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Anelysis of Informational Ties Dynamics
in Early Quantum Mechanies (1925-1927)

The rise of quantum mechanics (QM) has been already
investigated fairly wall.l) In these studies, however, the
main attention has been usually paid to the conceptual
dﬂvelopmenf of the theory and to the way the ideas appeared
in the minds of scientists, so the prodass has been considea-
red in the third and second Popper s worlds. But there
exists also the world of socium {socieaty) and its
oonsciousness, which differs from that of individuals, In
this world the development of scientific theory should be
considered as n process of the spread of informaticn, the
perception of new ideas, the formation of scientific commu-~
nity. This is the subject of the present paper.

To describe such features of the theory as a whole, as,
for instance, the scientific consensus, or the pafadigm, one
usually seeks for individual views, which can be ireated as
"typical axamﬁles“. In doing so,.thrn and Rechenberg 2)
present the perception of QM in a series of concrete cases of



how the scientists became involved in the new theory, We try
another approach and do not restrict ourselves to the analysis
of few, lat it be even the most typical exaumples,

Instead we will base our investigation on the study of
~ the complets array of publications of QM and we will try to
supplement qualitative and intuitive estimations by quantita-—
tive ones, -
The chronological frames of this work are July 1925, Jjust the
very beginning of the theory, and February 1927, The. whole
array contains about 200 articles and books, 3

There exists also the problem of demarcation, Although
we paid much attention to citations, references to the main
papers on QM were not sufficient for us to include the publi-
cation into examination. It was necessary that QM in one of
its forms (wave or matrix) was considered by the author as a
paradigm for his own scientific work, We do not include the‘
pure experimental papers, if they did not contain theoreti-
cal part - quantummechanical calculations. But the papers,
which are wrang from the modern point of view, as well as
those, which go beyond the framework of conventional QM
{relativistic generalisations, 5.dimensional theories and so
on) are presented here, We also take into consideration

reviews, books and discussions of Philosophical implications
of the theory, |

§ 1. Quantitative growth and spread of information

¥e date the papers by the moment, the work was finished,
not by the date of pubiica.tion. Then the total number. of
refersnces from July 1925, when the first axrxticle by Heisen-
berg was written, till March 1927 is 203. The corresponding
g€rowth in time is depicted of Fig. 1. 80 Authors from 14
countries made their éontribution to the theory.

Such an intense development looks

quite extraordinary
evVen from the modern point of view, '

and 60 years ago it was
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unprecedented, Even the most important papers, as Planck’s
in 1900, Einstein’s in 1905, Bohr s in 1913 did not result
in such explosion, The amount of publicatioms on QM doubled
avery two-three months {see the characteristic parame ters in
fig. 1 b}, and after a year UM became a noticeable pﬁrt of
physics, constituting up to few percent of the current publi-
cations, lL.et us leave for a while the possible causes of
such an enthusiasm and discuss only the technical possibi-
lity of this rapid spreading of information. We will try to
estimate some important parameters,

a) The rapidity of publications in journals, For most
of the papers we know the dates of the receipt of the
article by editors and the "Redaktionschluss™., The typical

difference be tween them is less than 2 months. Adding the
time for print and mail, we can conclude, that the European
reader got thie papers something about 3 months after they
were finished and sent to the editors., An mdditional half a
month was required for the readers in the USSR, and about

e month for those in the USA, )

b) The rapidity of response, One or two months were

of ten sufficient time to invent and prepare an article, The
most active participants prepared one péper per two months,
Even quite new ane unusual ideas wers accepted rapidly and
ithe scientists usually received a response to them soon

after the publication, There are scme characteristic cases
in Fig, 2, when information was transmitted throught publi-

cation in journals without personal contacts.

Thus the whole round from the preparation of an article,
through its publication to the preparation of article=-
-response sometimes could be finished in 4 months, and
important papers received a rather wide re‘sponsé in a charac=
teristic time mbout 5 or 6 months, 6)
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Fig., 2 %

initial paper received

Redaktionas- led to which was
by editor sohluss article received
by editor
Born-Jornad 27.09.35% 28,11.,25 Lanczos 22,12,25
Born«He isen~
berg-Jordan 16.11.25 k,oz2,26 Schrodin- 18,03.26
ger
Sohrodinger 27.01.,26 13.03.,26 Eckart 31.05.26
Sohrodinger 27.01.26 13.03.26 Fock 11.06.26
Born 21,07.26 14,006 ,26 Slater 26.11,26
lleisenberg 11.06,26 10,08,26
¥Wigner :
Dirac 26,08,26 1,10,26 12,11.26

¢) Personal contacts, The publications in journals and
private communications were the supplementary routes of infor-
mation, their role was of the same order of magnitude. 7) It
seems, that the role of personal contacts was extremely
important in the spreading of rumdxs about the new perspective
field, which drew attention to the latter. Of course, the
texts were necessary for a detailed study of the theory, but
for this purpose also the reading of manuscripts of proof-
sheets was in practice. (The references in the articles
of ten inform about such things).

However, personal contacts not always leave their traces
in the resulting texts, so it is necessary to invoke biographi-
cal data to estimate more properly their significance. ¥e were
able to do so in the case of Matrix mechanics (MM)., Personal
contacts comnected 15 scientists out of 22, who comprehended
MM in its first year, 8)
Born’ s visit to America, Heisenberg s influence on visitors
in Copenhagen, as well as Born's in Gottingen.

The spocial role was played by

Sohrodinger seemed to display less activity in the distri-
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butian of his ideas, However those ideas were .popularized
by such prominent scientists as Debye and Sommerfeld,

but we have not enough information to conceive their role.

§ 2. The pattern of approaches and controverasy
of interpretations

Let us now put aside 10 publications, which we
consider as -oviews, They will be discussed later on, We
will not also/consider now the translations to other
leanguages and preliminary communications of the results as
independent works, The total number of papers ‘then reducod
to 166, they are all indicated in fig. 3.

