
and draw their own conclusions. On the
other hand, I would like to offer these ad-
ditional comments. Heisenberg’s visit to
Poland was only one of the visits he made
during the war to occupied countries.
Whatever his politics, on these visits he
was an official representative of the Nazi
government. Let that be clear. This is how
he was regarded by many of the people he
visited. Because of the official nature of
these visits, he was required to write re-
ports on them—an invaluable source for
historians. He commented in these reports
on the success, or lack thereof, of the
forced implant of German culture on these
countries. It is striking that no such report
of his visit to Poland can be found. We
would not know of this visit if we did not
have the letters of invitation that were sent
to Heisenberg by Wilhelm Coblitz who rep-
resented Heisenberg’s former school mate
Hans Frank. Frank was the Nazi governor
of Poland who was complicit in the murder
of Polish Jews for which he was later hung.
My Polish colleagues also located a brief
article in the German language Cracow
newspaper describing a lecture Heisenberg
gave during his visit. There are also the rec-
ollections of the Polish physicists who were
not allowed to attend this lecture and whom
Heisenberg refused to meet. Finally, there
is a remarkable 1965 interview that Heisen-
berg gave to the British journalist David
Irving. It is remarkable because in it
Heisenberg concocted a fiction about the
circumstances of the visit. It is my belief
that Heisenberg must have been profoundly
embarassed by this visit. We know for an
absolute fact that he and the other German
physicists knew of the atroctities being
committed in the East. They openly speak
of them in the Farm Hall transcripts and
Elisabeth Heisenberg’s book confirms this.
For Heisenberg to have visited Poland at
this time is difficult to excuse.

Jeremy Bernstein
Stevens Institute of Technology,
Hoboken, New Jersey 07030
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WHY USE THE WORK-ENERGY
THEOREM?

I don’t understand the much ado by
Legge and Petrolito1 in the April issue of
AJP. For that matter, I have never under-
stood why anyone would worry students
about something called the work-kinetic
energy theorem. It clearly does not apply to
most energy transfers, which turn one form
of energy into another, usually not involv-
ing kinetic energy. Work is just one way of
transferring energy. The energy can go to

and from springs, gravitational fields, elec-
tric fields, etc. To find out who is doing the
work, ask who is getting paid. No pay, no
work. Therefore, friction cannot do work.
You don’t plug friction into the wall socket
or feed it gasoline or steak. Certainly it
cannot do negative work, a concept that can
only bewilder the innocent. Perhaps at the
junior level it is useful to identify negative
work if there is no other way to keep track
of which system is doing what, but not for
freshmen.
As for emphasizing the model nature of

point particle mechanics, why not describe
real blocks and pulleys and take account of
friction and internal energy? The seeming
paradoxes cited by Legge and Petrolito,1

like most paradoxes, are just cases of
sloppy bookkeeping. In the case of the
block being dragged a distance x by a force
F, the only person doing any work is the
one pulling with F. Friction just lies there,
soaking up all the work that was done. An-
other illusion of a paradox is the cited case
of the putty sticking on the wall. Here the
kinetic energy turns into internal energy,
and apparently all is well, as long as we do
not use the work-kinetic energy theorem.
But what about conservation of momen-
tum?
Would students want to be paid for hold-

ing a chair at arm’s length for one hour?
Certainly. Therefore, are they being paid al-
though doing no work? But they are doing
work. Note the quivering muscles.
I am reminded of the hotel clerk who

charges three salesmen $30 for a $25 room.
Realizing he has overcharged, he sends the
bell-hop up with five one dollar bills. The
bell-hop keeps two of them. Thus each
salesman has paid $9, making $27, the bell-
hop has $2, making a total of $29. Where is
the extra dollar? Same principle.

