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Stöltzner coined the expression ‘Vienna indeterminism’ to describe a philosophical tradition centered
on the Viennese physicist Exner, serving as the ‘historical link’ between Mach and Boltzmann, on
the one hand, and von Mises and Frank, on the other. During the early 1930s debate on quantum
mechanics, there was a ‘rapprochement’ between Vienna indeterminism and Schlick’s work on causality.
However, it was Cassirer’s 1936 monograph Determinismus und Indeterminismus that shows a full
‘convergence’ with major tenets of Vienna indeterminism: the fundamentality of statistical laws, the
frequency interpretation of probability, and the statistical interpretation of the uncertainty relations.
Yet, Cassirer used these conceptual tools to pursue ‘in parallel’ different philosophical goals. While
for the Viennese quantum mechanics represented a fatal blow to the already discredited notion of
‘causality,’ for Cassirer it challenged the classical notion of ‘substantiality,’ the ideas of ‘particles’ as
individual substances endowed with properties. The paper concludes that this ‘parallel convergence’
is the most striking and overlooked aspect of Determinismus und Indeterminismus, serving as the
keystone of its argumentative structure.
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Introduction

At the turn of the 2000s, Michael Stöltzner (1999) introduced the category ‘Vienna
indeterminism’ to describe a coherent philosophical tradition centered around the
Viennese physicist Franz Serafin Exner. Starting from his 1908 inaugural address as the
new rector of the University of Vienna, Exner (1909) provided a philosophical synthesis
of Ernst Mach’s empiricism, Ludwig Boltzmann’s atomism, and Gustav T. Fechner’s
relative frequency interpretation of probability (Stöltzner 2002, 268). Max Planck (1914)
could still be confident that Boltzmann’s statistical mechanics would ultimately be
integrated into a deterministic worldview (Stöltzner 2002, 270). By adopting Mach’s
definition of causality in terms of functional dependencies, Exner ventured to claim
the universal applicability of Boltzmann’s probabilistic approach (282). Exner’s (1919;
1922) lectures on the ‘physical foundations of the sciences,’ written during the war,
articulated this view in detail, launching a frontal attack against the Kantian a priori
validity of the principle of causality. Thus, Exner served as the ‘historical link’ between
the older generation of Viennese philosopher-physicists, Mach and Boltzmann, and
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the younger generation, Erwin Schrödinger (1929b), Richard von Mises (1928, 1930),
and Philipp Frank (1932), who developed and promoted Exner’s synthesis to wider
audiences (Stöltzner 2003b, 3).

Through Frank and von Mises, Exner’s indeterminism percolated into the Vienna
Circle, led by Planck’s former student Moritz Schlick. According to Stöltzner (2008), in
his 1931 article on causality in quantum mechanics, Schlick shifted from his previous
quasi-Kantian stance (Schlick 1920b), showing a certain rapprochement with Vienna
indeterminism (Stöltzner 2003a, 22). Nevertheless, the détente did not develop into
a full alliance. Indeed, as Schrödinger complained in private correspondence, Schlick
did not even bother to mention Exner (Schrödinger to Schlick, Feb. 25, 1931; Schrö-
dinger to Schlick, Mar. 31, 1931). On the contrary, Stöltzner (2003a, 22) points out
that a more substantial convergence took place between Ernst Cassirer and Vienna
indeterminism, the last representative of what was once the influential Marburg school
of neo-Kantianism. In fact, as this paper will show, in his 1936 Determinismus und
Indeterminismus, Cassirer seems to enthusiastically embrace all the major tenets of
Vienna indeterminism that Schlick rejected: (a) Exner’s (1919) hypothesis that fun-
damental laws of nature might be only statistical, (b) von Mises’s (1928) frequentist
interpretation of probability, (c) Frank’s (1932) and von Mises’s (1930, 1934) statistical
interpretation of Heisenberg’s uncertainty relations.

Stöltzner refrains from further discussion of Cassirer’s work, and the strange case of
the convergence between Vienna indeterminism and late Marburg neo-Kantianism has,
as far as I can see, remained unexplored. Literature on the relationship between Cassirer
and the Vienna Circle (Krois 2000; Mormann 2012) usually focuses on the similarities
with Schlick and Carnap’s ‘structuralism’ (Richardson 1998; Gower 2000; Neuber 2013)
rather than on Frank and von Mises’s ‘indeterminism.’ The literature on Cassirer’s
interpretation of quantum mechanics does not escape this interpretative framework (Cei
and French 2009; French 2014, sec. 4.8; Ryckman 2015, 2018, 2021). Determinismus und
Indeterminismus, although with different nuances, is portrayed as the culmination of the
same ‘structuralist’ approach to classical physics that Cassirer defended in his previous
epistemological monographs (Cassirer 1910, 1921, 1929). This continuist narrative,
although endorsed by Cassirer himself, leaves an important part of the story untold, in
my view. Indeed, upon closer inspection, the over 60-year-old Cassirer engages with
the new quantum mechanics against the background of a substantially revised image of
classical physics. In particular, in Determinismus und Indeterminismus, Cassirer tackles
issues like irreversibility and statistical mechanics, on which he had been surprisingly
reticent in his earlier writings. By confronting these problems, Cassirer encountered
the works of Exner and his epigones, which had remained completely foreign not only
to his prior research but to neo-Kantianism more broadly.

This paper contends that Cassirer’s Nostrifizierung of Vienna indeterminism is
arguably the most striking aspect of Determinismus und Indeterminismus. For this
reason, it can be used as Ariadne’s thread for finding a way out of the somewhat
labyrinthine argumentative structure of the book. In particular, it will be shown how
Cassirer appropriated most of the key elements of Vienna indeterminism in pursuit of a
very different agenda. The Viennese discussion on quantum mechanics centered around
the status of the notion of causality in physics. Cassirer exploited the conceptual tools
that the Viennese had put forward to shift the discussion surrounding the problem of
substantiality in physics, specifically the conception of particles as individual substances
bearing properties (see French and Krause 2006, sec. 3.7). In this way, Cassirer could
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attempt to converge with Vienna indeterminism while simultaneously aiming to continue
along the “historical tendency of ‘neo-Kantianism’ as envisaged by the founders of the
Marburg School, Hermann Cohen and Paul Natorp” (Cassirer 1936, VIII; tr. xxiii).
One should speak of a sort of parallel convergence1 The paper concludes that this
endeavor put a significant strain on the framework of Cassirer’s neo-Kantianism (VIII;
tr. xxiii). As Cassirer anticipated, many indeed expressed “their agreement” about the
conclusions of the book but questioned whether a ‘neo-Kantian’ “was permitted to
draw such conclusions” (Cassirer 1936, VIII; tr. xxiii).

The rationale behind Cassirer’s curious strategy of exploiting the Exner-Frank-
Mises ‘anticausality’ in defense of a broadly defined concept of ‘causality’ lies in
his motivations for writing Determinismus und Indeterminismus. Cassirer seems to
have planned to write on the new quantum theory before leaving Germany in 1933
(Cassirer Bondy 1981, 189), during a time of progressive destabilization of political
and cultural institutions in the late Weimar Republic. Cassirer resolutely dismissed
the claim that the emergence of quantum mechanics as a physical theory was milieu-
dependent (Schrödinger 1932), conditioned by the Weimar intellectual environment,
which was hostile to mechanical causality (Forman 1971; Kraft and Kroes 1984).
However, Cassirer was clearly concerned that the reception of quantum theory among
educated general audiences was indeed milieu-dependent, influenced by the prevailing
irrationalist, lebensphilosophisch, cultural tendencies of 1930s Germany (Cassirer 1930,
1933). Despite showcasing Cassirer’s substantial effort to master the technicalities of
the new quantum physics, Determinismus und Indeterminismus was written against
the backdrop of a broader cultural struggle.

The new theory challenged the notions of ‘causality’ (Kausalität), pictoriability
(Anschaulichkeit), and individuality (Individualität) in their classical form (Forman
1984). According to Cassirer, the anti-scientific and anti-intellectual tendencies in the
Weimar Republic sought to exploit these modifications of the classical world-picture
in the name of reactionary cultural, if not political, agendas, often permeated by
antisemitic undertones.2 The aim of Cassirer’s book was to show that, upon closer
inspection, in each of these three instances, quantum mechanics should be considered
nothing but a continuation of trends already present in classical physics. If at all, it was
not the abandonment of ‘causality,’ but that of ‘individuality,’ where quantum mechanics
appears to have created a stronger ‘epistemological rupture’. However, Cassirer, as
usual, immediately mends the rupture: even in classical physics, the concept of the
‘individual’ material point was at most a useful conceptual ‘postulate,’ rather than an
unavoidable empirical ‘fact.’ Quantum mechanics has only shown that this postulate
can be dropped if experience forces us to do so. As Cassirer put it in the closing of
the book: “atomic physics has not destroyed the bases on which physical knowledge
rests; rather it has made them known more clearly than ever before” (Cassirer 1936,
245; tr. 196).

1This admittedly paradoxical expression ‘parallel converges’ was once used by politician Aldo Moro,
referring to a possible alliance between Communists and Christian Democrats in 1970s Italy.