¥e indicate there the abbreviations of the names of
the authors, and the date, when the article was Tinished,
with an accuracy to a month, Sometimes this date is pointed
out by the author himself in the text of an artiole, other-
wise, we took the date, when the artiole or the preliminary
publication was received by the editorship of the Jjournal.
Only in few cases none of this dates ls known and it was
necessary to estimate date according to characteristic time,

required for publishing procedures and other available inf or-

mation, In the references inside the text we will also
indicate the author and the month, This information allows

one to find unambiguously the work in the bibliography and
in fgg. 3,

Most of the papers are united in groups described below,

The lines show the influences of such a group (paper) on

wmother group (paper). These influences were found out with
‘he help of citation analysis taking into mcoount also the

tontent of the papers., Of course not all, but only essontial
nfluences are depicted,

Fig. 3 enables us to form & general impression of the
structure of trends of sclentific research and its evolution
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‘in time. Let us describe the main parts of the pioture, (I)

- the general foundations of matrix mechanics (MM), which
were created by Heisenberg, Born, Jordan and Dirac. Unly

two subject fields had enough time to develop inside MM:
inveatigation of canonical transforsations (II) and various
applications (the hydrogen apectrum, distomic molecula,
rotator) (IXI), Dicar (April) made the first step towards
relativistic generalisation of the theory. There were also
sugges ted some reformulations of MM - field interpretation
(lanzcos - December), operator approach (Born, Wisner =
Jnngurf), algebra of qe-numbers (Dirac, July)., 1t is easy

to see that, contrary to the common belief, MM was not an
esoteric theory, Already since March 1926 it spread outside
the circle of the original group of its creators and received
a rather wide reoognit:l.bn. Its reputation as a sophisticated
and obscure theory is a slight axnggar,ntion.‘ Moreover,
nothing indicates the orisis of MM, M. Beller wrote about, )
If it were not for the expansion of wave mechanics (WM}, .

MM could probably develop further,

The foundations of WM were formulated by Schrodinger (IV).
He mlso demonstrates the mathematical equivalence of two
theories. Very soon in the framework of WM also appeered a
group of papers concerning various applications (V), similar

“ to (IXI) in MM, They both shared almost equal spectrum of

problemsa, but in a majority of cases the methods of WM turned
out to be mors useful, The groups (ITI) and (V) are cennected
very closely by citations, but it was difficult to show these
influences of Tfig. 3. A separate group of articles deals
with quasiclassicel approximation (the so-called VEB-me thod )
(VI). Canonical transformations in WM were studied by London
(September) (see Fog. 38).

A large group of papers diaohuod the relativistic gens-
ralization of WM and the Klein-Gordon-Fook equatiom (YIX)
many of them were more influenced by sarlier (1924 - 1925)
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ideas of de Broglie, than those of Schrodinger. 1021) “That is
why we depicted symbolically de Broglie’s paper of Fig. 3, |
despite the fact, that it lies outside the chosen chronolo-
gical framework and does not belong to QM.

New interpretations of WM were suggested by Madelung
{October)}, de Broglie (August) and by Schrodinger himself
(June), The latter formulated the so called "alectrodynamical
interpretation of wave function", it was supported by a
number of papers (VIII), dealing mostly with the questions
of radiation, |

New fields of application were conmected with conceptual
developments of the whole theory. Serious reformulations came
from the leaders of MM, who adopted the formalism of WM, but
not its interpretation, Heisenberg and Dirac considered the
many-body problem, and after their works quantum statistics
and classification of spectra on the symmetry properties
began to develop (IX), Born suggested his statistioal inter-
pretation of wave function, which was applied by him and
. Other scientists to the description of scattering phenomena
and interaction of atom with radiation (X). Further develop-
ment of this interpretation was attained in Pauli’s artiocle
\December), and in Dirac~Jordan transformation theory (XI),
which gave the first completed mathematical formalism of the
whole QM, It is worth to mention also several articles (XII),
which used Sohradinger'a methods as mathematics to caloulate

matrix elements, which they later interpreted in the senSe
of MM, -

Fig. 3 is divided into three large areas, where corresa-
pondingly MM, orthodox WM with its "anachaulich interprew
tation" and modifications of WM incompatible with this inter-
pretation predominate, 11) Into the same parts the columms.
of the diagramm fig, 1 are divided. The triumphal victory of
WM over MM ia evident, the decisive months were May-July 1926,
Taking into account that vriting a paper took usually one or
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two months, in the minds of the scientists this victory
oocurred a little earlier,

Fig. 3 enables us to discuss
the causes of this vioctory,

First of all, it waa not a triumph of wavemechanical

interpretation = even for a short period of time ®"proper WM"
did not achieve an overwhelming prevalence, It is uwmlikely
also that MM became less popular, than WM, because of its
complicacy and incomprehensibility,., We have seen already
that it began to spread very intensively and falled bacause
even its representatives, who understood it well, turned to
WM, And among the first, who began to use WM, were the
leaders of MM, The fact, that they were not entirely satisfied
with Schrodinger‘s physical ideas did not prevent them to
accept completely mathematical methods of WM, Just the fact
that wavemechanical methods were more powerful, than that of
MM, is the most probable reason for the victory. 12)

The statistical interpretation won gradually, slower
than WM, By the end of the period under consideration ve
observe an approximate parity of the number of publications
on "orthodox WM™ and "modifications of ¥M¥, But the publica-
tiona of the leadera §£ torthodox WM® became less frejuent and
the relative number of publiocations from peripheral aathoras
from USA and USSR increased, This indicates the future
decline of "orthodow WM", Analogous process took place at the
decline of MM,

¥ .

§ 3. The formation of soientifioc community

Our method enables us to nak§ some conclusions on the
consolidation of soientific community in QM.

1. $Sinoce autuun 1926 the exchange of information (as
reflected by citationa) tied the papers on QM in a strongly
connected gra oh, The number of citations to QM papers exceads

1l
the number of other citations, 3)
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2. Having become more intensive, exchange of informae
tion led to some changes in the type of scientific research,
The activity of almost every scientist depended strogg;y
upon the others, who worked on QM, because he received from
them quick response to his ideas and initiative impulses
for further work,

3, Informational ties began to play a.decisive role
in the developwent of the theory. Even the léaders, like
Heisenberg and Sohrodinger discovered with some disappointe
ment that the theory got free out of their control, Its
development then became & result of collective sclentific
research,

%. The members of the community worked out thei.. own
languege. Some terms (first of all ~ the name of the theory)
wérs used ms catchwords, signs for adherenta: most of the
papers included in their title the words like "new quantum
mschanics® of . "Sehrodinger ] theory" and so on,

5. The sclentists perceived these processes, They
understood that QM was & new paradigm, different from the
old one, They distinguished adepts from aliens, acous tomed
to address their work to definite audience.

