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Abstract Max Planck is widely recognised for founding quantum theory. In his 1900 seminal work on black-body radiation,
he also provided a numerical estimation of the elementary charge. This result, however, was embedded within his broader
theoretical development and was not presented as a primary result, so that his contemporaries likely approached it with
caution. Planck himself acknowledged that the theoretical basis that led to this estimate was fragile and explicitly noted
that further experimental work was needed to confirm it. Remarkably, despite these limitations, his estimate closely matched
values later confirmed by precise experiments. In this study, we examine how Planck’s contemporaries received and cited this
estimate. We first situate his work within the scientific context of black-body radiation, then we analyse primary literature
from 1901 to 1921, covering journals from Europe and the USA, to trace patterns of citation and engagement with Planck’s
elementary charge estimate. Finally, a statistical bibliometric analysis quantifies these trends, revealing the visibility and
impact of Planck’s work across different journals, national contexts, and scientific communities.

1 Introduction

At the turn of the twentieth-century, physics stood on the brink of a profound transformation, driven in large
part by the work of Max Planck. In 1900, his investigation of black-body radiation and the introduction of
energy quantisation (Planck 1900a, c) opened a new theoretical landscape, laying the foundations for what would
later become quantum mechanics. While Planck is rightly celebrated as a central figure in the emergence of
quantum theory, one notable aspect of his early work received comparatively limited attention from contemporaries:
his numerical estimation of the elementary charge (e), derived around 1900 (Planck 1900b, d). This result was
embedded within his broader study of black-body radiation rather than presented as a stand-alone contribution,
and, at a time when the experimental determination of the electron charge was only beginning, it appears to have
attracted relatively little interest. In the context of the present study, this limited reception refers not to the later
historiography of Planck’s work, which has been extensively analysed, but to the modest circulation, citation,
and uptake of Planck’s determination of e in early twentieth-century scientific literature. Crucially, this limited
immediate attention does not imply neglect or irrelevance. Although Planck’s derivation rested on a theoretically
fragile basis awaiting empirical validation, it yielded a value remarkably close to that later confirmed by precise
experimental determinations. Notably, the only scientist who elevated Planck’s theoretically obtained value of
e to the level of experimental measurements, in order to judge which was most probable, was R.A. Millikan in
1910 (Millikan 1910). However, a systematic experimental verification of Planck’s estimate had to wait until 1910.

In this sense, bibliometric analyses of citations to Planck’s 1900 estimate must be interpreted with care, reflecting
the appropriate scientific reception of a theoretically derived quantity pending verification.

Indeed, Planck’s work has long been the subject of extensive historical analysis. Classic and more recent stud-
ies have highlighted divergent interpretations, emphasising both continuity and discontinuity between Planck’s
early works on black-body radiation and the 1900 quantum derivation (Kuhn 1978; Darrigol 1988; Klein 1961).
The contrasting views underscore that the origin of the quantum theory remains an unresolved historical prob-
lem (Taschetto 2025) and one that is still open to further analysis (Badino 2009).

Although Planck was not primarily an experimentalist and generally remained distant from the domain of high-
precision measurement, then regarded as the domain of empirical physicists, he nevertheless ventured into this
territory when he proposed a numerical value for e. His effort to anchor abstract thermodynamic and statistical
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considerations in concrete, measurable constants represents a significant moment in the evolving relationship
between physical theory and numerical precision. Remarkably, his estimate emerged at a time when neither the
electron nor its charge had yet acquired a stable experimental status, which likely contributed to the modest
reception among his contemporaries.

Despite its conceptual and methodological significance, Planck’s 1900 estimate of the electron charge played only
a marginal role in subsequent experimental and theoretical discussions among his contemporaries. This raises a
set of closely related historical questions: to what extent was Planck’s estimate taken up, cited, or compared with
competing determinations? Was its limited visibility already apparent in the scientific literature of the period? Or
was it gradually eclipsed by the broader development and later reception of quantum theory as a whole?

Addressing these questions requires attention not only to scientific content but also to the mechanisms through
which contributions acquire visibility and authority. While originality and conceptual innovation are often empha-
sised in retrospective narratives, citation practices provide a concrete indicator of how results circulated and were
valued within the scientific community at the time.

The present study does not seek to revisit the well-established interpretations. Instead, it focuses on assessing,
quantitatively, how cautious Planck’s contemporaries were in receiving his estimate of the electron charge, a value
that, although based on theoretically fragile assumptions acknowledged by Planck himself (Planck 1900b), would
later prove to be remarkably close to experimentally confirmed results.

The core of the paper consists of a bibliometric analysis covering the years 1901-1921, i.e. the twenty years
following Planck’s determination, based on citations drawn from 26 scientific journals published in Europe and
the USA. This analysis provides a quantitative assessment of how Planck’s estimate of the elementary charge
was cited, compared, or ignored in relation to other contemporary determinations, thereby providing a statistical
measure of its visibility and impact within the international scientific literature. By tracing where, when, and how
Planck’s contribution appeared in print, we offer a quantitative perspective on its contemporary reception.

The originality of the present work lies in the systematic construction of a dataset of reported values of the
electron charge (1901-1921), its normalisation and organisation into a coherent framework, and its use to enable
direct comparison and quantitative analysis. This approach allows us to move beyond a purely narrative historical
account and to identify trends in the convergence towards the accepted value, as well as to assess the role of Planck’s
estimate within this process. To the best of our knowledge, no previous study has constructed a year-resolved,
multi-country dataset of citations specifically targeting the dissemination of early electron charge measurements
over the period 1901-1921.

The structure of the paper is as follows. Section 2 presents the sources and methodology, detailing the primary
literature analysed and the quantitative approaches used to trace the reception of Planck’s estimate of the ele-
mentary charge. Section 3 presents the results; Section 3.1 reviews Planck’s 1900 determination of the elementary
charge: Sect. 2.2 examines the historical context and values reported by other scientists between 1901 and 1921 in
primary journals from Europe and the USA; Sect. 2.3 analyses the footprint of Planck’s estimate, including its vis-
ibility and influence in contemporary literature. Finally, Sect. 4 presents the conclusions, reflecting on the broader
significance of Planck’s estimate and the ways in which its reception and recognition illuminate the mechanisms
by which scientific memory and historiography shape the legacy of foundational ideas.

2 Sources and methodology

This study was based on a systematic examination of primary scientific literature published in the early twentieth-
century, with the aim of analysing both the numerical determination of the electron charge and the contemporary
reception of Planck’s estimate. Rather than relying on retrospective historical syntheses, we constructed a well-
defined corpus of original experimental and theoretical papers, selected according to explicit temporal, geograph-
ical, and bibliographical criteria.

The methodological framework adopted here was designed to ensure internal consistency and reproducibility.
In particular, we specified a fixed set of scientific journals, a clearly delimited time window, and applied uniform
criteria for the inclusion and classification of reported values of the electron charge. This approach allowed us to
trace how numerical values of e were produced, communicated, and compared within the scientific literature of
the period, while avoiding duplication and retrospective reinterpretation.