2A similar concern motivated Cassirer to write on Einstein’s theory (Cassirer to Einstein, Aug. 28,
1920; Einstein 1987–, Vol. 10, Doc. 112).
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1 The Principle of Causality: Laplace vs. Helmholtz

As was common in the literature of that time (see, e.g., Weyl 1932, 33f. Frank 1932,
chap. 2; Hermann 1935, secc. 1 and 11), Cassirer opens Determinismus und Indeter-
minismus by paying lip service to the infamous Laplace ‘demon’ or ‘spirit’ (Geist) (see
Strien 2014). In the introduction of his Théorie analytique des probabilités (Laplace
1814a, IX; also see Laplace 1814b, 2f.), Laplace imagined an intelligence that knows
with arbitrary accuracy the initial state of the world as a whole, say, the position q0
and momentum p0 of every point particle in the universe at the time t0.3 Thus, on
the basis of the laws of classical mechanics—that is, given the ‘Hamiltonian function’
H(p, q) of the universe—the demon could, in principle, calculate the values of the state
variables qt and pt, at any t with equally arbitrary accuracy: “The human mind may
be seen as the copy, though weak, of such a spirit when one considers the completeness
to which it has brought astronomy, but it will certainly never reach the perfection of
its original. No matter how great the effort to approach it, human understanding will
always remain infinitely far behind” (Cassirer 1936, 7; tr. 3).

‘Laplace demon’ was (and often still is) usually considered the paradigmatic formu-
lation of the principle of causality in classical physics. However, Cassirer immediately
warns his readers that he does not agree with this characterization: “I begin with this
picture of the Laplacean spirit, not because I consider this introduction logically appro-
priate or particularly suitable psychologically, but for exactly the opposite reason” (7;
tr. 3). For Laplace, the ‘demon’ was merely a clever parable illustrating the distinction
between probability and certainty. According to Cassirer, Laplace did not intend to
turn it into a representation of a general principle of causality; indeed, initially, the
parable did not attract much attention (8f.; tr. 4f.). It was Emil Du Bois-Reymond,
in his famous 1872 address Über die Grenzen des Naturerkennens, who first rescued
Laplace’s image from oblivion. Since then, in all discussions on the general problem
of causality sparked by recent developments in atomic physics, Laplace’s demon has
played a crucial role: “The defenders as well as the attackers of the causality principle
of classical physics seemed to agree at least in this respect, that this picture may be
taken as an adequate expression of the problem, that one may use it without hesitation
in order to clarify the nature of a strictly deterministic view of the world” (Cassirer
1936, 7; tr. 3).

However, according to Cassirer, by turning Laplace’s image into the formulation
of the general principle of causality, Du Bois-Reymond fundamentally distorted the
very formulation of the problem: “For how shall we think the condition fulfilled on
which the foresight of the Laplacean spirit depends? How should he have obtained the
complete knowledge of the initial positions and velocities of all particles? Does he attain
to this knowledge in a human or in a ‘superhuman’ fashion, in an empirical or in a
‘transcendent’ manner?” (15; tr. 9; slightly modified). In the first case, even for him, the
conditions that apply to our empirical knowledge would not be lifted. Measurements
would have to be conducted, and all measurements have finite precision; they yield
only a decimal number with finitely many digits. Speaking of a precise knowledge of
the initial conditions q0 or p0 at t0 does not have any absolute meaning and depends
on the problem at stake.

This difficulty can be circumvented only “if we ascribe to the Laplacean intelligence
3A system with n particles is described by 2n variables (qi, pi) where i = 1, . . . , n; henceforth, the

subscript index is dropped for simplicity.
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not merely a mediate but an immediate, an ‘intuitive,’ knowledge of the initial condi-
tions” (15; tr. 9). However, in this way, the very distinction between laws and initial
conditions would collapse. This intelligence would not need to integrate Hamilton’s
equations to know the trajectory of all particles but would ‘see’ them by direct intuition:
“For an intelligence equipped with such intuitive knowledge would be spared all the
pains of mediate inference and calculation. It would not need to ‘conclude’ from the
present to the past or future. It would possess, in one single, undivided act, a complete
comprehension, an immediate intuition of the whole time series and of its infinite extent”
(Cassirer 1936, 15; tr. 9). From this point of view, a chaotic world that the demon
knows with absolute precision would be just as ‘causally determined’ as a law-like world
(see Schlick 1920a, 465).

Cassirer can then conclude that in the idea of the Laplace demon, “two heterogeneous
and mutually incompatible tendencies” coexist (Cassirer 1936, 15f.; tr. 9). In Kantian
terms, one can say that the demon is at the same time a ‘discursive’ and an ‘intuitive’
understanding, an intellectus archetypus and the intellectus ectypus, an understanding
that is bound to the form of mediate comprehension and an understanding that has
access to an intuitive immediate knowledge that can dispense with all calculation. By
abolishing the distinction between laws and initial conditions, the image of the Laplace
demon abolishes the distinction between ‘necessary’ and ‘contingent’ that characterizes
modern philosophy and modern physics (124–128; tr. 99–103s). Fatalism is confused
with determinism, destiny with causality, blurring the opposition “between the mythical
worldview and the empirical and theoretical worldview” (123; tr. 99; slightly modified).
The mythical world is dominated by a sense of inevitability, by the idea that nothing
can change what happens. The scientific world-image is based on control; it implies
that by freely changing the initial conditions, the outcome can be changed (see Cassirer
1946, chap. XVIII).

This confusion dissolves if the principle of causality is properly understood not as a
statement about the nature of reality (metaphysical determinism) but as a statement
about the structure of scientific experience (critical determinism) (Cassirer 1936, 17-
34; tr. 11–25). For the neo-Kantian Cassirer, it was, of course, Kant’s merit to have
transformed ‘causality’ from a metaphysical into a methodological principle. This
key insight, in Cassirer’s view, can still be maintained in the face of the advances of
contemporary physics. In part 2 of the book, Cassirer famously argues that the structure
of physical theories (mechanics, electrodynamics, etc.) is articulated on different levels
of statements, each of which constrains without determining the lower ones: statements
of measurement, statements of law, statements of principle (see Ryckman 2015, sec. 4).
The principle of causality is a statement of still a higher order, a statement a priori,
that lies beyond the scope of the three classes of statements:

What is the significance of the causal principle and what new insight does it add to what
we have already learned from the foregoing epistemological analysis?[. . .] I would like
to give an answer to this question, which at first sight will perhaps seem paradoxical.
There is in fact nothing left over [. . .] For us the causal principle belongs to a new type of
physical statement, insofar as it is a statement about measurements, laws, and principles.
It says that all these can be so related and combined with one another that from this
combination there results a system of physical knowledge and not a mere aggregate of
isolated observations [. . .] But the search after ever more general laws is a basic feature,
a regulative principle of our thought. It is precisely this regulative principle, and nothing
else, that we call the causal law. In this sense it is given a priori, it is a transcendental
law: for a proof of it from experience is not possible. It is true on the other hand, however,
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that we have no other warrant for its applicability than its success. (Cassirer 1936, 75ff.;
tr. 60ff.)

Cassirer can still maintain the Kantian characterization of the principle of causality as
a principle a priori; however, he clearly modifies the meaning of a priori not only with
respect to Kant but also to the Marburg school of neo-Kantianism, of which he still
considers himself a proud member (VIII; tr. xxiii). Cassirer’s principle of causality is a
regulative, rather than a constitutive principle. It does not impose any specific constraint
on the structure of the laws of nature; it only demands that we never abandon the
search for laws of increasing generality, whatever they may be.4

Modern physics forces us to question Du Bois-Reymond’s (1872) conception of
causality as the requirement of complete prediction about the future states of a physical
system.5 This conception is personified by Laplace’s demon (Cassirer 1936, 79; tr. 63).
However, one should by no means simply give up the principle of causality; rather, one
should appeal to a different and more adequate epistemological form of the principle (see
Cassirer 1939; 1944, 236). One does not have to look far (see Ryckman 2015, sec. 3). At
around the same time, none other than Hermann von Helmholtz, in his 1878 address Die
Tatsachen in der Wahrnehmung, provided an alternative definition. Helmholtz presented
the principle of causality as the requirement of complete lawlikeness (Gesetzmäßigkeit)
between the successive states of a system. Unfortunately, “in modern discussions of
the causal problem the name of Laplace is met with almost constantly, the name of du
Bois-Reymond very often, but the name of Helmholtz seldom or never” (Cassirer 1936,
77; tr. 61).

In Helmholtz’s (1879) mature formulation, the principle of causality was a maxim,
the imperative that we never abandon the search for increasingly more general and
comprehensive ‘laws’ (Cassirer 1936, 78; tr. 62). One cannot expect a proof of the
principle of causality in the usual sense, whether it be logical, which would necessarily
be empty, or empirical, which would lead to an inescapable circle. Helmholtz’s piece
of advice is simply: ‘Trust and act!’ (Vertraue und handle!) (Helmholtz 1879, 42).
The search for the laws of nature would be meaningless without the belief in the
lawlikeness of nature: “What Helmholtz demands and what he regards as the necessary
and sufficient condition for the validity of the principle is precisely the gradation of
knowledge that we attempted to present in detail: the procedure from experimental
findings and their exact formulation to ever stricter statements of laws and ever more
general statements of principles” (Cassirer 1936, 79; tr. 63).

4The claim that the causality principle is a ‘regulative principle’ was also defended at about the
same time by Schlick (1931, 154) and the young Popper (1935, sec. 78), albeit with varying shades of
meaning. For Schlick, the principle of causality is not a ‘statement’ that can be true or false, but a
‘demand’ to search for predictive laws (see also Schlick 1936). However, it is not a ‘postulate,’ that is,
a rule to which we must always adhere. Indeed, experience, as in the case of quantum mechanics, can
show us that the principle has become useless in certain domains. On the contrary, for Popper, the
principle of causality is a methodological postulate to never abandon the search for dynamical laws
(even after quantum mechanics). As we shall see, for Cassirer, the principle of causality is a postulate
to never abandon the search for laws in general, be they dynamical or statistical.

5Cassirer explicitly rejects Schlick’s (1931) identification between ‘causality’ and ‘prediction’
(Cassirer 1936, 79; tr. 63). He adds a passing reference to Grete Hermann’s (1935) criticism of
‘predictive causality’ (Cassirer 1936, 82fn1; tr. 64fn13). However, he does not show interest in Hermann’s
‘rectrodictive causality’ thesis; see Crull and Bacciagaluppi 2017.
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2 Cassirer’s Appropriation of Vienna Indeterminism

In the first two parts of Determinismus und Indeterminismus, Cassirer seems to be
mainly concerned with guiding his readers in transitioning from the Laplacian to the
Helmholtzian understanding of the principle of causality: “The constitutive, essential
characteristic of causality consists in the general requirement of order according to law,
not in instructions as to how this order can be discovered and followed through in detail”
(Cassirer 1936, 203; tr. 163). The principle states that we must search for the laws of
nature, but it does not specify which kind of laws we have to search for. With this
more flexible version of the causality principle in hand, Cassirer could devote the third
part of the book to reframing the issue of the relationship between determinism and
indeterminism in classical physics. This part includes Cassirer’s direct confrontation
with Vienna indeterminism. It is, in my view, one of the most remarkable sections in
the book, as it presents an image of classical physics that has no counterpart in young
Cassirer’s epistemological monographs.

2.1 Exner and the Fundamentality of Statistical Laws
In Determinismus und indeterminismus, Cassirer, as one might expect, gives great
emphasis to the fundamental shift from dynamical to statistical laws that took place
in the history of 19th-century physics—an issue that he had surprisingly not addressed
in his previous writings. Following roughly Planck’s (1910) historical account, Cassirer
points out that by the end of the 19th century, Helmholtz was able to show that the
laws of all reversible processes—mechanical, electromagnetic, etc.—are governed by
dynamical laws that could all be derived from the principle of least action. However,
Rudolf Clausius’s principle of entropy regulating irreversible processes introduced a
“foreign and intrusive element” (Cassirer 1936, 95; tr. 76) into the system of classical
mechanics and electrodynamics. The gap between reversible and irreversible processes
was bridged by Boltzmann’s definition of entropy as probability, as a statistical law
pertaining to the mixture of large numbers of particles. The dualism between ‘reversible’
and ‘irreversible’ processes was reframed into the dualism of ‘dynamical’ and ‘statistical’
laws:

Boltzmann gave it exact form in his law that entropy is proportional to the logarithm
of the probability (S = k logW ) This approach, however, did not solve the riddle
epistemologically but only reiterated it more emphatically. For Boltzmann’s solution was
successful only by introducing a new kind of physical conformity to law and by giving
it equal rank with ‘dynamic’ laws. The probability laws on which he based the kinetic
theory of gases, however, do not have the same epistemological quality and ‘dignity’
that had previously been ascribed to the laws of nature. [. . .] The statistical procedure
was applied solely to the formulation of initial conditions, whereas the further course
of events was regarded as dominated completely by strict dynamic laws, the laws of
conservation of energy and of momentum during molecular collisions. (96; tr. 77f.)

Boltzmann’s H-theorem, which sought to connect mechanics with the second law of
thermodynamics, faced serious objections (e.g., Loschmidt’s ‘reversibility objection’
and Zermelo’s ‘recurrence objection’) (98; tr. 79). Indeed, Boltzmann conceded that the
‘one-sidedness’ of reversible processes expressed by the second law of thermodynamics
could not be derived solely from the laws of mechanics. It required an assumption
about the initial conditions, namely, that the universe started in an improbable initial
state (98; tr. 79). However, this assumption cannot be logically or empirically proved:
“The special statistical innovations [Ansätze] from which Boltzmann set out in the

7



construction of his theory thus retained a precarious and not strictly demonstrable
character” (98; tr. 79).

Boltzmann’s revolution was an ‘unfinished revolution.’ As Planck (1914) insisted in
his famous 1914 address Dynamische und statistische Gesetzmäßigkeit, Boltzmann’s
result was not incompatible with a belief in the fundamentality of dynamical laws.
Physicists use statistical methods due to uncertainty in a system’s initial conditions,
but probability calculus still assumes that the latter, albeit unknown, is well defined. As
Cassirer points out, it was Exner (1919) who, in direct polemic against Planck’s a priori
assumption, outlined the opposite program. The fact that macroscopic phenomena
appear to be regulated by dynamical laws is the consequence of the ‘law of large
numbers’; nothing excludes that the laws governing elementary processes are only
statistical (712f.). The advent of quantum mechanics has transformed Exner’s program
from a speculative hypothesis into a concrete possibility: “the attempt made by Franz
Exner in his Vorlesungen über die physikalischen Grundlagen der Naturwissenschaften
(1919) [. . .] is of special significance in the development of recent quantum mechanics,
inasmuch as Schrödinger in his inaugural address in Zürich in 1922 formulated his own
basic view with reference to it” (Cassirer 1936, 99; tr. 79). Indeed, as a student of
Exner, Schrödinger (1929b, 1929a) was the first to promote Exner’s program outside of
Vienna and to insist that it anticipated the turn that physics has taken regarding the
question of causality (Schrödinger 1932; see Stöltzner 2012).

Cassirer immediately clarifies that “[t]he validity of strictly universal scientific laws
was not denied by Exner, but he declared them problematical” (Cassirer 1936, 101;
tr. 81). It is usually agreed that the laws of kinetic gas theory do not have absolute or
exact validity, but only statistical validity. However, it is not obvious that, say, Galileo’s
law of parabolic motion of projectiles is an exact law. Classical physics makes the
assumption that if the conditions of the experiment could be fixed precisely, say, q0 and
p0, then the trajectory of the projectile q(t) and p(t) could be predicted exactly once
one knows H(q, p). Exner, however, argued that there is no contradiction in making the
opposite assumption: that even with continuous improvements in experimental methods,
it would still be impossible to reduce the variability of final results to any arbitrary
degree by simply controlling the initial conditions: “It is possible that although we
formerly believed we were dealing with natural laws that had absolute validity, actually
we are dealing only with laws of averages which lose their validity in sufficiently minute
ranges of time and space. Dogmatic assertion, at least, is here no more justified than
dogmatic negation” (102; tr. 81f.)

Planck (1914)’s ‘Berlin determinism’ was based on the assumption that, if the initial
conditions of the experiment could be fixed with precision and the statistical ‘dispersion’
of the measurement results could be eliminated, it would lead to the formulation of
dynamical laws valid in the ideal case. Exner’s (1919) ‘Vienna indeterminism’ argues
that the opposite assumption is just as legitimate: that dispersion can never be reduced
below a defined limit that could be fixed by a natural constant (Frank 1932, 162; see
also Reichenbach 1930):

On the basis of this distinction, Exner’s attempt to formulate anew the concept of natural
law contains a speculative or, better, a purely methodological characteristic. Exner did
not lean on new empirical facts; and considering the prevailing state of research at the
time, he could hardly have found an adequate justification in the merely factual state of
scientific knowledge. What moved Exner was, above all, his interest in reason, which
caused him to object to the indissoluble dualism of dynamic and statistical laws. A
way out of this dualism did not seem to be available so long as one held to the current
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view, so long as one regarded dynamic laws as the proper and indispensable foundation
of all genuine scientific knowledge. For it seemed impossible to carry through the idea
that statistical laws can be viewed as merely provisional ones, replaceable later by laws
of dynamics. [. . .] Therefore if unity was again to be secured, it could be so only by
reversing the procedure: statistical law must be regarded as the comprehensive genus, a
concept of higher order [überordnet] than that of dynamic laws and including them as a
special case. This was the thesis advocated and defended by Exner in a new and original
way. (Cassirer 1936, 101; tr. 81)

Exner’s point, Cassirer emphasizes, was not historical but purely systematic. Exner
did not deny that classical physics achieved its greatest successes through dynamical
laws, as in the case of celestial mechanics. Exner, one might say, was ‘just asking
questions’: “But must we forever adhere to this particular method of research? Is it
not rather advisable to remember that other ways are also possible and practicable
and that the time may come in which physics will see itself definitely forced to take
the step from dynamic to statistical laws?” (Cassirer 1936, 103; tr. 84). Exner did not
dispute that, as a matter of fact, physics is based on the assumption that dynamical
laws are fundamental; what he disputed is the alleged necessity of this assumption.
It is true that “[t]he factum of classical physics cannot be removed or upset by the
presentation of mere possibilities” (106; tr. 85). However, the very existence of these
mere possibilities reveals that the ‘fact of science’ from which critical philosophy is
supposed to take its cue is fundamentally contingent, and one cannot exclude that it
might change (124–129; tr. 100–103).

