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It is well known that Einstein considered his 1905
paper on light quanta as a “very revolutionary” contri-
bution to physics, as he wrote in May of that year to his
best friend Conrad Habicht'. Although one might
think that everything has been said about Einstein's
conception of light quanta?, I would like here to ana-
lyze the evolution of Einstein’s thought on the struc-
ture of radiation from the point of view of the formal
analogies he used to “see”, so to speak, through the
“black box” of Planck’s blackbody radiation law. These
changes of formal points of view are most of the time
taken for granted or passed over in silence as if they
had no special significance. As we will see, approa-
ching the question from the angle of the specific mathe-
matical tools, namely entropy calculations, used by
Einstein in his paper suggests an answer to an intri-
guing question that has never really been raised: Why
did Einstein first limit himself to Wien's approxima-
tion, instead of working directly with Planck’s equation
for the full spectrum of blackbody radiation*? As he
was trying to get a hand on the structure of radiation,
he knew perfectly in 1905 that the results he obtained
using Wien's law for the distribution of radiation den-
sity p in terms of frequency v and temperature T :
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could only be an approxnmatlon and thus served only
not strictly valid” but
“fully confirmed by expenment for large values of
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and obtain more than a “heuristic” view of the
ture of radiation?
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It has been suggested that in 1905, Einstein did not
trust Planck’s equation because its foundations were
not secure®. This is no doubt true but we must distin-
guish between the empirical validity of the law, rela-
tively well established in 1905, and the understanding
of its theoretical foundation. Einstein’s problem with
Planck’s law concerned its foundations, not its empi-
rical validity’. As much as he knew that Wien's law did
not apply generally, there is no reason to think he
could not accept the empirical validity of Planck’s law
and use it to make calculations as he did with Wien's
law. Thus, the lack of trust in Planck’s equation is
probably not the main reason that led Einstein to limit
himself to Wien’s approximation in his 1905 paper.

I think the reason for choosing Wien's law lies in the
formal tools he was using at the time, namely entropy
calculations based on Boltzmann’s equation, which
were not well suited for “seeing” the hidden structure
of Planck’s equation. Thus one should search the
answer to our question in the nature of the “prism”
through which Einstein was trying to “probe” the
structure of blackbody radiation. As we will see, the
major tools he used was the entropy equation stem-
ming from his knowledge of thermodynamics and sta-
tistical mechanics, a branch of physics to which he
contributed major papers between 1901 and 1904. As
the historian Martin Klein noted many years ago, all
of Einstein’s most original ideas are “intimately related
to his understanding of thermodynamics” .

Einstein’s work thus provides a nice example of the

fact that the very choice of mathematical formalisms
ab,dthe formal a.nalogles they may suggest can play a




he explained the photoelectric effect, it is likely that he
first played with Planck’s equation but got no insight
into it using his entropy approach, while he found that
in Wien's approximation, the calculation of entropy
led to a nice formula:

(4)  S-8,=kIn(V/V,)*"™

for the variation of entropy of radiation contained in a
sub-volume V of the total volume V_. Having
obtained this form, he immediately remarked that
“this equation shows that the entropy of a monochro-
matic radiation of sufficiently low density varies with
the volume according to the same law as the entropy
for an ideal gas or that of a dilute solution®”. He
derived this equation for a collection of independent
particles submitted to the same change in volume and
obtained:

(5)  S-S,=kIn(V/V,).

It is the formal analogy that makes visible the structure of
radiation, which Einstein was looking for. Equations
(4) and (5), combined with the fact that the argument
of their logarithm is the expression of the probability of
finding all radiation (or  particles) in
volume V, led him to the conclusion that “monochro-
matic radiation of low density (within the range of
validity of Wien's radiation formula) behaves thermo-
dynamically as if it consisted of mutually independent
energy quanta of magnitude [#v]"”. Based on this formal
analogy, he thus made the bold step of equating the
exponents of both equations to get the famous equation:
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Far from being a valid deduction, this equation could

only be suggested by the formal identity of the entro]gy‘ ticy

equations.

The problem with Qquaﬁoni (6) and the “particle

interpretation of radiation is of course that it does not
apply generally since the true equation empirically
tested was Planck’s and not Wien's. Einstein was con-

scious of this limitation and explained his views in a
letter to Lorentz written in May 1909

“As far as the light quanta are concerned, it
seems that I did not express myself clearly. For
I am not at all of the opinion that light has to be
thought of as being composed of mutually inde-
pendent quanta localized in relatively small
spaces. To be sure, this would be the most con-
venient way to explain the Wien end of the radi-
ation formula. But the splitting of light rays on
the surface of refracting media makes already
this approach absolutely inadmissible. A light
ray splits, but a quantum cannot split without a
change of frequency”.

Interestingly, he wrote these lines just a few months
after having published a paper “On the Present Status
of the Radiation Problem” in which he had in fact ana-
lyzed Planck’s formula but from a new angle, namely
energy fluctuations instead of Boltzmann's equation.
And much later, in 1925, he would again use calcula-
tions of energy fluctuation to confirm the dual nature
of matter (particle and wave) first proposed by Louis
de Broglie and predict what would become known at
Bose-Einstein condensation. But we have no place
here to develop these questions.

In all the cases mentioned above, we see in action one
aspect of Einstein’s way of doing physics which is not
often enough emphasized: his unique capacity to take
seriously formal analogies between different systems.
Had Emstpm not been the expert he was in statlstxca.l
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