
versibility in the real universe depends
ultimately on gravitation. Any gravi-
tating universe that can exist and con-
tains more than one type of interaction
material must be asymmetric in time,
both globally in its motion, and locally
in its thermodynamics." In this chap-
ter black holes are discussed briefly and
clearly though the subject has under-
gone new developments since the book

Many people now incline to the oppo-
site point of view, i.e. that the present
state of the cosmos is a typical one,
which would almost certainly result
from a very wide range of initial con-
ditions. As a conclusion to this book,
it is interesting to see how the subject
of time asymmetry has provided ma-
terial for both these points of view.

The precise, clear, exposition of this

went to press, not least in the new evi-
dence that Cygnus X-l is a black hole
and in the revolutionary arguments of
Bekenstein and Hawking that a black
hole is endowed with a temperature and
a "quantum radiance."

Chapter 5 deals with electromagnetic
waves, retarded and advanced fields,
preacceleration and the absorber theory
of radiation. Chapter 6 takes up time
asymmetry in quantum mechanics and
includes a brief and clear discussion of
T violation in elementary-particle phys-
ics. The final chapter is concerned
with the old idea of the "heat death of
the universe" and more recent cosmolo-
gical models, including the steady-state
theory, the oscillating universe, and
time-symmetric cosmologies.

The book contains a most thoughtful
brief discussion of the pioneering exper-
iment of R. B. Partridge aimed at look-
ing for reduced radiation reaction when
a source of radiation is directed out into
a region of space where absorption can
be imagined to take place only so late in
time that the universe is then contract-
ing [Nature, 244, (363) 1973]. As an in-
dication of the balanced judgment of
the author and his attempt to give abso-
lutely fair treatment to varied points of
view, it is appropriate to quote this
paragraph from the conclusion:

Philosophers will distinguish two pre-
vailing schools of thought regarding
the creation event (setting aside for
the moment the models which do not
have one). Traditionally, the present
condition of the universe has been re-
garded as a highly specific one, re-
quiring the creation to have been of a
very particular nature to ensure the
appropriate subsequent structure.
In recent years, developments in
modern cosmology have had a pro-
found impact on this question.

book, its breadth of vision, its up-to-
dateness and the list of references to
the literature and annotated notes on
books for further reading, taken alto-
gether make it a text for the undergrad-
uate or graduate student and fascinat-
ing reading for every physicist con-
cerned with the "arrow of time."

John Archibald Wheeler is Joseph Henry
Professor of Physics at Princeton Universi-
ty. His recent books include Gravitation
(written together with Charles Misner and
Kip Thome) and Black Holes, Gravitational
Waves and Cosmology (with Martin Rees
and Remo Ruffini).

Kinetic and Nonsteady-
State Effects in
Superconductors

B. T. Geilikman, V. Z. Kresin
155 pp. Wiley, New York,
1974. $19.75

Critical Currents in
Superconductors

A. M. Campbell, J. E. Evetts
243 pp. Barnes & Noble, New York,
1973. $12.75

Developments in the technology of high
current capacity wires using type II su-
perconductors are quite innovative con-
sidering the lag in a good quantitative
theoretical understanding in the crucial
area of pinning of flux vortices. It is
now well known that one needs to sup-
press dissipative flux movement by in-
troducing pinning sites in the supercon-
ductor and by the addition of a normal

conductor, like copper, for thermal and
magnetic stability.

The book by A. M. Campbell and J.
E. Evetts, of the department of metal-
lurgy and materials science, University
of Cambridge, is a reprint of their arti-
cle originally titled "Flux Vortices and
Transport Currents in Type II Super-
conductors" [Adv. in Physics 21, 199
(1972)]. It reviews the authors' own
work as well as that of others on the
subject of vortex pinning, its relation-
ship to metallurgical defects and the
underlying physics of the homogeneous
case. This subject does not lend itself
to a general theoretical treatment,
largely because of the varied ways in
which a pinning effect can be realized.
Moreover, conflicting theoretical view-
points that often lead to similar results
have not been resolved experimentally
because of questionable applicability to
specific experiments. Indeed, the tech-
nologically most interesting and useful
materials have been the hardest ones to
deal with theoretically.

Campbell and Evetts have detailed
phenomenological models that consider
the role of the elastic properties of the
vortex lattice and local pinning forces of
various kinds. These are well intro-
duced by a rather complete review of
relevant studies of the mixed state in
the 1960's. Their book should be of
particular interest to researchers active
in this field, who presumably are al-
ready familiar with much of its content,
both as a reference and as a presenta-
tion of the views of the authors on cer-
tain cases.

The short book by Boris Geilikman,
of the Kurchatov Atomic Institute, and
Vladimir Kresin, of the Moscow State
Extention Pedagogic Institute, is in
part a tutorial review of the theory of
thermal conductivity and sound absorp-
tion in superconductors, the field of the
authors' own contributions. Of the
problems first tackled by the BCS theo-
ry, sound absorption got much atten-
tion because of the information on the
electronic spectrum and the tempera-
ture dependence of the energy gap such
studies provide. The book includes
topics such as the effects of impurities,
strong coupling, gap anisotropy and the
intermediate state structure in varying
detail. Mixed-state effects are treated
briefly, and the more recent develop-
ments are omitted.

