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Introduction

Lasswitz and the Marburg School (ca. 1885–1895)

Lasswitz as non-resident member of the Marburg school

Lasswitz as the most successful neo-Kantian historian of science
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Introduction

PART 1: Lasswitz, Cohen and the ‘Cohen Circle’

PART 2: The Articulation of Lasswitz’s Philosophy: Variability vs.
Substantiality

PART 3: Lasswitz’s History of Atomism: Huygens and the Foundation of
Kinetic Atomism

PART 4: Lasswitz and Marburg School: The Case of Cassirer
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Part I

Lasswitz, Cohen and the ‘Cohen Circle’
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the ‘differential’ dx as ‘intensive
magnitude’, or ‘intensive reality’

Lasswitz’s correspondence with
Georg Cantor about Cohen’s
book (spring and winter 1884)
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Lasswitz’s Positive Review of Cohen’s Book

Lasswitz complained about
Cohen’s writing style but
accepted Cohen’s main claim
that “the infinitesimal concept
of the differential” has “its
historical origins in
mechanical problems”
(Lasswitz, 1885, 499).

Cohen thanked Lasswitz for
“for the scientific interests
in my train of
thoughts”(Cohen to
Lasswitz, 07-04-1886)
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Lasswitz’s Ausseiderseztung with Cohen

“ Cohen, following his
investigation of the
infinitesimal principle
clarified the concept of
intensive magnitude and
used it to reject the ‘sys-
tematic overestimation
of the atomic hypothesis’
and the assumption of in-
dividual atoms altogether.

Lasswitz 1886, 138”
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Cohen’s Achievement

dynamical conception of
motion

kinematic notion of motion:
change of position in time
(extensive magnitude);

dynamic conception of
motion: the Wirkungsfähigkeit
of a body in motion defined in
the instance (intensive
magnitude)

differential
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Cohen’s Achievement

“ [T]here is a difference between the bodies in motion and those at
rest, a reality of motion [Realität der Bewegung] which the elimina-
tion of time cannot abolish [. . .] [I]t consists in the dynamic effec-
tiveness [Wirkungsfähigkeit] of the bodies. Cohen has convincingly
demonstrated that the latter can be expressed by the category of
reality in connection with the principle of intensive magnitude. I
welcome this insight.[. . .] This intensive magnitude that is objec-
tified by the thought-instrument [Denkmittel] of reality is what I
understood by the sensation of impetus [Andrangsempfindung] as
‘the real of the motion’ [dem Realen der Bewegung], and I rec-
ognize Cohen’s expression as the more adequate term for what I
imperfectly called sensation of impetus [Andrangsempfindung]

Lasswitz 1886, 141f.”
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Cohen’s Mistake

dynamical theory of matter
(Boscovich, Kant)

geometrical notion of matter:
an extended volume
(extensive magnitude)

physical notion of matter:
each unextended point
possesses a tendency towards
extension (intensive
magnitude)

center of force
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Cohen’s Mistake

in a completely homogeneous matter without any quality the
recognition of the same part of space is as impossible as that of the
same point in homogeneous space.

in order to serve as the subject of motion the same place must be
recognized at any moment in the course of its history

impenetrability and rigidity =⇒ separate individuals (atomism)
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Cohen’s Mistake

“ It is the question of how it is possible for parts of space to act as
a whole, the question of the individualization of matter. This prob-
lem cannot be solved by the concept of intensive reality, but only
through that of the substance [. . .] But as soon as the substance
appears as a principle or means of individuation of matter, we have
atomism [. . .] Atoms should mean nothing but those parts of space
which are moved as individual wholes fixed by the concept of sub-
stance. This shows that the concept of the differential does not
exhaust the thought-instruments of natural science, but that the
concept of the atom also belongs to them. The differential is used
to describe motion, but the moving object, as soon as it appears as
an independent whole, requires the concept of the atom

Lasswitz 1885, 144”
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Early Reactions to Lasswitz’s Work in Marburg

Elsas to Lasswitz, 07-01-1887: “. . . in particular I have confirmed with
my scientific friends Cohen and Natorp that you are revealing more
and more a line of thought related to ours”

