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The article describes the context and content of the November
1925 correspondence — so far overlooked by historians
of physics — between Wladystaw (Ladislas) Natanson and Alfred
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Wtadystaw Natanson i Alfred Landé
a prawo Plancka, statystyka
Boltzmanna-Plancka-Natansona
oraz statystyka Bosego

Abstrakt

Artykul opisuje kontekst i tre§¢ przeoczonej dotad przez
historykéw fizyki korespondencji z listopada 1925 roku na
temat prawa Plancka i statystyki Bosego pomigdzy Wiadystawem
Natansonem, a Alfredem Landé i konsekwencje tej korespondencii.
W artykule publikowane sa po raz pierwszy transkrypcje
dwoch oryginalnych listow w jezyku niemieckim i ich tluma-
czenia na jezyk angielski.
Stowa kluczowe: W/adystaw Natanson, Ladislas Natanson, Alfred Lande,
prawo Plancka, metoda statystyczna Boltzmanna, statystyka Boltzmanna,

statystyka Boltzmanna-Plancka-Natansona, statystyka Bosego, statystyka
Boltzmanna-Plancka-Natansona-Bosego.

1. Introduction

So far, in the works of historians of physics, it is impossible to find
information whether Wladystaw Natanson ever reacted to the publi-
cation of two articles by Satyendra Nath Bose (1924a; 1924b) on
Planck’s law or Planck statistics.!

' See e.g. Whithaker 1953; Jammer 1966, p. 51; Hund 1967 (translations: 1974,
1975, 1980); Mehra 1975; Sredniawa 1985, pp- 89-90; 2000, pp. 454—455; 1996/2006;
Lange 1992a; 1992b, p. 132; 1997; Wali 2006; Konieczny 2011; 2012; Nagasawa 2018,
p. 412; Saunders 2020; Spatek 2005a, p. 15 / 2005b, p. 152; 2020; Badino 2021.

This issue has not been analyzed in the currently most extensive work on the re-

ception of Natanson’s achievements concerning the so-called Bose-Einstein statistics
(Kokowski 2019). It mentions, however, that on November 18, 1925, Alfred Landé
sent a letter from Tibingen to Wladystaw Natanson (Landé¢ 1925 (archival documens).
Walther Gerlach and Alfred Landé in 1926 quoted Natanson’s article from 1911 in the
German version (Kokowski 2019, p. 379) and that Natanson himself, in his article
“O promieniowaniu” (“On radiation”) (2™ version) published in the book Oblicze
natury: odexyty, premiwienia i szkice (The Face of Nature: Readings, Speeches and Sketches)
(pp. 125-151) was silent about Bose’s article for a prosaic reason, namely because this
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On the other hand, it is known from such studies that Alfred
Landé (1888-1976) played a role in explaining the new description
of electromagnetic radiation in 1925-1926. He did this through four
publications on light quanta (Landé 1925; 1926a; 1926b; Landé, Gerlach
1926) and his correspondence with Erwin Schrédinger, about which
Albert Einstein was also informed.

Fig. 1. Wtadystaw Natanson, circa 1910. Fig 2. Alfred Landé ca. 1940 (by unknown

Source: Majkowska, Fiatek (eds.) 2009, author — Aus dem Privatbesitz der Familie
illustration 14. Landé, Public Domain). Source: https://

commons.wikimedia.org/w/index.
phpPeurid=17990743.

The purpose of this article, on the basis of the preserved sources
and their interpretation in the light of the methodology of the history

book had appeared before the publication of Bose’s article (Kokowski 2019, p. 342).
After additional research, the article author was able to establish beyond any doubt
that Natason’s book was published before April 14, 1924, because on April 14, 1924,
it had already been reviewed in the Wiadomosci Literackie journal (see Wasowski 1924,
p. 3). Moreover, since it is known that Bose sent his article to Zezzschrift fiir Physik only
on June 2, 1924 and did not correspond with Natanson, it is highly probable or almost
certain that Natanson did not know about the existence of Bose’s article at the time
when Natanson’s book was published.
2 See e.g. Mehra, Rechenberg 1987, pp. 417—-419.
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of physics,’ is to show that Wladystaw Natanson at least once openly
reacted to the aforementioned Bose’s articles, and this is closely related
to the above-mentioned works by Alfred L.andé and Walther Gerlach.

2. Landé’s article from August 1925

On June 19, 1925, Landé sent an article to the Zestschrift fiir Physik entitled
“Lichtquanten und Kohirenz” (“Quants of light and coherence”),*
which was published in August that year (vol. 33, pp. 571-578).>

In an abstract to the article, Landé outlined the content of this work:

According to Bose, if one wants to derive Planck’s radiation
formula from the light quantum theory, it can only be done
with the help of probability approach that regards the light
quanta as entities statistically dependent on one another
in an unexplained way and attributes polarization to them.
However, this probability approach can also be justified
in the case of statistical independence of the light quanta, if,
in analogy to classical wave interference, the scalar addition
of the quanta e within each quantum bundle is abandoned
in favor of a superposition of the e with randomly

? See Appendix 1.

* Historians of physics usually skip this 1925 article by Landé. They did not pay
attention to him e.g. Whithaker 1953; Jammer 1966; Hund 1967 (translations: 1974,
1975, 1980); Mehra 1975; Kuhn 1978; Kastler 1983; Sredniawa 1985; 2000; 1996/2006;
Bergia 1987; Lange 1992a; 1992b; 1997; Stachel 2002; Wali 2006; Hentschel 2006; 2018;
Waniek, Hetschel 2011; Konieczny 2011; 2012; Passon, Grebe-Ellis 2017; Nagasawa
2018; Saunders 2020; Spatek 20054, s. 15 / 2005b, s. 152; 2020; Badino 2021.

The few who noted this article, e.g. Raman, Forman 1969, p. 313, fn. 66; Hanle
1977, p. 186; Wessels 1979, p. 322, fn. 51 & 52; Rechenberg 1982; Mehra, Rechenberg
2001, p. 418; Kojevnikov 2002, p. 202; Lehner, Renn, Joas, Badino 2007, pp. 6-7, 9, 12;
Fick, Kant 2013, pp. 109, focused at best on the idea of returning to the wave theory
of light and Lande’s quantum interference, and failed to see any connection between
this and Natanson’s publication (1911a / 1911c). Such behavior has its justification,
because Erwin Schrédinger did not notice this relationship in the letter of Novem-
ber 3, 1925 to Albert Einstein (Einstein 2018, doc. 101, pp. 182—183) and in the letter
of November 16, 1925 to Alfred Landé (Schrédinger 1925 (archival document) and Wal-
ther Bothe (1927), although Landé’s publication was mentioned in each of these cases.

> From the perspective of the editor of a scientific journal, I must emphasize

that this is a very short period of time for conducting a reliable review procedure and
a thorough editorial preparation of the text.
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distributed phases, while only allowing integer quantum
bundle energies. The relationship between this interference
approach and Einstein’s theory of gas degeneration are
pointed out. The quantum bundles also prove to be
fundamental for the exchange of energy between radiation
and matter (translation — M. Kokowski).’

Landé developed these threads in the following parts of the article.
In the first subsection, he recalled the quantum derivation of the factor
8nv?/c’, in the formula for the density of energy states of blackbody
radiation by Bose (Bose 1924a, pp. 179-180; Landé 1925a, pp. 571-572).
Then he considered the specific case and determined the number
of possible distributions of the four light quanta in #hree phase cells
of the size h’, as determined by Planck.” The number of these equally
probable distributions is 15 (Landé 1925a, p. 573, table 1).* Here they are:

Table 1.

CellNo.1 (4 (0|03 |3|1]0|1]jO022|0]2]|1]1

CellNo.2 |0 [4[0|1(0|3|3]|]0|1]|2]02|1|2]|1

CellNo.3 | O[O |4 (01|01 |3|3|]0]|22|1|1]|2

¢ “Will man die Plancksche Strahlungsformel aus der Lichtquantentheorie ableit-
en, so gelingt dies nach Bose nur mit Hilfe eines Wahrscheinlichkeitsansatzes, der die
Lichtquanten als voneinander in unaufgeklirter Weise statistisch abhingige Gebilde
ansieht und ihnen Polarisation zuschreibt. Dieser Wahrscheinlichkeitsansatz kann aber
auch bei statistischer Unabhingigkeit, der Lichtquanten begriindet werden, wenn man,
in Analogie zur klassischen Welleninterferenz, die skalare Addition der Quanten e in-
nerhalb jedes Quantenbiindels aufgibt zugunsten einer Superposition der Ve mit nach
Zufall verteilten Phasen, unter Zulassung nur ganzzahliger Quantenbiindelenergien.
Es wird auf die Beziehungen dieses Interferenzansatzes zu Einsteins Theorie der
Gasentartung hingewiesen. Die Quantenbiindel erweisen sich ferner als grundlegend
auch fur den Energicaustausch zwischen Strahlung und Materie” (Landé 1925a, p. 571).

7 Planck (19006) considetred the number of possible different configurations of AN
quanta of energy in AA oscillators; Debye (1910) — AN energy quanta in AA natural

vibrations; while Laue (1914) — AN energy quanta in independent beams of rays.
# Such a result (i.e. 15 cases) was given eatlier by Planck (1906, pp. 152-153), who
gave four-digit numbers such that each digit is 1 or 2 or 3 if the energy element is in

resonator 1 or 2 or 3. Such a result was also given by Natanson, using a simpler nota-
tion of these cases (1911a, pp. 137-138, § 3; 1911c, pp. 660-661, § 3; 1913, pp. 58-61,
§ 42). Natanson’s record was also repeated by Landé (without reference to Natanson).
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Commenting on these results, Landé pointed out that light quanta
could nevertheless be « priori independent, and thus distinguishable:

It is by no means self-evident that these 15 possibilities are
equally likely (“have the same weight”); on the contrary,
assuming mutually independent quanta, one would evaluate
a priori on the assumption of mutually independent quanta
that the distribution (3, 1, 0) would have a weight four
times greater than the distribution (4, 0, 0), because the
latter can only be realized in one way, in that all four quanta
a, b, ¢, d fall into cell no. 1 (abced, 0, 0), whereas the former
can be realized in four ways: (abc, d, 0), (abd, c, 0), (acd, b,
0), (bed, a, 0) (transl. — M. Kokowski).’

Hence:

The equal probability of the above 15 distributions from
four quanta to three cells is therefore to be regarded as
a special implicit physical assumption, which is based on
Bose’s calculations and whose content is to be looked for
in the dependence of quanta in the sense of a certain
interference ability [...] (transl. — M. Kokowski).'’

In other words, the equal probability of such 15 configurations
means that Bose and also Planck before that, which was not mentioned
by Landé, made an implicit physical assumption in their models, the
indistinctness of light quanta of the same energy.

According to Landé, the cause of this effect is the “coherence
of light quanta” (1925a, p. 571) or the “certain interference ability”

’ “Es ist keineswegs selbstverstindlich, daB3 diese 15 Moglichkeiten gleich
wahrscheinlich sind (,gleiches Gewicht haben”); vielmehr wirde man a priori unter
der Annahme voneinander unabhingiger Quanten erwarten, daf3 der Verteilung (3,1,0)
ein viermal so groB3es Gewicht zukdme als der Verteilung (4,0, 0), weil letztere nur
auf eine Weise realisierbar ist, indem alle vier Quanten 4, 4, ¢, din Zelle Nr. 1 fallen:
(abcd,0,0), erstere dagegen auf vier Weisen: (abc, d, 0), (abd, ¢, 0), (acd, b, 0), (bcd,
a, 0)” (Landé 19254, p. 573).

10 “Es ist die Gleichwahrscheinlichkeit der obigen 15 Verteilungen von vier Quan-

ten auf [drei Zellen demnach als eine besondete physikalische Annahme anzuschen,
die implizite Boses Rechnungen zugrunde liegt und deren Inhalt in einer Abhingig-
keit der Quanten im Sinne einer gewissen| interferenzfahigkeit zu suchen ist [...]”
(Landé 1925a, p. 573).
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of light quanta (1925a, p. 573), or “interference of light quanta” (1925a,
p. 574). It is manifested in the Bose derivation of the thermodynamic
probability of a macroscopically defined light quantum distribution,
which uses the formula for the number of permutations with repetitions
(Bose 19244, pp. 180-181 / English version: Bose 1976, p. 1057).

According to Landé, in a general case, the number of possible
configurations (AW) of AN quanta in AA cells according to Bose’s
calculation scheme is given by the formula:

(AN + AA-1)!

Al =
(A4-1)! AN!

(Landé 19254, p. 573, formula 2),

which is the number of “combinations with AA repeats of elements
with AN classes” (Landé 1925a, p. 573, formula 2).

In claiming this, ILandé overlooked to mention in this context that
Boltzmann had already provided this formula (1877/1909, p. 181), as
well as Planck (1900, p. 240; 1906, p. 152) and Natanson (1911a, p. 136;
1911¢, p. 660), who quoted Boltzmann and Planck, while Bose himself
did not provide this formula in his publications (1924a; 1924b).

According to Landé, this led Planck to deduce the formula:

AE

AA

Then Landé — following the example of (unnamed) Boltzmann and
Natanson — derived the Planck distribution from the assumption of the

indistinctness of light quanta and the distinguishability of cells."" The
starting point was to determine the number of different configurations

= %1 (Landé 19254, p. 573, formula 3).
T

" See Klein 1962, pp. 472474 (comparison of Boltzmann approach and Planck
approach); Kuhn 1978, pp. 102-110 (description of Planck’s approach); Pais 1979,
pp- 893-895 (comparison of Boltzmann’s and Bose’s approaches); 1982, pp. 370, 423—
—428; 1986, p. 283 (comparison of Planck’s and Bose’s approaches); Mehra, Rechen-
berg 1982/2001, pp. 566-569 (comparison of Planck’s and Bose’s approaches); Bergia
1987, pp. 223-227 / 2009, pp. 333-337 (comparison of Boltzmann’s and Bose’s ap-
proaches); Bach 1988 (comparison of, among others, Boltzmann’s, Planck’s, Natanson’s
and Bose’s approaches); Bach 1990 (comparison of, among others, the Boltzmann’s
approach, Planck’s approach and Natanson’s approach); Monaldi 2009, pp. 387-388;
2019, pp. 319-320, 323-324 (comparison of Boltzmann’s approach, Planck’s approach
and Natanson’s approach); Enders 2016 (comparison of Boltzmann’s approach and
Planck’s approach); Saunders 2020, pp. 48—49 (comparison of Boltzmann’s approach
and Natanson’s approach).
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Aw N light quanta in AA cells, which is determined by the polynomial
distribution for “occupancy numbers of groups” instead of the occupancy
numbers themselves, it is also the permutation of the number AA of cells
with repetitions of the numbers of indistinguishable light quanta in cells
j=0,1,2,... Boltzmann, for example, used a similar formula (1877/1909b,
p. 176, formula 3; p. 187), see also Planck (1906, p. 152)'%

(AA4)!
(P AA) (P AA)( p,AA).

where p; and pAA — probability of finding j-light quanta in cell AA
and the number of indistinguishable light quanta in cells j = 0,1, 2, ....

In the next step, Landé made two elementary assumptions for the
occupancy numbers, known at least from Boltzmann (1877/1909,
pp. 175-176, formulas 1 and 2, p. 205), see Landé 1925a, p. 575, formula 9:

AE
;P/ =L ;P/g/ = A

and used the known elementary condition for the log Aw to reach

Aw =

(Landé 1925a, p. 574, formula 8),

a maximum. Consequently, he set the value:
P ,=Be ™ (Landé 1925a, p. 575, formula 10).
Additionally, because:
dp,=1, B=1-¢",

p == (Landé 1925a, p. 575, formula 10°),

Hence the average energy u per cell is:

__AE & .
W= i ;;/.pj =71 (Landé 1925a, p. 575, formula 11).

12 In Boltzmann (1877/1909b, p. 176), it is the so-called permutability of energy
distribution I'T = n! / (w0! w1!...), ie the number of possible configurations, compatible
complexes, for the energy of the E system. Since Boltzmann's time, this formula has

played an important role in both classical and quantum statistical physics. The sum
of the permutabilities is ] = (A+n-1)! / (N-1)! Al) (Boltzmann 1877/1909b, p. 181) has
the same form as Landé AW (see the formula on the previous page). Planck (1906b,
p. 152) referred to it as Wabrscheinlichkeit (probability) and matked it with the sym-
bol W; while according to Boltzmann W =11 / J. Natanson (1911a, pp. 136-138; 1911c,
pp. 660—661) knew about these issues; see also note 20 (below) and Darrigol 1991,
especially pp. 244-250, 257, 293.
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Due to formula 3, 3 =1 / kT and hence Landé finally got:
p == )M (Landé 19254, p. 575, formula 10”).

For the limit case of ¢ < £T', Landé finally got:

& .
_ —je/kT

= (Landé 1925a, p. 575),

and after inserting a = KT:

»,= %‘W (Landé 1925, p. 575, formula 12).

Landé additionally believed that each quantum of light should be treated
as a wave and attributed it with not only a polarity and amplitude (\/; )
but also a phase (¢): Je-¢” and as a vector quantity (not a scalar),
hence the superposition of light quanta is a vector composition (Landé
1925a, pp. 575-577). Moreover, according to Landé, an analogous effect
of “molecular interference or superposition” also exists in Einstein’s
theory of gases (Landé 1925a, pp. 577-578)."

3. Forgotten letter from the Archive for the History
of Quantum Physics, 1898—1950.

In the Archive for the History of Quantum Physics, 1898—1950, kept
at the American Philosophical Society Library (Philadelphia, PA, USA),
there is a letter from Wladystaw Natanson to Alfred Landé, forgotten
by historians of physics, sent on November 14, 1925 from Krakéw to
Tubingen (it is located in “Volume reel 4: reel-frame 19, Call Number
Mss.530.1.Ar27).

Natanson wrote a letter in German to Landé after reading his
article from August 1925 (LLandé 1925a), which reached Krakéow only
in November 1925. In this letter he:

3 Landé repeated the same considerations also in the monograph Die neuere
Entwicklung der Quantentheorie [Newer development of the quant theory] (1926b,
pp. 13-19). Landé’s return to wave interpretation (vector quantum superposition) in the

derivation of Planck’s law aroused the interest of Erwin Schrédinger — see two letters
from October 28, 1925 and November 16, 1925: Schrédinger 1925a (arch. doc.); 1925¢
(arch. doc.) And footnote 15 (below).
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a) referred to the theses proclaimed by Landé;

b) recalled the fact that in March 1911 he had published an article
in English in the Biulletin International de 1.’ Academie des Sciences
de Cracovie. Classe des Sciences Mathématiques et Naturelles Série Ay
Sciences Mathématignes (Natanson 1911a, pp. 134-148),"* and
in August 1911 its German translation entitled “Uber die statis-
tische Theorie der Strahlung” [On the statistical theory of radi-
ation| in Physikalischen Zeitschrift published in Leipzig (Natanson
1911c, vol. XII, pp. 659-666), in which he analyzed in detail the
question of quantum indistinctness in the derivation of Planck’s
law, and discussed the same or analogous examples as Landé did,
pointing to the relevant pages from the English version of the
article (Natanson 1911a)."”

Moreover, according to Natanson, Landé’s original idea was the
idea of a random vectorial superposition of light quanta, but that idea
needs to be further developed based on the work of Lord Rayleigh
(1871/1899a; 1880/1899b; 1884, § 42a; 1888/1902; 1899/1903).'¢

1 The title of this article is Polish-English “O teotyi statystycznej promieniowa-
nia. — On the Statistical Theory of Radiation”, although these were the only Polish
words in the entire article written in English.

5 For the German original of the letter, a transcription of the letter and an English
translation — see Appendix 2; for a Polish translation see Kokowski 2021, Dodatek 2.

' Other critical remarks on this idea were made by Erwin Schrédinger in a letter
to Albert Einstein of November 3, 1925 (see Einstein 2018, doc. 101, pp. 182-183;
Mehra, Rechenberg 1987, p. 418) and of November 16, 1925 to Landé (see Raman,
Forman 1969, p. 313).

Schrodinger, Erwin 1925b (archival document) original letter (p. 182), English trans-

lation (p. 121): “Currently I am exchanging letters with Landé about his quantum
interferences [Zeitschrift] fltr] Phys[ik], 33, p. 571) (Lande 1925). The idea seems to
me to be very interesting but not propetly thought through. What is Planck’s (instead
of Wien’s) radiation law supposed to result in if the individual quanta are distributed
throughout the cells, as if they did the interference independently and only retro-
actively, inside their cells, but only such that the mean energy of a larger number
of cells, each containing j quanta (of the same kind), is not altered by the interference?
Landé’s response is: Well, it is not the energy that is altered, but the entropy level that
is supposed to be judged from the resulting content of the individual cells. Very well.
But the entropy here only plays the role of a measure of probability. Consequently,
if the probability is supposed to be judged from the resulting cell content, well, then
the quanta will not be distributed quasi-independently throughout the cells and the
whole advantage of L’s conceptual approach, which, of course, is supposed to be an
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Natanson added two more important comments in this letter, the
first concerning the priority problem — Natanson saw it as a trivial
problem not worth spending time on, and the second concerning the
understanding of the idea of indistinguishability of quantum particles —
according to Natanson, readers of his article did not understand the gap
in Planck’s probabilistic approach.'’

explanation for the strange preference of quanta to “squat together,” [...] seems to me
to be lost—Two other objections are aimed at the faulty application of the formulas
(which only apply with large numbers) to very small numbers, and are less meaningful
in principle than the first objection, if it is valid.”

Einstein first used the expressions “Boseschen Statistik” (“Bose statistics”) and
“klassischen Statistik” (“classical statistics”) in a letter to Schrédinger of February 28,
1925 — see Einstein 1925 (archival document) — German original (Einstein 2015a, Doc.
4406); English translation (2015b, Doc. 446); this fact was noted by Daniela Monaldi
(2019, p. 328).

"7 Natanson was right about the indistinguishability of quantum particles, because
it was assumed to be treated on the grounds of quantum mechanics as a postulate that
is not explained further Natanson was right in this matter, because the indistinguisha-
bility of quantum particles was assumed to be treated on the grounds of quantum
mechanics as a further inexplicable postulate — see e.g. Dirac 1926, pp. 662, 667-673;
1927, p. 12; 1930, pp. 198, 201, 208, 219-220; Heisenberg 1926, pp. 422-424; 1927,
Wigner 1927a; 1927b; Pauli 1940, p. 718. In the mentioned article by Dirac (1926,
p. 673), its author incorrectly derives the formula for the distribution of the energy
of molecules: the formula differed in sign from the Bose-Einstein theory based on
Bose-Elinstein statistics, which Dirac referred to as the Einstein-Bose theory; this mis-
take was later reproduced by G. E. Uhlenbeck and P. Ehrenfest 1926 (archival document),
as noted by Einstein 1926 (archival document).

See also Sudarshan, Mehra 1970, on the classical statistical mechanics of identical
particles and quantum effects; Mehra, Rechenberg 1982/2001, on the relationship
between the symmetry of the wave function and quantum statistics, pp. 757-768
(explanation of Dirac’s error: pp. 765-766); Mehra 2001, pp. 622—-633, explanation
of Dirac’s error: pp. 632—633; Fraassen 1998, especially pp. 7576, postulate of invari-
ance of permutations, pp. 79-82, identity of bosons; pp. 82—86, theoretical unification
of various statistics; pp. 86—88, causality and correlations.