1K. A. Legge and J. Petrolito, ‘‘The use of mod-
els in problems of energy conservation,’’ Am.
J. Phys. 72, 436–438 �2004�.
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SOCRATES, FERMI, AND THE
SECOND LAW OF
THERMODYNAMICS

How many molecules in a typical glass
of water were in the blood of Socrates
when he died? This question is the type
posed by Fermi,1 with an answer that might
come as a surprise to many. A typical
physicist’s approach might be to model the
problem as the mixing of the water in So-
crates’ blood �say 4 liters� with all the wa-

ter in the world �say �1018 m3 of ocean
water�. Thus, 4/1021 of all water molecules
in the world came from Socrates. The glass
of water contain �180 ml, that is, 180 g or
10 mol or 10�6�1023 molecules. This
reasoning gives (4�10�6)�1023/1021

�24 000 molecules from Socrates in the
glass.
This result is incorrect, but why? Is mix-

ing with all the water in the oceans too
crude an assumption? Water circulates by
evaporation and precipitation. The height
of the average annual precipitation over the
entire Earth is �1 m. Socrates died in 399
B.C. and the average depth of the three
large oceans is about 4 km. This relative
height suggests that there has not been
enough time to mix water from Socrates
with all the ocean water. Moreover, it is the
top layer of the oceans that takes part in the
hydrologic cycle. If so, our estimate of
24 000 for the number of water molecules
from Socrates found in our glass is much
too low and a more reasonable value may
seem to be of the order of 106. But this
result is still incorrect and for a fundamen-
tal reason. All water molecules are alike
and cannot be tagged like classical macro-
scopic particles. Therefore, it has no physi-
cal meaning to ask how many molecules in
the glass come from Socrates’ blood. If it
were a legitimate physical question, it
would be in conflict with fundamental as-
pects of the second law of thermodynam-
ics, as we will now see.
Consider the well-known textbook prob-

lem where a box is divided into two iden-
tical compartments, containing equal
amounts of nitrogen molecules. A hole is
opened in the partition and molecules are
allowed to pass through. If the hole is then
closed again, the final state of the gas is
indistinguishable from the initial state.
There has been no mixing, that is, no in-
crease in the entropy. It has no physical sig-
nificance to ask how many molecules from
the left compartment are later in the right
compartment.2 If there is the slightest dif-
ference between the particles in the two
compartments, there is an abrupt change in
the entropy from zero to a finite value. This
increase is associated with an irreversible
process, according to the second law of
thermodynamics.
When students are faced with this ques-

tion, they often object to the conclusion
that the question is not relevant, and main-
tain that it has at least a statistical signifi-
cance. It is then helpful to give the follow-
ing analogy. If I travel from the U.S. to
Europe and buy euros with a 100-dollar bill
at a European airport, there is a certain
probability that this particular dollar bill
will one day be in my hands again. One
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THE WAVE FUNCTION
AND REALITY

The quotation ‘‘Confusing the wave
function with reality’’ attributed to Morton
Tavel �Am. J. Phys. 72, 651 �2004�� is pos-
sibly misleading. Tavel states that ‘‘One of
the things that I find most disturbing is the
degree to which the wave function has be-
come a surrogate for the system itself...
One would think that intelligent people
would not mistake the description for the
object.’’
But according to our most fundamental

physical theory, ‘‘quantum fields are the ba-
sic ingredients of the universe,’’ 1 and ‘‘ma-
terial particles can be understood as the
quanta of various fields, in just the same
way as the photon is the quantum of the
electromagnetic field.’’ 2 The Schrödinger
wave function is not logically the same
thing as a quantum field, but it is closely
related. Thus something very much like the
wave function is ‘‘the system itself.’’ Let
me explain, using the double-slit experi-
ment as an example.
The double-slit experiment with an elec-