This section describes the sources examined and the procedures used to extract, normalise, and organise the
data, which are implemented in Sect. 3. By making these methodological choices explicit, we provide a transparent
foundation for the historical and statistical analyses that follow. In particular, the resulting dataset provides a
coherent and comparable basis for the subsequent sections, enabling temporal and cross-experimental comparisons
that are not readily accessible in the existing literature.
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2.1 Temporal window (1901-1921)

At the turn of the twentieth-century, the existence of the electron and its fundamental properties, including its
charge, were subjects of intense debate. While J.J. Thomson’s discovery (1897) and Millikan’s oil-drop experiments
(from 1910) were often regarded as decisive, establishing a reliable value for e was the result of a prolonged,
collective effort. Within this context, Planck’s theoretical work on black-body radiation and energy quantisation
played a role, providing a link between macroscopic thermodynamics and microscopic constants, and enabling an
indirect quantitative estimate of e. To evaluate how cautiously Planck’s contribution to determining the electron
charge was received by his contemporaries, we surveyed the most relevant literature from 1901 to 1921. This period
was chosen as it aligns with the Planck’s paper of December 1900, in which he first addressed the value of the
elementary charge (Planck 1900b), making it appropriate to begin the analysis in January of the following year.
Regarding the end of the period, experimental efforts to measure the electron charge - by researchers such as
Thomson, H.A. Wilson, and Millikan - underwent significant development between the first and second decades
of the twentieth-century. For this reason, we extended the study to 1921, twenty years after the presentation of
Planck’s quantum theory. This window captures two decades of intense experimental activity and methodological
refinement, during which a wide range of techniques were employed and progressively improved, and this ends
when the value of e can be regarded as experimentally stabilised.

2.2 Selection of journals

To broaden the scope beyond the German context in which Planck primarily worked, we included a wide range of
journals representative of the contemporary physics community (Dahl 1997), covering major European scientific
centres and, to a lesser extent, American contributions, based on their relevance, continuity, and availability over
the period considered. The leading journals active in 1901–1921 (Wheaton Rider 1993), accessible in digital or
print form, were predominantly published in Germany, the UK, and France. To achieve a more comprehensive
perspective, we also included journals from Spain, Italy, Switzerland, and the Netherlands.

Appendix A provides a comprehensive list of the journals included in this study, along with their acronyms
and periods of activity. Tables 3, 4, 5 and 6 present key information about the selected journals: the first column
lists the full name of each journal and its commonly used abbreviation during the period under consideration; the
second column indicates the years of publication; and the third column shows the abbreviation used in this work.
Table 7, in Appendix A, also reports the country of publication for each journal.

It is not uncommon for journals to undergo name changes during their publication history, often due to political
or editorial reasons. For example, the Sitzungsberichte der Mathematisch-Physikalischen Klasse der Bayerischen
Akademie der Wissenschaften zu München changed name at the end of the First World War, eliminating the
reference to the Bavarian kingdom. Although the journal underwent a name change, it is still regarded as the same
publication.

Some journals, despite being officially active during the period under consideration, occasionally missed publi-
cations in certain years due to political or economic factors. Additionally, a few journals commenced publication
shortly after 1901; for instance, RRAM released its inaugural issue in 1904. These instances were minimal and do
not warrant the exclusion of such journals from this research.

Examining the evolution of scientific journals in the early twentieth-century, particularly those devoted to
physics, reveals several complexities, especially when journals were established through mergers. A notable example
is the Journal de Physique et le Radium (JPR), founded in 1920 through the merger of Journal de Physique
Théorique et Appliquée (JPT , 1901–1919) and Le Radium (Rd, 1904–1919), with interruptions in publication as
detailed in Table 1.

This merger reflects a broader trend towards the consolidation of physics publications, as specialised fields such
as radioactivity became increasingly integrated into the wider discipline. Although the founding journals covered
partially overlapping themes and were published concurrently over substantial portions of the period 1904–1919,
they maintained distinct editorial directions and readerships.

For the purposes of this study, we adopt a non-overlapping attribution convention to ensure consistency in
temporal and country-level aggregation. In this framework, the JP series is defined as the continuation of JPT
(1901–1919), extended by JPR (1920–1921), thereby preserving a single continuous lineage. Since JPR represents
the unified post-merger output, its attribution to the JP series is a normalisation choice that does not affect
aggregated citation counts by year or by country, as each observation is counted exactly once.

The Rd series, corresponding to Le Radium, is instead treated as a self-contained reference stream and is not
extended beyond 1919. As a result, Rd is considered only over its years of activity (1904–1919), with interruptions
as reported in Table 1, and serves as an independent baseline, while only the JP series is reconstructed to ensure
longitudinal continuity across the 1920 merger.
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Table 1 Temporal coverage of a subset of French journals considered in this study (1901–1921). JPT and Rd are inde-
pendent journals prior to 1920, after which they merge into JPR. Interruptions in publication are explicitly indicated

Year Range JPT Rd JPR

1901–1903 Active – –
1904–1914 Active Active –
1915 – – –
1916–1917 Active – –
1918 – – –
1919 Active Active –
1920–1921 – – Active (merger of JPT and Rd)

2.3 Criteria for inclusion and data extraction

To assess the influence of Planck’s estimate of the elementary charge within the scientific community, we measured
the number of citations of the term “Planck” across 26 journals over a specific year in the period under con-
sideration. Planck’s own publications were included in this count, taking into account his limited output outside
Germany alongside his broad international recognition. The citation survey also encompassed references specif-
ically to Planck’s estimation of the elementary charge. The initial query, deliberately broad, yielded a number
of occurrences not directly related to Planck’s theoretical contributions. These results were therefore refined by
excluding references unrelated to his scientific work, such as mentions of his administrative roles, including mem-
bership on the advisory board of AP (Fuchs 2011), his chairmanship of the V DPG, his position as secretary of
the SPAW , or references to ceremonial events, such as the meeting held by the V DPG to mark his 60th birthday.

The set of citations obtained from the query “Planck” was then further filtered to retain only those containing
explicit references to Planck’s elementary charge (4.69 esu). Each paper citing this value was assigned a score of
one, regardless of the number of times the value appeared within the same paper. Citation counts were subsequently
calculated by summing these scores for each journal and year, resulting in the quantity CP (j, y), where j denotes
the journal index and y the year index. This procedure enables a quantitative analysis of the frequency of explicit
citations to Planck’s value in articles published between 1901 and 1921. An analogous procedure was applied to
citations of the electron charge attributed to other scientists, such as Millikan, E. Regener, and F. Ehrenhaft.
Instances in which such values were explicitly referenced were identified and separated from citations to Planck’s
estimate. The resulting data were organised into two sets: one comprising explicit references to Planck’s value, and
the other including values obtained by other researchers. As in the case of Planck’s citations, each paper citing
an estimate by “Other Scientists” was assigned a value of one, regardless of repetition within the same article.
The corresponding citation counts were denoted as CO(j, y). This classification allowed for a direct quantitative
comparison between citations attributed to Planck and those attributed to other scientists.