Currently, researchers see the limitations of the accepted view of identical particles
in quantum mechanics — see e.g. Dieks 2020; Spatek 2020. This fact is not surprising,
however, in the light of the existence of a limit area of a theory defined by the limit
of a corresponding parameter in the context of the hypothetico-deductive method
of corresponding-oriented thinking (M. Kokowski’s terminology).
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4. Commentary from the perspective
of the methodology of the history of physics

In the articles mentioned above, Landé analyzed Bose’s model and
Natanson — Planck’s model;'® while in a letter to Landé, Natanson pointed
out that the combinatorial and thermodynamic properties of Bose’s
model, including the explanation of the problem of zndistinguishability
of light quanta, had already been recognized in Planck’s model, which was
what Natanson did in his article (1911a / 1911c), in which he showed
that we can derive Planck distribution of the blackbody radiation energy:

unless we take for granted that, in the process of estimating
probabilities, the receptacles of energy can be treated
as distinguishable and that the energy-units, being in all
respects precisely alike, cannot be so treated (Natanson

1911a, p. 139).”

wenn wir voraussetzen, dafl bei dem Prozel3 der Waht-
scheinlichkeitsberechnung die Energiehalter als identi-
fizierbar behandelt werden kénnen, und daf3 die Energie-
einheiten, die in jeder Hinsicht vollkommen gleich
sind, nicht als identifizierbar behandelt werden kénnen
(Natanson 1911c, p. 602).

'8 In an epistemological sense, every mathematico-physical model is a mathema-
tico-physical theory. However, it is customary in physics to reserve the term “model”
for not fully developed theories — see Bailer-Jones 2009, pp. 1-46; 81-105.

1 Klaus Hentschel (2018, p. 2012), who — contrary to the facts — believed that
Natanson’s article in Biulletin International de 1.’ Academie des Sciences de Cracovie was pub-
lished in Polish (in fact it was published in English), gave his own English translation
of this quote from the German version of Natanson’s article: “if during the process
of calculating the probability we presume that it is possible to treat the receptacles
of energy as identifiable and that it is not possible to treat the units of energy, which
are the same in every respect, as identifiable” (Hentschel 2018, p. 82).

? According to the author of the atticle, there is no doubt that before Ehrenfest,
Natanson understood the principle of the indistinctness of “energy elements” (un-
derstood as calculus fictions or empirical entities — see Appendix 4. This is evidenced
by: a) an article by Natanson in English (read at a faculty meeting on March 6, 1911;
published around April 10, 1911) and in German (received: April 29, 1911; published:
August 15, 1911); b) Ehrenfest’s notes from the spring of 1911 (this observation was
overlooked by Navarro, Pérez 2004, pp. 118-124).
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Three things need to be made clear here:
1) In his analyses of Planck’s law, Natanson followed Boltzmann’s
footsteps.”

Ehrenfest knew Natanson’s work: Ehrenfest himself spoke about it in his let-
ter to Sommerfeld of October 16, 1911 (see Kokowski 2019, pp. 370-371, fn. 66);
G. Krutkow, a student of Ehrenfest quoted it in his works (1914a; 1914b) and Krut-
kow’s works were also quoted by Ehrenfest himself (Ehrenfest 1911; 1925/2016, p. 3,
fn. 6; Ehrenfest, Kametlingh-Onnes 1915a / 1915b) and recommended them to other
physicists: he learned about them this way, for example, Hendrik Antoon Lorentz — see
Kokowski 2019, pp. 372-374, fn. 69—74. Nevertheless, Ehrenfest — which is reprehen-
sible — consistently omitted Natanson’s articles in his publications (Ehrenfest 1911;
Ehrenfest, Kamerlingh-Onnes 1915a / 1915b; Ehrenfest 1925/2016, p. 3, note 6),
although they depended on them.

Planck, during the First Solvay Congress, which was held in Brussels from Octo-
ber 30 to November 3 in 1911 (Planck 1912, p. 104/1958, vol. 2, p. 277), responded
positively to the existence of ambiguities in the distribution of energy elements and
therefore changed the derivation of the formula for the distribution of energy: “This
calculation is completely inambiguous, and nothing is left of the indetermination re-
cently pointed out by L. Natanson” (cited by Darrigol 1991, p. 254). The reason for

Planck’s conclusion was his belief in the definition of Boltzmann’s complexions, which
was to remove this ambiguity (cf. Darrigol 1988, p. 52). I would add that Planck was
wrong: the new derivation was still flawed (cf. Darrigol 1991, pp. 253-254).

Albert Einstein neither quoted Natanson’s publications nor discussed them in his
correspondence — see Einstein 1916; 1917; 1924; 1925; 1930; Einstein, Ehrenfest 1923;
Einstein 1987-2018; Pérez, Sauer 2010. Nevertheless, Einstein had come across these

publications by Natanson on at least two occasions: for the first time during or after the
First Solvay Congtess in 1911, as it was quoted by Planck 1912, p. 104, fn. 1 — see Ko-
kowski 2019, p. 372; for the second time from reading the article by Krutkov (1914a),
mentioned in the letter by Otto Halpern to Einstein of August 26, 1924 (Halpern
1924 (archival documeni), criticizing the derivation of Planck’s radiation law from Bose’s
assumption on the independence of light quanta and citing the articles by Natanson
(1911c) and Ehrenfest (1911) — see Kokowski 2019, p. 378, fn. 86.

2l Natanson (1911a, pp. 134-138; 1911c, pp. 659-661; 1913, pp. 54-61) using
Boltzmann’s formula (1868; 1877) presented descriptions of the analysis of the statis-
tical system configuration. Alexander Bach explained in detail and in many aspects the
related issues in many important publications — see Bach, Blank, and Francke 1985;
Bach 1985; 1987; 1988a; 1988b; 1990a; 1990b; 1990¢; 1991; 1997, pp. 137-139; see
also Enders 2016, pp. 2-3.

The starting point is to distinguish three levels of analysis of the statistical system.

The basic description is defined by random configuration variables: a system
composed of N atoms endowed with energy elements / energy units; a specific atom
is endowed with specific elements / units of energy; this is the Natansonian “energy

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

451


https://doi.org/10.4467/2543702XSHS.19.012.11018
https://zenodo.org/record/1424215#.XQPIRMTVKUk
http://philsci-archive.pitt.edu/13003/1/Ehrenfest1925_translation.pdf
https://doi.org/10.4467/2543702XSHS.19.012.11018
http://philsci-archive.pitt.edu/13003/1/Ehrenfest1925_translation.pdf
https://www.jstor.org/stable/27757616
https://www.jstor.org/stable/27757664
https://einsteinpapers.press.princeton.edu/
https://arxiv.org/pdf/1004.5567.pdf
https://doi.org/10.4467/2543702XSHS.19.012.11018
https://zenodo.org/record/1424215#.XQPIRMTVKUk
https://doi.org/10.4467/2543702XSHS.19.012.11018
http://matwbn.icm.edu.pl/ksiazki/pmf/pmf24/pmf2411.pdf
https://www.jstor.org/stable/41133876
https://downloads.hindawi.com/archive/2016/9137926.pdf

452

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

2) In an article from 1911, Natanson did not talk about light quanta
(“Lichtquanta”) — a term introduced in 1905 by Einstein,” but about
energy-units (“Energieclemente”) —a term introduced in 1900 to analyze
the law of radiation of light by Planck in reference to Boltzmann
(1872).” Natanson did not originally define the ontic status of the
energy elements. On the basis of Natanson’s reference to Boltzmann
(1872, p. 275 / 1909a, p. 316), it could be assumed, however, that they
were mathematical fictions. Yet, in later publications from 1911-1924,
Natanson explained in detail that they were not mathematical fictions,
although he sometimes expressed some doubts as to this conclusion —
see Appendix 4.

3) In a letter to Landé of November 14, 1925, Natanson raised a new
theme: he indicated the corresponding elements of these models: the

»
>

distribution”, “mode of association” (German: Ewnergieverteilung, Polish: rogmieszeze-
nie energii).
The second level is determined by the occupation numbers of random variables: the

number of energy elements / units in individual (numbered) atoms: this is the Natan-

2«
>

sonian “energy distribution”, “mode of collocation” (German: Anordnungsart, Polish:
rozktad energil); one constraint (conditional equation) per total number of energy units.

The third description level is determined by the occupancy numbers of random vari-
ables: the numbers of atoms that have consecutive numbers of energy elements /
units (0, 1, 2,...); this is the Natansonian “energy distribution”, “mode of distribution”
(German: Verteilungsart, Polish: rogdziat energii) with two constraints (conditional equa-
tions) for the number of atoms and for the total number of energy elements / units.

For the case when we can distinguish individual atoms, but we cannot distinguish
energy units, the probability of distribution (depending on the occupancy numbers) is de-
termined by the Boltzmann probability measure P=[(N-1)!nIN!]/[(N+n-1)INyIN;!...
N,], while for the case when we can distinguish both individual atoms and energy
units, measure P = [Nln!]/[N" No/N,|...N! 0N 1IN pI™P]. The rationale for the
choice of the Boltzmann measure is its relationship with entropy (Natanson 1911a,
pp. 134-138; 1911c, pp. 659-661; 1913, pp. 54-61).

2 See Einstein 1905; Wikipedia 2021.

# Planck 1900, p. 239: “The distribution of energy over each type of resonator

must now be considered, first, the distribution of the energy E over the N resonators
with frequency v. If E is regarded as infinitely divisible, an infinite number of differ-
ent distributions is possible. We, however, consider — and this is the essential point —
E to be composed of a determinate number of equal finite parts and employ in their
determination the natural constant h= 6.55 x 10 erg sec. This constant, multiplied
by the frequency, v, of the resonator yields the energy element e in ergs, and divid-
ing E by hv, we obtain the number P, of energy elements to be distributed over the N
resonators” (cited by Kuhn 1978, pp. 104-105).

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://services.phaidra.univie.ac.at/api/object/o:63647/diss/Content/get
http://matwbn.icm.edu.pl/ksiazki/pmf/pmf24/pmf2411.pdf
http://www.physik.uni-augsburg.de/annalen/history/einstein-papers/1905_17_132-148.pdf
https://en.wikipedia.org/wiki/Quantum

Science beyond borders | g_ﬁtud_la
istoriae
cientiarum

“phase space cell” is the equivalent of the “energy carrier” called by him
the “receptacle of energy”’(“Energiehilter”), and the “energy element”
or “unit of energy”, which is identified with the material unit possessing
discrete energy values,™ i.e. the quantum of light.”

Bose and Einstein overlooked the issue of the indistinguishability
of quantum objects in 1924-1925, because they did not understand the
subtleties of Natanson’s 1911 considerations at the time>

However, contraty to the argument of Friedrich Hund in 1967,
Natanson never stated that he “formulated the Bose statistics of light
quanta before Bose”,* because a) he did not provide in 1911 a quantum
derivation of the density of energy states, which Bose presented

in 1924* and b) in the years 1911-1923 he had some doubts about
the reality of light quanta, which he, however, significantly reduced

in 1924-1925 (see Appendix 4). However, it is still true thesis that

% According to Saunders (2020, p. 48) Natansonian elements of energy are only
mathematical fictions and nowhere has he identified them with quanta: “He nowhere
explicitly identified his energy-units as light quanta. They were abstract from the
beginning (he did not so much as mention the concept of frequency)”. These are
wrong theses. Natanson did not comment on this in his synthetically written papers on
Planck’s radiation theory (1911a / 1919c), but elaborated on these issues in his other
publications — see Appendix 4.

» Previous researchers, not knowing Natanson’s letter to Landé, made indepen-
dent interpretations of the relationships linking Natanson’s and Bose’s considerations,
i.e. the Boltzmann-Planck-Natanson statistics with the Bose statistics. These include
the analyzes made by researchers such as: Artur Kastler (1983, p. 616); John Stachel
(2000/2002, pp. 438-439); Silvio Bergia (1987, p. 344); Jagdish Mehra and Helmut
Rechenberg (2001, p. 559); Daniela Monaldi (2009, 2019); Simon Saunders (2020,
p. 49) and Alexander Bach (see works cited in footnote 16). These interpretations are
critically discussed in Appendix 5.

% Cf. Kojevnikov 2002, pp. 201-202; Pérez, Sauer 2010, pp. 12-16; Kokowski
2019, p. 381.

7 Cf. Friedrich Hund (1967, pp. 25-26, 134, 153-154; English translation: Hund
1974, pp. 30, 145; Russian translation: Hund 1980, pp. 26, 123; “Die Abzihlung, die
Natanson verdeutlicht hat, ist genau die, die Bose spiter auf Lichtquanten anwandte
und die man jetzt Bose-Statistik nennt” (Hund 1967, p. 26); “This method of counting
events that Natanson made is exactly the one that Bose later made for light quanta,
and is now called Bose statistics” (Hund 1974, p. 30) — cited in: Kokowski 2019, p. 348.

% By statistics, the author of the article understands here a statistical model

of phenomena.
¥ See Kokowski 2019, pp. 395-396.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

453


https://books.google.pl/books?id=8tUVMSsC9wAC&pg=PA559
https://pdf.sciencedirectassets.com/271767/1-s2.0-S1355219820X00049/1-s2.0-S1355219819300541/main.pdf
https://www.researchgate.net/profile/Alexei_Kojevnikov/publication/241603110_Einstein's_Fluctuation_Formula_and_the_Wave-Particle_Duality/links/5e4a1c74a6fdccd965ac3e66/Einsteins-Fluctuation-Formula-and-the-Wave-Particle-Duality.pdf
https://arxiv.org/pdf/1004.5567.pdf
https://doi.org/10.4467/2543702XSHS.19.012.11018
https://doi.org/10.4467/2543702XSHS.19.012.11018
https://doi.org/10.4467/2543702XSHS.19.012.11018

454

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Natanson was the first to argue that in order to derive Planck’s law, one
must adopt the principle of indistinguishability of quantum objects
(actually units of energy, energy elements or light quanta, see Appen-
dix 4). They proclaimed this thesis in one form or another, among
others, Max Jammer (1966, p. 51), Friedrich Hund (1967/1974; 1975;
1980) and Artur Kestler (1983) and others™.

5. A forgotten letter from Alfred Landé
to Whadystaw Natanson

In volume 10 of Wladystaw Natanson’s correspondence, collected at
the Jagiellonian Library and available online, there is a letter from Alfred
Landé to Wiadystaw Natanson, sent on November 18, 1925 from
Tibingen to Krakéw in response to Natanson’s letter of November 14,
1925, which was so far overlooked by historians of physics.

In this letter written in German, LLandé: a) emphasized that,
unfortunately, he had not previously known Natanson’s 1911 article
(although the article was published in English in Biulletin International
de ’Academie des Sciences de Cracovie and in German at Physikalischen
Zeitschrift— MK), b) expressed appreciation for Natanson’s fundamental
accomplishments, revealing, as he put it, the ambiguity of Planck’s
theory unnoticed by hundreds of other theorist physicists, and ¢) made
a promise to quote Natanson’s article at the earliest opportunity.

The English translation of this letter follows:

Tubingen, 18 November 1925
Dear Colleague!

Thank you very much for your letter and the reference to your
beautiful investigation of 1911. I have just read the work and regret that
it had not become known to me earlier. Your clear and critical, down to
the last one, thoughtful considerations are of fundamental importance
to any quantum theorist, and it is curious enough that none of many
hundreds of theorists apart from you, have grasped the uncertainties
of Planck’s theory. Therefore, I am eager to seize the next opportunity

% See Kokowski 2019, pp. 348-357.
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to point out your important and fundamental work. Some offprints will
be sent at the same time to you.

Respectfully yours,
A. Landé’!

6. An article by Gerlach and Landé (1926) and
a monograph by Landé (1926, 2nd ed.)

On January 27, 1926, Walther Gerlach and Alfred Landé sent an article to
the Zeitschrift fiir Physik entitled “Ein Experiment tiber Kohirenzfahigkeit
von Licht” [Experiment on the coherence of light|, which had been
already published in March 1926 (vol. 34, pp. 169—173). In this article,
the authors mentioned Natanson’ 1911 article in the following context:

From the standpoint of the most extreme light quantum
theory, the interference cannot be understood at all'.
But Planck’s law of radiation in its Rayleigh-Jeans sub-area
already leads to a rejection of the extreme light quantum concep-
tion”. Howevet, a softening of the light quantum theory
provides advice here, namely the requirement that the
light quanta that belong to the same elementary bundle
do not combine their energies additively, but rather by
means of superposition” after they have been assigned
phases after polarization. With this additional assumption,
however, the interference phenomena are not yet
sufficient; for the parts of a ray of light can also interfere
if the ray of light is so violet or so weak that it belongs to
Wienn’s spectral range. In the latter case, however, most
of the elementary light quanta bundles are empty, and
only in exceptional cases does a bundle carry a single light
quantum with it, and occupancy with several light quanta
is completely negligible. The ability of Wienn’s light to
interfere thus requires superposition of light quantum
fractions” (translation, italic — M.K.).

! For the German original of the letter and a transcription of the letter see Ap-
pendix 2; for a Polish translation see Kokowski 2021, chap. 5.
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Y On the failure of the previous light quantum theoties of intetference
cf. e.g fn. 2, p. 322 in A. Landé, ZS. f. Phys. 85, 317, 1920]. [i.e. Landé
1926a].

2 L. Natanson, Phys. ZS. 12, 659, 1911 [i.e. Natanson 1911c].

9 A.TLandé¢, ZS. f. Phys. 88, 571, 1925 [i.e. Landé 1925].%

In the same very concise way Landé quoted Natanson’s work
in another publication, namely in the bibliography of the 2™ ed. of the
monograph Die nenere Entwickiung der Qunantentheorie [The recent devel-
opment of quantum theory, 1926b, p. 169, no. 45].

Thus, Landé fulfilled his promise to Natanson in a letter on November
18, 1925, but he did so in a very perfunctory and enigmatic manner,
significantly different from the content of the letter sent to Natanson.”

7. Conclusions

In this article, the following irrefutable important facts were established:
a) in 1926 the well-known physicists Walther Gerlach and Alfred
Landé mentioned at least twice in their publications on the prop-
erty of light the article by Natanson from 1911 (in German ver-

sion: 1911c¢);

2 “Vom Standpunkt der extremsten Lichtquantenlehre aus ist die Interferenz bish-
er gar nicht zu verstehen. Aber anch das Plancksche Strablungsgesets, in seinem Rayleigh-Jeans-
schen Teilgebiet kommt bereits u einer Ablebnung der extremen Lichtquantenanffassung®. Jedoch
schafft hier eine Milderung der Lichtquantentheorie Rat, nimlich die Forderung, dal3
die Lichtquanten, welche zum gleichen Elementarbiindel geh6ren, ihre Energien nicht
additiv zusammensetzen, sondern superponieren”, nachdem man ihnen Phasen und
Polarisation zugeschrieben hat. Durch diese Zusatzannahme ist aber den Interferen-
zerscheinungen noch nicht gentgt; denn die Teile eines Lichtstrahls kénnen auch
dann interferieren, wenn der Lichtstrahl so violett oder so sehwach ist, dal3 er zum
Wienschen Spektralbereich gehort. In letzterem Falle sind aber die meisten elemen-
taren Lichtquantenbiindel leer, and nur ausnahmsweise fithrt ein Biindel ein einziges
Lichtquant mit sich, und Belegung mit mehreren Lichtquanten ist ganz zu vernachlas-
sigen. Die Interferenzfihigkeit Wienschen Lichtes verlangt also Superposition von
Lichtquantenbruchteilen” (Gerlach, Lande 1926, p. 170; italics — MLK.).

Y Uber das Versagen der bisherigen Lichtquantentheorien der Interferenz vgl.
z. B. Fulinote 2, S. 322 bei A. Landé, ZS. f. Phys. 85, 317, 1920].

2 L. Natanson, Phys. ZS. 12, 659, 1911.

¥ A. Landé, ZS. f. Phys. 88, 571, 1925.

% The author of the article is not awate of any archival documents that would
explain the reason for such a decision and does not speculate about this decision.
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b) it happened as a result of an exchange of two letters in German
between Natanson and Landé on November 14, 1925 and No-
vember 18, 1925 (first published here together with translations
into English and Polish).

As Natanson pointed out in his letter sent on November 14, 1925,
Landé’s derivation of Planck’s distribution is analogous to the method
presented by Natanson in 1911 and based on Boltzmann’s approach:
using the occupancy numbers of random variables of a configuration
of a statistical system composed of N atoms endowed with energy
elements / energy units.

Although in 1926 an article by Natanson from 1911 (in the German
version) was quoted twice by Walther Gerlach and Alfred Landé, it did
not arouse — to my knowledge — interest in scientific publications and
was forgotten until the publication of three monographs from the
history of physics: Edmund Taylor Whithaker (1953), Max Jammer
(1966, p. 51) and especially Friedrich Hund (1967/1974, 1975, 1980).*

* See respectively Kokowski 2019, pp. 399-400 (about Whithaker) and pp. 346—
—347 (about Hunt). In this article, Jammet’s remarks about Natanson were ovetlooked.
According to Jammer, at the same time, two researchers Ehrenfest (1911) and Na-
tanson (1911a / 1911c¢) independently noticed that Einstein’s non-interacting quanta
hypothesis led not to Planck’s law of radiation, but to Wienn’s law. Jammer was the
first to summarize what Natanson’s combinatorial approach was:

“In his analysis of the precise assumptions underlying Planck’s combinatorial
procedure in which P energy elements e were distributed among N «receptacles of en-
ergy» so that N; receptacles each contain j energy elements, subject to the restrictions
X N; =N and X jN; = P, Natanson called the correlation of je with N, that is, sorting
the receptacles according to their energy content and specifying the number of re-
ceptacles which have equal energy content, a «mode of distribution» in setting up
a «mode of distribution,» Natanson emphasized, no account is taken of a possible
«identifiability» or distinguishability, as we would say today, of receptacles or of energy
elements. However, as soon as the former are regarded as individually identifiable,
every given «mode of distribution» ramifies into a number of «modes of collocation»
which specifies the number of energy elements in each individual receptacle. Finally,
if the energy elements are also considered as identifiable, each «mode of collocation»
splits into a number of «modes of association» which associates individual energy
elements with individual receptacles. Natanson then pointed out that the thermody-
namic probability of a given «mode of distribution» depends notably on whether all
«modes of association» or all «modes of collocation» are regarded as equally probable,
and he showed that Planck, in contrast to Einstein, adopted the latter alternative”
(Jammer 1966, p. 51).
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Appendix 1.
Methodologico-sociological introduction

Each mathematical-physical theory is created by the collective effort
of the scientific community as a result of complex interactions involving
the analysis of mathematical-physical issues, the art of scientific
research, scientific styles and thinking styles (Fleck, Crombie) and the
art of argumentation, including styles of reasoning (Hacking), and
the art of persuasion.

These interactions led to the emergence of the general method
of exact sciences already in ancient times, which in the terminology
of the article author called #he hypothetico-deductive method of correspondence-
oriented thinking”> The application of this method determines the
mathematical-physical style of scientific research along with the style
of thinking and the style of reasoning,

Thanks to the application of this method, mathematical and
physical theories of phenomena are created. The postulated theories
are constructed in such a way as to be internally consistent and to “save
phenomena”, i.e. that the predictions of the theory are consistent with
empirical measurements.” In the course of the development of science,
theories are constantly transformed and generalized (evolutionary-
revolutionary mechanisms are manifested here), thus preserving the
memory of earlier theories (their theoretical-empirical components).

