~Harald A. Wiltsche 0 oAt
Philipp Berghofer Editors T %G];

Phenomenological
Approaches
to Physics

@ Springer



Synthese Library

Studies in Epistemology, Logic, Methodology,
and Philosophy of Science

Volume 429

Editor-in-Chief
Otdvio Bueno, Department of Philosophy, University of Miami, USA

Editors

Berit Brogaard, University of Miami, USA

Anjan Chakravartty, University of Notre Dame, USA
Steven French, University of Leeds, UK

Catarina Dutilh Novaes, VU Amsterdam, The Netherlands
Darrell P. Rowbottom, Lingnan University, Hong Kong
Emma Ruttkamp, University of South Africa, South Africa
Kristie Miller, University of Sydney, Australia



The aim of Synthese Library is to provide a forum for the best current work in the
methodology and philosophy of science and in epistemology. A wide variety of
different approaches have traditionally been represented in the Library, and every
effort is made to maintain this variety, not for its own sake, but because we believe
that there are many fruitful and illuminating approaches to the philosophy of science
and related disciplines.

Special attention is paid to methodological studies which illustrate the interplay
of empirical and philosophical viewpoints and to contributions to the formal
(logical, set-theoretical, mathematical, information-theoretical, decision-theoretical,
etc.) methodology of empirical sciences. Likewise, the applications of logical
methods to epistemology as well as philosophically and methodologically relevant
studies in logic are strongly encouraged. The emphasis on logic will be tempered by
interest in the psychological, historical, and sociological aspects of science.

Besides monographs Synthese Library publishes thematically unified anthologies
and edited volumes with a well-defined topical focus inside the aim and scope of the
book series. The contributions in the volumes are expected to be focused and
structurally organized in accordance with the central theme(s), and should be tied
together by an extensive editorial introduction or set of introductions if the volume
is divided into parts. An extensive bibliography and index are mandatory.

More information about this series at http://www.springer.com/series/6607


http://www.springer.com/series/6607

Harald A. Wiltsche ¢ Philipp Berghofer
Editors

Phenomenological
Approaches to Physics

@ Springer



Editors

Harald A. Wiltsche Philipp Berghofer
Department of Culture and Society (IKOS) Department of Philosophy
Linkoping University University of Graz
Linkoping, Sweden Graz, Austria

Synthese Library

ISBN 978-3-030-46972-6 ISBN 978-3-030-46973-3  (eBook)

https://doi.org/10.1007/978-3-030-46973-3

© Springer Nature Switzerland AG 2020

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG.
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-030-46973-3

Contents

1  Phenomenological Approaches to Physics: Mapping the Field......... 1
Philipp Berghofer and Harald A. Wiltsche

PartI On the Origins and Systematic Value of Phenomenological
Approaches to Physics

2 Explaining Phenomenology to Physicists ................................ 51
Robert P. Crease

3 Husserl’s Phenomenology of Scientific Practice......................... 63
Mirja Hartimo

4 PhysicsasaFormofLife ............... ... 79
Paolo Palmieri

5 Unities of Knowledge and Being — Weyl’s Late ‘“Existentialism”
and Heideggerian Phenomenology ....................coooiiiiiiinnn. 107
Norman Sieroka

Part I Phenomenological Contributions to (Philosophy of)
Physics

6 A Revealing Parallel Between Husserl’s Philosophy of Science
and Today’s Scientific Metaphysics................coooiiiiiiiiiiiiinnnn, 125
Matthias Egg

7  Physical Things, Ideal Objects, and Theoretical Entities: The
Prospects of a Husserlian Phenomenology of Physics .................. 135
Lee Hardy

8 A Match Made on Earth: On the Applicability of Mathematics
INPhySICS ... 157
Arezoo Islami and Harald A. Wiltsche



vi Contents

9 The Gauge Principle, Hermann Weyl, and Symbolic
Construction from the “Purely Infinitesimal”........................... 179
Thomas Ryckman

Part III Phenomenological Approaches to the Measurement
Problem

10 From a Lost History to a New Future: Is a Phenomenological
Approach to Quantum Physics Viable? ......................Ll 205
Steven French

11 A Phenomenological Ontology for Physics: Merleau-Ponty
and QBiSm ... ... .. 227
Michel Bitbol

12 QBism from a Phenomenological Point of View: Husserl and QBism 243
Laura de La Tremblaye



Chapter 1 ®
Phenomenological Approaches Qs
to Physics: Mapping the Field

Philipp Berghofer and Harald A. Wiltsche

Abstract Much ink has been spilled over the interrelations between philosophy
and physics in the late nineteenth and early twentieth century as well as over the
emergence of philosophy of science as an autonomous philosophical sub-discipline.
Although our understanding of these issues is certainly more nuanced today than
it was only a couple of years ago, more work needs to be done in order to arrive
at an adequate picture of the intricate relations between philosophy and physics on
the one hand and of how philosophical reflections on the physical sciences evolved
during the last century on the other. This volume addresses one of the remaining
blind spots, namely the role of phenomenology in the development of twentieth
century (philosophy of) physics. In this introductory chapter, we shed light on
the characteristics and historical development of phenomenological approaches to
physics, indicate how current debates in philosophy of physics could benefit from
phenomenological approaches, and provide summaries of the individual chapters.

1.1 Introduction

One of the more curious aspects of the development of twentieth century philosophy
is the infamous continental/analytic-divide. Even though there are growing doubts
about its philosophical significance, the continental/analytic-split continues to shape
the face of professional philosophy. In many areas the reality is still that philoso-
phers who feel at home in one tradition tend to ignore the other. This state of mutual
ignorance is particularly noticeable in philosophy of science, where references to
thinkers from outside the well-established canon of analytic philosophy are even
scarcer than in other fields such as ethics, philosophy of mind, or aesthetics.
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2 P. Berghofer and H. A. Wiltsche

It has been argued that the relative absence of continental influences on contem-
porary philosophy of science is a result of the historical contexts from which analytic
and continental philosophy have emerged. According to Barry Smith, for instance,
“post-Kantian philosophy in the German-speaking world [of the nineteenth and
early twentieth century] ought properly to be divided into two distinct strands which
we might refer to as the German and Austrian traditions” (Smith 1994, 1). Smith
argues that the works of “Austrians” such as Bernard Bolzano, Franz Brentano,
Ernst Mach, or Alexius Meinong are characterized by a sympathy towards British
empiricism, by their anti-Kantianism, by the employment of a clear and concise
language, and by a strong interest in the special sciences. It is from this tradition that
logical empiricism and, by extension, contemporary analytic philosophy of science
has emerged. German philosophy, on the other hand, is the tradition from which
continental philosophy grew out. What unites thinkers as diverse as Johann Gottlieb
Fichte, Georg Wilhelm Friedrich Hegel, Wilhelm Windelband, or Heinrich Rickert
is, according to Smith, their idealist or even romantic leanings, their lack in linguistic
clarity, and—most important for our purposes here—their neglect of the empirical
sciences. It is, so the story goes, especially the ignorance of the sciences “which
can be seen to have thwarted the development of a native German tradition in the
philosophy of science” (Smith 1994, 4).

Although it would lead us too far afield to discuss Smith’s account in detail, it is
worth noting that recent years have seen a steady increase in studies contributing to
a less Whiggish view of the historical context from which contemporary philosophy
of science has emerged. In many of these studies, special emphasis has been put
on the neo-Kantian tradition that dominated the German-speaking world at the end
of the nineteenth and the beginning of the twentieth century. The renewed interest
in neo-Kantianism has advanced our understanding of the history of philosophy
of science in several important ways. First, it has become clear that the strict
separation between an Austrian and a German tradition oversimplifies the complex
personal, institutional, and intellectual interactions between seemingly incompat-
ible philosophical cultures. Take logical empiricism—arguably the pinnacle and
endpoint of what Smith refers to as the Austrian tradition—as an example: not
only is it the case that many of its leading figures (such as Rudolf Carnap,
Moritz Schlick, or Hans Reichenbach) started out as neo-Kantians; despite their
sometimes violent anti-Kantian rhetoric, many logical empiricists sided with the
neo-Kantians in their rejection of naturalism or their understanding of philosophy as
a reflective, second-order discipline (cf. Glock, 2015). Second, the contention that a
serious engagement with the special sciences has never been part of the German
tradition is in fact a highly questionable one: As early as in the 1880s, several
inner-scientific developments such as the introduction of non-Euclidean and non-
metrical geometries as well as the rise of field and statistical theories in physics
attracted the attention of systematically minded Neo-Kantians like Hermann Cohen
or Paul Natorp (cf., for instance, Richardson, 2006). But even after physics had been
revolutionized in 1905 and 1915, Neo-Kantians such as Ernst Cassirer forcefully
countered the claim according to which Kantianism in all of its guises was proven
untenable by Einstein’s theories of special and general relativity.
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The point of the previous remarks is that our understanding of the development
of twentieth century philosophy of science is certainly more nuanced today than
it was only a few years ago. However, since neo-Kantianism is, as we shall see,
by no means the only influence from outside the well-established canon of analytic
philosophy, still more work needs to be done in order to arrive at an adequate picture
of how philosophical reflections on the sciences have evolved over the course of
the previous century. The aim of this anthology is to address one of the remaining
blind spots, namely the impact phenomenology had on the development of twentieth
and twenty-first century philosophy of science. In particular, this anthology focuses
on the role phenomenology plays in the ongoing attempts to understand the
development and nature of physics from a philosophical point of view. What is more,
we will also take a closer look at the ways in which phenomenology influenced
the development of twentieth century physics.

The idea that phenomenological reflections can contribute to our understanding
of physics, or even to the development of physics itself, may come as a surprise to
some. After all, one might suspect that it is already due to methodological reasons
that the relationship between phenomenology and physics is likely to be fraught with
difficulties. For phenomenology, as it was conceived by its founding father Edmund
Husserl, is an a priori science that proceeds from the first-person perspective and
primarily aims at revealing essential structures of consciousness. Physics, on the
other hand, is an a posteriori science that proceeds from the third-person perspective
and aims at revealing contingent laws and facts about spatio-temporal entities.
Why, one could ask, should an a priori study of consciousness contribute to our
understanding of a cognitive enterprise that seeks to unveil the deep-structure of
reality by empirical means, and, as it is often argued, through a systematic and
methodologically regimented exclusion of everything subjective? The aim of this
anthology is to give an answer to this (and related) questions and to present
phenomenology as a useful framework for the philosophical interpretation of the
physical sciences. As we shall see, phenomenological reflections on, for instance,
the relationship between mathematics and physics, the role of experience in science,
or the relationship between subjectivity and objective knowledge provide rich
resources for addressing many of the most pressing issues in (philosophy of)
physics.

The structure of this introductory chapter is as follows. Since we do not expect
all readers to be familiar with phenomenology, we will start out with an overview
of some of its characteristic features in Sect.1.2. In Sect. 1.3 we will focus on
the role physics plays in the works of Edmund Husserl, the founding father of
the phenomenological movement. Four topics will be addressed: Husserl’s formal
philosophy of science; his conception of regional ontologies and its relation to
Hermann Weyl’s “world geometry”; Husserl’s critique of the “mathematization
of nature”; and London and Bauer’s phenomenological interpretation of quantum
mechanics. While Sect. 1.4 will be concerned with Martin Heidegger’s and Merleau-
Ponty’s views on physics, we shall provide a brief overview of the subsequent
chapters in Sect. 1.5.
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1.2 Husserlian Phenomenology

Giving a brief overview of phenomenology is by no means an easy task. Just as
it is hard to say what the defining characteristics of analytic philosophy are, there
is no general agreement within the phenomenological community on what makes
a particular approach truly phenomenological. It is hence mainly for pragmatic
reasons that our focus in this section will be on the founder of phenomenology,
the Austrian-German philosopher Edmund Husserl. Even though many aspects of
Husserl’s philosophy have been rejected by later phenomenologists, it is a generally
accepted fact that Husserl’s oeuvre has set the agenda for subsequent developments
in the field of phenomenological philosophy.

Edmund Husserl is one of the most influential and substantial thinkers of the
twentieth century. A mathematician by training, Husserl paid special attention to
the formal sciences at the beginning of his philosophical career. By the turn of the
twentieth century, however, Husserl had already widened his interests and turned
phenomenology into a general method for analyzing the essential structures of
consciousness and the role they play in virtually all areas of cognitive practice. Even
though the majority of the works that have been published during his lifetime were
rather programmatic in nature, Husserl’s voluminous Nachlass, consisting of some
40,000 pages, contains detailed analyses and significant contributions to almost all
philosophical sub-disciplines. In light of the complexity and breadth of his oeuvre,
any attempt to break down Husserl’s philosophy into a set of defining features will
inevitably be incomplete.! This limitation notwithstanding, we still hope that the
following ten themes give an initial sense of what phenomenology is and why it
constitutes a useful framework for the analysis of scientific cognition.

1.2.1 Anti-psychologism

The publication of Husserl’s Logical Investigations in 1900/1901 is widely con-
sidered to mark the birth of phenomenology. Husserl himself considered it the
“breakthrough” to phenomenology (Husserl 2001b, 3). The first volume of the
Logical Investigations, the Prolegomena, is devoted to a detailed refutation of
psychologism, i.e. the thesis that logic is merely a branch of psychology such
that logical laws can be reduced to psychological laws (cf., in particular, Husserl,
2001b, 40). One of Husserl’s main arguments against psychologism is that it is
ultimately self-refuting due to its relativistic and skeptical consequences. While it is
controversial whether Husserl should be read as subscribing to platonism or some

1Cf., for more detailed introductions to phenomenological philosophy, e.g. Smith (2007), Luft and
Overgaard (2012) or Zahavi (2012). The relations between phenomenology and (philosophy of)
science are discussed in Kockelmans and Kisiel (1970), Feist (2004), Gutting (2005) or Hyder and
Rheinberger (2010).
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kind of truth-value realism, it is clear that for Husserl logical laws are not a posteriori
laws about how we (must) think; the laws of logic are a priori and objective.

There is wide agreement that the Prolegomena, along with Gottlob Frege’s
attacks on psychologism, were instrumental for the anti-psychologistic climate
that was characteristic for much of phenomenology and early analytic philosophy.
However, in the subsection On certain basic defects of empiricism (Husserl 2001b,
59-61) Husserl broadens his criticism to include classical empiricism as an ulti-
mately self-refuting position. One of Husserl’s main arguments is that empiricism
“destroys the possibility of the rational justification of mediate knowledge, and
so destroys its own possibility as a scientifically proven theory” (Husserl 2001b,
59). Husserl’s point here is that empiricism does not allow for the possibility of
immediately grasping substantial epistemological principles, including principles
that would govern any form of inferential reasoning. As a consequence, mediate
(i.e. inferential) justification and knowledge would be impossible if empiricism
were true. It is interesting to note that one of the most vocal contemporary
critics of empiricism, Laurence BonJour, makes basically the same point when he
accuses empiricism of amounting to “intellectual suicide” (BonJour, 1998; cf. also
Berghofer, 2018d; Berghofer & Wiltsche, 2019).

1.2.2 Intentionality

The second volume of the Logical Investigations consists of six interrelated
investigations in which Husserl expounds his early phenomenological project. Of
particular significance are the fifth investigation that focuses on the intentionality
of consciousness, and the sixth investigation in which Husserl lays out his vision
of a genuinely phenomenological epistemology in which the conception of inten-
tionality plays a pivotal role. Quite generally, the term “intentionality” denotes the
“aboutness” or “directedness” that is the mark of the mental. Mental states such
as perceptual experiences, wishes, or desires are essentially characterized by their
being directed at something beyond themselves. What is more, intentionality comes
in many different flavors. One can be intentionally directed towards the same object
in many different ways, such as when one first believes that one’s bike is in the
office, and then sees that one’s bike is in the office. For Husserl, the ways in
which objects present themselves in different kinds of intentional acts are of utmost
epistemological importance. Intuitive acts (such as, for instance, perceptual acts)
are experiences in which the object is given in a presentive manner, i.e. in which
the intended object is not only meant but also immediately present. These acts are
contrasted with empty (or signitive) acts in which what is given is not the object in its
actual presence, but the object as something that is only meant. While believing that
one’s bike is in the office is an empty act, the intuitive act of seeing the bike fulfills
the empty act of believing. For Husserl, fulfillment, i.e. the congruence between
the object as it is emptily intended and the object as it is intuitively given, is what
distinguishes knowledge from mere belief.
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An important achievement of Husserl’s mature phenomenology is the discovery
of the horizontal structure of intentionality. To make a long story short: As phe-
nomenological descriptions reveal, the meaning an object has for an experiencing
subject always goes beyond what is directly and immediately given. Consider, for
instance, a veridical perception of a material object. At first glance, what presents
itself to the experiencing subject is a three-dimensional object in space. However,
a more accurate description shows that what is really sensuously given is not a
three-dimensional object in space, but only one single profile of the object, its
current frontside. To be sure, the experiencing subject could alter her position and
make the current backside the new frontside, and vice versa. But this does not
change the fact that the intended object is always given in perspectives and that,
more generally, objects always and necessarily have more parts, functions, and
properties than can be actualized in one single intentional act. What this shows
is that there is a describable difference between what is meant through a particular
act (a three-dimensional object in space) and what is sensuously given (the object’s
facing side with its momentarily visible features). Phenomenologically construed,
this discrepancy does not represent a problem that must be somehow remedied,
e.g. by proposing a theory that explains how a number of seemingly disconnected
profiles add up to a homogeneous thing to which we then attribute these profiles. The
fact that our intentions always transcend the sphere of direct givenness is rather to be
treated as a phenomenologically discoverable feature of experience itself: Fulfilled
intentions towards objects are always embedded in horizons of intentions that are
momentarily unactualized, but that could be actualized in the course of further acts.
Intending is, as Husserl puts it, always and necessarily an “intending-beyond-itself”
(Husserl 1960, 46).

1.2.3 Description and Eidetics

As we have already indicated, phenomenology is a descriptive study of conscious-
ness as experienced from the first-person point of view. Given the fact that in
contemporary analytic parlance the term “phenomenology” is often restricted to
denote a property of some mental states, namely their “what-it’s-like-ness,” it could
be assumed that phenomenologists are in the business of offering more or less
random descriptions of the qualitative characteristics of their own experiences. It
is important to note, however, that this construal misses the point of Husserl’s
philosophy almost entirely. Instead of delivering collections of particular facts
about one’s own experiences, phenomenology in Husserl’s sense is an eidetic
science that seeks to generate intuitive a priori knowledge of the essential, i.e.
non-contingent, features of consciousness as such. Examples for eidetic laws of
consciousness are: “All experiential consciousness is intentional,” “Intuitive acts can
fulfill empty intentions,” or “Physical objects can only be given in perspectives.”

It is not unreasonable to suspect that there is an irresolvable tension between
the methodological principles of phenomenology on the one hand and its lofty
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aspirations as an eidetic science of consciousness on the other. The worry, in a
nutshell, is this: Doesn’t phenomenology’s self-understanding as a descriptive first-
person method exclude the possibility of knowing general facts about consciousness
as such? After all, while the requirement to proceed from a first-person perspective
seems to restrict the phenomenologist to her own consciousness, the commitment to
a purely descriptive approach seems to preclude the possibility of general insights.
Husserl’s answer to this problem is that phenomenologists are required to perform
the eidetic reduction in order to tease out the invariant components of experience
and thus to intuit the essential laws underlying it. In a similar sense in which we
must “look through” the factual peculiarities of a series of circular objects in order
to intuit an Euclidean circle in its pure ideality, the point of the eidetic reduction is to
bracket any considerations concerning the accidental and contingent, and to direct
one’s attention to essential laws instead.

Following Husserl’s remarks in Experience and Judgment and elsewhere
(cf. Husserl, 1973a, 341-348), the intuition of essential laws is preceded by the
method of eidetic variation: In systematically varying the idea of a material thing,
for instance, one realizes that there are features, such as its givenness in perspectives,
without which something would no longer count as an exemplar of the kind of thing
under consideration. It is thus through the identification of invariants that we gain
knowledge of essential laws. It should be noted, however, that this knowledge is
not inferential in nature. Essential laws can and must be immediately grasped; like
certain mathematical truths they present themselves not to sensory intuition, but to
categorial or eidetic intuition.

1.2.4 The Epistemic Significance of Experience

For Husserl, the most fundamental question in epistemology is how subjectivity
can be the source of objective knowledge, how “objectivity becomes ‘presented’,
‘apprehended’ in knowledge, and so ends up by being subjective” (Husserl 2001c,
169). In contemporary terminology, Husserl is an epistemic internalist in a twofold
sense. He states that, first, mental states are our justifiers, that “subjective acts
provide the reasons for everything” (Husserl 2008, 120), and that, second, it is only
internal factors that give subjective acts their justificatory force.” On Husserl’s view,
the kind of acts that play the role of justifiers for all sorts of beliefs are originary
presentive intuitions. What makes this particular category of acts special is the fact
that they present their objects as “bodily present,” “actually present,” or simply “self-
given” (Husserl 1997, 12). Since all mediate justification leads back to immediate
justification, and since originary presentive intuitions are the source of this kind

2For more details on Husserl’s epistemology and his conception of experiential justification, cf.
Berghofer (2018a, 2019). For how Husserl’s approach can enrich current debates in epistemology,
cf. Berghofer (2018c).
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of justification, originary presentive intuitions also play the role of ultimate (albeit
fallible) justifiers. The overall image that emerges from Husserl’s detailed analyses
of different kinds of intentional acts is summarized in the famous principle of all
principles:
No conceivable theory can make us err with respect to the principle of all principles: that
every originary presentive intuition is a legitimizing source of cognition, that everything
originarily (so to speak, in its “personal” actuality) offered to us in “intuition” is to be

accepted simply as what it is presented as being, but also only within the limits in which it
is presented there. (Husserl 1983, 44)

To say that an experience is an originary presentive intuition is to say that this
experience presents its object in immediate givenness. However, what this means in
concrete contexts depends on the type of experience one is having. Different types
of experiences correspond to different types of (originary) givenness, and different
types of originary givenness correspond to different types of evidence. Very roughly,
one can distinguish between inadequate (perceptual), adequate (introspective), and
apodictic (eidetic) evidence. What this means is that, on Husserl’s view, perceptual
experiences of material objects are just a subcategory of originary presentive
intuitions, and that, say, introspective experiences of one’s own mental states or
eidetic experiences of ideal objects belong into this category as well. Since all these
types of originary presentive intuitions can be regarded as experiences in a broad
sense, Husserl claims that his phenomenological-epistemological system amounts
to a “universal” form of empiricism (Husserl 1971, 89).

1.2.5 Phenomenology as First Philosophy

Husserlian phenomenology is an ambitious project, aiming at nothing less than
realizing the venerable idea of a First Philosophy, the ultimate science. For Husserl,
this means that for any science, indeed for any piece of knowledge, phenomenology
must be capable of elucidating the legitimacy of this science or piece of knowledge.
Here is how Husserl puts the basic idea:

[1]t shall be shown that phenomenology encompasses the whole system of sources of
knowledge from which all true sciences must draw their fundamental concepts and
statements and the entire force of their ultimate justification [Rechtfertigung]. Precisely for
this reason, phenomenology achieves the vocation to be “First Philosophy” in the true sense,
the vocation, to confer to all other sciences unity due to ultimate grounding [Begriindung]
and a link to the ultimate principles and to reorganize all of these sciences as lively organs
of a single, absolutely universal science, philosophy in its oldest sense. (Husserl, 2000, 200;
our translation)

But how can phenomenology, a science of the essential structures of conscious-
ness, serve as the ultimate science? The answer to this question, as indicated above,
is to be found in Husserl’s analyses of the variety, epistemic force, and systematic
role of experience. The idea, roughly, is that every piece of knowledge can be traced
back to epistemically foundational experiences. To be more precise, it is experiences
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that bear the mark of originary givenness that play this role. Investigating the
sources of knowledge, then, means investigating modes of givenness—the ways
experiences present the objects they are directed at. On Husserl’s view, different
sources of knowledge correspond to different types of experiences, which in turn
correspond to different types of evidence. It is thus one of the most important tasks
of phenomenology to clarify the different modes of originary givenness.

1.2.6 Husserl’s Anti-naturalism

When Husserl elaborates on the epistemological significance of different types of
experiences, his investigations do not make use of methods usually associated with
the empirical sciences. Husserl does not classify experiences according to the bodily
organs that produce them. He does not link justificatory force to causality or other
external factors such as reliability or truth. What counts for him is how experiences
present their contents, how objects are given within the respective experiences. The
focus is on the phenomenal character of the experiences, not on any external factors.
This emphasis on the internal can be regarded as a consequence of Husserl’s anti-
naturalism. Naturalism comes in ontological and methodological forms. Here we
focus on methodological naturalism. Broadly speaking, in its methodological guise,
naturalism states that only the methods of the natural sciences are acceptable forms
of gaining knowledge. Accordingly, even philosophy must proceed like an empirical
science.

Husserl’s descriptive methodology, investigating experiences from the first-
person perspective, as well as his eidetic methodology of gaining immediate a
priori insights about necessary structures of consciousness are clearly opposed to
methodological forms of naturalism. This is because the natural sciences are typi-
cally considered to proceed from the third-person perspective.> Here the basic idea
is that we look at the world and then we quantify, generalize, and mathematize the
data delivered by experience. Husserlian phenomenology, by contrast, is concerned
with how we look at the world. What does it mean for a subject to undergo certain
types of experiences, and what are the a priori correlations between modes of
givenness, modes of evidence, and types of objects? Furthermore, Husserl stresses
that phenomenological methods do not include inferential methods characteristic

31t should be mentioned, however, that such an apparently clear distinction between the empirical
sciences and phenomenology would be blurred if the first-person perspective were incorporated
to the natural sciences. For instance, there are trends in current experimental psychology that
explicitly argue for incorporating the first-person perspective into science, emphasizing the sig-
nificance of Husserlian phenomenology. One such proposal is Liliana Albertazzi’s “experimental
phenomenology” (cf. Albertazzi, 2013). As we will see, some phenomenologists, such as Merleau-

Ponty, believe that the incorporation of subjectivity is even possible in physics.
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of the natural sciences such as induction, deduction, or inferences to the best
explanation. Instead, phenomenologists aim at immediately grasping a priori truths.

Finally, Husserl’s above-mentioned ambition to introduce phenomenology as
First Philosophy, the ultimate science, is also at odds with the spirit of natu-
ralism. Phenomenology is not one science among the other individual sciences.
Instead, according to Husserl, phenomenology is the science that clarifies the
epistemological foundations of the individual sciences including mathematics and
physics, thereby bestowing legitimacy on them. While the individual sciences
make use of different types of experiences and different types of reasoning,
phenomenology must investigate which types of experiences and reasoning are
justification-conferring and why this is so.

1.2.7 The Life-World

One of the key concepts in Husserl’s late philosophy, playing an important role not
only in philosophy but also in other areas such as sociology or anthropology, is the
life-world. Even though Husserl seems to use the term in different, sometimes even
conflicting ways (cf. Moran, 2012, chapter 6), the life-world, broadly construed,
is the world of ordinary objects, the world of tables and chairs, the world as it
is immediately perceivable and familiar to us. However, the life-world is not only
the pre-scientific world in which we all live. It is also the “meaning-fundament of
natural science” (Husserl 1970, 48) and the “realm of original evidences” to which
“[a]ll conceivable verification leads back” (Husserl, 1970, 127 f.; translation slightly
modified).

