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Preface

The initial prompt for this work was a review of Kostas Gavroglu’s wonderful
biography of Fritz London (Gavroglu 1995). I was very happy to take it on, not
least because I had chosen superconductivity as my final year research topic in
physics at the University of Newcastle-upon-Tyne, for which London’s two-
volume book Superfluids (London 1950 and 1954) was a major reference. At
that time I wasn’t aware of London’s philosophical background in phenom-
enology, so Gavroglu’s biography was a real eye-opener in that regard. I also
wasn’t previously aware that he had co-authored a piece on the so-called
‘measurement problem’ in quantum mechanics and so felt duty bound to
take a look. Fortunately, an English translation of what Wigner called London
and Bauer’s ‘nice little book’ (London and Bauer 1939) is included in Wheeler
and Zurek’s magisterial collection (1983)" but reading it through the lens of
London’s phenomenological stance that Gavroglu exposed, I realized imme-
diately that the standard appraisal of it as merely a summary of von
Neumann’s solution was wide of the mark®—a realization that was further
reinforced when I read the original French version, a copy of which was tucked
away in the Physics ‘Stacks’ of the University of Leeds Library.?

I soon discovered that this misappraisal ran throughout the literature of the
measurement problem and in particular featured prominently in the debate
between Margenau and Wigner on the one hand, and Putnam and Shimony
on the other over the role of consciousness in the so-called ‘collapse’ of the
wave-function. The general consensus seems to be that the latter pair came

! In his review of the collection, Greenberger mentioned the ‘short, famous monograph by London
and Bauer’ and noted that ‘[o]btaining the rights to reprint this book from a recalcitrant publisher was a
real coup, and the advantage the editors had of being able to combine three separate translations came
about only because the first two could not get published’ (1985, p. 193). We'll return to the issue of these
translations later. Greenberger was friends with Shimony who was involved in the translation of the
monograph and who will feature prominently in our narrative (see https://www.aip.org/history-
programs/niels-bohr-library/oral-histories/25643 and also https://www.aip.org/history-programs/niels-
bohr-library/oral-histories/34331).

2 Cartwright, in her review of the Wheeler and Zurek collection, also noted the inclusion of the
London and Bauer piece and wrote that it ‘lays out the reduction of the wave packet in the way most
readers of Philosophy of Science understand it today’ (Cartwright 1985, p. 480). As we'll see, it really
doesn’t.

* It is now safely stored in the library’s ‘Special Collections’ archive and when I went back to it
in December 2021 to check some translations, I discovered that the last person to take it out was myself,
in 1998!


https://www.aip.org/history-programs/niels-bohr-library/oral-histories/25643
https://www.aip.org/history-programs/niels-bohr-library/oral-histories/25643
https://www.aip.org/history-programs/niels-bohr-library/oral-histories/34331
https://www.aip.org/history-programs/niels-bohr-library/oral-histories/34331
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away the victors and as a result the ‘von Neumann’ solution has been con-
signed to the scrapheap. However, it seemed to me that in the light of a
phenomenological reading of London and Bauer’s manuscript this consensus
was undermined and that London and Bauer’s work needed to be re-evaluated
(French 2002). It would be hyperbolic to report that my paper ‘fell dead-born
from the press’ but let’s just say that the number of citations that it garnered in
the first few years amounted to ‘a bare handful’.

I did have a plan to set that re-evaluation in a broader context by way of a
book with my former PhD student, Liz Hill but that came to nothing, for
reasons I won’t go into here. Some years later I decided to return to the idea,
supported by a semester’s leave granted by the School of Philosophy, Religion,
and the History of Science at the University of Leeds. Things came even more
into focus with the invitation by Harald Wiltsche and Philipp Berghofer to
present something at their conference on ‘Phenomenological Approaches to
Physics: Historical and Philosophical Reflections’ at the University of Graz in
2018. This was one of the most fruitful and congenial conferences that I've
ever attended—a tribute not only to the organizers but also to the other
participants, who were incredibly supportive. I left Graz thinking that with
just a few more months work I'd have a draft of the book ready for feedback,
but then other projects clamoured for my attention and after I'd put them to
bed the Covid-19 pandemic intervened. So it wasn’t until the summer of 2020
that I was able to slowly work my way back into the manuscript via various
historical rabbit-holes which also delayed its conclusion. Now it’s done and
dusted in some sense of ‘done’, and I'm left with the feeling that philosophers
of physics will look askance at the phenomenology, and philosophers of
the latter inclination will recoil from all the physics! As always, there’s a
lot more to say about both, but it will have to be said by someone else, because
I'm done too.



Acknowledgements

I am grateful to a number of colleagues for comments, advice, and encour-
agement including in particular Philipp Berghofer, Michel Bitbol, Otavio
Bueno, Richard Francks, Liz Hill, James Ladyman, Michela Massimi, Tom
Ryckman, Simon Saunders, Juha Saatsi, Blake Stacey, Laura de la Tremblaye,
Bas van Fraassen, and Harald Wiltsche. I am also indebted to Matt Taylor for
letting me have advance copies of chapters from his PhD thesis that helped
inform my initial paper on this topic. Earlier versions of that paper were
presented at the Informal Research Workshop of what was then the Division
of History and Philosophy of Science, University of Leeds, the Graduate
Philosophy of Physics Seminar of the Free University of Brussels, and the
Philosophy of Physics Seminar of the University of Oxford. I would like to
thank the participants at all of these seminars, the three referees of Studies in
History and Philosophy of Modern Physics, which eventually published it, and
the then-editor Jeremy Butterfield for their further suggestions and comments.
Parts of the book are also derived from papers based on talks I gave at the
Leeds Centre for Mind and Metaphysics in 2018, at the conferences
Phenomenological Approaches to Physics, first in Graz in 2018 and then in
Linkoping in 2022, and at the conference Metaphysics from a Human Point of
View in Edinburgh 2021. I am hugely grateful to Harald Wiltsche, Philipp
Berghofer, and Michela Massimi respectively, for inviting me to these confer-
ences and, together with all the participants, for their excellent and helpful
comments. The same applies to all those who joined in the discussions of the
QBism and phenomenology reading group, especially Blake Stacey who
helped correct some misunderstandings of mine.

Harald and Philipp also commented on an earlier draft of this book and
have been immensely encouraging and supportive throughout, as has Tom
Ryckman who has been a human ‘touchstone’ for me on phenomenological
matters for many years now. Summaries of the core idea have also been
inflicted on members of the philosophy societies at the Universities of
Glasgow and York who, I suspect, were not expecting me to do that when
I was invited. As I have indicated, the bare bones of this book were laid down
while I was on a semester’s sabbatical; I am deeply grateful to my colleagues in
the School for all their support during this period.



Xii ACKNOWLEDGEMENTS

I would also like to thank the readers of Oxford University Press for their
extensive and helpful comments, Christine Ranft for her excellent copyediting,
Nadine Kolz for her help and patience, Saranya Ravi for shepherding the book
through the production process and, of course, Peter Momtchiloff, also of
Oxford University Press, for his unfaltering support and encouragement.

However, as always, I reserve my final and deepest acknowledgement of
gratitude for Dena, Morgan, and a certain ‘Ruffian’, for keeping me on some
sort of straight and narrow these past many years.

Having said all that, as always, the responsibility for any lack of appropriate
historical or philosophical subtlety remains with me.

Some of the material presented here had its origins in the following papers:

‘A Phenomenological Approach to the Measurement Problem: Husserl and
the Foundations of Quantum Mechanics’, Studies in History and Philosophy
of Modern Physics 22, pp. 467-91, 2002.

‘From a Lost History to a New Future: Is a Phenomenological Approach to
Quantum Mechanics Viable?’, in H. Wiltsche and P. Berghofer (eds.),
Phenomenological Approaches to Physics, Springer, pp. 205-26, 2020.
‘Putting Some Flesh on the Participant in Participatory Realism’, in
H. Wiltsche and P. Berghofer (eds.), Phenomenology and QBism: New
Approaches to Quantum Mechanics, Routledge, 2023.



1

The Measurement Problem

(Featuring the Usual Suspects)

1.1 Introduction

This book is going to be an exercise in intellectual exploration. It is one that
I feel is worth undertaking, not least because the position arrived at offers a
novel ‘take’ on quantum mechanics, one whose origins have been effaced in
the long-running and highly contentious debate over the status of this theory.
To have another understanding of it ‘on the table’, as it were, and in particular,
one originally proposed by a leading ‘post-revolutionary’ quantum physicist, is
something to take note of in itself. But in addition, this understanding emerges
from a philosophical school of thought quite different from the one in which
most current approaches are situated.

We've all learned now that the idea of a sharp division between ‘Anglo-
American’, or ‘analytic’, and so-called ‘Continental’ forms of philosophizing is
highly problematic. Nevertheless, the most widely considered interpretations
of quantum mechanics currently in play are underpinned by the former,
whereas the position explored here springs from the latter. Granted that it
originates from a time when the division was, perhaps, less sharply pro-
nounced than it is now, still, this feature is also noteworthy. Thus, I hope
this book will also contribute to a reappraisal of the division and perhaps an
appreciation of the ‘Continental’ tradition as also offering a set of potential
resources for understanding modern physics. Finally, insofar as this tradition
has effectively been ‘airbrushed” out of the standard histories of (broadly)
philosophical reflection on physics, I hope that this work will both challenge
and supplement those histories.

Those histories of ‘meta-level” thought and reflection are themselves typic-
ally tied to a particular history of the development of quantum mechanics
itself, one that has now become canonical: that development began with
Planck’s work in 1900, the results of which were then applied to the structure
of the atom by Bohr, who, together with Sommerfeld, developed what is often
called the ‘old’ quantum theory. The cracks in this edifice began to show in the

A Phenomenological Approach to Quantum Mechanics: Cutting the Chain of Correlations. Steven French,
Oxford University Press. © Steven French 2023. DOI: 10.1093/0s0/9780198897958.003.0001



2 A PHENOMENOLOGICAL APPROACH TO QUANTUM MECHANICS

early 1920s and it was eventually replaced by Heisenberg’s matrix mechanics,
on the one hand, and Schrodinger’s wave mechanics on the other. These were
then shown to be equivalent by von Neumann who bequeathed us the
framework of Hilbert space and operators and eigenvectors and so on that
generations of physics students have grown to love (or not).

Sitting above this canonical history is an equally standard history of
(broadly) philosophical reflections on what the theory tells us about the
world: with the cracks widening in the Bohr-Sommerfeld ‘picture’ of the
atom as consisting of electrons moving in elliptical orbits around the nucleus,
Heisenberg, misunderstanding a quote from Einstein, insisted that all such
pictures should be thrown away, whereas Schrodinger tried to sketch his own,
based on (more or less) classical waves, until Einstein pointed out that once
systems of more than one particle were taken into account, such waves would
have to exist in some kind of multi-dimensional space. Bohr then took control
of things again, imposing his own view according to which the theory should
be understood in terms of ‘complementary’ accounts of how the world is:
spatio-temporal on the one hand and causal on the other, tying these to
Heisenberg’s Uncertainty Principle (see Jahnert and Lehner 2022). And as
long as you keep the twain distinct, some sort of sense can be made of what the
theory tells us. This is taken to form the core of the so-called ‘Copenhagen
Interpretation’ which then became the dominant hegemony (see Cushing
1994), or so the story goes.

Of course, some people have taken potshots at this edifice: Einstein fam-
ously debated Bohr over its central elements and was deemed to have lost the
argument (until Bell’s work in the 1960s prompted a reappraisal of that
debate); de Broglie presented an alternative, wave-based, understanding, but
was brutally shot down by Pauli (on faulty grounds, as it turned out); Bohm
then effectively revived a form of de Broglie’s view, introducing position
as a ‘hidden variable’ into the formalism; Everett in turn eschewed all such
‘add-ons’, insisting that the theory should just be taken ‘as is’, with the wave-
function encoding multiple possible ‘branches’ and so it goes, with an array
of other accounts all thrown into the mix...Indeed, there are now so many
interpretations of quantum mechanics, exemplifying so many different vir-
tues, along so many different dimensions, that it can be difficult to pick one’s
way through the plethora (for an overview, see French and Saatsi 2020).

What I've just given are thumbnail sketches of the two intertwined ‘stand-
ard histories’ of the physics and philosophical reflections respectively, but they
are just that—rude sketches. Indeed, the very origins of the theory have been
contested, with Ehrenfest and Einstein, publishing five years after Planck’s
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classic paper, given the accolade of ‘founding fathers’ (Kuhn 1978)." The
developments in the mid-1920s were also not quite the major ‘paradigm
shift’ that they are often presented as (see Seth 2010). Additional complexities
enter the picture when we consider the elaboration of the underlying formal-
ism, with not just Heisenberg and Schrodinger facing off, as it were, but also
the likes of Dirac and Weyl throwing their respective hats into the ring.

The Copenhagen Interpretation itself arose from a ‘dialogical’ process in
which different principles and theoretical features were woven together under
the pressure of the disparate forces powering the debates at the time (Beller
1999). Consequently, it has been claimed, we should abandon ‘the very
possibility of presenting the Copenhagen Interpretation as a coherent philo-
sophical framework’ (ibid., p. 173; see also Jacobsen 2011).> Indeed, the
interpretation has been dismissed as a ‘myth’ (Chevalley 1999; Howard
2004) and it has been argued that the label itself only came to be established
in the 1950s and early 1960s (Camilleri 2009).* Finally, the very distinction
between ‘classical’ and quantum mechanics itself only emerged over a period
of time that extended into the 1930s, as a way of legitimizing the new
foundations for physics (Gooday and Mitchell 2013).

Woven throughout these contested, layered histories we find the ‘measure-
ment problem’. As far as the physics is concerned it is not even that—a
‘problem’® Partly this is due to the dormative virtue of the Copenhagen
Interpretation;® partly, it is because of the way von Neumann formally
described the issue, thereby effectively smoothing it away. At the philosophical
level it became, and has remained, a convenient hook” on which to hang the

! By virtue of taking quanta to have an independent existence.

? Not to mention the considerable differences in textbook style and content, between not only the
books of Dirac and Weyl, but those more commonly used by physics students, from Heitler’s
Elementary Wave Mechanics to Landau and Lifshitz’s Quantum Mechanics. As Simon argues, the
claim that such texts helped shape the relevant ‘normal science’, to use Kuhn’s phrase, offers too crude a
picture and the diversity and ‘epistemological agency’ of these textbooks should be acknowledged
(Simon 2022, p. 724).

* Jacobsen adds a further dimension to this history by suggesting that the opposition to the
Copenhagen Interpretation from the likes of Einstein and Schrodinger should not be allowed to
obscure the fact that the ‘upcoming’ generation of physicists mostly decided to refrain from getting
involved in any of the ‘philosophical’ debates, preferring instead to adopt a form of ‘pragmatic
instrumentalism’ (2011, p. 376). As we shall see, not all such rising stars took this stance.

* None of the main protagonists used the label before that time, ‘[n]or did other major contributors
to quantum mechanics such as H. Weyl or F. London and E. Bauer refer to a “Copenhagen
Interpretation”” (Chevalley 1999, p. 62).

* A colleague once expressed the view, at a conference attended by both philosophers and physicists,
including some Nobel Prize winners, that the measurement problem was like the fart at a party that
everyone could smell but no one wanted to talk about. Needless to say, this comparison did not go
down well.

¢ As Einstein put it, ‘it provides a gentle pillow for the true believer from which he cannot very easily
be aroused. So let him lie there’ (Letter to Schrodinger, 31 May 1928; Przibram 1967, p. 31).
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various interpretations briefly mentioned above.” However, reflecting these
contentious histories, albeit in a focused or ‘local’ form, here too we find a
‘standardized’ story in which certain elements have been repurposed in the
service of various aims and hence have lost their original philosophical
grounding.

1.2 The Usual Story of ‘The Measurement Problem’

Let us begin with an outline of the ‘problem”: consider an electron and one of its
fundamental (quantum) properties, spin. This has the value of % and can take
two orientations: ‘up’ and ‘down’. According to the formalism of quantum
mechanics (QM), prior to any measurement the spin state of the electron should
be characterized as a superposition of ‘spin-up’ and ‘spin-down’. Furthermore, if
the electron interacts with another particle, or a bigger system, such as an atom,
then the state of the joint system that results should also be characterized as a
superposition of the relevant states and so on with each further interaction.
If the formalism is then taken to apply to all physical systems, including
measurement apparatuses (and as we shall see, this is contentious), then when
the electron interacts with such an apparatus, the joint state should also be a
superposition. However, and here’s the nub of the problem, we never observe
such superpositions. If we were to measure the spin of our friendly neighbour-
hood electron, we would always find it to be either ‘up’ or ‘down’.

The standard way of dealing with the problem is to add a postulate to the
formalism that, bluntly, states that when a measurement is undertaken the
superposition ‘collapses’ into one or other definite state. However, this leaves
the question open: what accounts for this ‘collapse’? It can’t be the dynamics as
represented by Schrodinger’s Equation because that can only generate further
superpositions. As Albert has put it:

[t]he dynamics and the postulate of collapse are flatly in contradiction with
one another...the postulate of collapse seems to be right about what hap-
pens when we make measurements, and the dynamics seems to be bizarrely
wrong about what happens when we make measurements, and yet the
dynamics seems to be right about what happens whenever we aren’t making
measurements. (Albert 1992, p. 79)

7 Bichtold identifies five different ways of describing the measurement problem in the context of
what he calls the ‘standard’ interpretation of QM (Béchtold 2008).
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The usual history has it that this tension was initially managed by situating the
dynamics and collapse in different domains: for Bohr and his followers, these
were the microscopic, where QM held sway, and the macroscopic, where
classical physics prevailed; whereas for the likes of von Neumann and Wigner,
it was, respectively, the physical and the mental. When it comes to the former
view, the ‘collapse’ should be conceived of as a shift in the descriptive resources
that we have available in those respective domains. In the case of the latter,
however, the collapse was understood to be brought about by the insertion into
the measurement process of the non-physical consciousness of the observer.
Both alternatives effectively ‘black boxed’ the problem as far as the majority of
physicists was concerned—they could get on with deploying the theory to
explain and predict everything from conduction in metals to the formation of
chemical bonds, leaving the issue of how this supposed ‘collapse” was effected to
those of a more philosophical inclination. Under sustained pressure, however,
both options began to crumble by the late 1950s and early 1960s. That then
opened up conceptual space for alternative ways of resolving the tension.

My aim in this book is to suggest that this story misses out a crucial
component, as manifested in the fittle book’ by London and Bauer (London
and Bauer 1939; English trans. London and Bauer 1983). On the one hand this
played a crucial role in shaping the above story, deployed extensively as it was
by the main protagonists but, on the other, its grounding in a very distinctive
philosophical tradition, namely Husserlian phenomenology, went unnoticed
for many years. Excavating and further exploring this aspect then not only
leads us to a deeper understanding of the history of philosophical engagement
with twentieth-century physics but also expands the relevant conceptual space
to accommodate an approach to the measurement problem that is quite
different from all the others ‘on the table’.

In the following two chapters the above ‘consciousness causes collapse’
solution will be presented in its historical context, and in particular, von
Neumann’s and Wigner’s views will be covered in some detail. As will become
apparent, it was Wigner who, in effect, appropriated London and Bauer’s ‘little
book’ for his own ends, thereby obscuring its central message. We will then
consider Putnam’s and Shimony’s criticisms of this view, together with
Margenau and Wigner’s responses, again highlighting the importance of
London and Bauer’s work in ‘shaping’ this debate and its aftermath. This
also included the attempt to relate the ‘consciousness causes collapse” solution
to parapsychological phenomena, in the context of which it was, briefly,
acknowledged by Shimony that London and Bauer’s approach had, in fact,
been misunderstood.
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In Chapter 4 I will lay the basis for the ‘alternative’ history, beginning with
London’s philosophical roots in Husserlian phenomenology.® This will involve
an extensive discussion of the phenomenological understanding not only of
consciousness, and of the ego in particular, but of science and ‘reality’ in
general, all of which is presented in Chapter 5. I should say upfront that there
is more to phenomenology than an emphasis on ‘experience’, however under-
stood, and hence that following a phenomenological approach to QM will
not lead to a position that might be described as ‘Copenhagen-adjacent’.’
As T hope you'll see, it is a lot more interesting than that.'

This will provide the philosophical background necessary for understand-
ing London and Bauer’s analysis of measurement, which we shall revisit in
Chapter 6, together with Putnam’s and Shimony’s criticisms, which will now
be seen to have missed the mark completely. The phenomenological under-
standing of objectivity is central to this analysis and in Chapter 7 we shall
consider this in more detail. I shall suggest there that London and Bauer’s
work can be conceived as a kind of completion of Husserl’s final work,
The Crisis of the European Sciences (Husserl 1970Db).

This issue of establishing objectivity will lead us nicely into a discussion of
the so-called ‘QBist’ interpretation of QM, which, it has recently been
argued, should be augmented by phenomenological considerations, due to
its subjectivist underpinning. The work of another well-known phenomeno-
logical philosopher, Merleau-Ponty, has been cited extensively in this regard
and as I shall indicate, he too drew heavily on London and Bauer’s analysis. As
a contrast, I shall suggest that the ‘correlational’ aspect of phenomenology,

® That he never forgot or abandoned these ‘roots’ offers a nice contrast to his contemporaries whose
‘philosophical pronouncements. .., no matter how strongly expressed, should not be taken as general
and long-term commitments, but as context-dependent and flexible’ (Kojevnikov 2020, p. 83).

° Crease and Sares, for example, write that ‘Phenomenology is critical of the claims and pretentions
of some of the realist interpretations of quantum mechanics—many worlds, hidden variables—because
at least from a phenomenological perspective, they make some kind of leap to something that cannot be
given and thus known to be the case’ (2020, pp. 558-9; it is precisely for this kind of attitude that
phenomenology has often been dismissed from the perspective of the philosophy of science; see Rouse
1987). As we'll see, that represents only one particular, and perhaps rather narrow, understanding of
what phenomenology is all about. In response, Fuchs rightly laments that this is resonant of the
reluctance of certain philosophers to learn from physics (ibid., p. 559). For an alternative view of the
relationship between phenomenology and quantum physics, see Berghofer, Goyal, and Wiltsche (2021).

1% In his critique of my account, Alves suggests that it is ‘tantamount to explaining the less obscure by
the more obscure and...compromise[s] phenomenology with a controversial interpretation—the so-
called “Copenhagen interpretation”—where something like mysterious “collapses” appear as a postulate
of the theory’ (2021, p. 478). I shall respond to Alves’ arguments later but let me just emphasise here that
it is a mistake to situate London and Bauer’s work within the ‘Copenhagen Interpretation’ (which is a
retrospectively applied label anyway, as noted above); and relatedly, that the core feature of that work, at
least so far as I understand it, effects a shift away from this notion of ‘collapse’.
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exemplified by the latter, invites comparisons with the Everettian and
Relationalist interpretations, covered in Chapter 9. My tentative claim is that
this approach offers the possibility of an alternative interpretation that accom-
modates both the emphasis on the relevant relations manifested by these
interpretations and the significance of the role of the observer that is high-
lighted by QBism.

And then I shall wrap things up with a brief consideration of whether a
phenomenological approach to QM should be regarded as an interpretation or
reconstruction of the theory—as we’ll see, it is really neither.



2
The Orthodox Solution, Its History
and Multiplicity

2.1 Introduction

Even making good on the title of this chapter and outlining the ‘orthodox
solution(s)’ to the measurement problem presents a bit of a historical
problem." First of all, precisely when this came to be seen as a ‘problem’
per se is unclear. Heisenberg certainly referred to the reduction of the wave-
function during measurement as early as 1927 in his classic paper presenting
the Uncertainty Principle (Heisenberg 1927; see Jahnert and Lehner 2022).
There he wrote that in this process, measurement selects a definite value for an
observable from the ‘totality of possibilities’ (Heisenberg 1927, p. 184).
According to Beller, Heisenberg thereby ‘inaugurated the notorious measure-
ment problem of quantum mechanics’ (Beller 1999, p. 67). Interestingly, the
source of this idea, according to Heisenberg himself, lay in an analogy with
Fichte’s view of perception as involving the self-limitation of the ego: ‘in every
act of perception we select one of the infinite number of possibilities and thus
we also limit the number of possibilities for the future’ (Heisenberg 1952,
p. 28);> a statement that is almost identical to the final words of Heisenberg’s
1927 paper (Beller 1999, p. 67).% In a sense, then, the birth of the measurement
problem is tied to considerations of the nature and role of the ego.*

! This is related to the aforementioned issue of delineating the Copenhagen Interpretation.

* The analogy was first pointed out by Heisenberg five years after the publication of the 1927 paper,
in a talk given to the Academy of Science in Saxony (Beller 1999, p. 67).

* Fichte developed a radical form of Kantian transcendental idealism founded on a purely subjective
basis according to which ‘the I posits itself as self-positing’ (Breazeale 2018). The notion of ‘posits’ here
means ‘to reflect upon’, so the idea is that the essence of the ego lies in the assertion of its self-identity.
Since such an assertion is both a ‘doing’ and a ‘knowing’ the ego here is not to be identified with any
kind of substance, Cartesian or otherwise. As we shall see, this idea of the ego as crucially involving the
act of reflection will feature prominently in our later discussions, as will Fichte’s insistence that the T
actually exists only as embodied. Although he planned to develop a ‘philosophy of nature’ on this basis,
Fichte didn’t actually follow through, presenting only a ‘very compressed’ account of space, time, and
matter (Breazeale 2018).

* For more on Heisenberg’s reflections on the nature and role of the subject-object divide within
QM, see Carson 2010.

A Phenomenological Approach to Quantum Mechanics: Cutting the Chain of Correlations. Steven French,
Oxford University Press. © Steven French 2023. DOI: 10.1093/0s0/9780198897958.003.0002
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Notably, however, in his classic exposition of the foundations of the theory,
von Neumann does not present the issue as a problem as such, referring to
‘The Measuring Process’ in chapter six (von Neumann 1932/1955); nor do
London and Bauer, as we'll see. It also doesn’t seem to feature in early
presentations of the theory, such as Birtwhistle (1929), Darwin (1931),” or
Dirac (1930); although he does argue for a different dynamics when it comes
to observations; see Barrett (1999, pp. 27-30).° Bohr and Rosenfeld do refer to
‘the usual quantum mechanical measurement problem’ in 1933 but the con-
text here is the measurability of electromagnetic field quantities (Bohr and
Rosenfeld 1933; see also Jacobsen 2011). As Christian de Ronde has noted (in a
post to the HOPOS email list), if you use Google’s Ngram viewer, the phrase
‘measurement problem’ doesn’t really take off until the late 1940s and
‘quantum measurement problem’ not until the late 1960s.” Freire Jr suggests
that Wigner was one of the first to use the phrase (Freire Jr 2015, p. 142) and
records that ‘[in] the second half of the 1950s there was a rise of studies on the
measurement problem’ (ibid., p. 86).°

Second, as Freire Jr has also noted, although [t]he existence of an “orthodox
view” of quantum mechanics was generally taken for granted since the 1930s,
the meaning of such a label was far from being univocally determined’ (Freire
Jr 2015, p. 79). One avenue of approach is to delineate two rival claimants to
the title, as sketched in the previous chapter: on the one hand, Bohr, and
followers such as Rosenfeld, insisted on drawing a clear distinction between
the microscopic domain, in which the system under observation is situated
and which is appropriately described by QM, and the macroscopic measure-
ment context, where we are constrained by our inescapable reliance on

* Recycling a quote from an earlier work by Darwin (1929), previously given in Bitbol (2000, p. 47),
Alves has suggested that the former anticipated von Neumann’s approach (Alves 2021, p. 459).
However, as we'll see, this suggestion is problematic.

¢ Simon notes that such books played a major role in establishing the completeness and coherence of
the theory (Simon 2022, p. 720).

7 In response to another question posted to the HOPOS list about when the measurement problem
was ‘discovered’, Kristian Camilleri wrote, ‘My best answer to the question posed is that the idea that
there was some “unsolved problem” only gradually crystallized in the 1950s, largely as a result of the
new wave of challenges to the orthodoxy. But even here the “orthodoxy” was, in some sense an
invention, characterized by different authors in various ways to suit their own agendas. Nevertheless,
these post-war challenges did provoke a number of physicists to look at the matter in greater depth than
it had been previously. It was during this time that we begin to see a sharp rise in the use of the term
“measurement problem”” (private communication). As we’ll note, Putnam played a role in pushing
physicists to take the issue seriously.

® Having said that, one can find indications of concerns regarding what we would now call the
‘collapse’ of the wave-function in the discussions at the famous 1927 Solvay Conference, with
contributions from Dirac, Einstein, and Heisenberg (see Barrett 1999, pp. 22-30; also Jahnert and
Lehner 2022).
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classical language;” on the other hand, von Neumann, accepting that the
theory applied in both microscopic and macroscopic cases (a stance that
underpinned his famous no-hidden-variables ‘proof*® and which was further
exemplified by London’s work on superconductivity as a macroscopic quan-
tum phenomenon, for example),'" argued that where we draw the line is an
arbitrary matter and, while not being explicit about the role of the extra-
physical consciousness of the observer, opened the door to such consider-
ations (fully thrown wide by Wigner, as we’ll see).’?

However, as Freire Jr has noted, Bohr’s approach failed to gain much
purchase in the textbooks that were crucial, of course, for educating the next
generations of physicists (Freire Jr 2015, pp. 78-80). Indeed, in his report of
1957 on the possible translation of de Broglie’s book, La théorie de la mesure
en mécanique ondulatoire, Rosenfeld complained that ‘[t]here is not a single
textbook of quantum mechanics in any language in which the principles of this
fundamental discipline are adequately treated, with proper consideration of
the role of measurements to define the use of classical concepts in the quantal
description’ (cited in Freire Jr 2015, pp. 78-9). He then went on to dismiss von
Neumann’s discussion of measurement (von Neumann 1932/1955) as creating
‘unnecessary confusion and [raising] spurious problems’ (cited in Freire Jr
2015, p. 80)."* Nevertheless, it is von Neumann’s analysis of the measurement
situation that is perhaps most often cited, at least in philosophical discussions
of the problem (see, for example, Jammer 1974, pp. 474-9; Barrett 1999,
pp- 30-7)."* This is founded on a division of all physical processes into two:

° For more on Bohr’s interpretation of QM see Faye 2019 and for further consideration of his view of
the micro-macro distinction in particular, see Zinkernagel 2015.

1% Mitsch has argued that it is crucial for the proof that QM is taken to apply to the macroscopic
measurement apparatus (Mitsch 2022).

"' Anderson has suggested that London paid for this ‘unpopular choice of subject matter’ by being
excluded from the Manhattan Project, after emigrating to the USA (Anderson 2005, p. 29). We shall
consider London’s career in Chapter4 but he himself apparently felt that he was excluded from
government projects because he was not yet a naturalized citizen (Gavroglu 1995, p. 192; this stands
in contrast with the situation of his brother Heinz who remained in the UK and was recruited to the
British atomic bomb project). It may also have been a case of who knew whom, with many participants
in the Manhattan team being either an employee, alumni, or a student at UCLA Berkeley (where
Oppenheimer and Fermi were employed) or the University of Chicago and even then it was often a case
of being in the right place at the right time (thanks to Ann Bart of the National Museum of Nuclear
Science and History for suggesting this; see also Oppenheimer 1965). Anderson also referred to the
London and Bauer work as an ‘obscure paper’ that ‘took on the notorious Bohr-Einstein debates’ (ibid.)
and wrote, ‘[t]his is the earliest paper I know of that expresses the most commonsense approach to the
uncertainty principle and the philosophy of quantum measurement’ (ibid.).