In the process of reinterpretation and generalization of existing
theories, which is constantly repeated in the history of mathematico-
physical sciences, an important role is played by:

Jammer made a strong conclusion: “I7 was in Natanson’s analysis of Planck’s statistical
procedure that the problem of the distinguishability of elementary entities was raised for the first
time” (tamze; kursywa — M.K.).

However, Max Jammer (1966) was wrong about the simultaneity of the achieve-
ments of Ehrenfest and Natanson, Natanson has priority here — see above note 15.

* Ever since Thomas S. Kuhn (1962) and Paul Feyerabend (1975), philosophers

of science and sociologists of scientific knowledge have denied the existence of the

scientific method. This is a serious misunderstanding — see Kokowski 1996, pp. 10-25;
2004, pp. 59-62; 2012; 2015.
* These are known issues of the history and philosophy of mathematico-physical

sciences, derived from the tradition of Plato (Timajos), Ptolemy (Almagesi) and Coperni-
cus (Commentariolus, De revolutionibus) — see Kokowski 2004, pp. 92-95, 157-162 — and
also of Einstein — see Holton 1979; Howard, Giovanelli 2019.
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a) correspondence parameter,

b) postulate of the theory correspondence,

) the principle of correspondence of the theory,

d) a thought experiment with a change in the value of the corre-
spondence parameter;

e) the theory boundary defined by the corresponding parameter
boundary (usually 0 or 00).%

In each mathematico-physical theory, three semiotic layers can be
distinguished:

* mathematical layer: a specific mathematical language (this layer

defines the syntax of the theory);

* quasi-entity layer: hypothetical physical entities that serve to ex-
plain phenomena; they are treated either as accounting fictions or
empirical entities, which depends on the layer of empirical the-
ory indicated below (this layer together with the empirical layer
determines the semantics of the theory);

* empirical layer: determined by correspondence rules that either
connect the new theory with old theories or directly lead to the
measurement of the parameters of the new theory (this layer to-
gether with the quasi-entity layer determines the semantics of the
theory).”

These layers do not need to be uniform at all. With the help of detailed
historical research — a specific archeology of scientific knowledge — we
can reveal in the theories under study the existence of hidden semiotic
sub-layers inherited from previous theories.

In particular, the naming conventions of laws, rules and theories used
are often very illusory, hiding the actual co-authors of such discoveries.
To remedy this, first of all, remember about this dangerous feature
of the convention and, secondly, supplement the list of the most
important co-authors of such discoveries (Kokowski 2019, p. 398).

7 See Kokowski 1996, pp. 10-25; 2004, pp. 59-62; 2012; 2015.
3 Ibidem; moreover see Badino 2015a; 2016 (considerations on the structure
of theory and the process of reconfiguration of methods, research questions and

epistemological frameworks in the historiography of quantum mechanics); Hentschel
2006; 2018 (considerations on the history, mental models and semantic layers of the
concept of “light quantum”); Hacking 1982; 1990; 1992a; 1992b; 2002; 2012; Gavroglu
1990; Pickering 1992; Elwick 2012; Monaldi 2019 (considerations on the statistical style
of reasoning; research practices and cultures; layers of history).
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Nevertheless, any conventional name of this type always remains just
a convention, and as such does not reveal the full complement of the
actual contributors to the findings.

In the development of science, the so-called scentific (r)evolutions
(M. Kokowski’s terminology) happen. They are the result of both
evolutionary and revolutionary processes, because “scientific evolutions”
and “‘scientific revolutions” are complementary descriptions of the
development of science (Kokowski 2015).
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Letter from Wtadystaw Natanson to Alfred Landé
(14 November 1925)

Appendix 2.

1. Scan of the letter: pages 1-4.

Page 1. Source: © Archive for the History of Quantum Physics, 1898-1950.
Volume reel 4: reel-frame 19, Call Number Mss.530.1.Ar2.
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Page 2. Source: © Archive for the History of Quantum Physics, 1898-1950.
Volume reel 4: reel-frame 19, Call Number Mss.530.1.Ar2.
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Page 3. Source: © Archive for the History of Quantum Physics, 1898-1950.
Volume reel 4: reel-frame 19, Call Number Mss.530.1.Ar2.
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Page 4. Source: © Archive for the History of Quantum Physics, 1898-1950.
Volume reel 4: reel-frame 19, Call Number Mss.530.1.Ar2.

2. Text transcription.

3 Studencka Str.
Krakau (Polen)
am 14. November 1925

Seer geehrter Herr Kollege

Gestatten Sie, dal3 ich Thnen, sehr geehrten Herr Kollege, die
Freude und das Interesse sage, mit denen ich Thre schéne und wichtige
Abhandlung “Lichtquanten und Kohirenz”, in der Zeit[schri]ft fir
Physik Bd. 33. p. 571. 1925, gelesen habe. Wenn wir gezwungen sind,
den Lichtquanten Polarisation und Phase zuzuschreiben, wenn sich
die e zufallsweise vektoriell superponieren, so sind wir von den
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urspriinglichen Quantenvorstellungen weit abgegangen, wir sind zu
einer Undulationstheorie, allerdings nicht zur klassichen, zurtickgekehrt.
Und dies ist eine fundamentale Erkenntnis. — Sehr tiberzeugend haben
Sie p. 573 dargetan, wie a priori unannehmbar der Ansatz (2) des H|er|rn
Bose (ja, des He[r]rn Planck!), ist. Sehr dhnliche Betrachtungen habe ich
bereits 1911 in der Abhandlung “On the statistical Theory of Radiation”
gegeben, die im Bu/-

p.2

letin Int. der Poln. Akademie zu Krakau |Bulletin Int. der Akademie n Krakan),
Mars 1911, pp. 134-148 erschien und in einer von Hler|rn Max Thle
besorgten deutschen Ubersetzung in der “Physikalischen Zeitschrift”
Leipzig 1911, Band XII, pp. 659—666 in extenso abgedruckt wurde.
Ich sende Thnen anbei einen Sep.— Abdruck. Wenn Sie Thre p. 573 mit
meinen pp. 135, 137-138 vergleichen, erfinden Sie sogleich, daf3 wir von
der gleichen Idee gefithrt worden sind. Thre “Verteilungen” entsprochen
meinen “Collocations”, Thre “Realisierungsmoglichkeiten” — meinen
“Associations”. Herr Planck’s einfaches Beispiel, 4 Quanta in 3 Zellen,
ist ebenfalls bei mir (§ 3) ins Einzelne verfolgf (pp. 137-138). Auf
S. 138-140 (§ 4) habe ich den Schluf3 gezogen, daf3, wenn P (meine SL
(10) p. 137) und nicht P_((11) p. 137) erfahrungsmissig das wichtige
Wahrscheinlichkeitsmal3 darstellt, dal3 daraus der Schluf3 folgt, die
Quanta seien voneinander “nicht zu unterscheiden” (in Gegensatz zu
den Zellen, die unterscheidbar sind). — Ihre Gréssen py, py, ... sind
meinen Ny, Ny, N,, ... proportional Thre Bedingungen (9) sind bei mir
(D) u. dI) §1; Ihre (8) ist bei mir (6) p. 136; u.s.w. In § 5 (pp. 140-141)
habe ich bereits log Aw = Max gesetzt und die Verteilung

p.-3

2= Be7B(10) p. 575 bereits unter (I1T) p. 141 gefunden. Thre Gleichung
(107) ist wohl mit meiner (10) p. 148 identisch; auf den Fall ¢ << kT
habe ich erortert (vgl. § 7, pp. 141-142 und § 16, pp. 147-148). An
die vektorielle - Zufalls-superposition der Quanten, die doch den
Kernpunkt Ihrer Untersuchung bildet (und eine Meister-Idee mir zu sein
scheint) habe ich niemals gedacht. In Zusammenhang mit dieser, wie
ich glaube, fruchtbringenden Idee erlauben Sie mir, Sie auf die Arbeiten
Lord Rayleigh’s (Proc. Lond. Math. Soc. 111, 1871; Phil. Mag. X 1880; Enc.
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Brit. 24.1888; Theory of Sounds 1. § 42a. 2nd ed. 1884; Phil. Mag. 47. 1899;
Scientific Papers 1. 76, 491; 111. 52; IV. 370) aufmerksam zu machen, der,
lange vor Markoff, dasselbe Problem von den verschiedensten Seiten
behandelt und gel6st hat.

Personalfragen und Priorititsanspriiche sind im Allgemeinen
belanglose und sogar widerwirtige Kleinereien und ich bin weit davon
entfernt. IThnen gegentiber irgendetwas vindizieren zu wollen. Es hat mir
aber immer gediinkt, da3 mein Einwand gegen die logische Begriindung
der Wahrscheinlichkeitsansitze des H[et]rn Planck nicht beachtet
worden ist, vielleicht nicht

p.4

verstanden worden ist. Mit besonderer Genugtuung sehe ich heute,
daf3 Sie demselben Gedanken, unabhingig von mir, eine tiefgehende
Deutung geben.

Vielleicht darf ich Sie bitten, sehr geehrter Herr Kollege, bei einer
spateren Gelegenheit meiner Arbeit von J. 1911 mit einigen Worten zu
gedenken. Auch fiir die Zusendung (womdoglich) von Sep. — Abdrucken
wire ich Thnen zu grolen Danke verbunden; die Z/eitschrilft f. Physik
sehe ich erst viele Wochen (oder sogar Monate) nach dem Erscheinen.

Mit dem Ausdrucke meiner ganz besonderen Hochachtung verblei-
be ich

Thr ergebener
Ladislas Natanson

3. English translation

3 Studencka Street
Krakoéw (Poland)
on November 14, 1925

Dear Colleague,

Allow me to say you, dear colleague, the joy and interest with which
I read your beautiful and important treatise “Lichtquanten und
Kohirenz”, in the Zeit/schri]ft fiir Physik vol. 33 (1925), p. 571. If we are
forced to attribute a polarization and a phase to the quantum of light,
then the Ve-¢” happens to be random.
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We superpose vectors, so we are far from the original quantum
ideas, we have returned to an undulation theory, but not to the
classical. And this is a fundamental realization. — You have showed very
convincing on p. 573 how a priori unacceptable is the distribution (2) of
Mr. Bose (and yes, of Mr. Planck!). Already in 1911 I gave very similar
considerations in the treatise “On the Statistical Theory of Radiation”,
which is published in Bulletin Int. the Poln. Academy of Krakow [Bulletin
Int. Academy of Krakow|, March 1911, pp. 134-148 appeared and
in a German translation procured by Mr. Max Ihle in the Physikalischen
Zeitschrift Leipzig 1911, volume XII, pp. 659—666 in extenso. I send you
a Sept[ember]. imprint. If you compate your p. 573 with my pp. 135,
137-138, you will find at once that we have been led by the same idea.
Your “distributions” correspond to my “collocations”, your “realization
of possibilities” — my “associations”. Mr. Planck’s simple example,
4 quanta in 3 cells, is also closely followed by me (§ 3) (pp. 137-138). On
pp- 138-140 (§4), I have concluded that if P (my SL (10) p. 137) and not
P ((11) p. 137) is the most important measure of the probability, that
out of it the conclusion follows that the Quanta are “indistinguishable”
from each other (in contrast to the cells that are distinguishable). —
Your magnitudes py, pi, ... are proportional to my Ny, N;, N,, ... Your
conditions (9) are with me (I) and (II) §1; Your (8) is with me (6) p.
1306; etc. In § 5 (pp. 140—141) I have already set log Aw = Max and the
distribution p; = B ¢ (10) p. 575 already under (III) p. 141 found. Your
equation (10”) is also identical with my (10) on p. 148; I have discussed
the case of ¢ < KT (see § 7, pp. 141-142 and § 16, pp. 147-148). I have
never thought of the random vectorial superposition of quanta, which
is the core of your investigation (and seems to me to be a master idea).
In connection with this, as I believe, fruitful idea, permit me to refer
you to the works of Lord Rayleigh (Proc. Lond. Math. Soc. 111, 1871; Phil.
Mag. X, 1880; Enc. Brit. 24, 1888; Theory of Sounds1, § 42a, 2nd ed., 1884,
Phil., Mag. 47, 1899; Scientific Papers 1, pp. 76, 491; 111, p. 52; IV, p. 370),
who, long before Markoff, dealt with and solved the same problem
from various sides.

Personnel issues and priority claims are generally trivial and
even obnoxious, and I’'m a long way from that. I want to assure you
of something, Well, it always seemed to me that my objection to the
logical rationale of Mr. Planck’s probabilistic approach was not taken
into account [because] it may not have been understood. Today I am
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especially glad that, independently of me, you provide a profound
interpretation of the same ideas.

Perhaps, may I ask you, dear colleague, to mention in a later
opportunity my work of 1911 in a few words. Also I would also be very
grateful if you could send me (if possible) imprints from the September
issue of the Z/estschri]ft fliir]. Physik — 1 see this journal only many weeks
(or even months) after the publication.

With the expression of my very special respect, I remain
Yours faithfully

Ladislas Natanson®

% For a Polish translation see Kokowski 2021, Dodatek 2.
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Appendix 3.

Letter from Alfred Landé to Whadystaw Natanson
(Tibingen, November 18, 1925)

1. Scan of the letter

In: Korespondencja Wladystawa Natansona z lat 1884-1937. T. 10,
Laar — Lukasiewicz [Rekopis]. Available online: https://jbc.bj.uj.edu.
pl/publication/610285, folium 6.

Source: © Biblioteka Jagielloniska. ,,Korespondencja Whadystawa Natansona z lat 1884—
—1937”, T. 10, Laar — Lukasiewicz [Rekopis]. Available online: https://jbc.bj.uj.edu.pl

publication/610285, folium 6.
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2. Text transcription

Tibingen 18. XI.25.

Sehr geehrter Herr Kollege!

Fir Thren Brief und den Hinweis auf Thre schéne Untersuchung
von 1911 sage ich Ihnen meinen besten Dank. Ich habe die Arbeit eben
gelesen und muss bedauern, das sie mir nicht schon friher bekannt
geworden ist. Dein die klaren und kritish bis ins letzte durchdachten
Ubetlegungen sind fiir jeden Quantentheoretiker von grundlegenter
Bedeutung, und es ist merkwiirdig genug, dass sich den vielen hundert
Theoretikern niemand ausser Thnen bis jetzt an den Unklarheiten der
Planckschen Theorie gestossen hat. Ich werde deshalb sehr gern die
nichste Gelegenheit ergreifen, um auf Ihre so wichtige und grundlegende
Arbeit hinzuweisen. Einige Sonderabdrucke gehen gleichzeitig an Sie ab.

Mit ausgezeichneter Hochachtung bin ich Thr sehr ergebener.

A. Landé

3. English translation
Tibingen, 18 November 1925

Dear Colleaguel!

Thank you very much for your letter and the reference to your
beautiful investigation of 1911. I have just read the work and regret that
it had not become known to me earliet. Your clear and critical, down to
the last one, thoughtful considerations are of fundamental importance
to any quantum theorist, and it is curious enough that none of many
hundreds of theorists apart from you, have grasped the uncertainties
of Planck’s theory. Therefore, I am eager to seize the next opportunity
to point out your important and fundamental work. Some offprints will
be sent at the same time to you.

Respecttully yours,

A. Landé
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Appendix 4.
The spectrum of Wtadystaw Natanson’s positions
on the ontological status of energy quanta

Natanson spoke on the title topic in 1911-1925 and formulated
various positions. This is evidenced by his comments presented in his
publications: Natanson 1911a; 1911b (Ist version) / 1912a (= offprint
1911b); 1911¢; 1912a; 1912b; 1913; 1923; 1924b (= version 11 1911b).

In his best-known articles 1911a / 1911c and also 1912b, Natanson
omitted this issue. It could be concluded from this that he was treating
energy elements / units of energy as fictitious calculations, since he
mentioned that Boltzmann treated them as such in 1872.

However, in the paper entitled “On radiation”, delivered on July
19, 1911 during the 11™ Congtess of Polish Doctors and Naturalists
in Krakow (July 18-22, 1911), Natanson (1911b / 1912a) expressed an
unambiguous view that energy quanta exist in reality, because physics
of gas phenomena and light radiation (specifically the existence of the
correspondence principle linking Boltzmann-Planck-Natanson statistics
with Maxwell-Boltzmann statistics) speaks for it; however, energy quanta
are not immutable atoms:

Natanson 1911b, pp. 158—159

We sometimes hear or read statements that the hypothesis on
finite energy units is useful because it allows us to calculate
the probabilities of various distributions of energy and
thus indicates the most likely one among them. If it was
established solely for this purpose, the hypothesis of units
would, eventually, be merely a result of the calculation.
However, it seems to me that by no means it is one. If
we suppose that a unit of energy becomes ever smaller
and tends to zero, then the most likely energy distribution
does not become vague or indefinite at all, but tends
to shift (at least in essence) into the classic Maxwellian
energy distribution known from the Gas Theory. In his
Radiation Theory Planck departed from Maxwell’s type
of distribution and shifted to an almost opposite extreme.
In order to understand this, we should remember that
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when the guanta are small, then their number in a given
system must therefore be large.

[...] Let us now take the position of the hypothesis of
elementary units of energy, and let us say in general
terms: to arrive at Maxwell’s way of distributing energy
in the Kinetic Theory of Gases we must suppose that the
ratio of the present units to the number of molecules is
enormous or even that, practically speaking, it is infinitely
large. On the contrary, in the Radiation Theory the ratio
n / N is a small fraction; formula (1) of article X [this is
Planck’s radiation law of energy distribution]| follows
this assumption. In Gas Theory, then, we consider the
case of a system that is 7ichly endowed with energy; in
the Radiation Theory, on the contrary, we see the con-
sequences when the system is sparse, poor energized. We
have here two extreme and directly opposite, very special
cases of a much more general but also more complex
regularity. This regularity, which we will have to learn to use,
is undoubtedly the foundation of the future Kinetic Theory
of all states of matter aggregation. Already today we can
see the beginnings of the Kinetic Theory of Solids, which
Einstein, with ordinary boldness and with considerable
success, recently began to build according to analogous
outlines. We can briefly say that this Theory is dominated
by what lies at the bottom of Planck’s law (translation —
M. Kokowski).*

There are elementary guanta or units of energy; this
is what we are taught, in the light of the Probability Cal-
culus, by cardinal facts in the Field of Radiation. And this
result immediately captures all our thinking (translation —
M. Kokowski).*!

But what is an ‘atom of energy’® Is it possible to un-
derstand the connectivity, coherence, indivisibility of a cer-

* For the Polish original see Natanson 1911b, pp. 158-159 & Kokowski 2021,
Dodatek 3.

1 For the Polish original see Natanson 1911b, p. 157 & Kokowski 2021, Do-
datek 3.
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tain amount of energy? Similar questions arise sponta-
neously. If we were to try to express, in the most general
formulation, the essential content of the value that we have
been gained by Planck’s theory, could we not say that
in the fundamental facts of radiation Planck noticed the
existence of a certain discontinuity in Nature. But where is this
discontinuity?

We can imagine it directly in the emission and ab-
sorption of radiation by the ultimate particles of matter
ot, as Planck has shown recently, we can transfer it to the
emission only. Returning to Newton, we might suppose
that the discontinuity is inherent to the spatial nature
of radiation, as some scientists have tried to reason; ot
maybe in the structure of universal ether. Given that
we encounter a discontinuity in a concept, namely the
concept of energy, it is easy to see that we can extend this
discontinuity, as it were, onto various orders of thought.
Perhaps we will place it finally in the concept of time or
in the concepts of pure geometry but we cannot get rid
of it by any means.

If so, can a quantum of energy be understood dynam-
ically or electromagnetically at all? The Dynamics and
Electromagnetic Theory, at least in its ordinary present
form, operates with concepts that are always conti-
nuous, and both, in their classical form, lead to the
Principle of Energy Equipartition, and this, as we know,
is a contradiction of today’s proven formula of Radiation.
We get tangled up in contradictions when we try to
imagine guanta of energy as shipments, some charges or
bullets of energy, running through ordinary space and
time according to ordinary laws that look for continuity
in everything. We could have foreseen this failure. Let us
say only briefly that a continuous model of discontinuous
energy units is zzpossible. But consider this: do we really
need it? The concept of energy units becomes an element
of our understanding of Nature. If it turns out, as it may
be supposed, to be its indispensable factor, then it must
penetrate all our thinking and transform everything that
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is not compatible or consistent with it today (translation —
M. Kokowski).*?

Despite such unambiguous statements, Natanson doubted whether
he was right about understanding the quanta. In 1913, commenting in the
dissertation entitled “Principles of Theory of Radiation” (“Principes
de la Théorie du Rayonnement”) the choice of Boltzmann’s probability
measure P instead of P, Natanson quoted a critical remark by a Polish
physicist Kamil Kraft (1873-1945):

What lies at the bottom of this fact? What can one learn
from it? We are still a long way from having answers to
these and other questions. One might suppose (Dr. K. Kraft
made this remark) that the physical meaning of the concept
P and the failure of P are indicative of the existence
of molecular discontinuities in nature and the non-
existence of real ‘quantas’ or discontinuities of energy.
But we should confess that this guideline is still unclear
and weak today.*

Ten years later, on April 4, 1923, in a speech at the inaugural session
of the first Congress of Polish Physicists and Chemists in Warsaw,
bearing in mind a) #he non-existence of a unified theory of optical phenomena
and b) the existence of a contradiction in the descriptions of optical
phenomena offered by wave optics and the (new) quantum optics,
Natanson saw serious limitations of the so far postulated hypothetical
entities of theories:

2 For the Polish original see Natanson 1911b, pp. 159-160 & Kokowski 2021,
Dodatek 3.

# For the Polish original see Natanson 1913, pp. 60-61 & Kokowski 2021, Do-
datek 3.

From Kamil Kraft’s letter to Natanson of August 20, 1912, we know that almost
three weeks earlier (i.e. at the beginning of August 1912), Kraft received from Na-
tanson his dissertation “Zasady teoryi promieniowania” (“Principles of the theory
of radiation”), published only in 1913 (Natanson 1913) and he highly appreciated this
study without reading it yet — see Kraft 1912 (archival document). Kamil Kraft is another
physicist who knew and appreciated Natanson’s achievements in the field of Planck
radiation theory. I overlooked him in my previous article — see Kokowski 2019,
pp. 368-381. Unfortunately, there are no other letters from Kraft in the existing Na-
tanson correspondence concerning this issue.
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So let us not believe in the existence of correct and simple waves; let
us also refuse to trust in the objective existence of quantum atonms.
The incompatibility of undulation and quantum Optics
only testifies to the fact that both disciplines, having picked
up a thin thread of similarity in the phenomena, extended
it, each its own, beyond their proper scope. They assumed
identity out of analogy, they took the subtle metaphor
literally, naively and crudely (italic, translation — M.K.).*

In 1924, Natanson, in the study entitled “On radiation”, which is the
second version of an article from 1911 (Natanson 1911b), presented
a final position on the ontological status of energy quanta. According
to that, energy quanta do exist, but it still creates conceptual difficulties
on the grounds of physics.

Natanson 1924b, pp. 142-143:

Boltzmann made a very important theorem: there is
arelationship between the probability of energy distribution
in a system and its entropy. But this relationship satisfies
the probability of distribution, computed according to
Boltzmann’s expression. Otherwise calculated probability
does not satisfy it. We must invoke this fact in order to
justify a posteriori why we follow Boltzmann, Planck,
in determining the probability of distribution. What lies at
the bottom of this fact? What can youlearn from it? Despite
long discussions, we do not have an unquestionable answer
to these and similar questions. And while Boltzmann’s
theorem plays an increasingly important role in the most

* For the Polish original see Natanson 1923 p. 8 & Kokowski 2021, Dodatek 3.