Natorp to Lasswitz, 24-09-86: “. . . my sincere joy at having come into
contact with you through this business correspondence; this
connection would now also result in something beneficial for the
cause”
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Denkmittel

Denkmittel (thought-instruments) — Grundsätze (Principles)

Denkmittel of substantiality:
properties define the identity of a
thing with respect to different
things

Denkmittel of causality: one
thing determines the change of
properties of other things

Denkmittel of variability (17th century)
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Denkmittel

“ The category of reality is thus contained in what we have called
the Denkmittel of variability, something that is a unitary element
in itself but has a tendency to change. [. . .] Without the Denkmittel
of variability, the flying arrow would rest at every point of its trajec-
tory; [this Denkmittel ] permits the abstraction of extension without
eliminating the tendency. [. . .] [The latter is denoted mathemati-
cally by] by a differential, and the sign dy should be suitable for
this, because according to mathematical school usage, dx means
the differential of the independent variable, dy that of the function
[dy = f ′(x)dx] The connection between the principle of intensive
magnitude and the category of reality with the infinitesimal method
only becomes clear through the reference to the concept of func-
tion.

Lasswitz 1888, 203”
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Denkmittel

“ Without the Denkmittel of variability, the flying arrow would rest
at every point of its trajectory; [this Denkmittel ] permits the ab-
straction of extension without eliminating the tendency. [. . .] [The
latter is denoted mathematically by] by a differential, and the sign
dy should be suitable for this, because according to mathematical
school usage, dx means the differential of the independent vari-
able, dy that of the function [dy = f ′(x)dx] The connection be-
tween the principle of intensive magnitude and the category of re-
ality with the infinitesimal method only becomes clear through the
reference to the concept of function.

Lasswitz 1888, 203”
Urbanization of the Cohenian Province
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Galilei and Gassendi

Galilei: Denkmittel of variability,
but no Denkmittel of substantiality

dynamical theory of motion
(intensive reality in time)
=⇒ momento
=⇒ differential

dynamical theory of matter
(intensive reality in space)
=⇒ non-extended parts
=⇒ center of forces
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Galilei and Gassendi

Gassendi: Denkmittel of
substantiality, but no Denkmittel
of variability

solidity of atoms as the
condition of their individuality

no way to understand the
exchange of velocity
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Part III

Lasswitz’s History of Atomism: Huygens and
the Foundation of Kinetic Atomism
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Huygens as The High Point of Kinetic Atomism

Denkmittel of variability: Galilei defined physical Wirkungsfähingkeit
of a body in motion (free fall)

Denkmittel of substantiality: Gassendi the individuality of the subject
of motion (impenetrable and rigid)

“ The Denkmittel of variability does not apply only to the change of
the velocity of a single body [free fall], but to the distribution of
velocities in a group of bodies. Huygens accomplished the imple-
mentation of the Galilean thought by applying the same principle
of a lawful change in velocity to the distribution of velocities from a
part of space to another

Lasswitz 1890, 378”
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Huygens as The High Point of Kinetic Atomism

atoms act upon one another by collision: collision means nothing but
that the motion of two atoms after their encounter is determined
univocally by their motion before

if the masses of the atoms before and after the collision are
unchanged, the velocities and their directions after the collision are
determined by the laws of conservation of mv and mv2.

22 / 32



Huygens as The High Point of Kinetic Atomism

atoms act upon one another by collision: collision means nothing but
that the motion of two atoms after their encounter is determined
univocally by their motion before

if the masses of the atoms before and after the collision are
unchanged, the velocities and their directions after the collision are
determined by the laws of conservation of mv and mv2.

22 / 32



Huygens as The High Point of Kinetic Atomism

“ Huygens’ assumptions are therefore equivalent to these two prin-
ciples of mechanics, the law of the conservation of the center of
gravity and of the conservation of energy. [. . .] What is essential
and decisive for Huygens is that he did not start from any ideas
taken from the senses or anthropomorphically colored, but from
mechanical facts, which he regarded as fundamental laws because
they are necessary and sufficient to determine the motion of the
bodies unequivocally [eindeutig], to calculate their velocities and
directions of bodies, if those before the collision are given. It is not
because bodies are elastic that their vis viva is conserved after the
impact; but because living force must be conserved, the impact
occurs in the way observed in bodies which we call elastic. [T]he
elastic displaceability of the parts [. . .] is not a condition of the
laws of collision. Huygens does not call the bodies he is dealing
with elastic but hard; and this does not mean a sensuous quality,
but the Gassendian notion of solidity, the property of substance to
unchangeably claim its own space [Ihren Raum unveränderlich zu
behaupten]