tron beam was first performed by Jonsson
in 1974.3 The outcome is a double-slit in-
terference pattern, just as in the analogous
Young’s experiment with light. According
to quantum field theory, the interference
fringes are those of a quantum field,
namely, the ‘‘electron field.’’ This electron
field �or ‘‘matter field,’’ or in the careful
terminology of T. Y. Cao, ‘‘fermion
field’’ 4� is physically real, just as the elec-
tromagnetic field is physically real.5 The
field goes through both slits, even if only a
single electron appears on the screen.
In Jonsson’s nonrelativistic noninteract-

ing electron experiment, the electron field
is mathematically identical to the Schrö-
dinger wave function for a single electron.
However, the field and the wave function
are logically distinct. The wave function is
a nonphysical probability distribution that
exists in 3N dimensions for an N-body sys-
tem. In Jonsson’s experiment the one-body
wave function and the electron field are
mathematically identical, but logically dis-
tinct. The wave function is nonphysical, but
the interference pattern is direct evidence

of a real, physical, and continuous electron
field that goes through both slits.
Individual electrons arise from the fact

that the electron field is quantized, just as
photons arise from the fact that the electro-
magnetic field is quantized. In other words,
the electron field can absorb or emit energy
only in discrete packages and must there-
fore appear as individual point-like interac-
tions with the viewing screen. The quanti-
zation of the electron field is especially
clear in the 1989 double-slit experiment of
Tonomura et al.6

Strictly speaking, Tavel is correct in say-
ing that the wave function is not physically
real. But the electron field, which is math-
ematically identical to the Schrödinger
wave function in the case of the double slit
experiment, is physically real. As Steven
Weinberg puts it, it is a ‘‘basic ingredient of
the universe.’’ 1

1Steven Weinberg, ‘‘What is quantum field
theory and what did we think it was?,’’ in Con-
ceptual Foundations of Quantum Field Theory,
edited by Tian Yu Cao �Cambridge U.P., Cam-
bridge, UK, 1999�, p. 242.
2Steven Weinberg, quoted in Heinz Pagels, The
Cosmic Code �Bantam Books, New York,
1983�, p. 239.
3Claus Jonsson, ‘‘Electron diffraction at mul-
tiple slits,’’ Am. J. Phys. 42, 4–11 �1974�.
4Tian Yu Cao �private communication�.
5As Weinberg puts it, ‘‘fields are conditions of
space itself, considered apart from any matter
that may be in it.’’ See Steven Weinberg, Fac-
ing Up: Science and Its Cultural Adversaries
�Harvard U.P., Cambridge, MA, 2001�, p. 167.
Similarly, Einstein insisted that fields are real.
In Albert Einstein and Leopold Infeld, The
Evolution of Physics �Simon and Schuster,
New York, 1938�, pp. 148–156, they write
‘‘The electromagnetic field is, in Maxwell’s
theory, something real. The electric field is pro-
duced by a changing magnetic field, quite in-
dependently, whether or not there is a wire to
test its existence.’’
6A. Tonomura, J. Endo, T. Matsuda, T. Ka-
wasaki, and H. Exawa, ‘‘Demonstration of
single-electron buildup of an interference pat-
tern,’’Am. J. Phys. 57, 117 �1989�. The experi-
ment, including the photographic results, is re-
viewed in George Greenstein and Arthur G.
Zajonc, The Quantum Challenge �Jones and
Bartlett, Sudbury, Massachusetts, 1997�, pp.
1–7.
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ON AN ELLIPTICAL PROPERTY
OF PARABOLIC TRAJECTORIES

A recent article in this journal1 showed
the existence of an elliptical property re-
lated to the parabolic trajectories of projec-
tile motion. The same result can be found
in an older treatise on particle dynamics by
MacMillan.2 MacMillan further showed
that in addition to this elliptical property,
two circular properties and another para-
bolic property could be found within the
parabolic trajectories. Thus, properties of
three members of the conic sections have
been found. It would be interesting to see
if the remaining member of the family
�the hyperbola� exists in this interesting
problem.

