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For example, I wonder whether 
a particular physical process with
which I have much experience quali-
fies as such a rare gift. The cesium
vapor arc, essential for practical
thermionic energy conversion, de-
pends crucially on electron trapping
in the plasma as the mechanism for
space-charge neutralization just as
electron trapping was required for
space-charge neutralization in the
calutron. It also requires the trap-
ping of excitation radiation in the
plasma so that the cesium vapor
ionizes efficiently, which allows the
dense plasma to be maintained with
only a 0.5-volt arc potential drop
even though the ionization potential
of cesium is 3.9 volts.1 Furthermore,
the cesium vapor also adsorbs on the
electrodes to increase electron emis-
sion 10 000-fold and to give a very
low work function that provides
more than enough potential differ-
ence to maintain the arc.2

These multiple and remarkable
phenomena combined to give much
higher performance than expected
for energy conversion, as space-
charge neutralization alone gave for
the calutron. Does this qualify the
cesium vapor arc as a gift of Nature?
If not, what specifically does qualify
those few physical processes that do?
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William Parkins says “the operat-
ing company [for the Manhat-

tan Project] was set up as a division
of Eastman Kodak called Tennessee
Eastman.” That statement implies
(inadvertently perhaps) that Ten-
nessee Eastman was established as
the operating company of the Man-
hattan Project.

Tennessee Eastman was actually
established in 1920 by George East-
man to produce chemicals for East-
man Kodak’s film and paper manu-
facturing operations in Rochester,
New York. I suspect that Tennessee
Eastman was chosen to be the oper-
ating company because it was an 
established local chemical manufac-
turing company with the necessary
managerial infrastructure in place. 
A more accurate statement might
have been, “The operating company
was set up as a division of Tennessee
Eastman, a subsidiary of Eastman
Kodak.”

When I arrived at Kodak in 1951
with a newly minted degree in
physics, a number of my fellow work-
ers and some of my bosses had begun
their Kodak careers at Oak Ridge.

Woodlief Thomas Jr.
(Merriwood@aol.com)

Naples, New York

Parkins replies: Henry F. Ivey
asserts that the pinch effect in

electron beams due to residual gas
ionization was well known to many
researchers including us at Cornell
University. He states that it differs
only in the trivial change of polarity,

but there are other significant 
differences:
� The pinch effect is localized.
� It contains many small fields.
� A mass spectrometer cannot toler-
ate even slight space-charge repulsion.
� In the calutron’s final design, the
entire tank fills with a uniform
equipotential plasma except for a
thin sheath only a few volts positive
relative to the tank wall.

This surprising natural process
was totally unexpected. The Japanese
gave up on even trying mass spectro-
metry, as did the Germans, because
they did not believe that the space-

Albert Einstein to Hedi and Max Born
Translated by Irene Born Newton-John; closing comment by Max Born.1

This letter antedates by a year or two the “new” quantum mechan-
ics of Werner Heisenberg, Max Born, Pasqual Jordan, and Erwin

Schrödinger. Einstein begins with a response to a letter about Japan by Born’s wife,
Hedi—a letter that has since been lost. But then, as he would for the next 30 years,
Einstein launches into his differences with Max on the interpretation of quantum
phenomena. If atomic phenomena are truly random, he grumbles, he’d rather be a
croupier.

Berlin, 29 April 1924

Dear Borns,

Your letter, dear Mrs. Born, was really excellent. Indeed, what causes the
sense of well-being inspired by Japanese society and art is that the individual is
so harmoniously integrated into his wider environment that he derives his expe-
riences not from the self, but mainly from the community. Each of us longed for
this when we were young, but we had to resign ourselves to its impossibility. For,
of all the communities available to us there is not one I would want to devote
myself to, except for the society of the true searchers, which has very few living
members at any time.