As an illustrative example, applying this methodology to AP for the year 1908 allowed us to identify all explicit
references to electron charge values in volume 25-27, comprising fifteen issues. Eight such references were retrieved:
three cited Planck’s value, while five referred to estimates by other scientists. Specifically, E. Meyer and Regener
(Meyer et al. 1908), F. Jentzsch (Jentzsch 1908), and E. Wagner (Wagner 1908) explicitly cited Planck’s value
of 4.69 esu. Meyer and Regener also derived a value of 1.3 esu using probability theory applied to radioactive
decay (Schweidler 1906), comparing it with earlier determinations of 1.29 esu by R. v. Helmholtz and F. Richarz
(1894) and 3.4 esu by Thomson (1903) (Meyer et al. 1908). Additionally, H. Sirk cited Thomson’s value of 3.4 esu,
alongside values between 2.0 and 4.0 esu obtained by H.A. Wilson in 1903 (Sirk 1908).

In counting citations of Planck’s value for the elementary charge, we included self-citations authored by Planck
himself. This decision was guided by two considerations: Planck’s personal ethos and the scientific milieu of his era.
Known for his reserved and upright nature (Heilbron 2000), Planck was unlikely to employ self-citations merely
to enhance his academic visibility without substantial scholarly contribution. Moreover, in the early twentieth-
century, the ethical concerns surrounding self-citations were far less pronounced than they are today (Costas et al.
2010; Flatt 2017; Kiado 2026), and such practices were not regarded negatively.

3 Results: electron charge determinations and citations (1901-1921)

In this section, we present the results of our analysis. We begin by revisiting Planck’s original 1900 determination
of the elementary charge, drawing on his papers (Planck 1900b, d) as well as relevant modern literature. This serves
as a well-defined reference baseline, against which subsequent experimental determinations can be systematically
compared. We then examine the primary literature from 1901 to 1921 to trace the experimental determinations
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of the electron charge over this period. Finally, we explore the visibility and influence of Planck’s estimate within
the scientific community, highlighting both how frequently and in which venues it was cited in the contemporary
literature. This approach enables us to situate Planck’s contribution within the broader experimental efforts to
measure e, while also allowing us to quantify its impact over time.

Throughout this section, the term “electron charge” refers to experimentally determined values reported in the
contemporary literature, whereas “elementary charge” denotes Planck’s theoretically derived quantity and its later
universal interpretation.

3.1 Planck’s 1900 determination of the elementary charge

At the turn of the twentieth-century, the electron had already emerged as a theoretical and experimental entity, yet
many of its physical properties, most notably its elementary charge, remained the subject of active investigation.
The broader history of the electron and the birth of microphysics have been extensively analysed in the historiog-
raphy, including authoritative accounts (Buchwald Warwick 2001; Arabatzis 2006; Navarro Thomson 2012) that
have reconstructed the experimental, conceptual, and institutional processes through which the electron acquired
its modern status. The present work, however, deliberately restricts its scope to experimental and theoretical works
on the determination of the electron charge published between 1901 and 1921, that is, to the period immediately
following Planck’s numerical estimate of the elementary charge. Later historical reconstructions are therefore not
discussed here, as our aim is to examine the contemporary scientific reception of Planck’s result rather than its
subsequent historiographical interpretation.

Between 1894 and 1900, Planck brought together thermodynamics, electromagnetic theory, and statistical
mechanics - three major strands of nineteenth-century physics - into a unified framework that would ultimately
give rise to quantum theory and profoundly transform classical physics over the following decades (Kuhn 1978).
As an expert in thermodynamics, Planck was particularly concerned with absolute quantities such as energy and
entropy, a vision he outlined in his 1894 inaugural address before the Prussian Academy of Sciences: The times are
over when the special and the general could comfortably find their place next to each other in a single personality1

(Planck 1894).
Investigations in this direction were initiated by G. Kirchhoff in 1859, who established the universal character

of thermal radiation (Kirchhoff 1859). In 1879, J. Stefan conjectured on the basis of experimental evidence that
the total radiative energy density scales with the fourth power of the temperature (Stefan 1879), and five years
later L. Boltzmann provided its theoretical foundation using thermodynamic reasoning (Boltzmann 1884). Further
progress came almost a decade later with W. Wien’s displacement law, which demonstrated that the wavelength
at which the radiation intensity is maximal is inversely proportional to the temperature (Wien 1893).

Planck soon realised that thermodynamics and electromagnetic theory alone could not fully account for the
observed radiation distribution (Kuhn 1978). Beginning in 1895, he examined electrodynamic mechanisms respon-
sible for thermalisation of radiation (Planck 1895, 1896a, b, 1897b, a), and incorporated these results into a series
of five papers, all presented before the Prussian Academy of Sciences between 1897 and 1899. In these mémoires,
Planck formulated the electrodynamic basis for the irreversible approach of radiation towards equilibrium (Klein
1961).

In a subsequent paper presented in March 1900 (Planck 1900a), Planck further clarified certain aspects of the
entropy definition he had introduced earlier (Planck 1900d). However, this formulation - central to the derivation
of Wien’s law - was criticised by Wien in August 1900 (Wien 1900). The inconsistencies pointed out by Wien
explicitly undermined the theoretical foundation of Planck’s new theory.

Experimental developments further challenged his theoretical framework: measurements in 1900 revealed sys-
tematic deviations from Wien’s law, particularly at high temperatures and long wavelengths (Lummer Pringhsheim
1900; Lummer Jahnke 1900; Thiesen 1900; Rubens Kurlbaum 1900). In particular, H. Rubens and F. Kurlbaum’s
October 1900 measurements definitively excluded the universal validity of Wien’s law (Rubens Kurlbaum 1900;
Hettner 1922; Pais 1979), prompting Planck to revise his entropy expression. On October 7, 1900, after discussions
with Rubens, Planck proposed a new distribution law that accurately fit the experimental data, a formulation he
later described as a “lucky guess” (Mehra 2001).

On October 19th 1900, following the presentation by Kurlbaum and Rubens to the German Physical Society
of their measurements at the longest infrared waves then accessible, Planck remarked during the discussion that
these results had strongly confirmed that Wien’s law lacked general validity, instead possessing the character of
a law applicable only within a limited range of frequencies and temperatures (Planck 1900c). In this remark,
Planck intended to justify how the electromagnetic theory of radiation he developed on the basis of Wien’s law
was modified in light of this new experimental evidence. He launched his remark, summarising some of the results
of his theory presented so far, and announced that he had built, in a very arbitrary way, a new distribution law
which satisfied both thermodynamic and electromagnetic requests.

1 Translation by the author from the original German: “Die Zeiten sind vorüber, wo in einer einzigen Persönlichkeit das
Specielle und das Allgemeine neben einander bequem Platz finden konnten”.