1J. L. Fernandez-Chapou, A. L. Salas-Brito, and
C. A. Vargas, ‘‘An elliptic property of parabolic
trajectories,’’ Am. J. Phys. 72, 1109 �2004�.
2W. D. MacMillan, Theoretical Mechanics:
Statics and the Dynamics of a Particle �Dover,
New York, 1958�, pp. 249–254.
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WORK AND ENERGY

In the September issue1 of AJP, Clifford
Swartz writes, ‘‘To find out who is doing
the work, ask who is getting paid’’ �or per-
haps better, to keep focused on immediate
energy transfers: ‘‘ask who is paying’’�.
While it is correct to define work as an en-
ergy transfer between an agent and a recipi-
ent, this is not always the best starting point
in an introductory course. For example,
suppose I drop a ball. If the system is cho-
sen to be the ball alone, work is done on it
as it falls. We immediately recognize this
simply because a net gravitational force is
acting on the ball while it moves, and not

LETTERS TO THE EDITOR

Letters are selected for their expected interest for our readers. Some letters are sent to reviewers for
advice; some are accepted or declined by the editor without review. Letters must be brief and may be
edited, subject to the author’s approval of significant changes. Although some comments on published
articles and notes may be appropriate as letters, most such comments are reviewed according to a
special procedure and appear, if accepted, in the Notes and Discussions section. �See the ‘‘Statement
of Editorial Policy’’ in the January issue.� Running controversies among letter writers will not be
published.
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because of an energy transfer viewpoint. In
fact, the latter involves some subtle issues.
What agency does the work? The Earth
does not pay; it in fact gains a small
amount of kinetic energy as the ball falls. It
is the gravitational field that pays—the to-
tal energy stored in the gravitational field
decreases as the kinetic energies of the ball
and Earth increase. But it would be a
stretch to ask a novice to contemplate how
a gravitational field stores and releases en-
ergy.
Turning next to Swartz’s example of

friction, consider a block sliding on a table
to rest, where the system is the block. He
states, ‘‘Friction cannot do work’’ and I be-
lieve he correctly intends that we should
not reify friction and instead would prob-
ably say it is the block that does the work.
�In the lab frame, it cannot be the table, if
we are to avoid the concept of ‘‘negative
work.’’� The block loses bulk kinetic en-
ergy, some of which ends up as internal en-
ergy of the table �and, to a lesser extent, of
the atmosphere� and the rest as internal en-
ergy of the block. The block loses energy in
one form and gains some in another form.
Does this mean the block is both paying
and getting paid and is thus doing work on
itself?
We can find Swartz’s answer in his claim

that a student does work to hold a chair at
rest in midair. He bases this on the fact that
the student was paid in the past �say by the
steak she ate yesterday�. One could simi-
larly argue that the block was paid by the
push it received to get it moving and thus
does work even if the block alone warms
up. �A better example here is a symmetric
head-on inelastic collision between two
identical balls of putty.� But overall claim-
ing that work is done in such cases is in-
consistent with the first law of thermody-
namics considered instant by instant in
time �and not just averaged over long peri-
ods�.
I would prefer to say that the student is

not doing work on the chair, but that in-
stead parts of the student are doing internal
work on other parts of the student. Both the
negative and positive assertion in this sen-
tence can be easily understood using a
force-displacement analysis. No work is
done on the chair because no part of it un-
dergoes a net displacement. Swartz’s ap-
peal to the quivering muscles focuses atten-
tion on the internal forces and
displacements. This perspective is more en-
lightening than is a consideration of yester-
day’s steak. There is a danger of getting so
focused on the issue of work as a payment
that one loses sight of the relation between
work and motion.

To summarize the larger issue in my
mind, I lament the currently fashionable
trend to minimize the connections between
force and energy concepts. There remain
good examples of problems in texts such as
Chabay and Sherwood2 that are efficiently
solved by exploiting these connections. We
impoverish our students if we require them
to consider energy forms and payments ex-
clusively, when a force-displacement
analysis �aka ‘‘work-energy theorem’’�
would add to their understanding. Why
can’t we teach both?

