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Abstract

This article investigates the forgotten achievements of Wia-
dystaw Natanson (1864—1937) related to the creation of Bose-
-Einstein statistics.

The introductory part of the article presents considerations
regarding the methodology of history and the history of exact
sciences, and then the divergent research perspectives that can
be taken in the description of the history of Bose-Einstein sta-
tistics, as well as the author’s integrated approach to this issue,
which eliminates the disadvantages of these divergent views.

This integrated approach is then used to describe the
achievements of Wladystaw Natanson related to the creation
of Bose-Einstein statistics.

These achievements are presented against the background
and in the context of discussions which — relatively sporadically —
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took place among various groups of researchers: historians and
philosophers of science, physicists, sociologists of scientific
knowledge in the 20th and 21st centuries.

These discussions have now been reordered here. They are
followed by a presentation of the complete list of Natanson’s
publications regarding the subject. Also shown is his strategy to
quote reliably the bibliography with regard to the explanation
of the distribution of blackbody radiation and related issues.

Additionally, a list of scientists who knew Natanson’s publi-
cations has been supplemented in the article and the precursor-
ship of Natanson’s achievements is explained. This is followed
by a rebuttal of many erroneous or simplified statements about
him and his achievements.

The already well-known terminological conventions have
been recalled: “Bose statistics” and “Bose-Einstein statistics”,
as well as recently introduced: “Planck-Bose statistics” (1984),
“Natanson’s statistics” (1997)”, “Natanson-Bose-Einstein statis-
tics” (2005), “Planck-Natanson-Bose-Einstein statistics” (2011),
and “Natanson statistics” (2013).

New terminological conventions have been introduced:
“Boltzmann-Planck-Natanson statistics” and “Boltzmann-
-Planck-Natanson-Bose-Einstein statistics”.

A side effect of this research is a discovery that Robert K.
Merton — the author of the label ‘Matthew effect’ — chose the
name of the effect using erroneous premises and the effect
should therefore be named after its actual discoverer.

The article is accompanied by four appendixes: the first pres-
ents reflections on the methodology of historiography and his-
toriography of exact sciences, the second — a commentary on
the use of the terms: “Bose statistics”, “Bose-Einstein statis-
tics”, “Einstein-Bose statistics” and “Planck-Bose statistics”, the
third — a very important letter by Max Planck to Wtadystaw
Natanson (of 25 January 1913), and the fourth — the excerpts
of two letters from Sommerfeld to Rubinowicz (of 1 October
1919 and 1 November 1919).

Keywords: Wadystaw Natanson, Ladislay Natanson, distribution of blackbody
radiation, Bose statistics, Bose-Einstein statistics, Planck-Bose statistics, Natanson
statistics, Natanson-Bose-Einstein statistics, Planck-Natanson-Bose-Einstein
statistics, Boltzmann-Planck-Natanson statistics, Boltzmann-Planck-Natanson-
-Bose-Einstein statistics, divergent bistories, integrated approach, precursorship,
Matthew effect, R.K. Merton effect, methodology of history, methodology of the
history of exact sciences
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Rozbiezne historie statystyki
Bosego-Einsteina i zapomniane
osiggniecia Wtadystawa Natansona
(1864-1937)

Abstrakt

Artykul bada zapomniane osiagni¢cia Wtadystawa Natansona
(1864-1937) zwiazane z powstaniem statystyki Bosego-Einsteina.

W czesci wstepnej artykutu wskazano rozbiezne perspek-
tywy badawcze, jakie przyjmowano w opisie historii statystyki
Bosego-Einsteina, a takze autorskie zintegrowane ujecie tego
zagadnienia, ktore eliminuje wady tych rozbieznych perspektyw:

Wspomniane zintegrowane ujecie zastosowano nastepnie do
opisania osiagnie¢ Wtadystawa Natansona (1864—1937), zwiaza-
nych z powstaniem statystyki Bosego-Einsteina.

Dokonania Natansona przedstawiono na tle i w kontekscie
dyskusji, jakie toczyly si¢ (stosunkowo sporadycznie) wsréd
réznych grup badaczy: historykéw i filozoféw nauki, fizykéw,
socjologéw wiedzy naukowej w XX 1 XXI w.

Dyskusje uporzadkowano oraz przedstawiono kompletna
liste publikaciji Natansona dotyczacych omawianego zagadnienia.
Wskazano takze strategie rzetelnego cytowania przez Natansona
bibliografii dotyczacej wyjasnienia rozkladu promieniowania
ciata doskonale czarnego i pokrewnych zagadnien; uzupetniono
liste naukowcow, ktérzy znali publikacje Natansona; skorygo-
wano wiele blednych lub uproszczonych stwierdzen na temat
Natansona i znaczenia jego publikacji, wyjasniono kwesti¢ pre-
kursorstwa jego osiagniec etc.

Przypomniano juz znane konwencje terminologiczne: ,,sta-
tystyka Bosego™ i ,,statystyka Bosego-Einsteina”, jak réowniez
niedawno wprowadzone: ,,statystyka Plancka-Bosego” (1984),
»statystyka Natansona” (1997, 2013), ,,statystyka Natansona-
-Bosego-Einsteina” (2005) oraz ,,statystyka Plancka-Natansona-
-Bosego-Einsteina” (2011).

Wprowadzono nowe konwencje terminologiczne: ,,statystyka
Boltzmanna-Plancka-Natansona” 1 ,,statystyka Boltzmanna-
-Plancka-Natansona-Bosego-Einsteina”.

Skutkiem pobocznym tych badan jest odkrycie, iz socjolog
Robert K. Merton — autor okreslenia ,,efekt §w. Mateusza” —
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wybral t¢ nazwe, postugujac si¢ blednymi przestankami i dla-
tego nalezy nazywaé ten efekt nazwiskiem jego faktycznego
odkrywecy.

Do artykutu dolaczone sa cztery dodatki: pierwszy przed-
stawia rozwazania z zakresu metodologii historii i historii nauk
$cistych, drugi — komentarz dotyczacy uzycia terminow: ,,staty-
styka Bosego”, ,,statystyka Bosego-Einsteina”, ,,statystyka Ein-
steina-Bosego” oraz ,,statystyka Plancka-Bosego, trzeci — bardzo
wazny list Maxa Plancka do Wtadyslawa Natansona z 25 stycz-
nia 1913 r., a czwarty — fragmenty dwéch listow Sommerfelda do
Rubinowicza z 1 pazdziernika 1919 1 1 listopada 1919 r.

Stowa kluczowe: Wadystaw Natanson, rozktad promieniowania ciata do-
skonale czarnego, statystyka Bosego, statystyka Bosego-Einsteina, statystyka
Einsteina-Bosego, statystyka Plancka-Bosego, statystyka Natansona, statystyka
Natansona-Bosego-Einsteina, statystyka Plancka-Natansona-Bosego-Einsteina,
statystyka Boltzmanna-Plancka-Natansona, statystyka Boltzmanna-Plancka-
-Natansona-Bosego-Einsteina, rozbiegne historie, gintegrowane podejscie, prefur-
sorstwo, efekt sw. Matensza, efekt R.K. Mertona, metodologia bistorii, metodologia
historii nank scistych

1. The divergent perspectives in studying
the history of Bose-Einstein statistics
and a postulate for an integration
of research’

To structuralize better our considerations on the history of Bose-Ein-
stein statistics and Natanson’s contribution to it, it is important to for-
mulate here some remarks of a general nature.

Firstly, the scholars who researched the so-called Bose-Einstein statis-
tics dealt with problems in physics and applied mathematics (statistics).

! The subject-matter of this article was analyzed by the author in several previous
works: Kokowski 2009 (in Polish, only on p. 92, and fn. 3); 2011a and 2011b (I gave
a lecture in English during a Prague conference and then a summary of the lecture
and a presentation were published in the proceeding of the conference, but only in the
CD-ROM version; these works were not reviewed, and did not receive DOI numbers);
2015 (I gave a lecture in English, but the lecture was not published in print or online).
In consequence, one cannot find these works in print or online, and my views on this
subject are not known to specialists. To remedy this, I present this article, which not
only systematizes, but also greatly expands my previous analyses.
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Secondly, these scholars functioned in certain scientific communi-
ties and thought collectives.? Their achievements are dependent on their
talents and participation in scholar traditions or thought styles, because
nobody can achieve success in science if they do not stand on the shoul-
ders of giants.?

Thirdly, the creativity of scientists is measured by the quality of their
publications, but an evaluation of these publications is not an easy mat-
ter. We can assume safely that the historical approach can be useful in
this task. However, we cannot rule out @ priori that the tools of sciento-
metrics (which is a measurement of the development of science using
mathematical tools, including a measurement of impact of scientific
publications by a simple citation counting) can be useful too.

Fourthly, while our analyses of the context of justification must play
an important part in our consideration, we must not neglect the impor-
tance of the context of discovery, since both these contexts interlace
with each other in everyday practice of scientists.

Fifthly, between the justification and the discovery there is a whole
intermediate field to persuade recipients (other scientists as well as
a broader audience), and to mediate between different scientific camps;
as a result we cannot neglect the rhetorical aspect of considerations, in-
teractions between thought collectives, different interests of scientific
camps including their political views, etc.

Sixthly, the history of Bose-Einstein statistics can be interpreted from
divergent points of view that originate from such diverse disciplines
as, for example: the teaching of physics, the history and philosophy of
physics (and, generally, of the exact sciences), the sociology of scientific
knowledge, the psychology of scientific discovery and scientometrics.

I suggest that these primary divergent points of view be treated as
complementary perspectives of an integrated approach. And, from my
point of view, the only reasonable approach to study the problem is to
assume a certain thematic hierarchy of these points of view (in other
words, these points of view are not important in the same sense). Firstly,
we must carry on an extensive, detailed internal analysis of the develop-
ment of scientific ideas (including the so-called philosophy in science).

2 Fleck 1935/1979.
> R.K. Merton 1965 (2nd ed. 1985; 3td ed. 1993); Wikipedia 2019f; Kokowski
2012, pp. 57-58.
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Then, we can look for the additional so-called ‘external’ explanations
(originating from the philosophy of science, the sociology of scientific
knowledge, the scientific rhetoric, political views, psychology, general
philosophy, etc.).*

Seventhly and finally, when we want to write about the history of
Bose-Einstein statistics, we should notice the two main approaches ap-
plied by researchers: a) the canonical approach, which is based on its
“history” as seen by the authors of textbooks on statistical physics,
and b) the historical approach. The latter gives us possibility of study-
ing both, the so-called internal history of science, and the external one.
We can thus study the internal history of physics (linked with the inter-
nal philosophy of physics), and the external history of physics. There-
by, the external history of physics is open to questions stemming from
historical contexts defined by politics and philosophy, the sociology
of scientific knowledge, the scientific rhetoric, the psychology of sci-
entific discovery, as well as scientometrics. I am an advocate of the in-
tegrated approach linking in a hierarchical way both the internal and
external factors.”

2. The different approaches in studying
the history of Bose-Einstein statistics
and Natanson’s achievements

2.1. The canonical approach, the university textbooks
and Natanson

In the canonical interpretation of Bose-Einstein statistics there is no
problem pointing to the real discoverers: they were simply Satyendra
Nath Bose (1894 —1974) and Albert Einstein (1879 —1955), and nobody
else. It is sufficient to look at the table below and compare only two for-
mulas describing the distribution of particles over energy states for the

* This integrated approach stems from the progress of history of science and
philosophy of science, and sociology of scientific knowledge in the 20th century.
It transcends the opposition of the ideas of “internal history of science” and “external
history of science”.

> Regarding the methodology of historiography and histotiography of science
assumed by the article author, see Appendix 1.
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two statistcs, to quote the articles of S.N. Bose 1924a (reprinted 2009a;
English transl. 2009b); 1924b (reprinted 2009¢; English transl. 2009d)
and A. Einstein 1924 (reprinted 2015a, Doc. 283; English transl. 2015b,
Doc. 283); 1925a (reprinted 2015a, Doc. 385; English transl. 2015b,
Doc. 385); 1925b (reprinted 2015a, Doc. 427; English transl. 2015b,
Doc. 427), as well as to show the textbooks, e.g. L..D. Landau, E.M. Lif-
shitz (1937-1939; ed. 1975, §54, pp. 180-181) / (English transl. 1958,
§54, pp. 153-154); E. Hund (1956, § 92); K. Huang (1963, chapter 12);
R.P. Feynman (1972, chapter 1.9) or Wikipedia (2019b).°

Table 1. The distribution of particles over energy states

Bose statistics (1924) Bose-Einstein statistics (1924-1925)

" 1 n, 1
gi &, gl &= /”
ex — -1 exp| -1
p(/éBTJ P[ &y T ]

where:
n;  —population number of (indistinguishable) particles with energy ¢,
g —number of (distinguishable) sub-levels,
/g — probability of occupation level 7 with energy &,
#  — chemical potential.”

2.2. The internal history (and philosophy) of physics’

Changing the research perspective by using other “glasses” (i.e. other
interpretative tools), which are sensitive to a detailed historical re-
search, brings out new epistemic results. Thanks to the thoroughgoing

¢ For a genesis and description of Bose’s and Einstein’s works, see Chapter 14
“Satyendra Nath Bose, Bose-Einstein-Statistics, and the Quantum Theory of an Ideal
Gas” in: Mehra 2001, pp. 501-545.

7 In the canonical approach we ignore historical details and talk about “particles”
irrespective of the fact whether we consider imponderable matter (quanta of light) or
ponderable matter.

It is noteworthy that the formulas mentioned in the Table 1 are linked by a cot-
respondence principle: for the limiting case, when the correspondence parameter
“u/kgT” tends to zero, numeric values (predictions) of the second formula goes to the
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works by, among others, M. Jammer (19606), J. Mehra, H. Rechenberg
(1982-2000), S. Bergia (1987), A. Bach (1988; 1990), S. Varr6 (20004,
pp. 1-34; 2006b; 2007), we know that the history of the so-called
Bose-Einstein statistics is very complicated and many scientists played
important roles in it.

We can distinguish three subsequent main stages in this history: the
first (preparatory) stage from the formulation of the laws of electro-
dynamics and the principles and laws of statistical physics but before
formulation of the black-body radiation law; the second stage, the for-
mulation of the black-body radiation law, and the third stage, the ex-
planation of the black-body radiation law and the formulation of the
so-called Bose statistics and then of its generalization Bose-Einstein
statistics.®

In the first (preparatory) stage the laws of electrodynamics and the
principles and laws of statistical physics were formulated, including the
entropy-probability relationship found by Boltzmann (see Bach 1988;
1990, p. 2), the Maxwell-Boltzmann distribution, and the Wien-Jeans
law of radiation.

In the second stage Max Planck (1900a) discovered the black-body
radiation law. The law is described by the following formulas:

Table 2. The black-body radiation law

0,(n,T)=8m’™ P >

hv
exp E -1

numeric values (predictions) of the first formula. This is not an accidental feature and
no anachronism. It is a manifestation of applying the hypothetico-deductive method
of correspondence-oriented thinking by researchers of the so-called exact sciences
(see Kokowski 1996; 2001; 2004; 2006; 2015c¢). Therefore: a) I do not agree with Jean
Bricmon (2015), who — going on footnotes of Thomas S. Kuhn, Paul Feyerabend,

and the sociology of scientific knowledge — declares that there is no scientific method
and it is not a problem, and b) I do agree with Elliott Sober (2015), who is sure that
the scientific method is not a myth and there are general normative principles that

govern every science.
¥ Of course, this three-part division is only a conventional division.
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0,0, T)=8m* " U(»,T),

hv
exp (Z_j -1

o. (nT) — the spectral energy density of radiation in cavity in thermal equili-

U, T) =

where:

brium at absolute temperature T per unit volume and per frequency
unit;

8nv’’dy — the number of modes of oscillation (states) in the frequency interval
[v, » +dv| per unit volume;

U, T) — themean energy of oscillator of frequency rand absolute temperat-
ure T.

In the third stage, the subsequent theoretical derivations and justifi-
cations of the black-body radiation law by Max Planck (1900bs; ...) were
criticized by other scientists: Joseph Larmor, Charles Thomson Rees
Wilson, Peter Debye, Hendrik Lorentz, Wladystaw Natanson, Abram
Fyodorovich Jofté, Paul Ehrenfest, Jun Ishiwara, Iurii Aleksandrovich
Krutkov, Mieczystaw Wolfke, Heike Kamerligh Onnes, Maurice de
Broglie, Arthur H. Compton, Wolfgang Pauli, Viktor R. Bursian, Otto
Halpern, and finally Satyendra Nath Bose in 1924, and Alfred Einstein
in 1924-1925.° Regarding Bose’s and Einstein’s contributions: Bose in-

? This third stage was analysed by dozens of scholars, mainly physicists and histo-
rians of physics. There are two groups of such scholars. The first group, which over-
looked Natanson’s achievements (a majority of physicists and historians of physics);
and the second group, which noticed his achievements.

To the first group belong, among others, B.I. Spasskil (1964, chap. 19, §73);
L.D. Landau, E.M. Lifshitz (3rd ed. 1976; Engl. transl. 1986, §37, 54, 55); F. Hund
(1956, § 92); K. Huang (1963, chapter 12); H. Kangro (1970/1976); R. Feymann
(1972, chapter 1.9); T.S. Kuhn (1978); M. Toda, R. Kubo, N. Sait6 (1978; Engl.
transl. 1983, chapter 3.1.3); A. Pais (1979, paragraph VI; 1982, repr. 2005, chap-
ter 23); C. Domb (1995); C.A. Gearhart (2002); H. Kragh (2002); R. Fitzpatrick (20006);
A. Michelangeli (2007); D. Monaldi (2009); E.P. Canals, T. Sauer (2010a); Wikipedia
(2019b; 2019d).

To the second group belong, among others, E.T. Whittaker (1953); F. Hund
(1967); A. Hermann (1969; Engl. transl. 1971); A. Kastler (1981); B. Sredniawa (1985;
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troduced statistics for radiation, called now Bose statistics, and Einstein,
generalizing Bose’s approach, introduced statistics both for imponder-
able matter (radiation) and of ponderable matter (material vibrators /
atoms), called now Bose-Einstein statistics."

However, the understanding of this entire three-part story, includ-
ing the reasons why all of the authors criticized Planck’s approaches, is
not the aim of this article." I restrict below only to illuminate the issue
of the reception of Natanson’s views in his times and later.

3. Natanson’s achievements in focus

In this section, in order to systematize the knowledge on Natanson’s
achievements dispersed among different kinds of specialists, I will try
to summarise the discussions about the issue held among specialists
and add my own comments. To achieve this aim I will try to answer key
questions regarding this issue.

3.1. Elementary issue: How many works did he write
on the subject?

It is an elementary issue for a positivistic methodology of the history
of science to establish the number of works that Natanson wrote about
the statistics of imponderable matter (black-body radiation) and of
ponderable matter (material vibrators).

As far as I know, he wrote the following list of works on the sub-
ject mentioned.

1997; 20005 2001; 2007); A. Pais (1986); S. Bergia (1987); A. Bach (1988; 1990);
O. Darrigol (1988; 1993); B. Lange (1992a; 1992b; 1997a; 1997b); L.J. Boya (2003);
J. Spatek (2005; 2006; 2009); S. Varr6 (2006a; 2006b); A. Borrelli (2009), “R. Minamida”
(N. Nagasawa) (2009a); M. Kokowski (2009; 2011a; 2011b); M. Waniek, K. Hentschel
(2011); B.R. Masters (2013); N. Nagasawa (2018); K. Hentschel (2018) — this group

is not homogeneous: its representatives declare a whole spectrum of views (I will

explain it later).

' About these terms see Appendix 2.

"' This matter is complicated and worthy a separate detailed book. For a general
introduction to the history of physical ideas and the problem-situation see Mchra,
Rechenberg 2001, pp. 557-578. One of the important threads of this history is to
explain a combinatorial and physical problemr: the distribution of indistinguishable particles

over energy states.
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1) O teoryi statystycznej promieniowania. On the Statistical Theory
of Radiation (presented: 6 March 1911; published: circa 10 April
1911). Bulletin International de I’Académie des Sciences de Cracovie, Classe
des Sciences mathématiques et naturelles. Série A: Sciences mathématiques.
Anzeiger der Akademie der Wissenschaften in Krakan. Mathematisch-
-Naturwissenschaftliche Klasse. Reihe A: Mathematische W issenschaften,
pp. 134-148. (in English) & offprint. Hereafter: Natanson 1911a.

O fteoryi stalystycznej promieniowania. — On the Sta-
tistical Theory of Radiation.

Mémoire

de M. LADISLAS NATANSON m. t.,
présenté dans la séance du 6 Mars 1911,

The Theory of Natural Radiation has been cultivated with great
ingenuity and the results which Planck, Einstein, Jeans,
Larmor, Lorentz and other physicists have obtained must be
reckoned amongst the profoundest discoveries in Molecular Science.

It is to Planck that we owe the fundamental conception on
which the theory in its present state essentially depends. As is well
-known, Planck supposes that energy is not divisible without limit,
but is constituted of an aggregate of discrete elements or wnifs;
and that the ultimate particles of which matter consists are capable
only of absorbing, containing and emitting amounts of energy which
are multiples of these finite and determinate units.

§ 1. In the usual manner, we imagine a system of N inde-
pendent material entities, capable only of having amounts

@) Oefle, 2evics. pe

of energy; in general ¢, where i=0, 1, 2,...p. For brevity we
will call these entities the receptacles of epergy in the system. If
out of N receptacles under consideration, N, have zero energy, N,
have energy e ete., then

i=p

@... 2N.=N.

=0
If E is the total amount of energy contained in the system, the num-
ber of available units of energy is # = Efe and we obviously have

i=p

(II). il Zi]\":n.

=0

Fig. 1. The front page of “On the Statistical Theory of Radiation” (presented: 6 March
1911; published: circa 10 April 1911). Source: © Biblioteka Jagiellofiska; photo: © Michat
Kokowski.
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2) O promieniowaniu (On Radiation) (1st vers.; 19 July 1911). [In:]
Ksigga pamiatkowa X1 Zjazdu Lekarzy i Pryyrodnikdw Polskich w Kra-
kowie, 18—22 lipca 1911 { Proceedings of the 11th Congress of Polish phy-
sicians and natural scientists in Krakow, 18-22 July 1911} (Krakow:
Kom1tet Gospodarczy 191 1), pp. 144-1 60 Available online:

Natanson l 91 1b)

144

WLADYSLAW NATANSON.

O promieniowaniu.

L

Tworzgc zrozumiaty obraz otaczajgcych nas zjawisk, albo
przynajmniej utworzy¢ go pragngc, musimy poznat i pojaé
pewien fakt fundamentalny, jeden z elementarnych faktow
w urzgdzeniu Natury : promieniowanie.

Jezeli promieniowanie dostrzegamy w prozni, prawa jego
wowczas sq stosunkowo najprostsze. Bardziej rozmaite i bar-
dziej zawile objawiajg si¢ skutki, gdy promieniowanie bie-
gnie przez materyy. JesteSmy wowczas $wiadkami owych
subtelnych i niezmiernie rézZnorodnych zjawisk, ktéremi Nauka
Optyki by!a dotychczas przewaznie zajeta. My jednak tutaj
skierujmy w inng strong uwagg. Zapytujemy : zkqd pochodzi
promieniowanie? Przypisujemy je zazwyczaj dziatalnoéci cial
materyalnych, o ktérych méwimy, Ze sq zZrédtem promienio-
wania, Ze je wysylajg czyli emitujg. Wiemy bardzo malo do-
tychczas o prawach zjawiska emisyi czyli wysylania promie-
niowania przez ciala materyalne. W dzisiejszej Teoryi Promie-
niowania ograniczamy si¢ zazwyczaj do roztrzasania szczegél-
nego przypadku, ktory jako najprostszy i jak dotychczas
niemal jedyny dostgpny, musiat zwrocié na siebie przede-
wszystkiem uwage. Uwazajmy pewien uklad materyalny M,
ktory wypromieniowywa energig. Przypusémy, Ze temperatura
ciata M i inne zmienne, od ktorych stan jego zalezy, pozo-
stajg niezmienne podczas tego zjawiska. Wedlug Zasady ozna-
czonodci' pracy (albo zachowania energii) zawarta w ciele
energia jest funkcys temperatury i pozostatych zmiennych,
wyznacujqcych stan ciala; zkad wedtug zaloZenia wynika,
ze ta energia podczas promieniowania nie ulega zmianie.
A zatem w kazdym okresie czasu cialo M/ wysyia tyle pro-
mienistej energii, ile energii spotczesnie pobiera z otoczenia.
Podobne promieniowanie jest trwatem, czyli ,stacyonarnem®
promieniowaniem; nazywamy je zwykle .temperaturowem*

Fig. 2. The front page of “O promieniowaniu” (1st version, 19 July 1911).
Source: © Biblioteka Jagiellofiska; photo: © Michal Kokowski.
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3) Uber die statistische Theorie der Strahlung (received: 29 Aprill
1911; published: 15 August 1911). Physikalische Zeitschrift 12,
pp- 659—6606 {it is a translation of Natanson’s first paper (1911a)};
& offprint (in German). The translation was made by Max
1klé, when the chief editor of the journal was Friedrich Kriiger.
Hereafter: Natanson 1911c.

