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General goals:

e Provide an overview of the core aspects of Kant's theoretical
philosophy, especially as they pertain to his philosophy of
science.

e Trace his influence on some of the more important thinkers
and developments in physics and mathematics in the 19th
century and beyond.
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General outline:
1. Kant's “metaphysics”
a. Introduction; Kant's pre-critical period
- Principles for the possibility of metaphysical
cognition
b. Kant's Critique of Pure Reason
- Synthetic a priori cognition
Pure intuitions
- Pure concepts and their characteristic schemata

Principles of the understanding and of reason
- Kant's reconceptualization of metaphysics

2. Kant's Metaphysical Foundations of Natural Science and the
Critique of Teleological Judgement
3. Kant's successors

- Neo-Kantians
- Naturphilosophie
- After the 19th century

2/46



e Made enormous contributions to almost
every area of philosophy: Epistemology,
Metaphysics, Philosophy of Science,

-5 Ethics, ...
_.-""/ NG e Most important works: Critique of Pure
7 Reason (1781, 2nd ed. 1787), Critique of
y A Practical Reason (1788), Critique of
"% : Judgement (1790).

e At heart, and from his earliest days, Kant

'&h‘\'\\“——/r J was a philosopher of science (and a very
b N, - 4T influential one!
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L - Many parts of modern physics and
mathematics were motivated as a
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Immanuel Kant

(1724-1804) response to Kant
- Other important influences:

psychology, evolutionary theory,
anthropology, astronomy, ...
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Kant's concern (1755-1770): To make metaphysics more scientific,

- i.e., to provide it with principles through which to guarantee
the legitimacy of its claims.

Only Possible Argument (1763): “What | am furnishing here is
the materials for constructing a building ..."

Prize Essay (1763): two rules “by which alone the highest possible
degree of metaphysical certainty can be attained.”

“One ought ... to begin by carefully searching out what is
immediately certain in one's object, even before one has its
definition. Having established what is immediately certain in the
object of one's inquiry, one then proceeds to draw conclusions from
it. One's chief concern will be to arrive only at judgements about
the object which are true and completely certain” (2:285).
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Kant's Innaugural Dissertation (1770):

Sensible vs. intellectual cognition:

. whatever cognition is exempt from such subjective conditions
relates only to the object. It is thus clear that things which are
thought sensitively are representations of things as they appear,
while things which are intellectual are representations of things as
they are." (2:392).
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“[space and time] are not rational at all, and that they are not
objective ideas of any connection, but ... they are appearances,
and ... while they do, indeed, bear witness to some common
principle constituting a universal connection, they do not expose it
to view.” (2:391).

“the form of the same representation is undoubtedly evidence of a
certain reference or relation in what is sensed, though properly
speaking it is not an outline or any kind of schema of the object
2(2:393).

6/46



“[E]mpirical concepts do not ... in virtue of being raised to greater
universality, become intellectual in the real sense, nor do they pass
beyond the species of sensitive cognition; no matter how high they
ascend by abstracting, they always remain sensitive (2:394)."
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Principle of Reduction (paraphrase)

Any concept of the understanding to which we predicate anything
belonging to sensibility—even only its pure forms (space and
time)—must not be asserted objectively (i.e., asserted as having
objective validity independently of all actual or possible experience
of it.) (2:413).
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The Formal Principle of the Intelligible World
(A kind of generalized principle of causality)

“to explain how it is possible that a plurality of substances should
be in mutual interaction with each other, and in this way belong to
the same whole, which is called a world” (2:407).
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Kant's concern (prior to 1781):

e To provide a principled grounding for metaphysical cognition, i.e.,
what we can know with mathematical certainty about the
“intelligible world”, in order to transform metaphysics into a science.

e Two principles (1770) for metaphysical cognition:
1. Generalised principle of causality (“The Formal Principle of the
Intelligible World")
2. Principle of reduction
- Concepts that refererence sensibility—even only its pure
form—are to be excluded from the domain of objectively
valid concepts (Kant, 2002, 2:394).

Transcendental idealism (1781):

e Metaphysical cognition (in the traditional, i.e., fully general, sense)
is impossible
- Causality requires a reference to the forms of our intuition
(space and time).
- Yet the forms through which objects appear to us cannot be
taken to be the forms of things themselves.
- Once the principle of reduction does its work there is nothing

left.
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Kant on Hume:

“The question was not whether the concept of cause was right,
useful, and even indispensable for our knowledge of nature, for this
Hume had never doubted; but whether that concept could be
thought by reason a priori, and consequently whether it possessed
an inner truth, independent of all experience ... This was Hume's
problem. It was a question concerning the origin of the concept,
not concerning its indispensability in use. Were the former decided,
the conditions of its use and the sphere of its valid application
would have been determined as a matter of course.” (Prolegomena
4:258-259)
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Synthetic a priori cognition:
e Cognition of distinct concepts as being necessarily connected

e Metaphysical cognition (if it existed) would be a kind of
synthetic a priori cognition.

e Mathematical cognition is also synthetic a priori.

e How it is possible: The forms of possible experience are
known a priori and are also synthetic (since appearances are
ordered through them).

e Limits: synthetic a priori cognition is only possible in relation
to possible experience.

“In the solution of the above problem there is at the same time
contained the possibility of the pure use of reason in the grounding
and execution of all sciences that contain a theoretical a priori
cognition of objects” (B20).

(i.e., the exact, or mathematical, sciences)

12/ 46



Kant's framework for theoretical cognition:

I. The pure forms of sensible intuition: space and time

Il. The pure forms of thought
- In relation to possible experience:

- Logical forms of judgements (the Categories of
Quantity, Quality, Relation, and Modality), their
characteristic schemata and associated synthetic a
priori principles.

- When they transcend possible experience:

- Logical forms of inferences (the Ideas of Reason)
about concepts of the understanding as such, and
their associated absolute principles

- Although useful, they unavoidably give rise to
transcendental illusion.
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Kant's discursivity thesis:

“Thoughts without content are empty; intuitions without concepts
are blind. Hence it is just as necessary that we make our concepts
sensible (i.e. that we add the object to them in intuition) as it is
necessary that we make our intuitions understandable (i.e., that we
bring them under concepts). Moreover, this capacity and this
ability cannot exchange their functions. The understanding cannot
intuit anything, and the senses cannot think anything. Only from
their union can cognition arise.” (A51/B75-76).
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“Anthropocentric paradigm” of cognition:

- Cognition involves contributions from understanding and
sensibility

- No standpoint-independent perspective from which to know.

“Theocentric paradigm”

- True cognition is absolutely independent of any perspective.

These are norms—standards by which to judge—cognition
(Allison, 2004, ch. 2).

Transcendental idealism: a metaphilosophical doctrine, ascribes to
the anthropocentric paradigm.

Transcendental realism: ascribes to the theocentric paradigm.
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Intuition:
e The ‘this’ and ‘that’ of experience.

e Mediated by our ‘faculty of sensibility’, i.e., our mind's capacity to
be affected by objects (A19/B33).

e The effect on sensibility of some object is called sensation, and with
sensation we associate the empirical aspect of our intuition.
“The undetermined object of an empirical intuition is called appearance’
(A20/B34).
e E.g., consider a shape against the wall in a dark room.

- Before we determine it to be a chair (upon closer scrutiny), we
can say merely that it is the appearance of something
indeterminate.

Two aspects to every appearance:
- Its matter, i.e., what we sense in it,

- The (pure) forms through which the manifold of the appearance is
represented as ordered: space and time.

- Kant also calls space and time pure intuitions in the sense that they
refer to the form of the appearance as such.
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“Now what are space and time? Are they actual entities? Are they
only determinations or relations of things, yet ones that would
pertain to them even if they were not intuited, or are they relations
that only attach to the form of intuition alone, and thus to the
subjective constitution of our mind, without which these predicates

could not be ascribed to anything at all?” (A23).
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Trichotomy:

1. Actual entities ?
2. Actual relations between things in themselves ?

3. Subjective forms of our intuition.

Neglected alternative:

3

.1 (or 2)

18/ 46



. even if we concede the argument that space and time are
demonstrated to be subjective conditions which, in us, precede
perception and experience, there is still no word of proof to show
that they cannot at the same time be objective forms.”

(Gardner, 1999, p. 107).

“Transcendental idealism is not a skeptical reminder that we
cannot be sure that things as they are in themselves are also as we
represent them to be; it is a harshly dogmatic insistence that we
can be quite sure that things as they are in themselves cannot be
as we represent them to be.” (Guyer, 1987, p. 333).
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“[Lambert objects that changes] are possible only on the
assumption of time; therefore time is something real ... Then |
asked myself: Why does one not accept the following parallel
argument? Bodies are real (according to the testimony of outer
sense). Now, bodies are possible only under the condition of space;
therefore space is something objective and real that inheres in the
things themselves. The reason lies in the fact that it is obvious, in
regard to outer things, that one cannot infer the reality of the
object from the reality of the representation” (Zweig, 1967, p. 75).

e While this may not be obvious to everyone, it was obvious to
Kant, who was concerned with what we can say with
mathematical certainty about the intelligible world.
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Kant's framework for theoretical cognition:

I. The pure forms of sensible intuition: space and time

Il. The pure forms of thought
- In relation to possible experience:

- Logical forms of judgements (the Categories of
Quantity, Quality, Relation, and Modality), their
characteristic schemata and associated synthetic a
priori principles.

- When they transcend possible experience:

- Logical forms of inferences (the Ideas of Reason)
about concepts of the understanding as such, and
their associated absolute principles

- Although useful, they unavoidably give rise to
transcendental illusion.
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Logic in general:

e ‘“contains the absolutely necessary rules of thought without
which the understanding cannot be used at all” (A52/B76).
General logic:
e Abstracts away from all content of the propositions it relates.
It “deals with nothing but the mere form of thought”
(A54/B78).
Transcendental logic (A55-57/B79-82):

e Does not abstract away from all content.

e |ts propositions refer, specifically, to objects of experience as
such, which, as such, are given in pure intuition.
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Kant's discursivity thesis:

“Thoughts without content are empty; intuitions without concepts
are blind. Hence it is just as necessary that we make our concepts
sensible (i.e. that we add the object to them in intuition) as it is
necessary that we make our intuitions understandable (i.e., that we
bring them under concepts). Moreover, this capacity and this
ability cannot exchange their functions. The understanding cannot
intuit anything, and the senses cannot think anything. Only from
their union can cognition arise.” (A51/B75-76).
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Concepts of the understanding:
e Rules governing the synthesis of the manifold of intuition
e E.g., “chessboard” (an empirical concept) corresponds to a
rule whereby this particular bit of white, that particular bit of
black, etc., can be associated together in one representation.

e The Categories: Logical forms of judgements (of Quantity, of
Quality, of Relation, or of Modality) as they pertain to the
objects of possible experience as such (A79/B105).

e Function as “meta-concepts”: Implicit in any empirical
concept.
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Consider:

e Generally speaking, O is subsumed by C implies that O and C
share features in common.

e Problem: Although our empirical concepts presuppose them,
we don't ever directly encounter the categories in intuition (cf.
Hume).

e Solution: A transcendental time determination:

- has something in common with the categories (because
determination presupposes synthesis)

- has something in common with the intuition (because it
is a time determination)
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Schemata:

e Schema for a category: The rule for the application of the category
in the determination of time as such (A137-147/B176-B187).

e Categories and their characteristic schemata:

- of Quantity: Schemata deal with time series:

- In apprehending a manifold, determinate intuitions of
time are produced with each act of synthesis, which can
then be counted as a way of determining the extent of
the object apprehended.

- of Quality: Schemata deal with time content, i.e., with how we
determine the degree of reality or intensity of what is
apprehended in intuition at a given time.

- of Relation: Schemata deal with time order, i.e., to the
determination of the ordering of given perceptions in time.

- of Modality: Schemata deal with time sum total, i.e., to the
determination of whether a given object exists at some, one, or
all times.
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Synthetic a priori principles:
e General principles governing the use of the categories in
accordance with their characteristic schema.
e Also (thereby) the general principles for the cognition of
objects and their relations in accordance with a possible
experience.
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Synthetic a priori principles (cont'd)

Constitutive vs. regulative (for appearances):

e Constitutive (mathematical principles): Tell us what an
appearance must be like if it is to exist for us at all.

- le., it must have a determinate extent and a particular degree
of intensity.

e Regulative (dynamical principles): Govern how given
appearances must be connected together in time in order for
it to be possible to cognise some object.

- l.e., as the appearances of possible, actual, or necessary
substances that interact with one another and evolve through
time in accordance with the principle of cause and effect.
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E.g., Kant's Principle of causality tells us that the states of an object are
ordered uniquely and objectively (A191/B236),

- as opposed to the series of our subjective perceptions of the object
through which we apprehend it.

“we see that appearance, as contrasted with the presentations of

apprehension, can be presented as an object distinct from them only if it
is subject to a rule that distinguishes it from any other apprehension and
that makes necessary one kind of combination of the manifold.” (B236).
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Recall:
e Mathematical principles: constitutive for appearances
e Dynamical principles: regulative for for appearances
All synthetic a priori principles:

e Constitutive for particular objects,

- i.e., of what it means to provide an objective description of
some thing: If an objective description of our any given part of
our experience is to be had at all, according to Kant, then the
corresponding appearances better be determinable in
accordance with the synthetic a priori principles (both
mathematical and dynamical).

e Regulative for experience in general.
- l.e., they don't imply that all of our experience is objectively
characterizable.

- For finite rational cognisers constrained by the forms of
sensible experience such as ourselves, that would be impossible
to know (A509/B537).
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Reason:

e Aims to comprehend experience, i.e., to organise it all into a
comprehensive system (A311/B367).

e However such a system, which cannot itself be conditioned by
any possible experience, cannot in turn be an object of
experience.

e This has pitfalls, according to Kant, which we will do well not
to be deceived by.
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The Ideas of Reason:

e Logical forms of inferences regarding the understanding'’s
concepts of things as such

e By definition, unconditioned or absolute, i.e., universally valid
irrespective of any particular condition characterising a thing

e Associated with a number of absolute principles, falling into
three classes (B379, B391):

1. Concerning the unconditioned unity of the thinking
subject; i.e., the object of psychology

2. Concerning the absolute unity of the series of conditions
of appearance; i.e., the object of cosmology

3. Concerning the absolute unity of the condition of all
objects of thought as such; i.e., the supreme condition of
the possibility of everything, or the object of theology

e The Ideas of Reason are required for gauging the degree of
success of a particular activity (B372).

e But they (unavoidably) give rise to transcendental illusion.
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e The Paralogisms of Pure Reason in regards to our knowledge
of the soul or psychology (A341/B406-A404/B432).
e The Antinomies of Pure Reason (A405/B432-A566,/B594).
- Mathematical antinomies:

- Concerning the finitude or infinitude of the world as
a whole
- Concerning the infinite divisibility of substances
- Dynamical antinomies:
- Concerning freedom vs. determinism
- Concerning the requirement for a necessary being

e The Ideal of Pure Reason in regards to the supreme condition
of the possibility of everything, or the object of theology.
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E.g., Second antinomy
e Thesis: Every composite substance is made up of simple parts.

e Antithesis: No composite substance is made up of simple
parts.

Kant's resolution (A523-527/B551-555):

e On the one hand, both thesis and antithesis assume that the
spatiotemporal attributes of an object pertain to the object as
it exists in itself, but there are reasons to deny this.

e On the other hand, completed infinities are not to be found in
the succession of appearances of the object as we divide it in
thought (or in reality).

e The (appearances of) parts of the object are, rather, produced
successively with each act of synthesis.
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General outline:
1. Kant's “metaphysics”
a. Introduction; Kant's pre-critical period
- Principles for the possibility of metaphysical
cognition
b. Kant's Critique of Pure Reason
- Synthetic a priori cognition
Pure intuitions
- Pure concepts and their characteristic schemata

Principles of the understanding and of reason
- Kant's reconceptualization of metaphysics

2. Kant's Metaphysical Foundations of Natural Science and the
Critique of Teleological Judgement
3. Kant's successors

- Neo-Kantians
- Naturphilosophie
- After the 19th century
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The upshot of Kant's mature theoretical philosophy for metaphysics:

e Metaphysical cognition, as a system of fully general constitutive
principles in the sense required by a transcendental realist is
impossible.