The characterization of the life-world as both the meaning fundament and the
epistemic basis of science makes clear why the life-world concept plays such a
pivotal role in Husserl’s late attempts to come to grips with the status of modern
science in the wider context of human intellectual life. As the title of his last major
publication, The Crisis of European Sciences and Transcendental Phenomenol-
ogy, indicates, Husserl considers modern scientific culture to be haunted by a
deeply-rooted crisis. However, it is important to note that the crisis diagnosed by
Husserl does not concern the sciences themselves, but rather our philosophical
understanding of science and thus the meaning science has for us as members of
modern society. Husserl’s argument, in a nutshell, is this: Since its inception in
the seventeenth century, modern science is bewitched by an objectivist mindset
according to which science, and only science, describes reality as it is in itself. As
a consequence, the status of the life-world is degraded to that of a mere illusion
(cf., in particular, Husserl, 1970, 48-53). For Husserl, the main problem with
this view is that it is based on a mistaken construal of the relationship between
scientific theorizing on the one hand and the realm of pre-scientific experience
on the other. As Husserl seeks to show in quite some detail, the mathematical
models that are used in science since the time of Galileo require the life-world as
their unsurpassable meaning fundament. If this is correct—if the worldview that
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threatens to eliminate the life-world is necessarily grounded and thus presupposes
the lifeworld—, objectivism indeed appears to be flawed: To substitute the scientific
image for the life-world of pre-scientific experience would then be like sawing off
the branch on which science is sitting. On Husserl’s view, the only cure for the
objectivist mindset is to engage in the project of a phenomenological clarification
of the sciences:

One must fully clarify, i.e., bring to ultimate evidence, how all the evidence of objective-
logical accomplishments, through which objective theory (thus mathematical and natural-
scientific theory) is grounded in respect of form and content, has its hidden sources of
grounding in the ultimately accomplishing life, the life in which the evident givenness of
the life-world forever has, has attained, and attains anew its prescientific ontic meaning.
(Husserl, 1970, 128; translation slightly modified)

1.2.8 Historicity and Genetic Phenomenology

Husserlian phenomenology is critical in the sense that it seeks to unveil the implicit
structures that are always already presupposed when we approach the world from
within the natural attitude. When dealing with the realm of material things, for
instance, the aim of phenomenological analysis is to identify the essential laws that
govern the appearance of these things as well as the sorts of intentional acts in
which these things are presented. In order to engage in this kind of analysis, it is
sufficient to treat material things as objectivities that are already fully constituted.
Experiencing subjects have an initial, implicit understanding of what these things
are, and the goal of phenomenology is to unpack this initial understanding by
descriptive means. By proceeding in this manner, one engages in what is commonly
referred to as static phenomenology.

Yet, as the later Husserl came to realize, static phenomenology is but one possible
approach, and a limited one at that. Instead of taking fully constituted objectivities
as a starting point, one can also focus on the becoming of these objectivities,
their “history of objectivation,” as Husserl puts it (Husserl 2001a, 634), and thus
on the sedimented layers of constitution that underlie our experience of objects.
A particularly telling example of such a genetic approach is the late draft essay
“The Origin of Geometry” (Husserl, 1970, 353-378; cf., also, da Silva, 2017). In
it Husserl employs a method of regressive inquiry in order to elucidate how the
original constitution of geometrical objects came about, and what this “history of
objectivation” means for the ideal objectivity we ascribe to them. An important
upshot of Husserl’s analysis is that the original constitution of geometrical objects
such as Euclidean planes crucially depends on life-world practices such as land
surveying or the gradual smoothing of real surfaces.

Instead of proceeding from the finished products of constitution, genetic phe-
nomenology attempts to grasp how entire communities of subjects engage in the
building up of sense through time. Seen from this perspective, then, constitution
is not so much an instantaneous event that is brought about by a solitary subject,
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but a communal process that is essentially temporal in nature. By emphasizing the
temporal character of constitutional processes, Husserl opened an avenue for a more
hermeneutically oriented phenomenology, as it is most prominently exemplified in
the works of Martin Heidegger. According to Heidegger, historicity—the Heidegge-
rian notion for temporality—is one of the ontological structures that describe Dasein
and its being.

1.2.9 Embodiment and Intersubjectivity

Whereas in the natural attitude we take the objectivity of the world as a starting
point, the aim of phenomenology is to give a detailed account of how objectivity
is constituted in consciousness in the first place. Yet, to treat objectivity as an
analysandum not only means to focus on the sense of transcendence we usually
ascribe to certain (ideal or real) objects. It also means to account for the kind of
transcendence we ascribe to other subjects, the interrelations between them, and the
sense of sociality that characterizes how the life-world presents itself to us. Husserl’s
analyses of the phenomenon of intersubjectivity roughly fall into three categories.
First, Husserl seeks to offer detailed descriptions of the kinds of acts through which
a subject experiences other subjects as both similar but also irreducibly different
from oneself. In this context, special emphasis is put on acts of empathy and the
“analogizing appresentation” in which they are grounded. Second, Husserl studies
acts of empathy as the basis of our practical, moral, aesthetic, and emotional
evaluations. Third, and perhaps most important, the mature Husserl offers an
account of how intersubjectivity figures as a necessary condition for the possibility
of experiencing the world as something objectively existing, as something that is
there “for us.” Consider, for instance, the perceptual experience of a material thing.
As we have mentioned earlier, to perceive a thing also always means to co-intend a
horizon of aspects that are absent in the currently present perception, but that could
be actualized in the course of a continued perceptual encounter with the thing. This,
however, raises the question concerning the constitutive status of these co-intended
aspects. Going through Husserl’s writings, two answers seem to prevail: Husserl
sometimes claims that absent but co-intended aspects are constituted as aspects
of the thing that were or could be actualized through past or future experiences.
On other occasions, Husserl writes as if co-intended aspects were constituted
as actually perceivable possibilities. Yet, as Zahavi has shown in detail (Zahavi
2001), the mature Husserl rejects both earlier views and opts for an interpretation
that emphasizes the role of intersubjectivity. On this interpretation, absent but co-
intended aspects are not merely constituted as the contents of possible experiences
I could have, but as the contents of possible experiences every member of an open
community of subjects (including both foreign subjects and myself) could have. Or,
to put it in Husserl’s own words:
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Every appearance that I have is from the very beginning a member of an open, endless,
but not actualized range of possible appearances of the same, and the subjectivity of these
appearances is the open intersubjectivity. (Husserl, 1973d, 289; our translation)

Husserl’s account of perceptual experience allows us to address another impor-
tant topic, namely that of embodiment. On Husserl’s view, perceptual episodes
consist in the continuous “probing” of intentional horizons, i.e. in the attempt to
harmonize new incoming sensuous data with the anticipated aspects that are co-
intended through the horizon. However, in order to generate new sensory input,
the perceiving subject must engage in several bodily activities such as ocular
movements or the variation of the subject’s bodily location in space. For Husserl,
such kinaesthetic abilities not only shape our perceptual interactions with reality—
the fact that consciousness must be embodied is indeed an eidetic law that governs
how the world presents itself to us.

1.2.10 Epoché, Transcendental Reduction, and Transcendental
Idealism

Many of Husserl’s early followers—especially those in the “Munich Circle”—
were attracted by what they saw as a strong commitment to realism in early
phenomenology. It thus came as a surprise to many that Husserl transformed his
phenomenological project into a form of transcendental philosophy, effectively
claiming, for instance, that “an object existing in itself is never one with which
consciousness or the Ego pertaining to consciousness has nothing to do” (Husserl
1983, 106). Even though Husserl’s “transcendental turn” already took place around
1905, his transcendental project was first developed in print in Ideas 1.

Crucial for Husserl’s transcendental phenomenology are two interrelated
methodological devices, the epoché and the transcendental reduction. The epoché
is the suspension of the general thesis of the natural attitude, i.e. our naive, pre-
reflective belief in the mind-independent existence of the world and its objects. The
epoché, then, enables the transcendental reduction which introduces a particular
reflective attitude towards the world (Husserl, 1960, 21; Husserl, 1970, 152). After
the epoché and the transcendental reduction have been performed, our attention
is redirected from the objects we experience to the experiences themselves, to
the givenness of the objects within experience, to the appearing of the objects, to
the phenomena. It is these phenomena, as they appear after the general thesis of
the natural attitude has been suspended, that make up the field for transcendental-
phenomenological research and description.

The mature Husserl leaves no doubt that, on his view, phenomenology and
transcendental idealism necessarily go hand in hand. In the Cartesian Meditations,
for instance, we read that “[o]nly someone who misunderstands either the deepest
sense of intentional method, or that of transcendental reduction, or perhaps both, can
attempt to separate phenomenology from transcendental idealism” (Husserl 1960,
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86). However, how Husserl’s peculiar brand of transcendental idealism ought to
be interpreted is still one of the most controversial topics in Husserl scholarship.
The main question, of course, concerns the relationship between consciousness
and the external world: Does transcendental phenomenology only imply that the
meaning or sense of the intended objects is constituted by consciousness? Or does
transcendental phenomenology advance the more radical claim that the objects
themselves are constituted by consciousness and that, consequently, there is no
reality beyond the phenomena? Basically, there are three lines of interpretation.
First, there are those who understand Husserl’s transcendental idealism as a purely
methodological endeavor that is consistent with both metaphysical realism and
metaphysical idealism (e.g., Carr, 1999; Crowell, 2001). Second, there are those
who argue that transcendental phenomenology inevitably culminates in a form
of metaphysical idealism (e.g., Smith, 2003; Meixner, 2010). Third and finally,
some commentators argue that transcendental phenomenology has “metaphysical
implications” (Zahavi 2003, 11) in that it can be considered “a rejection of
metaphysical realism” (Zahavi 2010, 85), however without thereby collapsing into
some sort of metaphysical idealism (Zahavi 2010, 81). Here we do not wish to take
sides. However, clearly, one’s stance concerning the exact interpretation of Husserl’s
transcendental phenomenology has implications for the phenomenological interpre-
tation of science, for instance with respect to the scientific realism debate.

1.3 Husserl and (Philosophy of) Physics

Browsing through his voluminous oeuvre, one’s overall sense is that Husserl
was a rather isolated thinker, a thinker who was so absorbed in tinkering with
improvements of his philosophical system that he invested relatively little energy
in a detailed engagement with the intellectual context of his time. For instance,
when Moritz Schlick leveled a series of attacks at him, Husserl reacted only once
in the foreword to the second edition of the Logical Investigations. While it would
have been an easy task to respond to Schlick’s rather questionable objections in
a forceful and philosophically rewarding manner, Husserl simply rejects them as
“nonsense” (Husserl 2001c, 179) without substantiating his verdict in any way.
Matters do not seem to be different in regard to the wider scientific context in which
phenomenology stands: The fact that the most productive decades of his career were
also marked by several fundamental revolutions in physics and mathematics seems
to receive next to no attention in Husserl’s philosophical writings. For instance, the
name “Einstein” is, to the best of our knowledge, mentioned less than ten times in all
42 volumes of the Husserliana edition (cf. Husserl, 1970, 4, 125-126, 295; Husserl,
1973b, 229; Husserl, 2002, 297).

In light of these circumstances, it seems natural to assume that Husserl did not
participate in the intellectual developments of his day and that, consequently, the
attempt to extract philosophically illuminating analyses of the physical sciences
from Husserl’s writings is a pointless exercise. In our view, however, such a
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conclusion would be premature. For one thing, there is historical evidence indicating
that Husserl had a better understanding of the physics of his day than most of his
writings may suggest. In a recently published article (Hartimo 2018), Mirja Hartimo
has analyzed Husserl’s private library and came to the conclusion that books and
articles on the development of theoretical physics outweigh those on other scientific
disciplines (including mathematics and psychology) both in number and in the
intensity of Husserl’s markings and annotations. As Hartimo points out, Husserl
had not only familiarized himself with the special and general theory of relativity
already before the 1920s. He was also aware of the developments in quantum
mechanics as well as of the interpretational issues arising from these novel physical
paradigms. To be sure, this basic familiarity with the physics of his day does not
make Husserl a philosopher of physics in the present-day sense of the word. At a
minimum, however, it should make us more confident that Husserl’s oeuvre contains
at least some clues indicating how a genuinely phenomenological framework for the
interpretation of physics may look like.

1.3.1 Husserl’s Formal Philosophy of Science

Even though physics, per se, does not play a major role in Husserl’s early works, the
Logical Investigations contain several remarks that are relevant from the perspective
of a general philosophy of science. Judged by today’s standards, the early Husserl
seems to advocate a rather conservative construal of scientific methodology. Unlike
phenomenology and other eidetic disciplines, the empirical sciences are said to
rely on indirect methods which have “deduction, verification and [...] repeated
modification” (Husserl 2001b, 160) as their main components. Furthermore, the
early Husserl strongly emphasizes the role of demonstrative reasoning by arguing
that “every explanatory interconnection is deductive” (Husserl 2001b, 147) and that
every scientific explanation depends on “the explanatory ground of a law, from
which a class of necessary truths follow” (Husserl 2001b, 146).

Readers familiar with the history of philosophy of science will not fail to notice
the similarities between these remarks and the model of scientific method that was
widely discussed until the 1960s under the label of hypothetico-deductivism (cf.,
e.g., Hempel, 1966). In its simplest form, the idea behind hypothetico-deductivism
is that a theory is confirmed (or disconfirmed) by its true (or false) observable
consequences. Consider, to use an example used by Popper (2002, 38), the general
hypothesis that pieces of thread will break whenever they are loaded with weights
exceeding the thread’s tensile strength. This general hypothesis logically entails
the singular-predictive statement that a thread with a tensile strength of 1kg will
break if it is loaded with a weight of 2 kg. If experimental data proves the singular-
predictive statement to be true, then the general hypothesis is thereby confirmed (or,
on Popper’s account, corroborated). If, on the other hand, experimental data proves
the singular-predictive statement to be false, the hypothesis must be rejected or at
least modified.
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It should also be noted that hypothetico-deductivism is isomorphic to one of
the classical accounts of scientific explanation, the so-called deductive-nomological
model (Hempel, 1965, 335-276; Popper, 2002, 38—40). In line with Husserl’s
aforementioned remarks about explanation, the point of this model is that an
empirical occurrence is explained if it can be deduced from a set of premises that
includes at least one law that is necessary to the deduction. On this view, then, the
fact that a piece of thread is broken is explained by deducing the singular statement
describing this occurrence from a general, law-like statement (“All pieces of thread
will break whenever they are loaded with weights exceeding the thread’s tensile
strength”) and certain singular statements specifying the initial conditions (“The
tensile strength of the broken thread was 1 kilogram”; “The weight that was put on
the broken thread was 2 kilograms”).

Given his early remarks on the matter, it comes as no surprise that some
commentators claim that “Husserl [subscribes] to something like the hypothetical-
deductive model” (Hardy 2013, 29), and that, more generally, Husserl’s vision of
science “resembles that of the logical empiricists” (Gutting 1978, 47). Like his
contemporaries in Vienna and Berlin, Husserl seems to be a proponent of what is
nowadays called the syntactic view of scientific theories: On this view, theories are
conceived of as linguistic entities, or, to be more precise, as axiomatized systems
of sentences, analyzable in terms of predicate logic. This view, of course, fits
well with hypothetico-deductivism: Roughly put, the idea is that the axioms of the
system—the underived laws fundamental to the theory—allow for the deduction of
general hypotheses. From these general hypotheses, singular-predictive statements
are derived. And, finally, these singular-predictive statements are compared with
corresponding experimental reports. Building on this general framework, propo-
nents of the syntactic view such as, for instance, Rudolf Carnap, have advanced the
radical idea that “the logic of science takes the place of the inextricable tangle of
problems which is known as philosophy” (Carnap 2002, 279). Hence, all philosophy
does—or, at least, ought to do—is to engage in the logical analysis of science
by studying the linguistic features of scientific theories. On Carnap’s view, then,
philosophy is nothing but logic of science, or, to use the German expression,
Wissenschaftslogik.

Now on the face of it, Husserl’s position does not seem to be entirely at odds
with Carnap’s. To be sure, Husserl would have had little sympathy for the radical
idea that all meaningful problems in philosophy are problems concerning the logical
syntax of the language of science. But Husserl is very outspoken in his conviction
that phenomenology must, first, provide a clarification of the natural sciences, and
that, second, logic plays a crucial role in the realization of this task. Consider, for
instance, the following passage from the Logical Investigations:

Whether a science is truly a science [. . .] depends on whether it accords with the aims that it
strives for. Logic seeks to search into what pertains to genuine, valid science as such, what
constitutes the Ideal of Science, so as to be able to use the latter to measure the empirically
given sciences as to their agreement with their Idea, the degree to which approach it, and
where they offend against it. (Husserl 2001b, 25)
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As a closer look reveals, however, there are fundamental differences between
Carnap’s Wissenschaftslogik on the one hand and Husserl’s appreciation of logic as
a “theory of science” on the other. These differences become readily apparent when
one takes into account that what Husserl calls logic is a much broader discipline
than it is for the proponents of the syntactic view.

For Husserl, the term “science” denotes any systematic discipline in which we
rely on theories in order to represent a particular domain of objects. Furthermore,
all theories share certain essential properties which, on Husserl’s view, are logical in
nature. Hence, there must also be a scientific discipline that studies these essential
logical properties, and that, accordingly, specifies the ideal conditions under which
a theory can be said to be truly scientific. In Husserl’s terminology, this meta-
discipline is called pure logic. Since it studies what makes scientific theories truly
scientific, logic is, strictly speaking, the theory of theories.

As Husserl points out in Formal and Transcendental Logic (Husserl 1969,
33-36), classical formal logic is characterized by its two-sidedness: As formal
apophantics, it studies the domain of judgments by fixing pure meaning categories
such as “Concept, Proposition [or] Truth” as well as “elementary connective forms
[...] e.g. the conjunctive, disjunctive, hypothetical linkage of propositions to form
new propositions” (Husserl 2001b, 153). Since every science will crucially rely on
judgment and argument, apophantic logic constrains the formal structure of any
possible theory with respect to its language, vocabulary, and grammar.

The systematic study of all possible forms of judgments, arguments, and
their components is, without doubt, an important task. Yet, since judgments and
arguments are always about something—since pure meaning categories always
have pure object categories as their correlates—, formal apophantics must be
complemented by what Husserl calls formal ontology, i.e. the formal-mathematical
“theory of something in general and of its derived forms, thus of concepts like
“object,” “property,” “relation,” “plurality,” and the like” (Husserl 1973a, 11). One
can think of formal ontology in terms of a theoretical account of all possible objects
of whatever kind, or, alternatively, in terms of a science of possible being. And since
Husserl claims that knowledge of possibilities precedes knowledge of the actual
(Husserl 1983, 190), formal ontology constrains the formal structure of every actual
theory with respect to its object domain: The domain of an actual theory must,
of course, be possible and for this reason has to comply with the laws of formal
ontology.

Husserl even went a step further by extending and generalizing his formal
philosophy of science into what he calls a pure theory of manifolds, i.e. “a science of
the conditions of the possibility of theory in general” (Husserl 2001b, 155). Loosely
put, the basic idea is this: To every theory corresponds a field of knowledge, i.e. a
domain of objects to which the theory applies. Within the theory of manifolds—a
mathematical theory that grew out of Riemann’s attempts to generalize the concept
of space—, only the form or structure of these fields of knowledge is taken into
account. A manifold is thus an objectively structured collection of objects bearing
certain relations. A theory of theories in the highest sense would then be a purely
formal account of the nature of manifolds as such. A formal-mathematical meta-
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theory of this kind would allow us to define and to study the possible forms of all
formally possible theories as well as the most general form of the world that science
seeks to describe.

Even though much more could and should be said about Husserl’s formal philos-
ophy of science, these remarks suffice to bring the differences between Husserl and
the syntactic view into sharper focus. As a result of the fixation on language that was
prevalent among logical empiricists and their followers, proponents of the syntactic
view took it for granted that theories are linguistic entities, that, consequently, the
reconstruction of theories is achieved in the framework of first order predicate logic,
and that theories are (partially) interpretable by connecting principles such as bridge
laws or reduction sentences. For reasons that we cannot discuss in detail here (cf.,
for a general overview, Winther, 2016), this view has been superseded in the 1960s
by a rival conception that sees scientific theories not primarily as linguistic entities
(but as non-linguistic entities such as models), and according to which the right
tool for the reconstruction of theories is not logic but mathematics. As Thomas
Mormann has shown in detail, Husserl’s formal philosophy of science is an early
anticipation of this shift in attitude because “[fJor Husserl it is not sufficient for
a philosophically adequate description of an empirical theory to describe only its
linguistic features; what is needed as well is a mathematical description of its
models or formal ontology” (Mormann 1991, 61). Husserl can thus be seen to be an
early forerunner of the semantic view as it was later introduced by Patrick Suppes,
Bas van Fraassen, and others.

1.3.2 Regional Ontologies and Weyl’s “World-Geometry”

Pure logic in Husserl’s sense is an a priori discipline that studies the most general
form of possible theories independently from their material content. From the
perspective of the pure theory of manifolds, for instance, “ ‘4’ is not the sign for
numerical addition, but for any connection for which laws of the forma+b = b+a
etc., hold” (Husserl 2001b, 156-157). It is clear, however, that a phenomenological
interpretation of the sciences cannot restrict itself to this purely formal level. Formal
ontology, which studies the essence of anything whatsoever, must be complemented
by regional ontologies that study the essential forms belonging to particular material
domains. At the highest level of generality, Husserl recognizes three essentially
distinct material domains (or, in Husserl’s preferred terminology, regions): nature,
consciousness, and culture (Husserl 1989). Furthermore, the material essences under
which all possible individuals in a given region fall are hierarchically ordered: While
regional categories (such as “thing” or “color”) are on top of the hierarchy, eidetic
singularities (such as particular shades ascertainable in individual objects) are at the
bottom.

Since, as we have already mentioned, Husserl claims that “the cognition of
‘possibilities’ must precede the cognition of actualities” (Husserl 1983, 190), both
formal and regional (or material) ontologies are indispensable to the foundations
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of all empirical sciences. While formal ontology develops a concept of form as
applicable to any objectivity whatsoever, regional ontologies determine in eidetic
universality what must belong to a particular entity in order to fall within the
extension of a particular region. It is precisely in this sense that one of the main
functions of regional ontologies is “that of rationalizing the empirical” (Husserl
1983, 19): The constitution of particulars within a certain realm always already
refers back to formal-eidetic and material-eidetic laws that constrain how these
particulars can in fact be constituted. For instance, subjects always and necessarily
constitute material things as spatial entities in time without, however, having an
explicit grasp of the material essences of space and time that determine the objective
sense of spatio-temporal objecthood. In order to overcome this naiveté—in order
to clarify the “posit of reality” made within a particular domain—, it is necessary
to exhibit the essential characteristics and structures peculiar to each member of a
certain class of entities. The “rationalization of the empirical” thus consists in the
reflective endeavor to systematically study and explicate essential laws.

In the eyes of many, Husserl’s goal to rationalize the empirical through a priori
regional ontologies may appear as a remnant of a bygone era in which philosophers
of science could still lose themselves in excessive system-building without paying
attention to the realities of scientific practice. There are two important qualifications
to be made, however: First, even though Husserl holds that regional ontologies
are necessary for “the interpretation, the ultimate interpretation, of the empirical
sciences of reality” (Husserl 2008, 98), this does not entail the subordination of
science to armchair philosophizing. In Ideas I, for instance, Husserl explicitly states
that geometry is the ontological discipline studying the essential laws pertaining
to crucial aspects of material thinghood, and that the physical sciences made the
first steps towards the goal of a “rational physics” when the revolutionaries of
the seventeenth century amalgamated the empirical study of physical reality with
mathematics.

Second, as Thomas Ryckman has shown in great detail and admirable clarity,
Husserl’s conception of regional ontologies as well as other parts of his methodolog-
ical toolbox did in fact exert a decided impact on the development of contemporary
physics. One of the main protagonists of Ryckman’s book-length study is Hermann
Weyl, one of the premier mathematicians and theoretical physicists of the twentieth
century whose scientific and philosophical thinking was deeply influenced by
Husserl.* Even though phenomenological traces can be found in many places
of Weyl’s oeuvre, the context of Ryckman’s instructive case study is Weyl’s
critical-reflective analysis of Einstein’s general theory of relativity. According to
Ryckman, Weyl’s reformulation of gravitational and electromagnetic theory within
the framework of a “purely infinitesimal geometry” can be understood as the
phenomenological attempt to fully rationalize the empirical, as it is constituted in

4Cf., for detailed information concerning the personal relationship between Husserl and Weyl,
Ryckman (2005b, chapter 5).
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the general theory of relativity (cf., for the following, Ryckman, 2005b and, for a
less technical summary, Ryckman, 2005a).

The general theory of relativity, as it was presented by Albert Einstein in 1915,
is formulated in the mathematical language of Riemannian geometry. A feature
of this geometry is that it treats the magnitude and the directions of vectors quite
differently: If we have two points p and ¢ at finite separation in the manifold,
then the metric of Riemannian geometry does not permit direct comparison of
two vectors A at p and B at g with respect to their direction. What is permitted,
however, is the direct comparison of the magnitude (or length) of A and B. It was this
possibility of direct length comparisons between distant points of the manifold to
which Weyl took exception. Instead of naively presupposing the global availability
of a measuring rod, Weyl sought to recast general relativity in the framework
of a “purely infinitesimal geometry” that only “recognize[s] the principle of the
transference of a length from one point to another point infinitely near to the first”
(Weyl 1923, 203). Weyl’s non-Riemannian geometry thus permitted the unit of scale
to vary (smoothly) from space-time point to space-time point; from this new degree
of freedom, he was able to show that Maxwell’s electromagnetism, in addition to
Einstein’s gravitation, could be incorporated into the metric of space-time. Hence
was born the contemporary idea that a physical theory must be “gauge invariant,”
i.e. remain invariant under transformation of certain local degrees of freedom. As
reinterpreted in the context of quantum mechanics by Weyl himself in 1929, the
derivation of electromagnetism from gauge freedom pertains not to a factor of scale
but to the arbitrary phase of the electron wave-function represented by the Abelian
(i.e., commutative) group U(1). Yang and Mills in 1954 further generalized Weyl’s
idea of local gauge invariance to non-Abelian Lie groups (O’Raifeartaigh 1997); it
is no overstatement to say that non-Abelian gauge fields are the very core of the
Standard Model of contemporary particle physics of which the most recent triumph
is the experimental detection of the Higgs boson at CERN in 2012.

