Putting the quantum to work: Otto
Sackur’s pioneering exploits in the
quantum theory of gases
Massimiliano Badino and Bretislav Friedrich
FHI
Abstract:
In the wake of the First Solvay Conference (1911), many leading physicists had
begun embracing the quantum hypothesis as a key to solving outstanding problems in
the theory of matter. The quantum approach proved successful in tackling the solid
state, resulting in the nearly definitive theories of Debye (1912) and of Born & von
Karman (1912-13). However, the application of the old quantum theory to gases was
hindered by serious difficulties, which were due to a lack of a straightforward way of
reconciling the frequency-dependent quantum hypothesis with the aperiodic behavior
of gas molecules.
A breakthrough came from unlikely quarters. Otto Sackur (1880-1914) had been
trained as a physical chemist and had almost no experience in the research fields
traditionally associated with quantum theory (heat radiation, statistical mechanics,
thermodynamics). However, in 1911, he discovered an expression for the absolute
entropy of a monoatomic gas. A Dutch high-school student, Hugo Martin Tetrode,
reached the same result at about the same time independently. The Sackur-Tetrode
equation rendered entropy as an extensive variable (in contrast to the classical
expression, cf. the Gibbs paradox) and expressed the thermodynamically
undetermined constant in terms of molecular parameters and Boltzmann’s and
Planck’s constants. This result was of great heuristic value because it suggested the
possibility of deriving the thermodynamic variables of a gas quantum mechanically.
At the same time, the Sackur-Tetrode equation offered a conventient means to
evaluate the parameters of molecular gases, thus promising a grand unification of
quantum theory, thermodynamics, and physical chemistry.
The key steps toward the Sackur-Tetrode equation were the partitioning of the phase
space into elementary cells and the use of Planck's constant in fixing the cell's
volume. Following upon this feat, Sackur attempted to develop a general quantum
theory of the ideal gas, however only with partial success -- and with a dose of
naivete, especially when compared with the approach of Nernst, Keesom,
Sommerfeld & Lenz, Stern and Tetrode. However, Sackur’s bold attempt to deploy
the quantum hypothesis across classical statistical mechanics eventually proved
instrumental in preparing Planck’s path to the theory of a quantum gas. In this paper,
we tell the story of this enthusiastic practictioner of the old quantum theory.

Research and Pedagogy: A History of
Quantum Physics through the
Textbooks
Massimiliano Badino and Jaume Navarro
FHI and MPIWG
Abstract:
There is the strong tendency to consider a textbook as the depository of the settled and
undisputable results of a theory. It is required by its pedagogical function that the
subject be presented in an orderly manner and the conclusions follow logically from
the premises. But textbooks are not only tools for scientific training, they are also
tools for research in ‘normal science’ and, from time to time, even vehicles for
revolutions. These two aspects are significantly intertwined in the history of quantum
physics, as a discipline that progressively emerged from classical physics and gained
its autonomous status as the result of a collective and interdisciplinary effort.
The paper at the HQ-3 meeting will introduce the first conclusions of a project that
started in the Fall 2009, and which was first put together at the HSS meeting in
Phoenix, Arizona. In HQ-3, we will present and discuss the first draft of a collective
volume containing more than ten different papers devoted to textbooks on quantum
physics and early quantum mechanics from its beginnings to the early 1930s.
Contributors to the volume are: Massimiliano Badino, Michael Eckert, Clayton A.
Gearhart, Domenico Giulini, Dieter Hoffmann, Don Howard, Michel Janssen, Marta
Jordi, David Kaiser, Helge Kragh, Charles Midwinter, Daniela Monaldi and Jaume
Navarro.

The Making of Jean Perrin’s Brownian
Motion Experiments and of early 20th
Century French Physical Science
Charlotte Bigg
Centre Alexandre Koyré, CNRS
Abstract:
Perrin’s Brownian experiments of 1908-1911 taking up Albert Einstein’s publications
on Brownian motion occupy an important place in the landscape of early twentieth
century French physical science. A careful examination of the physical chemist’s
laboratory notebooks reveals the social networks and the experimental and theoretical
cultures that came together in the making of this work, notably his close interactions
with physicist Paul
Langevin and mathematician Emile Borel. Perrin’s experiments subsequently found a
strong echo among scientists and the public, enhanced by his own popularization
efforts and the award of the Physics nobel prize in 1926. The talk will explore the
ways in which his work contributed to shape French physical science, including
quantum physics, both in scientific and institutional terms, into the 1930s.

Modelling the Hanbury Brown - Twiss
Effect: The Mid-Twentieth Century
Revolution in Optics
Joan Bromberg
Johns Hopkins University
Abstract:
In January 1956, the British radio astronomer Robert Hanbury Brown and his
colleague, Richard Q. Twiss, published the results of a deeply puzzling experiment.
They had just put into practice a novel instrument for measuring the diameters of
radio stars and they were eager to apply it to visible stars. In the radio star version,
radio waves from the stellar source stimulated currents in two separated aerials. Each
current fluctuated and the degree to which their fluctuations were correlated as the
separation between the aerials varied gave the data from which the star's diameter
could be calculated. The experiment they published in early 1956 was designed to
show that visible light from a common source that struck two separated photoelectric
detectors would also produce currents whose fluctuations would show correlations
that varied with the detectors' separation. This laboratory experiment was to be the
proof-of-principle needed for building a visible star instrument.
Physicists greeted this result with a certain amount of skepticism. The authors had
analyzed both the radio instrument and their experiment with light using classical
electromagnetic theory. But photoelectric detectors rely on a quintessentially
quantum effect. How could the experiment be adequately treated by classical theory?
A first answer to this puzzle was given at the end of the 1950s by a theory that treated
light waves classically and the photoelectric process by quantum statistical
mechanics. But in 1963, Harvard professor Roy J. Glauber put forth a fully quantum
electrodynamic theory. Two rival theories were now on the table and a fairly
acrimonious controversy ensued. Partisans of the semiclassical approach pointed to
the deeper insight it gave into physical processes. Glauber and his followers pointed
to the greater generality provided by the fully quantum mechanical theory. Optical
physicists gave themselves to searching reflection on the relation between the
semiclassical and quantum electrodynamic explanations.
Meanwhile, the issue had become more complex as the first laser had been operated,
and had been shown to give a form of light that was quite distinct from starlight and
the tested the explanatory power of the contesting theories. It had also become more
urgent, in that lasers looked as though they would have important applications and
military agencies had therefore begun to pour money into optics research.
This bit of history, stretching from the mid-1950s to about 1970, has so far been the
provice of physicists. In this talk, I propose to detail the controversies that occurred
from 1956 until 1965. I will conclude by arguing that the topic is worth the attention
of historians, philosophers and sociologists of science. It exhibits the way in which
different subdisciplines intersect and transform each other. It shows how new devices

pose challenges to theory. And in the rhetoric that surrounded the controversy
between classical and quantum theories, we see something of physicists' criteria for
theory acceptance, of their views on realism vis-a-vis instrumentalism, and of how a
"predecessor" theory relates to a "successor" theory in the real world.

The Doctrine of Classical Concepts in
Historical Perspective
Kristian Camilleri
University of Melbourne
Abstract:
It is widely recognised that Bohr’s view of the indispensability of classical
concepts plays a central role in his interpretation of quantum mechanics. This
paper provides a new insight into the doctrine of classical concepts and the
way it was understood by Bohr and interpreted by other physicists of the
Copenhagen school such as Heisenberg, Weizsäcker, Rosenfeld and Petersen.
By paying careful attention to the largely neglected disagreement between
Bohr and Heisenberg in the 1930s about the nature of the quantum--classical
divide, I hope to shed new light on Bohr’s notion of classicality in quantum
theory. I will also look at the different attempts to provide an epistemological
foundation for the indispensability of classical concepts and the pragmatic
reinterpretation of the doctrine that emerged in the 1940s. Finally I turn my
attention to the attempts of a number of physicists after the Second World
War to provide physical explanations of the quantum-to-classical transition,
or the emergence of classicality in the macroscopic world. Here we find early
anticipations of role of entanglement in the quantum--classical transition
characteristic of recent decoherence approaches.
	
  

Einstein’s Quantum Theory of the
Monatomic Ideal Gas:
Non-statistical Arguments for a New
Statistics
Enric Pérez Canals and Tilman Sauer
Universitat de Barcelona and Einstein Papers Project, Caltech
Abstract:
In 1924-1925 Einstein made an important step in the quantization of the ideal
gas, i.e. of a system of non-interacting, massive particles confined in a volume.
He presented his quantum theory of the monatomic ideal gas in three papers,
published in the Prussian Academy Proceedings. The first two papers were
written as a two-part article with consecutive equation and paragraph
numbering and are, in fact, famous papers in the history of quantum physics,
introducing what is now known as Bose-Einstein statistics. The third paper is
very different. It presents additional evidence for the correctness of the new
theory and attempts to extend and exhaust the characterization of the
monatomic ideal gas, while cautiously avoiding statistical or combinatorial
arguments. Despite the relevance of Einstein’s introduction of a new statistics,
very few historical works refer to the third paper. Neither did it receive a lot of
attention at the time of its publication; we hardly have found references to it
by contemporaries, and references to the paper are scarce even by Einstein
himself.
We will analyze the contents and arguments of the third paper. From a
historical point of view, the fact that Einstein wrote a non-combinatorial
paper after expounding his new theory of the quantum ideal gas in two prior
articles points to a deeper conceptual problem. There are indications that
Einstein himself may not have realized the full implications of the new way of
counting, despite his earlier work on black-body radiation. Thus, the
ambiguities in the third paper of his quantum theory of the monatomic ideal
gas illustrate Einstein’s confusion with his initial success in extending Bose’s
results. We will try to account for the paper’s gestation period, in particular as
regards the role that Paul Ehrenfest would have taken in it and we will also
contrast it with previous and later reflections by Einstein himself. Finally, we
will formulate some conjectures as to why this paper met with cold reception
regardless of its historical and systematic interest.
	