2.2 Von Mises and the Frequency Interpretation of Probability
At first sight, Cassirer’s appeal to Exner’s empiricist ‘openness’ to statistical laws
against Planck’s a priori ‘restriction’ to dynamical laws seems a strange philosophical
move for a ‘neo-Kantian.’ One would have expected a Marburg-Berlin rather than a
Marburg-Vienna convergence. However, the arc of Cassirer’s argumentative strategy
was broader than that of the less sophisticated defenders of the ‘apriority’ of the
causality principle (see Bergmann 1929). Cassirer needed to first recognize statistical
and dynamical laws as two different, equally legitimate types of laws. In this way, he
could argue that the opposition between indeterminism and determinism was ill-posed.
As we have seen, for Cassirer, the principle of causality is nothing but the imperative
never to abandon the search for progressively more encompassing laws; the principle
does not impose any preference for dynamical laws over statistical laws or vice versa
(cf. Popper 1935, sec. 78).

The apparent conflict between the Berlin and Vienna research programs in the
name of the principle of causality arises from the implicit reliance on the ‘Laplacean’
concept of causality rather than the ‘Helmholtzian’ one. Planck and Exner agreed
on the existence of two “different basic types of law” (Cassirer 1936, 111; tr. 89).
However, they considered that “dynamic and statistical laws were not regarded as two
complementary methods and directions, as two different modes of description; they
were instead opposed as the ‘determined’ and the ‘undetermined’” (111; tr. 89). In this
way, the debate was framed in terms of the opposition between a ‘deterministic’ and an
‘indeterministic’ metaphysics that, in Cassirer’s view, “gives rise to the most dangerous
equivocations” (112; tr. 89).

According to Cassirer, the problem of the relations between statistical and dynamical
laws can only be resolved by clarifying the true nature of the problem that physics
associates with the concept of ‘probability.’ Cassirer briefly presents the different

9



interpretations of the concept of probability that were considered at that time: Laplace’s
(1812) classical interpretation of probability as the fraction of the total number of
possible cases; Keynes’s (1921) subjective interpretation as ‘degree’ of belief; and
von Mises’s (1928) objective interpretation in terms of observed frequencies. Cassirer
examines the various pros and cons and swiftly concludes that a clear winner emerges:
“It seems to me that of the modern theorists of probability, von Mises has offered the
simplest and most consistent solution” (Cassirer 1936, 117; tr. 94). Once again, Cassirer’s
choice is counter to the usual philosophical classifications. The neo-Kantian Cassirer
embraced von Mises’s (1919) frequentist a posteriori interpretation of probability, which
was empiricist-positivist in its inspiration; by contrast, the empiricist Schlick defended
von Kries’s (1919) logical-objective a priori ‘range theory of probability’ stemming
from the Kantian tradition (Schlick 1931; Waismann 1930–31; see Heidelberger 2001).

As is well known, von Mises (1919, 1928) bases his theory on the concept of
‘collective’ (Kollektiv). A collective is a sequence of events or occurrences that can, in
principle, be continued indefinitely. Each of these events has a certain property, P .
The relative frequency of P is the number of times P occurs up to the n-th element.
One can then take the sequence of the relative frequencies of P . Probability is defined
as the limit of relative frequencies as the number of trials tends to infinity. However,
not all series of events form a ‘collective.’ To be treated as such, they must satisfy
specific axiomatic requirements: the limit axiom and the randomness axiom. It was not
Cassirer’s style to engage in a technical discussion of the status of these axioms, as
attempted, for example, by Reichenbach (1932) and Popper (1935) around that time
(Cassirer 1936, 120; tr. 96).6 In order to ‘nostrify’ the notion of ‘collective,’ Cassirer
needed only to follow von Mises in presenting statistical collectives as instances of
‘idealizations’ commonly used in physics, like the ‘perfect gas’ or ‘massless spring’:

When von Mises explains a collective as being a mass phenomenon, or a repetitive process,
an extended sequence of individual observations appearing to justify the assumption that
the relative frequency of the occurrence of each particular observed feature tends toward
a definite limiting value, he is emphasizing that such a collective is not an empirical
object but an idealized conception similar to that of the sphere in geometry or of the
rigid body in mechanics [. . .] A collective as such contains no inaccuracy within itself;
rather, it consists of a series of intrinsically exact observations. In any case, statistics can
only begin where univocal and precise observations are available. It is true that concrete
statistics never lead to numerical series appearing immediately and exactly as collectives
in the sense of the ideal concept here indicated; this, however, does not matter. What
does matter is solely the discovery of those applications of probability theory based on
this concept that are possible in the realm of empirical events. (117f.; tr. 94)

Von Mises argues that a finite empirical collective is represented mathematically by
an infinite collective. Von Mises’s critics in Vienna questioned the legitimacy of this
representation of the large finite by the infinite (Waismann 1930–31, 230f.). However,
according to Cassirer, this objection is without merit. The epistemological justification
for the abstract notion of ‘collective’ is not dissimilar to that of any idealized theoretical
entites used in physics. A collective is as little found directly in experience as a ‘body
left to itself’ that moves indefinitely at constant velocity can be found in experience:
“The objects of statistical statements are mass phenomena or recurring events, but it
does not follow that the statement as such consists of a direct description of what is

6Reichenbach rejected the idea of random sequences, while Popper tried to eliminate the limit
axiom.
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observed in these phenomena” (Cassirer 1936, 119; tr. 95f.). The increasing stability
of statistical frequencies can be observed; however, the convergence of sequences to a
limiting distribution must be postulated—as even empiricists like Reichenbach (1916,
1930) could not avoid conceding (Cassirer 1936, 120–122; tr. 96–98).

Contrary to Reichenbach (1930), Cassirer shows no interest in extending the fre-
quency interpretation of the ‘probability of events’ to the ‘probability of hypotheses.’
The abandonment of classical logic in favor of three-valued logic appeared to Cassirer
as unnecessarily far-fetched (Cassirer 1936, 116f.; tr. 93). Cassirer’s interest in the
frequency interpretation lies in the fact that it demonstrates the distinction between
deterministic and statistical laws as, at most, a gradual one. At first sight, Cassirer
points out, the very idea of a statistical law seems to be a paradox (see Schlick 1931,
sec. 10), what the Germans like to call a ‘wooden iron’ (hölzernes Eisen) (Cassirer
1936, 123; tr. 98). The frequency interpretation dissolves this paradox. Each physical
measurement, such as that of our q and p values, is a repetitive event that can be seen
as part of a collective. A collective is described by a ‘distribution’—the probabilities
attached to different q- and p-values—which, in turn, determines the ‘mean’ value,
and the ‘variance’ or ‘dispersion’ from the latter (Mises 1928, 113). Dynamical laws
can be considered a special case of statistical laws in which individual values of initial
conditions q0, p0 form a dispersion-free collective, meaning they coincide with each other
and, consequently, with the mean value. In this case, the ‘mean value’ is traditionally
identified with the ‘true value’ of the initial conditions. However, from a frequentist
point of view, the latter concept is meaningless without reference to the dispersion-free
collective to which it belongs.

The philosophical question arises: can any unknown magnitude be measured with
arbitrarily small, or even zero, dispersion? Planck and most physicists did not question
this possibility, leading to the idea that the ‘mean value’ approximates the ‘true value’
(Mises 1930, 151; 1936, 255–261). Exner and his Viennese acolytes contested this
unanalyzed prejudice, arguing that dispersion-free collectives might not, in fact, exist
(see also Reichenbach 1930, 179). Rather surprisingly, Cassirer sides with Exner over
Planck. However, he turns Exner’s conjecture against the philosophical goal it was
designed to support. For Cassirer, in contrast to the Viennese, both dynamical and
statistical laws are compatible with the principle of causality, if correctly understood:
“In classical physics, causality refers essentially to the knowledge of the course of the
event, and probability to the knowledge of its initial conditions” (Cassirer 1936, 130;
tr. 104). Statistical and dynamical laws are both ‘laws’; their difference hinges on
whether the values of the ‘initial conditions’ can be measured collectively without
dispersion.

By adopting von Mises’s (1919) frequentist interpretation of probability, Cassirer
can attribute both dynamical and statistical laws the same dignity of ‘strict laws’ that
the principle of causality compels us to pursue. This approach allows him to challenge
von Kries’s (1919) distinction between nomological and ontological regularities—the
exact laws of nature and the lawless initial conditions—, a distinction defended by
Schlick (1931, sec. 10):

If one wishes, as von Kries did, to differentiate the two types of laws which are thus
obtained as ‘nomological’ and ‘ontological’ laws, it becomes clear that the two nowhere
contradict each other, that no factual or methodological conflict exists between them. The
only requirement which restricts the probability approach, but which already follows from
the general determination of scientific knowledge and hence needs no special formulation,
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is that this approach must be nomologically permissible—that is, not contrary to a
known law of nature. The characteristic difference between probability laws and dynamic
laws nevertheless persists, but on the other hand it becomes clear how the two interweave
and how only in this way the universal form of ‘lawlikeness’ in general [Gesetzlichkeit
überhaupt] arises. (Cassirer 1936, 131; tr. 105; translation modified)

Again, the conventional philosophical taxonomies are put into question. The ‘empiricist’
Schlick, the leader of the Vienna Circle, sided with von Kries, whose aim was to reconcile
probability with the Kantian idea of a deterministic universe governed by strict laws
of nature. Indeed, for Schlick (1931, sec. 10), statistical laws are not laws; there can
only be strict dynamical laws and total lawlessness in the initial conditions. On the
contrary, the ‘Kantian’ Cassirer fully embraced the Viennese indeterminist tradition in
considering statistical laws not only as laws in a proper sense but possibly as the most
comprehensive genus of laws. Dynamical laws can be considered as idealized limiting
cases of statistical laws where the probability can approach 1 without limit (see also
Reichenbach 1930).