. . . Bohr’s opinion about radiation is of great interest. But I should not want
to be forced into abandoning strict causality without defending it more strongly
than I have so far. I find the idea quite intolerable that an electron exposed to ra-
diation should choose, of its own free will, not only its moment to jump off, but
also its direction. In that case, I would rather be a cobbler, or even an employee
in a gaming house, than a physicist. Certainly my attempts to give tangible form
to the quanta have foundered again and again, but I am far from giving up hope.
And even if it never works, there is always that consolation that this lack of suc-
cess is entirely mine.

. . . With best wishes.

Yours
Einstein

. . . Your pretty remark [Mrs. Born, about subject unknown] makes me want to
stroke your head, if that is at all permissible in the case of a married lady.

Max Born’s 1969 comments:1 The letter from my wife to which Einstein replied
is missing. The basic reason for the dispute between [Einstein and me] on the va-
lidity of statistical laws was as follows: Einstein was firmly convinced that physics
can supply us with knowledge of the objectively existing world. Together with
many other physicists, I have been gradually converted, as a result of experiences
in the field of atomic quantum phenomena, to the point of view that this is not
so. At any given moment, our knowledge of the objective world is only a crude
approximation from which, by applying certain rules such as the probability laws
of quantum mechanics, we can predict unknown (e.g. future) conditions.
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charge fields, even minor ones, could
be overcome. Ernest Lawrence and his
small team at Berkeley had no idea of
this phenomenon. They were sur-
prised, and Lawrence enthusiastically
welcomed our research and invited us
to Berkeley. This was no pinch that
created partial ionization in a limited
region; this was total homogeneous
plasma but, as stated in box 2 of my
article, apparently perfect and with 
no upper limit on beam intensity.

The calutron succeeded in pro-
ducing the fissionable material for
the Hiroshima bomb during World
War II. The same apparatus has
been used to manufacture isotopes 
of great benefit to science, technol-
ogy, industry, and medicine.

Ned Rasor’s letter displays a
grand vista of natural processes,
which all must have at least two co-
operating steps that lead to a benefi-
cial result. As implied in box 2 of my
article, there are countless millions of
natural processes in the life sciences,
particularly in biology, and only a
handful in the physical sciences. Evo-
lution created the discrepancy. A few
natural processes over which hu-
mankind has no control include mag-
netopause, the ozone layer, favorable

winds, ocean gyres, the precipitation
cycle, and fusion within the Sun.

Nature may also be capable of
creating and sustaining physical
processes that can be initiated and
sustained by humans. Those are a
limited number of countable
processes that include automatic
neutralization in the calutron and
electric discharges such as cold cath-
odes, arcs, and the elegant example
Rasor describes. Physical scientists
as well as life scientists may find
this great discrepancy between the
two fields a challenging problem.

Woodlief Thomas Jr says that the
Tennessee Eastman branch of East-
man Kodak was chosen to manage
the Manhattan Project. However,
that branch’s only assignment was
managing the electromagnetic Y-12
plant. With this one modification,
Thomas’s statement at the end of his
letter is entirely correct.

William Parkins
Woodland Hills, California

[Editor’s Note: After a period of fail-
ing health, Bill Parkins died on
30 September 2005. We are honored
that, as his daughter told us, he was
driven in his last days to complete
this reply for our readers.]

Charge to the 
Astro Brigade
The Search and Discovery story on

page 19 of the March 2005 issue
of PHYSICS TODAY opens with the
statement “Cosmologists believe that
half of all ordinary matter in the
present epoch is hidden as a web of
highly ionized intergalactic gas.”

An ionized gas is plasma, yet I
could not find the word “plasma” any-
where in the story. As a member of the
American Physical Society’s division of
plasma physics and an alumnus of the
Princeton University Plasma Physics
Laboratory, founded by astrophysicist
Lyman Spitzer Jr, I am constantly be-
mused by the astrophysical commu-
nity’s refusal to acknowledge the
“fourth state of matter.”

Since Spitzer’s day the fields of as-
trophysics and plasma physics seem to
have drifted apart, to the detriment of
both. A first step in bringing them
closer would be for astrophysicists to
refrain from using the word “gas” un-
less they are convinced that the ion-
ization is negligible.

Robert L. Dewar
(robert.dewar@anu.edu.au)

Australian National University
Canberra �




