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believer from which he cannot very easily
be aroused. So let him lie there.

But this religion has so damned little
effect on me. e head or
tail of it mathematically. My brain is also
100 worn out by this time.

Schrodinger wrote to Einstein in
1950:

1 seems o me that the concept f probs-

probabi ateme o
be applied just to events whose reality is
TR Do proper bass of realicy
de s riva by the posi

4 qoastons meckaaicn. Tapption
o squivalect, It s not comeions of he
problem at all; it passes by with blithe
disinterest.

Einstein answered:

You ure the only contemporary phys-

think it is worthwhile to
bold on to_this, ic. the continuum, as
long as one has no really sound arguments

This volume of letiers is a crucial
fragment of a critical chapter in the
history of quantum mechanics, and
dentally provides substantial insight into
the personal feelings and reactions of
four great minds in action.

Eawmy N. Hizseat

Deparment o the Hitory of Science,

University of Wisconsin, Madisor

A Closet Door Briefly Opened
of Time. Repor of & mesing,
versity Press, Ithaca, 1967. i + 248 pp.
flus. $8.75

Physics is far from being a closed

even incorrect. Some such questions are
ular subjects for rescarch. Other

e skeetons il som n come
up with some more concrete starting
points.

“

present book contains some
skelcton rattling by a group of scieatists

d philosophers who met to consider
the merits or otherwise of time as we

is a lively d
and perhaps even serious ques

One of the more prominent examples
discussed in the book is the distinction
between the roles of time in physics on
the macroscopic level (thermodynam-
ics) and on the microscopic level. With
a minor exception, the microscopic laws
of physics appear to be symmetric
against time reversal, in the scnse that
one can derive from one physical situa-

thermodynamics, where a preferred di-
rection of flow of time is defined by the

ad law, the statement that eatropy
increases with increasing time. The con-
veational resolution of this dilemma is
to identify entropy as a measure of
probability, so that the second law says
only that systems evolve from states of
Tower probability 10 states of higher
probability. This recourse to initial con-
ditions works well enough in & closed
system. It does leave open the amusing

Unfortunately, this asymmetry was only
discovered in 1964, a year after the
conference, so we do not have a dis-
cussion of whether this small defect
would be of momeat to people set to
live out their lives i the opposite sense
of time.

There is yet the older problem of
radiation. It is a common enough ex-
perience that, when a charge is acceler-
ated, an electromagoetic wave propa-

tes away from the charge, but 0o one
has reported the time-reversed chain of
events. Wheeler and Feyaman gave in
1945  bontifl cheme fo preeriog
the symmetry of the local laws of phys-
ics, again asiguing the time asymimetry
o the initial conditions. However, the
scheme works only inside a box with
perfectly absorbing walls. Apparently
i you are determined to preserve local

symmetry you have to make some
roeg saments shout e global na-
wre of the universe.

It is still not clear just how serious
these problems are, or where they would
lead us. It is, however, pleasant (o bave
this new collected discussion of these
and other aspects of time.

P. J. E. Prsnis
Peirr Physica Laborsor,

inceton University,

Princeion, New fersey

Tribute to Bethe

Perspectives in Modern Physics. Essays in
honor of Hans A. Bethe on the occasion
of B 6h birtdey, July 1966 R. E
nce (Wiley), New
* 673 oo . $15.50.

ysicist 1. 1. Rabi is food of
recalling the good old days when there

ence, there are few physiists under the
age of 40 who can discuss in any depth 7
even one of the branches of physics
ousside their own specialty. No one is £
to blame for this—it is simply what§
happens when a large number of ag-
gruive, ambilons, aad_ineligeaty
people make the type of a
field that took place in phys\cs after S
World War IL

One can only emvy & mtn ke Hame

who at one time not only knew

cuenialy al of physics but worked ac-§
tively in. most of the important areas.
Bethe himself has slowed down now—
today he is an expert only in atomic
physics, nuclear physics, and high eo-
crgy physics. He feels that quantum
field theory and clementary particle
physics are for young people.

