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PRIFACK

An inestimadle amount of specialization end self-ocriticism charecter-
1zes current mathemmtical research. In the field of mathemmtics »roper,
& great number of mathematical books and periodioals are beimg issued, oone-
taining countless now theorems, restutements and new, original solutions
of 0ld prodlems, and new methods of proof. It has been said that though
the delegates to mathenatical congresses may be quite competent mathemati-
cians themselves, they cannot possidbly comprehend all the over-spebialized
topies presented (l). According to the historian Cahori, if the history
of mathemntics in the nineteenth century alone were written with some de-
tail, fourteen or fifteen large volumes would be equired (2). The same si-
tuation obtains in the literature, and at the congresses dealing with ap-
plied mthemetics. 2ven the non-mathemeticien feels the impact of mathema-
tics on gemerel culture through the inareasin: number of boors end articles
endeavoring to present methematics in a simplified and popularized form,

Contemporary research in mathematics itself 1s nearly rivelled by an
equal productivity in philosophicel inquiries on mathemetics. Cuestions
of mathematioal method and symdoliss are being exssiined under the titls of
Symbolic Logic, while othar invaestigrtions are concerned with the founda-
tions of mathsmatics, with theories on numbaer, functions and strueture.
Wamerous philosophical discursions deal with the applicebility of mathema-
ties to physios, t0 chemiastry and dbiology, and to psychologicel and econo-
mic sitvetions, The more extonded problems covering the speoulative rela-

tions of mathemantics to loglo, psychology and philosophy in generel -~ pars

(1) Bs Te Bell, The ‘ueen of the Sciences, Baltimore: williems & Wilkig
Seupany, 1931, p. 1g; 2 similar remark can bs found in Ceorge Sarton, The
3tudy of the Histdzf'of linthematigs, Harvard: Farvard University Prass, 1936
P 13.

(2) Plorien cajori, “Plans for e Hictory of Mothemmtdies in the Wimuvee
Century,” Sglange, n.s., 48 (1918), p. 279,
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of a growing philosophy of scienco ~=- nrc boing invostiruted by & prowing
mmber of thinkors.

The specific prodlem whieoh in hovrain concoived ag boin- nerulstent and
basic to much == indeed, if not nll -- of tho ourrent 4iscussinons concerning
she philosophy of mathematics is tho neture of mathemrti )l abstrection. It
is with thir cuestion that the present inquiry 15 concerned ap attempting to
discloss tha dootrinel pertinonce and speoculntive valu: of mothomnticael sb-
streotion for current philosophicnl thoorics on the nature of natherx tios.
A study of this kind mtumudlnvoton many Tolontad »ronlama, s on analysis
of its historical antecedantn, i¢ts relation to exparience, its differencs
from other abstyactiva processas, nnd its partinance to contomporsry exten-
siona of mathemting,

Thess closely relnted themes hava provoked the following order of consé
deration, An introductory part of ons chapter aims to clarify the prodlem
by distinquishing and speculatively ordaring ths wvarious possible viewas that
can ba held on mathomntical thought. The noxt pa-t considers soma selected
historical positions, and the last part contains the discussion of mathema-
ticnl abstrection.

My thanks are 4due Primarily to tho "oclaty of the i"rocious 3lood to
which I owo a cherished Bebt nf agrotituds, I% was through ita egoncy that I
was givem tha oprortunigy to study end thet I ves .lirsated intc the philoso-
phical aspects of mathewsios amd acience. The influence of the lost Rev,
Joseph M, Harling, C.FP.5., PheD., Auxilicry Biohop of Kangas 7ity, Dr, u-
dolf Allers of Georgetown University and Tr, Raymond 1. “{lder of the Univer
visy of Mishigan -~ 2ll of thaw my teschorsa in the past -- i@ gratofully sck
nowledged. The direstion and kindnens of the Rov. Herri Cretton, O.}.I.,
Phe Loy “eTeley Of the University of Ottawe, “ov. R0m00 Trudel, O.icI., Phel
SeTeley Jo uBey Doan of the FPaculty of Philosophy of the Univerasity of Ottae
wa, and "r, Thomes (reemwood of ths Universities of ttnwa and .ontreal, and

of tholir collengees at the University of Ottaws, wor.: inavluablu,



INTRODUCTCRY,
Chapter 1, The “roblem of Xathematical Abstraotion

A fundamental confusion of terrinolary characterises the literature
bearing on tne philosophical aspects of msthematics, Mathematiocal logioc,
Mathematical Thilosophy, Philosophioal ¥athematics ani! Metamathematlcs are
Lut a few of the expressions ourrently nsed tc icaignate the cognate as-
rects of mathematios and philesonhy, This verbal -iisorder is but eymto-
matic of more dasic disputes, A variety of opinionated attitudes is
commor today: mathematies iz equated to logie and to all exmot thought;
the perfestion of mathematioal abstraction bas supplanted and superseded
metaphysios; the universe of mathematical diseourse offers a unique though
tentative view of the world of nature (1),

Various faetors are responsible i'or these disparate views. Mathema-
tics presently ocoupies a position of envious importance (2), Fxaggerated
opinions of its nature are readily oceasidned by its strong influence on
sveculative and cultural thorzht and ite numberless practiocal appliocations,
Seocndly, the philesephical basksround of ocur times and presemt rhilosophical
trends are netorious for an excensive regard for mathematics and soience,
and a correlate distaste for metaphysies, et-ios and theology. !athemti-
cians and seientists have philosophised in this antimetaphysioal atmosphere

(1) A recent sumoary and survey of rathematical research and nhilosoe
phical spesulation on mathematios can b found in louis ©s Kattsoff, A
Philo of Mathematies, Amesy Iown State College ress, 1648, ZKatfe
W%WMQt reference will be made, supplants an earlier,
similar survey by .ax Blask, The liature of Mathematios, lLondon: Kozan Paul,
1933, Por the contemperary situation regarding the philosophy of mathemse
ties see Chapter VII, delow,.

(2) 1t e \nn"nm that mathemmtics, so succeesfully applied to rhye
sics, chemistry and the soiences of none=living matter is gradually deing ine
treduced imto blology, psychelogy and the solences conesrned with life, Pop
a bwroad, popularised and somewhat exaggzeratod survey of the significance of
mathematies for other sciences, see Hollis R Cooley, Navid Gans, Norris in
and Howard R, Wahlert, Introduotion to Mathematics: A su whuinnﬁ Math

matioal Ideas and their Welaticns to othor Flelds of Kknowledge, New York:
Hourhton MATFIin Company, 1957, Chapter 21, ppe bOS<817,




since the days of :he Cartesians (3). Thirdly, most r~ilosophers arc neglest-
ful of mathematical dootrine, ‘- The difficulties inherent in lts abstractive pro
cess w1 symbolism, the lack of time, interest or mathemanticsl talent, and lhe
confort of relaxing im the view of one's own philosorhical rosition are 'urtial
reasons for this deurth of philosopaical response. Fourtkly, the matheaticlan
as & rule untutored in philesophy, ecrutinise the universe fram the view of it
matioal abstraction alome (4)s Veglectful of metaphysical i lieations, -eny =
thematioians make indiseriminate renoraliszations, as mathematios is ".'.e subjec
in which we never know what we are talking about, nor whethsr what we are sayin
is true” (58); or, "From the intrinsic ovidensce of his creation, the Great Archi
tect of the Universe now begins to appear as a pure mathematician® (8),

The general disregard for the dootrine of philosophical adstraction has co
tributed to and emphasized this want of speculative ascord (7). The olarifioam-

tions whioh it embodies regardiing the nature of soience and the distinetion and

(3) 7Fe=ds Thonpard, ‘reeis d'histoire de la philesophie, nouvelle edition
revus et corrigee, Tournal; Jesclee & Cle, 1545, ppe IIFEKBT or see Charles

Sinrer, A Short History of Sclence to the fineteenth Cent Oxford: The Clae
rendon ress, R Tnsurgeat Century,” ppe 1 e A thorough study of
the oririns of modern science iz contained in Fdwin Arthur iurtt, The iﬂetan%si

oal Foumdatiems of Modera Mysical Sciense, New York: liarcourt, Jrace an

vany, 1932, Chapter I, "Introtuction,” rr. 1=22 and passimy an! in “tienns Gile
son, The lLmity of ;hilonophinl'mgrignu London s §50a3 ant sard, 1938, Part
‘me, "The Lediaeval Experinent,” ppe s~182.

(4) Jaoques Maritain, The Teprees of Enowlodre, Londom: The Centenary
“ress, 1937, ppe. 58=83,

(5) Dertrand Russell, “Recent Work on the I'rincirles of kathematiocs,” Ine
ternatiomal Monthly, ¢(1901), pe 84, —

r James Jeans, The a-torim Univeres, new revised edition, YNew
York: The Mecaillan Company, s Pe 185,

(7) Through the influential thought of Leidtnis and Xant, the word "abstra
tion" has suffered a Calsification of its origimal meaning, It frequently re-
fors, in the contemnorary view, to a qualitative state or pose of the mind whic
lacks an extra-mental ocounterpart. PFor a use of the term in this falsified sor
ses Bir James Jeans, ihid., Chapter V, "Inte the Neep Waters,” np. 137«188, or
George ', 3irkhoff, "NRthesatics: Quantity and Order,” in Science for a New Vor
edited b’ J. Ge mm. Yow Tol‘is H‘rpﬂr & m’ow'. 1533, PPe 508305. ii;‘
word is used in this essay to deeipnate 'hat aotion of the wind which specifies
speculative seience, and will be explained below in Chapter VIII,




interrelation of sciences, are, however, “inlazenta} in solving :revalent
mathemationl disputes. If a mathematician ignores or neglects the lis-
tinotions of logleal, :etaphysical, scientifio and philosophiosl abstraes
tion in his reflections on the universe, stranre consequences result, The
metanhysical teashing »:. the amaloc: of boing;,“ the 1istinction of substance,
quantity and [uality, ratter mnd e~irit, lose treir significance, Togle,
r.arology and “sychology are oredited with solentific status only %o the
extent that they are amenable 0 mathematical treatient, while the vast
realm »f ~robable and im.crcctl scientific knowledre topether with the
o, irions and knowledge of +he criinary -~erson, are reputed as erroneous
and unenlightened (8), That such is the present situatiom for mamy ma-
thematician~philosovhers is a consrally socepted proposition,

In >rder %o ‘istinguish the point of view which is adopted through=
out this essay, it is necessary to classify these iivercrent views, illus~
trate ~hem, and adont s Jdefinite and consistent terminology. Adopting
abstraction itself as a dasic for “ivisgion, ''e pessible views on mathee
matics fall under five broad categories ranging from e preesoientific

attitude towards methematics to the extreme of identifying mathematical

(8) This nerleot of the ~re-soientifio and other legitimate views de~
siies that offered by methemmtics aunl sclence is soundly oriticized in Raily
Meyorson's ldentity and Heality (Aulhorised trarnslation b Fate Loewenberp,
londem, teorge Aller und Unwin, 1:30), passim; zee sgpecially Ghapter Al,
"Cosmon lense,” pp. 364-383, For a nimffu criticism see Loon Chwistek,
The Limits of Solences Cutline of the kethodology -f the Exeet Sclences
Trranslation By Belen Charlotte brodle And Arthur . Coleman, Introducti. n
and Appendix by Helen Charlotte rodie, Wow York: Harcourt, Srace and 7 e
pany, 1948), Chapter I, "Imtroduetion;” py. 1-2% and Chapster IT, "The
Tinite of Jound leasom,” pp. 24«02, In Btudes sur le “ole de la sensea
medievale dans la “oromtion du systeme cartesien (Deuxlieme rartie lus "ri =
des de :hllosophle medievale,” Revus et considerabloment sugmentee, ‘aris;
Jo Vrin 1930), Etienne :ilsan points out how Jesoartes' mathematioiam elie
rinated ocher scientific speculation; see Deuxieme fartie, "desoartes et
1la metaphysique medievale,” Chapitre I, ppe 141-100,




and metaphysioal abstraction and thus equating all solence to mathematics.
The first is the noneabstractive or -re-solentifio, which incluies numbere
mystioism, the ordinary jereon's soquaintance with mathematios, the emperi-
nental view, and theories whioch do not oredit mathematios witn achieving
scimtific abstraction. The second is the abatractive view of the sciences
and of the -nilogophy of nature which includes the historical view and that
of applied mathematics, The third category is the adstraction proper to the
science of mathematios, The fourth is the abstractive view »f logiec as ‘ig~
tinct from mathematios (%), The fifth is the abstraction of retaphysies,
more commonly ocalled "aritiocal” teday (1C). The attempt to ;lace buth
legitimate and erroneous positions on mathematias within essh of these
classes, meots with a partial overlapping and clash among these :ivisions,
especially ix the relation of any claps to that of metaphysical abstraotion,
This is attributable, though, mot to the inadequacy of the divisions bhut to
the unity of human seience and knowledge and to the fact that the mind seeks
synthesis and truth (11), lior;ov.r, much of the consomitant confusion and
mny of the srrors are direstly attributadle to the eapriciouancss of a given
thinksr snd to his predisposition, from his mathematical viewpoint, towards

hasty and unwarranted gsmeralisatioms, ror example, one historian may merely

(3) 7Tnis ts in contrast to the tenets of legieism, a current theory
maintaining the identigy of logio and mathemmties. For a swmmary of this
pﬁliti sce louin o Xatbmoff, op. 0it,, pp. 03=118,

(10) Tvide, ppe 1o7, Kattwoff views "metaphysies™ or philosephy as
haviag merely & eritical funetiom, whioh is but a modern restaterent of
Kant's Srenseendesstal crisioisn,

(31) Trwin Schreedingsr, ‘hct is Life?, Yew York; The Hacmillan Come
pany, 1948, Prefase., pp. vitwwiil,” Sekroedinger points ocut the mind's
desire for symthesis and unity, This tendensy towards unification is alszo
brought out sWremgly in Fierre iousselot, The Iatelleetuanlism of Saint
Themas, Translated with a foreword by James F, OllMahony, Londenm: &Hheed

s 1936, Chapter V, "Phird Substitute for the Pure Idea; Bystems
and Iyﬁoll." PPe 147-108,




catalogue dates, names and mathematioal facts, eensidering this %o be his

proper fumotion (12), Another may exhibit a delightful blend of humanisu

(13), or a curious socio=biolosicel attitude to the historical development
of mathematios and the influences which played upom its growth (14).

A brief consideration and elucidution of these five groups of attitu~
des towards mathematios is esmential both to delimis the scope of =his es-
say &nd t0.f1l010l0 the significant positiom ooeupied by the dootrime of
rathematioal abstraction, Essentially it iz our intentiom werely te ex-
slloate mathemationl adstraction itself, a speculative Jetermination which
is proper to the mctaphysieian, Even though it is the mathemacician who
"abstracts” in the scievce of mathemstiocs, it is readily granted that the
matbowatician who faitlates a seli-acuscious analysis of his mathematical
ozerations is abstracting anew — abstrecting on mathematical abstraction -~
ard has enterad the abstraotive process of setaphysica, If such abstrao-
tion is erformed without deliberate intent and conseious realisation, me-

taphysical and mathematical abstraction are identified, and disaster to

(12) This is the general method adopted by historisss of mathematios.
As an example, see Floriam Cajori, A HBistory of Xathematics, mecond edition,
Lew York: The Maomillan Company, 1931,

(13) The reference is to Juorge Sarton who is largely responsidle lor
the emphasis on studying the history of science and mathematiocs in the United
States, Sarton 1s saxewhat izbued with the positivism of Aupuste Comte,

For his humanist view, sue, especiclly his The Bish of “cience and the
Eew Bunani Comdridge: Barverd University \rese, 1638; Jhe Ttuly of the
Ylstory of Science, Canbridge; farvard University fress, 1938, “His monu=
zental work inspired 1y the Comtian notion of history is tho Introduction
to the Matory and Maclod of “oiencs, three volumes in five, Taltimorae,
FA1Tans ard “Alkine .oupany, 1527-1948,

(2¢) E. 7, Bell, The Developnent of Mathemntics, Kow York: louraw Bill,
1540, passim. fell'zs style aud resurks ure indleative of a frame «f mind
frequen’ ound in the specialist who subjlects the mareh of ristory to the
1imited soupe of his sclence, The effects of sush trestuent, naturally dise
aztrous as they are, inoresse for s muthematician accustomed as e 18 to cer-
titude and dedueidility, and frequently lacking, as he iovs, the care for de-
tail and the insight into partisulars and the compliocated situations of hige
tory which oharscterise the good historianm,




speculative truth is an inevitable oconsequence (15). This is but the ine
ceptive stage of a ourrent lrame of mind, eventually begetting a nental
ilstaste for other seientifiec abatraction and a csvelier treatment of the

speculations of other solences,
I« The iTe-Sciantific View,

The four groups included under a noneabstractive acquaintance with
nathematics, oowprising number wysticiem, the view of the ordinery man,
the experimental view and theories not orediting sathematics with the
nerfecticn of science, are alike in being non-seientific, Consequently,
for this view, mathematical knowledge is werely probadle and cpinionative,
The preescientific statements and propositions which are held by reople
in the pre-soientific view, have not attained .he perfectiom of ssience,
oannot be supported by proofs and reasons, and lack the characteristics
of osrtainty, necessity and universality preper to seiemtific lmowledge.

From the adbundant evidenee of astrology and number mysticism it is
casily seon that a quite fadbulous and mystical -- really, a non-rational --
view of mathematics has frequently oocurred in history (18). The notiom
of number ur form wes intriguing even in the early history of thought,
Strange povers and divine lﬁtluoncos were attributed to number of form

either under the guise -f some rolirious rite or mystiecal philosophy,

(18) “There, at any rate, lios the despest root of the Cartesian
philosophy. If anything can be truly said to express its innermost spiris,
it s what I venture %o eall "lathematioism,” for .Jescartes' philosophy was
nothing elss them & resklessly condusted oxperiment %o ses what hecomes of
humn knewledge when moulded into comformity with the pattorn of mathemme
sical evidemse." ktienns Gilsem, ope 8i%e, pe 133, This original errar
of Deseartes has not as yes been repudiated by many contemporaries.

(16) See for emample, the study of Vinoent Foster Lopper, MNedissval
Wusber Symbolism, New York: Columbis University iress, 1938, or Tymn Vhern-
dike, History of kmcle and Fxperimental Science, six volumes, Mew York,
Columbia 'niversity Fress, 1023= .




This interpretation of mathematical entities derives from the vugaries of
an umsontrolled op axvessive use >f *he imaginstion., As a consequence,
even though this atbéitude has oocourred frequently in the history of thought,
exerted mush influence and even exists today, it can hardly be olassed as
ratiomal and will not ooncern us here,

The rree-soientific asquaintance and use of rathematios by the ordinary
person, singe it is but imperfectly scientifie, likewise belongs here, This
view, however, iv legitimate, oven though it is confused and exdraces many
inassurasies, Por it is rrecisely this class of people who attond school,
and wiom weo attempt te 11ft up, by ocur teaching, % the level of mathema-
tical sbstrastien. Ordinary asquaintenceship with the universe includes,
as a rule, seme imperfeetly mathematisal notioms; on the stremgth of these
notiens teachers sf mathematiecs attempt to indude the scientific considers-
tion of mathematical entities in the imaginations and minds of heir pupils,
thus actualiging in thes the science of mathematios, Mow this can be Jlone
noet expertly and properly, of course, implicates a knowledge of what mathe-
matical abstraction is; as, of course, a philosophy of teaching (17).

In She ezperimental eanproach to matroematios, as investigzation iz rade
of the precess through which a child or person learns to count or learns
sdeut figures, From these experinants, which often furnish illuminating
and helpful results, one car infer tentative theoriss on the ;sychological

origing of mathematvies, 8ush theoriles are useful in lformulating beneficial

(17) In Mathematies' Teachers Views on Certain lssues in the Tesohing
of Nathematics (how York: Colwmbia Teachers tollege, 1041), ioward Homer
gives the results of a survey ooncerned with philosophical aspeots of the
toashing of mathematics. B8es alev Max Bleck, "The Relevance of Mathema=

tieal Fhilosophy to the Teaching of Mathematios,” The Matiematical Casettie,
32(1938), PPe 145-163,




methods of teaching and shed somw light on spegulations ooncerning the
foundations >f mathematies (18). ~uite of recessity, however, the ine
vestirator has some rrincinle of hypothesis in mind whose verasity he
wigshes to establish, and frequently the recults of suoh experimentation
are colered and interpreted from this pesyehological or meteplhysioal noint
of view (19),

As an exasple of theories not crediting mathematics with being a
speculative sciense, the materialistic view of Thomas liobdes readily
comes to mind (20), Cranting universality only te the names of things,
he had a radically empiricist view of all soiengse, regarding mathematios
as a frustrated idealigation of sense impressions, and d-?;:.l;g')tbo abili-
ty of human nature to consider lines or surfases as heing devoid of dreadth
or thickness, This view of mathematies, though rare, was adopted in a

milder form by the Writish empiriciste, Loske, ‘lume and Jolm Stuart Mill,
1I. The Scienges and the philosophy of nature,

p_l’
;t: Listorioal treatment of :mthematies and the sciences whioch use
mathematios comnrise this sscond group., It is ocharacteristio of the multi-
ple sclences in tils lavter oclass - physios, chemistry, biology, sceio-

logy and others -- serely to srply mathematioal prinociples or conolusions

(18) Llouis O, Eattmoff, op. oit., Chapter 13, "Xanmoury's Signifie
loint of View," ppe 198-2086,

(19) Arthur Pisher Beatley, Linguistie Analysis of Mathematios,
Bleemington: Irineipia Fress, 1937, passin,

(20) Carl 3, Boyer, The Conoests of the Caleulus, New York: Colume
bla University “ress, 1639, -~v. 178178,




to their own subjest ratter (31)s They do not, as & rule, question its
validity or its method, The interaction Letwsan these sciences and e~
thematies in the course of their development is significant (22). New
problems frequently arise in the sciences, requiring xathematical treate
mant and thus stimulating mathematical discoveries., Similarly, rathe=
matical inventions are suggestive of new theories in coionuer:;odioun
of new fields of researsh,

The historian of mathematios is concsrned, firet, with narrating
the osourrenge of mathematical faots. 3y investigating human records,
historieans look for the answers to the question, ¢ contridutions have
been made %o mathematics?! The prodlens of when, where and by whom sueh
items were invented and dlscovered and what these items are, liBes in
this domain. -roperly speaking, the historian of wathematics should
lnow what mathematiocs is in order to be ablc to ¢laseify the sontridbu-
tions,