In the terminology developed by the author of the article #he hypothetical-deductive
method of correspondence-oriented thinking, the hypothetical beings postulated in the context
of theory are actually quasi-beings — see Kokowski 1996. In the case under consider-
ation, Natanson saw a striking contradiction between the quasi-entities postulated by
wave optics and the new quantum optics, and saw the need to search for a more general
theory of optical phenomena with new quasi-entities that would avoid the contradic-
tions of these theories, while preserving the already discovered partial truths — laws
of phenomena consistent with the predictions of the hitherto theories; on partial
truths in the mathematico-physical sciences, see Costa, French 2003.
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difficult research today, we are reaffirmed, quite bitterly,
in the observation that great generalizations of science,
while they are fruitful and beneficial, tend to be the most
obscure (translation — M. Kokowski).*

Natanson 1924b, pp. 143-144:

Following this path, Planck was led to the famous formula
that bears his name and which, as far as we know, agrees
well with the results of measurements within the limits
of unavoidable perception errors. We are not going to
quote Planck’s formula here; rather, we will highlight its
most important and immediate conclusion. Let us denote
by an elementary quantity or a unit of energy, with a certain
selected frequency; letters k and T let us keep their previous
purpose. Planck’s formula then shows us that the mean
value of the energy of one vibrator (or a fundamental
vibration) is not kT, as required by the principle of energy
equipartition; the ratio of this mean to kT does not equal 1,
but depends again on the ratio of e to kT. Although the
mean value of energy of the vibrator or the vibration
would tend to reach the limit value of kKT if we made e dis-
appear, but the reality does not allow this to be assumed;
for as it tends to zero, then Planck’s formula at the limit
transforms into Rayleigh’s law, and we know for certain that
this law denies real validity and truth. We must therefore
leave e finite in Planck’ formula, other than zero. There are
[inite guanta or units of energy; the reality of radiation teaches us this
in the light of calculations (italics, translation — M. Kokowski).*

Natanson 1924b, pp. 144-145:

By exploring the conditions of the equilibrium of radiation,
have we now discovered the guanta or energy atoms? Should we really
imagine coherent and cumulative, indivisible, unchanging

* For the Polish original see Natanson 1924b, pp. 142-143 & Kokowski 2021,
Dodatek 3.

% For the Polish original see Natanson 1924b, pp. 143-144 & Kokowski 2021,
Dodatek 3.
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units of radiant energy? Huge difficulties await us here.
Chemical atoms, at least in yesterday’s classical chemistry,
are unchangeable; an H or O or Cl atom is the simplest
element, inviolable in (ordinary) chemical reactions. The
electron is likewise the simplest constant unit of charge in
electromagnetic phenomena. The unit e of energy is, on
the contrary, something complex, dependent and variable.
According to Planck, e depends on the frequency of the con-
sidered elementary radiation. In order to agree with the ge-
neral thermodynamic laws of equilibrium, Planck assumed
that the unit e is directly proportional to the frequency
of vibration of the radiation or inversely proportional to its
wavelength. Depending on the nature, on the pulse of the
radiation, the variable quantity e cannot be a permanent,
eternal atom, it cannot be the primary element that the world
of phenomena is made of. But if we multiply the quantity
e by the period 1 of the radiation vibrations, we get the
invariant et. The product of energy by time is called action
in dynamics; the important claim of this science is called
the principle of least action. In the modern quantum theory
we therefore claim today that in physical phenomena, or at
least in radiation, thete exists a certain constant and universal
quantity, a certain standard of action; this norm et or shorter
h, as it was assumed to be written after Planck, is

h = 6.55 X 10%" X erg X sec.

If we knew exactly the form of the laws governing the
tiniest changes in Nature, we would probably know what
h means; in this respect, Boht’s theory, which also refers
to the norm h, gives rise to some hope. We are temporarily
satisfied with the (undoubtedly abstract) assumption that
the universal constant h represents the minimum possible
action; from units, from h atoms we raise a variety
of movements and changes in the ultimate fragments
of the wotld available to us* (translation — M. Kokowski).

7 For the Polish original see Natanson 1924b, pp. 144-145 & Kokowski 2021,
Dodatek 3.
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Natanson 1924b, pp. 149-151

If we were to try in the most general way to express the essential content
of the achievement that we have been enriched with by the quant
theory, we would probably have to say that in the fundamental facts
of radiation we have noticed the existence of a certain discontinuity
in Nature. We then found it in a variety of other physical phenomena,
which we have mentioned very briefly or not at all in this elusive sketch.
But where is this discontinuity? Planck originally envisioned it in the
processes of emission and absorption by particles of matter; later he
tried to limit it to just emissions. As we have seen, Niels Bohr gave
Planck’s assumption a concrete and clear form, at the same time seizing
an enormous range of spectral phenomena under the rule of theory.
Returning to some extent to the optical images of Newton, Einstein,
Stark, J. J. Thomson and other scientists wanted to see a discontinuity
in the fibrous structure of radiation, in its being spatially woven, as
it were. In its simplest form, the discontinuity, as we know, takes the
concept of a dynamic action, which in Minkowski’s four-dimensional
world becomes a fundamental concept. Yet, we can apply it as we wish
in various orders of thought. We will put it, perhaps, in geometric
concepts; we will declare a vacuum for a cracked, discontinuous
creature. In all likelihood, we will agree someday that time is atomistic,
as Poincaré had already semi-ironically recommended. However, by no
means can we get rid of the discontinuities. We have suspected that there
is some discontinuity somewhere deep in the world of events; and it is
a fresh and strong thought that can infiltrate our whole understanding
of Nature, one that can transform everything that does not agree with it.
Today, however, it encounters insurmountable difficulties in optics. The
wealth of experience accumulated in optics over the course of several
centuries, rich and accurate and reliable, stands in blatant contradiction
to any hypothesis of light packets, charges or projectiles. In view of the
precision of optical phenomena, the quantum thought seems not
only powerless or superfluous, but also incompatible with itself. Only
a finite sequence of radiation disturbances in a vacuum can result from
an emission of a finite amount of energy; only a finite sequence can
trigger absorption of a finite amount of energy. Meanwhile, the usual
concepts of wavelength and the frequency or period of oscillation do
not apply at all to a finite, breaking sequence of waves; they are concepts
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marked and clear in an infinite terms only, in an everlasting, infinitely
extensive sequence, the amplitude of which is absolutely constant.
Thus, the concepts of wavelength, frequency and period of oscillation
do not have definitions in quantum theories. When we mention n, A or
1 in these theoties, we threaten the Nature with a tool that we shattered
ourselves. But let’s trust in the future. Puzzles that are incomprehensible
today will be most likely explained by the radiant tomorrow. In the still
prevailing darkness, touched by a grand idea, albeit so far unclear, an
unexpected and branched weave of truth springs from the unfathomed
field of reality (translation — M. Kokowski).*

Appendix 5.
Selected aspects of a sketchy discussion with the theses
of some critics of Kastler and Natanson

Artur Kastler (1983, p. 616), not knowing the content of Natanson’s
letter to Landé, applied the same Natanson’s reinterpretation strategy:
he identified Natanson’s “energy units” with particles (e.g. photons) and
Natanson’s “ultimate particles” or “receptacles of energy” with “cells
in phase space”.

However, such a reinterpretation of Kastler was negatively assessed
by John Stachel (2000/2002, pp. 438-439) as inaccurate, because
it is anachronistic: Natanson considered the distribution of discrete
elements or units of energy in material entities and not light quanta
in phase cells, because he identified energy carriers as “ultimate particles
constituting the matter. [...] capable only of absorbing, containing and
emitting amounts of energy, which are multiplications of these finite
and determinate units” (Natanson 1911a, p. 134), analogous to how
Planck considered charged oscillators in equilibrium with the radiation
field at a certain temperature. This, according to Stachel, had nothing
to do with the distribution of particles (radiation or some other kind)
in the phase space cells, and therefore there is no reason to question
Einstein’s lack of response to Natanson’s article.

On the other hand, Silvio Bergia (1987, p. 344) and Jagdish Mehra
and Helmut Rechenberg (1982/2001, p. 559) believed that Natanson

*# For the Polish original see Natanson 1924b, pp. 149-151 & Kokowski 2021,
Dodatek 3.
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did not provide any physical explanation for the derivation of Planck’s
distribution, and that was the fundamental deficiency in Natanson’s
interpretation.

In claiming this, the critics of Natanson and Kastler overlooked
a key aspect of the arguments, as these interpretations are based on
a translation of the language of one model into the language of another
model. In the article from 1911, Natanson indicated corresponding
elements of Planck’s model and Natanson’s model, and in the letter to
Landé of 1925, such elements of Bose’s model and Natanson’s model,
which later —in 1983 — was also done by Kastler, and earlier —in 1925 —
also by Landé, who compared Bose’s model and Planck’s model.

Daniela Monaldi also continued the type of criticism proclaimed
by John Stachel: “[...] Natanson’s language can easily sound like an
anticipation of today’s common characterization of quantum statistics
as a statistics of indistinguishable particles, but the resemblance is only
retrospective. Natanson was simply re-discovering the combinatorial
difference already stressed by Planck. Natanson did not draw, im-
plicitly or explicitly, the conclusion that counting energy elements as
«andistinguishably alike» amounted to a new statistics. He kept within the
possibilities of the current statistical style of reasoning. For him, as for
Planck, it was expected and unremarkable that energy elements should
be counted differently from receptacles, since the energy elements did
not belong to the class of statistical objects. Comparing radiation and gas,
he concluded that they differed only because the receptacles of radiation
were pootly endowed with energy while energy was abundantly bestowed
upon the gas receptacles” (Monaldi 2019, p. 320; see also Natanson
1911a, p. 142; Stachel 2000; Monaldi 2009, pp. 387-388).

I do not agree with this interpretation of Daniela Monaldi:

1) Natanson’s credit was not only in rediscovering the combinatorial
difference emphasized by Planck, but in pointing out Planck’s implicit
assumptions about the indistinguishable elements of energy, which led
to an explanation of the statistical basis of Planck’s radiation theory, and
thus we are entitled to speak of Boltzmann-Planck-Natanson statistics
(Kokowski’s term).

2) Natanson did not argue at all that the only difference between
radiation and gas is very low or very high energy content, but that the
magnitude of the n / N parameter (whete n is the number of energy
units and N is the number of vibrations, vibrators, particles, objects
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in general), decides the type of statistics: when it is finite, we have
Boltzmann-Planck-Natanson statistics, and when it is infinite this
statistics is in the form of Maxwell-Boltzmann statistics. Consequently,
Natanson indicated the correspondence parameter of the new theory —
the Boltzmann-Planck-Natanson statistics (in Kokowski’s terminology),
the limiting case of which is the Maxwell-Boltzmann statistics.

Years later, this property of Einstein-Bose statistics was also recognized by Dirac
in bis fundamental monograph on quantum mechanics (1930, §68 Discussions
of Einstein-Bose Assemblies, pp. 223-225). Similarly, Ehrenfest and
Uhlenbeck (1927a), following Schrédinger, Fermi, Heisenberg and
Dirac (1926, pp. 662, 667-673), presented a quantum (wave-mechanical)
interpretation of the classical Maxwell-Boltzmann statistics (called by
them the Boltzmann statistics). There is nothing surprising in this, as
the quantum approach to classical statistics and quantum statistics
inherit the achievements of earlier approaches to this issue, including
the achievements of Natanson (these are specific “archaeological” layers
of the theory).*

It should be emphasized that Natanson spoke extensively and clearly
on these topics in his seven works on radiation statistics and related
issues: Natanson 1911a (English version); 1911b (pp. 144-160); 1911c

¥ According to Alexander Bach (1997, pp. 138-139), Natanson revealed the exis-
tence of combinatorial indistinguishability of particles in opposition to the so-called
physical indistinguishability of particles (defined by the idea of invariability of configu-
ration probabilities with respect to permutation established in quantum mechanics and
related to the problem of the “N!” factor in the ideal gas entropy formula). According
to Natanson, the combinatorial indistinguishability of hypothetical entities is a con-
sequence of the uniform probability distribution of the occupation number, while
in quantum mechanics it is the result of the invariability of the configuration prob-
abilities with respect to permutations; the uniform probability distribution is merely
a trivial case of a symmetric measure of probability; the Natansonian understanding
of indistinguishability was immediately accepted by Max Planck (1912/1914) and ad-
opted in physics textbooks, and later became the basis of classical probability theory
and combinatorics.

As for the so-called physical indistinguishability of particles, see also Hanle 1977;
Darrigol 1988; 1991, Kunz 1989; van Fraassen 1998; French, Krause 2006; Dieks 2014;
2020; Swendsen 2015; Saunders 2020.

I will also add, which has been ovetlooked so fat, that Natanson himself (1913,
p. 58, fn. 2) referred in the context of the combinatorial indistinguishability of particles
to the understanding of the probability of elementary events by Henri Poincaré (1896,
§§ 1-10) and Wiadystaw Gosiewski (1906, chap. 1).
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(pp- 659-666); 1912a; 1912b; 1913 (this is Natanson’s most important
work on the theory of radiation); 1924b (pp. 125-151) — details see
Kokowski 2019, pp. 336—343. Moreover, Alexander Bach (1990a, p. 24)
emphasized the clarity of Natanson’s approach (based on Boltzmann’s
approach to derive “Bose-Einstein” statistics), known to him from the
German version of Natanson’s article (1911¢).

Additionally, Simon Saunders criticized Natanson’s approach,
referring to Daniela Monaldi’s interpretation, but without quoting her
in this context:

Natanson introduced needed clarity. He set out some of the com-
binatorial expressions of §2.5, including the identity of (18) and (19)
(but so had Boltzmann). He gave a derivation, not of the Planck dis-
tribution, but of the Boltzmann probability distribution, Eq. (29)
precisely following Boltzmann! His subsequent discussion of the
difference between systems ‘abundantly bestowed’ with energy units,
and those ‘poorly endowed’, missing as he did the coarse graining into
frequency intervals, was flawed. He made no comment on statistical
independence, or the lack of it. There may be no great puzzle here as
to why his essay received so little commentary” (Saunders 2020, p. 49).

As in the case of Daniela Monaldi’s interpretation, I disagree with
Simon Saunders’s interpretation, in particular with the statements that
Natanson did not detive Planck’s law, i.e. the Boltzmann-Planck-Natanson
distribution / statistics (in Kokowski’s terminology), but only the
Boltzmann distribution (because after all, Natanson alluded to both Boltzmann
and Planck); he did not comment on either statistical independence or
the lack of it (becanse it was Natanson who first drew attention to the hidden
assumption of Planck’s theory, i.e. the indistingnishability of energy elements)

and that he carried out an erroneous analysis of systems “abundantly
endowed” with energy units and “poorly equipped” with these units
(this is not true, my criticisms of Daniela Monaldi’s interpretation apply
here as well, see above).

I also refer here to specialist studies by Alexander Bach (Bach, Blank,
Francke 1985; Bach 1985; 1987; 1988a; 1988b; 1990a; 1990b; 1990c;
1991; 1996, 1997, pp. 137-138), who explains in detail the intricacies
of Boltzmann’s approach in deriving Bose-Einstein statistics. I also
share his thesis:

Conceptually, Bose derivation is identical to those of Lorentz and
Natanson (Mehra, Rechenberg 1982, pp. 562—-565). According to a fa-
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miliar hypothesis (Pais 1982, pp. 427[-428]; Delbriick 1980; Dar-
rigol 1986 [p. 212]), Bose arrived at his statistics erroneously, by
assuming a multinomial distribution for the occupancy numbers
instead of a multinomial distribution for the occupation numbers. This
hypothesis is misleading, however, because the occupancy numbers are
subject to two constrains, whereas the occupation numbers are subject
to only one constraint (Bach 19904, s. 28).”!

Bibliography

ARCHIVAL SOURCES

Einstein, Albert 1924 (archival document ): Letter to Otto Halpern, after 26 August
1924. [In:] Einstein 2015a, Doc. 309, s. 483. Available online: https://

einsteinpapers.press.princeton.edu/vol14-doc/585; English translation in:
Einstein 2015b, Doc. 309, pp. 312-313. Available online: https://einsteinpapers.

press.princeton.edu/voll4-trans/342.

Einstein, Albert 1925 (archival document ): Letter to Erwin Schrédinger, 28 February
1925. [In:] Einstein 2015a, Doc. 446, pp. 677-678. Available online: https://

3 Daniela Monaldi also claims that Bose derived Planck’s law by making a happy
mistake. “Bose gathered that it was «now easy to calculate the thermodynamic proba-
bility of a (macroscopically defined) state»” [Bose 1924a, on 180]. There only remained
to calculate the number of different ways in which the quanta in a given frequency
interval could be distributed over the available cells. It was clearly not Bose’s intention
to introduce anything new in this part of the derivation. He admitted in a later inter-
view that he had not been aware of doing anything different from what Boltzmann
would have done. [Pais 1979, on 893]. In fact, Bose did use Boltzmann’s formula for
the probability of an energy distribution of an assembly of equal particles, but in ap-
plying it he inadvertently replaced the numbers of molecules having energies 0, e, 2e,
3e, ... with the number of phase-space cells containing 0, 1, 2, 3, ... light quanta. The
replacement happily resulted in an energy density formula equivalent to Planck’s law,
and Bose regarded the operation a success” (Monaldi 2019, p. 324).

However, we are not dealing here with a mistake at all: the standard strategy
of re-interpreting the physico-mathematical model according to the hypothetico-de-
ductive method of correspondence-oriented thinking (this is the supra-historical style
of mathematico-physical sciences) is manifested here. In this particular case, the strat-
egy of analogical thinking was used: corresponding classes of hypothetical entities
of the theory were indicated. On the role of analogy in mathematico-physical sciences,
see Bailer-Jones 2009, pp. 46-80.

! See fn. 21.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

483


http://www.jstor.org/stable/27757565
https://www.jstor.org/stable/41133876
https://einsteinpapers.press.princeton.edu/vol14-doc/585
https://einsteinpapers.press.princeton.edu/vol14-doc/585
https://einsteinpapers.press.princeton.edu/vol14-trans/342
https://einsteinpapers.press.princeton.edu/vol14-trans/342
https://einsteinpapers.press.princeton.edu/vol14-doc/779

484

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

einsteinpapers.press.princeton.edu/vol14-doc/779; English translation in:
Einstein 2015b, Doc. 446, pp. 438—439. Available online: https://einsteinpapets.

press.princeton.edu/voll4-trans/468.

Einstein, Albert 1926 (archival document ): Letter to Paul Ehrenfest, 24 November
1926. [In:] Einstein 2018a, Doc. 420, pp. 641— 643 (do listu na pp. 643-645
dotaczony jest manuskrypt nieopublikowanej ostatecznie notki Uchlenbecka
i Ehrenfesta 1926a (archival document)). Available online: https://einsteinpapets.
press.princeton.edu/vol15-doc/753; English translation in: Einstein 2018b,
Doc. 420, pp. 396— 397 (do listu na pp. 397-399 dolaczony jest manuskrypt
nieopublikowanej ostatecznie notki Uchlenbecka i Ehrenfesta 1926a (archival

document)). Available online: https://einsteinpapers.press.princeton.edu/voll5-
trans/430.

Einstein, Albert 2015a: The Collected Papers of Albert Einstein, Vol. 14. The Berlin Years:
Writings & Correspondence, April 1923—May 1925 — Documentary Edition. Edited
by Diana Kormos Buchwald, Jozsef Illy, Ze’ev Rosenkranz, Tilman Sauer
& Osik Moses. Princeton, New Jersey, USA: Princeton University Press.

Available online: https://cinsteinpapers.press.princeton.edu/voll4-doc/.

Einstein, Albert 2015b: The Collected Papers of Albert Einstein, Nol. 14. The Berlin Years:
Writings & Correspondence, April 1923—May 1925 (English Translation Supplenzent) —
Documentary Edition. Edited by Diana Kormos Buchwald, Jozsef Illy, Ze’ev
Rosenkranz, Tilman Sauer & Osik Moses Translated by Ann M. Hentschel
& Jennifer Nollar James Klaus Hentschel, consultant. Princeton, New Jersey,
USA: Princeton University Press. Available online: https://cinsteinpapets.

press.princeton.edu/voll4-trans/.

Einstein, Albert 2018a: The Collected Papers of Albert Einstein, Vol. 15. The Berlin Years:
Writings & Correspondence, June 1925—May 1927 — Documentary Edition. Edited
by Diana Kormos Buchwald, Jézsef Illy, A. J. Kox, Dennis Lehmkuhl, Ze’ev
Rosenkranz & Jennifer Nollar James. Available online: https://ecinsteinpapers.

press.princeton.edu/voll5-doc/.

Einstein, Albert 2018b: The Collected Papers of Albert Einstein, Vol. 15: The Berlin Years:
Writings & Correspondence, June 1925-May 1927 (English Translation Supplement).
Edited by Diana Kormos Buchwald, Jézsef Illy, A. J. Kox, Dennis Lehmkuhl,
Ze’ev Rosenkranz & Jennifer Nollar James. Translated by Jennifer Nollar James,

Ann M. Hentschel, Mary Jane Teague. Available online: https://einsteinpapers.
press.princeton.edu/voll5-trans/ .
Halpern, Otto 1924 (archival document ): Letter to Albert Einstein, 26 August 1924.

[In:] Einstein 2015a, Doc. 308, pp. 481-482; English translation in: Einstein
2015b, Doc. 308, pp. 310-312.

Kraft, Kamil 1912 (archival document ): List do Wladystawa Natansona (Krakow,
20 sierpnia 1912). [In:] Korespondencja Wtadystawa Natansona z lat 1884—

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://einsteinpapers.press.princeton.edu/vol14-doc/779
https://einsteinpapers.press.princeton.edu/vol14-trans/468
https://einsteinpapers.press.princeton.edu/vol14-trans/468
https://einsteinpapers.press.princeton.edu/vol15-doc/753
https://einsteinpapers.press.princeton.edu/vol15-doc/753
https://einsteinpapers.press.princeton.edu/vol15-trans/430
https://einsteinpapers.press.princeton.edu/vol15-trans/430
https://einsteinpapers.press.princeton.edu/vol15-doc/
https://einsteinpapers.press.princeton.edu/vol15-doc/
https://einsteinpapers.press.princeton.edu/vol15-trans/
https://einsteinpapers.press.princeton.edu/vol15-trans/
https://einsteinpapers.press.princeton.edu/vol14-doc/
https://einsteinpapers.press.princeton.edu/vol14-trans/

Science beyond borders | g_ﬁmd_'a
istoriae
cientiarum

Landé, Alfred 1925 (archival document ): List do Wladystawa Natansona (Tybinga,
18 listopada 1925). [In:] Korespondencja Wladystawa Natansona z lat 1884—
—1937.T. 10, Laar — Lukasiewicz [Re¢kopis], s. 6. Available online: https://jbc.

bj.uj.edu.pl/publication/610285.

Landé, Alfred; Kuhn, Thomas S.; Heilbron, John 1962: Interview of Alfred Landé
by Thomas S. Kuhn and John Heilbron on 1962 March 5, 6, 7, 8 and June
15. Niels Bohr Library & Archives, American Institute of Physics, College

Park, MD USA. Available online: http://wwwaip.org/history-programs/niels-
boht-library/oral-histories /4728-1.

Natanson, Whadystaw 1923: Oblicze natury: Odegyty, pryemowienia i szkice [Rekopis]/
przez dra Wiadystawa Natansona. Biblioteka Jagiellofiska B] Rkp. 8751 II.

