
audible u, musicians at the center of
the stage, which was due to a movie-
projection booth with an improperly
designed front that was added without
my prior knowledge. A sound-diffusing
structure planned for the side walls
(similar to the quadratic-residue diffus-
er described by Schroeder) was elimin-
ated by the owner.

The hall opened to loud complaints,
only some of which were based on its
acoustics. The owner engaged a com-
mittee of four, who worked for two
summers. Their efforts must also have
been frustrated by some of the same
political factors. Finally the owners
engaged another acoustical consultant
and a new architect. Their design,
which was implemented, was almost
identical to that proposed by me, but
with a somewhat shorter reverberation
time.

The trauma resulting from the Phil-
harmonic Hall experience—which was
shared vicariously by acoustical consul-
tants around the world—has in the
past 24 years led to the first real
experimental laboratory research on
concert-hall acoustics since Sabine's
work. Ando's book is the most recent
summary of these efforts. I hope that
halls of the future will continue to
benefit from these new approaches.
Certainly, Ando's book is a vital contri-
bution and deserves the fullest atten-
tion of the profession.

Spinors and Space-Time,
Volume 2: Spinor and
Twistor Methods in
Space-Time Geometry
Roger Penrose and Wolfgang Rindler
501 pp. Cambridge U.P., New York, 1986.
$89.50

Unlike volume 1, much of which could
have been written 15 years ago, most of
the material in volume 2 of Spinors and
Space-Time is current. About half of
the references are to work after 1975
and many of these are to work after
1980. Indeed, this is a book which is
looking ahead. While these two vol-
umes record a large amount of complet-
ed work, they are part of a continuing
program to develop a new theory of
space-time in which the points of the
manifold are not the primary objects.
In this way one hopes to get around the
difficulty in a quantum theory of gravi-
ty caused by the need to define fields on
a manifold. Twistors form the the basic
geometrical entities in that endeavor.
However, while twistors are introduced
in this volume and their use forms a
large part of it, they are used here only
to elucidate known results or to develop
new results in conventional field the-
ory.

The fact that this can be done with a
certain elegance suggests that twistors

may be an appropriate tool for con-
structing a generalized theory of space-
time. However, the possible general-
izations are only hinted at. The hints
come from the definition of fields by
contour integrals in projective twistor
space, which leads to the use of sheaf
theory and cohomology; the recognition
of twistors and dual twistors as canoni-
cal conjugate variables; the very brief
description of //-spaces and their rela-
tion to asymptotic twistors; and occa-
sional references to work "beyond the

scope of these volumes" such as that on
the nonlinear graviton. As a result,
this book is an introduction to twistors
and their application to a number of
well-known problems that have been or
could be solved in other ways. The
success of the twistor program up to the
points discussed in this volume is tanta-
lizing. It suggests that the power of the
methods will be important in the devel-
opment of future physical theories.
One problem I see, however, is that the
program is being carried out mostly by
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people who are mathematically rather
than physically motivated, so that the
connections with physics may follow
developments in other areas, rather
than lead them.

Volume 1 of Spinors and Space-Time
(see PHYSICS TODAY, February, page 86)
introduces spinors as the fundamental
geometric entities on a manifold out of
which tensors may be constructed.
Many of the results of differential
geometry have a simpler or more trans-
parent structure in terms of spinors
than in the classical presentation.
With a marvelous sense of considera-
tion for their readers, the authors begin
this volume with a 42-page summary of
volume 1. Any equation in that volume
to which reference is made appears in
the summary. Only two or three fig-
ures of interest have been omitted.

Volume 2 introduces twistors, with
their particular relation to Minkowski
space, through the twistor equation
and its generalization to twistors of
higher rank. A null twistor has the
representation of a null geodesic in
Minkowski space. A non-null twistor
has its representation in terms of a
congruence of shear-free twisting null
rays—a Robinson congruence. This,
we are told, is the origin of the name
"twistor." Applications of twistors,
however, are not restricted to fields in
Minkowski space.

Perhaps the one concept that is
ubiquitous in the volume is conformal
invariance. It arises in the discussions
of massless fields, of the conformal
compactification of Minkowski space,
and of the 4:1 homomorphism between

SU(2,2) and C(l,3)—the transformation
group for twistor space and the confor-
mal transformations on Minkowski
space. Much beautiful geometry is
involved in these discussions, but the
goal is to provide a description of
massless fields. In fact, the last 100
pages of the final chapter are con-
cerned with this topic. Most of the
results on conformal invariance have
already appeared in the literature.
This is particularly true for the Weyl
tensor and spin coefficients of the
gravitational field. However, the pre-
sentation here has a coherence that
others lack, because of the complete-
ness of the treatment.