Frequently a philosophiocal interpretation of these facts is ocoupled

with the historioal work (23)., In investigating the curly records of wan,

(21) In the metaphysical view, these sciences are said to be subaltere
mated to mathematics, Subalternatiom can be baged on the principles, end
or objest. See Jasques Meritain, op. oit., Chapter 1, "rhilosophy and kx-
perimental Selenes,” °p. 8785, or See Vicoent Fdward Smith, The Philoso=
phieal Frontiers of }'%uou, Washington: Catholio University of America
Press, o 8 and IIX, ppe 22«56, or Sernard ullaky, "Sudal~
ternation and Mathemationl Physics,” Laval Theologique et Philosophique,
2(1948), pp. 89-107,

(38) Sir William Cesil Dampier, A History of Science snd its Relae
tions with ‘hilosophy & Religion, third edition, revised and enlarged, New
York: Yhe imonlllan Company, 1943, Uespite occasicnal insccuracies, Dampler
Wil {1lustrates this intersstion between science and mathenmaties; ses
Chapter 1V, "The Newtonian ¥poch,” pp. 160=216,

(23) 7Por a drief comparisem of history and the philosophy of history,
sse Gilvert J. Garraghan, A Juide to Historicsl Method, edited by Jean

Y%elangles, How York: Fordiam lfnfvoruitzn?'rou, 104€, Chapter 16, Yo, &, "The
Philosophy of Mistory,” ppe 367=380, pages 3T0-871 Garraghan pa!nt- out
the error of historismis which would, from a ‘ositivietic bias, limlt the
historiam to a mere reocrding of facts,
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for example, ‘he historian way approach these records with en evolutionise
tle or pragmatio attitude of mind, thus modifying his presentation and in-
terpretation of these faots, This attitude is 1ndion€in of the gradual
reintroduction of the historian as one who looks for the meaning in M
history and considers the laws of historioal growth, Regent histories
of mathematios point in this direction (24), Some historians, however,
betray the fallasy of comparison judgment in which the perfeotions of
our aye or soms historiocal period are taken as a standard or messure of
the greatness or the value of previous or future historical events (28),
Historieoephilosophisal accounts of maihematics present the followe
ing prodlem: has nathematios ohnnn;o‘ its nature as a science as it grew
in content and nethodelogy throughout history? If it is maintained that
such an nuntial‘ 'chs.ngo is possible (for oxample, that it is now seen that
mathematics and logic are identical (26)), them a true sciemge -f mathe-
maties or a philosophy of mathema'ios never really exists or is possidle,
The science of mathematics would constartly be fluctuating not onmly in
mythed, but in its very nature, One would never know, in any :istorical
period, whether ws had ever arrived at the degree of abstraction proper to
mthematies, nor whether aay santributions were properly soientific, There

would bs no reason in consceraing oneself with the nature of the problems

(24) This ise true especially of the works of George Sarton who inolines,
however to a Comtian interpretation of seience; ofs Footnote 13, above,
(88) This seems to be cue of the faults of Fs T, Bel1's The Sevelop-

ment of Mashematio see footnote 14, abovs,
(28] "The feot that all iathematios is Symbelio loglec is one of the
greatast discoveries of our age; and whan this faot has bYeen established,

the remainder of the principles of mathematios oconsists im She analysis of
Symbolic Logio itsslf." DBertrand Zussell, The I'rinciples of Mathematiocs
New York: W, %, Norton & Oompany, 2nd editlom, 1537,
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of & seience which never attains proper existence, A striotly evolutionis-
tieo view of mathematios or of soience ie a vontradiotiem (27).

On the other hand, it is possible to mainteim that though the intrime
sie nature of mathewatios dee» not change, the abstrsetive process of the
mathematiolsn can becoms more :reocise ar! l.ss dependent, for example, on
imaginative intuitions or constructicns, In this case, the historian would
show the birth of mathematics as an independemt scionce, complete 1N it-
self in the sense that it would have the necessary sbstrectiem and perfec-
tion to be recognised as mathemmtics, yet have the possibilities of fur-
ther development and of a more abatractive treatment within the limits of
mathematical abstrastion itself. IV ie maimtained here that iathemalics
does mot alter its nature so fundamentally as to bhesome unregognisable as
suen’’ :nb to destrey mathematioal ecntimuity, The type of abstraotion proe-
veF to mathematies wes barn and had achieved a recegnisable eontent and
nethed already by the time of Fuelid (28), By their separation and dise

tinotiem cf number mystieism or allled eentridutions frem mathematics,

(87) Louis O, Xattsoff, gn. aite, Chapter Twelve, "G3del's Theorem
aud Formel Systems,” pp. 182«188, Xattsoff writes about ddel's famous
theorem and its relation to formal systems: "If, as is agreed, the formal
systems can Ve used to systematige fields of knowledge, and if .re GBdel
theoren appliss to such moplieations, it would mean that no field of
knowledge so systematised cen ever be complete, At any state there will
always be questions formulable in the system %hat need a wider system
for their solution, Bince it ia the contentiom of the suthor of this book
c:.at logic and mathematies do tell us something sbout reslity, the G3del
theorem tells us that there can never be a complete and final theory of
reality, i.e., mstaphynisse This does not leed to mysticism, bLut to an
evolutionary scheme of reality." p-. 194-1908,

(28) "eseif we should study any subject properly, we must study it
as something that is alive and growing and oonsider iL with reference to
its origins and its evolution in the past. In the case of mathematics,
it is the Greek comtribution which it {s rost cesen“ial to know, for it
wae the (resks who {irst made mathematics u soience.” Sir Thomas L, Heath,
A Hanual of Ureek yathamatics, Oxferd: The Clarendon Press, 1931, p. 1,
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historianSof mathematios indicate their belief in the recognisable content
of mathematics. PMurther discoveries after Fuclid -- new methods and new
problems, applications to other sciences end .ractical affairs -- are but
a natural growth and:horivod expansion of the fundamental abstractions
achieved by the Greeks, What increases is our understanding and use of
mathematical abstraction through the introduction, for example, of new
methods, various systems of geometry and algebra.

The applications of mathematios to problems of chemistry, physics,
biology and economics, are made by men who fall into the class of applied
mathematicians., This spplication of the principles of mathematics to the
objects of scientific abstraction was adumbrated by the early Pythagoreans;
and, of course, the efforts of Archimedes in this direction are justly
famous., The essential element in this process is *he coordination and sub-
ordination of the manifold and mﬁtablo in nature under the unity and prin-
ciples of meathemntical abstraction. The history of mathematics memorializes
the terrific struggle that thinkers faced in gradually establishing the re-
levance of a quantitative study of nature, For example, the many attempts
to find a procedure for studying motion and change were finally rewarded
with the algerithm of the caloulus, clarifying, at the same time, the con-

cepts of mathematical with the notions of number, function and the limit

R
process (29).
Mathematics is being applied with increasing success to three groups
of science. In the soiences concerned with non-living matter, astronomy,

physics, chemistry, geology and orystallography, its use has been most

(29) An ingeresting account of this century-old struggle is given in
Carl B. Boyer's The Concepts of the Calculus cited above,
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strikiag snd sucgesaful, The applieasion of mathematicml primeiples to
the sciences copowrned wish living saitter is of three types; mathemas
tics is spplied o bhology and rolated subjests (30); to yeyshelogy (31);
and, in stasistical applications, an enalytio attempt is made to place
the predictadie relatedness hetwasn oontingent thimgs im cerrespondence
to the interrelatedness of mathematical entities (32, The mmthematics
of :rebability ixvelved in statistios ai.ww, .8 te measure the fluctua-
tion, motion and change assosiated with the world of nomeliving and
living mature,

Rxamples sf philosophical spesulatien by all types of applied mathe=
matiolians are numerous, Considering omly those whe deal with astromomy
and nhysies, the names ef Linstein, Jeans, Shitehead, Eddingsom and Schroe-
dinger resdily suy;gest themselves. Mentally overfamiliariged in viewing
mature through the abdstraction of matherstios or physies (and, possibly,
oover having really aciieved the abatractien of metaphysies), these uen
readily adopt a redustionist sttitude to reality, Ume thinker, viewing
an ordinary desk with hias solentific mental eye, proclaims chat

Is A8 & hest of Giay electrie aharges darsisg hither and thither

with incongseivabdle velocity, Instead of Yeing solid substance
wy desk is more like a swarm of gnats (38).

e

(30) W. R, Thompson, Seience and Comw ada- $ An Aristotelian Ex~
siti Xew York: Longmans Groen and Co,., s PPe -
more recent article on mathematios and blologzy ‘:y Thomp son, 'hh.'ahmtiquo
et dologle,” laval 1neclorique ot Philosorhique, 3(1047), -:, 77-88,

(31) Joweph Fr¥bes, ﬁSmpm Lum hoIa Tae I:xmimomall-, Romas
Apud Adden 'Jnivcr-itatil dregorianse, 1 troduetlo, De Fine ot viis
payehologiae empiriose,” pp. 6-18,

(32) Vinsent Edward Smith, & 0l1%e, PPe 42+88; ar see Hollis %,
Cooley, et. al., 0p. 0i%s, pr. o Fora pepn{uriud mathemationl
presentation see MaroId 7, Davis, A Course in Ceneral Maghematics, Sloening-
ton: The :rincipia Press, 1938, Chapter X1V, "The ons of Jtatisties,"
iPe ”7‘354.

v (33) 8ir Artdar Tddington, New Pathways in “clence, New York: The
Mm’.llﬂ Coxpauty, 1935, pe 1o
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In oonsluding a series of leatures on .hat is Life?, Bohroedinger finds

that although my body funetions as a pure wechanism acoerding to the laws
of nature, I Imow that I direct 1t, This directive "I" has led, hs be=~
1lieves, to the notion of a plurality of such "1's," to the invention of
souls and similar problems, The bestter slternative whioh he suzsests, is:
sinply %o keep to the immediate experience that consalousness is a
singular of whigh the plural is unknown; that there is only one
thing and that, what seems to be & plurality, is meroly s series
of different aspects of this one thing, produced by a deception
{the Indian Majm); the same illusion is produced in a gallery of
mirrors, and in the same way Gaurisankar and it, “verest turned
out to be the same peak seen from different valleys (34),
Exaxples of sush seientific sxtravagansas can be ocalled from the w.rke
of many leading astronomers, physicists, biclogists and sooiologists (35).
The relation of the philosophy of nature as the brasches of cosuolegy
and psychology to mathematios was an asute diagnostic problem for "lato,
Aristotls, lescartes, Leimis and Kant, Today, however, outside of those
who adhere to the unity of the philosophical tradition (38), cosrmologiats

are fow in nunber and most zsychoelogists consider their work to be merely

(34) Erwin Sehroedinger, What is Life?! The rhysicel Asyect of the
living Cell, New York; The iacmillan Corpany, 1046, p. 00,

%33} "ConSrary to the view that raychology is hostile to religien we
believe that if we are willing to moderuise cur congeption of God we can
expley the methods and results of biologieal psychologzy in defense of &
viow of the world whioch is easentislly religious, But the pod whom we
here propose to substitute for the god of traditional theology may seem n
strange god to many, And yet thie god alone makes possible the only 1life
we know of; this god is the scuree of all the enorgy on earth whioh sus-
tains man and his institutiens, Ir brief, 1 wisk %o urgue that god is
% And as light god oan Jo all those things snish snis most reearkable
r of modern physies can secoxplish,” Oliver L, Relssr, Phnol?_lg
and the Coneepts of ¥odern 3oiense, New York: The Mmomillan (o., s Do 104