Available online: https://jbc.bj.uj.edu.pl/Content/641478/zip/.

Natanson, Wladyslaw [Wtadystaw] 1925: Letter to Alfred Landé (Krakéw, 14 No-
vember 1925). American Philosophical Society Library, Philadelphia, PA,
USA. Archive for the History of Quantum Physics, 18981950 (bulk). Volume
reel 4: reel-frame 19. Call Number Mss.530.1.Ar2.

Schrédinger, Exwin 1925a (archival document ): Letter to Alfred Landé (28 October
1925). American Philosophical Society Library, Philadelphia, PA, USA. Archive
for the History of Quantum Physics, 1898-1950 (bulk). Call Number
Mss.530.1.Ar2, Box(es)/Folder(s), reel 37: reel-frame 8 4.

Schrédinger, Erwin 1925b (archival document ): List do Alberta Einsteina (Zurich,
3 listopad, 1925). [W:]. Einstein 2018b, doc. 101, pp. 181-183. Available on-

line: https://einsteinpapers.press.princeton.edu/voll5-doc/293. Przektad ang;
[In:] Einstein 2018b, doc. 101, pp. 120—-121. Available online: https://einstein

papers.press.princeton.edu/voll5-trans/154.

Schrédinger, Exrwin 1925¢ (archival document): Letter to Alfred Landé (16 November
1925). American Philosophical Society Library, Philadelphia, PA, USA. Archive
for the History of Quantum Physics, 1898-1950 (bulk). Call Number
Mss.530.1.A12, Box(es)/Foldet(s), reel 37: reel-frame 8.

Uhlenbeck, G.E.; Ehrenfest, P. 1926 (archive document): Fuhrt die Bose-Einsteinsche
Statistik bei idealen Gasen zu einer Entartungs- condensation? Manuscript
f. Z.f. mieffe Physik. [In:] Einstein 2018, Doc. 420, pp. 643—645. Available online:
https://einsteinpapers.press.princeton.edu/voll5-doc/753.

STUDIES

Bach, Alexander 1985: On the quantum properties of indistinguishable classical
particles. Lettere al Nuovo Cimento 43(8), pp. 383-387. DOI: https://doi.org/
10.1007 /bf02746971

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

485


https://jbc.bj.uj.edu.pl/dlibra/publication/610273/edition/588743/content
https://jbc.bj.uj.edu.pl/dlibra/publication/610273/edition/588743/content
https://jbc.bj.uj.edu.pl/publication/610285
https://jbc.bj.uj.edu.pl/publication/610285
http://www.aip.org/history-programs/niels-bohr-library/oral-histories/4728-1
http://www.aip.org/history-programs/niels-bohr-library/oral-histories/4728-1
https://jbc.bj.uj.edu.pl/Content/641478/zip/
https://search.amphilsoc.org/collections/view?docId=ead/Mss.530.1.Ar2-ead.xml#top
https://search.amphilsoc.org/collections/view?docId=ead/Mss.530.1.Ar2-ead.xml#top
https://search.amphilsoc.org/collections/view?docId=ead/Mss.530.1.Ar2-ead.xml#top
https://einsteinpapers.press.princeton.edu/vol15-doc/293
https://einsteinpapers.press.princeton.edu/vol15-trans/154
https://einsteinpapers.press.princeton.edu/vol15-trans/154
https://search.amphilsoc.org/collections/view?docId=ead/Mss.530.1.Ar2-ead.xml#top
https://search.amphilsoc.org/collections/view?docId=ead/Mss.530.1.Ar2-ead.xml#top
https://einsteinpapers.press.princeton.edu/vol15-doc/753
https://doi.org/10.1007/bf02746971
https://doi.org/10.1007/bf02746971

486

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Bach, Alexander 1987: Indistinguishability or distinguishability of the particles
of Maxwell-Boltzmann statistics. Physics Letters A 125(9), pp. 447-450.

Bach, Alexander 1988a: The concept of indistinguishable particles in classical and
quantum physics. Foundationn of Physies 18(6), pp. 639—-649. DOI: https://doi.
org/10.1007 /bf00734566. Available online:

Bach, Alexander 1988b: The Maxwell-Boltzmann distribution detived from
Bose-Einstein statistics. Physies Letters A 134(1), pp. 1-3. DOI: 10.1016/0375-
9601(88)90535-X.

Bach, Alexander 1990a: Boltzmann probability-distribution of 1877. Archive for
History of Exact Sciences 41(1), pp. 1-40. Available online: https://wwwjstor.

org/stable/41133876.

Bach, Alexander 1990b: Indistinguishable particles: definitions and implications.
Physics Letters A 151(1-2), pp. 1-6. DOI: https://doi.org/10.1016/0375-

9601(90)90835-C.

Bach, Alexander 1990c: Indistinguishability, Interchangeability, and Indeter-
minism. [In:] Roger Cooke, Domenico Costantini (eds.), Statistics in Science.
The Foundations of Statistical Methods in Biology, Physics and Economics. “Boston
Studies in the Philosophy of Science” vol. 122, pp. 149-166.

Bach, Alexander 1991: Why Are Independent Bosons Distributed According to
Maxwell-Boltzmann Statistics? EPL (Europhysics Letters) 14(5), pp. 391-396.

Bach, Alexander 1997: Indistinguishable Classical Particles. “Lecture Notes in Physics.
New Series m: Monographs” m42. Berlin, ... Tokyo: Springer.

Bach, Alexander; Blank, H.; Francke, H. 1985: Bose-Einstein statistics detived
from the statistics of classical particles. Lettere al Nuovo Cimento (Series 2) 43,
pp- 195-198.

Badino, Massimiliano 2006: Was there a statistical Turn ? The Interaction between
Mechanics and Probability in Boltzmann’s Theory of Non Equilibrium (1872—
—1877). Available online: http://philsci-archive.pitt.edu/2878/1/Was_There
a_Statistical_Turn.pdf.

Badino, Massimiliano 2009: The Odd Couple: Boltzmann, Planck and the
Application of Statistics to Physics (1900-1913). Annalen der Physik 18(2-3),
pp- 81-101. DOI: 10.1002/andp.200810336.

Badino, Massimiliano 2010: Pursuing an Idea: Planck’s Quantum Theory of Ideal

Gas. Available online: https://www.academia.edu/1566066/Pursuing an
Idea Plancks Quantum_ Theory of Ideal Gas.

Badino, Massimiliano 2015: Three dogmas on scientific theories. PhilArchive.
https://philpapers.org/archive/BADTDO-7.pdf.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://doi.org/10.1007/bf00734566
https://doi.org/10.1007/bf00734566
https://www.jstor.org/stable/41133876
https://www.jstor.org/stable/41133876
https://doi.org/10.1016/0375-9601(90)90835-C
https://doi.org/10.1016/0375-9601(90)90835-C
http://philsci-archive.pitt.edu/2878/1/Was_There_a_Statistical_Turn.pdf
http://philsci-archive.pitt.edu/2878/1/Was_There_a_Statistical_Turn.pdf
https://www.academia.edu/1566066/Pursuing_an_Idea_Plancks_Quantum_Theory_of_Ideal_Gas
https://www.academia.edu/1566066/Pursuing_an_Idea_Plancks_Quantum_Theory_of_Ideal_Gas
https://philpapers.org/archive/BADTDO-7.pdf

Science beyond borders | g—ﬁwq]a
istoriae
cientiarum

Badino, Massimiliano 2015b: Deconstructing Planck. In book: The Bumpy Road:
Masc Planck from Radiation Theory to the Quantum (1896—1906). Springer, pp. 81—
—110. DOI: 10.1007/978-3-319-20031-6_4. Partially available online: https://

books.google.pl/books?id=]cvWCQAAQBA]J.
Badino, Massimiliano 2016: What have the historians of quantum physics ever done

for us? Centanrus 58(4), pp. 327-346. DOI: https://doi.org/10.1111/1600-
0498.12127.

Badino, Massimiliano 2021: Of weighting and counting: statistics and ontology
in the old quantum theory. Forthcoming in: Bacciagaluppi, G., Darrigol,
O, Freire Jr, O., Hartz, T., Joas, C., Kojevnikov, A. (eds.), Oxford Handbook
of the History of Interpretations and Foundations of Quantum Mechanics.
Oxford: Oxford University Press (expected publication: late 2021). Available

online: https://philarchive.org/archive/BADOWA.

Bailer-Jones, Daniela M. 2009: Scientific Models in Philosophy of Science. Pittsburgh:
University of Pittsburgh Press.

Bergia, Silvio 1987/2009: Who discovered the Bose-Einstein statistics? [In:]
Manuel G. Doncel, Armin Hermann, Louis Michel, Abraham Pais (eds.),
Symmetries in physics (1600-1980). 1st International Meeting on the History
of Scientific Ideas, Sant Feliu de Guixols, Spain, 20—26 September 1983
(Madrid: Madrid University, 1987), pp. 221-250. Reprinted in: Kameshwar
C. Wali (ed.), Satyendra Nath Bose: his life and times. Selected works (with commen-
tary) (Singapore: World Scientific Publishing, 2009), pp. 332-358.

Blanpied, William A. 1972: Satyendranath Bose: Co-Founder of Quantum Statistics.
American Journal of Physics 40(9), pp. 1212-1220. DOI: 10.1119/1.1986805.

Boltzmann, Ludwig 1868 (reptinted 1909a)/2014a (English translation and
comments): Studien iber das Gleichgewicht der lebendigen Kraft zwischen
bewegten materiellen Punkten. Wiener Bericht. 58, pp. 517-560. Reprinted
in: Boltzmann 1909a, pp. 49-96. Translation into English and comments:
Gallavotti 2014, pp. 139-142, 142-148.

Boltzmann, Ludwig 1872: Weitere Studien tber das Wirmegleichgewicht unter
Gasmolekilen. Wiener Bericht 66, pp. 275-370. Reprinted in: Boltzmann 1909a,
pp- 316-402.

Boltzmann, Ludwig 1877 (teprinted 1909b)/2002 (English translation); 2014b
(Partial translation and comments): Uber die Bezichung zwischen dem
zweiten Hauptsatze des mechanischen Wirmetheorie und der Wahrschein-
lichkeitsrechnung, respective den Sitzen uber das Wirmegleichgewicht. Grag
Sitzb.d. Kaiserlichen Akademie der Wissenschaften, mathematich-naturwissen 76, pp. 373—
—435. Reptinted in: Boltzmann 1909b, pp. 164-223/2002 (English translation
by Joél Le Roux): On the relationship between the second main theorem

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

487


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2F978-3-319-20031-6_4
https://books.google.pl/books?id=JcvWCQAAQBAJ
https://books.google.pl/books?id=JcvWCQAAQBAJ
https://doi.org/10.1111/1600-0498.12127
https://doi.org/10.1111/1600-0498.12127
https://philarchive.org/archive/BADOWA
https://services.phaidra.univie.ac.at/api/object/o:63647/diss/Content/get

488

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

of mechanical heat theory and the probability calculation with respect to the
results about the heat equilibrium. May 2, 2002. Available online: http://users.
polytech.unice.fr/~leroux/boltztrad.pdf. Partial translation and comments:
Gallavotti 2014, pp. 178-181.

Buchwald, Jed Z. (ed.) 1995: Scientific Practice: Theories and Stories of Doing Physics.
Chicago and London: The University of Chicago Press.

Boltzmann, Ludwig 1909a (reprinted 2014a): Wissenschaftliche Abbandlungen.
Band 1. (7865-1874). Fritz Hasenohrl (ed) PDF mit OCR Texterkennung
Available online: https: . . .ac.

diss/Content/get.

Boltzmann, Ludwig 1909b (reprinted 2014b): Wissenschaftliche Abbandlungen.
Band 1II. (7875—1881). Fritz Hasenohrl (ed.). PDF mit OCR Texterkennung
Available online: https: .

diss/Content/get.

Boltzmann, Ludwig 1909¢ (reprinted 2014c): Wissenschaftliche Abbandlungen. Band
1. (1882—1905). Tritz Hasenohrl (ed) PDF mit OCR Texterkennung
Available online: https: . . .ac.

diss/Content/get.

Bose, Satyendra Nath 1924a / 1976, 2009b: Plancks Gesetz und Lichtquan-
tenhypothese. Zeitschrift fiir Physik 26, pp. 178—181. Reprinted 2009a in:
Kameshwar C. Wali (ed.), Satyendra Nath Bose: bis life and times. Selected works
(with commentary) (Singapore: World Scientific Publishing, 2009), pp. 21-25

(86-99). Available online: https://books.google.pl/books?id=1.01pDQAA
QBAJ&pe=PA21 (German version); https://books.google.pl/books?id=
LO1pDQAAQBA]&pg=PA26 (English translation). English translation 1976:
Planck’s law and the light quantum hypothesis (translated by O. Theimer and
Budh Ram). American Jonrnal of Physics 44, pp. 1056—1057. Available online:
http://www.ffn.ub.es/luisnavarro/nuevo_maletin/Bose 1924.pdf. English
translation 2009b: Planck’s Law and the Light-Quantum Hypothesis, pp. 26—
—29 (100-113).

Bose, Satyendra Nath 1924b (reprinted 2009¢; English transl. 2009d): Wirme-
gleichgewicht im Strahlungsfeld bei Anwesenheit von Materie. Zeitschrift fiir
Physik 27 (1) (December 1924), pp. 384-393. Available online: https://pl.
booksc.xyz/dl/6525246/a1d589. Reprinted 2009¢ in: Kameshwar C. Wali (ed.),
Satyendra Nath Bose: his life and times. Selected works (with commentary)
(Singapore: World Scientific Publishing, 2009), pp. 30-39 (104-113). Available
online: https://books.google.pl/books?id=1.01pDQAAQBA]&pg=PA30;
English translation 2009d: Thermal Equilibrium in the Radiation Field in the
Presence of Matter. [In:] Kameshwar C. Wali (ed.), Satyendra Nath Bose: his
life and times. Selected works (with commentary) (Singapore: World Scientific

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://arxiv.org/pdf/1311.6448
https://services.phaidra.univie.ac.at/api/object/o:63647/diss/Content/get
https://services.phaidra.univie.ac.at/api/object/o:63647/diss/Content/get
https://services.phaidra.univie.ac.at/api/object/o:63651/diss/Content/get
https://services.phaidra.univie.ac.at/api/object/o:63651/diss/Content/get
https://books.google.pl/books?id=L01pDQAAQBAJ&pg=PA21
https://books.google.pl/books?id=L01pDQAAQBAJ&pg=PA21
https://books.google.pl/books?id=L01pDQAAQBAJ&pg=PA26
https://books.google.pl/books?id=L01pDQAAQBAJ&pg=PA26
http://www.ffn.ub.es/luisnavarro/nuevo_maletin/Bose_1924.pdf
https://pl.booksc.xyz/dl/6525246/a1d589%3c
https://pl.booksc.xyz/dl/6525246/a1d589%3c
https://books.google.pl/books?id=L01pDQAAQBAJ&pg=PA30

Science beyond borders |

Publishing, 2009), pp. 40-47 (114-122). Available online: https://books.
google.pl/books?id=1.01pDOQAAQBA]&pg=PA40.

Bothe, Walther 1927: Lichtquanten und Interferenz. Zeitschrift fiir Physik 41 (4-5),
pp. 332-344. DOL: 10.1007/BF01391247.

Buchwald, Jed Z. (ed.) 1995: Scientific Practice: Theories and Stories of Doing Physics.
Chicago and London: The University of Chicago Press.

Camilleri, Kristian 2011: Atom and Individual: The Trajectory of a Metaphor.
[In:] Emma Kowal, Ghassan Hage (eds.), Force Movement Intensity: The Newtonian
Imagination in the Humanities and Social Sciences. Melbourne University Publishing,
pp. 115-127

Costa, Newton C. A. da; French, Steven 2003: Science and Partial Truth: A Unitary
Approach to Models and Scientific Reasoning. “Oxford Studies in the Philosophy
of Science”. Oxford University Press.

Crombie, Alistar C. 1994: The Styles of Scientific Thinking in the European Tradition,
3 vols. London: Duckworth.

Darrigol, Olivier 1986: The origins of the quantized matter wave. Historical Studies
in the Physical and Biological Sciences 16(2), pp. 197-253. DOL: 10.2307 /27757565.

Available online: http://wwwjstor.org/stable/27757565.

Darrigol, Olivier 1988: Statistics and combinatorics in early quantum theory.
Historical Studies in the Physical Sciences 19, pp. 17-80. DOI: 10.2307/27757616.

Available online: https://wwwjstor.org/stable/27757616.

Darrigol, Olivier 1991: Statistics and combinatorics in early quantum theory,
II: Early symptoma of indistinguishability and holism. Historical Studies in the

Physical Sciences 21, pp. 237-298. Available online: https://wwwjstor.org/
stable/27757664.

Darrigol, Olivier 1992: From c-numbers to q-numbers. The classical analogy in the history
of quantum theory. Berkeley: University of California Press. Available online:
https://publishing.cdlib.org/ucpressebooks/view?docld=ft4t1nb2gv;

brand=ucpress

Darrigol, Olivier 2018: _Azoms, Mechanics, and Probability: Ludwig Boltzmann’s Statistico-
Mechanical Writings — an Exegesis. Oxford University Press. Partially available

online: https://books.google.pl/books?id=1z5MDwAAQBA].

Debye, Peter 1910: Der Wahrscheinlichkeitsbegriff in der Theorie der Strahlung.
Annalen der Physik 33, pp. 1427-1434.

Delbriick, M. 1980: Was Bose-Einstein statistics arrived at by serendipity? Journal
of Chemical Edncation 57(7), pp. 467-470. DOI: 10.1021/ed057p467.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

tudia
istoriae
cientiarum

489


https://books.google.pl/books?id=L01pDQAAQBAJ&pg=PA40
https://books.google.pl/books?id=L01pDQAAQBAJ&pg=PA40
http://www.jstor.org/stable/27757565
https://www.jstor.org/stable/27757616
https://www.jstor.org/stable/27757664
https://www.jstor.org/stable/27757664
https://publishing.cdlib.org/ucpressebooks/view?docId=ft4t1nb2gv;brand=ucpress
https://publishing.cdlib.org/ucpressebooks/view?docId=ft4t1nb2gv;brand=ucpress
https://books.google.pl/books?id=lz5MDwAAQBAJ

490

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Dieks, Dennis 2014: The Logic of Identity: Distinguishability and Indistinguishability
in Classical and Quantum Physics. Foundations of Physics 44(12), pp. 1302-1316.

Available online: https://core.ac.uk/download/pdf/33752412.pdf.
Dieks, Dennis 2020: Identical Particles in Quantum Mechanics: Against the

Received View. Available online: http://philsci-archive.pitt.edu/18684/1/
AgainstRV.pdf.

Dirac, Paul Adrien Maurice 1926: On the theory of quantum mechanics. Proceedings
of the Royal Society A Matematical, Physical and Engineering Sciences 112(762), pp. 661—
—677. DOT: https://doi.org/10.1098/rspa.1926.0133. Available online:

https://rovalsocietypublishing.ore/doi/pdf/10.1098 /rspa.1926.0133.

Dirac, Paul Adrien Maurice 1927: The quantum theory of the emission and
absorption of radiation. Roya/ Society. Proceedings A 114, pp. 243-265. Available
online:  http://hermes.ffn.ub.es/luisnavarro/nuevo_maletin/Dirac

QED_1927.pdf.

Dirac, Paul Adrien Maurice 1930: The Principles Of Quantum Mechanics. https://
i download/in.ernet.dli.2015.177580/2015.177580.The-Principles-

Of-Quantum-Mechanics.pdf.

Duhem, Pierre 1906 (2d ed. 1914)/1908, 1954: La théorie physique, son object et sa
structure. Paris; German translation: Zie/ und Struktur der physikalischen Theorie.
Trans. Friedrich Adler. Introd. Ernst Mach (Leipzig, 1908); English translation
The Aim and Structure of Physical Theory. Engl. transl. (of 2d ed.) P.P. Wiener
(Princeton, 1954).

Duhem, Pierre 1908/1969: 2OZAIN TA ®AINOMENA. Essai sur la notion de
théorie physigue de Platon a Galilée. Paris: A.Hermann et Fils. English translation:
To Save the Phenomena. An Essay on the Idea of Physical Theory from Plato to Galileo.
Trans. Edmund Dolan and Chaninah Maschler. Chicago, London: The
University of Chicago Press, 1969.

Ehrenfest,Paul 1911 (received: 8 June 1911): Welche Ziige der Lichtquantenhypothese
spielen in der Theorie der Wirmestrahlung eine wesentliche Rolle? Annalen der
Physik 341/11, pp. 91-118, reprinted in: Collected Scientific Papers (1959),
pp. 185-212. Available online: https://zenodo.org/record/1424215#.

XQPIRMTVKUk.

Ehrenfest, Paul 1925/2016: Enetrgieschwankungen im Strahlungsfeld oder
Kiristallgitter bei Superposition quantisierter Eigenschwingungen. Zeitschrift
Jiir Physik 34, pp. 362-373 / English translation 2016 by Elise Crull: Energy
fluctuations in the radiation field or crystal lattice through superposition of
quantized normal modes. Available online: http://philsci-archive.pitt.edu/
13003/1/Ehrenfest1925_translation.pdf.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://core.ac.uk/download/pdf/33752412.pdf
http://philsci-archive.pitt.edu/18684/1/AgainstRV.pdf
http://philsci-archive.pitt.edu/18684/1/AgainstRV.pdf
https://doi.org/10.1098/rspa.1926.0133
https://royalsocietypublishing.org/doi/pdf/10.1098/rspa.1926.0133
http://hermes.ffn.ub.es/luisnavarro/nuevo_maletin/Dirac_QED_1927.pdf
http://hermes.ffn.ub.es/luisnavarro/nuevo_maletin/Dirac_QED_1927.pdf
https://archive.org/download/in.ernet.dli.2015.177580/2015.177580.The-Principles-Of-Quantum-Mechanics.pdf
https://archive.org/download/in.ernet.dli.2015.177580/2015.177580.The-Principles-Of-Quantum-Mechanics.pdf
https://archive.org/download/in.ernet.dli.2015.177580/2015.177580.The-Principles-Of-Quantum-Mechanics.pdf
https://zenodo.org/record/1424215#.XQPIRMTVKUk
https://zenodo.org/record/1424215#.XQPIRMTVKUk
http://philsci-archive.pitt.edu/13003/1/Ehrenfest1925_translation.pdf
http://philsci-archive.pitt.edu/13003/1/Ehrenfest1925_translation.pdf

Science beyond borders | g_ﬁmd_'a
istoriae
cientiarum

Ehrenfest, P.; Kamerlingh-Onnes, H. 1914: Simplified deduction of the formula
from the theory of combinations which Planck uses as the basis of his
radiation theory. Proceedings Amsterdam Academy 17, pp. 870-873. Reprinted
in Klein 1959a, pp. 353-356.

Ehrenfest, P; Uhlenbeck, G.E. 1927: Die wellenmechanische Interpretation der
Boltzmannschen Statistik neben der der neueren Statistiken. Zeitschrift fiir Physik
41, pp. 24-26 http://dx.doi.org/10.1007/BF01454759.

Einstein, Albert 1905: Uber einen die Erzeugung und Verwandlung des Lichtes
betreffenden heuristischen Gesichtspunkt. Awnalen der Physik 17 (6), pp.
132—148 DOI 10.1002/andp. 19053220607 Avallable online: http://www.

p_f A partial anhsh translation “On a Heuristic Point of View about the

Creation and Conversion of Light” is available from Wikisource. Available
online: https://en.wikisource.org/?curid=59468.