6. The consolidation of community was delayed by the fact,
that there were two forms of the theory, which were consi-
dered as mathematically aquiValenﬁiPut physioally contra-
dictory, Put in winter 1926 1927 redominate tone of publi-
cations gradually changed and the feeling of unity instead

of that of contradiction began to prevail. For instance the
review articles appaared where both forms had been discussed
simul taneously instead of reviews devoted to either MM or WM,.
It took place despite the fact that the logical unity had

not yet been achieved, (Striotly speaking, it was achieved

in the papers by Dirac (December) and Jordan {December -~
Januery), but their results had not become yet widely known),
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Thus the scientific community in QM was established by
the end of 1926, Let us consider it in detail:

¥ho were the members? We have some biographiocal data
about 67 out of 80 authors, (These data are obtained mostly
from Poggendorf), More then half of them were born after
1895 and were under thedr 30 at the beginning of 1926 (see
Fig. ha), 60 % of the scientists finished their education
after 1920, 1%) These authors wrote about §5 % of all
papers on QM (Fig, 4b), Pauli was evidently right when he
called QM "Die Knabenphysik®, The majority of the authors
worked or were sducated before in the old quantum theory
tradition. So the QM communi ty was rather homogeneous, it
distinguished itself out of the old quantum community, It ias
RNecessary to mention, that it happened almost without
coutroversy between the ¢ld and new theories, the appearence
of QH was welcomad, This situation is rather unusual one,
Probably it is because the o0ld gquantum theory was already in a
¢risis and the appearance of something like QM was expected
by a majority of scientists, '

UM community had its ‘€eographical centre - in Central
Lurepe, The physicists from Germany, Austria, Switzerland
and to some extent those from Denmark and Netherlands can be
considered as a single national community, Its main language
was German, its members Published papers in the same Journals,
issued in Germamy, they experienced intense personal contacts,

met each other frequently, and even easily changed their
Positions to different country, 15

This community was the strongest one in physics generally
and in QM in particular, Here the new theory was boxrn, and



Fig. 5'

Number of Papers, Papers, Papers,
scientists written writtem  published

by them in this in this

country country

Germany 19 59,5 5k 120
Switzerland 5 17 21 0
Austria 5 7 6 0
Denmark k 7 17 1
Netherlands 2 L 5 1
Central
Europe 35 94,5 103 122
totally )
France 2 12 12 1k
Britain 6 15 18 10
USA 19 34,5 26 27
USSR 11 11 11 9
Italy ] 4 4 1
Sweden 2 6 5 o
Other 3 5 3 0
Total 81 182 182 203
(orism (Uith trans -~
papers lations and
and preliminary
revievs) notas)
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The first two columns show the number of scientists, who
contributed to QM, l1iving lastingly in the country and the
number of papers, written by them, 16) For Central Europe we
zee, that there were nearly a half of authors and more than
a half of publications, The number of publications will grow,
if we take into account papers, written by visitors, Such
centres, as Copenhagen, Gottingen, Zirich and Minchen attrace
ted foreigmers, willing to complete their education, mostly
from America, 1 Tha effect of the visits like these, ox
like Born’'s to America is shown by columm 3, Visitors from
America sometimes published their works in German, to German
Journals submitted their papers also physicists from Nor-
thern and Eastern Europe, from the USSR (8 articles in QM
out of 11, wrilitten by Soviet scientists were published in
German), So German became the main language of QM, covering
60 % of publicationa (column 4),

The second language is English (about 30 %), Here, be~
sides the works of English and American physicists, we
should note also that some authors, like Born, Bohr, Schro-
dinger, Ehrenfest, Oppenheimer, sometlimes published their
papers simultaneously in German and in English.

However, despite a large amount of publications in
British journals, we ocan not speak about the national scien-
tific community in QM there. In Britain, and also in Frence,
QM did not spread very quickly. The gontributlion of these
countries consists of the works of few scientists, like
Dirac, Brillouin, de Broglie, of very high gqualification
and productivity, working, bowever, almost in solitude,

Just ithe opposite reception found QM in the USA and the
USSR, In these countriea the nat:!.onhl scientific community
in physios was just in the proceas of formation, and it was
much more receptive to new ideas and theoxles. Communities~
~extroverts, they were oriented to German physics (Americans
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also to Britiah), considering themselves as pupils,” the
scientists even knew the works of their compatriots worse,
than those of German authors, Similar in these aspects, the
American and Soviet sclentists differ by the ways of agquain-
tance with QM. (The Soviet physicists studied the new

theory through publications, and the Americans experienced
personal contacts, visiting Furope or inviting German
scientists to visit America),

By the beginning of 1927 the number of American physi-
cists, contributing to QM, seems to have exceeded some
characteristic quantity, and they began to establish contacts
with each other, We see here the national community in QM
Just before its birth, ‘

As for the rest of the comtries, the response to the
new theory is amall,

The community, established in 1927 was non-famal, based
only upon the exchange of information, Later it began to
Teproduce ltself by teaching, established special institu-
tions, journals and so on., But in the period under conside-
ration only a first step was made in this direction ~ the
Tirst reviews appeared (Fig. 6). A few months after original
papers serious reviews on MM (Heisenberg, Brillouin, Born)
and on WM (Flamm, de Broglie, Schrddinger) were written
almost simulteneously in German, French and Fnglish, a little
later appeared reviews in Russian (Auzpeen and the volume
"CcHZBRHMA HeBoll HM® )+ By the end of 1926 reviews, articles
vere prepared, where both forms.of the theory were discuassed,
but not its development after Schrodinger., The serious
b.iatorical'review, inciud:l.ng the latest works, statistical
interpretations and 80 on was written in Spring 1927, 18)

It does not seem to be a simple coincidence, that
erman scientists addressed to English-speaking audiences
(Born, Bohr, Jordan, Schrddinger), and that the first reviews
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in English were published by Born and Schrodinger, In France

and USSR the scientists wrote reviews themselves, The

Russians used to translate also some important papers into

Russian (those by Born, Bohr, Heisenberg, Schrddinger,
Jordan),

The cltations show, that only reviews in English were
really used by the beginning of 1927 - the American authors
refered to them, Most of the scientists still studied the
theory through original papers - as it was natural at early
stages of the development of the theory, |

§ 4, Considerations on the method

In this article an attempt is made to develop a wethod
of description of the spread and formation of the theory,
which is not in such a strong dependence upon the opinions
of scientists, It turned out to be convenient to present the
theory by means of Fig. 3.