(38 % nam of fIne studies deal with the relations of the philosepky
of nasure %o sathematios, of whioh the followimg are representative: Jacques
Maritein, la Philososhie de la Nature: Tssal oritique sur ses frontieres et
sa_ebjet, Faris: F;orro Toqul, Sene editiem, n.l’.’?'i’aﬂ”?f%ﬁ aamé Aubhor,
eieneo and Wisdom, Few York: Charles Soriltuaer's Sons, 1940, Oh, I, "Selence
mr;;:xiu and Ch,I1I, "The Philosophy of Hature, ppe. 24«89, and

the Degrees of Knowledge aited above; Tves Simon, Prevoir et savoir ¥ontreal
MM W, R. Thompson, to1enos s ToRHoH Tenke, olted '
above; Edward Vineent Umith, The Philosophiosl Frontiers of Physies oited alheve,
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experimental and stetistical. This eurrent desrth of a  hilosophicsl
appraissl of nature d:stinot from metephysies is partially expliceble
by the huge success of the mathematioal and physiosl sciences, snd is
a strong fastor in explaining the many philosephioal reflections stem-
mdng from seientists in bielozy, chemistry, physies a~d nllied fields
of investigation. In this relsation of the sciences to the philosephy
of nature, in fact, Lhere is ¢ confusion of terminology end thought
parallel to that covering the relation of philosophy end mathemat ios,
Though the vague designstion "philosophy of sotenee,” ‘e often used

to cover psyshelosiesl, moral.pol‘tio:l and metaphysiesl remsrks and

views, 1t is, properly spesking, the funetien of metsphysicel scienee (37).
111, Logienl Abetrastion

In the negative abstrsotion of leglo, one considers en objeot which
is related to something in nature, »nd whish does not exist as sueh in
nature but only in ‘he mind, The ehjeots of logiocal oconsideration are
supplied, so to speak, by the reflective mind which is capable of sube
Jeciing these logieal obleets to s disleotioal proeess withont necesserily
implicating a referense to en obhjeot in neture, The eloss connection and
use of this type of ebstrastion and mental dislectieel preaess to that of
methometies is reedily seen. Por the coneepts of mathematiesl sbstrsection,

theugh they have sn extra-mental referenee of origin te objects in nature,

—

(37) An able presentation of the relewance of metaphysios as properly
being the "philosophy of scienee” cean be found in any of the works clted
in the previous footnote. Thet many oontemporary works ere sprinkled with
moral psychologiesl and metaphysical allusions under *he brosd cover of
"philosophy - scionce” I8 evident in the works »f Jeens, Whiteheed, :lanek,
Fddingtom, Cassirer and cihers.



16

are oonsidered by the mind sa sbatracted from these natural objeets,

Yony mathematiciane, nolding that methematics end legies ere
tdentisal, frequently propose 'he added equation ef all soientific
thinking to thet of methematiecs, Dertrand Fussell is sn ocutstanding
contemporary example of this view which hsd previously been held by
Leibais, «olLff, Peano, Frege and Boole (383), Russell's definition
of mathematios is well ¥newn:

Pure mathemetiss ia the class of all propesition of the ferm
'p tmplies q' where p end q are propositions oonteining one
or were variables, the same in the twe propositiens, snd
neither p nor centeina any eonstents except logioal eon-
stants. And logieal constants are all notiocns definsble

in terms of ‘he following: impliestiom, the reletion of @
term to 5 ¢lass of whioh it is ¢ member, the notion of sueh
that, the notion of relation, and sush further notions es
may be involved In the genersl notion of propositions of the
sbove form, In sddition to these mathematies uses s notion
which is not a oonstituent of the propositions whioh it cen-
siders, rmamely the notion of +ruth (39),

Similar definitions, equating lorie snd rethematics, sre freguent (40),

e sampling of which is conteined in Ploher's srtiele on "Fundamental

(33) See C. I. Lewis, A Survey of Symbolic Logle, Berkeley:
University of Califarnia Press, 1018, for an historicel study of mathe-
matiocs end loyic.

(M; Bertrend kussell, The Prineciples of Wethematies, pe S.

(40) %amples of various definitions of raihemstios have been
collested end presented in the follewing works: Kobert Edouard Morits,
Yoworsbilis Vathematloa, New York: The Weemillen Company, 1814, Chapter
Ty "Pefinition snd (bjects of Mathewatios, ppe 1=9; John Wesley Young,
Lestures on Fundsmemtel Coneepts of Algebra end Ceometry, Kew York:

The Meemillan Compeny, 1011, l.-cture 'X'Q;. "Henersl Eonoiuolonl." PPe
218-2883 F. Ts Bell, Men of Mathematics, Wew York: Simon end Schuater,
1937, "They Say, ¥bat IThoy Zay, Let Them Say,” ppe xix-xxi)} Loiie 0,
h:uofr. Ope @ite, Chapter 2) "Definitions of Nethematies,” pp.
8=16,
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Caneeptions and Methods of Nethematios" (41). Pleree, for axemple,
says that "Mathemeties is the science whish draws necessary conoclusiens”
(42), while RSoher himself yives this definition of mathematioss
If we have a certain oless of objeots and & oertein class of
relations end 1f VYhe anly questions which we investigate are
whether ordered :ro:ups of these ohlects 4o or do not satisfy
the relations, the results of the investigstions are eslled
methematies (43),
Por this group of msthematicians, of whioh there ’a e large number,
lozi6el and mathemat ical sbstraction a. e not olwarly distinguishable,
As a consequence, all sciences sin.uld .0 ;overned by ra:ihemstical

logie ~= the eontemporery version of Dosoartes'!, leibrizr's end Comte's

universsl mthematios (44),
IV, Mathematieal Adbstraction

The mathematician ss teecher or specislist == the mathematical
nethematieian, 8o to speak -- fits into this alase, The mathemetiocian
es such exists onl,; when he 1s setuslly using his mind as s mathems-
tiolan in thet degree of science celled methermatiesl abstrection, as
he performs aetusl msthemmtical eperations of the mind. At other
times, he retains mathematical images in his memory, a certein mathe-

matioel adaptability in his immginstion, snd the solentifio hebit of

(41) M, N8cher, "The Findementel Conoepticns ard Methods of Mathe-
maties,” fulletin of the American Methermticsl Soosety, Vol. X1 (1904),
pre 116-13E,

(42) 3Ibide., pe 117,

(“; m.. pe 127,

(44) ¥ preseatation snd eriticism of “he progrem of methemetiosl legic
cen be found in Herold !, Smart, The "hilosophienl Presuppositions of Mathee
matiesl Lozlo, Cornell 2tudies in Philosophy, ne. 17, New York: lLongmens
Green & Company, 1985,
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the econslusions of the sciense of uathematios im his mind (45),

Suppoas, Lo 11lustrate this viewpoini, that a student is wigaye!
in the study of the Caleulus, It is not necessary for him to know ite
Jrecise definition or {te history im order to understand the temonstre~
tions or to wurk the probdlems, I..0 subjsot matter ic preseanted to him,
a mothod of lcmonstratiag propertvies is usedy and tne studeat, if he i
ocapable of maitlhematical abatrastion, aoquires the knowledge of the qua~
litstive and quantitetive eharacters ¢f the Caloulus. If the siudent
questions the existenee of a preper subjest matter for mathematies, he
cannot proceed any further im the science umtil ite existence be showm
him by construstion or definitiom; 4f he questions the mode of demonstra-
tiom, the lezie of the urosedure needs %o be shown him. Suprosing that
e rrants bYoth of these spd is cajsable of mathemasical adstrastiom, he
acquires, with the help of his imagination and by a number of aots of
mantal abstraction, the nadiv of the science of the Galoulus,

Or eunsider the case of ihe mat wmatisian as specialiste He ie ¢ n-
cerned with what is immediately :iven: the problem to de solved and the
methods of solution, The sathemaliciean considers strusturs and its re-
lations, symvols ant inelr laws of combination, or merely reflests on
abstrast reletions wnich may materialise into mathemmtical comeclusioms,
fihen, however, the mathemstician womders about the meaning of mathematios
or questions i1ts apnrlicabdility to natures or ite relation to logic, he 1as
begun to eonsider mathewatics 1taelf from an extrapolated view, that of

motaplysics, Unleas he is consolous of this new viewpeins, he may confuse

(63) Chapber IX of this essay will attempt to clarify the notion of
mathenatical abstrsation,
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or ideatify the entities which he liolds in mathemationl abstraotion with
other consepts,

This defective understanding ef the proper place and funotion of
pathematical abatraction ecclors most of the current researsh and specu~-
lation concerned with the philosophy of mathematios, Such questions ir
mthematies as the notion of mathematical existence, the ultimate nature
of number or funetion, though they can be siven a striotly mathematical
treatment -~ the inner oconsistensy and rigor of these donecepts, for
exmample «~ are questions which are outaide the abstrastion of mathemme
ties and bdelong to metaphysies or logies Of the false and strange spe-
eulative conclusions which resuls from a nmegleet of the doetrine of
mathematical abstrastion, the antimonies and paradoxes which have arisen
out of discussion on the foundations of mathemsties are illustrative (48),

Ae an examrle of the limitation and uniqueness of mathematical ade
stractiem, eonsider the relatiom of the imagination to mathematios,
Suppose that s mathenmatician wishes to examine the psyoholegy of ine
veution in mathematies (47), or illustrate the relstion of the imaginae
tiem to mathemmtieal abstraction (48)e The existence and nature of the
imagination, a question proper to psyshology, is assumed, as is the nature

snd existence of mathematical entities as eatablished in metaphysies,

Such an investigatiom, sensequently, can have neither a psyshological

(48) . Leuis O, Kattsoff, ﬂi.o“u pPe 8753,
(47) As is dons, for eumiple, in Jaeques Hadamard, The Fsyeho
invewtion in she Mathematieal Field, Frimoetons Princeton u'nInﬂIEx !un,

(48) For emanple, see Fdward Keasner and James Hewman, Mathematles and
the Imagination, Bew York: Simon and Sohuster, 1940, eerscially ppe S67-382.
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nor a mathematiocal attitude, for it is outside “he .lemonstrative scope
of either sciemae, and it 1s wetaphysioal because it orders “he re’stions
of a paychological subjeet to mathematics, One ounnot Jo this succoss~
fully unless he eimite the validity of bdoth metaphysios and psyeholory,
and understands the relation of the abstrastion nroper to both of tiese
scienges in ountrast to mathematios (49),