  

Quantum Mechanics in Heidegger's
Thought about Science
Cathryn Carson
University of California, Berkeley
Abstract:
Martin Heidegger was hardly a philosopher of quantum mechanics. However,
as a one-time student of the natural sciences, he was aware of it by the late
1920s, and over the next two and a half decades it became a matter for some
reflection within his thought. This talk examines how Heidegger's thinking
about quantum mechanics developed against the backdrop of his
philosophical concerns. In particular, it explores how his on-and-off dialogue
with Heisenberg was accompanied by a shift in his attention from causality (in
connection with Kantian questions of human freedom) to objectivity (as part
of a Cartesian demand for secure knowledge). The talk suggests that
Heidegger's efforts to come to a proper understanding of quantum mechanics
fed into his radicalizing critique of natural science. It thus addresses the ways
in which philosophical understandings of quantum mechanics (in particular,
Heisenberg's) made a difference for intellectuals' conceptions of science at
large, and it speaks to one of the means by which physicists' interpretations
made their way out of the circle of professional practitioners.
	
  

Grete Hermann and the Gamma-Ray
Microscope Gedankenexperiment
Elise Crull
University of Notre Dame
Abstract:
In 1935, Grete Hermann—a student of Emmy Noether's, Leonard Nelson's
and briefly of Werner Heisenberg's—published one of (if not the) first
philosophical treatments of quantum mechanics. It is a sad fact (partly due to
lack of an English translation) that Hermann's manuscript remains largely
unexamined by many who study the foundations of quantum mechanics.
What little is said of Hermann regarding philosophy of physics concerns her
attempt to salvage Kantian causation in light of the new quantum theory (cf.
Léna Soler's 1996 and 2009).
In this paper, I deepen our engagement with Hermann by exploring a
different aspect of her 1935 manuscript—namely, the section devoted to
Heisenberg's infamous gamma-ray microscope thought experiment. First, I
examine the interpretation of the uncertainty relations and the dual nature of
light underlying Hermann's treatment of the thought experiment. Secondly, I
situate and account for Hermann's influence regarding these interpretational
issues within the larger, more familiar account of this history.
	
  

(Never) mind your p's and q's: Von
Neumann versus Jordan on the
Foundations of Quantum Theory
Anthony Duncan and Michel Janssen
University of Pittsburgh and University of Minnesota
Abstract:
In two papers in 1927, Jordan published his version of a general formalism for
quantum mechanics now known as Dirac-Jordan transformation theory.
Guided by classical mechanics, Jordan gave transformations from one set of
canonical variables q and their conjugate momenta p to other such sets a
central role in his formalism. Such transformations are not always unitary,
leading to non-Hermitian p's and q's. So wedded was Jordan to classical
mechanics that he initially tried to make room in his quantum formalism for
such non-Hermitian p's and q's. Moreover, recognizing that for quantities
with fully discrete spectra, such as spin, it is impossible to define canonically
conjugate variables as q's and p's that satisfy the standard commutation
relation pq - qp = h/2πi, he relaxed the definition of what it means for
variables to be canonically conjugate so that such cases could be handled in
his formalism as well.
Partly in response to the first of Jordan’s two papers, von Neumann, in a
series of papers of 1927 that form the basis for his famous 1932 book,
developed the modern Hilbert space formalism of quantum mechanics.
Jordan objected that von Neumann did not show much interest in canonically
conjugate variables or canonical transformations. Von Neumann's view of the
appropriate formulation of problems in the new quantum mechanics was very
different from Jordan's. Whereas for Jordan, unable to let go of the
connection to classical mechanics, the solution of such problems necessarily
required the identification of a set of canonically conjugate variables, von
Neumann, not constrained by this analogy to classical physics, realized that
the identification of a maximal set of commuting operators with simultaneous
eigenstates is all that matters. In our talk, we will highlight the elements in the
relevant papers of Jordan and von Neumann that bring out this gradual
loosening of the ties between the new quantum formalism and classical
mechanics.
	
  

Sommerfeld’s Munich Quantum School
Michael Eckert
Deutsches Museum
Abstract:
Although no history of quantum physics fails to mention Arnold Sommerfeld
as one of its major architects (Bohr-Sommerfeld-model, Sommerfeld’s finestructure constant), Sommerfeld’s role as founder of a quantum school is
seldom treated more than in a cursory manner. In my presentation I will
sketch the rise of this "nursury of theoretical physics"--as Sommerfeld himself
called it, from a biographical perspective. Sommerfeld perceived theoretical
physics rather late in his career as his true calling. His upbringing and early
affiliation with mathematics rather than physics disposed him to embrace a
broad range of research subjects from a variety of mathematical, physical and
even engineering contexts. This is reflected also by Sommerfeld’s pedagogical
activity. His "nursury" did not start out as a quantum school. At the time of
the First Solvay Congress in 1911, when Sommerfeld proclaimed Planck’s
quantum of action as the basis upon which atomic theory should be based, his
school was not yet dedicated to particular specialties--not to speak about
quantum or atomic theory. Even a decade later, when he spread the gospel of
the quantum with his popular textbook Atombau und Spektrallinien, he
covered the entire spectrum of theoretical physics. Although quantum theory
assumed an ever growing importance, Sommerfeld did not subordinate his
institute entirely under the primacy of the quantum.
By the same token it would be difficult to discern certain epistemological
pillars as the fundament of Sommerfeld’s quantum school. His early atomic
theory may be characterized as deductive, but by the 1920s, with a host of
spectroscopic material that awaited theoretical explanation, he advocated an
inductive approach. Sommerfeld displayed an epistemic opportunism rather
than one or another method of theorizing. It is also important to note that
Sommerfeld’s research goals, his academic posture and the pedagogy which he
displayed in his institute were a matter of change throughout his career. The
biographical perspective allows to account for such changes which are often
subtle and might be ignored or misinterpreted without an in-depth view into
Sommerfeld’s life--private, intellectual and otherwise. Only from this
biographical background will it become plausible how Sommerfeld could raise
in his nursury such different quantum physicists like Peter Debye, Wolfgang
Pauli, Werner Heisenberg and Hans Bethe--with subjects ranging from
"purest" basic principles on the one extreme to "dirt effects" of solid state
physics (to quote Pauli) on the other.
	
  

The Concept of Light Molecules and
Light Multiples: A dead-end Way to
simulate Bose-Einstein Statistics for
Black Body Radiation
Dieter Ficka and Horst Kantb
aFHI

and Philipps-Universität Marburga and MPIWGb

Abstract:
In 1900 Max Planck obtained by rather "obscure means"1 the radiation
formula for the energy density (energy per unit volume and unit frequency
interval) of black body radiation:
. It fitted over
the whole frequency-temperature range the data of that time perfectly. The
derivation of the two factors in this equation bears quite different problems.
Whereas the first one is connected to the dynamic of the oscillators within the
black body radiator, the second one derives from the combinatorial
assumptions on the distribution of the energy levels of the oscillators. It was
only Bose who put the derivation of both factors on a common footing.2 In this
note we concentrate on the interpretation of the second factor only.
Additionally we will report on the relationship of the two main actors, M.
Wolfke and W. Bothe, to Einstein.
Historically it was Einstein himself who opened the game by demonstrating
that in the Wien-limit black body radiation behaves as a dilute gas consisting
of light quanta.3 The energy of light appeared in some kind of granular
structure. Following his own preparatory work4 and that of A.F.Joffe and
J.Stark, M. Wolfke from Zurich, who had close connections to Einstein,
concluded on pure formal grounds that black body radiation may consist of
spatial independent "light molecules" with energies shν, s=1,2,3,... .5 (Planck's
formula can be expanded as

, with

.) L. de

Broglie while discussing briefly Einstein's fluctuation formula, offered a year
later a similar interpretation.6 On the other site Einstein himself always
opposed to interpret in general light as being composed of independent
quanta.7

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1 O.Darrigol,

A simplified genesis of quantum mechanics, SHPMP)40(2009)151-166
Plancks Gesetz und die Lichtquantenhypothese, Z.Phys.26(1924)178-181
3 A.Einstein, Über einen die Erzeugung und Verwandlung des Lichtes betreffenden heuristischen
Gesichtspunkt, Ann.Phys.17(1905)132-148
4 M.Wolfke, Zur Quantentheorie,Verh.DPG15(1913)1123-1129, 1215-1218
5 M.Wolfke, Einsteinsche Lichtquanten und räumliche Struktur der Strahlung, Phys.Z.22(1921)375-379
6 L.de Broglie, Rayonnement noir et quanta de lumière, J.Physique et Radium 3(1922)422-428
7 See letters of Einstein to Wolfke, dated 12. July 1946 and of Wolfke to Einstein, dated 17.Aug.1946. We
thank the son of M.Wolfke, Prof.Dr.Karol Wolfke,Wroclaw, Poland for copies of both letters.
2 S.N.Bose,

Again a year later W. Bothe from Berlin, who had also close connections to
Einstein8 tried to understand Einstein's fluctuation formula from a dynamical
point of view, analyzing the equilibrium conditions of black-body radiation in
contact with two level molecules.9 In order to introduce the concept of
"quantum multiples" Bothe refers to the fact that e.g. in a stimulated emission
process the inducing and stimulated quanta are perfectly correlated: "The
quanta are coupled seemingly; only seemingly, since in truth no forces exist
between both, the dissociation energy ... is zero". Even though Bothe arrives
at identical expressions as Wolfke and de Broglie, his quantum multiples are
quite different from the light molecules of Wolfke and de Broglie. Today one
would call them probably "quasi particles". Bothe's ansatz proved to be useful
when applied to a similar problem, the interaction of electrons with black
body radiation10, for which Pauli had to chose a rather unphysical ansatz for
the rate of the Compton scattering processes in order to achieve equilibrium
for the system.11
Nevertheless, Bothe rated the concept of light multiples as "less fruitful" after
Bose's derivation of Planck' law appeared.12 That is in contrast to Wolfke, who
still sent in 1946 a manuscript dealing with "multi photons" to Einstein.7,13
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
8 D.Fick

and H.Kant, Walther Bothe's contributions to the understanding of the wave-particle duality of
light, SHPMP 40(2009)395-405
9 W.Bothe, Die räumliche Energieverteilung in der Hohlraumstrahlung, Z.Phys.20(1923)145-152
10 W.Bothe, Über die Wechselwirkung zwischen Strahlung und freien Elektronen, Z.Phys.23(1924)214224
11 W.Pauli, Über das thermische Gleichgewicht zwischen Strahlung und freien Elekronen,
Z.Phys.18(1923)272-286
12 W,Bothe, Zur Statistik der Wärmestrahlung, Z.Phys.40(1927)345-351, footnote 3 on p.346
13 M.Wolfke, Über die Mehrfachquanten in der Planckschen Strahlung, Helv.Phys.Acta19(1946)437-429