Lasswitz 1890, 369” 23 / 32



Huygens as The High Point of Kinetic Atomism

“ Huygens’ assumptions are therefore equivalent to these two prin-
ciples of mechanics, the law of the conservation of the center of
gravity and of the conservation of energy. [. . .] What is essential
and decisive for Huygens is that he did not start from any ideas
taken from the senses or anthropomorphically colored, but from
mechanical facts, which he regarded as fundamental laws because
they are necessary and sufficient to determine the motion of the
bodies unequivocally [eindeutig], to calculate their velocities and
directions of bodies, if those before the collision are given. It is not
because bodies are elastic that their vis viva is conserved after the
impact; but because living force must be conserved, the impact
occurs in the way observed in bodies which we call elastic. [T]he
elastic displaceability of the parts [. . .] is not a condition of the
laws of collision. Huygens does not call the bodies he is dealing
with elastic but hard; and this does not mean a sensuous quality,
but the Gassendian notion of solidity, the property of substance to
unchangeably claim its own space [Ihren Raum unveränderlich zu
behaupten]

Lasswitz 1890, 369” 23 / 32



Huygens as The High Point of Kinetic Atomism

“ Huygens’ assumptions are therefore equivalent to these two prin-
ciples of mechanics, the law of the conservation of the center of
gravity and of the conservation of energy. [. . .] What is essential
and decisive for Huygens is that he did not start from any ideas
taken from the senses or anthropomorphically colored, but from
mechanical facts, which he regarded as fundamental laws because
they are necessary and sufficient to determine the motion of the
bodies unequivocally [eindeutig], to calculate their velocities and
directions of bodies, if those before the collision are given. It is not
because bodies are elastic that their vis viva is conserved after the
impact; but because living force must be conserved, the impact
occurs in the way observed in bodies which we call elastic. [T]he
elastic displaceability of the parts [. . .] is not a condition of the
laws of collision. Huygens does not call the bodies he is dealing
with elastic but hard; and this does not mean a sensuous quality,
but the Gassendian notion of solidity, the property of substance to
unchangeably claim its own space [Ihren Raum unveränderlich zu
behaupten]

Lasswitz 1890, 369” 23 / 32



Huygens as The High Point of Kinetic Atomism

“ Huygens’ assumptions are therefore equivalent to these two prin-
ciples of mechanics, the law of the conservation of the center of
gravity and of the conservation of energy. [. . .] What is essential
and decisive for Huygens is that he did not start from any ideas
taken from the senses or anthropomorphically colored, but from
mechanical facts, which he regarded as fundamental laws because
they are necessary and sufficient to determine the motion of the
bodies unequivocally [eindeutig], to calculate their velocities and
directions of bodies, if those before the collision are given. It is not
because bodies are elastic that their vis viva is conserved after the
impact; but because living force must be conserved, the impact
occurs in the way observed in bodies which we call elastic. [T]he
elastic displaceability of the parts [. . .] is not a condition of the
laws of collision. Huygens does not call the bodies he is dealing
with elastic but hard; and this does not mean a sensuous quality,
but the Gassendian notion of solidity, the property of substance to
unchangeably claim its own space [Ihren Raum unveränderlich zu
behaupten]

Lasswitz 1890, 369” 23 / 32



Huygens as The High Point of Kinetic Atomism

“ Huygens’ assumptions are therefore equivalent to these two prin-
ciples of mechanics, the law of the conservation of the center of
gravity and of the conservation of energy. [. . .] What is essential
and decisive for Huygens is that he did not start from any ideas
taken from the senses or anthropomorphically colored, but from
mechanical facts, which he regarded as fundamental laws because
they are necessary and sufficient to determine the motion of the
bodies unequivocally [eindeutig], to calculate their velocities and
directions of bodies, if those before the collision are given. It is not
because bodies are elastic that their vis viva is conserved after the
impact; but because living force must be conserved, the impact
occurs in the way observed in bodies which we call elastic. [T]he
elastic displaceability of the parts [. . .] is not a condition of the
laws of collision. Huygens does not call the bodies he is dealing
with elastic but hard; and this does not mean a sensuous quality,
but the Gassendian notion of solidity, the property of substance to
unchangeably claim its own space [Ihren Raum unveränderlich zu
behaupten]