3 Beyond Vienna Indeterminism: Cassirer and Quantum Mechanics

This unexpected ‘convergence’ between Cassirer and the von Mises-Frank faction of the
Vienna Circle does not preclude the ‘parallelism’ of their philosophical paths. Contrary
to Schlick (1931, 1936), Cassirer agreed with the Vienna indeterminists regarding the
status of statistical laws; however, needless to say, he did not embrace their empiricist
epistemology. By replacing Laplacean causality with Helmholtzian causality, Cassirer
could retain the validity of the principle of causality and, as a priori, although only as
a regulative principle, as the postulate never to abandon in the search for laws, be they
dynamical or statistical. The question of which kind of laws is more fundamental is
irrelevant to the status of the causality principle. Once Cassirer established this result
for classical physics, he needed only to extend it to the new quantum mechanics in
the fourth part of Determinismus und Indeterminismus. Indeed, from the Viennese
perspective, quantum mechanics, and in particular Heisenberg’s famous uncertainty
relations, could be considered a sort of scientific confirmation of Exner’s speculative
suggestion that it might be impossible in principle to prepare dispersion-free collectives.

3.1 The Statistical Interpretation of the Uncertainty Relations
Cassirer dedicates the long chapter IV.1 of Determinismus und Indeterminismus to the
uncertainty relations. Most of Cassirer’s somewhat untidy presentation seems to be
oriented toward refuting Heisenberg’s ‘disturbance interpretation’ of the uncertainty
relations as limitations in measurement precision. Heisenberg’s (1927) famous γ-ray
microscope thought experiment seems to lead to the impression that the uncertainty
relations refer to errors in simultaneous measurements of q and p on an individual
system: one of these measurements might cause an error in the other; for example, when
localizing a particle using light of a specified wavelength, a change in the momentum
of the particle occurs (Cassirer 1936, 152; tr. 122). Cassirer, like others, complained
that Heisenberg’s parlance of ‘uncontrollable disturbance’ and ‘inexactness’ in our
measurements of a particle’s position or momentum is misleading, as it suggests that
the uncertainty relations somehow arise from peculiarities of our measuring apparatuses
rather than from the formalism of the theory (see, e.g., Jammer 1974, 79ff.). It is this
interpretation that leads to the misunderstanding of the uncertainty relations as a
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challenge to the causality principle.
Cassirer seems to consider it sufficiently established that the philosophically sound

interpretation of the uncertainty relations is the so-called statistical interpretation,
which was defended, among others, by Frank (1932, 176–191) and more explicitly
by von Mises (1930, 153; 1934, 149; 1936, 254–262): the uncertainty relations refer
to statistical dispersions in measurements on an collective of identically prepared
systems, say, electrons (see also Reichenbach 1930, 180f. Popper 1935, chap. IX). The
uncertainty relations claim that the product of the dispersions ∆q∆p cannot both be
reduced below a fixed limit, Planck’s h divided by 4π. In classical physics, starting
from a dispersive collective of electrons with various q and p, one can always filter
dispersion-free sub-collectives with both definite q and p. In quantum mechanics,
however, this selection is declared impossible. For example, selecting a homogeneous
collective in which all particles have the same sharp momentum ∆p = 0 (using a
velocity filter) results in maximal dispersion of positions ∆q = ∞—i.e., position
measurements provide maximally different results for the elements of this collective.
The impossibility of homogeneous, dispersion-free collectives can be derived from the
quantum formalism alone, without invoking ‘inaccurate’ measurements from instrument
interaction. Inaccuracy in measurement can only be discussed if the ‘true’ value the
measured quantity is known. However, even in classical physics, we have empirical access
only to the ‘mean’ or ‘expected’ value over a ‘collective’ of repeated measurements
(Mises 1934; 1936, 255–261; see also Margenau 1931, 1937).

By adopting von Mises’s statistical interpretation of the uncertainty relations,
Cassirer could easily transfer his considerations on the role of statistical laws in physics
and the nature of probability statements from classical to quantum mechanics. In doing
so, Cassirer believed he could challenge the widespread rhetoric of a ‘demise’ of the
principle of causality. After quantum mechanics, it was argued that physics should
abandon the search for ‘strict’ laws (Heisenberg 1930, 62) and be content with ‘sloppy’
(schlampig) laws of nature, as Sommerfeld once put it (Sommerfeld to Schlick, Dec. 18,
1932). However, Cassirer counters that the laws of quantum mechanics are ‘strict laws’
just like the laws of classical mechanics; only they govern the behavior of collectives
rather than individual particles:

One can refer to a basic lack of precision in the statements of quantum theory only so
long as one presupposes that statistical statements are necessarily ‘inexact’ statements.
In reality they are strict statements referring, however, not to an individual thing or
event but to definite collectives. [. . .][E.g. predictions about the time of decay of atoms]
are all extremely precise conclusions, even though they say nothing about the fate of the
individual atom and the precise instant of its decomposition. There is here no thought of
relinquishing causality, for causality in principle has nothing to do with ‘fate’ but simply
and solely with law. Thus in quantum theory also this problem should be understood
exclusively in this, its solely ‘critical’ sense. [. . .] But a real indeterminism, truly worthy
of the name, can only be arrived at if we insist in going a step farther, when the attack,
instead of being leveled at the determinateness of the individual event, is leveled at
the determinateness of the laws which we consider as governing the event. [. . .] The
definiteness, the logical determination of these concepts and principles would not be
nullified if it should become evident that an event within atomic physics can no longer
be represented by dynamic laws of the classical type but only through statistical laws.
(Cassirer 1936, 148; tr. 118f.)

The interpretation of the uncertainty relations as a statistical statement has the
advantage of discouraging those “far-reaching ‘metaphysical’ or ‘worldview-related’
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[weltanschaulichen] consequences” (142; tr. 115; translation modified) that were often
derived in some Weimar intellectual circles.

As Cassirer remarks, Schrödinger (1935, 39f.) once distinguished between a ‘con-
servative’ and a ‘revolutionary’ viewpoint within quantum theory. According to the
‘conservatives,’ dynamical laws are fundamental, and chance is only apparent. According
to the ‘revolutionaries,’ statistical laws are fundamental, and chance cannot be further
explained, as there is no ‘true’ value for physical quantities. Even so, one should not
speak of ‘abandoning causality.’ This renunciation would apply only to Laplacean
causality, which demands absolute precision in initial conditions. From Helmholtz’s
methodological point of view, focused on the requirement of legality, the rhetoric of
‘abandoning causality’ becomes less compelling, even for the revolutionary physicist:
“For none of these revolutionaries wanted to dispense altogether in their actual physical
procedure with conformity to law [Gesetzlichkeit] of events; rather they ask how they
may express and establish this conformity unobjectionably under the conditions of our
observation of nature” (Cassirer 1936, 143f.; tr. 115).

It is true that many quantum theoreticians, like Heisenberg (1927) and Born (1927b,
240), rushed to claim that causality was meaningless because of the impossibility of
reproducing identically the conditions of an experiment: “But this deduction is promptly
supplemented by Born’s declaration that statistical statements are thoroughly strict
statements; the probabilities themselves, as he emphasizes, are by no means indefinite;
they are strictly determined by the formalism of the quantum theory” (Cassirer 1936,
144; tr. 116). Indeed, in quantum mechanics, identical initial conditions do lead to the
prediction of identical probability distributions according to a strict law. Quantum
mechanics does not imply that there are no laws, which would be a proper violation
of the principle of causality; it only necessitates treating a particular type of law,
statistical law, as fundamental.

Following Eddington (1935), Cassirer compares the change in modern physics
to the economic shift from ‘commodity currency,’ in which money is backed by a
commodity, like gold, to ‘fiat currency,’ which is based on the trust that it will be
accepted as a means of payment.7 From the traditional point of view, statistical laws
were considered ‘paper money,’ and dynamical laws the ‘gold standard.’ Most physicists
are beginning to concede, as Exner surmised, that there is only paper money and accept
the new monetary system. It is true that more conservative physicists, like Einstein, fear
inflation and insist on a return to the gold standard, searching for additional hypothetical
variables determining dispersion-free states. However, Cassirer was skeptical about the
conservative approach8:

The hope of ever successfully reducing all physical statements to the one type of classical
dynamic law seems to dwindle more and more. Instead of looking for such a reduction,
we must be ready to acknowledge statistical laws as a particular and fundamental type of
physical statement. They must be evaluated as nonderivable, equally basic and equally
valid elements of knowledge. The backing for our physical judgments has thus been
shifted; but it is in no sense abolished. It now consists in that which proves invariant
in the face of this shift. There must be some Archimedean point, some secure basis,
immune to all uncertainty, if the construction of modern physics is to succeed. [. . .]
Another essential precision and constancy is obtained by maintaining the invariability of

7Britain abandoned the gold standard in 1931, followed by the USA in 1933.
8Cassirer does not mention von Neumann’s (1932) famous proof of the impossibility of dispersion-

free states criticized by Hermann (1935, §§7-8). However, I suppose he would have likely embraced
Neumann’s result.
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certain fundamental quantities and by presupposing this invariability in all theoretical
descriptions of natural events. [. . .] It is in these determinations—to continue Eddington’s
metaphor—that the real ‘gold reserves’ of modern physics are to be found. (Cassirer
1936, 150f.; tr. 120f.)