Fig. 3. The front page of “Uber die statistische Theorie der Strahlung” (received: 29 Aprill
1911; published: 15 August 1911). Source: © Biblioteka Jagiellofiska; photo: © Michat
Kokowski.
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4) On Radiation (Ist vers.) — Offprint 1912 of Natanson 1911b
(in Polish). Hereafter: Natanson 1912a.

Fig. 4. The front page of “On Radiation” (1st version) — offprint 1912 of Natanson 1911b.
Source: © Biblioteka Jagielloriska; photo: © Michat Kokowski.

5) O zawartosci energii w cialach materyalnych — On the Energy-
-content of material bodies (presented on 8 January 1912;
published: April 1912). Bulletin International de [I’Académie des
Sciences de Cracovie, Classe des Sciences mathématiques et naturelles. Série
Az Sciences mathématiques. Anzeiger der Akademie der Wissenschaften
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in Krakan. Mathematisch-INaturwissenschaftliche Klasse. Reihe A:
Mathematische Wissenschaften, pp. 95—102 & offprint (in English).
Hereafter: Natanson 1912b.

Fig. 5. The front page of “On the Energy-content of material bodies”
(presented on 8 January 1912; published: April 1912). Source: © Biblioteka Jagiellofiska;
photo: © Michal Kokowski.

6) Zasady Teoryi Promieniowania (Principes de la Théorie du
Rayonnement) (in Polish). Prace Matematyezno-Fizyezne 24, pp. 1-88.
Warszawa: Wydawnictwo Redakcji Prac Matematyczno-Fizycz-
nych. Available online (at “Polska Biblioteka Wirtualna Nauki”,
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,,Kolekcja Matematyczna”): http://matwbn.icm.edu.pl/ksiazki/
pmf/pmf24/pmt2411.pdf. Hereafter: Natanson 1913. (The articl,

though written only in Polish, is the most important Natanson’s work on the
theory of radiation and related matters.)

WLADYSEAW NATANSON.

Zasady Teoryi Promieniowania.

(Principes de la Théore du Rayonnement).

Rozdziat pierwszy.

§ 1. Promieniowanie trwale. Wiemy dotychczas stosunkowo mato
o prawach zjawiska emisyi, czyli wysytania promieniowania przez ciala ma-
teryalne. Ograniczamy sig zazwyczaj do szczegdlnego przypadku, ktéry
w dzisiejszym stanie Nauki jest niemal jedyny dostepny ilo§ciowemu badaniu.

Wyobrazmy sobie pewien uklad materyalny 4 i przypuéémy, ze ten
ukiad emituje w czasie df, w postaci promieniowania, pewna ilo§¢ energii
dL, pobierajac jednocze$nie ilodé ciepta d@ z otoczenia. Oznaczmy przez U
energi¢ ukladu 4 i, stosujac zasade oznaczonoici pracy, zalézmy, ze U jest
funkcyq temperatury T oraz innych zmiennych ¢,, g;, ¢5,....., ktére wy-
znaczajq stan uktadu. Mamy

1) dd—dl=dU(T, q,, @3, @y-+++- )
Temperatura T i zmienne g, gy, Q5 ..« ... , wogdle méwigc, sq zalezne od
czasu:

—at (4T 2V dg, 3V dg, 3
@) AU=4dt)\ 37 57+ 37 ag, T ¢ 3+

W szczegéinym przypadku promieniowania stacyonarnego czyli ¢rwalego
temperatura i pozostate zmicnne niezalezne nie zmieniajg sig z cnsem, waw-
czas dU=0 a zatem:

@) d0=dlL;
promieniowanie jest wysytane wylacznie na koszt zewngtrznego doplywu cie-

Prace mal-fle, t. XXIV.

e

Fig. 6. The front page of “Zasady Teoryi Promieniowania” (“Principes de la Théorie du
Rayonnement”) (in Polish). Source: © Polska Biblioteka Wirtualna Nauki, Kolekcja Mate-
matyczna; photo: © Michal Kokowski.

7) On Radiation (2nd vers. with changes) (1924). [In:] Natanson 1924a,
pp. 125-151 (in Polish). Hereafter: Natanson 1924b; before the
publication of Bose’s first paper.
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VIL O PROMIENIOWANIU.
I

Tworzae zrozumialy obraz olaczajaeych nas zjawisk,
albo przynajmmniej ulworzyé go pragnge, musimy poznaé
i pojaé pewien fukt fundamentalny, jeden z elementarnyeh
faktow w urzadzeniu Nalury: promieniowanie.

Jezeli promicniowanie dostrzegamy w prozni, jego
prawa sa wowczas slosunkowo najprostsze. Rozmailsze
i zawilsze objawiaja si¢ skutki, gdv promieniowanie
biegnie przez ciala malerjalne; jestesmy wowczas Swiad-
kami owych niezmiernie réinorodnych i subtelnych zja-
wisk, ktoremi nauka Optyki byla dotychezas przewaznie
zajeta. My jednak skierujmy tutaj w inna strone uwage.
Zapyviujemy: skad pochodzi promieniowanie? Przypisu-
jemy je zazwyczaj dzialalnosci pewnych cial materjal-
nych, o ktorych mowimy, ze s Zrodlem promieniowania,
#e je wysylaja czyli emitujq. Wiemy mato dotychczas
o prawach zjawisk emisji czyli wysylania promieniowa-
nia przez ciala materjalne, W dzisiejszej Teorji Promie-
niowania ograniczamy si¢ zazwyczaj do rozirzgsania
szczegolnego przypadku, ktory jako najprostszy (i jak
dotychezas niemal jedyny dostepny) musial zwréci¢ na
sichie przedewszystkiem uwage. Uwazajmy pewien uklad
materjalny M, kiory wypromieniowywa energje. Przy-
pusémy, ze temperatura ciala M oraz inne zmienne, od
klorych stan jego zalezy, pozostaja stale podezas zjawiska

Fig. 7. The front page of “On Radiation” (2nd vers. with changes, 1924).
Source: © Biblioteka Jagiellofiska; photo: © Michal Kokowski.

3.2. What works does Natanson mention in the bibliography
of his works?

From the cutrrent research in the science of science, which includes bib-
liometrics, it is known that the authors of scientific papers have often
a very serious problem with the reliability of quoting the publications
they use during the preparation of their own publications.'? Therefore,
itis worth examining how Natanson dealt with this problem in his times.

12 Kokowski 2015b.
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In the article I.. Natanson 1911a: On statistical theory of radia-
tion. Bulletin International de I’Académie des Sciences de Cracovie A. Sciences
mathématiques. Anzeiger der Akademie der Wissenschaften in Krakan. Mathe-
matisch-Naturwissenschaftliche Klasse. Reibe A: Mathematische Wissenschaften
(presented: 6 March 1911; published circa 10 April 1911), and its trans-
lation into German: Natanson, Ladislas (Wtadystaw) 1911c: Uber die
statistische Theorie de Strahlung. Physikalische Zeitschrift (received:
29 April 1911; published: 15 August 1911). “Nach Bulletin de I"Académie
des Sciences de Cracovie (A), pp. 134—148, 1911 (aus dem Englischen tiber-
setzt von Max Iklé; eingegangen 29. April 1911)” Natanson mentions
the following nine works:"

* Boltzmann, Ludwig 1872: Weitere Studien tiber das Wirmegleich-
gewicht unter Gasmolectlen. Sitgungsberichte d. K. Akad. d. Wiss.
zu Wien 11 Abt, 66, pp. 275-370 (October 1872).

* Boltzmann, Ludwig 1877: Uber die Bezichung zwischen dem
zweiten Hauptsatze der mechanischen Wirmetheorie und der
Wahrscheinlichkeitsrechnung resp. den Sitzen tber das Wit-
megleichgewicht. Sitzungsberrichte d. K. Akad. d. Wiss. zu Wien 11
Abt, 76, pp. 373—435 (October 1877).

¢ Debye, Peter 1910: Der Wahrscheinlichkeitsbegriff in der Theo-
rie der Strahlung, Awnnalen der Physik 33, pp. 1427-1434.

* Einstein, Albert 1907: Die Plancksche Theorie der Strahlung
und die Theorie der spezifischen Wirme. Annalen der Physik 22,
pp. 180—190. (Available online: https://www.physik.uni-augs-
burg.de/de/lehrstuehle/theo2/adp/history/einstein-pa-
pers/1907_22 180-190.pdf).

¢ Jeans, James H. 1910: On non-Newtonian Mechanical Systems,
and Planck’s Theory of Radiation. Philosophical Magazine 20,
pp. 943-954 (p. 953). (Available online: https://archive.org/de-
tails /londonedinburg6201910lond/page/n4).

e Larmor, Joseph 1909: Bakerian Lecture. On the Statistical and
Thermodynamical Relations of Radiant Energy. Proceedings of Royal
Society of London (A) 83, pp. 82—85. (Available online: https://

www.jstor.org/stable /92866).

3 He used a short version of the citation, accepted by physicists (i.e. without giving
the publication title, without the scope of pages of the publication).
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¢ Lorentz, Hendrik A. 1910: [Alte und neue Fragen der Physik].
Physikalische Zeitschrift 11, [pp. 1234—1257], p. 1253.

* Planck, Max 1906: Vorlesungen iiber die Theorie der Warmestrablung
(Ist ed.).

* Wilson, Harold A. 1910: On the Statistical Theory of Heat Rad-
iation. Philosophical Magazine 20, pp. 121-125. (Available online:
https://archive.org/details /londonedinburg6201910lond /page

In Natanson, Ladislas (Wtadystaw) 1912b (presented on 8 January
1912; published: April 1912): O zawartosci energii w cialach materyal-
nych — On the Energy-content of material bodies. Bulletin International
de I’Académie des Sciences de Cracovie A. Sciences mathématiques. Anzeiger der
Akademie der Wissenschaften in Krakan. Mathematisch-Naturwissenschaftliche
Klasse. Reihe A: Mathematische Wissenschaften, pp. 95—102, the author men-
tions two theories:

* Planck’s theory of radiation;
* Einstein’s theory of specific heat;

and two works:

* Natanson, Ladislas (Wladystaw) 1911a: On statistical theory
of radiation. Bulletin International de I’Acadénie des Sciences de Cra-
covie A, pp. 134-148;

* Duhem, Pierre 1911: Traité d’Energétigue on de Thermodynamique
Générale.

In the work: Natanson, Ladislas (Wladystaw) 1913: Zasady teoryi
promieniowania (Principes de la Théorie du Rayonnement). Prace Mate-
matyezno-Figyezne 24, pp. 1-88. Warszawa: Wydawnictwo Redakcji Prac
Matematyczno-Fizycznych, the author mentions all possible works on
the subject written by authors in German, English, French, Italian and
Polish — nearly 200 references, including for example P. Ehrenfest’s
papers of 1906; 1911a, and T&P. Ehrenfest of 1911."

The article “O promieniowaniu” (On radiation), marked as Natan-
son 1911b, 1912a (i.c. offprint of 1911b) and 1924b (i.e. 1924a, pp. 125—
—151; itis a revised version of 1911b), is a review essay. It does not only
regard radiation but also theories of gases, of liquids and solid states,

1 T will continue these considerations later in the article.
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with quanta of energy as a key joining all these issues. The article was
published without a bibliography, but the dates and the names of au-
thors of main results are mentioned. In the case of the version of 1924,
the name of Bose is still omitted, since Natanson wrote his article be-
fore Bose’s articles (1924a;"° 1924b').

3.3. Who was the first scientist to appreciate very highly the
achievements of Natanson in quantum statistics?

The received answer for this question is clear. It was Friedrich Hund
(1896-1997), a German physicist and historian of physics."”

1 M

Po—

Fig. 8. Friedrich Hund, Werner Heisenberg and Max Born (Hund’s seventieth birthday,
Gottingen, 4 February 1966). Source: http://upload.wikimedia.org/wikipedia/commons
thumb/6/60/Hund Heisenberg Born 1966 _Géttingen.jpg/800px-Hund Heisenberg

Born_1966_Géttingen.jpg.

He stated so in his monograph of 1967: Geschichte der Quantenthe-
orie (Mannheim: Bibliographisches Institut, 1967); English translation:
The history of quantum theory. Transl. by Gordon Reece (London: Harrap,
1974); Italian translation by G. Longo: Storia della teoria dei gnanta (Bol-
lona: Bollati Boringhieri, 1975); Japan translation: by K. Yamazaki 1978
and Russian translation: Istorija kvantovey teorii (Kiev: Naukova Dumka,

® Reprinted 2009a, English transl. 2009b / English transl. 1976.
16 Reprinted 2009¢, English transl. 2009d.
7 Cf. Hund, Hentschel, Tobies 1996; Wikipedia 2019c.
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1980). It happened only after 56 years from the appearance of Natan-
son’s first work (Natanson 1911a).

But why did it happen so late? And is it true that only in 1967 did
Hund — as a historian of physics — first appreciate Natanson’s achieve-
ments in quantum statistics? Moreover, did Natanson’s contemporary
scientists value his work in the 1910s and 1920s? I will try to shed some
light on these problems later in this article.

3.4. What is the essence and rank of Natanson’s achievements?

Researchers commenting Natanson’s achievements answered for this
question in three complementary ways.

Firstly, Natanson’s name was linked with the name of Satyendra
Nath Bose and his statistics of “Yght quanta”. This strategy was applied
by such scientists as L. Infeld (1958); F. Hund (1967/1974); A. Het-
man (1969, 1971); A. Kastler (1981); B. Sredniawa (1985; 1997; 2000,
pp. 454-455; 2001, pp. 105-107; 2007); B. Lange (1992a; 1992b; 1997a;
1997b), and J. Spatek (2005; 2006; 2009)."®

According to Leopold Infeld (1958, p. 136; 1964b, pp. 35-306):

[Natanson] was close, remarkably close to the great scien-
tific discoveries, such as the formulation of Bose statistics
[translation — M.K.]."”

'8 S. Bergia (1987), A. Bach (1988; 1990), J.J. Stachel (2000), and M. Kokowski
(2009; 2011a; 2011b) do not belong to this list. I will explain their stances below.

" Of course, this side-note by Infeld, spoken within his reminiscences on his
teacher, does not diminish the importance of the role of Friedrich Hund’s priority
(1967) in appreciating the meaning of Natanson’s thought in the history of quantum
physics (see above section 3.3).

Incidentally, in order to understand this Infeld’s view better, it is worth sketch-
ing his attitude to his teacher Natanson. They were both Polish Jews, physicists and
talented writers of popular books, however they differed considerably in social, phil-
osophical and political terms. Infeld came from a poor and uneducated family, and
Natanson had a rich and educated burgeois backgroud. The former was an ateist
and socialist, and the latter (Wladyslaw Sze/iga Natanson) in 1900 converted from Ju-
daism to Catholicism (cf. Mieses 1938a, pp. 144—150). In addition, Natanson did not
help Infeld to get a job at university.

Unfortunately, Infeld — while writing his first famous autobiography (1941, re-
print in 1980, 2006 & 2017) — repeatedly diverted from the truth. Among others, he
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In contrast, according to Friedrich Hund (1967, pp. 25-26, 134,
153-154; (English transl)) 1974, pp. 30, 145; (Russian transl.) 1980,
pp- 26, 123) Natanson was the first who formulated Bose statistics of “light quanta”™:

This method of counting events, that Natanson made, is
exactly the one, which Bose later made for light quanta,
and is now called Bose statistics (Hund 1974, p. 30).*

created an untrue, much exaggerated, picture of Polish anti-Semitism, and an entirely
misguided picture of his teacher Natanson: “The only lecturer in mathematical physics
[in Krakéw] was an old, completely detached professor, delighted with the smoothness
and external beauty of his lectures and not really giving a damn whether he inspired
anyone or not. For thirty years he had lectured in Cracow and had never had a Ph.D.
student” (Infeld 1941, repr. 2000, p. 88).

In fact, Natanson had five Ph.D. students: Stanistaw Loria (1907), Waclaw Staszew-
ski (1917), Lepold Infeld (1921), J6zef Miczynski (1922), Stefan Szymon Rozental
(1928), and eleven others students, who received a Ph.D., had been ecarlier peer-re-
viewed by him (cf. Dybiec 2009, pp. 30-38).

Natanson was also a very good teacher, which Infeld explained himself clearly in
his later essay (1958, pp. 130—130), after his comeback to Poland. It appears that Infeld
admired Natanson for his great intellectual culture, but he had held a grudge against
him, because although he was — according to Infeld — his only scientific pupil (which
was not true — see above): “he did not teach me the technique of scientific work and
did not provide me with the right conditions to conduct such work” (“nie nauczyl mnie
techniki pracy naukowej i nie dal mi warunkéw do tej pracy” (Infeld 1958, p. 134).
Therefore, it is not psychologically surprising that the pupil has not found the time
to comment on the teachet’s achievements in more detail (cf. Natanson 1933/1958,
pp. 115-119; Infeld 1958, pp. 130-1306).

In his new autobiographical essays written in Polish (1954; 1964; 1967), Infeld tem-
pered his views presented in his first autobiography (1941). Nevertheless, he repeated in
1967 his sentiments to his teacher: “So far, I do not understand why Professor Natanson
did not offer me a job as his assistant. Certainly no one at the university would oppose the
will of one of the mostimportant professors. Of course I was a Jew. But was that enough
of a reason? Perhaps, but today I think it’s not the only one. Professor Natanson must
have been disgusted with the idea of having an assistant”. (“Dotychczas nie rozumiem,
dlaczego profesor Natanson nie zaproponowal mi asystentury. Na pewno nikt na uniwer-
sytecie nie sprzeciwiltby si¢ woli jednego z najwazniejszych profesorow. Oczywiscie bylem
Zydem. Ale czy to powdd wystarczajacy? Moze tak, ale dzisiaj sadze, Ze nie jedyny. Pro-
fesor Natanson musial mie¢ wstret do idei posiadania asystenta” (Infeld, 1967, p. 187)).

For explaining Infeld’s wrong opinions, especially the allegedly Polish radical
anti-Semitism among the Polish prewar academia, cf. Wréblewski 2017, pp. 71-82. See
also Hurwic 1968, reprinted 2016, pp. 405—417.

» “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).
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Bose statistics of light quanta was thus led to Planck
radiation formula. This method of counting events for in-
distinguishable particles, which had already been perfect-
ly recognized by Natanson in 1911, was subsequently to
be called Bose statistics (Natanson’s work of 1911, had
of course been forgotten by 1924). It was not until some
years later that the alternative possibility of the quantum
statistics of the indistinguishable particle, that of Fermi sta-
tistics, was considered (Hund 1974, p. 145).

This thesis of F. Hund was accepted later by some researchers, such
as A. Hermann (1971, p. 141), A. Kastler (1981), B. Sredniawa (1985,
pp- 89-90; 1997, pp. 14-16 (and repeated by K. Czapla 2005, p. 55);
2000, pp. 454-455; 2001, pp. 105-1006; 2007, pp. 713-714), A. Bach
(1990, pp. 1-2), L..J. Boya (2003, p. 110), K. Hentschel (2000, p. 15; 2018,
pp. 81-806), S. Varr6 (2006a, pdf version, pp. 14-16; 2006b, pdf ver-
sion, p. 4; 2007, pp. 161-162), B. Lange (1992a; 1992b; 1997a; 1997b),
and “Roh Minamida” (2009)/N. Nagasawa (2018).

For example, according to Armin Hermann (1971, p. 141):

Natanson (besides Max Planck, Albert Einstein and Paul
Ehrenfest) was one of the first to establish a background
for deeper understanding of the nature of quantum
physics.”!

According to Alfred Kastler (1981):

Natanson discovered Bose-Einstein statistics 13 years be-
fore Bose and Einstein.

According to Bronistaw Sredniawa (1985, p. 89):

In 1911 Natanson turned his scientific interest towards
quantum theory. The papers On the Statistical Theory of Radi-
ation |...], and its German version published in that year be-
long to the most important Natanson’s publications. They
contain the first formulation of quantum statistics, which
was 13 years later rediscovered independently by Indian

*! The statement was later cited by, among others, Sredniawa 1997, p. 16, and
repeated by Czapla 2005, p. 56.
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physicist Bose [...] and developed by Einstein and is today
called “Bose-Einstein statistics” [my emphasis — M.K.].*

According to Alexander Bach:

Natanson was the first who formulated Bose statistics
of “light quanta”; the statistical assumptions of Bose are
contained in a work of Natanson (1911c) (Bach 1990,

pp. 1-2).
According to Bogdan Lange (1997a, p. 520):

The analysis and comparison I conducted show that pro-
cedures employed by Natanson and Bose are identical.
Therefore, Hund (1974, p. 145) was right when he said,
“The Bose statistics of light quanta was thus led to Planck
radiation formula. This method of counting events for in-
distinguishable particles, which had already been perfect-
ly recognized by Natanson in 1911, was subsequently to
be called Bose statistics (Natanson’s work of 1911, had of
course been forgotten by 1924) [...]”.

For this reason Bogdan Lange (1997a) uses the phrase “Natanson’s
statistics”, and Peter Mittelstaedt (2013, pp. 83-85) “Natanson statis-
tics” (however, he does not quote Lange’s article).

A separate opinion was expressed by a physicist J6zef Spatek (2005;
2006; 2009)*:

We should talk about Natanson-Bose-Einstein statistics,
with the reservation that Natanson assigned indistinguish-
ability to photons absorbed in “atoms of energy”, but
Bose assigned statistical properties to the radiation itself
in this sense that he considered the number of photon
states as restricted only by geometry of container (it is the
accepted view today) [summarised by M.K.].

A similar thesis was formulated by two historians of science: Mag-

dalena Waniek and Klaus Hentschel (2011, p. 42):

* Those statements were later repeated by Czapla 2005, pp. 55-56.
» Knowing B. Sredniawa’s works, J. Spalek inherites some views of earlier scholars
of Natanson’s achievements (particularly of F. Hund’s).
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Actually, the quantum statistics named nowadays after
Bose and Einstein would have to be called Planck-
-Natanson-Bose-Einstein statistics. This confirms the first
law of the history of science — namely that (almost) no
scientific result is named after the people who actually dis-
covered it first [translated by M.K.].*

Secondly, the researchers commenting Natanson’s achievements
thought that he was the first to understand the statistical foundations
of Planck’s law of black-body radiation. It was claimed by the follow-
ing scholars: F. Hund (1967, pp. 26, 153-154), Kangro (1970/1976,
p. 219, fn. 212), A. Kastler (1979; 1983), S. Bergia (1987, pp. 233—
230; repr. 2009, pp. 343-346), T. You Wu (1986, p. 40), A. Bach (1990,
p. 24), B. Sredniawa (1985, pp. 89-90; 1997, pp. 14—16; 2000, pp. 454—
—455; 2001, pp. 105-106; 2007, pp. 713-714), A. Pais (1986, pp. 283,
294), A. Kojevnikov (2002, p. 198), J. Spatek (2005; 2006; 2009), S. Var-
16 (20006a, pdf version, pp. 14-16), P. Enders (2007, p. 87), M. Waniek,
K. Hentschel (2011, p. 42), B.R. Masters (2013, p. 43), O. Passon and
J. Grebe-Ellis (2017, p. 7).

For example, according to Friedrich Hund (1967, pp. 153-154/1974,
p. 167):

In the course of deriving his radiation formula (1900),
Planck had applied a noteworthy form of statistics for the
distribution of energy quanta among the oscillators: equally
probable events were the occupation numbers of the os-
cillators. In 1911 Natanson recognized this as containing
a possible form of the statistics of indistinguishable par-
ticles. Bose applied the same form of statistics (1924) to
light particles, and Einstein — to gas molecules: he showed
that the fluctuations in such a gas behaved as if they were
caused by both particles and waves (Hund 1974, p. 167).”

# “Eigentlich musste die heute nach Bose und Einstein benannte Quantenstatistik
somit Planck-Natanson-Bose-Einstein-Statistik heilen. Hier bestitigt sich auf’s Neue
der erste Hauptsatz der Wissenschaftsgeschichte — dass nidmlich (fast) kein wissen-
schaftliches Resultat nach dem Namen seines tatsiachlichen Erst-Entdeckers benannt
ist” (Waniek, Hentschel 2011, p. 42).

» “Bei der Ableitung seiner Strahlungsformel (1900) verwandte Planck eine
bemerkenswerte Statistik fiir die Verteilung von Energiequanten auf Oszillatoren:
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According to Hans Kangro (1970/1976, p. 219, fn. 212):

Ladislas Natanson was the first to recognize the reason
why Planck’s statistics must in contrast differ from “clas-
sical” statistics (Natanson 1911][c], [pp.] 663—[606]5).