> The von Neumann variant, as elaborated by Wigner in particular, is sometimes called ‘the
Princeton Interpretation’.

'* As Jacobsen has noted, ‘Bohr never recognised von Neumann’s axiomatic approach’ (2011, p. 392).

' The extent to which this can be viewed as incompatible with Bohr’s approach depends on which
features of the two views are taken to be central, which obviously relates to what is understood by ‘the
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Processes of the First Kind: these are the processes involved in measurement
(von Neumann referred to them as ‘arbitrary changes’) and are discontinuous,
non-causal, and irreversible;

Processes of the Second Kind: these are the processes (or ‘automatic changes’)
described by the equations of motion and are continuous, causal, and
reversible.

According to von Neumann, processes of the first kind cannot be reduced to
processes of the second kind and so the relationship between the two has come
to characterize the heart of the measurement problem. Obvious questions now
arise such as: where and how do processes of the first kind take place?

As to the ‘where?, the answer will depend on which of the above two
approaches—Bohr’s (broadly understood) or von Neumann’s—one adopts.
According to the former, the transition between processes of the second kind
and those of the first kind takes place in the shift from microscopic to
macroscopic phenomena, whereas according to the latter, a ‘chain’ argument
supports the answer that it takes place at the boundary between the subjective
experience of the observer and the ‘objective’ world (see Jammer 1974,
pp- 479-81)." Let us consider these two answers in a little more detail—as
we'll see they do exhibit a certain commonality.

2.2 Heisenberg’s ‘Cut’ and von Neumann’s ‘Chain’

An obvious concern about the ‘Bohr approach’ (again, broadly understood)
has to do with how we should draw the distinction between ‘microscopic’ and
‘macroscopic’ systems in such a way that QM can be taken to apply to the
former and classical mechanics to the latter. Heisenberg offered a response
through the device of a ‘cut’ (‘Schnitt’), articulated in most detail in his
(unpublished) 1935 response to the famous ‘Einstein-Podolsky-Rosen’

Copenhagen Interpretation’ (see, again, Freire Jr 2015, pp. 80-1). Feyerabend (who we shall return to
later) described the latter as a ‘mixed bag’ and hence, ‘putting your hand into this bag you may come up
with almost anything you want’ (cited in Freire Jr ibid., p. 80 fn. 19). Howard, for example, has noted
that the collapse of the wave-function is central to the popular image of the Copenhagen Interpretation
but that Bohr never mentioned this ‘or any of the other silliness that follows therefrom, such as a
privileged role for the subjective consciousness of the observer’ (Howard 2004, p. 669). Hence there
exists only a ‘tenuous relationship’ between this interpretation and Bohr’s notion of complementarity
(ibid., pp. 670-1). Peres has suggested that ‘[t]here seems to be at least as many Copenhagen
interpretations as people who use that term, perhaps even more’ (Peres 2002, p. 29).

'* This issue of the subjective-objective distinction, and in particular, how it should be character-
ized, will crop up again and again.
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(EPR) argument, although he mentioned it earlier (in his famous Chicago
lectures of 1929 for example; see Bacciagaluppi and Crull forthcoming,
pp- 109-33).'° The aim of this device was to separate those systems to
which the quantum formalism should be applied from those—typically
macroscopic—which fell under a classical description. Heisenberg argued,
first, that the statistical or probabilistic aspect associated with QM must be
situated at the cut but, second, that where that cut is drawn is arbitrary (and in
that respect we see the commonality with von Neumann’s argument).

The argument for the first conclusion is really straightforward: since deter-
ministic equations hold on both sides of the cut, the probabilistic element has
to be introduced at the cut itself (Bacciagaluppi and Crull forthcoming,
p. 117). Furthermore, Heisenberg claimed that this element comes about due
to the observation producing ‘a fundamentally uncontrollable disturbance of
the system’ (ibid., p. 121).

The argument for the second, however, is a little more complex: Heisenberg
began by imagining what was to become a commonplace set-up consisting of
the system to be measured, a chain of measuring devices, and the observer. He
then considered three possible scenarios: (i) the cut is placed between the
system and the first measuring device; (ii) it is placed beyond that device but
before the next; (iii) it is placed after the next device in the chain but before the
observer. In the first case, the system is treated quantum mechanically, of
course, and the probability of a given outcome is obtained via the Born Rule,
which relates it to the modulus squared of the relevant wave-function (we shall
return to consider the basis for this rule in Chapters 8 and 9). In case (ii), the
quantum formalism is applied to the composite of the system and the first
measurement device with the second device treated classically. Heisenberg
then showed that the probability of the given outcome is the same as that in
the first case; and likewise for the third. Since these cover all possible ways the
cut can be made, Heisenberg concluded that the predictions of QM with
regard to a given outcome are the same no matter where the cut is placed
(Bacciagaluppi and Crull forthcoming, pp. 115-16)."

According to Bacciagaluppi and Crull, this device plays a different role in
each of the above two arguments: as a means of demarcating the system to be

!¢ In a letter to Heisenberg on this notion of a cut, Pauli wrote ‘it seems to me that in a systematic
construction of quantum mechanics one should start from the composition and separation of systems
more so than has been done to date’ (quoted in Bacciagaluppi and Crull forthcoming, p. 337).

7 As Bacciagaluppi and Crull also point out, the placement of the cut is not completely arbitrary
since if the first device is itself microscopic, it would have to be situated on the quantum mechanical
side. Thus, the cut cannot be shifted arbitrarily ‘towards’ the system (Bacciagaluppi and Crull
forthcoming, p. 116).
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observed from that effecting the observation, ‘the cut is an imaginary divide
necessarily imposed by the experimentalist on any system to be investigated,
classical or otherwise’ (ibid., p. 117). However, as a mark of where probability
enters the picture, in the move from quantum to classical mechanics, it has to
be understood as a novel element introduced by virtue of the characteristics of
the former. In neither case, however, should it be understood as a physical
divide, since this would imply a discontinuity ‘at some place between the
macroscopic and the microscopic events [...] for which not the slightest
indications are present either in experience or in the quantum mechanical
formalism’ (ibid., p. 120).

A rigorous proof of the movability of the ‘cut’ was subsequently given by
von Neumann but although he acknowledged the ‘similar considerations of
Heisenberg’ (von Neumann 1932, p. 262, endnote 208; 1955, p. 421, footnote
208), and referred to the latter’s Chicago letters, von Neumann insisted that
‘essential elements’ of the discussion were derived from conversations with his
colleague and compatriot Szilard (Baccigaluppi and Crull forthcoming,
p. 117). Whatever the provenance, this idea of demarcating the quantum
domain from the non-quantum was clearly ‘in the air’ at the time and provides
a signiifcant commonality between the above two solutions to the measure-
ment problem."® The difference, of course, is that von Neumann allowed for
the cut to be made between the observer and the measurement apparatus-
plus-system, thus opening the door for consciousness to play a role.

2.3 The von Neumann-London-Bauer Theory

When it comes to the question of how a process of the first kind occurs, the
formal side of the response is represented by the so-called Projection
Postulate, that essentially captures the idea of wave-function collapse:'* in
terms of the formalism, a ‘projection operator’ is introduced that, as the name
suggests, projects the wave-function onto a sub-space of the relevant Hilbert

'* According to Zinkernagel Bohr also thought the cut was movable, in effect, since he argued that
any system could be treated quantum mechanically in principle, but that not all could be treated so
simultaneously, since in any given experimental context, some part of the total system must be
regarded in classical terms (Zinkernagel 2015, p. 8).

'* The term ‘projection postulate’ was introduced by Margenau, who argued—in the 1930s—that the
process it represented was in fact unnecessary and dispensable (Jammer 1974, p. 481, fn. 17). Even if
this ‘absurdity’, as he called it, were justified by the introduction of consciousness or the ego, he insisted
that QM would have to show rather more competence in the psychological realm before the proposal
could be taken seriously (Margenau 1937). We'll come back to Margenau’s views.
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space associated with the result of the (strictly ideal) measurement, where that
transition occurs with a certain probability, corresponding to that of obtaining
the given result (see Goldstein 2009). With the mechanism of projection
understood as having something to do with consciousness, this was under-
stood as reducing the solution to the measurement problem in QM to the
solution of the mind-body problem in general and, as we’ll see, concerns
arising from the latter were then carried over to the former.*

Now, this is one of the points where our narrative of ‘the usual story’ splits
into multiple iterations. Many popular accounts ascribe this introduction of
consciousness to von Neumann himself (see, for example, Brooks 2012).
However, more nuanced analyses acknowledge that von Neumann actually
said very little about the nature and role of consciousness and suggest that it
was actually London and Bauer and, subsequently, Wigner who emphasized
its significance.”!

Thus, Herbert, for example, has stated that:

von Neumann himself merely hinted at consciousness-created reality in dark
parables. His followers, notably London, Bauer and Wigner, boldly carried
von Neumann’s argument to its logical conclusion: If we wholeheartedly
accept von Neumann’s picture of quantum theory, they say, a consciousness-
created reality is the inevitable outcome. (Herbert 1994, p. 249)*

Likewise, according to Gavroglu:

von Neumann did not include the consciousness of the observer to [sic]
the measuring chain. The novelty of the London-Bauer treatment was the
explicit claim that the reduction of the wave function was the result of the
conscious activity of the human mind.

(Gavroglu 1995, p. 171; cf. Shimony 1963, p. 758)*

?* Thus, von Neumann’s approach has been described as dualistic (see Jammer 1974, p. 482).

! Jammer notes that von Neumann was ‘rather reticent’ when it came to the details of processes of
the first kind (1974, p. 481).

> Herbert can be taken to be representative of a certain view of the role of consciousness in QM, one
that has been associated with books such as The Tao of Physics and The Dancing Wu Li Masters (see
Marin 2009). He was a member of the ‘Fundamental Fysiks Group’ which also explored the relation-
ship between QM and telepathy which we shall touch on later. Herbert proposed a method for sending
signals faster than the speed of light using quantum entanglement, the refutation of which led to the
famous ‘no-cloning theorem’, proved by Wooters, Zurek, and Dieks (see Kaiser 2011).

?* See also the Wikipedia article on the ‘Von Neumann-Wigner Interpretation’; https://en.
wikipedia.org/wiki/Von_Neumann-Wigner_interpretation


https://en.wikipedia.org/wiki/Von_Neumann%E2%80%93Wigner_interpretation
https://en.wikipedia.org/wiki/Von_Neumann%E2%80%93Wigner_interpretation
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Although such presentations highlight the significance of London and Bauer’s
approach, which, as understood (incorrectly as it turns out) by Wigner, did
bring consciousness into philosophical prominence,® they have not only
failed to grasp the overall philosophical ‘shape’ of that approach, and as a
result have misunderstood its radical nature, but have perhaps also given von
Neumann too little credit in this regard.*®

Thus, Herbert again went on to claim that London and Bauer’s work is a
mere ‘elaboration’ of von Neumann’s*® and characterized the argument in the
following way: according to QM, prior to an observation being made the world
is nothing but ‘pure possibility’ (Herbert 1994, p. 249); but then, ‘out of what
solid stuff do we construct the device that will make our first observation?’
(ibid., p. 249); either there must be certain physical systems that do not fall
within the remit of QM or there are non-physical systems that possess ‘single-
valued actuality’; the former is ruled out by experiment, whereas the existence
of one example of the latter is incontestable: consciousness. Hence, he insisted,
London and Bauer concluded that consciousness is required to ‘create reality’
in the sense of bringing ‘an actual world into existence, out of the all-pervasive
background world of mere possibilities’ (ibid., p. 250).

Similarly, de Broglie, in his treatise on the treatment of measurement in QM
(de Broglie 1957), referred repeatedly to the ‘von Neumann-London-Bauer’
theory, taking London and Bauer’s work to be no more than a presentation of
the core concepts of von Neumann’s approach.”” De Broglie placed this in the
section entitled, ‘Less-admissable consequences of the theory of measurement
in the present interpretation of wave mechanics’, and maintained that some of
these consequences are ‘truly difficult to accept’ (ibid., p. 30). Thus, he wrote
that, ‘[i]n the von Neumann-London-Bauer theory, one must even say that it

** Hooker, for example, has noted, ‘[e]xamples of even well-informed scholars who nonetheless
write as if there is more or less a single school of “orthodox” thought [include] Wigner...who lumps
von Neumann, Heisenberg and London and Bauer with Bohr’ (Hooker 1972, p. 262, fn. 51). Hooker
himself understood London and Bauer as re-presenting von Neumann’s ‘subjectivist’ approach (ibid.,
p. 75).

% Likewise, in his generally excellent historical study, Freire Jr refers to London and Bauer’s ‘little
book’ as ‘intended to clarify the puzzling aspects” of von Neumann’s work (2015, p. 86).

?¢ Gavroglu has also portrayed London and Bauer as undertaking to ‘analyze further the role of the
observer which von Neumann had not fully elaborated’ (Gavroglu 1995, p. 171). Likewise, Becker
contends that von Neumann was not very clear on this but that ‘[s]Jome took him to be saying that
consciousness itself causes the collapse of the wave function; this was a view promoted by physicists
Fritz London and Edmund Bauer in a book they wrote several years later, heavily influenced by von
Neumann’s work’ (Becker 2018, p. 68). Finally, similar sentiments can be found scattered among the
essays in a recent collection (Gao 2022), with the exception of Bitbol (2022), which I shall come to in
Chapter 6.

7 This work was published in the series “The Great Problems of Science’, edited by Paulette Fevrier-
Destouches who we shall encounter again in Chapter 8. It is significant that a work on measurement in
QM was published in a series on problems in science.
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is the awareness of the macroscopic phenomenon by the observer that
localizes the corpuscle...However, that seems truly unacceptable!’ (ibid.,
p. 66).2* And the reason is that if the observer were to close her eyes, a definite
macroscopic outcome would still result (see also p. 77, where he stated that the
approach is inadmissible because ‘[s]Jomething that happens in the perception
of an observer cannot provoke a physical effect at a distance’).”’

Of course, as we'll see, these are not accurate characterizations of London
and Bauer’s view by any means: it is not the case that they held that the pre-
observed world is one of mere possibility, with consciousness as the only
actuality through the action of which reality is created; nor did they under-
stand the role of consciousness in their account to be that of producing some
sort of collapse, effecting the ‘localization’ of the corpuscle or whatever, or
more generally, a reduction from one kind of process to another, as von
Neumann framed it. Before we consider the details of their view, however,
we should look at von Neumann’s work a little more closely.*

2.4 Psychophysical Parallelism

Von Neumann is, of course, renowned as an outstanding mathematician,
having made significant contributions across a wide range of fields, including
physics (see Bhattacharya 2021 and https://en.wikipedia.org/wiki/John_von_
Neumann). He studied chemical engineering at the Swiss Federal Institute of
Technology at Zurich, where Einstein had been both a student and a lecturer
and at the same time obtained a PhD in mathematics at the Pazmany Peter
University in Budapest. After working with Hilbert in Géttingen®! he became
the youngest ever Privatdozent at Berlin and briefly worked in Hamburg
before being invited to Princeton, where, after a few years, he was offered a
lifetime Professorship at the Institute for Advanced Study.

** De Broglie’s preferred solution was to adopt his version of the ‘causal’ interpretation of QM which
is typically regarded as an early form of Bohmian mechanics.

** De Broglie did at least note London and Bauer’s insistence that it is not some ‘mysterious
interaction’ that produces a new wave-function for the system but rather (spoiler alert!) there is a
separation of the T from the correlation (de Broglie 1957, p. 30). However, he went on to say that he
finds this ‘separation’ to be much more mysterious than any such interaction. Of course, it is my
intention here to dissipate this air of mystery!

3 See also Atmanspacher: ‘By contrast to von Neumann’s fairly cautious stance, London and Bauer
(1939) went much further and proposed that it is indeed human consciousness which completes
quantum measurement. .. In this way, they attributed a crucial role to consciousness in understanding
quantum measurement—a truly radical position’ (Atmanspacher 2015).

! According to Nordheim, it was here that he became interested in QM (Nordheim 1962).


https://en.wikipedia.org/wiki/John_von_Neumann
https://en.wikipedia.org/wiki/John_von_Neumann
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When it comes to quantum physics, von Neumann is most well known for
his introduction of what is now regarded as the ‘standard’ Hilbert space
formalism for the theory® in his Mathematical Foundations of Quantum
Mechanics, published in 1932 (in German; and in English with Beyer as
translator in 1955; it was then further revised by Wheeler in 2018).>* Within
this framework, observables are represented by linear operators acting on the
vectors representing states of the system and both the matrix mechanics of
Born, Heisenberg, and Jordan and Schrodinger’s wave mechanics ‘drop out’ as
particular representations of the formalism (see Muller 1997a and b).** It is in
this work that von Neumann presented his (in)famous ‘no-hidden-variables’
proof, the flaws in which were set out at the time by the mathematician and
neo-Kantian philosopher Grete Hermann®® and subsequently rediscovered by
Bell (see Crull 2022 and Bacciagaluppi and Crull forthcoming, pp. 121-5).%¢

More significantly for us, of course, it is within this framework that von
Neumann identified the afore-mentioned processes of the first and second
kind and presented the ‘chain argument’ in the context of his ‘psychophysical
parallelism’. Let’s look at this argument in a little more detail, after which we’ll

*> He also played a crucial role in the application of the mathematics of group theory, guiding and
supporting Wigner in this respect (see Chayut 2001).

** Shortly after publication of his book, von Neumann expressed his dissatisfaction with this
formalism due to concerns with the interpretation of quantum probabilities (Rédei 1996; see also
Bueno 2016). Nevertheless, he decided to retain it when he prepared the book for translation, even
though that required the text to be ‘extensively rewritten’ since the ‘peculiar scope’ of the work, tying
together as it does mathematical-physical considerations with those of a ‘philosophical-
epistemological’ nature, ‘requires a very specific and sensitive use of the language’ (von Neumann to
the publisher, 1949, in Rédei 2005, p. 91). He went on to note that he ‘practically had to rewrite
Dr Beyer’s translation’ (ibid.), taking him six months, including preparation.

** Recalling our earlier discussion, it is in the context of this framework that the ‘reduction’ or
‘collapse’ of the wave function, previously introduced by Heisenberg, came to be understood as a
manifestation of the measurement problem (see Jahnert and Lehner 2022).

* Hermann studied with the neo-Kantian philosopher Leonard Nelson who was a friend of
Hilbert’s and worked with Husserl.

¢ However, Mitsch (2022) has argued that Bell’s dismissal of the proof as ‘foolish’ is unduly harsh
and that criticisms of it fail to appreciate the context in which von Neumann was working: rather than
attempting to achieve an axiomatic reconstruction of quantum mechanics, he was applying Hilbert’s
methodology in order to arrive at a form of ‘axiomatic completion’ of the theory, ‘where “quantum
mechanics” refers to a specific theory of quantum phenomena rather than, vaguely, to any theory of
quantum phenomena’ (ibid., p. 84). So, the idea was to take the qualitative core of the theory, in terms
of the combination of probability, uncertainty, and measurable quantities and develop an appropriate
mathematical framework that would embrace these essential ingredients. Within that framework there
simply is no room for hidden variables. Thus, in section IV.1 of the book he offered a qualitative proof
and then asked: does the Hilbert space formalism bear this out? The answer was given in section IV.2
and was no, of course, but trivially so; the proof demonstrates that the Hilbert space framework is the
unique formalism for QM, as so considered. However, as von Neumann recognized, one could
consider ‘the’ theory, insofar as one can talk about such, in other terms and that would yield a different
formalism, as in the case of Bohmian mechanics say (this obviously bears on issues as to what we take
the referent of ‘quantum mechanics’ to be; see French 2020). Stoltzner has noted that von Neumann
attended a lecture by Bohm at Princeton and did not raise any objections (see Stoltzner 1999).
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consider some further remarks von Neumann made about the role of the
observer (see also Barrett 1999).

So, in chapter VI of Mathematical Foundations entitled “The Measuring
Process’, von Neumann began by setting out his processes of the first and
second kind, the latter, we recall, being governed by Schrédinger’s Equation
and the former occurring when a measurement is made. He then invited the
reader to compare the formal presentation with the circumstances that ‘actu-
ally exist in nature, or in its observation’ (2018, p. 272). He noted, first, that:

it is inherently correct that measurement or the related process of subjective
perception is a new entity relative to the physical environment, and is not
reducible to the latter. Indeed, subjective perception leads us into the intel-
lectual inner life of the individual, which is extra-observational by its very
nature, since it must be taken for granted by any conceivable observation or
experiment. (ibid.)*’

He then introduced his Principle of Psychophysical Parallelism:

it must be possible so to describe the extra-physical process of subjective
perception as if it were in the reality of the physical world; i.e., to assign to its
parts equivalent physical processes in the objective environment, in ordinary
space. (2018, p. 272)

In other words, the Principle requires that there be some form of correlation
between this ‘extra-physical process of subjective perception’ and physical
events such that our physical theory can describe, at least in coarse-grained
terms, the former (see Barrett 1999, p. 47). Von Neumann went on to say that
‘in this correlating procedure there arises the frequent necessity of localizing
some of these processes at points which lie within the portion of space
occupied by our own bodies. But this does not alter the fact of their belonging
to the “world about us”, the objective environment referred to above’ (von
Neumann 2018, p. 272).

% Here we find a particular difference between the German original and the later English transla-
tion, as von Neumann originally stated that the process of ‘subjective apperception’ leads into the
‘uncontrollable’ mental inner life of the individual; I am grateful to Michael Stoltzner for pointing this
out to me and for suggesting that this can be related to the notion of the ‘pre-reflexive cogito’, as
discussed by Fichte for example. The idea here is that the reflective form of self-awareness, in which the
self takes itself as an object, presupposes a non-reflective form in which the self posits its own existence
by merely existing, since ‘it is necessary for the reflecting self to be aware that the reflected self is in fact
itself’ (Smith 2020).
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The process of measuring temperature is a useful example here:*® we can
begin by looking at the mercury in a thermometer and declaring, ‘This is the
temperature as measured by the thermometer.” But we can go further and by
taking the relevant properties of the mercury, together with the relevant laws,
calculate the length of the mercury column, and say ‘This length is seen by the
observer.” Pressing on, we can consider the light source and track the path of
the photons and say, ‘This image is registered by the retina of the observer’ and
of course we can go even further, to consider the relevant chemical reactions
and electro-chemical impulses in the brain. However far we go, at some point
we have to stop and declare, ‘And this is perceived by the observer’:*’

That is, we are always obliged to divide the world into two parts, the one
being the observed system, the other the observer®.... The boundary
between the two is arbitrary to a very large extent.

(von Neumann 2018, p. 272)

So, we can always push the boundary between the two as far as we like ‘into the
body of the observer’, according to the Principle of Psychophysical Parallelism.
However, if that Principle is not to be vacuous, the boundary has to be placed
somewhere and, according to von Neumann, ‘experience only makes state-
ments of this type: “An observer has made a certain (subjective) observation”,
and never any like this: “A physical quantity has a certain value™ (2018,
p. 273). Indeed, he continued, the Principle will be violated unless it is

8 As Barrett has suggested, this ‘everyday’ example serves the rhetorical purpose of encouraging us
not to worry about the two different kinds of processes involved in measurement in the quantum
context (Barrett 1999, p. 47).

* As noted earlier (fn. 5), Alves has claimed that this approach was anticipated by Darwin, who
considered a similar chain involving a-particle decay and the scintillations produced, to conclude that
‘we can put the inexplicable feature of the quantum theory, the irreconcilability of wave and particle, in
exactly the place where we have got in any case to have an inexplicability, in the transfer from objective
to subjective’ (Darwin 1929, p. 393). However, as the passage cited by Alves (2021, p. 459, fn. 16) and
Bitbol (2000, p. 43) before him, makes clear, Darwin was primarily concerned with accounting for the
appearance of particle-like behaviour in terms of a wave-based ontology. Thus, he argued that there is
no need to invoke such behaviour at any point in the chain, until it reaches the consciousness of the
observer, after which it becomes possible to ‘infer back’ and describe what happened using particle
language. The ‘transfer’ from the objective to the subjective, then, has to do with accommodating wave-
particle duality, rather than the measurement problem per se. Interestingly, Darwin developed an early
form of ‘wave-function realism’ in terms of a multi-dimensional ‘sub-world’ in which the wave-
function expresses everything that could possibly happen and there is no mention of observation at
all (1929, p. 393). Our consciousness then, in effect, ‘cuts sections’ of this world of potentialities when
it makes observations, which are then described in a language ‘foreign’ to it (ibid., p. 394; for more
on Darwin’s interpretation of QM and his insistence on retaining a visual representation, see
Navarro 2009).

% This of course is von Neumann’s version of the ‘cut’, discussed previously (see Stéltzner 2006,
p. 505).
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accepted that the boundary between system and observer can be arbitrarily
shifted, given that the ‘duality’ represented by the above two processes is
fundamental to the theory.*!

To illustrate this further, von Neumann invited the reader to consider the
world as divided into three parts (and here we can note the similarity with
Heisenberg’s approach):*? I the system actually observed; II the measuring
instrument; and III the actual observer. In the comparison of the first and
second cases of the above example, I is the given system, II the thermometer,
and IIT the light plus the observer; in the comparison of the second and third
cases, I is the system plus the thermometer, II is the light plus the eye of the
observer, and III is the observer, from the retina on. However, in the com-
parison of the third and fourth cases, I is everything up to the retina; II is the
retina, optic nerve, and brain of the observer; and III is her ‘abstract ego’ (von
Neumann 2018, p. 273).** Thus, in one case a process of the second kind,
covered by Schrédinger’s Equation, is to be applied to I and that of the first
kind applies to the interaction between I and II + III; in the other case, the
second kind applies to T + II and the first kind applies to the interaction
between I + II and III. ‘In both cases’, von Neumann noted, ‘III remains
outside of the calculation’ (ibid., p. 273).

He then showed that both cases yield the same result by carefully consid-
ering the composition of systems** and so ‘quantum mechanics poses no
problem for the Principle of PsychoPhysical Parallelism’ (Barrett 1999,
p. 51). Along the way von Neumann proved that the ‘non-causal’ nature of
processes of the first kind cannot be attributed to incomplete knowledge of the
state of the observer—in the sense that the information available to the
observer regarding her own state might be limited in some way—and thus

*! In a footnote, interestingly, von Neumann recognized Bohr as the first to note, in 1929, that ‘the
duality which is necessitated by quantum formalism, by the quantum mechanical description of nature,
is fully justified by the physical nature of things, and that it may be connected to the Principle of
PsychoPhysical Parallelism’ (ibid., p. 273, fn 207).

2 Tt is here that von Neumann acknowledged his conversations with Szilard in identifying the
essential elements of the discussion to follow. Szilard had recently published his paper on thermo-
dynamics in which he concluded that the Second Law could be violated by an intelligence with
knowledge of the instantaneous state of a system, such as Maxwell’s infamous ‘demon’. According to
Jammer, this created a space for consideration of the ‘physical intervention’ of consciousness upon
physical systems (Jammer 1974, p. 480). However, Heisenberg had earlier—in 1928—stressed the role
of the observer in the reduction (see the discussion in Barrett 1999, pp. 26-7). The role of consciousness
was also discussed as early as 1927 in private conversations at the Solvay Congress (see Marin 2009). T'll
return to this interaction with Szilard later.

** This is also the translation of the original German ‘abstraktes “Ich”” (1932, p. 224; in the 1955
translation, this part of the text is placed in parentheses). Bitbol has also noticed this use of the phrase
‘abstract ego’ and takes it to be ‘quasi-Husserlian’ (Bitbol 2021, p. 569; 2022, p. 271).

** Here we may recall Pauli’s letter to Heisenberg as quoted in fn. 16.
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he assumed ‘in all that follows that the state of the observer is completely
known’ (von Neumann 2018, p. 284). As we’ll see, London and Bauer also
made this assumption, albeit giving it a phenomenological gloss.

So, von Neumann did indeed say little about the role of consciousness in
processes of the first kind (corresponding to his ‘process I'). However, any
expectation that he should say something more only arises because he has been
interpreted, mistakenly, as advocating a form of physical collapse of the wave
function, resulting from the action of the mind (see also Bueno 2019,
pp. 130-1).** Nevertheless, as we’ve seen, he did emphasize that, ‘measure-
ment or the related process of subjective perception is a new entity relative
to the physical environment’ which is not reducible to the latter but leads us to
the ‘inner life of the individual’, which by its very nature is ‘extra-
observational’ and hence must be taken for granted in any observation.
Furthermore, the Principle of Psychophysical Parallelism embodies the idea
of a ‘correlative procedure’ between ‘the extra-physical process of subjective
perception” and ‘the reality of the physical world’.** Now, as von Neumann
also insisted, this idea is grounded in a kind of ‘dualism’ expressed by the
difference between processes of type I and II. However, this should not, of
course, be identified with the more familiar ‘mind-body’ dualism, since
according to the above Principle, the ‘cut’ between the two types of processes
can be made arbitrarily anywhere in the sequence from the system under
investigation up to the ‘abstract ego’ of the observer.

As we'll see, London and Bauer also explicitly referred to a ‘cut’ in the ‘chain
of statistical correlations’ which, as with other aspects of their ‘little book’,
clearly encouraged casual readers to take it to be a mere summary of von
Neumann’s work. However, whereas von Neumann declined to articulate
further how this ‘cut’ is effected, London and Bauer present it in phenomeno-
logical terms. Indeed, von Neumann’s account has been criticized on the
grounds that although he succeeded in showing that the theoretical predic-
tions about the outcome of a measurement do not depend on where in the
chain processes of type I take place, ‘he did not show that when it is applied is

> According to Bueno, von Neumann ‘does not advance an interpretation of the issues beyond
what is strictly required, and for which there is evidence. (In this respect, von Neumann is a good
empiricist...)” (2019, p. 131).

¢ The nature of the correlation here has been disputed. For Barrett (1999, pp. 47-8) it is a kind of
lining up of sequences of events, mental on the one hand and physical on the other. In private
correspondence (Becker 2004, p. 127), however, he has taken it to express the supervenience of the
mental on the physical. However, as Becker has argued, in the temperature example there is only one
mental event involved, namely the observation of the temperature of the liquid and that ‘von
Neumann’s contention is that the mental event, which he treats as a single event, can be associated
with any of a series of physical events arbitrarily’ (ibid.).
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empirically irrelevant in general’ (Barrett 1999, p. 51). It is Wigner who is
typically acknowledged as recognizing that when type I processes are taken to
occur actually makes a difference and hence this must be stipulated in order
for QM to be complete (ibid.).*” In this regard—or at least so the usual story
goes—Wigner deployed his famous ‘Friend’ argument, which we shall con-
sider shortly, to conclude that such processes come into play by virtue of the
observer being conscious. This is then couched in terms of mind-body
dualism, sparking the debate with Putnam and Shimony. It is in this context
that Wigner drew on London and Bauer’s ‘little book’;** however, for London,
at least, the placement of such processes of type I at the point where the
conscious observer, or ‘ego’ as von Neumann himself would have it, enters the
chain was a phenomenological requirement and so from that perspective,
Wigner’s argument appears superfluous.*’

However, the above criticism of von Neumann’s analysis has been rejected
as misplaced, on the grounds that he did not regard such processes as
involving some kind of physical collapse but instead maintained a form of
‘relative-state’ account, according to which such a process marks a shift in the
observer’s relation to the system being measured (Becker 2004). We recall von
Neumann’s insistence that the content of the Principle of Psychophysical
Parallelism is embodied in the claim that the boundary between the observed
system and the observer can be pushed arbitrarily into the body of the latter.
However, this makes no sense if the shift from one type of process to the other
is regarded as physical.>® Thus, although the role of the mind is essential here,

7 Koehler has reported that ‘Abner Shimony tells me that this chapter [of von Neumann’s book]
was written by Eugene Wigner—Ilater Shimony’s teacher at Princeton—who was close to both von
Neumann and Szilard’ (Koehler 2013, p. 129, fn. 37). However, this seems implausible given both the
style and the content of this part of the book. Stoltzner suggests that it might be ‘a kind of “Stille Post”
(Chinese Whispers) with exaggerations and that initially the point could have been that Wigner might
have contributed some ideas about the physics, and such ideas that Abner would have found really
important’ (private email). There is nothing in Shimony’s AIP Oral History interview (Shimony 2002)
to support the claim. What Shimony does say, as we'll see later, is that Wigner liked very much London
and Bauer’s fittle book’ and that London and Bauer were ‘more explicit about the intervention of
mentality in the measurement process than von Neumann is’ (Shimony 2002). So it may be that
Shimony said something like that to Koehler and that this is another (meta) example of the conflation
of London and Bauer’s position with von Neumann’s. I have written repeatedly to Professor Koehler
asking about this but he has not deigned to reply.