Lasswitz 1890, 369” 23 / 32



Huygens as The High Point of Kinetic Atomism

“ Huygens’ assumptions are therefore equivalent to these two prin-
ciples of mechanics, the law of the conservation of the center of
gravity and of the conservation of energy. [. . .] What is essential
and decisive for Huygens is that he did not start from any ideas
taken from the senses or anthropomorphically colored, but from
mechanical facts, which he regarded as fundamental laws because
they are necessary and sufficient to determine the motion of the
bodies unequivocally [eindeutig], to calculate their velocities and
directions of bodies, if those before the collision are given. It is not
because bodies are elastic that their vis viva is conserved after the
impact; but because living force must be conserved, the impact
occurs in the way observed in bodies which we call elastic. [T]he
elastic displaceability of the parts [. . .] is not a condition of the
laws of collision. Huygens does not call the bodies he is dealing
with elastic but hard; and this does not mean a sensuous quality,
but the Gassendian notion of solidity, the property of substance to
unchangeably claim its own space [Ihren Raum unveränderlich zu
behaupten]

Lasswitz 1890, 369” 23 / 32



Newton and Leibniz

objection: Huygens’ collisions are impossible because a momentary
jump in velocity takes place (Leibniz, Boscovich)

elasticity of atoms

“ Accordingly, we have seen how the transition to the dynamic the-
ory in Leibniz is shaped in such a way that the place of the con-
cept of substance shifts, in that the tendency towards motion is
turned into a substance instead of corporeal extension. Because
such a substance is not found in the extension, it is placed behind
the extension. And this is why we see Leibniz, like Newton, hy-
postathized the cause of motion, not in the physical world, but in
an otherworldly metaphysical power.

Lasswitz 1891, 481”
24 / 32
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postathized the cause of motion, not in the physical world, but in
an otherworldly metaphysical power.
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Transcendental Deduction as Hypothetical Deduction

Huygens’ kinetic atomism is the condition and the ideal of a physical
theory

“ It is perhaps not superfluous, in order to avoid misunderstandings,
to point out repeatedly that the transcendental conditions of expe-
rience and their historically evolving knowledge are two different
things. Critical philosophy must never presume to want to deter-
mine a priori the conditions of experience and the principles of
physics, but it can only do this in the historical process; and as
physical knowledge changes, so too will the doctrine as to what
the content of the transcendental conditions of experience histori-
cally change The essential difference between the transcendental
principles and the change in theories. Not how the principles of sci-
entific knowledge are formulated in the consciousness of mankind
at a given epoch, but that they must be formulated
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25 / 32



Transcendental Deduction as Hypothetical Deduction

Huygens’ kinetic atomism is the condition and the ideal of a physical
theory

“ It is perhaps not superfluous, in order to avoid misunderstandings,
to point out repeatedly that the transcendental conditions of expe-
rience and their historically evolving knowledge are two different
things. Critical philosophy must never presume to want to deter-
mine a priori the conditions of experience and the principles of
physics, but it can only do this in the historical process; and as
physical knowledge changes, so too will the doctrine as to what
the content of the transcendental conditions of experience histori-
cally change The essential difference between the transcendental
principles and the change in theories. Not how the principles of sci-
entific knowledge are formulated in the consciousness of mankind
at a given epoch, but that they must be formulated

Lasswitz 1891, 393”
25 / 32



Transcendental Deduction as Hypothetical Deduction

Huygens’ kinetic atomism is the condition and the ideal of a physical
theory

“ It is perhaps not superfluous, in order to avoid misunderstandings,
to point out repeatedly that the transcendental conditions of expe-
rience and their historically evolving knowledge are two different
things. Critical philosophy must never presume to want to deter-
mine a priori the conditions of experience and the principles of
physics, but it can only do this in the historical process; and as
physical knowledge changes, so too will the doctrine as to what
the content of the transcendental conditions of experience histori-
cally change The essential difference between the transcendental
principles and the change in theories. Not how the principles of sci-
entific knowledge are formulated in the consciousness of mankind
at a given epoch, but that they must be formulated