An examle from one of the sshools on the foundetions of mathemmtics
serves to point up the distinetion i:otmon mathomatical and nonemathemae
tical abstraction, The theory known as formalism (50) holds, briefly,
that cathematios is similar to a same played with arditrary symbols
according to arbitrary rules, internal gonsistency being the only ree

quirement in this zame, 3y this jeu 4'esprit, a mathematioal theery

arises whish must be kept distinot from a theory about mathematios,
Theories adout mathematics are oleassified as metamathematics, Neta-
sathesatics deals with such prohlems as structure, cateporiocalness and
oconsisteney., Whether this view, Hilbert's forsalism, be trus or not (it
bardly orediits the science of mathematios as being seientific), it is
evident that here is a distinotion hetween the activity of the mathe=

matician as mb and a more ahstracted consideration of mathematics,

(49) Por an extreme emample of spaculstive error at its worst, see ...
Lanoslot dogbern, sathematios for the Million, London¢ deorge Allen & Umbem,
1942, and, by the sams aut'or, Selenge for .ne Citisen, second sdition,
Londons George Allen & Usbon, 1643, Hogben Intsrprets tha histarical
developmens of mathematies by reference to sorceries, fabulous stories
and %o the process af dialestioal maverialism., lie zasks himself altere
aately as theologian, metaphysisian, philosepher of history and acieatist,
e 48 far outeide the soepe of mathematiocs or seience praper and sssumes
the role primarily of the metaphysieian who orders and relates the braunches
of Jmowledge to each other,

(50) Max 3Slack, The Naturs of Mathematios, "Supplement A: Formalism,"”
DPe 147-188,




21

Unlike the logistic view of mathematios, formalism srd intuitionlsw (51)
sesm Yo offer o hesic distination Hetween mathematicsl abstraction proper

and sn slternate view of ~athemetios.
V. letaphysical Abstraction

The ultimate in apesuletive scisnce, mataphysics as a sclentifie
habit informs the mind both with the knowledge of being and with a judsing,
oritical hahit (%2), Its ocspseity as a solentific habit hae been denled
since the dsys of Rant; in lts oriticel and aystematising rele however, its
velidity s still guite universally acknowledzed though often .dentified
with legie or with philosophy itself, Beeoocn, Descartes, T.eibniz and Kent,
viewing metaphysios from mathemationl, soientific and logieel esbstraction,
beroaned its misaersble :1izht (83), and their sttempts to make 1% mathe-
metieal, physicel or logiosl are echoed todey.

Refore considering an outline of the legitimate view that metsphysios
of fers on ecurrent mathemstiocal speculetion, ‘he ;seudorwtephyrsicel view of
rathematicliem rust be olarified, “athemsticism eppesra under verious nemes

as mathemeticel philosephy (54); mathemetical Ideeliam (55); methematioco-

e e

(61) Ibvid., pp. 168=210.

(82) Joseph T. Cesey, The Primmcy of Mets iew, Washingtons The Catholie
University of Amerios Press, 1658, pp. B4~101.
(63) Yhis is brought out in Btienne ®ilsorn's The Unity of Philosephicsl

Experience sited sbove,

(84) Fritors in french ususlly use the %term philosophie mathématigue. Jee,
for exemple, P. Gonssth, Philosophis methématique, Peris) Hermann et Cie, 1989,
Or see Cassius J. Xoyser, Methemetical Fhilosophys A 8¢vdy of Fate end Preedom,
New York: E, P, Dutton # £0., 1087. Feysor's hooka snd numerous artioles are
tinged with mathometism. Tobias Dantsig cehoes e similer strain in his two beoks
Aspeats of Beienes, Hew York: The Mecwillan Compsny, 1937, pessim, and Yumber, t
languege of Bolemeer A Critiesl Survey written for the Cultured Non-Methematiocie
Vhird edition, revised sud sugmenved, Hew Yorks ihe Wacmilian Company, 1041,

(656) Gastom Wilhaud, Les Fhilosophes Géométres de ls Gréce: Platon et ses
prédboesseurs, Psriss J. YrTh, IUSE, Fp. &=V,




motephysioal philosophy (56)s universal mothemetics (87); erd, in e broad
sense, scientism (58), Briefly, msthematioism reinteins thet only methe=
reticel ebetraction affords s legitimete outlook on the universe and con-
soquently, thet nathematics is the only sclence. Its adhorents propose,
in some form, that the abstrast view snd methodology of mathemstios slone
guelify in desling with problems of scientific, cultursl or senerel knowe
ledre., Fethemstics, in this view, is coterminous °‘n scme serse with all
science; rhilosophy, bioclegy, chemistry -- science in ,enerel -= elther
sre msthemtiocal or should aim to bocome such, This hyperereductionist
view of the universe submits all »f reelity to the moasure of the mathew
motical yardstick, sudsuming the diversity of things under one morotonous
view, the mathematioal,

Some general chasracteristiocs sare common t0 the verious distinruishable
types of mthemetioclsm (89). Pirst of all, it is on extremw, ultimate, or
firsl sttitude, mmnifesting iteself es philosophical rationalism snd idealism,
or positiviem scd seepticiem (60). Eecondly, by not distinguishing various
levels or types »f heing, methomaticiem is wniversalist snd univocel (61),
Beesuse it is ultioate and univeresl, methomstioism is likewise reductionist,

There is no distinetion of quantity from quelity, homogereity from hetereo-

-~

(86) Prederick Copleston, A History of Philesephys Volume 1, Gresce snd
Lome, Westminster:s The Newmen Bookshop, L1548, p. S2. Coplasion sposks of the
Pythagorean msi'.enatico-metephysics) philesophy.

(87) Roth Veseartes snd Leibnisz spoke of a "Universal Mathesis;” see
Josepk Mareohal, Frecis d'histolire de ls philosophie moderne., Tome preomier:
de la renaiesance s ‘ant, Louvain: Yuseum lessisnum, 1533, pp. 75«80 on
Noseartes, and pp. 168-181 on Leibnis.

(58) Joha Wellmuth, Kature and Origins of ‘clentism, Milwaukee:
Ksrquette University Preas, 1944, paseim.

(59) Gaston ¥ilhneud, op. cite, "introdustion Géudrale,” Pe l=49, 1n
shess opening pages of his BeX BH the philcaopher-geomsters o¥
stresses the importance of ¢ methemeticsl education in lesding en individusl
to ideslism and dopwmtism,

260) Ibids, ppe =B,

61) Jawes F. Anderson, "Ma-hematioal and Metsphysicsl Anslogy n 8t
'!'homu." The Thomist, 3(1941 s PPe 487-808,

Gresos, Milhaud
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gonelity, infinite frgm finite im its view by comparisen to these dis-
tinctions in metaphysios end philosophy as oconformable to extrs-mental
reglity (62)s Thirdly, im view of the rigid determimation with whieh
mpthematioal abstrmotion rogards realivy, methemstloiem evokes a pro-
psusity to dogmetise and to nake categoricsl stetements soncerning Lhe
oomplex, deteiled qualitative states whiash characterize the universe
elang with the guantitativa.

As o glaas into whial thinkers can b placed, mathematicism may de
sudbdivided into three groupse 7The views of twe of these subdivisions, of
sourse, may be straddled by s .iven wathepatioian, dMathomaticiem mey ex-
hibi¢ itselfl under the faom of Mnl}u. This peculiar attitude, en an=-
sient hadit of mind, was found in its perfeet state in the Pythagoreens
snd Platenistsa, in Lescartes and Spinosa; and today, in Jesns, Hddington,
Eussell and othars. MNathematioism takes the form of empirieism in “he
alaims of those who require mathematiesl certitude in all ssiences, in-
oluding seiences in whiaeh this goal has not, nor will likely be attained. .
Coneepts or prapesitions whieh cennot be subjeeted to methematicsl pro-
esdure srs rogsrded as conjeoctural, superstitious or unsolientifie) qua~
1ities or substaneos not amanable to nvasuring devioes ere considered
fabulous, mystiee)l or supermatural. Protagores’ diotum, "mam is ‘he
measurs of sll things™ 1s parodied as "mesdure is the mensure of all

shings (63)." EKepler, Galileo, Xelvin and some modern methomaticel

2“; Goston ulh“.& eites Pre 13-49,

63) Rebert Andrews 1%an, Zlectrons (£ end =), Protonu, Photoms,
Noulrons, Nesclfent, end Gesmie Rq_-‘. revieed edition, Ghigeges The Umi=
versity of Chiesge Fress, 1047, P S
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physicista are members of this group (64). Thirdly, me.hemeuvic.sm assumes
the form of positiviem or logiesl pouwitiviem (66), As sueh, it proposes
that only sueh items as are redusible ‘o end verifiable vy the rrocedures
of limguistie analynis or symbolie logie are ereditedle w:.th screntifioe
status. Although mthematioism is frequently, in this view, identified
with logie, it is ap ultimmte, metephysieal view, ior Lnese men, logie

is little more than a sywbolioc language ocongesling or stretifying Lhe re-
sults of empiriesl investigeatien,

Finally, thers is a legitimate field of philemophiesl inquiry concerned
with the nature of wethematiisal abstractien which is termed the philosephy
of xatuematics saroughout this essay. This view besrs some resemblancve io
a 'ield of inquiry wnioh appears under the guide of various names, ss ori-
tiesl philosophy of ™athemative, the epistemology of mmthematiocs, the mete~
physice of mathematics (66); metemsihwmatios, inmtuitionism end legleiem (67).
In being thus somnested with rathemsiies, however, the word philesophy ie
ocurrently given a meaning end usage thst is quite liversl end inexest; phie
losophy, ss s rule, is oredited wiih a mere critiosl fumetion, grented solely

s Judging eapasity, or denominated ss eontributing mothing further than e

(64) The extreme, sensuslistie methematiolam of Thomss Yobdes belongs
hore likewise, Cf. Carl B, Boyer, op. aiS., pps 176=176,

ies Loufs O, Xattseff, op, olf,, p. 246,

¢6) Por o nznﬂor view, sse Charles De Koninek, "Thomism snd Solentie
fio Indetorminism,” in Proceedings of the Amerioesn Cathplie Philosophiesl
Assoeietion, 12(1686), p. 75, -ng Johm 7, Wnistaker, “ihe Fmiifon_%mo-
maties in F.gu Hi{erarchy of Speeulstive Solence,” The Thomist, 5(1941), pp.
467-506, Other attempts to olesr the relations of mathemstics and philoso-
phy een be foumd in Lo is 0. Rattsoff, 0p. cit., ppe 1-2, and James Byrnie
Shaw, Leature the hil sma i, Uhieagot Open Court
Publishing CGompeny, 1918, pp. 1-13,

(87) .. These latter three views will bde explained below in Chapler VII,




measure of restraint and eaution in the analysis of mathematiocal
knewledge (68),

The philosophy of mathematiss which concerns us here, however, and
of which the nature of mathematical abstraction is the basioc and certral
rroblenm, involves both a more exaot and extensive use of the terme Ketae
physies not only hus a critiocal and defensive functiom (68)p it is a
renuine scisnco similar to other sciences in that it inlays the mind with
a qualitative habit, yet distinoet and unique inasmuch as it is the su;reme
gcienoe (70)s 1In its capacity as & soienee, then, it 13 correctly viewed
as performing a double function; it motually occafers solentifiec knowledge
of things (71); and, seeondly, it oriticises and defends the truth, value
and valility of human knowledge both ;reesoientifiec and scientific, and
1t arbitrates the relations between the sciences (72).

