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theory to be considered deals with the interaction
between matter and radiation and with the resulting
radiative transfer of energy.

The book starts with the standard methods used
in the theoretical analysis and continues with a dis-
cussion of special problems which arise because of
turbulence, magnetic fields, stellar rotation, and associ-
ated nonthermal phenomena. The remainder of the
book is devoted to a discussion of the various types
of stars, and covers typical features of the observed
spectra and model ideas which have been suggested
for their interpretation.

The major aspects of the problem of interpreting
stellar spectra were formulated in 1929 by Milne but
radiative properties were then not known sufficiently
well for a successful application of the theory. In re-
cent years, the advances made in understanding the
interactions between photons and stellar matter have
triggered a renewed effort, and some successes have
been achieved. There are, however, still many un-
answered questions, and in the latter half of the book
one is introduced to these questions and to the data
from which they arise.

The book consists of 19 chapters which have been
written by 20 contributors. To the reviewer, the more
general, early chapters of the book were of greater
interest than the ones dealing with specific types of
stars. For someone working in the field of astrophysics
this could easily be the reverse. I expect that this
book will be a standard reference work for quite a
few years.

Wave Propagation in a Turbulent Medium. By
V. I. Tatarski. Transl. from Russian by R. A. Silver-
man. 285 pp. McGraw-Hill Book Co., Inc., New York,
1961. $9.75. Reviewed by Nicholas Chako, Queens
College.

ONE could hardly overestimate the present-day
importance of studying the problem of wave

propagation in a turbulent medium, since the phe-
nomena associated with acoustic-, light-, and radio-wave
propagation and scattering are dependent to a great
extent on the irregularities and fluctuations of the
refractive index of the atmosphere caused by the state
of turbulence of the air. These irregularities in the
refractive index arise from temperature, humidity, and
wind-velocity fluctuation, and, in general, also depend
on the state of ionization and magnetic field of the
medium. Therefore a knowledge of the basic laws
governing the structure and behavior of these factors is
necessary in any attempt to construct a theory which
would explain in a quantitative way such phenomena
as anomalous propagation and scattering of waves by
the actual atmosphere, the quivering and twinkling of
stellar images in telescopes, scintillation from radio stars
and terrestrial sources, frequency fluctuation, and a
multitude of other phenomena in this, as well as in re-
lated fields.

Such a comprehensive theory is still far away. How-

PHYSICS TODAY



.5 Meter Vacuum U. V. Scanning
Monochromator Czerny-Tumer Type

MODEL 215

1 Meter Scanning Vacuum U. V.
Monochromator Seya Type or Normal

Incidence-MODEL 230S

2 Meter Combination Vacuum U. V
Spectrograph and Scannin

Vacuum Ultra-Violet
Instrumentation

Instrument Corporation maintains

a high standard of excellence in the design and fabrication of

precision instruments through

• 'pioneering experience

• advanced engineering and design

• manufacturing craftsmanship

• open, inquiring minds

to meet your needs in vacuum spectroscopy.

3 METER HIGH RESOLUTION VACUUM U. V. MONOCHROMATOR
CZERNY-TURNER TYPE-MODEL 250

Assisting the scientists in such fields as

• Solid State Physics • Chemistry

• Thermo-Nuclear Reactions • Optics

• Space Science • Rocketry

Mofiocbromator

I N S T R U M E N T
53O MAIN STREET ACTON, MASS

C O R P .
COIonial 3-7733



TRIDENT LIGHTWEIGHT LASER

Series 500

•

single package
ready to fire
$1850

Here is a source of coherent optical
energy that is ideal for initial
research studies and educational
demonstrations. One switch charges
the unit and fires the main laser
beam from the rear; a lower energy
beam from the front. Plug-in mod-
ules permit changing crystals,
energy storage and pulse shape or
duration.

TRIDENT SERIES 500 LIGHTWEIGHT LASER o

Wave Length 6943 A
Coherent Energy over 0.1 joules
Pulse Width 0 to over 500 microseconds
Beam Width 3 seconds of arc (minimum)
Operating Temp Room
Components — High and Low voltage power

supplies; energy store; plug-in laser
head with xenon lamps and ruby laser
crystal; voltmeter; control switch.

Plug-in modular laser head
includes ruby crystal. Other
crystals and remote laser
heads can easily be substi-
tuted.

The duration and intensity
of the output pulse can be
changed simply by plugging
in auxiliary energy store
and pulse shaping units.