This volume, composed of articies
from Bethe's studeats and friends, s al-
most overpowering, revealing as it does
the truly monumental contributions to
physics he has made. There are over 40
papens by promioent physcius of ull

varieties—even

ering nuclear Ty, soid stite phye-

ics, particle ~ acoslerators, quantum

electrodynamics, particle physics, astro-

physics, quaotum field theory, the

ory of nuclear reactors, cosmic ray

physics, thermonuclear weapons, and

geophysics. Bethe's well-known impor-
SCIENCE, VOL. 160

2

The Nature of Time, Cornell, 1963

Physical Origins of Time Asymmetry
NATO Advanced Research Workshop (1991)

Time and interpretations of Quantum gravity

Karel Kuchar (1992)

Canonical Quantum Gravity and the Problem

of Time Isham (1993)

Quantum Information Science

Where are we now?
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believer from which he cannot very easily
be aroused. So let him lie there.

But this religion has so damned little
effect on me. e head or
tail of it mathematically. My brain is also
100 worn out by this time.

Schrodinger wrote to Einstein in
1950:

1 seems o me that the concept f probs-

probabi ateme o
be applied just to events whose reality is
TR Do proper bass of realicy
de s riva by the posi

4 qoastons meckaaicn. Tapption
o squivalect, It s not comeions of he
problem at all; it passes by with blithe
disinterest.

Einstein answered:

You ure the only contemporary phys-

think it is worthwhile to
bold on to_this, ic. the continuum, as
long as one has no really sound arguments

This volume of letiers is a crucial
fragment of a critical chapter in the
history of quantum mechanics, and
dentally provides substantial insight into
the personal feelings and reactions of
four great minds in action.

Eawmy N. Hizseat

Deparment o the Hitory of Science,

University of Wisconsin, Madisor

A Closet Door Briefly Opened
of Time. Repor of & mesing,
versity Press, Ithaca, 1967. i + 248 pp.
flus. $8.75

Physics is far from being a closed

even incorrect. Some such questions are
ular subjects for rescarch. Other

e skeetons il som n come
up with some more concrete starting
points.

“

present book contains some
skelcton rattling by a group of scieatists

d philosophers who met to consider
the merits or otherwise of time as we

is a lively d
and perhaps even serious ques

One of the more prominent examples
discussed in the book is the distinction
between the roles of time in physics on
the macroscopic level (thermodynam-
ics) and on the microscopic level. With
a minor exception, the microscopic laws
of physics appear to be symmetric
against time reversal, in the scnse that
one can derive from one physical situa-

thermodynamics, where a preferred di-
rection of flow of time is defined by the

ad law, the statement that eatropy
increases with increasing time. The con-
veational resolution of this dilemma is
to identify entropy as a measure of
probability, so that the second law says
only that systems evolve from states of
Tower probability 10 states of higher
probability. This recourse to initial con-
ditions works well enough in & closed
system. It does leave open the amusing

Unfortunately, this asymmetry was only
discovered in 1964, a year after the
conference, so we do not have a dis-
cussion of whether this small defect
would be of momeat to people set to
live out their lives i the opposite sense
of time.

There is yet the older problem of
radiation. It is a common enough ex-
perience that, when a charge is acceler-
ated, an electromagoetic wave propa-

tes away from the charge, but 0o one
has reported the time-reversed chain of
events. Wheeler and Feyaman gave in
1945  bontifl cheme fo preeriog
the symmetry of the local laws of phys-
ics, again asiguing the time asymimetry
o the initial conditions. However, the
scheme works only inside a box with
perfectly absorbing walls. Apparently
i you are determined to preserve local

symmetry you have to make some
roeg saments shout e global na-
wre of the universe.

It is still not clear just how serious
these problems are, or where they would
lead us. Tt is, however, pleasant to bave
this new collected discussion of these
and other aspects of time.

