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"I do not know of any questions more pregnant with insights yet to be
garnered, nor any book on the subject that makes richer linkage with
the literature on the subject, nor any with deeper dedication to sound-
ness." - John A. Wheeler

The physical asymmetry of nature under time reversal is analysed in
this essay. The author investigates the most important classes of
phenomena that characterize a direction of time: radiation, thermody-
namics, quantum phenomena, and the structure of spacetime. Their
relations and the search for a cosmo]ogical common root of these
"arrows of time" and of the traditional concept of causality are

. discussed. Particular emphasis is placed on quantum indeterminism.
Sprmger—Yerlag It is argued that a common root may be found in the properties of the
Berlin Heidelberg time-independent wave function of the universe that arises from the
NewYork London Paris quantization of general relativity. This requires that the physical

Tokyo Hong Kong concept of time is reduced to a correlation between physical states,
Heidelberger Platz 3, D-1000 Berlin 33. including those characterizing clocks and observers. The description
175 Fifth Ave , New York, NY 10010, . ¥ o "

USA - § Alexandra Rd . London of 1rreY?r51ble phenomena is shown to be fundamentally .observer—
SW19 7JZ, England - 26, rue des Carmes,  related” in a way that can be formalized following Zwanzig. The book
F-75005 Parss - 37-3, Hongo 3-chome, is aimed mainly at the student or scientist seeking an overview of the
Bunkyo-ku, Tokyo 113, Japan - Room 1603, hole i C ared to the G . the book has

Citicorp Centre, 18 Whitfield Road, whole 1'ssue‘ Ompdre 0 the German version the boo as

Causeway Bay, Ix ng Kong been widely revised and extended.

H&S 9193/5/1




Communications in

Mathematical

Chief Editor

Editorial Board

Advisory Board

Responsible for Advertisements

Springer-Verlag
Printers
Printed in Germany

Physics

A. Jaffe, Cambridge, MA

M. Aizenman, New York, NY
L. Alvarez-Gaumé, Geneve

H. Araki, Kyoto

A. Connes, Bures-sur-Yvette
J.-P. Eckmann, Genéve

M. E. Fisher, College Park, MD
J. Fréhlich, Zirich

K. Gawedzki, Bures-sur-Yvette
J. L. Lebowitz, New Brunswick, NJ
J. Mather, Princeton, NJ

G. Parisi, Roma

B. Simon, Pasadena, CA

Ya. G. Sinai, Moscow

T. Spencer, Princeton, NJ
S.-T. Yau, Cambridge, MA

M. F. Atiyah, Oxford

F. Hirzebruch, Bonn

G. ‘t Hooft, Utrecht

R. Schrieffer, Santa Barbara, CA
l. Singer, Cambridge, MA

C. N. Yang, Stony Brook, NY

E. Lickermann, M. Stresow, Heidelberger Platz 3, D-1000 Beriin 33
Telephone: (030) 8207-1, Telex 01-85411, FAX (0)30/821 4091
Berlin  Heidelberg New York Tokyo Hong Kong

Brithlsche Universitatsdruckerei, Giessen

© Springer-Verlag Berlin Heidelberg 1989

Springer-Verlag GmbH & Co KG, D-1000 Berlin 33