Einstein, Albert 1916: Zur Quantentheorie der Strahlung. Mitteilungen der
Physikalischen Gesellschaft (Ztrich) 18, pp. 47-62.

Einstein, Albert 1917: Zur Quantentheorie der Strahlung. Physikalische Zeitschrift
18, pp. 121-128.

Einstein, Albert 1918: Motive des Forschens. [In:] Zu Max Plancks sechzigstem
Geburtstag. Ansprachen, gehaltenam 26. April 1918 in der Deutschen
Physikalischen Gesellschaft von E. Warburg, M. v. Laue, A. Sommerfeld und
A. Einstein. Karlsruhe: C.F. Millersche Hofbuchhandlung,1918, pp. 29-32.
/ Nol. 7, The Berlin Years: Writings, 1918—1921, pp. 55-58. Availbale online:
https://einsteinpapers.press.princeton.edu/vol7-doc/103. / English trans-
lation: Motive for research. [In:] A. Einstein, Ideas and Opinions, trans. Sonja
Bargmann. NewYork: Crown,1982. Vol. 7, The Berlin Years: Writings, 1918—
—1921 (English translation supplement), pp. 42—45. Available online: https://

einsteinpapers.press.princeton.edu/vol7-trans/58.

Einstein, Albert 1924 (presented 10 July 1924; published 20 September 1924)/2015a
Doc. 283; 2015b, DOC. 283: Quantentheorie des einatomigen idealen Gases.
Sitzungsberichte der Koniglich-Preussischen Akademie der Wissenschaften (Berlin).
Physikalischmathematische Klasse (10.7.1924) 22, pp. 261-267. Available online:
https://www.uni-muenster.de/imperia/md/content/physik _ap/demokritov
mbecfornonphysicists/einstein 1924 1925.pdf. Reprinted in: Einstein
2015a, Doc. 283, pp. 433—441. Available online: https://einsteinpapers.press.
princeton.edu/vol14-doc/535. English translation: Quantum theory of ideal
gas. [In:] Einstein 2015b, DOC. 283, pp. 276—283. Available online: https://
einsteinpapers.press.princeton.edu/voll4-trans/306.

Einstein, Albert 1925a (dated: December 1924; presented: 8 January 1925;
published: 9 February 1925)/2015a, Doc. 385; 2015b, Doc. 385: Quantentheotie

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

491


http://dx.doi.org/10.1007/BF01454759
http://www.physik.uni-augsburg.de/annalen/history/einstein-papers/1905_17_132-148.pdf
http://www.physik.uni-augsburg.de/annalen/history/einstein-papers/1905_17_132-148.pdf
http://www.physik.uni-augsburg.de/annalen/history/einstein-papers/1905_17_132-148.pdf
https://en.wikisource.org/?curid=59468
https://einsteinpapers.press.princeton.edu/vol7-doc/103
https://einsteinpapers.press.princeton.edu/vol7-trans/58
https://einsteinpapers.press.princeton.edu/vol7-trans/58
https://www.uni-muenster.de/imperia/md/content/physik_ap/demokritov/mbecfornonphysicists/einstein_1924_1925.pdf
https://www.uni-muenster.de/imperia/md/content/physik_ap/demokritov/mbecfornonphysicists/einstein_1924_1925.pdf
https://einsteinpapers.press.princeton.edu/vol14-doc/535
https://einsteinpapers.press.princeton.edu/vol14-doc/535
https://einsteinpapers.press.princeton.edu/vol14-trans/306
https://einsteinpapers.press.princeton.edu/vol14-trans/306

492

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

des einatomigen idealen Gases, 2. Abhandlung. Sizzungsberichte der Koniglich
Preussischen Akademie der Wissenschaften (Berlin). Physikalischmathematische Klasse
(8.1.1925) 23, pp. 3—14. Available online: https://wwwuni-muenster.de/
imperia/md/content/physik_ap/demokritov/mbecfornonphysicists
einstein 1924 1925.pdf. Reprinted in: Einstein 2015a, Doc. 385, pp. 580—
—594. Available online: https://ecinsteinpapers.press.princeton.edu/voll4-
doc/682. English translation: Quantum theory of ideal gas II. [In:] Einstein
2015b, DOC.385, pp. 371-383. Available online: https://einsteinpapers.press.
princeton.edu/voll4-trans/401.

Einstein, Albert 1925b (presented: 29 January 1925; published: 5 Match 1925)/
2015a, Doc. 427; 2015b, Doc. 427: Zur Quantentheorie des idealen Ga-
ses. Sitzungsberichte der PreufSischen Akademie der Wissenschaften (Berlin). Physika-
lischmathematische Klasse 23, pp. 18-25. Reprinted in: Einstein 2015a, Doc. 427,
pp. 648—657. Available online: https://einsteinpapers.press.princeton.edu/
vol14-doc/750. English translation: Quantum theory of ideal gas. [In:] Einstein
2015b, DOC.427, pp. 418-425. Available online: https://einsteinpapers.press.
princeton.edu/vol14-trans/448.

Einstein, Albert 1930: Statistische Eigenschaften der Strahlung. Sitzungsberichte der
Preufischen Akademie der Wissenschaften zu Berlin: 543.

Einstein, Albert 1987-2018: The Collected Papers of Albert Einstein. Vol. 1-15.
Edited by John Stachel, David C.Cassidy, Robert Schulmann, Jirgen Renn,
Olga Griminger, Gary Smith, Robert Summerfield. Princeton, New Jersey,
USA: Princeton University Press. Available online: https://cinsteinpapets.

press.princeton.edu/.

Einstein, Albert 2018: The Collected Papers of Albert Einstein, Vol. 15. The Betlin
Years: Writings & Correspondence, June 1925-May 1927 — Documentary
Edition. Edited by Diana Kormos Buchwald, Jézsef Illy, A. ]. Kox, Dennis
Lehmkuhl, Ze’ev Rosenkranz & Jennifer Nollar James. Princeton , New Jersey,
USA: Princeton University Press. Available online: https://ecinsteinpapets.

press.princeton.edu/voll5-doc/.

Einstein, Albert; Ehrenfest, Paul 1923: Zur Quantentheorie des Strahlungs-
glelchgewlchtes Zezm/mﬂ : fiir Physike 19 pPp- 301 306 Avallable onhne https://

Ehrenfest, Paul 1911: Welche Ziige der Lichtquantenhypothese spielen in der
Theorie der Wirmestrahlung eine wesentliche Rolle? Annals of Physics 4 (36),

pp- 91-118. Available online: https://pl.booksc.xyz/dl/375771/e96031.

Ehrenfest, Paul 1925/2016: Enetgieschwankungen im Strahlungsfeld oder
Kristallgitter bei Superposition quantisierter Eigenschwingungen. Zeitschrift
fiir Physik 34, pp. 362-373. / English translation by Ellise Crull: Energy

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://www.uni-muenster.de/imperia/md/content/physik_ap/demokritov/mbecfornonphysicists/einstein_1924_1925.pdf
https://www.uni-muenster.de/imperia/md/content/physik_ap/demokritov/mbecfornonphysicists/einstein_1924_1925.pdf
https://www.uni-muenster.de/imperia/md/content/physik_ap/demokritov/mbecfornonphysicists/einstein_1924_1925.pdf
https://einsteinpapers.press.princeton.edu/vol14-doc/682
https://einsteinpapers.press.princeton.edu/vol14-doc/682
https://einsteinpapers.press.princeton.edu/vol14-trans/401
https://einsteinpapers.press.princeton.edu/vol14-trans/401
https://einsteinpapers.press.princeton.edu/vol14-doc/750
https://einsteinpapers.press.princeton.edu/vol14-doc/750
https://einsteinpapers.press.princeton.edu/vol14-trans/448
https://einsteinpapers.press.princeton.edu/vol14-trans/448
https://einsteinpapers.press.princeton.edu/
https://einsteinpapers.press.princeton.edu/
https://einsteinpapers.press.princeton.edu/vol15-doc/
https://einsteinpapers.press.princeton.edu/vol15-doc/
https://informationphilosopher.com/solutions/scientists/pauli/Einstein-EhrenfestB.pdf
https://informationphilosopher.com/solutions/scientists/pauli/Einstein-EhrenfestB.pdf
https://informationphilosopher.com/solutions/scientists/pauli/Einstein-EhrenfestB.pdf
https://pl.booksc.xyz/dl/375771/e96031

Science beyond borders | g—ﬁmq]a
istoriae
cientiarum

fluctuations in the radiation field or crystal lattice through superposition

of quantized normal modes. Available online: http://philsci-archive.pitt.
edu/13003/1/Ehrenfest1925_translation.pdf.

Ehrenfest, Paul; Kametlingh Onnes, Heike 1915a/1915b: Veteinfachte Ableitung
der kombinatorischen Formel, welche der Planckschen Strahlungstheorie
zugrunde liegt. Annalen der Physik (Leipzig, 4th ser.) 46, pp. 1021-1024. DOI:
10.1002/andp.19153510709 / English translation 1915b: Simplified deduction
of the formula from the theory of combinations which Planck uses as the basis
of his radiation theory. Philosophical Magazine Series 6, 29 (170), pp. 297-301.
DOI: 10.1080/14786440208635308; Proceedings Amsterdam Academy 17, 870-873.
Reprinted in Klein 1959a, pp. 353-356.

Elwick, James 2012: Layered History: Styles of Reasoning as Stratified Conditions
of Possibility. Studies in History and Philosophy of Science 43(4), pp. 619—627.

Enders, Peter 2016: Historical Prospective: Boltzmann’s versus Planck’s state
counting — Why Boltzmann did not arrive at Planck’s distribution law. Journal
of Termodynamics, Article ID 91379206, pp. 13. Available online: https://down

loads.hindawi.com/archive/2016/9137926.pdf.

Feyerabend, Paul K. 1975 (2d modificated ed. 1988): Against Method. Outline of an
Anarchistic Theory of Knowledge. London: NLB Ltd.

Fick, Dieter; Kant, Horst 2013: The Concepts of Light Atoms and Light Molecules
and Their Final Interpretation. Chapter 4 in: Katzir, Lehner, Renn (eds.) 2013,
pp- 89-124.

Fleck, Ludwik 1935/1979, 1986: Entstehung und Entwicklung einer wissenschaftlichen
Tatsache: Einfiibrung in die Lebre vom Denkstill und Denkkollektiv. Basel, Swi-
tzerland: Benno Schwabe & Co. Przeklad ang. [1979]: Genesis and Development
of a Scientific Fact, Ed. by T.J.Trenn and R.K.Merton, transl. by FBradley
and T.J.Tren, foreword by T.S.Kuhn. Chicago and London: The University
of Chicago Press. Przeklad pol. 1986: Powstanie i rogwdj faktu nankowego.
Wprowadzenie do nanki o stylu nzyslowym i kolektywie myslowym. Thumaczenie z jezyka
niemieckiego M.Tuszkiewicz. Wstep do wydania polskiego Z.Cackowski.
Lublin: Wydawnictwo Lubelskie.

Fowler, R. H. 1926. General Forms of Statistical Mechanics with Special Re-
ference to the Requirements of the New Quantum Mechanics. Proceedings of the
Royal Society of London A 113, pp. 432-449. DOI: https://doi.org/10.1098

rspa.1926.0163. Available online: https://royalsocietypublishing.org/doi/
pdf/10.1098 /rspa.1926.0163

Fowler, R. H.; Darwin, C. G. 1922: On the Partition of Energy. Philosophical
Magazine Series 6, 44(261), pp. 450-479. DOI: 10.1080/14786440908565189.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

493


http://philsci-archive.pitt.edu/13003/1/Ehrenfest1925_translation.pdf
http://philsci-archive.pitt.edu/13003/1/Ehrenfest1925_translation.pdf
https://downloads.hindawi.com/archive/2016/9137926.pdf
https://downloads.hindawi.com/archive/2016/9137926.pdf
https://library.um.edu.mo/ebooks/b28308190.pdf
https://doi.org/10.1098/rspa.1926.0163
https://doi.org/10.1098/rspa.1926.0163
https://royalsocietypublishing.org/doi/pdf/10.1098/rspa.1926.0163
https://royalsocietypublishing.org/doi/pdf/10.1098/rspa.1926.0163

494

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Fowler, R. H.; Darwin, C. G. 1922: On the partition of energy. Part II. Statistical
principles and thermodynamics. Philosophical Magazine Series 6, 44(263), pp. 823—
—842. DOI: 10.1080/14786441208562558.

Fraassen, Bas van 1998: The Problem of Indistinguishable Particles. [In:] Elena
Castellani (ed.), Interpreting Bodies: Classical and Quantum Olbjects in Modern Physics.
Princeton, New Jersey, USA : Princeton University Press, pp. 73-92. DOLI:
https://doi.org/10.2307/j.ctv173f1xr.10.

French, Steven; Krause, Décio 20006: Identities in Physics: A Historical, Philosophical,
and Formal Analysis. Oxford: Oxford University Press.

Gallavotti, Giovanni 2014: Noneguilibrium and Irreversibility. Springer, Series
“Theoretical and Mathematical Physics”, 2014, ISBN: 978-3-319-06757-5
(Print) 978-3-319-06758-2 (Online). Available online: https://arxiv.org/pdf/
1311.6448.

Gavroglu, Kostas 1990: Differences in Style as a Way of Probing the Context
of Discovery. Philosophia 45, pp. 53—75. Available online: https://www.

philosophica.ugent.be/wp-content/uploads/fulltexts /45-4.pdf.

Gerlach, Walther; Landé, Alfred 1926: Ein Experiment tiber Kohdrenzfihigkeit
von Licht. Zeitschrift fiir Physik 34, pp. 169-173. DOI: 10.1007/BF01382260.
[In:] Alfred Landé 1988: Selected Scientific Papers of Alfred Landé. Edited by
P. Barut, Alwyn van der Merwe. Dordrecht, Boston, Lancaster, Tokyo: D. Rei-
del Publishing Company, pp. 244—248. Available online: https://books.google.

pl/books?id=2ZPqCAAAQBA]&pg=PA244.
Gosiewski, Wiadystaw 1906: Zasady Rachunku Prawdepodobieistva. Warszawa: Sklad
gléwny w Ksiegarni E. Wende i Ska; w drukarni Noskowskiego. Available

online: https://crispa.uw.edu.pl/object/files /411822 /display/PDFE.

Hanle, Paul A. 1977: The coming of age of Erwin Schrédinger: His quantum
statistics of ideal gases. Arehive for History of Exact Sciences 17, pp. 165-192.
DOI:10.1007 /bf02464979.

Heinsenberg, Werner 1926: Mehrkorperproblem und Resonanz in der Quan-
tenmechanik. Zeztschrift fiir Physik 38, pp. 411—426. Available online: https://
www.academia.edu/6628871/Mehrk%C3%Bo6rperproblem und_Resonanz
in_der_Quantenmechanik. Engl. translation: 2006: The Multi-Body Problem
and Resonance in Quantum Mechanics. Trnslated by A.F. Kracklauer. Available
online: https: eb.archive.org/web/20170329163820 /http://nonloco-

physics.Ocatch.com/multi.pdf.

Heinsenberg, Werner 1927: Schwankungserscheinungen und Quantenmechanik.
Zeitschrift fiir Physik 40(7), pp. 501-506.

Hentschel, Klaus 2006: Light Quanta: the Maturing of a Concept by the Stepwise
Accretion of Meaning. Physics and Philosophy Id 006. Available online:

https://eldorado.tu-dortmund.de/bitstream /2003/24257/1/006.pdf.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://doi.org/10.2307/j.ctv173f1xr.10
https://arxiv.org/pdf/1311.6448
https://arxiv.org/pdf/1311.6448
https://www.philosophica.ugent.be/wp-content/uploads/fulltexts/45-4.pdf
https://www.philosophica.ugent.be/wp-content/uploads/fulltexts/45-4.pdf
https://books.google.pl/books?id=2ZPqCAAAQBAJ&pg=PA244
https://books.google.pl/books?id=2ZPqCAAAQBAJ&pg=PA244
https://crispa.uw.edu.pl/object/files/411822/display/PDF
https://www.academia.edu/6628871/Mehrk%C3%B6rperproblem_und_Resonanz_in_der_Quantenmechanik
https://www.academia.edu/6628871/Mehrk%C3%B6rperproblem_und_Resonanz_in_der_Quantenmechanik
https://www.academia.edu/6628871/Mehrk%C3%B6rperproblem_und_Resonanz_in_der_Quantenmechanik
https://web.archive.org/web/20170329163820/http://nonloco-physics.0catch.com/multi.pdf
https://web.archive.org/web/20170329163820/http://nonloco-physics.0catch.com/multi.pdf
https://eldorado.tu-dortmund.de/bitstream/2003/24257/1/006.pdf

Science beyond borders | g—ﬁwq]a
istoriae
cientiarum

Hentschel, Klaus 2015: Die allmihliche Herausbildung des Konzepts ,Lichtquan-
ten‘. Ber. Wissenschaftsgesch. 38 (2015) 121-139. DOI: 10.1002/bewi.201501718.

Hentschel, Klaus 2018: Twelve Semantic Layers of ‘Light Quantum’ and ‘Photon’.
Chapter. DOI: 10.1007/978-3-319-95252-9 3. [In:] Klaus Hentschel, Photons.
The History and Mental Models of Light Quanta. Springer, pp. 39-92. First
Online: 17 August 2018.

Hacking, Ian 1975: The Emergence of Probability: A Philosophical Study of Early 1deas
abont Probability, Induction and Statistical Inference. “Cambridge Series on Statistical
& Probabilistic Mathematics”. Cambridge: Cambridge University Press.

Hacking, Tan 1982: Language, Truth, and Reason. [In:] Martin Hollis, Steven
Lukes (eds.), Rationality and Relativism. Oxford: Blackwell, pp. 48—66. Reprinted
in Hacking 2002, 159-177.

Hacking, Ian 1983: Representing and Intervening. Introductory Topics in the Philosophy
of Natural Science. Cambridge: Cambridge University Press.

Hacking, Tan 1987: Was There a Probabilistic Revolution 1800—1930? [In:] Lorenz
Kreger, Lorraine J, Daston, and Michael Heidelberger (eds.), The Probabilistic
Revolution: Volume 1. Cambridge, MA, USA; London, England: The MIT Press,
pp. 45-55.

Hacking, Ian 1990: The Taming of Chance. Cambridge: Cambridge University Press.

Hacking, Tan 1992a: ‘Style’ for Historians and Philosophers. Studies in History and
Philosophy 23, pp. 1-20.

Hacking, Tan 1992b: Statistical Language, Statistical Truth and Statistical Reason:
The Self-Authentication of a Style of Scientific Reasoning, [In:] Ernan
McMullin (ed.), The Social Dimensions of Science. Notre Dame, IN, USA: Uni-
versity of Notre Dame Press, pp. 130-157.

Hacking, Tan 2002: Historical Ontology. Cambridge, MA, USA: Harvard University
Press.

Hacking, Tan 1994: Styles of Scientific Thinking or Reasoning: A New Analytical
Tool for Historians and Philosophers of Science. [In:] Kostas Gavroglu,
Joan Christianidis, and Efthymios Nicolaidis (eds.), Trends in the Historiography
of Science. Dordrecht: Kluwer Academic, pp. 31-48.

Hacking, Ian 2007: The Laboratory Style of Thinking and Doing. Lecture at the
Science, Technology and Society Workshop, National Tsing Hua University,
Taiwan, 12th November 2007. Available online: https://web.archive.org/
web/20160303215220/http://stm.ym.edu.tw/files/ul /HW_Tan_Hacking,

pdf.

Hacking, Ian 2012: ‘Language, Truth and Reason’ 30 years later. Studies in History
and Philosophy of Science 43, pp. 599-609.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

495


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2F978-3-319-95252-9_3
https://web.archive.org/web/20160303215220/http://stm.ym.edu.tw/files/u1/HW_Ian_Hacking.pdf
https://web.archive.org/web/20160303215220/http://stm.ym.edu.tw/files/u1/HW_Ian_Hacking.pdf
https://web.archive.org/web/20160303215220/http://stm.ym.edu.tw/files/u1/HW_Ian_Hacking.pdf

496

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Hacking, Ian 2015: Probable Reasoning and Its Novelties. [In:] Theodore Arabatzis,
Jergen Renn, Ana Simles (eds.), Relocating the History of Science. Essays in Honor
of Kostas Gavrogln. Dotdrecht: Springer, pp. 177-192.

Holton, Gerald 1979: Einstein’s Model for Constructing a Scientific Theory. [In:]
Peter C. Aichelburg, Roman U. Sexl (eds.), Albert Einstein. His Influence on
Physics, Philosophy and Politics. Braunschweig/Wiesbaden: Friedr. Vieweg
& Sohn, pp. 109-136.

Howard, Don A.; Giovanelli, Marco 2019: Einstein’s Philosophy of Science. The
Stanford Encyclopedia of Philosophy (Fall 2019 Edition), Edward N. Zalta (ed.).

Available online: https://plato.stanford.edu/archives/fall2019/entries/eins-
tein-philscience. First published Wed Feb 11, 2004, substantive revision Fri Sep 13,

2019.

Hoyer, Ulrich 1980: Von Boltzmann zu Planck. Archive for History of Exact Sciences
23(1) (26.X1.1980), pp. 47-86. Available online: https://www.jstor.org
stable/41133587.

Huang, Kerson 1987: Statistical Mechanics (2°¢ ed.). New York, Chichester, Brisbane,
Toronto, Singapore: John Wiley & Sons.

Hund, Friedrich 1967 / 1974, 1975, 1980: Geschichte der Quantentheorie. Mannheim:
Bibliographisches Institut; English translation by Gordon Reece 1974: The
bistory of quantum theory. London: Harrap; Italian translation by G. Longo 1975:

Storia della teoria dei quanta. Bollona: Bollati Boringhieri; Japan translation by
Kazuo Yamazaki 1978; Russian translation 1980: Istoriia kvantovey teorii. Kiev:
Naukova Dumka.

Hunle, Paul A. 1972: The coming of age of Erwin Schrédinger: His quantum
statistics of ideal gases. Archive for History of Excact Sciences 17, pp. 165-192.

Available online: https://wwwistot.org/stable/41133485.

Jammer, Max 1966: The conceptual development of quantum mechanics. New York:

McGraw-Hill. Partially available online: https://archive.org/details /conceptual-
develo0000jamm.

Kastler, Alfred 1983: On the Historical Development of the Indistinguishability
Concept for Microparticles. [In:] Alwyn van der Merwe (ed.), O/d and New
Questions in Physics, Cosmology, Philosophy and Theoretical Biology: Essays in Honor
of Wolfgang Yourgran New York, Plenum Press), pp. 607—623.

Katzir, Shaul; Lehner, Christoph; Renn, Jirgen (eds.) 2013: Traditions and Trans-
Sformations in the History of Quantum Physics. HQ-=3: Third International
Conference on the History of Quantum Physics, Berlin, June 28 — July 2,
2010 “Max Planck Research Library for the History and Development
of Knowledge”. Proceedings 5. https://library.um.edu.mo/ebooks/b2830
8190.pdf.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://plato.stanford.edu/archives/fall2019/entries/einstein-philscience
https://plato.stanford.edu/archives/fall2019/entries/einstein-philscience
https://www.jstor.org/stable/41133587
https://www.jstor.org/stable/41133587
https://www.jstor.org/stable/41133485
https://archive.org/details/conceptualdevelo0000jamm
https://archive.org/details/conceptualdevelo0000jamm
https://library.um.edu.mo/ebooks/b28308190.pdf
https://library.um.edu.mo/ebooks/b28308190.pdf

Science beyond borders | g_ﬁ‘“d_'a
istoriae

Klein, Martin |. (ed.) 1959a: Paul Ebrenfest: collected scientific papers. North-Holland,
Amsterdam; New York: Interscience.