That said,

e Although metaphysics is impossible in that fully general sense, it is
still possible in a more restricted sense, i.e., with respect to some
specific precisely (mathematically) delineated domain.

e Kant's system of synthetic a priori principles is itself a kind of
metaphysics. It is just not one in the traditional sense, but rather a
metaphysics of experience as such.

e Kant's Metaphysical Foundations of Natural Science concerns the
metaphysics of, specifically, outer experience.
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Kant's Metaphysical Foundations of Natural Science (1786):

e |dentified with the metaphysical principles for the possibility of
matter, i.e., the matter of appearance, in general.

e Material objects appear to us only through their motion.

Phoronomy: Governs how motions as such are composed.

Dynamics: Governs how a given movable matter, through

fundamental forces of attraction and repulsion, comes to
occupy a given space.

Mechanics: Governs how motion is communicated between
movables.

Phenomenology: Governs how a given motion is represented as
the (possible, actual, or necessary) motion of an object.
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Critique of judgement (1790):

e Judgement, in general, is the ability to subsume a particular
(which can be an empirical regularity) under a universal rule.

o When the rule is not antecedently given, judgement has to
reflect on a given empirical regularity in order to find a rule /
concept under which to subsume it.

e In some cases, judgement has no choice but to reflect upon
the empirical regularities that it finds in nature as if they were
part of a purposively designed unified system.

Natural purpose:

e |ts various parts and their relations are understood to be
based upon the idea of the thing as a whole (analogously to a
work of art).

e Unlike a work of art, a natural purpose is a self-organising
being, such that its parts reciprocally produce one another
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Antinomy of teleological judgement (Kant, 1790):

R1: “Some products of material nature cannot be judged to be
possible in terms of merely mechanical laws”, but rather must
be judged in teleological terms (Kant, 1790, 387).

R2: “All production of material things and their forms must be

judged to be possible in terms of merely mechanical laws”
(ibid., 387).

Resolution:

e It does not follow from the fact that something must be
reflected upon in some way X that it is explainable in those
terms.

e O must be judged in terms of X is compatible with O must be
judged in terms of Y even when X and Y, construed
ontologically, disagree in some way Z, as long as Z is not
determinable on the basis of a possible experience.

e The merely logical contradiction between the (subjective)
principles, R1 and R2, is harmless for the methodological

purposes that we actually use them for in science.
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General outline:
1. Kant's “metaphysics”
a. Introduction; Kant's pre-critical period
- Principles for the possibility of metaphysical
cognition
b. Kant's Critique of Pure Reason
- Synthetic a priori cognition
Pure intuitions
- Pure concepts and their characteristic schemata

Principles of the understanding and of reason
- Kant's reconceptualization of metaphysics

2. Kant's Metaphysical Foundations of Natural Science and the
Critique of Teleological Judgement
3. Kant's successors

- Neo-Kantians
- Naturphilosophie
- After the 19th century
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Kant's successors:

Recall that according to Kant's transcendental idealism, the forms
through which objects appear to us are not to be taken to be the
forms of things themselves.

Two ways of understanding Tl's significance:

1. Ontological lesson: things as they exist in themselves are not
spatiotemporal (and thus not cognisable in accordance with
synthetic a priori principles).

- Criticism: It doesn’t follow from the fact that space and
time are necessary forms of our sensibility that they
cannot also be forms of things in themselves.

2. Metaphilosophical /epistemological lesson: Our standard for
(mathematically certain) objective cognition needs to be
“anthropocentric” rather than “theocentric”.

- Criticism: Kant has failed to adequately characterise the
structure of our cognition.
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General outline:
1. Kant's “metaphysics”
a. Introduction; Kant's pre-critical period
- Principles for the possibility of metaphysical
cognition
b. Kant's Critique of Pure Reason
- Synthetic a priori cognition
Pure intuitions
- Pure concepts and their characteristic schemata

Principles of the understanding and of reason
- Kant's reconceptualization of metaphysics
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3. Kant's successors
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Kant's concern (prior to 1781):

e To provide a principled grounding for metaphysical cognition, i.e.,
what we can know with mathematical certainty about the
“intelligible world”, in order to transform metaphysics into a science.

e Two principles (1770) for metaphysical cognition:
1. Generalised principle of causality (“The Formal Principle of the
Intelligible World")
2. Principle of reduction
- Concepts that refererence sensibility—even only its pure
form—are to be excluded from the domain of objectively
valid concepts (Kant, 2002, 2:394).

Transcendental idealism (1781):

e Metaphysical cognition (in the traditional, i.e., fully general, sense)
is impossible
- After applying the principle of reduction there is nothing left.
- Causality requires a reference to the forms of our intuition
(space and time).
- Yet the forms through which objects appear to us cannot be
taken to be the forms of things themselves.
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Synthetic a priori cognition:
e Cognition of distinct concepts as being necessarily connected
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- In relation to possible experience:

- Logical forms of judgements (Categories of the
Understanding: of Quantity, Quality, Relation, and
Modality), their characteristic schemata and
associated synthetic a priori principles.

- When they transcend possible experience:

- Logical forms of inferences (ldeas of Reason) about
concepts of the understanding as such, and their
associated absolute principles

- Although useful, they unavoidably give rise to
transcendental illusion.
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- Metaphysical part: Pertains to the existence of a given
domain’s objects.
- Mathematical part: Describes what is constructible in intuition
given a mathematical representation of an object.

e Fundamental physics: Completely pure

e Applied, or “special” sciences: Also contain an empirical part.

- Posit, on empirical grounds, particular kinds of things.
- Described using empirical generalisations rather than laws.

e Some domains only have an empirical part

e E.g., Chemistry, the Life Sciences, and also any domain pertaining
to “thinking nature” (psychology)
- Strictly speaking, not sciences, since mathematics is not
applicable to them ( “historical doctrines”).
- These are nevertheless subject to the Critique of Judgement.

e Only domains that concern “corporeal nature”, or matter, can be
natural sciences in the proper sense: The Metaphysical Foundations
of Natural Science (1786).
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(which can be an empirical regularity) under a universal rule.

o When the rule is not antecedently given, judgement has to
reflect on a given empirical regularity in order to find the rule
under which to subsume it.

e In some cases, judgement has no choice but to reflect upon
the empirical regularities that it finds in nature as if they were
part of a purposively designed unified system.

Natural purpose:

e |ts various parts and their relations are understood to be
based upon the idea of the thing as a whole (analogously to a
work of art).

e Unlike a work of art, a natural purpose is a self-organising
being, such that its parts reciprocally produce one another
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Antinomy of teleological judgement (Kant, 1790):

R1: “Some products of material nature cannot be judged to be
possible in terms of merely mechanical laws”, but rather must
be judged in teleological terms (Kant, 1790, 387).

R2: “All production of material things and their forms must be

judged to be possible in terms of merely mechanical laws”
(ibid., 387).
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possible in terms of merely mechanical laws”, but rather must
be judged in teleological terms (Kant, 1790, 387).

R2: “All production of material things and their forms must be

judged to be possible in terms of merely mechanical laws”
(ibid., 387).

Resolution:

e It does not follow from the fact that something must be
reflected upon in some way X that it is explainable in those
terms.

e O must be judged in terms of X is compatible with O must be
judged in terms of Y even when X and Y, construed
ontologically, disagree in some way Z, as long as Z is not
determinable on the basis of a possible experience.

e The merely logical contradiction between the (subjective)
principles, R1 and R2, is harmless for the methodological

purposes that we actually use them for in science.
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processes can be called scientific, since only mechanical
principles can be given an a priori grounding and described
mathematically.

e Appeals to purposes are permissible only insofar as we
subordinate our mechanical account of natural processes to
them.

e But it is never permissible to omit any part of the mechanism
through which such processes are continually realised and
maintained.
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early 19th century science (Goethe, Oersted, Humboldt, ...)
Rejects the distinction in kind (vis a vis cognition) between
sensibility and understanding.