The contemporary situation im philosophisal spegulatious on mathe=-
natics 12 of sush a nature that both funetions of metaphysics are smployed
throughout this essay, In its first function, that of contributing genuine

soientifie knowledge, metaphysios is the scienee of the vory veing of things

(68) lians Reichenbach, Rxperience and Prediction, Chioago: The Uni-
versity of Chicage “ress, 1938, In -he Freface, (pe ¥), leichenbach writes;
"american :rageatists and behaviorists, ingzlish loglistic eplstemologists,
Austrian positivista, Oerman representatives of the analysis of soience,
and Tolish logisticians are the wain groups to which 48 due the orizin of
that philosophic movement whish we now call "logistio empiricism,” ...all
charasterised by their common descent from a striet disavowal of the meta~
phor language of metaphysios.s."” In Chapter I, "Nocaning," he attributes
to what he aalls epistaiclogy the thrasfold task »f Leing dosaristive,
ocritioal and advisory. %e¢e np, 3-16,

(69) A,=M, Tirotta, ""e Metaphysicae Defensivae Naturs secunium Jootrinam

Aristotelico~Thamistiocan," Anfouou-, 4(1987)6199. 252-270 and pp, 430-453,
o ]

(70) Joseph T, Casey, es PPe M=)

(71) George ¥. Buekley, The Wature anl Unity of Metaphysics, Cha;ter II
"Jefinition and Jivision of the Bubject-Cenia o?lm{'l-"-p #i08," pp. 3780,

(78) Ibid., ppe 206-210,




a3 such and deala with anything which is in any way whatsoever; in this

way it snawers the preblem of the general nature of ssience, the unity
and plurality of seiences, an! the nature and fumotiens of partioular
scisnces, In its oritieal and defensive role metaphysiocs will be used
as validating the truth and pertizence of other sclen=ifie abstrastive
processes tl.an that of mathematical abatraction, and &’ ordering the
complex relations with which mathematics 18 related to pre~scientific

knowledge, and %o the :articular, multiple szcionoes that are being
cultivated today.
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FART I, AY¥ BISTORICAL BURVEY CF MATHEMATICAL ABSTRACTION
Chapter Il, The Ristorical Problem of Mathematioal Adbstrastiom

An historical account of the nature of =mathematiocal abstrection
shows that {% is the central prodlem of any nhilosophioal spesulationm
on mathematies, From the time of Thales, or the first Greek thinker
who abstracted the mathematiscal, intellestual contemt from the sensible,
thinkers have confused or identified the objests held in mathematiecal
abetraction with the ocdjeets of logle, >f sciense or metaphysics, and
even with the nature of things themselves, All the speculative questions
whose correct answer hinges on an alequate grasp of adatrastion in mathe~
matios -~ existence, certitude, trutd, applicability % nature -~ nre
unsuceessfully met by thinkers who neglocted this problem,

the deduotive certainmty of mathematiocs, its tenuous relation to the
senseeperceptible, its exactuess and profundity, exsroise an attrastion
that is difficult to resist (1), Mathematicsl abstraction had scarcely
been achieved, when the ancient Pythagoreans, captivated by its excellence,
{nitiated the first program of mathematicismy they attenpted Lo subsume the
diversity and flustuation of things under the rigor and determination of
nunder and form (2)e "lato and Aristotle had %o teke mseount of the popu=
larity of the Pythagorean dootrime; in fast, we already find Aristotle in~-
sisting against vhe Pythagereans nnd the Platonists, in those early deys,
that 1t is impossidle to attribute real existence to the objeats hell in

(1; Omston ¥ilhaud, op. sit,, "Introduetion Genernls," pp. 1~49,

(2) P. Copleston, A Elstory of rhiloso Volume I: Ureece and Reme,
Weetrinater: The Eveumar 3o ° s DPe .




mathematical abstrastion (3). The Pythagoresn sexperiment, though un~
sussessful, is a frequemtly recurring “heme in the history of thought
ard iz oftez eredited with cxeroising a strong influenee on all subd-
sequent scientifie and philosephioal thinking (4).

Of the many thinkers who concern themselves with mathematies in
its philesophical aspect, fow deal cxpressly and explioltly with methe~
matical abstrastion as such, As a separated gquestiom of inquiry, the
sature of mathematioal abstraction ims not & i‘roquently oggurring questionj
aoat thinkers num,thnt:;fturc of rathoxwiics 12 self~svident or never
consider an understarding of mathenmatioal sdstraction es basie to all dise
cussion an the rature of mthemntics, For example, when Cartesian mathe=
maticism was popular, few thinkers broached the Jelicate but pertiaant
query, Fhat is mathematios? At that time, the attitude of acceptabdbllity
to mathematies which was inaugurated with the ensisssnce, s:d the re-
markable applicability to prodlems and the numberless discoveries that
quicidy followed Jescartes' analytic geometry, precluded the prudsnos
of questioning 14e nature (8), Fenze 1t i3 necessary to ferret out the
theories on mathexaticul abatrastion from the Lmplisations which are

U=

(3) More dasioally, of courss, the Iythagorean attempt oan be reparded
as the ingseptian of a long struggle to zaim recognition for the vaueuty of
the abetrastion proper %o mathematics and the ponsequent admission of %
importanse of the quantitallvg sloneat.is ustare. G€s Thomas Little Heath,
“Greek Kathematios and Astronory,” Scripta Mathema 6(1988), pre 215-282,

(4) wdern thinkers pay tribuie, sometines uucuu. Pythagoras

or [late fer their program of mathemntis.tlua of reality. 3Ses, for exmple,

tho §oﬁ°‘ﬂ" ir ﬂt Jonns %mm second odition‘

sane author

'hu terious Miiverse iomd editient, Canwhridge: ‘\'ﬁo Universisy Prou
M. B and pe ¢ or ssé Alfred ﬁorth Thitehead, Advertures of Ic\ou.

Cambridge: ‘The Umiversity Tress, 1933, rp. 19e195; mmc
d Panotion aud Binstein's Tneory of Relativity, Ohleazot won CowrR, 1035,

pe 158; Sartrand Tuasell, 4 History of Jeatern lo% Yer York: Simen

and Scluster,

I PPe 3 .
.. (8) n. 6 doliu;vood, The Ildea of Beture, Oxford: The Olarendon Press,
v 9P 9B
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latent in what such thinkers ss Descartes hsve writtem on mathematios or
from the role snd the funetion msthematies ‘s given In Ltheir philosophy
and science.

The explicit seocondsry sources for s history of wsthemstioal ebeilrsotion,
or, more especially, rfor the relstion of metlhematiics to philasophy are relative-
1y few (6), There is, moreover, much dissgresmont end d.spute on the extent,
influence and relation of mathemeties to the philesophy of individual thinkers.
It is only recently, in fect, alony with the self-conseiousness of mathematice
and science, that the ‘nfluence of mathemstiocs on the historieal formsiion of
philosophy is being sufficiently oredited (7). Kany soholars today are osutious
sbout the relation of methemstics to philosophy, and some shie sway from or re-
jeet the relewance of a philosophical viewpoint of mathematios (8)e Others
weleome & philosophical ettitude ss Lealthful and even provocative of mathee
matieal discovery (9). These sttitudes, importent as they ere in the study

of sn individual thinker, also hsve a pronounced effeet on the future relation

(6) A clessieal study, in Prench, is Leon Rr.nschvicg, Les Etapes de le
Philosophie Methémetique, Feris: Fresses Universiisires, 38me &dition, 1947,
Brunsehvieg's work is, unfortunately, tinged with idealism snd ratheraticism,
Edwin Arthur Buret's book, The Metaphysiosl Foundstions of Moderm Scisnce,
eited above, likewise scoms Lo e sn extrems interpretstion. A contrary
thesis to the one oontained in 3urti's book cen be found in Edward w, Strong,
Procedures snd Metaphysies, Berkeley: University of Celifornie Fress, 1936,

A ;004 example of this oen be found in Joseph Meréchal, Préais
d'Histoire de le Philesephis Moderne, Tome Premier: De la Rensissence @
Kant, Louvein: Museum Eooninnun. 1583, By the same suthor, ece ihe study
entitled Lo Point de départ de la Wétephysique, 6 volumes, Peris: Desclée

de Brcuu.r: s passin,
(8) “There will Le Jess mysticism in the mathemsties of the future than

there has teen in that of the past, end fewer grandiose cluims to immortslity
end eternal youth, MNethematies will become leas self-comscious, less intree
spestively oritical, snd more boldly oreative. It will resign its soul to the
metephysicians for such tertures as thsy may choose to infliet, feeling nothing;
for it will continue to serve with its living body the purposes of the men who
oreate it Lo meet humsn needs rather than ¢ be the plaything of sterile philoe
sophies,” %, T. Rell, The Development of idathematics, Vew York: MeoGraw Will,
1949. pp [ 17‘“175.
() Cerl B. Boyer, The Conoepts of the Caloulus, A t.ritiesl and Historical
Disoussion of the Derivative end the Integrel, Few YorkT Columbis University

Pross, 1339, Chapter VI1I, "Conclusion", po. £99=309
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of mathemetios to philosophye.

A psssing emphasis must bs laid on the mutusl influence of mathematios
end philosophy on each other in the course of their development (10). As
will be shown telow, the evidence for their !nteractiom, quite evident as
it !s in the works of philoscrhor-methemstiolans es Pythagorss, FPlsto,
Descartes and Leibnie, cen likewise be detected in philosophers who were
not mathematiciens es lLocke, Derkeley snd Kant, Thojleiro. neturally, obe
vious speculative .ssues sbout which both methematics end philosophy are
concerneds quantity, spece, time, infinity snd number. CIven with regard
to less spparent theorsticsl mstters, however, both mathematios snd ;lhiilo~
sophy have grevitated towerds esoh other in their dewelopmeutsl history end
ere doing so today. ?or“‘oumlo, the type of knowledge snd proocedure fur-
nished by methematiocs in comperison to morsl knowledge wes the progrem of
investigetion to whiob the British empiricists set themselves, Analesgous
questions eoncerning the interrelatednsss of mathemstics and philosophy,
methemetics end the sciences, have frequently appeared end are oommon
speculative coin today (11).

The usual ehronology of the history of mathematies proper is not

(10) Hollis R. Cooley, et ale, Op. oite, ppe 593609,
(11) ¥illiem Ceeil Dampier (FPormerly Whethsm), A Eistory ef Seiense

and ite Relations wish Philosephy and Religlom, Shird editiom, revised
ard enjargsd, New Yorks Ths ¥eowillien Gompany, 1943, Chapter X,
"Seientifiec Philosephy and ‘ts Outlook,” pp. 445~-492,
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relevant to su historieal survey of methematiosl sbatraction (12). heither
doss the basis for demarcating the different historiecal periods nor do the
guides for elessifying types of econtributions apply (13). Instesd, s olassi-
fieation “ased on what sre frequently oalled the three orises of mathematics
w11l be followed (14). The first period witnessos the struggle of mathematiosl
adatraction ~~ alorng with that of sclence and philosophy -~ to ;nin end keep
resognition. It comprises the anclent views which Pythagoras, Pleste and
Aristotle began and whioh con'inue throughout medievel times. Although s

close reletion between philosophy, selence and methemstios charsoterizes this

(12) Por a short survey of the history of mathematies, of. Raymend
Clare Arshibald, Outline of the Hist of Mathematios, Pifth edition,
revised and enlarged, Oberiins Yhe a%gﬁsnntiot! Asscciation of Americs,
1941, The history of mathematios is usually divided into seven periocds.
The first period, from early times to snolent Badylonia and igypt imclusive,
is but a period of beginnings. The Ureek comtribution, from about 600 3.C,
to 500 AJD., comprises the second period whioh signaligzes the impertant
introduetior of deductive ressoning into methematios, #From 300 to 1200
AD., the third period comprises the Windu, Arebio and Persisn contribu-
tions end is significent for the tresnsmission of Ureek mathemstios and
the intreduetion of RindwsAradis numbersls, The fourth period, thet of
EKuropesn msthematiocs oxtending from 1200 to 1600, merks especially ‘he
developuent of symdolic slgedrs by the Frensch and Italian mathemstioclians,
The fifth period is the outstsnding seventeonth century which includes
such “res* names as Permat, Descartes, Kepler, Galileo, Muygens, Newton
ond Leidnis, end such en important step ss mathematiocsal snalysis from
whieh sanalytie geomotry, the oaloulus snd other developments arose.
Applications of metheratios to the physicel sociences snd astronomy sre
noteworthy in this period., The next period, the sixth, developed the
methema ticel tradition and oreeted such subjects as actuarial scienee,
the osloulus of variation end different goometries snd al;jedras. The
final period, the nineteenth aentury to present Limes, is one of un-
believedle fruitfulness and nrodustivity in mathemntios. Lleplace snd
Lagrange, Labatsehewsky, Gauss and Cauchy are but s few of the oarly
great nemes in this neriod which includes many grest oontemporary
mathematicians,