P. 1. ¥ Pamoies
Peirr Physice Laborsor,

inceton University,
Princeion, New fersey

Tribute to Bethe

Perspectives in Modern Physics. Essays in
honor of Hans A. Bethe on the occasion
of B 6h birtdey, July 1966 R. E
nce (Wiley), New
* 673 oo . $15.50.

ysicist 1. 1. Rabi is food of
recalling the good old days when there

ence, there are few physiists under the
age of 40 who can discuss in any depth 7
even one of the branches of physics
ousside their own specialty. No one is £
to blame for this—it is simply what§
happens when a large number of ag-
gruive, ambilons, aad_ineligeaty
people make the type of a
field that took place in phys\cs after S
World War IL

One can only amvy & mtn ke Hame

who at one time not only knew

cuenialy al of physics but worked ac-§
tively in. most of the important areas.
Bethe himself has slowed down now—
today he is an expert only in atomic
physics, nuclear physics, and high eo-
crgy physics. He feels that quantum
field theory and clementary particle
physics are for young people.

This volume, composed of articies
from Bethe's studeats and friends, s al-
most overpowering, revealing as it does
the truly monumental contributions to
physics he has made. There are over 40
papens by promioent physcius of ull

varieties—even

ering nuclear Ty, soid stite phye-

ics, particle ~ acoslerators, quantum

electrodynamics, particle physics, astro-

physics, quaotum field theory, the

ory of nuclear reactors, cosmic ray

physics, thermonuclear weapons, and

geophysics. Bethe's well-known impor-
SCIENCE, VOL. 160

2

The Nature of Time, Cornell, 1963

Physical Origins of Time Asymmetry
NATO Advanced Research Workshop (1991)

Time and interpretations of Quantum gravity

Karel Kuchar (1992)
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believer from which he cannot very easily
be aroused. So let him lie there.
But this religion has so damned little

effect on me. . . . I can o
tail of it mathematically. My brain is also

Schrodinger wrote to Einstein in
1950:

It seems 1o me that the concept of proba-
bty is terribly mishandled these days. . . .
the quantum med sometimes
act as if probabilistic statements were 1o
‘applied just to evenis whose reality is

. . . . [The] proper basis of reality

ide as rivial by the positivists. . . .

problem at all; it passes by with blithe
disinterest.

Einstein answered:

You are the only contemporary physi-
cist, besides Lave, who sees that one

long as one has no really sound arguments
agaist it.

This volume of letiers is a crucial
fragment of a critical chapter in the
history of quantum mechanics, and inci-
dentally provides substantial insight into
the personal feelings and reactions of
four great minds in action.

Eawmy N. Hizseat
Department of the History of Science,
University of Wisconsin, Madison

A Closet Door Briefly Opened

of Time. Report of & meeting,
Ithaca, N.Y., June 1963. T. Goio ar
D.

versity Press, Ithaca, 1967. xvi + 248 pp.,
illus. $8.75.

Physics s far from being a closed
subject, 5o it is Dot very daring to sup-

even incorrect. Some such questions are
popular subjects for research. Other
questions people have tended 1o ignore,
as skeletons in the closet, on the sound
principle that it probably would be a

up with some more concrete starting
points.
“

The present book contains some
skelcton rattling by a group of scieatists
and philosophers who met 1o consider
the merits or otherwise of time as we
now think we understand it. The result
is a lively discourse on some amusing
and perhaps even serious questions.

One of the more prominent examples
discussed in the book is the distinction
between the roles of time in physics on
the macroscopic level (thermodynam-
ics) and on the microscopic level. With
a minor exception, the microscopic laws
of physics appear to be symmetric
against time reversal, in the scnse that
one can derive from one physical situa-
tion another perfectly good one by re-
versing the direction in which time is
supposed 1o flow. This is ot true in
thermodynamics, where a preferred di-
rection of flow of time is defined by the
second law, the statement that eatropy
increases with increasing time. The con-
veational resolution of this dilemma is
to identify entropy as a measure of
probability, so that the second law says
only that systems evolve from states of
Towerprobability to states of higher
probability. This recourse to initial con-
ditions works well enough in & closed
system. It does leave open the amusing
idea that there might be, somewhere
else in the universe, & system set to
evolve in the opposite sease in time.

