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Readers of the article by Yakir
Aharonov, Sandu Popescu, and Jeff Tol-
laksen might be interested in an alterna-
tive time-symmetric formulation of
quantum mechanics, known as “consis-
tent histories,” that was developed over
roughly the same time period as
Aharonov’s work (see the article by
Robert Griffiths and Roland Omnes,
PHYSICS TODAY, August 1999, page 26).
Closely related is the “decoherent histo-
ries” approach of Murray Gell-Mann
and James Hartle,! but as that is not usu-
ally formulated in a way that is trans-
parently time-symmetric, the following
remarks refer to the consistent histories
approach; see reference 2 for an up-to-
date formulation.

Both the consistent histories ap-
proach and that of Aharonov and
coworkers pay attention to events at
several different times, are formulated
in a way that is time-symmetrical, and
address a number of quantum para-
doxes. Both are consistent with the cal-
culational procedures taught to stu-
dents in a typical quantum mechanics
course, so they are “standard quantum
mechanics,” without the additional
variables of de Broglie-Bohm or the ad-
ditional collapses of Ghirardi-Rimini-
Weber. And both approaches do not ac-
cept the “shut up and -calculate”
mentality that alas continues to domi-
nate much classroom instruction. So far
as I can tell, all the results mentioned by
Aharonov and coauthors and in the ear-
lier work they cite are fairly readily
translated into the language of consis-
tent histories, though the reverse is not
true (see below); therefore, the consis-
tent histories view is more general.

In the treatment by Aharonov and
coauthors, measurement, as in textbook
quantum theory, remains a black box: It
collapses the wavefunction, but nothing
more can be said. And for good reason:
The textbook approach of introducing
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probabilities by reference to measure-
ment yields what appear to be insoluble
difficulties if one attempts to apply
quantum theory to the measurement
process itself—that is, to actual appara-
tus constructed out of entities that are
quantum mechanical. In the consistent
histories approach, that difficulty does
not arise, because it treats quantum dy-
namics as fundamentally probabilistic,
not deterministic, and the same rules
apply to measurements as to all other
physical processes. Speaking metaphor-
ically, the probabilistic approach used in
consistent histories allows one to open
the black measurement box and watch
the quantum gears turn.

The other major difference between
the two approaches is their treatment of
quantum paradoxes. We owe many of
the most striking and delightful para-
doxes of quantum theory to Aharonov
and his coworkers, and he and Daniel
Rohrlich have written a book on the
topic.®> But he leaves the paradoxes
largely unresolved; the reader is en-
couraged to study but not unravel
them. The consistent histories approach
is exactly opposite: Paradoxes should
be—and a large number of them have
been—resolved by the correct applica-
tion of well-formulated and fully con-
sistent quantum principles (see refer-
ence 2, chapters 19-25).

Students new to quantum theory are
often confused and deserve reasoned
responses to their queries. Although
paradoxes are valuable illustrations of
how the quantum world differs from
our everyday experience, I prefer to
provide students with the conceptual
tools needed to resolve and make sense
of them. In particular, students benefit
from learning a fully consistent ap-
proach to probabilities in the quantum
domain, one not based on measure-
ments but on general quantum princi-
ples. A colleague and I have just fin-
ished using that approach in teaching
the first term of our introductory grad-
uate quantum mechanics course. Al-
though it requires extra time and effort
to learn how to think about quantum
processes rather than just do calcula-
tions, the reward comes in a deeper un-
derstanding of how the real (quantum)
world works.
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Aharonov, Popescu, and Tollaksen
reply: We thank the letter writers for
their interest and for the opportunity to
better clarify our ideas.

Michael Nauenberg and Art Hobson
make essentially the same point—
namely, that our ideas are completely
wrong. To put their criticism in the right
context, we point out that the outcome
of our research program is twofold.
First, we have discovered an entirely
new class of quantum effects; second, we
present a new way of thinking about
quantum mechanics.

The fact that quantum mechanics
predicts the effects we discovered is just
that, a fact. The effects are computed
using standard quantum mechanics,
without additions or modifications. As
such, their prediction by quantum me-
chanics is beyond doubt (unless one
suspects algebraic mistakes). Further-
more, many of our effects have been
verified experimentally; in particular,
different versions of our amplification
method have been used as novel tech-
nological tools. Both Nauenberg and
Hobson completely ignore our effects.
But one should not ignore them. They
are novel and they are strange. Even
more, they don’t appear in isolation, but
they form a well-structured pattern.
Surely there is a lesson here that quan-
tum mechanics wants to teach us; one
ignores it at one’s peril.

On the other hand, our way of look-
ing at quantum mechanics is certainly
unconventional; it introduces new con-
cepts, and it approaches old concepts in
a new way. That is essentially what the
two letter writers point out, Hobson
most emphatically when he writes that
our article “is riddled with errors.” We
are criticized for thinking in a different
way and for asking new questions. But
our way of thinking leads to the same
predictions as the conventional way, so
as far as experiments are concerned they
are completely equivalent. As Richard
Feynman says in his book The Character
of Physical Law (Modern Library, 1994),
suppose we have “two theories” that
“have all the consequences ... exactly
the same. ... How are we going to de-
cide which one is right? There is no way
by science, because they both agree with
the experiment to the same extent.” So
the criticism is baseless.

At the same time, if our approach is
completely equivalent to the standard
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