It is not about abandoning any ‘backing’ for physical laws; the challenge lies in
determining where to seek it. In the traditional monetary system, gold backs the value
of money, whereas in the new monetary system, it is backed by the trustworthiness
of the central bank. Likewise, in physics, the value of a theory that was previously
grounded in the determinateness of state ‘variables’ now hinges on the invariance of
the universal ‘constants,’ which have the same values in apparently unrelated theories:
“and the security and firmness of this frame alone ought to be sufficient to protect
the indeterminism of the theory against those speculative interpretations to which it
was exposed in the transition from physics to general conclusions concerning man’s
Weltanschauung” (Cassirer 1936, 151; tr. 122).

By relinquishing the ideal of a dispersion-free state of sharp q and p, physics has
acquired a new fundamental constant, h, which relates their spreads, ∆q∆p = h/4π.
The scheme of causal connection is not abandoned: ‘if q0, p0, then qt, pt’ on the basis of
some function qt, pt = f(q0, p0). It is merely asserted that the values for the variables q, p
must be “‘permissible’ values, in order to give the causal relation a definite unambiguous
meaning” (155; tr. 125). Classical mechanics requires the attribution of sharp values
to both q and p, while the uncertainty relations forbid such attribution. In a ‘pure,’
homogeneous collective, at most half of such a set of variables are permitted to have
‘sharp’ values: “Only through this limiting condition does the ‘causal principle’ attain a
physically comprehensible significance—and its legitimate application remains confined
to this condition” (155; tr. 125).

3.2 The Problem of the ‘Material Point’
The Marburg-Vienna convergence seems to be reaching a point of intersection. Cassirer
enthusiastically acknowledges that Exner’s speculation turned out to be remarkably
prophetic (Schrödinger 1932). In classical mechanics, it is often in practice impossible
to prepare dispersion-free collectives of point particles, that is, collectives all members
of which have the same sharply defined values of position q and momentum p. However,
quantum mechanics shows that it is indeed achievable to construct a physical theory
in which the selection of non-dispersive collectives is in principle impossible (see
Neumann 1932, 160). However, the process of convergence appears to stall abruptly
from here onward. From the non-existence of dispersion-free states, it was natural for
the Viennese to consider quantum mechanics as the final blow against the classical
notion of ‘causality’ in physics, the requirement that all phenomena obey ‘strict’ laws.
This rhetoric was also adopted by physicists like Born (1927a) and Heisenberg (1931,
1934). However, for Cassirer, this attitude was the consequence of a rather misleading
conception of ‘causality.’ The uncertainty relations do not imply the rejection of ‘strict
laws’; they impose a constraint on the form that such ‘strict laws’ are allowed to take
(Cassirer 1936, 151; tr. 122).

Cassirer’s strategy was to steer the discussion along a more favorable direction: it
was not the notion of ‘causality’ but that of ‘substantiality’ that is at stake (see French
2014, 95–99). The impossibility of dispersion-free collectives of q- and p-values means
that the notion of ‘trajectory’ has become meaningless, and with it, the possibility
of tracking the trans-temporal identity of particles as the constant substrate of their
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properties. As suggested by physicists like Max von Laue (1932, 1933, 1934), Schrödinger
(1934), and even more explicitly by Paul Langevin (1931, 1934),9 quantum mechanics
represents a crisis of ‘corpuscularism’ rather than ‘determinism’ (Cassirer 1936, 205f.;
fn. 1; tr. 165; fn. 17).10 Cassirer, true to his style, embeds this line of argument in a
historical-critical reconstruction of the notion of ‘individuality’ in physics, aiming to
show that this seemingly radical step of abandoning the notion of ‘individual particle’
is not so radical upon closer inspection11; rather, it merely brings to the fore a tendency
that was already present in classical physics.

The ‘particle’-picture of matter emerged to assure the identifiability of the parts
of a homogeneous medium over time (Cassirer 1936, 220f.; tr. 177f.). Impenetrabil-
ity, extension, and rigidity of ‘atoms’ were ultimately conceptual presuppositions of
atoms that prevent us from losing track of their identity (182f.; tr. 145f.). However,
it progressively became apparent that the constancy of the subject of motion does
not require the “immutability and indestructibility of mass particles”; identity over
time is already assumed in the very definition of what counts as the subject of motion.
Heinrich Hertz12 ultimately suggested that one should define the ‘material point’ by
this possibility of identification, the univocal correlation between a point in space at a
particular time and a given point in space at any other time (221; tr. 185). However,
Cassirer pointed out that even this minimal requirement cannot be satisfied as soon as
we make the transition to a ‘field’ theory. The electromagnetic field is not an aggregate
of material points. We may, and must, indeed, speak of parts of the field; but these
parts have no separate existence. There would be “no longer any meaning in speaking
of one and the same part at different times” (Cassirer 1929, 552; tr. 1957, 473). In a
hypothetical ‘field’-picture of matter, an electron would be conceived as a changing
field and not “as being ‘identical with itself’ throughout the course of time” (Cassirer
1936, 222; tr. 178).

The renunciation of particle individuality, Cassirer writes, “could not be retracted
even in the quantum theory for which the problem presented itself in a new and more
general sense” (222; tr. 178). Cassirer attempts to show that the question of particle
individuality runs through the history of quantum mechanics. In his reconstruction,
Heisenberg-Born-Jordan matrix mechanics (Born and Jordan 1925; Born, Heisenberg,
and Jordan 1926) was initially a theory of particles. The relations between the matrices
Qnm and Pnm were defined to retain the Hamiltonian formalism and the analogy with
position q and momentum p in classical mechanics. However, matrix theorists viewed
electron orbits in Bohr’s model as fundamentally unobservable, arguing that a proper
physical theory should focus only on observable quantities associated with those orbits,
such as the frequency, intensity, and polarization of emitted radiation. While the
concept of point-like electrons was not entirely abandoned, “any statements about
individual distinguishable particles” (Cassirer 1936, 229; tr. 184) and their orbits were
carefully avoided. However, this compromise was epistemologically unsatisfying: “For
what are these electrons whose path we can no longer follow?” (222; tr. 178). Why
do we persist in referring to them as ‘particles’ even though their orbits remain, in
principle, inaccessible?

9See Ullmo 1934.
10See also Planck 1932.
11One might contrast Cassirer’s stance with that of Émile Meyerson (1933), who considered the

very idea of a ‘non-individual real’ to be the most fundamental departure from the classical worldview.
12Hertz 1894, 54.
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In contrast, de De Broglie’s (1924) wave theory of matter and Schrödinger’s (1928)
wave mechanics rejected the idea of electrons and protons as ‘material points’ from the
outset, in favor of a field picture of matter (Cassirer 1936, 225; tr. 180). As is well known,
Schrödinger initially conceived the ‘wave function’ ψ(q) as a physical field analogous to
the electromagnetic radiation field; it described a real wave in three-dimensional space.
What appears to be an ‘electron,’ he claimed, is actually a ‘wave packet,’ the peak
intensity of a cluster of waves confined within particle-like dimensions (230; tr. 184). In
this interpretation, e|ψ(q)|2 represents the charge density of the electron at the point q
(e is the total charge of the electron): “The charge of an electron is no longer linked
to a definite location but is distributed throughout a ‘charge cloud.’ The corpuscular
character of the electron is abandoned” (Cassirer 1936, 225; tr. 181). However, the
limits of such approach immediately began to emerge. The particle, as a superposition
of de Broglie waves, turned out to be unstable. Furthermore, the state function ψ is
complex, and in the case of multiple particles, it extends in the configuration space of
many dimensions and cannot be interpreted as a real wave field in ordinary space.

For Göttingen theorists, the shortcomings of Schrödinger’s original approach con-
firmed the view that quantum mechanics was inextricably connected to the corpuscular
representation of matter—after all, protons and electrons do behave like particles, with
fixed state-independent properties like mass and charge (229f.; tr. 182f.). Born’s (1926a,
1926b) famous probabilistic interpretation of the ψ-field could be seen as support for the
particle interpretation. The square of the probability amplitude |ψ(q)|2 is proportional
to the probability (or relative frequency) that, say, an electron will be found at a given
place at a given time in a collective of subsequent measurements (Cassirer 1936, 230;
tr. 184). As Cassirer points out, “[f]rom this, Born concluded that we can continue
to represent matter as before as a picture of moving, point-like particles (electrons or
protons), but he immediately adds that in many cases these corpuscles cannot be ‘iden-
tified as individuals at all’13” (231; tr. 184), since their trajectories can be determined
only with a restricted accuracy. However, Cassirer retorts that it is hard to fathom
what a non-individual corpuscle is supposed to be. After all, classical physics, as Hertz
pointed out, virtually defines the ‘material point’ by this possibility of identification
(230; tr. 184).