The conaiderations upon the complete array of publi-
cations provided some quantitative conclusions, There are,
however, sowme questions, which can not be answered by the
analysis of publications: the pedagogical mctivities, became
part of personal contaots and the leadership, which was
established through them (for instance, the authority of Bohr
and Pauli) and so on., They reguire more refined methods,

We combined the quantitative estimations with qualita-
tive amalysis, and doing so we violated the idea of accu-
racy and objectivity, which is demanded by some representa-
tivesa of sclentometrics, 19) But the acouracy, achieved by
measurement, so often diminishes in scientometrics because
of the difficulties in interpretation, that we decided to
look for only such figures, we can interprete inambiguously,
And we used nét the proper numbers, but eatimations to the
order of magnitude,
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Let us consider ap example of citation analysis,

H. Small 2°) discussed the citation ol

asslcs in physicas in
the 20~s, and among them are the papers, we are very inte~
rested in: Heisenbexrg (July 1925), Born-Jordan (September),
Born-Heisenberg~Jordan (Novemwber), Schrddinger (January -
June 1926). There are two kinds of highly cited works: some
of them are cited almost equally through rather a long
period of time, and the others have a Very high peak of
citations, which decreases quickly, The papers on QM belong

to this kind, they were highly cited only during a year
after publication, 21)

One cannot explain this behaviomr without taking into
account the context of citations., Small supposed, that the
reasons for the decrease of them could lie in ®obaolescence
and replacement by new formulations“.az) Semantically there

are two main types of citations: some of them refer to a

concrete formula, reault or opinion, the others denots the
paradigm, or the riwval paradigm, they are the signs, that
the paper belongs to the special tradition, opemned by the

paradigmal papers, And apart from obsolescence there is one
more influential cause for the decrease ¢f citations =~ when
the work becomes widely known in the acientific community,.
Now it is not necessary to give a special reference to the
paper, but only to meniion in the text "Schrodinger method”
or "wave equation" or something else of the kind, And the
appearance of such latent references also marks the forma-
tion of solentific community basing of special paradigm,
and this is probably, the casieat way to determine the
paradigmal works and concepts,

Both reasons = the replacement by new formulations and
the popularity - were lmportant in the case of QM, but the

first played a greater role for MM, while the second - for WM,

Thelr joint action led to an alwost complete disappearance of
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the references of "paradigmal type", and decreased esseniially
the number of references to the concrete resulta, :
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NOTES :

1) B. L, Van der Waerden, Sources of quantum mechanics, 1967,
F, Hund, Geschichte der Quantentheorie, 1967,

M., Jammer, The conceptual development of quantum mechanics,
1966,

J. Mehra, H, Nechenberg, The historical development of
quantum theory, wol., 1 = 4, 1982,

J. Hendry, The creation of gquantum mechanics and the
BohrePauli dialog, 1984,

2) J. Mehra, H, Rechenberg loc, cit, vol, 4, part 2,

3) The richest list of the sources of QM, being known to us
(Bapamensuy M.A,, Yenexy ¢uasuueckux xayx, T. 182, 1=77,
c. 673 =~ 717) mentions about 120 titles of the period we
are interested in, This bibliography was considerably
enlarged by us,

4) Physics Citation Index (1920 = 1929} wentions about
20,000 srticles, which appeared from 1920 to 1929 in
16 main journals, In these Jjournals in 1926 were about
100 papers on QM, which constitute nearly 5 % of
published papers.

5) See J, Mehra, H. Rechemberg, loc, cit, p., 257.

6) See on Fig, 3 the reaction to the articles by Helsenberg
(July 1925 and June 1926), Schrodinger (January and June
1926), Klein {April 1926), Born (June 1926}, Dirac
(August 1926).

7) This question was discussed in the draft version of this
paper: HeremuuxoB A.BE., CxopocTs nyCruxauni x e€ Doas
B CTAHOBJEHKM HAVUHON TeOpMM (HB NpuMepe XBAHTOBOH Mexs-
HAKM) - SAET, L¢&?, H 2, c. 86-91.

8) The initial group: Heiaenbarg, Pauli, Borm, Jordan; in
Gottingen were involved into the theory Mensing and
Placinteamu, in Tibingen ~ A. Landé, in Copenhagen,
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9)

10)

11)

through Heisenberg -~ Kramers, Dennison, Kronig; in
America through Born - Wiener, Eckart, Van Vleck; to
Britain the information came through the chain
Heisenbarg-Fowlar-Dirac-Qﬂnnheimer. Without private
comrunications atudied the theory Lanczos (Frankfurt
a. M,), Brillouin (Paris), Campbell (London),
Schrédinger (Ziirich), Tamm (Moscow), Halpern (Wiemn),
London (Stuttgzart),

Deller M, Matrix theory before Schrodinger. — Isis, 74,
469 « 491, (1983),

The moat frequent reference is: L, de Broglie.
Recherche sur la theorie des quanta, (These de
doctorat), - Annales de physique, 3, 22 ~ 128, (1925).

Thia division is, of course, rather conventional. Some
suthors did not express their preference to any kind
of interpretation. There was usually a strong correla-
tion between interpretation, the subject and methods
of investigation, but in several cases, however, thoy
came to contradictions: for instance, it would be more
accurate to put the papers by Fhrenfest«Uhlenbeck
(December ~ January) in the area *orthodox WM", but
their atrong dependence on other artiocles forced us to
put them to the *modifications’ of M®", Deapite these
uncertainties, this threefold division provides
generally correct impression on the relative popularity
of 1nterpretatiqgf.

