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Abstract: 
 
During the twentieth century, physics diversified into subdisciplines and more loosely-
knit fields, specialties, communities, traditions, schools, approaches, or styles of research. 
Many of these entities share a common foundation in quantum physics. The symposium 
aims at discussing the history of such quantum "cultures" in an inclusive manner, by 
bringing together contributions focusing on the intellectual, institutional, and cultural 
dimensions of the practices of physicists and actors from other disciplines. How were 
these quantum cultures established, how did they interact with one another, and how did 
they sometimes split up or join forces? The symposium will also address how social, 
political, and ideological climates shaped (and were shaped by) quantum physicists and 
their practices throughout the twentieth century. 
 
Questions to be addressed are for instance: 
 

● Which areas of physical research and which specific practices contributed 
to the rise and consolidation of quantum physics, which were integrated or 
generated by it, and how did subdisciplines and other social and 
intellectual entities emerge from it? 

● How did novel fields such as nuclear physics, solid-state physics, 
elementary-particle physics, quantum chemistry, quantum optics, 
foundations of quantum physics, quantum information, quantum gravity, 
quantum chaos, materials science, or nanophysics constitute themselves 
and interact with one another? Can they be characterized as subdisciplines 
of physics in their own right, or do we need to come up with different 
taxonomies? 

● What roles did experimental techniques, research technologies, methods, 
computers, professional societies, conferences, summer schools, journals, 
and textbooks play in these histories? 

● How could quantum "cultures" be framed—e.g., as sets of practices, as 
systems of shared values, or as networks? 
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● How did local specificities in the disciplinary structure of physics affect the 
emergence and development of quantum cultures, and how did physicists 
erect, police, or subvert their boundaries? 

● What is the role of case studies on individual actors, unique institutions, 
and specific local contexts in more coarse-grained perspectives on the 
evolution of physics as a discipline? 

 
The symposium aims at bringing together both case studies and more comprehensive 
perspectives on the disciplinary dynamics of physics and adjacent fields. It also explicitly 
invites contributions by scholars who do not see themselves as primarily historians of 
(quantum) physics. Science studies in general are facing an increasingly convoluted 
disciplinary dynamics in the twentieth century, and it is the organizers' hope that the 
symposium will contribute new historical, sociological, and philosophical perspectives on 
how to speak about these dynamics given the numerous actors at play and the abundance 
of extant historical sources. 
 
The symposium is supported by the Commission for the History of Modern Physics of the 
International Union of History and Philosophy of Science and Technology. 
 
Keywords: 20th Century – History of Physics – Cultural History of Science – History of 
Scientific Practices – Disciplinary Boundaries. 
 
 

 
 

This symposium is dedicated to the memory of 
Silvan S. Schweber 

(1928–2017). 
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SYMPOSIUM PROGRAM  
 

First day – July 24, 2017 

 
SESSION 1 — July 24, 9:00–10:30 
Title: Introduction / Pedagogical issues in the history of quantum physics 
Chair: Thiago Hartz (Museu de Astronomia e Ciências Afins, Brazil) 

Christian Joas (Ludwig-Maximilians-Universität München, Germany) – Quantum 
“cultures”? The diversification of practices in 20th century quantum physics 

Massimiliano Badino (Universitat Autònoma de Barcelona, Spain & MIT, United 
States) – Schooling the quantum generations: textbooks and quantum cultures from 
1900 to the 1930s 

Karl Hall (Central European University, Hungary) – Revolution as a pedagogical 
problem: Boris Hessen and the historicity of modern physics 
 

SESSION 2 — July 24, 10:45–12:15 
Title: Communities and collaborations within quantum physics 
Chair: Olival Freire Junior (Universidade Federal da Bahia, Brazil) 

Virgile Besson (Université Claude Bernard - Lyon 1, France, & Universidade Federal da 
Bahia, Brazil) – The genesis of the causal interpretation of quantum mechanics:    
from priority dispute to class collaboration 

Heraclio Tavares (Universidade Federal do Rio de Janeiro, Brazil) and Antonio Augusto 
Passos Videira (Universidade do Estado do Rio de Janeiro, Brazil) – Between accelerators 
and mountains: the high energy physics research in the Brazil-Japan collaboration 

30-minute discussion with Christian Joas, Karl Hall, Massimiliano Badino, Virgile 
Besson, and Heráclio Tavares 

 

SESSION 3 — July 24, 15:30–17:00 
Title: Entanglement, quantum measurement, and scientific realism 
Chair: Ricardo Karam (Københavns Universitet, Denmark) 

Reinaldo de Melo e Souza (Universidade Federal do Rio de Janeiro, Brazil) –  A third way 
to quantum measurement: Lev Landau and Rudolf Peierls' theory of measurement 
(1930–1958) 

Elise Crull (The City College of New York, United States) – Entanglement: a history         
of neglect 

Christoph Lehner (Max-Planck-Institut für Wissenschaftsgeschichte, Germany) and Jos 
Uffink (University of Minnesota, United States) – The prehistory of entanglement: 
Schrödinger and the development of the Einstein-Podolsky-Rosen experiment 
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SESSION 4 — July 24, 17:15–18:45 
Title: Spectroscopy and chemical bonds 
Chair: Ana Simões (Universidade de Lisboa, Portugal) 

Michiyo Nakane (Seijo University -                , Japan) – Yoshikatsu Sugiura’s 
contribution to the import and development of quantum physics in Japan 

Martin Jähnert (Max-Planck-Institut für Wissenschaftsgeschichte, Germany & Technische 
Universität Berlin, Germany) – The formation of a paper tool: intensity schemes in the 
old quantum theory (1923–1926) 

30-minute discussion with Reinaldo Faria de Melo e Souza, Elise Crull, Jos Uffink, 
Michiyo Nakane, and Martin Jähnert 

 

Second day – July 25, 2017 
 

SESSION 5 — July 25, 9:00–10:30 
Title: Postwar interpretations of quantum physics 
Chair: Karl Hall (Central European University, Hungary)  