(18) Oontridutions tc mathematios are generslly clessed under three
broad hesdings. One of these is number with ite implication of dis-
oreteness, exhibited at first as arithmetie end algebra, The concept
of form snd eentimeity, the second eolass, showed itself especially ss
goometyy and later es struotuwre in mathemetiocal relations and theories,
The third hesding includes contridutions to method, notation and eimiler
devises, Cf, K. T, Bell, e ¢i%4p PP 3=18,

(14) “Abrahem A. Prnonggi.-“ﬁho Kooent Controwersies ahout the
Foundetions of Methematios, "Seripta Kesthematice 13(1047), pp. 17-18,
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period, mathematieal thought and discovery is oi'ten found completely
divoreed from philesephy) philosophy ofsem is feund meglestful of mathe-
matics in its analysis (18). The second peried, though it arises from

» slow end soattered though echerent development, begins spproximately
with the publiestion of Descertes' snalytis geemetry in 1687, and his
program of mathematisism. In this second period, a grest rebirth in
methematies snd in seiense, and ¢ olose connection frequently begetting
e confusion of sciense, methematies and philosophy, resppesrs. The in=
voention cof analytis geametry and the recegnition of 1ts fecundity as

s mesns of invention im mathematies and pkysics, foster in NDescartes

the dreem of 8 universsl mthemmtios which he hopes will qualify im
desling with problems of all mowledge. The Certesians fellow lescertes
in furthering this ideal sefence., Lleibnis, by his ocsloulus and rathema~-
tieiom, aotually inftietes the steps towards its realisstion. JMost of
the philesephers of this period feel themeelves bound to deal with ma~
themsties in soeme form, or to explain how and why other knewlsdge,
though it lacks the handsome gqualities of methemstiocs, i¢ yet walid (16),
The prodlea ef the distinction betweon philosephy end mathemetias, osed
by the prezram of methemetieising #11 knowledge st lesst with respect e
nsthemstienl method, eppears frequently, leading to Chris!ian von “olff's
proposel of two types of imowledre: #etavhysios and its ultimate csuges,
scionew and {ts preximmte causes, the period eomoludss with the raiioma~

tieally ultimete and ebsolute interpretetions of Newtom, Xant end Auzuste

(18) This sepersbility of mathemetiocel from philosophicel or sclentifie
abstreetion cen be viewed as an historiesl argument favoring the distinetion
of these various types of abatrsetive processes.

(18) Killiem Cecil Dampier, Ope 21&'0 rre 208=216,
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Comte,

The third and final iﬁ;::;: the sonSemporary scens, is one of
growing sslf-conseiousness for both mathematics and sciemse, In the
eighteenth sentury, discussions arise on the foumdations of the oal-
sulus aad the theory of infinite series, The program of arithmetisa-
tiom follows, and is sucoeeded by a number of antinomies and paradoxes,
S8ohools cf thought ocn the foumdations of rathematics develop, and the
analysis of the nature of mathematios, its relatiom to other sciences
and philesephy agein become paramount nroblems (17),

It will be sasily sesn that the survey embodied in this shapter is
not a history of wmathematieal abstraesiom, Per, ,roperly speaking,
an account of the results arising from mathcmatiocal sbstraction is mere-
ly the history of ‘he soience of rathematics, The uistorical sketch
which follows is wmore aptly termed a history of the metanhysios of
mathematioal abstraction or a history c¢f the philesophy of mathematiocs,
It arises in answering these two questions: (a) what metaphysical posi-
tion have ;ast zhinkers aionted on the -ature of mathematios? and (b)
in their hiloscphical acoount of what mathematics is, have they suffi-
clently distinguished mathematics ani its method from inetarhysios, loric
and science in general? A speculative inquiry of this sort imnlies, iloun,
t.at though a nathematioian frequently questions the nature of his .cionce,
he engages in this inquiry not as matheratician dut as jhilosopher; and,
secondly, that suoch an endeavor is not the proper functiomn of the uathe-

matioian asz such but that of “he mathematiocians as man and philosopher,

(17) Rerman Weyl, The Open World, Xew Haven: Yale University -ress,
1934, paseim,
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Iz answering the twe questions posed adbove, ths following historical
resune, by placing a man's theory on mathematioal abstraction withim his
systematis phllosophical sfforts, reveals two iruths; firstly, the
mitual interaction of mathematics with other types of scientifis abstrace
tion; secondly, the recurrence of an amcient, modera and recent gonfu=-
sion or iientification of mathematiosl method or abstraotion with that
of other seiences frequeatly manifesting itself as the error of mathe-
meticism, Thus the historical view argues that a proper understanding
of mathematical abstraction is neceesery for a-eculative truth {m gene=-
ral; end, more pointedly, for “he contemporary ~hilesophiocal speculae

tions stexming from the science of mathematios,



Chapter IIl. Anoient Gonoeptions.

Mathematies hed its historiosl origins in practiocsl necessities (1).
The counting and measuring processos of the anscient pecples, especially
the Babylonians, RBgyrtians and Persians, grew ocut of their primitive
engineering prodlems -- surveying, construetion, building walls and
dirging dikes =~ end out of their sttempts Lo number the days of the
yosr, to eount sheep sand compute intervst. These ocountless submsthe=
wet icsl faets, constituting an elementery arithwetic, a eometry and
en enslysis of e sort, end an algebrs without symbolism, were the in=-
heritance of the Greoks (8),

The Oreeks did more tham absord these faots (3). Bresking with
mythelogy emd the current apreal to pepuler fansy, they sohieved the
sbetreetion proper to methematios as well as that proper to science
ond philesophy snd oreeted the scientifiec outlook, Ir mathematics ite
self, they are to be eredited not omly for their contributions but ese

pecially for founding msthemsties as s soiense dy introducing the ume

(1) A diseuseion of the views om this problem oan be found in Carl H.
Boyer, op. oite, Ppe 1418, lMany recent books, popularizing mathematies,
give a delightful but fenoiful acoount of the origin of mathematies, re-
garding it as the offepring of cemwention, use, or as s result of the grae
dual perfecting of the humen brain, 3uch asesunts are quite fiotitious,

These authors interpret historieal faets from a prejudiced and even mythoe

logieel peint of views, See, for example, Lanecelet Hogbem, Mathewatios for

the Millioms, passim, snd Gaylerd M. Merriman, %o Dissover Mathewmaties, Wew
2 Johm Wiley ons, 1942, ppe 1-8,

(8) Themas L. Heath, A Memmal of Greek !mthemsties, Oxfords The Cla-
rendon Press, 1841, Chapter 1i, "Numerical Notstion and Prectieal Celoulatiom,”
PPe 11«38, See slse Oystein Ore, Number Theory end its History, Chapter I,
"Counting and Recording of Wumbers,” pp. 1-Qé.

]
G U L B 8 R st K M A g AT S
the Greeks and supplied them with preliminery meterial, this edmission is in ne
way prejudioisl to the originality of the Greek renius. Bolence and Thought, as
distinet from mere prectical asleulstion snd sstrologicesl lore, were the result
of the Greek genius and ware due rejther o the Egyptiens nor to the Babyloniens
F. Copleston, op. cite, nye 15«16, For a similer testimony see John Burnet,
Early Greoek th?ouop yhy, fourth edition, lLondoni Adam and Cherles 1lack, 154§,

PPe 15«30, and Thomes ., festh, Lope _mou Chapter I, "Introdum:ory". e 1=104
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fying prineiple of deduetive reesoning (4). In their attempt ‘o relate
struoture to rumber, they sre also responsidble for the view that a mathe-
metionl concern with nature !s ¢iite relevent, thus opening the way for a
program of applying methematios te natures. Finslly, the -enius of the
Greek mind extorded to a speculstive treatment of methematieal sbstraction,
snd 8 consideration of the relations between rethemstios snd the other
soiences which hsd but lately Leen born (6). In this way they initiated

the first notions of a philosophy of mathematics (8).
I, The Pythagoresns

%“hen the sehool of thinkers k- own es the Pythagoreans speoculsved in
Greece, a number of opinions were deing of'fered on the nature and rineiple
of a1l things. These eerly piencers, whom Aristotle celled "physioiste® or
philosophers ~f nature, had aohieved s high level of selenti’ic and philoso~
phical sdstraction. The eerly Ionians held, with Thales, thet weter is the

prineiples of sll thinge. Others sided with Anaximander's tesehing thet the

(4) "They crested the systematic mathemstical treory based upon exioms
snd developed Dy means of lopicel deductions in the form of proofa, the standard
pattern for mathema:ics, as it is formilated todey,” L. L. Foodruff, editor,
The Development of the Sciences, Second Series, Few Haven: YTale Univerasity
Press, 1041, pe 4. BSee Custon :ilheud, op. oits, pp. B1=69,

(6) Most seholars pay tribute to greek genius. In The Development
of Mathomatiecs, K. T. Zell soems to take a eontrery view on the worth of the
Greek eontribution to mathematios and to oivilization. A eomparisen of the
various places in whioh he spesks of the Creeks indisates, howsver, that his
on pssssnt remarks sre to be interpreted as flippantly se they are made,

t 18 deyond our purpose here to exsmine the exagierated and mysticel
views of number or form, or their use in symbolism. A deteiled study of these
developments cer be found in Lym Thorndike's History of Mezio and Experimental
Scienve, oited ebove, Por the symbolism and mystioiem attached to parts
of methematies, see Vinoent Foster Ropper's Medieval Kumber 8ymbolism, eited

sbove, pes .
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changes we cbserve in nature originate from a eonfliet of opposites whieh
srise within the original element ealled the indeterminate. Some followed
Anaximenes, who tauzht that all things come from sir through s process of
oondensation and resctian, This propensity to rationalize the coaseless,
slmost unintelligidle ohange im rature, was sdopted by the Pythagoreans.
t1though they came of e euricns mixture of mystiecism and a bent for ma-
thematies, the Pythagoresns were likewise seientifio, end thrived in the
new intelleetual atmesphere (7).