It ia vorgk]mention the significance of some key
words, for instance, the name of the theoxry., Those, who
shared Schrodinger‘s interpretation omlled the theory
without exceptions "Wave mechanios" while the other
prefered to speak about fquantum mechanics™ or "new
quantum mechanica”, (Note that the term "ma trdx
mechanics® was not in general practice at that time),
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12)

- 13)

14)

15)

16)

17)
18)

19)

In the diacuassion of this and other gimilar questions
We consider it wromg to rely upon the opinions of few
important participants of the process, contained in
thgir popular writings, Perhaps more accurate would
be) content analysis of the publications: nearly all
authors said some words, which can be interpreted as
comparing the two forms of the theory, and the
analysis of them could reveal the most popular
arguments,

The others were mostly the references to articles on
the old quantum theory, to the experimental results
of the references to mathematical works,

We take the year when the doctoral degree was obtained

or, sometimes, the year of graduating from the univer-
sity.

In fact, Heisenberg and Kramers worked in Denmark,
FEhrenfest - in Netherlands, Schr8dinger and Debye -
in Switzerland.

The ambigulty appeared only in two cases: during the
period under consideration Kramers changed Copen-
hagen for Utrecht, and Heisenberg took his place, Ve
attached them to the contries,; where they begén to work
in QM, correspondingly Denmark and Germany.

From authora Van Vleck, Dennison, Oppenheimer, Kronig,
Pauling and Slack visited Europe in 1926.

Jordan P, Die Entwicklung der neusn Quantenmechanik,
(Naturwissenschaften 15, 1927, S, 614 - 623, 636 = 648,

See, for instance, the requirement of reproductibility
of measurements in Xaliryn C.J., Haykouerpus. CocTOfHME
u nepcnexTuBn, Mockma 1983, c. 29.
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20) Small H., Recapturing physics in the 1920-s through
citation analysis. - Czech. J, Phys., B 36, 142 - 147
(1986). This article is based on the Physics Citatiom
Index (1920 -~ 1929), ISI, Philadelphia, 1983, We would
like to express our gratitude to Prof. H, Small for
sending us this Index,

21) Our calculations give for the first year %050 oita-
tiona to each of the mentioned the papers of Heisen-
berg, Born and Jordan and 60 = for the first papers
of Schrodinger, Those numbers are approximately twice
as large as given by Small, because we took into
account all literature, whereas he - only main journals.,
But we share ocompletely his conclusions on the general
characteristics of the distribution of citations in
time,

22) Small H,, loc, cit, P, 147,
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list of journals

Name Flace Namper of papers on oM

Zeitschri ¥t fuer Physi1k (Barlin)
Annalen der Physik {Leipzig)
Die Naturwissenschatten {Berlin)
Nature (London)

Proceedings of the National Academy of Sciences ot

- tha USA {Boston)
The FPhysical Review {Minneapolia)l
Physikal i sche Ieitschrift (Leipzig)

PRS

CR

JF
Y rH

PCPS
JHP
NGWG
LPHHO
JASA

HA

Proceedings of the Royal Sm:lety.of London (London)

Comptes Rendus hebdomadaire des seances de
l ‘Academi @ des sciences - (Paris)

Journal de Physique et le Radium (Faris)
YEnexy $ranuecHui Hayx (Mocksa)

Proceadings of the Cambridge Phx‘lpsnphical
Society {Cambridge)

Journal of Mathematics and Physics (Cambridge, Mass.)
Nachrichten von der (K.) Gesellschaft der
Wissenachaften zu Gosttingen .

Math.~Phys. Klasse {Goettingen)

Xypman Pycororo $nonko=-Xumviuecroro OSuwecTea.
YacTe $PSVUaCcHAA. : (Nawwrrpan)

Jaurnal of the Optical Society of America
(Menaha, Wisconsin)

Mathematische Annalan (Laizigq)
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2

K. Danske Vid. Selsk. math,-phys. Medd. ‘ 1

Dvs
{(Kobenhavn) :
F hysica  (Amsterdam) A 1
FM Philoscphical Magazine (London} 1
FL  Rendicont: Lince:r (Florenz) 1
Books ‘ S
TOTAL - : ‘ © 203
In the left margin we indicate the abbraviation of authaor's
name and the month to find the paper in tig, 3
We indicate the country of the author, as it is axplained in
1ig.% and atter each paper - the place, where it was written
Dates of the type: (7.10.-14,10.-13.12.26) maan .
= first datae -~ when the Paper was finished or whan a repart
was made:
_ = second - when the paper was received by editor or when Lt
W3tk read at the session ot scientific society
~ third -« date of "Redaktionschluss" or the date, when the
issue of the journal appeared
Al Ale:androw W, ' ‘ _ Switzerl and
Aug Das Wasserstoffmolekuelion und die Undulationsmechanik, (I.M]t~
teilung: Die Berehnungsmethade der Enargiestufen; die lonisia-
rungsspannung und dag PrinZipielle ueber das Viellinienspec—
grun.) / AF 81, &03-514, ¢ 14.08.—18.09.*2é.10.2b ) /Zurich/
Jan Das .Hasscrstnffuulakunlian und die Undulationsmechani k.
(Berientigung und Ergaenzung). / Ap 8z, 68I-404, _
Ge_Allen H.s, : ' Braat Britain
Nov  New gquantum theories. / N 119, 77-79. ¢ 7-1%.01.27 )
AMu  Allis W.P., Mueller -~ : usa
Dec

A wave theory of the elect » bl
€ .12.28-7-,,27 ) rone 4 dme, b, H9-192.