Orthodoxies on the Interpretation of
Quantum Theory: The Case of the
Consistent Histories Approach
Olival Freire Jr.
Universidade Federal da Bahia
Abstract:
Controversy over the interpretation of quantum theory continues to be, as
once remarked by Max Jammer, “essentially a story without an ending.” When
he wrote his comprehensive book on the matter, in 1974, this story could be
told as a dispute between the “almost unchallenged monocracy of the
Copenhagen school” and its many disputers. While the recent history ad
philosophy literature has shown that “Copenhagen” is a label that more hide
than enlighten the history of this controversy, it has been argued (Bub, 1997)
that “a modern, definitive version of the Copenhagen interpretation has
emerged,” which presents itself as “the interpretation of quantum mechanics,
not an interpretation.”
This updated orthodox interpretation has its own founding fathers, namely
Robert Griffiths, Roland Omnès, Murray Gell-Mann, and James Hartle and
was born between 1984 and 1990. Its usual presentation says that it brings
together three different achievements: “the decoherence effect,” “the
emergence of classical physics from quantum theory,” and the “constitution of
a universal language of interpretation by means of consistent histories.”
According to Omnès (1999, 69), consistent histories, firstly suggested by
Griffiths, is a method which “provides a logical structure for quantum
mechanics and classical physics as well, ” and “when these three ideas are put
together, they provide a genuine theory of interpretation in which everything
is derived directly from the basic principles alone and the rules of
measurement theory become so many theorems.”
It is indeed a bold claim, but one should consider that alternative
interpretations such as of Bohm’s 1952 hidden variable and Everett’s 1957
relative states were also presented with analogous high stakes. Thus, one
would like to know what share of orthodoxy relates to its affiliation to the
views of the first founding fathers, even if updated, and what share concerns
its claim to have solved the fundamental issues on the interpretation of
quantum mechanics. In order to account, from the perspective of the history
of science, the birth of this interpretation, I will dissect its supposed, or
claimed, orthodoxy, paying attention both to their common and different
views as well as the intellectual and professional background of their
proponents. As an example, while Gell-Mann and Hartle (1990), coming from
a background interested in cosmology, considered their approach “an attempt
at extension, clarification, and completion of the Everett interpretation,”
Griffiths and Omnès (1999), more interested in foundational issues, did not
acknowledge such an affiliation. However, when affiliations are at stake, the

reference to Hugh Everett is far from being unproblematic as the line between
his work and Bohr’s, through the role of Wheeler, is in itself highly complex
(Osnaghi, Freitas, and Freire 2009). Finally, Bub’s label is not innocent, it
should be considered part of the mixed early reception of the consistent
histories approach. Debates it have involved, in addition to Bub, physicists
such as Kent, van Kampen, DeWitt, and Goldstein. Thus I also take into
consideration its early reception and analyze these debates.

Anthony Leggett and Foundations of
Quantum Mechanics
Fábio Freitas
Universidade Federal da Bahia and MPIWG
Abstract:
Sir Anthony Leggett is one of the most important physicists of the second half
of the Twentieth Century. In 2003, he was awarded the Nobel Prize on behalf
of his theoretical explanation of the superfluidity of the Helium 3, solved in
1973. What is not so well known about him, and not yet subjected to historical
investigation, is how much effort he has dedicated to research on foundations
of Quantum Mechanics (QM). In fact, as early as 1960’s, he had already quite
a strong interest on such topics and, in 1972, he took the decision, according
his words, that he would no longer do the kind of physics that is published on
Physical Review B (condensed matter and material physics) and would devote
itself full time to research on foundational issues. It is important to note that
he was aware of the implications this kind of decision could have, since he
could only take this step because he had a permanent position, as he
recognized it later. It was this spirit, to look to QM on its basics, looking for
such extreme situations that could eventually led QM to a breakdown that
took him to face the problem of the Helium 3 superfluidity. Yet, even being
able to solve it within QM (and paradoxically extending QM validity to new
domains), his interests remained close to challenge QM on different grounds,
and he began facing what we now call Macroscopical Quantum Mechanics
Effects, and also Decoherence. With the help of a doctoral student, Amir
Caldeira, he developed testable models for the interaction of a quantum
system with the environment through the use of master equations on the early
80’s and since then he remained quite active inside the community of research
of foundations of QM, arguing in favor of the realization of experiments that
would eventually test QM on extreme situations, specially directed on testing
QM on macroscopical systems, a project he calls “building Schrödringer’s cat
in the laboratory”, always hoping to identify some kind of breakdown in the
quantum mechanics description of the world.
In this project, we examine his career and works on foundations of QM,
specially those connected to what we now call Decoherence, and try to
understand why his name is usually forgotten when this story of foundational
issues is told, despite the importance his theoretical work has had on the last
30 years. In this talk, we will focus on explaining the earlier theoretical
problems he and Caldeira faced and his contributions to the field, linking his
approach to explain why latter his name was “forgotten” from the field of
foundations of QM.

Fritz Reiche’s 1921 Quantum Theory
Textbook
Clayton Gearhart
St. John’s University (Minnesota)
Abstract:
“Astonishing successes.” “Bitter disappointment.” With these words, the
German physicist Fritz Reiche (1883–1969) summed up the state of quantum
theory in his 1921 textbook. Reiche had earned his Ph.D. with Max Planck at
Berlin in 1907.
He had thus watched quantum theory unfold almost from the beginning, and
had made notable contributions himself. In 1921 he was appointed Professor
of Physics at Breslau (now Wroclaw, in Poland) and in the same year,
published The Quantum Theory [Die Quantentheorie : ihr Ursprung und ihre
Entwicklung]. Reiche’s book was comprehensive in its coverage, clearly
written, and pitched at a comparatively elementary level. It was quickly
translated into English, and sold widely—inexpensive copies in both languages
abound on the used book market. Remarkably, both the German and English
editions are still in print.
The background to Reiche’s book is as interesting as the book itself. In 1913,
Arnold Berliner founded Die Naturwissenschaften, a journal that like Nature
in Britain and Science in the United States, aimed to publish articles on all of
the sciences that would be readily understood by all scientists. Beginning in
the very first volume, Reiche, Max Born, and others were writing accounts of
the new quantum theory. Reiche’s 1913 article was followed in 1918 by a
longer one that led directly to his 1921 book.
In addition, between 1913 and 1936, Reiche published some 20 book reviews
in the pages of Die Naturwissenschaften, many of them treating books on
quantum theory. These works include, as one might expect, Arnold Eucken’s
translation of the proceedings of the 1911 Solvay conference, and the lectures
that Max Planck and Wilhelm Wien delivered at Columbia University in New
York, in 1908 and 1913 respectively. But three others, two by Siegfried
Valentiner (1913) and a third by Hermann Sieveking (1914), are more
surprising: Although both authors were physicists, neither was a specialist in
quantum theory. Yet both had written sophisticated and up-to- date works
treating quantum theory, pitched at an introductory level, and directed
towards a general audience of physicists, chemists, and students. Such efforts
were not restricted to Germany. In 1914, the British physicist Owen
Richardson, an experimentalist concerned with the emission of electricity by
heated bodies, published a long volume, titled The Electron Theory of Matter,
that included a detailed discussion of quantum theory.
Reiche’s book tells us a great deal about both the state of quantum theory
around 1920 and the audience for this strange new theory. And even earlier,
the articles and reviews that he and others wrote for Die Naturwissenschaften
show us that by 1913 or so, interest in quantum theory had spread well beyond

the small circle of physicists and physical chemists who undertook its initial
theoretical and experimental development.

From Propagation to Structure:
Experimental Research in Berlin and its
Role in The Emergence of Early
Quantum Physics
Dieter Hoffmann and Giora Hon
MPIWG and University of Haifa
Abstract:
Quantum physics emerged at the turn of the last century when physics had shifted its
concern from propagation phenomena to questions of structure. This transition
occurred with the development of a new experimental technique, the bombardment
method. This development of a new experimental technique was conceived when
physics turned its attention from macrophysical to microphysical problems. The new
experimental technique emerged when it became clear that rays and particles of
known properties could be manipulated and used as probes that could impinge on,
collide with, or plunge through the object under study. By examining the reaction of
the object to the probes, that is, by studying the object or its fragments in the wake of
the interaction, the nature and in particular the structure of the object could be
revealed. This development stands in contrast to the general scheme of nineteenthcentury experimental physics, which was concerned mainly with propagation
phenomena.
The transition is well exemplified by the move from the experimental studies of
Heinrich Hertz to those of Ernest Rutherford, and from those of Heinrich Hertz and
Philipp Lenard to those of James Franck and Gustav Hertz. We trace the history of
Rutherford’s experimental bombardment method as it emerged from nineteenthcentury propagation studies. We indicate the use of the bombardment method in
another experimental context, namely, in the celebrated experiment of Franck and
Hertz. This change of experimental method occurred within a distinct institutional
context which we will analyze in detail. For instance, when Hans Geiger moved to
Berlin (1912) he imported the Rutherford method and developed the famous counting
technique. We will describe the Berlin tradition of cathode rays research which served
as an important background to Franck-Hertz experiment. Berlin was well known for
its radiation physics and low temperature research, so that when the bombardment
technique was added to its arsenal or physical researches Berlin became an important
early center of experimental research in quantum physics, although many of the local
actors pursued their research mostly within the framework of classical physics.

Quantum Mechanics in Context: Pascual
Jordan’s 1936 Anschauliche
Quantentheorie in Its Philosophical and
Political Setting
Don Howard
University of Notre Dame
Abstract:
As another contribution to the larger HQ Quantum Textbooks project, this
paper presents an analysis and historical situating of Jordan’s influential 1936
textbook, Anschauliche Quantentheorie. Eine Einführung in die moderne
Aufassung der Quantenerscheinungen (Berlin: Springer). A number of
related themes will be explored:
1. The book reflects the Göttingen mathematical physics background out of
which Jordan emerged. Even the title – Anschauliche Quantentheorie –
deliberately echoes that of the very famous and widely-read Anschauliche
Geometrie (Berlin: Springer, 1932) by Jordan’s Göttingen mentor, David
Hilbert, and Stephan Cohn-Vossen.
2. The book played a pivotal role in cementing the problematic but widespread
impression of a deep affinity between the logical empiricist movement, with
which Jordan was closely associated, and a broadly “Copenhagen”
understanding of quantum mechanics. More specifically, Jordan emphasizes a
subjectivist or epistemic interpretation of quantum mechanics with deep
affinities to views then also being promoted by Heisenberg (but not Bohr!).
Indeed, a distinctive feature of the book is the amount of space devoted to a
discussion of the philosophical implications of quantum mechanics.
3. Another distinctive feature of the book is Jordan’s effort to connect issues
in quantum mechanics and biology, arguing that the new physics drives us to
an “organic point of view,” according to which the study of biological
phenomena will reveal laws of nature with contents that are “essentially new”
by comparison with laws pertaining exclusively to inorganic phenemonena.
4. The book’s composition and reception is conditioned by the fact of its
having been published at a crucial moment in the political history of German
physics and in Jordan’s own career, as he was moving steadily and strongly
toward the political right, a story now being explored in great detail by
Richard Beyler.
All four of the mentioned features of the book – the invocation of the
Göttingen heritage, the assimilation of the Copenhagen view to logical
empiricism, the promotion of an organic conception of nature, and the
political and personal/professional embedding – interact with one another in
complicated and interesting ways. So, for example, one surmises that it is no
accident that the conservative Jordan, writing in Germany in 1936, goes out of
his way to emphasize that the Copenhagen version of quantum mechanics, the

Machian empiricist tradition, and the organic, biological conception of nature
are all deeply incompatible with the “materialist” conception of nature. The
political valence of the term “materialist” would not have been overlooked by
Jordan’s German audience in 1936, likewise the political point of his
reminding his audience on the very same page that Planck, von Laue, and
Einstein were all well known for their skepticism about central principles of
modern quantum mechanics as Jordan presents it in the book.

From Electrical Engineering to
Quantum Physics: The Case of Nishina
Yoshio
Kenji Ito
Sokendai University
Abstract:
This paper aims to explore how an engineering discipline prepared scientists
for quantum physics research on conceptual as well as social and institutional
levels.
Electrical engineering can be considered as one of the practical disciplines
that had a relatively close tie with quantum physics and its precursors.
Practical problems concerning electrical engineering stimulated various
developments in atomic physics that eventually to quantum mechanical
research. Technological advancements in electrical engineering opened up
new possibilities for experimental investigations. At universities, enrollment
of electrical engineering students created or maintained jobs of physicists, and
some engineering students turned to quantum physics, most significantly,
Paul Adrian Maurice Dirac.
In this paper, I examine connections between electrical engineering and
quantum physics research in Japan. Japan was one of the countries that have
successfully developed quantum physics research relatively early outside
Europe and North America. This paper is a part of a larger project to aim to
explain how this happened. I claim that electrical engineering was one of the
bases for quantum physical research to be motivated, legitimized, and
sustained. It also prepared at least one important figure in quantum physics
research in Japan through its conceptual affinity.
The central figure of this paper is Nishina Yoshio, the person central to the
introduction of quantum mechanics into Japan. Nishina was originally trained
in electrical engineering at Tokyo Imperial University, and his mentor was Ho
Hidetaro, who introduced into Japan the alternating current circuit theory by
Charles Proteus Steinmetz, also known for his contribution to the HoThevenin's theorem, which states a principle of superposition in alternating
current circuits. Theoretical investigation in electrical engineering prepared
Nishina for his future theoretical research in quantum mechanics. The
importance of the principle of superposition in electric circuit theory and
quantum mechanics suggests, if not a direct causal connection between them,
a kind of conceptual affinity between the two fields. Nishina wrote his
graduate thesis on the poly-phase dynamo using the principle of
superposition. Later, Nishina, with Oskar Klein, derived the Klein-Nishina
formula, in which the notion of superposition of states proved to be crucial.
Research of atomic physics was conceived and justified as a basic research for
electrical engineering. Atomic physics and quantum physics were considered
as theories of electrons in Japan. To a great extent, it was convincing because

quantum physics could be considered as mainly about the behavior of
electrons. Atomic physics, thus, could have social legitimization through its
connection to electrical engineering, which could be seen essential to the
country's industrial developments. First trained in electrical engineering,
Nishina probably became interested in atomic physics as a foundation of
electrical engineering. It was also a justification to study atomic physics,
because electrical engineering was a useful discipline, if atomic physics itself
was not. It justified his long absence to study abroad in Europe for his family.
It legitimized the discipline itself, because atomic physics itself did not show
much utility at this point.

Application, Extension, and Alteration:
The many-body Problem in early
Quantum Mechanics.
Christian Joas and Jeremiah James
FHI
Abstract:
Several of the innovators of quantum theory maintained an interest in questions
regarding the constitution and behavior of matter that they expected, or at least hoped,
could be resolved through the development of quantum theory, but for which the
canonical formulation of quantum mechanics provided no immediate solution.
Among these lingering questions were riddles regarding the stability of molecules, the
persistence of ferromagnetism, the conductivity of metals, and the various observed
nuclear processes. Hence one can find questions related to quantum theory raised in
seminars on the constitution of matter at Copenhagen, in discussions of alpha and beta
ray experiments, or even in dissertations on the stability of molecules and of
molecular ions that remained unresolved for months, years, or even decades after the
publication of the epochal papers of 1925-27.
Although physicists published solutions to these problems in a punctuated and
piecemeal fashion over the subsequent years, many of these solutions contributed to
and relied upon the development of a common stock of new techniques appropriate to
quantum mechanics for addressing what is known as the “many-body problem.” With
several of the key figures surrounding the genesis of quantum mechanics researching
these problems, and promising junior scholars rapidly joining them, it is not
particularly surprising that historians cite the solutions to some of these problems as
amongst the earliest successful applications of the new quantum mechanics. But
regarding these solutions as “applications” rather than extensions, or even alterations,
of quantum mechanics begs numerous questions regarding the interaction between the
earliest formulations of quantum mechanics and the new techniques embodied in
these solutions. Among the questions that we argue deserve more careful
consideration are: To what extent did the new techniques for addressing the manybody problem alter the practice and the perceived limitations of quantum mechanics?
And to what extent did physicists consider the potential to solve such problems
definitive of a successful and complete quantum theory?

From Classical to Quantum Optical
Dispersion, after Bohr’s Atom
Marta Jordi Taltavull
MPIWG
Abstract:
The talk will be on the transition between classical theory of optical dispersion
and its first satisfactory quantum explanation in 1921, during the period after
the appearance of Bohr’s atom in 1913. It is well known that quantum optical
dispersion was crucial for the origin of matrix mechanics in 1925 (Duncan and
Janssen, 2007), but there is scarcely secondary literature on its development
from classical picture, within the context of old quantum physics.
Optical dispersion is a physical phenomenon in which the phase velocity of
light, when it passes through a medium, depends on its frequency. This causes
the splitting of light into different colors. According to classical theory, such
phenomenon was due to the interaction between wave light and particles of
matter vibrating harmonically at some proper frequencies. If the frequency of
incoming light coincided with one of those proper frequencies, light was
absorbed. In quantum physics, on the other hand, such characteristic
frequencies of matter were not considered vibration frequencies of particles
but transitional frequencies between two energy levels within Bohr’s atom.
This was the crucial conceptual difference between classical and quantum
theories of optical dispersion, that is, the assumption that observed
absorption frequencies in dispersion experiments were the transitional
frequencies between two different levels within the atom. Rudolf Ladenburg
was the first, in 1921, in analyzing the phenomenon in such terms, 8 years
after Bohr proposed his model of atom.
In the years in between, specifically 1915-1917, Arnold Sommerfeld, Peter
Debye and Clinton Davisson also attempted to account for optical dispersion
on the basis of Bohr’s atom. However, they did not consider proper
frequencies as transitional frequencies, but as orbiting frequencies of
electrons around the nucleus, which entailed a physical picture of interacting
light and matter different from the one accepted for explaining spectra. That
caused strong criticisms from Niels Bohr himself, Paul Epstein and Carl
Wilhelm Oseen in the subsequent years.
In the talk I will analyze Sommerfeld, Debye, Davisson and Ladenburg
different explanations and pictures of light-matter interaction in optical
dispersion, by paying special attention to their physical motivations, both
from experimental and theoretical sides, in a context of emerging quantum
physics.

Computation and Concepts in Early
Atomic and Solid-State Physics
Edward Jurkowitz and Volker Blum
FHI
Abstract:
We trace the work of Douglas Hartree, of Cambridge and Manchester,
England, and John Clarke Slater, at MIT, as they developed methods for
calculating accurate quantum wavefunctions and energies for many-electron
systems. In this paper we describe how, as Slater and Hartree began to use
the Differential Analyzer, an analog computing machine surpassing others of
the 1930s, they reshaped their research programs to incorporate the new
computational capacities it provided. We trace how they used this new
unparalleled instrument and how they incorporated it into their previous
research programs. We study how they came to trust the results they got from
it. Finally, we examine how their, as well as several other physicists connected
with MIT, approaches to physics and research outlooks subtly shifted as they
used that device to study atoms and solids.
	