123



   10 Page 6 of 20 Eur. Phys. J. H           (2026) 51:10 

For a theoretician like Planck, the lucky guess that led to the new distribution law, as presented in October
1900 (as he admitted many years later (Planck 2001)), needed further theoretical justification. Therefore, from the
day it was proposed, he was concerned with the problem of providing it with a real physical meaning.

He had already shown his belief that thermodynamic considerations alone were insufficient to define the entropy
function (Planck 1900a). It is likely that he perceived his recent use of multiple resonators as closely analogous to
Boltzmann’s treatment of systems composed of many molecules. In particular, the expression for the entropy he
derived closely resembled Boltzmann’s logarithmic relationship between entropy and probability (Planck 1958a,
1943). This resemblance ultimately led him to abandon a purely thermodynamic definition of entropy in favour of
a combinatorial one (Planck 1958b).

On 14th December 1900 Planck read his work at the Meeting of the German Physical Society (Planck 1900b).
On that occasion he outlined the theoretical basis of the new law he had only announced to them two months
before (Planck 1900c), and at the beginning of 1901, he published a paper with some more theoretical details
(Planck 1901a). However, these two derivations of the radiation law were considered obscure by most of Planck’s
contemporaries until he published the complete derivation in 1906 (Planck 1906).

Planck closed both his December 1900 and January 1901 papers by working on numerical values of some constants
that emerged from his new theory. The January 1901 paper ended with the calculation of h and k constants deduced
from his new theory and making use of the experimental data presented by Kurlbaum (Kurlbaum 1898). These
values were precisely the basis of some other numerical evaluations offered at the end of the December 1900 work.
In particular, he compared the entropy expression provided by Boltzmann for a monoatomic gas in equilibrium, to
the one he obtained with his theory. He obtained a value for the elementary charge e of 4.69×10−10 in electrostatic
units2, by combining the known Faraday constant F and his own determination of Avogadro’s number NA, itself
derived from the relation k = R/NA, where k was the “radiation constant” appearing in his theoretical treatment of
black-body radiation. Crucially, Planck’s derivation did not rest on a commitment to atomic theory or statistical
mechanics as later understood; rather, it relied on a formalism specific to radiation thermodynamics, in which
probabilities were introduced as a theoretical device to account for energy distribution among oscillators.

As emphasised in the literature (Seth Smith 2020), the values Planck obtained for NA and e were “theory-
mediated”. In fact, at the time, these numerical determinations could not serve as independent evidence for the
existence of atoms or for the quantisation of matter. Planck himself acknowledged this limitation and explicitly
called for further experimental verification of k using direct methods, noting that such measurements should be
both an important and a necessary task for further research3(Planck 1900d).

Even more important, Planck observed that the numerical values agreed with other experimental results closely.
However, less obvious at that time was the fact that the elementary unit of electric charge could be estimated
essentially as the ratio of the macroscopic Faraday constant (which was also well-established) to the Avogadro’s
number. Furthermore, Planck emphasised that these numerical evaluations suggested important consequences for
other fields of physics and also of chemistry4(Planck 1900b), and in the very last sentence of the paper, he expressed
the urgency of having to measure them with more direct means. Planck underlined these consequences also in the
following papers published in 1901-1902 (Planck 1901b, 1902).

Remarkably, despite resting on such theoretically fragile foundations, Planck’s estimate of e was numerically
very close to the value that would become universally accepted a few years later through independent experimental
efforts. It was only after J. Perrin’s seminal experiments on Brownian motion that Avogadro’s number (Perrin 1909,
1911) - and, by extension, the elementary charge - acquired independent empirical grounding. This breakthrough
provided a firm foundation for the kinetic theory of heat and, in retrospect, offered a molecular interpretation of
Planck’s constants within a physically grounded framework.

This historical clarification implied that the relative lack of attention to Planck’s early numerical determination
of e was not an “oversight” but an expected consequence of the theoretical context. The conceptual importance
of Planck’s calculation was necessarily limited: without independent confirmation of NA and the physical reality
of atoms, the numerical determination of e could not, at the time, provide decisive empirical support for a funda-
mental subatomic charge. Subsequent experimental efforts - most notably those by Thomson, Perrin, Millikan, and
others - were therefore the natural arena in which the value of e was rigorously established and refined. Planck’s
calculation should thus be understood as a formal derivation contingent on his theoretical framework, whose sig-
nificance became fully appreciable only in light of later experimental confirmations. In this sense, bibliometric
analyses that highlight citations or attention to Planck’s 1900 value of e must be interpreted with care: the his-
torical record reflects not neglect, but the appropriate scientific reception of a theoretically derived quantity still
awaiting empirical validation. The fact that Planck’s theoretically fragile derivation closely approximated the later

2 For simplicity, all charge values mentioned hereafter are expressed in electrostatic units (esu), which are more commonly
used at the time than the modern Coulomb. The corresponding power of ten is implied throughout; thus, a value of 4.69
esu should be read as 4.69 × 10−10 esu.
3 Translation by the author from the original German: “ ebenso wichtige wie notweudige”.
4 Translation by the author from the original German: “für weitere Gebiete der Physik und auch der Chemie von erheblicher
Tragweite zu sein scheinen”.
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Fig. 1 Geographic distribution of the 31 authors reviewed
in this study, who conducted measurements of the elemen-
tary electric charge between 1901 and 1921. Countries are
colour-coded according to the number of affiliated authors:
UK and France (7 each ), USA (6 ), Austria (5 ), Ger-

many (4 ), and one author each from Russia and Sweden (
). Present-day country boundaries are used for visual clar-

ity. Although national borders have shifted since 1901-1921,
the affiliations reflect the modern location of institutions
where the electron charge was measured during that period

experimentally confirmed value underscores his remarkable insight, even though it had no immediate influence on
experimental research, since such theoretical results at the time tended to function primarily as conceptual guides
and reference points rather than as direct drivers of experimental practice.

3.2 Reported values of the electron charge (1901-1921)

To evaluate the position of Planck’s numerical estimate of the elementary charge within contemporary physics, it
is essential to situate it against the broader experimental landscape of the early twentieth-century. Between 1901
and 1921, numerous determinations of the elementary charge were reported in Europe and the USA, employing a
wide range of experimental and theoretical techniques.

Building on the dataset constructed according to the methodological rules set out in Sect. 2, this subsection
presents the individual values reported by scientists other than Planck, as they appear in the surveyed primary
literature, preserving the diversity of approaches. At this stage, the data are listed in their original form, in the
following section these data will be aggregated within a unified framework enabling direct comparison, making it
possible to identify trends, quantify dispersion, and assess the degree of convergence.

The geographic distribution of the affiliation of the 31 authors whose work is discussed here is summarised in
Fig. 1, highlighting the geographically dispersed nature of early investigations of the electron charge. Although
institutional affiliations and national borders evolved during this period, the figure suggests that no single country
dominated research on this problem.