According to Tau You Wu (1986, p. 40):

Einstein’s theory was criticized by P. Ehrenfest (1911—
—1914) [1911; 1914] and Natanson (1911) [but Natanson’s
article was not mentioned in bibliography], as not leading
to Planck’s law, but only to Wien’s law. The criticism were
based on the analysis of the distinction between the “in-
distinguishable and discrete photons” of Einstein and the
“energy steps” in Planck’s theory.

According to Alexander Bach (1990, pp. 24-25):

The question concerning the statistical foundations of
Planck’s law left open by Lorentz was answered by Natan-
son [Natanson 1911c — in M.K/s notation|, who explic-
itly referred to the contributions of Boltzmann |...] and
Lorentz |[...]. Compared to the work of his predecessors
(except Boltzmann) and followers, Natanson’s work was
distinguished by his unusual precision in terminology and
by his explicit determinations of probability distributions.
Because Natanson fixed, as Boltzmann did, the maximum
energy of any molecule, and because he met the same dif-
ficulties as did Boltzmann in taking the limit n, d — o,
Natanson directly followed Boltzmann’s method of 1877.
[...] Finally, using and entropy expression which is equivalent
to Boltzmann’s (but inserting Planck’ constant k) [...],
Natanson [...] obtains, by following Planck’s strategy, |...],
Planck’s radiation formula. [...] Natanson also provides

Gleichwahrscheinliche Fille waren die Besetzugszahlen der Oszillatoren. Natanson sah
darin (1911) eine mogliche Statistik nichtunterscheidbarer Teilchen. Bose wandte die
gleiche Statistik (1924) auf Lichtteilchen an, Einstein auf Gasmolekeln: er zeigte, dafl
die Schwankungen in einem solchen Gase sich so verhielten, als kimen sie Teilchen

und von Wellen her” (Hund 1967, pp. 153—154).
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a careful analysis of the difference between Bose-Einstein
statistics and Maxwell-Boltzmann statistics [...]*.

According to Alexei Kojevnikov (2002, p. 198):

If quantized waves can be regarded as a quantum muta-
tion of classical waves, one could similatly try to modify

% An anonymous reviewer of this article 7ghtly noted that this quotation of

A. Bach “says nothing about what Natanson did differently from Boltzmann and
Planck. In particular, it is not explained, why Boltzmann did not obtain Planck’s distri-
bution before making the energy of the molecules to be continuous. (As a matter of
fact, Planck’s complexions are different from Boltzmann’s complexions)”.

Answering this remark, it is worth mentioning here that L. Boltzmann (1868; 1872;
1877) considers a system of n fictions physical molecules, which is not realized in any mechanical
problem, since each of these molecules can take only a discrete velocity (0/q,1/q,2/q,
3/q,...,p/q) and a discrete alive force [i.e. twice of kinetic energy] (Oe, 1, 2¢, 3, ...,
Pe). Moreover, w, molecules have a Oe alive force, w; molecules have 2e, ..., wp mol-
ecules have Pe, w, + w; + w, + ... + w, = n, and the total alive force of this system
is: Owy + 1wy + 2w, + ... + Pw, = A. These assumptions are very useful to perform
mathematical calculations to get the probability of state distributions of system of n
such molecules. This probability is the number B of complexions in which w, mol-
ecules have a Oe alive force, w; molecules have 2e, etc, divided by the number of all
complexions J: B=n!/[(w)!(w;)!...(wp)! — it means that molecules are distinguishable],
and ] = (WA +n — 1, %) [it is a binomial coefficient, and p=Xe/n (mean alive force of
a molecule)]= A" e"!/[(2r)/3(n—1)"""/?]. Then, at a final step of calculation Boltz-
mann applies the limit of p, q and P to infinity, and e to 0. Such a limit has a physical
sense and leads to Maxwell-Boltzmann statistics. Cf. Boltzmann 1868 (reprinted 1909a,
pp- 49-96; translated into English and commented 2014, pp. 139-142, 142-148); 1972
(reprinted 1909a, pp. 316-402); 1877 (reprinted 1909b, pp. 164-223; 2002 (English
translation by Joél Le Roux)); Gallavotti 2014, pp. 178-181 (partial translation and
comments by Giovanni Gallavotti); Bach (1988; 1990); Badino 2009; 2015; Nauenberg
2016, pp. 717-718.

Regarding Planck’s approach, he accepted Boltzmann’s combinatorical approach,

but instead of fictious physical molecules, he considers material entities having discrete
value of energy (O, 1e, 2¢, 3¢, ..., Pe). More about the derivation of Planck’s distribu-
tions, including his combinatorical considerations, see e.g. Rosenfeld 1936; 1958; Klein
1962; 1965; Kuhn 1978; Darrigol 2000, pp. 3-21/2001; 2003; Boya 2003; Badino
2009; 2012; 2015; Gearhart 2010, pp. 95-117; Nauenberg 2016; Passon, Grebe-Ellis
2017, pp. 5-0.

Regarding Natanson’s approach, following the idea of Boltzmann’s approach, he

improved Planck’s approach and explained the idea of distinguishability and indis-
tinguishability of material entities. Cf. Natanson 1911a; 1911¢; Bergia 1987, pp. 233—
—235 (reprinted: 2009, pp. 343-345); Lange (1992a; 1992b; 1997a; 1997b); Spatek
(2005; 2006; 2009).
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somewhat the model of light quanta in order to bring it in
correspondence with the Planck law. The existing contra-
diction, which amounted to differences in statistics, was
clarified largely thanks to the efforts by Ehrenfest. He ex-
plained that statistically independent energy quanta led di-
rectly to the Wien law, while in order to obtain the Planck
law, one had to assume that quanta were not independent
(in the classical sense of the term, which was then the
only available one) but indistinguishable objects (Ehrenfest
1911). This peculiarity of Planck’s combinatorics was also
understood around the same time by Ladislas Natanson
(Natanson 1911 [1911c]) and a few years later explained
with ultimate clarity by Ehrenfest and Kamerlingh Onnes
(1915), who formulated the statistics of indistinguishable
objects in comparison with the statistics of independent,
or distinguishable objects in exactly the same way in which
contemporary textbooks explain the difference between
the Bose—Einstein and Boltzmann statistics. [...] Their un-
derstanding, however, did not immediately become part
of the common knowledge in the field, which led, in par-
ticular, to further polemics in 1914, between Mieczyslaw
Woltke and Iurii Aleksandrovich Krutkov (Woltke 1914a
and 1914b, Krutkow 1914a and 1914b).

According to Peter Enders (2007, p. 87):

Contrary to Einstein’s results, Ehrenfest (1880—1933) (cf.
Ehrenfest 1911) and Natanson (1864-1937) (cf. Natan-
son 1911a; 1911c) explained the difference between the
classical and quantum radiation laws by means of differ-
ent counting rules for distinguishable and indistinguishable
particles (cf. Jammer 1965, §1.4; Mehra, Rechenberg 1982,
vol. 1, pt. 2, sect. V.3).%’

According to Magdalena Waniek and Klaus Hentchel (2011, p. 42):

Natanson had consistently furthered the turnaround al-
ready indicated by Einstein in 1905 towards an investigation

# Cf. also Enders 2009, p. 13.
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of the radiation field itself, and was the first to come across
the core assumption of indistinguishability.”®

According to Natanson’s own words, this is the following idea:

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. Since it is upon this assumption that our
procedure ultimately rests, it seems natural to appeal to it
at once as the ground work of theory. Sufficient impor-
tance does not seem to be attached to the fact that we
really have no other way of demonstrating the legitimacy
of Planck’s method of calculating probabilities except by
appealing to the experimental evidence by which the final
conclusions of the calculation are supported” (Natanson

1911a, p. 139).
According to Barry R. Masters (2013, p. 43):

From a historical perspective, the little-known work [sic! —
M.K] of Ladislas Natanson is significant. He shows that
both Planck and Debye have made the tacit assumption
of the indistinguishability of quanta in their derivations.
Both Paul Ehrenfest and Kamerlingh Onnes reach the
same conclusion.

According to Oliver Passon and Johanne Grebe-Ellis (2017, p. 7):

The issue of indistinguishability in quantum theory has
an exciting prehistory which is rarely mentioned in text-
books. Already in 1911 the Polish physicist Wtadystaw (or
latinized “Ladislas”) Natanson scrutinized the statistical
assumptions underlying Planck’s law and anticipated this

2 “Natanson hatte die sich bereits bei Einstein 1905 andeutende Wende hin zu
einer Untersuchung des Strahlungsfeldes selbst konsequent weitergedacht und stief3
dabei als Exrster auf die fiir die statistische Ableitung eigentlich zentrale Kernannahme
der Ununterscheidbarkeit” (Wanick, Hentchel 2011, p. 42).

¥ Waniek, Hentchel (2011, p. 42) quoted the German version of Natanson’s article
(Natanson 1911c, p. 662).
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concept [33,1.e. Natanson 1911c]. Natanson discriminated
between the situation where (i) both, the units of energy
and the “receptacles of energy” can be distinguished,
(ii) only the receptacles of energy can be identified (i.e., are
distinguishable), or, (iii) only the units of energy are distin-
guishable. In either case a different combinatorics needs
to be applied. Natanson claims that Planck’s equation [...]
assumes the scenario (ii), i.e., treats the energy elements
as indistinguishable. But he failed to draw a connection to
light quanta. This connection was drawn by Paul Ehrenfest
in 1911 but argued more convincingly in 1914 by Ehren-
fest together with Heike Kamerlingh Onnes in the paper
already quoted for the simple derivation of Planck’s com-
binatorial formula [20, 34, i.e. Ehrenfest 1911; Ehrenfest,
Kamerlingh Onnes 1914].

And according to Klaus Hentschel (2018, p. 81):

In principle, it is possible to assign a number to each clas-
sical particle or to give it some other identifying marker
because (theoretically at least) it is distinguishable from all
the others. In the twentieth century when statistical me-
chanics was linked to the eatly quantum theory, it became
evident that this no longer applies to the world of quanta.
The indistinguishability of quantum particles stymies any
attempt to identify or earmark them [...]. A Polish physi-
cist in Cracow, Ladislas Natanson (1864-1937), was the
first to realize this [...].

Thirdly, the researchers commenting Natanson’s achievements
thought that Natanson and Ehrenfest were the first to understand
the concept identicality of physical objects. It was claimed by the fol-
lowing scholars: M.J. Klein (1959); A. Pais (1986, p. 283), and P. Pesic
(1991; 2012).

According to Peter Pesic (2012, p. xii):

Planck’s counting exemplifies a concept of identicality, which
joins equality of observable physical quantities (like mass
or charge) to a radical zndistinguishability that can confuse
space-time historians (cf. Pesic 1991). This is a profound
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theme of the quantum theory that Ladislas Natanson and
Paul Ehrenfest were among the first to notice (1911) (cf.
Pais 1986, p. 283; Klein 1959).”

3.5. H. Kragh’s thesis and the refutation thereof
Helghe Kragh's thesis

Although the Brussels Conference on “The radiation and
the Quanta” included all the key figures of quantum theory,

Fig. 9. The participants of “The radiation and quanta” Symposium. The First Solvay Con-
ference (Brussels, 29 October — 4 November 1911). Source: http://upload.wikimedia.org/
wikipedia/commons/c/ca/1911 Solvay conference.jpg; http://en.wikipedia.org/wiki

Solvay_Conference. Seated (L-R): Walther Nernst, Marcel Brillouin, Ernest Solvay, Hen-

drik Lorentz, Emil Warburg, Jean Baptiste Perrin, Wilhelm Wien, Marie Curie and Henri

Poincaré. Standing (I-R): Robert Goldschmidt, Max Planck, Heinrich Rubens, Arnold Som-

merfeld, Frederick Lindemann, Maurice de Broglie, Martin Knudsen, Friedrich Hasenohrl,

Georges Hostelet, Edouard Herzen, James Hopwood Jeans, Ernest Rutherford, Heike
Kamerlingh Onnes, Albert Einstein and Paul Langevin.

* In contrast to all authors mentioned in Section 3.4, Enric Pérez Canals (2010)
omits Natanson’s contribution to the issue of indistinguishability in quantum theo-
ry. On the other hand, Marian Migsowicz (1987, p. 550) overstated mistakenly that
“Prof. Wladystaw Natanson was the first in the world to drew attention to the issue
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not all of the participants were concerned with quantum
problems. Two of the reports, given by Jean Perrin and
Martin Knudsen, did not deal with aspects of quantum
theory (Kragh 2002, p. 71).

A refutation of H. Kragh's thesis

For the historical reason given below, it is impossible to agree with the
statement that the First Solvay Conference held in 1911 “included all
the key figures of quantum theory”.

It suffices to repeat after A. Hermann (1971, p. 141) the list of scien-
tists who, despite their interest in the quantum theory, were not invited
to participate in the Solvay Conference. The list includes such scholars
as: Arthur Erich Haas, Artur Schidlof, Ludwik Hopf, Ladislas Natan-
son, Peter Debye, Niels Bjerrum, Richard Gans, Pierre Weis, Emil War-
burg, James Franck, Edgar Meyer, and Friedrich Paschen.

Furthermore M.]. Konieczny (2008, 2010; 2011; 2012) and N. Na-
gasawa (“Minamida” 2009; Nagasawa 2018) emphasize justly the fact
that Ladislas Natanson was not invited to participate in the Conference,
though he was at that time one of the best experts of the subject mat-
ter of “the Radiation and the Quanta”.

3.6. Who, in the years 1911-1925, knew Natanson’s works
on Planck’s theories of radiation and related issues?
The results obtained so far by other researchers
than the author of this article

The first researchers of this issue formulated two related theses:

o F. Hunds thesis: “In 1924 Natanson’s arguments had been already
forgotten” (Hund 1967, p. 123).

» A. Kastler’s thesis: “A paper [Natanson 1911c — M.K.] which un-
fortunately remained unnoticed and unmentioned” (Kastler 1983,

p. 617).

of quantum statistics as early as 1911”. (,,Na zagadnienie statystyk kwantowych, pierw-
szy w $wiecie zwrécil uwage juz w roku 1911 prof. Wladystaw Natanson™.)
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Then S. Bergia (1987; reprinted version 2009) made an empirical
test of E Hund’s and A. Kastler’s theses. He received both negative
and positive results.

Negative results:

S. Bergia (1987, p. 234; reprinted version 2009, p. 344) could not
find a reference to Natanson in Planck’s research papers.

Positive results:

S. Bergia listed four scientists that read Natanson’s work (1911c):

1) M. Masius — The English translator of the 2nd ed. of Planck’s
Vorlesungen iiber die Theorie der Warmestrahlung (1914).!

2) George Krutkow™ (1914a) gave a reference to Natanson’s
paper (1911¢).”

3) Mieczystaw Woltke (although S. Bergia does not show any reference
where Natanson is cited).**

4) Paul Ehrenfest and Heike Kamerlingh Onnes (althongh S. Ber-
gia does not show any reference where Natanson is cited).”

5) Louis de Broglie (although S. Bergia does not show any reference where
Natanson is cited).*®

Then N. Nagasawa (“Minamida” 2009; Nagasawa 2018) made a sub-
sequent empirical test of F. Hund’s, A. Kastler’s and S. Bergia’s theses.

Negative results:

N. Nagasawa could not find a reference to Natanson in Einstein’s
research papers.

Positive results:

* N. Nagasawa listed eight scientists that read Natanson’s work:

31
32
33
34
35
36

37

1) Max Planck (Solvay Congress’s talk, then he cited Natanson’s
article (1911c¢) in his own article published in Proceedings).”

Bergia 1987, p. 234 (reprinted version 2009, p. 344).

George Krutkow this is Turii Aleksandrovich Krutkov.

Bergia 1987, p. 235 (reprinted version 2009, p. 345).

1bid., pp. 235-2306, 239-240 (reprinted version 2009, pp. 345-346, 349-350).
1bid., pp. 236-239 (reprinted version 2009, pp. 346-349).

1bid., pp. 240-243 (reprinted version 2009, pp. 350-353).

According to N. Nagasawa (“Minamida” 2009 / Nagasawa 2018, p. 397), it was

in fact a negative citation: “These calculations [made by Planck himself] are complete
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2) Arnold Sommerfeld knew Natanson’s article (1911c; published:
15 August 1911) as evidenced by Sommerfeld’s letter sent to
Natanson from Minich, dated October 3, 1911. However, he
did not cite it in his works.”

3) Paul Ehrenfest knew Natanson’s article (1911c; published:
15 August 1911) as evidenced by Ehrenfest’s letter sent to Som-
merfeld from St. Petersburg, dated October 16, 1911.” How-
ever, he did not quote this Natanson’s work in his articles.

4) M. [Morton] Masius — the English translator of the 2nd ed.
of Planck’s [orlesungen iiber die Theorie der Warmestrahlung (1914)
mentions two Natanson’s works (1911¢; 1912b).*

5) Friedrich Kriiger, the chief editor of the Physikalische Zeitschrift
(Danzig-Langfubr), knew both the English version of Natanson’s
article (1911a), and the German version (1911c) as evidenced
by two Kriiger’s letters sent to Natanson from Berlin, dated
April 24, 1911 and July 22, 1911.

6) M. Ikl¢, who translated Natanson (1911a) for the Physikalische
Zeitschrift(Natanson 1911c¢), knew also both versions of Natan-
son’s article.

and do not contain such uncertainty that recently Natanson described in the “Phys.
Zeitschr.” (Planck 1911a)». (Nagasawa repeated this translation after O. Darignol (1991,
p. 254)). Moreover, according to Nagasawa: “This is the only instance that we can find
of a third party referring to Natanson’s paper before World War I1.” T will show in the
further part of the article that O. Darignol and N. Nobukata Nagasawa are wrong in
both of these points.

*# Cf. Nagasawa 2018, pp. 397-398.

¥ Cf. 1bid., pp. 398-399.

Moreover, Ehrenfests doesn’t mention Natanson’s article in their review work
finished in September 1911: Ehrenfest, Ehrenfest-Afanaseva 1911 (Supplements com-
pleted in September 1911), p. 84 fn. 237 / (English translation) 1959, p. 104, fn. 245.

In this context it is cited only the article of P. Ehrenfest (1911).
40

Planck mentioned them in 1914 in Appendix II. “References”, included in
his English translation of Max Planck’s I orlesungen iiber die Theorie der Warmestrablung
(2nd ed., 1913). We read here that the appendix gives “a list of the most important
papers on the subject treated in this book and others closely related to them” and was

created “with Professor Planck’s permission” (see: Planck 1914, p. iv).

S. Bergia 1987, p. 234 (reprinted version 2009, p. 344) doubts that Max Planck did so,
and thinks that Natanson’s works were included in the appendix without the knowledge
of Planck. However, Bergia does not show any evidence for this statement. In contrast,
I do not doubt the words of M. Maius. I explain this in the further part of this article.
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7) Samuel Hawksley Burbury*' — his note #344 (1911) includes
only the bibliographic records of Natanson’s articles: 1911a and
1911c without a review of these works.

8) Edwin Henry Barton® — his article #733 (1912) is a long pos-
itively evaluated review of Natanson’s article (1912b).*

9) Japan physicists Hantaro Nagaoka (1865—1950) and Jun Ishi-
wara (1881-1947) could have known and read Natanson’s arti-
cle (1911a), because the former had a copy of this article (and
five other Natanson’s works published in Krakéw from 1904
to 1931), and the latter because he used to be a student of the
former. Nevertheless, they do not cite the Natanson’s article in
their works, particularly in the article of Ishiwara (1911-1912;
in German, and published in Tokyo).*

4. Who knew Natanson’s works on Planck’s theory
of radiation and related issues in the years 1911-1925?
The results of the author of this article

Following the footsteps of A. Kastlet, S. Bergia and “R. Minamida”/
N. Nagasawa, I looked in my research for recipients of Natanson’s
works on the subject under discussion. First of all, I analysed once again
the course and content of two conferences of 1911: the first in Krakéw
and the second in Brussel. Then I studied Natanson’s correspondence
and I sought the publications that cited Natanson’s works.

4.1. 11th Congtress of Polish Physicians and Natural Scientists
in Krakow (18 — 22 July, 1911) — Einstein, Natanson,
Smoluchowski, and Olszewski

At the beginning of 1911 Albert Einstein intended to participate in the
11th Congress of Polish Physicians and Natural Scientists in Krakow

1 Samuel Hawksley Burbury (1831-1911), a British mathematician and physi-
cist. He died on 18 August 1911. According to “Minamida” 2009 / Nagasawa 2018
(pp. 407—408) it was the reason that Natanson’s work was not reviewed by Burbury.
I think it is a very probable explanation.

# Edwin Henry Barton (1859—1925) was professor of experimental physics at
University College, Nottingham.

# Cf. “Minamida” 2009/Nagasawa 2018, p. 408.

* Cf. ibid., pp. 399-402.
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(18-22 July, 1911) but he finally decided against this idea. We know that
from the draft letter written by Einstein in Prague before 21 July 1911
and sent to the Institute of Physics of the University of Krakéw directed
by nobody else but the protagonist of this paper Wadystaw Natanson*

The received message was paraphrased in Dziennik XI. Zjazdn
Lekargy i Pryyrodnikow Polskich w Krakowie (““The Daily Proceedings of
Polish Physicians and Natural Scientists in Krakow”), No. 4, 21 July
1911, p. 4 (see below).

Znakomity uczony prof. Einstein z Pragi nadeslal bardzo
serdeczna depesze¢ od [do — M.K\] sekeyi fizycznej.

The illustrious scientist professor Einstein sent from
Prague a heartfelt message to the physical section {of the
11th Congtess of Polish Physicians and Natural Scientists }
[translation — M.K].

During this 11th Congtress of Polish Physicians and Natural Scien-
tists, on 19 June, 1911, the 2nd General Session of the Section of Ex-
act Sciences held talks of two scholars: M. Smoluchowski, “Atomistyka
wspolczesna” (“Contemporary atomics”), W. Natanson, “O promie-
niowaniu” (“On radiation”). After these talks Karol Olszewski gave an
additional lecture on cryogenic instruments combined with an exhibi-
tion of these instruments.

We know that all these three speakers were eminent scientists,* and
that all the three talks were highly evaluated by over 100 participants
of the section of exact sciences. It is evidenced by the report from
these events in Dzzennik XI. Zjazdn 1ekary i Pryyrodnikow Polskich 1911,
No. 3, p. 1:

* See document 273 in German, in: The Collected Papers of Albert Einstein, vol. 5,
The Swiss Years: Correspondence, 1902—1914, p. 306; and its English translation by Anna
Beck in: Einstein 1995, p. 195. That fact was discussed by Nobukata Nagasawa (“Roh
Minamida” 2009, p. 3), however without mentioning the source of the information;
he did so later (Nagasawa 2018, pp. 396-397).

% Smoluchowski deserved the Nobel Prizes in chemistry and physics, but he did

not receive them, because he died in 1917. He should have received it in 1925 in chem-
istry together with an Austrian of Hungarian origin, Richard Zsigmondy, professor at
the University of Gottingen, and / or in 1920, together with Teodor Svedberg, Swedish
professor at the University of Uppsala, whose expetimental work on colloids was closely

M. Kokowski SHS 18 (2019) | DOI: 10.4467/2543702XSHS.19.012.11018


https://jbc.bj.uj.edu.pl/dlibra/publication/289042/edition/275814/content
https://jbc.bj.uj.edu.pl/dlibra/publication/289042/edition/275814/content
http://www.ejournals.eu/sj/index.php/SHS/article/download/6874/6806

Science Beyond Borders

P

- DAIENNIE X1 ZJAZDU LEKARZY
% ‘ Selcyn nauk dclulyeh.