  

“Classical" Solutions to the Challenges
of Radiation and its Interaction with
Matter
Shaul Katzir
MPIWG
Abstract:
The discovery of x-rays and gamma rays at the end of the nineteenth century,
and the earlier discovery of the interaction between ultraviolet light and matter
(photo-electricity) opened up quite a few questions for their researchers.
Unlike the questions that followed form most of the phenomena discovered at
the nineteenth century, some of these questions (and their connection) proved
with time a challenge for the extant concepts of electromagnetic radiation and
of particles. Yet, initially physicists accounted for the new phenomena with
ideas and concepts from the physics of the previous century (“classical
physics”). In this vain G.G. Stokes and others explained x-rays as
electromagnetic impulse of waves within the Maxwellian framework. However,
these basically continuous theories led to what Bruce Wheaton called the
paradoxes of quantity (why only a small number of particles interacts with the
radiation) and quality (how does the radiation provide energy of the same
order of magnitude needed to produce it). Early answers, or partial answers,
to these paradoxes continued to exploit older ideas. E.g., J. J. Thomson
returned to Faradayʼs tubes or fields of force, to explain localization of the
radiationʼs energy. This “corpuscular” idea was well known in the Anglo-Saxon
world, and was sometimes conflated with Einsteinʼs quantum theory. Lenard
employed the idea of resonance between two periodic phenomena to account
for the effect of light on matter. According to his and to similar theories, light
only triggers the release of electrons from the matter (photo-electricity and
related phenomena). However, accumulation of experimental data around
1910 cast doubts on triggering theories.
The rejection of triggering theories, however, did not entail acceptance of
Einsteinʼs light quantum hypothesis, which originated from his considerations
of black-body radiation. At the early 1910s, the quantum hypothesis was used
by other researchers (Planck, Sommerfeld, Debye and Richardson) to
account for photoelectricity. Yet, in their hands, the assumption did not include
discontinuity of radiation. Their theories, however, were unsatisfactory due to
disagreement with experiment, or luck of explanatory power. The
accumulation of many experimental findings on the behaviour of
electromagnetic radiation led most physicists to consider the interaction of
light and matter as an open question, required a general explanation. At the
same time they rejected Einsteinʼs light quantum.

From Do-it-yourself Quantum
Mechanics to Nanotechnology? The
History of Experimental Semiconductor
Physics in Germany, 1970-2000.
Christian Kehrt
Deutsches Museum
Abstract:
This paper focuses on developments in semiconductor physics in the 70s and
early 80s. At that time new materials technologies such as molecular beam
epitaxy made experiments with quantum states possible and gave
semiconductor physics a new push. Electrons were confinded in precisely
tailored, ultrathin layers of semiconducting materials, so that new quantum
effects in the surface and boundary layers of semiconductors could be
described and analyzed – in ultra high vacuum conditions as well as in real
room temperatures. While this rather basic and far reaching research lead for
example to the discovery of the Quantum Hall Effect by Klaus von Klitzing, it
is characteristic of that dynamic field that there are close ties to the
semiconductor industry. The chips for von Klitzing’s Hall measurements at
Grenoble for example were produced at Siemens in Munich. However, the
Siemens researcher Gerhard Dorda did not only provide these materials for
von Klitzing. He was also one of the first scientists that could measure and
prove quantum states at real room temperatures in the early 70s. He was part
of a growing international, but also local network of scientists, from leading
international industrial research laboratories as well as universities that
shaped this field and influenced a new generation of scientist, like Gerhard
Abstreiter, who founded the Walter Schottky Institute at Munich or Jörg
Kotthaus, who’s move back to Munich in the 80s was a media event and
political concern. In these years quantum state experiments with III-V
semiconductors blossemed and gave also rise to technological considerations
such the HEMT transistor for high-frequency applications, which was
patented in Japan but also developed in Germany by Gerhard Abstreiter and
Klaus Ploog. This new branch of semiconductor physics dealing with the
confined flow of electrons and their quantum behavior was and still is a very
fruitful field of research. However, in the 90s the globalization of
semiconductor industries and the severe cut of industrial research funds
forced the more basic research efforts to search for new allies and political
strategies. That’s why the experimental quantum physics generation of
Kotthaus and Abstreiter turned to “nanotechnology” and actively took part in
the politically motivated effort to push this “New Technology”. The history of
the Walter Schottky Institute is closely related to that story. It was founded
with the financial support of Siemens in the 80s to strengthen the local and
regional research landscape in the highly competitive field of semiconductor
technology. Nowadays, it is reorienting its research agenda towards biophysics

and nanotechnology, supported by the Munich Nanotechnology Excellence
Network NIM (Nanosystems Initiative Munich).
I will argue that the recent developments of nanotechnology go back to the
experimental practices and research interests of experimental quantum
physics in the early seventies and that nanoelectronics and nanotechnology
are mainly a relabeling of a well established and dynamic research field.
However, semiconductor physics lost ground in the 90s and made new
orientations and strategies necessary, because the general consensus for basic
research as it was practiced in the Cold War – especially in military related
fields – vanished and the rise of the life sciences forced semiconductor physics
to reorient their research strategies.
This paper presents the results of a three years interdisciplinary case study on
the practice and knowledge production of nanotechnology in Munich. It is
based on 30 expert interviews and carried out in close cooperation with a
sociologist at the Deutsches Museum.

The Birth of a Quantum Physics on the
Eastern European Periphery:
Władysław Natanson and the First Solvay
Conference of 1911
Matthew Konieczny
University of Minnesota
Abstract:
In this paper I will explore the relationship between the production and
dissemination of early quantum thought in the great Western European
centers of science at the beginning of the twentieth century, and institutions
on the Eastern European imperial peripheries. The context in which I will
explore this relationship is the crisis in European physics that emerged in
1900 when Max Planck announced his derivation of black-body radiation and
the eventual convening of the First Solvay Conference in 1911. I begin with the
question: despite advanced work on the very issues at stake at Solvay in 1911,
and extensive contact with Western European institutions and practitioners of
physics, why were no scientists working at universities in the peripheries of
East-Central European empires invited? Ultimately, I argue that their
exclusion was not based on an ignorance of their work or a prejudice against
scientific workers on the periphery per se, but rather that Eastern European
physicists approached the issues at stake at Solvay from fundamentally
different epistemological and ontological dispositions, which rendered their
work beyond the bounds of the dominant scientific discourse and thus
intellectually incompatible.
As the participants of the Solvay Conference—twenty-one physicists, primarily
from Germany and France, but also Britain, Holland, Austria, Belgium, and
Denmark—struggled with a fundamental shift in the understanding of the
nature of matter and energy, beyond the aptly named Hotel Metropole and
beyond the great Western European centers of science, the physicist,
Władysław Natanson, sat in his Jagiellonian University office on Studencka
Street in Krakow—then in the Habsburg province of Galicia—working on
many of the same issues that occupied the Solvay participants. Despite his
research at the forefront of the field of physics, neither Natanson nor
representatives of any of the national minorities of the Central-European
multinational empires of Prussia and Austro-Hungary were among the
participants of the Solvay Conference.
In explaining this curious fact, I will illustrate first how Natanson’s work
indeed placed him among the avant garde of physicists working on the
nascent field of quantum physics of the day. Through Natanson’s work, I will
show the development of a project that relied on a strand of quantum thought
beyond the dominant “Western European” strains, but one that was no less
relevant and, indeed, in many ways was more cognizant of the revolutionary
implications of Planck’s derivation for the nature of matter and energy.

Though Natanson ultimately failed in this project, it would be teleological to
read this failure as the reason for his exclusion in 1911. Rather, I will show,
Natanson’s unique cultural and intellectual milieu—indeed a milieu that was
in many ways more intellectually cosmopolitan and more broadly “European”
that those in the West—fostered methodological, epistemological, and
ontological approaches that fell outside the bounds of Western European
scientific discourse. I hope this paper might not only shed light on the
development of quantum physics and modern European scientific discourse,
but also raise questions about these ideas’ relevance for the emergence of a
“modern Europe” more broadly.
	
  

The Resolution of the Particle-Wave
Dualism: Pascual Jordan and the
Quantum Field Theory Program
Christoph Lehner
MPIWG
Abstract:
Pascual Jordan was the early visionary of quantum field theory. The beginning of
quantum field theory can be found in his proof in the "Dreimännerarbeit" that
Einstein's mysterious formula for the wave and particle fluctuations of blackbody
radiation can be derived from an application of the brand new matrix mechanics to the
electromagnetic field. When Paul Dirac showed an elegant way to represent
absorption and emission of light through a technique of “second quantization,” Jordan
transposed Dirac’s approach in a series of collaborative papers to a quantum field
theory of matter and electromagnetic field. While a lot of the technical achievements
were due to others (such as Oskar Klein, Eugene Wigner, Wolfgang Pauli, and
Werner Heisenberg), Jordan seems to have been the driving force behind this
program. He was certainly its most explicit spokesperson: In several non-technical
papers, he developed an encompassing vision for its foundations and its goals. I will
present Jordan’s program, the striking difference between his and Dirac’s views, and
the surprising contrast between Jordan’s foundationalist ambitions and his professed
positivism.

The Controversy on Photons and the
Hanbury-Brown & Twiss Experiment
Indianara Lima Silva
Universidade Federal da Bahia
Abstract:
One can think that the hypothesis of existence of the photons was established
through the experimental results carried out by Robert A. Millikan (18681953), who confirmed the Einstein's equation of the photoelectric effect in
1915, and by Arthur H. Compton (1892-1962), who showed that for explaining
the X-rays scattering by matter it was necessary to consider the corpuscular
nature of radiation in 1923. Nevertheless, the history of the photon concept is
not as linear as it may seem. Throughout the twentieth century, the demand
for the concept of photon was challenged at least by the following physicists:
Guido Beck (1903-1988) in his paper Zur Theorie des Photoeffekts published
in 1927, Erwin Schrödinger (1887-1961) in Über den Comptoneffect published
in 1927, Gregor Wentzel (1898-1978) in Zur Theorie des photoelektrisohen
Effekts published also in 1927, John Newton Dodd (1922-2005) in The
Compton effect – a classical treatment published in 1983, Janez Strnad (1934
– ) in The Compton effect – Schrodinger’s treatment published in 1986,
Willis Eugene Lamb (1913-2008) and Marlan 0rvil Scully (1939 – ) in The
Photoelectric Effect Without Photons of 1969, and again by Lamb in his paper
Anti-photon published in 1995.
On the other hand, never before the need of such a concept was felt as in
current times. For instance, The International Society for Optical
Engineering has organized conferences since 2003 whose interests is already
described in their title, The Nature of Light: What is the Photon? According to
the editors of the 2005 conference, “We all know that for centuries light has
been playing a crucial role in the evolution of both sciences and technologies
and the field is becoming ever more important every day” (Roychoudhuri,
Creath and Kracklauer, p. ix).
Therefore, to write its history would be more welcome and instructive for
helping us to understand how the concept of photon was built and fully
accepted throughout the twentieth century. Three experiments and the
debates about them were landmarks in the history of optics in this century.
They were performed by the British Robert Hanbury-Brown (1916-2002) &
Richard Twiss (1920-2005) in 1956, by the American John Clauser (1942 – )
in 1974, and by the French team led by Alain Aspect (1947 – ) in 1986. These
experiments had in common, according to Greenstein and Zajonc (1997),
attempts of detecting the anti-coincidences, that is, a null result would be an
evidence in favor of single photons. Only with Aspect’s experiments such a
result was achieved. In this talk, I intend to focus on the Hanbury-Brown and
Twiss experiment and its early reception, which includes its origins in
astronomy and its implications for the creation of quantum optics as a
theoretical sub-field of physics.