Early work on the electron charge emerged from investigations of cathode rays and gaseous ions. Thomson’s
experiments of 1897 in the UK established the particulate nature of cathode rays and provided the first measure-
ments of the mass-to-charge ratio m/e (Thomson 1897), results that were independently confirmed by E. Wiechert
and W. Kaufmann in Germany (Wiechert 1897; Kaufman 1897).

Attention then shifted from m/e to direct or indirect determinations of the charge e itself. In 1898-1899, J.S.
Thomson and Townsend employed condensation methods based on C.T.R. Wilson’s cloud technique applied to ions
produced by X-rays or electrolysis. Thomson obtained values ranging from around 6.5 − 6.8 esu (Thomson 1898;
Sutherland 1899; Romer 1942), while Townsend derived values near 3 esu by analysing the motion and charge of
droplets formed around ions (Townsend 1900, 1897; Millikan 1917; Townsend 1898). Townsend’s primary objective
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was to demonstrate that gases released during electrolysis were electrically charged, rather than to establish a
fundamental unit of electricity; accordingly, he did not explicitly compare his results with the electrolytic atomic
charge (Smith 1997). Nevertheless, these studies established that gaseous ions carried charges of a magnitude
comparable to that inferred from electrolysis.

Methodological advances in ion-mobility measurements also contributed to this early phase. In the USA, J. Zeleny
and E. Rutherford developed techniques for determining ion drift velocities and mobilities in gases (Zeleny 1898;
Rutherford 1897), providing essential experimental input for subsequent charge determinations. Building on this
experimental background, Thomson returned in 1899 to the study of cathode rays and photoelectrically emitted
electrons, measuring both m/e and e for negative ions and showing that the small value of m/e was due to a very
small mass rather than an unusually large charge (Thomson 1899).

Between 1902 and 1904, further refinements of condensation and ionisation methods were introduced. Thomson’s
combined determination of both the charge and the mass of the negative corpuscle marked the first direct measure-
ment of the electron as a physical entity, a result later recognised as establishing him as the first to measure these
fundamental quantities for the electron (Mulligan 2001). At the beginning of 1902, Austrian physicist J. Nabl, who
had worked in Thomson’s laboratory in 1900, reported values near 2 esu using Wehnelt interrupter (Nabl 1902), in
agreement with Townsend’s measurements (Nabl 1902; Arrhenius 1912). In April 1902, Thomson and H.A. Wilson
published improved measurements based on ionisation by radium and controlled condensation experiments, yield-
ing values in the range 3 − 4 esu (Eve 1939; Wilson 1910; Thomson 1903; Wilson 1903). Although still affected
by significant uncertainties, these results provided strong evidence for the atomicity of electric charge. From 1906
onward, Millikan in Chicago began refining H.A. Wilson’s condensation method, though his early attempts initially
produced no publishable improvements (Millikan 1947).

European efforts between 1902 and 1904, particularly in Germany, focused on theoretical and experimental
aspects of electron mass (Kaufman 1901, 1902; Abraham 1902; Bucherer 1904), without providing direct charge
measurements. In France, H. Pellat highlighted that the charge of a monovalent ion could be determined from
electrolysis alone, yielding values from 2.46 to 6.9 esu and reinforcing confidence in ion theory (Pellat 1907).
K. Przibram, from the University of Wien, influenced by C.T.R. Wilson’s work, studied condensation of vapour
droplets around ions and measured charges between 3.8 esu (July 1907) (Przibram 1907). In early 1907, Millikan,
with his student L. Begeman, improved Wilson’s method, correcting identified experimental errors, and obtained
4.03 esu in January 1908 (Millikan Begeman 1908).

A better assessment of the validity of the result obtained at Cavendish laboratory by Thomson and coworkers,
was not long in coming, furnished by none other than Rutherford, who divided the total charge carried by alpha-
particles from a radium source, measured in a separate experiment, by the total number of alpha-particles counted,
then gave the charge per alpha-particle namely 9.3 esu, which was close to twice the charge e carried by a hydrogen
atom - a value by then nearly universally accepted as the fundamental unit of electricity (Rutherford Geiger 1908).

From 1909, the convergence of measurements accelerated. In 1909, R.T. Lattey measured 4.66 esu using the
electrolytic nebula of oxygen (Lattey 1909); Ehrenhaft, studying colloidal particles with and without a horizontal
electric field and applying Stokes’s law, reported 4.6 esu in April (Ehrenhaft 1909); G. Moreau found 4.3 esu for
negative ions in flames in May (Moreau 1909); E. Regener, by counting polonium alpha-particle scintillations and
measuring their total charge, obtained 4.79 esu in July (Regener 1909); in the same month, M. De Broglie measured
velocities of charged tobacco-smoke particles and derived 4.5 esu (Broglie 1909); Perrin, analysing Brownian motion,
reported values around 4.1 esu in September (Perrin 1909); G. Jaffé, from conductivity studies of hexane as a
function of temperature and impurities, obtained 3.25 esu, also in September (Jaff 1909). Finally, A. Alexejew and
M. Malikow, applying Wilson’s condensation method to superheated water vapour on gas ions, measured droplet
fall speeds under gravity and an electric field, yielding 4.5 esu (Alexejew Malikov 1909).

Scientists at the time focused on improving existing methodologies rather than developing new ones. For instance,
Ehrenhaft (May 1910) measured a wide range of charges in different materials (Ehrenhaft 1910), while Przibram
(June 1910) extended his condensation studies to various mists, obtaining values between 3.45 and 4.7 esu (Przi-
bram 1910).

In October 1910, Millikan’s refinement of the oil-drop method, observing individual droplets, produced an
average charge of 4.65 esu (Millikan 1910). In this seminal work, Millikan established the most probable value of
the electron charge (see Table 2) by averaging five determinations he considered reliable: Planck’s value obtained
from radiation theory; Rutherford and H. Geiger’s, based on counting alpha-particles emitted from a known
quantity of radium; Regener’s, obtained from scintillations counts of a known amount of polonium; Begeman’s,
determined using Wilson’s method; and his own value, derived from the oil-drop experiment. He argued that
the French determinations of de Broglie, Perrin, and Moreau should be disregarded, a position that initiated a
controversy with Ehrenhaft (Niaz 2000). By assigning equal weight to these five determinations, Millikan concluded
that the most probable value of the electron charge was 4.69 esu (Millikan 1910). This value laid remarkably close
to Planck’s theoretical estimate and marks the first occasion, namely in 1910, on which Planck’s estimate was
placed on equal footing with experimental determinations, effectively endorsing it in his attempt to identify the
most probable value of the electron’s charge.

123



Eur. Phys. J. H           (2026) 51:10 Page 9 of 20    10 

Table 2 Table showing values of different measurements considered by Millikan for establishing that most probable value
of the charge of the electron is the average of five different determinations (Millikan 1910)

Author Year Value Reference

M. Planck 1900 4.69 (Planck 1900b)
E. Rutherford and H. Geiger 1908 4.65 (Rutherford Geiger 1908)
E. Regener 1909 4.79 (Regener 1909)
L. Begeman 1910 4.67 At the time of Millikan’s work, these

data had not yet been published, as
Millikan himself admitted, but they
would be in (Begeman 1910).

