
cessity or upon the author's whim. As
a practical matter, another problem
for the foreign reader is the occur-
rence of Russian designations for ma-
terials—for example, the steels used in
pressure vessels. The editor has en-
deavored to alleviate as much of this
suffering as possible (a table in the
appendix giving the composition of
Russian steels allows one to determine
the nearest US equivalent).

Although the book is concerned
with apparatus and technique and not
the results of research, the selection of
-apparatus is slanted in the direction of
engineering and thermodynamic stud-
ies. Phase equilibria, compressibility
of gases and liquids (nothing on
solids), flow and surface tension re-
ceive extensive treatment. Apparatus
for optical, x-ray and simple electrical
measurements receive only cursory
mention at the end, and there is noth-
ing dealing directly with low-
temperature-high-pressure studies or
any of a great variety of other investi-
gations in physics and chemistry that
have been extended into the high-
pressure realm in recent years.

Within these limitations, what re-
mains is nonetheless a valuable book
that is exceedingly thorough in treat-
ment of its intended subject matter.
The pressure-range coverage extends
from equipment designed for experi-
ments at less than a kilobar to ultra-
high-pressure anvil and belt devices
operating at the upper limits of pres-
ent capability. There is a wealth of
information on design considerations
(including mathematical analysis)
and lucid descriptions of actual equip-
ment. Perhaps the most valuable fea-
ture of the book is the 320 figures,
which are usually drawn to scale and
reproduced in large size with impor-
tants parts labeled and identified in the
captions. Many of these figures occu-
py an entire page even though the
book is printed on oversized pages.
There are a few errors in the figures,
but these are usually minor and ob-
vious. All the standard pharaphernal-
ia of the high-pressure laboratory are
covered: valves, seals, fittings, joints,
windows, cylinders, pistons, compres-
sors, pumps, intensifiers, manometers,
electrical leads, even building con-
struction. There are detailed instruc-
tions and tips on machining, heat
treating, shrink fitting, safety precau-
tions, and a variety of other problems.
The chapters on valves and pressure
measurement are exceptionally thor-
ough.

The approach to problems may at
times be accused of being old fash-
ioned. For example, mirror arrange-
ments are described for viewing
gauges and the like placed behind
walls in the high-pressure room,
whereas the modem approach would
more likely be to use closed-circuit
television. In the same vein, the dis-
cussion of apparatus for compressibil-
ity measurements was devoid of any
reference to recent electronic advan-
ces in capacitance measurement that
give the capacitance technique great
advantages over practically all others
in many cases.

It was surprising to find only one
reference to epoxies that have become
very popular with American research-
ers for constructing electrical seals.
However, except for the introduction
of new materials, the high-pressure
business changes slowly. Basic design
concepts have been substantially the
same for half a century and arc likely
to remain valid for the foreseeable fu-
ture, and it is these with which the
book is primarily concerned.

The modem, affluent researcher in-
terested in high pressure only as a tool
and willing to buy his apparatus can
probably do without this book. For
the man who must do it himself or
who simply wants to know what has
been done and the best alternative for
his particular needs, I can not recom-
mend a single book that is better suit-
ed to answer his questions, although I
would recommend a few in addition.

THOMAS SCOTT
Professor of Physics

University of Florida

The Acoustical
Foundations of Music
By John Backus
312 pp. Norton, New York, 1969.
$7.95

The cultural gap between artists and
scientists is bridged in many places,
but especially by the interest that
many scientists have in music. All
scientists have been exposed to music;
a good many of them have in their
early years devoted long hours (per-
haps unwillingly) to learning to play a
musical instrument, and some have
achieved a mastery quite comparable
with that of the professional music
student. The converse is much rarer;
relatively few music students have
had a similar exposure to the content

and techniques of physical science.
John Backus's own interest in music-
has led him to work in a somewhat ne-
glected area of physics—the acoustics
of musical instruments. More than
this, he has attempted to stimulate an
interchange between the two cultures
by teaching to music students at the
University of Southern California a
course designed to give them some in-
sight into the nature of the physical
mechanisms that underlie the art they
pursue.

The Acoustical Foundations of
Music brings together the material
that Backus would, if time permitted,
like to present in such a course. It is,
however, much more than an exposi-
tion of physics for musicians. It is
likely to attract an even wider reader-
ship among those scientists who have
an interest in music and a familiarity
with musical instruments, but who
have never had the opportunity to re-
late their knowledge of physics to the
behavior of these instruments and the
sounds they produce. They may be
surprised to find that those working in
this field must admit to many areas of
ignorance. Compounding the diffi-
culty is the large amount of mythology
and nonsense handed down for hun-
dreds of years, usually by artists and
instrument makers, but not infre-
quently by scientists who have been
too hasty in jumping to conclusions
and too ready to accept earlier work.

The first four chapters of the book
are designed to give the music student
enough background in physical acous-
tics to carry him through the subse-
quent discussions. These chapters
may be safely skipped by those of us
on the wrong side of the cultural
fence. There follows a discussion of
hearing and of tone quality that re-
veals how much we have yet to learn.
Oscillograms and harmonic spectra of
tones from adjacent notes on wind in-
struments vary widely, yet the ear eas-
ily identifies the instrument. The ear
is relatively insensitive to changes in
sound intensity, but its remarkable
sensitivity to frequency (0.25rc) re-
mains the subject of much research.