Cassirer recognizes that, with the probability interpretation of ψ-function, the
dialectic between the two classical ‘models’ or ‘pictures’ (Bilder), the discreteness of
the ‘particle’ and the continuity of the ‘field,’ entered a new phase. Cassirer mentions
with approval Bohr’s notion of ‘complementarity’ (186; tr. 212). However, in Cassirer’s
rather loose interpretation, Bohr’s doctrine simply brings to full display what was
already implicit in classical physics: wave and particle are at most useful ‘symbols’ and
cannot be treated literally as ‘images’ of real entities (Cassirer 1932, 128f.; tr. 1956,
114).14 Those ‘symbols’ might turn out to be inadequate. Schrödinger’s attempt at
a realistic wave interpretation of matter failed. The statistical interpretation seems
initially to bring water to the mill of the realistic particle interpretation of matter.
Nonetheless, this alternative was also met with considerable difficulties. The discrete
nature of particles, endowed with permanent properties (mass, charge, spin), could still
be maintained, but it was not possible to treat them as ‘individuals’ whose identity
could be tracked through time:

And the statistical approach points with particular emphasis to the fact that where
13Born 1927b, 240.
14On the role of the ‘symbolic method’ in quantum mechanics, see (Ryckman 2018, 2021).
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descriptions of microcosmic phenomena are concerned we can no longer maintain and
fulfill the demand for individualization and identification in the same way that appears
possible for macroscopic objects. For statistical statements are, in themselves, strict
statements, which apply, however, to collectives and not to individual cases, and which
result in a determination solely for these collectives and not for a particular member picked
from them. If quantum mechanics demonstrates that the possibility of determination
does not reach beyond these collectives, then every means is lacking for going further
and postulating the existence of an isolated particle. Therefore the statistical character
of the premises of quantum theory must not be viewed in an exclusively negative way. It
does not state that we are uncertain about location and momentum, about the path and
the entire ‘fate’ of the individual electron [. . .][. It] intends to assert that it now considers
as its ultimate goal not the determination of individual events but the determination of
whole systems of events. (Cassirer 1936, 230f.; tr. 185; my emphasis)

For Cassirer, in truly Viennese fashion, all measurements presuppose collectives. The
assumption that sharp q- and p-values can be determined is identical to the assumption
that dispersion-free collectives of possible q- and p-values can be selected. In quantum
mechanics, no physical method exists to obtain such homogeneous, dispersion-free
collectives. As a consequence, the notion of ‘position-cum-momentum’ or well-defined
‘trajectory’ of particles loses its “empirical reality” (223; tr. 179).15 However, without a
trajectory, qualitatively identical particles cannot be treated as material points endowed
with individuality. If wave packets of two identical particles ψ(q1) and ψ(q2) overlap
in a region, one can predict the probability that a particle will be found there, but it
becomes impossible to identify which one. In the case of systems containing multiple
non-interacting identical particles, non-classical statistics replace the old Maxwell-
Boltzmann statistics.16 Particles do not even act as separate and distinct parts of the
system as a whole; they cannot even be ‘labeled’ as particle 1 and particle 2.17

Not only are all quantum particles of the same kind qualitatively indistinguishable
(all electrons have the same state-independent properties—charge, mass, etc.), but
they cannot even considered as as different individuals in the ordinary sense of word
since they cannot be re-identified over time (259; tr. 208).18 Cassirer acknowledges that
physics finds it challenging to relinquish the “‘individuality’ of the physical object”
and “the conception that photons and electrons exist as objective individual things”
(231; tr. 186). However, his historical-critical analysis revealed that even when classical
physics “spoke of ‘individual’ material points, the impression was still to be taken with a
grain of salt” (231; tr. 186). Classical physics did not simply assume this ‘individuality’
from experience; individuality was, so to speak, ‘put into’ experience as a conceptual
condition. In a multiple-particle system, like a gas, what counts as ‘one’ depends on the
assumption regarding which case can be considered ‘equiprobable’ in the equilibrium

15Cassirer seems implicitly to disagree with Popper (1934; 1935, ch. IX) that the uncertainty
relations prohibit the simultaneous ‘preparation’ of dispersion-free collectives but allow for simultaneous
‘measurement’ of q and p in a single particle.

16The move from uncertainty relations to new statistics to challenge individuality is also adopted by
Langevin (1931, 1934). See also Ullmo 1934.

17On the whole-part relationship, Cassirer refers to Hermann Weyl (1931, 88; 1932, 55). See French
and Krause 2006, sec. 3.7. In private correspondence, Einstein presented Cassirer with the case of
interacting particles that had been separated but lack independent states (Cassirer to Einstein, Mar.
16, 1937; ECN, Vol. 18, Doc. 158). Cassirer’s reply is not extant, but I guess he would have seen
‘entanglement’ as another step toward a ‘non-individuals’ physics.

18See Weyl 1928, 188; Jordan 1933, 86ff. According to Jammer (1966, 344), this point was initially
seldom emphasized by physicists. Nor was it by philosophers. Logical empiricists never mention the
issue. Hermann (1935, 90–93[23–25]) mentions it, but does not consider it central.
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state. In classical Maxwell-Boltzmann statistics, a permutation of qualitatively identical
particles is counted as giving a different arrangement. However, this is not the case in
both quantum statistics, where two particles in different states are counted as one: “the
determination of the individual, of what should truly count as ‘one,’ is not the terminus
a quo but always only the terminus ad quem, i.e., a result of the theory that cannot
be dogmatically presupposed in advance, almost as if it were based on an immediate
intuition” (234; tr. 187f.).

After a long detour, Cassirer could then finally bring the discussion back to his
famous opposition between substance-concepts and function-concepts (Cassirer 1910).
Quantum mechanics does not so much question the categories of ‘cause and effect’
but rather those of ‘substance and accident’ (Cassirer 1936, 235; tr. 188). Indeed, if
causality is nothing more than the requirement of a functional relation between the
subsequent ‘states’ of a system, quantum mechanics is still a causal theory in this
sense if one properly redefines the notion of the ‘state’ of a system: the ψ-state refers
not to ‘individuals’ but to ‘collectives’ For Cassirer, the impossibility of dispersionless
‘states’ is not a failure of the cause-effect relation (cf. Neumann 1932, 160). Indeed,
quantum mechanics provides a ‘strict law’ for the evolution of such ψ-states, based,
like in classical mechanics, on a Hamiltonian function H(q, p) characteristic of the
system.19 The inevitable ‘dispersiveness’ of pure, homogeneous collectives in quantum
mechanics is a challenge to the substance-accident relation.20 As we have, in principle,
no empirical access to finer-grained states in which both q and p assume sharp values,
the notion of position-cum-momentum, i.e., the path of an individual ‘particle’ as a
property-transcending substance cannot be considered as legitimate empirical object 21:

In this respect the uncertainty relations have no skeptical but solely a critical meaning.
The necessary correction of the physical object concept of the older theory could only
then appear as a skeptical abandonment, when this concept was not yet overcome in
principle, when the viewpoint was once more assumed which one desired to abandon
and which, with the establishment of the uncertainty relations, had already been left
behind. We must face squarely the new problems thus created. There seems to be no
return to the lost paradise of classical concepts; physics has to undertake the construction
of a new methodological path. I do not wish to claim at all that the end of this path is
already clearly in sight. But the direction in which the solution is to be found seems
to me clearly recognizable. Physics and epistemology cannot continue to posit a being
with the full realization that it contradicts the conditions of physical knowledge. If it
appears that certain concepts, such as those of position, of velocity, or of the mass of an

19Of course, this remark misses the point: upon measurement the system is no longer in the same
ψ-state as before. This transition to a different ψ′-state is not law-like and can indeed be described as
‘acausal’ (see, e.g., Margenau 1937). See also fn. 20.

20According to Cassirer, classical physics implicitly assumes the principle of ‘omnimoda determinatio’:
the ‘state’ of a particle at a given t is perfectly determined in terms of definite numerical values of
q, p, E (Cassirer 1936, 234f.; tr. 189). In quantum mechanics, however, particles do not ‘possess’ definite
q- and p-values as ‘properties.’ If the same q-measurement is conducted on a collective of particles in
the same of sharp p-state, it will yield different result each time (dispersion). Following Dirac (1930),
Cassirer understood that this paradoxical situation is captured by the notion of superposition (Cassirer
1936, 237f.; tr. 190f.). The question that Cassirer does not address, however, is why we always measure
a single position. See Ryckman 2015, 80f. for more detail.

