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Kant and Whewell on Bridging Principles between
Metaphysics and Science

by Steffen Ducheyne, Ghent

In this essay, | call attention to Kant's and Whitwattempt to provide
bridging principles betweea priori principles and scientific laws. Part of
Kant's aim in theOpus postumunfca. 1796-1803Wwas precisely to
bridge the gap between the metaphysical foundatidnsatural science
(on theMetaphysical Foundations of Natural Scier(@d86) see section
1) and physics by establishimgermediary concepter ‘Mittelbegriffe’

" The author currently is Postdoctoral Researchofmelbf the Research
Foundation (FWO-Vlaanderen) and is associated thighCentre for Logic and
Philosophy of Science at Ghent University (Blandgrg 2, B-9000 Ghent,
Belgium, email: Steffen.Ducheyne@UGent.be). Thénauis indebted to The
Master and Fellows of Trinity College Cambridge foeir permission to quote
from the Whewell Papers and especially to JonatBnith, chief-librarian at
Wren Library, and his staff for their kind assistarduring my research-stay in
Cambridge. Finally, the author is thankful to theomymous referee who
suggested several improvements and additions.
The English translations used in this essay are:
- Critique of Pure Reasonn: Critique of Pure ReasorEd. and transl. by P.
Guyer and A. Wood. Cambridge 1998 [1781, 1787].
- Opus postumunin: Opus postumuntd. by E. Férster, translated by E. Foster
and M. Rosen. Cambridge 1998 [ca. 1796-1803]. (Traisslation contains
but a selection of OP, AA 21-22; for the selectiviteria used, see: xliv-xIv.)
- Metaphysical Foundations of Natural Scienlce.Metaphysical Foundations of
Natural SciencekEd. and transl. by M. Friedman. Cambridge 2008§1.7
In the references to Kant's work, the page-numhdrshese translations are
given after their corresponding reference in Akademie-Ausgabge.g. ‘MAN,
AA 04: 478.15-16; 13’). The original and its trastsbn are separated by a
semicolon.
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(henceforth this problem is referred to as ‘thedding-problem’). |
argue that the late-Kant attempted to show thatctreept of ‘moving
force’, an intermediary concept derived franpriori principles, could be
given empirical content so that concrete scienkifiowledge is arrived at.
Thus, the late-Kant wished not only to show thaipper scientific laws
are necessary priori (as he had shown in tivetaphysical Foundations
of Natural Sciencebut also that intermediary concepts could beveeri
from a priori principles which, when interpreted empiricallysuéted in
the specific forces as established by physicsgseton 2).

Of course, William Whewell never knew about Kan@pus
postumumand his attempt to bridge the gap between the phgsical
foundations of science and physics. However, #tiking that Whewell
had similar concerns about th@ritique of Pure Reasorand the
Metaphysical Foundations of Natural Scienas Kant himself.
According to Whewell, the Kantian project was ingdete because it did
not show how ‘modifications’ (in the sense of catizations) ofa priori
principles could result in empirical laws (sectiBh Next, it will be
argued, by taking into account several of Whewepsilosophical
notebooks which have scarcely been studied sysiEatat that
Whewell's doctrine of Fundamental Ideas grew oukisfdissatisfaction
with the Kantian project with respect to the bridgproblem and that his
own philosophical position should be seen as asmmygt to bypass the
bridging-problem.

1. Kant's Metaphysical Foundations of Natural Science

The publication of theCritique of Pure Reasor(1781, 1787) is
traditionally seen as the apex of Kant's transcataleroject — in which
he sought to unravel the syntheticpriori concepts of reason (“das
synthetische Erkentnis priori aus Begriffen verstandeh). Kant's
famous table of transcendental categories, whigowxds the necessary
conditions of human conceptualisation of all pdssixperiences, is in
Kant's own words “indispensable in the theoretjgaift of philosophy for

1 OP, AA 21: 60.16-22, cf. 63.12-15, 67.18-23, 6918-73.11-16, 74.01-03,
75.07-09, 77.04-07, 82.08-24, 85.03-05, 86.18-231B-15, 89.03-07, 90.22-26,
94.05-09, 99.25-27, 103.04-08, 104.03-07, 107.12411.13-18, 133.13-15,
also: OP, AA 22: 81.03-04, 113.08-11.
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completely outliningthe plan for the whole of a sciencénsofar as it
rests ora priori concepts, andividing it mathematicallyn accordance
with determinate principles’®. In similar spirit, in the preface to his
Metaphysical Foundations of Natural Sciengriblished in 1786, i.e.
five years after the first edition of ti&ritique of Pure Reasgrnn which
Kant gave ara priori deduction of “matter in generd)’he confidently

wrote:

In everything that is called metaphysics one capehfor the
absolute completeness the sciences, of such a kind one may
expect in no other type of cognition. Thereforestjas in the
metaphysics of nature in general, héhe completeness of the
metaphysics of corporeal nature can confidentlgkeected

In the Critique of the Power of Judgmefit790) Kant noted that he had
now brought his transcendental project to a cfosks philosophical
project prima facieseems to be surrounded by a halo of completeness,
certainty and comprehensiveness. However, the Katg- thought
otherwise.

From at least 1796 (and perhaps edjligtant became aware of
the incompleteness of his philosophical system withpect to natural
philosophy which he had addressed in Mistaphysical Foundations of
Natural Scienceand, correspondingly, he tried to complete higgmtdoy
composing theépus postumum a work that, according to Kant’'s own

2KrV, AA 03: 95.14-23; 214 [bold in translation].ri@inal: “Denn daR diese
Tafel im theoretischen Theile der Philosophie ungi@m dienlich, ja
unentbehrlich sei, den Plan zum Ganzen einer Wssbaft, so fern sie auf
Begriffen a priori beruht, vollstdndig zu entwerfand sie systematisch nach
bestimmten Principien abzutheilen [...]".

® Friedman (1992), 216.

“ MAN, AA 04: 473.16-21; 9 [italics in the last sente added]. Original: “[...]
in Allem, was Metaphysik heif3t, die absolute Vdltstigkeit der Wissenschaften
gehofft werden kann, dergleichen man sich in keia@deren Art von
Erkenntnissen versprechen darf, mithin eben sojmder Metaphysik der Natur
Uberhaupt, also auch hier die Vollstandigkeit destdphysik der korperlichen
Natur zuversichtlich erwartet werden kann; [...]".

° KU, AA 05: 170.21-27.

® See Eckart Forster's editorial introduction to pus postumunixvi, Xxxv-
xxxvii). We know for sure that Kant began working this material in 1796
when he retired from academics.
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suggestion, had the running titlEransition from the Metaphysical
Foundations of Natural Science to Physic¥he reason for Kant's
discontent with theMetaphysical Foundations of Natural Scienise

spelled out in the following section.
Let us first give a general overview what Kant'sjpct was in the
Metaphysical Foundations of Natural Scien@ee shall focus on the
relation between metaphysics and natural philosppfyis technical

" OP, AA 21: 373.02-03; 10.

® The Metaphysical Foundations of Natural Scienaddresses four issues:
phoronomy i.e. the study of thotionas a purequantumin accordance with its
composition, without any quality of the movabletlii¢ Bewegung als ein reines
Quantum nach seiner Zusammensetzung ohne allet&uddis Beweglichen”)
(first chapter) dynamicsi.e. the study of motion “as belonging to the lgyaf
matter, under the name of an original moving for€aur Qualitat der Materie
gehdrig unter dem Namen einer urspringlich bewegenidraft’) (second
chapter),mechanicsi.e. the study of “matter with this quality asrelation to
another through its own inherent force” (“die M&emit dieser Qualitat durch
ihre eigene Bewegung gegen einander in Relatichf)d( chapter), and finally,
phenomenologyi.e. the study of motion or rest “in relation tle mode of
representation or modality, and thus as appearaiites outer senses” (“auf die
Vorstellungsart oder Modalitat, mithin als Erscheig &uRerer Sinne”) (fourth
chapter) (MAN, AA 04: 477.03-13; 12). Note thatsthilivision of chapters
corresponds to the four categories: quantity, tyalielation and modality,
respectively. In the first chapter of thipusculum Kant considered matter as
that which is movable in space and movability aangity of motion (MAN, AA
04: 480.12-13; 15, 495.05-10; 31). When we obsenadter in motion we
always do so in relative space (absolute spacetiamobject of experience and
refers to “only any other relative space, whichahalways think beyond the
given space, and which | can only defer to infirlityyond any space” (“nur
einen jeden andern relativen Raum, den ich mir md8m gegebenen jederzeit
denken kann, und den ich nur uUber jeden gegebensn Unendliche
hinausricke”) (MAN, AA 04: 481.34-35; 16; cf. Frimdn (1992), 142-143)). He
also showed how quantity of motion of compositioh rmotion can be
constructeda priori. In the second chapter, he shows that matter ditlace
“through the repulsive forces of all its parts” ffidh repulsive Krafte aller ihrer
Theile”) (MAN, AA 04: 499.06-09; 36) (he therefooensidered such repulsive
forces as the primary essential qualities of mptténat attraction is the
secondary quality of matter (MAN, AA 04: 499.11-138)), and that matter is
indivisible to infinity (MAN, AA 04: 503.21-22; 40)In this chapter he thus
treated mattequa quality. In the third chapter, Kant considers fbeces of
bodies as communicating motion to one another (@gimpact) and derives
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treatise is essentially a metaphysical study oftenafAs Kant puts it, it
deals with the “metaphysics of corporeal naturedirle abgesonderte
Metaphysik der kérperlichen Natur der allgemein&nThis exercise is
relevant to general metaphysics since it gives ingamto the pure
concepts of understanding and furnishes examphégit(ons) in which
the concepts and propositions of metaphysics afizee'