Jean-Philippe Martinez (Université Paris 7 - Paris Diderot, France & Université de Genève, 
Switzerland) – Beyond ideology: mathematical and epistemological foundations of 
Vladimir Fock's approach to quantum theory – Considerations on a marginal 
quantum culture (1930-1970) 

Olival Freire Junior (Universidade Federal da Bahia, Brazil) – On the legacy of a notable 
quantum dissident: David Bohm (1917-1992) 

Daniela Monaldi (York University, Canada) – When did particles become 
“indistinguishable”? Quantum cultures and the interpretive flexibility of 
mathematical-theoretical apparatus in the emergence of quantum statistics 

 
SESSION 6 — July 25, 10:45–12:15 
Title: S-matrices and masers 
Chair: Shaul Katzir (Tel Aviv University, Israel) 

Gustavo Rodrigues Rocha (Universidade Estadual de Feira de Santana, Brazil) – 
Worldviews and scientific research: the case of the rise and fall of the S-Matrix 
program and the bootstrap's philosophy (1960's-1970's) 

Climério da Silva Neto (Universidade Federal do Oeste da Bahia, Brazil) – Masers in 
comparative perspective: the Soviet and American approaches to the invention of 
the maser 

30-minute discussion with Jean-Philippe Martinez, Olival Freire Junior, Daniela 
Monaldi, Gustavo Rodrigues Rocha, and Climério Paulo da Silva Neto 
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SESSION 7 — July 25, 15:30–17:00 
Title: Divergence problems in classical and quantum theories 
Chair: Jaume Navarro (Universidad del Pais Vasco, Spain) 
 

Diego Dias Uzêda (CEFET Rio de Janeiro, Brazil) – The electron before quantum 
mechanics 

Alessio Rocci (Università degli Studi di Padova, Italy) and Giulio Peruzzi (Università degli 
Studi di Padova, Italy) – Quantum cultures during the prehistory of quantum gravity: 
Léon Rosenfeld’s early contributions to quantum gravity 

Arne Schirrmacher (Humboldt-Universität zu Berlin, Germany) – Quantum fringes: 
hopes for nonlinear field theories by Born, Schrödinger, and Heisenberg, 1930s to 
1950s 

 
SESSION 8 — July 25, 17:15–18:45 
Title: Reflections on the historiography of quantum theory 
Chair: Christian Joas (Ludwig-Maximilians-Universität München, Germany) 

Joseph D. Martin (Consortium for History of Science, Technology, and Medicine, United 
States) – Why are we surprised that technology drove quantum theory? How the 
reductionist worldview shaped the historiography of quantum physics and what we 
should do about it 

Thiago Hartz (Museu de Astronomia e Ciências Afins, Brazil) – The postwar 
fragmentation of quantum theory: quantum cultures, epistemic virtues, and the 
meaning of the quantum 

30-minute discussion with Diego Dias Uzêda, Alessio Rocci, Arne Schirrmacher, 
Joseph D. Martin, and Thiago Hartz 

10-minute conversation about the possibilities of editing the symposium proceedings 

 

Symposium Program
• Two days, eight 90-minute sessions (S1-S8), twenty talks, four 30-minute 

discussions, two long lunch breaks, one discussion on editing proceedings

24 July 25 July

9:00  
–10:30

S1: Introduction & Pedagogical issues in the 
history of quantum physics 

(Joas, Badino, Hall; chair: Hartz)

S5: Postwar interpretations of quantum 
physics 

(Martinez, Freire, Monaldi; chair: Hall)

10:45 
–12:15

S2: Communities and collaborations within 
quantum physics 

(Besson, Videira; chair: Freire)

30-min. discussion (speakers from S1 & S2)

S6: S-matrices and masers 
(Rocha, da Silva; chair: Katzir) 

!
30-min. discussion (speakers from S3 & S4)

12:15 
–15:30 Lunch Break Lunch Break

15:30 
–17:00

S3: Entanglement, quantum measurement, 
and scientific realism 

(Melo e Souza, Crull, Uffink; chair: Karam)


S7: Divergence problems in classical and 
quantum theories 

(Dias Uzeda, Rocci, Schirrmacher; chair: Navarro)


17:15 
–18:45

S4: Spectroscopy and chemical bonds 
(Nakane, Jähnert; chair: Simões)


30-min. discussion (speakers from S3 & S4)

S8: Reflections on the historiography of 
quantum theory 

(Martin, Hartz; chair: Joas)

30-min. discussion (speakers from S7 & S8) 
10-min. discussion on editing proceedings
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ABSTRACTS 

 
(by last names of first author, in alphabetical order) 

 
Schooling the quantum generations: textbooks and quantum cultures from 1900 to the 
1930s 
 
Massimiliano Badino (Universitat Autònoma de Barcelona, Spain & MIT, United States) 
 
Ever since Thomas Kuhn’s influential The Structure of Scientific Revolutions (1962), 
textbooks have suffered a bad reputation. They have been accused to distort—at times 
unawarely, at time purportedly—history and to feed students with an unacceptably 
simplified and optimistic view of science. This attitude has started to change only in recent 
times. With the increase of attention paid not only to how theories are conceived, but also 
how they are practiced, disseminated, and appropriated, historians have rehabilitated 
textbooks as a legitimate site of knowledge production. Leaving aside their, admittedly 
problematic, relation with the cognitive dynamic of a theory, pedagogical practices have 
been now recognized as one of the prime historical reasons for the acceptance and 
development of formal procedures and paradigms. 
 More importantly, textbooks can become an effective historiographical tools to 
probe aspects of the cultural environment of a theory, which are usually opaque to purely 
intellectual investigations. In this paper, I adopt textbooks as an instrument to unfold 
multiple facets of the culture that allowed quantum physics to flourish between 1900 and 
the early 1930s. I organize this paper around four main keywords. The first keyword is 
time: textbooks allow us to see how the practice of quantum physics changed from the Old 
Quantum Theory to the inception of Quantum Mechanics. The second keyword is space: 
quantum physics was not developed in a crystalline outworld, but was situated in very 
specific local cultures. The third keyword is community: there is a strong tendency to 
consider the history of quantum physics as a business of a handful of genial men, while 
textbooks show us that the quantum community was much larger and stratified than 
commonly believed. Finally, the fourth keyword is tradition: from an analysis of textbooks 
it emerges that continuity, in terms of a continuous engagement of the traditions of 
physics, was more relevant than discontinuity. 
 
 
The genesis of the causal interpretation of quantum mechanics: from priority dispute to 
class collaboration 
 
Virgile Besson (Université Claude Bernard - Lyon 1, France, & Universidade Federal da Bahia, 
Brazil) 
 
The causal interpretation is well known for being one of the main alternatives to the 
standard interpretation of quantum mechanics. From 1952 until the mid-1960s, David 
Bohm and a group of French physicists in Paris around Louis de Broglie and his young 
assistant Jean-Pierre Vigier collaborated in the development of the interpretation. The 
purpose of this presentation is to return to the genesis of this collaboration. 
 De Broglie was one of the main advocates of the probabilistic interpretation of 
quantum mechanics in France. He seemed to definitely have abandoned any attempt to 
describe the quantum world in a deterministic way since 1927, after the failure of his pilot 
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wave theory, of which Bohm’s 1952 hidden variable theory is an improved version. 
However, in the space of a few months, between the reception of Bohm’s preprint in the 
summer of 1951 and the end of 1952, he reconsidered his opinion and decided to go back 
to his old idea. More surprisingly, de Broglie exclusively surrounded himself with Marxist 
physicists, even though he belonged to an aristocratic lineage and had never expressed 
any sympathy for communism. 
 In his later writings, de Broglie related that he was convinced both by the 
theoretical improvements proposed by Bohm and by a suggestion made by Vigier 
according to which the theory could be reformulated within the framework of general 
relativity, opening up new unexpected perspectives regarding the unification of quanta 
and gravitation. 

This account is often taken up by historians whose approach mainly focuses on 
theoretical contents. The collaboration between de Broglie and the communists should 
therefore be understood as the result of a rational discussion between scientists, whose 
philosophies share in common a realistic standpoint. 

However, I will show, based on the correspondence between the different actors, 
that this collaboration was the product of an alliance of circumstances, guided by strategic 
interests of the different parties. Bohm and de Broglie considered one another as 
opponents, because of an obvious priority dispute. The French communists needed de 
Broglie, even though they shared the distrust of Bohm and considered him a class enemy. 
For these young physicists, de Broglie’s support would be a major help in order to obtain 
scientific legitimacy and credit. In the 1950s, the French Nobel prize winner was still a 
main figure in the scientific landscape with a privileged institutional position. 
 
 
Entanglement: a history of neglect 
 
Elise Crull (The City College of New York, United States) 
 
In this talk I will explore the extent to which the concept of entanglement was both “in the 
air” and understood to be an important (and importantly quantum) feature characterizing 
modern physics, in years prior to Schrödinger’s coining the term in 1935. In particular, I 
will investigate little known primary resources (including correspondence, manuscripts, 
symposia, etc.) generated by or shared among members of the philosophy, mathematics 
and physics communities in Göttingen, Leipzig and Copenhagen in the late 1920s/early 
1930s.  
 Such an investigation, I claim, yields evidence that a nascent understanding of 
entanglement importantly shaped different clusters of theoretical work in pre-war Europe. 
A question then naturally arises: if entanglement considerations influenced philosophical, 
theoretical, and perhaps even experimental approaches to quantum mechanics before 
WWII, how was its extreme importance somehow then “forgotten” well into the 1980s? 
Discussion of how early 20th Century physicists appreciated and took to heart this 
characteristic feature of quantum mechanics in a way that late 20th Century physicists and 
philosophers have failed to do will, I think, help us move forward with foundational 
research in the present. 
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The electron before quantum mechanics 
 
Diego Dias Uzêda (CEFET Rio de Janeiro, Brazil) 
 
Towards the end of the 19th century, J. Larmor, guided by G. F. Fitzgerald, and H. A. 
Lorentz postulated a new theoretical entity, the electron, with well-defined characteristics 
and properties. One of the problems left by J. C. Maxwell's electromagnetic theory was the 
problem of the nature of the so-called Amperian current. In hindsight, electrolysis already 
pointed to the existence of a unitary charge in the current, but the problem is just to 
investigate how the idea of the unitary charge, the electron, arose.  
 Lorentz conceives the electron as a material particle in a stationary ether; it 
mediates interactions between the medium and a pervasive ether. However, Lorentz did 
not describe the mechanism of these interactions, nor the structure of the ether; there is no 
indication of the dimensions of the electron, nor the means to find them. To Larmor, the 
electron was a singularity, a center of stress in the ether, whose function is to break the 
rotational elasticity of the ether; this elasticity had been introduced decades earlier by 
MacCullagh to explain the transversal nature of the propagation of light, and was a 
property of a nonconducting medium.  
 Our talk presents a critical analysis of the role of the electron in the theory of 
Larmor-FitzGerald, and in the theory of Lorentz. The work discusses the problems these 
theories intended to solve, the function the electron played in each theory, and what 
properties it was assumed to have in order to perform this function. In the Maxwellian 
tradition, with which Larmor has been associated by many historians, the electron is 
related to a model of the ether, and is a phenomenon in the ether. Lorentz was a 
Continental physicist; on the continent Helmholtz's interpretation of Maxwell's equations 
prevailed, and the view that charge could be material. Emphasis is given to the similarities 
of the two traditions, the Maxwellian and the Continental, if they could be and were 
indeed reconciled. Our talk also intends to investigate whether J. J. Thomson's theoretic 
background, might have helped him in postulating that the corpuscle found by him is a 
constituent part of matter. 
 
 
On the legacy of a notable quantum dissident: David Bohm (1917-1992) 
 
Olival Freire Junior (Universidade Federal da Bahia, Brazil) 
 
The flourishing of the research on the foundations of quantum theory at the end of the 
20th century was a job performed by quantum dissidents. In this talk I intend to focus on 
the history of one of these notable dissidents, David Bohm, trying to assess his legacy to 
physics. Bohm’s earliest work on plasmas and collective coordinates made his reputation. 
However, his most original and heterodox contribution to physics may have been the 
elaboration of the causal interpretation of quantum physics, published in 1952, which 
strongly departed from the standard theory in its conceptual and philosophical 
assumptions but still got the same predictions, thus opening the way for alternative 
interpretations of quantum mechanics. In the late 1950s, Yakir Aharonov and Bohm with 
their seminal paper contributed to our understanding of the role of phases and 
electromagnetic potentials in the quantum domain. Later on, Bohm moved to the highly 
mathematical approach called implicit order, working with Basil Hiley, looking for the 
most basic algebraic structures from which quantum theories could emerge. He spent his 
last years trying to reconcile his different approaches to the quantum.  
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 Bohm’s personal life carried the traces of the vicissitudes of the times. Caught in the 
American anticommunist hysteria, he left the US for a job in Brazil, later went to Israel and 
eventually the United Kingdom. He had his passport apprehended and lost his American 
citizenship, thus becoming the most notable expatriate American scientist. In the late 1950s 
he broke up ideological ties with Marxism and approached Eastern thinkers, becoming an 
iconic figure in the New Age culture of the 1960s and 1970s. Recognition for his 
outstanding contributions came later, as noted by his longtime friend Melba Phillips: “It is 
too bad, very sad indeed, that he did not live to see how his reputation has shot up 
recently.” John Bell’s later recollections about how he was driven to the research leading to 
what we know as Bell’s theorem encapsulates this recognition: “In 1952 I saw the 
impossible done,” referring to the appearance of the causal interpretation which was 
considered by contemporary wisdom as an impossible feat. 
 Considering the diversity of culture of dissent, how could we assess Bohm’s legacy 
for quantum physics? Rather than by one specific and lasting contribution, I think he 
should be acknowledged by his attitude pointing to the relevance of the research on the 
foundations of this theory. 
 
 
Revolution as a pedagogical problem: Boris Hessen and the historicity of modern 
physics 
 
Karl Hall (Central European University, Hungary) 
 
Boris Hessen enjoys a curious place in the Anglophone lore of the history of science 
profession. At the Second International Congress for History of Science in London in 1931 
a Soviet delegation headed by Nikolai Bukharin famously proclaimed the many virtues of 
Soviet scientific research, but only Hessen offered a historical lecture, on the 
socioeconomic roots of Newton’s Principia. I propose to relocate Hessen’s historicist 
scholarship within the changing physics curriculum at Moscow State University, where 
the nascent distinction between classical and modern physics was not yet firmly 
established in 1917. Theorist Igor Tamm was his frequent institutional ally in reforming 
the Moscow curriculum, and at the time of the London congress they were in the midst of 
a concerted effort to make quantum physics more central to physics training. How they 
eventually diverged, and why Tamm was ambivalent about his Nobel Prizewinning 
classical explanation of the Cherenkov effect, forms the heart of my story. The point is to 
show that Hessen’s treatment of Newton was more than a proxy for Einstein and Bohr and 
the philosophical problems engendered by modern physics, but also a genuine attempt to 
retain a historical element in contemporary physics training. 
 
 
The postwar fragmentation of quantum theory: quantum cultures, epistemic virtues, 
and the meaning of the quantum 
 
Thiago Hartz  (Museu de Astronomia e Ciências Afins, Brazil) 
 
The new generation of physicists picking up quantum physics just after World War II 
entered a discipline that started to fragment bit by bit into several subdisciplines that 
scarcely interacted with one another. In this talk, I will analyze the emergence of different 
schools of research within theoretical quantum physics between 1945 and 1975, paying 
particular attention to the following subdisciplines: quantum field theory, mathematical 
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physics, quantum gravity, quantum optics, foundations of quantum mechanics, low-
energy quantum electrodynamics, and particle physics. 
 Physicists from these subdisciplines often dealt with similar problems, but from 
different perspectives and apparently without much interaction. For instance: What does it 
mean to “quantize” a classical system? Should all systems be quantized? What is an 
elementary particle? What are the roles of symmetry and of measurement in quantum 
physics? In which way are possible quantum theories constrained by experiment, or by 
mathematics? Are renormalization methods acceptable? Can quantum mechanics be 
reconciled with scientific realism, and perhaps even with determinism?  
 By looking at how the different subdisciplines answered similar questions, I aim at 
identifying their epistemic virtues as well as the role they attributed to mathematics and to 
experimentation in theory building. I will also explore how local specificities affected the 
emergence and consolidation of subdisciplines, and how physicists erected, policed, or 
subverted their boundaries. To illustrate my case, I will systematically draw on historical 
examples from works of other historians—in particular those attending the symposium—
as well as from my own research. I will conclude with a discussion on whether the 
characteristic differences I observe between these various subdisciplines allow us to 
identify them as separate quantum “cultures.” 
 
 
The formation of a paper tool: intensity schemes in the old quantum theory (1923–1926) 
 
Martin Jähnert (Max-Planck-Institut für Wissenschaftsgeschichte, Germany & Technische 
Universität Berlin, Germany) 
 
In a talk given in Cologne in 1924, Arnold Sommerfeld discussed the latest developments 
in multiplet spectroscopy. Photometric measurements conducted in Utrecht had put the 
problem of relative intensities on the map of quantum physical research, leading to a spur 
of research in Utrecht, Leiden, and Munich. In light of the advances already made, 
Sommerfeld was enthusiastic about a theory of intensities to be developed in the near 
future, which would extend the empirical scope of quantum theory considerably. 
Sommerfeld’s high hopes for such a new theory did not rest on an extensive theoretical 
framework nor a grand physical assumption for a new quantum theory of radiation. 
Rather they were founded on socalled intensity schemes, tables constructed and 
manipulated according to a set of rules within his search for empirical regularities in 
multiplet spectra. 
 Following the work of the historian of science Ursula Klein, I will analyze how 
these schemes emerged as devices for recording and analyzing experimental data and 
subsequently turned into a paper tool within Sommerfeld’s approach to quantum physics. 
In addition, I will discuss the stabilization of the new tool and its interaction with another 
important research tool of the old quantum theory, the correspondence principle. This 
makes it possible to extend the recent discussion of Sommerfeld’s Gesetzmäßigkeiten 
approach (Suman Seth) as well as to illustrate how conceptual development arose within 
the old quantum theory by means of the integration of different theoretical representations 
and associated practices. 
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Quantum “cultures”? The diversification of practices in 20th century quantum physics 
 