Lasswitz 1891, 393”
25 / 32



Transcendental Deduction as Hypothetical Deduction

Huygens’ kinetic atomism is the condition and the ideal of a physical
theory

“ It is perhaps not superfluous, in order to avoid misunderstandings,
to point out repeatedly that the transcendental conditions of expe-
rience and their historically evolving knowledge are two different
things. Critical philosophy must never presume to want to deter-
mine a priori the conditions of experience and the principles of
physics, but it can only do this in the historical process; and as
physical knowledge changes, so too will the doctrine as to what
the content of the transcendental conditions of experience histori-
cally change The essential difference between the transcendental
principles and the change in theories. Not how the principles of sci-
entific knowledge are formulated in the consciousness of mankind
at a given epoch, but that they must be formulated

Lasswitz 1891, 393”
25 / 32



Transcendental Deduction as Hypothetical Deduction

Huygens’ kinetic atomism is the condition and the ideal of a physical
theory

“ It is perhaps not superfluous, in order to avoid misunderstandings,
to point out repeatedly that the transcendental conditions of expe-
rience and their historically evolving knowledge are two different
things. Critical philosophy must never presume to want to deter-
mine a priori the conditions of experience and the principles of
physics, but it can only do this in the historical process; and as
physical knowledge changes, so too will the doctrine as to what
the content of the transcendental conditions of experience histori-
cally change The essential difference between the transcendental
principles and the change in theories. Not how the principles of sci-
entific knowledge are formulated in the consciousness of mankind
at a given epoch, but that they must be formulated

Lasswitz 1891, 393”
25 / 32



Transcendental Deduction as Hypothetical Deduction

Huygens’ kinetic atomism is the condition and the ideal of a physical
theory

“ It is perhaps not superfluous, in order to avoid misunderstandings,
to point out repeatedly that the transcendental conditions of expe-
rience and their historically evolving knowledge are two different
things. Critical philosophy must never presume to want to deter-
mine a priori the conditions of experience and the principles of
physics, but it can only do this in the historical process; and as
physical knowledge changes, so too will the doctrine as to what
the content of the transcendental conditions of experience histori-
cally change The essential difference between the transcendental
principles and the change in theories. Not how the principles of sci-
entific knowledge are formulated in the consciousness of mankind
at a given epoch, but that they must be formulated

Lasswitz 1891, 393”
25 / 32



Part IV

Lasswitz and Marburg School: The Case of
Cassirer
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Lasswitz and the Marburg School

Natorp (review and correspondence) (1891) =⇒ quantity and quality

Cohen (correspondence and response) (1891–1894) =⇒ origin

Cassirer (long-life indirect dialogue) (1902–1936) =⇒ substance and
function
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Lasswitz and the Marburg School

“ Lasswitz’ critique of Leibniz’s concept of substance can be ex-
plained by the system he uses as a basis. According to the
latter, ‘substantiality’ and ‘variability’ are two separate thought-
instrument [. . .] Lasswitz’ thought-instrument of substantiality ex-
hausts itself essentially in the function of the spatially constant
‘thing’, while the concept of the law only comes into its own in the
method of variability [Variabilität]. However, this immediately calls
into question the justification for coordinating the two basic ideas.
[. . .] Admittedly, the requirement to single out a factor within the
process of motion as a ‘subject of motion’ in addition to the inten-
sive magnitude of the velocity is justified. However, this require-
ment can be fulfilled without the extensive quantity. [. . .] Once the
‘simple’ inextensive mass point is introduced, the concept of the
spatially extended atom is made superfluous [. . .] The constancy
of ‘thing’ is replaced by the constancy of ‘law’ [. . .] the older con-
cept of being is displaced by the concept of function

Cassirer 1902, 300f.”
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Lasswitz and the Marburg School
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Lasswitz and the late Cassirer

