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1. Introduction

T.S. Kuhn’s book Black-Body Theory and the Quantum Discontinuity, 1894-19121 (which I shall call, in short, BBT) has been important for two reasons. The first is a historical reason. Before BBT, Martin J. Klein’s thesis on the birth of quanta was commonly accepted, that is, the thesis that quanta made their first appearance in physics on December 14th, 1900, when Planck presented his derivation of distribution law for black body radiation to the German Physics Society. With BBT, this interpretation, so-called “standard”, is contrasted. The event of their birth is postponed of about five years and awarded to Einstein’s reinterpretation of the theoretical foundations of that law. The second is a historiographic reason. In BBT, Kuhn reinterprets the case of the birth of quanta, which is so relevant for the physics, without applying the concepts of paradigm and revolution. This is surprising. Nobody expected Kuhn to renounce to the conceptual scheme that he himself had considered necessary in The structure of scientific revolutions.2
Naturally, BBT had raised a debate to which Kuhn also took part. I intend to present here the principal arguments of this debate and its results, agreeing with Galison when he says “an understanding of how and when the quantum hypothesis was introduced should shed light on factors that were crucial in such a major change in foundations of physics.”3 For the sake of synthesis, I shall show a scheme of Kuhn’s and Klein’s different positions on these arguments because they represent the “champions” of the two opposed interpretations. I have deduced this scheme from BBT, published in 1978, and from Klein’s reaction to BBT published in 1979,4 analyzing the strong points of the respective historical readings.

2. The two interpretations

In the heading row of the table 1 (see next page) are listed three events and relative time periods or dates. The time interval going from 1897 to 1900 refers to Planck’s “conversion” phase to Boltzmann’s mathematics. The second, going from December 1900 to January 1901, refers to the “exceptional” phase, in which Planck announced and presented his derivation of the distribution formula of Black-Body. The year 1906 is the year of publication of the Lectures on the theory of thermal radiation, in which Planck reorganizes his works on Black-Body.
Let us now begin the comparison between the two historical interpretations, looking at the first time interval. Kuhn and Klein agree that Planck inherits Boltzmann’s statistics of Gas Theory. This concordance has synthetically been placed in the first column of the table. But here we would like to underline the different emphasis with which this fact has been presented by the two historians. Kuhn emphasizes it to the point that he sees the condition under which Planck’s entire intellectual development takes place. For Klein this fact is simply one aspect, even though very important, of Planck’s scientific itinerary. 
The most important event which characterizes the second period of our table is a paper, read on December 14th, 1900, where Planck considers energy as made of a finite number of equal parts.5

We must now give the distribution of the energy over the separate resonators of each group, first of all the distribution of energy E over the N resonators of frequency n. If E is considered to be a continuously divisible quantity, this distribution is possible in infinitely many ways. We consider, however - this is the most essential point of the whole calculation - E to be composed of a well-defined number of equal parts and use thereto the constant of nature h= 6,55x10-27 erg sec. This constant multiplied by the common frequency n of the resonators gives us the energy element e in erg, and dividing E by e we get the number P of energy elements which must be divided over the N resonators.

The traditional interpretation of the birth of quanta considers the first introduction of quanta intimately related to this use. Kuhn does not agree because, according to him, Planck was not ware of the newness that is attributed him. 

TABLE 1
ELEMENT OF ENERGY OR QUANTUM OF ENERGY?



Authors
1897-1900

Planck’s mathematics
1900-01

Planck, in his derivation of black-body law, says: “the most essential of the whole calculation” is the fact that “E (energy) is to be composed of a well defined number of equal parts”
1906

Planck publishes the book Lectures of the theory of thermal radiation
Kuhn
1978
inherited from Boltzmann’s Statistics
Planck should not be taken literally, his is only an artifice, Boltzmann’s inheritance;

Who takes him literally should then say that it was Boltzmann who made quantization.
Planck does not change his ideas of 1900-01. On the contrary he specifies: 
nhn£ e £ (n+1)hn
and not e = nhn
so he is referring to the continuum and not to the discrete: his theory is fully classical.
Klein
1979
inherited from Boltzmann’s Statistics
“The energy elements or quanta were an artifice but were nevertheless “the essential point” in introducing that new natural constant h, which he prized so highly from the very beginning.”