More sophisticated devices for produc-
ing coherent optical energy are also
available such as the General Purpose
Laser System which is capable of re-
petitive pulse output at 4,000 joules
per pulse.

Order from or write for complete information to:

MASER OPTICS, Inc.
Trident Division , 89 Brighton Ave., Boston 34, Mass.

]U Tel. AL 4-7880 / Area Code 617

ever, a great deal of progress has been made during
the last decade in forming a theory which gives fairly
good results in interpreting experimental data. On the
other hand, further work is needed along theoretical
and experimental lines in formulating a quantitative
theory of wave propagation in turbulent media.

In this monograph, the author has undertaken the
difficult task of presenting a general account of the
present state of the theory and those aspects which
are connected with parametric fluctuations of short-
wave propagation in a turbulent atmosphere. The re-
sults given here, although not fully quantitative, do give
considerable insight into these phenomena and in some
cases have yielded quantitative answers to this problem.
Most of the material presented is drawn from Russian
sources, although important contributions from non-
Russian authors have also been included.

The opening chapter contains the essentials of the
methods for the statistical description of continuous
random fields. The Fourier-Stieltjes integral plays a
dominant role for expressing the stationary random
function, the correlation function, and especially the
so-called structure function which is the basic charac-
teristic of random processes with stationary incre-
ments. This function is a generalization of the correla-
tion function. Whereas the spectral density function
(s.d.f.) entering into the expression for the correlation
function (c.f.) must be a positive function of the fre-
quency, the corresponding s.d.f. associated with the
structure function (s.f.) could be singular for zero
frequency, i.e., the low-frequency components of the
fluctuation spectrum are allowed to possess infinite
energy. On this basis, the author analyzes homogeneous
and locally homogeneous and isotropic fields, in one,
two, and three dimensions. The second chapter deals
primarily with the microstructure of turbulent flow,
local homogeneity, and isotropy. Based on certain
definitions related to the velocity and length scale of
turbulence, expressions for the s.f. are derived. How-
ever, such criteria are of a rather qualitative nature.
From dimensional considerations, the s.f. for local
homogeneous random fields is found to be proportional
to the two-thirds power of the distance. This is known
as Obukhov's law. Below the critical length, where
the energy carried by the small eddies is dissipated into
heat, thus resulting in a stable flow, the s.f. varies
as the square of the distance. For distances greater
than the largest eddies, no precise expression for the
s.f. could be found, but one assumes that it approaches
asymptotically a constant value. In spite of the qualita-
tive arrangement, Obukhov's formula has an experi-
mental basis. These expressions for the s.f. form the
basis of subsequent discussions. The author then pro-
ceeds to derive s.f. for conservative passive additive
fields (temperature, humidity, and concentration
fluctuations) and the corresponding spectral density
functions. Expressions for the refractive-index fluctua-
tions are obtained due to the fluctuations of the above-
mentioned fields and pressure fluctuations.

Part 2 contains a treatment of scattering of acoustic
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DECISION AND
THE RANDOM CHANNEL

For some time now a firm mathematical discipline, Statistical
Decision Theory, has been applied to optimize signal reception
in many important communication situations. Its most con-
spicuous success has been in the restricted problem of the
reception of a (not too large) number of exactly known signals
corrupted by additive independent gaussian noise with a known
covariance function. Optimum reception in this case may be
obtained through use of a correlation (or matched filter) receiver
which uses replicas of the known signals stored either as wave-
forms or as the impulse responses of linear, time-invariant filters.
When faced with the lack of specific knowledge of channel
parameters, decision theory is less authoritative in specifying
the form of the receiver. In this more difficult case, it is some-
times plausible to use an adaptive approach and estimate the
possible waveforms which could exist at the receiver before
noise is added, and to crosscorrelate the noisy received wave-
forms against these estimates. In fact, the application of deci-
sion theory to a channel which can be described by a multi-
dimensional gaussian process with a zero mean and known
covariance function, leads specifically to an adaptive receiver
which generates reference waveforms from such estimates.

X(t)

y(t) -r n(t )

x (T) h ( t , T ) d T + n( t )

Generalized model of a communication channel.
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and electromagnetic waves in a turbulent atmosphere.
By assuming the refractive-index fluctuation to be small,
perturbation methods are used to solve the differential
equation. Expressions of the first-order scattered field
and energy flux are derived for an incident plane wave.
In addition, the author gives a critical review of various
scattering theories based on different forms of correla-
tion functions and a comparison is made with the
results obtained by using Obukhov's formula. The
latter gives more realistic results than previous theories.
A similar analysis is given for acoustic scattering
for locally isotropic turbulence near the earth's surface.