% In his outline of Wigner’s argument, Barrett writes that ‘Wigner believed that he clearly had
“direct knowledge” of his own sensations’ (1999, p. 52), the significance of which he obviously took
from London and Bauer.

> At the end of his discussion of this approach to the measurement problem, Barrett essentially
repeats the concerns of Putnam and Shimony, which we shall consider shortly (Barrett 1999, p. 55).

*° Likewise, the temperature example makes no sense if the collapse is understood as physical, since
here, of course, there is no such collapse; rather, Becker has argued, the example ‘points out a dualism
between a purely objective way of describing the world, and a subjective observer’s point of view’ (2004,
p. 128).
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it cannot be causal; rather it must be understood as merely descriptive (Becker
2004, pp. 128-9). On this interpretation, the dualism inherent in the two kinds
of processes is just a manifestation of the difference between the physical
description of an observer-independent world and the subjective language of
what is observed. Furthermore, to insist that von Neumann has not demon-
strated that when one applies the ‘cut’ is empirically irrelevant, is to miss
the point:

He does not say that he will prove that in general we cannot tell that collapse
has not occurred in various situations. What he says is that if we observe the
result of a measurement, it is arbitrary where in the physical process we apply
the collapse. The kinds of counterexamples that would allow us to test for
collapse would all get in the way of the observation in question being
completed, and so they would not be cases in which we ever observe the
result of a measurement. (Becker 2004, p. 129)

All that von Neumann required, on this view, is that the formalism itself does
not commit us to any kind of physical collapse and given that, we can describe
the situation in terms of superposition as far along the measurement ‘chain’ as
we like—up to the point where the ‘abstract ego’ enters the picture. Of course,
this may appear to make von Neumann’s argument weaker than it is usually
seen to be, but that’s only because it has been taken to support ‘physical
collapse’; under the alternative interpretation, it is strong enough.

Given this, it would be not quite correct to say either that von Neumann
declined to explain how the shift from a process of type II to that of type
I comes about, or that he provided a mechanism in terms of some form of
mind-body dualism (Barrett 1999, pp. 36-7; countered by Becker 2004,
p. 132). Nevertheless, this still leaves a residual concern which is not fully
addressed by suggesting that von Neumann advocated an early version of the
Everettian relative-state formulation (Becker 2004, p. 134), albeit with instru-
mentalist overtones as when he wrote, ‘the states are only a theoretical
construction, only the results of measurements are actually available, and the
problem of physics is to furnish relationships between the results of the past
and future measurements’ (von Neumann 1955, p. 337).°! If we grant that he
took the shift from processes of type II to those of type I to be a manifestation
of the shift from an ‘objective’ language, appropriate for physical processes, to

! Cf. Stacey (2016) who has insisted that ‘von Neumann treats quantum states as physical
properties held by objects themselves’.
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a subjective one, appropriate for the mental states of the observer, there is still
the question of what it is that requires or motivates such a shift. Of course, we
could always point to the apparently classical circumstances of the measure-
ment situation, as Bohr did, and argue that these circumstances require us to
use ‘ordinary’ language in which the relevant outcomes are definite. But then,
leaving aside all the well-known issues with this stance, including that of the
intrusion of quantum phenomena into such circumstances as in the cases of
superconductivity and superfluidity, this would leave it unclear why Bohr’s
account and the usual understanding of von Neumann’s were perceived as
being at odds, with both competing for the title of ‘the orthodox solution’.

It may be, of course, that the conflict was due to a misperception of von
Neumann’s work, or that it was appropriated by those keen to give it a gloss in
terms of an explicit role for consciousness in yielding a physical collapse.
Certainly, the book was not extensively cited®® and those reviews that did
appear in physics journals tended to focus on the formal aspects, for obvious
reasons, with no mention made of psychophysical parallelism, much less of
any role for consciousness in measurement.>® Thus Dyson records that he was
‘surprised to discover that nobody in the physics journals ever referred to
Johnny’s book’ (Dyson 2013, p. 157).>*

Interestingly, one review that did focus on von Neumann’s account of
measurement was written by the philosopher of science Feyerabend, who, as
we shall see, was concerned with such matters at the time (Feyerabend 1958).
After critically presenting the main features of the book,>* Feyerabend argued
that von Neumann already had all that he needed to complete the account by
drawing on his earlier work on thermodynamics in the quantum context.

*2 It seems to have been regarded as highly technical and difficult. Jammer notes that, with the
exception of reviews by Margenau and Bloch, both in 1933, it was not reviewed until 1957, two years
after the publication of the English translation (Jammer 1974, p. 272).

** Mitsch has pointed out that von Neumann’s book was published in Courant’s series of textbooks
for lay-mathematicians, Basic Teachings of Mathematical Science and that although this is clear in the
frontmatter of the German (Springer) publication, it was obscured in subsequent printings (Mitsch
2022). Having said that, as noted earlier, von Neumann later wrote that the book wove together
‘mathematical-physical’ and ‘philosophical-epistemological’ considerations ‘which gives it a content
not covered in other treatises, written by physicists or by mathematicians, on quantum mechanics’
(Rédei 2005, p. 92). The latter aspect is significant given that, as we shall see, London and Bauer insisted
that QM should be regarded as a theory of knowledge.

** It is perhaps worth noting that there may be some Anglo-American bias underneath this
comment; certainly, von Neumann’s book had an impact on physicists in the Soviet Union where, in
1939 for example, Mandelstam delivered a series of lectures based on it (Kuzemsky 2008, p. 138; see
also p. 157).

** Not the first two chapters, however, where von Neumann presented his extension of the Hilbert
space formulation, as Feyerabend insisted that this part of the book ‘has found little appreciation
among physicists as it ‘involves a technique at once too delicate and too cumbersome for the...average
physicist’ (E.C. Kemble)’ (Feyerabend 1958, p. 343).
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At the core of this is the idea that ‘the measuring process is closely connected
with the problem of the evolution of a large body towards its state of thermo-
dynamic equilibrium’ (Daneri, Loinger, and Prosperi 1962, p. 298). From this
perspective, this process should be seen not as an ‘inseparable chain’ between
object and subject but as one holding between the microscopic domain and the
macroscopic—and in this regard it is claimed that the approach is in harmony
with the ideas of Bohr (ibid., fn.t).>¢

In this context it is Szilard, who wrote his doctoral thesis on thermodynamic
fluctuations, who is credited as exerting an influence on von Neumann, as we
have already noted.”” In considering the possible violation of the Second Law of
Thermodynamics by an intelligence with knowledge of the state of a system,
Szilard noted that in order to gain this information such an intelligence would
have to expend energy, leading to an increase in entropy that would outweigh
the decrease in entropy associated with the gas alone (Szilard 1929). This has
subsequently generated considerable discussion (Landauer 1961; see also
Ladyman 2018) but here I just want to note it has been claimed that Szilard’s
claim had an impact on not only von Neumann but also London and Bauer:

Szilard’s conjecture mentioned above has led many commentators [here a
reference is made to London and Bauer| to believe that the measuring
process in quantum mechanics is connected in an essential manner with
the presence of a conscious observer who registers in his mind an effect and
that this conscious awareness is responsible for the oft-discussed, paradox-
ical ‘reduction of the wave packet’. (Jauch and Baron 1972, p. 221)°®

Likewise, in a review article that examines the historical reasons for
the ‘identification’ of information-theoretic and thermodynamic entropy,”
Skagerstam wrote:

In his famous book on quantum mechanics von Neumann transferred

the Gedanken experiment of Szilard’s [involving the demon] to the

¢ Here it is evident that the association of von Neumann’s account with an explicit role for
consciousness has been cemented into place, as the authors write that ‘It is clear that von
Neumann’s theory is founded on a radically subjectivistic (solipsistic) philosophy’ (1962, p. 303).

%7 Szilard and von Neumann became friends in Berlin (along with Wigner and Polanyi, who will
appear in the narrative later) and taught seminars together (as well as with Schrodinger).

% They went on to argue that the presence of a conscious observer is in fact not necessary.

** An identification that Carnap, for example, criticized, only to face fierce resistance from von
Neumann (and also Pauli; see Anta 2022). Carnap’s critical analysis was eventually published posthu-
mously, having been edited by none other than Shimony (ibid., p. 55), who, as we shall see, was also
critical of what he saw as von Neumann’s introduction of consciousness into QM.
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measurement problem...F. London and E. Bauer thus claimed in 1939 that
the measurement process in quantum mechanics ‘is connected in an essen-
tial manner with the presence of a conscious observer who registers in his
mind an effect, and that this conscious awareness is responsible for the oft-
discussed, paradoxical “reduction of the wave packet”. We mention this
because it is very interesting to see that “old problems” in the theory of the
measurement process are connected, at least historically, to the problem of
giving entropy some “deeper” meaning on a microscopical level.”
(Skagerstam 1975, p. 457)

However, this claim has been resisted by Timm, who has suggested that:

mentions of German physical chemist Fritz London and French physicist
Edmond Bauer (1939), on collapse of the wave function and consciousness,
do not seem to be directly relevant, Neumann’s interest in this aside, to the
historical etymology of the manner in which ‘information’ came to be
allegedly associated with ‘entropy’, but rather seem to be later adumbrations
made by theorizers seeking to discern the quantum mechanical nature of
information and or information theory. (Timm 2012, p. 78)%

Still, the point about the influence of Szilard on von Neumann’s thinking
remains. In a 1949 paper, ‘On the Process of Measurement in QM’,®* Jordan
argued that von Neumann’s ‘subjective view’, when deployed in the context of
Szilard’s ‘phenomenological thermodynamics’, has the unfortunate implica-
tion that entropy must be regarded as relative.®> However, as a beam-splitting
thought experiment shows, a real physical process must be involved and the
entropy associated with that ‘has an objective meaning, independently of the
mental processes of any observer’ (Jordan 1949, p. 276).%

® Perhaps because of this association with information theory, von Neumann has also come to be
regarded as an early ‘Quantum Bayesian’. However, as Stacey has noted, ‘if von Neumann had seen
quantum states in anything like the QBist fashion, it is difficult to find a rationale for why MFQM’s
entire chapter on “the measuring process” assumes the shape it does’ (Stacey 2016; he also argues that
von Neumann’s understanding of probability aligns closer to Keynes’ ‘logical’ interpretation).

¢! This work was influenced by Margenau who organized the symposium in which it was presented.

? Jordan played a crucial role in the development of quantum theory, co-authoring a number of
fundamental contributions with Born (under whom he studied in Géttingen) and Heisenberg on
matrix mechanics before pioneering the development of quantum field theory. He also independently
discovered Fermi-Dirac statistics and developed transformation theory (which deals with the trans-
formations that a state vector undergoes in Hilbert space as the state changes with time), noting in his
paper that a ‘very clear and transparent treatment’ had also been presented by London in a work that
Jordan received after he had completed his own manuscript (see Schroer 2003, p. 2).

% Jordan’s own approach involved the addition of a ‘special axiom’ to express the ‘empirical fact’
that ‘each large accumulation of microphysical individuals always shows a well-defined state in space
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2.5 Von Neumann and Consciousness

Granted all this, and also the fact that Mathematical Foundations is indeed less
than forthcoming on the details, von Neumann did retain an interest in
consciousness and the relationship between the mind and the brain through-
out his life.** In February 1939 he wrote to his friend and fellow Hungarian
Rudolf Ortvay, also a physicist, thanking him for an earlier letter and noting
that the topic of ‘the brain anatomical, in a phenomenological point of view’,
interested him very much (von Neumann to Ortvay in Redéi 2005, p. 198). In
a subsequent letter he suggested that processes essentially connected to life
cannot be described spatially and went on to note that:

I have thought a great deal since last year about the nature of the ‘observer’ in
quantum mechanics. This is a kind of quasi-psychological, auxiliary concept.
I think I know how to describe it in an abstract manner divested from its
pseudo-psychological complications, and this description gives a few quite
worthwhile insights regarding how it might be possible to describe intellec-
tual processes (therefore ones essentially connected to life) in a non-
geometrical manner (without locating them spatially)’. (ibid., p. 201)

Such thoughts were pursued in his unfinished book The Computer and The
Brain (von Neumann 2000; based on lectures from 1956), in which he
concluded that the logics and mathematics in the central nervous system,
when viewed as languages, must structurally be essentially different from
those languages to which our common experience refers’ (ibid., p. 82; see
Leydesdorft 2016). Of course, such a difference might not necessarily be
regarded as an obstacle to considering the role of consciousness in resolving
the measurement problem (even assuming a broadly physicalist account of
consciousness) since the mathematics of QM is also not that of common
experience and is ‘non-spatial’ (at least as von Neumann conceived of it)
just as he took that of intellectual processes to be.*®

and time—that a stone never, unlike an electron, has indeterminate coordinates’ (1949, p. 272); here he
mentioned Schrédinger’s ‘cat’ thought-experiment which is ruled out by this new axiom and which we
shall consider later.

4 Stéltzner suggests that ‘von Neumann abandoned the Copenhagen thinking of the 1930s, not by
giving a new interpretation, but by caring less about it since he would take a wider view in virtue of his
progress in mathematics and his belief where the real problem of quantum physics was’ (email).
Further ‘circumstantial evidence’ for this is given by his shift away from the Hilbert space formalism to
an alternative underpinned by quantum logic.

% As Stoltzner puts it, ‘the ego somehow becomes mathematizable by its own mathematics’
(private email).
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2.6 Conclusion

Wrapping things up, von Neumann’s view of the nature and role of the
observer is certainly more nuanced that is typically appreciated. Nevertheless,
in its lack of specificity of the manner in which that role is manifested, it remains
distinct from the account given by London and Bauer.®® However, in the debate
with Putnam and Shimony that spelled the end of this approach as a serious
contender for solving the measurement problem, it was understood as having
been made more explicit through London and Bauer’s work and, again, framed
as the ‘received’ or orthodox view.

The principal agent behind this framing, I claim, was Wigner®” who, as we
have already noted, described the London and Bauer pamphlet (1939, 1983)
as ‘a very nice little book...which summarizes quite completely what
I shall call the orthodox view’ (Wigner 1963a, p. 7; in Wheeler and Zurek
1983, p. 325).°® Wigner, of course, is a major figure in the history of modern
physics, among many things widely credited (with Weyl), for the introduc-
tion of group theory into QM and, thereby, illuminating the role of sym-
metry principles in elementary particle physics more generally, for which

¢ Although acknowledging this lack of specificity, Alves has also maintained that ‘[t]he
monograph [by London and Bauer] was a kind of digest of the hard, fundamental mathematical
work done by von Neumann in his 1932’s Mathematische Grundlagen der Quantenmechanik’
(2021, p. 453).

7 Thus, in a brief note, Moldauer wrote that, ‘[iln a number of recent articles Wigner has
reminded us of the logical consistency of the orthodox view of the role of measurement in quantum
mechanics which has become associated principally with the name of von Neumann’ (Moldauer
1964, p. 172). He then mentioned concerns about the loss of ‘objective reality’ raised against this view
(suggesting it collapses into solipsism) and suggested that ‘conclusions regarding the existence of an
objective reality must be based on the properties of sense perception (or the results of physical
measurements)’ (ibid.). And Moldauer concluded that given that QM itself ensures that two
observers will always agree on the results of physical measurements, objective reality in this sense
will always be preserved: ‘Accordingly, it appears to be unnecessary to sacrifice either objective
reality, or a physical explanation of consciousness, or the orthodox interpretation of measurement in
quantum mechanics as has been suggested by Margenau’ (ibid.; and he thanks both Margenau and
Wigner for their clarificatory communications).

%8 Later Wigner wrote that London and Bauer introduced the collapse postulate ‘with even
greater clarity than von Neumann’ (Wigner 1971, p. 15) and in a letter from 1980 to Stapp he
wrote, ‘I liked the book of London and Bauer very much; in fact I wanted to have it translated and
published in English but the editors did not give permission’ (I can’t give any further details about
this letter as I have no idea how I obtained it!). Stapp also offered a ‘theory of psychophysical
phenomena’ that he related to Wigner’s view but which also draws on Whitehead’s philosophy as
well as developments in neuro-science (see Stapp 1982; also 2009). According to Stapp’s theory,
the selection of certain ‘mutually exclusive self-sustaining patterns of neural excitations’ (1982,
p. 385) as the ‘image’ of the physical world, as represented by QM, is a ‘creative act from the realm
of human consciousness’ (ibid.). We shall return to this element of creativity in the context of the
London and Bauer account.
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he received the Nobel Prize (see https://www.nobelprize.org/prizes/physics/
1963/wigner/lecture/).*®> As we’ll see in the next chapter, he also had a deep
interest in the nature and role of consciousness but by leveraging London
and Bauer’s account into his own framework, he effectively distorted the
former, generating the fundamental misapprehension as to its import and
significance that continues to this day.

* Weyl’s book (1928) set group theory at the foundations of QM but was widely regarded as too
dense and difficult to understand; Wigner’s (1931) on the other hand, offered more in the way of
applications and was seen as more accessible. It was from the latter that the founders of what is now
known as the Standard Model drew their inspiration in the 1950s and 1960s. Wigner recollects that he
never interacted with Weyl who was somewhat dismissive of his work (https://www.aip.org/history-
programs/niels-bohr-library/oral-histories/4965). Certainly, when considering who to invite to the
Institute for Advanced Study in 1945, Weyl placed Wigner in the ‘second rank’, along with Bethe,
Gamow, and Heitler. Further details on the Weyl and Wigner ‘programmes’ can be found in Bueno and
French (2018).


https://www.nobelprize.org/prizes/physics/1963/wigner/lecture/
https://www.aip.org/history-programs/niels-bohr-library/oral-histories/4965
https://www.aip.org/history-programs/niels-bohr-library/oral-histories/4965
https://www.nobelprize.org/prizes/physics/1963/wigner/lecture/

3

The Debate about Consciousness

3.1 Introduction

Through the 1950s and 1960s, Wigner attempted to re-shape the conception
of the ‘orthodox view’ of quantum theory by displacing Bohr’s approach in
favour of von Neumann’s (Freire Jr 2015, pp. 149-61).! He did this in the
context of historians’ growing interest in the origins and development of
the theory (ibid., p. 153), as indicated by the formation of the Archives for
the History of Quantum Physics by Kuhn and others.> And at the heart of this
re-shaping, of course, he set London and Bauer’s ‘very nice little book’, which
summarized ‘quite completely’ Wigner’s vision (Freire Jr 2015, p. 152; see also
Bueno 2019, pp. 132-3).

The principal opposition to this attempted re-orientation of the ‘orthodox
view’ came in the form of Léon Rosenfeld, who was a staunch advocate of
the Bohrian line (Freire Jr 2015, pp. 154-62).> The differences crystallize in
Rosenfeld and Wigner’s alternative takes on the measurement process (ibid.,
p. 155). Wigner followed von Neumann, not only with regard to the chain
argument, but also with the adoption of the general framework of exposing
the axiomatic foundations of the theory in order to better appreciate its
implications (ibid.). Rosenfeld distrusted such approaches, insisting that

! Wigner’s antipathy to Bohr’s philosophy of complementarity is apparent in his argument that the
duality inherent in complementarity is not reflected in the formalism where one can easily find three
operators that do not commute, such as in the case of spin (Wigner 1963d). Given Bilban’s argument
about the relationship between Bohr’s thought and HusserI’s (Bilban 2013 and 2020), this displacement
may be construed as a further effacement of the phenomenological approach.

* For a useful account of the establishment of this archive, see te Heesen 2020 and 2022. te Heesen
has noted that Kuhn’s participation in the project began just as he was finishing The Structure of
Scientific Revolutions (which perhaps explain why the latter is so slight when it comes to the history of
QM) and also that he became increasingly disappointed with the form of the interview for not revealing
relevant details of moments of confusion, late night discussions, or the growing sense of crisis in
general. For Kuhn the unhelpful responses of the interviewees revealed the limitations of the form. Seth,
on the other hand, sees in these responses a reluctance to accept the Kuhnian framework of ‘crisis’ and
‘revolution’ which informed the questionnaire (Seth 2010, p. 269).

* Rosenfeld was initially ‘mystified’ by Bohr’s ideas (Jacobsen 2011, p. 377) but after the two started
collaborating on the measurability of the electromagnetic field, in the context of the emerging quantum
field theory, he came to accept Bohr’s ‘great truth that we are not only spectators, but actors in the
drama of existence’ (quoted in Jacobsen 2011, p. 387).

A Phenomenological Approach to Quantum Mechanics: Cutting the Chain of Correlations. Steven French,
Oxford University Press. © Steven French 2023. DOI: 10.1093/0s0/9780198897958.003.0003
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‘in the last resort we must here appeal to common experience as a basis for
common understanding’ (from a letter about the Everett interpretation,
quoted in Freire Jr 2015, p. 155).* And as we have seen, he even went so far
as to dismiss von Neumann’s Mathematical Foundations on the grounds that
its ‘unhappy presentation’ of the measurement problem had created confusion
and raised spurious problems (ibid.).> For Rosenfeld, it wasn’t the role of
consciousness, or, more generally perhaps, the relationship between subject
and object® that was epistemologically significant about quantum theory but
rather, complementarity.”

The clash between these views came to a head in the context of the so-called
‘ergodic approach’ to measurement, touched on in the previous chapter.
According to this, the interaction between a system and the measurement
device triggers a thermodynamic amplification of the signal, and as a result the
state of the measurement device can be described in classical terms. Rosenfeld
endorsed this approach because it was clearly compatible with Bohr’s frame-
work.® Wigner, on the other hand, took this to be in stark conflict with
QM, given the application of the latter to macroscopic phenomena such as

* And in this regard, we may detect some resonance with the Husserlian notion of the ‘lifeworld’ that
we shall consider in some detail later.

* Having said that, Rosenfeld studied von Neumann’s papers in which the axiomatic approach was
first presented, initially regarding it as helpful and even lecturing on it. However, he came to believe
that ‘the danger of formalizing is that you lose the physical content of it, or at least you are in danger of
losing it so it’s always a double-edged sword’ (Rosenfeld 1963). He went on to say, ‘I'm glad to have had
that grounding in “Neumannistics” because when it is corrected by the influence of Bohr, then it is a
sort of skeleton which helps to get a precise expression for the ideas’ (ibid.). Von Neumann, on the
other hand, thought that the scientific method was primarily ‘opportunistic’ and that axiomatization
could be fertile even (and perhaps especially) in cases where the core concepts of the theory were
unclear and the evidence still weak (see Stoltzner 2013 and also Mitsch 2022).

¢ Landé, for example, saw this as laying at the heart of the ‘subjectivistic trend” which he subse-
quently identified with Wigner and dismissed on the grounds that he found it impossible to understand
why the measurement of the velocity of an electron can be described only by reference to consciousness
but that of the velocity of a falling stone need not be (Lande 1965/2015, pp. 134-5).

7 Rosenfeld recalled that von Neumann gave a talk at Copenhagen on issues to do with measure-
ment but that Bohr was less than impressed (ibid.). Interestingly, Rosenfeld made the acquaintance of
Bauer during his stay in Paris in 1926-27, immediately following his graduation from the University of
Liége (Jacobsen 2012, p. 17). While there he was supervised by Langevin (who encouraged him to go to
Gottingen, where he became Born’s assistant) and on his return visit in 1931, stayed in the Langevins’
home (ibid.).

® Jacobsen has noted the role of thought experiments in this context, with Bohr acknowledging that
his analyses of the measurement process were imaginary and ‘could only be used for providing a logical
justification of the theory’s statements, not for shooting down or arguing for modifications, of the
formalism’ (2011, p. 388). As far as he was concerned, the issue of whether or not these situations could
be realized in practice was irrelevant: “The purpose of his analyses was to pair the definitions derived
from the quantum formalism with the possibility of measuring these properties in an idealised
experimental set-up to arrive at an interpretation of them. In this way his sole purpose when examining
measurement problems in quantum theory was to provide meaning and limitations to the formalism’
(ibid., pp. 380-1). This then became a source of contention since such idealizations allowed him to
consider individual systems, contrary to what his opponents insisted should be considered in practice.
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superconductivity and superfluidity, as demonstrated by London (Freire
Jr 2015, p. 157).° At the core of this dispute (see Freire Jr ibid., pp. 156-61)
we find, again, this issue of the limits of the applicability of QM, with Wigner
insisting that the line should be drawn along the mind-body distinction, since
‘the conscious content of the mind is not uniquely given by its state vector’
(ibid., p. 160).1°

This is all by way of setting out the context in which we can place the further
debate between Wigner and Margenau on one side and Putnam and Shimony
on the other, with the London and Bauer manuscript at its heart. Before we
finally get stuck into the to-and-fro, however, let’s consider in a little more
detail how these two sides lined up.

3.2 Wigner

The trajectory of Wigner’s career in physics is well known (Szanton 1992). After
graduating from the same high school as von Neumann, Wigner entered the
Technical University of Berlin to study chemical engineering. While there he
attended the weekly colloquia of the German Physical Society, featuring the likes
of Einstein, Heisenberg, and Pauli and he also met Szilard, who became one of
his closest friends. After returning to Budapest to work in his father’s tannery, in
1926 he accepted an offer of a job at the Kaiser Wilhelm Institute back in Berlin,
studying X-ray crystallography (on the recommendation of Polanyi who he had
met earlier and who we shall also return to).

It was while in Berlin that Wigner met London whom he regarded as ‘a very
thoughtful, very industrious, thorough, imaginative person’ (Wigner 1963c)."*
Wigner subsequently moved to Géttingen and while there, became concerned
with how one should represent measurements within QM. In particular, he
was bothered by the question:

Why is it that we always see positions macroscopically? Position operator is
just an operator like every other operator. What is it that makes our minds
principally think in terms of position operators? Why are there macroscopic

® Wigner and his co-authors also noted that there are counter-examples of measurements—such as
so-called ‘negative-result’ measurements—which do not proceed according to this schema (Jauch,
Wigner, and Yanase 1967, p. 186).

1% Tt was after this dispute that the label ‘Princeton School (or interpretation)’ came to be used.
According to Moreira dos Santos and Pessoa Jr, members of the latter included G. Siissmann, Josef
Jauch, and Wigner’s students, such as Huzihiro Araki and Mutsuo Yanase (Moreira dos Santos and
Pessoa Jr 2011, p. 627).

"' London himself went on to work on the applicability of group theory in QM and Wigner
described his papers in this area as ‘very nice’.
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bodies? Why do they have definite positions rather than having another,
arbitrary, wave function, or another, arbitrary, operator measured? I may be
completely wrong, but I do feel that there is some mystery here not com-
pletely cleared up. Several times I've had ideas on this but nothing really
convincing. I've discussed that with Johnny [von Neumann] also.

(Wigner 1963d)

Subsequently he became ‘perturbed’ by the fact that:

we make an entirely—or largely—idealistic epistemology and it is not fair to
do that without knowing much more about the mind. This did not bother me
much at that time; what did bother me was the behavior of the macroscopic
bodies, that it is always a concentrated wave packet with the position
operator ‘sharp’. (Wigner 1963d)

Now, the process of ‘decoherence’ offers a way forward here. When a
system interacts with a measuring apparatus, say, because the latter has
many more degrees of freedom than the former, there is suppression of
interference between certain states. These can then be considered to be
robust in the sense that information about them is stored redundantly in
the environment so that an observer can then recover that information
without further disturbing the system (Bacciagaluppi 2016). These pre-
ferred states are related to position because the relevant interaction poten-
tials are functions of that property. Thus, the states effectively picked out
by decoherence tend to be localized in position, or position and momen-
tum, and so may be regarded as kinematically classical. It is important to
note, however, that decoherence in and of itself does not ‘solve’ the meas-
urement problem, because the combination of system + apparatus + envir-
onment remains in a superposition (Bacciagaluppi 2016).'> Wigner was
aware of this but according to Shimony was initially ‘antipathetic’ to such
an approach (Shimony 2002), although his resistance softened towards the
end of his career."?

> And so alternative outcomes remain possible, albeit with very low probabilities.

¥ According to Jha, ‘Abner Shimony has explained that Wigner considered hypotheses other than
the hypothesis I discuss, that the reduction of the superposition is the work of consciousness, but did
not choose among them. One of Wigner’s proposed tentative solutions (“Wigner’s solution”) to the
various problems in the quantum theory of measurement was that consciousness may play a role in the
reduction of the wave packet, but while evaluating H.D. Zeh’s observation that the macroscopic
measuring apparatus is not a closed system, he was skeptical that this observation could solve the
reduction of the superposition’ (2011, fn. p. 339).
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Although he also disdained philosophy in its modern form (Szanton 1992,
p- 308),"* when it came to consciousness, Wigner recalled being impressed, as
a young engineering student, by Freud’s book The Interpretation of Dreams."®
This led him to think deeply about the nature of consciousness, reporting later
that, ‘[c]onsciousness is that thin layer of experience no greater in ourselves
than is our small planet in the mighty universe. Yet when we speak of
ourselves, we refer almost exclusively to this thin layer. I have never lost my
fascination with human consciousness’ (Szanton 1992, p. 67).

This fascination emerges in a number of Wigner’s more reflective pieces,
including certain crucial papers in which he directly drew on London and
Bauer’s work. This is explicitly so in the ‘Wigner’s Friend’ argument, men-
tioned previously, which he took to offer perhaps the most powerful case for
the role of consciousness in the measurement process (Wigner 1962; Wheeler
and Zurek 1983, pp. 168-81).'°

3.2.1 Wigner’s Friend

Here Wigner began with the usual set-up in which a measurement device is set
to measure the value of some observable with regard to a given system but the
apparatus is replaced with a (conscious) ‘friend’. The system under consider-
ation is assumed to have only two states, with corresponding observable
values—spin ‘up’ and ‘down’, for example. After the measurement, Wigner
then asks his friend whether he saw spin ‘up’, say, and the Born Rule gives the
well-known probabilities for a positive and negative answer. If Wigner then
asks his friend what he saw before he was asked, the friend, Wigner insisted,

»>

will say T already told you. I saw spin “up”’, since ‘the question whether he did

or did not see the [corresponding] flash was already decided in his mind before
I asked him’” (Wheeler and Zurek 1983, p. 176). It is at this point that Wigner
cited a crucial phrase from London and Bauer: ‘He [the friend] possesses
a characteristic and quite familiar faculty which we can call the “faculty of

' In his interview for the AIP Oral History project, Shimony says ‘Wigner was a man of incredible
intelligence, acuity, and dependence of thought. He was not well read in philosophy, but he knew a lot
of philosophy. Of course, lots of philosophical ideas are in the air, so he must have heard discussions of
Kant, and discussions of logical positivism. ... Then secondly, he just thought about things himself”
(Shimony 2002).