Quantization could not have been made by Boltzmann because he (in 1877) “carefully distinguished between his discrete model, introduced solely for pedagogical purposes, and the equations he intended to apply to a physical system; in these equations he always used the limiting form obtained when the energy element, or its equivalent, approaches zero” 
“Planck’s attempt to get around the discreteness that others were taking more seriously than he had intended.”

“Even if one were to accept Planck’s alternative interpretation, however, it would not make his theory “fully classical”. His final equation, the distribution law for radiation, does contain the energy element hv, and there is no getting around that nonclassical feature.”

For Kuhn this method of splitting-up energy is nothing else but a mathematical artifice inherited from Boltzmann and the expression “energy element” should not be read as “energy quantum” because Planck does not want to limit the resonator energy to a distinct set of values.6
Kuhn affirms that splitting-up total energy in finite parts does not mean “quantization”, if it were so, we should then say that quantization was made by Boltzmann himself7 Klein agrees with Kuhn that the energy elements can be considered as a mathematical stratagem as long as we admit that Planck was aware of the uniqueness of that artificial technique, a technique which Planck himself defines as “the essential point”8 of his derivation. Kuhn, in fact, tends to diminish the importance of this awareness underlying that even though that “essential point” constituted a “central aspect”9 which distinguished Planck from Boltzmann, it was not such as to produce “particular comments” on behalf of the author, and this until 1906.10 According to Kuhn, his thinking was concentrated on h,11 the new natural constant which he introduced in the derivation of the distribution formula. In other words, Kuhn’s thesis is that Planck was proud of the discovery of h and not of the quantization.
This principal attention to h as a new natural constant, replies Klein, must not be used against Planck, as Kuhn does, but in his favor. According to Klein, Planck put effort in well understanding what the constant he had found was, and to put it into relation with the other natural constants, as for example, with the newly discovered electron charge.12 This kept him from giving importance to the quantum, which depended on h.
In reference to Boltzmann’s methods, moreover, Klein replies saying that quantization could not be made by Boltzmann because in 1877, when he set forth his combinatorial method, he “carefully distinguished his discrete model which he had introduced for teaching purposes only, from the equations which he meant to apply to the physical systems”. Klein underlines that “in these equations he (Boltzmann) always used the limiting form obtained when the energy element, or its equivalent, approaches zero.”13 Klein invites us to conclude that if Planck had exactly followed Boltzmann’s procedure, as Kuhn states, he would then have had to send the energy element to zero.
If Planck did not do it, it means that he was fully aware of the necessity of a different usage, in that case, of Boltzmann’s mathematical technique.
Let us consider, finally, the last column of the table, that is 1906, the year of publication of Planck’s book Lectures on the theory of thermal radiation. In this book the writings on black body, produced by Planck from 1894 onward, have been by himself gathered and organized. We should pay a particular attention to this book for the historiographic usage Kuhn makes of it. In the introduction to BBT, in fact, he presents it in the following decisive terms: “only after having studied Planck’s exhaustively treated theory in Lectures, 1906, I was able to realize that I could then correctly read his first articles on the quantum and that these articles did not postulate or imply the discontinuity of the quantum.”14
So, by rereading, in a retrospective way, all the articles on black body, Kuhn uses the Lectures as an instrument of control of Planck’s real convictions. This comparison brings him to the conclusion that “still in 1906, that is, when Planck published his first complete and perfected report on his heat radiation theory, that theory still included all the main elements already developed in the research program he had carried on from 1894 up to all of 1901. Furthermore, these appeared in his text almost in the same order and in a way as to serve the purposes for which they had initially been developed.”15 In other words, affirms Kuhn, if in his Lectures Planck exposed his theory in a completely parallel way to his previous versions he, meanwhile, had not become more aware of the disruptive novelty of quantization16. If he had been aware of it, says moreover Kuhn, the sole hypothesis of quanta should have restructured his work.
But the strongest arguments of Kuhn’s thesis are some specifications that Planck adds in the Lectures and that did not appear in the 1900-01 articles. Kuhn affirms that only the omission of similar specifications in the first articles made it difficult to understand what Planck really had in mind17 at that time. For Kuhn, the “essential clarification”18 presented by Planck in 1906 is that he intended nhn £ e £ (n+1) hn and not e = nhn, as is supported by “standard” interpretation. That is, in 1906 Planck was far from considering the quantization of energy as a hypothesis of his theory. And if this was true in 1906, it could not be otherwise for Kuhn in 1900-01: Planck’s deduction of the distribution law of black body, concludes Kuhn, had been “fully classical.”19 
According to Klein: “What Kuhn calls the “essential clarification” added to the arguments in Planck’s Wärmestrahlung may well have been Planck’s attempt to get around the discreteness that others were taking more seriously than he had intended.”20 “Even if one were to accept Planck’s alternative interpretation”, Klein replies, “however, it would not make his theory “fully classical”. His final equation, the distribution law for radiation, does contain the energy element hn , and there is not getting around that nonclassical feature.”21