Proximity of Theory and Experimental
Practice in Göttingen’s Physical
Institutes 1920-1933: Work of Maria
Göppert as Exemplar of an Institutional
Culture
Barry R. Masters
Massachusetts Institute of Technology
Abstract:
I posit that the impact of proximity and the role of collaboration between theory and
experimental practice was seminal in the development of quantum mechanics in
Göttingen in the 1920’s. Dr. Max Born, Professor, Direktor des Instituts für
Theoretische Physik der Universität Göttingen [theory group] and Dr. James Franck
from 1921-1933, Professor, Direktor des zweiten Physikalischen Instituts der
Universität Göttingen [experimental group] closely interacted as seen in the thesis
work of Born’s graduate student Maria Göppert and her Göttingen Dissertation work
on two-photon processes (today’s major nonlinear optical imaging technique in
biology). I reconstruct the interactions between theory groups and experimental
groups in the advancement of quantum mechanics in Göttingen in the 1920’s until
1933. Furthermore, fruitful insights come from re-evaluation of the Göttingen school
of mathematics (Klein) and its interaction with the theoretical and experimental
physics groups in the advancement of quantum mechanics. I elucidate the roles of
visitors, graduate students, and assistants in the development of quantum mechanics
in Göttingen in the 1920’s to 1933? Maria Göppert worked in Max Born’s Institute
for about a decade; during that period Max Born’s Institute hosted a number of
important physicists for various periods of time: Delbrück, Fermi, Heitler, Hund,
London, Nordheim, Oppenheimer, Rosenfeld, Uhlenbeck, Weisskopf, and Wigner,
and Paul Dirac. I have deconstructed the two parts of her thesis work in order to
extract the portions that derived from the work of others: for example she used
second-order, time-dependent perturbation theory and standing waves in a cavity, in
her dissertation research of two-photon transitions. Furthermore, I show the roles of
textbooks, monographs, and handbook articles on the development, codification, and
promotion of the quantum mechanics in Göttingen in the 1920’s to 1933. I will focus
on the impact of the following books from the Göttingen mathematicians and
physicists. Richard Courant and David Hilbert’s Methods of Mathematical Physics
which contained a clear expositions of the algebra of linear transformations, the
calculus of variations, eigenvalue problems including a section on eigenvalue
problems of the Schrödinger type. It served as a mathematical reference for matrix
mechanics of Max Born, Werner Heisenberg, and Pascual Jordan. Max Born’s
monograph Vorlesungen über Atommechanik, written with the help of his assistant
Dr. Friendrich Hund. In 1926, James Franck and Pascual Jordan completed their
textbook, Anregung von Quantensprüngen Durch Stösse. It provided a summary of all
the experimental work carried out in Franck’s Zweiten Physikalischen Instituts der
Universität Göttingen up to 1926. Max Born and Pascual Jordan who was now a

Professor in the Universität Rostock, completed their book Elementare
Quantenmechanik, that Verlag Von Julius Springer published in 1930. Earlier, Arnold
Sommerfeld’s two-volume Atombau und Spektrallinien educated a whole generation
of theoretical physicists. Maria Göppert was well aware of the experiments as well as
the content of all of these books as is evident from her thesis paper. She contributed a
section in Elementare Quantenmechanik on Dirac’s theory of emission, absorption
and dispersion.

The Early Interactions of Quantum
Statistics, Many-particle Systems, and
Quantum Fields
Daniela Monaldi
York University
Abstract:
In 1927 Paul Dirac demonstrated that the quantum-mechanical description of
a radiation field could “be made identical with” the formal description of an
assembly of particles satisfying the Bose-Einstein statistics. Dirac’s formalism
provided Pascual Jordan the means to formulate a quantum field theory of
matter, wherein electrons—that is, particles satisfying the Fermi-Dirac
statistics—were represented as waves.
At the same time, the integration of quantum statistics with quantum
mechanics was opening the way to the quantum-mechanical treatment of
many-particle systems, first of all with the formalization of the so-called
“exchange interaction” among particles. What was exactly the role of the BoseEinstein and Fermi-Dirac statistics in these developments? And how did these
developments, in turn, reflect upon the understanding of the quantum
statistics and of the entities to which they applied?

The Quantum Mechanics Measurement
Problem: the Wigner’s approach
Frederik Moreira dos Santos
Universidade Federal da Bahia
Abstract:
This communication exposes the philosophical and personal intentions of the
influential physicist Eugene P. Wigner when he led the solution of the
measurement of Quantum Mechanics (QM) to their ultimate logical
consequences. I mean, the role played by mind in quantum measurements.
One wants to know which philosophical and personal motivations did lead
him to propose such a singular solution to paradoxes concerning quantum
measurements. I intend to present three axes to build a general schema of
Wigner's views while unfolding the conceptual structure of the Standard or
Orthodox Theory. These axes are: a pragmatic and convenient usage of
physical concepts, a kind of idealism ("dualist reality", Wigner, 1964)
regarding the mental construction of natural world supported by the orthodox
interpretation of Quantum Mechanics - led to its ultimate consequences -, and
the problem of objectivity in the QM. Through my presentation I intend to
explain what Wigner meant when he used the term Orthodox Theory and how
far his self-proclaimed positivistic view was indeed unique. Then, this
communication shows how Wigner conceived the relation subject/object in a
complex way, taking into account the role of observer in the quantummechanical measuring process. Moreover, I present not only the solution
proposed by Wigner in the sixties but also how he, in the late seventies, was
moving away from his proposal towards that previously presented by H.
Dieter Zeh. Finally, my goal is to shed light on the historical and philosophical
analyses (Marin, 2009, p. 808, and many examples are cited by Freire, 2007,
footnote 1) about the Wigner’s main philosophical ideas regards on
foundations of Quantum Mechanical Measurement Theory.
	
  

Projective Geometry and the Origins of
the Dirac Equation
Thomas Pashby
University of Pittsburgh
Abstract:
Several authors have attempted to make a connection between Dirac's qnumber theory and his knowledge of projective geometry, but in the AHQP
interviews conducted by Kuhn where this connection is first made, Dirac
denied any connection to his early work in non-commutative algebra. Instead
Dirac consistently emphasized the value of projective geometry as a means for
visualizing quantities in Minkowski space-time, which suggests that he may
have found these techniques useful in his derivation of the electron equation
and first encounters with Dirac spinors.
Existing accounts of the origins of the electron equation rely almost
exclusively on Dirac's later testimony and the published paper of 1928.
However, there exists a series of rough calculations that reveal the first stages
of his recognition of the explicit form of the equation he sought. This
manuscript was found among the archival material held by the FSU at
Tallahassee, where Dirac spent his final years. The first page contains a
statement of the general form of the relativistic linear wave equation, and
twenty-two pages later Dirac finds an explicit representation of what are now
known as the Dirac matrices.
The appearance within in this manuscript of what is obviously projective
geometry on a number of pages provides good evidence that Dirac was using
these techniques at the time of his discovery, although the precise role within
the derivation remains unclear. However, the historical relevance of this
document is clearly evident, and so provides an unprecedented opportunity to
corroborate and challenge the existing accounts of the path taken by Dirac in
his discovery of the electron equation.

The Overlapping Worlds of General
Relativity and Quantum Theory: The
Challenge of the Principle of Equivalence
Jürgen Renn, Donald Salisbury, Matthias Schemmel, and
Kurt Sundermeyer
MPIWG, Austin College, MPIWG, FU Berlin
Abstract:
The paper deals with the history of quantum gravity from the perspective of
conceptual clashes between general relativity and quantum physics. Considering how
the two major theoretical frameworks of modern physics have transformed basic
notions such as space, time, and matter, we ask which domains overlap, where
borderline problems are created, and how incompatibilities arise between these
frameworks. As an example we shall focus on the principle of equivalence and
examine different attempts to apply this fundamental principle of general relativity
within a quantum context. In line with our overall approach to compare the history of
quantum gravity with the histories of general relativity and quantum theory, these
attempts will be related to Einstein's own early use of the equivalence principle to
create a new theory of gravitation. It has turned out that such a comparison may
create a new perspective on how to formulate the Schrödinger equation in a generally
relativistic context. Possible theoretical implications and observational consequences
of this new approach, such as spectral line shifts in strong gravitational fields, will be
briefly discussed as well.

Pioneers of Quantum Gravity
Dean Rickles
University of Sydney
Abstract:
The task of writing the history of quantum gravity, like the construction of such a
theory, remains incomplete. Though there have been several small projects (notably
by John Stachel, Gennady Gorelik, Helge Kraghe, and Carlo Rovelli), no detailed
study exists. I am currently engaged in a five year project to write this history
(initially, the first forty years: 1916-1956). In this talk I would like to describe some
of this work on the very earliest history, including work by Henry Flint, Arthur
Eddington, Jacques Solomon, Oscar Klein, Leon Rosenfeld, and others. As I show,
though most of these attempts did not make much of a mark in the research record,
they nonetheless contain many elements that can be seen in present-day work on
quantum gravity.