Further rejects the distinction between understanding and
reason (since the understanding’s application to sensibility is
what, for Kant, distinguishes it from reason to begin with).
Begins from Kant's dynamical theory of matter, which is
taken as constitutive for the existence of nature in itself.
Describes how, through fundamental attractive and repulsive
forces, nature (as a whole) successively unfolds and evolves
organically, i.e., as a natural purpose, in a constitutive,
ontological, sense.

This process has a necessary counterpart, or dual, in the
infinitary dialectical process of reason as it reflects upon
nature (since these are just two manifestations of one and the
same nature).
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e Strongly influenced by Friedrich Schelling.

e In turn had a strong influence on Alexander von Humboldt,
and through him Charles Darwin, and others.

e Recall that for Kant, strictly speaking, only mechanistic
accounts of natural processes can be called scientific.

e Appealing to the idea of a purpose is not scientific (even if
Kant's resolution of the Antinomy of Teleological Judgement
gives us license to appeal to purposes, in a limited way, in
empirical investigation).

e Goethe disagreed: Appealing to the idea of a purpose in the
life sciences is just as necessary for the explanation of organic
processes as appealing to mechanism in the case of physics.
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Kant's successors:

Recall that according to Kant's transcendental idealism, the forms
through which objects appear to us are not to be taken to be the
forms of things themselves.

Two ways of understanding Tl's significance:

1. Ontological lesson: things as they exist in themselves are not
spatiotemporal (and thus not cognisable in accordance with
synthetic a priori principles).

- Criticism: It doesn’t follow from the fact that space and
time are necessary forms of our sensibility that they
cannot also be forms of things in themselves.

2. Metaphilosophical /epistemological lesson: Our standard for
(mathematically certain) objective cognition needs to be
“anthropocentric” rather than “theocentric”.
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Johann Friedrich Herbart (1776-1841)
e A relatively minor figure in academic philosophy, but was
influential for empirical psychology and physiology.
e In particular (Lenoir, 2006, 160), he influenced

- Hermann von Helmholtz
- Bernhard Riemann

e Initially a disciple of (the subjective idealist) Johann Gottlieb
Fichte (Beiser, 2006, 95)

Gravitated back towards Kant over the course of his career.

Eventually took up Kant's former chair in Konigsberg
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Herbart (continued) (Beiser, 2006, 135-139)

e Herbart agreed with Kant that a domain of inquiry is scientific
only when mathematics is applicable to it.

18/60



Herbart (continued) (Beiser, 2006, 135-139)

e Herbart agreed with Kant that a domain of inquiry is scientific
only when mathematics is applicable to it.

e But he disagreed with Kant that mathematics was
inapplicable to psychology.

18/60



Herbart (continued) (Beiser, 2006, 135-139)

e Herbart agreed with Kant that a domain of inquiry is scientific
only when mathematics is applicable to it.
e But he disagreed with Kant that mathematics was
inapplicable to psychology.
e He criticized “faculty psychology” (of which Kant's was an
example)
- Likened this a kind of mythological thinking, involving
questionable inferences from “what happens in us” to
“powers that we have”

18/60



Herbart (continued) (Beiser, 2006, 135-139)

e Herbart agreed with Kant that a domain of inquiry is scientific
only when mathematics is applicable to it.

e But he disagreed with Kant that mathematics was
inapplicable to psychology.

e He criticized “faculty psychology” (of which Kant's was an
example)

- Likened this a kind of mythological thinking, involving
questionable inferences from “what happens in us” to
“powers that we have”

e Empirical psychology should be pursued in the same way as
other empirical sciences

18/60



Herbart (continued) (Beiser, 2006, 135-139)

Herbart agreed with Kant that a domain of inquiry is scientific
only when mathematics is applicable to it.

But he disagreed with Kant that mathematics was
inapplicable to psychology.

He criticized “faculty psychology” (of which Kant's was an
example)

- Likened this a kind of mythological thinking, involving
questionable inferences from “what happens in us” to
“powers that we have”

Empirical psychology should be pursued in the same way as
other empirical sciences

Guiding hypothesis: Our activity of representation should be
capable of measurement, and thereby admit a mathematical
treatment.
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Herbart on sensible vs. intelligible space and geometry:

“The standpoint of geometry is too low for metaphysics.
Metaphysics must first make clear the possibility and the validity of
geometry before she can make use of it. This transpires in the
construction of intelligible space.” (Herbart 1813, 310, quoted in
Lenoir 2006, 152).

e Like the pre-critical Kant, but unlike the critical Kant, Herbart
did not restrict the principle of causality to appearances alone.

o Intelligible space: an abstract science of relations.
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geometry before she can make use of it. This transpires in the
construction of intelligible space.” (Herbart 1813, 310, quoted in
Lenoir 2006, 152).

e Like the pre-critical Kant, but unlike the critical Kant, Herbart
did not restrict the principle of causality to appearances alone.

o Intelligible space: an abstract science of relations.

e Constructed on the basis of primitive notions, e.g., “position”,
“between”, “inside”, “outside”, and rules for constructing
logical relations between them.

Employed the concept of a rigid body to bridge the gap
between sensible (subjective) and intelligible (objective) space.

19/60



Herbart on intelligble and sensible space (continued) (Lenoir, 2006,

154-158):

e Space is not something real. It is a tool for representing our
interactions with the world through sense.
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e Space is not something real. It is a tool for representing our
interactions with the world through sense.

e Concepts of intelligible space:

- Line: magnitude with direction.

- Straight line: operationally defined as the shortest path
between two points.

- Matter: a collection of points, lines, and surfaces which are
rigid, i.e., such that their internal connections are always
conserved in any motion of the body.

e As applied to the problem of constructing sensory space:

- Rigidity is determined by providing a consistent, constant rule
for preserving these relationships, and testing whether these
criteria are met.

- Intelligible space: analogous to a model.

- Warrant of success provided by experiment - establish that a
constant structure of relations is preserved during perception.
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Herbart and the empiricist programme in psychology
e Ultimately this was a speculative proposal, which Herbart did
not pursue himself.

e The programme required the specification of concrete
experiments and a mathematical apparatus linking the laws of
thought with the principles of physics and geometry.

e This was taken up, especially, by Helmholtz.
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The demise of Naturphilosophie and the rise of empirical science

e Naturphilosophie into decline after Hegel's death in 1831

e In Germany this culminated (1850s) in the so-called “identity
crisis” (Schnadelbach, 1984) of philosophy — what role is
there now for philosophy given the rise of empirical science?
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e Naturphilosophie into decline after Hegel's death in 1831

e In Germany this culminated (1850s) in the so-called “identity
crisis” (Schnadelbach, 1984) of philosophy — what role is
there now for philosophy given the rise of empirical science?

e Vulgar materialism (Jakob Moleschott, Liidwig Buchner):
Philosophy's task is (nothing more than) to catalogue and
systematise the results of empirical science.

e Neo-Kantianism (second wave): “Back to Kant!”
(Liebmann, 1865)
- The proper task of philosophy is to provide an
epistemological foundation for science.
- l.e., to enquire into the sources of our knowledge and the
degree of its justification (von Helmholtz, 1855, 5)
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Hermann von Helmholtz (1821-1894)

e Made many contributions to physics (conservation of energy,
electrodynamics and thermodynamics)
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Hermann von Helmholtz (1821-1894)

Made many contributions to physics (conservation of energy,
electrodynamics and thermodynamics)

At the vanguard of the Neo-Kantian movement of the 1850s.

Read Kant at an early age (Cahan, 2018, 44, 67) and Kant left a
lasting impression on his thought.