For Kant, natural science meant physics, and pbhysis, at the
time, synonymous to Newtonian mecharlicEhe overarching goal was,
in line with theCritique of Pure Reasgno elucidate the metaphysics of
science that gives proper science (as apposedpmijrar science which
treats its object according to empirical laws oahd not according ta
priori principles) its apodictic certainty? In the Metaphysical
Foundations Kant sought to investigate tiperre part® of proper natural
philosophy, i.e. the metaphysics that natural goipdy presupposes.
“Now”, Kant noted, “the latter [i.e. the pure paft natural philosophy]
must always contain solely principles that areerapirical (for precisely
this reason it bears the name of a metaphysiésji.doing so, Kant
meant to offer a “genuine metaphysics of scienceiné wirkliche
Metaphysik der korperlichen Natur”), i.e. a comepletnalysis of the

Newton’s laws of motion “from general metaphysi¢qajus der allgemeinen
Metaphysik”) (MAN, AA 04: 543.22-25; 83; cf. Watldn(2001) — Kant uses
metaphysicshere (which represents priori the condition under which alone
objects, whose concept must be empirically givem ke further determineal
priori) in contrast tatranscendental philosophfwhich representa priori the
universal conditions under which alone things carobjects of cognition (KrV,
AA 05: 181.15-16)). Here he dealt with matter asitg a moving force. In the
fourth chapter, he shows that rectilinear, i.e.rtink motion is a possible
predicate, that circular, i.e. orbital motion, isa&ctual predicate and that in every
motion of a body relative to the other an equal apdosite motion of the latter
is necessary (MAN, AA 04: 544.32-33; 94). Here lealtwith how motion can
be experienced modally.

¥ MAN, AA 04: 478.15-16; 13.

' MAN, AA 04: 478.15-19; 13.

1 See Friedman (2003a).

2 MAN, AA 04: 468.17-18; 4.

¥ MAN, AA 04: 469.12; 5.

Y MAN, AA 04: 469.31-33; 5, cf. 482.08-09; 17. Origi: “Diese muR nun zwar
jederzeit lauter Principien, die nicht empirischdsienthalten (denn darum fihrt
sie eben den Namen einer Metaphysik).”
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concept of matter “in general” (“UOberhaupt”) whitinakes use of
no particular experiences, but only that which iitdé in isolated
(although intrinsically empirical) concept itselfy relation to the pure
intuitions in space and time, and in accordancé \tvs that already
essentially attach to the concept of nature in ggté Kant thus isolated
metaphysics from physics in tiMetaphysical Foundationand it was
precisely this separation between both disciplthes would later worry
him. Metaphysical knowledge, Kant noted, does nobcg@ed by
extending empirical knowledge (e.g. by performingservations and
experiments or by applying mathematics to phenoinkeagby attaining
cognition of what lies beyond the boundaries ofezignce’® The reason
that Kant thought that he had providedanpletemetaphysical outline
of natural philosophy lies in the fact that he thlouthat the object of
metaphysics is considered in accordance with aflesgary laws of
thought, which yield a determinate number of cagng that might be
completely exhausted by the table of categories.cBgtrast, natural
science itself has no such determinateness asvalvas “an infinite
manifold of intuitions (pure or empirical), and ghan infinite manifold
of objects of thought”. Correspondingly, Kant concluded that the
metaphysical foundations “is useful only for thergmse of guiding
natural philosophy, so far as this is ever possitdeexplore dynamical
grounds of explanatioh®,

2. Kant’s Opus postumum and thehiatusin systemato

> MAN, AA 04: 472.07-11; 8. Original: “[...] sich keér besonderen
Erfahrungen, sondern nur dessen, was sie im abdeden (obzwar an sich
empirischen) Begriffe selbst antrifft, in Beziehuagf die reinen Anschauungen
im Raume und der Zeit (nach Gesetzen, welche sdbam Begriffe der Natur
Uberhaupt wesentlich anhangen) bedient [...]".

' MAN, AA 04: 477.14-35; 13.

" MAN, AA 04: 473.26-28; 10. Original: “[...] eine undliche Mannigfaltigkeit
von Anschauungen (reinen oder empirischen), mitBljecten des Denkens
darbieten [...]".

¥ MAN, AA 04: 534.26-30; 74. Original: “ist [...] nuzu der Absicht niitzlich,
[...], so weit als es immer mdglich ist, auf die Egthung der dynamischen
Erklarungsgrinde zu leiten [...]".
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Left as private notes, the folios composing tB@us postumur?
are often redundant and they migtiima facie be considered as an
unconnected whole. In tH@pus postumunpKant addressed a cornucopia
of different topic€® The sections that will occupy us here are the ames
which Kant deals with the transition from the méiggcal foundations
of natural philosophy to physics (sidra). Kant began by pointing out
that this transition should be a step, not a leap:

1% This posthumous work only recently drew scholatiention in the English
literature. See especially: Caygill (2005), Friedm@992), Ch. 5, Friedman
(2003b), and Forster (2000). See further Mathie889). Some useful and
‘older’ studies also deserve to be mentioned: Agkckl920), Hoppe (1969), and
Tuschling (1971).

2 Forster's editorial introduction to th®pus postumumn{xxxviii-xliv). For
instance, Kant argues that the ether is to be degamot just as a&ypothetical
material but as a real world-material — givarpriori by reason and counting as
a principle of the possibility of the experiencetloé system of moving bodies”
(“nicht nur als hypothetischer Stoff um gewisseddesnungen erklaren
zu konnen sondern als realer uadpriori durch die Vernunft gegebener
Weltstoff”) (OP, AA 21: 216.03-07; 67, cf. 223.18:172, 229.10-12; 76,
550.10-18; 80). Kant also discussed 8wbstsetzungslehaecording to which
self-consciousness is a logical act of thoughtlictv the self makes himself into
an object (OP, AA, 22: 413.02-10; 179-180, 119.20-202) (cf. “[t]he first act
of the faculty of representatiofatultas repraesentatiyas the representation of
oneself @pperceptiyp through which the subject makes itself into arjeob
(apperceptio simplex (“Der erste Act des Vorstellungsvermégerfac(ltas
repraesentativp ist die Vorstellung seiner selbsapperceptip wodurch das
Subject sich selbst zum Objecte macipprehensio simplg® (OP, AA 22:
43.07-09; 178)). According to Kant, a subject doetsonly constitute itself as an
object but also as a person with moral duties stéje to the categorical
imperative — this moral constitution of the seHds to the concept of God (OP,
AA 22: 117.01-06; 200-201, 123.21-28-124.01-02; -208). Next, Kant also
develops transcendental philosophy as philosophyhef self-constitution of
reason which inevitably creates the ideas of Gatldvand moral duty (OP, AA
21: 9-156; 218-256).
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Progress (progressup 2* in knowledge @ua science in
general) begins with the collection of the elemeasft&nowledge,
then connects them [in the] manner in which they aranged
(systematically). For the division of this enteggriinto a doctrine
of elements and a doctrine of method constitutes ghpreme
division; the former presents the concepts, thdedatheir
arrangement in the order to found a scientific whdlhe transition
(transitug from one form of knowledge to another must beep s
(passu} only, not a leapsaltug; that is, the doctrine of method
requires one tpassfrom the metaphysical foundation of natural
science to physics — from concepts of nature giaepriori to
empirical ones which yield empirical knowledge. Tiude herein
will be [...] to proceed like elephants, which do pot one of their
fourzfzeet a step further until they feel that ththes three stand
firm.