3. Planck’s readers

Let us now turn to another problem of the controversy. Did Planck’s first readers notice quantization or not ? The answer to this question is important because it is a sort of spontaneous testimony, we could say objective, given by Planck’s contemporaries and depending neither from the Planck’s logical coherence hypothesis, which is at the bases of Kuhn’s interpretation, nor from the doubt of such coherence, suggested by Klein.22
Unfortunately, not even this finds Kuhn and Klein in agreement. In fact, while Kuhn affirms that the first witnesses to these events did not see any quantization, Klein affirms the opposite. We have synthetically indicated this contrast in the second column of the table 2.

TABLE 2
PLANCK’S FIRST READERS

Authors
Planck’s first readers
1901-1906
Lorentz (1903)
Ehrenfest (1905 and 1906)
Einstein
1. Light quanta (1905)
2. Reinterpretation of theoretical foundations of Planck (1906)
Kuhn
1978
Substantially prove that there has been no quantization
Lorentz is misled by Planck
Ehrenfest is influenced by Lorentz
Einstein announces (1906) the birth of quanta independently from Planck
1.Planck’s radiation entropy does not behave the same way as that of the waves but like that of the particles, 
2. the necessity of whole multiples of hv
Klein
1979
They prove instead that quantization has been understood.
Lorentz writes of “finite portions” of energy.
Ehrenfest refers of Planck’s hypothesis of “energy particles” or “energy atoms”.
Einstein could not have been independent from Planck because he was his main reader. It is not clear why, according to Kuhn, quanta had to be born in 1906 and not in 1905.

Let us consider the testimonial value of the interpretations of Planck’s articles by Lorentz in 1903 and by Ehrenfest in 1905, in the second column of the table. For Kuhn, they were “non-standard”23 readings because they considered a quantization which had already taken place, contrary to what was meanwhile being perceived from the reviews of Planck’s articles published oh the German and English Scientific magazines. In these magazines, specifies Kuhn, Planck’s works were “simply treated as if they were further developing the type of research which he (Planck) had been referring to since 1895.”24
Once having tried to bring back Lorentz’s position among the “normal” ones, Kuhn wants to convince the reader that the same fate belongs, implicitly, to Ehrenfest’s position, for the simple fact the latter was his follower. But Kuhn must admit that the two scientists (or at least one of them) had seen in Planck’s articles the “substance”, we could say, of quantization.25
Obviously, for Klein, neither Lorentz’s words nor Ehrenfest’s are anomalous: “Lorentz wrote in 1903 about Planck’s use of “a certain number of finite portions” of energy. I see this as Lorentz’s recognition of what Planck had done in his papers of 1900 and 1901. To maintain his position, however, Kuhn is obliged to say that Lorentz must have been “following Planck’s misleading discussion” of his own theory. Ehrenfest, in two analyses of Planck’s work published in 1905 and 1906, referred to Planck’s hypothesis of “energy particle” or the “energy atoms” and recognized that this hypothesis was “obviously meant to be taken only formally”. Faced with this second “non-standard” reading of Planck, as he calls it, Kuhn attributes it to Lorentz’s influence on Ehrenfest.”26 According to Klein, the picture of Ehrenfest that Kuhn gives us, which is of a pupil who has been influenced by his teacher, is not at all acceptable. On the contrary, for him who was his biographer, Ehrenfest is “the most critical physicist of his generation.”27 
Let us now look at the forth column of the table, in which we have placed Einstein and his articles on light quanta of 1905 and on the reinterpretation of Planck’s theoretical basis of 1906. It was Einstein, in March 1906,28 who announced the birth of the quantum theory,29 says Kuhn and on this convictions he builds the conclusive part of his thesis. Klein is of a different opinion. He first of all underlines that Einstein was “Planck’s most important reader,”30 and for this reason, it is difficult to show in such a clear way, as Kuhn does, his independence in his research program from Planck’s works. Then, he polemically adds, if we were to attribute quantization to Einstein it would be more correct to do it in reference to light quanta (“that ‘very revolutionary’ idea of his own”),31 which he introduced in 1905, rather than for the article of the following year. In short, Klein says that what should be noted in Einstein’s article, in which Kuhn sees the birth of the quanta theory, is only an analysis of the theoretical basis of Planck’s radiation theory. An analysis – underlines Klein – which brings his author to a clarification of the implicit assumptions in such a theory and not to a new theory.32