R.A. Millikan 1910 4.6 (Millikan 1910)

Fig. 2 A chronological representation of published elec-
tron charge measurements between 1898 and 1917. Each
segment corresponds to a reported experimental value from
key studies by researchers such as Planck, Thomson, Perrin,
and Millikan, among others. The segment lengths are pro-
portional to the reported values of the elementary charge,
allowing a visual comparison of the spread and distribution

of measurements over time. The arrows are meant to guide
the reader through the historical progression, whereas the
individual markers explicitly encode the years in which mea-
surements were actually performed. Note that this figure
reports the chronological distribution of published values of
e (years and values only), whereas citation frequencies and
their aggregated distributions are presented in Figs. 3-4-5

Millikan’s oil-drop experiments were further refined in 1911 by replacing water and alcohol with non-volatile oil
droplets, yielding 4.891 esu (Millikan 1911). Parallel work by Perrin (1911, 4.24 esu) (Perrin 1911, 1912), J. Roux
(1911, 4.17 esu) (Roux 1911; Millikan 1913), and H. Fletcher (1911, 5.01 esu) (Fletcher 1911) using Brownian
motion reinforced the convergence of e values. T. Svedberg (1912) obtained 4.7 esu using colloidal metal solutions
(Svedberg 1912). Subsequent oil-drop experiments by Millikan in 1913 and 1917 produced highly precise values:
4.774× 0.009) esu and 4.774× 0.004 esu, respectively (Millikan 1913, 1917), which remained the standard for over
twenty years, later slightly adjusted to 4.770 esu (Dubridge Epstein 1959).

The long-term convergence of reported electron charge values documented in this section is visually synthesised
in Fig. 2 through a chronological representation of the principal experimental determinations. This overview covers
a period that extends slightly before 1901-1921 range considered in our study to emphasise fundamental exper-
iments, such as Thomson’s discovery of the electron, which predated Planck’s estimate. The diagram highlights
the scientists involved and the values they reported, with each segment corresponding to a specific experimental
result. The length of each segment is proportional to the measured value of the electron charge, visually conveying
variations between each determination. Early measurements exhibit a broader range of reported values, reflecting
methodological challenges and experimental limitations. As techniques improved, particularly with the introduction
of Millikan’s oil-drop experiment, the segments become more consistent in length, indicating increasing precision
and convergence towards the accepted value of the elementary charge. The figure also includes lesser-known stud-
ies, demonstrating the collective effort that contributed to refining this fundamental constant. Furthermore, from
1917 to 1921, no new measurements were reported in surveyed journals, and the electron charge value remained
largely stable, despite refinements in experimental techniques and advances in related fields (Dubridge Epstein
1959).
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Fig. 3 Bubble plot illustrating annual citation counts from
1901 to 1921 for (a) Planck’s electron charge value (CP (y))
and (b) values proposed by other scientists (CO(y)). The
horizontal axis indicates the year of publication, while the
vertical axis shows the total number of citations. Bubble size
is scaled linearly with CP (y) and CO(y) to reflect citation

volume, emphasising the relative intensity of scholarly activ-
ity over time, whereas the vertical axis reports the exact
citation counts. The year 1910 stands out as having the
highest number of citations, marking a peak in academic
attention

3.3 The Footprint of Planck’s elementary charge (1901-1921)

By analysing 26 journals, primarily from Europe (listed in Appendix A), we found that the total number of
citations between 1901 and 1921 amounted to 959. Of these, 87 referred to Planck’s elementary charge value (4.69
esu), while the remaining 872 cited values proposed by other scientists. Thus, approximately 10% of all citations
in the dataset refer to Planck’s value.

Our citation data are indexed by journal and year: for each pair (j, y), we record the number of citations
to Planck’s value and to values proposed by other scientists. To obtain yearly totals, we aggregate all entries
corresponding to the same year by summing their contributions across journals. In this way, citations occurring in a
given year, regardless of the journal in which they appeared, are combined into a single yearly value. This procedure
yields two annual time series: one tracking the total number of citations to Planck’s value CP (y) =

∑
j CP (j, y),

and the other tracking the total number of citations to the values of other scientists CO(y) =
∑

j CO(j, y).
The highest number of citations in a single year occurred in 1910 for both Planck and other contributors, with

16 citations referring to Planck’s value and 99 citing alternative values. This peak indicates a period of particularly
intense publication and referencing activity related to the determination of the elementary charge. It should be
noted that these values are not normalised, as the aim is to capture the overall volume of citation activity over
time rather than relative proportions within yearly publication output.

Figure 3 shows the annual citation activity from 1901 to 1921. The horizontal axis represents the year, the vertical
axis the total number of citations across all journals, and the bubble size is proportional to citation volume. This
representation allows the distribution of citation activity over time to be observed in terms of both absolute counts
and relative intensity.

The peak observed in 1910 suggests a delayed but intensified presence of Planck’s value in the scientific lit-
erature on the electron charge. In this broader context, Planck had indeed become increasingly recognised as a
leading figure within the scientific community of Berlin, and later of Germany as a whole (Fuchs Eckern 2010).
The concurrent peak in citations to alternative electron charge values can be understood in the context of both
ongoing scientific developments and broader publication trends. Before Planck’s value gained wider acceptance,
experimental determinations of the electron charge were pursued by physicists such as Thomson, H.A. Wilson,
and Millikan.

Although Planck’s estimate was theoretically well-founded, it had not yet gained broad acceptance by 1910.
One reason may have been that it was derived rather than experimentally measured. Consequently, many scien-
tists were sceptical of theoretical approximations, favouring values obtained through direct experimentation. The
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Fig. 4 The bar chart provides a descriptive comparison of
citation patterns across countries in the dataset. It illus-
trates the percentage distribution of citations to Planck
(Xc

P ) and to other scientists (Xc
O) across various countries

in 1910. The vertical axis lists the countries of publication
for the journals considered (e.g. NL, CH, ES, IT , US, FR,
UK, D), while the horizontal axis shows the proportion of
citations (ranging from 0% to 100%)

analysis therefore suggests that, by 1910, citations to Planck’s value still coexisted with a strong representation of
experimentally derived alternatives in the literature.

It should be recalled that by 1910, Millikan effectively treated Planck’s value as one of the reliable and plausible
determinations of the electron charge alongside experimental results, thereby placing Planck’s theoretical estimate
on an equal footing with laboratory measurements.