What is particularly relevant in the context of this chapter is the rationale behind
Weyl’s line of thinking. Quite generally, Weyl engages in a reflective analysis of
general relativity that is supposed to elucidate the very meaning of the “posit of
reality” made in Einstein’s theory. In order to do so, Weyl pays special attention to
the regional ontology underlying general relativity, i.e. the supposed mathematical
representation of the material essence of space-time. The question Weyl seeks
to address is how such a mathematical representation can be constructed in a
phenomenologically permissible way. The first step in Weyl’s analysis is to identify
an arbitrary point in the space-time manifold with an idealized cognizing subject.
This cognizing subject is surrounded by a so-called tangent space, an infinitesimal
Euclidean space associated with every point in the space-time manifold. From the
viewpoint of the cognizing subject, only the tangent space is the locus of Evidenz, or
originary presentive intuition—everything that lies beyond the tangent space cannot
present itself in direct, originary givenness. This, of course, is also the reason for
Weyl’s rejection of direct length comparisons between distant points of the space-
time manifold: The fact that this operation presupposes the global availability of
an idealized measuring rod shows that direct length comparisons transcend the
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sphere of intuitive givenness and must thus be replaced by a phenomenologically
permissible procedure. In order to live up to the phenomenological demand “to
work completely consciously, ‘to trace back to Evidenz” (Husserl 2008, 440),
Weyl’s procedure of length comparison consists in the parallel transportation of a
comparison vector in infinitesimal increments along the path between the points p
and g. Since the unit of scale (“gauge”) is re-configured at each point on the path
between p and ¢, there is no longer any need for globally available measuring rods
or any other intuition-transcending auxiliary tools. Weyl’s “world-geometry” can
thus be seen as a “remarkably sustained attempt to probe the ‘darker depths’ of
the ‘origins’ of the objective physical world portrayed in relativity theory through
mathematical construction guided by the phenomenological method of ‘essential
analysis’ ” (Ryckman 2005b, 117).

1.3.3 The Mathematization of Nature

While his early philosophy of science is largely constructive, the late Husserl strikes
a more critical tone in his assessment of mathematized sciences and the role they
play in the wider context of contemporary intellectual life. As we have already
mentioned, the late Husserl considers objectivism to be the main reason for the
deeply rooted crisis that, on his view, haunts modern scientific culture. Objectivism
in Husserl’s sense combines two claims that are familiar from contemporary forms
of scientific realism and naturalism: first, that knowledge of the “world in itself” can
only be acquired through the methods of the sciences, and that this aim is already
achieved at least in some areas; second, that there is no perspective over and above
the scientific perspective from which, in principle, all meaningful questions can be
answered.

The attempt to reject objectivism in all of its guises is a unifying thread that
runs through virtually all stages of Husserl’s development. Yet, a variation of this
topic that comes to the surface only in his last major publication, the Crisis, is that
objectivism emerged as an unintended by-product during the scientific revolution
of the seventeenth century. Husserl thus takes a historical approach to show how
the objectivist mindset arose from a naive understanding of the methodological
innovations that mark the birth of modern physics. Husserl’s foray into the history
of science serves a therapeutical purpose: Today objectivist tendencies are so deeply
ingrained in the thinking of most philosophers and scientists that they find it difficult
even to imagine any other way of looking at science. Once the historical roots of
objectivism are exposed, however, it becomes easier to acknowledge its status as an
unfounded metaphysical hypostatization of scientific methodology.

According to Husserl, the formative moment in the development of modern
physics was Galileo’s reformation of scientific method, which consisted in a
complete amalgamation of mathematics and experimentation. To be sure, as Husserl
clearly recognizes, Galileo’s use of mathematics was not unprecedented in the
history of the physical sciences. But what distinguished Galileo from the tradition
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before him is that he did not just make occasional use of geometrical models
in order to “save the appearances” in this or that segment of reality. Husserl
argues that Galileo was after something much more radical, namely the complete
“mathematization of nature [through which] nature itself is idealized under the
guidance of the new mathematics [and] becomes [...] a mathematical manifold”
(Husserl 1970, 23). So, according to Husserl, the radicalism of the Galilean project
lends itself to the thesis “that everything which manifests itself as real [...] must
have its mathematical index” (Husserl 1970, 37) and must therefore be translatable
into the language of geometry. Mathematizability thus becomes an ontological
criterion: In order to be included among the primary qualities, a property must be
amenable to quantification and geometric representation. Secondary qualities like
color or odor, on the other hand, do not belong to the domain of what is objectively
real.?

On Husserl’s view, the conviction that mathematics is a reliable guide towards
the one true description of physical reality makes up an important component of
our modern scientific mindset. Nowadays, this conviction is backed up by reference
to the immense predictive and practical success of modern mathematized science.
During the first half of the seventeenth century, however, Galileo’s call for a
complete amalgamation of mathematics and physics was just a bold methodological
conjecture that could only be substantiated by metaphysical means, i.e. by assuming
that the deep-structure of reality is in fact mathematical in nature. What is more,
since Galileo failed to inquire into the meaning and origin of geometry, his
methodological revolution is also marked by a fundamental naiveté: In a similar
sense in which Weyl criticized Einstein for what he saw as an uncritical adoption of
the already existing framework of Riemannian geometry, Husserl takes exception
to the fact that Galileo merely inherited Euclidean and Archimedean proportional
geometry from the tradition before him. For Husserl, Galileo’s unwillingness to
deal with questions concerning the origin and meaning of geometry is a “fateful
omission” (Husserl 1970, 49) that ultimately lies at the heart of modern objectivism.
Yet, in order to understand the reasons for this verdict, it is necessary to say a word
or two on Husserl’s own take on the “primal establishment” (Husserl 1970, 362) of
geometrical thinking (cf., for further details, Wiltsche, 2016; 2019).

Although they are ubiquitous in Galilean science, abstract objects such as ideal
spheres or frictionless planes are nowhere to be found in the life-world of pre-
scientific experience. These objects only come into existence through a special
mental operation through which one generates a limiting case against which actual
instances of spherical bodies and real planes can be projected. But how does this
mental operation come about? Following the late Husserl of the Crisis, there are
two preconditions for the original constitution of something like a frictionless

5 Although there have been critical voices as well (Ihde 2011), Husserl’s interpretation of Galilean
science had a strong impact on several Galileo scholars, especially on the French historian of
science Alexandre Koyré. Cf., for a discussion of the relationship between Husserl and Koyré,
Parker (2017).
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plane: first, the acquaintance with real surfaces of different degrees of flatness;
and, second, the acquaintance with tools that give us the “technical [...] capacity
to make [...] the flat flatter” (Husserl 1970, 25). Looking at a series of real
surfaces with increasing degrees of flatness, one can either ponder over practical
ways to push the limits of technological perfection. Or one can ignore questions
of technological realizability and instead focus on the ideal limiting pole “towards
which the particular series of perfectings tend” (Husserl 1970, 26), namely, the
abstract, empirically unrealizable conception of a perfectly flat plane. However,
what is needed in order to grasp this ideal limiting case in a distinct and self-
conscious manner is a “peculiar sort of mental accomplishment: idealization”
(Husserl 1970, 348). Idealization in Husserl’s sense is the process through which the
vague, imprecise, and morphological concepts with which we describe real things
are replaced by exact, precise, and mathematical concepts. Hence, it is a progression
of similarities between concrete things, and an additional act of idealization in which
abstract objects such as frictionless planes find their “primal establishment.”

The take-home message of Husserl’s genetic inquiry is that the original consti-
tution of abstract objects depends, first, on life-world experiences of real things,
and, second, on higher-order acts of idealization. However, as Husserl also makes
clear, these two preconditions are not yet sufficient to account for the “ideal
objectivity” (Husserl 1970, 356) which we normally ascribe to abstract objects.
According to Husserl, this kind of objectivity is only attained if the meaning of
abstract objects is consolidated and stabilized by detaching it from the intellectual
accomplishments of singular subjects. Husserl calls the process through which such
a consolidation is achieved sedimentation. Crucial to this process of sedimentation is
the externalization of original, intuitive thought by means of formal notations: Once
abstract objects have been constituted in intuitive acts of idealization, these objects
can be “liberated from all intuited actuality” (Husserl 1970, 44) through further acts
of formalizing abstraction. One of the historical examples Husserl gives for this
process is the algebraization of geometry (Husserl 1970, 43—48). Considering, for
instance, the proportional geometry that operates at the heart of Galilean mechanics,
it is clear that the concepts used by Galileo retain their reference to the material
contexts that originally gave meaning to them. This is particularly obvious in the
case of Galileo’s graphical representations of levers, weights, or planes: Although
the referents of these representations are without doubt abstract objects, the symbols
used by Galileo are easily recognizable as idealizations of sensible shapes that can
be found in the life-world of pre-mathematical experience. It is exactly this intuitive
connection between geometric symbols and the underlying sensible shapes that is
undermined when the materially determined concepts of proportional geometry are
replaced with purely formal algebraic expressions. Innovations such as the Cartesian
coordinate system allow for the direct translation of complex geometrical properties
into the formal language of algebra. As a consequence, complex geometrical
problems can be solved by means of materially undetermined algebraic equations.

The processes of sedimentation and formalization are of utmost importance for
Husserl’s overall argument as well as for his historical critique of objectivism. Once
a field such as geometry is formalized, it can become a “calculating technique” in
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which strings of symbols are manipulated “according to technical rules” (Husserl
1970, 46) and without regard for the content to which these symbols correspond.
This means not only that it becomes possible to solve geometrical problems without
repeating the intuitive acts that were necessary for the original constitution of
geometrical objects. It also means that one can solve equations in an almost game-
like fashion, i.e. without even asking for what the purely formal symbols stand for
or how they were bestowed with meaning in the first place. For the development of
modern mathematized science, this “technization of formal-mathematical thinking”
(Husserl, 1970, 48; our emphasis) is both a blessing and a curse. It is a blessing
because science would be practically impossible if novices were under the constant
pressure to think everything anew. However, as Husserl repeatedly stresses in the
Crisis, formalization is also a curse because it harbors the danger of a dangerous
forgetfulness with regard to science’s roots in the life-world of pre-theoretical
experience.

The kind of objectivism that originates in the works of Galileo considers the
mathematical models that are built and applied in the physical sciences as the best
candidates for delivering truthful representations of the “world in itself.” And since
the distance between the world, as it is allegedly represented in these models, and
the life-world of pre-scientific experience dramatically increases the further science
progresses, it becomes harder and harder to reconcile the “scientific image” with
the “manifest image.” Objectivism reacts to this problem in a very straightforward
manner, namely by arguing “that the common sense world of physical objects
[...] is unreal” (Sellars, 1991, 173; our emphasis). Yet, relegating the life-world
to the status of an illusion not only produces the crisis which Husserl opposes so
vehemently in the Crisis. If Husserl’s genetic analysis of the origin of mathematics is
correct, then the demotion of the life-world also leaves us in a quandary with respect
to the unsurpassable foundation of scientific cognition: On the one hand, objectivism
implies that the life-world is nothing but a veil that needs to be removed in order
to catch a glimpse of the deep-structure of the “world in itself.” At the same time,
however, the methods through which this veil ought to be removed presuppose the
life-world as their necessary “meaning-fundament.” If this is true, then objectivism
leaves us in a paradoxical situation indeed: To advocate objectivism is, as we have
said earlier, to saw off the branch on which science is sitting.

In light of Husserl’s rejection of objectivism, an obvious question arises: If,
phenomenologically construed, scientific theories are not truthful representations
of the “world in itself,” what are they then? Or, to put the question differently,
how should philosophers with phenomenological leanings react to the still ongoing
disputes between different forms of scientific realism on the one hand and different
forms of scientific anti-realism on the other? Even though this question has been
widely discussed, there is no general consensus within the secondary literature:
While there have been attempts to render phenomenology compatible with anti-
realist lines of thought (Wiltsche, 2012; 2017; for critical reactions: Reynolds,
2018, chapter 3; Berghofer, 2017), others have argued that nothing prevents the
phenomenologist from adopting a realist stance (Gutting, 1978; Harvey, 1986,
1989; Belousek, 1998; Soffer, 1990; Vallor, 2013). Still others have claimed that
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Husserlian phenomenology lacks any particular impact on the scientific realism
debate and thus resembles Arthur Fine’s deflationist “NOA” (Rouse 1987).

1.3.4 Phenomenology and Quantum Mechanics

Although Husserl never publicly commented on the emerging quantum paradigm,
his phenomenology had at least an indirect impact on quantum mechanics through
the work of the German physicist Fritz London. While not widely known in
philosophical circles, it is no overstatement to say that London is a truly remarkable
figure who—Ilike many other scientists during the first half of the twentieth
century—transcended the disciplinary boundaries between philosophy and physics
(cf., for an insightful biography of London, Gavroglu, 1995). Nowadays London
is mainly remembered as the founder of quantum chemistry. However, a number
of substantial contributions to theoretical physics and philosophy of physics as
well as four nominations for the Nobel Prize in Chemistry and one nomination
for the Nobel Prize in Physics attest to the wide scope and significance of his
thinking. Yet, interestingly enough, London began his academic career not as a
scientist, but as a philosopher. His doctoral dissertation Uber die Bedingungen der
Moglichkeit einer deduktiven Theorie was supervised by the Munich phenomenol-
ogist Alexander Pfinder and appeared in Husserl’s Jahrbuch fiir Philosophie und
Phdnomenologische Forschung in 1923. As Mormann has noted, London’s thesis
can be regarded as a piece of Husserlian-style mathematical philosophy of science
which deals with “a set theoretic concretization of Husserl’s largely programmatic
account of a macrological philosophy of science” (Mormann 1991, 70).

After graduating from the University of Munich at the age of 21, London’s
focus shifted to physics where he was mainly interested in the newly emerging
field of quantum mechanics. After studying previous attempts to unify gravity and
electromagnetism, London formed the idea that quantum mechanics could be the
right framework for the task at hand. As it turned out, London’s idea was immensely
fruitful: Building on Weyl’s work on unification, London was among the first to
realize that the gauge invariance underlying electrodynamics is, other than Weyl
had expected, not a scale invariance but a phase invariance.®

What is most relevant in the context of this chapter, however, is London’s work
on interpretational issues of quantum mechanics. In 1939 London published a
monograph entitled La Théorie de I’Observation en Mécanique Quantique together
with the French physicist Edmond Bauer. This work has two main objectives: First,
London and Bauer seek to offer a “concise and simple” (London & Bauer 1983, 219)
account of the measurement problem in the spirit of von Neumann’s groundbreaking
Mathematische Grundlagen der Quantenmechanik (1932). Providing the axiomatic

SFor an excellent analysis of the historical origins of gauge theory as well as an overview of its
role in string theory, cf. O’Raifeartaigh and Straumann (2000).
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foundations of quantum mechanics, von Neumann’s book was one of the most influ-
ential works of early quantum mechanics and his “conception of the measurement
problem became the framework of almost all subsequent theories of measurement”
(Jammer 1974, 474). Since London and Bauer were in broad agreement with von
Neumann, their monograph was not intended as a counter project, but as a more
accessible version of von Neumann’s highly technical work which, to add insult to
injury, was written in German.

Second, London and Bauer seek to shed more light on the relationship between
the observed and the observer, thus aiming at clarifying the role of consciousness in
quantum mechanics. Although it was clear for von Neumann “that it is impossible
to formulate a complete and consistent theory of quantum mechanical measurement
without reference to human consciousness” (Jammer 1974, 480), he said very little
about what consciousness is or what role it plays in quantum mechanics. In fact, “it
was the London and Bauer treatment that effectively cemented consciousness into
the ‘received view’ ” (French 2002, 470). We shall say more on London and Bauer’s
take on the role of consciousness in quantum mechanics in a moment. Before that,
however, some brief remarks about the measurement problem are in order.

At the heart of quantum mechanics there are two seemingly conflicting princi-
ples: On the one hand, we have the Schrédinger equation that describes the evolution
of the quantum state over time. The Schrédinger equation is a unitary, deterministic,
and linear equation. Its linearity entails that the sum of two solutions is again a
solution to the equation. This, then, is the principle of quantum superposition that
highlights the wave character of quantum objects. The quantum state of a system
is described by its wave function. The superposition principle entails that wave
functions can be added together to form a new wave function.

On the other hand, there are the principles dealing with the apparent collapse
of the wave function. The collapse postulate states that when a measurement takes
place, the wave function collapses such that the quantum state is not in a state of
superposition anymore, but now has a definite value. The necessary character of this
postulate stems from the apparent fact that we never observe superposition states
but only definite values. For instance, when we measure the spin of an electron, we
never observe a superposition of spin-up and spin-down. What we observe is always
the electron being in one of these states. Understanding the apparent collapse of the
wave function is the core of the measurement problem.

Let us now turn to London and Bauer’s approach to the problem. For our purpose,
it is instructive to begin at the very end of their monograph. Here, they point out
that the whole debate about the measurement problem relates to a much broader
philosophical issue, namely “the determination of the necessary and sufficient
conditions for an object of thought to possess objectivity and to be an object of
science” (London & Bauer 1983, 259). They continue by adding that “[m]ore
recently Husserl [. . .] has systematically studied such questions and has thus created
a new method of investigation called ‘Phenomenology’” (London & Bauer 1983,
259). Given this explicit reference to Husserl, and given Lodnon’s background in
phenomenology, it is easy to agree with commentators such as Gavroglu (1995) and
French (2002) that the way London and Bauer set up the measurement problem
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has a distinctively phenomenological ring to it. As we have seen earlier, the most
fundamental problem in Husserl’s epistemology concerns the question as to how
“objectivity becomes ‘presented’, ‘apprehended’ in knowledge, and so ends up by
being subjective” (Husserl 2001c, 169). When London and Bauer raise the problem
of how “an object of thought” can be objective and be scientifically investigated,
then this is easily identifiable as a variation of Husserl’s original question. What
is more, London and Bauer also agree with Husserl’s anti-naturalistic stance by
claiming that “[p]hysics insofar as it is an empirical science cannot enter into such
problems in their generality” (London & Bauer 1983, 259). Hence, although they
insist that physics can at least lead to significant “ ‘negative’ philosophical discov-
eries” (London & Bauer 1983, 259), London and Bauer consider the measurement
problem primarily as a problem of (phenomenological) philosophy.

Concerning the specific problems surrounding quantum mechanics, London and
Bauer make it clear that “[t]he heart of the matter is the difficulty of separating
the object and the observer” (London & Bauer 1983, 220). On their view, modern
physics reveals that “the idea of an observable world totally independent of the
observer, was a vacuous idea” (London & Bauer 1983, 220). Here we see what they
mean by saying that physics can lead to significant negative philosophical insights.
According to London and Bauer, “the formalism of quantum mechanics already
implies a well-defined theory of the relation between the object and the observer,
a relation quite different from that implicit in naive realism, which had seemed,
until then, one of the indispensable foundation stones of every natural science”
(London & Bauer 1983, 220). As we shall see later, it is this very idea that had
a tremendous impact on Maurice Merlau-Ponty; the idea that modern physics, and
quantum mechanics in particular, undermines (naive) realism, and that our most
sophisticated theories undermine the expectation that science could possibly offer
an entirely objective account of the world.

Let us now turn to London and Bauer’s proposed solution to the measurement
problem and the role they ascribe to the observer’s consciousness. The first thing to
note is that, in their view, a measurement is only complete when the outcome ‘“has
been observed” (London & Bauer 1983, 251). The observer, then,

possesses a characteristic and quite familiar faculty which we can call the “faculty of
introspection”. He can keep track from moment to moment of his own state. By virtue of
this “immanent knowledge” he attributes to himself the right to create his own objectivity.
(London & Bauer 1983, 252)

London and Bauer thus come to the conclusion that

it is not a mysterious interaction between the apparatus and the object that produces a new
Y for the system during the measurement. It is only the consciousness of an “I” who can
separate himself from the former function W (x, y, z) and, by virtue of his observation, set
up a new objectivity in attributing to the object henceforward a new function ¥ (x) = uy(x).
(London & Bauer 1983, 252)

After rightly pointing out that terms such as immanent knowledge “‘clearly
demand a phenomenological reading” (French 2002, 484), French interprets London
and Bauer’s take on the separation between the ego and the superposition as follows:
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This separation should not be thought of in terms of consciousness “causing”, in whatever
sense, the wave function to collapse, but rather in Husserlian terms, as that of a mutual
separation of both an Ego-pole and an object-pole through a characteristic act of reflection.
(French 2002, 484)

As French adds, this phenomenological reading of their solution to the measurement
problem has the additional advantage of avoiding the main objections that have been
brought forward against London and Bauer.

1.4 Beyond Husserl

Although the focus in this chapter is on Husserl, this should not be taken to
suggest that other figures of the phenomenological movement did not engage
with physics in novel and creative ways. In what follows, we will indicate some
directions in which a genuinely phenomenological analysis of the physical science
was taken by later phenomenologists. To be sure, space limitations prevent us
from providing a comprehensive overview of the entire field of post-Husserlian
phenomenology of science—discussions of, for instance, Becker (1973), Stroker
(1997), Heelan (1983), Kockelmans (1966), or Ihde (1991) will have to wait for
another occasion. In our view, however, there are two figures in particular who
merit closer consideration: Martin Heidegger and Maurice Merlau-Ponty. Since both
philosophers had a tremendous impact on the entire phenomenological movement, a
brief discussion of some of their key insights will help to gain a better understanding
of how phenomenological analyses of the physical sciences evolved in the second
part of the twentieth century.

1.4.1 Martin Heidegger

Even to mention Heidegger in the context of a serious philosophical engagement
with the sciences might be enough to raise some eyebrows. After all, in light of
remarks such as that “[s]cience does not think” (Heidegger 1968, 8), or that
“science’s knowledge [...] already has annihilated things as things long before
the atom bomb exploded” (Heidegger 1971, 168) it seems hard to deny that parts
of Heidegger’s oeuvre are characterized by a pessimistic, if not hostile attitude
concerning the sciences. However, recent years have seen an increase in studies
highlighting the constructive potential that lurks behind the seemingly anti-scientific
facade of Heidegger’s philosophy (cf., for a general orientation, Kockelmans, 1985;
Glazebrook, 2000, 2012). Heidegger, who studied physics for two years, and kept
close contact with leading physicists such as Werner Heisenberg or Carl von
Weizsécker, is not only said to have “had a remarkable knowledge of both physics
and biology” (Kockelmans 1985, 17). Some commentators go so far as to argue
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“that philosophy of science was at the center of his project and its development
throughout his career” (Rouse 2005, 124).

While Heidegger’s philosophy is sometimes acclaimed as both a rejection and
an advancement of Husserl’s phenomenology, one cannot help but notice certain
similarities between parts of their philosophies of science. To begin with, although
Heidegger’s stance towards naturalism can generally be seen as somewhat ambigu-
ous (cf. Rouse, 2005), he agrees with the Husserlian sentiment that the natural
sciences are in principle incapable of investigating themselves in a philosophically
satisfactory manner: “The moment we talk ‘about’ a science and reflect upon it,
all the means and methods of this science in which we are well versed fail us”
(Heidegger 1967, 177). This is equally true of biology, where we “cannot put
biology under the microscope” (Heidegger 1967, 177), and of physics, which “itself
is no a possible object of a physical experiment” (Kockelmans 1970b, 170). If this
view is correct, it not only follows that serious reflections on any particular science
must transcend the standpoint and methodological repertoire of that science. For
Heidegger, the limitations of any particular methodology also result in a pluralist
image of science: Instead of absolutizing one particular discipline with its own
specific methods and values, Heidegger seems to promote a vision of science in
which different methodologies and sets of values can coexist without standing in a
relation of super- or subordination. Joseph Kockelmans summarizes the pluralistic
sentiment of Heidegger’s philosophy of science as follows:

The rigor of mathematical physics is exactness. An event can be considered as an event
of nature if, and only if, it is determined beforehand as a kinematic magnitude. Such
a determination can be effected by means of measurements and with the help of their
resulting numbers and the calculations performed on them. However, [...] the exactness
of mathematical physics is not due to the fact that it calculates exactly; it must calculate
exactly, precisely because the mode in which it is bound to its own realm of objects by its
original project has the character of exactness. That is why the humanistic sciences can be
rigorous without for that matter being exact. (Kockelmans, 1970a, 189; our emphasis)

What is particularly noteworthy about this passage is Kockelman’s remark that,
on Heidegger’s view, a particular science “is bound to its own realm of objects by
its original project”. “Project” or “Projection” (in German: Entwurf’) is a technical
term in Heidegger’s philosophy, and clarifying its meaning will allow us to highlight
another similarity between Husserl’s and Heidegger’s views on science.

Heidegger’s interest in science—and in physics in particular—is already evi-
denced in one of his earliest works, his 1916 habilitation lecture “Der Zeitbegriff
in der Geschichtswissenschaft” (Heidegger 1978, 413—433). Quite generally, Hei-
degger’s aim is to distinguish the historical sciences from physics on the basis of the
concepts of time that are operative in both disciplines. The approach he chooses
to tackle this issue is in perfect agreement with the basic tenets of Husserlian
phenomenology: Instead of presupposing certain pre-established conceptions of
time, physics, or history, Heidegger employs a method of regressive inquiry in which
one begins with a particular existing science and then works back to determine
the formal and material conditions underlying it (Heidegger 1978, 417-418). The
outcome of Heidegger’s analysis is that the very essence of modern physics, as
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it was inaugurated by Galileo and Newton, lies in the mathematical projection of
nature. What this means can be made clear by considering a crucial passage from
Being and Time:

What is decisive for its development [the development of mathematical physics] does not
lie in its rather high esteem for the observation of “facts”, nor in its “application” of
mathematics in determining the character of natural processes; it lies rather in the way in
which Nature herself is mathematically projected. In this projection something constantly
present-at-hand (matter) is uncovered beforehand, and the horizon is opened so that one may
be guided in looking at those constitutive items in it which are quantitatively determinable
(motion, force, location, and time). Only “in the light” of a Nature which has been projected
in this fashion can anything like a “fact” be found and set up for an experiment regulated
and delimited in terms of this projection. The “grounding” of “factual science” was possible
only because the researchers understood that in principle there are no “bare facts”. In the
mathematical projection of Nature, moreover, what is decisive [...] is that this projection
discloses something that is a priori. (Heidegger 1962, 413-414)

This passage contains several insights that deserve closer attention. To begin
with, by stating “that in principle there are no ‘bare facts’”, Heidegger antici-
pates the debate over the theory-ladenness of observation, as it is discussed in
“mainstream” philosophy of science since the 1960s. What is clear in light of the
above-quoted passage is that Heidegger opposes the idea that scientific facts could
ever be “neutral” in the sense that they can be disentangled from the theoretical
framework in which they are situated. For Heidegger, however, theory-ladenness
does not primarily occur on the level of scientific theories that are said to impinge
on the perceptions of scientists. Heideggerian theory-ladenness is much more
fundamental because it has to do with the a priori conditions that must already
be in place in order for concrete scientific work to be possible. Before a scientist
can even begin to collect data, to devise theories, to make calculations, or to design
experiments, the “world” or “region” at which the scientist aims must already be
constituted in a way that makes it amenable to a particular kind of scientific inquiry.
In the case of modern physics, this primal constitution of the region is achieved
through what Heidegger calls the mathematical projection of nature, which “maps
out in advance the way in which the procedure of knowing is to bind itself to the
region that is opened up” (Heidegger 2002, 50). Since it determines in advance
what counts as a being and as experience, the mathematical projection itself is, on
Heidegger’s view, not grounded in experience of beings—it is a priori.

From these remarks it should be evident that there are clear affinities between
the Heideggerian notion of a mathematical projection of nature and Husserl’s
conception of regional ontologies. Heidegger would most certainly agree with
Husserl that, explicitly or implicitly, the special sciences are necessarily grounded
in regional ontologies which are a priori, and which express the essence—or, to put
it in Heideggerian terms, the “basic state of being” (Heidegger 1962, 246)—of the
entities in their domain. What is more, Heidegger also agrees that these regional
ontologies can only play their foundational role if they have been, first, explicated,
and, secondly, critically examined:
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[A]ll ontology, no matter how rich and firmly compacted a system of categories it has at its
disposal, remains blind and perverted from its ownmost aim, if it has not first adequately
clarified the meaning of Being, and conceived this clarification as its fundamental task.
(Heidegger 1962, 31)

Seen from this perspective, then, it is not surprising that Heidegger praises
Hermann Weyl for his insight that in “the theory of relativity in contemporary
physics [...] the notion of field is normative” (Heidegger, 1997, 81; cf., regarding
the relationship between Heidegger and Weyl, Webb, 2009, chapter 5; Sieroka,
this volume). Unfortunately, Heidegger does not go into any detail of Weyl’s
reformulation of general relativity theory. As one can suspect, however, Heidegger
correctly identified Weyl as a philosophically-minded physicist who took up the
hermeneutical task of critically engaging in an “interrogation of being,” as it
becomes manifest in Einstein’s theory.