Christian Joas (Ludwig-Maximilians-Universität München, Germany) 
 
What distinguishes a molecular physicist from a quantum chemist? How incompatible are 
the practices of high-energy and condensed matter physicists? Are “first-principles” and 
“models” condensed matter physicists really part of one and the same field of research, or 
at least part of the same subdiscipline of physics? What is the difference between a nuclear 
structure theorist and a Brueckner many-body nuclear theorist? And were, say, Einstein or 
Schrödinger not only proponents of interpretations of quantum physics that were different 
from those of, say, Bohr and Heisenberg, but representatives of different quantum 
“cultures”? 
 Often subtle (and sometimes less subtle) distinctions of culture, values, 
terminology, and habit permeate modern physics, and if one aims at describing both the 
intellectual and institutional dynamics of quantum physics in the twentieth century and 
beyond, one should not disregard them, but rather embrace their astonishing variety. In 
my talk, I will reflect upon the notion of quantum “cultures” using examples from my 
own research and that of others. I will also discuss whether “culture” really is a helpful 
concept in trying to make sense of the various developments in the history of quantum 
physics that are connected to the formation of research schools, local traditions, new fields, 
and specialized subdisciplines. 
 
 
The prehistory of entanglement: Schrödinger and the development of the Einstein-
Podolsky-Rosen experiment 
 
Christoph Lehner (Max-Planck-Institut für Wissenschaftsgeschichte, Germany)  
Jos Uffink (University of Minnesota, United States) 
 
In “The Present Situation in Quantum Mechanics,” his 1935 response to the famous paper 
by Einstein, Podolsky and Rosen, Erwin Schrödinger coined the word “entanglement” 
(Verschränkung) to describe the impossibility of decomposing quantum mechanical states 
of composite systems. Einstein, Podolsky, and Rosen had exploited this formal property to 
argue that quantum mechanics is incomplete in its description of reality. Schrödinger 
rejected their conclusion, but he was the only one among the founding generation of 
quantum physicists to agree that they had pointed to a fundamental problem in the 
interpretation of quantum physics. 
 Schrödinger’s research notebooks offer a rich and hitherto unused source about the 
prehistory of these two seminal papers. They show not only that Schrödinger had been 
long aware of the phenomenon, already in 1926 he struggled with it as a problem for a 
physical interpretation of wave mechanics; they also document where Einstein got the 
original idea for the EPR thought experiment from, a question that so far only speculative 
answers have been given for. 
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Why are we surprised that technology drove quantum theory? How the reductionist 
worldview shaped the historiography of quantum physics and what we should do 
about it 
 
Joseph D. Martin (Consortium for History of Science, Technology, and Medicine, United States) 
 
Scholars of nineteenth-century physics have drawn rich and numerous connections 
between the development of physical theory and the development of technology. Not only 
did advances in theoretical understanding of electromagnetism and thermodynamics 
enable new technologies, but the influence was mutual, and technical capabilities refined 
with little assistance from abstract physics often prompted new theoretical understanding. 
Little effort has been expended, however, in asking whether similar reciprocations can be 
identified in the history of quantum theory. This talk presents this historiographical 
oddity, proposes a reason for why it has persisted for so long, and argues that addressing 
its underlying causes can clear a path to a fuller historical understanding of quantum 
theory. 
 Recent scholarship has called traditional accounts of the development of quantum 
mechanics into question. Rather than being formed as a fundamental theoretical edifice, 
which was then applied to problems in other arenas, this work suggests, the essential 
architecture of quantum mechanics was elaborated in large part through efforts to make it 
useful for molecules, solids, and other complex systems. The recent broadening of 
historical perspective on the intellectual context that was relevant to the development of 
quantum theory suggests that further sustained study of its technological context would 
also be fruitful, and offer a perspective that represents continuity with the practices that 
defined late nineteenth-century physics. 
 Making this case presents an opportunity to reflect on why the historiography of 
quantum physics has for so long focused on one narrow set of conceptual factors to the 
exclusion of much else that historians have identified as relevant for the elaboration of 
other notable physical theories. This talk will explain that tendency in terms of the 
reductionist ideology that emerged in the high energy physics community in the 1960s, 
and which colored much early historical work on quantum physics. This “quantum 
fundamentalism” arose from a disdain for applications that was characteristic of high 
energy and particle physics during the Cold War. I argue that this fundamentalism has 
been accepted uncritically in many histories of quantum theory and that reevaluating the 
assumptions underlying it is prerequisite to a fuller understanding of the theory’s history. 
 
 
Beyond ideology: mathematical and epistemological foundations of Vladimir Fock's 
approach to quantum theory – Considerations on a marginal quantum culture (1930-
1970) 
 
Jean-Philippe Martinez (Université Paris 7 - Paris Diderot, France & Université de Genève, 
Switzerland) 
 
Nowadays Fock is a familiar name to many physicists, especially in Quantum Theory. 
Contributions like the Hartree-Fock method or the Fock space are recognized as 
fundamental elements for the discipline. Usually regarded as a member of the 
Copenhagen school, Fock is also known for his endorsement of dialectical materialism, the 
official Soviet ideology. Thus, he developed an alternative interpretation of Quantum 



 13 

Mechanics which resulted in a dispute with Niels Bohr. Although the dispute is often 
mentioned by historians of science, the real content of Fock’s interpretation of Quantum 
Mechanics remains relatively unknown. Indeed, the meeting between the two physicists in 
Copenhagen in 1957 is primarily described for its ideological and political dimensions. 
The dispute is often portrayed as an example of the harmful effects the Soviet regime had 
on scientists. Fock’s rhetoric, which takes up some features of the Soviet discourse, can be 
invoked to explain this situation. 
 But from a closer analysis of different papers on Quantum Mechanics, we can 
observe that the position held by Fock had a real and profound scientific content. It raised 
real questions for the whole understanding of the theory. Beyond what can be interpreted 
as pure ideological features imposed by dialectical materialism, we observe a physicist 
engaged in some of the most widely-spread questions concerning physics: the role of 
mathematics, reductionism, and realism. Considering the whole picture, an account of 
Fock’s global approach to physics can be established. An approach that he applied not 
only to Quantum Mechanics but also to General Relativity. In the case of quantum theory, 
we can see the emergence of a singular quantum “culture” that he long tried to promote. 
But Fock was in a peculiar position, distinguishing himself not only from the Copenhagen 
orthodoxy, but also from statistical interpretations of Quantum Mechanics being 
traditionally promoted in Marxists circles. Fock criticized both sides, and was criticized by 
them in return. He thus remained very isolated. 
 The present contribution aims at giving a better account of Fock’s understanding of 
Quantum Mechanics and the role played by dialectical materialism. It also intends to be a 
case study of a marginal quantum culture stuck between two very influential fronts, and 
the object of ideological and political influences. 
 
 
A third way to quantum measurement: Lev Landau and Rudolf Peierls' theory of 
measurement (1930–1958) 
 
Reinaldo de Melo e Souza (Universidade Federal do Rio de Janeiro, Brazil) 
 
The measurement process is one of the most prolific and controversial topics in quantum 
mechanics. It still remains on the forefront of research on quantum theory, more than a 
hundred years after the beginning of that theory. Historians and philosophers of science 
generally recognize two early schools of thought: one centered on Niels Bohr—the co-
called Copenhagen Interpretation—, which attributed a key role to the principle of 
complementarity and to the uncertainty principle; and another centered on John von 
Neumann, who introduced the idea of wavefunction collapse as the essential aspect of 
quantum measurement. While the former was repeatedly blamed for being too 
philosophical, the latter was regarded as too mathematical. During the 1960s and 1970s, 
when the research on the foundations of quantum mechanics flourished, the young 
physicists were battling against those two schools, seeking for a more physical approach.  
 In this talk I analyze a third approach—that was contemporary to those two—led 
by Lev Landau, which counterposes them by being indisputably physical. Landau's ideas 
were originally presented in an article written with Rudolf Peierls (Z. Physik, 69, 56 
(1931)). While strongly influenced by Bohr, Landau and Peierls' treatment contains many 
distinctive features, both technically and conceptually. Later, that 1931 article served as 
basis for the first chapters of Landau's famous quantum mechanics textbook, published in 
Russian in 1948 and translated into English in 1958. I show that some of Landau's ideas 
were rediscovered during the 20th century and are related to what nowadays form the 
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core of contemporary approaches to quantum measurement—namely, decoherence, 
relative-states, and quantum non-demolition measurement. Some aspects of these 
concepts were fully appreciated by Landau. 
 
 
When did particles become “indistinguishable”? Quantum cultures and the interpretive 
flexibility of mathematical-theoretical apparatus in the emergence of quantum statistics 
 
Daniela Monaldi (York University, Canada) 
 
Quantum physics has changed the concept of particles profoundly. This change—
commonly referred to by the shorthand “indistinguishable particles”—did not stem from a 
deliberate theoretical choice or a single experimental finding. It was, rather, the result of 
prolonged efforts to arrive at a unified interpretation of the mathematical-theoretical 
apparatus of the quantum statistics and the quantum mechanics of multi-particle systems. 
Several interpretations were sketched in the 1920s and 1930, as the possibilities, limits, and 
conditions of the quantum theoretical technologies were probed on different physical 
systems in different contexts of theoretical and experimental practice. This paper examines 
some of the early formulations and uses of quantum statistics by Albert Einstein, Enrico 
Fermi, Paul Dirac, Edwin Schrödinger, Werner Heisenberg, and others, showing how 
professional cultures and traditions shaped diverse theoretical approaches. I will 
tentatively argue that, although important remarks were made early on especially in the 
context of the wave-particle debates following the formulation of matrix and wave 
mechanics, the first extended articulations of a new conception of particles that aimed at 
reconciling the different uses and views emerged only after WWII, in with the 
reconfiguration of fields such as nuclear physics and particle physics, low temperatures, 
and solid state physics, and their instrumental-experimental-theoretical cultures. 
 
 
Yoshikatsu Sugiura’s contribution to the import and development of quantum physics 
in Japan 
 
Michiyo Nakane (Seijo University - 成城大学, Japan) 
 
Shin’ichiro Tomonaga (the Nobel Prize winner in 1965) recollects that Yoshio Nishina and 
Yoshikatsu Sugiura, two researchers at the Institute of Physical and Chemical Research in 
Tokyo, played key roles in the import of quantum mechanics to Japan. In contrast to 
Nishina, we have few historical works on Sugiura. However, during his stay in 
Copenhagen and Göttingen in 1924–1927, Sugiura published five papers on quantum 
mechanics involving the complement of the theory formulated by Heitler and London in 
1927, which shows that two hydrogen atoms are bonded through the sharing of a pair of 
electrons.  
 In April 1928, after returning to Japan, Sugiura delivered lectures about the latest 
discoveries and developments in quantum mechanics happening in Europe. Evidently, 
Japanese physicists had tried to keep up with the most recent advancements in this field, 
and they had read and reviewed the works of Dirac, de Broglie, Schrödinger, Heisenberg, 
and Born. Yet their exposure to the works of European scientists was limited because of 
their restricted direct personal contact to Western physicists. By attending Sugiura's 
lectures, however, Japanese physicists developed a more comprehensive understanding of 
the subject.  
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 Sugiura shared his experience in Europe with his Japanese colleagues. He also 
helped Sommerfeld (1928), Heisenberg (1929), Dirac (1929/1935) and Bohr (1937) during 
their stays in Japan. In 1930, Sugiura also gave lectures on an application of quantum 
mechanics at the University of Kyoto, where Tomonaga and Hideki Yukawa (the Nobel 
Prize winner in 1949) had attended. However, since Sugiura talked about his original 
analysis of recent papers published in the field of quantum mechanics, his lectures were 
too difficult to understand for young scientists who had just finished undergraduate 
physics courses. In contrast, when Nishina explained Heisenberg’s Physical Principles of 
Quantum Theory in his course in Kyoto in 1931, since the textbook he used was so 
appropriate for younger physicists, his lectures were quite attractive to them. This is one 
of the main reasons that Nishina succeeded in gathering many promising physicists, who 
later celebrated him as their teacher. 
 Unlike Nishina, Sugiura had few students who became influential scientists, but he 
still was of the essence in helping to bring about the import and development of quantum 
mechanics in Japan. 
 