A Anapess H.H. B 7 . usse

Oct Snnmmtu BOAOBGA MEXAHWKW. / YMH"J'. 25-%b, (2=,02.27)
: ' Sheruwrpan/
8 )
.a Bateman H. | usa
Oct A possible connax.inn batwean the uave-thenr?y ot matter and
nluctrn—maqnatism. / N 118, 839-840. (?=11.12.25) /Pasadena/
Be _ Beck @.  Austria
Dac fug Tgenriu des Photoeffakts. / NW 13, 74. :
1 u-t -26—'?—31.01.27) :
/Wien/- i ‘ : (Niml
Ibid. /7 2P 41, 443-452. (?=27,12.26-21.02.27 )  /Wiens
Bl Blackett P.M.S, - " Great Britain
Feb The limits of classical scattering. / PCPS 23, &98-702.
(?7~5.02.,14.03.~,.04,27) _ - . ' /Canmbridges
Bo__ Bohr N. c " Denmark
Aug Atomic theaory ahd mechanics. / N {14, 845—352.
Atomtheoria und Mechanik. /7 NW 14. 1-10, -
( 30.08.25~7=1.01.26 ) . _ /Kopanhagen/
ATOMHAA TeEOpnA v mexamnka. / VOH by 93111 (?-..28)
B Born M. ‘ S . ' Garmany
Jan Problems of a;:-uinic dynamica. 1926 : - /Casbridge, Mass. /
Probleme der Atomdynamik. Berlin 1926 (,4.~..28) /Goettingan/
Jun Zur Guantaenmechanik dear Stqssvur;;aenqe {(vorlasutige
: Mittelilung). /7 ZP 37, B843-847. (?=25.086.-10.07.24).
GQuantenmechanik der Stossvorgaenge. / IF JB, 803-827.
(P—21.07.~14,09.24 ) ) : ' . fBoettingen/
Aug Phyaical aspectsa of gquantum mechanics. / N 119, 354-357,
( 10.08.24~7-3.03.27) . fOxtord/”
Quantenmachanik und Statistik. /  NW 13, 238-242.
Oct Das Adiabatanprinzip in der. Quantenmechanik. / P 40,
167~192 (P?=16.10,.+6.12.24) .
Jan Zur Wellenmechanik der Stussvorg;aéngu.' / NGWG 1927, 144—-14&0.

(?-14,01—. .27) . /Goettingen/
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BJ Born M., Jordan P._ Garvaany

Sen Iur Ouantenmachanik. /7 IF 34, B%8-388. (7~27.0%9.-28.11,2%)

/Goettingen/
BH] Bornm M., Heisenberg W., Jordan P, - Germany
Naw lur Quantenmechamk. lI. /7 ZF 3%, %37-451%,
{(T=16.11.2Z«3.02,248) _ /Goettingen/
BWn Born M., Wiener N. ‘ © Germany, USA

Jan A new formulation of the laws of quantization of periodic
and aperiodic phenomena. / JMP %, g84-98, (7~-..24)
Eine neue formulierung der Cuantengesetze fuer periodische
und nlcht pericdische Vaorgaenge. / ZP J6, 174~-187.
~Z2.01.-12.035.26 ) /Cambridge,Mass. ;Goattingen/

Br Brillouin L. France

Fan Les spectres de rntatxon.' dans la nouvealle mecanigue dea
. quanta, avec le calcul des matrices. / CR 182, 374-374.
{(7=B.02. 24"

Apr  La  nouvelle mecanique atomique., / JP 7, 13%-1560.

(F=20.04,=,0%,26)
Jul La mecanique ondulatoire de ‘Schroedinger; une methode
 § quneralt de resolution pas approximations suCCcess)ves. / CR
182, Ta4~-24. ("%, 07.24-") :

Jul Sur un type genaral de problemes, permettant la saparation
- - des variables dana la macanique nndulatoira de Schroedinger.,
CR 183, J70-272. (7=26.07.26~7)

Cct Remarques sur la mecanique ondulatoire., / JP 7, SB3-~348.
(“*15 10,~,.12.28) .

Dec Les aoments de rotation et le maqnotinme dans la mncnntqua
Dﬂdulltou‘.. / JP a' 74_8411 (?=— 17- luczé"nozuﬂn?]

d8 Broglie L. de France

Jul Remarques sur la nouvcllu mocaniqu- nndulatoirn. / ER 1837,
.‘7" “7‘- ‘?_191070 b"'q’

Aug Les principes de Ia nnuvullo mncanique ondul atoire. / JF 7,
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Sur la possibilite de relier les phenomeness d'interferencs

et de diffraction a la theorie das quanta de lumisre. / CR
18F, 447-448. (?-2T.08.246-7)

Dec L'univers a cing dimensions et la mecanique ondulatoire, 7/
JP 81' 65"'73- (?"':’.3- 1:.26"‘- “ :f)
Jan Sur la possibilite de mettre eon accaord la theorie
1 electromagnetique avec la nouvelle mecanique ondulatoire. /
CR 184, 81-82. (?=-4,01.27=7)
Jan lLa structure atomique de la matiere et du rayonnement et la
2 macanique ondulatoire. / CR 184, 273-274, (?-21.01,27~7)
Bu Burrau 0. Denmark
Nowv Baerechnung des Energiewertes des Wassaratoffmolekel-lons
{H } im Normalzustand. /7 NW 15, 16-17. {(22.11.26-7=7.01.27)
) /Kopannagen/
Ibhid., 7 DVB 7, N 14 ,18 8. (?=19.03.27) /Kobenhavn/
Bs Bursian V. T USSR
Nov Nogtiz 2zu den Grundlagan der Dispersionstheorie  ven
E.Schroedinger. / IP 40, 708-713. (?-19.11.26-2.01.27}
. /Laningrad/
c Campbel'l N. ' ) Great Jritain
Fab Time and chance. 7 PM 1, 110&4—1117. (18.02.=7-.0%5.24)
Ca_ _Carrelli A. - : ’ , . Ttalia
Fet The sespinning elecktran in wave me:haﬁics; /S N 119, 492=493.
(4,02, ~72.04.27) ‘ C - /Napoli/

Da Darwin C.G. . ‘ Great Britain
Jan The electron as a vector—wave. / N Li9, zZB2-284.
{7?7~19.02.27) ) - '

Da Dabye P, : ' : Switzerland
Dac Nallenmachauik und Korra:pandenzprin:ip../ PZ 28, 170-174.

