‘though the present book constitutes a
@m‘d introduction to the short-range
problems, it gives me the impression
the long-range problems, for the time
being at least, are almost a monopoly
of the science-fiction writers.

(-] -] -3

L. Marton is an electron physicist with
the National Bureau of Standards. He is
engaged in the international relations as-
pects of science.

Nature of the physical world

THE CHANGELESS ORDER: THE
PHYSICS OF SPACE, TIME AND
MOTION. Arnold Koslow, ed. 328
pp. George Braziller, New York,
1967. $7.50

by EUGENIE V. MIELCZAREK

The changeless order, the nature of the
physical world, has fascinated Man
since his emergence from a lower form.
Central to the development from fas-
cination into physical science has been
Man's attempt to define and relate the
concepts of space, time and motion.
In this book Arnold Koslow, a member
of the philosophy faculty at Brooklyn
College, traces the development of
ideas central to mechanics, electro-
magnetism, quantum theory and the
more general problem of the develop-
ment of conservation laws. The con-
tents are organized into two parts:
Space, Time and Motion, and Conser-
vation. The reader progresses from the
Greek investigations, through the ob-
servations of Galileo and Issac Newton,
to Mach's innovations, to our present
understanding and its limitations as
represented by Albert Einstein, Eugene
Wigner and others.

Part I commences with selections
from Plato on space and Aristotle’s dis-
cussion of motion and time. Excerpts
from Galileo and Newton and Koslow's
introductions focus the reader’s atten-
tion on the concept of inertia. Gott-
fried Wilhelm Leibniz, Immanuel Kant
and Leonhard Euler are also included.
Emst Mach’s rebuttal of Newton’s dis-
cussion of absolute rotation is followed
by excerpts from Einstein and Sciama.
The coherence of this first part is
excellent and the reader’s understand-
ing is heightened by prefaces by Kos-
low, who ably demonstrates his knowl-
edge and enjoyment of physics. Part
II, Conservation, includes James Joule,
on the mechanical equivalent of heat;
Michael Faraday, on conservation of

charge, and Einstein, on conservation
of mass. The concept of inertia reap-
pears in a discussion by Von Laue on
the inertia of energy. The climax of the
book comes with two articles by Gerald
Feinberg and Maurice Goldhaber, and
Wigner on current attempts to formu-
late symmetry laws,

The book is good. Certainly, edu-
cated men will find it profitable and
fascinating reading. It might also pro-
vide a basis for an undergraduate
course on the history and philosophy
of physics. However, the nonphysicist
will probably be disappointed if he is
unable to fully comprehend the last

group of articles on current attempts
to formulate symmetry laws. A phrase
such as “four vector momenta” and a
nonfootnoted figure in Wigner’s article
are not meaningful to the uninitiated.

The obvious solution is that we
should do a more thorough job of ex-
plaining physics to nonphysicists; how-
ever, this is a task incumbent upon
us and not upon those like Koslow who
record and appreciate.

-] L= -

The reviewer is an associate professor of
physics at the George Mason College of
the University of Virginia.

Planetary physics and our long-neglected satellite

AN INTRODUCTION TO THE STUDY
OF THE MOON. By Zdenék Kopal.
450 pp. Gordon and Breach, New
York, 1966. $27.50

by S. FRED SINGER

The study of the moon has become a
major national goal supported by
multi-billion-dollar budgets; a great
many people, including some scientists,
are now beginning to pay attention to

our long-neglected satellite. This vol-
ume represents an excellent approach
to the study of the moon. Although
the title is misleading; the book is much
more than an introduction. Further-
more much of the material is oriented
towards planetary bodies generally,
with the moon merely as an example.
By emphasizing basic methods and not
just phenomena and facts, the author

NASA

GOCLENIUS CRATER. An unusual feature of this crater is the prominent rille that
crosses its rim. This 40-mile-diameter crater is located at 10°S latitude and 45°E
longitude. The three clustered craters, upper left, are Magelhaens, Magelhaenes A and
Colombo A. This photograph was taken during the Apollo 8 fight.
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panaged to provide a treatise es-
valuable for someone with little
ground in planetary physics. But
semphasis is mainly on classical phy-
with a perhaps understandable
chemistry and geology. Kopal,
lds a chair at the University of
chester, is widely known for his
utions to theoretical astronomy
to applied mathematics as well as
his editorial activities. He also
s an observational program of
studies at the Pic du Midi.