In fact, it appears that the local laws
of physics arc not strictly invariant
against time reversal, for people have
observed elementary particie decays (of
the K° meson) that should not have
happened under complete symmetry.
Unfortunately, this asymmetry was only
discovered in 1964, a year after the
conference, so we do not have a dis-
cussion of whether this small defect
would be of momeat to people set to
live out their lives i the opposite sense
of time.

There is yet the older problem of
radiation. It is a common enough ex-
perience that, when a charge is acceler-
ated, an electromagoetic wave propa-
gates away from the charge, but no one
has reported the time-reversed chain of
events. Wheeler and Feyaman gave in
1945 a beautiful scheme for preserving
the symmetry of the local laws of phys-
ics, again assigaing the time asymmetry
o the initial conditions. However, the
scheme works only inside a box with
perfectly absorbing walls. Apparently
i you are determined to preserve local
time symmetry you have to make some
strong statements about the global na-
ture of the universe.

It is still not clear just how serious
these problems are, or where they would
lead us. Tt is, however, pleasant to bave
this new collected discussion of these
and other aspects of time.

. 1. ¥ Pamoies
Palmer Physical Laboratory,

Princeton University,

Princeton, New Jersey

Tribute to Bethe

Perspectives in Modern Physics. Essays in
honor of Hans A. Bethe on the occasion
of his 60th birthday, July 1966. R. E.
Muxsiuax, B4, Interscience (Wiley), New
York, 1966. xii + 673 pp., illus. $19.50.

The physicist 1. 1. Rabi is fond of
recalling the good old days when there
were not experimeatal physicsts or the-
oretical physicists but just plain old §
physicists. Nowadays there arc many 5.
subdivisions among theorists and experi- 3
mentalists, whose individual specialties &
bave developed so much that these =
groups have trouble communicating, to 3
say nothing of being able to work i
several arcas. In this reviewer's expers

to blame for this—it is simply what§
happens when a large number of a
gressive, ambitious, and _ inteli
people. make the type of assauit o
field that took place in physics after S
World War IL H
One can only eavy a man like Hans %
Bethe, who at one time not only knew
essentially all of physics but worked ac- 3
tively in. most of the important areas. ™
Bethe himself has slowed down now—

ergy physics. He feels that quantum
field theory and elementary particle
physics are for young people.

This volume, composed of articles
from Bethe's studeats and friends, is al-
‘most overpowering, revealing as it does
the truly monumental contributions 1o
physics he has made. There are over 40
papers by promineat physicists of all
varieties—even _ experimentalists—cov-
ering nuclear physics, solid state phys-
ics, particle  accelerators, _quantum
electrodynamics, particle physics, astro-
physics, quantum field theory, the the-
ory of nuclear reactors, cosmic ray
physics, thermonuclear weapons, and
geophysics. Bethe's well-known impor-

SCIENCE, VL. 160

The Nature of Time, Cornell, 1963

Physical Origins of Time Asymmetry
NATO Advanced Fesearch Workshop (1991)

Time and interpretations of Quantum gravity
Karel Kuchar (1992)

Canonical Quantum Gravity and the Problem
of Time Isham (1993)

Quantum Information Science

Where are we now?

“The physics of the twentieth century has
modified the very foundation of our
understanding of the physical world, changing
the meaning of the basic concepts we use to
grasp it: matter, causality, space and time. We
are not yet able to paint a consistent picture of
the world in which these modifications taken
together make sense. The problem of
quantum gravity is nothing less than the
problem of finding this novel consistent
picture, finally bringing the twentieth century
scientific revolution to an end.”

“We need to re-think the world in the light of
what we have learned about it with quantum
theory and general relativity.”

Carlo Rovelli, Quantum Gravity, (2004)
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