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In the last forty years a vast scholarship has been dedicated to the reconstruction of Planck’s theory of
black-body radiation and to the historical meaning of quantization. Since the introduction of quanta took
place for combinatorial reasons, Planck’s understanding of statistics must have played an important role. In
the first part of this paper, I sum up the main theses concerning the status of the quantum and compare the
arguments supporting them. In the second part, I investigate Planck’s usage of statistical methods and the
relation to Boltzmann’s analogous procedure. I will argue that this way of attacking the problem is able to
give us some interesting insights both on the theses stated by the historians and on the general meaning of
Planck’s theory.
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1 Introduction: A vexed problem

In his epoch-making paper of December 1900 on blackbody radiation, [35, 40, pp. 698–706] for the first
time Max Planck (1858–1947) made use of combinatorial arguments. Although it was a difficult step to
take, a real “act of desperation” as he would later call it, Planck pondered it deeply and never regretted
it. As he wrote to Max von Laue (1879–1960) on 22 March 1934: “My maxim is always this: consider
every step carefully in advance, but then, if you believe you can take responsibility for it, let nothing stop
you.” [17, p. 5].

The difficulty involved in this step was the adoption of a way of reasoning that Planck had been opposing
for a long time: Ludwig Boltzmann’s (1844–1906) statistical approach. However, Planck’s application of
statistics to the particular problem of finding the spectral distribution of cavity radiation seems to bear only
partial resemblance to Boltzmann’s original arguments and the opinions of the scholars are split about the
interpretation of the relation between Planck’s and Boltzmann’s procedure.

For discussion’s sake, I sort out three basic kinds of outlooks, which I term the discontinuity thesis,
the continuity thesis and the weak thesis. According to the discontinuity thesis Planck worked from the
very beginning with discrete elements of energy. As early as 1962, Martin Klein, in a series of seminal
papers [23–26], argued explicitly that in December 1900 Planck introduced the quantization of energy
even though he might have not been perfectly aware of the consequences. In recent years, Res Jost has
polemically endorsed Klein’s classical thesis [19, 28].

A different outlook emerged in 1978 when Thomas Kuhn [27, 30, 31] claimed that in December 1900
Planck was thinking in terms of continuous energy and that the elements were merely a ‘shortcut’ for
continuous distribution over energy (or phase space) cells. For Kuhn, the discontinuity entered physics as
late as 1905–1906 through the work of Paul Ehrenfest (1880–1933) and Albert Einstein (1879–1955). I
will call this claim the continuity thesis. Both the discontinuity and the continuity thesis argue, in opposite
directions, that Planck was definitely committed on the reality of quantum. In a sense also Olivier Darrigol
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[9, 10] can be numbered among the upholders of the continuity thesis, even though his position points less
straightforwardly to a clear commitment [11, 12].

Recently, the advocates of the weak thesis have claimed that this ascription of commitment is unjustified
because Planck restrained himself from taking a clear stand on the status of quantum. The reasons for this
absence of decision might be different. Allan Needell, for instance, has convincingly argued that the issue
was simply out of the range of Planck’s interests. The exact behavior of the resonator belongs to a domain of
phenomena, namely the micro-phenomena, which Planck was unwilling to investigate. Hence, the question
whether the resonator absorbs and emits continuously or discontinuously was irrelevant in Planck’s general
approach [33].

A similar contention is shared by Peter Galison [14] who maintains that, in general, it is not wise to
ascribe strong commitments to scientists working in a period of scientific crisis. More recently, Clayton
Gearhart [16] has suggested another option for the supporters of the weak thesis, holding that, even if
interested in the issue of the quantization of energy, for various reasons Planck was unable or unwilling to
take a plain position in his printed writings while “he was often more open in discussing their implication
in his correspondence” [16, p. 192]. For Gearhart what Planck lacked was a concluding argument to make
up his mind in one way or the other. Similarly, Elizabeth Garber [15] stressed some ambiguities in Planck’s
work when she claimed that his theory escaped the pivotal point: the mechanism of interaction between
matter and radiation.

Most significantly, these scholars changed the direction of the debate by claiming that the ‘did he or
didn’t he’ question is not the important one. The arguments they brought in order to dismiss the continu-
ity/discontinuity dichotomy eventually suggested new and more fruitful issues.

In this long debate the statistical arguments have played a central role. Literally interpreted, Planck’s
statements in December 1900 seem to suggest a counting procedure that introduces discontinuous energy
elements. In fact, one of Klein’s main arguments consists in showing how remarkably Planck’s use of
combinatorials diverges from Boltzmann’s and in hinting that this is the mark of the quantization of energy
[23].

On the contrary, both Kuhn and Darrigol endeavored to show that the dissimilarities are only superfi-
cial or irrelevant. In particular, Kuhn argued that Planck’s counting procedure is perfectly consistent with
Boltzmann’s interpretation based on energy cells and that we need not take Planck’s statements too liter-
ally and instead must read them in the close historical context of his research program. He found that a
discontinuous view of energy was too drastic a step to be justified by a statistical argument only.

This paper aims to contribute to these discussions by analyzing Planck’s use and interpretation of statis-
tics. I argue that a deep investigation of this particular issue provides new insights and support to the weak
thesis. The argument is articulated in two steps. First I discuss in detail some technical aspects of Planck’s
statistics and conclude that (1) statistical formalism can be physically interpreted in different ways and (2)
Planck followed Boltzmann’s original procedure as close as possible. Even though both these conclusions
were implicit in Kuhn’s analysis, my argument takes a different direction.

For they do not entail the continuity thesis as Kuhn argues. Instead, I suggest that precisely in the
neutrality of the formalism Planck saw the major advantage of the new approach. Indeed, he could easily
integrate the combinatorial formalism in his overall project of deriving the radiation law without hypotheses
on the interaction between matter and radiation just because this formalism does not demand any specific
assumption on the micro-process at work during the energy exchange. Thus Planck’s uncommitted position
resulted from the interplay between the formal features of statistical arguments and his general attitude
toward statistics.

In the second part I provide some arguments to endorse this reading. In particular I look at the way in
which Planck interpreted the role of statistical considerations in physics and I compare this interpretation
to Boltzmann’s position on the same issue. The analysis shows that, contrary to Boltzmann, Planck did not
consider statistical arguments as effective tools to explore the micro-world.
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