Country-level analysis is restricted to 1910, the year of peak citation activity, in order to ensure sufficient obser-
vational density for comparative assessment. To explore citation patterns in 1910 in greater detail and to identify
possible country-level differences in the use of Planck’s value versus alternative determinations, we aggregated
citation counts separately for each country. For a given country c, this procedure involves summing all citations
recorded in journals associated with that country in the year 1910, distinguishing between citations to Planck’s
value and citations to other proposed values. In this way, we obtain two country-specific totals: one corresponding
to citations to Planck’s value and one corresponding to citations to alternative determinations. This aggregation is
performed over all journals attributed to country c, which together form the national subset of the dataset. These
country-level citation totals were then normalised in order to account for differences in overall citation volume
across countries. Specifically, for each country, we computed the relative share of citations referring to Planck’s
value and to alternative determinations by dividing each category by the total number of citations recorded for
that country in 1910. This procedure yields two complementary proportions: the fraction of citations associated
with Planck’s value Xc

P (1910) and the fraction associated with other proposed values Xc
O(1910). Normalisation is

applied to control for heterogeneity in total citation volume across countries. Together, these measures provide a
normalised representation of citation patterns that allows meaningful comparison across countries with different
overall levels of citation activity.

The results shown in Fig. 4 provide a descriptive overview of the distribution of citations to Planck’s value and
to alternative determinations across countries in 1910. The figure highlights variation in the relative proportions of
citations across national contexts. However, given the limited number of observations per country, these differences
should be interpreted as indicative patterns within the dataset rather than as sharply defined or statistically distinct
groups.

From this perspective, Germany stands out as the country in which Planck’s value is most frequently cited. This
pattern is consistent with historical context, as Planck was German and had high visibility in national scientific
publications, notably serving as editor of Annalen der Physik for an extended period (Pyenson 2007; Fuchs Eckern
2010).
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Fig. 5 Citation distribution (CP (j), CO(j)) across journals grouped by countries (1901-1921). Each box presents citation
data for a specific country, arranged from left to right as follows: Germany, UK, France, USA, Italy, Spain, Switzerland,
and the Netherlands

The UK and France also show a moderate frequency of citations to Planck’s value. In contrast, the USA and
Italy form a distinct group characterised by citations of alternative values in the dataset. The absence of citations
from Spain, Switzerland, and the Netherlands reflects their representation in the current dataset and may indicate
either limited publication activity in the selected journals or lack of engagement with this particular scientific
debate.

We now examine the distribution of citations across journals over the period 1901-1921 (Fig. 5). For each journal,
we sum all annual citation records to obtain total citation counts, distinguishing between Planck’s value and
alternative determinations, e.g. CP (j) =

∑
y CP (j, y) and CO(j) =

∑
y CO(j, y). This yields journal-level totals

for each category over the full period analysed.
Consistent with previous analyses, Fig. 5 presents the citation counts for each journal, divided into two categories:

citations to Planck’s work (green) and citations to other scientists (blue). This representation highlights both the
visibility of Planck’s contributions and the broader implications of citation inequality in early twentieth-century
physics. One of the most striking findings is that Planck’s value was cited in a select number of leading journals,
reflecting a concentrated pattern of citation distribution across the scientific literature. Planck’s contributions
show a significant presence in German physics-oriented publications such as AP , N , and V DPG. While his overall
citation count is substantial, it is not uniformly distributed across all journals, indicating differences in topical and
disciplinary engagement across publication venues. Journals outside Germany, including PM and PR, also record
citations, although the majority refer to other scientists rather than to Planck.

4 Conclusion

The present analysis focuses on a set of countries and journals representative of the principal centres of physics
research in the period considered, which together capture the primary channels of dissemination of these results.
While other contexts (e.g. Russian publications) may have contributed, their limited accessibility and coverage in
the available sources make them difficult to include in a consistent comparative framework. The analysis presented
in this study has quantified the contemporary reception of Max Planck’s 1900 numerical estimate of the elementary
electric charge within the scientific literature of the early twentieth-century. Although emerging from the same
theoretical framework that introduced the quantum hypothesis, a framework that rapidly became highly visible
in the scientific literature, Planck’s determination of e exhibits a relatively low frequency of citations in the period
considered.

By examining both the experimental context in which competing values of the electron charge were produced
and the citation practices through which scientific results circulated, we show that Planck’s estimate was one
among several values reported in the literature on the elementary charge, alongside a broader set of experimental
determinations. Bibliometric evidence indicates that, between 1901 and 1921, explicit references to Planck’s value

123



Eur. Phys. J. H           (2026) 51:10 Page 13 of 20    10 

account for approximately 10% of all citations related to determinations of the elementary charge, relative to
experimental values proposed by Thomson, H.A. Wilson, Millikan, Regener, Ehrenhaft, and others. This distribu-
tion reflects the epistemic hierarchy of the period, in which direct experimental measurement retained a privileged
status over theoretically derived quantities. While Planck emphasised the importance of the constants emerging
from his radiation law, his contemporaries tended to regard the determination of e as an empirical problem best
addressed through laboratory techniques rather than theoretical inference.

The temporal evolution of citations further supports this interpretation. While Planck’s value remained relatively
minor in the early years, a peak in 1910 indicates a gradual increase in visibility, though still coexisting with a
dominant presence of experimentally derived alternatives. Notably, in 1910 Millikan treated Planck’s value as one
of the plausible determinations of the electron charge, placing it on a comparable footing with experimental results
and thereby contributing to its limited legitimisation within the experimental community.

More broadly, the findings highlight the role of dissemination, classification, and citation in shaping the recep-
tion of scientific contributions. Planck’s estimate, though conceptually significant in retrospect, circulated within
a scientific environment that had not yet fully integrated quantum considerations into precision measurement.
Consequently, his value for the elementary charge did not achieve a high level of citation frequency in the dataset
compared to competing experimental determinations.

By combining historical reconstruction with quantitative bibliometric analysis, this study provides a systematic
account of how Planck’s determination of the elementary charge was received in contemporary citation records.
The results underscore that scientific significance cannot be inferred solely from later theoretical prominence;
rather, it emerges from a complex interplay between theoretical innovation, experimental practice, and the social
mechanisms through which knowledge is communicated and validated. In this sense, the limited contemporary
visibility of Planck’s estimate offers a revealing case study of how foundational contributions may initially remain
peripheral within contemporary discourse before acquiring retrospective importance in the broader narrative of
scientific development. By foregrounding this aspect of Planck’s work, the study contributes to a more nuanced
understanding of his scientific legacy and of early twentieth-century efforts to determine the elementary electric
charge.
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A Appendix A

In this appendix, we present a comprehensive collection of scientific journals published in different countries during the
period under investigation (Tables 3, 4, 5, 6 and 7). Each table is dedicated to a specific country and provides the complete
journal names along with their commonly used abbreviations. The period of activity is also included to indicate the years
during which each journal was published. These tables serve as a reference for understanding the dissemination of scientific
knowledge across different regions and their contribution to the scientific community of the time.