'* Indeed, he even thought ‘vaguely’ about becoming a psychiatrist (Szanton 1992, p. 68).

'® Wigner read London and Bauer’s little book’ sometime in 1960 (Moreira dos Santos and Pessoa
Jr p. 628; Moreira dos Santos and Pessoa Jr repeat the standard view—due to Wigner himself as I have
claimed (see, for example, Wigner 1971, p. 15)—that this was nothing more than a development or
clarification of von Neumann’s position).
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introspection”. He can keep track from moment to moment of his own state.””
(As I shall argue, this invocation of introspection is not as straightforward,
philosophically speaking, as Wigner and others took it to be.)

Since the issue as to what he saw was already decided in his friend’s
mind before the question was asked, Wigner concludes that the state
immediately after the interaction between his friend and the system cannot
be a superposition. He wrote: ‘It follows that the being with a consciousness
must have a different role in quantum mechanics than the inanimate
measuring device’ (ibid., p. 177); and he then went on to pursue the
issue of the interaction between consciousness and physical systems
(Wigner 1964).

This thought experiment went on to be widely cited (for a recent elabor-
ation, see Frauchiger and Renner 2016) and the emphasis on the role of
consciousness led to Wigner being generally regarded as a dualist. However,
Esfeld has noted that unlike Descartes, say, Wigner did not take mind and
body to be distinct entities; rather he insisted that the content of consciousness
was the primary reality (Esfeld 1999a, no page number). This is emphasized in
Wigner (1964) where he argued that the existence of physical objects is relative
to consciousness by virtue of their construction in terms of that content.'® It is
the latter that is immediately accessible to us and hence even the existence of
other people has to be regarded as on a par with that of physical objects. Again,
as we'll see, there are obvious similarities with a phenomenological stance
here, although Wigner remained concerned about the possibility of a slide into
solipsism (see, for example, Wigner 1962).

It was partly as a result of these concerns, according to Esfeld, that
Wigner eventually shifted his position, moving closer to the Bohrian form of

7 Jammer acknowledged that Wigner incorporated the London and Bauer treatment into his
account (1974, p. 499), as did Atmanspacher in his encyclopaedia article on consciousness and
quantum physics (Atmanspacher 2015) but Barrett, for example, cited the passage where Wigner
made reference to their work without noting it at all (1999, p. 53). Esfeld, however, did note the
reference in his review of Wigner’s collected papers, writing that ‘Wigner thereby elaborates on a
suggestion by London and Bauer (1939, §11): consciousness randomly selects one product state out of
the superposition of product states and it thereby effects a state reduction’ (Esfeld 1999b, pp. 147-8).
He went on to acknowledge that Wigner referred explicitly to London and Bauer’s work but wrote that
Wigner conceded that we don’t have a description of how that state reduction is actually effected by
consciousness (in an earlier draft of this review, co-authored with Primas, the point about Wigner
referring to the London and Bauer piece is omitted and instead it is stated that, ‘In reviewing von
Neumann’s theory, Fritz London and Edmond Bauer unmistakably attribute the capacity to select a
product state out of the superposition to the human consciousness’ (Primas and Esfeld unpublished,
p- 9) and later on the claim that ‘consciousness reduces the state vector’ is referred to as the ‘London—
Bauer-Wigner idea’ (ibid., p. 14)).

'® In a letter to Wigner, Shimony wrote that he found his work on the mind-body problem to be
‘extremely stimulating’ and one of the few treatments that considers it to be a ‘legitimate subject for
scientific investigation’ (Freire 2015, p. 153).
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orthodoxy (Esfeld 1999b, p. 149; see also Freire Jr 2015, pp. 166-170)."
Relatedly, he became more sympathetic to the decoherence approach, through
the early work of Zeh, and in particular the implication that it was not possible,
practically, to consider macroscopic objects to be isolated systems (Freire Jr
2015, p. 168).*° He took this to raise a significant problem for physics,
particularly with regard to the role of the observer, noting that if the observer
is macroscopic, as she must be, then given decoherence, she cannot be
regarded as separate from the rest of the world (Wigner 1972). Thus, the
dualistic imposition of a dividing line between the observer and the world
must be abandoned (a conclusion that is compatible with London and Bauer’s
phenomenological analysis, as again we’ll see).

Indeed, by 1984 he had come to the view that his earlier belief that the role
of the physical apparatus can always be described by QM:

implied that ‘the collapse of the wave function’ takes place only when the
observation is made by a living being—a being clearly outside the scope of
our quantum mechanics. The argument which convinced me that quantum
mechanics’ validity has narrower limitations, that it is not applicable to the
description of the detailed behaviour of macroscopic bodies, is due to D. Zeh.

(1984, p. 78)!

If such a body cannot be considered an isolated system, then it is not a system
to which our current equations of physics apply, which means that ‘a radical
departure from the established principles and laws of physics is needed’ (ibid.;
see also Wigner 1972; this is an issue that came up in the debate with Putnam,
as we'll see). Speculatively, he considered a possible equation for the change of
state of a non-isolated system but concluded that insofar as it would
not describe mental phenomena, it would, at best, only ‘extend quantum

!” Nevertheless, Shimony insisted that, ‘He’s not a Bohrian.... Wigner calls that the orthodox
interpretation of quantum mechanics. You would think that when a man uses the term “orthodox”
something or other, that’s what he believes in. That’s not true. It’s orthodoxy, but it’s not his orthodoxy.
He really wasn’t a Bohrian. What he was a man who thought we don’t understand how events occur.
We don’t know the limits of the validity of quantum mechanics’ (Shimony 2002).

* In (Wigner 1971), he suggested that decoherence might be more acceptable than collapse but
acknowledged that whether it could form the basis of a solution to the measurement problem was not
yet clear (ibid., p. 18). It has often been commented that Wigner needed to obtain a result himself
before being convinced of it and so he set up his own thought experiment of a tungsten cube in
‘intergalactic space’ to demonstrate that even in this sparse environment, such a macroscopic body
could not be considered as isolated.

! This issue of the limits of validity of the theory is a frequent motif in Wigner’s work. Indeed, on
the previous page he noted that despite the ‘marvelous’ successes of QM, it faced serious problems, not
least that it does not describe ‘the fact of consciousness’, which motivates us to consider where those
limits lie (Wigner 1984, p. 77).
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mechanics to those limits which many of us thought it had already reached’
(Wigner 1984, p. 81). This idea that new principles would be needed in order
for consciousness to be covered by the theory became a recurrent theme
in Wigner’s later work.”?> As he recorded in his autobiography, his chief
scientific interest over the previous twenty years was to ‘somehow extend
theoretical physics into the realm of consciousness....It has never been
properly described, certainly not by physics or mathematics. It is shrouded
in mysteries. And what I know of philosophy and psychology suggests that
those disciplines have never properly defined consciousness either’ (Szanton
1992, p. 309).

3.2.2 Polanyi and ‘Tacit’ Knowledge

Wigner shared these concerns with his colleague and compatriot Polanyi who,
as mentioned earlier, he met in Berlin (Szanton 1992, pp. 76-81), where he
studied crystal symmetries (which led to the later work on group theory; see
Chayut 2001) and chemical reaction rates in Polanyi’s laboratory (see also
Wigner 1963b).>* Polanyi’s broad range of interests made a deep impression
on Wigner and in subsequent years they talked and corresponded extensively
on issues relating to the role of consciousness and the mind-body problem.
Within the philosophy of science, at least, Polanyi is perhaps best known for
his introduction of the notion of ‘tacit’ knowledge and his emphasis on its
significance for scientific research. Insofar as this is associated with pre-
scientific experience, his claim that it is the foundation of all knowledge has

2 Again, Shimony, perhaps recalling his earlier engagement with Wigner, has stated that ‘he is
unequivocally against a physicalistic treatment of mentality. And he says it is possible that the locus of
the breakdown of validity of the Schrodinger equation is when systems endowed with mentality are
involved, like Wigner’s friend. That is, the paradox of Wigner’s friend still being suspended between
having seen a red light or a green light, would be resolved if the Schrodinger equation doesn’t govern
the mentality of the friend. So stochastically, one or the other of these possible visions is picked out’
(Shimony 2002). Shimony then noted two consequences: first, the integration of physics with psych-
ology; and second, that with mentality as the locus of the breakdown of the Schrédinger equation,
Wigner’s view slides back towards Bohr’s. However, there would still be ‘subtle’ differences, in that
Bohrian orthodoxy ‘makes the fixed points of physics to be sharp, clear observations made on
experimental apparatus, like what number you read on a scale, or whether a bell rings or does not
ring. Whereas in a real integration of physics and psychology, you must take into account the whole
range of psychic phenomena, including sleep, the unconscious, peripheral vision, many things that are
not sharp’ (ibid.). These phenomena also feature in Shimony’s contribution to the debate with Wigner
and Margenau.

** Wigner recalls that he read ’a great deal of serious quantum theory inasmuch as there was serious
quantum theory at that time’ (Wigner 1963c), but that Polanyi was not well acquainted with the
theory—indeed, no one in Berlin at that time was.
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led to comparisons with Husserl’s idea of the ‘life-world’, that we will come to
later (Bennett 1978).**

Polanyi illustrated what he meant by ‘tacit’ knowledge using the example of
planetary motion: in practice observations typically deviate from the corres-
ponding theoretical predictions and the issue arises of determining whether
these deviations are random or indicative of some trend. Even granted all the
tools of statistics, it is down to the astronomer to decide whether there is a
‘significant shape’ or not to these deviations, and for that she must bring tacit
or intuitive knowledge into play. As Polanyi put it, ‘to perceive an object is to
solve a problem’ (Polanyi 1962, p. 3) and as part of that solution we need to
distinguish the object from the background via this ‘tacit power’ (here Polanyi
draws on Gestalt psychology;*® ibid. pp. 5-6). This illustrates the general
principle that:

whenever we are focusing our attention on a particular object, we are relying
for doing so on our awareness of many things to which we are not attending
directly at the moment, but which are yet functioning as compelling clues for
the way the object of our attention will appear to our senses. (ibid., p. 8)

Thus, ‘perception is performed by straining our attention towards a problem-
atic centre, while relying on hidden clues which are eventually embodied in the
appearance of the object recognised by perception’ (ibid., p. 12). These ‘clues’
are hidden within the body and cannot be experienced in themselves by the
perceiver (ibid., p. 9), and indeed, if identified and held up as such would lose
their suggestive power.*

According to Polanyi, this ‘straining’ of perception towards a problematic
centre is also how science works; hence the structure of scientific intuition is
the same as that of perception. Furthermore, the hidden meaning to which
these clues point is an aspect of reality that may manifest via an ‘indeterminate
range of future discoveries’ (ibid., p. 13). There are obvious comparisons to be
made here with Husserl’s idea that our perception is permeated with a
horizontal intentionality that intends the hidden or absent profiles of an
object: although I perceive directly only the screen and keyboard of my

** Comparisons have also been made with Merleau-Ponty’s extension of Husserlian phenomen-
ology, with its central claim of the primacy of lived perception (Takaki 2011). We shall also consider
Merleau-Ponty’s work later, in Chapter 8.

** Gestalt psychology will make further appearances, particularly as it informed the views of
London’s friend and fellow phenomenologist, Gurwitsch.

%% Polanyi refers to this tacit act of making sense as an act of ‘indwelling’ and Jha sees this as
analogous to the ideas of Merleau-Ponty on the body in action (2011, p. 342).
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Macbook Air, as a perceived object it has a co-intended back. Furthermore,
I may anticipate my perception of the back of the computer and the open
manifold of such anticipations constitutes what Husserl calls the intentional
horizon.

Polanyi applied his notion of tacit knowledge to the mind-body problem,
arguing that there is a continuum of ‘levels of existence’ from objective reality
to the mental, with each level reliant for its workings on the laws of the levels
beneath it but with those workings not explicable in terms of those lower-level
laws (see Jha 2011, p. 334). He also believed that this offered a solution to the
measurement problem, whereby measurement is understood as a case of the
observer ‘making sense’ of the hidden clues and particulars via which we come to
perceive the object (Jha 2011, pp. 336-7). Wigner, for his part, confessed he was
unclear about some of the details, but did acknowledge the importance of tacit
knowledge in observation in a letter to Polanyi where he recalled von Neumann'’s
‘chain” argument and concluded that to avoid ‘an endless process” we must:

admit that we have some knowledge which developed in our unconscious, as
your tacit knowledge, without conscious observations. (ibid., p. 338)

Although their correspondence continued, clear divergences emerged in their
attitudes: Wigner understood that what he was engaging in was epistemology,
in the traditional sense, and regarded Polanyi’s approach, with its emphasis on
Gestalt theory, as falling under psychology; whereas Polanyi took epistemol-
ogy to incorporate the latter, together with background knowledge, yielding
the act of ‘meaning-making’ (Jha 2011, p. 342). From this perspective, he
viewed natural science as an extension of lived perception and here perhaps
Wigner missed the point in a way that parallels his approach to the London

and Bauer material.”’

Eventually Wigner became frustrated by Polanyi’s use of
‘neologisms and multitiered analogies’ (ibid., p. 347) and the exchange ended
with the two talking past one another.

Having lost this opportunity to bring a more nuanced perspective to the
subsequent debate with Putnam and Shimony, Wigner had another chance
through his relationship with Margenau, who was also better equipped,
philosophically, to grasp what was at stake. However, as we’ll see, Margenau

effectively suppressed his own views when it came to the exchange itself.

*” Jha goes on to present Putnam, in the context of the debate with Margenau and Wigner, as
criticizing the latter’s ‘Polanyian’ epistemology (2011, pp. 344-5) but given Jha’s own discussion of the
above distinctions, I can’t see any basis for such a claim.
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3.3 Margenau

Well known both for his textbooks in physics and his work in the philosophy
of science,”® Margenau obtained a PhD in physics at Yale.”” While there he was
awarded a fellowship that allowed him to visit Sommerfeld in Munich, fol-
lowed by Born in Géttingen, before meeting with Schrédinger in Berlin. There
he also met London who was working on van der Waals forces and Margenau
extended the latter’s approach to dipole molecules.’® After returning to Yale,
Margenau gave a course on ‘Foundations of Physics’ covering QM and also
took on students in the philosophy of physics, including, perhaps most
famously, Adolf Griinbaum.”* Prompted by Northrop,** and encouraged by
Cassirer, with whom he and Northrop taught a course on Kant, Margenau also
became interested in the nature of scientific constructs (Margenau 1964).** It

% According to Google Scholar, his most cited work is his co-authored textbook, Mathematics of
Physics and Chemistry from 1943, followed by The Nature of Physical Reality: A Philosophy of Modern
Physics, published in 1950 (reprinted without changes in 1977) and still cited by philosophers of physics
today.

* Significantly, Margenau read a good deal of philosophy during his early years and became a
‘devotee’ of Kant (Margenau 1964).

% Margenau said that ‘Fritz London himself was a strange person. He was always very diffident
about meeting people. He was a very, very hard taskmaster, great perfectionist, who would not allow
anything to slip by in the work of his students. He was not very happy about the paper, the manuscript
which I showed him. However, he did not discourage me from publishing it. In fact, he said I should
publish it but I had to do more than I have done. And that was that’ (Margenau 1964). Margenau
subsequently wrote letters on London’s behalf that he thought might have helped with the latter’s
emigration to the USA (Gavroglu 1995, p. 191). However, there appears to have been no philosophical
interaction between the two although Margenau did recall that he attended lectures by Reichenbach
while in Berlin. In The Nature of Physical Reality London is only mentioned once, in the context of
Heitler and London’s demonstration that valence forces are reducible to so-called ‘exchange forces’
(Margenau 1950, p. 92; such ‘forces’ arise from the particles’ non-classical indistinguishability).

*! Griinbaum is perhaps most well known for his work in the philosophy of space and time. He
subsequently criticized his former professor’s approach to the measurement problem and concluded,
‘[ilnsofar as quantum mechanics does raise the question concerning interaction not only between a
physical system and a measuring device, viewed as ontologically real, but also concerning the role of the
sensed events in the observer’s experience, Mr. Margenau would have to offer a theory of the observer
as well so as to round out his epistemology of quantum mechanics’ (Griinbaum 1950, p. 32). As we’ll
shortly see, Margenau believed he had such a theory in what he took to be London and Bauer’s account.

*> Although Northrop became well known for his work in comparative philosophy, his book Science
and First Principles (Northrop 1931; first delivered as lectures in 1929) contains a potted history of
matrix and wave mechanics, covering not only Heisenberg’s and Schrodinger’s works but also Dirac’s.
However, he argued, given the problems with the theory, physics needed to go back to ‘first principles’,
as exemplified by the case of Special Relativity. As we'll see, a similar attitude has been adopted by the
advocates of QBism who tend to have a better grasp of the physics than Northrop (about whom Lenzen
wrote, ‘[t]he author’s exposition of contemporary physics is not trustworthy’ (Lenzen 1933, p. 321)).

** In his (1950) Margenau wrote that the methodological modifications introduced by quantum
physics directly affect our idea of reality and that ‘[flew have seen this more clearly than the late
Professor E. Cassirer [and here he gives a reference to Cassirer’s Determinism and Indeterminism] with
whom the author had the pleasure and the good fortune often to discuss his views’ (p. 14). Further
references to the aforementioned book as well as to some of Cassirer’s other works are scattered across
various chapters. Margenau later recorded that his return to his earlier philosophical interests was
triggered by the arrival at Yale of Cassirer whom he described as his ‘hero’ (1978c, p. xxvi). He was also
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was Cassirer who stimulated the development of Margenau’s own epistemology
of ‘constructionalism™* which offered a broad understanding of ‘experience’
that included not just perception, but also rational and emotional features, the
significance of which has to be determined by explicating the relevant proced-
ures, as exemplified in science (Margenau 1950, p. xxvii). ‘Only in this way’,
Margenau insisted, ‘can we avoid the difficulty which Husserl raised for Kant by
asking: why should not all clear contents of consciousness be allowed to compete
with sense data in determining reality?” (1949, p. 288).

The latter are those aspects of experience that can be distinguished from
others by their spontaneity, their relative independence, and their irreducibil-
ity. So, the sensory aspect of the experience of seeing a tree is the residuum that
remains when all the rational aspects and ‘mnemonic associations’ are deleted.
It is because such a residuum has withdrawn itself from rational manipulation,
that it cannot figure as such in our theories but must be rationalized through
being translated into wavelengths, geometrical figures, and the like. Having
said that, Margenau insisted that ‘sensation as part of the process of knowledge
is not wholly sui generis, and that there may well be a gradation from those
qualities which signify an act of clear perception into those that characterize
pure thought’ (1949, p. 290). It is by understanding the nature of this gradation,
he argued, that we can grasp how classical and modern physics are related. So,
returning to the example of the tree, we move from the ‘perceptual tree’ to the
tree as a physical object by supplementing our visual, tactile, and kinaesthetic
impressions with, first, those qualities that go beyond our immediate impres-
sions, to those we recall from memory, of the back of the tree, for example (and
here we might think of Husserl’s ‘horizon’ again), or of its roots and so on, and
second with qualities such as permanence or continuity of existence.*®

This movement is not mere integration but construction where such con-
structs may include not only trees and electrons, say, but also ghosts, mirages
and the luminiferous ether (ibid., p. 293). What is crucial, obviously, is to be
able to identify those constructs that are deemed to be ‘valid’ which involves,

involved in the preparation of the revised, English edition of Determinism and Indeterminism whose
bibliography, prepared in 1945, included the London and Bauer monograph. Margenau also supplied
the preface after Cassirer’s death.

** See for example (Margenau 1935) where in the context of the recently developed formalism of
QM, he considered the replacement of the ‘pseudo-sensible’ construct of the electron with an abstract
construct articulated in terms of operators and Hamiltonians. There is then a correspondence, if only
indirect, between such constructs and the relevant data, in terms of which the physical universe can be
divided (although Margenau gave two examples where such a correspondence was, at that time, absent:
Dirac’s postulate of the infamous negative energy sea and Fermi’s of the neutrino).

** Thus, he noted (1950/1977 p. 59), Natorp and Cassirer both saw clearly that the tree, qua object, is
not ‘given’ (gegeben) but ‘posed’ as a problem (aufgegeben).
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in addition to the satisfaction of certain metaphysical requirements, justification
via the ‘circuit of empirical confirmation” (Margenau 1949, p. 295). Here we
begin with sense data and then proceed into the ‘field of constructs’ via rules of
correspondence that, in effect, unite experience, data, and constructs and in the
scientific context, take us from the blueness of the sky to a particular wavelength.
The only difference between quantum and classical mechanics, then, has to do
with the span of these rules and their statistical character (ibid.). Within this
field one can move from one set of constructs to another via logical or math-
ematical theorems and then back, via a similar rule of correspondence, to the
‘field of sensation’, yielding a prediction which, if true, provides validation to
the set of constructs in the circuit. Constructs that have been validated a
sufficient number of times become ‘verifacts’ and physical reality is then con-
ceived of as the class of all such ‘verifacts” (ibid., p. 295).>

Interestingly, Margenau also applied this ‘constructionalist’ approach to the
self and concluded that:

the reflecting (not experiencing) ego is initially a construct to be verified, a
construct of remarkable universality, enabling a self-reference of every part
of experience. That such self-reference is possible, and hence that the ego
construct can be verified... may indeed be the most noteworthy fact of
our experience; but it is not thereby exempt from rational and empirical
examination. (1950, p. 455)%”

In certain respects, this may not appear to be so far removed from a phenom-
enological conception, as we'll see, although Margenau argued that whereas
scientists adopt a fallibilist attitude towards empirical data (and have devel-
oped theoretical criteria for the rejection of illusory data), the phenomen-
ologist is guilty of the uncritical admission of introspective evidence which
was regarded as stable and indubitable (and thus had no similar criteria
for excluding ‘abortive introspections’), something he regarded as ‘wholly
disastrous’ (Margenau 1950, p. 463; this is based on his earlier 1944 essay
‘Phenomenology and Physics’, reprinted in Margenau 1978a, pp. 317-28).%*

*¢ Wave functions are also understood to be such a validated abstract and hence are part of physical
reality (ibid., p. 299).

*” For a critical analysis of ‘constructionalism’ see Werkmeister (1951) and for a reply, see Margenau
(1952).

** Margenau distinguished his epistemology from both Berkeleian and Kantian idealism through the
establishment of rules that ‘certify’ what is objective in things (1950/1977, p. 48). His core claim is that
objectivity has to be ‘discovered by procedures of which we all are vaguely cognizant and which reach
highest precision in the methods of the physical sciences’ (ibid.).
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This characterization of the phenomenological attitude towards introspect-
ive evidence is of course too crude for the criticism to be taken seriously.

3.3.1 Interjectivity

Margenau’s own philosophy cannot be said to have had a major impact,
although it is worth noting that a ‘constructivist’ or ‘constitutive-
phenomenological’ interpretation of QM was later pursued by Gauthier
(1971), for which Margenau provided ‘helpful comments’ (ibid., p. 429,
fn. 1).*° This gives a central role to the notion of ‘interjectivity’, in the
sense of ‘the relation in which first a subject and an object can arise and
upon which inter-subjective structures become possible’ (ibid., p. 431).
On this view, consciousness does not interact with a system but, rather,
makes it possible for phenomena to occur in the first place. Both the
observer, as a public entity, and the joint physical system of the object of
the measurement and the apparatus are then to be understood as the twin
poles of these inter-relational structures (Gauthier 1971, p. 432). As we'll see,
this is strongly reminiscent of the London and Bauer account.*’

According to Gauthier, then, the observer should not be conceived as a
psychological subject but rather as ‘a nexus of structures of experience’ (ibid.,
p. 432) that define the constitutive conditions of a physical phenomenon.*'
‘The world’, then, is not, naively, ‘out there’ but must be seen as a kind of
approximation in the constructive endeavour as we approach, through deeper
and larger structures, the ideal totality of all structures; that is the universe as a
whole (ibid., p. 433).*

** Gauthier has insisted that, ‘[o]f course there is a Husserlian background in my 1970 paper’
(private communication) and records that he wrote a longish paper (now lost) on Husserl in the 1960s,
on the basis of which Gadamer agreed to be his ‘Doktorvater’ or PhD supervisor (but see Gauthier
2019).

** Gauthier also writes that ‘In 1970, I didn’t know about London and Bauer but that he subse-
quently (in 1991) discussed the issue with Wigner (private communication).

*! In a footnote he writes that his position could also be called ‘structuralist’ (Gauthier 1971, p. 432,
fn. 5); see also Gauthier (1969) where he articulates the notion of ‘structure’ in terms of both linguistic
and mathematical structuralism.

42 T was not aware of Gauthier’s work when I wrote (French 2002) and his discussion note
appears to be little known, having been cited only seven times, six of them by himself. Subsequently,
he seems to have developed an interactionist account, incorporating the notion of a ‘local observer’,
that might be usefully compared to Rovelli’s ‘relationist’ interpretation (which we shall consider in
Chapter 9), although Gauthier himself insists that his approach has priority (Gauthier, private
communication).
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3.3.2 Margenau on Measurement

Returning to the issue of how to understand measurement in QM, Margenau
joined Wigner in rejecting Bohrian orthodoxy,*> with its emphasis on com-
plementarity and the latter’s account of measurement prompted him to return
to and clarify his own approach, the core concepts of which he understood to
be not so different from Wigner’s (Freire Jr 2015, p. 163; Margenau 1963a).**

Thus, he sought an account that did not rely on classical models and defined
a measurement as:

any observational ingression into the ‘state’ of a physical system which
reveals a number, a number guaranteed by experience with the apparatus
employed and by theoretical consistency to have relevance for the state of the
system before measurement, and guaranteeing nothing with respect to the
state afterwards. (1963, p. 472)

In these terms, what are often called measurements—such as the passage of an
electron beam through an inhomogeneous magnetic field—should rather be
regarded as state preparations, since observation is not involved (see also 1937,
p. 359).%

He then set out the ‘most general mathematical features of every
measurement’ (1963, p. 474), following ‘in essence’, he noted, the treatment
given in London and Bauer (and which he had previously followed in his
earlier papers). Significantly, however, Margenau rejected von Neumann’s
‘Projection Postulate’, taking it to offer a “positive seductive risk for philo-
sophic misinterpretations’ (1963, p. 476; see also 1937, p. 356). One such
is the supposed loss of objectivity due to the ‘projection’, or ‘collapse’
being understood in terms of a shift in our knowledge (see also Margenau

** Margenau first met Wigner in Berlin in 1932 and then again in 1939 at the Institute for Advanced
Study at Princeton, after Wigner had fled to the USA. He records that he saw him ‘off and on’ in
subsequent years; see: https://www.aip.org/history-programs/niels-bohr-library/oral-histories/4757.

** Feyerabend claimed that Margenau’s view was actually indistinguishable from Bohr’s (appropri-
ately understood) ‘except for some fancy terminology’ (Feyerabend 1968, p. 311, fn. 8). And Putnam
argued, as we’ll see, that it was incompatible with Wigner’s. Both are wrong but in interesting ways.
Margenau and Wigner actually speculated about writing a book together, although it seems that
Wigner may have been put off by Margenau’s interest in extrasensory perception and his concern
with reconciling science and religion (Freire Jr 2015, pp. 163-4, fn. 48). Nevertheless, Margenau invited
Wigner to join the editorial board of Foundations of Physics, where he played an influential role (Freire
Jr 2015, p. 164; see also Murgueitio Ramirez 2022, p. 761).

*> In his (1937), Margenau addressed the issue of the impact of QM on the notion of ‘state’, arguing
that the state function should still be regarded as referring to the system rather than our knowledge; see
also (1950/1977, p. 350).
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1937, pp. 367-8).% If, instead, we interpret it in terms of selection, then we
regain objectivity and, moreover, can apply it to both measurements per se
and state preparations. In a ‘Philosophic Postscript’ (1963, pp. 482-4), he
reflected on the role of the observer in this process and reiterated that given
this unwarranted interpretation of the Postulate, the speculation that is
based upon it, namely that consciousness is involved, becomes suspect.*’
In particular, he insisted, the physical situation—in terms of pure states in
the full Hilbert space—remains unaltered if there is no conscious observer
included. What a measurement involves is the deliberate selection of ‘specific
items of knowledge’ (ibid., p. 483) and consideration of that selection has no
bearing on the mind-body problem.

In a later work Margenau considered the introduction of consciousness as a
kind of hidden variable that would effectively render QM classically deter-
ministic*® and noted that Wigner had hinted at such a move ‘when suggesting
the need for implementation of quantum mechanics to render it applicable to
physiological and psychological processes’ (1978b, p. 373). He then proposed a
philosophical argument to give this suggestion a ‘measure of credibility’
although as he admitted, it is ‘highly metaphysical’, ‘surprising’, and ‘uncon-
ventional’.*” The argument begins by noting that free will requires there to be
elements of chance and choice. The former is guaranteed by QM and the latter
has to do with the will. However, he continued, the human will does not select
among the alternatives presented by ‘the ket [wave function] of the universe’ as
this would run counter to the stochastic nature of the theory. Hence, any
consciousness that could make such a choice cannot be human; either physical
systems themselves have a ‘sovereign will’, which leads to panpsychism, or
there must be some ‘superhuman will’, in which case Einstein was right in
asserting that ‘God does not play dice’!

Curiously, however, one can find few, if any, traces of these views of
Margenau’s in his responses with Wigner to Putnam and Shimony’s critiques
of what the latter took to be the ‘orthodox’ account of measurement in QM. It

¢ He also argued that the Postulate cannot handle non-ideal measurements, such as those that
disturb the system, in the sense that the latter’s post-measurement state is not an eigenstate of the
observable being measured, and those that annihilate it, as when a photon is absorbed by a detector (see
also 1937, p. 358). This rejection of the Projection Postulate as originally conceived has been quite
influential although Kronz (1991) has argued that both of the above kinds of cases can be handled
through an appropriate generalization.

7" Again, he had previously insisted that if the ego were to be introduced in this context, the only
reply would be to say that ‘quantum mechanics does not as yet pretend to be a psychological theory’
(1937, p. 367).

8 By incorporating it, somehow;, as a sub-manifold of the relevant Hilbert space or as a feature of the
Hamiltonian.

42 As Wessels (1980) noted, Margenau’s argument actually runs contra to Wigner’s view.
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was Margenau who independently spotted Putnam’s initial foray into this area
but soon afterwards received a letter from Wigner asking for his opinion
and offering to co-author a reply.*® Let us now consider the background to
Putnam’s concerns.