e book is beautifully written, with
literary style that one seldom finds
scientific volume. Derivations are
tionally clear and done in great
; there are valuable and well-
written bibliographic notes in addition
_'ﬁfthe primary references. There is no
subject index, but there is an index
é persons. Proofreading appears to
have been done rather casually. Ap-
pended to the volume is a very read-
able map of the moon, produced in
Prague.

The four parts of the book each have
six chapters. Part 1 deals with the mo-
tion of the moon and the dynamics
of the Earth-moon system; part 2 treats
the internal constitution; part 3 covers
topography and lunar surface features
and part 4 considers lunar radiation
and detailed surface structure.

- Chapter 1 introduces accurate meth-

ods of determining the mass of the
moon. Often overlooked is that the
center of mass of the Earth-moon sys-
tem moves in an elliptic orbit around
the Sun, not around Earth itself. Earth
wobbles about this center of mass with
a period of one month, and it is the
geocentric amplitude of this “lunar in-
equality” that makes the moon-Earth
mass ratio 1/81.3. This value is well
confirmed by direct measurements of
the perturbations of the Mariner and
Ranger space probes. It is well to note
the uniqueness of the moon in the
solar system. Although there are other
satellites, for example Io or Titan,
which have about lunar mass or more,
the moon has by far the highest mass
with respect to its parent planet; it is
no ordinary satellite.

The motion of the moon in space is
only lightly covered in this volume.
First, there are extensive treatises on
the subject elsewhere and, second, the
motion of the moon in space is virtually
independent of any physical properties
of the moon itself. To quote: “On ac-
count of the smallness of its mass, the
moon has virtually no say about its
motion through space, being com-

NASA

SEA OF TRANQUILITY. The Cauchy crater lies between the Cauchy scarp, lower
linear feature, and the Cauchy rille, upper linear feature. This oblique photograph
looks generally northwest from the Apollo 8 spacecraft.

pletely at the mercy of outside forces
which it cannot influence; and it has
to suffer the ignominy of being treated
as a nondescript mass particle without
any individuality of its own.” This sort
of language is typical of Kopal's book.
Some readers may not like it; I do.

The rotation of the moon, the famous
laws of Cassini and the three types of
optical librations are well explained.
The optical libration in longitude arises
from the eccentric orbit of the moon.
The optical libration in latitude arises
because the axis of rotation is not per-
pendicular to the orbital plane. The
diurnal libration appears because we
are observing the moon from the sur-
face of Earth rather than from the
center. Thus the optical librations
should really be called geometric li-
brations.

The physical librations of the moon
are something else again. They are
small, minutes of are, though the opti-
cal librations are typically degrees of
arc. Discovery of the physical libra-
tions came long after their prediction;
observations of any value were per-

formed only during the past 100 years.
The free oscillations would have a
period of about 150 years; forced li-
brations have a period of 2 yrs. 10 mos.
Forced librations are still very poorly
measured and the information they
give us about the fractional differences
of the moon’s three moments of inertia
is not very precise: typically, the ac-
curacy is one part in a hundred.

The chapter on lunar phases and
eclipses is characteristic of much of the
book, with careful, clear discussion and
a great deal of historical background.
There is a delightful section on the
role of lunar eclipses in history.

The chapter on the dynamics of the
Earth-moon system is weak. The for-
malism of the restricted three-body
problem with an elliptical rather than
a circular orbit is developed, and it is
shown that the Jacobi integral does
not, strictly speaking, exist. The zero-
velocity surfaces will surely pulsate
with a period of one year, but the con-
sequences of this effect on the orbit
of the moon are not developed.

In the discussion of particles ejected
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from the moon there are two errors. If
the particle does not hit Earth but
escapes from the Earth-moon system,
then it will still be recaptured by the
Earth-moon system — after many years.
The statement is made, on page 57,
'that a particle ejected from the lunar
'surface with velocity between 1.68 and
2 km/sec will orbit the moon; the par-
ticle will, of course, describe only a
portion of an elliptic trajectory and
immediately hit the lunar surface.