Also influenced by Herbart, especially by his notion of a rigid body

Drew on Johannes Miiller's (1801-1858) work on the physiology of
sense perception to ague that cognitive and physiological processes
can be determinative of the nature of our representations

For Helmholtz, this constituted a vindication of Kant
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Hemholtz on perception

e The very same physical stimulus is perceived qualitatively
differently depending on the sense organ it impinges upon.
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e The very same physical stimulus is perceived qualitatively
differently depending on the sense organ it impinges upon.

e Inference and judgement (of which we are to a large extent
unaware) either through habit acquired from repeated
experience, or in some cases through an innate cognitive
mechanism, plays a role in shaping the very contents of our
perception (Beiser, 2014, 199-200).

Helmholtz's “sign theory"

e Sensations do not represent their object directly as images do.
They are like signs or symbols.

o Nevertheless one can determine the existence of objective
relations holding between them.

e But these relations are not mind-independent, since they
represent interactions between our sense organs and external
things; i.e., they do not directly represent the external world.
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Helmholtz on non-Euclidean geometry:

e Space is the field that we construct in order to perceive things
as we locally interact with our surroundings, the result of
complex physiological and psychological processes that are
scientifically describable in a lawlike way (Beiser 2014, 204;
Friedman 2013, 85)
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complex physiological and psychological processes that are
scientifically describable in a lawlike way (Beiser 2014, 204;
Friedman 2013, 85)

e Consider Euclid’s first four postulates (modern paraphrase):

i. A straight line can be drawn between any two points
ii. Any straight line segment can be extended indefinitely
iii. Given a line segment, one can describe a circle with one
endpoint as its centre and the segment’s length as its radius.
iv. Any two right angles are equal to one another

e Helmholtz was able to show (DiSalle, 2006, 128-129) that
they presuppose a more general principle: The principle of the
free mobility of a rigid body; i.e., that physically moving a
rigid body around in space will not thereby deform it.
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Euclid's “parallel postulate”

e Helmholtz showed how the parallel postulate describes a
global feature of space, not determined by the principle of free
mobility, now understood to be a general condition on the
(local) constructibility of figures.
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e Helmholtz showed how the parallel postulate describes a
global feature of space, not determined by the principle of free
mobility, now understood to be a general condition on the
(local) constructibility of figures.

e The principle of free mobility, together with the parallel
postulate, describes a geometry of zero curvature.

e But free mobility in itself is consistent with any geometry of
constant curvature: hyperbolic (constant negative curvature),
elliptic (constant positive curvature).

e Helmholtz was able to show (DiSalle, 2006, 128-129) how the
iteration of a number of basic local constructions in
accordance with the principle of free mobility might result in a
series of sense impressions through which one can become
acquainted with the global structure of an, in general,
non-Euclidean space.
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Helmholtz on space and geometry (continued)

e Helmholtz's analysis highlights the role played by the
conditions for the possibility of measurement (Lenoir, 2006,
180, 201), made precise through the concept of a rigid body,
as the basis for the pre-relativistic belief that the global
geometry of space is Euclidean (DiSalle, 2006, 134-136)

27 /60



Helmholtz on space and geometry (continued)

e Helmholtz's analysis highlights the role played by the
conditions for the possibility of measurement (Lenoir, 2006,
180, 201), made precise through the concept of a rigid body,
as the basis for the pre-relativistic belief that the global
geometry of space is Euclidean (DiSalle, 2006, 134-136)

e Despite his divergence from Kant over the a priori status of
Euclidean geometry, his research programme can be seen as a
vindication of the basic idea of Kant's philosophy (Kant's
“Copernican turn”)

27 /60



Helmholtz on space and geometry (continued)

e Helmholtz's analysis highlights the role played by the
conditions for the possibility of measurement (Lenoir, 2006,
180, 201), made precise through the concept of a rigid body,
as the basis for the pre-relativistic belief that the global
geometry of space is Euclidean (DiSalle, 2006, 134-136)

e Despite his divergence from Kant over the a priori status of
Euclidean geometry, his research programme can be seen as a
vindication of the basic idea of Kant's philosophy (Kant's
“Copernican turn")

e Kant's goal had been to identify the general conditions that
constrain our representations of objects.

27 /60
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e Helmholtz's analysis highlights the role played by the
conditions for the possibility of measurement (Lenoir, 2006,
180, 201), made precise through the concept of a rigid body,
as the basis for the pre-relativistic belief that the global
geometry of space is Euclidean (DiSalle, 2006, 134-136)

e Despite his divergence from Kant over the a priori status of
Euclidean geometry, his research programme can be seen as a
vindication of the basic idea of Kant's philosophy (Kant's
“Copernican turn")

e Kant's goal had been to identify the general conditions that
constrain our representations of objects.

e Helmholtz was able to show that underlying Kant's own
account lay a more general principle (of free mobility), and
thus how dynamical principles of physics (inherent in the
concept of a rigid body) enable us to determine the geometry
of a given space.
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Comparison with Poincaré (DiSalle, 2006, 89-94):

e Poincaré drew a different lesson from Helmholtz's analyses.
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Comparison with Poincaré (DiSalle, 2006, 89-94):

Poincaré drew a different lesson from Helmholtz's analyses.

For Poincaré, physics presupposes an already-settled
conception of space and of the geometry that describes it
(Friedman, 1999, ch. 4)

Appealing to dynamical principles in order to empirically
determine the geometry of space is to put the cart before the
horse, so to speak.

Rather, we must decide on our geometry first.

From this it follows that we must conventionally choose
among the geometries of constant curvature, and since
Euclidean geometry is, according to Poincaré, simpler, we
must choose it.
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Comparison with Riemann (DiSalle, 2006, 89-94):

e Riemann, like Helmholtz, was also influenced by Herbart
(Banks 2005, Scholz 1982)
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Comparison with Riemann (DiSalle, 2006, 89-94):

e Riemann, like Helmholtz, was also influenced by Herbart
(Banks 2005, Scholz 1982)

e Like Helmholtz, Riemann took the question of physical
geometry to be empirically resolvable.

e Unlike both Helmholtz and Poincaré, who took the principle
of free mobility to be a condition for the possibility of
geometry as such,

- Riemann was willing to entertain the notion that we
might abandon even this principle as a condition on the
possibility of geometry, once a deeper understanding of
the nature of physical interactions between bodies could
be had.
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General goals:

I. Provide an overview of the core aspects of Kant's theoretical
philosophy, especially as they pertain to his philosophy of
science.

1. Kant's pre-critical period and the origin of transcendental
idealism

2. Kant's critical philosophy and synthetic a priori principles
for possible experience

Il. Trace his influence on some of the more important thinkers
and developments in physics and mathematics in the 19th
century and beyond.

1. Neo-Kantianism and physical geometry
2. Quantum mechanics
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Kant's successors:

Recall that according to Kant's transcendental idealism, the forms
through which objects appear to us are not to be taken to be the
forms of things themselves.

Two ways of understanding Tl's significance:

1. Ontological lesson: things as they exist in themselves are not
spatiotemporal (and thus not cognisable in accordance with
synthetic a priori principles).

- Criticism: It doesn’t follow from the fact that space and
time are necessary forms of our sensibility that they
cannot also be forms of things in themselves.

2. Metaphilosophical /epistemological lesson: Our standard for
(mathematically certain) objective cognition needs to be
“anthropocentric” rather than “theocentric”.

- Criticism: Kant has failed to adequately characterise the
structure of our cognition.
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Neo-Kantians:
e “Psycho-physiological” tradition
- Jakob Friedrich Fries, Johann Friedrich Herbart, Hermann
von Helmholtz, Friedrich Albert Lange, ...
- Amends Kant's account of cognition by appealing to
psychological and/or physiological facts.
e “Logical” / “Epistemological” tradition
- E.g., the Marburg school (Cohen, Cassirer, ...).
- Emphasises the abstract logical role played by intuition in
cognition. This allows for the reconceptualisation of
intuition as science progresses
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“there were many critics who agreed indeed with the
conclusions | had drawn from the development of the
new physics but who supplemented their agreement
with the question whether as a “neo-Kantian” | was
permitted to draw such conclusions. The present
volume will probably be exposed in still greater
degree to such questions and doubts. ...