Velocteny pane pracsesi! (Uisipa Dayvans

Sedetnd e howdvren ea cist, kierou Vim Hbilo, iyl el pracwodnictmen
srolhsati mi pesvanim ma sjerd lekafn o phodospytend | Drugie posiedzenio, ofyig S8 0 ot Mere
kel o ma jmenovand mne cestaym denen Tesil jsem | Prof Kowalskiegn (Fryt m ferceyny, Werts
se, orele wiisknouth ruku panum kolegum a platelun nasitn | (Petersbarg), Releraty Wy | o, Kol A
a velive twho il e volke phekacky zabanily tomm, po- | § Kowalsli, W dyslasyt zaliers [ aliriesssk Bialobresk
poadravit Polaké weence o byt svidkem stale vyrusta i gowaki, Godlewski, Ka ; ; ) a
romnachy  ve Polske vodo Iekarske a pricodozpytecke < ] ’
V' dnihu preji skvely uspeeh sjeedu a volaje na hrzsa shie: m wyglosili referaty pp. Ochorowicz - WSS
duni v Praze snamenam se, veleeteny pane pracsesi Dlewski " '
Vam addany kalega Traccic posivdzenie oebiyto sig pod ‘.:;;.-:Ei,rlmzwh /
Prof. Maizner, | Prof. . Eakrzewskiego (Lwowl. Referaty wyglosili pp. Deiss b

qulski | Klemensiewicz }
e \\: bardzo  otywionej dyslkusyi, ktorg te referaty
i udginl pp. Natanson, Koewalski, Wickowski,
1.
ra zebrali uczestnicy koron 1oo ::ﬂ

Nadedali jeszero telegramy: roktorsy xe Lwow
Jassowski i Thullie, prof. Radziszewski 2 podzickows

! e pamicd sekeyi chemicmu. Znakomity uczony prof.
stein = Pragi nadestal bardzo serdeczng depestg od sckeyi

g, (sto) udgial firy polskich, zcbranych na X1
£ 5 T ddzie Lekaray | Pravrodnikaw w migdzynarodowe) fundacyl
pom i funduseun naukowego ku ucrzczeniu  pamigel
Sekeya prasy lekarskic). Swieto zgnslego wielkicgo fizyka i chemika holenderskiego

Sekeya prasy lekarskicj, bodaca zarazem Walnem Vang oy
zebraniem Zwigaku prasy lekarskiej polskicj,
po przex guspodarza, prof Ciecl| skicgo, wy-
hrala powym przewodmezgeym Dr Lazarcwicza 2 Poznania, Na posiedzeniu ezwartem 20 b m. przedpotudnien
stkretarzami Doc. dr. Nowickiego ze Lwowa i Dr Rosen- | obradowano nad tematem gliwnym po v »Preerwanie cige
haucha 2 Keakowa, W sckeyi bylo reprezontowanyeh 12 | iy ze stanowiska lokarskicgo, ustawowego, kryminalnege

Sekcya ginekologiczno-peloknicza

Fig. 10. Daily Proceedings of the Congress of Polish Physicians and Natural Scientists
in Cracow, No. 4, 21 July 1911, p. 4. Source: © Biblioteka Jagielloniska;
photo: © Michal Kokowski.

The meeting was held under the chairmanship of prof.
Dickstein from Warsaw with a large audience (over 100
people). The talks of prof. Smoluchowski from Lviv and

related to Smoluchowski’s theoretical work. He should have also received it in 1926 in
physics, together with Jean Perrin, French professor at the University of Sorbonne
in Paris for experimental work on the Brownian motion, confirming the validity of the
molecular theory of Einstein-Smoluchowski. Cf. Zsigmondy 1926; Perin 1926; Sved-
berg 1927; Crawford, Heilbron, Ulrich 1987; Wréblewski 2012; The Nobel Prize 2019.

Olszewski was nominated for the Nobel Prize in physics twice: in 1904 (nomina-
tor: Nikolay Umov from Moscow State University) and in 1913 (nominators: Ladislav
Natanson, August Witkowski, Constantin Zakrzewski, Maurycy Rudzki, all from the
Jagiellonian University in Krakéw), and once for the Nobel Prize in chemistry in 1913
(nominator: Karl Dziewonski from the Jagiellonian University in Krakéw) — cf. Crawford,
Heilbron, Ulrich 1987; Wréblewski 2012; The Nobel Prize 2019. Why Olszewski did not
receive this award is a mystery to me, which can be explained on the basis of the analysis
of external factors in science (i.e. international politics and sociology).

Natanson was also a very good physicist. In this article I focus on showing the recep-
tion of Natanson’s achievements in statistics of radiation and related themes. Regarding
the general description of Natanson’s achievements in physics, cf. Weyssenhoff 1937
(pp. 289-294 (in English)); 1958 (pp. 120~124 (in Polish)); Sredniawa 1985, pp. 89-90,
116-117; 2000, pp. 447-458; 2001, pp. 104-107. Regarding Natanson’s achievements in
theory of irreversible and reversible phenomena, cf. Kokowski 1993; 1994; 1997.
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Fig. 11. Marian Smoluchowski, circa 1914. Fig. 12. Wtadystaw Natanson, circa 1910.
Source: http://web.archive.org Source: Wadystaw Natanson 1864—1937
web/20051227102418 /http:/ /www.zwo- (2009), illustration 14.
je=scrolls.com/zwoje35 /portret-krakowjpg

Fig. 13. Karol Olszewski, “A king of low temper-
atures”, c1rca 1900 Source Wz;ézpedm (https://
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Natanson from Krakéw, touching on the deepest issues
of contemporary physics and chemistry, made a deep im-
pression on the listeners and met with the warmest of re-
ceptions.

The meeting was continued at the First Chemical Lab-
oratory of the Jagiellonian University, where prof. Olszew-
ski arranged an exhibition of equipment used to liquefy
gases, mostly of their own construction. In his lecture,
the lecturer gave an outline of his classical research
and, in addition, demonstrated his latest instruments
for separating oxygen and nitrogen from liquefied air, as
well as a device for simultaneous condensation of air and
hydrogen.

The exhibition arranged by prof. Olszewski with a great
deal of work casts a bright light on the development of
these studies, whose fruits played such an outstanding role
in the development of science.”

Hence, there is no doubt that over 100 Polish physicists and chem-
ists participating on 19 June, 1911 in Natanson’s talk during the 11th
Congtress of Physicians and Naturalists knew at least one Natanson’s
publication on the statistics of radiation (Natanson 1911b).

Moreover, we know from Natanson’s correspondence that long be-
fore this congress, on 22 December 1910, Natanson shared with Smo-
luchowski his view on problem of Planck’s theory of radiation:

Y7 “Posiedzenie odbyto si¢ pod przewodnictwem prof. Dicksteina z Watszawy przy
bardzo licznym udziale stuchaczy (przeszto 100). Odczyty prof. Smoluchowskiego
ze Lwowa i Natansona z Krakowa, poruszajace najglebsze zagadnienia wspolczesnej
fizyki i chemii wywarly na stuchaczach glebokie wrazenie i spotkaly si¢ z goracem
uznaniem.

Dalszy ciag posiedzenia mial miejsce w 1. pracowni chemicznej uniwersytetu, gdzie
prof. Olszewski urzadzil wystawe aparatéw, przewaznie wlasnej konstrukeji, stuza-
cych do skraplania gazéw. W swym referacie, podal prelegent historyczny zarys swych
klasycznych badan a oprécz tego zademonstrowal najnowsze swe przyrzady do od-
dzielania tlenu i azotu ze skroplonego powietrza, jako tez przyrzad do réwnoczesnego
skraplania powietrza i wodoru.

Wystawa urzadzona przez prof. Olszewskiego z wielkim naktadem pracy, rzuca jasne
$wiatto na rozwdj tych badan, ktérych owoce tak wybitna role odegraly w rozwoju
nauki” (Dziennik XI1. Zjazdu Lekargy i Pryrodnikdw Polskich 1911, No. 3, p. 1).
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Dear Sir, [...] Ilook [...] forward to your announced Con-
gress speech [“Contemporary Atomics”]. Doctor Zakrzew-
ski insists on me to speak of “atomics in energetics” in
a similar manner and I almost agreed; but perhaps I will
be relieved of the promise if “quanta” disappear as quick-
ly as it has been in science so far; until July, there may not
be any atomics in energetics and I will have nothing to talk
about. It is a beautiful theory, the one of radiation; it’s just
a shame that what is solid and perfectly justified, i.e. equi-
partition, does not agree with the facts, and Planck, who
agrees, seems to have no basis for that at alll It seems to
me that Planck, even in his own way, should have received
RvA* (Rayleigh-Jeans law) and I cannot understand why his
formula is true. These are very difficult problemata [trans-
lated by M.K.].*#

In another letter of 26 April 1911 r. Natanson writes to Smo-
luchowski:

We have already been thinking for a few months with
Mr. Zakrzewski about applying to metals — instead of the
usual equipartition Maxw. [Maxwellian| theory of electron
motion — the Einsteinian-Planckian theory of (ee/kv — 1)
etc. Well, it’s so difficult to concentrate. There is still a lot

to do in the matter itself; we are not quite ready yet
[translated by M.K.].

# “Ciesze si¢ [...] z zapowiedzianego referatu Szan[ownego] Pana na Zjezdzie.
Dr. Zakrzewski nalega na mnie, abym méwil podobnie o «atomistyce w energetyce»
i niemal Ze [niemalze] si¢ zgodzitem; lecz moze bede zwolniony zobietnicy [z obietnicy],
jezeli «quanta» beda znikaly réwnie predko, jak dotych czas [dotychezas| z Nauki; do
Lipca [lipca] moze Atomistyki w Energetyce juz weale nie bedzie i nie bede mial o czem
moéwic. Przepigkna to jest teoria, ta Promieniowania; tylko szkoda, ze to, co jest mocne
i znakomicie uzasadnione, ekwipartycya [ekwipartycja), nie zgadza si¢ z faktami, a Planck,
ktory sie zgadza, zdaje mi sig, ze nie ma weale podstaw! Tak mi si¢ wydaje, ze Planck,
nawet na swojej wlasnej drodze powinien byt otrzymaé RvA* (p. [prawo] Rayleigha-Jeansa),
inie moge zrozumie¢, czemu jego wzor jest prawdziwy. Bardzo sa to trudne problemata”
(A letter from Wladystaw Natanson to Marian Smoluchowski, Krakéw, 22 December,
1910; transcription — M.K.; see Natanson 1910 (arvhival document), folium 60 verso).

¥ </ p. Zakrzewskim juz od kilku miesigcy myslimy o tem [tym], Zze do metali za-
stosowac, zamiast zwyklej ekwipartycyjnej Maxw. [Maxwellowskiej] teoryi ruchu elek-
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Hence, it is certain that Marian Smoluchowski knew Natanson’s
views on Planck’ theory of radiation and the related Einstein’s issues
also directly from their private correspondence.

Moreover, because Albert Finstein (1879—1955) was to be a par-
ticipant of the 11th Congress for Polish Physicians and Natural Scien-
tists (Krakow, 18-22 July 1911), he was probably informed about the
planned lectures of Smoluchowski, Natanson, and Olszewski, as well
as on Natanson’s first article (1911a; published circa 10 April 1911).
However, so far, there are no historical documents that would prove

this hypothesis.

4.2. The First Solvay Conference (Brussels, 29 October —
4 November 1911) — Planck, Natanson, and Einstein

During the First Solvay Conference held “The radiation and quanta”
Symposium. Among participants of this meeting were also Max Planck,
Arnold Sommetfeld, Paul Ehrenfest and Albert Einstein. Planck had
a talk entitled: “La loi du rayonnement noir et ’hypothése des quantités
¢élémentaires d’action” (“The law of black radiation and the hypothesis
of elementary quantities of action”).”

At that time or a bit later Planck not only knew Natanson’s article
(1911¢), but also understood its essence, as evidenced by his remark in
his article (1912) published in the Proceeding of this conference:

Ce calcul ne préte a aucune ambiguité et ne renferme en
particulier plus rien de I'indétermination dont .. Natan-
son a récemment parlé dans le Phys. Zeitschr., t. XII, 1911
[i.e. Natanson 1911¢], p. 659 (Planck 1912, p. 104, fn. 1).”!

To avoid doubts, let us to cite its equivalent German and English
translations:

tronéw — Hinstein Plankowska teorye z (/" — 1) etc. C6z kiedy tak tudno o moznosé
skupienia sie. W samej kwestyi, jest jeszcze duzo do zrobienia; nie jesteSmy jeszcze
w zupelnym porzadku” (Natanson 1910 (archival documeni), folium 71 recto).

% Cf. Solvay et al. 1912, pp. 93-114, 115-132.

> To my knowledge, it is the first citation of a German version of Natanson article
(1911c¢), and the second citation after Zakrzewski (1911, p. 329 fn. 1), who cited the
English version of Natanson’s article (1911a).
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Diese Berechnung ist vollkommen eindeutig und enthilt
insbesondere nichts mehr von der Unbestimmtheit, welche
L. Natanson neuerdings mit Recht zur Sprache gebracht
hat (translated by Arnold Eucken 1914; cited by Lange
1992, p. 22, and by Straumann 2011, p. 12).

This calculation is completely unambivalent and in par-
ticular no longer contains the indefiniteness about which
L. Natanson has recently spoken with justification (firstly
translated by Stahel 2000, p. 246; repeated by Straumann
2011, p. 12).2

Hence, it is certain that Planck appreciated Natanson’s article
(1911¢),” and many scientists, including Finstein, could read Planck’s
article and learned about the existence of Natanson’s article.

4.3. List of the scientists who knew and appreciated Natanson’s
works (author’s results)

1) Marian Smoluchowski (1872-1917), professor of the Lviv Uni-
versity (1900-1912) and professor of the Jagiellonian Univer-
sity (1912-1917), a friend of Natanson, knew about his first
objections regarding Planck’s considerations™ and that Natan-
son together with Zakrzewski planned to extend “the Einstein-
-Planck theory (e — 1) etc. to metal”>; Smoluchowski knew

32 This English translation correctly reflects the content of the French original and
its German translation — please compare them with the English translation provided
by Nobukata Nagasawa (“Minamida” 2009 / Nagasawa 2018, p. 397) — sce fn. 37.

More about the first conference, cf. Mehra 1975, pp. 12-72 (pp. 2440, about
Planck lecture).

3 Moreover, it was Max Planck, who supported the nomination of Wladystaw
Natanson to the Deutscher Physikalischen Gesellschaft at the end of January 1913,
see Appendix 3. It is obvious that he would not have done it, if he had not valued
Natanson’s scientific achievements.

Therefore, in contrast to S. Bergia (1987, p. 234; reprinted version 2009, p. 344) —
cf. fn. 40 above — I think that M. Maius included in the Appendix IT two Natanson’s
works (1911c, 1912b) with the knowledge of Planck himself.

> The letter of 22 December 1910 from Wtadystaw Natanson to Marian Smo-
luchowski (see Natanson 1910 (archival documen?), folium 60 verso).

% The letter of 26 April 1911 from Whadystaw Natanson to Marian Smoluchowski
(see Natanson 1911c¢ (archival document), folium 71 recto). Natanson considered this
issue in his article of 1912 and Zakrzewski in his article of 1911.
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Natanson’s articles: 1911a; 1911b; 1911c; and probably also
other Natanson’s works excluding article of 1924b (since he died
in 1917).>

2) Wiadyslaw Gorezynski (1879—-1953), a Polish meteorologist from
the Meteorological Office at the Museum in Warsaw, knew at least
the first Natanson’s article (Natanson 1911a).”’

3) Konstanty Zakrzewski (1876—1948), professor of the Jagiello-
nian University (1911-1913, and since 1917) and professor of
the Lviv University (1913-1917), Natanson’s college, a co-orga-
nizer of the Section of Exact Sciences during the 11th Congtress
for Polish Physicians and Natural Scientists (Krakéw, 18—
—22 July, 1911),”® knew at least six works (Natanson 1911a;
1911b; 1911c¢; 1912a; 1912b; 1913); he quoted the first Natan-
son’s work (1911a) in his own article (Zakrzewski 1911, received:
3 April 1911, p. 329 fn. 1)*; he co-operated with Natanson and
planned to extend the Einstein-Planck theory to metal;” in
a letter on 23 January 1916, he discussed with Natanson a plea
of plagiarism against George Jaffé’s article from Annalen der
Physik (1914) about optical properties of metals that repeat-

ed many formulas published earlier in Zakrzewski’s article in
German (1911a), which also cited Natanson (1911a; received:
6 March 1911; published: circa 6 April 1911);°" and then he

5 In the letter of 30 March 1911 (see Natanson 191b (archival document), folium 69
verso), Natanson informed Smoluchowski that he would send in a week ot ten days
the article on Radiation from the Bulletin (i.c. 1911a). On 19 June 1911 in Krakow,
Smoluchowski attended Natanson’s lecture on radiation — cf. above Section 4.1, so he
most likely knew also at least the text of the lecture (Natanson 1911b) and possibly
also its reprint (1912a).

57 In the letter of 10 April 1911 (Gotczyniski 1911 (archival document)), he thanked
Natanson for sending a copy of this article. About Gorezyfiski’s career, see Srod-
ka 1983.

8 Cf. Dzdennik X1. Zjazdu Lekarzy i Pryyrodnikow Polskich w Krakowie (Daily Proceedings
of Polish Physicians and Natural Scientists in Cracow), No. 1, 21 July 1911, p. 10.

* To my knowledge, it is the first citation of Natanson’s article (1911a) in litera-
ture, but according to N. Nagasawa only Max Planck cited in 1912 Natanson’s work
on radiation and related matters (1911c¢) — cf. fn. 37 above.

@ See fn. 55.

o1 Zakrzewski 1916 (archival document).
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published this objection in Annalen der Physik (Zakrzewski 1916,
received: 10 February 1910).

4) A group of over 100 Polish physicists and chemists (including
Smoluchowski, Zakrzewski) that on 19 June, 1911 participated
at the 2nd General Session of the Section of Exact Sciences
during the 11th Congress for Polish Physicians and Natural
Scientists which was held between the 18th and the 22nd of July
in 1911 in Krakéw: They heard the Natanson’s lecture entitled
“O promieniowaniu” (“On radiation”), published as Natan-
son 1911b, and also the Smoluchowski’s lecture “Atomistyka
wspolcezesna” (“Contemporary atomics”), published as Smo-
luchowski 1911.%

5) Jean Becquerel (1878-1953) could knew Natanson 1911a — he
received this work from Natanson himself on which informs

the handy annotation of Natanson.*’

6) Hugo von Seeliger (1849—1924) informed about Natanson 1911a,
1912b in his notes in Jahrbuch iiber die Fortschritte der Mathematik
(1912, 1913).

7) Arnold Sommerfeld knew Natanson’s article (1911c¢; published:
15 August 1911) as evidenced by Sommerfeld’s letter sent to
Natanson from Munich, dated October 3, 1911 — see Sommet-
feld 1911 (archival document).*

However, he did not cite it in his works, including Sommerfeld
1911a (a paper given on 25 September 1911 in Karlsruhe during

2 See Section 4.1. It is linked with an evaluation of quality of Polish physics in 1910s.

% The work belonged to the Library of Becquerel family. It could be bought in
2011 in one antiquarian bookstore.

 The fact was noticed by N. Nagasawa 2018, who quoted and translated an
appropriate excerpt of this letter into English: “[...] Ich bin Thnen aufrichtig dankbar,
dass Sie mir regelmassig Ihre sehr interessanten Arbeiten zusenden, die ich stets genau
verfolge; ich werde mich bald mit meinem Carlsruher Vortrag tiber Quantentheorie
und einigen Anderen revangieren. [...]” (cited by Nagasawa 2018, p. 397). In English

translation: “[...] I sincerely appreciate that you regularly send me your very inter-
esting works, which I always thoroughly follow; I will soon return the favour with
my Karlsruhe lecture on quantum theory, and some other papers. [...]” (Nagasawa
2018, p. 398).

On A. Sommerfeld’s scientific biography, cf. Eckert 2013a (German) / 2013b
(English).
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the 83rd Meeting of the German Natural Scientists and Medical
Doctors Association) and Sommerfeld 1911b.%

Fig. 14. The excerpt of Sommerfeld’s letter sent to Natanson from Minich, dated Octo-

ber 3, 1911. Source: Sommerfeld 1911 (archival documeni), folium 107 recto. Photo:
© Michal Kokowski.

8) Paul Ehrenfest (1880—-1933), who worked in Saint Petersburg
Polytechnic Institute between the summer of 1907 and Septem-
ber 1912, and then succeeded Hendrik Antoon Lorentz (1853—
1928) in the chair of theoretical physics at the University of
Leiden in 1912, knew Natanson’s article (1911c) and discussed
about it with Sommerfeld in the letter of 16 October 1911.%

% On the ground of rational and ethical argumentation, I do not understand why
A. Sommerfeld did not cite Natanson’s works. Perhaps other, irrational reasons had to
decide on their attitude to Natanson. Cf. Sections 5 and 9.

% Ehrenfest sent from St. Persburg a letter dated 16 October, 1911 to Sommerfeld
(Ehrenfest 1911b (archival documeni)) that showed that both knew Natanson article. The
fact was noticed by “Minamida” 2009 / Nagasawa 2018, pp. 398-399, who quoted an
appropriate excerpt of the letter and translated it into English.

Archiv: Minchen, DM (Archiv HS 1977-28/A,76): “Die Bemerkungen, die kiirz-
lich Nathanson [sicl] Giber die combinatorischen Grundlagen der Planckschen The-

orie publiziert hatte ich ebenfalls gefunden und vor dem Erscheinen der Arbeit von
Nathanson in der hiesigen physikalischen Gesellschaft vorgetragen. Aber Nathanson
hat die Losung der Schweierigkeit nicht gefunden: er hat eben nicht bemerkt, daf3 die
Planckschen und Einsteinsche Hypothese total verschieden sind” (cited by Nagasawa
2018, p. 398). In English translation: “Remark: I had also found the recent publica-
tion of Nathanson on the combinatorial foundations of Planck’s theory. I had pre-
sented [the idea] at the local physical society before Nathanson’s paper was published.
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However, he did not quote this Natanson’s article or other works
of the author in his own works."’

9) Max Planck (1858-1947) not only knew Natanson’s article (1911c)
and understood its essence, but also appreciated it. Planck stated
so clearly in his paper in the Proceedings of the First Solvay Con-
gress (held from 30 October to 3 November 1911) — cf. Planck
1912, p. 104, fn. 1. So, the other participants of the First Sol-
vay Congress, including Albert Finstein, Arnold Sommefeld, and
Paul Ehrenfest, had to know about Natanson’s article (1911c).
Moreover, at the end of January 1913, it was Planck who sup-
ported Natanson’s efforts to become a member of the German
Physical Society and recommended his candidature.®

10) Iurii A. Krutkov (1890-1952), a student of Paul Ehrenfest in
Saint Petersburg Polytechnic Institute (i.e. 1908—1912), and his
co-worker in Leiden University (from the summer months of
1913 to the beginnings of March of 1914),” published two
papers: Krutkow™ 1914a (received 6 January 1914) and 1914b
(received 8 March 1914). The former article mentions Natanson
1911c on pp. 134 and 136, and the latter — Natanson 1911a
and 1911c on p. 363.”" Moreover, the former article states that

But Nathanson did not find the solution to the difficulty: he did not notice that
Planck’s and Einstein’s hypotheses are totally different” (translated by Nagasawa 2018,
pp. 398-399).

On P. Ehrenfest scientific biography, cf. Klein 1985; Huijnen, Kox 2007. Regard-
ing Ehrenfest’s views on statistics of radiation and related matters, cf. also Navarro,
Pérez 2004.

7 This is the same behavior as in the case of A. Sommerfeld. Hence, fn. 64 should
be referred also to P. Ehrenfest.

% Cf. Appendix 3.

% On Krutkov’s biography cf. Frenkel” 1970; Encyclopedia.com 2019.

0 Please note that LA. Krutkov’s works are mentioned in the bibliography under

the name “George Krutkow” because he used this form in his articles published in
the German journals.

' 'To my current knowledge and in contrast to N. Nagasawa (cf. fn. 37 above), it
is the second (after Planck 1912) citation of the German version of Natanson’s article
(1911c); and the second citation (after Zakrzewski 1911) of the English version (1911a).

Konstanty Zakrzewski informed Natanson about Krutkov’s article (1914a) in the
letter on 10 February 1914 (Zaktzewski 1916 (archival documeni), folium 52 verso —
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Planck’s assumption of independent light quanta leads to Wien’s
radiation formula, and the latter that Wolfke’s assumption of
the light atoms leads to the same Wien’s radiation formula, and
the basis of these conclusions were combinatorial and statisti-
cal considerations made earlier by Ehrenfest 1911a (received:
8 July 1911) and Natanson 1911a (presented: 6 March 1911; pub-
lished circa 10 April 1911); 1911c (received: 29 Aprill 1911;
published: 15 August 1911).

11) Krutkov’s articles were well-known by scientists, and Ehrenfest
contributed himself to this: he firstly informed Hendrik Antoon
Lorentz (1853-1928) about Krutkov’s article (1914a).” Then to-
gether with Kamerlingh published an article (Ehrenfest, Kamer-
lingh 1914; communicated in the meeting of 31 October 1914;
published on December 31, 1914; English translation 1914)
where two Krutkov’s works are cited (1914a; 1914D).