4. Conclusions
At the end of this comparison we show another synthetic table containing the original quotations of the historians considered. In it, except for Klein’s and Kuhn’s convictions already examined, we do not find precise positions nor sentences in favor of one or the other.

TABLE 3

AUTHOR
WORK
BIRTH OF QUANTA (ORIGINAL QUOTATIONS)
KLEIN 1962
Max Planck and the beginnings of the Quantum Theory
On December 14th 1900, Max Planck presented his distribution law for black-body radiation to the German Physics Society, and the concept of energy quanta made its first appearance in physics.33
KANGRO 1972
Planck’s original papers in Quantum Physics
In the years 1900 and 1901 Planck still had no concept of an essentially new hypothesis, later known as the quantum hypothesis.34
BELLONE 1973
The models and the concept of the world from Laplace to Bohr
The micro-phenomena and Boltzmann’s quanta.35
KUHN 1978
Black-body theory and the quantum discontinuity,
1894-1912
The concept of discrete energy of the resonator played no role in Planck’s thinking since after having written the Lectures (1906).
The concepts of light particles and resonators limited to the nhv energy entered physics with Einstein’s articles of 1905 and 1906.36
KLEIN 1979
Paradigm lost?
Planck never emphasized the quanta in his papers of 1900-01, expecting that h would eventually be derived in some more basic ways very likely from the electron theory.37
BERGIA 1981
Statistical Thermodynamics and the Thermal Equilibrium Law for Photons
We would not commit ourselves to any of the two theses, whether it was energy quanta or just h that he (Planck) considered the really new assumption.38
GALISON 1981
Kuhn and the Quantum Controversy
I would like to suggest a third interpretation, drawing on both Kuhn’s and Klein’s works.
In 1900-01 the question of the continuum vs. discreteness as such, which for us is of such overwhelming interest, was entirely peripheral to Planck’s other concern. (This was not true for everyone. Ernst Mach, for instance, was interested in this problem).
I am not sure if it is meaningful to say that Planck was doing either ‘classical’ or ‘quantum’ physics.39
KUHN 1984
Revisiting Planck
Planck was following Boltzmann closely...
For Boltzmann the precise size of e made no difference...Planck’s derivation, in contrast, required that the cell size be proportional to oscillator frequency.
With respect to energy, Planck’s oscillators (he called resonators) were like Boltzmann’s molecules.
Planck failed to notice that his arguments were valid only for frequencies such as hv “ kT. But that failure was standard at the time. Boltzmann, whom Planck was following, had overlooked the equivalent approximation in his derivation.40
TAGLIAFERRI
1985
Storia della Fisica Quantistica
Planck’s presentation of his black-body law at the meeting of the German Physics Society on December 14th, 1900, seems today, and with good reasons, having represented the moment of birth of quanta physics: however the event did not arise any sensation at the time, and Planck himself was far from realizing the entity of it.41