 
On the physical reach and meaning of the setting-up of the “quantum mathematical 
formalism” in the historical and epistemological perspectives — WITHDRAWN 
 
Michel Paty (Laboratoire SPHERE - CNRS & Université Paris 7-Diderot, France) 
 
This work deals with the question of the conceptual and theoretical jump that appeared 
necessary and was performed (in the years 1925–1932) to overcome the limitations of 
classical physics met with in the domain of quantum phenomena: such a jump is to be 
diagnosed behind the choice by the quantum theoretical physicists of what used to be 
called a “quantum formalism”. This naming itself, contrasted with the previous claims 
regarding the need for a new “quantum physical theory”, as expressed by Einstein and 
Born in the early 1920s, illustrates the perplexity that prevailed at that time among 
physicists about the physical status of such abstract mathematical tools that revealed 
exceptionally efficient in dealing with observed or inferred physical phenomena at the 
atomic (and subatomic) level. The “formalism” provided mathematical relations that 
proved adequate for the derived quantities accessible to experiment. 
 Notwithstanding the obscurity of its epistemological status, this new 
“formalization” of the theoretical thinking would continue to be extremely fruitful in the 
progressive elaboration and characterization of the theoretical magnitudes that showed 
adequate in the further unveiling of the quantum domain. The familiarization gained with 
it (from the 1930s to nowadays) by physicists through its systematic and successful use 
when dealing with quantum phenomena led them to think of it effectively as a “physical 
theory” in its own right. For they were affording (at least implicitly) to the mathematical 
entities at play (“magnitudes” that were not numbers anymore but operators) the effective 
role of concepts, whose physical meaning or content was given through the system of their 
relations, in other words, through the theoretical structure. In this, the so-called 
“formalism” did not differ in practice from “theory” in its usual and accepted previous 
meaning. 
 The most effective change that has occurred with the quantum theory, with respect 
to classical theories, including relativity, is in the kind and form of the proper quantum 
concepts (their form is that of operators). Such has been the result of the “jump in 
thought” that gave precedence, in the first stage of the formulation, to mathematical 
thought over the immediate physical one, in order to obtain a kind of relationships that 
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were foreseen for physical reasons, but impossible to get classically.  
 We shall conclude by proposing a parallel with Einstein’s strategy towards general 
relativity. 
 
 
Quantum cultures during the prehistory of quantum gravity: Léon Rosenfeld’s early 
contributions to quantum gravity 
 
Alessio Rocci (Università degli Studi di Padova, Italy) 
Giulio Peruzzi (Università degli Studi di Padova, Italy) 
 
 This talk analyzes the early work of Léon Rosenfeld, one of the pioneers in the 
search for Quantum Gravity, the supposed theory reconciling quantum principles with 
General Relativity. We start with a brief discussion of the role of quantization procedures 
during the prehistory of Quantum Gravity, in order to set Rosenfeld’s figure in his 
historical background. We then describe how and why Rosenfeld attempted to face this 
problem in 1927, underlining the role of his mentors: Oskar Klein, Louis de Broglie and 
Théophile De Donder. Rosenfeld asked himself for the first time how quantum mechanics 
can reproduce the Reissner-Nordström metric in the weak field limit, a picture that the 
quantum field theory would reproduce more than 45 years later. Inspecting the quantum 
corrections to the flat metric, Rosenfeld and De Donder also introduced a sort of general 
relativistic version of Bohr’s correspondence principle. We finally discuss the role of this 
early work in the constitution of the field theory approach to Quantum Gravity. 
 
 
Worldviews and scientific research: the case of the rise and fall of the S-Matrix program 
and the bootstrap's philosophy (1960's-1970's) 
 
Gustavo Rodrigues Rocha (Universidade Estadual de Feira de Santana, Brazil) 
 
In a 1986 article Steven Weinberg remarked that "the history of particle physics in the last 
thirty years or so has been a story of oscillation between two broad lines of approach to 
the underlying laws, two approaches that might briefly be called quantum field theory 
and S-Matrix theory" (WEINBERG, 1986, p. 135). Although Weinberg's remark refers to 
the period ranging from the early 1960's to the early 1980's, the S-Matrix theory was first 
developed by Heisenberg in the early 1940's. 
 Heisenberg was motivated by three reasons to introduce his S-Matrix program. 
First, in the early days of quantum field theory, Heisenberg, along with Born, Jordan and 
Dirac, discovered that, in perturbative calculations of QFT, many integrals were divergent. 
Second, Heisenberg wanted to tackle the question of cosmic rays, which, from a theoretical 
standpoint, were not well covered by QFT. Third, Heisenberg interpreted cosmic ray 
showers as indicating the existence of a fundamental length. Heisenberg published several 
articles on the S-Matrix theory between 1943-1948. 
 The S-Matrix program flourished again in USA throughout the 1960's/70's. 
Geoffrey Chew and Henry Stapp were among the first in Berkeley to develop a new S-
Matrix program. I will focus my presentation on the steps taken by Chew that transformed 
his program into a worldview: (i) the Chew's rejection of QFT (1961 La Jolla Conference), 
(ii) the distinction between partial versus complete bootstrap (1968 article), and (iii) the 
consolidation of a bootstrap philosophy of nature (popularized by his student, Fritjof 
Capra, in his famous 1975 book). 
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Quantum fringes: hopes for nonlinear field theories by Born, Schrödinger, and 
Heisenberg, 1930s to 1950s 
 