12) It is very probable that Ehrenfest, who had known Natanson’s
article (1911c¢), contributed to that his student Krutkov knew
Natanson’s articles (1911c; 1911a). In the opposite, and less
probable case, the second Krutkov’s article (1914b) resulted in
Eherenfest also knowing about the existence of the primary

English version of Natanson’s article (1911a).” Regardless of

folium 53 recto): “Przerzucalem natomiast w ostatnim «Physik. Zeitsch.» rozprawe
Krutkowa [1914a] i ciesze¢ si¢, ze Paniska praca o promieniowaniu znalazla uznanie.
Cho¢ doprawdy od promieniowania i quantéw glowa juz puchnie: coraz to co$ no-
wego, a stare watpliwosci weale si¢ nie zmniejszaja”. In an English translation: “I was
browsing Krutkov’s article in the last «Physik. Zeitsch» [1914a] and 1 am glad that
your work about radiation has been appreciated. Though indeed radiation and quanta
already give me headaches: there is more and more of the new, and old doubts are not
reduced at all” [transl. — M.K.].

2 Cf. the letter from Ehrenfest to Lorentz (24 January 1914), cited by Darrigol
1991, p. 255, fn. 21, and see also Lorentz 2018, Doc. 155, pp. 392-395.

O. Darrigol described Krutkov as “a student of Einstein’s in Leiden.” However we
know that Krutkov was an assistant of Ehrenfest already in St. Petersburg, and he was in
Leiden in 1913/1914 (cf. Lorentz 2018, p. 395, fn. 5; Frenkel” 1970; van Lunteren 2003).

7 Ehrenfest had a copy of Krutkov’s work (1914b), since on its back he wrote
adraft of aletter to Albert Einstein (regarding his answer to Einstein’s comment about
rotating electrons in a magnetic field) — see: Einstein 1998a, p. 15, Doc. 4 (English
translation) Einstein 1998b, p. 11, Doc. 4.
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that Ehrenfest did not quote Natanson’s publications on radiation
statistics and related issues in his own publications.”

13) Mieczystaw Wolfke, a privat-docent in the ETH (1913-1914),
a docent in the University of Zurich (1914-1922), and then
a professor at Warsaw Politechnic, and a college of Einstein
from ETH (where Einstein was a professor), did not cite Na-
tanson’s works in a series of his articles from 1913 to 1914.7
Nevertheless he knew about the existence of Natanson’s works
on radiation (and related subjects), at least indirectly by reading
the articles of Krutkov (1914a; 1914b — this is a polemic with
Wolfke). Moreover, Wolfke knew also a revised version of Natan-
son’s article 1911b, i.e. 1924b because in the letter of 3 Sep-
tember 1924, he thanked Natanson for sending him Natanson’s
book (1924a) which included the article — see Wolfke 1924
(archival document).”

14) Max Born (1882-1970)"" and Theodore von Karman (1881—
1963) not only knew Natanson’s article (1912b), but they

™ Tt is evidently a negative behaviour. I will consider this problem later.

> Itis a contrary view to S. Bergia (1987, p. 235; repr. 2009, p. 345).

¢ About Wolfke’s views on “atoms of light”, see Mehra, Rechenberg 1982, p. 559;
Bergia 1987, pp. 235-236, 239-240 (reprinted version 2009, pp. 345-346, 349-350);
Howard 1990, pp. 76-78.

77 Max Born was a German Jew, born in Breslau (Wroctaw), converted to Luthe-
ranism in 1913 (cf. G.V.R. Born 2002) and, according to some of his biographers, until
1933 (or a bit catlier) he was an advocate of German nationalism or Pan-German
chauvinism (cf. Wolff 2003, pp. 337-338; Bromberg 2006). One example of such atti-
tude of 23 November 1914 and 23 February 1915: “The Physikalische Zeitschrift printed
the names of colleagues fighting at the front, and of those who had been decorated,
wounded, or killed. Photographs framed in black accompanied obituaries of the fallen.
One of the journal’s editors, Max Born, explained that it wanted to demonstrate to
foreign countries that «physics too is at one with the fatherland in this time of peril
and danger»” (Wolff 2003, pp. 337-338).

However, later he was a member of “Vereinigung Gleichgesinnter” (Association
of People with the Same Opinion) founded on 8 June 1916. It was “a confidential
discussion group of pacifist intellectuals, whose aim was to make the theoretical dis-

cussions concerning internal and foreign politics [...] in the spirit of overcoming
unethical nationalism and of replacing power politics by politics based on ethics, and
[...] to influence the press and to reestablish international relations with scientists
abroad as soon as this might become possible again” (Goenner, Castagnetti 1996,
pp. 26-27). Then, with the development of Nazi anti-Semitism in Germany, the loss
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mentioned this fact in their paper (1913a) in the context of pri-
ority of the solution to the problem of specific heats of crystal
solids by Natanson, Debye, and Born and von Karman.” Hence,
Max Born and Theodore von Karman knew Natanson’s work
(1912b), as well as they could know his earlier articles (1911a
and 1911¢).

15) Czestaw Bialobrzeski (1878-1953), a privat-docent in the Uni-
versity of Kiev (1907-1913), a docent in the University of Kiev
(1913-1919),” a profesor of University of Krakéw (1919-1920);
professor of theoretical physics in University of Warsaw (1920—
1953), in the letter of 1-14 September 1912, sent from Kiev, he
thanked Natanson for sending the dissertation “Zasady Teoryi
Promieniowania” (““The Principles of Theory of Radiation”, pub-
lished in 1913 — cf. Natanson 1913), which he intended to use at

of professorship at the University of Gottingen in January 1933 (for racial reason,
since he was treated as a Jew) and the emigration to England this year, he changed
his primary views and became a socialist who was convinced that one had to “fight
nationalism in whatever form it appears” (Greenspan 2005, p. 261) “including that
of the Jews” (letter from Max Born to Albert Einstein, 22 May 1948 — cf. Born, Max
1936 (published archival documen)).

8 “Shortly before the appearance of our communication of April 1912 [Born,
von Karman1912] Mr. Debye has, as he told us afterwards, reported his results in the
March meeting of the Swiss Physical Society and published a short note in the Archives
de Genéve, March 1912, p. 256 [Debye 1912]. Further, Mr. Natanson claims — based
on a communication to the February session of the Cracow Academy [i.e. Natanson
1912b] — that he first stated the idea which lies at the basis of the treatments of
Debye and ourselves. It seems to us that the priority for giving a formulation and an
approximate solution of the problem belongs to Mr. Dybye by several days” (Born,
von Karman 1913a, p. 15 fn. 1 in the right column; translated by Mehra, Rechenberg
2001, p. 143).

In fact, Natanson (1912b) presented his work in Cracow Academy on 8 January
1912 (and not in February). Moreover, Born and von Karman (1913a) accept that
Natanson was the first to state the idea which lies at the basis of the treatments of
Debye (9 March, 1912), and Born, von Karman (April 1912). Therefore, the priority
of this idea belonged to Natanson. However, in his biography (cf. Born 1978,
pp. 141-142), Born neglects this aspect and mentions only Debye’s contribution.

Hence, to my current knowledge and in contrast to N. Nagasawa (cf. fn. 37 above),
this citation of Born’s and von Karman’s (1913a) is the first citation of Natanson’s
fourth article (i.e. 1912b).

7 Regarding the scientific degrees in the Tsarist Russia, cf. Flin, Panko 2015.
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the University of Kiev in the spring semester of 1913 during the
lectures on theoretical physics of “Theory of radiation”.*

16) Kazimierz Fajans (1887-1975), a physico-chemist (from 1911 an
assistant, from 1913 an associate professor at University of Karls-
ruhe; from 1917 a professor of University of Miinchen) knew
and appreciated Natanson’s monograph on radiation and relat-
ed matters (1913).

17) Emil Lampe (1840-1918) informed about Natanson’s work
of 1913 in his note in Jahrbuch iiber die Fortschritte der Mathematik
(1914). (However, it was only a bibliographic record of this work
and keywords).

18) Stanistaw Loria (1883—1955), who was a Ph.D. student of Natan-
son in 1907, informed about Natanson’s article of 1913 in his
note in _Jabrbuch iiber die Fortschritte der Mathematik (1914). It is quite
probable that he knew all the other Natanson’s works on the sub-
ject under discussion, since he corresponded with Natanson and
appreciated him as a very good physicist*.

80 Cf. the letter from Czestaw Biatobrzeski to Wiadystaw Natanson, Leningtrad,
1-14 September 1912 (see Bialobrzeski 1912 (archival document)). About Bialobrzeski’s
scientific career cf. Scistowski 1954; 1979; Wroblewski 2016, pp- 335-339. He is,
among other things, a precursor of research on the thermodynamic equilibrium of
a star, modeled as a free gas sphere (he did this before Arthur Stanley Eddington’s re-
search) — cf. Bialobjeski [Bialobrzeski] 1913 (the work was presented by Natanson on
5 May 1913 at the session of the Academy of Arts and Sciences in Krakéw).

81 Cf. the letter from Kazimierz Fajans to Wtadystaw Natanson, Karlsruhe,
4 November 1913 (see Fajans 1913 (archival documeni), folium 3 recto). About Fajans’s
scientific career, cf. Hurwic 1988; 2000a; 2000b. Fajans was nominated 6 times for
a Nobel Prize in Chemistry: in 1928 by Fritz Arndt, Heinrich Biltz, Walter Herz, Ernst
Koenigs, ]. Meyer, and in 1934 by Mieczyslaw Centnerszwer.

82 In his recollections from his stay in University of Breslau (1907-1908), Max Born
makes the following description of Stanistaw Loria and formulates the following opin-
ion on Loria’s teacher Ladislas Natanson: “The last in our group, Stanislaus Loria, was

a Pole from Cracow, hence at that time a subject of the Austro-Hungarian monarchy.
[To this group belonged also Max Born (1882—1970), Rudolf Ladenburg (1882—-1952)
and Fritz Reiche (1883-1969) — M.K.]. But he was a great Polish patriot and hated
the Austrians. [...] He was an enthusiastic physicist and a most charming young man,
with fine features and perfect manners. We got on very well. And the only point of
friction between us was his exaggerated devotion to his professor, Nathanson [sic! — it
should be Natanson], in Cracow, whom he declared to be one of the greatest physicists.
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19) Leopold Infeld (1898-1968), who was the Ph.D. student of
Natanson in 1921 and corresponded then with his teacher, knew
Natanson’s works of 1913% and 1924b, i.e. 1924a, pp. 125-151,
and his other works.®

We considered this to be a nationalistic overstatement [sic! — M.K.], and contradicted
him; but on the other hand this admiration for his master was rather touching, and we
soon ceased our objections” (Born 1978, pp. 124-125).

Unfortunately, Born does not explain why he thought that Loria’s admiration for
Natanson was “to be a nationalistic overstatement”. To date, however, there are no
historical sources that would support Born’s statement.

As a side note: Born learned from Fritz Reiche and Stanislaus Loria about Ein-
stein’s work on special relativity (1905): “[...] When I later (1907-1908) tried to develop
my experimental skills at the Institute presided over by Lummer and Pringsheim
in my home town of Breslau, I joined an active group of young physicists, including
Rudolf Ladenburg, Fritz Reiche and Stanislaus Loria. We studied the more recent
physics literature and reported on what we had read. When I mentioned Minkowsky’s
contributions to the seminars in Gottingen, which already contained the germ of his
four-dimension representation of the electromagnetic field, published in 1907-8,
Reiche and Loria told me about Einstein’s paper and suggested that I should study
it. This I did, and was immediately deeply impressed. We were all aware that a genius
of the first order had emerged. But nobody knew anything about his personality or
his life, except that he was a civil servant at the Swiss Patent Office in Berne. Then
Ladenburg decided to look him up during a holiday trip, and his account was the
first I heard of Einstein the man. Even then he was as he appeared later: completely
unpretentious, simple and modest in his habits, kind and friendly, yet witty and hu-
morous. Ladenburg was enthusiastic and made us curious about the great unknown”
(Born, Einstein 1971, p. 1).

There is another description of this fact given by Leopold Infeld: “My friend
Professor Loria told me how his teacher, Professor [August] Witkowski (and a very
great teacher he wasl), read Einstein’s paper [1905; on special relativity] and exclaimed
to Loria: ‘A new Copernicus has been born! Read Einstein’s paper’. Later, when
Professor Loria met Max Born at a physics meeting [in fact, it was in 1907-1908 at
the University of Breslau, Loria was then a doctor], he told him about Einstein and
asked Born if he had read the paper. It turned out that neither Born nor anyone else
had heard about Einstein. They went to the library, took from the bookshelves the
seventeenth volume of Annalen der Physik and started to read Einstein’s article. Imme-
diately Born recognized its greatness and also the necessity for formal generalizations”
(Infeld 1950, p. 44; cited by Wroblewski 2014, p. 262).

 Infeld 1958, p. 134.

# He wrote a review of the book Oblicze natury and mentioned there a paper
“On radiation” (=Natanson 1924b). Cf. letter from Leopold Infeld to Wladystaw
Natanson (Warszawa, 9 February 19206) (see Infeld 19126a (archival document), folium
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20) The offprint of Natanson’s article of 1912 (1912b) was in pos-
session of the Department of Theoretical Physics, University of
Uppsala and it is stamped: “Mek. Sem. Uppsala”.*

21) Otto Halpern (1899-1982), an assistant of professor Hans Thir-
ring (1888-1976) of University in Wien, and Albert Einstein
(1899-1982) have known about the existence of Natanson’s arti-
cle (1911c), because Halpern informed Einstein about Krutkov’s
article (1914a) in the letter of 26 August 1924, which criticized
a derivation of Planck’s radiation formula with Bose’s assump-
tion of independent light quanta in the agreement and on the
basis of Ehrenfest 1911a and Krutkov 1914a.%

22) Witold Jacyna, a Polish physicist from Institute of Metrology,
Leningrad, US.S.R. and an author of articles in thermodynam-
ics at the Physikalische Zeitschrift and the Physical Review, knew the
second version of Natanson’s article “O promieniowaniu” (“On
radiation” — Natanson 1924b, i.e. Natanson 1924a, pp. 125-151),
however, he was not an advocate of quantum ideas.”

4-5; Infeld 1926¢, p. 5 (a review). Morever he knew the other Natanson works on
statistics of radiation and related issues, because in the letter to Wtadystaw Natanson

(from Piaseczno, on 26 July 1926) Infeld mentioned as example of great works Natan-
son’s works about radiation (see Infeld 19126b (archival document), folium 8 recto
and verso).

% Andersson 2018. It is still to buy at the Antikvariat Thomas Andersson at Up-
psala, Sweden.

8 See Halpern 1924a (published archival document). Moreover, Albert Einstein, duting
his stay in Leyden from 4 to 24 October 1924, discussed this objection with Ehren-
fest, which is followed by Einstein’s statement from his article: “Mr. Ehrenfest and
other colleagues have faulted Bose’s theory of radiation and my analogous one
for ideal gases for not treating quanta, or molecules, as statistically mutually inde-
pendent structures, without specifically pointing out this circumstance in our papetr”
(Einstein 1925a (dated: December 1924; presented: 8 January1925; published: 9 Feb-
ruary 1925) / (reprinted) 2015a, Doc. 385; (English translation) 2015b, Doc. 385
(cf. also its fn. 6).

¥ Moreover, he thought that all Natanson’s monographs known to him (1908;
1924a; 1928; 1929-1930; 1934) were very well written, including especially his mono-

graph entitled Pierwsze Zasady Mechaniki Undulacyjnej (Principes fondamentanx: de la Mécanique
Ondulatoire) (1929—1930), and worth to translate them into foreign languages. He even
tried himself to make their translations into Russian, but he did not realize this aim fi-
nally. He wanted also to bring to translate into Russian Natanson’s monograph entitled
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23) Leon Lichtenstein (1879-1933), a Polish mathematician, pro-
fessor of mathematics of Technical University of Charlotten-
burg, University of Miinster, and University of Lipsk, one of the
founders and the first editor-in-chief (1918-1933) of the journal
Mathematische Zeitschrift (founded in 1918), and an editor of Jahr-
buch iiber die Fortschritte der Mathematik (1919—1927), appreciated
very much Natanson’s Oblicze natury (1924a; including the second
version of Natanson’s article “O promieniowaniu” (“On radia-
tion” — Natanson 1924b, i.e. Natanson 1924a, pp. 125-151), and
also “Zasady teoryi promieniowania” (1913) (The Principles of
Theory of Radiation).*

24) Wactaw Dziewulski, a physicist, from October 1919 worked
in Stefan Batory University in Wilno, knew the second version
of Natanson’s article “O promieniowaniu” (“On radiation” —
Natanson 1924b, i.e. Natanson 1924a, pp. 125-151).%

25) Walther Gerlach (1889-1979) and Alfred Landé (1888-1976) not
only knew Natanson’s article (1911c) — cf. Landé 1925 (letter to
Natanson, 18 November 1925), but also cited it in their article
(Gerlach, Landé 1926, p. 170, fn. 2; reprinted in Landé 1988,
p. 245, fn. 2).%

Hence, it is evidenced that many Polish scientists (physicists, chem-
ists, and mathematicians) appreciated Natanson’s works on statistical
theory of radiation and related matters. They did so, not only in private

Piersze Zasady Mechaniki Undulacyjnes (Principes fondamentans: de la Mécanigne Ondulatoire;
1929-1930), and “he had a semi-formal pledge as to the favorable resolution of the
question, and a very positive response to this request from [I.A.] Krutkov”, but “the
matter has stopped somehow”, cf. the letter from Jacyna to Natanson from Leningrad
on 11 January 1936 — see Jacyna 1936 (archival document).

8 Cf. two letters from Lenon Lichtenstein to Wladystaw Natanson from Lipsk
on 29 May 1927, and from Wildungen on 19 August 1928 — see Lichtenstein 1927
(archival document); 1928 (archival document). On Lichtenstein cf. Przeworska-Rolewicz
1979; Gittel 2014; Wikipedia 2019h.

% Cf. letter from Wactaw Dziewulski to Wiadystaw Natanson from Wilno on
29 December 1923, folium 110, where he thanked for sending him Oblicze Natury

% To my current knowledge and in contrast to N. Nagasawa (cf. fn. 37 above), it
was the fifth citation of this article.
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letters, but also in reviews of Natanson’s works (cf. Loria 1914, Infeld
1926¢, p. 5) and in their own scientific articles (cf. Zakrzewski 1911).

From this entire survey (cf. Sections 4.2—4.3) it is also evidenced
that Natanson’s works on quantum statistics and Natanson himself
were known to many scientists of the 1910s, including those who fo-
cused their research on the problem of the black-body radiation, the
quanta and new (quantum) theories of gases, liquids and solid bodies,
especially Zakrzewski (1911) — who was the first to cite the English
version of Natanson’s article (1911a); Planck (1911; 1912) — who was
the first to cite the German version of Natanson’s article (1911c); Som-
merfeld and Ehrenfest (letter from Ehrenfest to Sommerfled, Octo-
ber 16, 1911) — who knew the German version of Natanson’s article
(1911c); Born, von Karman (1913a) — who was the first to mention
Natanson’s article (1912b); Krutkow (1914a; 1914b) — who knew both
English and German versions of Natanson’s article (1911a; 1911c¢);
Landé (letter to Natanson, 18 November 1925); and Gerlach, Landé
(1926/reprinted 1988) — who cited the German version of Natanson’s
article (1911¢).”

In other words, A. Kastlet’s thesis (cf. Section 4.6) that Natanson’s
article (1911¢) “unfortunately remained unnoticed and unmentioned”
(Kastler 1983, p. 617) is wrong since a part of scientists, including emi-
nent and prominent ones, knew this article and valued it highly.””

1 Hence, the received view that it was only in 1967 that Friedrich Hund as the first
scientist appreciated Natanson’s works on Planck’s theories of radiation and related
issues (cf. Section 4.3) is wrong;

2 Moreovet, since Natanson was used to send his publications to many scientists
(it is evidenced by his large scientific correspondence), and this happened also in the
case of his correspondence concerning the issues of radiation theory and related issues,
it is very probable that his works were known to many other scientists. Since in the
case of his two articles published in the Bulletin International de I'Académie des Sciences de
Cracovie, Classe des Sciences mathématiques et naturelles. Série A: Sciences mathématiques | An-
geiger der Akademie der Wissenschaften in Krakau. Mathematisch-Naturwissenschaftliche Klasse.
Rezhe A: Mathematische Wissenschaften he had on disposal even 100 copies in each case.
This number of copies was mentioned by a Polish physicist, professor of electro-
technics and mechanics in the Institute of Engineers of Communication in St Peters-
burg, and a historian Henryk Merczyng (1860—1910) in his letter from St. Petersburg
on 21 August 1912 to Wiadystaw Natanson — see Merczyng 1912 (archival document).
On H. Merczyng’s scientific biography, cf. Zuzga 1987.
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On the other hand, F. Hund’s thesis (cf. Section 4.6), according to
which “in 1924 Natanson’s arguments had been already forgotten”
(Hund 1967, p. 123), is right in the case of Bose and Einstein, since
it is true that in 1924-1925 they overlooked subtleties of the issue of
indistinguishability of physical objects known to Natanson. However,
F. Hund’s thesis is wrong in the case of Paul Ehrenfest and their col-
leagues, including Viktor R. Bursian, Yuri A. Krutkow and Otto Halpern,
who did not forget Natanson’s considerations, and caused that Einstein
was informed on these subtleties of the issue of indistinguishability
of physical objects (this issue will be explained in Section 7).

5. Why Natanson’s achievements were unnoticed
and forgotten by eminent and prominent scientists?
The external factors in the reception
of the publications”

Four explanations of this fact have been proposed:
A “geographical isolation” explanation by L. Navarro, E. Pérez (2004)

His [Ehrenfest] geographical isolation thus may have con-
tributed to the neglect of his 1911 paper even though
it was published in the widely read Annalen der Physik.
The work of Toffé, Natanson, and Ishiwara suffered a sim-
ilar fate. We are not in position, however, to go into this
question further in this time (Navarro, Pérez 2004, p. 137).

This interpretation is defective because “the geographical isolation”
does not explain the lack of reception of the publication, which ap-
peared in the leading physical journal in a country (Germany) that at
the time “was not geographically isolated”.

% The basis of this section is A. Kestlet’s thesis, that Natanson’s article (1911c)
“unfortunately remained unnoticed and unmentioned” (Kastler 1983, p. 617), which
was accepted by some interpreters of Natanson’s achievements. Though the previous
section showed that this thesis is wrong, in this section the views of several interpreters
of Natanson’s achievements who accepted it and explained it in different manners are
analysed. The section focuses on the lacks of these explanations.
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However, this kind of isolation of German science started only
with WWI’* and then the foundation of the International Research
Council in 1919.” Therefore, L. Navarro’s and E, Pérez’s term: “geo-
graphical isolation” conceals the real lack of openness to the achieve-
ments of scientists from such territories as Russia (Ehrenfest and
TIoffé worked at the Saint Petersburg Academy), the Austrian governed
part of Poland (Natanson from Krakéw) and Japan (Ishiwara from
Tokyo).”

A psychological and sociological explanation by J. Spate (2006)

Natanson visited Einstein in Berlin 1914 [sic! - M.K.]”" and
probably did not mention his own work, as he was a shy
person [sic! — M.K.] (Spatek 2000).

He worked in an isolated, local scientific environment
and published his works in little known journals [sic! —

M.K.] (Spatek 2009).

However, having an in-depth knowledge of the biography of
Wladystaw Natanson, it is certain that he was not a shy person!

* During the World War I (from 1914 to 1918) many German scientists took ac-
tive part in the so-called “Der Krieg der Geister” (““The War with spiritual weapons”).
They created, among others, two important documents: the Awufruf An die Kultur-
welt! (“A Call to the Civilized World”) of 4 October 1914, signed by ninety-three
German scientists (among others, Walther H. Nernst, Wilhelm Réntgen, Wilhelm
Wien, Max Planck, and Arnold Sommerfeld), and the Erklirung der Hochschullehrer
des Deutschen Reiches (Declaration of University Teachers of the German Empire)
of 16 October 1914, signed by over four thousands teachers. It caused an isolation
of German scientists from the international community. Cf. Wolff 2003 (Eng-
lish) /2007 (German); Somsen 2008; Wikipedia 2009; Kleinert 2010; von Ungern-
-Sternberg 2014.

% T will refer to this issue below in the context of Natanson himself.

% Today’s equivalent of this problem is the overrepresentation of English-lan-
guage journals in Scopus and WoS, and the widespread habit of not quoting publica-
tions from “geographically isolated countries”. Of course, nowadays, in the age of the
Internet, there are no geographical barriers that will limit the dissemination of scientific
knowledge. The only barriers are mental barriers existing in human minds. They create
scientific ghettos and world temples of knowledge.