Although, as we have seen, there are interesting parallels between Husserl’s
and Heidegger’s philosophies of science, there are also points of divergence.
Perhaps the most fundamental difference concerns the starting point from which
phenomenological analysis must proceed. As Henry Pietersma has aptly put it, the
point of departure for Husserl is “that a human being is basically a knower [.. .,]
that whatever engages a human being is (or at least should be) based on what
she knows or justifiably believes” (Pietersma 2000, 86). As a consequence, the
most fundamental task in Husserlian phenomenology is to spell out the conditions
under which subjects may be said to have achieved the goal of knowledge, both
in scientific and everyday contexts. While there is, of course, still ample room
for ontology and metaphysics, Husserl’s transcendental phenomenology is, first
and foremost, an epistemological project. Heidegger, on the other hand, strongly
opposed any claim to the primacy of knowledge. Quite the opposite, knowledge,
according to Heidegger, is but a derivative mode of being-in-the-world, i.e. the
fundamental ground upon which every further determination of Being rests. Heideg-
ger’s argument, in a nutshell, goes as follows: Traditionally, knowledge has always
been characterized as some kind of relation between (at least) two relata, someone
who knows, and something that is known. The task of epistemology, then, is to
specify exactly how this relation must look like in order for genuine knowledge to
occur. On Heidegger’s view, however, any separation between two (or more) relata
is itself the result of a particular projection, which—Ilike any other projection—
refers back to Dasein’s essential state of “being-in-the-world.” Consequently, the
most fundamental question in philosophy is not epistemological in nature; it is rather
the ontological question concerning the nature and understanding of Being.

Heidegger’s “ontological turn” has far-reaching consequences for his philosophy
of science: In Being and Time, Heidegger attacks what he calls the “logical
conception of science” (Heidegger 1962, 408) that focuses on systems of statements
or mathematical models as the finished product of research, and then raises the
question of how these representational vehicles can be used to mirror particular
empirical target systems. The point of Heidegger’s argument is that this conception
must be replaced with what he calls an “existential conception of science [that]
understands science as a way of existence and thus as a mode of Being-in-the-world”
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(Heidegger 1962, 408). If one accepts this existential conception, one no longer
conceives of science as a project that is primarily geared towards the accumulation
of truthful (mental, linguistic, or mathematical) representations of reality. Following
the existential conception, science is, first and foremost, something human beings
do—it is an activity that is essentially linked to tools and equipment, and that aims
at a local manifestation of reality in experimental settings and instrumental work.
In their everyday research, scientists are not primarily concerned with entities,
their properties, or with the relations between them. What scientists are actually
concerned with is technological equipment that must always already be understood
as being useable for a particular purpose, and that is best understood in being so
used. Hence, from the viewpoint of an existential conception of science, practical
understanding has priority of theoretical knowledge.

By giving phenomenology an existential-hermeneutic twist, Heidegger was
one of the main influences for the emergence of what later became known as
hermeneutic philosophy of science (cf., for a general overview, Babich, 2016).
Philosophers such as Theodore Kisiel, Joseph Kockelmans, Patrick Heelan, Babette
Babich, Dimitri Ginev, Joseph Rouse, or Don Thde employ methods and insights
from phenomenology, hermeneutics, and post-positivist philosophy of science in
order to gain a firmer grasp on science as an embodied, culturally, and historically
situated practice that materializes itself in what Patrick Heelan has called “readable
technologies” (Heelan 1983).

1.4.2 Maurice Merleau-Ponty

Among the three classical phenomenologists we discuss in this chapter, Maurice
Merleau-Ponty is the one whose work contains the most detailed analysis of
contemporary physics. It is well known that Merleau-Ponty cared deeply about
the sciences.” His work on psychology in particular is a common starting point
for many contemporary phenomenologists who are conducting research at the
interface between philosophy of mind, psychology, and the cognitive sciences.
What is less well known, however, is that Merleau-Ponty also explicitly addressed
physics, aiming at a deeper understanding of how physics and philosophy can
enrich each other, and of how a genuinely phenomenological philosophy of physics
might look like. This is true, in particular, of the essay “Modern Science and
Nature,” which was part of a lecture course Merleau-Ponty held at the College de
France (Merleau-Ponty, 2003, 81-122). Here, he carefully engages with quantum
mechanics, outlining his more general phenomenological approach to physics.
Unfortunately, it seems that Merleau-Ponty’s interest in philosophy of physics came
to the fore only quite late in his career: While the aforementioned lecture course La

7Cft., for discussions of Merleau-Ponty’s views on the exact sciences, e.g. Kisiel (1970), Rouse
(1986), Matherne (2018), and Romdenh-Romluc (2018).
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Nature was held between 1956 and 1960, and thus one year before his death, his
treatise The Visible and the Invisible, which also addresses physics in general and
the “relations between the observer and the observed” (Merleau-Ponty 1968, 15) in
particular, was published only posthumously.

In his philosophy of physics, Merleau-Ponty discusses the limits of objectivity
and raises the question as to whether physics could ever deliver a picture of the
world that also incorporates the physicist who observes and experiments. On his
view, modern physics and quantum mechanics in particular exemplifies or at least
leads to such a new kind of physics, which—unlike classical physics—not only
“posits nature as an object spread out in front of us, [but rather] places its own object
and its relation to this object in question” (Merleau-Ponty, 2003, 85; our emphasis).
It is in this context that Merleau-Ponty discusses the aforementioned London and
Bauer interpretation of quantum mechanics, adding that the emerging picture could
be called a “participationist conception” or a “partial realism” Merleau-Ponty, 2003,
97-98.8 This is a striking similarity both in content and in terminology to a recent
interpretation of quantum mechanics that goes by the name QBism and is also often
referred to as a kind of “participatory realism” (Fuchs 2017). Two contributions to
this volume are explicitly dedicated to a discussion of this interpretation of quantum
mechanics.

According to Merleau-Ponty, physics in its most sophisticated form abandons the
goal of delivering an entirely objective picture of the world. Instead, it incorporates
the physicist herself, and thereby accounts for the fact that the life-world is always
and necessarily the meaning-fundament of all scientific endeavors. Consider the
following passage from The Visible and the Invisible:

Philosophy is not science, because science believes it can soar over its object and holds
the correlation of knowledge with being as established, whereas philosophy is the set of
questions wherein he who questions is himself implicated by the question. But a physics that
has learned to situate the physicist physically, a psychology that has learned to situate the
psychologist in the socio-historical world, have lost the illusion of the absolute view from
above: they do not only tolerate, they enjoin a radical examination of our belongingness to
the world before all science. (Merleau-Ponty 1968, 27)

Of crucial importance for Merleau-Ponty’s overall position is the rejection of two
traditional assumptions: first, that there is a “physical object in itself” (Merleau-
Ponty 1968, 15) which exists prior to our theorizing, and thus “has an individual
existence” (Merleau-Ponty 2003, 92); and, second, that determining the nature of
this object is the main goal of physical research. Instead, Merleau-Ponty recognizes
the “relations between the observer and the observed [as the] ultimate physical
beings” (Merleau-Ponty 1968, 15).

Another topic that receives much attention in Merelau-Ponty’s philosophy of
physics concerns the question about the nature and role of measurements. This

8Merleau-Ponty adopts this terminology from the French physicist and logician Paulette
Destouches-Février. Below we see in more detail how strongly Merleau-Ponty was influenced
by Destouches-Février. For a portrayal and further development of the approaches of Destouches-
Février and her husband Jean-Louis Destouches, cf. Bitbol (1998, 2001).
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question is, to be sure, of special relevance in quantum mechanics where, as we
have seen, the role of observations and measurements seems particularly mysterious.
Contrasting the measuring apparatus in classical physics with the measuring
apparatus in quantum mechanics, Merleau-Ponty comes to the conclusion that while
classically “the apparatus is the prolongation of our senses,” in quantum mechanics
“[t]he apparatus does not present the object to us.” Instead, “[i]t realizes a sampling
of this phenomenon as well as a fixation. [...] Known nature is artificial nature”
(Merleau-Ponty 2003, 93).

In light of the above, one may wonder how Merleau-Ponty’s position relates
to the contemporary scientific realism debate. Given his rejection of the idea that
physical objects are things in themselves, and given his analysis of the measuring
apparatus in quantum mechanics, it seems natural to consider him a scientific anti-
realist. On closer inspection, however, things are not that simple. The first thing to
note is that Merleau-Ponty is very outspoken in his negative assessment of one of
the more popular versions of scientific anti-realism, namely instrumentalism:

Physics should not be conceived as a search for the truth, it should give up determining a
real physics: it would be only an ensemble of measurements linked to equations, allowing
[us] to foresee the result of future measurements. Formalist physics receives all freedom,
but it loses its ontological content. It signifies no mode of being, no reality. Like all radical
nominalism, this nominalism cannot articulate itself. (Merleau-Ponty 2003, 95-96)

After dismissing instrumentalism without much argument, Merleau-Ponty goes
on to say that it would also be a mistake to adopt an idealist position. Drawing on
the work of the French physicist and logician Paulette Destouches-Février, Merleau-
Ponty claims that the problem with idealism is that, just like realism, it amounts to
a form of objectivism. To be more precise, idealism is an objectivism that “objec-
tifies human representations” (Merleau-Ponty 2003, 96). Contrary to objectivism,
Merleau-Ponty is convinced that “[t]he relations between reality and measurement
must be conceived outside of the dichotomy of in-itself/representation” (Merleau-
Ponty 2003, 96). As we have seen above, acknowledging that “[p]hysics cannot be
realist in the classical sense” but “cannot be idealist, either,” Merleau-Ponty chooses
to call his position “a ‘partial realism’ or a ‘participationist’ conception” (Merleau-
Ponty 2003, 97-98). This terminology, adopted from Paulette Destouches-Février,
highlights the interrelatedness and inseparability of the observer and the observed.
What is more, the term “partial realism” indicates that Merleau-Ponty seeks to find
a middle ground between instrumentalism on the one hand and a full-blown realism
on the other. Hence, returning to our initial question, we need to ask: What are the
specific features of the kind of realism Merleau-Ponty endorses?

In this context, Merleau-Ponty says, we must begin with “distinguish[ing] several
meanings [of reality]” (Merleau-Ponty 2003, 98): first, a “plane of reality, where
objects exist in themselves and where the properties that we attribute to them are
intrinsic” (Merleau-Ponty 2003, 98). After dismissing this realist notion of reality,
Merleau-Ponty goes on to mention, second, an intersubjective plane of reality,
“where reality is constituted uniquely by the ‘results of measurement’ ” (Merleau-
Ponty 2003, 98). Since this notion is too instrumentalist for Merleau-Ponty, he
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finally introduces ““a third plane, the structural plane” (Merleau-Ponty 2003, 98).
After doing so, Merleau-Ponty reproduces a long passage from Destouches-Février
which we will quote in full’:

From the fact that this plane transcends the subjective-objective duality, the structural
relations dress an absolute character up in the framework of theory. In effect they are
independent of the results and of the process of measurement. They are however relative
to the species of the system studied. By their independence from the results of observations,
they dress up a certain objectivity, comparable to the Platonic objectivity of the Idea vis-
a-vis its sensible realizations. But on the other hand, this independence which detaches
them from all sensible contact with the object could make them refuse objectivity. In
effect they refer not to an object, but to certain mathematical forms necessary for the
description of the relation of the subject to the object. They present the same ambiguity
if we envisage them under the angle of reality; to the extent that they appear completely
detached from the results of measurement—that is, from the immediate meeting with the
objects studied—they lose all reality, and their nature approaches mathematical being; but
we just saw that the whole critique of knowledge withdrawn into modern physics consisted
exactly in unmasking the illusory character of the phenomenal reality as just as sensible as
rational. Of such kind that the character of reality seems to have to take refuge, preferably
in the structural plane, relatively more independent, permanent, and coherent than the two
preceding planes. Moreover, the fact that structures are determined by the theory in which
they intervene—since they schematize the general conditions on the observers in their
relations with the objects—confers unto them a reality that purely mathematical beings
independent of all sensible signification do not possess. (Destouches-Février, as quoted in
Merleau-Ponty 2003, 98)

Although Merleau-Ponty does not do much to clarify or go beyond these remarks,
it seems clear that the partial realism of Merleau-Ponty and Destouches-Février is
in many ways similar to a currently popular version of realism, namely structural
realism (for more details, cf. Ladyman, 2016; Berghofer, 2018b). Instead of taking
a realist stance concerning the unobservable objects posited by our best theories,
structural realists claim that we should limit our epistemic and/or ontological
commitments to the mathematical or structural content of theories. In light of
Merleau-Ponty’s pronouncement to take the “mathematical forms necessary for
the description of the relation of the subject to the object” as the fundamental
entities of physical theorizing, his partial realism has indeed much common ground
with contemporary structural realism. Of course, the vast majority of contemporary
structural realists take the observer-independence of physical theories for granted,
and would not, consequently, regard structural relations as relations between subject
and object. One might even be tempted to suspect that Merleau-Ponty’s position
collapses into a very peculiar form of structural idealism. However, since for
Merleau-Ponty the structural relations between observer and the observed cannot
be reduced to anything subjective or mental, his position clearly has a realist
flavor to it. In particular, and as mentioned earlier, there are interesting parallels
between Merleau-Ponty and QBism, according to which quantum mechanics tells

Unfortunately, the fact that Merleau-Ponty is quoting Destouches-Février here is easily over-
looked in the English translation because the quotation marks are missing (Merleau-Ponty 2003,
98).
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us something very important about reality, namely “that reality is more than any
third-person perspective can capture” (Fuchs 2017, 113).

It is crucial to note that Merleau-Ponty’s position is by far the strongest we have
discussed so far. In order to see why, let us return to a claim that is widely endorsed
by virtually all phenomenologists, viz. the claim that physics, at best, can only yield
a perspectival image of reality. Typically, this perspectivity is said to arise due to the
role subjectivity plays in our cognitive interactions with reality. An argument to this
effect can be found, for instance, in Hermann Weyl’s Philosophy of Mathematics
and Natural Science (Weyl 1949, 110-113): For Weyl, the driving force behind
modern physics is the attempt to objectify reality through a systematic exclusion
of everything subjective. Historically, the first steps in this direction were made
when Galileo and others introduced the distinction between primary and secondary
qualities, and moreover argued that mathematizability is a reliable criterion for what
can count as objectively real. On this view, then, only primary qualities belong to
the inventory of objective reality because secondary qualities like color or odor are
not amenable to direct mathematizability due to their subjective character. As Weyl
observes, the development of physics culminated in purely symbolic representations
of the world where everything that is granted physical significance must find its
expression in mathematical symbols.

Following Weyl’s historical narrative, the systematic exclusion of everything
subjective appears to be a regulative idea in the Kantian sense, i.e. a prescriptive
telos that gives physical research its normative direction. As with all regulative
ideas, however, the focal point towards which the movement of symbolization
strives will never be fully realizable. The reason for this is, according to Weyl,
that even the most abstract mathematical tools still carry the trace of transcendental
subjectivity. Consider the following passage from Philosophy of Mathematics and
Natural Science:

How is it possible to assign to the points of a point-field marks or labels which could
serve for their identification or distinction? The labels are supposed to be self-created,
distinctive and always reproducible symbols, such as names, numbers (or number triples x,
¥, Z, etc.). Only after this has been accomplished can one think of representing the spectacle
of the actually given world by construction in a field of symbols. All knowledge, while it
starts with intuitive description, tends toward symbolic construction. No serious difficulty
is encountered as long as one deals with a domain consisting of a finite number of points
only [...]. The problem becomes a serious one when the point-field is infinite, in particular
when it is a continuum. A conceptual fixation of points by labels of the above-described
nature that would enable one to reconstruct any point when it has been lost, is here possible
only in relation to a coordinate system, or frame of reference, that has to be exhibited by an
individual demonstrative act. The objectivation, by elimination of the ego and its immediate
life of intuition, does not fully succeed, and the coordinate system remains as the necessary
residue of the ego-extinction. (Weyl 1949, 75)
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Much could be said about this telling passage (cf. Ryckman, 2005b, 128-136).10
In our view, however, the take-home message is this: Whenever we seek to establish
a link between the mathematical formalism and observational data—for instance,
when we carry out measurements—it is necessary to introduce a coordinate system
in order to single out individual objects from a continuously extended object
domain. Yet on Weyl’s view, it is precisely this implementation of a coordinate
system that reintroduces subjectivity into the purely symbolic representation of
reality. The reason for this claim is straightforward: For Weyl the origin of the
coordinate system is the most formal representation of the physicist’s lived body,
her “zero point of orientation” (Husserl 1989, 166); the axes of the coordinate
system, on the other hand, determine the physicist’s orientation in space. On this
interpretation, then, the perspectivity of every symbolic representation of reality is
indeed mandated by physics itself: Whenever we seek to establish a link between
the mathematical formalism and reality, a coordinate system must be introduced.
Yet whenever a coordinate system is introduced, subjectivity creeps back into our
purely symbolic representation of the world.

In light of what has just been said, it is clear that Weyl fully embraces the claim
according to which every symbolic representation will necessarily be perspectival
in nature. Yet for Weyl this is a meta-theoretical claim that tells us something
about how to understand physics and how to interpret its results: Physics is fine
as it is, but we need to keep in mind that its purportedly objective methodology
is essentially limited in scope. Now there can be no doubt that Merleau-Ponty
also accepts the perspectivity of our scientific image of reality. For Merleau-
Ponty, however, this claim is not the result of a reflective analysis from outside of
physics. Quite the opposite, on Merleau-Ponty’s reading, quantum mechanics itself
implies the strong ontological claim that the classical picture of a purely objective,
observer-independent physical reality is untenable, and that every complete physical
description of reality must incorporate the physicist as well as her experience. Seen
from this perspective, then, quantum mechanics has the potential to live up to the
ideal of a fully rationalized, critical, and ultimately phenomenological physics.

1.5 Summaries of the Chapters

In this section, we provide summaries of all chapters in this volume, so as to permit
the reader to identify those most likely to be of interest to her.

10For instance, readers familiar with Husserl’s oeuvre will not fail to notice Weyl’s allusion
to section 49 of Ideas I: The notion of the “coordinate system as the necessary residue of
the ego-extinction” is, of course, a reference to Husserl’s thought experiment of the “absolute
consciousness as the residue of the annihilation of the world” (Husserl 1983, section 49). Moreover,
it interesting to note that the trained mathematician Husserl also explicitly refers to the “origin of
the coordinate system” (Husserl, 1973c, 116; our translation) in order to elucidate the role of the
embodied subject in our cognitive engagements with the world.
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In his chapter “Explaining Phenomenology to Physicists,” Robert Crease sheds
light on the objective and significance of philosophy of physics, distinguishes
different traditions within the field, and focuses on one in particular, namely the
phenomenological tradition. Crease starts out by emphasizing “the unavoidability of
philosophical commitments in science.” Recently, physicists such as Stephen Hawk-
ing, Leonard Mlodinow, or Sander Bias have dismissed philosophical reflections
on physics as useless, thus echoing Richard Feynman’s dictum that “philosophy of
science is about as useful to scientists as ornithology is to birds.” As Crease rightly
observes, however, physicists are already engaging in “amateur philosophizing”
when they reflect on physics or its relationship to philosophy. Since philosophy
seems inevitable whenever we raise questions concerning, for instance, the aim of
physics or its place in the ensemble of intellectual practices, it might be better,
as Crease argues, to construe the difference between physicists and philosophers
as a difference of stances. The scientist, in her scientific stance, objectifies what
is being studied. The philosopher, in his philosophical/phenomenological stance,
is interested in the relationship between the scientist and her object of study.
Concerning philosophy of science, Crease distinguishes between analytic, prag-
matic, and phenomenological traditions. For the phenomenologist, the individual
sciences need to be epistemically grounded in a more fundamental science, namely
phenomenology. This means that the aim of phenomenology is “to reflectively
justify scientific activity, and describe how it arises out of the grounds of human
experience.” In the final section of his chapter, Crease addresses the project of a
phenomenology of physics. The phenomenology of physics thematizes the framing
in which physical research is conducted and recognizes this framing as a human
product. In this context, Crease discusses three different paths the phenomenology
of physics can take.

Mirja Hartimo’s chapter “Husserl’s Phenomenology of Scientific Practice”
addresses Husserl’s approach to the natural sciences, arguing that his goal is to
describe scientific practice, rather than to impose norms or restrictions on the
sciences. Hartimo comes to the bold conclusion that “Husser] is the first philosopher
who took seriously the importance of concrete and diverse scientific practices.”
After discussing the relationship between mathematics and physics, Hartimo sheds
light on the development of Husserl’s position on this matter. Her focus is on Ideas
I, Formal and Transcendental Logic, and Crisis. The aim of her analysis is to show
that while Husserl in Ideas I subscribes to the idea of a pre-established harmony
between mathematics and physics—an idea shared by his Gottingen mathematical
colleagues—, he eventually emphasizes the difference between the two disciplines.
In Formal and Transcendental Logic Husserl introduces what he calls the method
of “Besinnung” that seeks to investigate the intentional genesis of the sciences. Yet
the goal of “Besinnung” is not to examine and judge the sciences from above, but
to be as close to scientific practice as possible. Ultimately, the outcome of Husserl’s
transcendental analysis is that mathematics and mathematical physics need to be
clearly separated. In this context, Hartimo points to interesting similarities between
Husserl’s intentional analysis and Penelope Maddy’s study of the development of
applied mathematics. The take-home message of Hartimo’s chapter is that, although
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Husserl’s views concerning the sciences change, the goal of his phenomenological
analysis remains the same: to provide a phenomenological clarification of scientific
practice.

In his chapter, Paolo Palmieri addresses a question raised by Husserl in the
Crisis: Why do the deductive methods employed in mathematical physics yield so
much clarity although the axioms are anything but self-evident? Palmieri approaches
this problem through three case studies that exemplify three different stages of the
development of modern physics: Galileo’s mathematical natural philosophy as the
birth of modern physics; Helmholtz’ analysis of human sound perception in terms
of an infinite series of anharmonic oscillators; and the birth of quantum mechanics
as brought forth by Heisenberg’s paper “Uber quantentheoretische Umdeutung
kinematischer und mechanischer Beziehungen™” in 1925. There is an interesting
connection between Palmieri’ case study based approach and Mirja Hartimo’s
chapter. This is because, as we have seen, the ambition of any phenomenological
analysis is to be as close to the object of study as possible, in our case scientific
practice and its historical development. Phenomenologically construed, there is
no royal road to the practice of physics. Although phenomenology can, as in
the case of Weyl’s world-geometry, serve as a guide, phenomenologists are not
in the business of imposing a priori rules on physics. Instead, physics is, at
least to some degree, what physicists do. Or, to put it in Palmieri’s own words:
“A phenomenologically oriented philosophy of physics is grounded in a non-
colonialist, subdued appreciation of legitimately autonomous and ethnically diverse
mathematical and empirical styles that manifest themselves through history and are
ultimately rooted in natural languages and in the life-worlds of the physicists.”

Norman Sieroka’s chapter addresses a blind spot in Weyl scholarship. While
some ink has been spilled on Weyl’s earlier writings and on his relationship to
Husserl’s phenomenology, not much has been done to elucidate the connections
between Weyl and Heidegger. As Sieroka observes, this is surprising since there
are quite a few places in Weyl’s later writings where he discusses Heideggerian
phenomenology in detail. Heidegger’s influence is perhaps most obvious in the
case of Weyl’s claim that modern physics and mathematics develop towards an
existential standpoint. Sieroka seeks to clarify the background of this claim by
focussing on Weyl’s notion of symbolic constructions. Although Weyl relies on
several Heideggerian concepts in order to understand the role of symbols in physics,
he does so in ways that would not have found Heidegger’s approval. According
to Sieroka, a particularly telling example is Heidegger’s distinction between being
ready-to-hand and being present-at-hand. While Heidegger insists that symbols
can only be present-at-hand, Weyl rejects this on the basis that symbols—such as
concrete strokes on a blackboard—are physical objects that can be manipulated. The
gist of Sieroka’s chapter is that in his later writings Weyl aims at establishing some
middle ground between Heidegger and Cassirer—a middle ground that avoids both
Heidegger’s separation of science from human existence and Cassirer’s scientism.

In his chapter, Matthias Egg aims at revealing an unexpected parallel between
Husserl’s late philosophy of science and a currently popular version of scientific
metaphysics defended by James Ladyman and Don Ross. At first glance, the
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prospects of finding any common ground between the argument in Husserl’s Crisis
and contemporary scientific metaphysics seem dim, to say the least: As the late
Husserl is at pains to show, the success of modern mathematized physics has misled
scientists and philosophers to accept a dangerous metaphysical hypostatization
of scientific methodology. By buying into what Husserl calls objectivism, they
commit the mistake of confusing highly idealized mathematical models with
truthful representations of reality, thereby demoting the life-world of pre-scientific
experience to the status of a mere illusion. Although, as Egg admits, Husserl’s
criticism of objectivism also affects parts of Ladyman’s and Ross’ naturalistic
program, there are at least two points of convergence: First, there is agreement that
we need to abstract away from our naive encounter with the world as well as from
our practical interests in order to make a truly fundamental science possible. Second,
there is agreement that the sciences must be interpreted in a way that makes them
relevant for the practicalities of everyday life. Egg argues that these two points of
convergence imply a commitment to weak metaphysics, i.e. “the articulation of a
world-view based on a certain stance.” Despite the differences between them, Egg
manages to bring Husserl’s phenomenology of science and scientific metaphysics
into a fruitful dialogue that is likely to spark further debates in the future.