Structure and Content of the EPR Paper
Robert Rynasiewicz
Johns Hopkins University
Abstract:
The EPR paper has been raked over so may times you would think nothing
more could be left to be said. For example, it is well known that Einstein was
disenchanted with the unnecessarily convoluted form in which Podolsky
formulated the argument. And it is well known that Einstein's critique of
quantum mechanics is easier to discern from his correspondence with
Schroedinger and some later, popular essays. But at the time, the agonists of
EPR had only the EPR paper to go on. Despite the analyses of later scholars,
there has emerged no closure as to whether the argument is sound, valid but
unsound, or, as many have insisted, not even valid.
Rather than to give a formal reconstruction of the argument, I plan to tease
out its structure exegetically, relying in particular on some of Rosen's later
commentary, so that it becomes clear what statements are intended to do
what, where discontinuities suggestive of different arguments are papered
over, and where earlier strands of reasoning are picked up on later. The
"logic" of the paper then becomes rather elementary and is easily evaluated.
Moreover, one can also discern where there is congruence with Einstein's later
formulations.
That is the heart of what I propose to present. I will also do some stage setting
in terms of surveying the disparate assessments in the prolific literature on
the EPR as well some background on the less famous authors of the paper and
some technical issues that arise in the paper. If possible, I would also like to
take the opportunity to showcase some of the digital tools we are developing
for the HFQP project to enable new ways of doing research and disseminating
its results. In developing a digital archive for HFQP, the EPR paper is
certainly one of the essentials for inclusion, and thus one that is crucial for
exploring and establishing the paradigms for digital scholarship with primary
source material.

Heisenberg's Ladder Didn't Fall.
Types, Aims and Uses of Models in the
History of Quantum Theory
Arne Schirrmacher
MPIWG
Abstract:
The conclusion of Wittgenstein's Tractatus (6.54, before he recommends
silence for the unspeakable, published 1921 in Annalen der Naturphilosophie)
suggests a theory of knowledge generation that necessarily dispenses with
older forms of knowledge, although they were instrumental to reach the new
results, in order to "see the world rightly."
While many historical descriptions of the "quantum revolution" seem to
match this contemporary picture, both classical physics and the old quantum
theory did not become obsolete when quantum mechanics was established as
both were still necessary to formulate, to guide and probably also to
understand the procedures of quantum mechanics as well as also to explain,
visualize and popularize the new theory.
In my talk I will first try to sketch this wider context of a classical tradition
within quantum mechanics, in particular as far as it was related to models of
various kind:
- models as simplifications in order to find quantum analogues (oscillator)
- models for formal mathematical analogies (Hamilton; micro/macro;
invariants; Umdeutung)
- models as falsifications (e.g. celestial mechanics, Pauli hydrogen ion)
- models as visualizations, didactic tools and popularizations (Bohr,
Sommerfeld ... H.E. White)
Then I will analyze the role of select three-dimensional physical models for
these purposes in some detail, asking when they were introduced, what
changes their status underwent and when, if at all, they were withdrawn from
the physics discourse.
Finally, I discuss the example of H. E. White's mechanical device of 1931,
which, when photographed in motion, provided pictures of quantum
mechanical electron clouds. (To some extent it was motivated to give some
consolation to those still in want of a mechanical model). This mechanical
modeling of genuine quantum mechanical phenomena points in yet a different
way to the fact that it is rather an illusion that Heisenberg's ladder could have
been thrown away.

Bohr: Complementarity and
Correspondence
John Stachel
Center for Einstein Studies, Boston University
Abstract:
Exchanges with Einstein during the 1920s contributed to Bohr's development of the
concepts of complementarity and correspondence in the late 1920s and 1030s. Both
were based on the existence of the quantum of action h: It led to the symbolic role of
the photon concept in describing one complementary aspect of electromagnetic
phenomena: energy and momentum exchanges with ponderable matter. And it also
led to the symbolic role of the wave function in describing one complementary aspect
of the behavior of electrons: interference phenomena. But, in accord with his
interpretation of the correspondence principle, Bohr still denied equal status to the
wave and particle pictures. Based on their respective classical limits, he stressed that
the wave picture is really only applicable to electromagnetic phenomena, and the
particle picture only to the electron. Curiously enough, Einstein agreed.

On an alleged fine-tuning Problem in
Dirac’s Electron Theory and its partial
Solution by Weisskopf
Kent Staley
Saint Louis University
Abstract:
Recent philosophical discussions of cosmology have made much of the “finetuning” of parameters in our currently most fundamental theories. Roughly, a
parameter is fine-tuned when the range of values of that parameter that are
compatible with some observed feature of the universe is quite small relative
to the range of values that are, in some sense, possible. Some have argued that
such instances of fine-tuning provide evidence for the creation of the universe
by an intelligent being (Craig 2003, Swinburne 2004), claiming that no other
explanations of such fine-tuning are plausible. The latter claim might be
undermined should it be found that physicists have a history of solving finetuning problems not by invoking divine providence, but through physical
theorizing and experiment.
In the course of an analogy between the chiral symmetry of Dirac’s theory of
the electron (Dirac 1928, 1930) and the supersymmetry of potential
successors to the Standard Model, the theoretical physicist Hitoshi Murayama
has discussed the divergence of the self-energy of the electron in Dirac’s
theory as an example of just such a fine-tuning problem (Murayama 1994,
2004).
In short, Murayama treats the rest mass of the electron in Dirac’s theory as
the sum of two contributions, which required fine tuning a divergently large
and negative “bare” or “mechanical” mass contribution to balance the
divergent self-energy contribution, yielding the small observed value.
Moreover, he regards the first steps toward a solution to this problem as
having been provided (in work by Victor Weisskopf, with a correction by
Wendell Furry (Weisskopf 1934b,a,11983)) by the chiral (matter/anti-matter)
symmetry of Dirac’s equation. (SUSY, he argues, addresses a similar finetuning problem — the gauge hierarchy problem — by employing an analogous
symmetry.)
Contrary to Murayama’s anachronistic discussion (see Nickles 1992), papers
written during the early history of QED did not depict the self-energy problem
for electrons as a fine-tuning problem, nor did they greatly emphasize the role
of positive electrons in solving the problem. Indeed, rather than thinking that
the “bare mass” contribution needed to be “tuned” to a large negative number,
Weisskopf, Pauli, and others tended not present the rest mass as the sum of
these two terms at all. Even when the rest mass was thus regarded (as it was
much later in Weisskopf 1949), it was not discussed as a situation calling for
fine tuning, but rather for some other theoretical revision.

Nonetheless, Murayama’s anachronism can be put to good use: although the
divergences in early QED were not at the time analyzed as instances of finetuning, they exhibit a genuine structural similarity with such problems. Two
lines of inquiry emerge from this similarity. First, does Murayama’s
“historical” example provide a reason for thinking that the fine-tuning
problems in present theory can be solved through physical theorizing rather
than by invoking “design”? Second (the focus of the present paper), on what
premises does Weisskopf’s chiral symmetry “solution” of the self-energy finetuning problem depend? And what could be concluded about those premises
from this solution?
To address this latter question, I will employ both philosophical analysis and a
more properly historical perspective. The first step is a closer study of
Weisskopf’s paper and the context in which it was written (see also Miller
1994). Although Weisskopf claims that he approaches the self-energy problem
using Dirac’s “L ! ochertheorie,” it is not at all apparent that the hole
interpretation of Dirac’s formalism plays any essential role in his argument,
which was written while he was serving as Pauli’s assistant, at a time when
Pauli was expressing considerable “disgust” with Dirac’s hole theory (Rueger
1992). Indeed, Weisskopf collaborated with Pauli on a hole-free theory
including positrons which Pauli referred to as the “anti-Dirac paper”
(Weisskopf 1989, 163); the theory was acknowledged from the outset not to be
realistic, but Pauli noted that it made him happy in the paper “once again to
blame my old enemy – the Dirac theory of the spinning electron” (Pauli 1985,
letter to Heisenberg, 14 June 1934). This aspect of the paper will draw upon
published papers including letters in the Pauli correspondence in which Pauli,
Heisenberg, and Weisskopf exchange their views regarding Dirac’s theory
(Pauli 1985). I will also make use of research I have conducted in Weisskopf’s
unpublished papers, which have just recently been made available at MIT.
Though not the focus of the present paper, it is intended that this close
analysis of Weisskopf’s work, as well as a broader historical survey of the
evidential grounding of the positron through experimentation and
argumentation will feed into a philosophical analysis and contrast with the
deployment of “fine-tuning arguments” in current philosophical and physical
discussions.
	
  

Between Absolute and Relative, Life and
Death, Causality and Probability: The
Cultural History of Mechanics
Richard Staley
University of Wisconsin-Madison
Abstract:
From the 1860s when the University of Göttingen offered a prize for the first
critical history of mechanics through to the 1930s when Boris Hessen
delivered his famous account of the social and economic context for Newton’s
work, the character and status of mechanics was the subject of vigorous but
sporadic discussion both within and beyond the physics community. Yet
despite significant concern with a small number of episodes, we have little
appreciation of the full extent and cross-disciplinary dynamics of the debates
surrounding the subject. Building on the earlier work of Forman, Heilbron,
Stöltzner, and Martinez, this paper will examine the contributions of figures
such as Eugen Dühring, Friedrich Engels, Ernst Mach, Karl Pearson, Henri
Poincaré, Vladimir Lenin, Walther Rathenau, Max Weber, Oswald Spengler,
and Boris Hessen, in order to argue that a number of long-standing thematic
concerns structured discourse on mechanics throughout this period. It will
contend that collectively, a widespread concern with a series of dichotomies –
between absolute and relative, life and death, and causality and probability –
engaged physics equally with neighboring disciplines and broader social
thought, with sociology and with socialism. Assuming distinctively different
valences at different times, debate on these dichotomies shaped both the
philosophical and historiographical framework within which mechanics was
understood, in ways that have not yet been fully appreciated. While my major
aim is to sketch the contours of a terrain that has eluded more narrowly
focused studies, I hope to provide further insight into the context in which
figures like Bohr and Schrödinger developed their widely influential views of
the nature and implications of quantum theory.