2L Kant apparently thought that each scientific dikcép begins with a
systematization followed by an exposition of ancadge theoretical foundation:
“If, however, the grounds or principles themselhaes still in the end merely
empirical, as in chemistry [of which he secretlypld that it could be soon
“physicalized” (Friedman (1992), 287)], for exampéand the laws from which
the given facts are explained through reason arme hagvs of experience, then
they carry with them no consciousness of their sgitg (they are not apodictally
certain), and thus the whole of cognition doesdesterve the name of a science
in the strict sense; chemistry should thereforech#éed a systematic art
[systematische Kunst] rather than a science.” (“Waber diese Griinde oder
Principien in ihr, wie z. B. in der Chemie, docHetat blos empirisch sind, und
die Gesetze, aus denen die gegebene Facta duréfedianft erklart werden,
blos Erfahrungsgesetze sind, so fiuhren sie kein uBé&sein ihrer
Nothwendigkeit bei sich (sind nicht apodiktisch-@& und alsdann verdient
das Ganze in strengem Sinne nicht den Namen eimggevwschaft, und Chemie
sollte daher eher systematische Kunst als WissaftdagiRen.”) (MAN, AA 04:
468.23-29; 4).

2 0P, AA 21: 386.27-33-387.01-09; 12-13, cf. 4072®-19. Original: “Das
Fortschreiten in einer Erkentnis als Wissenschagrliaupt grogrel3u$
fangt davon an die Elemente derselben aufzufindeh dann die Art wie sie
zusammengeordnet werden sollen (systematisch) gkniygfen da dann die
Eintheilung dieses Geschaftes in ElementarlehreMethodenlehre die oberste
Eintheilung ausmacht, wovon jene die Begriffe didse Anordnung derselben
um ein Ganzes der Wissenschaft zu begriinden Vigstehcht. Der Ubergang
(transitug von einer Art der Erkentnis zu einer andern mu@ @in Schritt
(palRu3, kein Sprung galtug seyn d. i. die Methodenlehre gebietet von den
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The transition from metaphysics to physics canieanl the metaphysical
foundations of physics, which stipulates only teneralnature of the
two primitive forces of attraction and repulsiony f'thesefurnish no
specifically determined, empirical propertiesnd one can imagine no
specific [forces] of which one could know whethkey exist in nature,
or whether their existence be demonstraBl&ridging this gap was one
of his last philosophical challenges. In a letteChristian Garve, on 21
September 1798, Kant admitted that this project avasie torment of
Tantalus (&in Tantalischer Schmeéjzand that its failure would leave
critical philosophy incomplet&.

According to the late-Kant, natural philosophy esisdly consists
of two parts: (i) themetaphysical foundation of physiaghich unravels
the a priori principles of physics in generaind (ii) proper physics
which deals with the empirical contents &fpriori principles (or put
differently, which “proceeds from empirical printgg” (“von
empirischen Principien ausgeHf)) In other words, in the metaphysical
part of natural philosophy we spell out theriori principles of physics;
in the physical part we provide these abstractciplas with concrete
empirical contents. In this sense, metaphysics igesvthe form and
physics the content or matter of those forms:

The concept of &cience of naturéphilosophia naturaliy is the
systematic representation of the laws of motioneZ&ze der
Bewegung”] of outer objects in space and time, fausas these
[laws] can be knowra priori (thus as necessarf)For empirical

metaphysischen Anfangsgrinden der Naturwissenschkaft Physik wvon
Begriffen der Natur diea priori gegeben sind zu empirischen welche ein
Erfahrungserkentnis liefern iberzuschreiten: wobdagn die Regel seyn
wird (nach dem schertzenden Spruch eines Philosypse zu machen wie die
Elephanten die nicht eher einen der 4 FiiRe ein@nviriter setzen als bis sie
fuhlen daR die andern drey feststehen.”

0P, AA 22: 282.13-17; 100 [italics added)]. Oridirth..] die geben gar keine
besonders bestimmte von der Erfahrung anzugebeigéaedehaften u. man kann
keine specifische ausdenken von denen man wissentédb sie auch in der
Natur sind oder auch ob die Existenz von solchemistich sey [...]".

24 Br, AA 12: 257.07. See Férster (1987) for amplatestualisation.

> OP, AA 21: 524.15-16; 36.

%% Cf. MAN, AA 04: 468.17-29; 4.
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knowledge of them concerns only contingent knowdedsf
these outer appearances, only to be acquired bsriexige, and it
is not philosophy but merely an aggregate of pdioep — yet its
completeness as a system, is, nonetheless, art objeltilosophy.
The supreme division of the science of natptalfophia naturali$
according to its content can be none other thah libaween its
metaphysical foundationpsvhich are founded entirely in concepts
of the relation of motion and rest of outer objedsd physics
which systematically orders the content of empiriceowledge of
them, and which, as stated, has the task of motiwgard
completenessn its elements — although it cannot count on this
certainty?’

Scientific laws thus have a double foundation: mpieical one and aa
priori one. Similarly, pure experience cannot establignecessityand
universalityof a scientific proposition: we can only establisat there is

no exception to this or that ruiéln the Opus postumuprKant objected

to the title of Newton'rincipia mathematica philosophiae naturalef,
which a more appropriate title should have be&wmientiae naturalis
principia mathematicd, on the grounds that a mathematical foundation
is merely instrumental, indiré€tand partly based on experience, and thus
not properly speaking philosophical:

2TOP, AA 21: 402.12-26; 14-15 [italics in last semte added], cf. OP, AA 22:
265.18-22). Original: “Der Begriff von einer Naturiwsenschaft
(philosophia naturaliy ist die systematische Vorstellung der Gestze der
Bewegung der auBeren Gegenstande im Raume unckidesoZern jene priori
mithin als nothwendig erkannt werden kdénnen; deas @mpirische Erkentnis
derselben was das Zufallige nur durch Erfahrungedsliche Erkenntnis dieser
auReren Erscheinungen betrifft so ist das nichtoBtywhie sondern nur ein
Aggregat von Warnehmungen dessen Vollstandigkeie@les Systems doch ein
Gegenstand fiur die Philosophie ist. Die Obereifthgi der Naturwissenschaft
ihrem Inhalte nach kann nun keine andere seyn adks it die
metaphysische Anfangsgr de derselben die ganziidhBegriffen
vom Verhdltnisse der Bewegung und der Ruhe auf&egenstande gegrindet
sind und die Physik welche den Inhalt der Erfahsgmkentnis derselben
systematisch ordnet welche also wie gesagt mit nihiEBlementen auf
Vollstandigkeit zwar nicht sichere Rechnung mackann, aber darauf
hinzuwirken den Beruf hat.”

28 KrV, AA 03: 29.02-06; 137.

29 OP, AA 22: 490.08-14; 140.

% OP, AA 22: 85.03.
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They are only an instrument (albeit a most necgssae) for the
calculation of the magnitude of motions and movioiges (which
must be given by observation of nature) and fordétermination
of their laws for physics (so that the quality bEtmotions and
moving forces can be specified in regard to thetraéffiorces of
bodies in circular motion [...]) Consequently, thicttine
properly forms no part of the philosophical studyature®

Natural science (dealing with empirical knowledged aexpressed in
mathematical terms) is distinct from metaphysit&th sciences proceed
from a priori principles, [but] the difference is that the fomuoes so
from intuitions, the latter froma priori concepts— a difference so great
that it is as if, in the transition from one to #mer, reasonitself [...]
were to displace one into quite different worfdsMathematics supplies
“only the application of concepts to intuitiores priori” (“nur die
Anwendung der Begriffe auf Anschauungen priori”) **. In the
Metaphysical Foundations of Natural Scienkant did not separate
mathematics from metaphysits.

Kant further divides philosophia naturalisinto (i) physica
generalis (which deals only with “only the properties ahatter

L OP, AA 21: 482.04-15; 43, cf. 120.10-12, 123.11-P41.03-14, cf. OP, AA
22: 490.05-07; 139, 512.14-15; 151, 519.09-12; 16Biginal: “[...] die
mathematische Anfangsgrinde der Naturwissenschdftidt [...] nur ein
und zwar sehr néthiges Instrument die GroRe deregengen und bewegender
Krafte welche letztere in der Naturbeobachtung begeseyn missen zu
schatzen und die Gesetze derselben fur die Physikestimmen (so dal3 die
Qualitat derselben in Ansehung der Centralkrafte imn Kreise bewegten
Korpern [...] angegeben werden kdnnen), so dal3 @igliese Lehre eigentlich
keinen Theil der philosophischen Naturkunde ausmaciy.

2 OP, AA 22: 543.17-23; 82-83. Original: “Beyde sindurch eine
uniiberschreitbare Kluft von einander geschieden , uotbzwar beyde
Wissenschaften von Principien priori ausgehen, so ist doch der Unterschied
daR die erstere esvon Anschauungen die zweytBeayriffen a priori
thut so groR, als ob man in dem Ubergange von eginmeanderen durch dieselbe
Vernunft (denn das bedeutet Erkenntaispriori) in ganz verschiedene
Welten versetzt wirde.”

30P, AA 22: 240.20-22; 56, cf. 490.22.27; 138-1892.11-21; 151, 515.11-13;
153.

% Friedman (1992), 222-223.
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[according to Kant the cornerstone (“Anfangsgrinde” of the
metaphysics of natural philosopfy] in outer objects” (“nur die
Eigenschaften der Materie an aufieren Gegenstamaleerfddhrung”))
and (ii) physica specialisvhich “attends to bodies formed from this
matter in a particular way, and which draws up steay of them” (“auf
die aus jener Materie auf besondere Art geformtgp&idsieht und von
ihnen ein System aufstellt®}.Kant had indeed dealt with the former in
his Metaphysical Foundations where he had providedh priori
derivations of the central concept of physics: erattand material
substance), but he remained silent on the transtiophysics. He had
addresseghysica generalidut not physica specialisOn the relation
between both he noted: “there can be a relationshipe one form of
knowledge to the other which rests neither enticglyprinciplesa priori,
nor on empirical principles”. As the late-Kant wanted to show in full
detail how thea priori principles of knowledge were concretized in
physics, he took the theoretical deficit of his\geendental doctrine with
respect tgphysicaspecialisvery seriously. He wanted to fill in this gap
by rendering explicit howa priori concepts are applied not in
metaphysical but iphysical-dynamic function® real bodies such that a
system of empirical concepts and laws is arrivetf Biowever, Kant
noticed, there is a leap between metaphysics agdigsh“[t]hus”, he
concluded, “there must be mediating concepts whiehable] the
transmission from the one doctrine to the other,the application ch
priori concepts to experience in genefalThe metaphysical foundations
of science offer no material for physics: “they afwisions for the
concept which require to be filled; and mere fomiikiout an underlying

> OP, AA 22: 166.05.

% 0P, AA 21: 407.16-20; 18f. On an unpublished falfothe Opus postumum
Kant distinguished between “dem Elementarsystembégregenden Krafte der
Materie” and “dem Weltsystem” (OP, AA 22: 226.08).10

370OP, AA 21: 402.27-403.01-02; 15. Original: “[...] k@ es ein Verhaltnis der
einen Erkentnisart zu der anderen geben welchegmgahz auf Principiea
priori noch auf empirischen” [...].

0P, AA 21: 477.18-20; 41, cf. OP, AA 22: 282.09-1Q1.

0P, AA 21: 311.11-13; 25. Original: “So muRR ealittelbegriffe geben die
blos den Ubergang von der einen Naturlehre zur rendéberzuschreiten d. i.
zur Anwendung der Begriffa priori auf Erfahrung Gberhaupt anzuwenden wie
denn die Principien der Moglichkeit der Erfahrunigethaupt selbsa priori
gegeben seyn missen.”
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material can as little yield a system of experieraerichly distributed
material without form*. Moving forces of matter can only be known by
experience. The task is then to classify the rdgkats of nature
according to theia priori principles. Such classification would result in a
universal doctrine of forceplfysiologia generaljs

So, according to the late-Kant, the main philoscghiask lay in
bridging the broad gulf fiiatus in systematpbetween metaphysics and
physics, “the science of the coordination ofatipirical representations
(all perceptions) into a system or whdfe’by means of what he called
intermediary conceptg‘Mittelbegriffe’ ] “which form a distinctive
construction” (“welche ein besonderes Bauwerk awa$mamdglich
gemacht werden®j. Kant noted that “a system can never be constlucte
out of merely empirical concepts” (“[aJus blos engihen Begriffen
kann nie ein System gezimmert werdefi”}- for indeed, as Kant
famously wrote at the beginning of tl&itique “[rleason in order to be
taught by nature, must, approach nature with itscfples in one hand,
according to which alone the agreement among appeas can count as
laws, and, in the other hand, the experiments thibagt in accordance
with these principles®. Eckart Foster has correctly noticed that an
important reason why Kant thought that theritique and his

“COP, AA 21: 474.25-28; 39. Cf. Férster (2002), 4ighal: “Es sind Facher fir
den Begriff welche man auszufiillen verlangt und@eld=ormen ohne einen
ihnen untergelegten Stoff kdnnen eben so wenigemigeichlich hingeworfener
Stoff ohne Formen ein Erfahrungssystem abgeben [...]"

“ OP, AA 21: 582.13-16; 90. Original: “[...] die Wissschaft der
Zusammenordnung aller empirischen Vorstellungeler(&/arnehmungen)
zu einem System [...]".

“2 For instance, according to Kant the concept of inpvorces (of matter) has
“applications to empirical concepts”, but at thensatime it can be thought as
priori “according to the relations of the moving forcesspace and time, and as
such, can be completely classified” (OP, AA 21: &7710; 41).

“3OP, AA 21: 476.16-17; 40. Friedman does not seepay much attention on
Kant's attempt to establish moving force as anrimtmliary concept between
metaphysics physics and physics (Friedman (1992)). Neither does Forster
(Forster (2000), 16).

* OP, AA 21: 476.16-17; 40.

“SKrv, AA 03: 10.21-22; 109. Original: “Die VernunfouR mit ihren Principien,
nach denen allein Ubereinstimmende ErscheinungeGégetze gelten kénnen,
in einer Hand und mit dem Experiment, das sie fjaoén ausdachte, [...]".
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Metaphysical Foundations remained incomplete was that they
did not “supply physics with a guideline for a gysatic investigation of
the specific forces in naturé. Kant's final challenge was thus to
construct the middle ground between physics anéphgsics.’ Part of
the transition project consisted in showing hows{edrt) matter could be
turned into (physical) body. The transition takdacp whena priori
concepts are applied teal bodies® In the Metaphysical Foundations
Kant had conceived matter puretyechanically(quantity of matter was
estimated by impulse and velocity), that is, hecedred matter merely as
that which is movable in spat&ln physics, however, we treat matter
dynamically that is we study the moving forces as found ipesience
(or as Kant puts it “thenovable, insofar it has moving fofcé€das
Bewegliche vorstellt so fern es bewegende Kraft Hh®t
or “that which makes space an object of the sénfems was den
Raum zum Gegenstande der Sinne macht)) In the
Metaphysical Foundation&ant had left out true dynamical forc8d\ot
surprisingly, in theOpus postumuniKant now stated that quantity of
matter can only be estimated dynamically, i.e. leyghing> A condition
for moving forces to be able to act is that thetyrat in a void but in the
ether — hence, the importance of the ether prootiséOpus postumurt{
In empty space, no effects of forces could be pezde Thus: the ether,
the substance of which Kant thought it could uphysics, is am priori
given: without space being filled with matter ndeet of the moving
forces of matter could be sensBdThe ether proofs are therefore a
necessary part in Kant's transition project: theeetprovides “the topic

8 Forster's editorial Introduction to t@pus postumurtxxxiv). Cf. OP, AA 21:
616.24-26 [italics added]: “Dieser Theil ist ders®matische Inbegrif dea
priori denkbaren bewegenden Kréafteer Anziehung und Absfoing mit ihrer
Modificationen [...]". Cf. Friedman (2002), 261.

*"OP, AA 21: 117.01-05

*OP, AA 21: 116.01-03.

“9MAN, AA 04: 537.12-13; 76. Cf. Carrier (2001), 1223, 134).

0 OP, AA 22: 190.04-05; 51.

> OP, AA 22: 514.01-02; 152.

*2 Friedman (1992), 225.

> Ipid., 27-29.

> Forster (2000), 92-101.

> OP, AA 21: 220.02-03; 70.
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of the moving forces of mattéf, The ether was both a physical
entity as well as priori condition of our perception of dynamical forces.
On a separate leaf, he began stating his solutiche bridging-
problem:

Therefore the transition from metaphysics to plgisfoom thea
priori concept of movable in space (i.e. the concept aften in
general) to the system of moving forces, can [pedtenly by
means of that which is common to both — by mearthemoving
forces insofar as they act not on matter but rather dnite
opposed among one another, and thus form a sysfetmeo
universal doctrines of forcesplfysiologia universal)s which
stands between metaphysics and physics. Insofércasatains for
itself a system of the application of a priori cepts to experience,
i.e. the investigation of nature, it combines mhbteics with
physics in a system.

Kant suggested that all physical foréegerum naturaare “contained in
the concepts of motion as active cause [i.e. movorge]” (“in dem
Begrif der Bewegung als wirkender Ursache enth3lt&nAccording to
Kant, the concept of ‘moving force’ can be though# priori according
to the relations of moving forces in space and tamel can thus be
completely classified® The concept of ‘moving force’ (regulated ly
priori principles) serves as an intermediary concept [@liegrif] that
could be interpreted empirically. In other word#, ancrete physical
forces are regulated by the concept of ‘movingdgra concept which in
its turn is regulated bg priori principles. The concept of ‘moving force’

% Forster (2002), 99.

> OP, AA 21: 478.16-26; 42 [italics added]. Origin&iso kann der Ubergang
von der Met. zur Physik von dem Begrifiepriori des Beweglichen im Raum d.
i. dem Begrif einer Materie Uberhaupt zu dem Systeem bewegenden Kréfte
nur durch das was beyden Gemein ist durch die bewdsy Krafte so wie sie
nicht eben auf die Materie sondern unter einandereimigend oder
entgegengesetzt wirken und so ein System der adgem Kraftenlehre
(physiologia generaljsbilden welche zwischen der Met. und Phys. zwiache
inne steht und indem sie flr sich ein System dewe&xrdung der Begriffea
priori auf Erfahrung d. i. der Naturforschung enthalt deste mit dem letzteren
in einem System verbinden.”

8 OP, AA 21: 387.09-10; 13.

¥ OP, AA 21: 477.07-14; 41.
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thus stands between metaphysics and physics: riégalated bya
priori principles and given content by empirical obsepratit is difficult
to say whether Kant was ultimately satisfied whistsolution: he never
laid down his efforts at the printer’s.

3. Whewell's answer to the Kantian gap

I shall first, document Whewell's references to Kemhis philosophical
notebooks (3.1). Secondly, | shall argue that Whiewsho took Kant's
philosophy as a point of departure for his docton&undamental Ideas,
was unsatisfied with Kant's philosophy of scienaecdwuse it did not
show how ‘modifications’ (in the sense of concratians) ofa priori
principles resulted in empirical laws and that berespondingly tried to
modify the Kantian project (3.2). In other wordscerding to Whewell,
Kant had not solved the bridging problem. Nowheréhie following do |
claim that Whewell was a Kantian. For instance, Wéiedid not want to
provide an extensive list @ priori principles, as he allowed that new
Fundamental Ideas would emerge in the course dhiftery of science.
The significance of Kantianism for Whewell's phibgshy has often been
discussed in the literatuf®In defence of such significance, Robert E.
Butts has claimed that Whewell “owes his theonscience to Kanf?.
This is clearly an overstatement since Whewell veagare of the
limitations of Kantianism and criticised it for nbeing able to solve the
bridging-problem. Menachem Fisch and Laura J. Snyad®e denied a
substantial significance of Kant on Whewell’'s phophy. Menachem
Fisch has pointed out that in Whewell's notebookoaanot find any of
the questions raised in ti@ritique.” Recently, Laura J. Snyder claimed
that Whewell's philosophy is not derived from, mgeatly influenced by

0 See Butts (1965), 162-164, Fisch (1985), 279 (fott 19), Snyder (2006),
44-47, and Yeo (1979), 500. For Whewell's own cidins on Kant, see
Whewell (2001 [1860]), VII, 312-314, 334-336). Rtthewell’s published work

I have consultedCollected Works of William Whewgll6 vols.), Ed. R. Yeo.

Bristol: Thoemmes Press. Convention: between sqoeaekets, | refer to the
year in which the first edition of a work of WheWwabpeared. | also add the
volume-numbers of each work in the 2001 editio€oflected Works of William

Whewell

®1 Butts (1994), 278.

%2 Fisch (1991), 105.
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Kant.®® In the following, | will temper the claims of Fiscand
Snyder without resorting to a naive picture of Whvas ‘the English
Kant'. The account | defend is more complex. Morecsely, | shall
argue that Whewell's philosophical position develdpn close dialogue
with Kantian philosophy and should be seen as awanto the bridging-
problem that could not, according to Whewell, besveered by Kant.
Finally, we shall look at his doctrine of Fundananteas as he later
developed it (3.3).

3.1. Kant: a philosophical point of departure foh@vell's philosophy

Whewell’'s inclination toward Kantian philosophy anid familiarity with
it can easily be gathered from several of his mmi&b which were
written between ca. 1830 and 18%3For instance, in notebook five
(dated around 1832), Whewell noted that “Kaad left nothing in the
wide world of being but certain X's, — things inethselves without
predicate or form, being altogether unknown to®udh the very same
notebook, he left not&son Kant's Kritik der praktischen Vernunfof
which the influence can be traced in the sectiotitled “Of Practical
Skill and of Speculative Knowledge” in the sixthtelsook. In the sixth
notebook, Whewell also drew on KanKsitik der reinen Vernuft, as is
clear from the following statement:

%3 Snyder (2006), 51.

6 Several notebooks, contained in the larger cadecof Whewell Papers
(henceforth “WP”), are preserved and can be coedult Trinity College
Cambridge, Wren Library (Whewell Papers, class-nfark8.17). Convention:
words or text between arrows pointed downwardsr refeadditions inserted
from above; words or texts between arrows pointedands refer to additions
inserted from below. It should be noted that somtelmooks are numbered as
books others as folios (foliated notebooks are ydwaeceded by “f.”).

% WP, R.18.17, 125 [underscore in original].

®®pid., 181, 183, 184.

67 Cf. Whewell’s notes on thiritik der reinen Vernufttomposed between 18
and 23 December 1825 (WP, R.1'8,4. 10r, f. 11r). In these folios, Whewell
made notes on the distinction between analytical synthetical knowledge,
synthetica priori judgements, intuitionAnschauunp transcendental knowledge,
and the possibility o priori synthetical principles, mathematics, science and
metaphysics. Whewell first mentioned ti@itik der reinen Vernunfton 9
February 1821 (WP, R.18,%. 15, also on 24 October 1821: WP, R.18.911v,
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The conditions of our perceptions, in consequentevd we
apprehend objects as existing in space and tirme;aable, as we
have seen, of giving truth to extensive and impursgiences, that
is, systematically arranged trains of speculativght But these
conditions of our perception show themselves intlagroway, in
which indeed, they operatdy| far [the| most extensively; and

f. 42r (on this folio Whewell wrote “sensitive fdtu— understanding — practical
reason”)). In WP, R.1'9, ff. 1r-5r, ff. 6r-7v, Whewell composed more dééli
notes on th&ritik der reinen Vernunf{these were written between 25 July and
8 September 1827). On f. 2r, he wrote: “The obgddhis celebrated work is to
show the possibility of knowledge i.e. of universahd necessary truths.”
Empirical knowledge in its own nature does not gimeeessity but only limited
information. Hence, “the grounds of such knowledgast be sought in the
constitution of the mind”. The powers of the mine awofold: sensation and
thought. Whewell noted that in sensation we haeedbnception of space and
time and cause and effect, that these conceptiensc derived from experience,
and express the “law@orms) of our perceptive power” (ibid., also:4f, f. 7r
[underscore added]). The faculty of Reason provigewith various conceptions
of understanding\{erstandesbegriffewhich enter into all our judgements and
which can be enumerated as categories (ibid. faln: f. 3v). The categories
“give unity to the synthesis of a complex representation bywe comprehend
its parts in one act of knowledge” (ibid., f. 2funderscore added], also WP
R.18.17° p. 3). These conceptions are “of an a prioridigliwhen applied to
objects: that is we cannot learn anything respgctibjects without its being
included in them” (WP, R.T4 f. 2v). Moreover, experience is only possible by
means of such conceptions (ibid., also: f. 4r). Bsgntations are connected in
the mind in a synthetic unity by the act of appptio: “[ijn order to have any
knowledge we must excercise a synthetical operdiiglonging to ourselves”
(ibid., f. 3r). On the category of cause he addBdt in time, W" | assume as a
ground of perception, | represent to myself a sgtthl unity of what is
complex, without W the relation of sequence could not be given. Bist tnity,
as a condition of the conception of sequence amgittime, is the category of
caus€'(ibid., f. 4r [underscore added], also: f. 7n). the case of the perception
of an object which has no homogeneous nature, dbegories are applied by
means of “general notions (abstract idead) are homogeneous with the
categories on one hand & with perceptions on tiherdt Kant refers to these
general notions by the term “schemata of the Undeding” (ibid., f. 4v).
Whewell also made some further notes on analy&odl synthetical judgement
and concluded his notes with: “The conceptionshef tinderstanding acquire
meaning of being referred to objects.” (ibid.,f).5
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which, -dindeed for various reasons, we —mightmay
consider as the primary use of this part of owsrimal constitution.
The apprehension of things as existing and ocayirirspace and
time, regulates every action of every principabtuee®®

Whewell learned from Kant's philosophy the impodarof the active
powers of reasorpaceSnyder). He noted that “the German system” has
“not merely a tie connecting the impressions whied progressively
receive, but a constitution of the active facultibich makes the
impressions impossible without the connexitin’He stressed that in
order to know we must perceive and conceive. Kndgdeimplies both
passive as well as active thought: “collection mpiessions” and “the
operations of the reasoff’The actions of the mind work on impressions
provided by the sensésWhewell noted that by using language “we do
not expose our impressions only, but expose thendifred and
transformed by the operations of our thoughtsso that human minds
are “perpetually exercising a formative and proikecpower”, which is
“exercised upon the rude materfal"Such principles, which “are part of
the original furniture of the common or unsystemagiason” and which
spell out “universa| and familiar modes of contemplating objeéts”
have been brought to light and systematized dutiegcourse of human
history. According to Whewell, “sound and real phgs science consists
in apprehending a general fact of observation byamseof |distinct]
ideag ”’. Whewell warned that he did not use the term “Idieaits
customary sense and noted that “the ideas of whiwve to speak are
general notions of relation, connexion, dependebgewhich |such

WP, R.18.17, 13. Also see R.18.1743.