Lee Hardy addresses the question of whether Husserl’s phenomenological
reflections on modern physics are consistent with scientific realism. In its most
basic form, scientific realism is the view that scientific theories aim at a literal
description of reality, and that we have reasons to believe that at least some of the
claims of our best theories are (approximately) true. Scientific anti-realists, on the
other hand, either hold that science does not aim at truth at all, or that we should
restrict our epistemic and/or ontological commitments to what theories say about the
observable world. As this initial characterization suggests, the main object of dispute
between realists and anti-realists are the so-called unobservable entities, i.e. entities
like atoms, quarks, fields or forces. Concerning such unobservable entities, Husserl
seems to take up a straightforward position: For instance, Hardy draws our attention
to section 20 of Ideas I where Husserl proclaims that “[i]f ‘positivism’ is tantamount
to an absolutely unprejudiced grounding of all sciences on the ‘positive,” [...] on
what can be seized upon originaliter, then we are the genuine positivists” (Husserl
1983, 38). As Hardy notes, Husserl’s self-identification as a positivist is potentially
problematic in light of the current scientific realism debate. This is because “an
ontology restricted to perceivable physical objects [...] and an instrumentalist
interpretation of scientific theories [seems] incapable of doing justice to the rapid
and impressive advance of the physical sciences into the hidden regions of the
unobservable.” However, based on a careful analysis of the distinction between
physical things, ideal objects, and theoretical entities on the one hand and between
scientific theories and scientific laws on the other, Hardy argues that Husserl’s
phenomenology of physics is nevertheless “entirely compatible with a realistic
construal of scientific theories.” This means that, according to Hardy, Husserl’s
approach to physics remains a viable option for scientific realists.
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In their chapter, Arezoo Islami and Harald A. Wiltsche address one of the most
important problems at the interface between philosophy of physics and philosophy
of mathematics, namely the so-called applicability problem. The problem, in a
nutshell, is this: Why is it that mathematical methods and models are so successful
in physics? Most notably, this problem has been raised by Eugene Wigner in his
essay “The Unreasonable Effectiveness of Mathematics in the Natural Sciences.”
There exist a number of different approaches to this problem, none of which enjoys
general consent among philosophers. Islami and Wiltsche thus aim at a distinctively
transcendental-phenomenological approach. For them, this implies a shift from the
why-question—Why is mathematics is so successfully applied in physics?—to the
how-question—How do physicists apply mathematical methods and models? As it is
typical for phenomenological approaches, the focus is on scientific practice. More
precisely, Islami and Wiltsche claim that “[a]ddressing the how-question from a
first-person perspective puts us in a position to gain a firmer grip of the intentional
structures that are operative in concrete cases of mathematical-physical theorizing.”
Building on the distinction between a synchronic and a diachronic analysis of the
ways in which mathematics is applied in physics, Islami and Wiltsche argue that
the applicability problem, as it is traditionally viewed, disappears as soon as we
realize that the objects of modern physics are the result of a quite peculiar form
of constitution which transcends the strict separation between an abstract and an
empirical sector of reality.

Thomas Ryckman’s chapter addresses one of the pillars of modern physics:
the gauge principle. Given its crucial role in, for instance, the standard model of
particle physics, in string theory or in general relativity, it is not surprising that
prominent voices have called for an elucidation of the gauge principle as one of
the most important tasks of philosophy of physics. Ryckman argues that revisiting
the philosophical-phenomenological motifs that led Weyl to introduce the gauge
principle in the first place can contribute to this task. Ryckman begins his discussion
with Weyl’s thesis that in order to understand the world, physics must proceed
“by bottom-up symbolic construction starting from mathematical relations in the
infinitely small.” For Weyl, physical laws must be grounded in Evidenz, and Evidenz,
in fundamental physics, is only to be found in the infinitely small, since the range of
intuition of the cognizing subject, i.e., the ego-center, is regarded to be limited to its
immediate spatial-temporal neighborhood. Ryckman identifies this line of thought
as a commitment to transcendental phenomenological idealism in a Husserlian
spirit. Towards the end of his chapter, after shedding light on the transcendental-
phenomenological origins of the gauge principle and the role it plays in modern
physics, Ryckman brings up an issue that puzzles many contemporary physicists
and philosophers of physics: Since gauge transformations lead to new degrees of
freedom that appear to be redundancies, it seems that the gauge symmetries do
not correspond to symmetries of nature, but only to symmetries of our symbolic
representations of nature. Concerning these arbitrary purely mathematical degrees
of freedom, Ryckman argues that “the arbitrariness can be understood phenomeno-
logically, as each point indifferently can be considered the locus of an experiencing,
constructing ego.” In our view, Ryckman’s phenomenological clarification of (the
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origins of) the gauge principle is not only of utmost historical importance, but paves
the way towards at a better understanding of the mathematical structure of modern
physical theories as well as of the world these theories purport to describe.

Steven French aims at paving the way for a phenomenological approach to the
notorious measurement problem in quantum mechanics. The interpretation offered
by London and Bauer serves as the starting point of his chapter. By shedding light
on Fritz London’s phenomenological background, French argues convincingly that
the interpretation of London and Bauer goes beyond von Neumann’s interpretation
in that it aims at a phenomenological clarification of the role of consciousness in the
apparent collapse of the wave function. This is not to say that the observer and her
consciousness are to be placed outside of a quantum mechanical description, thus
mysteriously causing the wave function to collapse. Rather, the observer must be
included into the quantum mechanical description: When observation takes place, a
separation occurs in the sense that the “object and subject poles of the relationship
between the knower and the world emerge.” It is this embeddedness of the observer
and the observed within a common theoretical structure that is of particular interest
to French. On his view, a phenomenological reconstruction of the London and
Bauer interpretation results in a position that avoids the objections that have been
traditionally raised against von Neumann as well as against London and Bauer. What
is more, in the final section of his chapter, French sketches how a phenomenological
interpretation of quantum mechanics could be introduced into current debates about
the interpretation of quantum mechanics. In particular, French highlights how a
phenomenological approach could adopt plausible elements of rival interpretations
such as Dieks’ perspectivalism, Rovelli’s relationalism, or Everett’s many-worlds
interpretation without being obliged to postulate branching worlds or branching
minds. Without a doubt, French’s chapter will be an important stepping stone
for further attempts to position phenomenology as a fruitful framework for the
interpretation of quantum mechanics.

In his chapter, Michel Bitbol addresses certain systematic similarities between a
novel interpretation of quantum mechanics, QBism, and phenomenological motifs,
particularly as we find them in Husser]l and Merleau-Ponty. Bitbol identifies three
features of QBism that are shared by the phenomenological tradition. The first
concerns the first-person approach. The idea, in a nutshell is this: Phenomenology
is well-known for its demand that philosophy, as the ultimate science, must proceed
from the first-person perspective in order to account for objective knowledge in
terms of the underlying structures of (transcendental) subjectivity. QBism seems
to follow a similar trajectory by aiming “to reconstruct a new, self-conscious, type
of objective knowledge, [and by] starting everything afresh from the first-person
standpoint of knowers and agents.” The second common feature is the demand
to direct our attention away from the external objects of physical theorizing, and
focus on the mental acts that present these objects instead. According to Bitbol,
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many proponents of QBism “proceed phenomenologically” by suspending their
judgments concerning the existence of external objects and by redirecting their
attention “towards the epistemic function and the practical use of the symbols of
quantum mechanics.” The third common feature concerns the claim, popular among
defenders of QBism, that quantum mechanics only tells us something about the
expectations we should have concerning the outcomes of experiments. Bitbol argues
that this line of interpretation is in many ways similar to Husserl’s conception of
horizontal intentionality. This third common feature takes center stage in the final
chapter of this volume.

In the final chapter of this volume, Laura de la Tremblaye discusses similarities
between a QBist and a phenomenological epistemology, particularly addressing
the conception of horizontal intentionality in Husserl’s theory of perception. One
distinctive feature that is shared by QBists and phenomenologists is the recognition
of the central role of the subject and her experiences. The QBist slogan “experience
first” is identified as a basic phenomenological principle. What is more, Tremblaye
argues for a phenomenological reading of QBism that links the Husserlian notions
of anticipation and fulfillment to the QBist understanding of the measuring process
in an astonishingly straightforward way. In this picture, “the perceptual horizon
parallels the QBist quantum state, the perceptual act corresponds to the physicist’s
measurement and the modification of my possible horizon corresponds to the mod-
ification of the state vector after the measurement.” Finally, Tremblaye addresses
one important distinction between QBism and the Copenhagen interpretation. While
QBism and the Copenhagen interpretation share many important similarities, the
Copenhagen interpretation does not single out the subject and her experiences.
It ascribes a central role to measurements but not to the subject conducting the
measurement. Accordingly, the Copenhagen interpretation remains within the third-
person perspective. QBism, on the other hand, aims at a first-person interpretation
of quantum mechanics. In this sense, Tremblaye concludes that “if interpreted
phenomenologically, QBism reveals the special relations that unite the physicist and
her experience, as well as the nature of the knowledge of which theoretical physics
is a special case.”
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Chapter 2 ®
Explaining Phenomenology to Physicists Qs

Robert P. Crease

Abstract This essay attempts to outline how one might present phenomenology
of physics in a way that might engage reductive scientific accounts. The basic
strategy is to point out that quantum mechanics in particular forces recognition of
the scientific workshop frame as not a given for scientific activity, but the product of
a certain way of being as well as a certain method of framing — and recognition that
the appearing of objects in that frame depends on how such framing is carried out.

2.1 Introduction

Philosophy is the systematic practice of critical reflection to examine assumptions
and practices usually taken for granted in ordinary human life. Philosophy of science
is the use of such critical reflection to examine conflicting assumptions and practices
that arise in science, viewing and analyzing in the light of similar cases elsewhere
in human activity.'It is often difficult to explain to scientists. One reason is that
its language, like the discourse of science itself, often takes a narrow focus and is
preoccupied with special topics and technical issues whose value understandably
may not be obvious to outsiders. Another reason is that many scientists share the
attitude that only the measurable is meaningful. The phenomenal, qualitative world
that philosophers typically address seems less tangible, concrete, and even less
interesting than the grandeur of things like Newtonian physics and the intricate
beauty of quantum mechanics.
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Philosophy of science is particularly difficult to explain to physicists, who
have often dismissed or ridiculed it. Such reactions are not insignificant, and
reveal specific misunderstandings that provide philosophers with clues for how
to respond. “Philosophy is dead” write Stephen Hawking and Leonard Mlodinow
on the first page of their book The Grand Design, an international best-seller
praised by physicists and physics students. Just a few pages later, they proceed
to engage in amateur philosophizing by championing a form of idealism they call
“model-dependent reality,” of a sort whose conceptual limitations were exposed by
philosophers long ago (Hawking & Mlodinow, 2010, 1). This case of philosophy-
dismissal can be used to illustrate the unavoidability of philosophical commitments
in science, to point out the overlap between issues encountered by physicists
and philosophers, and to indicate that such issues cannot be addressed without
contradiction if they are not set in a context broader than physics itself.

To choose another example, the theoretical physicist Sander Bias, in his book
In Praise of Science: Curiosity, Understanding, and Progress, likens philosophers’
discussions of science to doctors who diagnose patients before considering symp-
toms (Bias, 2010). The metaphor, said in a joking tone but clearly meant seriously,
proposes that philosophers are in the business of trying to find meanings in science
without being able to read relevant evidence. A philosopher might use the occasion
to point out how and why the meanings sought by physicists and philosophers differ,
as do their methods and evidence.

It is curious to find physicists so confidently and vehemently condemning a
field that is not their own when their technical training is to be inquisitive, resist
overstepping what they know, withhold judgment until certain, and accompany
claims with error bars. This, too, is significant. To convey the purpose of philosophy
to physicists it is not enough to point out conceptual flaws in the informally
expressed but nevertheless passionately felt convictions of Hawking, Mlodinow,
Bias, and others.

If explaining philosophy of science to physicists is challenging, explaining
phenomenology is still more so, given that its approach can be misread as involving
appeal to subjective feelings. In the following brief discussion, I will not attempt to
do phenomenology of physics or report its findings. Rather, I will try to outline a
path by which phenomenologists might respond to anti-phenomenological stances
on the part of physicists.

In general, these stances spring from the assumption that philosophers are
essentially looking for the same things as physicists rather than at how physicists
are encountering and engaging the objects they study. The physicists’ objections,
that is, are produced by a particular, naturalist stance. That stance leads physicists to
assume that any difficulty they have in grasping what philosophers say must be due
to the failure of philosophers to have properly understood the subject-matter. The
natural response to such an assumption, then, is either to break down the subject as
if explaining it to a novice, or to dismiss philosophers altogether.

The most effective way, I think, to begin to respond is to call attention to the
fact that such scientists have that scientific, naturalist stance, and the difference
between it and the phenomenological stance. The scientific stance, in brief, involves
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objectifying what is being studied, while the philosophical/phenomenological
stance is to examine the engagement between the scientist and what is being studied.
The philosopher/phenomenologist is engaging science differently. To appropriate
Bais’s analogy, the philosopher/phenomenologist is not seeking to comment on the
disease but rather to comment on how scientists seek the disease, or what kind of
engagement is involved in disease-seeking. The challenge is then to find ways of
conveying that this is the calling of philosophers/phenomenologists, as well as its
scholarly legitimacy and value.

2.2 The Workshop and Its Frame

The first step, I think, in bringing to light the difference between the scientific and
the phenomenological perspectives is to appeal to the metaphor of science as a vast
“workshop.” This workshop is a specialized and regulated environment in which
special things can be created and studied — subatomic particles and their interactions,
chemical elements and reactions, the effect of nutrients and toxins on plants, and so
forth. In the surrounding world, these things do not show themselves directly and
clearly in a way that we can study them. But they can be made to show themselves in
a way so that they can be measured thanks to the experimental staging possible in the
workshop. In the workshop, one can be in near-complete control of the things and
events we stage in preparing to measure them. One can therefore make reasonably
sure that the results are general and do not depend on features of the world outside
the workshop. The workshop is not a place where nature is seen “as it is,” but a
controlled and supervised environment in which suitably trained individuals can
“frame” how nature reveals itself experimentally. In the workshop, researchers can
put questions to nature, in Galileo’s words. One can make sure that the results are
general and do not depend on features of the world outside the workshop. These
results can then be used to help understand the surrounding world and to effect
changes in it.

The “frame” of the workshop is the set of assumptions that determine how
objects reveal themselves in that workshop. In the classical Newtonian workshop,
for instance, the frame is provided by the restriction of objects of study to things with
measurable properties, along with a set of other assumptions — localization in space
and time, for instance — about such objects. In the Newtonian frame, the only things
that can appear as true objects of study are masses, the only thing that these masses
can do is move about, and the only things that start or stop or otherwise affect these
motions are forces. Thomas Seebohm called this framing the “first abstraction” that
constitutes the objects of modern science, one that introduces and establishes the
split between primary and secondary properties (Seebohm, 2015, 222).

Using the workshop and frame images can be a first step towards clarifying for
physicists what the phenomenology of physics investigates. Philosophers, one can
then say, are interested in the ongoing interactive activity of the workshop. But they
pay attention to the process differently than physicists, for what philosophers seek
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to understand is not what physicists know but how they are engaged with what they
know. This is not just an epistemological insight, for how objects of study reveal
themselves depends on the workshop’s frame, how its frame compares with others,
and the way of life which finds it important to frame the encounter with nature this
way.

Werner Heisenberg once remarked that “what we observe is not nature in itself
but nature exposed to our method of questioning” (Heisenberg, 1962, 32). This
observation applies not only to physics but as well to philosophy. Another key step
in explaining phenomenology to physicists and other scientists is to point out the
existence of different philosophical traditions that go about questioning their objects
of study in different ways. This step is crucial, for otherwise scientists may think of
philosophers as a motley crew of would-be inquirers who do not even agree on what
they are inquiring into or what they find, and are constantly talking past each other.
For a crude comparison, one might ask scientists to imagine a panel of physicists,
linguists, and ecologists discussing how to do science. Each of these disciplines puts
different features of the objects they study center-stage, and questions these features
in different vocabularies for different ends. Only when it is made clear how each
group questions will the discussion become easy to follow (Crease, 2017). Their
approaches to science are a function of how their respective traditions understand
its nature and importance.

Three philosophical traditions have paid particular attention to science: the
analytic, pragmatic, and phenomenological traditions. They are stylistically and
methodologically different, though ingredients of each are blended together (with
the history of science) in what is known as science studies, which approaches
science from the start as a cultural and historical product. Though practitioners
may blend elements of other traditions, most tend to be able to be placed in one.
Each tradition, one would explain, begins with a different understanding of scientific
practice that guides the questions they pose to it.

The analytic and pragmatic traditions can be discussed briefly. The analytic
tradition, crudely put, mainly focuses on the logic of science and the meaning of its
basic concepts. Analytic perspectives on quantum mechanics have often begun by
seeking a logic for its formalism. Peter Gibbins summarizes the core of the analytic
approach to the philosophy of quantum mechanics as follows: Because we cannot
picture the quantum realm — that is, make a graphic or iconic representation of it —
“[t]herefore understanding quantum mechanics must be a matter of understanding
the logic of the words and the mathematics of quantum mechanics” (Gibbins, 1987,
127). He characterizes the approach as “quantum mechanics baffles us because
we misunderstand its logic.” The founding figures of analytic philosophy, in fact,
included logicians, physicists and mathematicians such as Rudolf Carnap, Hans
Reichenbach and Bertrand Russell. Analysts position themselves in the workshop,
so to speak, as onlookers to the workshop frame alongside scientists, sharing their
naturalistic orientation.

Several founders of the pragmatic approach, too, were scientists, including
John Dewey (psychology), William James (psychology), George Herbert Mead
(psychology), Chauncey Wright (mathematics), and Charles Peirce (logician, math-
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ematician, and metrologist). Most conducted scientific experiments at some point
in their careers. Oriented by the model of science, they focused on how scientists
approach and solve puzzles — on how what is in the frame was arrived at. Pragmatic
philosophers of science tend to position themselves outside the workshop while
respecting its process of inquiry. Like analysts, pragmatists tend to be naturalists,
and while aware of the changing contents of the frame do not raise the question
of the framing itself. Pragmatists are also aware that humans do not spring into
being as scientists but apprentice to become them. They also assume, however, that
the puzzle-solving process that takes place in the workshop is essentially the same
activity that drives everyday life — and are interested in its puzzle-solving activity
insofar as the solutions make a difference to science and the world. True ideas are
the ones that make a difference, and the meaning of such ideas is the totality of its
effects. “The truth is what works,” said James in what is surely his most famous
pronouncement.

The phenomenological tradition is different. It focuses on the framing; on the
way of being that motivates individuals to construct and use that frame at all, and
the reciprocal impact of that frame and what appears in it on their way of being. The
way of being inside the workshop — which discloses things in a framed way — is only
one possible mode of being, and not the default setting of human beings. All modes
of being, one may say to non-philosophers, arise through modifications of a matrix
of ways by which human beings practically connect to the world that precedes any
cognitive understanding. This matrix is not cognitive, and not articulable in terms
of propositions. The technical term that phenomenologists use for this matrix or
horizon is the “lifeworld”. Human beings have different modes of being in the
lifeworld, with the world appearing differently in each. Each mode involves an
implicit understanding of the world and what matters in it, and “discloses” the world
in a different way. The phenomenological approach to science focuses on the way of
life that finds it important to frame the encounter with nature in this scientific way in
the first place, and how it shapes what scientists study. The desire to frame, that is,
is not a universal human trait but essential to what science is all about. Examining
this dimension of science is part of the phenomenological task.

Many contemporary philosophers of science combine elements of one or more of
these approaches. But these three remain the key ingredients, and it is important to
understand the basic positions. In shorthand to ourselves, for instance, we might say
that, while pragmatism and science studies stop at the historical, phenomenology
raises the question of the transcendental. It is not necessary to describe how and
why they emerged, or exactly how they relate to each other, though their differences
and value is best appreciated by seeing how they approach specific controversies
that erupt within physics, such as the nature of the fundamental, the scientific status
of string theory, and the interpretation of quantum mechanics (Crease, 2017).

The language of analytic philosophy tends to dominate discussion of philosophy
of physics — partly a function of the fact that so many of its founders were logicians
and scientists. But phenomenology now can be described as an alternate method of
questioning that philosophers have, one that has distinctive approaches and results.
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2.3 Phenomenology

Now one can move to phenomenology, and describe in more detail how its mode
of questioning is different from others. To broach the subject to an outsider one
might start with Husserl’s work. Husserl’s phenomenology began with the insight
called intentionality — that “all consciousness is consciousness of something” —
and proceeded by exploring how what we experience is always coordinated with
a particular manner of experiencing. We experience things like sticks and stones,
triangles, moods, and the breeze in different ways that can be described if one
pays careful — phenomenological — attention. A phenomenological approach thus
recognizes from the outset the activity of the subject in grasping different kinds of
objects. Experience is not a mosaic of sensations, but is structured in a way that gives
us objects that transcend — give themselves as being more than — those sensations.
This structure provides a horizon thanks to which our everyday activities can be
conducted. In what Husserl calls the “natural attitude,” we usually accept things
that appears on the horizon as simply existing on their own. Phenomenology is the
attempt to explore what it is for such objects to appear on the horizon at all. But
the lifeworld, like any horizon, tends to drop out of view. It is overlooked in favor
of the objects, plans and goals that appear in and thanks to that horizon. Scientists
go directly to that object, in what we might call the naturalistic attitude. Still, we
have a relationship with whatever we encounter; what appears always does so from
somewhere to someone on a horizon.

Husserl’s approach superficially resembles that of Immanuel Kant, who regarded
the experienced world as shaped by a set of rules that make it possible — the
“transcendental”, in his vocabulary. But Husserl’s approach is not Kantian in
several respects. First, the way objects are given cannot be systematized through
rules (i.e., categories and judgments); second, how objects are given cannot be
deduced transcendentally but only examined through experience; third, the modes
of givenness of objects are not static but can evolve (though this point is emphasized
more by later phenomenologists).

This general approach, one might continue, is useful for understanding natural
science. The natural sciences tend to adopt a naturalistic attitude that assumes the
existence of the objects they study apart from the lifeworld. What’s different about
scientific activity as a way of being is that it seeks to objectify the world by framing
the experience of it so that it can be measured. Measurement allows properties of
objects to appear in a way that seems to eliminate human intentions and desires
in achieving an “objective” picture. But this is only one mode among others of
experiencing nature, and involves a human role in the framing itself, including the
application of measurement tools, mathematical models, and so forth. If modern
science set in motion the dream of an objectivity that would let nature speak, Husserl
sought to achieve this, not by seeking to expunge subjectivity, but by assuming a
human role in the speaking.

In a sense, though, phenomenology only brings to bear what happens in ordinary
natural science. The data of experiments consists, not of free-floating numbers, but



2 Explaining Phenomenology to Physicists 57

numbers produced by a particular group of scientists in a particular way by particular
instruments. Different or more sensitive instruments will result in different numbers,
but this difference does not imply that a different phenomenon is being studied, or
that science is “relative.” For the workshop environment aims to create conditions
so that these numbers cannot be written off as reducible to cultural, historical, or
psychological factors.

In Husserl’s last work, The Crisis of European Sciences, he elaborated these
insights into an account of how scientists frame what they study, and how this
framing can be useful but also dangerously misconstrued in the lifeworld. Scien-
tists — and he was thinking of natural scientists and particularly physicists — use
ideal mathematical objects as their basic conceptual tools for their descriptions
of the world. These ideal mathematical objects comprise a world of their own.
Husserl then outlines what amounts to a distinction between laws and theories
(Hardy, 2013, 34). Laws are expressed in a mathematical formalism and concern
relations between ideal objects. Examples are P o« 1/V, G = mlmg/rz, AxXAp >
h/4w. By themselves, these equations don’t “say” anything about the world, but
merely state ideal relationships in an ideal world. When I drop a ball or squeeze a
balloon, it does not affect these formulae. Theories, however, connect these ideal
relationships — the concepts and formalism — with the world: P with pressure, m
with masses, and so on. Theories are interpretations of these formula. They do
attempt to say something about the world we experience — experience understood
as including what we encounter mediated by instruments in experimentation. In
classical mechanics, it appears relatively easy to connect in a rough and ready
way the formalism with familiar concepts such force, mass, acceleration. One can
then pretend that phenomena actually possess these as properties. Mathematics and
mathematical models can then be more or less straightforwardly identified with
the fundamental framework of the world. A good mathematical theory gives us
explanations that seem to be justified; connected with our experience.

Mathematical formulae, for Husserl, are tools by which scientists approach the
real via the ideal. Ideal gas laws are for ideal gases, but help us understand real
gases. Our experience of real phenomena may change — one can always make more
sensitive instruments to get more data points — and the ideal law may still hold or
be replaced by another. Using these ideal laws, Husserl wrote, scientists cloak the
experienced world in “a well-fitting garb of ideas.” The “clothing” is mathematical
formalism, the “clothed” the phenomena being described, and Husserl found an
absolute separation between the two. The distinction between laws (formalisms)
and theories is why one can say “Shut up and calculate!” while disagreeing about
what one is calculating about.

The motivation to build scientific workshops, Husserl thought, arises from the
lifeworld; from our recognition of the importance of finding ways to better under-
stand or control nature. So does the building of equipment and the development and
use of ideal mathematical objects as tools. But even inside workshops the work of
scientists springs from the lifeworld. Albert Michelson, Husserl writes, may well be
trying to describe the behavior of light as it shows up in his instruments — but his
motives for doing so, his ambitions and planning and discussing and all his other
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work in the laboratory — his human experience — are grounded in something else
besides the scientific frame into which he is peering.

Husserl also concluded that it was easy to mistake the ideal world for the real
world. The world — “reality” at the deepest level — is readily conceived as a vast
geometrical space whose objects are mapped by mathematical formula. This creates
the ground for the “crisis” referred to in Husserl’s book. In a dramatic ontological
reversal, the ideal world is substituted for the world itself, formulae for the meaning
of being, the suit for the body. The connection with the lifeworld is lost. The reality
in which we — and even scientists like Michelson — are bathed when we wake up
in the morning, share our family life, make friendships, play and work, and hope
and fear, fades into the background as something subjective in comparison to the
objective maps provided by the workshops. The maps become more important, more
“real,” than the landscape they were invented to help us navigate. This would not
be a problem if reality were itself ideal. But the world is richer than the concepts
we use to try to capture it; we experience the world as containing “more” than the
ideal terms by we represent it. Phenomenology, it has been said, is the study of the
invisible; all those things around objects that are not part of a naturalistic account
that pertain to the founding role of the lifeworld.

Husserl, who started his career as a mathematician, did not think that framing
the world was useless. It is immensely powerful, and its products are indispensable
to the modern world. These products can be known and applied without talking
about their origins. The particular character of the modern world is that the very
successes of science lead us to think that only the quantifiable aspects of objects
are meaningful. Yet it is a dangerous mistake to regard the real as only what
is quantifiable and mathematically expressible. In bypassing the lifeworld, one
produces an illusory picture of what it is to be human.

The perspective of the workshop alone, Husserl concluded, is insufficient for
understanding the whole of science — how it springs from the lifeworld and how its
knowledge is ultimately justified. Its “accomplishments can be understood only in
terms of the activity that accomplishes them” (Husserl, 1970, 117). The sciences,
he said, “are in principle incapable of solving the basic epistemological problem”
(Hardy, 2013, 63), namely, the origins of their own validity. The sciences cannot be
validated if they are simply realms of knowing “facts;”” one would have to examine
how facts appear, what counts as a fact, why facts can appear to change, and so forth.
What is required is another science of a broader scope that is able to reflectively
justify scientific activity, and describe how it arises out of the grounds of human
experience. For Husserl, that science is phenomenology. “Phenomenology is to
keep the entire superstructure of the sciences in touch with its generative base in
experience” (Hardy, 2013, 43).

Later phenomenologists, including Martin Heidegger, Maurice Merleau-Ponty,
Patrick Heelan, and Thomas Seebohm, carried on Husserl’s insights in different
ways. They also elaborated aspects like the nature of inquiry — the back and forth
cycle of interpretation and reinterpretation that takes place in the workshop, known
technically as the hermeneutic circle — as well as the mode of being by which nature
is objectified. They also study the difference between how such things as space
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and time appear in the workshop frame and that of ordinary human experience; the
lifeworld.