7 Natanson with his family went for a summer holiday 1914 to Belgium (Westende,
near Ostende). He planned to stay there from August to the first half of September.
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Moreover, his works could be understood by a broad international
community of physicists, because he published his major works in Eng-
lish, French and German (and also in Polish). He was known well by
this international community, because he was a member of the Physial
Society of London (from 1886), a member of the Deutscher Physika-
lischen Gesellschaft (from 1913), the Council of the Société Francaise
de Physique (from 1914), the Polish delegate to the General Assembly
of the International Research Council (from 1919), a co-founder of the
International Union of Pure and Applied Physics (1922) as a represen-
tative of Poland and Vicepresident of this union (1925-1931). He cor-
responded with many leading scholars of his times such as Max Planck,
Albert Einstein, Hendrik Antoon Lorentz, Arnold Sommerfeld, Maria
Sktodowska-Curie, etc.”’

The outbreak of WWI forced him to stay in this country, and then from 24 No-
vember 1914 until the first days of September (at least 3rd September) 1915 — they
spent in Berlin (letters on 29 June 1914, 17 November 1914, and 11 September 1915
from Wladystaw Natanson to Marian Smoluchowski — see Natanson 1914a (archival
document), folium 151 verso; 1914b (archival documeni), foliam 153 recto; 1915 (archival do-
cument), folium 176 verso).

During this stay Einstein met Natanson personally (and his family) and became
friends (cf. Sredniawa 1996, pp. 76-77; 2006, p. 260). Their first meeting was at the
beginning of January 1915. Einstein informed his friend Heinrich Zangger about this
event on 11 January 1915: “In recent days I made the acquaintance of our colleague
Natanson from Cracow, a fine theoretical mind. [...] He is a Polish Jew and grew up in
Russia, now 50 years of age. I quickly took a liking to him as I rarely do with people;
blood runs thicker than water!” (Einstein 1998a, Doc. 454, p. 28 / English translation:
Einstein 1998b, Doc. 45a, pp. 15-16; see also Konieczny 2011, p. 255).

The last meetings were before 4 September 1915. Natanson informed his friend

Smoluchowski about these events: “In Berlin, before leaving, [I had] yet a few more
nice and beautiful conversations with prof. Einstein. He promised to come to us to
Krakow” (,,W Betlinie z prof. Einsteinem jeszcze kilka nader milych i slicznych roz-
mow, przed wyjazdem. Obiecal, Ze przyjedzie do nas do Krakowa” (Letter on 11 Sep-
tember 1915 from Wtadystaw Natanson to Marian Smoluchowski — see Natanson 1915
(archival document), folium 177 verso).

% Cf. Planck 1913 (archival documeni) — see below, Appendix 3 for its transcription
and translation into English.

? Cf. Natanson 1933/1958; Biblioteka Jagielloriska, Natanson’s correspondence;
Konieczny 2011, p. 255.

M. Kokowski SHS 18 (2019) | DOI: 10.4467/2543702XSHS.19.012.11018

383


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://www.2iceshs.cyfronet.pl/2ICESHS_Proceedings/Chapter_10/R-2_Sredniawa.pdf
https://books.google.pl/books?id=0uAcNbQehOoC&pg=PA255
https://books.google.pl/books?id=0uAcNbQehOoC&pg=PA255
https://einsteinpapers.press.princeton.edu/vol10-doc/98#,
https://einsteinpapers.press.princeton.edu/vol10-doc/98#,

Michat Kokowski
The divergent histories of Bose-Einstein statistics and the forgotten achievements...

For example: he was well known by Hendrik Antoon Lorentz,
who — in the letter of 20 August 1914 to Pieter Zeeman — wrote:

From foreign friends and acquitainces I hear hardly any-
thing, Incidently I heard that Stark was inducted in the
Feldsturm, and that Natanson is in Westende near Ostende
with wife and children and does not know how and when
he will be coming home again (Lorentz 1914 (published ar-
chival document), in: Lorentz 2018, Doc. 160, p. 416; English
translation: p. 417).

Fig. 15. The excerpt of Infeld’s letter sent to Natanson from Warszawa, dated 5 October
1928. Source: Infeld 1928 (archival document), folium 11 verso. Photo: © Michal Kokowski.

Moreover, he was appreciated by Erwin Schrodinger as evidenced
by letter from Leopold Infeld to Wladystaw Natanson (Warszawa,
5 October 1928):

Zwrocitem sie (zgodnie z taskawie udzielonem mi przez
Pana Profesora pozwoleniem) do profesora Schrédingera
z zapytaniem, czy zgodzilby si¢ ewentualnie na przyjecie
mnie jako stypendysty ,,International Education Board”,
gdybym uzyskal odpowiednie polecenie od Pana Profe-
sora. Prof. Schrodinger wyrazil natychmiast w spos6b
niezmiernie mily swa zgode (Infeld 1928 (archival document),
folium 11 verso).

I have turned to Professor Schrédinger (according to
the permission granted me by you, dear Professor) asking
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if he would agree to take me as a holder of the “Interna-
tional Education Board” scholarship if I received the ap-
propriate instruction from you, dear Professor. Professor
Schrédinger was exceptionally kind and immediately gave
his me consent [translation — M.K.].

Hence, there is no doubt that though Natanson lived in Poland and
was active in a little Polish local scientific environment, he was well
known in the international community of physicists.'”

Moreover, it appears that there is another explanation of the enig-
matic behavior of Natanson regarding Einstein. Some light is shed
on this by a similar event that took place in 1931, fourteen years after
the death of Marian Smoluchowski. In the letter of 10 July 1931 to
Tadeusz Smoluchowski (the brother of Marian Smoluchowski), Natan-
son commented on E. Arendt’s remarks (1931) on Natanson’s work
(1888a/1888b) related to the later analysis of the problem of Brown-

ian motions by Smoluchowski in 1900—1910s and stated:

[Marian Smoluchowski] did not know about this work;
I wanted to tell him about it a few times, but I always post-
poned it in order not to allow him to think that I wanted
to revindicate a part of his discoveries for myself. I had
so much devotion and attachment for him, the most cot-
dial, almost fraternal, that I did not want to put a question
de priorité between us [...] [translation — M.K.].""

We will understand these wordings even better when we add a state-
ment here from a letter of 15 September 1933 from Arkadiusz Piekara
(then in Paris) to Wladystaw Natanson:

190 T develop in this paragraph the thought firstly expressed by Matthew Konieczny
(2012, p. 74/75). In 2010/2011, I was his scientific supervisor. He stayed then in
Krakéw as a scholarship holder of the Fulbright Foundation (he got the Fulbright
Junior Research Award).

11 “[Marian| nie wiedzial o tej pracy; pare razy chciatem Mu o niej powiedzie¢, ale
odkladalem zawsze, zeby nie nasuwaé Mu mysli, jakobym chcial czastke Jego odkry¢
rewindykowac dla siebie. Mialem dla Niego tyle czci i przywigzania tyle, najgoretszego,
prawie ze braterskiego, iz nie chciatlem kwestyj de priorité pomiedzy nami [...]” (cited
by Teske 1970a, p. 143).
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I am reminded of the words of the Venerable Rector [i.c.
Natanson], spoken a year ago in Warsaw. “Science is not
our life’s goal, it is only its colot” [translation — M.K.].""

Hence, Wladystaw Natanson was not a shy person, but a very
friendly and polite one, and physics was not so important to him to
risk weakening his friendship with Marian Smoluchowski.

Therefore, perhaps, it was for the same reason that Natanson did
not mention his works of 1911-1913 during his talks with Einstein in
Berlin in 1915. Nevertheless, from my own perspective — I agree in this
point with Jézef Spaltek — such interpretation seems unlikely, since in
1915 these subjects were still very interesting and “hot” to discuss with
Albert Einstein. However, this “unlikeliness” is only my guess not based
on any historical source, so it can be wrong,

Moreover it is not true that Natanson worked in an zsolated, local
scientific environment and published his works in little known jour-
nals. First of all, this local scientific environment was not isolated
from international science as evidenced by the same level of scientific
works of, for instance, Smoluchowski, Olszewski and Natanson. Then,
Natanson’s articles appeared, among others, in Wiedemann's Annales
(1885/18806), Zeitschrift fiir Physikalische Chemie (1892; 1894; 1895; 1896;
1902; 1903), Comptes Rendus de I’ Académie Francaise des Sciences (1893),
Philosophical Magazine (1895; 1901; 1919, 1933), Annalen der Naturphilo-
sophie (1901), Journal de Physique Théorique et Appliguée (1903), Journal of
Physical Chemistry (1903), Journal de Physigue (1909), Physikalische Zeitschrift
(1911c¢), and also Bulletin International de I’ Académie des Sciences de Cracovie,
Classe des Sciences mathématiques et naturelles. Série A: Sciences mathématiques |
Anzeiger der Akademie der Wissenschaften in Krakan. Mathematisch-INatur-
wissenschaftliche Klasse. Reihe A: Mathematische Wissenschaften (1893; 1895;
1897;1898; 1899; 1901; 1902; 1911a; 1912b)."” The latter journal pub-
lished works in German, French, English or Polish (so it promoted
international communication in then science), and these works were
mentioned and reviewed by the Science Abstracts and the Jahrbuch iiber

102 “Przypominaja mi si¢ stowa Czcig. Pana Rektora, wypowiedziane przed rokiem
w Warszawie. Nauka nie jest celem Zycia, jest tylko jej barwa” (Piekara, Arkadiusz 1933
(archival document), folium 257 verso).

15 Cf. the list of Natanson’ publications Natanson 18791937 (pp. 300-307).
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die Fortschritte der Mathematik (contemporary analogies of present-day
Scopus and Clarivative databases).

Hence, it is not legitimate to claim that non-Polish journals men-
tioned above — including e.g. the Physikalische Zeitschrift, a leading journal
on an international scale — or the Bulletin International de I'Académie des
Sciences de Cracovie. .. Série A. .. were isolated in any sense from interna-
tional audience. Since in the case of the reception of Natanson’s scien-
tific publications, neither the language nor the place where he published
his works were barriers, they had to be mental and political barriers ex-
isting in the minds of scientists.

An epistemological explanation by Konieczny (2010)

Despite advanced work on the very issues at stake at Sol-
vay in 1911, and extensive contact with Western Euro-
pean institutions and practitioners of physics, why were
no scientists working at universities in the peripheries of
East-Central European empires invited? Ultimately, I argue
that their exclusion was not based on an ignorance of their
work or a prejudice against scientific workers on the pe-
riphery per se, but rather that Eastern European physicists
approached the issues at stake at Solvay from fundamen-
tally different epistemological and ontological dispositions,
which rendered their work beyond the bounds of the dom-
inant scientific discourse and thus intellectually incompati-
ble (Konieczny 2010).

I think that this thesis is too bold. It is better to say in this context
that the nationalist ideology that spread in 1910s Europe made a free
flow of information and a free reception of ideas very difficult or even
impossible. Natanson was not a nationalist but a Renaissance person.
He was not only a physicist, but also a historian and a philosopher of
science, and a talented humanist, a philosophical literary critic, the au-
thor of literary portraits of world-famous writers (Shakespeare, Shelley,
Dostoyevsky, ...), a biographer of outstanding physicists (Newton, Fara-
day, Maxwell, Smoluchowski, ...),'""* who received the gold medal of

14 Cf. Natanson 1908; 1924a; 1928; 1934; 1937; 1977.

M. Kokowski SHS 18 (2019) | DOI: 10.4467/2543702XSHS.19.012.11018

tudia
istoriae
cientiarum

387


http://mediathek.mpiwg-berlin.mpg.de/mediathekPublic/versionEins/Conferences-Workshops/HQ3/Old-Quantum-Theory-and-Statistics/Matthew-Konieczny.html
http://mediathek.mpiwg-berlin.mpg.de/mediathekPublic/versionEins/Conferences-Workshops/HQ3/Old-Quantum-Theory-and-Statistics/Matthew-Konieczny.html
http://pbc.biaman.pl/Content/30672/Odczyty%20i%20szkice.pdf
http://www.sbc.org.pl/Content/83937/i329249.pdf
https://www.sbc.org.pl/dlibra/show-content/publication/edition/83937?id=83937
http://rcin.org.pl/Content/27089/WA004_25015_U3565_Natanson-Porz_o.pdf
http://rcin.org.pl/Content/2870/WA488_5533_11828_Natanson-Widnokrag.pdf
http://dlibra.umcs.lublin.pl/dlibra/docmetadata?id=7454

388

Michat Kokowski
The divergent histories of Bose-Einstein statistics and the forgotten achievements...

“Wawrzyn Akademicki” (Academic Laurel) of the Polish Academy of
Literature in 1936 “for outstanding critical-literary, scientific and jour-
nalistic work in the field of belles-lettres”.!” And being such a creative
man, he did not fit the nationalistic Weltanschannng or Zeitgeist that dom-
inated the Europe of these times.

A political explanation by M.]. Konieczny (2011; 2012)

The so-called “Western science” at the turn of the 19th and 20th cen-
turies was limited by the nationalistic approach, especially with regard
to French and German science.'” In contrast, Wladystaw Natanson
was a true European scientist, that is, being free of nationalism, he ap-
preciated the value of works of authors irrespective of their nation or
state of origin; his works on quantum statistics were not accepted, since
he did not belong to any “scientific party”.

I agree with this interpretation partially: it is true that all his educa-
tion and scientific activities, including publications, prove that he drew
on the achievements of various linguistic cultures (especially British,
French, German, and American) and he did not belong to any “scien-
tific party” nor to any “nationalist scientific camp” (British, French,
German or American)."”” In support of this thesis, I will quote Natan-
son’s autobiographical statement of 1933:

Throughout my life, I have tried with all my strength to
learn from the most esteemed masters, even if they had
not been alive for a long time. How much have I learned
from Newton, from Lagrange, Kelvin, Clausius, from
J.W. Gibbs, from G.G. Stokes, from Lord Rayleigh,
P. Duhem, and H.A. Lorentz. My first beloved role-model
and commander has always been J. Clerk-Maxwell. Com-
muning with the works of genius creators leaves in the mind

15 Cf. “Eine” 2007; Kokowski 2009; Wikipedia 2019¢, and first of all his brilliant
essays written in Polish — Natanson 1924; 1928; 1934; 1937.

1% Tt is well known problem — cf. also Kleinert 1978; Wolff, Stefan L. 2003 (Eng-
lish) /2007 (German); Somsen 2008; Eckert 2013a/2013b; Gotdin 2015; Fox 2016.

7 The existence of “national scientific camps” in science causes the existence of
serious incoherency between different national histories of science. Cf. Wréblewski
(2000) regarding incoherency of national histories of science, and Kokowski (1993;
1994; 1997; 2009; 2010) regarding Natanson’s views.
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and soul traces and effects which, in my opinion, no lectures—
be it seminars or foreign ones — can bring about [transla-
tion — M.K.]'*.

On the other hand, I think that M.]. Konieczny did not provide solid
empirical evidence — i.e. explicit statements in archival or printed cor-
respondence or articles and books of the scientists of his epoch — that

Natanson’s “works on quantum statistics were not accepted, since he
did not belong to any «scientific party»” (but see below).

A political explanations by N. Nagasawa (“Minamida” 2009; Nagasawa 2018)

According to N. Nagasawa (“Minamida” 2009; Nagasawa 2018,
pp. 404—407), one of the reasons, why Natanson’s paper was forgotten
in 1924 (when Bose’s article appeared) within the physics community
was a nationalist climate guarding the European physics community,
and especially the German one (he referred in this point to S.L. Wolff’s
work (2003)).

An expression of this attitude was to be Arnold Sommerfeld’s letter
dated 1 November, 1919 to Adalbert (Wojciech) Rubinowicz (a Polish
scientist), a former assistant of Sommerfeld. Rubinowicz was asking
for Sommerfeld’s help to look for the academic position. Sommerfeld
advised him:

It would be very difficult to find positions in Poland. Na-
tanson is not reliable because his activity is limited within
his domestic community [sic! — M.K.]. You should contact
M. [Maria — M.K.] Curie. She is not poisoned by chauvinism
(Nagasawa 2018, p. 407; quoted also in “Minamida” 2009).

However, still according to N. Nagasawa, being familiar with the bi-
ography of Wladystaw Natanson (cf. Klecki 1938), we should not think
that he was a chauvinist (Nagasawa 2018, p. 4006). Therefore, Sommerfeld

108 “Przez cale zycie staralem si¢ ze wszystkich sit uczy¢ od najwyzszych Mistrzow,
chociazby juz Ich dawno nie bylo na ziemi. Ilez nauczylem si¢ od Newtona, od La-
grange’a, Kelwina, Clausiusa, od J.W. Gibbsa, od G.G. Stokesa, od Lorda Rayleigh,
P. Duhema, H.A. Lorentza. Najpierwszym, umilowanym wzorem i wodzem byl zawsze
J. Clerk-Maxwell. Obcowanie z dzielami genialnych twércow pozostawia w umysle
iw duszy §lady i skutki, ktérych mym zdaniem, zadne wyktady — seminaryjne, zagra-
niczne — wydaé nie moga” (Natanson 1933/1958, p. 115).
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— who was immersed in the toxic climate of European chauvinisms
(German, English, French, etc.) and had a nationalist bias against Na-
tanson — was probably not eager to inform Bose or Einstein about
Natanson’s work of 1911 (Nagasawa 2018, p. 407).

I have the following comments to N. Nagasawa’s interpretation.
g g P

Firstly, if the sentences cited above by Nagasawa are a faithful trans-
lation of Sommerfeld’s sentences, the conjunction of these sentences
allows two interpretations: the first — weaker — that Natanson is not re-
liable or even the second — stronger — that he was not reliable since he
was a chauvinist.'”

Secondly, I can indicate solid arguments in favour of Nagasawa’s
guess that Natanson was not a chauvinist (see below).

And finally, I do not agree that Arnold Sommerfeld wrote the quoted
above statements. These are only Nagasawa’s guesses of the real essence
of these statements, expressed in two letters from Sommerfeld to Ru-
binowicz (Stockholm, 1 October 1919; Miinchen, 1 November 1919),
which is not easy to determine (it is caused by the very style of Sommer-
feld’s handwriting). Upon reading these two Sommerfeld’s letters (see
Appendix 4), on the one hand, it is not clear if Sommerfeld thought
that Natanson was a chauvinist, and, on the other hand, it is clear that
though Sommerfeld did not know “how strong the chauvinism of the
Poles was”, nevertheless, in his own opinion, perhaps the Poles, like the
French, “were crazy” (in their chauvinism), and perhaps Marie Curie’s
stance was not entirely chauvinistic.""”

1" Regarding the latter interpretation: It follows from the second quoted sentence

that Natanson was not reliable since his activities were limited only to the domestic
Polish community; and the second and the fourth sentences — that in contrast to
Natanson — M. [Matie| Cutie (i.e. Maria Sklodowska-Curie) was not a chauvinist. Hence,
Natanson was a chauvinist.

10 As it is well known from the biography of Arnold Sommerfeld, he had rasist
or nationalistic, or chauvinistic episodes in his life. E.g., in 1907 in a private letter to
Einstein, Sommerfeld stated that perhaps in the theory of relativity “the abstract-con-
ceptual nature of the Semite” was expressed (however, he accepted later the theory
of relativity and was not a supporter of the Deutsche Physik or Arische Physik) — cf.
Kleinert 1985, p. 1985; Jansen 2009, p. 148. Then, in 1914 he was one of ninety-three
signatories of the Aufruf “An die Kulturwelt! (“A Call to the Civilized World”) of 4 Octo-
ber 1914 (but he wanted this document to be known only to the Germans) — see
Wolff 2003 (English) / 2007 (German). Moreover, when in 1917 he tried to get a job
at the University of Vienna, two scholars were selected to take up the professorship
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However, irrespective of these Sommerfeld’s views, it is certain that
Natanson cannot be characterized in this way. This is proved by his en-
tite activities in the Polish and international scientific communities,'!
by his life-long intellectual fascinations with the Jewish, British, Russian,
French, Italian, old Islamic (Sufism) and Polish cultures, by his volu-
minous correspondence, both scientific (with many famous scientists)
and private,'” and finally by the recollections of his friends, partici-
pants of the famous intellectual inter- and multi-disciplinary “Sympo-
sium” (from Greek: oupnootov, symposion) organized by Natanson in
his home for many years."” To support these statements, it is worth
mentioning Natanson’s own words from only three documents of 1918,
1919 and 1933.

The first document is a draft of Natanson’s talk (in English) of 1918
from his welcome of the past president of USA Thomas Woodrow Wil-
son, for the award ceremony of a doctor honoris causa of philosophy
in the Jagiellonian University.

post: Sommerfeld himself and Smoluchowski. On 14 March, 1917, a mathematician
Wilhelm Wirtinger, the then dean of the Philosophy Department and chairman of the
Commission, and his colleague from Felix Klein seminary at Gottingen, tried to make
Sommerfeld the only candidate for this position: “Wirtinger had entered a petition «to
put you [Sommerfeld] unico loco on the list; Smoluchowski on the other hand, not at
all» The majority of the committee had accepted this petition, although in a minority
vote the physicists had insisted on Smoluchowski. Just why Wirtinger, along with
the majority of his colleagues, was against Smoluchowski, he explained by writing,
«that Sm. [Smoluchowski] is a Pole, and declates himself as such. I can imagine that
in the German Reich there is no true appreciation of what this means to us [in the
Austro-Hungarian Empire]. For you can always count on your government’s being
German, whereas for us «Germanness» constitutes a chip the government bargains
with in various difficult citcumstances to accommodate the other nationalities, so that
we have to protect it ourselves.»” (Eckert 2013b, pp. 215-216).

"' He was Chairman of the Faculty of Mathematics and Natural Sciences at the
Polish Academy of Arts and Sciences, the first President of the Polish Physical So-
ciety (1920-1923), Rector of the Jagiellonian University in 1922/1923; a co-founder
of the International Union of Pure and Applied Physics in 1922 (as a representative
of Poland) and its Vice-president (1925-1931), etc. — regarding the latter issue, see
Ossipyan, Yamaguchi 1992.

2 Cf. Natanson’s correspondence at the Library of the Jagiellonian University,
and at the Archive of the Jagiellonian University.

' Cf. e.g. Michalski 1937a (pp. 308-316; in French); 1937b (in Polish); Klecki
1938, p. 32; Kokowski 2009.
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I am very glad that it is my duty to welcome you, Mr Pres-
ident, in the name of the our old university. It has often
been said that Science is of no nationality; Science indeed
is international and gives light to Humanity. Let us remem-
ber, however, that Science is also the highest product of na-
tional character and national virtue. Let us remember, that
Science paves the way for a better understanding of a men
and nations. [...] What is now spent on armament will in
the future be devoted to the advancement of Knowledge;
nations will not seek supremacy over nations, they will seek
supremacy over Nature (Draft of speech 1918, Archives of
the Jagiellonian University, Spuscizna 10/24).'

We can label Natanson’s political stance regarding science as Ofympic
internationalism (in Geert J. Somsen’s terminology).'”® Hence, Natanson
was not a chauvinist. This is confirmed additionally by the Inzerim Report
on the course of the Constitutional Assembly of the International Research Coun-
cil held at Brussels, from 18 to 28 July 1919 (Sprawozdanie tymezasowe 3 pre-
biegn Zgromadzenia Konstytucynego Rady Miedgynarodowej Badari Naukowych
odbytego 1w Bruksellz, w dniach od 18. do 28. lipca 1919 roku) that Natanson
(1919) prepared as the only Polish representative at this meeting,'"®

To a peaceful and unbiased observer it is clear that as a re-
sult of the war the scientific world will remain for a long
time divided into two camps, separated from each other
and mutually averse. Whether we approve of it, or whether
we condemn it, whether we consider it justified or

"% Cited by Konieczny 2008, pp. 127-128, who thought mistakenly that it was
a welcome in 1924 of scientists from Europe and USA.

15 Regarding the meaning of this term see Somsen 2008, pp. 365-367.
To understand well Natanson’s comments on Constitutional Assembly of the
International Research Council one should add that the aim of the foundation of

116

this institution was the reconstruction of international scientific arrangements after
the WWI, but without Germany. During the meeting in Brussels, the representatives
of western countries (including President of the Assembly, Professor Alfred Lacroix
(France), Minister Alphonse Harmignie (Belgium), and Professor Auguste Gravis, Di-
rector of the Class of Sciences of the Belgian Academy) spoke openly for the boycott
of German science. This was accompanied by overt hostility towards the domination
of the German language in science and the influence of German researchers on the
development of science (cf. also Onghena 2011, pp. 283-284; Cock 1983).
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incomprehensible, we are dealing here with a mighty and
massive phenomenon that we will have to reckon with for
years to come. We are connected with the West with our
strivings and feelings, our history and culture, our views
and needs; we can no longer choose a camp where we want
to be. But if we should belong to the Western civilization,
then the consequences resulting from it are serious and im-
pose great obligations on us. From among the comments
that arise here, I will cite only some. [...] The tendency of
the Assembly, many times expressed in public, was “to be
separated from the Germans; in all areas of Knowledge,
do without the Germans.”'"”