1C. Swartz, ‘‘Why use the work-energy theo-
rem?’’ Am. J. Phys. 72, 1145 �2004�.
2R. W. Chabay and B. A. Sherwood, Matter &
Interactions I: Modern Mechanics �Wiley, New
York, 2002�, Chap. 7.
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RESPONSE TO THE LETTER TO
THE EDITOR BY CARL E.
MUNGAN

With regard to the application of the
‘‘work-energy’’ theorem, I had written a
letter to the editor of AJP disparaging the
use of the theorem in introductory physics.
�C. Swartz, ‘‘Why use the work-energy
theorem?’’ Am. J. Phys. 72, 1145 �2004��,
Carl Mungan now responds with further
comments, and I will reply with a few ri-
postes. It seems to me that the controversy
spins around factors of pedagogy and em-
phasis on defining systems. I think that stu-
dents at high school or college level should
not be bothered with fine details of systems
until they make a formal study of them in
thermodynamics. By doing so we avoid
seeming paradoxes involving negative
work.
If a student pulls a block at a constant

speed, the student is doing work for which
he should be paid. The work (Fx) is
transformed into thermal energy, raising the
temperature of the block and the table. No
work is transformed into kinetic energy,
which remains constant. In thermodynamic
terms, W��U , and in a molecular model,
the internal thermal energy goes into the
kinetic and potential energy of the molecu-
lar structure.
When the student stops pulling the

block, it slows down and its kinetic energy
turns into thermal energy. One equals the
other; both are positive. The magnitude of
this energy is 1

2 mv2��F friction��x�. Note
that if we were to claim that this is negative
work and add it to the positive kinetic en-
ergy, the block would end up with zero

energy—but hotter. A student, so per-
suaded, should rush to the patent office.
If a ball falls toward Earth, its increasing

kinetic energy comes from the gravitational
energy of the Earth–ball system. That en-
ergy came from the student who raised the
ball in the first place. It was then stored in
the gravitational field. Beginning students
can understand the existence of gravita-
tional potential energy. After all, a few
months later in the standard course they
will be studying electric and magnetic
fields. To make fields tangible, let them
play with magnets or let them raise and
drop a ball.
When a student holds a chair, the twitch-

ing muscles do work pushing the chair up a
slight amount, storing the energy momen-
tarily in the gravitational field. Then the
chair sinks down a bit, and the student has
to push it up again. Alternatively, the stu-
dent can put the chair on a table and then
no further work need be done and no one
has to be paid.
There are good examples of this ap-

proach in Teaching Introductory Physics by
Swartz and Miner, published by Springer-
Verlag.
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FEYNMAN’S REVERSE
SPRINKLER

Alejandro Jenkins’ article on Feynman’s
reverse sprinkler is excellent.1 I assisted
Dick Feynman in his experiment described
on page 1280, and was the only person
present besides him. As Jenkins mentions,
Feynman never publicly revealed the re-
sults of this experiment. I was operating the
Princeton Cyclotron and Dick asked me for
space in the cyclotron room to run an ex-
periment he had designed to test his ‘‘re-
verse sprinkler,’’ and to assist him in some
details.
It was Saturday afternoon, no one else

was around, and I was delighted to help
him. He had built a small model of a lawn
sprinkler and had borrowed a 50-gallon
glass carboy from the Princeton chemistry
department. We placed the sprinkler in the
carboy, connected a 0.5-inch-diameter hose
from the bottom of the sprinkler to one hole
of a two-hole stopper, and to the laboratory
sink. The other hole was connected to a
source of high pressure air. We filled the
carboy with water to above the level of the
sprinkler, stoppered the carboy, and I
awaited Dick’s instructions to turn on the
air pressure. We watched the sprinkler as
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