There is a short chapter on so-called
thermal effects, reviewing theoretical
speculations on unusual transport prop-
erties due to normal excitations, be-
lieved to occur near the transition tem-
perature. As an example, a weak mag-
netic field can be produced by applying
a temperature gradient to a uniaxial,
pure superconductor.

A chapter on the influence of rf elec-
tromagnetic fields includes a discussion
of non-linear effects. The authors
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present some theoretical highlights of
the particularly interesting stimulated
superconducting state, whereby a
strong microwave field may increase the
magnitude of the energy gap, but omit
any reference to experiment. This
book is a translation of the 1972 Rus-
sian edition.

Both books are highly specialized, of
limited scope in the field of supercon-
ductivity, and for the most part are in-
tended for the advanced reader.

A. T. FiORY
Bell Laboratories

Murray Hill, New Jersey

Weather and Climate
Modification

W. N. Hess, ed.
842 pp. Wiley, New York, 1974, $29.95

This book is written by 32 selected ex-
perts in some aspect of weather or cli-
mate modification and edited by Wil-
mot N. Hess assisted by an editorial re-
view committee consisting of three well
known meteorologists, George Benton,
Eugene Bollay and Patrick Squires. It
is aimed at the level of an educated lay-
man or college student in allied fields.
As the editor comments in the preface,
the treatment of the various subjects,
written by the selected experts, is unev-
en; however, the editor and his editorial
review committee have done an excel-
lent job in bringing the various chapters
together. In some instances the mate-
rial covered is repetitious, but this al-
lows each one of the contributions to be
read independently of the others. Each
of the contributions contains an excel-
lent bibliography, and the book is ade-
quately cross-referenced.

There are very valuable and stimulat-
ing reviews in the book containing les-

sons, not only for the educated layman,
but for the experts in weather modifica-
tion and allied fields as well. Because
of the complexity of the subject, spe-
cialists in one field of weather modifica-
tion will find useful reading in areas
outside their speciality. The book con-
tains reminders of the important inter-
actions of one subfield with respect to
another.

To all potential readers, I especially
recommend the contributions by Hor-
ace R. Byers on the "History of Weath-
er Modification," by Morris Neiburger
and Helmut K. Weickmann on "The
Meteorological Background for Weath-
er Modification," by Joanne Simpson
and Arnett Dennis on "Cumulus Clouds
and Their Modification," by Joseph
Smagorinsky on "Global Atmospheric
Modeling and the Numerical Simula-
tion of Climate," by Lester Machta and
Kosta Telegadas on "Inadvertent
Large-Scale Weather Modification" and
by Helmut Landsberg on "Inadvertent
Atmospheric Modification Through Ur-
banization."

It is very difficult to give a concise
summary of the many different subjects
covered in this book, however, I can list
a few useful conclusions one could draw
from reading it. First, in attempts at
weather modification, one must be
aware of the controlling role that the
existing atmospheric circulation and
stability, on all scales, play in defining
those situations when weather modifi-
cation is possible. Simpson and Dennis
stress this point by specifying atmo-
spheric conditions with seeding poten-
tial for modifying precipitation and
cloud dynamics. They conclude that
by limiting seeding operations to days
with high seeding potential, Florida cu-
mulus clouds can be modified to pro-
duce more vigorous growth and addi-
tional rainfall. Second, it is firmly es-
tablished that adding more ice nuclei or
ice nuclei active at warmer tempera-
tures, a supercooled cloud mass (tem-
perature less than 0°C) can be very rap-
idly converted to ice crystals. In this
way supercooled fogs and stratus clouds
can be dissipated operationally. Under
favorable atmospheric conditions pre-
cipitation from orographic clouds can
be increased by adding artificial nuclei.
Third, our general circulation models
are not ready to be used for long-range
predictions of climate. Also, models of
cloud dynamics and precipitation pro-
cesses can be used to assess the modifi-
cation potential on a day-by-day, hour-
by-hour basis but they must be contin-
uously verified and upgraded with field
observations.

A fifth useful conclusion from the
book is that man's activities already are
changing the local climate especially in
and near urban areas. Sixth, man's op-
portunity to interfere with nature rests
in his ability to interfere with cloud mi-

NEW
ULTRA-
VIOLET &
SOLAR BLIND
PHOTOMULTIPLIERS

Now available from EMI —a
range of high gain, low dark
current photomultipliers with
windows and cathodes suitable
for use in the ultra-violet region.
Available window materials in-
clude: quartz, sapphire, magne-
sium fluoride, and calcium fluo-
ride. Cathode materials include:,
cesium telluride, rubidium tellu-
ride, cesium iodide, potassium
bromide, and copper chloride.
For many applications, these
tubes are superior to the method
of using wavelength shifters,
and have the further advantage
of being solar blind (Insensitive
to visible light). In general be-
cause of their inherently low
dark current, they will not re-
quire cooling. A special housing
type E-15 is available for cou-
pling the detector to a vacuum
system.
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