(14.12.~16.12. 26~1%,02.27) /Iuerich/
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LeM Denve &, Mannebach (. Switzerl and

Dex The s.mnetrical top 1n  wave mechanics, /N 119, Za
(R L Bagar Taal LS Sibascd /Zuerich/

En  De~nisor D, usa

spr The rotaticn of molecules. / PR I8, 318-333. (27.03-7—.08.704&7

’ /Cooenhagen/

Uec Wave mechanics and the raotation of homopolar molecules. /7 N
119, 31&-317. (23012, 26=-7-26.02,27) /Zuerich/

b Dirac P.A.M. ' Great Britain

Now The fundamental equations of quantum mechanics. / PRS Al109,
640853, (P-7.11.—1,12.25%) /Cambridge/

Jan Quantum mechanics and a4 preliminary investigation of the
hydrogen atom. / FRS A110, S51-579. (?=22.01,.-1.02.28)
/Cambrigoe/

Har The elimination of the nodes in quantum mechanics. / FRS All1,
281-305. (?-27.03.-1.05.24) /Cambridge/

Aapr Relativity quantum mechanics with an application to Compton
scattering., / PRS Alli, 40S-423. (P=29.04,~2.04.24)

/Cambridge/

Jul  On guantum algebra. / PCES 23, 412-418. ‘
(?=17.07,,26.07. ~. 10.36) \ /Cambridges

Aug On  the theory of Quantum mechaniecs. / PRS AL1D, &61-677.

Nav The Compton effect in wave mechanics. / FCPS 23, S500-507.
(?—qul.,22.11325—31.1.27) /Cambridge/

Dec The physical interpretation of the guantum dynamics. / PRS
Al1Z, &21-a4]. (?-2.12.256~1.01.27) /Ccpenhagen/

Feb The guantum theory of the emission and absorption of
radiation. 7/ PRS All4, 243-245, (?-2.02.-1.03.27) :

/Copenhagen/
Ec Eckart C. T UsA

May The solution of the problem of the simple oscillator by a
combination of the Schroedinger and the Lanczos theories. /
146 PNAS 12, 473-474. (?-31.05.—15.07.2&) /Pasadena/



Jun

Jul

MNov

Operator calculus and the splution of the equations af
quantum dynamics. / FR 28, TiLi-72a. (7.08.="—.10.28)
/Fasadenas

The hvdrogen spectrum 1n the new guantum theory. 7 FE ZH.
SR7=83IS, (17.07.-7—,11.24]} /Fasadena/

Note on the correspondenca principle in the new guantum
theary. / PNAS 12, &84-487. (T—14.11.-1%5,12,.28) FPasadenas

Ehrenfest P. The Netherlands

Jan

EU

Besteht ein allgemeiner ZIusammenhang swischen der
wechselseitigen Undurchdringlichkeit materieller Teilchen und
dem "Fauli-Verbot"? / NW 15, 1&6i-146%. (2.01.~7=18.02.27
Ibid. (Ein Widerruf) / NW 13, 26B8. (1. 00.~7=.05.273

/lardan/s
Relation between the reciprocal impenatrability of matter and
Pauli ‘s enclusion aprinciple. / N 119, 19s6. (?-5,02.27)
ibid. : A correction. / N 119, &02. (T-27.04.27 /Lelden/s

Ehreafest P. Uhienbeck G. : The Natherlands

Aug

Dec

Jan

Graphische Veranschaulichung dar de Broglieschen
Phazenwallen in der fuenfdimensionalern Walt von D.¥lein. /7 IP
%, 495-498. (OB, —14.0%9.-26.,10.28) /Leiden/

Die wellanmechanische Interpratation der Bel tzmannschen
Statistik neben der der neusren Statistiken. / IP 41, R4-Zé.
(7=~15.12.26-26.01.27) /Lerden/
MuTepnpeTauua BEONLUMAHOBGHON CTATWUCTUHIA HapAAY C HOBmMW CTa™
TUCTVKAMA € TQUKI SREMAA BOAHORON Mexanki. / Xpoxo 59,
105-108 (7=, 03.27)

Zum Einsteinschen “Mischungsparadoxon®. /7 IF 4%, 574582,
22, 01-25.01.-25.02.27) _ /Leiden/

Engset T. \ ’ Sweden

Jun

Aug

Die Bahnen und die Lichtstrahlung der Wassarastaffelektronen. /
AP B0, 8I3-8IB. (21.06,-28.06.-21.08.25) /0slo/

Die Bahnen und die Lichtstrahlung der Wagserstoffel ektronen.

(Fortzetzung). / AP 81, 572574, (14.08.—-18,08-26.10.26)
: /0=la/
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et Die Bahnen und die Lichtstrahlung der Wasserstoffelaktironen.

i {(Fortzetzung). 7/ AP B3, 13432-134. (8.10.-T1.10.«148.13.24)
/0=sla/
Oct Dia Bahnen und die Lichtstrahlung der WasserstoYfelektronen.
- {Schiuss). / AP BZ, 184-19¢. (19.10,=23.10.26-10.01.27)
* /0slo/

Jan Die Bahnen und di# Lichtstrahlung der Waszeratoffelaktronen.
iErgaenzende Betrachtungen usber Bahnfarmen und Strahlungsfreg-
uenzen). / AP B2, 1017-1924., (27.01,-153.02.~9.05.27 s0slo/

Ep _Enstein P.S. LsA

Jul The Stark affect from the point of view of Schroedinger’'s
quantum theory. / PR 2B, &9%5-710. (29.07.-7-.10.248) /Pasadena/

Oct On the evaluation of certain integréls important in the theory .