The evolution of the lunar orbit
ithrough tidal effects is discussed un-
‘critically. Kopal favors a capture origin
of the moon, but for what I believe
are the wrong reasons. The calculations
of Gerstenkorn are accepted in spite
of MacDonald’s criticisms: Gersten-
kom's theory would have the moon
captured from an initial retrograde
orbit but, in the process, the energy
dissipated in the interior of Earth
would be sufficient to vaporize it. Mac-
Donald’s proposition, that the moon
formed in the vicinity of Earth, is not
seven mentioned; nor is Opik’s earlier
work on a similar theory of origin.
Another instance of uncritical accep-
tance is the possible breakup of the
moon as it moves inside the Roche limit
during capture. Kopal asks: “How
gruesome would be this experience.”
He accepts Alfven’s proposition that
the fragments produced in the breakup
.would fall down onto Earth. Actually
« they should continue along roughly the
same orbit as the moon and coalesce
when outside the influence of Earth’s
tidal force. In this way the moon, un-
like Humpty Dumpty, could put itself
back together again.

The discussion of the moon’s interior
is approached with the assumption of
hydrostatic equilibrium and homo-
igeneity. It now becomes possible to
' calculate the moments of inertia either
on the assumption of rotation or of a
tide-generating potential, or both; Ko-
ipal shows that the second assumption
vields a three-times-greater result.
However, the calculated moments of
inertia do not agree with the observed
values; the fractional differences are
ten or more times larger than the cal-
culated values, The disagreement hints
at a departure from hydrostatic equili-
brium or possibly from homogeneity,
but this approach is not followed fur-
ither. The moon’s mass is beyond the
critical limit under which, after a suf-
ficient length of time, even a “solid”
body (which may be nonspherical to
begin with) can establish hydrostatic
.quilibrium. Calculations of the lunar

surface form show that the departure
from sphericity caused by rotation
would amount to only 16 meters be-
tween equatorial and polar semi-axes;
the tides would correspond to a differ-
ence of 47 meters between two equa-
torial semi-axes. The observations are
not good enough to establish these de-
formations.

The thermal history of the moon is
discussed in a classical manner, assum-
ing only radioactive heating as well as
the physical processes of conduction
and radiation in the interior of the
The moon is assumed to be
rigid, that is, nonconvective. External
heating from the sun contributes very
little. The reader should be warned
that our knowledge of the radioacti-
vity of the moon is insufficient to even
establish whether or not it should have
melted during its history. Furthermore

moon.

if the moon has ever been close to
Earth, and certainly if it has been cap-
tured, then tidal friction would have
produced a much more rapid heating
than radioactivity and would have as-
sured some melting in the moon’s in-
terior.

The stress history of the moon is
again discussed in a very complete and
classical manner, Stresses are ascribed
entirely to expansion caused by internal
heating. Also considered are the prob-
lems of compression of the moon by
self-gravitation and the thermal expan-
sion of the moon from illumination by
the sun. The author discusses the free
oscillations of the moon that might
be caused by internal moonquakes or
external impacts by a meteorite. Typi-
cal periods are of the order of a few
minutes, about three times shorter than
for Earth.

The possible convection in the lunar
interior is an important but vexing
problem. The local temperature grad-
ient must be superadiabatic, and the
time scale must be long in comparison
with the Maxwellian relaxation time
(given by the product of the viscosity
and isothermal-compression coéffi-
cients). This time is of the order of
10% years if we assume the same vis-
cosity for the moon as for the crust of
the Earth, 1022 gms/cm sec,

The last two chapters in this part
are rather sketchy, The chemical com-

NASA
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Excellent for Nonscience Students—

Conceptual Physics
Matter in Motion Mpsls 5
By JAE R. BALLIF and WILLIAM E. DIBBLE, both of Brigham Young University.