Referring to this, Natanson pointed out:

Such resolutions, feelings and intentions are not isolated.
I'inform about them to Akademia [Academy of Arts and
Sciences in Krakéw], but I do not judge them. I do not
make a judgment here, I quote the facts.'"®

Continuing this thought, Natanson noted that if the authorities of
the (Polish) Academy of Arts and Sciences in Krakéw and the Polish
government adopted such a policy, the number of publications in Eng-
lish and French should be increased, because there is a demand for it in
countries belonging to the International Research Council, and this also

17 “Dla spokojnego i nieuprzedzonego obserwatora jest rzecza widoczna, ze §wiat
naukowy, w nastepstwie wojny, bedzie przez dlugi czas podzielony na dwa obozy, od-
grodzone od siebie i niechetne sobie. Czy je pochwalamy, czy tez ganimy, czy uwazamy
je za uzasadnione lub niezrozumiale, mamy tu do czynienia z poteznem, z tltumnem
zjawiskiem, z ktérym przez lata bedziemy musieli si¢ liczy¢. Jeste$my zwiazani z Za-
chodem dazeniami i uczuciami, historja i kultura, pogladami i potrzebami; nie mozemy
juz dzisiaj wybiera¢ obozu, w ktérym pragniemy si¢ znalez¢é. Lecz skoro powinnismy
naleze¢ do cywilizacji zachodniej, przeto nastepstwa stad wynikajace sa powazne i na-
kladaja na nas wielkie zobowigzania. Z pomigdzy nasuwajacych si¢ tu uwag przytocze
tylko niektore [...]. Tendencja Zgromadzenia, wielokro¢ razy wyrazona publicznie,
bylo «odgrodzi¢ si¢ od Niemcow; we wszystkich zakresach Wiedzy obejs¢ si¢ bez
Niemcoéw»” (Natanson 1919, p. 20).

"8 “Uchwaly, uczucia i zamiary podobne nie sa odosobnione. Donosz¢ o nich

Akademji, lecz ich nie oceniam. Nie wypowiadam tutaj sadu, przytaczam fakta”
(Natanson 1919, p. 27).
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should be applied to the journal Bulletin International, issued by the Acad-

emy of Arts and Sciences, in which the German language prevails.'"”

Consequently, Natanson’s statements above prove again that he was
not a chauvinist. This is confirmed also by his autobiography of 1933:

I 'have never belonged to political parties; I do not belong to
any party today either. I was averse and reluctant to political
fights. I always wanted to do something, create as much as
I could, leave something after myself; fights, polemics dis-
gusted me. In my opinion, what is weak and poorwill fall,
perish, vanish. Creativity is the best criticism there is.'*

Finally, it is worth recalling here that during Natanson’s stay in Berlin
in 1915, Albert Einstein — who for his pacifistic convictions was boy-

cotted during WWI by the nationalistically oriented scientific community

121

of German scientists'”' — found in Wtadystaw Natanson a non-nation-

alistic, non-chauvinistic soulmate.'?*

9 Natanson 1919, pp. 27-28. It should be noted that the full name of this journal
was: Bulletin International de ' Acadénie des Sciences de Cracovie, Classe des Sciences mathématiques
et naturelles. Série A: Sciences mathématiques | Anzeiger der Akademie der Wissenschaften in
Krakan. Mathematisch-Naturwissenschaftliche Klasse. Reibe A: Mathematische Wissenschaften.
Hence, the journal of the Academy of Arts and Sciences in Krakéw (after 1919, the
Polish Academy of Arts and Sciences) was open to two then antagonistic camps of
French science and German one.

120 “Do stronnictw politycznych nigdy nie nalezatem; nie nalez¢ tez dzi§ do zad-
nego stronnictwa. Walkom politycznym czulem si¢ obcy, niechetny. Pragnalem zawsze
co$ czyni¢, w miare sil tworzy¢, po sobie zostawi¢; walki, polemiki, budzily we mnie
niesmak. Co jest stabe i liche, moim zdaniem, samo upada, zginie, przepadnie. Naj-
lepsza krytyka jest tworczos¢” (Natanson 1933/1958, p. 119).

121 “Einstein was one of only four signatories of the pacifist declaration «Manifesto
to the Europeansy (“Aufruf an die Europier”), written by Georg F. Nicolai (1874—
1964), [e]xtraordinary [p]|rofessor of [m]edicine and [p]hysiology at the University of
Berlin, in response to the manifesto «To the Civilized World» (“An die Kulturwelt”)”
(Einstein 1915a (published archival document). [In:] Einstein 1998a, Doc. 45a, p. 29, fn. 7.
Cf. also Wolff 2003, pp. 343-344 (English) / 2007, p. 46 (German).

122 Cf. the following excerpts of two letters of 29 December 1915 and 14 Septem-
ber 1917 from Albert Einstein to Wladystaw Natanson.

“Solange Sie da waren, sind Sie mir der liebste Berliner gewesen; der gemiitliche

Verkehr mit Thnen geht mir jetzt sehr ab.” (“As long as you were here, you had been
my favorite Berliner; now I miss our relaxed relations very much) (Einstein 1998a,
Doc. 175, p. 231; English translation: Einstein 1998b, Doc. 175, p. 169.
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Considering the above comments I agree with N. Nagasawa, that it
cannot be ruled out that Arnold Sommerfeld was not eager to promote
Natanson’s work in 1924 for political prejudices.

6. Who discovered Bose statistics
and Bose-Einstein statistics?

As itis already stated in Section 3.4: a) F. Hund (1967) formulated thesis
that Natanson was the first who formulated Bose statistics of “light quanta”, b) this
thesis was accepted by some later commentators of Natanson’s works
(A. Hermann, A. Kastler, B. Sredniawa), A. Bach, Boya, Hentschel,
S. Varr6, B. Lange, and “Roh Minamida” / N. Nagasawa, c) it is B. Lan-
ge’s thesis that we should talk about Natanson’s statistics (1997a) or,
according to P. Mittelstaedt (2013), about “Natanson statistics”, d) it is
J- Spalek’s thesis that we should talk about “Natanson-Bose-Finstein sta-
tistics” (2005), and e) it is M. Waniek’s and K. Hentschel’s thesis that we
should talk about “Planck-Natanson-Bose-Einstein statistics” (2011).

Contrary to the above-mentioned scholars I think that — without any
exaggeration — W. Natanson or M. Planck may be considered a precur-
sor'? of Bose statistics and Bose-EFinstein statistics, but the idea that
each of them was the author or a co-author of these statistics is too
far-reaching. Regarding W. Natanson, I share the opinion of such re-
searchers as L. Infeld, and S. Bergia with regards to this issue.

The former (Infeld 1958, p. 136; 1964b, pp. 35-36) noted about
Natanson that:

“Man fuhlt sich immer fremder in dieser harten Welt. Aber man freut sich der wohl-
wollenden Gesinnungs briider, wenn sie auch ferne in Krakau sitzen! Hoffentlich fihrt
uns das Schicksal bald einmal wieder zusammen.” (“One feels increasingly alienated at
this hard world. But we appreciate our good-willed brothers of like mind, even if they
are located far away in Cracow! I hope fate soon brings us together once again”) (Ein-
stein 1998a, Doc. 380, p. 514; English translation: Einstein 1998b, Doc. 380, p. 373).

Five letters from Einstein are preserved in the correspondence of Natanson kept

in the Jagiellonian Library. Regarding these letters cf. Sredniawa 1996, pp. 76-77;
2006, p. 260.

123

,Precursors serve a social function in the construction of the collective me-
mory of a community by creating links that provide continuity in time and between
successive generations of scientists” (Gingras 2007, p. 371). Cf. also entire section
entitled “The Social Function of “Precursors’ in Collective Memory” (pp. 371-372).
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he was close, remarkably close to the great scientific dis-
covetries, such as the formulation of Bose statistics.

And according to the latter (Bergia 1987, p. 234; reprinted in: Ber-
gia 2009, p. 344):

It must be stressed that Natanson does not suggest a phy-
sical interpretation in terms of objects: photons did not
exist in 1911."* Sdll, he is certainly to be considered as
a forerunner of Bose statistics.

On the other hand, I cannot agree with the bold thesis stated by
A. Bach (1988; 1990; 2008):

That what we now call Bose-Einstein statistics actually had
been introduced by Boltzmann in 1877 in the context of
establishing the entropy—probability relationship (Bach
1990, p. 2).

BE [Bose-Einstein] statistics was introduced by Boltz-
mann in the period 1868—1877 as a discrete scheme to de-
rive the exponential distribution (Boltzmann distribution)
and to establish the entropy—probability relationship (Bach
2008, p. 3).

The reason is quite simple, since L. Boltzmann and later M. Planck
and W. Natanson were not authors of the quantum density of states
discovered by Bose in 1924,'* and Boltzmann’s combinatoric approach
is based on an imaginary fiction not realized in the real world of me-
chanical objects.'*

However, I do agree with the advocates of the second and third
theses mentioned in Section 3.5 that Natanson was the first to under-
stand the statistical foundations of Planck’s law of black-body radia-
tion, and that Natanson and Ehrenfest were the first to understand the
concept identicality of physical objects.

124 There existed, of course, since Einstein’s paper of 1905, the light quantum, but
most physicists (see, for instance, Klein 1970a) did not give much credit to the idea.

1% However before SN. Bose’s article (1924a), several authors already published
articles contributed to explain the issue of the phase space elementary cell (h?).
M. Planck was also among them — cf. Ishiwara (1911), Sackur (1911; 1912a; 1912b);
Tetrode (1912a; 1912b), Planck (19106), L. de Broglie (1923; 1924). Moreover see:
Quarati, Lissia 2013; Abiko 2015; Ebeling; P6schel 2019, p. 7.

126 Cf. fn. 20.
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Taking all these into account, I can now answer the question: “Who
discovered the so-called Bose-Einstein statistics?”

From the perspective determined by using of the integrated histo-
riographic approach described in the introduction (cf. Section 1), there
is no simple answer to such a simple-sounding but very difficult ques-
tion. The final answer depends on the specific context in which we
should formulate it. If we are not interested in the history of physics,
our answer is quite simple and clear — they did it, Bose and Einstein in
1924-1925, and nobody else. However, if we take history seriously, our
answer should be different. I outline its idea below.

L. Boltzmann formulated “Bose-Einstein statistics” in 1868—1877 (see
Bach 2008, p. 3), but it was based on a mathematical trick of “Guant” of
speed or vis viva (twice kinetic energy) without a physical sense. However,
this statistics acquired physical meaning only in a limit case, when the
number of quanta of vis viva tends to infinity, and the magnitude of vis
viva tends to zero."”” This limit case is named the Maxwell-Boltzmann
distribution, because Maxwell found it before Boltzmann in an indepen-
dent way. Then the Wien-Jeans law of radiation and Planck’s law of black-
body radiation were discovered. Planck gave a theoretical explanation of
black-body radiation. However, his explanation was not perfect, what was
criticized by many authors. Then, Natanson (1911a; 1919c¢), following in
the footsteps of earlier scholars (starting of Boltzmann), understood the
statistical assumptions of “Bose statistics” as early as December 2010
(cf. his letter to Smoluchowski of 22 December 1910) — 6 March 1911
(date of presentation of his paper at the meeting of the Academy of Arts
and Sciences in Krakéw), but he did not give an appropriate physical model
of the problem being considered and did not give a quantum derivation of
the formula for the density of states what are the merits of Bose.

Einstein, in his earlier papers on the quantum theory of ideal gases,
between 1916 and 1924, and Bose in his first paper in 1924, overlooked
that the quanta, respectively molecules, should be treated as statistically
independent entities. This was noticed by Paul Ehrenfest and “other col-
leagues” such as Viktor R. Bursian, Turii A. Krutkov and Otto Halpern
(see Cannals, Sauer 2010a, pp. 10, 13, 14) which was indicated by
Einstein himself in 1925 in his second paper on Bose-Einstein statistics
(Einstein 1925a/2015a, Doc. 385; (Eng. transl.) 2015b, Doc. 385).

127 Cf. Bach 1988; 1990; 2008; Nauenberg 2016, pp. 717-718.
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Moreover, Einstein, P. Ehrenfest and “other colleagues” did not re-
alize that the key to understand a difference between particles obeying
quantum and classical statistics is not the indistinguishability of parti-
cles but the single-particle states: quantum states are discrete and clas-
sical states are dense.'”® However, the problem was well understood by
Natanson as early as December 1910 — 6 March 1911, and “scholar col-
leagues” around the world knew his works on radiation and specific heat
(1911a; 1911¢; 1912b), because he sent these works to many of them
(they had to know at least his work on radiation published in the Physz-
kalische Zeitschrift (1911c), the leading journal of those days).

There is also no doubt that Boltzmann and Planck had great mer-
its in formulating the new quantum statistics of radiation, though they
didn’t discover it.

Therefore, to emphasize the key achievements of Boltzmann,
Planck, Natanson, Bose and Einstein, it is worth introducing a new con-
vention and talking about Bo/tzmann-Planck-Natanson statistics (for the old
radiation theory) and using the terms Bose statistics (for the new quantum
theory of radiation) and Bose-Einstein statistics (for radiation and matter,
i.e. for particles with a spin of 0, 1, 2, ...), taking into account the im-
provements introduced by Natanson, Ehrenfest, ...). It is also useful
to introduce another convention and talk about Boltzmann-Planck-
-Natanson-Bose-Einstein statistics — in this case we do not pay much atten-
tion to the physical mechanisms or postulated quasi-entitites of theo-
ries and we generalize the terms “Planck-Bose statistics”, introduced by
John Hendry (1984); “Natanson-Bose-Einsten statistics”, introduced by
Jozet Spatek (2005), and “Planck-Natanson-Bose-Einstein statistics”,
introduced by Magdalena Waniek and Klaus Hentschel (2011). Nev-
ertheless we should remember that such terms are only conventions,
which conceal and omit a number of additional co-authors.

1% Cf. Winterbon 1988, p. 334 (to be clear, Winterbon considered the problem
of understanding the differences between the quantum and classical statistics and the
indistinguishability of particles, and he did not evaluate the views of the scientists
mentioned by me); Saunders 2006, p. 17.
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7. Which historian of physics was the first to note
the achievement of Natanson?

It is the received view that Friedrich Hund (1896-1997) was the first
historian of physics who noted achievements of Natanson in quantum
statistics. However, it appears that in this respect, the priority belongs
to Edmund Taylor Whittaker (1873—-1956), an English mathematician,
physicist, historian and philosopher of exact sciences, who at his .4 His-
tory of the Theories of Aether and Eelectricity. Nol. 2. The Modern Theories
19001926 (1953) on pp. 88—89 states what follows:

Planck regarded the quantum property as belonging es-
sentially to the interaction between radiation and matter:
free radiation he supposed to consist of electromagnetic
waves, in accordance with Maxwell’s theory. Einstein in this
paper put forward the hypothesis that parcels of radiant
energy of frequency v and amount hv occur not only in
emission and absorption, but that they have an indepen-
dent existence in the aether. It was shown by P. Ehrenfest'
of Leiden, by A. Joffe? of St Petersburg, by L. Natanson’
of Cracow and by G. Krutkow* of Leiden that Einstein’s
hypothesis leads not to Planck’ law of radiation but to
Wien’s, at any rate if we assume that each of the light-quanta
or photons of frequency v has energy hv and that they are
completely independent of each other. In order to obtain
Planck’s formula it is necessary to assume that the ele-
mentary photons of energy hv form aggregates, or photo-
-molecules as we may call them, of energies 2hv, 3hy, ...,
respectively, and that the total energy of radiation is dis-
tributed, on the average, in a regular manner between the
photons and the different kinds of photo-molecules.

1. Ann. d. Phys. xxxvi (1911), p. 91 [Ehrenfest 1911].
2. Ibid, p. 534 [Joffe 1911]. 3. Phys. ZS xii (1911), p. 659
[Natanson 1911c]|. 4. Phys. ZS xv (1914), p. 133 [Krutkow
1914al.

Hence, in Whittaket’s opinion, the essence of Natanson’s achieve-
ment and of the other physicists: Ehrenfest, Joffe, and Krutkow was not
discovery of Bose-Elinstein statistics, but the fact they understood that
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Einstein’s hypothesis of independent photons led to Wien’s law, and
the “aggregates of photons” or “photo-molecules” led to Planck’s law.

On the other hand, it is still valid thesis that only after Friedrich
Hund monograph (1967) many researchers of history of quantum sta-
tistics discovered in this field the achievements of Natanson.

8. How many Natanson’s works are known
by the scholars writing about Natanson’s contributions
to the so-called Bose-Einstein statistics?

Nearly all scholars writing about Natanson’s contributions to the so-
-called Bose-Elinstein statistics know only the third paper on the list of
Natanson’s works given in Section 3.1 (Natanson 1911c¢), thatis a Ger-
man translation “Uber die statistische Theorie der Strahlung” (pub-
lished: 15 August 1911); they do not know of the first paper on this list
(Natanson 1911a), that is his English paper “On statistical theory of
radiation” (published: circa 10 April 1911).

The German translation was known and quoted, among others, by
the following historians of physics: E. Hund (1967, p. 35 fn. 10; Eng-
lish transl. 1974; and Russian transl. 1980, p. 226 fn. 10), A. Hermann
(1971, p. 28 fn. 34), J. Hendry (1980, p. 73 fn. 83), A. Kastler (1983,
p. 623 n. 9), O. Darrigol (1984, p. 659; 1988; 1993), A. Bach (1988; 1990),
S.K. Das, S. Sengupta (1995), A. Kojevnikov (2002, pp. 198 & 227),
L. Navarro, E. Pérez (2004, p. 141), E. Garfield (2004), S. French,
D. Krause (20006, pp. 91 & 404), S. Saunders (20006, pdf version, p. 21;
2009, p. 304), M. Badino (2009, pdf version, p. 26), A. Borrelli (2009,
p. 77), O. Passon, ]. Grebe-Ellis (2017, p. 7), etc.

This is also cited in the realistic interpretation of quantum mechan-
ics proposed by A. Jabs (1996, p. 82, fn. 261).

Nevertheless, even this paper is omitted by several historians of
physics writing about the genesis of the so-called Bose-Einstein sta-
tistics, such as H. Kangro (1970; English translation 1976), T.S. Kuhn
(1978), and H. Kragh (2002).

However, the English and German versions of this paper are listed
by M. Jammer (1966, p. 51 fn. 205; Russian translation: 1985, p. 60
fn. 205), M. Paty (2001, p. 22), J. Stachel (2000, pp. 245, 246, 251), S. Varrd
(20064, pdf version, p. 33; 2006b, pdf version, p. 19; 2007, p. 169) and
P. Enders (2007, p. 87; 2009, p. 18).
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These three papers (Natanson 1911a; 1911c; 1912b) are known also by
the American historian of science (of the Polish origin) M.]. Konieczny
(2008, 2010, 2011, 2012), and the Japanese historian of physics
N. Nagasawa (“Roh Minamida” 2009; Nagasawa 2018).

The Polish scholars who write about Natanson’s contribution to the
so-called Bose-Einstein statistics, such as B. Sredniawa (1985, pp. 89—
=90; 1997, pp. 14-16; 2000, pp. 454—455; 2001, pp. 105-107; 2007,
pp. 713-714, 721) and after him J. Spalek (2005; 2006; 2009), know his
other work, mentioned above in Section 4.1 and listed as the fifth position
on this list — Natanson 1913: Zasady Teoryi Promieniowania (The Prin-
ciples of Theory of Radiation). Prace Matematyezno-Fizyezne 24, pp. 1-88.
Warszawa: Wydawnictwo Redakcji Prac Matematyczno-Fizycznych.
It is an extensive review article on the theory of radiation.’” This rule
does not apply to previous Polish researchers: J. Weyssenhoff (1958)
and A. Teske (1981) did not mention any of these three works; K. Szym-
borski (1980, p. 66) mentioned both English and German versions
of Natanson’s article (1911a; 1911c); Bogdan Lange (1992a; 1992b; 1997a;
1997b), K. Czapla (2005, p. 55, fn. 27) and A.K. Wréblewski (2014,
pp. 267, 273) only the German version (1911c).

In June 2011, the author of this article found out that another of Na-
tanson’s paper dealing with our subject exists. It is titled “O promienio-
waniu (On radiation)”. It was presented on the 19th of July in 1911 in
Krakéw during “XI Zjazd lekarzy i przyrodnikéw polskich” (The 11th
Congress for Polish Physicians and Natural Scientists), which was held
between the 18th and the 22nd of July in 1911 (Natanson 1911b). In
1912 it was published as a reprint (Natanson 1912a). A revised version
of this paper appeared in 1924 in Wiadystaw Natanson’s book, Ob/icze

12 However, in the case of articles marked by me as “Natanson 1912b” (i.e. “On
the Energy-content of material bodies”) and “Natanson 1913” (i.e. “Zasady Teoryi
Promieniowania” (“The Principles of Theory of Radiation”)), B. Sredniawa provides
incorrect information on several occasions. In the case of the first article, among
others, the incorrect year 1911 of publication is consistently given. In the case of the
second article, the incorrect year 1912 of publication and / or the number of pages
are given, e.g.: “W. Natanson: Zasady teorii promieniowania. Wyd. Prac Matematyczno-
-Fizycznych. Warszawa 1912, 88 5. (Sredniawa 1997, p- 20) [88 pp. is the correct numiber;
“W. Natanson, Prace Mat.-Fiz., t. 24 (1912), s. 1-352” (Sredniawa 2001, p. 107) or
“W. Natanson, Mathematical and Physical Letters 29, 1-232, Jagiellonian University 1912
(in Polish)” (Sredniawa 2007, p. 721).
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natury: odegyty, pryemowienia i sgkice (The face of nature: lectures, speeches and
essays). Krakow: Krakowska Spotka Wydawnicza, 1924, pp. 125-153
(Natanson 1924b, i.e. Natanson 1924, pp. 125-153).

9. Conclusion: Why the name of Wtadystaw Natanson
was neglected for many years in the context
of the so-called Bose-Einstein statistics?

Regarding the considerations made so far, I think that two matters
worked here. Firstly, it was the lack of sufficient knowledge about pri-
mary sources, both letters and articles (it was the basis of the assumed
view that Natanson’s works on theory of radiation and related issues
were entirely neglected and forgotten in 1910s and 1920s), and the sec-
ond was the Robert K. Merton effect, that

[consisted] in the accruing of greater increments of recog-
nition for particular scientific contributions to scientists
of considerable repute and the withholding of such recog-
nition from scientists who have not yet made their mark
(R.K. Merton 1968, p. 3)."

% However, as it is commonly known, RK. Merton named it ‘Matthew effect’.
I think that this term was incorrectly chosen by this author, who while studying the Para-
ble of the Talents of (Matthew 25:14-30), confused the divine perspective and the sphere
of sacrum with the temporal perspective and the sphere of profanun, and formulated the
principle according to which the “rich man” would only get richer (gain new talents),
and the poor would be even more impoverished (lose talents). But, in Christian spiritual
life, this rule simply does not apply, because (taking into account other passages from
the Bible) this kind of “richness” seen by a human eye can appear to be the biggest
poverty of a man. It suffices only to recall another biblical passage also from Matthew
(19: 24): “It is easier for a camel to go through the eye of a needle, than for a rich man
to enter into the kingdom of God” (cf. Hebrew New Testament Studies 2003). Thus the
Parable of the Talents is about something different: because God knows each heart, He
passes a just judgment on our real intentions and activities and warns us against the
consequences of bad deeds — cf. a Trapist monk Thomas Merton 1955 (2005, p. 173);
1969, p. 16; Whelchel 2013; Wikipedia 2019d.

In contrast, the readers of scientific works (papers, articles, books) —not possessing

divine knowledge — do not know the real merits of various authors and co-authors and
therefore judge them by appearances (unless the readers make a very detailed analysis
of these achievements, but in practice it is very difficnli). That’s why they often pass sen-
tences about these works and their authors that are far from the truth, e.g. exaggerated
achievements of already famous scholars...
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It needs to be highlighted that the effect joins three issues: a) the intel-
lectual thefts and unreliability in quoting which unfortunately take place
too often in science,” b) the still dominant nafve interpretations of the
history and philosophy of exact sciences based on the idea that a more
famous scientist by definition and at once means more than impor-
tant thinkers and their greatest merits and contributions in co-authored
works,"”? and ¢) the small or negligible final impact of authors caused
by a lack of affiliation to a dominant scientific centre, a dominant sci-
ence school, a dominant political faction or even a dominant nation.'”

At the same time, I do agree with the motto of the articles of Naga-
sawa (“Minamida” 2009; Nagasawa 2018) about the neglected achieve-
ment of Ladislas (Wladystaw) Natanson:

Citation is not only a working technique, but also an eth-
ics, the acknowledgement of obligations and a respect for

truth (Wolff 2003, p. 349).

Unlike many of his contemporary physicists, Natanson did not have
any problems with this ethical and epistemological view.