2.4 Phenomenology of Physics

Phenomenology, then, starts with the recognition that the framing that allows
scientific research to happen is already a human product. There is no dualism
between what is measured in the frame and something beyond or behind it; there
is no need to figure out how to relate these two realms. The frame, along with
everything in it, is already as it were an engagement between consciousness and
world. The known is already the product of such an engagement. One does not need
to “introduce” subjectivity in order to account for it; the subject is there from the
beginning. To take the subject as an “add-on” to science renders it impossible to
analyze science with philosophical rigor. Explaining phenomenology can proceed
by noting what is left out in scientific practice without a recognition of such
engagement.

From here, phenomenological research into physics can take several paths. One
is to carry out a phenomenology of the scientific attitude and how it is grounded in
the lifeworld. What is the kind of attitude that makes Michelson a scientist? How
does he approach his objects of study? What is the attitude that makes one think
it important to frame at all? This would study the scientific attitude as one way of
being among others.

Another path is to carry out a phenomenology of the lifeworld as it pertains
to physics research. What features of the lifeworld are present but unthematized
in the workshop, but nevertheless necessary to its activity? What, for instance,
allowed Michelson to imagine, plan, discuss, collaborate, communicate, discover,
and interpret his work in the first place? In explaining phenomenology to a physicist,
here is the place to contrast the physicist’s professional understanding of time with
lived time — the time of measurement versus the time of the measuring. In ordinary
experience time is permanently present in the world. Continuous and flowing, it
moves in one direction from past to future, their border being a momentary now.
This is not a confused or blurred way of experiencing measured time. Thanks to
temporality, humans remember, perceive, plan, and act consciously and deliberately.
Humans do so as individuals and in groups, transforming themselves and the
world, creating culture, history, and science. Even practicing physics, in which
you creatively use what you already know to find out something you want to
discover, requires experiencing time this way. Yet many physicists declare this a
mirage. “For we convinced physicists,” Einstein wrote in one such declaration, “the
distinction between past, present, and future is only an illusion, however persistent.”
But experienced time comes first, even before the distinction between experienced
and measured time. The world is disclosed in and thanks to experienced time, which
therefore has a kind of priority over what appears. Physicists don’t live through time
as a sequence of discrete moments.
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Yet a third path is to carry out a phenomenology of the concepts and objects of
physics itself. Here the case of quantum mechanics provides a useful illustration.
While in classical physics mathematics can be virtually identified with the funda-
mental framework of the world in conjunction with a set of assumptions including
localization in space and time, quantum mechanics disrupts this possibility. The
culprit is the uncertainly relations, which specify which properties and values can
be known simultaneously and where they cannot. Quantum mechanics therefore
forces the recognition that mathematics cannot be treated as providing the truth
about the phenomena being measured but as an abstraction, an interpretation. It
forces recognition of the engagement between those who would understand, and
not merely practice, science. It forces, therefore, a recognition of the role of the
framing. Ignoring or failing to recognize this engagement can only be achieved by
introducing paradoxes and insoluble puzzles. The result gives rise to interpretations,
like the Copenhagen Interpretation, that are content to write off parts of quantum
mechanics as mysteries in order to preserve classical assumptions like space-
time localization. Paradoxically, the attempt to preserve realism and reject the
engagement of scientist and objects of scientific study requires the introduction
of subjectivity, and the idea of limitations to the knowledge of nature. Quantum
mechanics, in short, forces recognition of the need for a phenomenology of the
invisible.

Phenomenologists have approached this in several ways. One is through a mere-
ological approach. The challenge of quantum mechanics is that phenomena show
themselves in such a way that the mathematics can’t be treated either as identical
to the phenomenon or as hiding it. How then to describe how the phenomena show
themselves? Husserl, for instance, engaged in a phenomenology of morphological
forms in nature, though calling them pre-scientific and in the service of practical life
interests. Other phenomenologists, including Pedro Alves, propose to ignore this
restriction. “In my opinion,” he writes, “a phenomenological Philosophy of Nature
should be centered on natural wholes (they have a peculiar formal ontology), instead
of on the phenomenology of the constitution of the res extensa, temporalis, and
materialis, that is to say, of a simple bulk of matter in time and space” (Alves, 2020).
That is, we don’t have to ground a study of nature on specific assumptions about
space and time. Alves, in short, proposes carrying forward the phenomenological
philosophy of nature through a “formal ontology of morphological unities,” that is,
“wholes sustained by complex relations of interdependency and not analyzable in
ultimate units according to relations of foundation.” Turning to quantum mechanics,
he says “The eigenvectors, the Hermitian operators, its underlying Algebra and the
Hilbert spaces belong to the logical-mathematical structure of the noematic content,
not to the object which is intended by it.” The mathematical formalism is “not a
horizon from which the object detaches itself, in the way the co-givenness of the
world furnishes an external horizon for the givenness of each individual object.”
This, he continues “is the right place for the intervention of a phenomenological
philosophy of nature.” Quantum mechanics “is a physics of the ‘invisible,” in the
sense that its theoretical objects cannot eventually be referred to morphological
entities in the perceptual world.” But this does not prevent us from conceiving “of
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a morphological system and posit it as the independent reality we are searching
for.” The philosophical approach able to do this, he concludes, is not positivism nor
analytic but phenomenological.

2.5 Conclusion

The above account is, of course, sketchy. What I have attempted to provide is not an
overview of phenomenology of physics nor have I attempted to engage in it. Rather,
I have attempted to outline how one might present phenomenology of physics in a
way that might engage reductive scientific accounts. The basic strategy is to point
out that quantum mechanics in particular forces recognition of the workshop frame
as not a given for scientific activity, but as the product of a certain way of being as
well as a certain method of framing — and recognition that the appearing of objects
depends on how such framing is carried out.
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Chapter 3 )
Husserl’s Phenomenology of Scientific e
Practice

Mirja Hartimo

Abstract In this paper I will interpret and discuss Husserl’s approach to exact
sciences focusing especially on Ideas I (1913), Formal and Transcendental Logic
(1929), and Crisis (the 1930s). This development shows that: (1) Husserl’s phe-
nomenology is primarily a method (rather than a metaphysical thesis); (2) the
method is context-dependent and hence it is not tied to any particular philosophical
approach to mathematics or physics; (3) it emphasizes practice in a manner that
anticipates more recent philosophical analyses of the scientific practice; and finally
(4) its aim is to reveal the metaphysical commitments of scientists, rather than to
formulate an argument for any particular metaphysical position. All this conforms
to the views of contemporary naturalists in philosophy of science. They hold that
philosophers should approach sciences as they are, and hence take the scientific
practices as the starting point of the philosophical investigations (as opposed to
earlier a priori reflection of what sciences should be like). Accordingly, the paper
argues that Husserl’s approach anticipates the naturalistic turn in philosophy of
science: he did not engage in building models about what science should be like,
instead he described the scientific practice and the normative goals that guide
it. However, the task of transcendental phenomenology is to provide a critique
of scientific practice as it is. Looked at from the Husserlian point of view, this
is what contemporary naturalists are missing, and hence their approach remains
philosophically naive. The paper thus argues that phenomenology provides tools
that allow naturalist philosophers of science to make their approach critical and
critically philosophical, while retaining the basic naturalist commitments not to
accept appeals to the mysterious and to approach sciences as they are.
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3.1 Introduction

My main aim in this paper is to explain the way in which Husser]’s phenomenology
can be interpreted and further developed as philosophy of scientific practice. I
will further claim that, due to its interest in and orientation to sciences as they
are practiced, it anticipates the naturalistic turn in philosophy of science. The
term ‘naturalism’ in this context refers to the conviction that philosophers should
approach sciences as they are, and hence take the scientific practices as the
starting point of their philosophical investigations. Such approaches have developed
since the 1980s as a reaction to the logical positivist and falsificationist heritage
to view philosophy of science as an a priori normative discipline.!Opposed to
the reconstructive attempts of the earlier generations, contemporary naturalists
in philosophy of science engage and cooperate closely with special scientific
practitioners and incorporate developments from history, psychology, sociology and
science studies. Instead of making sweeping claims about the nature of scientific
explanation in general or the a priori structures of scientific theories, the naturalists
emphasize the importance of local questions that rise in individual disciplines.
While ‘naturalism in philosophy of science’ is a term applicable to a variety of
diverse views, they all are connected by two commitments identified by Joseph
Rouse (2002): all naturalists share a Nietzschean commitment to reject appeals
to the mysterious or supernatural, and they share a Quinean commitment to avoid
arbitrary impositions on the development of science (Rouse, 2002, esp. 4, 302—
306). In this paper this minimal sense of the term ‘naturalism’ is what is meant by
it. Rouse, too, emphasizes the role of scientific practices to account for normativity
within naturalist philosophy of science.

Rouse’s approach is pertinent for the present paper also because Husserl’s view
plays a rather central role in it. However, for him, Husserl’s importance — together
with Carnap’s — consists in providing a foil against which putatively the more
interesting approaches of Heidegger and Neurath can be understood and developed.
For Rouse, the source of the normativity in Husserl’s and Carnap’s views is in
atemporal a priori structures, whereas Heidegger and Neurath located the origin of
normativity in contingently situated futural temporality (Rouse, 2002, esp. 72 and
still in 2015, esp. 59). Rouse thus likens Husserl’s phenomenology to the a priori
prescriptive approach of the logical positivists. Given the apparent possibility of
such an interpretation, I will first explain how to read Husserl as a philosopher of
the embedded, embodied, and historically situated practices. On this view, Husserl
is the first philosopher who took seriously the importance of concrete and diverse
scientific practices in the manner now commonplace in contemporary naturalist

IT am thinking of the views influenced by, e.g., Arthur Fine’s (1986) natural ontological attitude,
new experimentalism, to which Ian Hacking’s Representing and Intervening (Hacking, 1983) gave
rise, and the consequent naturalistic localism in philosophy of science. Nowadays it is rather
common to think that science is a social institution and a collective process (Giere, 1988). (The
development is helpfully described in Ylikoski, 1996, see also Callebaut, 1993).
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philosophy of science. Note that naturalism in philosophy of science should not
be confused with ontological naturalism (that denies non-material substances), or
methodological naturalism that holds that the methods of the natural sciences should
be used in all disciplines, or with any other kind of reductionist naturalism. As
discussed by Philipp Berghofer and Harald Wiltsche in the introductory chapter
of this book, Husserl is not naturalist in these senses, and I am not trying to
align his views with anything like it. However, due to its commitment to describe
various phenomena as they are presented, Husserl’s view ultimately aims at a
realistic description of scientific practices, which is in his approach intertwined with
transcendental phenomenological reflection. Whereas Husserl shares the former aim
(i.e., the description of the practices) with the naturalists in philosophy of science,
the latter adds to his approach an irreducible dimension that is not continuous with
science but is not anything supernatural or mystical either.

I could base my initial introduction to phenomenology on any of Husserl’s texts,
but here I will draw mainly on the lecture course Basic Problems of Phenomenology
(GP) which Husserl held repeatedly from 1910-1911 onwards and in which
he explained the underlying motivation of phenomenological philosophy for the
beginners. The same view is expressed in much more detail in Husserl’s later
published writings, but due to many details and technicalities, the overall view is
easily lost. So, here goes:

In the opening paragraph of the lecture course, Husserl first points out that phe-
nomenological investigations “require a completely different attitude than the nat-
ural one within which natural-scientific and psychological knowledge is attained”
(GP, §1). In order to substantiate this fundamental methodological thesis, he then
explains in detail the nature of the natural attitude, starting by explaining how each
ego finds herself as an embodied agent in her surrounding world, where there are
also other people to whom she is related by way of empathy and communicative
acts.’The natural attitude is the naive, non-philosophical attitude in which we do
not question the realities that we posit in our experiences, even if we also know that
experience can deceive (GP, §7). Nevertheless, in the natural attitude, experience is
the source of legitimacy for our judgments:

In general, we firmly maintain that experience has its legitimacy; more precisely, that the
judgment in the natural attitude, ‘on the basis of experience,” has its legitimacy as a matter
of course; namely, on the most basic level, the sheer descriptive judgment, and then also, on
a higher level, the inductive scientific judgment in the descriptive sciences; and finally, the
judgment in the exact, objective sciences, which, in going beyond what is immediately
experienced, arrives at conclusions about what is not experienced, but which, in doing
just that, always relies on its ultimate legitimating ground, i.e., the immediate experiential
givens. (GP, §7)

The whole of scientific research is also carried out in the natural attitude. Sciences
also rely on experiences, even though they do so in a more systematic and self-

2Husserl discusses the role of communication, not in the main text of these lectures, but in the
Appendix to §39 of the text, written probably in 1912.
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critical manner than what we do in our everyday life. By the concept “natural
scientific attitude,” Husserl aims to capture the attitude that scientists have to their
subject matters.

The phenomenological attitude, as opposed to the natural attitude, also the
natural scientific attitude, is the one in which the natural naive positing of realities
is put in brackets, so that “we rather turn to the act itself and make it itself,
plus what in it may present itself to us, an object” (GP, §15). The object — the
real thing, process or event — is then no longer natural but becomes in Husserl’s
terminology pure (ibid.) because the naive positing of existence of the object is
excluded from it. This, however, does not mean that any features, or “predicates” of
the experience, such as our embodiment or worldliness as the experiencing persons
or the legitimacy of the experience would be removed or abstracted away. To put it
bluntly, in epoché only existence is bracketed. Bracketing leaves all the predicates
of our experiences intact, and existence is not a predicate. Instead of “going along”
with the natural attitude, we pause to reflect on our activities and their objects. The
experiences and the world as it is given in these experiences can now be examined
in detail from the phenomenological point of view. Transcendental phenomenology
aims to describe invariant structures of this realm of givenness. Husserl calls this
realm ‘absolute’ because givenness, in its various modes (including uncertain and
confused givenness), is indubitable. From this, it does not follow that our knowledge
claims in the natural attitude are infallible. In 1910 Husserl describes our natural
attitude beliefs as follows:

Each I not only perceives, has not only experiences that posit intuitive existence, but also it
has a more or less clear or confused knowledge; it thinks, it predicates and, as a scientific
person, each I does science. Thereby, the I knows itself as one which sometimes judges
correctly, one which sometimes falls into error, as one which occasionally succumbs to
doubts and confusions, and also as one which occasionally presses on to clear conviction.
But the I knows also, or is certain, in spite of all this, that the world is and that it, the I itself,
is in the middle of this world, etc., just as we have thoroughly described it earlier. (GP, §2).

The change of attitude from natural to phenomenological takes place also when
we start to reflect on scientific practices: we do not then do science but pause
our experiments, reasonings or analyses in order to examine the scientific practice
itself and its correlate, the objective world. The reduction thus does not mean
abandoning the natural scientific attitude, but it enables thematizing it from the
phenomenological point of view. As Husserl puts it, he is interested in “science
(die Wissenschaft) within the phenomenological attitude” (GP, §16). In addition,
Husserl argues that science has to be examined in the phenomenological attitude in
order to be self-critical in all its aspects and hence worthy of the title “science” and
to provide critically reflected and clarified knowledge.

The question then arises what is the science that is to be investigated within
the phenomenological attitude? In what follows, I will argue that Husserl’s view
of science is largely in conformity with the views of most of the scientists that he
had around him. He occasionally departs from mainstream views. When he does
so, this is due to transcendental phenomenological reflection. Thus, Husserl’s own
view of sciences is a combination of an approximation of scientists’ naive view
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of the sciences and transcendental reflection of it. These two attitudes develop in
parallel, fuelling each other so that at the end, in Crisis, Husserl’s view has become
a genuine phenomenology of the scientific practice: In Ideas I, Husserl shares the
so-called “Gottingen [view of] pre-established harmony between mathematics and
physics” with his colleagues. His phenomenological reflection demonstrates that
axiomatic rationality should not be taken as an ideal outside of the exact sciences.
In Formal and Transcendental Logic, Husserl’s transcendental investigations reveal
the separation of mathematics, on the one hand, and mathematical physics, on the
other, as two independent and autonomous fields. His most original claim about
the sciences in Crisis is also an outcome of his transcendental reflection on concrete
scientific work: in Husserl’s view, all sciences are practices carried out by embodied
researchers in the life-world. Thus Husserl’s conception of science evolves in
tandem with the development of the sciences, and in the quest of radicality,
transcendental phenomenology of science brings to light presuppositions of science,
such as the Euclidean ideal, and ultimately the presupposition that the sciences
are practices that are carried out in the lifeworld. This approach does not impose
arbitrary philosophical restrictions on the sciences, nor does it appeal to speculations
or to supernatural forces. It is thus compatible with the Rousean form of naturalism.
This metaphysically neutral stance towards the sciences is complemented by critical
reflection carried out in the transcendental attitude. Phenomenology thus offers tools
to bring philosophical reflection to naturalistically conceived philosophy of science.

3.2 Ideas I and Gottingen Pre-established Harmony

Already before his Gottingen period,>Husserl had developed the notion of definite
manifolds, which he held to be the guiding ideal of mathematics (and as such
analogous to Hilbert’s notion of completeness).*During his Géttingen period, as
witnessed in Ideas I (1913), Husserl took this idea also to be a guiding ideal of
physics. He thus shared with other Gottingen mathematicians, Hilbert, Minkowski,
Klein, and later Weyl, a notion that has been called the “Goéttingen idea of
preestablished harmony between mathematics and physics.” This meant, roughly,
that the axiomatic ideal of mathematics served for Husserl, as well as for his
colleagues, as an ideal of scientific rationality, as a device that was taken to guide
empirical physical investigations “regulatively.” The notion indicated a desire to
impose mathematical order on physical phenomena. The core of the idea was
expressed by Minkowski in a lecture course given in 1904:

[T] hrough a peculiar, preestablished harmony, it has been shown that, by trying logically to
elaborate the existing edifice of mathematics, one is directed on exactly the same path as by

3Husserl worked in Géttingen from 1901 until 1916 when he moved to Freiburg.

4This is a much discussed notion in the secondary literature. My view of it and the references for
the discussion can be found in Hartimo (2018a).
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having responded to questions arising from the facts of physics and astronomy. (Pyenson,
1982, 145, Corry, 2004, 186)

For Hilbert, mathematics, geometry, and mathematical physics developed in an
interplay, which he described using the metaphor of an edifice whose foundations
were mathematics. He, too, held on to some version of the idea of preestablished
harmony. For him, it boiled down to an insistent faith in the axiomatic method:

[A] nything at all that can be the object of scientific thought becomes dependent on the
axiomatic method, and thereby indirectly on mathematics, as soon as it is ripe for the
formation of a theory. By pushing ahead to ever deeper layers of axioms in the sense
explained above we also win ever-deeper insights into the essence of scientific thought
itself, and we become ever more conscious of the unity of our knowledge. In the sign of the
axiomatic method, mathematics is summoned to a leading role in science. (Hilbert, 1918,
1115)

And later, in 1925, Hilbert explicitly referred to preestablished harmony when
explaining his usage of logical calculus in his formalist project:

Fortunately that same preestablished harmony which we have so often observed operative
in the history of the development of science, the same preestablished harmony which
aided Einstein by giving him the general invariant calculus already fully developed for his
gravitational theory, comes also to our aid: we find the logical calculus already worked out
in advance. (Hilbert, 1925, 197)

The idea was that the creative part of the work in physics takes place in mathematics,
while the task of experiments was simply to verify the existence of the truths
that mathematicians had already devised. Preestablished harmony came to denote
a conviction that mathematics is not only a useful tool for physics but that physics is
fundamentally mathematical in nature (Kragh, 2015, 518, Pyenson, 1982, 147).51n
Crisis, Husserl refers to this notion as the modern ideal of rationality:

This, then, is for philosophy truly a realizable, through infinitely distant, goal — not for the
individual or a given community of researchers but certainly for the infinite progression of
the generations and their systematic researches. The world is in itself a rational systematic
unity — this is thought to be a matter of apodictic insight — in which each and every singular
detail must be rationally determined. Its systematic form (the universal structure of its
essence) can be attained, is indeed known and ready for us in advance, at least insofar as it
is purely mathematical. Only its particularity remains to be determined; and unfortunately
this is possible only through induction. (Crisis, §12)

The Gottingen mathematicians’ reference to a preestablished harmony between
mathematics and physics expresses the modern ideal of sciences, the original
invention or formulation of which is attributed to Galileo. This is the ideal of

5Among philosophers the idea of a preestablished harmony was discussed and defended by,
for example, Ernst Cassirer, first in a monograph on Leibniz (Leibniz’ System in seinen
wissenschaftlichen Grundlagen, Marburg, 1902), and later in his Substanzbegriff und Funktionsbe-
griff: Untersuchungen iiber die Grundfragen der Erkenntniskritik (1910). In contrast, Paul Natorp
objected to Minkowski’s interpretation of Lorentz and Einstein on the grounds that he could not
accept Minkowski’s idea of a preestablished harmony between mathematical and empirical nature.
For more on the various philosophers’ views on the matter, see Pyenson (1982, 148-152).
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rationality that Husserl’s colleagues in Gottingen, during Husserl’s years there,
held quite universally. The Gottingen mathematicians were thus a living evidence
of the way in which a goal-idea, established by Galileo, binds together a chain of
generations (cf. Crisis, §15).

Given that the point of the natural attitude, as described in further detail in Ideas
I, is to describe the scientists’ straightforward beliefs, prior to any philosophizing,
it is no surprise that in that work Husserl shares his colleagues’ assumption of a
preestablished harmony between mathematics and physics, that is an isomorphism
between their axiomatic systems. Accordingly, he thinks that mathematics is the
source of formal ontology.

If we fashion the idea of a perfectly rationalized experiential science of Nature, i.e. one so
far advanced in its theorization that every particular included in it has been traced back to
that particular’s most universal and essential grounds, then it is clear that the realization of
that idea essentially depends on the elaboration of the corresponding eidetic sciences; that
is to say, it depends not only on the elaboration of formal mathesis, which is related in one
and the same manner to all sciences taken universally, but especially on the elaboration of
those disciplines of material ontology which explicate with rational purity, i.e. eidetically,
the essence of Nature and therefore the essences of all essential sorts of natural objectivities
as such. And obviously that holds for any other region.

Also with regard to cognitive practice it is to be expected beforehand that the closer
an experiential science comes to the “rational” level, the level of “exact,” of nomological
science—thus the higher the degree to which an experiential science is provided with
developed eidetic disciplines as its fundamentals and utilizes them for its [cognitive]
groundings—the greater will become the scope and power of its cognitive-practical
performance. (Ideas I, §9, 22/19)

In Husserl’s view, the closer to an axiomatic science an exact discipline is, the
more rational it is and the more explanatory power it has. This formal structure is
defined by definite axiom systems; they define what Husserl calls a formal definite
manifold (Ideas I, §72). It is the ideal of rational nature that guides the physicist
(§73), and thus forms the “practical ideal of exact eidetic science” (§7, 22/17).
For him, the definite manifold thus prescribes a structure that has a normative role
for conceptualization in the empirical sciences of nature. This may sound like an
attempt to build a normative or prescriptive view of science, but it is not: Husserl is
describing an actual scientific ideal shared by him and his colleagues in Gottingen.
He is describing and clarifying a normative goal that guides scientific practices
around him.

However, Husserl’s view of sciences differs from the mainstream Gottingen
view at two points. First, he thinks that the scientists should develop also material
ontologies. The material ontologies are subordinated under formal ontology which
“prescribes for material ontologies a formal structure common to them all” (Ideas I,
§10, 27/21). Formal ontology, together with the various material ontologies, defines
the normative ideal that guides physicists in their attempt to “mathematize” nature,
as Husserl puts it later in the Crisis (in fact, he mentions the ideal of mathematization
in passing in Ideas I, §7, 22/17). Husserl thus searches for more stringent ties with
which to relate the axiomatic ideal to intuition.
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The other divergence from the views of Gottingen mathematicians is in Husserl’s
insistence that the normativity of the exact sciences does not extend to all scientific
(wissenschaftlich) domains. He writes, for example, that

[i]t is only a misleading prejudice to believe that the methods of historically given a priori

sciences, all of which are exclusively exact sciences of ideal objects, must serve forthwith

as models for every new science, particularly for our transcendental phenomenology—as

though there could be eidetic sciences of but one single methodic type, that of “exactness.”
(Ideas I, §75, 173/169)

In Ideas I, Husserl thus argues that the nature of the investigated domain must
be well-understood before the establishment of the guiding ideals and the choice
of methods. If its essences are not exact, but are morphological, axiomatic ideal
should not be applied. This is the case with the sciences related to persons, personal
wholes and consciousness itself, hence with cultural sciences and especially phe-
nomenology itself. Husserl continues to hold on to this view. In FTL, he goes even
further, writing: “[It] is high time that people got over being dazzled, particularly in
philosophy and logic, by the ideal and regulative ideas and methods of the ‘exact’
sciences — as though the In-itself of such sciences were actually an absolute norm
for objective being and for truth “(FTL, §105). Accordingly, he argues in Crisis that
the origin of the pernicious dualism between mind and body is, likewise, in the ideal
of rationality modeled after exact sciences that lead to increasing specialization in
the sciences (esp. Crisis, §11).

The task of phenomenology is to clarify how precisely the objects of scientific
research are given, and thereby to reveal unexamined presuppositions of the
scientists. In Ideas I, Husserl does this by examining how exact sciences are
legitimized and related to intuition, that is, how things and the essential structures in
which they belong are given to us (i.e. constituted by us). The two above described
divergences from the general Gottingen line of thought, the addition of material
ontologies and establishment of a limit to the applicability of the axiomatic ideal, are
results of Husserl’s critical phenomenological clarifications. Ideas I is thus a critical
clarification of the unclear “Gottingen presupposition of preestablished harmony”
that held sway of the scientists as an implicit norm guiding the theoretical research
as well as practical formation of concepts.

3.3 Formal and Transcendental Logic and Separation
of Mathematics and Logic

In the introduction to FTL, Husserl states that his aim is “an intentional explication
of the proper sense of formal logic” (FTL, 10). “Formal logic” for him refers to
logic as a theory of science. More specifically, formal logic is for him a theory of
the epistemic norms of the sciences. “Intentional explication,” in turn, refers to the
philosopher’s task of clarifying and renewing the “final sense” or purpose of logic
which has been the guiding idea of the sciences and towards which scientists have
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been continually aiming. The general aim of the book is thus to clarify the ultimate
goals or purposes of the sciences. This will be carried out by a method named
“Besinnung,” with which Husserl aims to capture the scientists’ intentional senses
[intendierende Sinnel, i.e., the purposes that guide the scientists in their endeavors,
even if often only implicitly. He even declares that Besinnung has to be carried out in
a “community of empathy” [Eingefiihlsgemeinschaft] with the scientists (Hartimo,
2018b, 2019a), which is an explicit invitation to read his discourse as a reflection of
the goal-directed practices of the scientists of his time.

Husserl’s subsequent examination of the intentional history of the exact sciences
makes it clear that it has developed in two parallel strands: as logic and as
mathematics. The guiding concept of logic (i.e., theory of judgment) is that of
truth. A closer inspection shows that truth presupposes non-contradiction and
grammaticality. Thus, logic can be divided into three goals and accordingly into
three ‘layers’: grammar, logic of non-contradiction, and logic of truth. While logic,
and thus the empirical sciences, are directed at truth, the sense guiding formal
mathematics is the Euclidean ideal, concretely captured by the notion of “definite
manifold” (FTL, §31).