“ If we approach modern physics with the general philosophical at-
titude expressed in these lines and compare it with Lasswitz’s
picture of kinetic atomism, the salient features of the theoretical
change undergone by physics in the last decades stand out in a pe-
culiarly incisive and instructive manner. Modern physics cannot
dispense with Lasswitz’ two basic intellectual instruments, ‘sub-
stantiality’ and ‘variability’ But in making use of these instruments,
it moves them into a new systematic relationship. It can no longer
separate them by relating substance essentially and primarily to
space and change essentially to time [. . .] From this it follows that
we may not, as Huygens does in his derivation of kinetic atomics,
simply take the factors of permanence and change as contrary fac-
tors, which can indeed complement one another but must remain
sharply separate in their fundamental meaning. Here rather there
is one principle that determines both permanence and change and
links the two together in thoroughgoing correlation. [. . .] Here the
substantial is completely transposed into the functional
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Conclusion

Lasswitz

variability and
substantiality =⇒ example
of a successful philosophical
dialog with Marburg
neo-Kantianism

condition and ideal
=⇒ example of neo-Kantian
historiography of science
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Appendix

“ One recognizes, however, that this application of the thought-
instrument [Denkmittel ] of variability to the spatial element cannot
achieve what it is supposed to achieve; it has its power in fixing the
dynamic motion in the time element, but is not able to turn the
space element into matter [. . .] Kinetic atomism therefore sees the
original reality of both the filling of space and the change in position
of the parts of space not in the character of the individual points in
space, but in the character of the motion of entire parts of space
The predicate of joint motion of the parts of a space quantum can
be attributed to it by the thought-instrument of substantiality In
this way an individual mass particle arises; if the tendency to move
laid as an expansive force in the individual points in space, it would
be impossible to understand how a sum of such points could have
a common motion

Lasswitz 1889, 50”
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Appendix

“ Solidity is the expression for the property of the parts of space,
through which they are space-claiming [raumbehauptende] indi-
viduals Not because the atoms are hard, they cannot be separated,
but the inseparable, absolutely solid is the condition [. . .] of real
being in general, which is linked to the substance But the difficulty
arises [. . .] to get the interaction of atoms. [. . .] However, one over-
looks the fundamental difference [. . .] that separates modern from
ancient atomism The former is based on the concept of energy dis-
tribution, the latter is only based on the distribution of substance
in space, or, expressed in epistemological terms, the former has
the Denkmittel of variability at its disposal, the latter only that of
substantiality

Lasswitz 1889b, 35”
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Appendix

“ Science has the task of explaining how things come about, i.e.
to teach them to understand their existence from their becoming.
This problem must be maintained in the strictest sense. In the sys-
tem of physics, however, becoming is determined more closely to
motion, and thus motion becomes the basis of cognition of bodies
in their existence and in their change. Of course, there must also
be a relative existence and preservation. [. . .] Such preservation
is not the identity of a thing, of a single finite body, but of a rela-
tionship that hovers immaterially over the individual moments of
motion, uniting and connecting them all through a common bond.
[. . .]. A straight path leads from Faraday’s force centers to Thomp-
son’s vortex atoms and modern electron theory.

Buek 1912”
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Appendix

“ In his history of atomic theory Lasswitz gives an excellent exposi-
tion of this doctrine of Huygens’ and also attempts a critical jus-
tification, or ‘transcendental deduction’ of it. According to him
the kinetic theory of atoms does not represent a special physi-
cal view, beside which we may set other equally justified views;
rather, it is the norm and prototype of an exact natural science.
Here for the first time the various intellectual instruments that are
indispensable for detaching a permanent physical being, an objec-
tive nature, from the flux of our conscious experiences are placed
in a perfect ideal balance. The first of these intellectual instru-
ments is the category of substantiality. [. . .] The scientific expres-
sion for this individual-thingness is the concept of the atom as the
fixed, indestructible vehicle of all changes. But so far the changes
themselves are not yet posited and determined. [. . .] Science dis-
covered this new intellectual instrument, ‘variability,’ only when it
learned, through the analysis of the infinite to define the concept
of variable magnitude and to give exact mathematical expression
to the relation between different variable magnitudes.
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learned, through the analysis of the infinite to define the concept
of variable magnitude and to give exact mathematical expression
to the relation between different variable magnitudes.
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