Klein, Martin . 1962: Max Planck and Beginnings of the Quantum Theory. Archive
for the History of Exact Scieinces 1, pp. 459—479.

Klein, Martin J. 1964: Einstein and the Wave-Particle Duality. The Natural Philosopher

3, pp. 3—49. https://www.informationphilosopher.com/solutions/scientists/
klein/Klein-Einstein-Wave-Particle.pdf.

Kojevnikov, Alexei 1999: Freedom, Collectivism, and Quasiparticles: Social
Metaphors in Quantum Physics. Historical Studies in the Physical and Biological
Sciences 29(2), pp. 295-331. DOI: 10.2307/27757812. Available online: https://

wwwjstor.org/stable/27757812; https:/ /history.ube.ca/wp-content/uploads
sites/23/2019/06/1999quasiparticles.pdf.

Kojevnikov, Alexei 2002: Einstein’s Fluctuation Formula and theWave-Particle
Duality. [In:] Yuri Balashov and Vladimir Vizgin, eds., Eznstein Studies in Russia.
Einstein Studies, Vol. 10. Boston, Basel, Birkhauser. The Center for Einstein
Studies. Printed in the United States, pp. 181-228. Available online: https://

researchgate.net/profile/Alexei_Kojevnikov/publication/241603110
Einstein’s_Fluctuation_Formula_and_the Wave-Particle_Duality

links/5e4alc74a6fdccd965ac3e66/ Einsteins-Fluctuation-Formula-and-the-
Wave-Particle-Duality.pdf.

Kokowski, Michat 1996: Copernicus and the Hypothetico-Deductive Method
of Correspondence Thinking. Theoria et Historia Scientiarum, pp. 7-101. DOI:

10.12775/ths.1996.002. Available online: https://www.researchgate.net/
publication/321453456.

Kokowski, Michat 2001: Thomas S. Kubn (1922—1996) a zagadnienie rewoluei koper-
nikowskiej. Warszawa: Wydawnictwa IHN PAN. ISBN 83-86062-02-9, pp. 397.

Kokowski, Michat 2004: Copernicus’s Originality: Towards Integration of Contemporary
Copernican S tudies. Warsaw — Cracow: Instytut Historii Nauki PAN, 2004. ISBN
83-86062-27-4, pp. XIV + 314.

Kokowski, Michat 2012: Copernicus, Arabic Science, and the Scientific (R)evolution.
[In:] Arun Bala (ed.), Asia, Europe, and the Emergence of Modern Science: Knowl-
edge Crossing Boundaries. New York: Palgrave Macmillan, pp. 55-72. DOI:
10.1057/9781137031730_4. Available online: https://www.academia.edu/
26667636/Copernicus_Arabic_Science_and_the Scientific R_evolution.

Kokowski, Michal 2015: Nota na temat pojmowania uogdlnionej zasady
korespondencji | Note on the understanding of the generalized correspon-
dence principle. PKHN PAU XIV, pp. 327-329 | pp. 330-331. DOI: 10.4467/
23921749PKHN PAU.16.015.5271.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

497

cientiarum


https://www.informationphilosopher.com/solutions/scientists/klein/Klein-Einstein-Wave-Particle.pdf
https://www.informationphilosopher.com/solutions/scientists/klein/Klein-Einstein-Wave-Particle.pdf
https://doi.org/10.2307/27757812
https://www.jstor.org/stable/27757812
https://www.jstor.org/stable/27757812
https://history.ubc.ca/wp-content/uploads/sites/23/2019/06/1999quasiparticles.pdf
https://history.ubc.ca/wp-content/uploads/sites/23/2019/06/1999quasiparticles.pdf
https://www.researchgate.net/profile/Alexei_Kojevnikov/publication/241603110_Einstein's_Fluctuation_Formula_and_the_Wave-Particle_Duality/links/5e4a1c74a6fdccd965ac3e66/Einsteins-Fluctuation-Formula-and-the-Wave-Particle-Duality.pdf
https://www.researchgate.net/profile/Alexei_Kojevnikov/publication/241603110_Einstein's_Fluctuation_Formula_and_the_Wave-Particle_Duality/links/5e4a1c74a6fdccd965ac3e66/Einsteins-Fluctuation-Formula-and-the-Wave-Particle-Duality.pdf
https://www.researchgate.net/profile/Alexei_Kojevnikov/publication/241603110_Einstein's_Fluctuation_Formula_and_the_Wave-Particle_Duality/links/5e4a1c74a6fdccd965ac3e66/Einsteins-Fluctuation-Formula-and-the-Wave-Particle-Duality.pdf
https://www.researchgate.net/profile/Alexei_Kojevnikov/publication/241603110_Einstein's_Fluctuation_Formula_and_the_Wave-Particle_Duality/links/5e4a1c74a6fdccd965ac3e66/Einsteins-Fluctuation-Formula-and-the-Wave-Particle-Duality.pdf
https://www.researchgate.net/profile/Alexei_Kojevnikov/publication/241603110_Einstein's_Fluctuation_Formula_and_the_Wave-Particle_Duality/links/5e4a1c74a6fdccd965ac3e66/Einsteins-Fluctuation-Formula-and-the-Wave-Particle-Duality.pdf
https://www.researchgate.net/publication/321453456
https://www.researchgate.net/publication/321453456
https://www.academia.edu/26667636/Copernicus_Arabic_Science_and_the_Scientific_R_evolution
https://www.academia.edu/26667636/Copernicus_Arabic_Science_and_the_Scientific_R_evolution
https://doi.org/10.4467/23921749PKHN_PAU.16.015.5271
https://doi.org/10.4467/23921749PKHN_PAU.16.015.5271

498

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Kokowski, Michat 2019: The divergent histories of Bose-Einstein statistics and the
forgotten achievements of Wtadystaw Natanson (1864—1937). Studia Historiae
Scientiarnm 18, pp. 327-464. DOI: 10.4467/2543702XSHS.19.012.11018.

Kokowski, Michal 2021: Wladystaw Natanson 1 Alfred Landé a prawo Plancka,
statystyka Boltzmanna-Plancka-Natansona oraz statystyka Bosego. Studia
Historiae Scientiarnm 20, pp. 509-567. DOL: 10.4467/2543702XSHS.21.015.1
4046.

Konieczny, Matthew J. 2011: The peculiarities of the Polish scientific discourse.
[In:] Marija Wakounig, Karlo Ruzicic-Kessler (eds.), From the Industrial
Revolution to World War Il in East Central Eurgpe (Munster: LIT Verlag),

pp. 240-258. Partially available online: https://books.google.pl/books?id=
0uAcNbQehOoC&pg=PA240.

Konieczny, Matthew J. 2012: “Polska fizyka” i droga do europejskiej teorii
kwantowej: Wtadystaw Natanson i I Konferencja Solvaya w 1911 roku. (Paper
given during a scientific meeting of the Commission of History of Science
of the Polish Academy of Arts and Sciences, Krakow, 24.6.2009). Prace Komisji
Historii Nanki PAU X1, pp. 69-78. Available online: http://pau.krakow.pl/

PKHN-PAU /pkhn-pau-X1-2012-4.pdf.

Krutkow, George 1914a: Aus der Annahme unabhingiger Licht-quanten folgt die
Wiensche Strahlungsformel. Physikalische Zeitschrift 15, pp. 133—1306.

Krutkow, George 1914b: Bemerkung zu Herrn Wolfkes Note: Welche Strah-
lungsformel folgt aus der Annahme der Lichtatome? Physikalische Zeitschrift 15,
pp. 363-364.

Kuhn, Thomas Samuel 1962 (2d ed. 1970): The Structure of Scientific Revolution.
Chicago: The University of Chicago Press.

Kuhn, Thomas Samuel 1977: Mathematical versus Experimental Traditions in the
Development of Physical Science. The Journal of Interdisciplinary History 7,
pp. 1-31.

Kuhn, Thomas S. 1978: Black-body theory and the quantum discontinuity 1894—1912.
Oxford: Oxford University Press. Partially available online: https://books.

google.pl/books?id=z2YUhVHzIr2IC.

Kuhn, T. S.; Heilbron, J. L.; Forman, P; Allen, 1. 1967: Sources for bistory of quantum
physics. An inventary and report. Philadelphia: The American Philosophical Society.

Kunz, Milan 1989: How to distinguish distinguishability: physical and combinatorial
definitions. Physics Letters A 135(8-9), pp. 421-424. DOI: https://doi.org/
10.1016/0375-9601(89)90039-X.

Landé, Alfred 1925: Lichtquanten und Koherenz. Zeztschrift fiir Physik 33, pp. 571—
-578 (Eingegangen am 19. Juni 1925). DOI:10.1007/BF01328337.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://doi.org/10.4467/2543702XSHS.19.012.11018
https://doi.org/10.4467/2543702XSHS.21.015.14046
https://doi.org/10.4467/2543702XSHS.21.015.14046
https://books.google.pl/books?id=0uAcNbQehOoC&pg=PA240
https://books.google.pl/books?id=0uAcNbQehOoC&pg=PA240
http://pau.krakow.pl/PKHN-PAU/pkhn-pau-XI-2012-4.pdf
http://pau.krakow.pl/PKHN-PAU/pkhn-pau-XI-2012-4.pdf
https://books.google.pl/books?id=zYUhVHzlr2IC
https://books.google.pl/books?id=zYUhVHzlr2IC
https://doi.org/10.1016/0375-9601(89)90039-X
https://doi.org/10.1016/0375-9601(89)90039-X

Science beyond borders | g_ﬁ‘“d_'a
istoriae
cientiarum

Landé, Alfred 1926a: Zur Quantentheorie der Sthrahlung, Zeitschrift fiir Physik
35, pp- 317-322 (Eingegangen am 13. November 1925). DOI: 10.1007/
BF01380146.

Landé, Alfred 1926b: Die neuere Entwicklung der Quantentheorie. “Wissenschaftliche
Forschungsberichte, Naturwissenschaftliche Reihe”, Band 5. Zweite, vollig
umgearbeitete Auflage. Dresden und Leipzig: Theodor Steinkopff. Available
online: https://repository.aip.org/islandora/object/nbla%3A6669/data-

stream/PDFE/.

Landé, Alfred 1988: Selected Scientific Papers of Alfred Landé. Edited by P. Barut,
Alwyn van der Merwe. Dotdrecht, Boston, Lancaster, Tokyo: D. Reidel
Publishing Company. Partially available online: https://books.google.pl/
booksrid=27ZPqCAAAQBA]J

Lange, Bogdan 1992a: Znaczenie nierozréznialno$ci kwantéw energii przy
wyprowadzaniu formuly Plancka. Kwartalnik Historii Nauki i Techniki 37(1),

pp- ll 22 Avallable onhne http //bazhum. muzhp pl(medmg zﬁlesz Kwar—

Lange, Bogdan 1992b: Statystyka kwantéw jako podstawa dla interpretaciji
teoriopoznawczej mechaniki kwantowej. Kwartalnik Historii Nanki i Techniki

37(2), pp- 123—132 Avallable onhne http_ zzbazhum muzhp pMmedmzz

Lange, Bogdan 1997: Natanson’s Statistics versus Bose-Einstein Statistics as the
Basis for Theory-Cognitive Quantum Mechanics. Physics Essays 10, pp. 524-527.

Laue, Max von 1914: Die Freiheitsgrade von Strahlenbiindeln. Awnalen der

Physik 349(16), pp. 1197-1212. Available online: https://pl.booksc.xyz/
book/376356/9dcd54.

Lehner, Christoph; Renn, Jirgen; Joas, Christian; Badino, Massimiliano 2007:
Schrédinger’s Way to Wave Mechanics. MPIWG. Available online: http://
quantum-history.mpiwg-berlin.mpg.de/elibrary/hql_talks/waveMech/25
lehner renn/lehner renn hg-1_pres.

Lorentz 1910: Alte und neue fragen der Physik. Physikalische Zeitschrift 11, pp. 205—
—257. https: Jorentz.leidenunivinl /11 -publications/sources/Lorentz
PZ 1910.pdf.

Majkowska, Rita; Fiatek, Elzbieta (red.) 2009: Wadystaw Natanson 1864—1937.
,»W Stuzbie Nauki” nr 15. Krakow: Polska Akademia Umiejetnosci, Archiwum
Nauki PAN i PAU.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

499


https://repository.aip.org/islandora/object/nbla%3A6669/datastream/PDF/view
https://repository.aip.org/islandora/object/nbla%3A6669/datastream/PDF/view
https://books.google.pl/books?id=2ZPqCAAAQBAJ
https://books.google.pl/books?id=2ZPqCAAAQBAJ
http://bazhum.muzhp.pl/media/files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1-s11-22/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1-s11-22.pdf
http://bazhum.muzhp.pl/media/files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1-s11-22/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1-s11-22.pdf
http://bazhum.muzhp.pl/media/files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1-s11-22/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1-s11-22.pdf
http://bazhum.muzhp.pl/media/files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1-s11-22/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n1-s11-22.pdf
http://bazhum.muzhp.pl/media//files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132.pdf
http://bazhum.muzhp.pl/media//files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132.pdf
http://bazhum.muzhp.pl/media//files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132.pdf
http://bazhum.muzhp.pl/media//files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132.pdf
http://bazhum.muzhp.pl/media//files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132/Kwartalnik_Historii_Nauki_i_Techniki-r1992-t37-n2-s123-132.pdf
https://pl.booksc.xyz/book/376356/9dcd54
https://pl.booksc.xyz/book/376356/9dcd54
http://quantum-history.mpiwg-berlin.mpg.de/eLibrary/hq1_talks/waveMech/25_lehner_renn/lehner_renn_hq-1_pres
http://quantum-history.mpiwg-berlin.mpg.de/eLibrary/hq1_talks/waveMech/25_lehner_renn/lehner_renn_hq-1_pres
http://quantum-history.mpiwg-berlin.mpg.de/eLibrary/hq1_talks/waveMech/25_lehner_renn/lehner_renn_hq-1_pres
https://www.lorentz.leidenuniv.nl/IL-publications/sources/Lorentz_PZ_1910.pdf
https://www.lorentz.leidenuniv.nl/IL-publications/sources/Lorentz_PZ_1910.pdf

500

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Mehra, Jagdish 1972: “The Golden Age of Theoretical Physics”: PA.M. Dirac’s
Scientific Work from 1924 to 1933. The International Nuclear Information
System. INIS Repository. CPT-114 ORD-3992-64 February 1972. Avail-

able online: https://inis.iaca.org/collection/NCI.CollectionStore/ Public/
03/027/3027986.pdf.

Mehra, Jagdish 1975: Satyendra Nath Bose, 1 January 1894—4 February 1974.
Biographical Memoirs of Fellows of the Royal Society 21, pp. 116-154. https://doi.

org/10.1098/£sbm.1975.0002. Available online: https://rovalsocietypublishing.
org/doi/pdf/10.1098 /£sbm.1975.0002.

Mehra, Jagdish 2001: The Golden Age of Theoretical Physics (Boxed Set of 2 Volumes)).
10.1142/9789812810588.

Mehra, Jagdish; Rechenberg, Helmut 1982/2001: The Historical Development
of Quantum Theory, Vol. 1, Part 2. The Quantum Theory of Planck, Einstein, Bobr and
Sommerfeld: Its Foundations and the Rise of Its Difficulties 1900—1925. Springer. Partially

available online: https://books.google.pl/books?id=8tUVMSsCIwAC.

Monaldi, Daniela 2009: A note on the prehistory of indistinguishable particles.
Studies in History and Philosophy of Modern Physics 40 (2009) 383-394. DOI:
doi:10.1016/j.shpsb.2009.09.005.

Monaldi, Daniela 2013: Eatly Interactions of Quantum Statistics and Quantum
Mechanics. [In:] Traditions and Transformations in the History of Quantum Physics: Third
International Conference on the History of Quantum Physics, Berlin, June 28—July 2, 2010,
ed. Shaul Katzir, Christoph Lehner, and Jirgen Renn (Berlin: Edition Open
Access, Max Planck Institute for the History of Science, 2013), pp. 125-147.

Monaldi, Daniela 2019: The Statistical Style of Reasoning and the Invention
of Bose-Einstein Statistics. Berichte zur Wissenschaftsgeschichte 42(4), pp. 307—
—337. DOI: 10.1002/bewi.201900015.

Nagasawa, Nobukata 2018: On social and psychological aspects of a negligible
reception of Natanson’s article of 1911 in the early history of quantum
statistics. Studia Historiae Scientiarnm 17, pp. 391-419. DOI: https://doi.

org/10.4467/2543702XSHS.18.014.9334.

Natanson, Ladislas (Wladystaw) 1911a (presented: 6 March 1911; published: circa
10 April 1911): O teoryi statystycznej promieniowania. — On the Statistical
Theory of Radiation. Bulletin International de I"Académie des Sciences de Cracovie,
Classe des Sciences mathématiques et naturelles. Série A: Sciences mathématiques | Aneiger
der Akademie der Wissenschafien in Krakan. Mathematisch-Naturwissenschaftliche Klasse.
Reihe A: Mathematische Wissenschaften, pp. 134—148.

Natanson, Wiadystaw 1911b: O promieniowaniu (19 lipca 1911). [In:] Ksigga
pamiatkowa XI Zjazdu Lekatrzy i Przyrodnikéw Polskich w Krakowie, 18 —
22 lipca 1911 {Proceedings of the 11th Congtess of Polish physicians and
natural scientists in Krakow, 18-22 July 1911} (Krakdéw: Komitet Gospodatczy,

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://inis.iaea.org/collection/NCLCollectionStore/_Public/03/027/3027986.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/03/027/3027986.pdf
https://royalsocietypublishing.org/doi/pdf/10.1098/rsbm.1975.0002
https://royalsocietypublishing.org/doi/pdf/10.1098/rsbm.1975.0002
https://books.google.pl/books?id=8tUVMSsC9wAC
https://doi.org/10.1002/bewi.201900015
https://doi.org/10.4467/2543702XSHS.18.014.9334
https://doi.org/10.4467/2543702XSHS.18.014.9334

Science beyond borders | g_ﬁ“ld_'a
istoriae
cientiarum

1911), pp. 144-160. Available online: https://jbc.bj.uj.edu.pl/dlibra/doccon-
tentrid=278801.

Natanson, Ladislas (Wtladystaw) 1911c (received: 29 Aprill 1911; published:
15 August 1911): Uber die statistische Theorie der Strahlung. Physikalische
Zeitschrift 12, pp. 659-0600 it is a translation of Natanson’s first paper (1911a);
the translation was made by Max Iklé, when the chief editor of the journal
was Friedrich Kriger.

Natanson, Ladislas (Wtadystaw) 1912a: O promieniowaniu (1st vers.) — Offprint
of Natanson 1911b.

Natanson, Ladislas (Wtadystaw) 1912b (presented on 8 January 1912; published:
April 1912): O zawartosci energii w cialach materyalnych. — On the Energy-
content of material bodies. Bulletin International de I’ Acadénmiie des Sciences de Cracovie,
Classe des Sciences mathématiques et naturelles. Série A: Sciences mathématiques | Aneiger
der Akademie der Wissenschaften in Krakan. Mathematisch-Naturwissenschaftliche Klasse.
Reihe A: Mathematische Wissenschaften, pp. 95—102.

Natanson, Wiadystaw 1913: Zasady Teoryi Promieniowania (Principes de la
Théorie du Rayonnement). Prace Matematyezno-Figyezne 24, pp. 1-88. Warszawa:
Wydawnictwo Redakcji Prac Matematyczno-Fizycznych. Available online:
“Polska Biblioteka Wirtualna Nauki”, ,,Kolekcja Matematyczna”, http://

matwbn.icm.edu.pl/ksiazki/pmf/pmf24/pmf2411.pdf.

Natanson, Wiadystaw 1923: O sprzecznos$ciach w obrazie natury. Przemoéwienie
na posiedzeniu inauguracyjnym pierwszego Zjazdu Fizykéw i Chemikéw
Polskich w Warszawie w dniu 4-tym kwietnia 1923 roku. Przeglad Warszawski

3, pp- 5-8. Available online: http://mbc.cyfrowemazowsze.pl/dlibra/
docmetadata?id=27684.

Natanson, Whadystaw 1924a: Oblicze natury: odczyty, przemowienia i szkice.
Krakow: Krakowska Spoétka Wydawnicza. Available online: http://www.sbc.

org.pl/Content/83937/i329249.pdf.

Natanson, Wiadystaw 1924b: O promieniowaniu. [In:] Natanson 1924a, pp. 125—
-151.

Navarro, Luis; Pérez, Enric 2004: Paul Ehrenfest on the Necessity of Quanta
(1911): Discontinuity, Quantization, Corpuscularity, and Adiabatic Invariance.
Abrchive for History of Exact Sciences 58 (2004), pp. 97-141. DOI: 10.1007/
s00407-003-0068-z. https: researchgate.net/profile/Enric_Perez
publication /226763445 Paul Ehrenfest on the Necessity of Quanta

1911 Discontinuity Quantization_Corpuscularity_and_Adiabatic_Inva-

riance/links /551027450cf2a7335e847¢53/.

Norton, John D. 1993: The Determination of Theory by Evidence: The Case for
Quantum Discontinuity, 1900-1915. Synthese 97(1), pp. 1-31. Available online:
https://wwwijstor.org/stable/20117829.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

501


https://jbc.bj.uj.edu.pl/dlibra/doccontent?id=278801
https://jbc.bj.uj.edu.pl/dlibra/doccontent?id=278801
http://matwbn.icm.edu.pl/ksiazki/pmf/pmf24/pmf2411.pdf
http://matwbn.icm.edu.pl/ksiazki/pmf/pmf24/pmf2411.pdf
http://mbc.cyfrowemazowsze.pl/dlibra/docmetadata?id=27684
http://mbc.cyfrowemazowsze.pl/dlibra/docmetadata?id=27684
http://www.sbc.org.pl/ Content/83937/i329249.pdf
https://www.researchgate.net/profile/Enric_Perez/publication/226763445_Paul_Ehrenfest_on_the_Necessity_of_Quanta_1911_Discontinuity_Quantization_Corpuscularity_and_Adiabatic_Invariance/links/551027450cf2a7335e847c53/Paul-Ehrenfest-on-the-Necessity-of-Quanta-1911-Discontinuity-Quantization-Corpuscularity-and-Adiabatic-Invariance.pdf
https://www.researchgate.net/profile/Enric_Perez/publication/226763445_Paul_Ehrenfest_on_the_Necessity_of_Quanta_1911_Discontinuity_Quantization_Corpuscularity_and_Adiabatic_Invariance/links/551027450cf2a7335e847c53/Paul-Ehrenfest-on-the-Necessity-of-Quanta-1911-Discontinuity-Quantization-Corpuscularity-and-Adiabatic-Invariance.pdf
https://www.researchgate.net/profile/Enric_Perez/publication/226763445_Paul_Ehrenfest_on_the_Necessity_of_Quanta_1911_Discontinuity_Quantization_Corpuscularity_and_Adiabatic_Invariance/links/551027450cf2a7335e847c53/Paul-Ehrenfest-on-the-Necessity-of-Quanta-1911-Discontinuity-Quantization-Corpuscularity-and-Adiabatic-Invariance.pdf
https://www.researchgate.net/profile/Enric_Perez/publication/226763445_Paul_Ehrenfest_on_the_Necessity_of_Quanta_1911_Discontinuity_Quantization_Corpuscularity_and_Adiabatic_Invariance/links/551027450cf2a7335e847c53/Paul-Ehrenfest-on-the-Necessity-of-Quanta-1911-Discontinuity-Quantization-Corpuscularity-and-Adiabatic-Invariance.pdf
https://www.jstor.org/stable/20117829

502

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Pais, Abraham 1979: Einstein and the Quantum Theory. Review of Modern Physics
51(4), p. 863. DOLI https://doi.org/10.1103/RevModPhys.51.863.