3.4 Putnam

Putnam, of course, is one of the major figures of ‘analytic’ philosophy in the
second half of the twentieth century, renowned for his work across a wide
range of areas, from the foundations of logic to the philosophy of mind and the
philosophy of science. His PhD thesis on the foundations of probability theory
was supervised by Reichenbach, who insisted that the claim that a system is
disturbed by an observation was ‘philosophical mysticism’ that has no basis in
QM (Reichenbach 1944, p. 15).>' Thus, he maintained that QM deals only
with relations between physical things so that all statements of the theory can
be made without reference to an observer.”> Putnam adopted a similar line,
arguing in his seminal paper, ‘A Philosopher Looks at Quantum Mechanics’
(1965), that measurement should not be regarded as primitive, as he claimed
the ‘von Neumann axiomatization’ took it to be, but should be understood as a
physical interaction like any other (and here we see a foreshadowing of the
position adopted in Relational Quantum Mechanics, discussed in Chapter 9).
He wrote:

To define a measurement as the apprehension of a fact by a human con-
sciousness, for example, would be to interpret quantum mechanics as assert-
ing a dependence of what exists on what human beings are conscious of,
which is absurd.  (ibid., p. 147)

*° In a 1964 interview, Margenau said, ‘Last year a man named Putnam, who is a mathematician and
logician. .. published a paper on quantum mechanics in the Journal of Philosophy of Science. I saw this
paper and I thought it was crazy. A few days later I got a letter from Wigner, saying, “Look. Have you
seen Hillary Putnam’s paper?” I said, “Yes.” He said, “We cannot let that ride. You and I must write a
paper in rebuttal, setting him straight.” I said, “Well, wonderful. I'd be delighted to do it.” Well, I had
the same experience again; he practically wrote the whole thing and I deny making any contribution at
all” (Margenau also noted how Wigner insisted on him (Margenau) having his name first, even though
his contribution was small); see Margenau 1964.

*! Moreira dos Santos and Pessoa Jr suggest that Wigner may have attended a seminar given by
Putnam while he was at Princeton, after completing his doctorate. Wigner wrote to Shimony afterwards
that he had tried to correct a serious mathematical error on Putnam’s part (2011, p. 631). However, this
was in 1963 and Putnam had moved to MIT by then (perhaps he had returned to give the talk).

%2 Reichenbach himself argued that a form of three-valued logic offered an appropriate framework
for describing the structure of the quantum domain.
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Returning to the topic forty years later, he remained dismissive, stating:

one might say—Von Neumann hints at this in his book, and Eugene Wigner
famously advocated it—‘the collapse occurs when the result of a measure-
ment is registered by a consciousness’. I do not know of anyone who
currently advocates this ‘psychical’ view. (Putnam 2005, p. 626)

However between these two bookends,* as it were, von Neumann’s approach,
and his ‘cut’ in particular, were the focus of Putnam’s ‘Quantum Mechanics
and the Observer’ (Putnam 1981). Here he noted that, given the nature of the
cut, in terms of what we take ‘the system’ to encompass, we might call QM a
‘theory of relativity’, since ‘there is a dependence of truth upon one’s perspec-
tive’ (ibid., p. 197).>* Indeed, he suggested, one can push this relativity further
and place the cut within the brain, or between the brain and mind, concluding
(in parentheses), ‘[p]erhaps the ultimate observer on von Neumann’s view is
the Kantian transcendental ego’ (ibid., p. 197). It is a pity that Putnam didn’t
take the opportunity to use this passing remark as the basis for reflection on
his earlier rejection of consciousness- or ego-based approaches.

What prompted the exchange with Margenau and Wigner was Putnam’s
1961-response to a purported resolution of the Einstein-Podolsky-Rosen (EPR)
‘paradox’ (Sharp 1961).>° Putnam used this as the opportunity to raise various
concerns about measurement in QM and in particular he argued that the theory
could not jointly incorporate two conditions: first, that a measurement requires
interaction with an ‘outside’ system, such as an observer and second, that the
‘whole universe’ can be treated as a quantum system (Putnam 1961). After
canvassing various approaches, Putnam suggested, at the end of the note, that
we should abandon the first condition and contemplate the possibility that

23]

‘macro-observables have sharp values without being measured from “outside

** For a detailed comparison of Putnam’s 1965 and 2005 papers, see Wiithrich (forthcoming). As
Wiithrich has noted, whatever one might think of Putnam’s own stance towards the interpretation of
QM, he was instrumental in pushing physicists in the 1960s and 1970s to recognize that there really was
a ‘measurement problem’.

** Interestingly—particularly in view of the later Relationist interpretation that we shall consider in
Chapter 9—Putnam then extended this ‘perspectival’ approach, suggesting that when we choose to
measure a given property of a system, such as its spin, we choose to ‘institute a frame’ relative to which
the system has the determinate property ‘spin-up’, say, or the determinate property of ‘spin-down’, and
‘the measurement finds out which’ (1981, p. 209; his italics). He writes, ‘Relative to this observer, these
properties are “real” ... but relative to a different observer, different properties would be “real”” (ibid.).
He concluded by noting that on this view, quantum particles are real entities, ‘but which they are is
relative to the observer’ (ibid., p. 208; his italics).

*> Feyerabend (1962) records various interventions from and ‘private communications’ with
Putnam on issues to do with the foundations of QM, including some that originate in discussions
from 1957.
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This of course is reminiscent of Bohr’s approach as Margenau and Wigner
noted in their response (Margenau and Wigner 1962, p. 293) but before we get
to the debate itself, we should introduce the fourth participant, Abner
Shimony, whose work also spanned both physics and philosophy.

3.5 Shimony

Shimony also wrote his PhD thesis on probability, supervised by Carnap,>® but
then went on to complete a second PhD in physics (on statistical mechanics),
with none other than Wigner himself.*” Although it was through his work on
probability that Shimony became interested in physics, Born’s The Natural
Philosophy of Cause and Chance also played a role, and reignited his interest in
QM (Shimony 2002). He also knew of Margenau’s work but didn’t take the
latter’s course in philosophy of physics while at Yale, which he came to view as
a mistake. However, he was quite taken with Whitehead’s ‘process’ philoso-
phy, recording that he ‘liked Whitehead’s mentalism’ and the anti-dualist idea
that ‘there’s something in common to mental reality and physical reality,
because those entities which we call mental have a kind of experience’
(ibid.). This chimed with his ‘strong evolutionist’ views:

It seemed to me if creatures like us are evolutionary products, then our
mental faculties must be products of evolution, not just our bodies. If our
mental faculties are products of evolution, then there must be something
mental-like from which the faculties evolve.

(Later in the interview he refers to a form of ‘proto-mentality’; ibid.)*®

At that time, Wigner was beginning to work on the foundations of QM, as we
have seen, and Shimony told him about Bell's Theorem (for which Wigner

*¢ In contrast with Reichenbach, Carnap did not discuss QM in detail, perhaps because, even as late
as 1966, he believed it was too early to draw philosophical conclusions from the theory (Faye and
Jaksland 2021).

%7 Shimony initially started his PhD with Wightman, one of the founders of axiomatic quantum field
theory. However, he felt that the mathematics he needed to tackle the problems Wightman had posed
would take too long to learn and so he changed advisor. Nevertheless, it was Wightman who asked
Shimony to study the EPR paper and find out what was wrong with it. Shimony concluded that as an
argument it was ‘flawless” while acknowledging that one or more of the premises could be false.

*® The interviewer (Joan Bromberg) noted that the theory of evolution is ‘something that is a
constant’ in Shimony’s writings and as we’ll see, it features in the debate over the role of consciousness
in QM.
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produced a simpler proof). It was through Wigner, on the other hand, that
Shimony was introduced to London and Bauer’s ‘little booklet’ which he
described, of course, as ‘a sort of popularization of von Neumann’s mathem-
atical foundations of quantum mechanics’ (Shimony 2002).°° Indeed,
Shimony thought it would make a useful text for the foundations of the QM
class he was then teaching at MIT but as it was in French, he had to translate it.
Bauer, apparently, liked the translation (London having died by then) and
Wigner felt it should be published with an introduction but the French
publishing company (Hermann) refused permission, on the grounds that
they wanted to do it themselves.®

However, Shimony admitted, ‘[t]hat booklet was more explicit about the
intervention of mentality in the measurement process than von Neumann is,
for a very interesting reason. London’s first doctorate was in philosophy. He
was a student of Husserl. He was interested in physics’ (Shimony 2002). And,
he continued:

[a]s a student of Husserl, there were some residues of phenomenology in the
little booklet of London and Bauer. Without giving you the details, in the first
quantum mechanics paper I wrote, the one called ‘The Role of the Observer
in Quantum Mechanics’, I have a long passage on London and Bauer. That
came from reading the book to teach the course at MIT’ (ibid.; as we’ll see,
this point about the phenomenological ‘residues’ in London and Bauer’s
work was not appreciated at the time of the debate itself and Shimony’s

realization came about some years later.)

That paper was first presented at a conference in 1963, organized by Podolsky,
with the likes of Bohm, Furry, and Wigner attending and indeed, it was
Wigner who asked the organizers to allow Shimony to present.®'

* Shimony also studied von Neumann’s book while at Princeton and found it to be very readable.

°® The Wheeler and Zurek version actually refers to translations: ‘English translations—including a
new paragraph by Professor Fritz London—done independently by A. Shimony, and by J.A. Wheeler
and W.H. Zurek, and by J. McGrath and S. Mclean McGrath; reconciled in 1982’ (Wheeler and Zurek
1983, p. 217). As we'll see these reconciliations may have blurred some of the nuances in the
original text.

¢! In his interview, Shimony speculated that it was perhaps as a result of this presentation and drafts
of his paper being circulated, that he was sent Bell’s paper which eventually led to his contribution to
the construction of an empirically testable form of Bell’s inequality (Clauser etal. 1969). He also
subsequently became heavily involved in the production of the informal journal Epistemological Letters
which was for many years one of the only forums for discussions of Bell’s work (see Murgueitio
Ramirez 2022, p. 764).
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3.6 The Debate

As we've already noted, the debate began with Putnam’s 1961 paper,® in
which he expressed concern about the central role given to the observer when
it came to the process of measurement (Putnam 1961).®> Let’s examine his
argument in a little more detail.

Putnam began by rejecting the claim that von Neumann’s axiomatization
gave QM, and the measurement process, ‘a logically rigorous formulation’
(1961, p. 234). We recall that he saw the central difficulty as arising from the
tension between the following two statements:

1. A measurement on some system requires that system to interact with
some other ‘outside’ system, such as a measuring device;

2. The whole universe can be treated as a system by the theory (and hence
can be assigned a state function). (ibid., pp. 234-5)

With regard to (2), Putnam added in a footnote: ‘For the “whole universe”
any suitable closed system which includes the measuring apparatus may be
understood in the present discussion’ (ibid., p. 235, fn. 1). Now, there is some
historical work to be undertaken on where this idea came from, that QM could
be applied to the entire universe. Certainly, a hint might be discerned in a 1928
talk by Schrodinger (published in 1935), where he argued that it ought to
be possible to eliminate spatio-temporal features, such as electron ‘orbits’
‘without leading to the consequence that no visualizable scheme of the
physical universe whatever will prove feasible’ (Bacciagaluppi and Crull
forthcoming, p. 73). And it is perhaps not too much of a speculation to suggest

2 One of the few analyses solely devoted to the debate is given by Moreira dos Santos and Pessoa Jr
(2011) who emphasized the ‘non-epistemic’ factors in play, including political and religious differences
and, more significantly perhaps, the fact that Margenau and Wigner, both eminent figures in the
physics community, may have viewed Putnam as an ‘outsider’ (ibid., p. 632; Shimony’s contribution is
not considered in their discussion). As they have noted, some of the exchanges take on an aggressive
tone, from both parties. They also acknowledged that both sides may have misconstrued the London
and Bauer piece, citing French (2002) and concluded, ‘Like a volley of punches at the end of a close
fight, Putnam’s arguments against the mentalist interpretation left the philosophical audience with the
impression of victory, even if the judges voted for a technical draw’ (translated from the original;
Moreira dos Santos and Pessoa Jr 2011, p. 639).

®* Again as already noted, Putnam was responding to Sharp’s presentation of a ‘new resolution’ of
the EPR ‘paradox’ that, the latter claimed, relied neither on Bohr’s epistemological presuppositions nor
a detailed application of von Neumann’s account of measurement. The core of the purported resolution
consisted in the claim that EPR err in assuming that separate pure states can be assigned to the parts of
the correlated system after measurement. If it is accepted that only the entire system can be assigned a
state function, then, Sharp maintained, the paradox clearly dissolves. Putnam, however, used Sharp’s
analysis to argue that there are serious conceptual difficulties related to measurement more generally.
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that the application of the theory to macroscopic systems as in the phenomena
of superconductivity and superfluidity, might have encouraged the develop-
ment of this idea that it might be applied to the universe as a whole.

Certainly, by 1956 Everett felt able to argue that ‘[t]he theory is. .. capable of
supplying us with a complete conceptual model of the universe, consistent
with the assumption that it contains more than one observer’ (Everett 1956, in
Barrett and Byrne 2012, p. 152).%* However, it is not clear whether Putnam was
aware of Everett’s work at this time®® but, like the latter, he argued that no
‘physically acceptable’ version of the then current form of QM could accom-
modate the above statements. And this is because if the time development of the
entire universe is described by Schrodinger’s Equation, then, for example, the
position of an electron, say, can never be measured, contrary to experience.*

He then considered various options for dropping the claim that QM can
describe the entire universe, including von Neumann’s approach. The last was
rejected, not because of any introduction of consciousness (at least, not here)
but because it, like many others, implied that systems that are not closed
cannot be assigned their own state function.”” Hence, Putnam argued, if we
reject statement (2) above, there are no systems, at least not in the usual
quantum mechanical sense; that is, that have states representable in terms of
vectors in Hilbert space and so on (Putnam 1961, p. 236). Thus, the core issue
here has to do with representing the influence of the ‘outside’ within the
formalism and he emphasized in conclusion that treating the universe in
terms of two kinds of entities is simply untenable.

¢* Everett defended this claim by appealing to the kinds of factors that are typically found within the
philosophy of science, including, in particular, the value of novel predictions which increase our
confidence that the theory can be extended beyond its initial domain of application and which
generates ‘ a strong desire to construct a single all-embracing theory which would be applicable to
the entire universe’ (1956 in Barrett and Byrne 2012, p. 171). We should have more confidence in a
theory that is ‘universally valid’ than one that either restricts itself to microscopic phenomena or
includes an arbitrary element such as, for example, consciousness.

% As he noted in (Putnam 2005), he does mention it in (Putnam 1991, pp. 17-19; thanks to Matteo
Morgani for finding a copy for me), where Wigner’s name also comes up, but only in a prelude to
consideration of the ‘Many Minds’ account that we shall touch on in Chapter 9. In his co-authored
1995 paper the ‘Many Worlds’ interpretation is dismissed as ‘incoherent’ (Albert and Putnam 1995,
p- 22).

¢ Here he drew on Sharp’s argument that an observable of the electron, say, will also be an
observable of the larger system which in this context will be the entire universe. But it can then be
proved that the state function of this larger system cannot be an eigenfunction of this observable at two
different times, unless a measurement takes place which of course is precluded (Putnam 1961, p. 235).
Sharp himself invoked Wigner’s earlier result that, according to von Neumann’s account, in a closed
system that includes the system of interest and the measuring apparatus, the only quantities that can be
measured are those that commute with all conserved quantities; Sharp then offered what he considers
to be a simpler argument to the same end (Sharp 1961, pp. 229-30).

7 Here too he followed Sharp.
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3.6.1 Margenau and Wigner’s Response

Margenau’s immediate response was harsh, as we’ve seen, and Wigner
insisted that they had to co-author a reply.®® Thus they began by suggesting
that the paper’s conclusion could not have been intended to have been
taken at face value, as a contradiction as glaring as that which was identified
by Putnam would surely have already been spotted by physicists. Instead,
they viewed it as a challenge to restate the theory of measurement in
terms that do not require the mathematical formalism of QM itself. It is at
this point that they identified von Neumann’s and London and Bauer’s
approaches, stating:

According to von Neumann and London and Bauer, who gave the most
compact and the most explicit formulations of the conceptual structure of
quantum mechanics, every measurement is an interaction between an object
and an observer. (Margenau and Wigner 1962, p. 292)

They then rejected the suggestion that ‘the object’ might be the entire universe,
because, bluntly, the observer has to be distinct from it. That the object is
‘closed’, in the sense of being separate, is simply assumed to be the case
between measurements but is obviously not the case in a measurement since
this involves interaction. Furthermore, they continued, it cannot be the case
that a larger system, such as that of the object plus measurement apparatus,
never undergoes measurement, since to ascertain the result of a measurement
requires a further measurement on the measurement apparatus.

The ‘chain of transmission of information’ from the object to the conscious-
ness of the observer may consist of a number of steps that can be analysed to a
greater or less degree. However:

[o]ne cannot follow the transmission of information to the very end, i.e.,
into the consciousness of the observer, because present-day physics is not
applicable to the consciousness. This point, which may be unpleasant from
the point of view of certain philosophies, has been clearly recognized by both
von Neumann and by London and Bauer. (ibid., p. 292)

% As we've also seen, Margenau’s attitude might well be described as ‘ambiguous’ at best—
describing the introduction of consciousness as ‘monstrous’ at one point, yet subsequently reflecting
seriously on the idea and of course, he was far more reflective, philosophically speaking, than Wigner
(see also Moreira dos Santos and Pessoa Jr 2011, p. 641).
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Thus, the ‘cut’ must be introduced between the system and observer, with the
assumption that ‘the observer has a “direct knowledge” of what is on his side of
the cut’ (ibid., p. 292; here they cite London and Bauer again).

Putnam’s specific claim, that an electron subject to external forces cannot be
in an eigenstate of position, say, at two different times, was then dismissed as
‘obscure’ and his conclusion rejected as erroneous. And they also rejected the
suggestion that the ‘orthodox view’ treats the universe as divided into classical
and micro-objects, since on that view the former are regarded as ‘proper
limiting concerns’ of the theory describing the latter. Here, of course, the
two sides were talking past one another with regard to what should be taken as
the ‘orthodox’ view, with Putnam clearly referring to the Bohr version and
Margenau and Wigner, of course, taking the alternative, ‘Princeton’ line. Their
conclusion was that:

[o]verall consistency of all parts of quantum mechanics, especially when that

theory is forced to make reference to ‘the entire universe’, has never been
proved nor claimed. And it is not likely that any expert in the modern
developments of logic will demand it.  (ibid., p. 293)

3.6.2 Putnam’s Counter

Putnam’s counter-response was equally blunt, referring to Margenau and
Wigner’s note as ‘a strange document’ (Putnam 1964, p. 1) and claiming
that they had simply failed to meet his concerns. These he presented again,
albeit in more detail, beginning by distinguishing between the system S, the
measuring apparatus M and the rest of the universe, T. He then pointed out
that although for pragmatic purposes the approximation is made of setting the
interaction between M + T and S to zero, strictly speaking that can never be the
case. As a result, S can be assigned neither a state function nor an appropriate
Hamiltonian and there can be no rigorous, ‘contradiction-free’ account of
measurement within standard QM.5°

Putnam then made a series of replies to distinct points in Margenau and
Wigner’s critique, beginning with the claim that by referring to ‘the entire
universe’, Putnam was trying to apply QM to cosmological issues. However, he

® On this point, he drew a comparison with the situation in the foundations of calculus in the
eighteenth century (1964, p. 2). In a sense this whole debate exemplifies Vickers’ point that whether a
given theory is taken to be inconsistent or not depends on how it is characterized (Vickers 2013).
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stated, ‘[n]othing could be wider of the mark’ (ibid., p. 2); rather, he insisted,
the issue is simply whether the theory can consistently treat measurement as a
form of interaction that takes place within a closed system. Whatever that
system is taken to be, the point is that T, above, should be empty, containing
no observers. Margenau and Wigner’s assertion, that ‘if one wants to ascertain
the result of the measurement, one has to observe the measuring apparatus’
could then be seen to be ‘worthless’, as it presupposed that the observer is not
part of M.

Now, what about the assumption that if measurement involves interaction
between S and something ‘outside’, then it cannot also be assumed that the
entire universe is a system? Previously, as noted, Putnam had suggested that
we might give up this assumption and here he supplied the details: let T be
empty; then according to von Neumann, when M measures an observable O in
S, the state of the system jumps into that of an eigenstate of O, as determined
by M. According to Bohr, M can be treated entirely classically, with QM
applying only to S. However, Putnam repeated, ‘[t]his is not only implausible
on the face of it, but inconsistent since S cannot, strictly speaking, have states
of its own’ (ibid., p. 3). What is consistent, he maintained, is that S+ M—that is,
the ‘entire universe’—jumps into an eigenstate of O.

Having referred to the ‘so-called Copenhagen Interpretation’ (ibid.),
Putnam argued that Margenau and Wigner cannot evade the point by
referring to the well-known classical limit theorems or Bohr’s correspond-
ence principle, since these only imply that any classical system may be
treated as the object under consideration, but then some other system
would have to be regarded as the ‘observer’ and treated classically within
this scheme. Indeed, Bohr himself made the point that we are obliged to
ignore the quantum mechanical structure of the observer, and the likes of
Landau had argued that classical mechanics cannot be taken as reducible
to QM precisely for this reason—classical physics has to be assumed on
the ‘observer’ side of the infamous ‘cut’. This is where London and Bauer
were drawn into the debate again, this time by Putnam: ‘London and
Bauer would like to reduce the “observer” to a disembodied “consciousness”,
but Margenau and Wigner admit this is not yet a success’ (ibid., p. 3). The
alternative sketched above, in which we have a purely quantum mechanical
account of measurement, Putnam suggested, is both more direct and
‘unmetaphysical’.

As for the Projection Postulate, consider the case of an electron, whose
position is measured at to and t;, and which is free during the interval between.
If the position measurements and the free movement of the electron are
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treated as one ‘motion’ within a closed system, then the state function of the
whole system must be an eigenfunction of the position at t, and t;. However,
since the electron is not interacting with the rest of the system between
measurements, its state function has to be considered to be ‘spread out” during
the interval, so that it cannot be an eigenfunction of position at t;, except by
undergoing a discontinuous collapse at that time. If we then drop the assump-
tion of a ‘cut’ and take measurement to put M+S into an eigenstate of the
observable, then, Putnam argued, although we must still introduce, by fiat, a
reduction of the state function at t;, we can say that ‘the whole business’ takes
place within a single closed system containing the observer.

Of course, a defect of his account, as Putnam acknowledged, is that it
does not explain why or how measurement causes such a reduction but
then, he maintained, the ‘London-Bauer interpretation’ is in an even worse
situation:

On their interpretation the measuring system is always outside the system S
and includes a ‘consciousness’. However, London and Bauer do not go so far
as to make it just a ‘consciousness’—it must also have a ‘body’, so to speak.

(ibid., p. 5)

But then his main point holds: ignoring the interaction between M and S
before the measurement is not just a useful approximation but is absolutely
indispensable here. Furthermore, and critically, measurement, on this view,
comes down to simply the ‘direct awareness’ of a fact by a consciousness and
so subjective events—namely the perceptions of the observer—have to be
taken as capable of causing abrupt changes in physical state—namely, the
reduction of the wave packet.”® Obvious questions then arise:

What evidence is there that a ‘consciousness’ is capable of changing the state
of a physical system except by interacting with it physically (in which case an
automatic mechanism would do just as well)? By what laws does a con-
sciousness cause ‘reductions of the wave packet’ to take place? By virtue of
what properties that it possesses is ‘consciousness’ able to affect Nature in
this peculiar way? (ibid., p. 5)"*

7® London and Bauer’s treatment is referred to as ‘highly subjectivistic’, a label echoed subsequently
by Jammer, for example (Jammer 1974, p. 499).

7' Putnam attributed that final question to Shimony (indicating that they had discussed these
issues).
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With no answers forthcoming to these questions Putnam concluded that
there is neither reason for nor plausibility in introducing either a ‘cut’ between
observer and object or a role for consciousness.””

3.6.3 Margenau and Wigner’s Counter?

Margenau and Wigner welcomed the opportunity to reply, but stated that they
found it ‘difficult’, given their feeling that their position had already been
clearly stated (1964, p. 7). So, they attempted to point out what they saw as
Putnam’s error even more clearly than before, focusing on his two premises:
that a measurement on S requires interaction with some other system (which
they found unexceptional); and, the ‘whole universe’ can be treated as a system
for the purposes of applying QM (here, as they added in a footnote, they follow
Putnam in taking ‘the whole universe’ to be any closed system that includes
the measurement device). This second premise, they insisted, conflicts with
the theory, as it stands, because the latter takes the state function to apply to
that which is ‘outside’ the observer. However, they continued, modifying the
premise, as Putnam does, by replacing ‘the whole universe” with any system
that does not contain the observer, leads him into error.

This centres on his assertion that, given premise 2, as modified, the time
development of S could obey Schrodinger’s Equation at all times. And this,
Margenau and Wigner claimed, stemmed from his reluctance to accept the
impossibility of describing the last part of measurement by Schrédinger’s
Equation; that is of accepting that the reduction of the wave packet is
unavoidable. This latter process, they wrote:

when properly understood, takes place when the observer interacts with the
measurement apparatus and somehow obtains cognizance of its state. The
impossibility of describing this part of the measurement process by means of
the equations of quantum mechanics was clearly recognised already by von
Neumann as well as London and Bauer. (1964, pp. 7-8)

Alternatively, one can simply eliminate the state function and express the
predictions of QM directly in terms of probability correlations between

7% Similarly, Jauch subsequently cited London and Bauer, together with Wigner, as attributing a
special role to consciousness in quantum physics, which, he wrote, ‘somehow is made responsible for
the change of the state vector during the measurement process’ (Jauch 1971, p. 42).
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observations that one can make on a system. Here Margenau and Wigner
referred to some recently published work that we have already touched on.
Thus, Margenau had noted that in classical physics, scientists were able to able
to map their observations onto the domain of models (which Margenau called
the field of constructs, or ‘C-field’; Margenau 1963b) and were then able to
reason about the phenomena in question following the rules embodied in
those models, together with rules of correspondence leading back to observa-
tions. In QM, however, the C-field, consisting of states and observables, is
connected to observations only via probability relations. Thus, when it comes
to the concept of ‘state’, for example, instead of an isomorphism holding
between our models and the phenomena, we have ‘a kind of polymorphism
which prevents a unique passage from models to Nature and also from Nature
to models’ (ibid., p. 3).”

It is precisely here that the problem of measurement comes to the fore. One
can appeal to the Projection Postulate, but its acceptability depends on the
adoption of one or other of the following: (a) the state function develops
according to Schrodinger’s Equation until a measurement is made, whereupon
it spontaneously transforms itself into an eigenstate of the measured value, in a
way that is ‘unaided by procedures which are not part of the measurement act’
(ibid., p. 6); or, (b) measurement involves the selection of actual systems from
an ensemble of systems so as to ensure the presence of the relevant eigenstate
for every system of that sub-ensemble, where this selection may involve
operations in addition to the act of measurement.”

According to Margenau, (a) is literally wrong’, whereas (b) holds in most
practical circumstances (ibid., p. 7).”® In those circumstances, the first stage of
measurement consists in an interaction between the system and an apparatus
but that must be supplemented by the act of looking to see what the outcome
of the interaction has been, or by some automatic record of the result’ (ibid.,
p. 14). Putnam’s concern can now be addressed, insofar as the nature of the
interaction cannot be described simply in terms of a time-dependent
Hamiltonian, since that will just take the state of the system to another
‘stationary’ state, for which there would be a definite outcome. The interaction
must be such as to ‘open’ the system up but further, must not depend only on

7> As we'll see, Everett also referred to such morphisms holding between models and systems.

7* These two views align with the subjectivist and frequentist interpretations of probability, respect-
ively, and so the debate between their proponents reflects deeper commitments as to whether the state
function is a measure of personal knowledge or an objective feature of reality (1963b, p. 7). Of course,
by ‘objective’ here Margenau means in accordance with the best obtainable knowledge (1950).

7> He states that this argument is presented in section 7 of the paper. There is no section 7.



58 A PHENOMENOLOGICAL APPROACH TO QUANTUM MECHANICS

the coordinates or momenta of that system but on the relevant parameters
of the apparatus. It can then be shown that the relevant Hamiltonian will
generate an appropriate mixture from the initial pure state of the system (this
is presented in Margenau 1963c) and it follows that ‘[n]Jo closed physical
system can make a measurement upon itself” (Margenau 1963b, p. 15).7°

3.6.4 The Practicalities of Measurement

In practical terms, then, closure is not an issue, since first of all, no finite
system is ever really closed and second, for systems of ‘superatomic’ size, such
as a living organism, the relevant stationary states are so numerous within a
finite small energy interval, that the best one can do is to assume that they all
occur with equal probability—that is, for all practical purposes, one can
assume the overall state to be a mixture. Furthermore, it is simply redundant
to insist, as the Bohrians did, that the apparatus must be described in classical
terms, since QM reduces to classical mechanics in the limit and hence every
apparatus that conveys information to us, and in particular our sense organs,
satisfies the quantum equations in their limiting form.”

In the second half of this two-part paper Margenau presented the proof,
mentioned above, that a measurement interaction will take us from a pure
state to a mixture, noting that his demonstration follows that already given in
London and Bauer (Margenau 1963c, p. 138, fn.7). The upshot is that ‘prac-
tically’, this analysis yields nothing that was not already implicit in the axioms
of the theory, at best demonstrating the consistency of these axioms and the
‘unique appropriateness’ of von Neumann’s account (ibid., p. 141).

All of this has only to do with the first stage of measurement, of course,
involving the interaction between system and apparatus; ‘[tJhe culminating
act is the look one takes and the number one sees’ (ibid., p. 141). This act
does not affect the state of the system, and is not governed by any law of

7¢ Dalla Chiara has compared this issue to that regarding the limits on the semantic closure of any
theory as revealed by the paradoxes of set-theory (1977). On her view, the measurement problem arises
for logical reasons and thus a ‘purely logical interpretation’ of von Neumann’s thesis could be given,
‘which is completely free of any subjectivistic and spiritualistic connotations’ (ibid., p. 340). On this
account, ‘any apparatus which realizes the reduction of the wave function is necessarily only a meta-
theoretical object’ (ibid., p. 340)—a conclusion that she compares to Godel’s and Tarski’s regarding
consistency and truth, respectively—but, of course, as she acknowledged, this does not give an
explanation of what goes on physically.

77 Interestingly, Margenau suggested that, ‘[t]he situation in fact is such that if a Compton electron
were conscious of its own recoil it could perform a measurement of the energy of a photon with which
it collided. But this takes us rather far afield’ (1963b, pp. 15-16).
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physics, quantum or otherwise. In particular, echoing London and Bauer
again, it does not ‘cause’ any collapse of the wave-function: [i]t adds nothing
to the physical situation’ (ibid.). The so-called ‘reduction’ of the wave-
function, according to Margenau, is nothing more than the selection of
one component from the mixture produced by the measurement and is no
more mysterious than the selection of a monochromatic beam of light from a
composite spectrum.

3.6.5 Introspective Orthodoxy

The other reference Margenau and Wigner gave in their reply to Putnam is to
Wigner (1963a). This begins in review mode and it is here that we find the
comment, ‘There is a very nice little book, by London and Bauer, which
summarizes quite completely what I shall call the orthodox view’ (ibid., p. 7;
in the footnote in which he gave the citation to London and Bauer’s
‘little book” he also referred to Schrddinger’s two 1935 papers, in which the
‘cat’ thought-experiment and the notion of entanglement are presented,
respectively—we’ll come back to these). Again, Wigner set out here ‘the
Princeton school” of orthodoxy, in contrast to the Bohrian line defended by
Rosenfeld and others.