Random Fluctuations in Electroscopes
and Microscopes
Michael Stöltzner
University of South Carolina
Abstract:
Almost two decades before the advent of quantum mechanics, the idea that
the basic laws of nature could be indeterministic represented the prevailing
view among Viennese physicists. Vienna Indeterminism – as I call this
tradition that was first touted in Franz Serafin Exner’s 1908 inaugural address
as rector of the University of Vienna – can be summarized by three tenets. i)
The highly improbable events admitted by Boltzmann’s statistical derivation
of the second law of thermodynamics exist. (ii) In an empiricist perspective,
the burden of proof rests with the determinist who must provide a sufficiently
specific theory of microphenomena before claiming victory over a merely
statistical theory. (iii) The only way to arrive at an empirical notion of
objective probability is by way of the limit of relative frequencies.
In this paper I want to emphasize the empiricist element in (ii) by focusing at
the years before Exner’s speech. This involves two of the three research fields
then characteristic of the Exner group, to wit, atmospheric electricity and
radioactivity (radium research). In contrast to Boltzmann’s statistical
derivation of the second law of thermodynamics and the debates about
atomism, research in these two fields was dominated by a description of the
phenomena and explorative experimentation with a shared instrument, the
electroscope. It is important to note, however, that the Viennese combined
this descriptive approach with a solid understanding of Boltzmann’s statistical
mechanics. This quite specific Viennese mélange of methodologies, so I argue,
permitted them to consider fluctuations (“Schwankungen”) as viable
candidates for physical laws – and not as disturbations of hitherto unknown
underlying deterministic laws, errors to be explained or explained away.
This mélange was instrumental for two breakthroughs that occurred around
1905, Egon von Schweidler’s theory of radioactive fluctuations and Marian
von Smoluchowski’s theory of Brownian motion. Both were propounded as
descriptions of genuinely random phenomena, but their reception would
become markedly different. Brownian motion was quickly viewed as decisive
evidence for atomism, not least because the continuing validity of classical
mechanics on the atomic level –at the price of the ergodic hypothesis – made
it palatable to those insisting on a deterministic foundation of natural law.
Schweidler’s fluctuations, on the other hand, were commonly conceived as a
vehicle to better describe a given radioactive substance than as a phenomenon
in its own right, let alone as a proof of indeterminism. The Viennese, contrast,
emphasized their genuine nature. After Exner’s rectorial address provided
them with a general indeterminist outlook on the laws of nature, they even
argued that Schweidler had definitely proven the indeterministic nature of
radioactive decay. Schrödinger’s 1919 paper on “Probability theoretic

investigations concerning Schweidler’s fluctuations” represented definite and
theoretically well-elaborated word from the Viennese on the matter. It played
an important role in motivating the stance he took in his famous 1922
inaugural address “What is a law of nature?”. In 1920, the Prague physicist
Reinhold Fürth – who had worked on Brownian motion – even called
fluctuation phenomena an interdisciplinary phenomenon ranging from the
statistics of colloids (Brownian motion in the narrow sense) to fluctuations of
radiation density, of molecular oscillations and of radioactivity (Schweidler’s
fluctuations).
This shows that the tradition of Vienna Indeterminism was not merely a
philosophical movement, but counted on a complex research tradition that
was driven by an empiricism prevailing even before Exner’s adoption of the
relative frequency interpretation would ease the conceptual understanding of
fluctuations.

An Act of Creation: The Meitner-Frisch
Interpretation of Nuclear Fission
Roger H. Stuewer
University of Minnesota
Abstract:
At the end of December 1938 Lise Meitner and her nephew Otto Robert
Frisch, both victims of Nazi persecution, met in the small Swedish village of
Kungälv to spend the Christmas holidays with Swedish friends. There, during
a walk in the snow, it suddenly occurred to them that they could explain Otto
Hahn and Fritz Strassmann's recent and puzzling experimental results with
uranium on the basis of the liquid-drop model of the nucleus--a creative act
that produced their entirely novel interpretation of nuclear fission. I aim to
understand historically why Meitner and Frisch, and only Meitner and Frisch,
arrived at this interpretation. This requires a detailed analysis of the origin
and subsequent development of the liquid-drop model of the nucleus, from
George Gamow's conception of it in 1928 and Werner Heisenberg’s and Carl
Friedrich von Weizsäcker’s extension of it between 1933 and 1936, and the
role it played in Niels Bohr's theory of the compound nucleus between 1936
and 1938. I show how these developments merged in the minds of Meitner
and Frisch, leading them to their novel and influential interpretation of
nuclear fission.

The Birth of Philosophy of Physics and
the Origin of Quantum Propensities:
Henry Margenau’s ‘Latency’ School
Mauricio Suárez
Complutense University of Madrid and Harvard University
Abstract:
Quantum propensities were popularised by Karl Popper in the 1960’s.
Popper’s attempt to solve the quantum paradoxes is notoriously deficient, and
has been by and large abandoned by physicists and philosophers alike. It is
not widely known, however, that a similar approach that historically preceded
Popper’s is much more on the right track.
In this paper I undertake the first detailed historical examination of the origin
of the latency concept in the works of Henry Margenau in the 1950’s.
Margenau was a highly influential and respected member of the theoretical
physics community after the war. He was not only a prolific writer but a
tireless organiser and a consummate teacher. He was also a devout advocate
of the philosophy of science and physics, and did much to elevate their status
among scientists and philosophers alike. In fact Margenau played a key role in
establishing philosophy of physics as a discipline. He founded the journal
Foundations of Physics, and was instrumental in setting up the Philosophy of
Science Association. As the Yale Professor in Theoretical Physics he was able
to attract a large number of students to the foundations and philosophy of
physics over the years. Many of these students worked out the details of
Margenau’s own ideas, including the concept of quantum latency. There
certainly was a very strong and well defined ‘Margenau school’ in the 1950’s
and 1960’s.
I focus on the social and intellectual roots and influences of Margenau’s
latency school. Margenau himself had philosophical training; he had studied
the writings of Cassirer and the Marburg school, and considered himself a
Neo-Kantian. Because of his institutional role as a mersenne for philosophy of
physics, Margenau came into regular contact with some of the most important
philosophers and physicists in his time. In particular I consider Margenau’s
exchanges with Carnap and Heisenberg, precisely at a time when both were
developing ‘dispositional’ accounts of quantum properties (Heisenberg) and of
theoretical terms in general (Carnap). I also consider the possible influence of
Margenau’s school upon Popper and his followers in the 1960’s – in particular
I ask whether Popper’s propensities may be seen as a critical rationalist
response to Margenau’s neo-Kantian latencies.
	
  

Gibbs Paradox and the Relation
between Thermodynamics and
Quantum Theory
Jos Uffink
Utrecht University

Abstract:
The so-called Gibbs paradox in thermodynamics is concerned with the
possible increase of entropy when mixing various (ideal) gases or liquids. In
particular, it points to the difference between a process of mixing two distinct
gases (nonzero entropy increase) and a process of mixing two quantities of the
same gas (zero entropy increase).It has often been argued that the Gibbs
paradox reveals a "defect" in classical physics and requires quantum theory,
for a satisfactory microphysical underpinning. According to such an
argument, thermodynamics cannot be reduces to a classical microphysical
theory, and in fact already imply some aspects of quantum theory, in
particular the quantum statistics of identical particles.
I will argue, by means of a historical survey of discussions of the Gibbs
paradox, that the understanding of what was paradoxical about it changed
considerably. Indeed, until the 1920s, those discussions centered on the
discontinuity of the entropy of mixing, as a function of physical/chemical
properties. It was only after the formulation of the new rules of quantum
statistics that the Gibbs paradox became to be regarded as a puzzle about
identity.
	
  

The Genesis of Feynman Diagrams
Adrian Wüthrich
Universität Bern
Abstract:
Around the year 1948, Richard P. Feynman began to use a particular kind of
diagrams for the theoretical treatment of recalcitrant problems in the theory
of quantum electrodynamics (QED), e.g., the calculation of the self-energy of
the electron. Soon thereafter, these Feynman diagrams became an ubiquitous
tool in theoretical elementary particle physics up to the present day. In
primary as well as secondary literature, physicists, philosophers and
historians of science appraise the diagrams’ remarkable usefulness for
calculations and, at the same time, remind us of the pitfalls as regards their
physical interpretation. As a consequence, Feynman diagrams are usually
presented as an uninterpreted computational device that has been invented in
order to come to terms with practical problems concerning the evaluation of
complicated mathematical expressions. However, a detailed reconstruction of
the genesis of Feynman diagrams reveals that their development was
constantly driven by the attempt to resolve, at least in part, fundamental
problems concerning the uninterpretable infinities that arose in quantum as
well as classical theories of electrodynamic phenomena. Accordingly, as a
comparison with the graphical representations that were in use before
Feynman diagrams shows, the resulting theory of QED, featuring Feynman
diagrams, differed significantly from earlier versions of the theory in the way
in which the pertaining phenomena were conceptualized and modelled.
In his PhD thesis (defended in May 1942), Feynman began to develop a
formulation by path integrals of quantum mechanics, into which he later, in
unpublished manuscripts dating from ca. 1947, tried to incorporate the
physical interpretation of the Dirac equation by Erwin Schrodinger and
Gregory Breit. Feynman continued his quest for an alternative representation
of phenomena, which are described by the Dirac equation in two published
papers, which appeared in 1949. The two papers contained a theory of
quantum electrodynamics in which the wave function would represent, e. g.,
the probability amplitude for the position of the particles, like in quantum
mechanics. In two published papers, which appeared a few months before
Feynman’s papers, i.e. even be- fore Feynman published his first diagram,
Dyson rescued the diagrams from the by-then obsolete quantum mechanical
framework and systematized them in the framework of the state-of-the-art
quantum field theory of electrodynamics. Dyson thus provided the community
of physicists with the framework in which the uninterpretable infinities that
had arisen in the old form of the theory could be precisely identified and
subsequently removed in a justifiable manner.

Chang’s Contribution to the
Quantization of Constrained
Hamiltonian System
Yin Xiaodonga and Zhu Zhongyuanb
aCapital

Normal University, Beijing and bChinese Academy of
Sciences, Beijing
Abstract:
This paper analyses Chinese physicist T.S.Chang’s contribution to the
quantization of constrained Hamiltonian system. In 1933 Dirac investigated
the cases of constrained system with missing momenta, but his final equation
still contain quantities of unknown Lagrange multiliers and, are thus not
suitable for passing to a quantum theory. Concerning this subject, during
1944-1946, T.S.Chang established a Hamiltonian theory with a modified
Hamiltonian function and canonical variables for systems with auxiliary
and/or missing momenta, and carried out their quantization. These results
were published in 2 papers in Proc. Roy. Soc. Of London, A183(1945)316
which was communicated by Dirac, and Proc. Camd. Phil. Soc. 43(1947)183.
We have not found any other contributions to this topic earlier than these
papers. In 1949 Dirac gave a new well-known systematic formulation, which
has been the standard analysis of this problem.