This book presents and explains what is really important in modern physics
to nonscience students. Fundamental particles, quantities, constants, inter-
actions, the principle of relativity, symmetry principles, conservation laws,
quantum physics, the uncertainty principle, entropy, and the laws of motion
are made interesting and accessible without loss of accuracy and without
complex mathematics. The book is modern, emphasizes concepts, and pro-
vides a broad overview of physics, including cultural and methodological
aspects. 1969 In press

PSNS

An Approach to Physical Science
Consists of the textbook, which focuses on the nature of solid matter; the Teacher's
Resource Book, to aid in the presentation and supplementation of the program; and
the laboratory equipment, designed to be simple and inexpensive and to encourage
students to feel at ease in studying science.

The program is designed around the idea of active involvement and challenge,
introducing physical science to the nonscience student through actual experimen-
tation. This textbook-laboratory approach was especially prepared by chemistry and
physics teachers on the Physical Science for Nonscience Students staff under a

grant from the National Science Foundation.
Textbook: 1969 538 pages $8.95
Teacher’s Resource Book: 1969 In press

Excellent for Physics Students—

Introduction to Special Relativity
By ROBERT RESNICK, Rensselaer Polytechnic Institute.

“... by far the best treatment of special relativity at an elementary level that | have
seen in print. The explanations are clear, the ordering of topics almost perfect, and
the excitement of the subject comes across well. | especially liked the way in which
the author has identified and coped with ideas that typically confuse beginning stu-
dents in this subject.”"—Professor John G. Mowat, Auburn University.

1968 226 pages Cloth: $7.95 Paper:$3.95

Physics

Used by nearly 600 colleges and universities—over three-quarter of a million copies
in print—this is indeed the leading physics text for science and engineering students.

Part 1 by ROBERT RESNICK; and DAVID HALLIDAY, University of Pittsburgh.
1966 709 pages $8.95

Part 2 by DAVID HALLIDAY and ROBERT RESNICK 1966 648 pages $8.9
Parts 1 and 2 combined by DAVID HALLIDAY and ROBERT RESNICK
1966 1324 pages $15.0
Programmed Principles of Statics
By GALE E. NEVILL, Jr., University of Florida.

A new, effective, self-study introduction to the concepts and techniques of statics.
Ideal both as a review and as a supplement. 1969 In press

John Wiley & Sons, Inc.
605 Third Avenue, New York, N.Y. 10016

In Canada: John Wiley & Sons Canada Ltd., 22 Worcester Road, Rexdale, Ontario.
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position of the moon is dealt with in a
“very cursory way, and the atmosphere
' of the moon, or rather, its exosphere, is
discussed much too briefly. The prob-
lem is quite complicated but of real
importance as it bears on whether or
not the moon could ever have had an
atmosphere or hydrosphere. Kopal
categorically denies that any visible
features of the moon could ever have
| been modified by running water, or by
! freezing or melting water. Unfortu-
‘nately the evidence from the Orbiter
tpir:tures suggests the opposite. (From
' theory I would conclude that it is in-
| deed possible for the moon to have had
.qm atmosphere and hydrosphere for a
' short period of time. The problem
would have been to create an atmos-
phere and hydrosphere rapidly enough
to preclude equally rapid escape. This
{ problem is still under detailed investi-
* gation.) The next chapters deal with
* the lunar surface. On the basis of quite
i difficult observations, Kopal concludes
. that the lunar globe is deformed by
+ about 2 to 3 km, but not along the line
; of a principal moment of inertia. This
forces the conclusion that the moon is
| not homogeneous; yet the position of
| the principal axes is unaffected! Next
there is a description of mapping, a
descriptive survey of lunar surface fea-
tures and a discussion of the origin of
the lunar surface features. Kopal points
out that the evidence favors both ex-
tenal impacts and internal processes.

The fourth and concluding portion
of the volume is devoted to radiations
from the lunar surface and, therefore,
necessarily to the microstructure of
| the surface. The photometry of the
t moon is discussed first. It becomes
| clear that the photometric properties
are determined by the shadow phe-
' nomena produced by surface irregular-
ities, and that the microrelief is more
important than the exact form of the
! diffuse-reflection law. Thermal emis-
' sion from the lunar surface is discussed
lin a classical manner. The surface of
| the moon cannot be solid rock but must
| be covered by loosely-packed dust, in
order to give the correct value of the
parameter, (Heat conductivity X
density X heat capacity)/2. At
what point below the surface of the
moon does the temperature become
constant during the course of a luna-
tion (one month)? The answer turns
out to be about 30 cms and the tem-
perature is 240 = 6 K. In the text, it
i8 claimed that the results from numer-
ical integrations of equation 20.9 and
20.10 are shown, however, I was un-

able to discover the corresponding
figure.