Thus, in the section titled ‘The Orthodox View’ he presented von
Neumann’s two processes, acknowledging that they represent a ‘strange dual-
ism’ (ibid., p. 7; albeit distinct from the wave-particle variety). As with
Margenau, Wigner then demonstrated the consistency of this view, noting
that the concern that the processes of the first kind, associated with meas-
urement, might be incompatible with the rest of the theory derives from the
apparent impossibility of describing the whole process of measurement in
terms of Schrédinger’s Equation only. However, he argued, if we analyse
the interaction between the object and the apparatus, we obtain a statis-
tical correlation between the states of the two such that the one is
mirrored by the other. But then, ascertaining the state of the object
reduces to that of ascertaining the state of the measurement device and
so the measurement problem becomes that of making an observation on
the apparatus. One could of course bring in a second apparatus but in
effect the mirroring would continue and, crucially, one would still not
have a ‘full description’ of the measurement since Schrédinger’s Equation
is deterministic and one cannot recover the probabilistic aspect that is
actually observed (ibid., p. 9). And he concluded this section by recalling
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that “practically all the foregoing is contained, for instance, in the book of
London and Bauer’ (ibid., p. 9).”®

Rejecting views that suggest taking the result of the measurement to be a
mixture, from which a particular state vector somehow emerges with the
requisite probability, Wigner concluded that there could be little doubt that
the orthodox view is correct (ibid., p. 10).”° And even if the relevant measure-
ment context is made more complicated and realistic, still it is not consistent
with the principles of the theory to assume that the end result will be a
(proper) mixture of states.®

Indeed, Wigner showed, by a straightforward calculation, that in order to
obtain a mixture of states as a result of the measurement interaction, the initial
state has to be a mixture already.®' In a footnote he stated that ‘[t]his point is
disregarded by several authors®* who have rediscovered von Neumann’s
description of the measurement’ (ibid., p. 11, fn. 10). The argument of these
authors centred on the claim that the measurement apparatus, as a macro-
scopic body, must be described by classical mechanics and there are no
superposition states in the latter. However, as Wigner pointed out, this runs
contrary to QM and here he invokes Schrodinger’s ‘cat-paradox’ (again, to be
discussed) to quash the idea that macroscopic bodies must be described in
classical terms. The upshot, then, is that it is just not compatible with QM to
describe the state of the object-plus-apparatus after measurement as a mixture
of states, each with one definite position of the apparatus’ pointer. Thus, the
orthodoxy, with its dualism regarding changes of the state function, continues
to hold sway.

This does not mean that it remains free of conceptual weaknesses. Wigner
took seriously the point that most discussions of measurement take place in an
abstract and idealized context. Indeed, he showed that no observable that does

’® As Shimony recorded, ‘There are many passages in Wigner’s papers...in which this term
[‘orthodox’] is understood to be the formulation given fully by von Neumann in his Mathematical
Foundations of QM ...and summarized by London and Bauer’ (2004, p. 60).

7 The crucial point, of course, is that one cannot recover from such a mixture the characteristic
‘interference terms’ that manifest in the behaviour of the beams of particles in, say, the Stern-Gerlach
experiment.

8 Just to recall, a ‘proper’ mixture is when the system is in one of a set of states, each associated with
a definite probability, where it is unknown which state the system is in, and an ‘improper’ mixture
arises when the system is entangled with another so that it is not in any pure state. As Shimony noted,
‘[t]hat Wigner is fully aware of the distinction between proper and improper mixtures is clear from his
citation...of von Neumann’s discussion of measurement in Chapter6 of [The Mathematical
Foundations of Quantum Mechanics] where the distinction is used extensively but without an explicit
terminology’ (2004, p. 65).

81 Shimony described this as ‘[p]robably the most significant of Wigner’s results concerning
measurement’ (2004, p. 65).

%2 And here he might well be referring to Putnam.
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not commute with additive conserved quantities, such as linear or angular
momentum or charge, can be measured absolutely precisely and that to
increase the precision a very large apparatus is required (ibid., p. 14; a simple
proof of this result was provided by his students Araki and Yanase).**> Most
quantities that we are interested in, such as position and momentum, fail to
commute with all conserved quantities, so their measurement is actually
impossible with a microscopic apparatus. It is in this regard that macroscopic
devices may be necessary, in which case, as Margenau also noted, the relevant
state vector cannot be distinguished as simply from a mixture as in the case of
the Stern-Gerlach experiment. Nevertheless, despite these weaknesses,** the
point remains, that appeal to processes of the first kind, or ‘reductions’ of the
wave packet, are unavoidable (and he gave another illustrative example in his
analysis of a proton-neutron collision).

All of which was to hammer home the point made in response to Putnam:

a measurement process governed by the standard quantum dynamics
ensures that a superposition of eigenstates of the measured object observable
is ‘inherited’ by the composite system consisting of object and apparatus,
regardless of how much of the environment is incorporated into the
apparatus. ... the registration of a measurement result in the consciousness
of the subject [is] a definite fact, selected stochastically from the superpos-
ition that is exhibited in the final state of object-plus-apparatus.

(Shimony 2004, p. 69)

In this review of Wigner’s approach, Shimony both repeated the misleading
assertion that von Neumann’s conclusion, that a measurement is completed
upon registration in the observer’s consciousness, was ‘formulated explicitly’
by London and Bauer®® and noted Wigner’s approving quote of the passage
where they refer to the ‘characteristic and quite familiar’ faculty of introspec-
tion, a faculty which, Shimony stated, Wigner ‘evidently considers to be a
component of the orthodox interpretation’ (ibid., p. 61).*° More generally,

% For a summary, see Shimony 2004, pp. 62-3.

8% And he went on to note the problem of reconciling the orthodox account with relativity theory,
given that the observables are typically regarded as instantaneous quantities (1963, p. 14); see also
Shimony 2004, p. 64.

% Which is a little surprising given his earlier acknowledgment of the phenomenological under-
pinning of London and Bauer’s work as we have seen.

8 Further revealing his lack of understanding and again surprisingly, given the above point,
Shimony wrote, following a brief outline of the ‘Wigner’s Friend’ argument, ‘[t]hus, the orthodox
interpretation, as understood and somewhat amplified by Wigner, is a kind of solipsism’ (ibid., p. 62).
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Shimony suggested, Wigner’s argument above convinced him that ‘somewhere
in the chain of coordinations linking the physical object of interest to the
observer’s consciousness there is a breakdown and limitation of the linear,
deterministic, unitary dynamics’ (ibid.). We'll come back to the nature of such
a ‘breakdown’ after we’ve examined the London and Bauer text in detail.

Having said that, Shimony questioned whether Wigner’s ‘solution’ to the
measurement problem should be identified with the ‘orthodox’ interpretation
(in Princetonian form), noting that elsewhere (as we have already seen),
Wigner argued that ‘accepting the perceptions of the ultimate subject as the
primitive concepts of physics is a drastic over-simplification and flattening of
the psychological evidence that points to the deep and murky background
of emotions and of the unconscious underlying the sharp conscious readings
of apparatus dials’ (ibid., p. 62). Shimony presented this as preparation for
‘Wigner’s remarkably open-minded and judicious exploration of other pro-
posals for solving the measurement problem’ (ibid.), but of course, as we have
seen, rather than entertain such alternatives, Wigner speculated that we might
achieve a unified science of physical and living systems, within which the
superposition principle would not be universally valid due to the absolute
nature and definiteness of human perceptions.®”

3.6.6 The Final Word...

Returning (finally!), to Margenau and Wigner’s joint response to Putnam, they
went on to directly address the concern about applying QM to the ‘whole
universe’:

Were we to assume that the whole universe of which Professor Putnam
speaks includes the observer and that it is meaningful to describe it by the
quantum mechanical formalism of states, the conclusions to be drawn would
defeat this premise. (Margenau and Wigner 1964, p. 8)

%7 Feyerabend suggested that the indefiniteness in, say, the position of an electron before measure-
ment ‘may even reach the mind of the conscious observer making it impossible for him to say that he
has received definite information, no matter how certain he himself may feel about it’ (1968, p. 318). He
objected to Wigner’s line on the grounds that the sensory impressions of the observer must have
something to do with the state of the electron, ‘and here certainty can no longer be guaranteed’ (ibid.,
fn. 24). Of course, this misses the point that Wigner was drawing on from London and Bauer, namely
that the faculty of introspection grants that certainty, although, again, to fully respond to Feyerabend’s
objection requires the phenomenological perspective.
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One would have to ask, given such a situation, whether the state in question
should be described as a mixture or a pure state. However, if we take it to be a
mixture, then the knowledge of the universe would be ‘non-maximal’; that
is there would be ignorance. But who is it that would be ignorant in
this situation? It can’t be the observer, since they are included as part of the
universe. Thus, it must be a being who is outside of the universe and at this
point, ‘it is clear that we have now gone far beyond the competence and the
intent of quantum mechanics’ (ibid., p. 8). Alternatively, we could take the
entire universe to be in a pure state, but then the universe cannot make a
measurement on itself (and here Margenau’s paper sketched above is cited)
and so QM does not even apply and Putnam’s concerns are moot.

They concluded with the following ‘remarkable’ and yet-to-be-fully appre-
ciated ‘fact’: ‘present quantum mechanical theory does not recognize any
reality independent of an observer’ (ibid., pp. 8-9). The choice, as they
presented it, is either to formulate the theory so as to refer to observations
only, as they indicate in their respective papers, or retain the state function and
accept that the changes in this cannot be completely described by
Schrédinger’s Equation, yielding an unavoidable reduction or collapse:®®

We do not say that quantum mechanics is the ultimate physical theory and that
all future theories will have a similar character. We do not even maintain that
we are glad that the present theory does have this character. However, it does.

(ibid., p. 9)

3.6.7 ...Not Quite

We recall that Putnam subsequently dismissed this apparent dependence of
measurement outcomes on human consciousness as ‘absurd’ (Putnam 1965).
In another piece, aimed at a more general philosophical readership, he
returned to Margenau and Wigner’s position, suggesting that they deviated
from the Copenhagen Interpretation ‘in a subjectivist direction’ by insisting
that the observer must include a consciousness and ‘treats himself as possess-
ing definite states which are known to him’ (Putnam 1965/1975, p. 81). He
then noted that the fact that we do not get superpositions on the observer side
of the cut is explained by the fact that we have a ‘“faculty of introspection” (and

% Although they do not use these terms, preferring to talk of the changes in the state function
containing a ‘statistical element unalterably’.
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here he cited London and Bauer again) ‘which enables us to perform “reduc-
tions of the wave packet” upon ourselves’ (ibid.)

As Putnam then pointed out, Margenau’s own account is actually incom-
patible with what was presented in his work with Wigner, not least because it
abandons the notion of the ‘cut’ between object and observer and includes the
latter in the entire universe whose state, Margenau claimed, could be repre-
sented by a statistical mixture (ibid., p. 82).*” On Margenau’s view, we recall,
this follows from the claim that pure states can only be assigned to systems on
which a precise measurement can be performed. That in turn means that a
measurement, considered as ‘opening’ a previously closed system, must yield a
statistical mixture, because after that measurement, the system is in interaction
with the rest of the universe, whose state cannot be known exactly and so
neither can the system’s.

The problem is, Putnam argued, that on this account we cannot be
guaranteed that the mixture obtained is the ‘right’ one. So, jumping ahead to
Schrodinger’s Cat thought-experiment what is to guarantee that after the box
is opened, and the ‘measurement’ thereby performed, the whole universe,
including the cat and me, the observer, will be in a mixture of ‘T observe a
live cat’ and ‘T observe a dead cat’, rather than one that includes the super-
position of T see a live cat’ and ‘T see a dead cat’? Of course, we could always
rule out the latter by invoking von Neumann’s Projection Postulate but
Margenau rejected that, of course, and so Putnam concluded that
Margenau’s response to the measurement problem is insufficient.

By this point, however, the two sides in the debate had stopped engaging
with one another.

3.6.8 Shimony’s Additional Concerns

As we also just noted, Putnam referred to related concerns previously raised by
Shimony (Shimony 1963).”° The paper begins with an explicit comparison of
the von Neumann-London-Bauer interpretation with Bohr’s (Shimony 1963,
p. 755; abstract).”® The former, Shimony claimed, is not supported by

% Given Margenau’s admission that Wigner took the lead in writing their responses, it may be that
he simply decided to let the latter’s view have priority.

% Moreira dos Santos and Pessoa Jr suggest that Shimony played the role of interlocutor in the
debate between Wigner (and Margenau) and Putnam (Moreira dos Santos and Pessoa Jr 2011, p. 631).

! T'd like to thank Susann LoFaso of the American Institute of Physics for providing me with a copy
of this paper as well as Wigner’s 1963 piece (Wigner 1963a).
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‘psychological evidence’ and is ‘difficult to reconcile with the intersubjective
agreement of several independent observers’ (ibid.). The latter may be useful
in practical terms but involves a ‘renunciation’ of any ontological framework
in which events, whether physical or mental, macro- or microscopic, can be
located. Hence, he concluded, a satisfactory resolution of the measurement
problem will not be achievable ‘if the present formulation of quantum theory
is rigorously maintained’ (ibid.).

Thus, the paper is, overall, negative in tone, as Shimony also made clear in
the introduction. Here he distinguished two problems with regard to the
relationship between physical objects and consciousness: the first is onto-
logical, having to do with how two such different kinds of entities can interact;
the second is epistemological and concerns the issue of how scientific theories
can be justified by reference to human experience. Although a complete
solution to either requires a solution to the other, Shimony recorded that
classical physics had made considerable progress with regard to the second, at
least insofar as an understanding of ‘the scientific method’ is concerned, while
leaving the first to languish in obscurity. It was able to do this because
fundamental physical concepts could be related to the common characteristics
of those objects encountered in daily life, including in the laboratory, which
could then be ‘directly recognized” by an observer, even though that act of
recognition remained poorly understood (Shimony 1963, p. 755).* In the
quantum context, however, that relation between the elements of theory and
experience is no longer extraneous to the physics but is an intrinsic part of the
theory itself. (As we’ll see, London and Bauer insisted that QM should be
regarded as a theory of knowledge.) Here the ontological problem looms large
and thus Shimony asked, can it be sidestepped as it was in the classical
context? And if not, can a response be given which meshes both with QM,
as currently formulated, and psychology? The answer to both, he contended, is
negative.

After a brief outline of the theoretical basics, including, yet again, the two
kinds of processes, Shimony wrote that, von Neumann’s ‘most systematic’
account of observation was later presented ‘more simply (and in some ways
more deeply) by London and Bauer’ (ibid., p. 757). According to this account,
he continued, transitions of the first kind, resulting from a measurement, are
understood to be an ineliminable feature of the theory, where ‘measurement’

2 We'll return to this idea of ‘direct recognition” of everyday objects when we discuss Husserl’s
notion of the ‘life-world’.
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is, in turn, understood to involve the ‘registration of the result in consciousness’
(ibid.), and here the ‘chain’ argument was presented again.

Noting, however, that von Neumann himself says rather little about con-
sciousness, Shimony then presented a long quote from London and Bauer,”?
which begins with their consideration of the composite consisting of the
system, the apparatus, and the observer and notes that ‘objectively’, such a
consideration seems to be on a par with that of the superposition of system
and apparatus. However, they emphasized, from the perspective of the obser-
ver, only the system plus apparatus can be considered to be ‘objective’, since
she possesses a faculty of introspection that affords immanent knowledge of
her state, thereby cutting the chain. Crucially—and this is something to which
we shall return—this passage cited by Shimony includes London and Bauer’s
rejection of there being any kind of ‘mysterious interaction’ involved and their

5

insistence that it is ‘the consciousness of an “I”” that separates itself from the old
wave-function and attributes to the system a new one. His interpretation of these
remarks is that here they are presenting ‘some important, but incompletely
developed, propositions regarding the place of mind in nature’ (ibid., p. 759),
failing to recognize, at the time, the relevant phenomenological context.

These propositions were extracted and set out by Shimony as follows:

(i) That London and Bauer take the formalism to provide a ‘maximal
description’ of the composite object consisting of the system, the
apparatus, and the observer suggests that the last is not given a
‘transcendental role’ such that either the system or the apparatus
could be said to derive their existence from the action of the observer;

(ii) The claim that the observer knows their own state by direct introspec-
tion implies that the mind of the observer is included in this maximal
description;

(iii) Insofar as at least some of the principles of QM apply to the states of
the observer, these states should be taken as capable of entering into a
superposition and of supporting meaningful phase relations;

(iv) The laws governing the evolution of the states of the observer are such
that the transition to a definite state occurs without any outside
disturbance of the composite system, where this transition is effected
by a property that only the observer possesses, namely the ‘faculty of
introspection’.

3 Shimony later stated that this long passage ‘came from reading the book to teach the course at
MIT’ (Shimony 2002).
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As we'll see, although Shimony misunderstood London and Bauer’s view,
presenting it in terms of the above propositions is useful not least for illumin-
ating the nature of that misunderstanding.

Thus, he took (i) and (ii) above to merely state a kind of ontology, going
back to Aristotle, according to which both mental and physical systems exist in
nature and interact with one another (Shimony 1963, p. 759). However,
leaving aside the fact that London and Bauer explicitly state that there is no
such interaction, this fails to grasp their core point about the shift in perspec-
tive involved in consideration of a measurement situation: from the outside, as
it were, or ‘objectively’, it appears as if the system, the measurement apparatus,
and the observer are on a par, all folded into the description offered by the
theory, but from within, again as it were, the observer is in a privileged
position by virtue of possessing this faculty of introspection that has to be
understood phenomenologically. Given that, it is not at all straightforwardly
the case that the observer does not play a transcendental role—something we
shall come back to.

It is proposition (iii) that Shimony regarded as ‘remarkable’, extrapolating
as it does, the characteristics of quantum systems to states of mind. (iv)
qualifies it, however, by virtue of taking the transition to a definite state to
be non-linear and stochastic and thereby not governable by Schrédinger’s
Equation. This, Shimony agreed, was reasonable, not least because it is difficult
to see how we could come up with a Hamiltonian for a mental system—how
could energy be expressed via psychological variables?—and also, the process
of the observer establishing herself in a definite state, via this faculty of
introspection, must involve an element of chance, because ‘prior to introspec-
tion there were only various probabilities for the observer to be in various
definite states’ (Shimony 1963, p. 759).

Thus, Shimony interpreted London and Bauer as proposing that the
(mental) states of the observer obey the vector relations required by QM,
and hence can be in superposition states, but without the usual temporal
evolution. Two psychological questions must then be investigated: ‘whether
mental states satisfy a superposition principle, and whether there is a mental
process of reducing a superposition’ (ibid., p. 760).”* He then considered
whether a range of psychological phenomena, such as perceptual vagueness,
indecision, or conflict of loyalty could be interpreted as instances of

°* Thus, recalling Margenau’s concerns, Shimony viewed London and Bauer as suggesting that QM
does have some ‘competence’ in the psychological realm, insofar as it applies to mental states but not, of
course, to the ego itself.
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superposition, or whether superposition holds in the unconscious, and con-
cluded, in each case, that the answer is ‘no’.**

Again, however, Shimony missed the point. As we’ll see, London and Bauer
insist that by virtue of the faculty of introspection the observer can describe
her own state ‘in an immediate manner’. So, it is not the case that she first has
awareness of a kind of perceptual vagueness, say, characterized in terms of a
superposition, that then resolves into a definite mental state; rather she can
immediately establish her own mental state, thereby snapping the chain and
establishing her own objectivity through the attribution of the corresponding
state to the system in question. What Shimony overlooked was the crucial shift
from the perspective of a second observer, outside the measurement situation,
to that of the first observer, within it (it is this that Wigner’s ‘Friend” argument
is concerned with of course).

He did go on to consider the suggestion, which he took to be ‘unlike the
proposal of London and Bauer’ (ibid., p. 763), that the reduction of the
superposition takes place immediately at the moment of observation, so that
the mind might be regarded as a kind of filter system that selects one definite
outcome out of those compatible with the superposition. However, he identi-
fied the most obvious weakness of this proposal as ‘the difficulty of under-
standing why there can be no mental states reflecting the states of physical
systems in which macroscopic observables have indefinite values’ (ibid.,
p. 763) and concluded that the proposal is nothing but a stratagem for
disguising the fact that such peculiar states do not exist. He also raised the
objection that from a psychological perspective there is ‘probably’ no sharp
moment at which the observer becomes aware of the given macroscopic
variable and hence reduces the superposition. Whether there is or not, this
again misses the point, since the crucial element is the awareness by the
observer of their own mental state.’

Shimony also surveyed other cases of psychological phenomena that could
potentially be interpreted as exemplifying superpositions, such as indecision,
conflicts of loyalty, and ambivalence. In these cases, the objection above
cannot be raised since we do not even know how to begin with the

> The concern here can be traced back to Wigner (1961), where he argues that to suppose that a
conscious being could enter into a superposition state would be absurd, as it would correspond to a
‘state of suspended animation’: ‘It follows that the being with a consciousness must have a different role
in quantum mechanics than the inanimate measuring device.. . . In particular, the quantum mechanical
equations of motion cannot be linear’ (Wigner 1962, p. 180).

% 1t is typically granted that perceptual experience involves something termed ‘presence’, in the
sense that the experience is immediately responsive to the character of the objects presented to it (see
Crane and French 2017—that’s not me by the way!).
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construction of such an interpretation. Nevertheless, there is no evidence
in its favour and, again, the meaning of the relevant phase relations remains
obscure.

Given this, Shimony wondered whether an observer might not be con-
sciously aware of the superposition of mental states and whether that super-
position could be situated in what Freud called the ‘preconscious’ (ibid.,
p. 760). The reduction of the superposition would then presumably occur as
the observer’s mind moves from a preconscious to a conscious state. However,
he noted, there is ‘no evidence of causal connection between the superposition
of states corresponding to different values of an observable and combination
of images in the preconscious’ (ibid., p. 761). Hence, he concluded, this
suggestion should be dismissed as ad hoc.

3.6.9 Consciousness and ‘Q-Shape’

As Halvorson has pointed out, there is an implicit physicalistic assumption
that runs through such discussions to the effect that brain states are identical
with mental states, so that superpositions of the former must yield superposi-
tions of the latter;”” if this assumption were to be rejected then many of the
concerns that have been expressed would fail to get off the ground (Halvorson
2010, p. 157).°® In addition, the arguments for superpositions of physical
states may not carry over to mental states, not least because the explanatory
power of the former (with regard to the two-slit experiment, for example) has
found little purchase when it comes to the latter (ibid., p. 158). And of course,
superposition in QM is a concept that clearly has testable empirical content—
the theory tells us which physical states can enter into such superpositions and
describes the latter’s empirical manifestation. We find nothing similar when it
comes to superpositions of mental states, as Shimony also noted. Thus, ‘the
claim that there are superpositions of mental states cannot be taken to be a
serious scientific claim’ (Halvorson 2010, p. 159).

Nevertheless, it might be felt that some explanation needs to be given as to
why such states cannot enter into a superposition. Chalmers and McQueen,

7 For an overview of the inter-relationships between views of QM and those about consciousness,
see Atmanspacher 2004. London and Bauer are briefly mentioned, along the well-travelled lines that
they went further than the ‘cautious stance’ adopted by von Neumann and adopted a ‘truly radical
position’ (ibid., p. 60).

°® In (private communication) Halvorson disavows any support for mind-body dualism as
expressed in this paper but states that he nevertheless still finds interesting ‘the extent to which we
can (or cannot) treat mental states as subject to the same structural laws as physical states’.
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for example, have suggested that ‘there are special superposition-resistant
observables, which as a matter of fundamental law resist superposition and
cause the system to collapse onto eigenstates of these observables (with
probabilities given by the Born rule)’ (2022, p. 20).”

One way of cashing out this idea would be to invoke a ‘superselection’ rule,
which would forbid certain observables from entering into superpositions.'®
This would mean rejecting a fundamental assumption made by von Neumann,
namely that every self-adjoint operator can be taken to be that of some
observable. It was our old friend Wigner who questioned this assumption
when he considered the possibility that the operator representing total charge,
for example, might commute with all observables, thereby dividing up Hilbert
space into superselecting sectors such that linear combinations of states from
different sectors are not physically realizable (we recall his comments as noted
in fn. 95; for an overview see Wightman 1995).'%*

If consciousness can be regarded as ‘superposition-resistant’ in this way,
then a subject could not be in a superposition of two different conscious states,
which would then yield (somehow) the collapse of the physical processes
interacting with that consciousness (Chalmers and McQueen 2022, p. 23).
There is an immediate problem, however: systems that possess a property
corresponding to such a superselection observable will remain trapped forever
in one particular eigenstate of that observable. And that may be fine when it
comes to observables such as charge, say, but it would be disastrous when it
comes to consciousness—we would never wake up from a nap (ibid., p. 27)!
One way out would be to take certain observables to be only approximately
superposition-resistant, so that the superpositions into which they enter tend
to collapse over time with a certain probability (ibid., p. 28).

Such an observable might be the structure of the integrated information in
a system, where this is represented by the property of ‘qualia-shape’, or

°? Again, London and Bauer are cited but although they are acknowledged as differing from von
Neumann in noting the ‘essential role played by consciousness’ in the collapse, they are taken only as
embodying ‘traces’ of the view held by Wigner in his ‘locus classicus’, (Wigner 1962).

19 Thus, for example, all particles currently known can be divided into bosons (e.g., photons) and
fermions (e.g., electrons). However, we never observe interference resulting from a superposition of
bosonic and fermionic states and this is explained via the invocation of such a superselection rule,
whose effect is to divide up the relevant Hilbert space into distinct non-combining sectors, corres-
ponding to these different particle kinds.

%1 The context was that of the nature and role of symmetry principles in QM (so, the different
particle kinds—bosonic and fermionic—correspond to different representations of the permutation
group, with the permutation symmetry operator commuting with all observables). For a nuanced
analysis of the different formulations and ‘grades’ (from weak to very strong) of superselection rules,
see Earman 2008 (who also notes similar ideas propounded by Bohm, who was a colleague of Wigner
and Wightman’s at the time); and for a useful summary of this analysis, see http://www.soulphysics.
org/2013/07/what-is-a-superselection-rule/.
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‘Q-shape’ (Chalmers and McQueen 2022, p. 29; see also Tononi 2008; Okén
and Sebastian 2020). From a materialist perspective, this ‘Q-shape’ should be
identified with consciousness and then we would have consciousness directly
yielding collapse. Alternatively, within a dualist framework, ‘Q-shape’ can be
read off the phenomenal character of a given conscious state. So, for example,
we could take it to represent the mathematical structure of such a state and if
it is assumed that there is a phenomenal state with a given Q-shape if and
only if there is a physical state with the same Q-shape, then ‘phenomenal
Q-shape’ can be taken to be superposition-resistant and as obeying the same
dynamics, thereby again yielding physical collapse (Chalmers and McQueen
2022, p. 32).12

Different models involving different (approximately) superposition-resistant
properties can in principle be constructed and tested, where these properties can
be associated with different systems, from atoms to small organisms, as well as
humans and macroscopic measuring devices. The trick, of course, is to get the
collapse rate just right: too slow and the model will predict long-lasting super-
positions of conscious states that are contrary to our introspective evidence; too
fast and when applied to simple systems, the model would bump up against
developments in quantum computing. The hope is that further work incorpor-
ating both physical evidence and quantum computational simulations will
generate constraints that will eventually narrow down the options.'®*

Before we get carried away, however, and just to foreshadow again what is to
come, from the phenomenological perspective there really is no problem here:
the very act of introspection in effect ‘pulls’ the T out of the superposition.

3.6.10 Introspection and the Reduction of the Wave-Function

This claim—that it is by virtue of an act of introspection that the superposition
collapses—then answers Shimony’s second question above, namely whether
there is a mental process of wave-function reduction. Of course, the action of
this faculty must lie outwith the Schrédinger Equation and hence must be

192 Chalmers and McQueen suggest that their approach can be generalized to any psychophysical
theory linking quasi-classical states to states of consciousness, via some kind of structural isomorphism.
The crucial move, they insist, is to combine such a theory, suitably generalized to the quantum domain,
with principles governing the collapse of the wave-function, adapted to states of consciousness (2022,
p- 40).

19% Ideally, as Chalmers and McQueen note, a crucial experiment would involve a conscious human
being, isolated from environmental effects. But of course, leaving aside any ethical qualms, preparing
someone in such a state is technically rather tricky!
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stochastic in some sense. In this regard, Shimony acknowledged that there is
some evidence for the action of the mind not being governed by causal law and
hence it might be reasonable to attribute the reduction of the superposition to
that action.'®* However, he objected, no more creativity is felt by an observer
when she makes an observation governed by probability, as in the quantum
case, than when she makes one that is fully determined and classical.

More decisively, again, there are concerns based on evolutionary theory:
if there is such a stochastic factor in play when it comes to the minds of
‘higher” animals, then one should expect to see it also when it comes to more
primitive entities, unless this factor could be present as a ‘structural charac-
teristic’ in complex organisms while absent in the components of such organ-
isms. According to Shimony, it is difficult to see how that could be so.'®
However, Chalmers and McQueen’s framework offers a response to this
concern: we can imagine the emergence of a physical correlate (such as
‘Q-shape’) that results in a state collapse, albeit with low probability, with
consciousness then ‘in a position to take hold” (Chalmers and McQueen 2022,
p- 55).'°° Having said that, larger issues are obviously in play here, to do with
the evolution of consciousness for example, as well as that of whether non-
human animals may be said to possess this faculty of introspection (see Allen
and Trestman 2020) and if not, what one should say about their ‘observations’
in a measurement situation (or, to put it bluntly, can Schrédinger’s cat reduce
the superposition itself?!).

Moving on from what he called the ‘dubious extrapolation’ of QM to states
of mind, Shimony also examined the possibility that the physical system ‘is in
some sense derivative from the mind or experience of the observer’ (1963,
p. 762), as maintained by idealism or phenomenalism. As an exemplar of the
former he took Kantianism, which he rejected on the grounds that it must face
the problem of relating the transcendental mind, from which the universe is
derived, with the limited and contingent nature of human beings. Both
idealism and phenomenalism have also been less than successful in showing

194 Here he cited Schrédinger (1958) and Bergson (1944), on how when learning something, for
example, repetition leads to it becoming an unconscious activity and how this might be extended to the
evolutionary development of such processes as the circulation of blood and breathing.

195" As he noted, one response here is to take the ‘elementary entities in nature [to] have rudimentary
mental characteristics’; that is, to adopt panpsychism (see, for example, Goff 2017). In this regard it is
worth noting that it is one thing, in this context, to argue that electrons, say, have conscious
experiences, even if of a very basic kind, and another to say that they are capable of thought (see
Goff, Seager, and Allen-Hermanson 2020)—if the latter is taken to essentially involve psychological
attitudes towards certain propositions—such as believing, hoping, and so on—then one might be
inclined to insist that a line can be drawn somewhere, if not below ‘human animal’ then certainly above
electrons.

196 Certain forms of panpsychism could then be ruled out.
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how the properties of physical systems can be obtained from combinations of
ideas or experiences and Shimony took such difficulties to be indicative of the
independent existence of such systems. Finally, he noted that the description
of any such combination would be hugely complex, and that stands in stark
contrast to the exact laws that govern the behaviour of these systems—a
contrast that is rendered less stark if some form of realist stance is adopted
(Shimony 1963, p. 763).

Of course, Shimony could only consider such views in the briefest of terms
in a paper such as this but it does not take much thought to appreciate how
those of an idealist or phenomenalist persuasion might respond—consider, for
example, all the recent work on neo-Kantian accounts of science, its laws, and
the systems purportedly ‘governed’ by them (see, for example, Friedman
2013).