The transcendental phenomenological examination carried out in the second
part of the book (i.e., transcendental logic), reveals that there are three different
evidences corresponding to the three layers of logic: grammaticality, distinctness,
and clarity. Clarity is obtained by attaining verification by means of the facts
themselves. Mathematicians, however, do not need to care about facts. Thus they
do not strive for clarity at all. In this way Husserl’s phenomenological analysis
shows mathematics and logic to be separate, and eventually that mathematics is
an autonomous discipline that develops without a concern for empirical verification
(ibid., §51). Husserl writes that for

a “pure” formal mathematics, there can be no cognitional considerations other than those of
“non-contradiction,” of immediate or mediate analytic consequence or inconsistency which
manifestly include all questions of mathematical “existence” ... One must see that a formal
mathematics, reduced to the above-described purity, has its own legitimacy and that, for
mathematics, there is in any case no necessity to go beyond that purity. (FTL, §52)

In the introduction to FTL, Husserl admits that it is his transcendental analyses
that led him to thus distinguish between logic and mathematics. This distinction
was increasingly emphasized in mathematics since the nineteenth century. Penelope
Maddy, who in my view engages in many respects similar analyses of the goal-
directed developments of the exact sciences, has identified several reasons for
this: Mathematicians started to pursue specifically mathematical goals with no
immediate connection to empirical applications; Euclidean geometry became a
study of one particular space among many abstract mathematical spaces; and
third, the best mathematical accounts of physical phenomena could not anymore
be taken as literal truths (2008, 33). Mathematics developed into an independent
discipline that was not taken to trace the structure of the world as was still
assumed by the Gottingen mathematicians. This is what Husserl’s Besinnungen,
together with transcendental phenomenological reflection revealed to him so that
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he, too, distinguished mathematics from applied physics and abandoned his earlier
assumption about a preestablished harmony between mathematics and physics. As
Maddy puts it, the consequent view of the relationship between pure and applied
mathematics became one in which “we are constructing abstract mathematical
models and trying our best to make true assertions about the ways in which they
do and do not correspond to the physical facts.” (2008, 33). This view is implied
also by Husserl’s view of the relationship between the two as seen in FTL.

3.4 Crisis and Mathematization

Analogously to Ideas I and FTL, in Crisis, too, Husserl first elaborates on the
historically given scientific world view and only after this (beginning in §28)
inquires back to the transcendental presuppositions of this view. By the time of
Crisis, written in the 1930s, the modern view of the scientific ideal is breaking
down partly due to the internal development in the sciences. Emphasizing the
historically sedimented givenness of the scientific world view, Husserl discusses
the formation and development of the scientific idea of rationality from Galileo
onwards. He studies in detail the development that he calls “mathematization.” The
notion of definite manifold is the culmination of this development. Whereas in Ideas
I, this ideal was conceived as a realizable, although infinitely distant, goal, this time
Husserl looks at mathematics and the mathematical sciences as an ideology with
which we construct our view of the “objectively actual and true” nature:

Mathematics and mathematical science, as a garb of ideas, or the garb of symbols of
the symbolic mathematical theories, encompasses everything which, for scientists and the
educated generally, represents the life-world, dresses it up as “objectively actual and true”
nature. It is through the garb of ideas that we take for true being what is actually a method—
a method which is designed for the purpose of progressively improving, in infinitum,
through “scientific” predictions, those rough predictions which are the only ones originally
possible within the sphere of what is actually experienced and experienceable in the life-
world. (Crisis, §9h, 51-52)

Mathematization then leads to “technization” — to calculating, rather than under-
standing the ways of the world. Instead of thinking axiomatic systems as models of
the real structure of the world (Ideas I), Husserl now develops an instrumentalist
take on axiomatization. Applied mathematics is characterized accordingly as a the-
oretical construction that has lost its tight relationship to the world. As Maddy puts
it, “[p]aradoxical as it may sound, it now appears that even applied mathematics is
pure” (2008, 33). This turn, however, is not a turn from realism to instrumentalism —
Husserl’s claims in the Origin of Geometry written around the same time shows that
he does not give up on the idea of truth: invariant structures of the life-world are the
source for eternal ideas for him. His aim is to describe metaphysical views to which

6See (Hartimo, 2018c, and Forthcoming a) for more detail about Besinnung and its use in FTL.
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the scientists are committed in their practices. This view that takes as its starting
point the science as it is, is then subjected to transcendental phenomenological
clarification.

In Crisis, Husserl starts the transcendental questioning by first discussing the
positions of the empiricists from Berkeley and Locke onwards to Kant, from where
he takes it into his own hands. For various reasons,’Kant’s approach left crucial
presuppositions unexamined. Namely the fact that we live in the life-world, and also
the fact that the sciences exist as cultural accomplishments in our life-world. We are
embodied beings that constitute objects primarily in perception and the objects-in-
themselves primarily in communicative intersubjectivity. We take the world to exist
essentially prior to our questioning. The same is true of science, which Husserl now
sees clearly as a praxis that takes place in the life-world:

Objective science, too, asks questions only on the ground of this world’s existing in
advance through prescientific life. Like all praxis, objective science presupposes the being
of this world, but it sets itself the task of transposing knowledge which is imperfect and
prescientific in respect of scope and constancy into perfect knowledge — in accord with an
idea of a correlative which is, to be sure, infinitely distant, i.e., of a world which itself is
fixed and determined and of truths which are idealiter scientific (“truths-in-themselves’) and
which predicatively interpret this world. To realize this in a systematic process, in stages of
perfection, through a method which makes possible a constant advance: this is the task.

For the human being in his surrounding world there are many types of praxis, and among
them is this peculiar and historically late one, theoretical praxis. It has its own professional
methods; it is the art of theories, of discovering and securing truths with a certain new ideal
sense which is foreign to prescientific life, the sense of a certain “final validity,” “universal
validity”. (Crisis, §28)

The task of the scientific praxis is to obtain true knowledge instead of entertaining
prescientific “subjective-relative” doxa. The scientific experimentation takes place
among the people in the everyday world and in communicative relations. These
experiments are then the basis for theoretical constructions, such as the one by
Einstein, when usings Michelson’s experiments for his theoretical purposes (§34b):

It is, of course, the one world of experience, common to all, that Einstein and every other
researcher knows he is in as a human being, even throughout all his activity of research.
[But] precisely this world and everything that happens in it, used as needed for scientific and
other ends, bears, on the other hand, for every natural scientist in his thematic orientation
toward its “objective truth,” the stamp “merely subjective and relative.” The contrast to
this determines, as we said, the sense of the “objective” task. This “subjective-relative” is
supposed to be “overcome”; one can and should correlate with it a hypothetical being-in-
itself, a substrate for logical-mathematical “truths-in-themselves” that one can approximate
through ever newer and better hypothetical approaches, always justifying them through
experiential verification. This is the one side. But while the natural scientist is thus interested
in the objective and is involved in his activity, the subjective-relative is on the other hand
still functioning for him, not as something irrelevant that must be passed through but as that
which ultimately grounds the theoretical-logical ontic validity for all objective verification,
i.e., as the source of self-evidence, the source of verification. The visible measuring scales,

71 explain some of these reasons in detail in Hartimo, 2019b.
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scale-markings, etc., are used as actually existing things, not as illusions; thus that which
actually exists in the life-world, as something valid, is a premise. (Crisis, §34b)

The natural scientific theories are verified by means of experiences. These experi-
ences are carried out in the life-world, and it is the observations (and inferences) in
the life-world that serve as the source of validity of the construction. The task of
describing how the scientific knowledge is then constructed is the task of describing
the scientific practice. Its transcendental examination requires a further inquiry
into the transcendental conditions of possibility of such a practice. This means
inquiring into the normative goals of the scientific inquiry, into the basic principles
and concepts used in the sciences and into their sources in the life-world. Last
but not least, this entails the task of critically studying the possible ideological
commitments that hold sway of people. One such commitment was the axiomatic
ideal of rationality that turned out to be more limited than expected.

3.5 Morals

Husserl’s view of mathematics and applied science starts from the Gottingen ideal
of pre-established harmony, i.e., from the idea that mathematics is about structures
that are isomorphic with the structure of nature, and that physics thus is about
uncovering underlying mathematical structures. The Husserl of Crisis, ascribes the
view to Galileo, instead of Leibniz, as what Gottingen mathematicians did. The
texts discussed above show how Husserl gradually changes his analysis and at the
end gives up this view, so that in Formal and Transcendental Logic, in 1929, he
thinks that the goals of mathematicians are independent of those of exact sciences.
The tasks of the physicists is to find those mathematical models that are empirically
verifiable. Crisis also describes how even applied natural science becomes pure
of material content: The mathematical accounts of physical phenomena are not
literal truths, but they become hypothetical, mathematized constructs of what could
be the case. Husserl’s three works thus proceed in line with the development of
mathematics, from the Gottingen ideal to a modern view of applied mathematics.
The transcendental examination of this development eventually shows that science
as a form of praxis has to be carried out in the life-world between communicating
and embodied persons.

Husserl’s development is not shifting from idealism to realism and then to
instrumentalism, or something of the sort. He does not make a priori, metaphysical
claims about the sciences. Nor is he aiming at a philosophical view of what the
sciences should be or become like. Instead he is describing the scientific practices
and their normative goals as he finds them at each point of time. During his long
life, his conception of science undergoes changes from the modernistic ideal to the
practical-philosophical emphasis on the scientific practice. Most of the time and
for the most part, he agrees with the mainstream scientists’ conception of science.
When he departs from this conception, it is because his transcendental criticism has
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brought to light reasons to revise this view. Most importantly, his late view of science
as life-world practice, as explicated most systematically in Crisis, iS an important
outcome of his transcendental questioning. It is a novel idea — such views started to
be more commonly entertained only in the 1980s as explained in the introduction.

My interpretation of Husserl’s contributions to philosophy of science demon-
strates how his phenomenology is able to add critical philosophical reflection to
localist naturalistic accounts of scientific practices. Taken by themselves these
accounts easily remain philosophically unsatisfactory or naive surveys of this or
that. A phenomenologically strengthened naturalism of science would add to them a
critical reflection on the presuppositions of the scientific practices at issue, including
presuppositions of the purposes of sciences. It could identify and clearly distinguish
between different kinds of natural attitudes and examine their relations to each other
(e.g. so-called personalistic attitude vs. reductionist naturalistic attitude). Ultimately
it clarifies the basic principles and concepts of the theories developed in the sciences.
This inquiry is critical in two related senses: it is critical in the Kantian sense of
revealing conditions of possibility of the scientific practice. It is also critical in the
sense that it seeks to clarify the practice so that the scientific community can carry
it out knowingly, aiming at genuine evidences instead of just engaging in habitual
exchanges or confused activities handed down by previous generations of scientists.

The phenomenological reflection remains roughly the same throughout Husserl’s
three works examined above. Thus, there are no shifts, no turns in Husserl’s views
about metaphysics. His philosophizing remains metaphysically neutral throughout
his life. The goal is always the same in each new scientific situation: to clarify the
scientists’ metaphysical or ontological and normative commitments. In a Rousian,
minimalist naturalist manner, Husserl does not build models in order to argue how
sciences should work, but he describes the scientists’ goal-directed practices. His
approach, which should be characterized more as a method than as a theory, is
“philosophized” critical naturalism, where the term ‘naturalism’ is understood in the
contemporary non-reductionistic sense that takes as its starting point metaphysically
neutral description of scientific practices.
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Phianomenologie, Wintersemester 1910/1911”, in Zur Phdnomenologie der
Intersubjektivitit, Husserliana XIII, edited by Iso Kern. Martinus Nijhoff: 111-
193. English translation: The Basic Problems of Phenomenology. From the
Lectures, Winter Semester, 1910—1911. Collected Works XII. Translated by Ingo
Farin and James G. Hart. Springer. 2006.



76 M. Hartimo

IdeasI Edmund Husserl (1976). Ideen zu einer reinen Phidnomenologie und
phénomenologischen Philosophie. Erstes Buch: Allgemeine Einfithrung in die
reine Phinomenologie. Husserliana Band III. Ed., K. Schuhmann. The Hague:
Martinus Nijhoff. English Translation: Ideas pertaining to a pure phenomenol-
ogy and to a phenomenological philosophy, translated by F. Kersten. Kluwer,
Dordrecht, Boston, London. 1982.

Crisis  Husserl, Edmund (1976). Die Krisis der europdischen Wissenschaften und
die transzendentale Phdnomenologie: Eine Einleitung in die phinomenologische
Philosophie (1936). Husserliana VI. Ed. W. Biemel. The Hague: Martinus
Nijhoff. English translation: The Crisis of European Sciences and Transcendental
Phenomenology. An Introduction to Phenomenological Philosophy. Translated
by David Carr. Evanston: Northwestern University Press, 1970.
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Chapter 4

™

Physics as a Form of Life e

Paolo Palmieri

“We are products of the past and we live immersed in the past
which encompasses us. How can we move towards the new life,
create new activities without getting out of the past — without
placing ourselves above it? (And how can we place ourselves
above the past if we are in it and it is in us?) There is no other
way out except through thought which does not break off
relations with the past but rises ideally above it and converts it
into knowledge . .. Only historical judgment liberates the spirit
from the pressure of the past; (it is pure and extraneous to
conflicting parties, and guarding itself against their fury, their
lures, and their insidiousness,) it maintains its neutrality and
seeks only to furnish light — it alone makes possible the fixing of
a practical purpose; opens a way to the development of action
(and, in the process of action, to the struggle of good against
bad, useful against harmful, beautiful against ugly, true against
false, in a word, value against non-value).” Benedetto Croce.!
“Noi siamo prodotto del passato, e viviamo immersi nel
passato, che tutt’intorno ci preme. Come muovere a nuova vita,
come creare la nostra nuova azione senza uscire dal passato,
senza metterci di sopra di esso? E come metterci disopra del
passato, se vi siamo dentro, ed esso é in noi? Non v’ha che una
sola via d’uscita, quella del pensiero, che non rompe il rapporto
col passato ma sovr’esso s’innalza idealmente e lo converte in
conoscenza.

[ ...]Solo il giudizio storico, che libera lo spirito dalla stretta
del passato e, puro qual é ed estraneo alle parti in contrasto,
guardingo contro i loro impeti ed i loro allettamenti e le loro
insidie, mantiene la sua neutralita, ed attende unicamente a

lQuoted in: Kuhn, Heilbron, Forman, Allen, 1967, p. v. Missing sentences that diffract the original
text and which were not signaled by ellipsis, have been added in parentheses (quoted from Croce,

1941, pp. 43-44, 48).
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fornire al luce che gli si chiede, sol esso rende possibile il
formarsi del pratico proposito e apre la via allo svolgersi
dell’azione e, col processo dell’azione, alle opposizioni, tra le
quali questa si deve travagliare, di bene contro male, di utile
contro dannoso, di bello contro brutto, di vero contro falso, del
valore insomma, contro il disvalore.”

—Benedetto Croce. (Croce, 1937, pp. 21, 24).

Abstract In the Crisis of the European Sciences Husserl raised a fascinating
question, namely (broadly paraphrasing), why is it that the axioms of mathematical
physics are not self-evident despite the evidence and clarity that is gained through
the deductive processes that flow from them? In this chapter, I hope to illuminate
Husserl’s foundational question by pursuing the idea that physics is a form of life.
This idea should not be taken in a naive metaphorical sense but quite literally.
The meaning of life must not be restricted to a biological definition but should be
construed broadly as a manifold phenomenon appearing in historical contexts and
linguistic frameworks. I will argue that nature manifests certain of her aspects to
us, but that in her totality (including ourselves as observers of nature), crucially, she
resists our insight. This being hidden of the totality nature, or her desire or necessity
to hide herself, explains why the axioms of mathematical physics must appear to our
intuition as obscure, according as Husserl noted. It is because they point us to nature
as a totality, or put in another way, because nature cannot know herself in her totality.
A phenomenologically oriented physics is grounded in diverse mathematical styles
that evolve in history and are ultimately rooted in natural languages and in the
life-worlds of the physicists. From this phenomenological viewpoint physics is not
concerned with truth in the sense of a psychophysical parallelism (the conformity of
mind and reality). Indeed, axioms cannot be true in this psychophysical sense given
their unintelligibility and unobservability. Rather physics is a form of life coming to
be in history and language.

4.1 Introduction

In the Crisis of the European sciences Husserl raised a fascinating question, namely
(somewhat paraphrasing), why is it that the axioms of mathematical physics are not
self-evident despite the evidence and clarity that is gained through the deductive
processes that flow from them? In this chapter, I hope to illuminate and revitalize
Husserl’s foundational question by pursuing the idea that physics is a form of life.
This idea should not be taken in a metaphorical sense but quite literally. The
meaning of life cannot be restricted to a biological definition but should be construed
broadly as a manifold phenomenon appearing in historical contexts and linguistic
frameworks (let this general meaning be notated as Life). Specifically, I will focus
on three epochs of physics as a form of Life that are well suited to exploring
Husserl’s question, namely, the youth of physics, as manifested in Galileo’s
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axiomatic “new science” (the deduction of the laws of motion through Euclidean
proportional reasoning), the senescence of physics, as manifested in Helmholtz’s
struggle with the quadratic anharmonic oscillator, in search of the magic formula
for combination tones, and finally the ‘posthumous maturity’ of physics (see Sect.
4.5 for clarification of this expression), as manifested in Heisenberg’s translation of
the classical anharmonic oscillator into the language of quanta and spectral lines —
the mother tongue of quantum physics in the twentieth century. I will be thinking
about the idea that nature makes certain of her aspects accessible to our knowledge,
and hence to herself, but in her totality, which includes ourselves as living observers
of nature, she crucially resists our efforts at unveiling her and our innermost secrets,
and hence she resists self-knowledge.

This being hidden of nature as a totality, or her desire or necessity to hide
herself from further scrutiny, which I would be tempted to qualify as nature’s vow
of virginity, explains why the axioms of mathematical physics must appear to our
intuition as obscure, as Husserl noted in the Crisis. It is because, I suggest, they point
us to the totality of nature, or put in another way, because nature cannot become
wholly transparent to herself through humans. A phenomenologically oriented
philosophy of physics is grounded in a non-colonialist, subdued appreciation of
legitimately autonomous and ethnically diverse mathematical and empirical styles
that manifest themselves through history and are ultimately rooted in natural
languages and in the life-worlds of the physicists. Against Benedetto Croce’s dictum
(casually reported and sported by the historians who laid the foundations of an
archive for the history of quantum mechanics), historical judgment does not liberate
the spirit from the pressure of the past. It is not pure and extraneous to conflicting
parties, and is impotent against their fury, their lures, and their insidiousness.
Rather, it is spirit, Life as history, that marshals passions and conjures their myriad
reflections in historical judgment, bringing them to maturity in forms of Life
that engage in the struggle of good against bad, useful against harmful, beautiful
against ugly, true against false, in a word, value against non-value. Indeed, as a
manifestation of Life, historical judgment must absolve and redeem the past, despite
all its wretchedness, unconditionally and joyously.

From the phenomenological viewpoint that I assume in this chapter physics
does not appear to be concerned with truth in the sense of a psychophysical
parallelism (or, in other words, in the sense of the conformity of mind and reality,
adequatio intellectus et rei, according to Scholastic philosophical parlance). Indeed,
the first principles of physics cannot be true in this psychophysical sense given their
unintelligibility and unobservability (according to the intuition that nature loves
hiding herself, or must remain hidden). Rather physics is a form of Life coming
to be in history and language and undergoing processes of growth and maturation
and decay, and eventually posthumous ripening. Thus, in this phenomenological
perspective, physics is not to be regarded as a science in some classical sense (i.e.,
for example, as an episteme, or as technology of which humans are in possession)
but as living nature emerging into consciousness—not fully awake but forever in a
sleepy mood—together with the ascendance of the human species.
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4.2 Husserl’s Question

In her true innermost being nature is mathematical. The pure mathematics of space
and time exposes to humans, with absolute certainty, a stratum of unconditionally
valid laws in the deepest layers of the being of nature. The most elementary laws
are revealed immediately while the others come to light only mediately. Humans
possess an innate capacity for knowing the fine grain structure of the spatial
temporal stratum of nature as mathematical idealizations that precede experience.
However, in regard to the more superficial strata, where nature still appears to be
obeying mathematical yet more complex laws, certainty about these laws is no
longer absolute. Their knowledge must be gathered from experience by way of
induction. Whereas the relationship of the ground for mathematical deduction to the
deductive processes by which the elementary laws of nature are formulate appears
to be unproblematic, in regard to the more complex inductive laws that govern the
superficial strata of the being of nature, the relationship of ground and consequence
cannot simply be understood as a deductive process but must be referred to causal
processes in nature that as such are not a priori accessible to humans. A feeling of
obscurity emerges when humans draw their attention to the relationship between the
mathematics of the superficial strata of nature and the mathematics of the deepest
strata.”

As Harald Wiltsche suggested to me, in this paragraph we do not have Husserl’s
view but rather what he would take to be a self-interpretation of the physicists.
What is more, the Husserl of the Crisis would strongly disagree with the claim
that the innermost being of nature is mathematical. On Husserl reading, this is
exactly the metaphysical position Galileo holds, and which Husserl rejects as a
naive hypostatization of Galileo’s mathematico-physical methodology. Husserl is
no Platonist (especially not in the “mathematical monism”-sense of the word)

2 have paraphrased and interpreted Husserl’s text from the Crisis. The original is as follows.
“Die Natur ist in ihrem ,wahren Sein an sich” mathematisch. Von diesem An-sich bringt
die Reine Mathematik der Raumzeitlichkeit eine Gesetzesschicht in apodiktischer Evidenz als
unbedingt allgemein giiltige, zur Erkenntnis: unmittelbar die axiomatischen Elementargesetze der
apriorischen Konstruktionen, in unendlichen Mittelbarkeiten die iibrigen Gesetze. Hinsichtlich
der Raumzeitform der Natur besitzen wir eben das uns (wie es spiter heifit) ,eingeborene”
Vermogen, wahres Ansichsein als Sein in mathematischer Idealitit (vor aller wirklichen Erfahrung)
bestimmt zu erkennen. Implizite ist sie selbst uns also eingeboren. Anders steht es mit der
konkreteren universalen Naturgesetzlichkeit, obwohl auch sie durch und durch mathematisch
ist. Sie ist,a posteriori”’, von den faktischen Erfahrungsgegebenheiten aus induktiv zuginglich.
Vermeintlich voll verstiandlich stehen sich scharf unterschieden gegeniiber: apriorische Mathematik
der raumzeitlichen Gestalten und induktive — obschon reine Mathematik anwendende — Natur-
wissenschaft. Oder auch: Scharf unterscheidet sich das rein mathematische Verhéltnis von Grund
und Folge von dem des realen Grundes und der realen Folge, also dem der Naturkausalitdt. Und
doch macht sich allméhlich ein unbehagliches Gefiihl der Unklarheit iiber das Verhiltnis zwischen
der Naturmathematik und der ihr doch zugehorigen Mathematik der Raumzeitform, zwischen
dieser ,eingeborenen” und jener nicht eingeborenen Mathematik geltend.“(Husserl, 1954, pp. 54—
55).
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because for him all mathematics is constructed out of the life-world of everyday
experience.>The chapter does not focus on the question whether, to what extent and
in what sense a Platonism can be attributed to Husserl throughout his works.

The feeling of obscurity mentioned above appears uncanny, as the innate math-
ematics of humans is included in the inductive mathematics of nature — like the
innermost crystalline shells are nested within the outermost ones in a Renaissance
spherical universe. This belonging to nature herself of the pure mathematics of
space and time, which governs the innermost strata of nature and comes to the
fore in the consciousness of humans — appearing to them as an innate endowment
sanctioning their capacity for knowing nature — is also the phenomenon which
causes the feeling of obscurity. It is nature herself that precludes herself from
knowing reflexively her own totality of laws. The clarity in the continuum of laws
that are accessible to herself through human consciousness immediately only as
spatial temporal laws, gradually fades into obscurity as they become more complex
and their structure must be gathered by humans in the course of laborious empirical
investigations which, however, never reach the originary clarity and apodictic
certainty of pure a priori laws. Yet, is nature not thoroughly mathematical in her true
being, as she appears to the scientific mind of the physicists? Must nature in the end
not be reducible to a system of mathematical laws governed by fundamental axioms
that in turn must be clear and accessible to humans? Why is it, would Husserl ask
the physics community, that they remain beyond the intellectual grasp of humans
after all, and never become absolutely certain to them? Is it because the innate
cognitive endowment of humans precludes a complete access to the first principles
that underpin the continuum of the laws of nature?*

In the remainder of the chapter, I explore Husserl’s question and its emotional
connotation about the obscurity of the fundamental principles governing the true
mathematical being of nature by attending to the idea of physics as a form of Life,
in which such persisting obscurity signals the desire or the necessity of nature to
hide herself — from the self-scrutiny inflicted through the emergence of human
consciousness in history.

3Many thanks to Harald Wiltsche for alerting me to the nuances of Husserl’s views on Platonism
in mathematics.

4<Aber ist nicht die Natur an sich durchaus mathematisch, mu8 nicht auch sie als einheitliches
mathematisches System gedacht werden, also wirklich darstellbar sein in einer einheitlichen
Naturmathematik: eben jener, die die Naturwissenschaft immer nur sucht, sucht als umgriffen von
einem der Form nach ,axiomatischen” Geesetzessystem, dessen Axiomatik immer nur Hypothese
ist, also nie wirklich erreichbar? Warum eigentlich nicht, warum haben wir keine Aussicht, das der
Natur eigene Axiomensystem als ein solches echter apodiktisch evidenter Axiome zu entdecken?
Weil uns hier faktisch das eingeborene Vermogen fehlt?” (Husserl, 1954, pp. 55-56).
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4.3 Youth

Galileo’s mathematical natural philosophy created the conditions for the birth of
mathematical physics in the early seventeenth century. It was the aesthetic ideal
of the imitation of nature through refined geometrical means of representation —
grounded in Galileo’s aesthetic theory of painting and sculpture — that framed
his work in mathematical physics and controlled experiment. Yet Galileo did not
overcome the fatal obscurity that took center stage in his mathematical natural
philosophy, and which he had inherited from classical Greek geometry, namely,
the obscurity of Euclid’s definition of proportionality for continuous magnitudes.
Both Galileo and his predecessors had been consciously attentive to the menacing
presence of this obscurity.sBut the brilliance, candid exuberance, and the naiveté of
youth pushed Galileo to set aside the problem of this obscurity for the time being,
and to turn away from the bottomless abyss of groundlessness, although he returned
to the brink of the abyss in his late years once more, in an emotionally charged (as he
was then totally blind) and last-ditch attempt to take responsibility for the darkness
that envelops nature and protects the secrecy of her first principles. Nature, however,
resisted this self-inflicted assault at her virginity.

In 1604 Galileo wrote a letter to Paolo Sarpi, in which he put forward an
‘erroneous’ principle (according to Galileo himself who later on corrected his error)
from which he claimed that he could derive the times-squared law of fall. The
principle is as follows: the speed of fall is proportional to the space fallen through. In
referring to that ‘erroneous’ principle Alexandre Koyré argues that Galileo already
knew all the details concerning the phenomenon of fall (such as the proportionality
of the space traversed to the square of the elapsed time). What Galileo had long
wanted to discover, in Koyré’s opinion, was a general principle from which he
could deduce the law geometrically. In other words, Koyré continues, Galileo sought
to find the essence, i.e., the definition, or law, of the phenomenon fall of bodies.
Why did Galileo adopt the ‘erroneous’ principle, asks Koyré? The answer, for
him, is clear. The key to classical physics is the geometrization of nature, which
implies the application of mathematical laws to the phenomena of motion. But, in
Koyré’s words, it is much easier to “imagine in space rather than think in time
[imaginer dans I’ espace que de penser dans le temps]”; hence Galileo’s error in
1604. Koyré’s explanation of that ‘error’ is intriguing. It hints at a deep connection
between consciousness, visual-spatial perception, and the successes and failures of
mathematical imagination at reducing the foundational principles to clarity, whose
ramifications might be further explored by looking at Galileo’s production after he
became totally blind.®

SFor a more technical exposition, I take the liberty of referring the reader to Palmieri, 2001.

