ZIPIN

The subject of this review is a labora-
tory reference on the measurement
techniques peculiar to laser technology.
It is the eighth book of the Wiley
series in Pure and Applied Optics, and
the fifth book of the series treating
some aspect of lasers. 37 contributors
are listed, in addition to the editor,
Harry G. Heard, whose credentials are
well known to workers in the field. It
is a good book and, considering the
difficult job it is to edit a volume such
as this one, Heard is to be com-
mended. A reader can detect the ef-
fects of multiple authorship, but he
can also see the effects of a hard-work-
ing editor.

The contents include an introduc-
tory chapter, one on beam sampling
techniques, and then chapters treat-
ing the measurement of beam param-
eters, energy and power, gain param-
eters, wavelength, bandwidth and
temporal coherence and frequency
stability. The final chapter discusses
the measurement of noise and modula-
tion of laser carriers for communica-
tion. The emphasis is on laboratory
techniques, and there are many tables
of data that will be useful in a labora-
tory. I expected to find data on lasers
per se and perhaps some discussion
on the design criteria used to achieve
the various parameters whose mea-
surements are treated; however, I was
disappointed. It seems unfortunate,
for example, that in a book about the
measurement of laser parameters there
is a 38-page chapter devoted to wave-
length measurements in which there is
no mention of the literature reporting
such measurements. There is not even
a list of some of the typical nominal
wavelengths available from known
laser materials.

Each chapter contains an extensive
list of references and a table of the
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