It should be noted that the issue of journal abbreviations for journals published prior to the establishment of the ISO
standard is far from solved. In fact, it is common to find multiple abbreviations assigned to the same journal. For instance,
the Sitzungsberichte der Mathematisch-Physikalischen Klasse der Bayerischen Akademie der Wissenschaften zu M ünchen
has appeared under more than 200 different abbreviations, as catalogued in the 2nd edition of the Scholarly Societies
Project (Parrot yy). To maintain consistency and simplicity, we have considered for the shorter abbreviation commonly
found in digital libraries and repositories (Biodiversity Heritage Library yy; Archive yy; Congress yy; Ithaka 2025; Digital
Public Library of America yy; Gutenberg 2025; Europeana 2025; Sub G Ttingen Digitalisierungszentrum 2025; Sächsische

Table 3 German journals included in this study with full names, historical abbreviations, activity periods, and the abbre-
viations used here. The same headings apply to the following tables

Full Journal Name Years of Activity Abbreviation

Annalen der Physik (Ann. d. Phys.) 1901–1921 AP
Abhandlungen der Königlich Preussischen
Akademie der Wissenschaften.
Physikalisch-Mathematische Klasse (Abh.
d. K. Preuss. Akad. Wiss. Phys.-Math.
Kl.)

1901-1907 APAW

Abhandlungen der Königlich Preussischen
Akademie der Wissenschaften aus dem
Jahre (Abh. d. K. Preuss. Akad. Wiss.)

1908-1919

Abhandlungen der Preussischen Akademie
der Wissenschaften.
Physikalisch-Mathematische Klasse (Abh.
d. Preuss. Akad. Wiss. Phys.-Math. Kl.)

1920-1921

Naturwissenschaftliche Rundschau:
wöchentliche Berichte über die Fortschritte
auf dem Gesammtgebiete der
Naturwissenschaften (Naturwiss.
Rundsch.)

1901–1912 N

Naturwissenschaften 1913–1921
Nachrichten von der der Königlich
Gesellschaft der Wissenschaften zu
Göttingen. Mathematisch-physikalische
Klasse (Nachr. Ges. Wiss. Gottingen
Math.-Phys. Kl.)

1901-1921 NGW

Physikalische Zeitschrift (Phys. Z.) 1901–1921 PZ
Sitzungsberichte der
mathematisch-physikalischen Klasse der
Königl. Bayerischen Akademie der
Wissenschaften zu München (Sitz. d.
Math.-Phys. Klasse d. K. Bayer. Akad. d.
Wiss)

1901–1917 SBAW

Sitzungsberichte der
Mathematisch-Physikalischen Klasse der
Bayerischen Akademie der Wissenschaften
zu München (Sitz d. Math.-Phys. Klasse d.
Bayer. Akad. d. Wiss)

1918–1921
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Table 3 continued

Full Journal Name Years of Activity Abbreviation

Sitzungsberichte der Königlich Preussischen
Akademie der Wissenschaften zu Berlin
(Sitz. d. K. Preuss. Akad. Wiss.)

1901–1918 SPAW

Sitzungsberichte der Preussischen Akademie
der Wissenschaft (Sitz. d. Preuss. Akad.
Wiss.)

1919–1921

Verhandlungen Der Deutschen
Physikalischen Gesellschaft (Verh.
Deutsch. Phys. Ges.)

1901–1921 V DPG

Zeitschrift für Instrumentenkunde (Z.
Instr.)

1901–1921 ZI

Zeitschrift für Physikalische Chemie (Z.
Physikal. Chem.)

1901–1921 ZPC

Zeitschrift für den Physikalischen und
Chemischen Unterricht (Zeit. Phys. Chem.
Unter.)

1901–1921 ZPCU

Table 4 This table lists the journals from the UK included in this study

Full Journal Name Years of Activity Abbreviation

The London, Edinburgh and Dublin
philosophical magazine and
journal of science (Phil. Mag.)

1901–1921 PM

Proceedings - Cambridge
Philosophical Society (Proc.
Camb. Phil. Soc.)

1901–1921 PCPS

Proceedings of the Royal Society of
London (Proc. R. Soc. Lond.)

1901–1905 PRSL

Proceedings of the Royal Society of
London. Series A, Containing
papers of a mathematical and
physical character (Proc. R. Soc.
Lond. Ser. A.)

1906–1921

Philosophical Transactions. Series
A: Mathematical and physical
sciences (Philos. Trans. A)

1901–1921 PTA

Table 5 This table lists the journals from the USA included in this study

Full Journal Name Years of Activity Abbreviation

The Physical Review. A journal of
experimental and Theoretical
Physics (Phys. Rev.)

1901-1921 PR

Landesbibliothek Staats- und Universit tsbibliothek Dresden (SLUB) 2025; Hamburger Kulturgut Digital: 2025; Deutsche
Digitale 2025; Biblioteka 2025; HAL 2025; Biblioth Que Nationale De 2025; Revue Sommaire ISTEX 2025; LillOnum 2025;
Landesmuseen 2025; Centrale di Roma: Teca Digitale, 2025), online catalogues (Foundation n.d.), and existing literature
(V.A 1937; Borisenko Ossicini 2012).
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Table 6 This table lists the journals from France included in this study

Full Journal Name Years of Activity Abbreviation

Annales de chimique et physique
(Ann. Chim. Phys.)

1901–1903 AnPh

Annales de physique (Ann.
Physique)

1914–1921

Revue générale des sciences pures
et appliquées (Rev. Gen. Sci.
Pures Appl.)

1901-1921 RGS

Comptes rendus hebdomadaires des
séances de l’Académie des
sciences (C. R. Hebd. Séances
Acad. Sci.)

1901–1921 CR

Journal de Physique Théorique et
Appliquée (J. Phys. Theor. Appl.)

1901–1919 JP

Journal de Physique et le Radium
(J. Phys. Radium)

1920–1921

Le Radium (Radium) 1904–1919 Rd

Table 7 This table showcases the Italian (IT), Spanish (ES), Swiss (CH), and Dutch (NL) journals examined in this study

Full Journal Name Years of Activity Country Abbreviation

Atti della Reale Accademia d’Italia.
Rendiconti (R. Accad. Naz.
Lincei)

1901–1921 IT ARAI

Il Nuovo Cimento (Nuovo
Cimento)

1901–1921 IT NC

Revista de los Progresos de las
Ciencias Exactas, F́ısicas y
Naturales (Rev. Prog. Cienc.
Exact. F́ıs. Nat.)

1901-1904 ES RRAM

Revista de la Real Academia de
Ciencias Exactas, F́ısicas y
Naturales de Madrid (Rev. R.
Acad. Cienc. Exactas, F́ıs. Nat.
Madr)

1905–1921

Archives des sciences physiques et
naturelles (Arc. Sci. Phys. Nat.)

1901-1921 CH ASPN

Proceedings of the Section of
Sciences. Koninklijke Akademie
van Wetenschappen te Amsterdam
(Proc. K. Akad. Wet. Amst.)

1901–1921 NL PKAW

References

Abraham, M.: Prinzipien der Dynamik des Elektrons. Annalen der Physik 315(1), 105–179 (1902)
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Perrin, J.: Les déterminations des grandeurs moléculaires. Comptes Rendus 152, 1165–1168 (1911)
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