H of guanta. / PNAS 12, &29-434, (?-22.09.-15.11.24) /Pasadena/
Dct The new quantum theory and the Zeeman effect. /7 PNAS 12, '
2° 673-638, (?-7.10.-15.11.24) 7 /Pasadena/
" Febh Two remarcs on Schrosdinger’s quantum theory. / PNAS 13,
Fi-F5. (P?~14.02.-15.03.27) S /Pasadena/
F Fermi E. Italia
Oct  Zur Wellenmechanik des Stossvorganges. / ZP 40, 399-401.
Nov  Quantum mechanics and the magnetic moment of atoms. /7 N
118, B76. (14,11.~7-18.12.24) . /Rame /
FPe Fermi E., Persico E. , ' Italia

Norw Il principic delle adiabatische e la nozione dii forza wviva
nelle nuova mectanica ondulatoria. /7 RL 4, 482457,
17-7.11.26~2)

Fi Flamm L., : Austria

Jul Die Grundlagen der Wellasnmachanik., / PZ 27, &O0O-617.
(.07,~-2.08.-15.0%,.2&8) ' /Mien/

Sep Beitraege zur Wellenmechanik ‘in nichtstationaér‘en Feldern. /
PZ 27, 735-73%. (.09,-7-15%5.11.264) ‘ : /Duessel dorf/

Feb  Die neue Mechanik. / NW 13, 5&9-578. (?-13.07.27) . /Wien/



Fa Facl: V., US3E

Jurn ur Sghraed'ngerachen Wellenmechanil., / IF 38, 24I-0%40,
(S.04.-11.06,-28.07.28) slaningrag/

Jul Usber die inwvariante Form der Weilen—- und die Bewsguegs—
gle2ichungen fuer ginen geladzren Msssshpunit., o~ IR T2,
DEE-TTD. (24,07 .=30.07..-2. 180,28 Aleningrad,) .

Fw Fowler R.H. Great EBritain

Nav General faorms of statistical mechanics with special
reference to the requirements of the new guantum mechanics./
FRS A113, 4T2-347. T=Ze1l.-1.12.28) /Cambridge/

Dec  Matrix and wave mechanics. / N 119, 239-241. (?=12,00.I7)

Fa Fues E, . Germany

Apr Das Eigenschwingungsspectrum zweiatomiger Molekuele in der
Undul ationsmechantik, / AP 80, 347-T574. (.04.=-27.04.-202.04.24)

. /fluerich/

Jul ‘Zur Intensitaet der Bandenlinien und des
Affinitagtsspektrums zweiatomiger Molekuele. / AP 81, 281-T13.
(T—P.07.-17.09.2&) FZuerich/

GL Bamow G., Iwanenko D. _ USSR

Sep Zur Wellentheorie der Materie. / IP 37, B&5-3sa.
(l0.09.-19.09.~148. 11.24) . /Leningrad/

Go Gordon W. ‘ Bermany

Sep Der Comptoneffekt nach der Schroedingerschen Theorie. / iF
40, 117-133. (?-292.09,-29.11.28) . fBerlin/

Gr Gruner F. Switzerland
Jan Kurze Bemerkung ueber das Fuehrungsfeld der Quantenmachanik.
;TP #41,710. (.01.- ﬁ-.01.~“é 0Z2.27) /Bern/

Gu Guth E. Austria
Dec ur Ableitung der Schroedingerschen Wellengleichung. / ZF
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Ha Halgern 0. “Avstria
Mar Uster die Quantelung des Rotators und die Keordinatenwahl 1in
der neusn COuantenmechanik., 7 NW 13, 4B8-48%. (.03.-7-25.0%.24)
. T slvens
Notiz ueper die Juantelung des FRotators und die Koordinatsnwanl
1n der newven Guants®rmechanii. S ZF I8, 8-11. {(T-S5.0&.-24,07.05;
fWien/
™ Beirsznberg W. . Germany, Denmark
dul Usber guantentheorstische Umndeutung kinematischer und
mechanischer BReziechungen., / ZP 33, 879-893. (7~29.07.-18.09.23%)
/GBoettingen/
Dec Urber quantentheoretische Kinematik und Mechanik. 7 MA 95,
EET-THE. (D1.12,-01.12.25-12,04.26) /Guettingen/
Jun Mehrkoerperproblem und Resonan: in der Buantenmechanik. /7 IF
SB. 411-425. (7-11.06.-10.08.26) /Fopenhagen/
Jai Usber die Spehtra von Atomsystemen mit zwei Elektronen. / 2ZP
SR A99-518. (L 07.-24.07.-24.10.28) /Kopenhagen/
Sap Quantenmechanik. 7/ NW 14, 989-993, (2&.09.-7-5.11.248)
/Duesseldort, Kopenhagen/
KeanrcBas mexaHvka. / YOPH &, 425~4T%. (T=..24)
Nav  Schwankungserscheinungen und Quantenmechanik. / ZF 40,
S01=506. (T=4,11.~-20.12.25) JEapenbagen’
Dec "E’h""me:aﬂ'!'nrchleme und Resonarz in der Guantenmechamnik.Il. /
IP 41, 2T5-247. {P-22.12.36-14.0Z.27) /Kopenhagen/
Hi __ Heisenberg W., Jordan P. Garmany
Mar
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Anwendung der Quantenmechanik auf das Froblem der anomalen
Zeemaneffekte. / IP 37, 263T-277. (T—16.03.-~5.05.24)

/GCoettingen/




Hu

Hund F. -

T2 AN v

Ngv Zgr‘ Deutung der Molaltelspektren.l. /7 F 4, 742-7Ta4.
I =L - ——
(7=-19.11.24=-B. 31,070 /i gpenhagen.
Fen  Zur Deutung der Molsialspebtran.ll. / IF 42, 9I-120.
- T
{(P=7.02,-1.04 . 27 /i‘nnenhagen;‘
ILd  Iwanenko D., Lanmdau L. VUSSR
Oc Zur Ableitung der Klein—Fockschen Gleichung. /7 IF 44,
161-1462. (?=-82,10,~279.11.248) sLeningrad.
Feb Bemerkungen uebhar Quantenstatistik, / IF 42, J82-064.
(?7=-12.02.-21.04.2" JLeningrad/s
Waa UWearmenwo ., fawmaay . CCCr
Fab 0 caaocwn EQHQGBEM MEX amiiHWn C KAaaccuueckown. 7 XPoXD S99,
25T-2480. {T=..27) ! evumrpan s
J Jardan F. Germany
Aor Eamerkung ueber einen Zusammenhang zwischen Duanaes
L Quantentheori e der Interferenz und den de Eroglieschen
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