21The ‘conditions of accessibility’ established by the uncertainty relations, as Cassirer put it,
paraphrasing Kant, are ‘conditions of the objects of experience’ (Cassirer 1936, 222; tr. 178). French
(2014, 59) calls the latter ‘Cassirer’s condition.’ See also Ryckman 2015, 80. For Cassirer, the situation
is not dissimilar to, say, ‘absolute position’ in classical mechanics, which is, in principle, ‘inaccessible’
given the homogeneity of Euclidean space. In this context, he evokes Leibniz’s ‘principle of observability’
(Cassirer 1936, 155f.; tr. 122f.)
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individual electron can no longer be filled with a definite empirical content, we have to
exclude them from the theoretical system of physics, important and fruitful though their
function may have been. (Cassirer 1936, 242f.; tr. 194f.; my emphasis)

As one can infer from this passage, Cassirer, more or less consciously, departed strongly
from what would become the ‘Göttingen-Copenhagen orthodoxy’ (see Howard 2004).
For Bohr, Heisenberg, and Born, no one will expel us from the ‘paradise of classical
concepts.’ The latter are indispensable for describing the results of experiments involving
quantum phenomena, despite the impossibility of their simultaneous applicability: either
waves or particles. On the contrary, Cassirer seems to align with the minority position
of physicists like Laue and Schrödinger, according to whom quantum mechanics has
forced us out of the classical Eden to which there is no return. Classical concepts,
the pictorial models of older physics, might turn out to be ‘dispensable’ and should
possibly be replaced by something more adequate: neither waves nor particles.22 The
probabilistic interpretation of wave function ruled out Schrödinger’s early wave theory
of matter. However, without trajectories, the alternative Göttingen attempt to uphold
a particle theory of matter was also unsuccessful. ‘Models,’ Cassirer insists, are not
‘pictures’ that depict entities but ‘symbols’ that are implicitly defined by the structure
of the theory as a whole (Cassirer 1936, 243; tr. 196). As often happens in the history
of physics, if the theory fails to ‘save the phenomena,’ previously successful physical
models are required to reorient themselves: “[t]he concept of the mass point seems to
face such a necessity of reorientation” (245; tr. 196).

Conclusion

Stripping away the details, one might conclude that Cassirer appropriated one central
tenet of the so-called ‘Vienna indeterminism’: ‘collectives’ can be regarded as ideal
objects that can figure in ‘strict laws’ (Stöltzner 2003a, 297). Since only the ‘long-term’
average or mean over repeated measurements is empirically accessible, both classical
and quantum mechanics can be regarded as, ultimately, theories about ‘collectives.’
The crux of the matter is that, in quantum mechanics, homogeneous collectives are not
dispersion-free as in classical mechanics. In this perspective, the question of whether
each individual member of the quantum collective ‘possesses’ sharp, though unknown,
‘true’ q and p values is empty.23 The notion of ‘true value’ is meaningful only when
the variance from the ‘mean value’ is permitted to be zero, which is not the case
in quantum mechanics. As argued throughout this paper, Cassirer and the Vienna
indeterminists broadly converged on this ‘interpretation’ of quantum mechanics.24

However, they used it as a starting point to pursue parallel philosophical goals. For
the Viennese, the impossibility of fixing the initial conditions with arbitrary precision
forces us to reject the notion of causality that dominated classical physics. According
to Cassirer, this takeaway is the result of the Laplacian identification of ‘causality’ with

22Cassirer shows no interest in a ‘Kantian’ reading of Bohr’s ‘complementarity,’ which was embraced,
e.g., by Hermann (1935). Hermann (1935, 115f.[47f.]) explicitly criticizes Laue’s and Schrödinger’s
position that Cassirer endorses.

23In contrast to, say, Popper (1935, ch. IX).
24The Vienna/Marburg ‘interpretation’ of quantum mechanics is, of course, a variant of the ‘ensemble

interpretation’ (Ballentine 1970), as opposed to a ‘single-particle’ interpretation. However, it does not
assume that individual particles possess definite but unknown q and p values at all times (see fn. 20).
Yet, no explanation is provided for the scattering of those values in a homogeneous ensemble. See also
fn. 25.
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‘predictability,’ rather than ‘lawlikeness.’ In his view, quantum mechanics challenges the
classical notion of substantiality. By denying the possibility of well-defined trajectories,
quantum mechanics forces us to abandon the idea of the trans-temporal individuality
of particles independent of all possessed ‘properties’.25

Determinismus und Indeterminismus first appeared in November 1936 in the rather
obscure Swedish journal Göteborgs Högskolas Årsskrift. Cassirer sent copies of the
1937 separatum to several leading physicists of his time: Einstein, von Laue, Born, and
others.26 Of course, Cassirer also hoped to receive a reaction from philosophers, especially
from the Vienna Circle, with which he was intensively engaged during the emigration
period (Mormann 2012). In particular, Cassirer hoped for a review in Erkenntnis, the
house journal of logical empiricism (Cassirer to Reichenbach, Sep. 1, 1936; ECN, Vol.
18, Doc. 122). Reichenbach, to whom Cassirer was particularly close, offered to find a
reviewer, but he remarked: “I would rather not choose one of the gentlemen from the
Vienna Circle, as they are too distant from your ideas” (Reichenbach to Cassirer, Mar.
20, 1937; Vol. 18, Doc. 130). However, the opposite turned out to be the case. In private
correspondence, von Mises recognized the “agreement on essential points” (Mises to
Cassirer, Mar. 3, 1937; Vol. 18, Doc. 1131), and so did Frank (Frank to Cassirer,
undated27; Vol. 18, Doc. 137), who also wrote a lengthy review of Determinismus und
Indeterminismus in the Swedish journal Theoria (Frank 1938). The review, at least on
a cursory reading, was glowing.

In his causality book, Frank (1932, V) had already single out for Cassirer as one of
the most progressive representatives of ‘school philosophy’ and could now congratulate
him on coming into nearly full agreement with ‘logical empiricism.’ In particular, Frank
venture to claim that Cassirer’s view of causality was “hardly a contrast anymore to
the purely positivist scientific view of Ernst Mach” (Frank 1938, 72; tr. 1950, 175). This
characterization, albeit inaccurate,28 shows how Frank was interested in emphasizing all
elements of convergence between ‘Marburg’ and ‘Vienna.’ Frank, however, had ulterior
motives. He used Cassirer’s example to show that any attempt to integrate a serious
analysis of modern physics within the framework of traditional philosophy inevitably
causes this framework to burst from the inside. As Frank did not refrain from pointing
out in private correspondence (Frank to Cassirer, undated; ECN, Vol. 18, Doc. 137),
Cassirer was nothing but the most prominent example of a “decomposition process
(Zersetzungsprozess) of school philosophy” (Frank 1938, 71; tr. 1950, 174; slightly
modified), a claim that he had already made in his causality book (Frank 1932, V).

Frank concedes that this process of ‘decomposition’ was not complete; there was still
a “dark background” in Cassirer’s book (Frank 1938, 77; tr. 1950, 184). Interestingly, the
main source of disagreement was Cassirer’s stance towards the notion of material point.
Frank (1937) relied on a talk he had just given at the Copenhagen congress for the unity
of science—to which Cassirer had also been invited to but could not attend (Neurath
to Cassirer, Jan. 15, 1938; ECN, Vol. 18, Doc. 139). Frank distinguished two possible
misinterpretations of the notion of ‘material point’ in quantum mechanics: (a) there

25In search of a label, one might argue that Cassirer proposed a sort of ‘non-individuals interpretation
of quantum mechanics ’ (Krause, Arenhart, and Bueno 2022). Cassirer’s stance may come close to
that of the late Schrödinger (1950), although Cassirer does not seem to endorse a wave ontology (see
also Schrödinger 1955).

26See Heijden 2014 for more details.
27After February 1937.
28Cassirer, as we have seen, prefers Helmholtz’s understanding of causality over that of Mach; see

section 1.
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are material points, but their q and p at t are immeasurable in quantum mechanics; (b)
there are material points, but their q and p at t are indeterminate. According to Frank,
Cassirer vacillates between (a) and (b), which is, nonetheless, no less metaphysical
than (a). According to Frank, the proper positivistic version of complementarity was
presented by Bohr (1937) at the Copenhagen congress: quantum mechanics is not
concerned with position and momenta of particles at all, but with the experimental
arrangements measuring the ‘position of a particle’ and ‘momentum of a particle’
(Frank 1938, 76; tr. 1950, 179). Complementarity claims that, in quantum mechanics,
those experimental arrangements are mutually exclusive. Cassirer’s metaphysical urge
to replace the classical concept of the ‘material point’ with a more fitting non-classical
concept was merely a remnant of ‘school philosophy’ (Frank 1938, 77; tr. 1950, 179f.).

As Frank remarks in private correspondence, Cassirer’s vision of science puts the
“logical constitution to the forefront, more than any other” (Frank to Cassirer, undated;
ECN, Vol. 18, Doc. 137). For this reason, Cassirer’s philosophical path should have fully
converged with the scientific Weltauffassung—that is, ultimately Carnap’s doctrine of
the “arbitrariness in logical constitution” (Frank to Cassirer, undated; Vol. 18, Doc. 137).
However, as Frank points out, Cassirer concurrently upheld the regulative ideal of a
scientific Weltbild, a unified and objective description of world as a limit-concept (Frank
to Cassirer, undated; Vol. 18, Doc. 137). Frank’s remark is somewhat simplistic, yet he
perceptively sensed the tension that this ‘parallel convergence’ imposed on the framework
of Cassirer’s Marburg neo-Kantianism. The only remaining vestige of ‘Kantianism’29

in Cassirer’s book was indeed the a priori status of the the ‘principle of causality,’ the
Helmholtzian maxim never to abandon the search for laws. However, this last remnant
of a priori was not simply the manifestation of Cassirer’s stubborn attachment to a
declining philosophical tradition. The basic assumption of the lawlikeness of nature
was for Cassirer the last glimmering beacon of scientific rationality, piercing the storm
of anti-intellectualism that engulfed Europe in the 1930s30: “the scientist does not give
us a logical or empirical proof of this fundamental assumption. The only proof that he
gives us is his work” (Cassirer 1944, 219).
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