*wp, R.18.17, 11.

Owp, R.18.1%, f. 19r.

" bid., f. 36v.

2WP, R.18.17 23. About 1821, Whewell noted — although not getlorsing
Kantianism — that in Kant's philosophy the reprea@an of the external world
consists of “a modif.of the mind W' may exist without being known” (WP,
R.18.1%, 105).

WP, R.18.17, 24.

" bid., 41.

®Ibid., 14.

’®bid., 18.

" bid., 61, also: 63 [italics added].
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conceptions are combined with one anothé?” . Such ideas or
conceptions involve “an act of the mind by whiclgiies a certain unity
Jto eachy of the groups of things so seemed”; furthermofghis act
may be expressed by saying that we conctiieeobjects as one, and the
faculty of the mind may be called conceptibh’In other words, “the
perceptions of this faculty of perceiving acts, &@und together by
conceptions which give them unif{”

Kant's transcendentalism was important to Whewaetices it
implied a shift from practical to contemplative t&ition”. Kantianism,
for Whewell, was a “contemplative” exercise thatdered explicit the
conditions which are presupposed by our (practpatteptions:

The principles which had been followed through itheestigation

of practical propensities, might come to be theeoty of a
contemplative attention; and men, not content vihle safe-
conduct |which they enjoy from their practical perceptions,
[faithful| but silent guides, might begin to ask and answer
concerning the path they were pursuing. They might their
attention from the object to the meth8d;

In several of these notebooks, Whewell sought t@auwei “the general
fundamental convictions and lawW&underlying human reasoning and
science. His aim was to show how these laws orciplies gave rise to
sound scientific knowledge:

Our object is to ascertain thgenera] laws which govern the
formation and progress of knowledge in the largesise; And the
course which we purpose to follow leads us to erantheir
llaws| in the first place, as they have operated in thwseiches
of human knowledge which more peculiarly termed=8ces and
in which the certainty and progressive characteswfknowledge
are most striking and incontestable. [...] Science tmatfor our
purpose described as speculative knowledge of generaigftit

% bid., 61.

WP, R.18.1%, . 15r [underscore in original]; cf. R.18473.
9WP, R.18.17 f. 16r, cf. f. 32v.

8 WP, R.18.17, 33.

8 bid., 12.

8 |bid., 84 [underscore in original].
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On space and time Whewell noted that “all things @resented to our
apprehension under the conditions of space and #n8pace and time
are intuitions. When using the word “intuition” hesed it as an
equivalent to “the German word AnschautfigHe noted that “[s]pace is
not a notion obtained by experien®nd that “the existence of space as
a real and necessary condition of all objects aseped®’. On time he
wrote: “Time is a necessary condition in the présst@om to our minds of
all occurrences®. Space, time, causation (and “the like”) express
relations between our impressidiidhe concept of cause is not derived
from experiencé’ He wrote the following on Kant's account of thead
of cause:

While this series of disputes was going on in Sawtl[Whewell is
referring here to Hume, Stewart, and Brown], a gneetaphysical
genius |in Germany was evolving his solution of the same
problem. Kant's speculations originate, as he mforus, in the
trains of thought to which Hume’s writings gaveerisand the
Critik [sic] der Reinen Vernunft, an examination tife pure
Reason was published in 1781, with the view of shgvthe true
nature of our knowledge. [...] According to Kant, sality is a
condition of our experiences; a connexion in evétequisite to
our apprehending them as events; [...] Thelation, of causation
is a condition of our thinking of things, as thdatmns of space
are a condition of our seeing thém.

These conditions “reside in the constitution of thnd”®? and are the
“conditions of experiencé® “Conditions of Inductivity®, “Regulative
& Interpretative Conception®” or “the conditions of our receptivity

WP, R.18.17 12.

WP, R.18.1%, f. 67v [underscore in original].

% bid., f. 38v.

¥ bid., f. 42r, cf. f. 58v.

® bid., f. 56v.

89WP, R.18.17 16, 18. In a letter to Richard Jones, 21 Aug@84]1 Whewell
used the term “ideal relations” (WP, Add. Ms. c''81f. 1v).

WP, R.18.17, 6.

L Ibid., 10. On 11, Whewell wrote down the followingference to th€ritique
of Pure ReasarfK.R.V. p. 170"

2\WP, R.18.1% . 41v.

% bid., f. 43r.
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In notebook nine, Whewell set out to find an answerthe
following paradox: if mechanics has empirical contbow can it be
necessary? In other words, “[in the phraseologyabsmong German
writers” his aim was “to prove the possibility ohet science of
mechanics” (paceFisch). However, according to Whewell, the Kantian
account of the idea of cause, which is “indispehs#iue as far as it
goes”, “requires further explanatiof®. The notion of cause must be
expressed “in the form of propositions in ordertttieey may form a
foundation for our reasonings’ In other words, we must be able “to lay
down certain Axioms, or Definitions which may beegeas Axioms, in
order that we may have such a structure of Dematin®tr concerning
causationin any of its modificatioris’>. Whewell drew a close analogy
between the axioms of mechanics and the axiomseomegtry: “The
axioms of [mechanic$ do, in fact, flow from our idea of cause, as
necessarily as the axioms of geomeygo| from our intuition of
space.’. He then continued to show that the statement ‘&harything
which happens must have a cdusea partial expression of our idea of
causé®, but that “we still have to shovmow it enters into the
construction of the mechanical scierid8$ Whewell’s solution consisted
in uncovering the Axioms of Causation which serve @eneral
intermediate forms and could be given empiricaltenn(see 3.2). In the
case of mechanics, the Idea of Cause is modifiedand concretized by
the Idea of Force. Whewell clearly took over theadof Kant that
scientific knowledge derives froma priori principles. Nevertheless, he
was dissatisfied with Kant’s failure to show hovwegka priori principles
enter into the construction of science. In otherrdsp according to

WP, R.18.17, f. 1r, f. 30r.

WP, R.18.1%7, f. c.75r.

% WP, R.18.1%, f. 75v.

WP, R.18.17, 2.

% bid., 12.

% |bid.

190 |hid. [italics added].

%% 1pid., 32.

192 He noted: “This Axiom expresses only a resultpasequencela derivative
of our idea of cause, a portion of the convictiamsich accompany it. The
Axiom may be requisite in the exposition of our whedge, but the idea itself is
the foundation of the knowledge.” (ibid., 14).

193 1bid. [underscore in original; italics added)].
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Whewell, Kant had failed to provide bridging priples
between the priori principles and scientific laws which have empirical
content.

3.2. The 1834 paper on the necessity of the lawseghanics

In these notebooks (especially the eighth and mintBbook), we find the
materials that Whewell systematized into an impdrtsmper entitle®n
the Nature of the Truth of the Laws of Moti¢h834) which was
published shortly after the composition of theséebooks. The paper
itself does not indicate that Whewell saw his goluas an improvement
of Kantian natural philosophy. If, however, we japbse the notebooks
and the paper, this becomes more obvious. In 184 p&per Whewell's
focus is on mechanics. Since the science of mechatidies theauses
(i.e. the forces) of motions, they depend the universal principles
presupposed in all our reasoning concerning cad%ds other words,
the truth of the laws of motion depends upon thiecjples applied in our
everyday reasoning concerning cau$é3hese principles of causation
are expressed by means of the following three axiom

Axiom |. —Every change is produced by a cause

Axiom Il. —Causes are measured by their effects
Axiom Ill. — Action is always accompanied by an equal and opposi
Reaction'®

Inevitably and unconsciously we assume the truththefse axioms
whether for practical or theoretical purposes. €hemxioms are
necessarily true according to “our notions of miatetausation®” and

are “the universal and necessary rules of causatfolNow, each of the
laws of motion corresponds to and is based ondirad of these axioms:

1% 1n notebook nine he noted that Newton's law hagigoal content and
depends “upon our conceptions and the ideal relationder which they are
inevitably attained” (ibid., 42).