It is as if Kuhn’s intervention, with BBT, somehow mitigated the certainties of the traditional interpretation, but did not have the strength to convert historians to his thesis. Significant in this sense are Bergia’s and Tagliaferri’s reactions. The historian who, instead, tends to reduce the entity of the difference between Klein’s and Kuhn’s interpretation is Galison. He maintains, in fact, that they have more points in common that it seems, except of course for the quanta birthdate.
They both agree that Planck was surely not aware of all the consequences resulting from Boltzmann’s work. So Galison’s suggestion is to interpolate Klein’s and Kuhn’s works, which reveal themselves wide apart only for localized contrasts, having the good sense to eliminate the historiographic problem of defining what Planck did as classical or not classical. Galison’s suggestion derives from the observation that Planck was not among those who critically considered the question of continuum and discrete as for example did Mach in that period. Therefore, according to Galison, it does not make much sense today to read history based on categories which were only “peripheral” to the ideas of his main interpreter. For us, however, this conciliating solution does not capture the novelty that BBT has objectively brought both on the historical level, by putting in doubt the quanta birthdate which seemed obvious, and on the historiographical level, by forcing his author to give up his interpretative categories.
If it is true that Galison’s solution reconciles the two historians, it is also true that it eliminates the real nucleus of the question: is it mathematics which gives consistency to the historical change of classical physics to the non classical ? By putting the mathematical question in second place it is obvious that the dispute calms down. For us, however, this cannot be. We affirm it because we have investigated on Kuhn’s giving up paradigm.42 Kuhn was faced with the problem of which paradigm would have explained the “continuity” of Planck’s work, if the birth of quanta had not been a revolution, and the problem of which paradigms would have explained the discontinuity of Planck’s work, if the same event had actually been a revolution. One way or the other the paradigm should have been based on the mathematics of the continuum and of the discrete.
But Kuhn’s concept of paradigm was not able to explain this type of situation, nor was it ever experimented in “mathematical” revolutions. So, in Planck’s case it was put aside by its own supporter. Nevertheless Kuhn, in BBT, does not avoid the mathematical questions connected with Boltzmann’s concepts used by Planck, nor does he ignore the technical aspects of mathematics so as to facilitate the reading to a non physicist reader. Kuhn’s real difficulty derives from the imprecise nature of his concept of paradigm.43 If he had possessed a concept able to indicate the fundamental mathematical choices, which every scientific theory must make the moment it is conceived, his interpretative scheme paradigm-revolution could have also been used in the case of the birth of quanta. Instead he had to limit himself to the simple narration of the facts, attention, to a narration further entangled for not pointing out the finite aspects of Boltzmann’s mathematics who, if we consider his influence on Planck, Ehrenfest and Einstein, is then the real protagonist of the entire story.
Speaking of Boltzmann, examining his contribution to the birth of quanta outside of the Kuhn–Klein contrast, we are surprised by the consideration made by Bellone, in a study which precedes BBT by five years. In fact, he clearly speaks of Boltzmann’s “quanta”.
Bellone presents them as a mathematical technique independent from physics but, at the same time, dependent from his author’s conception of nature. Therefore we can affirm that Boltzmann’s “quanta” are an artifice but not a whim and that Planck first and Einstein later inherit with Boltzmann’s mathematics the finite concept of quanta, which constitutes the substance of those “quanta”. On the other hand, even if we are not sure of the birth of quanta in physics, we believe that it is legitimate to say that they surely existed in physics before existing as a problem.
But let us go back to Kuhn. Once the paradigm-revolution scheme failed what other way out could he have? Since that scheme was structured on classical mechanics,44 that is: normal sciences (constant velocities) dominated by paradigms (forces = 0) and revolutions (accelerations) caused by anomalies (forces ¹ 0), Kuhn could have searched for another scheme in a physical theory belonging to the scientific tradition contrary to that of mechanics, for example in thermodynamics.
The “implicit” role Kuhn speaks about, in relation to Planck’s behavior in the birth of quanta, could have had an interpretation, as for example the contemporary presence of different phases of a substance in the thermodynamic processes of state changes.45 But this solution would have imposed a new historiographic model and, consequently, the radical debate of the preceding one.
Kuhn, instead, made an apparently painless choice, that of reducing BBT to the simple narration of the events, without indicating how to interpret them, assuming the ambiguous position of a traditional historian of science since being also a philosopher of it constitutes objectively for everybody a problem.
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