Arne Schirrmacher (Humboldt-Universität zu Berlin, Germany) 
 
 Beams of light produce interference fringes consisting of bright and dark bands in 
overlapping regions of propagation depending on whether they are in phase or out of 
phase with one another. Essentially, I will turn this scientific phenomenon from the field 
of physics into a social, political, and disciplinary phenomenon that pertains to the 
community of physicists in the eras of looming, hot and cold war. 
 Starting from the ‘fathers’ of quantum mechanics Max Born, Werner Heisenberg, 
and Erwin Schrödinger, who quickly had become beaming heads of a big family of 
physicists of the quantum breed, I will describe the trajectories, which brought them to the 
fringes of both the map of geographical centers of 20th century physics and the 
mainstream research fields. All three decoupled from the broader scientific developments 
at some point due to tectonic shifts in the political and disciplinary landscapes as well as 
in the practices and scales of more ‘industrialized’ research. And all of them saw one 
alternative field of research in non-linear field theories allowing them to strive for new 
and seemingly revolutionary breakthroughs of a similar order as quantum mechanics. 
 Is it possible to disentangle the interference of political forces, which made Born 
and Schrödinger leave their home, research community, and national culture, as well as 
the respective conditions in Scotland and Ireland where the two emigrants found 
accommodation (and expectation and bright developments at fringe locations, too), and 
the scientific merits of non-linear theory, which made them enthusiastic and prolific 
researchers, while many of their former colleagues were dealing with controlled and 
uncontrolled production of nuclear energies? Similarly, why did Heisenberg with his 
problematic baggage of having had a leading role in Third Reich physics voluntarily go 
out of phase with the mainstream theoretical physics during the Cold War when he 
pushed his ‘world formula’ just at the time when his new political role had peaked, 
leaving Max Born, politically rather on a different side, remarking to Einstein “It causes 
me some amusement that Heisenberg has taken up my old idea of non-linear 
electrodynamics, and has applied it, mutatis mutandis, to meson fields.” It seems to come 
naturally to quantum cultures that they develop bright and dark bands of interference 
fringes, when exposed to actual real historical conditions. 
 
 
Masers in comparative perspective: the Soviet and American approaches to the 
invention of the maser 
 
Climério da Silva Neto (Universidade Federal do Oeste da Bahia, Brazil) 
 
In the first years of the 1950s, two remarkably different scientific traditions converged to 
the invention and development of masers, and later, lasers. On the Soviet side, Alexander 
Prokhorov and Nikolai Basov had been trained in the Mandelstam school of oscillations, a 
scientific tradition that had at its core a theory of oscillations conceived to be a universal 
language in physics. That theory was instrumental to the Soviet approach to the invention 
of the maser. On the American side, Charles Townes, James Gordon, and Herbert Zeiger 
had been trained in a mostly experimental tradition shaped above all by the wartime radar 
work and the emergence of radio spectroscopy in its aftermath. The goal of this paper is to 
inquire on the similarities and differences in the way those two groups integrated the 
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quantum effects of stimulated and spontaneous emission in their research on radio 
spectroscopy to create the first masers. My main claims are that for their different 
backgrounds, American and Soviets physicists had different conceptual understandings of 
the maser and that the availability of a mature theory on the Soviet side was that primary 
factor underlying those differences. They nevertheless found common ground in the 
experimental practice. 
 
Between accelerators and mountains: the high energy physics research in the Brazil-
Japan collaboration 
 
Heraclio Tavares (Universidade Federal do Rio de Janeiro, Brazil) 
Antonio Augusto Passos Videira (Universidade do Estado do Rio de Janeiro, Brazil) 
 
 The Brazil-Japan Collaboration (BJC) for the study of subatomic particles existed 
between 1962 and the mid-1990s. Its origin dates back to the research program conceived 
by Gleb Wataghin and Giuseppe Occhialini at University of São Paulo (USP) during the 
1930’s. Their way of teaching has contributed to the formation of a whole generation of 
scientists in Brazil. Among their students was César Lattes, who has participated in the 
discovery of pi meson, in the end of the 1940’s, working with two different techniques: (1) 
Exposition of emulsion plates to cosmic rays at the Mount Chacaltaya, at the Cordillera 
Real in Bolivia, and (2) the exposition of the same kind of emulsion plates to the beams of 
the particle accelerator at the Lawrence Laboratory in Berkeley. Lattes’ transit between 
these two techniques reappeared, in some sense, in BJC work. 
 During the existence of BJC, Lattes advised dissertations of Brazilian students in 
which comparisons between data collected from cosmic rays and data collected using 
particle accelerators were performed on a regular basis. In addition, examining BJC’s 
papers and dissertations, we can see techniques – e.g., the measurement of subatomic 
particles angle tracks – as well as scientific instruments – e.g., the emulsion chamber – that 
were also used by other particle physics groups around the world. BJC’s students and 
senior researchers were the developers and users of some of these scientific tools, building 
up an environment of investigation conjugated to teaching. We believe that part of BJC’s 
environment was guided by Lattes’ way of reasoning, who mixed up data analyzes from 
cosmic rays and particle accelerators in his scientific trajectory. 
 Our objective in this talk is to describe BJC members' practice trying to see whether 
(and, if so, how) local cultural aspects influenced their scientific performance. Beyond that, 
we aim at understanding Lattes’ scientific identity among different practices of particle 
physics. Nowadays, the comparison of results on particle physics, obtained from cosmic 
rays and particle accelerators, is considered “normal practice” by many physicists in the 
field. From a historical point of view, Lattes seems to have had a prominent role in this 
process. 