Part 3 covers those aspects of propagation and
scattering by quasi-stationary inhomogeneities in the
refractive index which produce fluctuations in the
amplitude and phase of the wave. The problem here
is to determine the statistical behavior of the field
at large distances from the scatterer when the source
is placed outside the medium. The problem is first
treated from the geometrical-optics approximation and
afterwards from the wave picture using perturbation
theory. The use of incident spherical waves by follow-
ing similar procedures for plane waves is also con-
sidered. However, in deriving an expression for the
mean-square fluctuations of the logarithmic ampli-
tude distribution near an observation point, certain
legitimate approximations are made as to the form of
the incident spherical wave. Inhomogeneities on the
order of the radius of first Fresnel zone play a full
role in scattering processes, and if the inhomogeneities
are large in comparison to (Ai)- (L = length of the
largest eddy where anistropic turbulence takes place,
X = wavelength), the results agree with the geometrical-
optics approach.

The experimental data on parameter fluctuation of
light and acoustic waves and scintillation of terrestrial
light sources are discussed in Part 4. The results of the
theory are in good agreement with the experimental
findings. Finally, a theoretical approach to the phe-
nomena of twinkling and quivering of stellar images in
telescopes, including a discussion of experimental data,
is described in detail.

The numerous footnotes and remarks which appear
in the appropriate places of the Russian text have been
collected by the translator at the end of the book in
the form of an appendix. A short note by Dr. Kraich-
man in connection with some points referred to in
Chapter 5 of the text is also included. It is possible
that such a transfer of footnotes may be convenient
and even desirable for the printers, but it certainly
will be inconvenient from the point of view of the
reader, who must turn to the last pages every time the
author makes reference to his footnotes. The same com-
ment can be made regarding the reference list. Another
disadvantage is the author's omission of a subject index.

Insofar as the reviewer is aware, this is the first
book on the subject to appear in press. Dr. Tatarski
is to be congratulated for writing such an important
book on a newly developed and difficult field. The

PHYSICS TODAY



51

specialist can hardly afford to be without it, and the
general reader possessing a moderate background of
mathematics will find it of interest as well. The pub-
lishers, and especially the translator, should be com-
mended for having rendered a great service in making
available such a valuable book to non-Russian readers.

Physics for Engineers and Scientists (2nd ed.). By
Richard G. Fowler and Donald I. Meyer. 553 pp. Allyn
& Bacon, Inc., Boston, Mass., 1961. $9.25. Reviewed by
Walter G. Mayer, Michigan State University.
T I PON inspecting this book, the question arises im-
^ mediately: What justifies the selection of the title

which suggests that the engineer is not a scientist?
Furthermore, the title notwithstanding, the subject
matter treated does not give the reader a special kind
of physics. Occasional statements like "the physicist
calls this . . ." might only create the impression that
physics for the engineer is different from physics for
the physicist, and this should be avoided, especially at
the sophomore level. The reader will soon realize that
he has before him a book on college physics containing
mostly material which can also be found in a great
number of other introductory texts.

There is, however, a noticeable departure from stand-
ard textbooks. The authors feel that introductory phys-
ics should not be taught as a series of separated subjects
such as mechanics, heat, light, etc., because, as is stated
in the preface, "the strict traditional division, when
viewed in the light of present knowledge, is both waste-
ful of time and distracts from the general methods of
thinking that give physics much of its power." This
pedagogical attempt to unify, although successful in
places, has created its own problems of division, e.g.,
Chapters 3 and 14 are both entitled "Rotational Mo-
tion". The former stops with angular acceleration and
the latter starts with the introduction of English units.
Newton's laws are introduced after motion on curved
paths. Discussions of energy and momentum are sepa-
rated by about 40 pages on electricity.

These and other breaks with tradition occur when-
ever the authors had to make a choice of sequence and
continuity. Their arrangement will probably not disturb
the unbiased student, and he will, perhaps, see the
conceptual relations between gravitational fields and
electric fields since these topics are discussed in two
consecutive chapters. But will he have an understand-
ing of the significance of conservation laws in mechan-
ics or the basic principles of mechanics, per se, if the
treatment of these topics is presented in various iso-
lated sections scattered over the pages?

It is a bit difficult to decide whether a student with-
out some background in calculus should use the book.
Although the authors state that the understanding of
the text does not depend on the student's familiarity
with various calculus manipulations, they use calculus
notation throughout the book, explaining briefly some
fundamental mathematical steps. It would appear that
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