Those who have a flair for numbers
will enjoy the discussion of musical
scales and temperament. Here math-
ematicians and numerologists have
been most diligent, and have generat-
ed at least four well recognized ways
of dividing the octave into 12 inter-
vals. The sensible scientist will im-
mediately vote for equal tempera-
ment, a scale of uniform logarith
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semitone intervals. He will he
pleased to note that most musicians
will grudgingly admit that this is the
only reasonable way to tune a piano,
and then he will be shocked to learn
later that the piano has abandoned the
ratio of two for the octave, the whole
scale being stretched so that it is flat
at the lower end and sharp at the
upper (see figure).

It is in the sections on musical in-
struments that the book is most fasci-
nating. All of the classical musical in-
struments, through the process of trial
and error, have undergone great re-
finements over the centuries. (An ex-
ception is "that fossil," the bassoon.)
A scientific correlation between their
physical structure and performance is,

STRETCHED OCTAVES. Data from
16 expertly tuned pianos show flattening
in the bass and sharpening in the treble,
compared with the tempered scale. One
cent is 1/100 of a semitone. (From The
Acoustical Foundations of Music.)

however, just beginning to take shape.
It is remarkable that much of this
work has been done only in the last
two decades. While Backus's treat-
ment is necessarily abbreviated, he
has compiled from the most recent
and pertinent research an excellent ac-
count of the acoustical principles of
each of the major types of orchestral
instruments and the piano.

The logical organization of the book
is outstanding, the exposition is clear,
and references are ample and up to
date. The author's sense of humor is
unobtrusive and reveals his compas-
sion for the foibles of scientist and
musician alike. Those who aspire to
be something of both will be most en-
tertained and enlightened by this
volume.

JOHN W. COLTMAN
Director of Research

Westinghouse Research Laboratories

Quantum Mechanics
By Leonard I. Schiff
(3rd edition) 544 pp. McGraw-Hill,
New York, 1968. $12.50

In 1947, when I began the serious
study of quantum mechanics, the most
generally available books in English
were the workmanlike text of Linus
Pauling and E. Bright Wilson, Jr, the
serious-minded and fairly weighty
treatise of E. C. Kemble, and the clas-
sic of P.A.M. Dirac. Those whose
German was superior to the minimum
needed to squeeze through the usual
language requirement were fortunate
in having access to several nontrivial
additions to this reading list, including
V. Pauli's demanding Handhuch arti-
cle and Arnold Sommerfeld's elegant
Wellenmechanik. (There was then
current the story of the professor, bas-
ing his lectures in large measure on
Pascual Jordan's Anschaulichc Quan-
tenmechanik, who was reticent to
mention his source out of concern for
the physical well-being of the single li-
brary copy.) Admirable as these
books are in many respects, none of
them was ideally suited for a modem
course aimed at first-year graduate
students of physics.

The publication in 1949 of the first
edition of Leonard Schiffs Quantum
Mechanics must then be viewed as an
event of some consequence in the
pedagogical history of quantum me-
chanics. This volume, supplemented

by some reading in Dirac's book, gave
the student for whom it was intended
exactly the right mix of what quantum
mechanics was and (even more) how
one solved a variety of problems with
it. Of the soluble examples for the
motion of a single particle in a poten-
tial, there are few problems worth con-
sideration at this level that were not
included. (Among the latter I could
mention the double potential-illustra-
tive of tunneling and the periodic po-
tential. Naturally enough, these can
be found in one or more of the excel-
lent texts of more recent vintage.)

The new edition is Schiffs response
to the most important developments
and changing emphasis of the last two
decades. Thus, it is difficult to argue
against too early an introduction of the
student to the role of symmetry and
its relation to group theory, to the no-
tion of the scattering matrix and of its
analytic properties, and to the use of
the density matrix for the description
of systems about which we have less
than maximal information. All of
these major topics have been added to
the third edition. The presentations
are in the straightforward manner
characteristic of the older material,
satisfying simultaneously the require-
ments of economy and completeness.
The author has, moreover, taken ad-
vantage of the occasion to make other
additions of obvious merit: a much
more complete account of the matrix
formulation, including transformation
theory in the notation of Dirac, and an
extended discussion of approximation
methods for bound states and for col-
lision problems. Again very little of
consequence appropriate to the frame-
work has been totally bypassed.

There is a well known theorem of
Eugene Wigner that everyone has at
least two faults, which should more-
over be mentioned in a letter of rec-
ommendation. I shall assume a corre-
sponding theorem for books and re-
views of them. One may, for in-
stance, cavil at the pedagogical sound-
ness of some of the new material. A
most glaring specific example is the
concept of weight function in group
space for a continuous group, first
mentioned on page 196 and several
times subsequently, but never defined.
The second criticism belongs to the
category of chacun a son gout. To
one reader at least, this book, though
of course well written, does not con-
tain much beauty, charm, or elegance.
Perhaps these possible outcomes were
precluded by the deliberately chosen
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