Pais, Abraham 1982: Subtle is the Lord. The science and life of Albert Einstein. Oxford
and New York: Clarendon, Oxford University Press.

Pais, Abraham 1986: Inward Bound. Of mater and forces in the physical world. Oxford:
Clarendon Press, New York: Oxford University Press.

Passon, Oliver; Grebe-Ellis, Johannes 2017: Planck’ radiation law, the light
quantum, and the prehistory of indistinguishability in the teaching of quantum
mechanics. Enrgpean Journal of Physics 38 (035404) (10pp). DOI: https://doi.
org/10.1088/1361-6404/2a6134.

Pauli, Wolgang 1940: The connection between spin and statistics. Physical Review 58,
pp- 716-722. Available online:

Pérez, Enric; Sauer, Tilman 2010: Einstein’s quantum theory of the monatomic
ideal gas: non-statistical arguments for a new statistics. .Archive for History of
Exact Sciences 64, pp. 561-612. Available online ArXiv: https://arxiv.org/pdf/
1004.5567.pdf.

Pesié, Peter D. 1991a: The principle of identicality and the foundations of quantum
theory. I. The Gibbs paradox. American Journal of Physics 59 (11), pp. 971-974.
DOLI: 10.1119/1.16653.

Pesi¢, Peter D. 1991b: The principle of identicality and the foundations of quantum
theory. I1. The role of identicality in the formation of quantum theory. American
Journal of Physies 59 (11), pp. 975-978. DOI: 10.1119/1.16654. https://staticl.
squarespace.com/static/549e4558e4b07c07777e8a60/t/5b350996758d46120
bc08b02/1530202519824/Principlet+of+identicality+1+Gibbs+paradox.pdf

Pickering, Andrew (ed.) 1992: Science as Practice and Culture. Chicago and London:
The University of Chicago Press.

Planck, Max 1900: Zur Theorie des Gesetzes der Energieverteilung im Nor-
malspectrum, Verbandlungen der Dentsche Physikalishe Gesetzen 2, pp. 237-245.

http://www.fisicafundamental.net/relicario/doc/planck1.pdf. Translated into

English in D. ter Haar (ed.), The Old Quantum Theory, Pergamon Press, 1967.

Planck, Max 1901: Ueber das Gesetz der Energieverteilung im Normalspectrum.
Annalen der Physik 4, pp. 553-563. DOI: 10.1002/andp.19013090310.

Planck, Max 1906: VVorlesungen siber die Theorie der Warmestrablung. Leipzig: Verlag von

Johann Ambrosius-Barth. Available online: https://archive.org/download/
votlesungenberdO4plangoog/vorlesungenberdO4plangoog,.pdf.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://doi.org/10.1088/1361-6404/aa6134
https://doi.org/10.1088/1361-6404/aa6134
http://hermes.ffn.ub.es/luisnavarro/nuevo_maletin/Pauli_spin_statistics_1940.pdf
http://hermes.ffn.ub.es/luisnavarro/nuevo_maletin/Pauli_spin_statistics_1940.pdf
https://arxiv.org/pdf/1004.5567.pdf
https://arxiv.org/pdf/1004.5567.pdf
https://doi.org/10.1119/1.16653
https://doi.org/10.1119/1.16654
https://static1.squarespace.com/static/549e4558e4b07c07777e8a60/t/5b350996758d46120bc08b02/1530202519824/Principle+of+identicality+I+Gibbs+paradox.pdf
https://static1.squarespace.com/static/549e4558e4b07c07777e8a60/t/5b350996758d46120bc08b02/1530202519824/Principle+of+identicality+I+Gibbs+paradox.pdf
https://static1.squarespace.com/static/549e4558e4b07c07777e8a60/t/5b350996758d46120bc08b02/1530202519824/Principle+of+identicality+I+Gibbs+paradox.pdf
http://www.fisicafundamental.net/relicario/doc/planck1.pdf
https://doi.org/10.1002/andp.19013090310
https://archive.org/download/vorlesungenberd04plangoog/vorlesungenberd04plangoog.pdf
https://archive.org/download/vorlesungenberd04plangoog/vorlesungenberd04plangoog.pdf

Science beyond borders | g—ﬁwq]a
istoriae
cientiarum

Planck, Max 1912/1914, 1958: La loi du rayonnement noir et I’hypothése
des quantités élémentaires d’action. [In:] Solvay, E.; Langevin P; Broglie,
M.DD. & Institut international de physique Solvay 1912, Ia Theorie du
Rayonnement et les Quanta. Rapports et Discussions de la Reunion Tenue a Bruxcelles
dn 30 Octobre an 3 Novembre 1911, Sous les Auspices de M. E. Solvay, pp. 93-114,
115-132. German translation: Die Gesetze der Wirmestrahlung und die
Hipothese der elementaren Wirkungsquanten. [In:] Die Theorie der Strab-
lung und der Quanten: Verbandlungen auf einer von E. Solvay einbernfenen Zusammenkunft
(30. Oktober bis 3. November 1911), mit einem Anbhange iiber die Entwicklung der
Quantentheorie vom Herbst 1911 bis zum Sommer 1913, pp. 77-94. Herausgegeben
von A. [Arnold] Eucken. Halle a.S.: Wilhelm Knapp, 1914. “Abhandlungen der
Deutschen Bunsen-Gesellschaft fiir Angewandte Physikalische Chemie” 3. Bd.,
Nr. 7; reprinted in 1958: Max Planck, Physikalische Abbandlungen und Vortrige: Ans
Anlass seines 100. Geburtstages (23. April 1958). Herausgegeben vom Verband
Deutscher Physikalischer Gesellschaften und der Max-Planck-Gesellschaft zur
Férderung der Wissenschaften. Braunschweig: Vieweg, vol. 2, pp. 267-286.

Planck, Max 1958: Physikalische Abbandlungen und Vortrige: Aus Anlass seines
100. Geburtstages (23. April 1958). Herausgegeben vom Verband Deutscher
Physikalischer Gesellschaften und der Max-Planck-Gesellschaft zur Férderung
der Wissenschaften. Braunschweig: Vieweg, 3 volumes.

Planck, Max 1972: Planck’s Original Papers in Quantum Physics. German and English
edition. Annotated by Hans Kangro, translated by D. ter Haar and Stephen
G. Brush. London: Taylor and Francis.

Poincaré, Henrti 1896: Calenl des Probabilités, lecons professées pdendant le deuxiéme semestre
1893—1894. Patis: Gauthier-Villars.

Porter, Theodore M. 1981: A Statistical Survey of Gases: Maxwell’s Social Physics.
Historical Studies in the Physical Sciences 12(1), pp. 76-116. DOI: 10.2307/27757490.

Available online: https://wwwijstor.org/stable /27757490 .
Porter, Theodore M. 1986: The Rise of Statistical Thinking 1820—1900. Princeton
University Press.

Porter, Theodore M. 1994: The Death of the Object: Fin de siecle Philosophy
of Physics. [In:] Dorothy Ross (ed.), Modernist Impulses in the Human Sciences
1870—1930. Baltimore and London: The Johns Hopkins University Press,
pp. 128-151.

Porter, Theodore M. 2002: Statistics and Physical Theories. [In:] Mary Jo Nye
(ed.), The Cambridge History of Science. Vol. 5. The Modern Physical and Mathematical
Sciences. Cambridge University Press, pp. 488-504.

Raman, V.V;; Forman, Paul 1969: Why Was It Schrédinger Who Developed de
Broglie’s 1deas? Historical Studies in the Physical Sciences 1, pp. 291-314. DOL:
10.2307/27757299.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

503


10.2307/27757490
https://www.jstor.org/stable/27757490

504

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Rayleigh, John William Strutt, Baron 1871/ 1899a: Note on the explanation
of Coronas, as given in Verdet’s Legons d'optique physique , and other works. Proceedings
of the London Mathematical Society 111, pp. 267269 / Scientific Papers1 [1869—1881].
London: C.J. Clay and Sons, Cambridge University Press Warehouse, pp. 76[—

—79]. Available online: https://archive.org/details/scientificpaperOlraylgoog.

Rayleigh, John William Strutt, Baron 1880 / 1899b: On the resultant of a large
number of vibrations of the same pitch and of arbitrary phase. Philosophical
Magazine 10 (60), pp. 73—78 / Scientific Papers 1 [1869-1881]. London: C.J. Clay
and Sons, Cambridge University Press Warehouse, pp. 491[-496]; https://

archive.org/details/scientificpaperOlraylgoog/page/n516/mode/2up.

Rayleigh, John William Strutt, Baron 1884: The Theory of Sound. Volume One.
Unabridged Second Revised Edition. Historical introduction by Robert B.
Lindsay.

Rayleigh, John William Strutt, Baron 1888/1902: §4. Resultant of a Large Number
of Vibrations of Arbitrary Phase. [In:] Wave Theory of Light. Encyclopedia
Britannica, 9th ed., Vol. 24, p. 429 / Scientific Papers 111, London: Cambridge
University Press Warehouse; pp. 52[-54]. Available online: https://archive.

org/details/scientificpapersO3rayliala/page/52/mode/2up.

Rayleigh, John William Strutt, Baton 1899/ 1903: On James Betrnoulli’s theorem
in probabilities. Philosaphical Magazine 47 (285), pp. 246251 / Scientific Papers
IV (1892-1901), pp. 370-375. Available online: https://archive.org/details/
cu31924073426888 /page/n391/mode/2up.

Rechenberg, Helmut 1982: Landé, Alfred. [In:] Neue Deutsche Biographie 13 (Betlin:
Duncker & Humblot), pp. 494-496. Available online: https://www.deutsche-
biographie.de/pnd189548169.html#ndbcontent.

Rosen, Edward 1939 (2* ed. 1959; 3" ed. 1971): Three Copernican Treaties: the

Commentariolus of Copernicus, the Letter against Werner, the Narratio prima of Rhbeticus.
3 ed. New York, 1971: Octagon Books.

Saundets, Simon 2005/2006: On the Explanation for Quantum Statistics.

Aprxiv (15 November 2015). Available online: https://arxiv.org/abs/quant-
ph/0511136v1 / Studies in the History and Philosophy of Modern Physics 37,
pp. 192-211. DOLI: https://doi.org/10.1016/}.shpsb.2005.11.002.

Saunders, Simon 2013: Indistinguishability. [In:] R. Batterman (ed.), Oxford
Handbook in Philosophy of Physics. Oxford University Press.

Saunders, Simon 2020: The Concept ‘Indistinguishable’. Studies in History and
Philosophy of Modern Physics. DOL: https://doi.org/10.1016/j.shpsb.2020.02.003.

Schrédinger, Erwin 1921: Isotopie und Gibbssches Paradoxon. Zezzschrift fiir Physik
5, pp. 163-166. DOI: 10.1007/bf01329248.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


https://archive.org/details/scientificpaper01raylgoog
https://archive.org/details/scientificpaper01raylgoog/page/n516/mode/2up
https://archive.org/details/scientificpaper01raylgoog/page/n516/mode/2up
https://archive.org/details/scientificpapers03rayliala/page/52/mode/2up
https://archive.org/details/scientificpapers03rayliala/page/52/mode/2up
https://archive.org/details/cu31924073426888/page/n391/mode/2up
https://archive.org/details/cu31924073426888/page/n391/mode/2up
https://www.deutsche-biographie.de/pnd189548169.html#ndbcontent
https://www.deutsche-biographie.de/pnd189548169.html#ndbcontent
https://arxiv.org/abs/quant-ph/0511136v1
https://arxiv.org/abs/quant-ph/0511136v1
https://doi.org/10.1016/j.shpsb.2005.11.002
https://doi.org/10.1016/j.shpsb.2020.02.003

Science beyond borders | g_ﬁmd_'a
istoriae
cientiarum

Schrédinger, Erwin 1925: Bemerkungen tiber die statistische Entropiedefinition
beim idealen Gas. Preuffische Akademie der Wissenschaften (Berlin). Physikalisch-
mathematische Klasse. Sitzungsberichte, pp. 434—441.

Schrédinger, Erwin 1926: Zur Einsteinschen Gastheorie. Physikalische Zeitschrift
27, pp. 95-101.

Schrédinger, Erwin 1948: Statistical thermodynamics. Cambridge: At the University
Press.

Schrédinger, Exwin 1984: Gesammelte Abbandlungen. Band 1 Beitrige zur statistischen
Mechanik. Wien (Austria): Verlag der Oesterreichischen Akademie der Wis-
senschaften.

Schweber, Silvan S. 2016: On Kuhnian and Hacking-Type Revolutions. [In:]
Alexander Blum, Kostas Gavroglu, Christian Joas, Jergen Renn (eds.), Shfting
paradigms: Thomas S. Kubn and the History of Science. Berlin: Edition Open Access.
Max Planck Research Library for the History and Development of Knowledge,
pp- 337-346, http://edition-open-access.de/proceedings/8/.

Sciortino, Luca 2017: On Ian Hacking’s Notion of Style of Reasoning.
Erkenntnis 82(2), pp. 243-264. DOI: 10.1007/510670-016-9815-9. Available
online: https: .researchgate.net/publication/303807983_On_lan

Hacking%?27s Notion of Style of Reasoning

Smekal, A. 1926: Statistische und molekulare Theotie der Wirme. In: Benne-
witz K. et al. (eds.) Theorien der Wiirme. Handbuch der Physik, vol 9. Berlin,
Heidelberg: Springer.Available online: https://doi.org/10.1007/978-3-642-
51358-9 3.

Smekal, A. 1926: Allgemeine Grundlagen der Quantenstatistik und Quantentheorie. [In 3]
Sommerfeld A. (eds) Encyklopidie der Mathematischen Wissenschaften mit
Einschluss ihrer Anwendungen. Wiesbaden: Vieweg+Teubner Verlag. DOI:
10.1007/978-3-663-16029-8_10.

Spatek, Jozef 2005a: Statystyka Natansona-Bosego-Einsteina? Krytyczne tak.

Zwoje (The Serolls)2(43), pp. 15. Available online: https://web.archive.org/
web/20060916110943 /http:/ /www.zwoje-scrolls.com/zwoje43 /text10p.htm.

Spalek, Jozef 2005b: Statystyka Natansona-Bosego-Einsteina? Krytyczne tak.

Postepy Fizyki 56(4), pp. 146—153. Available online: https://pf.ptf.net.pl/PE-
2005-4/docs/PF-2005-4.pdf.

Spatek, Jézef 2020: The Bose-Einstein statistics: Remarks on Debye, Natanson,
and Ehrenfest contributions and the emergence of indistinguishability principle
for quantum particles. Studia Historiae Scientiarum 19, pp. 423—441. DOI: 10.446
7/2543702XSHS.20.013.12569.

Stachel, John 2000/2002: Einstein’s Light Quantum Hypothesis, or Why Didn’t
Einstein Propose a Quantum Gas a Decade-and-a-Half Earlier? [In:] Don

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

505


http://edition-open-access.de/proceedings/8/
https://link.springer.com/article/10.1007/s10670-016-9815-9
https://www.researchgate.net/publication/303807983_On_Ian_Hacking%27s_Notion_of_Style_of_Reasoning
https://www.researchgate.net/publication/303807983_On_Ian_Hacking%27s_Notion_of_Style_of_Reasoning
https://doi.org/10.1007/978-3-642-51358-9_3
https://doi.org/10.1007/978-3-642-51358-9_3
https://web.archive.org/web/20060916110943/http://www.zwoje-scrolls.com/zwoje43/text10p.htm
https://web.archive.org/web/20060916110943/http://www.zwoje-scrolls.com/zwoje43/text10p.htm
https://pf.ptf.net.pl/PF-2005-4/docs/PF-2005-4.pdf
https://pf.ptf.net.pl/PF-2005-4/docs/PF-2005-4.pdf
https://doi.org/10.4467/2543702XSHS.20.013.12569
https://doi.org/10.4467/2543702XSHS.20.013.12569

506

Michal Kokowski
Ladislas Natanson and Alfred Landé versus Planck’s law...

Howard, John J. Stachel (eds.), Einstein: The Formative Years, 1879—1909
{“Einstein Studies”, vol. 8} (Boston: Birkhduser, New York: Springer-Vetlag),
pp. 231-251. Reptinted in: Stachel, John J., Eznstein from “B” to “Z”. {“Einstein
Studies”, vol. 9} (Boston: Bitkhiuser, 2002), pp. 427-444.

Sredniawa, Bronistaw 1985: History of theoretical physics at Jagiellonian University
in Cracow in XIXth Century and in the first half of the XXth Century. “Zeszyty
Naukowe Uniwersytetu Jagielloniskiego”, DCCXXVII, “Prace Fizyczne”,
Zeszyt 24. Warszawa — Krakow: PWN.

Sredniawa, Bronistaw 1996: Kontakty naukowe i wspolpraca polskich fizykéw
z Einsteinem. Kwartalnik Historii Nanki i Techniki 41(1), pp. 59-97. Avail-

able online: http://bazhum.muzhp.pl/media//files/Kwartalnik Historii

auki_i Techniki/Kwartalnik_Historii_ Nauki i Techniki-r1996-t41-n1

Historii Nauki i Techniki-r1996-t41-n1-s59-98.pdf.

Sredniawa, Bronistaw 2000: Wiadystaw Natanson (1864—1937). [In:] Z/ota Ksigga
Uniwersytetu Jagielloriskiego, Wydzial Matematyki i Fizykz, pod red. B. Szafirskiego,
Krakéw: Uniwersytet Jagielloniski, pp. 447—458. Available online: https://
ruj.uj.edu.pl/xmlui/bitstream /handle/item /242953 /sredniawa wladyslaw
natanson 1864-1937 2000.pdf.

Sredniawa, Bronistaw 2006: Scientific contacts of Polish physicists with Albert
Einstein. [In:] M. Kokowski (ed.), The Global and the 1ocal: The History of Science
and the Cultural Integration of Europe. Proceedings of the 2nd ICESHS (Cracon,
Poland, Septenber 69, 2006), pp. 252—269. Available online: http://www.2iceshs.

cyfronet.pl/2ICESHS Proceedings/Chapter10/R-2_Sredniawa.pdf.

Sudarshan, E. C. G.; Mehra, Jagdish 1970: Classical statistical mechanics of identi-
cal particles and quantum effects. International Journal of Theoretical Physics 3,
pp. 245-251.

Swendsen, Robert H. 2015: The ambiguity of “distinguishability” in statistical
mechanics. American Journal of Physics 83(6), pp. 545-554.

Wali, Kameshwar C. 2006: The Man Behind Bose Statistics. Physics Today 59(10),
pp- 46-52. DOI: 10.1063/1.2387088. Available online: https://www.research
gate.net/publication/243391503.

Waniek, Magdalena; Hentschel, Klaus 2011: Nicht zu unterscheiden. Vor hundert
Jahren erkannte der polnische Physiker Wtadystaw Natanson als Erster die fiir
Quantenstatistiken grundlegende Voraussetzung der Ununterscheidbarkeit.

Physik Journal 10(5), pp. 39—44. Available online: https://www.pro-physik.
de/restricted-files/101901.

Wasowski, Jézef 1924: Apoteoza nauki. Oblicze natury: odezyty, przemdwienia i s3kice.
Przez dra Wiadystawa Ntansona. Krakéw, Krakowska Spétka Wydawnicza

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045


http://bazhum.muzhp.pl/media//files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1-s59-98/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1-s59-98.pdf
http://bazhum.muzhp.pl/media//files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1-s59-98/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1-s59-98.pdf
http://bazhum.muzhp.pl/media//files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1-s59-98/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1-s59-98.pdf
http://bazhum.muzhp.pl/media//files/Kwartalnik_Historii_Nauki_i_Techniki/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1-s59-98/Kwartalnik_Historii_Nauki_i_Techniki-r1996-t41-n1-s59-98.pdf
https://ruj.uj.edu.pl/xmlui/bitstream/handle/item/242953/sredniawa_wladyslaw_natanson_1864-1937_2000.pdf?sequence=3&isAllowed=y
https://ruj.uj.edu.pl/xmlui/bitstream/handle/item/242953/sredniawa_wladyslaw_natanson_1864-1937_2000.pdf?sequence=3&isAllowed=y
https://ruj.uj.edu.pl/xmlui/bitstream/handle/item/242953/sredniawa_wladyslaw_natanson_1864-1937_2000.pdf?sequence=3&isAllowed=y
http://www.2iceshs.cyfronet.pl/2ICESHS_Proceedings/Chapter_10/R-2_Sredniawa.pdf
http://www.2iceshs.cyfronet.pl/2ICESHS_Proceedings/Chapter_10/R-2_Sredniawa.pdf
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1063%2F1.2387088
https://www.researchgate.net/publication/243391503
https://www.researchgate.net/publication/243391503
https://www.pro-physik.de/restricted-files/101901
https://www.pro-physik.de/restricted-files/101901

Science beyond borders |

1924 str 4nl. i 231 i nl Review). Wiadomosci Literackie Rok 1 Nr 14, 6 kwietnia
1924, s. 3. Avallable onhne (Los Angeles Museum of the Holocaust) http://

I9cp51 UHUgagrR

Wessels, Linda 1979: Schrédinget’s route to wave mechanics. Studies in History and
Philosophy of Science 10(4), pp. 311-340. DOI: https://doi.org/10.1016/0039-

3681(79)90018-9.

Whittaker, Edmund Taylor 1953: .4 History of the Theories of Aether and Electricity.
Vol. 2. The Modern Theories 1900-1926. Harper Torchbooks. The Science
Library. London: Nelson.

Wigner, Eugene 1927a: Uber nicht kombinierende Terme in der neueren Quan-
tentheorie. Zestschrift fiir Physik 40(7), pp. 492-500.

Wigner, Eugene 1927b: Uber nicht kombinierende Terme in der neueren Quan-
tentheorie. II. Teil 40 (11-12), pp. 883-892.

Wikipedia 2021: Quantum. Available online: https://en.wikipedia.org/wiki/
Quantum.

M. Kokowski SHS 20 (2021) | DOI: 10.4467/2543702XSHS.21.014.14045

tudia
istoriae
cientiarum

507


http://www.lamoth.info/?p=digitallibrary/getfile&id=3272&usg=AOvVaw3cwpzk_I9cp51UHUqciqrR
http://www.lamoth.info/?p=digitallibrary/getfile&id=3272&usg=AOvVaw3cwpzk_I9cp51UHUqciqrR
http://www.lamoth.info/?p=digitallibrary/getfile&id=3272&usg=AOvVaw3cwpzk_I9cp51UHUqciqrR
https://doi.org/10.1016/0039-3681(79)90018-9
https://doi.org/10.1016/0039-3681(79)90018-9
https://en.wikipedia.org/wiki/Quantum
https://en.wikipedia.org/wiki/Quantum