3.6.11 Intersubjectivity

Nevertheless, Shimony did raise a significant worry—again, another to which
we shall return—namely that of establishing intersubjective agreement in a
measurement situation, as when more than one observer opens the box
containing the cat, say. It could be argued that the act by which the first
observer becomes aware of the value of the relevant macroscopic observable
has only a negligible effect upon the state of the apparatus, so that when the
second observer takes a look she will note the same value and consequently
both observers will come to the same conclusion regarding the state of the
system being observed (Shimony 1963, pp. 763-4). Now here Shimony was
obviously right in declaring that such an argument is inadequate as it stands,
given, of course, the difference between the state described by a superposition
and a definite state."” Nevertheless, as we'll see, there are ways of ensuring
intersubjective coherence here from a phenomenological perspective.
Shimony examined two alternatives: first, that the changes effected by the
observers on the state of the measuring apparatus are, for all practical

197 Likewise, de Broglie, in his consideration of the ‘less-admissable’ consequences of the London
and Bauer approach, argued that the latter’s similar explanation is insufficient as it stands, because ‘it
amounts to confirming the fact that one would like to explain” (1957, p. 31). He goes on to present a
dilemma, to the effect that if the wave-function has a subjective character then the ‘undeniable
agreement’ between different observers is only comprehensible if one does not assume the existence
of an objective reality; and if such a reality is assumed to exist, then it must be capable of being
described by something other than such a subjective wave-function. Of course, the phenomenologist
escapes this dilemma with one bound!
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purposes, negligible so that it will appear the same to both; and second, that
the definite state obtained as a result of the first observer’s action is sufficiently
stable that it ensures that the second will agree. Option 1 was associated with
the likes of Bohm, Danieri, Loinger, and Prosperi and Feyerabend and the core
idea is that when it comes to macroscopic observables, there is no practical
way of distinguishing the relevant superposition from a mixture of states in the
right proportions. However, as Shimony pointed out, there are phenomena
that reveal ‘unexpected coherence’ at the macroscopic level.'*® Furthermore, if
it is legitimate for the two observers to use the same mixture to describe the
state of the system + measurement apparatus before making their observa-
tions, this only justifies the claim that they will make the same statistical
predictions with regard to an ensemble of measurement situations. Crucially,
agreement with regard to one specific reading of the apparatus would be a
coincidence unless the first observer leaves the arrangement in a specific
definite state, thereby effecting a change that is not negligible.

When it comes to the second option, Shimony suggested that this ‘appears
very reasonable if one accepts the proposal that consciousness is responsible
for the reduction of a superposition’ (ibid., p. 765) and yet again cited London
and Bauer. However, he offered the following thought experiment in response:
imagine that both observers observe the joint system + measuring apparatus
arrangement by taking photographs of the apparatus. However, although
the first observer takes hers before the second, the latter is first to develop
and examine her picture. If it is assumed that the reduction of the superpos-
ition only occurs when there is ‘registration upon consciousness’, then for
the two to agree it must be that the second observer’s action in effect selects a
specific image on the film of the first out of a range of possible images
compatible with the relevant superposition. But that would require some
form of causation in the absence of any physical interaction between the
observers.'”

Of course, the first observer cannot use this to communicate with the
second who remains unable to determine whether the reduction of the super-
position was due to her action or that of the first. Nevertheless, as Shimony
noted, no one seriously maintains that the observations of two separated
observers are causally related where this relation is not constrained by

%% This includes not just the phenomena of superfluidity and superconductivity that London
analysed but also, as Shimony noted, the spin-echo and Mossbauer effects.

1% Shimony sharpened the point by suggesting that the respective observations could occur in
different light cones, in which case their temporal order could be reversed, contrary to Special Relativity
in which causal relations remain invariant under the Lorentz transformations.
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Special Relativity. Granted that the response can be made consistent, he
insisted that it remains ad hoc and metaphysically obscure.

Interestingly, Shimony went on to point out that von Neumann also
proposed an explanation of intersubjective agreement in terms of his
Principle of Psychophysical Parallelism (Shimony 1963, p. 766). We recall
that this mandates that it must be possible to describe the observer’s subjective
perception as if it were part of the physical world, so the dividing line between
the observer and the system observed can be arbitrarily drawn and indeed can
be ‘pushed’ arbitrarily far into the ‘interior’ of the observer. Von Neumann
then demonstrated that if the quantum mechanical formalism is applied to the
observed part of the world, the predictions obtained are independent of where
we draw that line. And, crucially in the current context, he claimed that
intersubjective agreement is a corollary of this result, leaving the proof as an
exercise for the reader.

According to Shimony:

von Neumann seems to be asserting that any observer can describe the

mental processes of any other observer as if they were physical processes,

in other words that one observer can treat all others behavioristically.
(Shimony 1963, p. 766)'*°

The point then, is that as far as the first observer is concerned, the agreement
of the second with some result is rendered as equivalent to a ‘control reading’
using an auxiliary physical device (ibid.). However, Shimony argued, this
misses the point about intersubjective agreement: if both observers are treated
as ‘ultimate subjects’ and, upon observing a system, independently effect a
reduction of the relevant superposition, then their agreement suggests a kind
of implausible pre-established harmony! The only alternative is to insist that
there can be only one such ‘ultimate subject’ which is tantamount to solipsism
(ibid., p. 767; and here Shimony cited Wigner 1962). As we shall see, there are
in fact other options.

Interestingly, Shimony suggested that the ‘counterintuitive’ conclusions to
which von Neumann and London and Bauer were led were the result of a ‘rigid
distinction’ between objectivity and subjectivity (ibid., p. 767). Bohr, by
comparison, maintained a certain flexibility in this regard, insofar as he
maintained that one cannot talk of the physical attributes of a given system

"% We'll come across a similar assertion when we consider QBism, in Chapter 9.
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without specifying the appropriate measurement context.''' Intersubjective
agreement is then assured by virtue of insisting that the measurement appar-
atus must be described in classical terms, another aspect that, according to
Shimony, clearly differentiates Bohr’s approach from that of von Neumann
and London and Bauer. This fluidity is revealed in Bohr’s application of his
notion of complementarity to our own mental activity:

For describing our mental activity we require, on one hand, an objectively
given content to be placed in opposition to a perceiving subject, while, on the
other hand, as is already implied in such an assertion, no sharp separation
between object and subject can be maintained, since then the perceiving
subject also belongs to our mental content.

(Bohr 1934, p. 96; Shimony 1963, p. 770)*2

From this Bohr concluded that the complete elucidation of a given object
requires different perspectives that defy a unique description. Note that this
lack of a sharp separation between subject and object follows as a requirement
of the possibility of describing our mental activity.'*> Shimony understood this
as marking a profound difference between Bohr’s view and London and
Bauer’s, on the grounds that the latter (and von Neumann) insist on the
existence of an ‘absolute’ subject and an ‘absolute’ object, whereas Bohr does
not (Shimony 1963, p. 771).

Nevertheless, it too raises concerns, not the least of which is that if the
distinction between subject and object is arbitrary then we appear to have lost
an ontological framework in which we can situate the activity of knowing.'**
For Bohr this was a consequence of our dual role as both actors and onlookers

"1 Tt is this that then comes to be regarded as ‘the given’, rather than subjective perception, leading
Feyerabend to describe Bohr’s view as ‘positivism of a higher order’ (see Faye and Jaksland 2021; for an
overview of both the relationship between neo-positivist philosophy of science and the interpretation of
QM and also the impact of alternatives to Bohr’s account—such as Bohm’s—on the development of
Feyerabend’s methodological pluralism, see Ryckman 2022).

2 Thus, when one reflects on one’s conscious experience, it becomes something other than that
which one was reflecting upon (Howard 2013, p. 278).

1% Bell argued that the fact that QM does not prescribe where and when the subject-object
distinction should be made was a serious defect of the theory, rendering it ‘intrinsically ambiguous’
and ‘only approximately self-consistent’ (1987). Halvorson has responded by suggesting that this sets
the bar far too high in that any theory that could do this would, in effect, ‘theorize itself” (Halvorson
and Butterfield 2023, p. 306). If there is any ambiguity arising with regard to what the theory is
intended to describe, or, that is, in what is to be taken as ‘the object’, then this is the case for any theory
and so Bell’s concerns here apply to a straw person of his own making.

% Tt is here, again, that Shimony draws a comparison with Kant, suggesting that when applied to
the intrinsic characterization of objects, the principle of complementarity generates contradictions
analogous to the antinomies of pure reason (Shimony 1963, p. 771, fn. 32).
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in the ‘great drama of existence’ (see Rosenfeld’s comment in Jacobsen 2011,
p. 387 as noted in fn. 3) but Shimony drew a different conclusion:

we must try to formulate a view of nature which accommodates all our
experience, including our experience of ourselves as onlookers in the world;
and we must formulate a theory of knowledge which suffices to provide a
rationale for this view of nature. (Shimony 1963, p. 771)

Of course, such a theory is precisely what Husserl offered.

Shimony concluded with a summary: although von Neumann’s and
London and Bauer’s account (singular) can be made consistent, it is counter-
intuitive ‘in the extreme’ (ibid., p. 772), faces the problem of intersubjective
agreement and relies on the mind being endowed with the power to reduce
superpositions for which there is no empirical evidence. Bohr’s account, on the
other hand, renounces an ‘intrinsic characterization’ of fundamental objects in
favour of complementary descriptions whose flexibility is bought at the cost of
any definite ontology. Perhaps then, he suggested, we should doubt whether a
coherent account of observation in QM can be given, without modifying the
theory itself.** The collapse of the wave-function might then be regarded as a
‘small cloud” on the horizon of current physics, akin to the difficulties in
explaining black-body radiation, which might ‘eventually provide some
insight into the mysterious coexistence and interaction of mind and matter’
(ibid., p. 773).116

3.7 Testing Telepathy

It turns out that some years after this dismissal of London and Bauer’s
treatment, Shimony did acknowledge London’s relationship with Husserl’s
thought and hence that the above criticisms may have been misplaced.

% In a footnote he acknowledged that he hadn’t, of course, covered all interpretative options and
mentioned the Everett interpretation in particular, but took the latter’s ‘essential weakness’ to be its
‘extreme violation’ of Ockham’s principle (ibid., p. 772, fn. 33).

1% In the acknowledgments he gave thanks to both Wigner and Putnam and also to Howard Stein,
with whom he studied QM (among other things) in the 1960s (Shimony undated). Stein also suggested
that a ‘deep-going’ revision to the theory might be required (1972, p. 418), particularly if we allow a role
for a ‘sentient observer’ (ibid., p. 419 and Stein 1982, p. 576; see Pashby 2020). However, ascribing this
view to Wigner, he raised concerns about a slide into phenomenalism and insisted that the introduction
of the ‘contents of consciousness’ ‘would not clarify the theory, but would make it extraordinarily
hard—if not impossible—to formulate’ (1982, p. 438, fn. 55).
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Surprisingly, this retraction was published in a paper investigating the possi-
bility of a quantum mechanical explanation of telepathy!

The idea that by allowing a role for consciousness, quantum physics could
be applied to parapsychological phenomena or situated within certain bodies
of mystical or religious thought, is often associated with the culture of the
1960s and 1970s (see, especially, Kaiser 2011). In fact it can be traced back to
the very early years of the development of the theory (Marin 2009; see also
Zyga 2009 and for a useful overview, Barua 2017). Leading figures such as
Bohr, for example, were aware of these connections and explicitly related them
to the purported role of consciousness (Marin 2009, p. 809). They also feature
prominently in the reflections of Pauli and Schrédinger, as is well known (see
Moore 1989, pp. 170-3). The former, for example, maintained that the ‘cut’
between the subject and object was in fact demanded by consciousness, although
where the cut is made remained arbitrary (Pauli 2013, p. 41; Marin 2009, p. 810).
Failure to appreciate this, he argued, leads to Western materialism on the one
hand, and, on the other, ‘Hindu metaphysics’ with its ‘pure apprehending
subject’. The “‘Western mind’ cannot accept such a ‘cosmic consciousness’, he
claimed, and so adopts this duality of subject and object, which then meshes
with the notion of complementarity.'’” Schrodinger likewise rejected the
‘Western’ view of objectivity that left no place for the mind, arguing that there
needed to be a ‘blood transfusion’ from Eastern thought (1958, p. 130).

Not surprisingly, perhaps, the idea that consciousness might play a role in
determining the nature of reality was also appropriated by less mainstream
views, such as those associated with ‘magical’ thinking, for example. So, John
(‘Tack’) Parsons, a founder of the Jet Propulsion Laboratory and, as it happens,
adept of Aleister Crowley’s ‘Thelema’ religious movement, thought that
‘Crowley’s magick teachings seemed to correlate with the work of the “the
‘quantum’ field folks”™ (Pendle 2005, p. 152). In particular, [t]he illogical
nature of the newly coined quantum physics, in which the simple act of
observation seemed to affect the physical world...seemed to Parsons to
endorse the improbable possibilities of magic and especially the transforma-
tive powers of the magician himself” (ibid.)."*®

17 Pauli’s extensive interaction with Jung is well known but for a sketch of their ‘dual-aspect’
approach to the relationship between quantum physics and consciousness, see Atmanspacher 2004,
pp- 67-8 and Atmanspacher 2015.

18 Parsons’ mentor at the California Institute of Technology (which hosted numerous quantum
physicists in the 1920s and 1930s including Bohr, Ehrenfest, Einstein, and Schrodinger), was Theodore
von Kérman, a leading aeronautics scientist, who studied and taught at Géttingen and was close to
Born (with whom he co-authored a series of papers), as well as Bohr and Einstein (Pendle, private
communication; see also Born 1971, p. 49; also von Karman 1962).
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The impact of this idea on discussions concerning parapsychological
phenomena is even better known. In 1934, Jordan, who, we recall, helped

to develop matrix mechanics with Born (with whom he studied) and

9

Heisenberg,'"” submitted to Die Naturwissenschaften a paper entitled

‘Positivistic Remarks on Parapsychology’, urging a reappraisal of this field in
terms of his understanding of positivism as taking experience to be the basis of
all knowledge, thereby bringing the external and internal, or subjective, worlds
together (Gieser 2005, p. 94).*° In one of the earliest extensions of quantum
considerations into biology which foreshadowed Schrodinger’s later work
(see Joaquim, Freire Jr, and El-Hani 2015), Jordan wrote that, ‘[o]bservations
not only disturb what has to be measured, they produce it.... We compel
[the electron] to assume a definite position.... We ourselves produce the

results of measurements’ (Jordan 1932; translated in Marin 2009, p. 818).'*'
According to Marin, ‘[t]he verb to produce (hervor rufen) is the same verb
used when a spiritualist group gathers to summon or conjure a dead soul, a
“spook”, a “phantom”’ (ibid.) and this reflects Jordan’s burgeoning interest
in parapsychology. Marin has also speculated that the likes of Einstein, with
his concerns about QM embodying a form of ‘spooky’ action at a distance,'*?
would have read Jordan’s writings in the context of the role of the subject
(Marin 2009).

Jordan’s interest in parapsychology even appears in his ‘intuitive’ introduc-
)123

tion to quantum theory (1936)'** in which he suggested that the former
field had been unjustifiably neglected (Howard 2013, p. 278)."** In a later

' His work on ‘transformation theory’ influenced von Neumann in his development of the Hilbert
space formalism, although the two adopted very different approaches to formulating the theory, with
Jordan constrained by the analogy with classical physics, inherited from Bohr (Duncan and Janssen
2013).

129 The editor asked Pauli for his opinion and the latter urged Jordan to seek a different venue for its
publication, suggesting that he get in touch with the psychoanalyst, Jung. The paper eventually
appeared in Jung’s journal Zentralblatt fiir Psychotherapie (Gieser 2005, p. 94).

1 Jordan’s early interest in biology is noted in an interview with Kuhn; see (Jordan 1963).

22 This much used (and abused) phrase is the usual translation of ‘spukhafte Fernwirkung’,
although ‘spukhafte’ might also be rendered as ‘eerie’. Although this phrase is now typically associated
with quantum entanglement, Hossenfelder maintains that it refers to ‘the measurement update’, as in
the collapse of a single-particle wave-function, which Einstein, in 1927, described as ‘peculiar’
(Hossenfelder 2021). Howard has noted that even earlier, in 1925, Einstein had referred to a mutual
influence between particles of a ‘quite mysterious kind’, in the context of what is now known as Bose-
Einstein statistics (Howard 1990, p. 67).

12> Norton Wise has argued that it is not so surprising to find such material in an introductory
textbook, given that many of the key players in the development of QM looked to psychology to help
them understand certain of the concepts they were struggling to grasp (Norton Wise 1994).

12* Howard has written that, ‘[w]ith good reason one might say that these last paragraphs of Jordan’s
Anschauliche Quantentheorie [Jordan 1936] represent the reductio ad absurdum of his larger philo-
sophical project’ (2013, p. 279). Nevertheless, he continues, the book probably did more than any other
to establish the connection between Bohr’s interpretation of QM and positivism.
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note, published in The Journal of Parapsychology (Jordan 1951),'*° he
pressed the ‘chief point’, that ‘we must abandon the traditional conception
of metaphysical reality, as existing independently from any conscious or
unconscious mind’ (ibid., p. 279). The ‘true meaning of reality’, he stated,
lies in the ‘social significance of normal perception’, in the sense that by
virtue of our perception of a table, we can say that others may see it and
from that we may ‘induce’ that our unconscious mind has similar relations
to the unconscious minds of others, yielding a view of Nature and Mind
which is ‘wide enough to include the empirical facts of parapsychology’
(ibid., p. 281).126

By the mid-1950s the likes of Pauli also felt able to more freely express their
interest in this area, following the work of Rhine in the USA and Soal and
Bateman in the UK.'*” And as we noted earlier, Margenau also published on
this topic (Margenau 1956, 1957, and 1966), suggesting that researches in
parapsychology were comparable to early experimental work on radioactivity,
when those physicists interested in this phenomenon had to convince their
colleagues that it really existed. In particular, he argued that with recent
developments showing how previously unshakeable principles, such as that
of causality, had come under doubt, phenomena currently on the fringe could
come to be encompassed by the scientific method. And this, he asserted,
‘means that the old distinction between the natural and the supernatural has
become spurious’ (Margenau 1966).

Drawing on his view of consciousness as ‘the primary medium of all
reality’ (ibid.), with the external world a projection that takes on ‘ontological
existence’ after being tested and confirmed in accordance with the scientific
method, he argued that even ‘ordinary’ perception is from the scientific
point of view just as mysterious as anything we find in parapsychology.
Furthermore, QM has revealed the significance of ‘non-material’ inter-
actions, such as those involved in measurements, and here he explicitly

2% T am grateful to John Kurth, Executive Director of the Rhine Research Center for a copy of
Jordan’s paper.

126 The well-known Nazi fascination with parapsychology and other ‘occult’ matters should also be
noted, given the influence of Nazi ideology on Jordan’s views (see Norton Wise 1994, p. 245; see also
Beyler 1996, p. 250 and Gieser 2005, p. 94).

7 When Jordan acknowledged Pauli’s interest in print in 1947, the latter responded angrily, stating
that it was no surprise that people who sat in dark rooms started to see things and that he doubted that
parapsychological phenomena could ever be proven. In private, however, he expressed a more positive
view, if less uncritical than Jordan’s (see Gieser 2005, p. 95). The work of both Rhine and Soal and
Bateman on parapsychology has since been discredited but at the time, of course, it was widely
discussed, even in the august pages of the British Journal for the Philosophy of Science (Wasserman
1955).
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compared the wave-function with the parapsychologists’ ‘psi’ concept (see
Hesse 1961, pp. 295ft.)."*®

Furthermore, the invocation of consciousness to solve the measurement
problem by Margenau and Wigner directly inspired members of the
‘Fundamental Fysiks Group’, who were interested in this connection between
physics and parapsychology (Kaiser 2011, p. 169)."*> According to Kaiser,
‘Wigner, in turn, commented generously—in public and in print’ on a pro-
posed quantum explanation for certain parapsychological ‘phenomena’,
urging consideration of the comparison with quantum entanglement (Kaiser
2011, p. 169)."*° Shimony is also described as having ‘dabbled with similar
material’ (Kaiser 2011, p. 169) but his purported attempt to reproduce telep-
athy in the laboratory (Kaiser 2011, p. 170), had, in fact, the aim of testing the
‘consciousness causes collapse’ resolution of the measurement problem.

Thus, the stated intention of Shimony and his co-authors was ‘to focus
attention upon one of the most radical proposals made by those who take the
problem seriously: that the reduction of the wave packet is a physical event
which occurs only when there is an interaction between the physical measuring
apparatus and the psyche of some observer’ (Hall et. al. 1977, p. 760). Costa de
Beauregard is cited as giving the most explicit statement of this proposal*** but
then they noted that although the same point of view had been attributed
elsewhere'*? to London and Bauer:

128 Margenau went on to team up with a former psychologist, LeShan to write a ‘letter to the editor’
for Science, urging the scientific investigation into ESP (Kaiser 2011, pp. 168-9). The editors’ refusal to
even acknowledge receipt of the submission, much less publish it, apparently infuriated Margenau and
prompted him to co-author a book with LeShan in which they argued that QM offers different possible
futures, from which one is selected by consciousness (LeShan 1974; LeShan and Margenau 1982).

129 This was based on the claim that quantum physics forces us to give up the classical notion of
‘objectivity’, articulated in terms of ‘real physical objects™ existing ‘out there’ independently of our
observations (see, for example, Weismann’s comments in (Licauco 2014). It should also be noted that
the only connection between Margenau and the ‘Fundamental Fysiks Group’ seems to be that
Margenau was editor of Foundations of Physics, to which certain members of the group contributed.

%% The citation given is to ‘Discussant’s remarks’ in the Proceedings of the 11th International
Conference on the Unity of the Sciences in 1983, on the topic of ‘Theoretical and Experimental
Exploration of the Remote Perception Phenomena’. However, Wigner was not the discussant here.
He did speak but on the subject of ‘“The Limitations of Determinism’ (Wigner 1983) and although there
is a brief mention of consciousness there is no discussion of parapsychological phenomena.

*1 This ‘explicit statement’ is actually just the usual run of the mill association of London and Bauer
with von Neumann in holding that the collapse takes place only when the observer takes cognizance of
the measurement (Costa de Beauregard 1976, p. 542). Costa de Beauregard studied with de Broglie but
came to reject the broadly realist stance associated with the de Broglie-Bohm interpretation, main-
taining instead that ‘there is no such “thing” as an “independently existing reality”, because “observers”,
human or otherwise, are (largely) generating what they “observe”” (Costa de Beauregard 1992, p. 130;
see Dowe 1993). He also claimed that the formalism of modern physics actually postulated the
existence of paranormal phenomena such as telepathy, albeit manifesting at a ‘liminal’ level and
hence only perceivable and usable by sensitive and/or trained minds (1992, p. 134; here he cited
Wigner as having come to a similar conclusion).

2 Shimony’s 1963 paper as well as Costa de Beauregard’s 1976 were cited at this point.
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[iln view of London’s philosophical training as a student of Husserl...we
now are inclined to believe that the attribution is incorrect and that the
passage quoted should be given a phenomenological interpretation. We also
believe that it would not be correct to attribute a dualistic ontology to
Wigner, since in his most explicit statement he has asserted that the content
of the consciousness of the ultimate subject is the only ‘absolute’ reality.
(Hall etal. 1977, p. 761, fn. 7)'**

Unfortunately, there is no consideration of how the objections to the role of
consciousness made by Shimony himself would fare in the light of such a
phenomenological interpretation.

Despite the radical nature of the above proposal, Shimony and Co. insisted
there is value in showing how it can be subjected to experimental scrutiny
(ibid., p. 761)."** Their idea was that if the reduction of the wave-function is
due to the interaction with consciousness, then with an appropriate experi-
mental set-up in which two observers, A and B, say, interact with the same
apparatus, it may be possible for one to send a message to the other via that
reduction. However, after running the experiment, the (limited) data they
obtained supported the conclusion that ‘almost certainly there was no com-
munication between A and B’ (ibid., p. 765).

Of course, as Shimony et al. recognized, there are various possible loopholes
that could be exploited, including that of simply denying the implicit assump-
tion in their argument, ‘that there is a phenomenological difference between
making an observation which is responsible for the reduction of a wave packet
and making one that is not’ (ibid., p. 765). However, they dismiss this on the
grounds that it is unconvincing ‘without some account of the mind-body
interaction which would make it plausible that the psyche can be causally
efficacious upon the wave function of a physical system and yet be insensitive
to certain gross differences among wave functions’ (ibid.).

This paper was subsequently widely cited in further studies of the purported
effect of consciousness on physical processes, in which London and Bauer are
again presented as adherents of the ‘orthodox’ interpretation of QM (see in

133 T wasn’t aware of this footnote when I wrote my 2002 piece and as far as I know this and the
comments in Shimony’s interview (Shimony 2002) are the only acknowledgments in print of the
phenomenological underpinnings of London and Bauer’s work.

** This is of a piece with his attitude towards Bell’s Theorem, which was that it provided a rare
opportunity for the enterprise that he described as ‘experimental metaphysics™ (1980, p. 572). This
further supports the suggestion that what Shimony and Co. were engaged in here was not an attempt to
test telepathy but rather to subject the above ‘radical proposal’ to ‘the same level of control that has been
achieved for typical physical hypotheses’ (ibid., pp. 572-3).
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particular Jeffers 2003, p. 137; for recent summaries see Hu and Wu 2010 and
Radin et al. 2012) and has been taken to support the consensus that there is no
convincing evidence for any such effect (Jeffers 2003, p. 150; see also Bierman
2003; 2006 and Bierman and Whitmarsh 2006).'** As it exemplifies, and
despite the explicit acknowledgment of London’s phenomenological back-
ground, the relationship between consciousness and the system continued to
be characterized in causal terms within this debate. Thus, in a wide-ranging
review of the foundations of QM, in which the possibility of parapsychology is
again mooted in the context of the ‘problem of wave-packet reduction’, and
the passage from London and Bauer is given in which they make it clear that
there is no mysterious interaction with the wave-function, it was still argued
that on such a view, ‘changes of human knowledge can modify the physical
structure of the system under investigation’ (Selleri and Tarozzi 1981, p. 47).
This was then characterized as ‘a description rather close to parapsychology
because of the direct action of thought on the material world’ (ibid., p. 48). As
a result, it was suggested, the only way to exclude parapsychological effects is
to adopt a form of idealism according to which the wave-function describes
only the mental state of the observer. However, this results in a kind of
reductio ad absurdum, as ‘the “real world” would become a sort of ghost
behind the wall which cannot in any way be known and physics would become
only the study of the spiritual activity of man’ (ibid., p. 48).

3.8 Conclusion

Perhaps Shimony declined to revise his criticisms following this acknowledg-
ment of London’s phenomenological stance'*® because his core concern had to
do with how to understand the idea that the mental states of the observer
should obey the vector relations required by QM, and hence can be in a
superposition. Given the lack of evidence of such superpositions across a

1% Nevertheless, the debate continues. A useful overview is provided by Okén and Sebastidn (2016)
who also pointed out the flaws in proposals that purport to show that consciousness is not involved in
the collapse of the wave-function.

1%¢ In a comment on Shimony’s discussion of realist and idealist tendencies in the quantum context,
Ehlers suggested that a Husserlian account of the relation between knowledge and being might be
applicable (Ehlers 1971, p. 478). He does not mention the London and Bauer monograph, however. In
response, Shimony confessed his ignorance of Husserl’s philosophy and drew instead on the work of
Merleau-Ponty. However, he claimed that it demonstrates the collapse of phenomenology into either
Lockean realism or a form of constructivism. According to Shimony, what Merleau-Ponty exemplified
is the fundamental weakness of phenomenology by taking perception as primary instead of—as
Shimony preferred—the end-point of evolution (Shimony 1971, pp. 478-80). As we shall see, this is
not the most accurate characterization of Merleau-Ponty’s view.
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range of psychological phenomena, he concluded that the idea should be
rejected. Nevertheless, as we have indicated, even without getting stuck into
the phenomenological details, the kind of account offered by Chalmers and
McQueen suggests ways of meeting this concern. And of course, as we’ll
explore in more detail, London and Bauer would not have been fazed by
Shimony’s worries.

For Putnam, on the other hand, the central issue was that London and
Bauer’s treatment was ‘highly subjectivistic’ (cf. also Jammer 1974, p. 499):

Subjective events (the perceptions of an ‘observer’) cause abrupt changes of
physical state (‘reduction of the wave packet’). Questions: what evidence is
there that a ‘consciousness’ is capable of changing the state of a physical
system except by interacting with it physically (in which case an automatic
mechanism would do just as well)? By what laws does a consciousness cause
‘reductions of the wave packet’ to take place? By virtue of what properties
[and here in a footnote he acknowledges Shimony as raising this question]
that it possesses is ‘consciousness’ able to affect Nature in this peculiar way?
No answer is forthcoming to any of these questions. (Putnam 1964, p. 5)

As we'll see, it is not the case that a phenomenological understanding of
London and Bauer’s account will provide the answers to Putnam’s questions;
rather, it will reveal that these are not the questions we should be asking.

Despite Margenau and Wigner’s protestations, the Putnam-Shimony cri-
tique won the day. Indeed, even though London’s own biographer covered
London and Bauer’s account in some detail (Gavroglu 1995, pp. 169-75), and
also presented London’s philosophical background, the importance of the
latter in understanding the former is not considered. Furthermore, too much
is conceded there to Shimony’s insistence that the account ‘rests upon psy-
chological presuppositions which are almost certainly false’ (Shimony 1963,
p. 772).

Having considered how London and Bauer’s ‘little book’ functioned as a
lens through which the von Neumann-Wigner form of orthodoxy came to be
viewed, let us now examine the background to their work, before expanding on
the correct phenomenological understanding of it.



4

Physical and Phenomenological
Networks

4.1 Introduction

In this chapter I want to situate London and Bauer’s ‘little book’ in its
historical context. This will cover not only the authors” backgrounds in physics
and London’s engagement with crucial issues in the foundations of QM, such
as Schrodinger’s Cat thought-experiment but also his philosophical roots in
phenomenological thought.

4.2 Bauer

I shall say comparatively little about Bauer because it appears that there is not,
unfortunately, much to say.' He wrote his thesis on luminescence and black-
body radiation under Langevin in 1912, the first part of which was an
exposition of (the old) quantum theory, subsequently published in a volume
which included contributions from Bloch, Curie, Langevin, Perrin, and
Poincaré (Bauer 1913). Bauer recalled that it was Einstein’s work on the
photoelectric effect that brought quantum theory to the attention of physicists
in Germany (where he went after graduation) and that he himself was
convinced of the significance of the theory by Ehrenfest, one of its founding
figures (Bauer 1963a).’

! His entry in the Dictionary of Scientific Biography (Massignon 1970) and the obituaries in Physics
Today (Darrow 1964) and the Journal de Chimie Physique (Cauchois 1964; see also Magat 1964)
provide only sketchy biographies. He can be seen just behind Pauli’s shoulder in the group photograph
of the 7th Solvay Congress in 1933 which was on the ‘Structure and Properties of the Atomic Nucleus’,
with Langevin as Chair (see Gamow 1970, p. 125—Bauer’s signature is also reproduced).

* A useful indication of the state of physics in France at the time is given by Jean Ullmo (Ullmo
1963) who worked with Langevin. He noted that quantum physics only became ‘respectable’ after the
award of the Nobel Prize to de Broglie (Brillouin’s presentation of Heisenberg’s matrix mechanics in
1925 was apparently received with stunned bewilderment) and recalled the outsider status of
Langevin’s group, where Bauer was ‘tout-a-fait I'animateur du laboratoire de Langevin® (‘quite the
animator in Langevin’s laboratory’).