1% Whewell (2001 [1840]), V, 574. The paper occuresda reprint which was
added to thePhilosophy of the Inductive Sciencedl references are to this
reprint.

1% pid., 574-576; cf. ibid., IV, 177-185.

%7 |pid., V, 591.

1% |pid.
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the first law states that a body not acted upomuny force will go in
a straight line with an invariable velocity (or ppositively, that each
non-inertial motion is caused by an impressed forttee second that,
when an impressed force acts, its accelerativetijya measured by the
accelerative effect produced; and the third th&igmone body acts upon
another, there will be an equal and opposite readtrce. From this
Whewell concluded:

And so far as the laws are announced in fitrisn, they will be of
absolute and universal truth, and independent gf @articular
experiment or observation whatever. But though ehlesvs of
motion are necessarily and infallibly true, theg,an the form in
which we have stated them, entirely useless angpiiwable. It is
impossible to deduce from them any definite and itpes

conclusion, without some additional knowledge @uasption'®®

What the precise cause of retardation is in thaahehotions of bodies,
how we should measure the accelerative effect, lamd we should
measure the action (i.e. the motive fdtdecan only be established by
observatiort** Whewell wrote:

The form, and even the language of these lawsieoéssity what
it is; but the interpretation and application oért is not possible
without reference to fact. We may imagine many swecording
to which bodies might move (for many sets of rutiferent from
the existing ones, are, so far as we can see hpesand we would
still have to assert — that velocity could not adpamvithout a cause
— that change of action is proportional to the éondhich produces
it, — and that action and reaction are equal argbsife. The truth
of these assertions is involved in these notionsaefsation and
matter, which the very attempt to know anything caming the
relations of matter and motion presuppo<és.

199 bid., 577 [italics added)].

110 According to Whewell, the motive force can be nueed by bottmv (in case
we want to measure it by the effect produced irivargtime) andm\2 (in case
we want to measure the whole effect produced) .(il5ig5).

! 1bid., 576-588.

2 |bid., 588.
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The laws may be considered as a formula derivedm fra
priori reasonings, where experience assigns the valtreedérms
which enter into the formuld?

The laws of motion thus have both an empirical pad necessary part
(which cannot be denied without self-contradictiang, which is derived
from a priori principles):

The parts of the laws which | have stated as eogljrappear to
me to be clearly of a different nature, as to thgemcy of their
truth, from the parts which are necessary; anddtfference is, |
think, established by the fact that these propmsstiwvere denied,
contested, and modified, before they were finalyablished. If
these truths could not be denied without a seltrealiction, it is
difficult to understand how they could be (as thegre) long
obstinately controverted by mathematicians and rethiilly
sensible to the cogency of necessary triiths.

Whewell's Axioms served as intermediary conceptss limportant to
note that Whewell consistently endorsed this intetgtgion in his later
work (esp. in thePhilosophy of the Inductive Sciengeshe content of
his solution never changed. What did change, hokyeves its domain of
application.

3.3. Whewell's generalisation of the 1834 solutithre Philosophy of the
Inductive Sciences (1840)

As we have seen, in the 1834 paper Whewell's fecass on mechanics.
When he had finished his grand historical studytlom history of the
inductive sciences (1837), he generalized thistiesito other domains
of science which have progressed according to dthadamental Ideas.
The idea was that the laws arrived at in all otbeences were also
necessary (because they derive their form from AR®ms of their
corresponding Fundamental Idea) and empirical (sathey are
interpretations concretizations or ‘modification$’their Axioms).

One of the most prominent goals of WheweWBilosophy of the
Inductive Sciencewras to show the place which Ideas have had in the

113 bid., 594.
1141bid., 593.



26

progress of science and in the discovery of newhsrabout the
natural world'!® As each branch of science progressed, a Fundamenta
Idea was made more explicit. Some ideas are peddi@mne branch,
others are common to more. For example, in the ldpment of
mechanics the Ideas of Force, Matter, and Causguaméessential; in the
Chemical Sciences, The Idea of Polarity, Chemicdfindy, and
Substance; in crystallography, the Idea of Symmaétrthe Classificatory
Sciences, the Idea of Resemblance and Natural iBffinn the
Physiological Sciences, the Idea of Assimilatiamitadbility and Final
Cause, etc. The progress of science, according tew&ll, was only
possible by the fruitful combination of both metgpics and
experiencé'®: “the metaphysical is a necessary part of the dtide
movement!’. Consequently, the progress of science has itse i
observation, in the application of Ideas (which ulate our active
operations of the mind®), and in the union of the twt?® Great
discoverers are distinguished from barren speaddtwmt by havingno
metaphysics in their heads, but by havgupd metaphysics while their
adversaries had bad; and by binding their metaphysi their physics,
instead of keeping the two asund&®. Whewell referred to this

"3 pid., 117.

118 According to Whewell the theory of Fundamental aslecircumvented
Hume’s problem of induction: “Our inference from ida’s observation is, not
the truth of his conclusion, but the falsehood isfgremises; - not that therefore,
we can know nothing of the natural connexion, bat,ttherefore, we have some
other source of knowledge than experience; — het, we can have no idea of
connexion or causation, because in his languagearihot be the copy of an
impression; but that since we have such an ideaideas are not the copies of
our impressions.” (ibid., 1V, 75). The Idea of Cauwarrants the necessary
connection between cause and effect, which isd@jfinot given by experience.
" bid., 1V, ix.

8 1bid., 66.

19 bid., ix. Later in hisOn the Philosophy of Discoveklyfhewell would write:
“They [the Fundamental Ideas] are not proved in toeirse of scientific
investigations, but brought to light as such inigggtons showed their necessity.
They are not the results, bilite conditions of experimental sciencgs.] They
are not the consequences of knowledge, acquired Without, butthe internal
condition of our being able to kndiwm(Whewell (2001 [1860]), VI,349-350
[italics added]).

120\Whewell (2001 [1840]), IV, x.
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necessary intertwinement of ideal and empiricalmelets for the
constitution of knowledge as “the Fundamental Awetsis of Philosophy”
knowledge about the world always involves both ‘“Uigots and
Things”.*** In every acquisition of human knowledge “there tmhe
something about which | know, and an internal actneéwho know™?,
When Kepler discovered the elliptic orbit of plasmehe applied the
concept of ellipse to the motion of Mars. The ¢itigl orbit is
constructed and supplied by the mind. We tbeeughideas, even if we
are unaware of thef® Theory and fact can only be separated from each
other in terms of the ways wherein they are contategd: “for a Theory
(that is, a true theory) may be described as a giowhich is
contemplated distinct from Things and seen to agnée them; while a
Fact is a combination of our Thoughts with Things so complete
agreement that we do not regards them as sepHfat€undamental
Ideas are at the heart of Whewell's philosophy wbwledge and they
perform the same role as Kant's synthatigriori. It should be noted that
Whewell used the term “Idea” in a rather unconwardl manner:

But it may suffice to observe that we use the wintels in the
manner already explained, to express that elemsapplied by the
mind itself, which must be combined with Sensatiororder to
produce knowledge. For us, Ideas are not Objeci&hofight, but
rather Laws of Thought. Ideas are not synonymouk Wbtions;
they 1aL2r5e Principles which give our Notions whatewery contain of
truth.

121 cf. “Without Thoughts there could be no conneximithout Things, there
could be no reality. Thoughts and Things are somately combined in our
Knowledge, that we do not look upon them as disti@ne single act of the
mind involves them both, and their contrast disappé@ their union.” (ibid., 18;
cf. Whewell (2001 [1860]), VI480). The expression “Fundamental Antithesis of
Philosophy” was coined in Whewell's first memoir 8@4) (appended to
Whewell, (2001 [1840]), V, 647-668).

22 1bid., IV, 17; cf. ibid, 666-667.

2% |bid., 40.

24 |bid., 24, cf. 40.