6As is well known, the correct principle which Galileo eventually adopted is the proportionality
speed and time. In uniformly accelerated fall from rest, both along a vertical path and an inclined
plane, a body’s degree of speed is proportional to the time elapsed from the beginning of the
fall. Galileo would not have accepted a proportionality between non-homogeneous quantities, and
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Fig. 4.1 Galileo’s application of equimultiple proportionality to uniform motion. (Galilei 1890-
1909, VIII, p. 192)

Galileo’s mathematical natural philosophy was based on the Euclidean technique
of proportional reasoning. This technique hinges on the definition of proportionality,
or to be more precise of sameness of ratios. Thus for Galileo mathematizing means
finding proportional relations between magnitudes. For Galileo a mathematical
proof is generally a proof which leads to a proportionality, i.e., a sameness of
ratios. What does proportionality mean for Galileo? He borrows the meaning of
proportionality from Euclid’s Elements. The book on proportionality is the fifth of
the Elements. In it Euclid begins by furnishing the following definition of sameness
of ratios.

Magnitudes are said to be in the same ratio, the first to the second and third to the fourth,
when, if any equimultiples whatever be taken of the first and the third, and any equimultiples
whatever of the second and fourth, the former equimultiples alike exceed, are alike equal
to, or alike fall short of, the latter equimultiples respectively taken in corresponding order.”

We may attempt to clarify the meaning of this definition within Galileo’s
mathematical physics by looking at how, in Tiwo new sciences, he adapted it to the
study of equable (i.e., uniform) motion as a foundation for the study of accelerated
motion.

Referring to Fig. 4.1, let line IK represent time and let a movable move along
line GH. Let AB be the space traversed in time DE and BC the space traversed in
time EF. Galileo wishes to prove the following

Proposition I. If a moveable equably carried with the same speed passes through two spaces,
the times of motion will be to one another as the spaces passed through.®

would have said more precisely that the ratios of the speeds are the same as the ratios of times. In
effect, the document in which Galileo derived the times-squared law from the ‘erroneous’ principle
communicated to Sarpi, though traditionally associated with the 1604 letter, cannot be dated with
certainty. It was first published in Le opere di Galileo Galilei, Edizione Nazionale, edited by
Antonio Favaro (1890-1909). I have quoted this edition as: Galilei, 1890-1909, followed by the
Roman numeral of the volume and the page numbers in Arabic numerals. Cf. Galilei, 1890-1909,
VIII, pp. 373-74. See Koyré, 1966, pp. 86ff., quotation from p. 96.

"By equimultiple, or equal multiple, Euclid means multiples of magnitudes according to the same
multiplication factor. Cf. Heath’s comments on the long-winded philosophical debates among
mathematicians concerning the obscure meaning of this definition, in Euclid, 1956, II, pp. 120-
129.

8Galilei, 1974, p. 149.
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His proof proceeds as follows. Let a number m of spaces, equal to space AB,
and a number n of spaces, equal to space BC, be taken, respectively, on the left- and
right-hand side of AB. Let the same number m of times, equal to time DE, and the
same number n of times, equal to time EF, be taken, respectively, on the left- and
right-hand side of DE. By recalling Galileo’s definition of equable motion, one can
assert that: (a) there being in EI as many equal times as there are equal spaces in BG,
the whole EI is the time necessary to travel the whole distance BG, and the same
goes for the whole time KE and the whole distance BH; (b) if space GB were equal
to space BH, then time IE would be equal to time EK. In addition, by remembering
Galileo’s Axiom I,°we can assert that if space GB were greater/smaller than space
BH, then time IE would be longer/shorter than time EK. It is therefore true that if
mAB=nBC then mDEZnEF . Thus the sought proportionality follows, i.e., AB is
to BC as DE is to EF. (Note that the symbols are not in Galileo’s original, which is
cast in natural language; I have introduced them arbitrarily to help the reader who
may be unfamiliar with this kind of linguistic mathematics.)

Galileo, however, believed that Euclid’s definition of sameness of ratios was
profoundly obscure and eventually set out to replace it with a new definition. In
1641, he began to dictate a special tract on proportions to the young mathematician,
Evangelista Torricelli (1608—1647), who had joined him in Arcetri. The task Galileo
had set himself was arduous. At the beginning of his tract, he acknowledged that he
would either have to demonstrate the entire fifth book of Euclid’s Elements with
his new definition or prove that he could deduce Euclid’s definition of sameness
of ratios from his new definition of proportionality. He chose the second strategy.
Galileo dictated to Torricelli what he intended to be a new dialogue to be added
to Two new sciences. Once again, Galileo summoned his three literary characters,
made famous in previous books, Salviati, Sagredo, and Simplicio, to discuss the
difficulties of Euclid’s equal multiples definition. After a brief introduction, in
which Sagredo notes that the theory of motion in Two new sciences is founded
on the definition of equable motion and this in turn is founded on Euclid’s obscure
definition, Salviati confesses that he too was “shrouded in the same fogs” as Sagredo
for some time after studying the fifth book of Euclid’s Elements. In Galileo’s view,

[...] in order to give a definition of the assumed proportional magnitudes suitable
to produce in the mind of a reader some concept of the nature of these proportional
magnitudes, we must select one of their properties. Now, the simplest [property] of all
is precisely that which is deemed most intelligible even by the average man who has
not been introduced to mathematics; Euclid himself has proceeded thus in many places.
Remember that he does not say [for example] that the circle is a plane figure within which
two intersecting straight lines will produce rectangles such that that which is made of the
parts of one line will equal that which is made with the parts of the other, or [that it is a plane
figure] within which all quadrilaterals have their opposite angles equal to two right angles.
These would have been good definitions, had he spoken thus; but since he knew another
property of the circle more intelligible than the preceding, and easier to form a concept of,

9“During the same equable motion, the space completed in a longer time is greater than the space
completed in shorter time’. Galilei, 1974, p. 148.
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he did much better to set forth that clearer and more evident property [equidistance from a
point] as a definition [ ... 1.10

Instead of the Euclidean definition of proportionality, Galileo then proposes a
new definition, which reads as follows:

When, in order to have the same ratio to the second that the third has to the fourth, the first
is neither greater nor less than it need be, then the first is understood to have to the second
the same ratio as the third has to the fourth.!!

Here I cannot articulate the entire demonstrative structure that Galileo elaborates
in order to show the equivalence of his new definition with Euclid’s. I will present
the simplest section, which, in Galileo’s view, proves that the Euclidean accord of
the equimultiples does indeed follow from his new definition. Note that Euclid’s
and Galileo’s definitions are not restricted to a particular kind of magnitude. They
are intended to be valid for all kinds of magnitudes, the only restriction being on the
formation of ratios between couples of homogenous magnitudes. Thus we may have
aratio between two degrees of speeds, for instance, but not one between an interval
of time and a distance. The definition’s independence of the kind of magnitude
suggests that in the language of Euclid and Galileo “magnitude” is a placeholder for
any quantity whatever. So one does not need to picture a particular type of quantity,
such as, for example, a line or a surface. This was obviously very important to the
then blind Galileo.

Galileo’s proof is articulated in dialogue form. Salviati asks Simplicio whether
he thinks that given four proportional magnitudes, say, A, B, C, D, so that the first
has to the second the same ratio as the third has to the fourth, then twice the first
will have to the second the same ratio as twice the third to the fourth. Simplicio
agrees. Thus Salviati argues that the same will occur if we think of taking four, ten,
or hundred of the first and third magnitudes. These multiples will have the same
ratios to the second and fourth, respectively. This of course will be the case for any
multiple of the first and third. Simplicio has no difficulty in conceding this extension
ad infinitum. Now Salviati repeats the mathematical thought experiment, by asking
Simplicio to consider the consequents, i.e., the second and fourth magnitudes.
Whatever the multiples, providing they are equal multiples, the ratios of the first
magnitude to the second one multiplied by a number of times will be the same
as the third to the fourth multiplied by the same number of times. Then Salviati
stretches Simplicio’s imagination. He asks him to consider the equal multiple of the
first magnitude, the second magnitude, the equal multiple of the third magnitude,
and the fourth magnitude. Given that they are in the same ratio, and given that
by multiplying the second and the fourth by the same number of times, the ratio
will remain the same, as already ascertained, then the equal multiple of the first
magnitude and the equal multiple of the second magnitude will be in the same ratio
as the equal multiple of the third magnitude and the equal multiple of the fourth

10Drake, 1995, p- 424.
Drake, 1995, p. 426.



88 P. Palmieri

magnitude. But this, Salviati claims, is exactly Euclid’s definition of sameness of
ratios.!?

Note how Galileo simply goes through the sequence of the proof taking care
of mentioning magnitudes always according to their ordinal sequence, the first, the
second, etc. Even the letters A, B, C, D, follow the alphabetical order, but have no
special referential purpose, in the sense that they do not designate either geometrical
or physical entities. It is astonishing that Galileo could still pursue this kind of
sophisticated analysis of the foundations of Euclidean proportionality, by simply
imagining in time his mathematics of samenesses of ratios.

Galileo’s concerns with the obscurity of the equimultiple definition of propor-
tionality were probably not only the result of a purely intellectual dissatisfaction
with the lack of simplicity that he attributed to this definition, but also the awareness
of the difficulties he had encountered in applying it to the physical realm.

It was physics in her youth that guarded the principles in her deepest recesses
from the analytical scrutiny of the first modern attempt at the mathematical
investigation of nature. It is of course open to debate whether Galileo’s new
definition succeeds in clarifying the intuition of proportionality. But the fact is that
the fundamental principle on which Galilean mathematical physics rests is that of
proportionality, and the classical mathematical imagination seems to have a special
attachment to, or fondness for, the idea of proportionality.

We might say that through Galileo’s entire project of mathematical physics, it is
physics in her exuberant youth that launches herself into an audacious exploration
of the possibilities of self-scrutiny based on the aesthetic canon of the imitation
of nature, by means of which an ideal clarity is hopefully afforded by geometrical
proportionalities. Galileo theorized the aesthetic canon of imitation by comparing
painting and sculpture and claiming the superiority of the former over the latter.'?

The contention that sculpture is more admirable than painting because the former has relief
while the latter has not is so wrong that, by virtue of this very argument, painting turns out
to surpass sculpture in excellence. [ ...] To the sculptors’ contention that Nature herself
makes the human being by means of sculpture and not by means of painting, I answer that
she makes them [the bodies of the sculptors] painted as well as sculpted inasmuch as she
both sculpts and colors them; and this redounds to their [the sculptors’] imperfection and is
a thing which greatly diminishes the merit of sculpture. For, the farther removed the means
by which one imitates are from the thing to be imitated, the more worthy of wonder the
imitation will be. [ ...] Will we not admire a musician who moves us to sympathy with a
lover by representing his sorrows and passions in song much more than if he were to do it
by sobs? And this we do because song is a medium not only different from but opposite to
the [natural] expression of pain while tears and sobs are similar to it.!*

Mathematical physics, dressed up in the sensuous garb of a paintress in her
splendid youth, like Artemisia Gentileschi (Fig. 4.2), imitates nature with means

12Drake, 1995, pp. 427-428.

B3¢t Galilei, 1890-1909, XI, pp. 340-343, a famous letter where Galileo expands on art, esthetics
and the imitation of nature.

4Panofsky, 1954, pp. 35-36, my emphases.
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Fig. 4.2 Artemisia Gentileschi. Self-Portrait as the Allegory of Painting (Artemisia Gentileschi
(1593 — c. 1656). Self-Portrait as the Allegory of Painting. Picture in the public domain.
Retrieved from: https://commons.wikimedia.org/wiki/File:Self-portrait_as_the_Allegory_of_
Painting_%?28La_Pittura%29- Artemisia_Gentileschi.jpg on 4/18/2020). I look at the painting as
a symbol of mathematical physics’ juvenile dilemma: her staring at nature and yet away from
the surface of the painting on which she is working. She looks fixedly with the eyes wide open,
spellbound by the magic of curiosity, surprise, horror, bewilderment, admiration, arousal, in
ecstatic astonishment, at the light which floods her face and thus makes her gaze dazzled if not
totally blind to the things that she is imitating on the canvass. Analogously, in her early stages,
physics portrays nature through a mathematical means of representation that is farthest removed
from natural things, namely, Euclidean geometry, and which is the most abstract form of human
vision. Western philosophy and modern science have been erected on this foundation of abstract
vision lending form and figure, namely, the articulation of a world, to a fluid yet earthy matter
that secludes within herself the organizational principles that separate order from chaos. That
geometry and hence modern mathematical physics is the offspring of this originary form of Life
was already grasped by physics in her youth at the time of Galileo’s terminal blindness. He left
us exacting testimonies of the impossibility of a geometry of blindness. On 2nd January 1638, he
wrote his most tormented letter on blindness to his friend Elia Diodati. He told him that he had
become completely blind about a month earlier. He projected himself forward into darkness with
these words: “Now, Sir, think in what a slough of despondency I have fallen, when I realize that. . .


https://commons.wikimedia.org/wiki/File:Self-portrait_as_the_Allegory_of_Painting_%28La_Pittura%29-Artemisia_Gentileschi.jpg
https://commons.wikimedia.org/wiki/File:Self-portrait_as_the_Allegory_of_Painting_%28La_Pittura%29-Artemisia_Gentileschi.jpg
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of imitation that are the furthest possible removed from nature that she has at
her disposal at the time, namely, abstract geometrical proportionalities, which
are couched in the obscure medium of the Euclidean or Galilean languages of
proportionality.

4.4 Senescence

When physics abandons the aesthetic exuberance of youth, intended towards
imitating nature in her measurable manifestations, anharmonicity emerges in
mathematical-physical Life. The tension intrinsic in human conscious imitation
of nature through means of description that are further and further removed from
the sensory modes of presentation of nature into human consciousness — that is,
through mathematical means that have progressively yet quite decisively left behind
the possibilities of visualization afforded by classical geometrical methods — is
sharply profiled in the contrast between the ideals of Western musical aesthetics,
which remained dominant until the end of the nineteenth century, and physics’
attempt at resolving the mystery of the perceptual phenomena of combination
tones.

Hermann Helmholtz believed in the possibility of laying the foundations for a
mathematical natural philosophy of sound perception that could explain the causal
connection between the neurophysiologic basis of hearing in humans and the theory
of harmony as the foundation of Western musical aesthetics. In his magnificent
treatise on the sensations of tone he asserted: “I was unwilling to separate the
physiological investigation from its musical consequences, because the correctness
of these consequences must be to the physiologist a verification of the correctness
of the physical and physiological views advanced”.!>But his attempt foundered on

<
<

Fig. 4.2 (continued) that heaven, that world, that universe, which, with my marvelous observa-
tions and geometrical demonstrations, I had enlarged more than a thousand times beyond what
had been seen by the sages of all times past, have now shrunk to the space occupied by my own
body. The novelty of this fatal event has so far prevented me from accepting the fact with due
patience. Assuefaction will only come with time. This transmutation burst its banks in my mind,
thus causing a marvelous metamorphosis of thought, purposes, and concepts, about which I can
only say little at the moment. ..” (Galilei 1890-1909, XVII, p. 247.). In response to an inquiry
by one of his pupils, he wrote again: *“... and if I could regain a less troubled condition, I would
explain to you my concept; but since it is a very complex excogitation, or structure, difficult to
elucidate, especially with naked words, it being impossible for a blind person to draw a diagram,
I am unable to say anything more specific, except that my strategy depends on a proposition by
Euclid”(Galilei 1890-1909, XVII, p. 360-1909, XVII, p. 360)

15Helmholtz, 1885, p. 5.
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the unforeseen difficulties of explicating the mysterious emergence of a diffused
anharmonicity in nature.

Senescence brings pathological states of Life. “Storungen des Zusammen-
klanges” is the heading under which the physics of anharmonicity announces
herself. It might be rendered poignantly as “pathologies of harmony”.'*Helmholtz
elaborated a physical-mathematical analysis of sound perception in humans based
on the intuition that complex sounds that are periodical, that is, in his view, musical
sounds par excellence, can be thought of as summations of simple tones, i.e.,
sinusoidal oscillations in the air pressure. Helmholtz succeeded in combining two
strands of research that until then had remained separate, namely, mathematical
acoustics and the physiology of hearing. But the impetus to integrate the two
came from the anatomical-physiological research of Alfonso Corti. In 1851, Corti’s
seminal paper announced the discovery of a structure in the mammalian inner ear
that would be called in his honor organ of Corti.}” About a decade later, Helmholtz
published the first edition of his celebrated treatise On the sensations of tone, in
which the theory of the ear as frequency analyzer was fully developed.

Corti’s paper was not only a milestone in neurophysiology, it suggested the
crucial analogy that Helmholtz would masterfully transform into a full-blown,
biomechanical theory of human hearing. To illustrate his findings, Corti drew three
floating hammers above the basilar membrane that, he thought, could strike it in
response to an external stimulus, thus exciting the nervous terminations which are
the expansion of the acoustic nerve within the cochlea. He compared the structure
of the underlying portion of the basilar membrane, known as pectinate zone, to
piano strings lying very close to one another. Thus, the hammer mechanism of the
piano keyboard, the most popular instrument of the Romantic epoch, suggested to
Corti the perfect analogy for the mechanics of hearing. Helmholtz refined Corti’s
explanation by combining it with the theory that sensations of pure tones are elicited
by sinusoidal pressure waves. In effect, Helmholtz postulated that the mechanism
for frequency analysis in the organ of Corti must be resonance. In other words, the
ear performs a Fourier analysis of the incoming external stimulus and resolves its
constituent pure tones. However, as he conceded in the fourth and final revision of
his book, the parts of the ear that resonate in response to the pure tones that make up
the external stimulus could not for the time being be identified with certainty.!®We
hear musical sounds when we succeed in resolving the complex sounds in their
harmonic constituents, i.e., the pure tones whose frequencies orderly increase
following the series of the integer multiples of the frequency of the fundamental
tone that corresponds to the periodicity of the sound.

There was one mind-boggling phenomenon that had long captured the imagina-
tion of physics and music. It was the appearance in perception of combination tones
whenever two powerfully enough tones were sounded together such as two violin

16Helmholtz, 1877, pp. 251 ff.
7 Corti, 1851.
8Helmholtz, 1885, p. 145.
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or cello notes. For instance, if two notes are sounded at, say, 400 Hz and 300 Hz,
then a third sound is easily perceived with a frequency corresponding to 100 Hz.
(Nowadays, this simple experiment can be carried out with any laptop computer
capable of generating sinusoidal sounds, which give rise to more clearly discernible
combination tones, and headphones). When these two sounds are sounded together
their summation sound has periodicity equal to 100 Hz (difference of the two
frequencies) even though there is no sinusoidal sound being sounded at 100 Hz. In
fact a periodic signal can be periodic with period T without having a corresponding
sinusoidal component with periodicity T (as Fourier analysis teaches us).

The phenomenon of combination tones reveals the irony of physics in her
senescence. Theory, according to Helmholtz, has it that we can only hear musical
sounds whose perceptions correspond to aggregates of pure, sinusoidal tones.
How come, then, that we hear combination tones to which no real simple tone
corresponds, that is, we hear tones that do not have a correlate sinusoidal pressure
wave? Physics built a monument to Western music by finally showing that the
fundamental consonances recognized since ancient time such as the octave and
the fifth are a manifestation of the simple progression of integers that regulates
the succession of harmonics, whose structure determines salient characteristics of
music perception such as pitch and the great variety in the timbre of instruments.
Corti’s discoveries demonstrated the existence of the biological instrument by which
such variety could be appreciated in humans and other mammals. Yet, in the last
analysis, combination tones emerge in the processes of perception of harmony,
Storungen des Zusammenklanges, that not only violate the exact correlation that
senescent physics requires between perception of musical sounds and the existence
of sinusoidal pressure waves, but, as we shall presently see, necessitate postulating
a source of anharmonic sounds in the anatomic structure of the human ear.

Since there is no corresponding pressure wave for combination tones of the type
described in the above example, their emergence in consciousness must be caused,
according to Helmholtz, by a non-linear mechanism in the anatomical structures
of the ear that produces such tones. The anharmonic oscillator (see below for its
mathematical description) that eventually became prominent in the posthumous
maturity of physics, spanning the decades at the turn of the twentieth century to
the present day, actually originated in the irony of physics in her senescence.

The non-linear mechanism modeled by the anharmonic oscillator could predict
the emergence of the combination tone equal to 100 Hz in above example, but also
obligatorily predicted the emergence of a second tone at 700 Hz (the sum of the two
frequencies) whose first discovery and theoretical explanation Helmholtz proudly
claimed to his credit. He also insisted that he had on many occasions satisfied
himself of its existence in perception in certain experiments in which powerful
tones were generated by means of large tuning forks. As irony requires these
combinational summation tones have since remained a figment of the senescent
imagination playing havoc in the mind of physicists and acousticians. But there is
more to this beautiful story.

The postulation of the non-linear mechanism in the ear that was responsible for
producing the physical correlates of combination tones that were missing in the
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external environment ironically placed at the centre of the hearing process in humans
(and perhaps in other mammals as well) an ineliminable source of anharmonicity.
When sounds are loud enough to excite vibrations with sufficiently large amplitudes,
combination tones are generated. But then this implies that the normal operating
regime of the ear is such that its structural non-linearities will always be effective.
Contrary to Helmholtz’s intuition, complex mechanical structures such as tuning
forks and the chain of ossicles linked to the eardrum in the human ear respond
to external forces with a large array of natural frequencies that in general are
not ordered in the progression of the law of harmonics governed by the series of
the integers. If you strike them powerfully, they will oscillate but not necessarily
following the law of a periodic motion. In other words, they may produce sounds
that Helmholtz called ‘noises’ because they are not strictly periodic and hence are
not reducible to series of pure tones. They are not musical.

But the late appearance of the anharmonic oscillator in the Life of physics posed
another fascinating riddle. The question became: How to read and how to solve the
non-linear equation describing this strange object of the senescent metabolism of
physics? Physics has played a game of irony with Western harmony, and still resists
revealing her totality, she resists self-scrutiny through human consciousness.'”

Helmbholtz wrote the following equation for the anharmonic oscillator modeling
the asymmetric structures in the human ear.

d%x

—m~ﬁ=a~x+b-x2—|—f-sin(p-t)+g-sin(q-t+c) 4.1

To the restorative force proportional to displacement x (the linear component), he
added the quadratic term with coefficient b (the non-linear component), assuming
that he could justify its insertion in the modeling equation because of the lack of
symmetry in the attachments of the chain of ossicles to the eardrum. Equation
(4.1) also contains on the right hand side two external forces with frequencies p
and q which represent the pure tones exciting the ear. Helmholtz’s strategy invites
speculation. Why did he not approach it by writing a Fourier expansion of the
periodic solution and looking for conditions to determine the coefficients? He was
well versed in Fourier analysis and, as we have seen, the results of Fourier analysis
were instrumental in affording him the analogy for theorizing the whole hearing
process in the organ of Corti. But he denied himself this approach. Instead he
pursued another strategy, which does not require positing certain known functions as
components of the solution. He assumes that the solution x(t) could be represented
by another type of expansion in terms of a parameter ¢ as follows.

19A ‘general’ solution to a special case of the anharmonic oscillator that Helmholtz had
investigated was found recently. See Rand, 1990, where a discussion of the special case is presented
which, however, does not clarify what is meant by ‘general’.
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Equations (4.2) are mysterious. Functions xi, X2, X3, and so on, are unknown.
But also the parameter ¢ is unknown. The strategy resembles perturbation methods
in which a parameter is introduced small enough not to disrupt the assumed solution
and change its nature dramatically.’But none of the functions in the above expan-
sion represents a solution to which a perturbation might be superimposed. Then
Helmbholtz plugged Eqs. (4.2) into Eq. (4.1) and determined the following conditions
by forcing the terms in equal powers of the parameter ¢ to be independently equal
to zero. Up the to the cube of the parameter €, we have:

2 . .
a-xl—i—m-dd;;' =—f1-sin(p-t)—g1-sin(g-t+c)
2
a.X2+m.dd;;2 :—bx% (43)
a-x3+m~ddz;;3 =-2-b-x1-x2

and so on. Equation (4.3) in effect represent an infinite series of harmonic oscillators
that cascade into each other. The first one is excited by the external pure tones. The
second is excited by the square of the output of the first one. The third by the product
of the outputs of the first two. If, for instance, one goes on to calculate the terms up
to the fourth and fifth power of the parameter ¢, a pattern appears in which the
input to the oscillator of N power is given by a summation of products of previous
outputs, each term of which has indexes whose sum is equal to N (for example, the
third term in (4.3) receives as input the product x;x, where the indexes add up to
3). However, once the solutions to Egs. (4.3) have been determined, one has still
to perform the addition required in (4.2) by multiplying each component by the
corresponding power of the unknown parameter ¢. In fact Helmholtz does not at
all try to determine the parameter, and by a leap of faith draws his conclusions
based on an observation of the form of the solution to Egs. (4.3). By carrying
out the remaining trivial manipulations (introducing trigonometric identities), he
finds that the second oscillator in (4.3) responds to the external pure tones (exciting
the first oscillator) by producing two pure tones having frequencies (p + q) and
(p—q), namely, the expected frequencies for combination tones whose exciting pure
tones have frequencies p and q. It was, then, by assuming that the solution to the

20perturbation methods came of age in the nineteenth century, rising to prominence after the
publication of Lagrange’s second edition of his Mécanique Aanlitique (1814), and particularly
in an effort to determine the moon’s exact orbit. “Lagrange was imagining the planet or satellite
as moving at each instant in an ellipse characterized by its six orbital elements, with the elements
changing from instant to instant due to perturbation. [ . ..] Two simultaneous processes had to be
taken into account: the continuous change in shape and orientation of the instantaneous elliptical
orbit in which the perturbed body was conceived to be traveling, and the body’s motion along this
protean orbit” (Wilson, 2010, p. 17).
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anharmonic oscillator has the peculiar form (4.2) that Helmholtz determined the
existence of a phantom combination tone of frequency (p + q), and hence proceeded
to investigate it experimentally in order to satisfy himself of its perceptual reality.

However, the solution (4.2) to the original eq. (4.1) can be read and interpreted in
multiple interesting ways. Suppose, for the sake of argument, that the external pure
tones are set to zero, namely, both f(t) and g(t) are zero. Then, the evolution of the
dynamic system is determined by its natural frequencies of oscillation. The problem
still remains of fixing the parameter ¢, though. Each solution in (4.3) introduces
two arbitrary constants. Energetic considerations may be brought to bear on this
problem in order to help us think about how to determine the arbitrary constants
and the parameter. The polynomial expansion in the parameter ¢, up to any order N,
may in principle have couples of conjugate complex solutions for the parameter. So,
in summary, the approach followed by Helmholtz may be interpreted as an attempt
to reduce t