The concepts of energy-momentum
and angular momentum occupy a large
part of this book. The discussion begins
early in the book with the construction
of the angular-momentum twistor
(which also contains the 4-momentum)
for a particle in Minkowski space. This
is extended to massless fields and
finally to general relativity. In the
final chapter quasilocal quantities are
defined in curved space-time with the
help of two-surface twistors, which
satisfy a projected twistor equation.
The authors discuss these interesting
quantities in considerable detail, care-
fully pointing out the difficulties as
well as the advantages, with ample
reference to the literature. The main
body of the book concludes with a
description of the Bondi mass loss and
the very important proof of the positi-
vity of the Bondi mass.

Throughout, the book alternates
between a straightforward application
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of spinor analysis and the application
of twistor techniques.

The organization of the book is excel-
lent. Penrose and Rindler present the
important results on the use of spinors
in general relativity and in the study of
the structure and properties of asymp-
totically flat space-times side by side
with those on the use of the twistor
formalism in describing space-time ge-
ometry and fields on that geometry.
Therefore, for those to whom the sub-
ject is new, a guide through the book
would have been useful. In the preface,
the authors indicate that Chapter 8 can
be read independently. However, the
first three sections of Chapter 7 form
an introduction to that material. Also,
much of Chapter 9 can be read before
becoming involved with twistor theory.
I don't mean to imply that the purely
spinorial material should have been
separated from the twistor applica-
tions—such an approach would have
destroyed the coherence of the presen-
tation noted earlier.

Although this volume makes use of
the algebraic techniques and results of
volume 1, geometrical ideas are empha-
sized throughout. There are more of
Penrose's carefully drawn figures and
this time they are more or less uniform-
ly distributed. The volume also has an
excellent index and list of references.
In the appendix, the authors present a
useful description of spinors in n-di-
mensional space.

Whether or not twistors ultimately
live up to Penrose and Rindler's expec-
tations, there is no doubt that the
material in these two volumes will
continue to be studied for many years
and will lead to new results in differen-
tial geometry, general relativity and
other parts of physics.

JOSHUA N. GOLDBERG
Syracuse University

General Biophysics,
Volumes I and II
M. V. Volkenstein
(Translated from the Russian by I. C.
Melamed and M. V. Volkenstein)
302 + 314 pp. Academic Press, 1983. Vol. I.
$61.00, Vol. II. $51.00

The late George Gamow once said that
he dreaded the day when physics would
leave the era of Columbus and Magel-
lan and enter into the era of National
Geographic. No biophysicist need have
such fears yet, and indeed, in his later
years, even Gamow made contributions
to this field.

Biophysics is the physics of biological
phenomena; it is not an auxiliary to the
fields of biology and physiology. The
phenomena are considered at three
levels, the macroscopic, the microscopic
and the molecular, and while the re-
search interests of individual investiga-

QUICK—Memorize this list:
175.69
1.6523
17.546
1.5136
154.52
188.58
1.3876
1.7566
187.43
18.347
17.961
16.975
1.8264
15.783
15.786
11.080
1.2136

18.905
153.47
185.98
175.16
19.090
129.34
101.09
18.236
17.647
16.154
1.8497
186.67
13.478
1.1654
118.75

1.8514

1.7868
15.097
16.264
18.079
15.778
174.58
16.790
1.7805
152.78
1.5737
15.876
175.87
16.783
136.56
158.70
178.67
10.562

171.67
132.69
1.3789
158.77
197.35
19.875
1.9721
198.67
189.36
18.745
191.60
15.134
16.598
11.387
114.36
10.287
1.2905

TPhe 175 Autoranging DMM can—up to a hundred
JL and automatically determines

values. Five full functions and a lot
battery options, too. QUICK: Call

Product Information Center

fmmmmi H
and

143.98
185.36
1.6243
17.265
16.230
1.9465
1.6759
189.20
17.654
195.86
17.949
145.87
157.83
1.6781
17.169
1.6085
191.70

readings,

more—for *449. IEEE-488 and
(216) 248-0400. Or write:
: Keithley Instruments, Inc.,

28775 Aurora Road
Cleveland, Ohio 44139.

KEITHLEY1
Circle number 35 on Reader Service Card

The

LightWriter
Laser Printer

HP Plotter,
Tektronix &
Daisy Wheel Emulation

Full Bit Mapped Graphics

PS Technical Word Processor
Full Equation Formatting

$2995 Complete Package
30 Day Money Back Guarantee The Light Writer laser printer system operates

with the IBM PC family offering full page graphics
capability at the affordable price of $2995. The PS
Technical Word Processor combines text and
graphics with mathematical equation typesetting
previewed while you edit. A complete set of 28
fonts and support for a wide variety of software
for technical and scientific applications allows you
to easily format your technical papers, manuals,
and reports with typeset quality.

2532 East Drachman Tucson, Arizona 85716 (602) 325-9608

Circle number 36 on Reader Service Card

PHYSICS TODAY / DECEMBER 1986 81