2% |bid., 29.
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These Fundamental Ideas are conditions “without clwhithe
external world can neither be observed nor conclive ; they
“necessarily impose their conditions upon that kieslge of which
observation supplies the materfal” The goal ofThe Philosophy of the
Inductive Sciencesvas to “not merely to prove that theege such
Fundamental Ideas or Laws of mental activity, louénumerate those of
them which are involved in the existing scienc¢és”

In the Philosophy of the Inductive Sciend¥hewell reiterated his
ideas on space, time and causation. Space andateneecessarfprms
belonging to our perceptive power. We cannot comceif objects or
events as not occurring in space or in time. They aroperly speaking,
intuitions we conceive events occurring in the same abssheee and
time.’® The Idea of Time (like all other Fundamental IJeés a
constitutively necessary condition of knowletfje

By considering time as a form which belongs to poxver of
apprehending occurrences and changes, and undghn albne such
experience can be accepted by the mind, we exfiainecessity
which we find to exist, of conceiving all such chas as happening
in time; and we thus see that time is not a prgpperceived as
existing in objects, or as conveyed to us by thesesg; buta
condition impressed upon our knowledge by the @atish of the
mind itself involving an act of thought as well as an imprasof
sensé3!

Whewell made similar statements on the Idea of &pac

As we have before seen that demowledgeof solid space and its
properties is not conceivable in any other way thauthe result of a
mental act, governed by conditions depending oovits nature; so
it now appears that ouperception of visible figures are not

2% |pid., 76.

7 1pid., 79.

128 \Whewell (2001 [1958]), VI, 489.

129\Whewell (2001 [1840]), VI, 89-91, 128-129.

%1bid., V, 633.

131 1bid., IV, 127 [italics added]. Cf. Fundamentalets are the result of “a
particular constitution and activity of the mindhish is independent of all
experience in its origin, though constantly combingith experience in its
exercise” (ibid, 84, cf. 96).
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obtained without an act performed under the same
conditions. The sensations of touch and sight abberslinated to an
idea which is the basis of our speculative knowéedgncerning
space and its relations; and this same idea idodisd to our
consciousness by its practically regulating ouercurse with the
external world-**

By means of the Idea of Cause (which is also naive@ from
experience and which occupies centre-stage in #e&hamical sciences)
we constantly perceive the world around us in teahsuccessions of
causes and effects. The empiricist cannot expla@ riecessary and
universal truth8® attained in mechanics:

The idea of cause, like the ideas of space and isre part of the
active powers of the mindlhe relation of cause and effect is a
relation or condition under which events are appmetied, which
relation is not given by observation, but supplied the mind
itself ** [...] We have, in the Mechanical Sciences, certain
universal and necessary truths on the subject udesa Now any
view which refers our belief in causation to mesperience or
habit, cannot explain the possibility of necessamyths, since
experience and habit can never lead to a percepfiorecessary
connection:*®

132 |bid., 124-125, cf. 86-87, 111, 127. Since thefirdethe necessary conditions
of our perception, the negation of such necessanditions cannot even be
conceived of: “As | have already said, necessaihsrare those in which we not
only learn that the propositids true, but see that imust betrue; in which the
negation of the truth is not only false, but impbl&s in which we cannot, even
by an effort of imagination, or in a suppositiomnceive the reverse of that
which is asserted.” (ibid., 55; cf. Whewell (2008D]), 338). We cannot for
instance other than conceive of an object that doesccur in space or time.

133 See especially Part I, Chapter VIII “Of the Papadd Universal Propositions
Obtained from Experience” (Whewell (2001[1840]), RA5-245).

134 According to Whewell, this opinion was anticipateg Kant “the great
metaphysical genius” who thought that “the RelatiérCausation is a condition
under which we think of events, as the relationspce are a condition under
which we see objects” (ibid173).

135 bid., 176-177 [italics added].
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Perceiving the world in terms of successions oSeawand effects is
also “a condition of our apprehending successivene*®. Whewell
considered Fundamental Ideas as the conditions wvtdeh we think of
events®’ The necessity and universality of truths is detifom the
Fundamental Ideawhich those truths involve™:

These ideas entirely shape and circumscribe ouwleage; they
regulate the active operations of our minds, withatnich our
passive sensations do not become knowledge. Thegrgdhese
operations according to rules which are not onlyedi and
permanent, but which may be expressed in plaindafidite terms;
and these rules, when thus expressed, may be rhadbasis of
demonstrations by which the necessary relationsaitag to our
knowledge by our Ideas may be traced to their aquneseces in the
most remote ramifications of scientific trutff

A Fundamental Idea can only be partially descrimpdneans oAxioms
I.e. “enunciations of the necessary and evidentitioms imposed upon
our knowledge by the Fundamental Ideas which iblves™®. From
these Axioms we derive propositions that are applie to the empirical
world.**°

In thePhilosophy of the Inductive Scienc®¥ghewell generalized
his ideas on the necessity of the laws of mechataicsther laws in
different branches of science. It should be noted he remained very
vague as to what axioms guided other sciences.o@nfor instance, the
Idea of Polarity could be enunciated in axiomagcnts which are
subsequently interpreted empirically, Whewell wassar explicit. It
therefore remains unclear how his treatment coele:Xiended to other
scientific disciplines.

To conclude this section, | clarify that Whewelpsilosophy of
knowledge in hisPhilosophyof the Inductive Sciencaasvolved two
different types of necessity: (1) one which obtaibstween a
Fundamental Idea and its corresponding Axi@onétitutive necessity
and (2) another which obtains between Axioms anensific theorems

138 hid., 176.

137 bid., 173.

138 hid., 66, cf. 217.
139pid., 67.

140 gee ibid., 21, cf. 73.
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or laws (nterpretative necessity'** Human beings can
only know a Fundamental Idea partially by its Axmme can only
obtain some glimpses of Fundamental Ideas, unéesighect of Axioms.
The Axioms are necessary because they give a lpdesaription of the
constitutively necessary conditions of our peraaptiln other words,
what they describe isconstitutively necessarnof our nature as
experiential beings. This notion of necessity cambscribed as follows:

Constitutive Necessity Axioms are necessarily true because
they partially describe a corresponding Fundamentida,
which refers to the constitutively necessary caooilit of our
knowledge of the world.

By contrast, the laws of motion are necessary frimair being
interpretations of the Axioms of Causation. Fotanse, the second law
of motion, which asserts that forces are measuyethdir accelerative
effects, is annterpretationof the Axiom according to which effects are
measured by their effects. It is an interpretati@cause it instantiates
the form of the Axiom and also because it conaestifie general terms
“cause” and “effect” into empirical counterpartaicB concretization is
necessary to arrive at proper knowledge of thedvorl

It must be allowed, on the other hand, that so lasgthese
formulae are not interpreted by real study of rettiney are nor
only useless but also prejudicial; filling men’snai minds with
vague general terms, empty maxims, and unintelégib
abstractions, which they mistake for knowledtfe.

This aspect of Whewell's concept of necessity ¢ars e described as
follows:

Interpretative Necessity The laws of nature are necessary
because they are empirical interpretations of neags
Axioms, i.e. they add the required empirical cotddn the

“IFor a complete outline of the argument | refer thader to Ducheyne (to
appear), wherein | argue against previous accoaht®/hewell’s account of
necessity and provide a coherent alternative.

12\Whewell (2001 [1840]), IV, 250.



32
abstract form of the Axioms in order to arrive at
scientific laws.

As the Axioms of Causation get their interpretatfoom the material
provided by phenomena, they become laws of mdffthaken jointly,
the concept(s) of necessity that are present inWiglis Philosophy of
the Inductive Sciencesin be described as follows:

Constitutive and Interpretative Necessity The laws of
nature are necessarily true because they are eogpiri
interpretations of necessary Axioms which derive
ultimately from the constitutively necessary candg of
our knowledge of the world, i.e. from Fundamendaids.

4. In conclusion

In Whewellian terminology, we might say that Kait, his published
works, only had addressed constitutive necessity rast interpretative
necessity, i.e. he did not show hawpriori principles could be given
empirical content by intermediary concepts. Witk dénalysis of the laws
of nature as empirical instantiations and concaéitns of the Axioms
that partially reveal their corresponding Fundarakrntiea, Whewell
sketched how he thought that Kant's problem of dirig the gap
between the metaphysical foundations of naturaéne@ and physics
could be solved. The intermediary concepts thattKeas trying to
establish correspond to the Axioms in Whewell’dqaophy.

If the above analysis is correct, then we have shdhat
Whewell's account of the Idea of Cause (and byresita, his doctrine
of Fundamental Ideas in general) grew out of hisatisfaction with
Kantian philosophy of science and its seeming litgbio solve the
bridging-problem. This analysis throws new light thre importance of
Kantianism in Whewell's philosophy, for we have waimothat Whewell
took over and transformed Kant's ideaagpriori principles as conditions
for the establishment of proper knowledge about wweld (without
always clinging to Kant’'s exact differentiation ween them) and that
Whewell was trying to address a typical Kantianidcopamely, to show

143 1bid., 660.
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how scientific knowledge could be both empiricad amecessary and
how the gap between metaphysics and physics ceutditiged.
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