1874-1945

Most celebrated member of the Marburg school of neo-Kantianism
(student of Hermann Cohen)

Also an accomplished historian of philosophy

First jew to serve as rector of a German university (Hamburg)

Was a staunch defender of the Weimar republic; emigrated from
Germany in 1933.

33/60



“there were many critics who agreed indeed with the
conclusions | had drawn from the development of the
new physics but who supplemented their agreement
with the question whether as a “neo-Kantian” | was
permitted to draw such conclusions. The present
volume will probably be exposed in still greater

. degree to such questions and doubts. ... It had never
1874-1945 been the intention of the Marburg school to hold fast
unconditionally to Kant's teaching or to wish to do
so.” (Cassirer, 1956 [1936], p. xxiii).

Most celebrated member of the Marburg school of neo-Kantianism
(student of Hermann Cohen)

Also an accomplished historian of philosophy

First jew to serve as rector of a German university (Hamburg)

Was a staunch defender of the Weimar republic; emigrated from
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The logical / epistemological tradition

e Three main schools:
- Marburg: Cohen, Natorp, Cassirer, ...
- Southestern (a.k.a. Baden, a.k.a. Heidelberg):
Windelband, Rickert, ...
- Berlin (Riehl, ...)
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- Marburg: Cohen, Natorp, Cassirer, ...
- Southestern (a.k.a. Baden, a.k.a. Heidelberg):
Windelband, Rickert, ...
- Berlin (Riehl, ...)
o As a rule, all three repudiated “psychologism”
e Hermann Cohen (1842-1918)
- Originator of the Marburg school
- Argued that the distinction between the pure forms of
intuition and the pure forms of thought is not a
distinction in kind.
- Intuition is only an abstraction meant to capture the role
played by sensibility in cognition (Cohen, 1871, 90-91)
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Causality for Cassirer:

e order according to law, determinism in general

e causality is satisfied within Q.M.
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Causality for Cassirer:

e order according to law, determinism in general
e causality is satisfied within Q.M.

- quantum state evolves deterministically
- quantum state describes conditional probabilities

‘the real difficulties of quantum mechanics are not due to a
tendency toward a radical indeterminism, or to a demand that the
causal concept be abandoned. The essence of the causal concept
remains untouched as long as this essence is grasped in its true
universality—that is, defined only by the demand for strict
functional dependence. ... the “causal law of quantum
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Causality as a pure concept (i.e., category):

e everything that happens presupposes something upon which it
follows according to a rule

Principle for its application to experience

e Objects are represented as existing in space and time, and as
evolving determinately through time (unique ordering).
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Causality as a pure concept (i.e., category):

e everything that happens presupposes something upon which it
follows according to a rule

Principle for its application to experience

e Objects are represented as existing in space and time, and as
evolving determinately through time (unique ordering).

‘The “crisis of causality” produced by quantum mechanics
certainly persists and is quite serious. But it is a crisis not of the
pure causal concept but “in the mode of viewing nature” ... it
shows us that we can no longer refer this concept, in the
customary manner, to the perception of “pure time” or schematize
it with the latter. ... We can no longer combine causality with
space-time description, let alone amalgamate the two in the
manner of classical physics.” (1936, p. 164).

36/ 60



Two-aspect view

Intuitions:
- Mediated by sensibility

- Pure forms: space and time

Concepts of the understanding:

- Rules governing the synthesis of the manifold of intuition

- Pure forms: categories
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_ Medisted | i
- Pureforms—spaceand-time

Concepts of the understanding:

- Rules governing the synthesis of the manifold of intuition

- Pure forms: categories

‘Transcendental logic can thus no longer be connected with or be
dependent on transcendental aesthetics, as was the case in Kant's
system. The demanded specialization, indispensable for the
empirical use of the causal concept, must now be looked for within
the domain of concepts itself (1936, p. 166).’
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Cassirer on the nature and evolution of scientific knowledge:

e The foundations of our theoretical knowledge are uncovered
through an analysis of scientific practice.
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Cassirer on the nature and evolution of scientific knowledge:

e The foundations of our theoretical knowledge are uncovered
through an analysis of scientific practice.

‘If we follow the evolution of science within the last decades more
closely, however, a different picture of formal logic appears.
Everywhere it is occupied with new questions and dominated by
new tendencies of thought.” (Cassirer, 2003 [1923], p. 3).
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e The foundations of our theoretical knowledge are uncovered
through an analysis of scientific practice.

e Criticises the traditional empiricist conception of abstraction

‘the real weakness of the theory of abstraction is apparent in the
one-sidedness of its selection, from the wealth of possible principles
of logical order, of merely the principle of similarity. ... In truth,
very different categorical functions are here united under what is
merely a collective name. And the real task of logical theory with
regard to any definite concept consists in setting forth these
functions in their essential characteristics and in developing their
formal aspects. (2003 [1923], p. 16).
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Cassirer on the nature and evolution of scientific knowledge:

e The foundations of our theoretical knowledge are uncovered
through an analysis of scientific practice.

e Criticises the traditional empiricist conception of abstraction

e Ordinal (as opposed to cardinal) number as the foundation of
arithmetic.

‘The act of abstraction is not directed upon the separating out of
the quality of a thing, but its aim is to bring to consciousness the
meaning of a certain relation independently of all particular cases
of application, purely in itself. The function of “number” is, in its
meaning, independent of the factual diversity of the objects which
are enumerated; this diversity must therefore be disregarded when
we are concerned merely to develop the determinate character of
this function. (2003 [1923], p. 39).
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e Ordinal (as opposed to cardinal) number as the foundation of
arithmetic.

e Pure mathematics is concerned with abstract systems of order

‘All the propositions of arithmetic, all the operations that it
defines, are related solely to the general properties of a progression;
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Genetic conception of knowledge:

e Science advances through the progressive uncovering of
abstract formal structure, each a limiting case of the next
member of the sequence, together converging on a limit
structure (which functions as a regulative ideal).
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e Science advances through the progressive uncovering of
abstract formal structure, each a limiting case of the next
member of the sequence, together converging on a limit
structure (which functions as a regulative ideal).

e ‘Rationalist account’ of scientific progress

- structure all the way down; science presents us with no
‘brute facts’

e ‘The world"; €

- i.e., the part of our qualitative experience that we haven’t
yet incorporated into theory
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e An important and influential figure in the early
history of the philosophy of quantum mechanics
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(1901-1984)
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e Heisenberg later dedicated a chapter of his
scientific autobiography to these conversations,
which, according to Heisenberg, were mutually
beneficial for all concerned
e Her 1935 essay on quantum mechanics was glowingly reviewed by
von Weizsacker in Physikalische Zeitschrift

e Feyerabend, Popper, Jammer, and other philosophers engaged
critically with her work, which they appear to have taken very
seriously

e However interest in Hermann faded in the 1960s with the rise in
influence of John Bell and the decline in influence of
“Copenhagen-style” approaches

e By the end of the 20th century she was largely forgotten
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Recent renewed interest in Hermann's work:

e Edited volume on Hermann, including new translations of her
1933 and 1935 papers, by Crull & Bacciagaluppi (2017), plus
a number of chapters on Hermann by contemporary scholars

e Hermann's collected works (in German) on the philosophy of
physics and mathematics, edited by Kay Herrmann (2019)

e Other recent commentaries on her work: E.g.,
Bacciagaluppi (2020, 2024), Banks (2017), Cuffaro (2022)
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1901
1921
1925

1926-27

1932
1931-33
11/1933

12/1933

Biography of Grete Hermann (Bacciagaluppi, 2024)

Grete Hermann is born in Bremen
Enrols at Gottingen to read mathematics, physics, and philosophy

Hermann obtains her doctorate in mathematics under Emmy
Noether (Noether's first, and as it turns out, her only female
doctoral student). Her dissertation is examined by Leonard Nelson,
a Neo-Friesian Neo-Kantian philosopher who shares her academic
interests and who has strong connections with Hilbert and his school

Hermann is private assistant to Nelson and works with him on his
volume on ethics and pedagogy until his death

Works together (with Minna Specht) to posthumously publish
Nelson's volume

Member of the International Socialist Combat League (ISK), which
was later suppressed by the Nazis

Hermann writes “Determinism and Quantum Mechanics”, which
she sends to Bohr, Heisenberg, and Dirac.