A Phenomenological Approach to Quantum Mechanics: Cutting the Chain of Correlations. Steven French,
Oxford University Press. © Steven French 2023. DOI: 10.1093/0s0/9780198897958.003.0004
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Bauer subsequently wrote a book on Bohr’s theory and was the first to
lecture on the new quantum physics in France in the 1920s.> In 1933 he
published an accessible introduction to group theory and its application to
QM (Bauer and Meijer 1962/2004; see p. vi; written by Meijer; also Massignon
1970). This was clearly a further common interest of Bauer and London, who
was also an early advocate of the ‘Gruppenpest’, as the likes of Pauli and
Schrédinger dismissively called it (Gavroglu 1995, pp. 53-7).

In 1928 Langevin asked Bauer to be ‘sous-directeur’ of the former’s labora-
tory at the College de France in Paris (Massignon 1970, p. 519), where he met
London after the latter took up a research position at the Institut Henri
Poincaré in 1936 (Gavroglu 1995, pp. 129-35). Although, ‘[t]hroughout his
life, Bauer was keenly interested in the origin and development of the funda-
mental notions of physics’ (Massignon 1970, p. 519)° and wrote a number of
books on the history of science (ibid., p. 520), there seems to be little evidence
that he was particularly interested in philosophical issues, beyond substituting
for Langevin in a lecture on the philosophy of quantum theory, where he
presented (‘something like’) Bohr’s philosophy (Bauer 1963a).°

According to Gavroglu, Bauer never addressed any of the issues raised in the
monograph with London either before or after the collaboration (1995,
p. 175).” Frustratingly, Kuhn mentions that they talked about it briefly but
then goes on to focus on the reception of complementarity in France

* While visiting Paris the theoretical physicist Peierls met Bauer and found him to be ‘a man of
exceptional charm’ (Peierls 1985, p. 108). He also noted that Bauer managed to flee to Switzerland in
time to escape the German occupation—there is actually much more to say about that and about
Bauer’s and his family’s heroism in resisting the Nazis (see ‘Bauer, Edmond’, Complete Dictionary of
Scientific Biography. Retrieved 11 June 2018 from Encyclopedia.com: http://www.encyclopedia.com/
science/dictionaries-thesauruses-pictures-and-press-releases/bauer-edmond)

* According to London’s collaborator Heitler, ‘the mathematicians had prepared group theory so
well for the use of the physicists without knowing it that sometimes I could just copy word for word
pages from a group theory paper and use them for my purposes” (Heitler 1963).

* Ullmo records that ‘Someone like M. Edmond Bauer, who had put before himself the question of
understanding the quantum, because he had made his thesis on the question, was absolutely unique.
The consequence was that he never made any career. He was perhaps the most brilliant of the young
physicists at the time, but they never offered him any chair, and he had great difficulty in having a
career at that time. He had to stay as Adjoint de Langevin because his interests were outside the general
routine. That was exactly the atmosphere at that time; it was very stuffy’ (Ullmo 1963).

¢ Langevin’s own view was that QM’s real impact was not on the notion of determinism, but on that
of mechanism: the standard representation in terms of points and forces was just not adequate in the
new domain and, instead, Langevin ‘thought that the real images were to be taken from membranes
tendues [stretched membranes]” (Ullmo 1963).

7 In support of a non-phenomenological understanding of the London and Bauer piece, Bueno has
argued that it is important to offer an account that accommodates the views of both authors and ‘Bauer
probably would be more sympathetic to a philosophically minimalist account of his work with London
than one that adds substantial philosophical assumptions to the approach’ (Bueno 2019, p. 134). We'll
come back to Bueno’s interpretation in Chapter 6 but even granted his point, given that Bauer appears
to have had little interest in philosophical issues, that leaves London’s stance as even more starkly
highlighted.


http://www.encyclopedia.com/science/dictionaries-thesauruses-pictures-and-press-releases/bauer-edmond
http://www.encyclopedia.com/science/dictionaries-thesauruses-pictures-and-press-releases/bauer-edmond

PHYSICAL AND PHENOMENOLOGICAL NETWORKS 87

which Bauer assured him was no different than elsewhere (Bauer 1963Db).
However, it appears that the crucial section we shall be concerned with
(‘Mesure et observation. L’acte d’objectivation’) was written primarily by
London (Jammer 1974, p. 483).°

4.3 London: Philosophical Roots

London, by comparison, was an internationally renowned physicist who
produced a series of notable applications of QM to a wide range of phenom-
ena, including the nature of chemical bonds and valency in general (with
Heitler), inter-molecular forces, superconductivity (with his brother, Heinz
London)® and superfluidity.'® In 1953, the year before he died, he was awarded
the Lorentz Medal for this body of research. Significantly, however, London
brought to this work an acute and well-formed philosophical sensitivity which
he had begun to develop prior to his studies in physics (for further details see
Gavroglu 1995 and also Jammer 1974, pp. 482-3)."

His early essays, written over a period covering his final year of school and
the first year of university, reveal Kantian and phenomenological themes
concerning the coordinative relationship between an object and its condition
of existence and the gap between experience and the laws of physics (Gavroglu
1995, esp. pp. 8-23)."> It is also here we find early indications of a two-stage
methodology that he subsequently applied to his scientific research more
generally (Mormann 1991); first, reality must be translated into that which

® Darrow quotes the following passage sent to him (by whom? We are not told) from France: ‘The
work of Edmond Bauer is actually much more important than what has been published under his name.
His extraordinary generosity led him to devote a great deal of his time to helping other investigators,
some young and some not so young, some of them pupils of his, others who were barely known to him.
Also and primarily he was a teacher who strove to pass on to the young something that he had learned
from Langevin and Perrin his own masters: the love of work done well down to its least details’ (Darrow
1964, p. 87). This may capture an aspect of Bauer’s relationship with London, given the twenty-year
difference in their ages.

° For a discussion of this as an example of theory construction, see French and Ladyman 1997.

1% For a consideration of the latter see Bueno and French 2018, ch. 5.

! Heitler wrote, about London, ‘He really started as a philosopher; he studied philosophy first
before he changed to physics. And his interest was, even more than mine, on philosophical lines.
I remember that his interest in theoretical physics was also perhaps broader than mine. .. He was very
much interested in philosophy, and he took physics, perhaps even more than I did, as a tool to a more
philosophical outlook on the world’ (Heitler 1963).

' His school essays also reveal some interest in physics even then, with indications that he was
‘engaged in hands-on experimentation with spark discharges and oscillators’ (Heims 1991, p. 179).
Heims has speculated that ‘[h]is father’s death may have provided a strong impetus for Fritz London’s
reflections and his turn away from science toward epistemology and philosophy of science’ (1991,
p. 180).
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we experience and then, second, the latter must be itself transformed to what
we choose to express in terms of scientific laws. He also adopted a form of anti-
reductionism that rejected explanations of the behaviour of a system in terms
of the equations of motion of its constituents. Instead, he argued, it may be the
macro-level that is the more interesting, foreshadowing his later work on
superconductivity (Heims 1991, p. 181).

Despite these proclivities, London always insisted that he went to Munich to
study physics with Sommerfeld, rather than philosophy.'* Nevertheless, while
there, he met Pfander, the leader of the Munich group of phenomenologists
and at the time second only to Husserl within the phenomenological move-
ment (Gavroglu 1995, pp. 11-12)."* London showed Pfinder an untitled essay
on the Tlogical interpretation of deductive theory’, in which he argued that the
question ‘how is theoretically formed knowledge possible?’ should be replaced
with, ‘assuming theoretical knowledge possible, how is it obtained?” (Heims
1991, p. 182). Pfander was evidently so impressed that he urged him to write
it up and submit it as a dissertation in philosophy.'® Pfinder was influenced
by Lipps’ psychological theory of empathy which in turn, ‘was influential
on London’s ideas about the measurement process in quantum mechanics’
(Jammer 1974, p. 483). Furthermore, while at Munich, London took classes
from Becher who insisted that the mind-body problem was central to metaphys-
ics (ibid.) and advocated a form of mind-brain ‘interactionalism’ (ibid., p. 484).
Thus, according to Jammer, London...found in quantum mechanics a field
where he could meaningfully apply Lipps’ and Becher’s philosophy’ (ibid.)."®

* Sommerfeld is best known for extending and further developing the Bohr model of the atom.
Despite never receiving the Nobel prize himself he was famous for mentoring and supervising four who
did, as well as many others who became famous in their own right. Seth has noted how Sommerfeld
adopted an explicitly model-oriented approach to quantum phenomena: ‘One began with the data,
derived empirical laws from them and then sought a model that might produce (or at least reflect) such
empirical regularities’ (Seth 2010, p. 244). This can usefully be compared with London’s two-stage
phenomenological approach to theory construction.

" Crucial differences between the two emerged after Husserl published his Ideas, in 1913, regarded
as a major turn towards transcendental idealism which the Munich group resisted.

' According to Gavroglu, ‘What London was thinking programmatically in 1921 was very close to
HusserI’s thoughts. In this sense London’s problematique was not marginal at all’ (1995, pp. 13-14).

!¢ Here Jammer cited the much-quoted passage from London and Bauer concerning the ‘quite
familiar’ faculty of introspection (Jammer 1974, p. 484). By giving Becher’s interactionalism as a
possible source for London’s view, Jammer made the same mistake as Wigner in failing to recognize
this view’s phenomenological origins. Heims, on the other hand, while also recording the emphasis on
the ‘act of introspection’, then shifted his focus to London and Bauer’s considerations of the establish-
ment of intersubjective agreement (which we’ll come to) and noted that, “The London-Bauer analysis,
including the awareness of a “community of perception”, is related to work of the phenomenologists
Gurwitsch and Schutz’ (Heims 1991, p. 183). Gurwitsch was a friend of London’s and we shall say more
about him later. The connection with Schutz is less clear (neither are cited in the London and Bauer
manuscript) but he became Gurwitsch’s closest friend and his book, The Phenomenology of the Social
World, published in 1932, was praised by Husserl himself (Barber 2022). Heims went on to note that
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However, Gavroglu has vigorously rejected these claims (1995, p. 36 and
p. 179), arguing that by the time London and Pfinder met, the latter had
turned away from Lipps’ psychologism and furthermore, there is no evidence
that London adopted Becher’s ‘interactionalism’. Indeed, the explicit philo-
sophical attributions in the London and Bauer monograph are rather different
(but, as I shall argue, they are more extensive than even Gavroglu realized).
Also, London’s thesis was published in the Jarbuch fiir Philosophie und
phaenomenlogische Forschung, which was co-edited by Pfander, with Husserl
as editor-in-chief. Hence, there is good reason to conclude that ‘[tJhe domin-
ant features of Fritz London’s thesis place it within the phenomenological
movement’ (Gavroglu 1995, p. 15)."”

This thesis was concerned with an issue that occupied London throughout
his life, namely that of how we are to conceive of theories. Here he presented
them as mathematical frameworks enmeshing some given ‘volume’ of fact
(Everitt 1996). These frameworks were regarded as closed axiomatic systems
that could be compared as to the ‘size’ of the volume of fact covered and the
closeness of the meshing: thus, Einstein’s theory of gravitation is better than
Newton’s, in this regard (ibid.). Interestingly, Mormann considered this to be
‘a set-theoretic concretization of Husserl’s largely programmatic account of a
macrological philosophy of science’ (Mormann 1991, p. 70).'* Within this
framework London then developed a ‘relational calculus’ that allowed him to
define the product of relations and ‘concatenation laws’ by which new rela-
tions could be obtained from old ones. This enabled him to characterize
theories in terms of the set of their (partial) models, written in modern
terms as <A, R;...R,>, where A is the relevant set of elements and R;...R,
are the relations that can be defined over such a set. The content of theories
could then be compared, as indicated above, via the set of all consequences of
the relevant propositions.*’

London’s scientific research ‘would throughout be informed by conscious philosophy’ (1991, p. 183).
(Meta-comment: although Heims is acknowledged in Gavroglu’s book and his interviews (with Edith
London and London’s post-doctoral fellow Zilsel) are both cited, this 1991 paper is not.)

'7 It is also worth noting the contents of London’s personal library, which included the Collected
Works of Leibniz, Husserl’s Logical Investigations and Ideas, Cassirer’s Substance and the Conception of
Matter and The Philosophy of Symbolism as well as works by Russell and Hegel among others (Gavroglu
1995, p. 36).

! Cf. the ‘semantic’ or ‘model-theoretic’ approach to theories, regarded by some as currently
dominant in the philosophy of science. This concern with how we should characterize theories also
appears in Everett’s work as we shall see.

** Mormann has described London’s approach as an ‘informal predecessor’ of the work of Tarksi
and other Polish logicians and compared his analysis of theory content to Popper’s later considerations
of verismilitude (Mormann 1991, p. 71). However, both Husser]l and London over-reached in asserting
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The thesis appeared in the Jahrbuch fur Philosophie und Phenomenologische
Forschung® two years after he received his degree from the University of
Munich in 1921. After spending a year as an assistant science teacher
(Gavroglu 1995, p. 27), London decided to go to Gottingen®' and work with
Born.”” However, although he wanted to work on the philosophy of the new
quantum physics, Born, who at that time was ‘very much opposed to philoso-
phizing’ (Gavroglu ibid., p. 27; Heims 1991, p. 182), insisted that he do some
‘real work’.>> London balked at this and so he ended up with Sommerfeld who
‘persuaded him by the force of his personality to do a very simple and
straightforward calculation. I don’t know what it was,** but he got his thesis
and he never became a philosopher again’ (Born 1962). As we’ll see, that is not
quite true!

4.4 London: Physics

After Munich, London obtained an academic appointment at Stiittgart, where

5

he worked on transformation theory,” and also tried to cast Weyl’s early

attempt to unify gravity and electromagnetism into quantum theoretic terms
(Weyl 1918). This is significant because Weyl had also adopted an explicitly
phenomenological stance towards physics (Ryckman 2005, ch. 6; see also
Wiltsche 2021).25 At the core of this was the claim that ‘[tJhe world exists

the formal completeness of theories (for London the possibility of characterizing the domain of the
theory relationally was taken to be a sufficient condition for this)—within ten years of the publication of
London’s thesis Godel had produced his incompleteness theorem (ibid., p. 72).

* At this time the journal was edited by Pfinder, rather than Husserl. London’s work was initially
sent to Geiger for revision but as the matter was urgent and Geiger was not available at that time, it was
passed on to Pfander (Alves 2021, p. 455, fn. 6). Husser]l went on to inform Ingarden that the new issue
of the Jahrbuch would soon appear with two ‘mathematical-philosophical’ contributions, evidently
referring to the works by Becker and London (ibid.).

! According to Nordheim, London switched from philosophy to physics because ‘it was an exciting
time” (Nordheim 1962). As part of an exercise regarding the ‘social anthropology’ of quantum theorists
of the time, Heims has noted that ‘Fritz London’s career is unusual, in that he had received his
doctorate in philosophy (not physics!) and turned to physics only after several years’ work as a
professional philosopher’ (1991, p. 179).

> Who was a student of London’s father, a professor of mathematics (Heims 1991, p. 178).

** Born dismissed phenomenological reflection as ‘a kind of “a-priorism”, not a rational one, like that of
Kant but a mystical one...If science stands for anything it has certainly no use for Husserl’s philosophy’
(Born 1978. p. 96). He was also less than keen on the group theoretical approach which underpinned
London and Heitler’s work on the quantum mechanical account of chemical bonding (ibid., p. 56).

** It had to do with the intensity of band lines in spectra (Gavroglu 1995, p. 27).

** See ch.2 fn. 62.

26 McCoy has argued that this claim is ‘seriously in error’ and that not only were Weyl’s primary
intellectual influences drawn from the Géttingen mathematical tradition but also his justification for
adopting a pure infinitesimal geometry is actually in conflict with the basic principles of phenomen-
ology (McCoy 2022, p. 191).
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only as met with by an ego, as one appearing to a consciousness’ (Weyl
1934, p. 1).*” Furthermore, Weyl maintained, it is through an act of self-reflection
that the ego comes to realize that it has a function as a ‘conscious-existing carrier
of the world of phenomena’ (Bell and Korté 2016). This yields ‘what might be
called a polarized dualism, with the mental (I, Thou) as the primary, independent
pole and objective reality as a secondary, dependent pole’ (ibid.).

This stance was evident, at least in embryonic form, in Weyl’s now classic
analysis of the foundations of space-time (Weyl 1918). Upon receiving a copy
of the third (1919) edition of this book, Husserl felt compelled to write to him,
exclaiming, ‘How near this work is to my ideal of a physics permeated by a
philosophical spirit’ (quoted in Ryckman 2005, p. 112).® Here, in his attempt
to construct a unified theory of gravitation and electromagnetism (see
Ryckman 2005, ch. 6; especially pp. 81-5 for a summary), Weyl argued that
characterizing Einstein’s theory of General Relativity as representing an
objective spatio-temporal reality masks the fundamental issue of how it is
possible to assign labels to the points of a continuous manifold, which can
serve for their identification, thereby establishing a coordinate system (Weyl
1949). It is only after we have achieved such a labelling that we can ‘think of
representing the spectacle of the actually given world by construction in a field
of symbols’ (ibid., p. 75). The solution is to lay down a coordinate system or
frame of reference, but this must be ‘exhibited by an individual demonstrative
act’, in effect establishing that the observer is ‘here, now’ (ibid.). It is because of
the necessity of such an act that the objectification inherent in science’s
representation of the world does not completely succeed and the coordinate
system is thus understood as the ‘necessary residue’ of the elimination of the
ego (ibid., see also p. 123; for elucidation of this claim, see Wiltsche 2021).*

However, the theory that Weyl tried to construct on this basis was strongly
criticized by Einstein and Pauli. Weyl himself eventually realized that it offered
little in the way of new empirical results and came to view it as less of a

*” The standard view is that Weyl began with such a stance but then shifted to a symbolic
constructivist view under the influence of Hilbert; for a counter to this, see Baracco 2019.

8 Weyl’s relationship with Husserl is documented in detail in Tonietti (1988). As is well known
Weyl’s wife was a student of Husserl’s although it appears that Weyl was aware of the latter’s work
before he met her (ibid., pp. 376-7). McCoy (2022) makes no mention of this relationship or Husserl’s
remark above.

? According to McCoy, Weyl’s insistence that the intuitions on which physical representation are
grounded must be restricted to the ‘infinitesimal neighbourhood’ of the ego-centre represents a
fundamental misunderstanding of Husserl’s view when applied to the objects around us, leading to
the latter being regarded as ‘private mental items’ (McCoy 2022, p. 202). However, this criticism
confuses the world to which physical representation is appropriate with the ‘life-world’ and the
principles to be adopted for constructing a theory with regard to the former should not be applied to
entities in the latter. We shall return to this issue in Chapter 7.
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hypothesis and more of a summary or interpretation of our knowledge of field
physics, before finally abandoning it altogether (Ryckman 2005, p. 168).*
Reflecting on this episode, London felt that Weyl was primarily motivated
by the metaphysical conviction that nature would not have ignored the
‘beautiful possibility’ that lay at the heart of his theory (Gavroglu 1995,
p. 32), an approach that clashed with London’s own phenomenologically
driven two-stage methodology of theory construction.’ In line with the latter,
London realized he could correct the flaw in Weyl’s work by introducing the
quantum wave-function with its non-classical complex amplitude. This fore-
shadowed the development of what would come to be known as the gauge
principle, a fundamental feature of modern elementary particle physics
(Gavroglu ibid., p. 33).%% It was also an early indication of London’s application
of ‘purely’ quantum concepts that had no classical analogue (ibid.).*

In early 1927 he moved to Zurich to work with Schrédinger and then
followed the latter when he was appointed to the Chair of Theoretical
Physics in Berlin. It was in Zurich that London collaborated with Heitler to
give the quantum mechanical explanation of hydrogen bonding leading the
latter to famously and contentiously declare, now ‘[w]e can...eat Chemistry
with a spoon’ (Gavroglu 1995, p. 54).>* This relied on the novel idea of

% Referring to Becker’s contribution to the phenomenological yearbook, Husserl wrote to Weyl
that, ‘[i]t is nothing less than a synthesis between Einstein’s and your discoveries with my Natur-
phdnomenologischen researches. It aims by deep and original means to prove that Einstein’s theories,
but only when they are completed and recasted through your researches in Infinitesimalgeometrie,
represent that form of the “structural lawfulness” of nature (as opposed to the “specific causal”
lawfulness of nature) which must be presumed necessary on the deepest transcendental-constitutiven
grounds: which therefore (in their form) is unique possible and comprehensible. What Einstein will say,
when it is proved that a nature seeks a relativistic structure on the a priori grounds of phenomenology
and not on positivistic principles and that only in this way a fully comprehensible and exact science
becomes possible’ (Tonietti 1988, p. 370).

*! In this respect London might have agreed with McCoy (2022) that Weyl did not adopt a coherent
phenomenological approach to theory construction. This is not to say that McCoy’s critique of
Ryckman’s analysis of the phenomenological character of Weyl’s work is correct, however.

*> Weyl subsequently recognized the significance of the phase factor in a work that made no
reference to London, although Pauli cited both authors (Gavroglu 1995, p. 33).

** Schrodinger had earlier studied Weyl’s book, Space-Time-Matter and in a 1922 paper presciently,
but rather casually, introduced the imaginary number i into the ‘Weyl factor’—which gives the change
in length of a vector when subject to congruent displacement—as applied to the Bohr orbit of an
electron in a hydrogen atom. Four years later, London wrote a ‘playful’ letter in which he ribbed
Schrodinger for not making more of this suggestion and realizing that he had demonstrated that
‘Weyl’s theory becomes reasonable. .. only if combined with quantum theory’ (Moore 1989, p. 148).

** Heitler learned about quantum theory while still at school by attending evening lectures at the
Technische Hochschule in Karlsruhe where it was presented as sitting at the intersection of physics
and chemistry (https://www.aip.org/history-programs/niels-bohr-library/oral-histories/4662-1). He
too had philosophical interests, attending a seminar on the theory of knowledge, for example. After
Karlsruhe he went to Berlin where he took courses on group theory and subsequently met London in
Zurich, which he describes as ‘a decisive turning point in my career’ (ibid.). After being accepted as
Born’s assistant in Gottingen (where he occasionally lectured on group theory and its application to
QM), Heitler became ‘very well versed in what other people called the “Copenhagen spirit”” (ibid.).
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electron ‘exchange’” and, as with spin, the lack of any classical analogue was
emphasized.’® This work is generally regarded as marking the birth of the field
of quantum chemistry (Gavroglu, ibid., pp. 44-9; see also Heitler 1963).>°

London then turned his attention to inter-molecular forces and as we’ve
already seen, his ideas were further extended by Margenau, visiting Berlin on a
scholarship. While in Berlin, London was invited by Reichenbach to give a talk
at the Gesselschaft fiir empirische Philosophie and it was suggested that the
resulting paper, ‘The Philosophical Problems in Quantum Mechanics’ might
be published in the first issue of the journal, Erkenntnis.’” However, London
declined,’® apparently reluctant to be associated with the new logical empiri-
cist movement (Gavroglu 1995, p. 61).*

With the rise of the Nazis, London and his wife moved to Oxford, where he
shifted his focus to low-temperature physics. Here the influence of philosophy
on his science became much more apparent and his phenomenological
approach to theories effectively shaped the account of superconductivity that

%> Heitler and London went on to pursue these developments using group theory, with Heitler, in
particular, influenced by Weyl and Wigner at Gottingen. Wigner was apparently impressed with
London’s papers during this time (Gavroglu 1995, p. 51), although he was sceptical that the whole of
chemistry could be ‘eaten’ as Heitler had exclaimed (ibid., p. 54). London himself hinted at a non-
reductionist stance in some of his own papers, based on his philosophical inclinations (ibid., p. 74; for
the differences between Heitler and London see ibid., pp. 91-2).

¢ As Born noted, with some dismay, it was Pauling who received the Nobel Prize in Chemistry for
the quantum explanation of chemical valency and not Heitler and London, although Bauer nominated
them both in 1950 (Born 1971, p. 115; see Nomination Archive. NobelPrize.org. Nobel Prize Outreach
AB 2022, 20 July 2022 <https://www.nobelprize.org/nomination/archive/show.php?id=11,694>)
London was commissioned by Springer to write a book, Quantenmechanik und Chemie, on ‘the
significance of quantum mechanics for chemistry’. Although it was begun in 1929 and was based on
lectures presented at the University of Berlin, it was never completed (Gavroglu 1995, pp. 69-71). The
draft manuscript emphasizes the role of symmetry and contains an appendix on group theory (ibid.,
p- 70). London ended up being nominated four times for the Nobel Prize in chemistry and once for the
prize in physics, jointly with Landau, in 1954 (the year that Born was finally awarded it), by Robert
Marshak, well known for his work that paved the way to the unified electro-weak theory (he also had an
undergraduate background in philosophy. And was a dance critic).

% Unfortunately, a copy of this paper could not be located in the archives held at Duke University
(but I'd like to thank Brook Guthrie, the Research Services Librarian there, for looking for me).

*% Kojevnikov has recorded that while in Berlin, London followed Schrédinger in embracing wave-
particle dualism and that his ‘lectures on wave mechanics [in 1928-9] ... opened with a programmatic
statement on the dual (wave and particle) nature of quantum objects’ (2020, p. 94).

% Reichenbach’s own contribution to this issue begins with a lament on the ‘[a]lienation between
the world of science and the world of everyday life’ (Reichenbach 1930, rep. in Reichenbach 1978,
p. 304) that is strongly reminiscent of Husserl’s concern in The Crisis of the European Sciences. Of
course, their responses were very different, with Reichenbach presenting an epistemological critique of
apriori concepts and arguing that science requires a shift to a different conceptual framework than that
which is appropriate for the ‘intermediate dimensions’ of the everyday level. He also went on to write a
well-known book on the foundations of QM (1944) but as Glymour and Eberhardt note, ‘the missing
piece in Reichenbach’s discussion of the theory is the measurement problem’ (Glymour and Eberhardt
2016). Likewise, there is no mention in Reichenbach’s earlier writings, although they do offer glimpses
into the emergence of QM (see for example Reichenbach 1927 which mentions both matrix and wave
mechanics, albeit with more discussion of the latter), as well as tackling issues to do with causality,
determinism, and probability (see, for example, Ryckman 2022, p. 780).


https://www.nobelprize.org/nomination/archive/show.php?id=11,694

94 A PHENOMENOLOGICAL APPROACH TO QUANTUM MECHANICS

he developed with his brother Heinz.** The model that they constructed is
often described as ‘phenomenological’ (but not in the sense we are concerned
with here; Gavroglu 1995, p. 118).*' London himself, however, rejected that
description and insisted that the model should be described as ‘macroscopical’
since it goes beyond the data. This was in line with his view of theory
construction, whereby the phenomena must first be formulated in a particular
fashion and then embedded in an explanatory framework (Gavroglu 1995,
pp. 127-8). It was precisely because superconductivity, as a phenomenon, had
been represented inappropriately to begin with that it had proven so difficult
to accommodate within the framework of quantum theory (for further details
see French and Ladyman 1997; Bueno, French, and Ladyman 2002 and 2012).

In a letter to a fellow physicist London described his approach as ‘mainly a
logical one’, in which by adopting ‘a new and more cautious interpretation of
the facts’ the fundamental difficulty of understanding superconductivity could
be overcome (Gavroglu 1995, p. 129). In this move the ‘macroscopic’ nature of
the theory was crucial, insofar as superconductivity was seen by London as,
again, a uniquely quantum mechanical phenomenon of long-range order
(Gavroglu 1995, p. 144).*> It was this feature which offered ‘ an entirely new
point of view for a theoretical explanation’ (London and London 1935, p. 71).
And in his 1935 Royal Society presentation (London 1935), he provided a
‘sketch’ of such an explanation, elaborating on the concluding remarks of the
joint paper where crucially, the suggestion is made for the first time that the
electrons in a superconducting material are coupled in some way. This then
became a ‘valuable heuristic’ for subsequent developments, with the idea of
coupled electrons expressed in the concept of ‘Cooper pairs’ (Gavroglu 1995,
p- 209; see https://en.wikipedia.org/wiki/Cooper_pair).

% According to Gavroglu (1995, p. 110), Heinz liked to regard himself as an experimental physicist
but in fact made both theoretical and experimental contributions. He was one of the last Jews in
Germany to be awarded a degree and soon after also moved to Oxford (for an amusing description of
Heinz London’s status in the process see Kurti 1968). Neither brother obtained a permanent job there
nor until comparatively recently were they commemorated on the hallowed walls of the Clarendon
Laboratory (Blundell 2011; photos of them have now been put up (Blundell—personal communica-
tion)). Heinz eventually moved to Bristol (where Heitler also ended up, after fleeing from Géttingen)
whereas Fritz went to Paris.

*! The term is often used within the philosophy of science and has different meanings, depending on
the context but here it can be understood quite broadly as a descriptive, rather than explanatory,
account of the (suitably processed) data. According to Everitt, however, ‘[t]he Londons’ theory was
“phenomenological” in both the common and Husserlian sense. It was descriptive, not explanatory;
and it involved an apriori leap ([in] setting a constant of integration to zero) justified “an der Sache
selbst”” (Everitt 1996, p. 1274). Husserlian phenomenology is also sometimes considered to be ‘merely’
descriptive, but that is a mistake. And, as Everitt himself goes on to acknowledge, the ‘phenomeno-
logical’ stage of theory construction was only preliminary in London’s view.

*? This emphasis is obviously significant in the context of the measurement problem and the
emergent separation between the two forms of the ‘orthodox’ approach, noted previously.


https://en.wikipedia.org/wiki/Cooper_pair

PHYSICAL AND PHENOMENOLOGICAL NETWORKS 95

The idea of the macroscopic model going beyond the (physically)
‘phenomenological” and extending into the ‘theoretical” but leaving the latter
open to further elaboration and development,*’ also explicitly appears in
London’s classic book Superfluids (cf. Gavroglu 1995, p. 143; London 1937,
p. 795; cf. 1950, p. 4).** This represents the culmination of London’s research
that began during his last year at Oxford when he became interested in what he
later called the ‘mystery’ of the ‘liquid degeneracy’ of liquid helium (Gavroglu
1995, pp. 147-8). Again he sought a quantum resolution that had no classical
analogue and proposed the application of Bose-Einstein statistics (Bueno,
French, and Ladyman 2002 and Bueno and French 2018, ch. 5).*® Originally
developed by Bose in order to obtain a more transparent derivation of Planck’s
black-body radiation formula that initiated the development of quantum phys-
ics, Einstein then applied this novel form of quantum statistics to material gas
atoms (Einstein 1924), noting that, ‘[f]rom a certain temperature on, the mol-
ecules “condense” without attractive forces” (Pais 1982, p. 432). He subsequently
suggested that the statistics expressed ‘an implicit hypothesis about the mutual
influence of the molecules of a totally new and mysterious kind’ (Einstein 1925;
trans. in Duck and Sudarshan 1997, pp. 91-2). For Einstein this mysterious
influence could be understood through de Broglie’s hypothesis of matter waves,
which was an important precursor to Schrédinger’s wave mechanics.*®

London expanded on Einstein’s suggestion by not only presenting a proof
of this Bose-Einstein ‘condensation’ but also constructing a ‘highly idealized’
model that he showed could explain the bizarre behaviour of liquid helium
(1938a; 1938b; see also 1954, esp. p. 59).*” He also argued that the ‘condensation’
should not be thought of as taking place in ordin