131 This aspect is well known from bibliometric studies — cf. Kokowski 2015b,
pp. 155-169.

132 Nobel Prize winners from various disciplines paid great attention to this aspect
in interviews conducted by Zuckerman 1965; 1972; 1977. And this finding was used by
R.K. Merton to formulate the term ‘Matthew effect’. It is worth remembering Merton’s
own words on the dependence of his view on Zuckerman works: “This is occasion
for repeating what I have noted in reprinting the original «Matthew Effect in Science»
[RK. Merton 1968 — M.K.]: «It is now [1973] belatedly evident to me that I drew
upon the interview and other materials of the Zuckerman study to such an extent
that, cleatly, the paper should have appeared under joint authorship.»” (R.IK. Merton
1988, p. 607 fn. 2).

135 As regards point c), it is the reason that there is no common history of
physics (or science), but there are many national histories of physics (or science) —
cf. A K. Wréblewski’s plenary lecture given during the 2nd International Conference
of the European Society for the History of Science held in Cracow in 2006 entitled
“Are we ready for common history of science?” (Wréblewski 2006).
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Appendix 1. Preliminary methodological considerations
about the historical method

Our comprehension of historical concepts, events and processes is pos-
sible thanks to the use of the historical method."**

To explain this method I use the ideas of ‘understanding’ and ‘de-
coding’ of sources by using a deliberately chosen ‘hermeneutics’ i.e.
‘interpretative tools’, and the analogies of ‘a lens’, ‘a microscope” or
‘a telescope’, and I say briefly:

Our understanding of historical sources consists in decoding their
content using a specific hermeneutics (i.e. certain consciously chosen
interpretative tools)'?
tain narratives based on facts evidenced by historical sources and aux-
iliary studies. The reliability of these narratives depends on whether
they ‘save historical phenomena’ (i.e. they are consistent with relevant
selected historical events supported by the evidence in historical
sources), and they are consistent also with the state of knowledge about
the whole culture or some of its privileged parts.'*

The empirical basis of such narratives is found by analysing sources
of historical information (handwritten documents, printed documents
etc.). In order to read these documents with a proper understanding, we
must be able to recognize handwritten characters (if we have to study

.The aim of the historical method is to create cet-

3% For a description of this method see, for example, Droysen 1858; Freeman
1886; Bernheim 1889 (1% ed.; 1908 5th ed.); Langlois, Seignobos 1898 (‘ed. of 1992);
Garraghan 1946; Gottschalk 1950; Butterfield 1955 (reissued 1969); (about German
historicism) Iggers 1968 (rev. ed. 1983);Topolski1968 (3rd corr. ed. 1984); 1978; 1983;
1998; Shafer 1974; McCullagh 1984; Firat 1987; Bentley (ed.) 1997; Bentley 1999; Phil-
lips 2000; Howell, Prevenier 2001; Riisen (ed.) 2006; Wood 2008; Edwards Education
Blog 2013; Porra, Hirschheim; Parks 2014; Levitin 2015; Janssen 2017; Morgan 2017;
Dagg 2019.

1% For details see Kokowski 1999; 2001, pp. 5-9; 2007.

3¢ T apply here an analogical reasoning — I mean the Hellenistic expression used

in philosophy of nature “ZwZetv T Pavopeva’ (,,to save phenomena”), and the ideas
of ‘external confirmation’ and ‘inner perfection’ of a physical theory by Einstein; see
Duhem 1908/1969 (reprinted 1985), and Einstein 1949, pp. 20-25. On the margin:
this approach is versatile and more universal than the approach assumed in ‘general
history’, ‘philosophical history’, ‘conjectural history’ (the latter developed by Montes-
quicu and Scottish scholats), and annals, memoirs, biography, and literary history —
cf. Phillips 2000.
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handwritten documents) and printed characters, as well as to recognize
a linguistic dimension of the documents studied (the content of docu-
ments) we must possess proper linguistic abilities (in national languages,
and languages of scientific disciplines).

In the historical approach, we can use a whole spectrum of differ-
ent strategies (from antiquarianism'”’ to presentism'”) and apply these
strategies to analyse concepts (their content, genesis, and reception in-
cluding a generation of new conceptual contents), events or historical
processes from past to present times, and vze versa (I mean progressive
studies or regressive ones) or at a particular time in the history.

However, the more we move away from the historical context of our
times, learning about past events becomes more and more difficult. This
is because they are mediated by the way these events were understood
by direct witnesses, and subsequently how various categories of inter-
preters understood the witness statements on these events (including
translators / linguists), and at the end, by ourselves, who, immersed in
some thought collectives, are also interpreters of the past.'”

Moreover, our comprehension of historical events or processes,
ie. the result of applying the historical method, is always hypothetical,
as it is based on many hypothetical premises. In researching and writing

137 See Sweet 2008; Levitin 2015; Janssen 2017; the genesis of this approach is
described in Momigliano 1990, chap. 3. “The rise of Antiquarian research”, pp. 54-79.
“The essence of antiquarianism is a focus on the empirical evidence of the past, and
is perhaps best encapsulated in the motto adopted by the 18th-century antiquary Sir
Richard Colt Hoare, «We speak from facts, not theory» Today the term is often used
in a pejorative sense, to refer to an excessively narrow focus on factual historical trivia,
to the exclusion of a sense of historical context or process” (Wikipedia 2019a).

138 Presentism is an anachronistic interpretation of the past from the point of view
of the present-day ideas. See, for example, Fischer 1970, pp. 135-140; Syrjamaki 2011,
pp- 20—-49. However, in the strict sense of the word, one cannot completely avoid such
a research perspective — see, for example, Fendler 2008; Spoerhase 2008.

1% “The whole modern method of historical research is founded upon the
distinction between original and derivative authorities. By original authorities we mean
cither statements by eye-witnesses, or documents, and other material remains, that are
contemporary with the events which they attest. By derivative authorities we mean
historians or chroniclers who relate and discuss events which they have not witnessed
but which they have heard of or inferred directly or indirectly from original authorities.
We praise original authorities — or sources — for being reliable, but we praise non-
contemporary historians — or derivative authorities — for displaying sound judgment in
the interpretation and evaluation of the original sources” (Momigliano 1950, p. 286).
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about the historical past, apart from determining things, i.e. material
documents of the epoch, dates and places of events or processes, it is
also important to determine the names of people who played impor-
tant roles (not necessarily major) in those events or processes. They are
all needed to build a reliable story, written by a historian, which must
persuade the audience to the picture desctibed in such a story.'

In the case of the historiography of sciences, we must also know
documents (archival documents, published works, instruments, buildings,
etc.), dates and places. As regards to scientists, we need to find not only
names of discoverers, but also of their precursors and epigones. Regard-
ing the story written by a historian of science, it must also be well-com-
posed to persuade the audience to the picture described in such a story.""!

This is all linked with several important issues that have been dis-
cussed for along time by sociologists, historians of science, philosophers
of science and intellectual historians. They include: the priority of dis-
covery,'* multiple discoveries,'*’ scientific precursors,'* anachronism'*
including the Whig or Whiggish history of science and its overcoming
by a detailed contextual research,'* the still existing intriguing discrep-
ancies in establishing by historians of science in different linguistic cir-
cles a coherent list of names of important scientific discoverers,'’ and
finally the methodology of the historiography of sciences, which joins
the methodology of historiography with the methodology of sciences.

While generalizing the problem of the historical narrative (both in
historiography and historiography of sciences), it is worth distinguish-
ing in every text (including a scientific text) three elements or strata: “zhe
Sorm of the text (the literary form of the text), zhe hermeneutics of the text

0 Writing this story is linked with a more general problem of constructing the
historical narrative by a historian — cf. Munz 1997; Topolski 1998.

141 About the history of the historiography of sciences cf. Agassi 1963; Kragh
1987; Markova 1987; Catana 2011. On Duhem’s return to sources, see Le Roux, Kras-
nodebski 2017, pp. 37—41.

2 R.K. Merton 1957.

5 R.K. Merton 1961a; 1961b; 1963; Bikard 2013.

4 Duhem 1908; 1913-1959; Langlois 1994, p. 1.

145 Skinner 1969; Prudovsky 1997; Jardine 2000; Spoerhase 2008; Spelda 2012.

16 Butterfield 1931; 1949 (2nd ed. with corrections 1957); Hyman 1988; Mayr
1990; Jardine 2003.

7 Wréblewski 2007.
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(that is all means applied explicitly or implicitly in the text to interpret
the subject under study) and #be rhetoric of the text (that is all means serv-
ing to convince the reader to the expounded theses”.'*

Regarding the methodology of the so-called exact sciences, we know
that every theory belonging to these sciences is composed of a math-
ematical model and of quasi-entities defined in the context of this
model. We also know that the hypothetico-deductive method of cor-
respondence-oriented thinking (Korespondenzdenken) is a very useful
tool for understanding the development of such sciences. The created
new theories are often linked with earlier theories by correspondence
principles and it is not accidental — it is a result of the application of
the postulate of correspondence of subsequent theories by scientists.
Every perfect theory must be logically and mathematically coherent and
save phenomena. The latter is realized by using measuring instruments
and correspondence rules linking observables and their representations
postulated in the context of the theory."*

Historians of science — in their investigations of the past science —
have the freedom to choose any reasonable research hermeneutics.
It can stem from the methodology of the so-called exact sciences, phi-
losophy of science, sociology of scientific knowledge, etc. The main
demand is epistemic coherence and fruitfulness of this approach, tested
by decoding the previously encoded content of scientific publications.

Appendix 2. Comments regarding terminology:
“Bose statistics”, “Bose-Einstein statistics”,
“Einstein-Bose statistics” and “Planck-Bose statistics”

Shortly after the release of S.N. Bose’s articles: 1924a (reprinted 2009a;
English transl. 2009b); 1924b (reprinted 2009¢; English transl. 2009d),
and then A. Einstein’s articles: 1924 (reprinted 2015a, Doc. 283; Eng.
transl. 2015b, Doc. 283); 1925a (reprinted 2015a, Doc. 385; Eng transl.
2015b, Doc. 385); 1925b (reprinted 2015a, Doc. 427; Eng. transl. 2015b,
Doc. 427), the terms “Bose statistics”, “Bose-Einstein statistics” or
“Einstein-Bose statistics” (emphasizing the primary role of Einstein in

4% About this understanding of the methodology of historiography of sciences
cf. Kokowski 1999; 2001, pp. 5-9, 317; 2007.
¥ More about these aspects cf. Kokowski 1996; 2012; 2015c.
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its genesis) and their equivalents in other languages than English were
introduced in the recognition of the achievements of the authors of
these works.

The term “Bose statistics” refers to the statistics that Bose introduced
in the case of blackbody radiation (the quanta of light, called photons
after 1926)," and the terms “Bose-Einstein statistics” or “Einstein-Bose
statistics” to the new quantum statistics, which was generalized by Ein-
stein also for the case of ordinary matter particles (perfect gas).

1) “Bosesche Statistik”: Adolf Smekal to Albert Einstein (Vienna,
5 February 1925; cf. Einstein 2015a, Doc. 434, p. 644); Max Born
to Albert Einstein (Goéttingen, 15 July 1925; cf. Einstein 2018,
Document 23, pp. 7072, here p. 70); Pascual Jordan to Albert
Einstein (Gottingen, 27 October 1925; cf. Einstein 2018, Do-
cument 98, p. 177); Smekal 1926, p. 319; Jordan 1927, p. 637,
Jordam, Wigner 1928, p. 635/Wigner 2013, p. 113; Haas 1928,
pp- 114,119,120, 121, 122, 124, 126, 129; Heitler, Herzberg 1929;
Fierz 1939, pp. 3, 28.

2) “Bose statistics”: Weisskopf 1939, pp. 72, 75, 82 / 1958, pp. 68,
71, 78; Pauli 1940, p. 13; Feynman 1949, pp. 773, 782; Feynman
1950, p. 452 / 1958, p. 269; Kubo et al. 1965, p. 29. fn. 1; Sudat-
shan 1968, p. 379; Sudarshan 1974/1975, p. 70.

3) “Crarucruxa bose™: Leontovich 1944, pp. 174, 175, 176; Landau,
Lifshitz 1937-1939 (ed. 1975, p. 180) / (English transl.) 1958, p. 153).

4) “Bose-Einsteinischen Statistik”: Smekal 1925, p. 613; Born, Hei-
senberg, Jordan 1926 (received 16 November 1925), p. 609 [re-
printed in: Heisenberg 1985, p. 449]; Albert Einstein to Paul
Ehrenfest (Berlin, 24 November 1926; cf. Einstein 2018, Do-
cument 420, pp. 644, 645); Jordan 1927, p. 637; Wigner, Witmer
1928, p. 868 / Wigner 2013, p. 176; Schaefer 1937, pp. 30, 405
fn. 411; Schifer 1950, pp. 208, 209.

5) “Statystyka Bosego-Einsteina”: Sktodowska-Curie 1939, p. 98.

6) “Crarucruka bose — 3iamrreiina”: Leontovich 1944, pp. 174,

176; Frenkel’ 1948, p. 637, 643, 644.

50 According to the current views, the term “photon” originated in 1916, but
gained acceptance after the article by Gilbert N. Lewis (1926). On the genesis of this
term and its meaning see Kragh 2014 and Hentschel 2018.

408 M. Kokowski SHS 18 (2019) | DOI: 10.4467/2543702XSHS.19.012.11018


https://books.google.pl/books?id=rC1KDwAAQBAJ&pg=PA644
http://books.google.pl/books?id=rC1KDwAAQBAJ&pg=PA70
http://books.google.pl/books?id=rC1KDwAAQBAJ&pg=PA177
https://link.springer.com/article/10.1007/BF01397105
https://link.springer.com/article/10.1007%2FBF01504889
http://www.fisicafundamental.net/relicario/doc/JordanWigner-1928.pdf
https://books.google.pl/books?id=V2n7CAAAQBAJ&pg=PA113
http://rcin.org.pl/impan/Content/66241/WA35_11130_4637_Materiewellen.pdf
https://doi.org/10.1007/BF01506505
https://books.google.pl/books?id=iwQES6cclB0C&printsec=frontcover
http://web.ihep.su/dbserv/compas/src/pauli40b/eng.pdf
https://journals.aps.org/pr/pdf/10.1103/PhysRev.76.769
https://pdfs.semanticscholar.org/16be/9cf595bb14360015072570a0f921605285bc.pdf
https://books.google.pl/books?id=iwQES6cclB0C&printsec=frontcover
https://ia800202.us.archive.org/12/items/KuboStatisticalMechanics/Kubo%20-%20Statistical%20Mechanics.pdf
https://web2.ph.utexas.edu/~gsudama/pub/1968_001.pdf
https://web2.ph.utexas.edu/~gsudama/pub/1974_011.pdf
http://books.e-heritage.ru/book/10077922
http://ftfsite.ru/wp-content/files/landau_statfiz_4.2.pdf
https://archive.org/details/statisticalphysi05land
https://books.google.pl/books?id=KF2oBgAAQBAJ&pg=PA449
http://books.google.pl/books?id=rC1KDwAAQBAJ&pg=PA644
http://books.google.pl/books?id=rC1KDwAAQBAJ&pg=PA645
https://link.springer.com/article/10.1007%2FBF01504889
https://books.google.pl/books?id=V2n7CAAAQBAJ&pg=PA176
https://books.google.pl/books?id=wy5-a0v2HxAC&pg=PA30
https://books.google.pl/books?id=MD7vBgAAQBAJ&pg=PA202
http://delibra.bg.polsl.pl/Content/25213/BCPS_28760_1939_Promieniotworczosc.pdf
http://books.e-heritage.ru/book/10077922
http://eqworld.ipmnet.ru/ru/library/books/Frenkel1948ru.djvu
https://arxiv.org/ftp/arxiv/papers/1401/1401.0293.pdf
https://books.google.pl/books?id=_zppDwAAQBAJ

7) “Bose-Linstein statistics”: Feynman 1950, p. 454 / 1958, p. 271.
8) “Einstein-Bose statistics”: Wigner 19206, p. 492 / 2013, p. 34; Di-
rac 1927, pp. 245, 247, 250, 251, 253, 255,260 / 1958, p. 3, 5, 8,
9, 11, 13, 18; Fowler 1929, pp. 537, 543, 553, 556, 557, 559; Ra-
setti 1929, p. 516; Kemmer 1938, p. 127; Pauli 1940, p. 13; Lind-

9)

Moreover, some researchers assumed that the terms “Bose statistics”
and “Bose-Einstein statistics” are only different names for the same sta-
tistics called “Bose statistics” or “Bose-Einstein statistics” — Landau,
Lifshitz 1937-1939 (ed. 1975, p. 180) / English transl. 1958, p. 153;
Leontovich 1944, pp. 174, 175, 176); Kubo et al. 1965, p. 29 fn. T/ Rus-
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say 1941 (6 priting 1962, p. 193).

“La statistique de Finstein-Bose”: Born, Heisenberg, LLange-
vin, Kramers, Dirac (cf. Institut international de physique Solvay

1928, pp. 175, 176, 269, 270, 271, 272; Pauli 1930).

sian transl. 1967, p. 43 fn. 2.

After the article by Wolfgang Pauli (1940) it was known that the sta-
tistics of BE describes particles with spin 0, 1, 2, ... Taking this into ac-
count and acknowledging S.N. Bose’s merits, P. Dirac (1945 [cited after
Farmelo 2009, p. 331, n. 64], 1947) named particles with spin 0, 1, 2,

... bosons.

However, in the first edition of Dirac’s monograph of 1930 he ap-

The new statistics was first studied by Bose, so we shall
call particles for which only symmetrical states occur in
nature bosons. [...] We can see the difference of Bose
statistics from the usual statistics by considering a special
case — that of only two particles and only two indepen-
dent states a and b for a particle. [...] Thus with Bose sta-
tistics the probability of two particles being in the same
state is greater than with classical statistics. Bose statistics
differ from classical statistics in the opposite direction to
Fermi statistics, for which the probability of two particles
being in the same state is zero. [...] Planck’s law of radia-
tion shows us that photons are bosons, as only the Bose
statistics for photons will lead to Planck’s law (Dirac 1947,
3rd rev. ed., pp. 210-211).

plied a more general term: “Finstein-Bose statistics™:
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This statistical mechanics is known as the Einstein-Bose
statistics, as it was first introduced by Bose and Einstein
before the arrival of the modern quantum mechanics

(Dirac 1930, p. 201; cf. also p. 219).

Currently, the dominant term is the term “Bose-Einstein statis-
tics” (Google: 153,000) and its equivalents in other languages: “Craru-
cruka bose-Ditarrreiina” (58,600), “Statistique de Bose-Einstein”
(21,000), “Bose-Einsteinschen Statistik™ (201), “Statystyka Bosego-Ein-
steina” (470). The term replaced the term “Einstein-Bose statistics”
(Google: 3,460) and its language equivalents: “statistique de Einstein-
-Bose” (81), “Einstein-Bosesche Statistik™ (7), “statystyka Einsteina-
-Bosego™ (1).

The term “Bose statistics” is still in use (Google: 26,700) and its
language equivalents: “Cratuctuka bose” (2,430) “statistique de Bose”
(1,050), “statystyka Bosego™ (86), “Bosesche Statistik™ (15).

Moreover, John Hendry (1984, p. 70) uses the term “Planck-Bose
statistics” instead of the term “Bose statistics” (only two cases in Goo-
gle linked with Hendry’s book).

Appendix 3. Letter from Max Planck
to Wtadystaw Natanson (25 January 1913)

There is very interesting evidence from the beginning of 1913 that
Planck appreciated Natanson as a physicist. This is Sommerfeld’s let-
ter from 25 January 1913 sent from Berlin-Grunewald to Natanson
in Krakow:

I attach below a transcription of this letter with its translation into
English.

Betlin-Grunewald, 25.1.13
Hoch verehrter Herr College!

Nehmen Sie meinen besten Dank fir Thnen freundli-
chen Brief von 21. [...] Selbstverstindlich werde ich mir
eine besondere Freude daran machen, Sie als Mitglied der
Deutscher Physikalischen Gesellschaft vorzsuchlagen. Die
Aufnahme wird voraussichtlich in 4 Wochen erfolgen,
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und Thnen alsbald von Bureau der Gesellschaft angezeigt

werden.

Mit verbindlichen Griissen
Ihr ergebenster
M. Planck
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Fig. 16. Sommerfeld’s letter to Natanson (25 January 1913). Source: © Biblioteka
Jagielloniska, photo: © Michal Kokowski.
Berlin-Grunewald, 25 Jaunary, 1913

Esteemed Colleague!

Please receive my great thanks for your kind letter of 21.
[llegible] It goes without saying that it will be a great joy
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to recommend you as a member of the German Physical
Society. The admission is expected to take 4 weeks, and will
be announced to you by the Society’s Bureau.

With binding regards
Your most devoted
M. Planck

Appendix 4. Excerpts of two letters from Sommerfeld
to Rubinowicz (Stockholm, 1 October 1919;
Miinchen, on 1 November 1919).
Transcription and translation

In the letter from Stockholm, on 1 October 1919 — see Sommerfeld
1919a (archival document) — we read on p. 1/2 as follows:
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Fig. 17. The excerpt of the letter from Sommerfeld to Rubinowicz
(Stockholm, 1 October 1919). Soutrce: Sommetfeld 1919a.

Ausserdem habe ich vor Wochen durch Fajans bei Natan-
son u.[nd] in Warschau fiir Sie ein Wort einlegen lassen.
Ich weiss nicht, wie hoch der Chauvinismus bei den Po-
len geht, und ob nicht eine Empfehlung von mir dort ein
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Schaden ist. Sonst wiirde doch in dem neuen Grossstadt
tiir Sie Platz sein. Die wissenchaftl.[iche] Eigenproduktion
ist dort doch nicht so gross. Vielleicht aber sind die Polen
wie die Franzosen, d.h. [das heil3t] verriickt. Wie stehen Sie
selbst denn jetzt? [Sommerfeld 1919¢ (archival document), p.
1; transcription — M.K,; FK.].

Additionally, a few weeks ago I left a word for you via Fa-
jans at Natanson’s as well as in Warsaw. I do not know how
much chauvinism the Poles hold, and whether a recom-
mendation from me would not cause a problem. Other-
wise, there would be a place for you in a new big city. Their
own scientific production is not so large. Yet, perhaps the
Poles are like the French, that is crazy. What would be your
stance now? [translation — M.K.].

In the letter of Munchen, on 1 November 1919 — see Sommerfeld

1919¢ (archival document) — we read on p. 1 as follows:

19)
Arnihen £ XT .15,

v/yﬁo Arban iz ikesr prm %«m
K, Anar sl ettpaiAdts 272
Presv 2 Ao A s AL _pletlen .
vind Keezle, ic mart
Srterns avind. Yeriidin Sie vk aker
inuavmz 4414,5 sanhen ‘e
anf Bokn snd miik. Hislyh, dare
e P e w39 tone Kafblsifs Adsr miide
Gt . S dih e Yrroarte, Aknderrzi,
Andiisrrn inabiVod . Sz eobne. Yoo oS,
oo S fei sman Kneirlopd anen- ppnd
dogf Sic ik Brn, gon 41'h L Hoe ks
len prluerzing, G bdrps. ...f‘ﬂ‘.,x.;7 et
‘W/;nmmu”?» Frhlvny sind .

Fig. 18. The excerpt of Sommerfeld’s letter to Rubinowicz (Miinchen,
on 1 November 1919). Source: Sommetfeld 1919¢ (archival documeny).
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Liber Rubinowicz,

Sie haben inzwischen von Fajans gehort, dass die Aussich-
ten in Polen scheinbar nicht gut stehen. Natanson hat nicht
viel Einfluss. Massgebend sind Leute, die nur Polen sind.
Wenden Sie sich aber an Frau Curie unter Beziehung auf
Bohr und mich. Moglich, dass bei ihr die wissenschaftliche
Adr [Adresse] nicht ganz von Chauvinismus verschriftet
ist. Sie ist in Warschau, Akademie, Radiuminstitut [sic! —
in fact, she was in Paris]. Sie schreiben ihr, dass Sie bei mir
Assistent waren und dass Sie mit Bohr, der sich fur Thre
Arbeiten interessiert, wegen einer Kopenhagener Assis-
tentenstelle in Fiuhlung sind [Sommerfeld 1919¢ (archival
document), p. 1; transcription — M.K.; EK.].

Dear Rubinowicz,

In the meantime you have already heard from Fajans that
the prospects for a job in Poland are not good. Natanson
does not have much influence. Only people who are Polish
have some authority. However, contact Ms. Curie and refer
her to Bohr and me. It is possible that her scientific stance
is not entirely chauvinistic. She is in Warsaw, Academy, Ra-
dium Institute [sic! —in fact, she was in Paris]. Write to her

that you worked as an assistant with me and that you are in
touch with Bohr, who is interested in your work regarding
an assistant position in Copenhagen [translation — M.K.].
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