After discussions, Heisenberg's then assistant von Weizsacker replies
in a long letter on Bohr's and Heisenberg's behalf
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1/1934

2-6/1934

1935

5/1935

Biography (cont'd)

Von Weizsacker travels to Berlin and meets with Hermann to
discuss the issues brought up by her paper. This is then followed by
further correspondence by mail

Hermann travels to Leipzig to attend Heisenberg's lectures on the
quantisation of fields. She has extensive discussions with Heisenberg
while there

Hermann publishes her considered reflections on quantum theory's
significance for Kantian philosophy, “Natural-Philosophical
Foundations of Quantum Mechanics,” in the neo-Friesian journal
Abhandlungen der Fries'schen Schule. The essay was later glowingly
reviewed by von Weizsacker in Physikalische Zeitschrift.

After sending her paper to Bohr, Hermann is invited to give a
seminar at Bohr's institute in Copenhagen. Bohr begins working on
his reply to EPR (which seems clearly influenced by Hermann) at
around the same time. Hermann, for her part, comes away feeling
very encouraged to continue working on philosophy of physics.
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1936

1936-37

Biography (cont'd)

Bohr and Hermann continue occasional contact, discussing, e.g.,
problems in biology. She participates in the Second Congress for the
Unity of Science in Copenhagen, presenting a commentary on a
paper by Schlick, who had to cancel his attendance, and then was
murdered in Vienna, with the news reaching Copenhagen just as the
conference was getting underway.

Focus switches to electrodynamics and relativistic physics. Hermann
produces three papers: “The Significance of Modern Physics for the
Theory of Knowledge", “On the Foundations of Physical Statements
in the Older and the Modern Theories”, and “The Significance for
Natural Philosophy of the Move from Classical to Modern Physics”
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1945
1948

1953

1966
1984

Biography (cont'd)

Becomes director of the Padagogische Hochschule in Bremen.

Publishes her mature views on the philosophy of physics in
“Causality in Physics”. After 1948, Hermann's focus switches
primarily to ethics (although she maintains her contacts in the
physics community).

She publishes her commentary on Nelson's ethics, in which she is
critical of Nelson for reasons that are analogous to the lessons she
draws from her analyses of physical theories.

Retirement

Grete Hermann dies in Bremen, having remained active in the
Nelsonian and socialist movements in Germany until the end
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Neo-Kantians:
e “Psycho-physiological” tradition
- Jakob Friedrich Fries, Johann Friedrich Herbart, Hermann
von Helmholtz, Friedrich Albert Lange, ...
- Amends Kant's account of cognition by appealing to
psychological and/or physiological facts.
e “Logical” / “Epistemological” tradition
- E.g., the Marburg school (Cohen, Cassirer, ...).
- Emphasises the abstract logical role played by intuition in
cognition. This allows for the reconceptualisation of
intuition as science progresses
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47 /60



Jakob Friedrich Fries (1773 — 1843)

e Reason is an autonomous a priori source of immediate
cognition—a “feeling for truth”

e Synthetic a priori principles must be ‘deduced’ empirically
through reflection on the actual subjective contents of our
cognition.

47 /60



Jakob Friedrich Fries (1773 — 1843)

e Reason is an autonomous a priori source of immediate
cognition—a “feeling for truth”

e Synthetic a priori principles must be ‘deduced’ empirically
through reflection on the actual subjective contents of our
cognition.

Leonard Nelson (1882 — 1927)

47 /60



Jakob Friedrich Fries (1773 — 1843)
e Reason is an autonomous a priori source of immediate
cognition—a “feeling for truth”
e Synthetic a priori principles must be ‘deduced’ empirically
through reflection on the actual subjective contents of our
cognition.

Leonard Nelson (1882 — 1927)

e ‘B recapitulates some item of immediate knowledge' is

analogous to: ‘¢ is unprovable’
- The critical philosophy is essentially what we would now

call a meta-language

47 /60



Jakob Friedrich Fries (1773 — 1843)

e Reason is an autonomous a priori source of immediate
cognition—a “feeling for truth”

e Synthetic a priori principles must be ‘deduced’ empirically
through reflection on the actual subjective contents of our
cognition.

Leonard Nelson (1882 — 1927)

e ‘B recapitulates some item of immediate knowledge' is
analogous to: ‘¢ is unprovable’
- The critical philosophy is essentially what we would now
call a meta-language
e But this is only an analogy—~Fries’ critical method is not
deductive in this formal sense. It is a kind of functional,
pragmatist deduction of what we are committed to.

47 /60



Jakob Friedrich Fries (1773 — 1843)

e Reason is an autonomous a priori source of immediate
cognition—a “feeling for truth”

e Synthetic a priori principles must be ‘deduced’ empirically
through reflection on the actual subjective contents of our
cognition.

Leonard Nelson (1882 — 1927)

e ‘B recapitulates some item of immediate knowledge' is

analogous to: ‘¢ is unprovable’
- The critical philosophy is essentially what we would now
call a meta-language

e But this is only an analogy—~Fries’ critical method is not
deductive in this formal sense. It is a kind of functional,
pragmatist deduction of what we are committed to.

e The critical method may yield surprises

47 /60



Jakob Friedrich Fries (1773 — 1843)

e Reason is an autonomous a priori source of immediate
cognition—a “feeling for truth”

e Synthetic a priori principles must be ‘deduced’ empirically
through reflection on the actual subjective contents of our
cognition.

Leonard Nelson (1882 — 1927)

e ‘B recapitulates some item of immediate knowledge' is

analogous to: ‘¢ is unprovable’
- The critical philosophy is essentially what we would now
call a meta-language

e But this is only an analogy—~Fries’ critical method is not
deductive in this formal sense. It is a kind of functional,
pragmatist deduction of what we are committed to.

e The critical method may yield surprises

What surprises are yielded by reflecting on the development of
modern physics?
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Kant's Principle of causality

Changes undergone by an object of cognition are ordered uniquely
and objectively (A191/B236).

- As opposed to the series of our subjective perceptions of the
object through which we apprehend it.

48 /60



Kant's Principle of causality

Changes undergone by an object of cognition are ordered uniquely
and objectively (A191/B236).

- As opposed to the series of our subjective perceptions of the
object through which we apprehend it.

“what precedes an event as such must contain the condition for a
rule whereby this event always and necessarily follows.”
(B238-239/A193).

ﬁkﬁf,_&fkfm e

ér £ 0 1&3 -

48 /60



“what precedes an event as such must contain the condition for a
rule whereby this event always and necessarily follows.”
(B238-239/A193).

- Isn’t generally true in QM. Has Kant's principle of causality
been disproven?

49 /60



“what precedes an event as such must contain the condition for a
rule whereby this event always and necessarily follows.”
(B238-239/A193).

- Isn’t generally true in QM. Has Kant's principle of causality
been disproven?

- Possible response: Kant's principle of causality is only valid for
objects of possible experience

49 /60



“what precedes an event as such must contain the condition for a
rule whereby this event always and necessarily follows.”
(B238-239/A193).

- Isn’t generally true in QM. Has Kant's principle of causality
been disproven?

- Possible response: Kant's principle of causality is only valid for
objects of possible experience

- These must be determinate in terms of their spatiotemporal
and dynamical parameters.

49 /60



“what precedes an event as such must contain the condition for a
rule whereby this event always and necessarily follows.”
(B238-239/A193).

- Isn’t generally true in QM. Has Kant's principle of causality
been disproven?

- Possible response: Kant's principle of causality is only valid for
objects of possible experience

- These must be determinate in terms of their spatiotemporal
and dynamical parameters.