The origin of the maria is still beset
by uncertainties. Kopal takes a strong
stand against the dust reservoir explan-
ation; he also presents arguments
against an origin by impacts of large
planetesimals and suggests that the
maria may be the scars of a disruption
that occurred when the moon came
within the Roche limit of Earth during
the capture phase. On the other hand
Kopal denies that the moon might have
melted at some time between its for-
mation and the present. His contention
might be true if only radioactive heat-
ing were the cause: however, if the
moon is captured, then certainly the
frictional heating of the tidal forces

Statistics kept simple

EQUILIBRIUM STATISTICAL ME-
CHANICS. By E. Atlee Jackson.
241 pp. Prentice-Hall, Englewood
Cliffs, N. J., 1968 $7.75

by GARRISON SPOSITO

This book offers a concise and simple
introduction to statistical physics; the
book’s eminently teachable structure
reflects the fact that the author has
based it upon his course at the Uni-
versity of Illinois. There are four chap-
ters; three, of modest length, are on
probability, the concept of energy and
the foundations of statistical mechanics,
and the fourth is a lengthy chapter on
applications. The first three chapters
are embellished by a summary page
entitled “Essential Points” and all four
feature their important equations in
boxes. The language is at all times
simple, both mathematically and phys-
ically, and presumes only an acquaint-
ance with integral calculus, elementary
mechanics and thermodynamics.

The chapter on probability is worth
more than a passing comment, as it
very successfully conveys its subject in
a context of set theory without being
mathematically pedantic and, there-
fore, pedagogically unpleasant. The
last section of this chapter is especially
successful in creating Boltzmann's H
out of a most plausible argument
founded in applied information theory.

The discussion, in the third chapter,
of the foundations of statistical me-
chanics does not fare so well as its
predecessors. The problem is largely
one of clarity and logical precision. For
example the idea that one does not

will be sufficient to induce melting.

Perhaps this inconsistency will be
removed in a forthcoming new edition;
perhaps new observations will suggest
a different solution. Keeping up with
an explosively expanding subject cer-
tainly presents a problem; nevertheless
this book contains so much basic sub-
ject matter that will stand the test of
time that the volume can be strongly
recommended to beginning graduate
students as well as to the active re-
searcher.

L o o

The reviewer has recently been concerned
with the dynamics and evolution of the
Earth-moon system. He is the Deputy
Assistant Secretary for Scientific Programs
with the Department of the Interior.

prescribe the classical state variables,
position and velocity, any more defi-
nitely than to restrict them to infini-
tesimal ranges is stressed. Yet, the
“Basic Assumption of Statistical Me-
chanics” resides gloriously and unveri-
fiably in its box throne in the form,
“All microstates of a system that have
the same energy are assumed to be
equally probable” —as if one could
know the energy precisely even though
the state variables upon which it de-
pends are known but imprecisely.
Again, in the discussion of the canon-
ical ensemble, one is told that the
probability distribution function can-
not be simply proportional to the
energy because the normalization in-
tegral would then cease to exist. The
immediate reply that the astute stu-
dent will fire back is that the infinity
catastrophe is obliterated if one does
not impose the rather unphysical in-
finite upper and lower limits upon the
velocity integral. Because of this diffi-
culty and the antediluvian manner of
presenting the canonical distribution
(equivalent to Gibbs’s original method
but without its straightforward char-
acter), the whole discussion of the
canonical ensemble comes off rather
weakly.

Equilibrium Statistical M echanics is
suggested by its author as a textbook
for upper-level undergraduates. This it
can be, although one might suggest it
as well for an alternative to F. Reif’s
Statistical Physics in the lower-division
sequence of introductory physics
courses. If it were to be used in a cur-
riculum at the level of the Berkeley
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