- Quantum objects are not objects of possible experience in this
sense.
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e Subjective perception — objective description
- Measure the diaphragm — Infer to the position and
momentum of the object that has passed through.

e QM: Disturbance of the diaphragm is “uncontrollable”
- Unable to factor it out of our description so as to

simultaneously ascribe determinate p and g to the object.
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e Subjective perception — objective description
- Measure the diaphragm — Infer to the position and
momentum of the object that has passed through.

‘uncontrollable”
- Unable to factor it out of our description so as to
simultaneously ascribe determinate p and g to the object.

e QM: Disturbance of the diaphragm is

e So there is no determinate appearance to which Kant's
principle of causality might apply. The latter is not violated.
Rather it is inapplicable (Cuffaro, 2010, sec. 2).
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Schlick:

The principle of causality does not directly express a fact to
us, say, about the regularity of the world, but it constitutes
an imperative, a precept to seek regularity, to describe

events by laws....
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to us, say, about the regularity of the world, but it con-
stitutes an imperative, a precept to seek regularity, to de-
scribe events by laws. Such a direction is not true or false
but is good or bad, useful or useless. And what quantum
physics teaches us is just this: that the principle is bad,
useless, impracticable within the limits precisely laid down
by the principle of indeterminacy. Within those limits it is
impossible to seek for causes. Quantum mechanics actu-
ally teaches us this, and thus gives a guiding thread to the
activity that is called investigation of nature, an opposing
rule against the causal principle. (1962 [1931], p. 285).

Note that, for Schlick, causality just is perfect prediction

Grete Hermann disagrees.
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Grete Hermann on prediction:

One who wished to brush [off the challenge from QM]
with the excuse that, while the knowledge of the causes
determining the processes is limited, the existence of such
causes is not put in doubt,. . .
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One who wished to brush [off the challenge from QM]
with the excuse that, while the knowledge of the causes
determining the processes is limited, the existence of such
causes is not put in doubt, removes the law of causality
from the realm of the principles governing natural knowl-
edge into that of mysticism. Where it is impossible in
principle to decide what falls under a given concept in na-
ture, the statement that anything falls under it also loses
its meaning. (Hermann, 1935 / 2017, p. 242).

Prediction is understood as a principle for the applicability of the
causal principle.
According to Hermann, it should be revised in light of QM. But as
for the principle of causality itself:
there can be only one sufficient reason for abandoning as
fundamentally useless the further search for the causes of
an observed process: that one already knows these causes.
(1935 / 2017, p. 254).
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Hermann: QM provides the sought-for causes

The pointer reading is “explained as the necessary effect that the
system to be measured has imposed on the instrument in the
process of measurement” (p. 255).
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Hermann: QM provides the sought-for causes

The pointer reading is “explained as the necessary effect that the
system to be measured has imposed on the instrument in the
process of measurement” (p. 255).

And moreover, measurements are repeatable in QM, so we can
think of the above as a state preparation, through which we can
then deterministically predict the outcome of a subsequent
measurement.

What about position?
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But this knowledge is split:

. the quantum mechanical description by which, on the
basis of some observation, a physicist determines his sys-
tem, does not characterise this system completely and ab-
solutely, but (so to speak) reveals only one aspect of it—
precisely the aspect that presents itself to the researcher
on the basis of the observation made here. (1935 / 2017,
p. 256).
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But this knowledge is split:

. the quantum mechanical description by which, on the
basis of some observation, a physicist determines his sys-
tem, does not characterise this system completely and ab-
solutely, but (so to speak) reveals only one aspect of it—
precisely the aspect that presents itself to the researcher
on the basis of the observation made here. (1935 / 2017,
p. 256).

e Note that this seems un-Kantian (Soler, 2017, p. 65)
e True, but Hermann is, of course, a Neo-Kantian

e How are we to understand all this from a (broadly)
Kantian point of view?
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Grete Hermann on the law of cause and effect in the context of
classical mechanics:

As long as one is dealing only with finite, spatially and
temporally extended physical systems whose own inner
structure need not be considered beyond a certain limit,
one escapes the difficulties of the limiting process that
make impossible the full application of the concepts of
cause and of substance. (Hermann, 1935 / 2017, p. 273).
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Grete Hermann on the law of cause and effect in the context of
classical mechanics:

As long as one is dealing only with finite, spatially and
temporally extended physical systems whose own inner
structure need not be considered beyond a certain limit,
one escapes the difficulties of the limiting process that
make impossible the full application of the concepts of
cause and of substance. (Hermann, 1935 / 2017, p. 273).

What difficulties? According to CM, in reality:

there are no temporally contiguous states and hence for
no state of a system can one specify another that has
directly brought it about or has been caused by it.”
(Hermann, 1935 / 2017, p. 272, emphasis added).
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Process of physical investigation:

e Begin with the determination of a finite extended system
conceived of as an incompletely specified thing.
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This invites us to further determine it.

We then move this ‘cut’ in our description further and further
inwards, but we can never remove it entirely, because it is only
because of the cut that we can conceptualise the object as a
thing existing in space and time in the first place.

If, however, this procedure (of moving the cut inward) is
pushed to its logical conclusion, we find that the conception
of things existing in space and time eventually dissolves into a
network of spatiotemporal relations that are not representable
as things.

Question: is this network objectively determinable through
considering things (even if the things themselves are not)?

Hermann's answer: this is a question for empirical research
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This question is answered in the negative by quantum mechanics:

[Quantum mechanics] does away with the notion that
these relational networks should be determined at any rate
through objective circumstances of things in space and
time, and shows them in turn to depend on the manner
in which the observer obtains knowledge of the system.
(Hermann, 1935 / 2017, p. 275).

57 /60



This question is answered in the negative by quantum mechanics:

e Knowledge of nature is fundamentally split

57 /60



This question is answered in the negative by quantum mechanics:

e Knowledge of nature is fundamentally split

e Causal relations can be given only within a particular
perspective. ‘The photon’'s momentum’ is the object
determinable through this procedure.

57 /60



This question is answered in the negative by quantum mechanics:

e Knowledge of nature is fundamentally split

e Causal relations can be given only within a particular
perspective. ‘The photon’'s momentum’ is the object
determinable through this procedure.

e That it had a particular value was the cause of the pointer’s
having a particular value.
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Is this Kantian?

e In one sense, no: An object of (theoretical) cognition
simply must have determinate spatiotemporal and dynamical
parameters (for Kant), otherwise it is not an object.
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Is this Kantian?

e In one sense, no: An object of (theoretical) cognition
simply must have determinate spatiotemporal and dynamical
parameters (for Kant), otherwise it is not an object.

e In another sense, yes. For Kant, there are multiple frameworks
(e.g. theoretical and practical) for describing our experience,
and different causal relations characteristic of each.

- “The will is a kind of causality ... belonging to living
beings insofar as they are rational” (Kant, 1981, 4:446,
emphasis added).
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For Hermann, QM shows us that this “splitting of truth” may
happen even within a particular domain of discourse:

. the splitting of truth goes deeper than philosophy and
natural science had previously assumed. It penetrates into
the physical knowledge of nature itself; instead of merely
delimiting its scope against other possibilities for grasping
reality, it separates various equally legitimate representa-
tions within the physical description that cannot be unified
into a single picture of nature (Hermann, 1935 / 2017, p.
277).
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R2: "All production of material things and their forms must be judged
to be possible in terms of merely mechanical laws” (ibid., 387).
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The idea to take R1 in a constitutive sense (i.e., Naturphilosophie)
was shown, in hindsight, to be a mistake.

What about R2? Hermann's analysis of CM reinforces that taking
R2 to be constitutive is also a mistake—that even the principle of
mechanism is only applicable up to a certain limit. Kant agrees.

But Hermann's analysis of QM moves her beyond Kant. For Kant,
although our knowledge of spatiotemporal relations does not amount
to knowledge of things in themselves, it's nevertheless true that we
are in principle always able to agree on our descriptions of an object
(since these are constrained by the forms of possible experience).

QM shows us that the spatiotemporal framework of possible
experience is not enough; that in order to agree on a spatiotemporal
description we must also specify an actual experimental context.
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