To the ourrent scientific snd philosophical attempts towards rendering
nature intelligible, the Pythagoreans contributed s new ocutlooks was there
not & connection between the attitudes of the physiecista and that offered
by mathematios? All the physicists hed tried to solve the prodblem of the
many acd the ones they had sought for ldentity in diversity. The Pytha~-
goreans suggested that possidbly the sameness in diversity could be modounted
for by number and structures ¥e need no lenger inquire what the primitive
matter i (th;a the Pythagoreen mathematical sutlook oliminates that of
selentific and philosophicsl abstrsetion); we een say that all thimgs ere
ounber and form. Aristotle writes that

The Pythagoresns, as they are oslled, devoted themselves to
mathematics, they were the first to advanee this study, and
having beer brought up in it, they thought that ite principles
were the prinsiples of o1l things (8),

The application of the Pythagorean tenmets to nature were successful,

In acousties, their doetrine pointed out that the qualitative differences

(1) Jobn Burnet, op. eit., Chapter VII, "The Pythagoresns,” pp. 276-308.

(3) Mote 108, D88 B 23-6; seo also 986 « 15 and 1050 o 3z, Heferences
to Aristotle are from The Works of Aristetle, Translated ;nto English under the
editorship of W. D, koss, eleven volunus, Uxfords The Clarendon Press, 1908~1931,
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betwoen notes sre due to the way in which the plueked musiosl string takes
up different shapes. Likewise the concordence sf musiesl tones was well
expleined by their retio of numbers. Uy snslysing bodies into surfaces,
surfeces into lines and lines into points, they spplied their dootrine to
nature snd demonstrsted, to the ;hysiecists, thet rmthematicsl nonoepts
explsined the world of rature (9)., Each body expresses the number fourp
surfsces, threej lires, twpjy the point, cne. If we add these together,
we get ten, the perfeot nuxbor. The whols universe seemed to submit to
this interpretation by mathematical adbstrsotion; the forms and figures
of the cbjeots of sense experience could de seen to have geometriocal con-
tours, while the constellations of the hesvens were explioable both as a
configuration and a number. And hence, as four dots csn represent the
configuration of e square, three of s triangle, two of s line and one of
a point, the Pythagoresns readily

supposed the elements of numbers to be the elements of all

things, snd the whole hesven to be & musical scale and a

number (10).

Pythagerean mathsmetiecism, then, attempted to identify the objects
held in methematical abstreotion with ell things and eliminated he proe-
priety of the esrlier sbatracted views of ths physicista, Nsture, they
agreed with the esrlier physioclets, is orderly and changes in harmomious
proportionss tut the very arder and the proportiom is number and form.

And wheress the esrlier physieists had thought of weter, air, fire and

(9) Thomas L. Heath, 22. cite, PPe 28=88,
(10) Metaphyeics, 986 & 1-¥,



sarth ss elements and prineiples, the I'’ythezoresna held numbers end
forma to he the intrinsle prinoiples of nature end to bo iswenent
in things themselves (11),

The pleusibility of the Pythagorean d-e‘rines attreoted many
followers and the sohool flourisied. Arietotle wrots of them and
the Plateniste:

mathematiocs has come to be idemtiocal with philosophy
for moderny thinkers, theugh they say that it should
be studied for the seke of other things (12).
The "seandalous diseovery” (18) of the irretionala in mathematies,
however, became en insupersble obstecle to FPythagoresn mathemetios
end their mathemsticiem. Ia the appliocation of the alde ~F e square
to its diagomal), an imoommensurable retio was discoversd, and no way
of resolving this diffieulty could Ye found, The attampt %o epply

nathemetios to nature, and the endeavor to relate ecomtinuity »s

form tc disoreteness ss mmber, wes adbandored, slthough the Pythagorean

(1!; R, 8, Gollingwood, :R cide, Pp. 0m88,

(1f) Metaphysios, 992 a,

(18) Brunsehvieg speaks of ,ho "scandeloun diseovery” of tha
irrationsls as & faotor in lessening the influenee of the Pythagorean
sohools Leon Brunsohvieg, h role du Pyths orim dens 1'évolution
des Tdbes, Paris: Wormenn & Cle., 1




influence end cutlook on these metters continusd (14).

In the meantime, other sehools of thought with highly metsphysicsl
sbstresctions, flourished. Hersolitus opposed the statie and stomio con-
oept of nature sdvoosted by h's predecessors with a J namle philosophy
of becoming. He answared the question of !dentify in diversity by holding
that the Ono is the »rinciple of all things. The esserce of the e lies
in ite being both the many snd the One st the same time, so that all things
sre in ¢ constant state of flux end ohsnge. rarmenides, on the contrary,
teught s philosophy of beinge There is no changej; deing is, snd all things
sre. The dostrines were pitted spgeinst eash other, and acute discussion
srose through the efforts of Zeno o:f Flea, Parmenides® most nrominent
pupile. In support of his master snd in opposition to the Pytheagoreans
snd other sehools, Zeno offered his famous dialecticel ebetreotions which
srpued in favor of continmous as sreinst diserste quantity, Zeno used
his dislectical talonts to show that Psrmenides' stetie philosophy was the
beat; if one grented the :ideas of the Prthagoreans or even of the Atomistse

with their "infinitely smll¥ quantities (15), sntinomies arise whioh ere

(14) The Pythsgoresn influence pesses through leto and the lige-
Pletonists to Saint Augustine, eventually resching scholasticisms where the
Fythagorean notion of numbered order in seometry, srithmetliec, musiec snd
astronomy, rmde thess [four subjeots the quadrivium of medieval ingtruetiong
8ir V. C. Dampler, A Eistory of Boience, Hew York: MeoMillam, 1943, pp. 17-18,
On page twenty Dampler writes, "After the Renaisssnce, the idea of the ime
portanse of number was taken up by Copernicus and Fepler, who laid chief
strees on the methematical harmomy and simplielty of the Hellocentric hype-
thesis s the best evidence of its truth. In our own day, Aston with hias
integral atomic weights, Moseley with his atomic numbers, Flanek with his
quentum theory, end Einstein with his claim that physical facts sueh as
gravitetion sre exhibitions of local space=time properties, sre revieing
1deas that, in older, eruder forms, sppesr in Pythagorean philosophy.”

Dampier refers to ¥hitehead ss his suthority for this statemsnt. It shcould

be pointed out that it 18 possidle to separate procedure in soience from such
motaphysiocal implicstions as are found oxample, in Pythagoresn mathe-
maticism, One cen say that seientists as such are mersly relating straoture

to number, without eny metaphysiosl implicetions se to the existence of these
mumbers in things, which 1s eleser to Pythagerean view, Thie distinetion
between FFocedures end mtghynin in methematios hes been studied in Xdward

¥, Strong, Preocedures and Netsphysios, Berkeleys University of Californie Fress,

19368, see Chapter I end Chapter II,
(18) H. Do P, Loe, Zenc of Elea: A text with translation and notes, Cambridge:
The University Press, 19383 or see Cerl B, Boyer, 8pe cite, ppe 21e22,
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inscluile by the theory of number snd form. Msthematios feils te retionelice
nature as ¢t fails te rationslise the incommensurable segments in the tesohing
of the Pythagoreans,

Another school, the Atomists, tawght thet an infinite mmber of in-
divisible units celled atons, differing only in size ard ashape ere the prine
ciples of sll shinge. From the verious formations and oonfiguretions whieh
these atoms subsume, the four elerents and ths world of nature sre brought
into beinge This theory, however, wes alse unable to eope with Zeno's ar-
suments. Hence the dootrine of the infinitesimally smsll srd the infinite

in number, which the Atomists proposed, was graduslly ebandoned (16).
1I. Plaste

Through their insietenes on the intelligivility of noture, sll these
esrly thinkers exercised a profeund infl .ence on the philosophy of Plate.
Scosrtes, Plato's tesoher, advenced the thought of these mem by introe
duoing the maieutis method and the notion of definitions be sceentmated
the importence of ethies and dieplayed the necessity lfor elarifying the
goal of sll selentifioc endeaver, the Universal. Plato's respsot end debt
%o all these thinkers is repaid in the work of his dielegues, where they
often play the leeding roles in presenting soientific, methemetiocel and
philosephiesl points of view,

In order to enter Flato's Academy, & oertein amount of profioiency in

mathemntics was requisite. "Let none enter here ignorent of geometry” is

(18) F. Goplestom, op. oite, pp. 72=78.
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s welleknown phrase whish was, supposedly, the edmissions stendard to Plato's
sehool. This respect and eulogitation of mathematios whioh §s found in Plato's
writings, is principelly due to Pythagorean influence. ¥lato's deference to
sstheratios likewise prodused s number of gradustes who mede important eon-
tributione to the growing science of rathematies (17).

Plate's attempt to solve the problem of the one end the weny consisted
of o dusl psysholozicsl process: e gradual purificstion of the shadows and
sense images of the world of nature, end the process of recollection., BHis
philesophy is dominated by the fundemsntsl prineiple that the proper object
of =11 true scienee is the world of idess $n which man pre~existed, end of
which the sensespereeptible world is but s shadow or oopy ylelding only
spinion, Por Plato, in contrsst to the esrlier thinkers, hsld tha% essences,
forms, nuxberTs -= the irtelligidle as such ~=- trsnscended the world of nature
end were not immanent withinm i<,

A student is initiated into the process towerds knowledge from his state
of ignersnee by beginning with the sensible world, of whieh he cen garmer only
opinion, 7he lowest type eof opinion is that aequaintenoceship or mere con~
jesture s man hes of the fleeting "images” im the world esoout us. Buch s
sen judges wrongly thet externmal mature is the true reslity. A higher tjype
of opinion, faith or belief, is achieved when a man reslises that those
irs 08 sre nothing mere than reflections of something more basioslly resl.

Fo reslises that exterral nature is not what {t purports to .ej; and, though

he has pot got 1t as yet, he is on the road towarde solentifio kriowlediee

(17) See the interesting remerks Plato makes eoncorning Oreek ignorsnde
of geometry in Laws, 319 4 - 820 ¢, References te Plato sre taken from The
Dialozues of Plato, Trenslated into Eaglish by B, Jowett, with an Im
by raphael Demos, two velumes, Wew York: Random House, 1937, JBN S s e




The sesond stage, thet of krowledge, sleo has two subdivisions. In the
lower, = man begins from hypotheses and proceeds, not to e prineiple or
form, but te @ conelusiom. Such men are "really endeavoring te behold
those objests whieh s persom can only see with the sye of thought” (18),
or the objests of methematies, Msthematicsl ebstrsetion, them, though
1t has the funetion of retiomslizing the fluetustion of neture, is only
on the road to knowledge. The men who shstrset in this way are clessed
as having understarding, which ia the intermediate stete of mind between
ovimion and the fimal stage of soientific kmowledge -~ pure resson, the
understanding of the forms and ideas themselwes, In crder to srrive st
the stase of pure resson, one rust begim with the hypotheses of the
previocus section (methemetios), end rice to the first principles, the
world of forms and ideas, It !s >-ly here that the inner msaning of
ell th'ngs is gresped in the centemplation of the Cood (19),

The prgblem of Plato's dootrine on the nature of ‘athemstics and om
the relatiem of mathematios to the Porms is s widely disputed one (20),
It is agreed that Plato's sesrsh for ratiomelity in nature was fruitless
snd that he theredy consigned the study of nature to the realm of une
certain, shifting opinion, 7The rythegoreans had made the ensemble of

numbers and thingo correspond. ['lsto lifted number out of the world

ﬁ? Republie, 610 e - 11 s«
19) Vor s good diagrapmatic amelysis of these various stages, see
P. Copleston, 2;. citey Ppa 162,

.?,‘.O) See F. Eoplutoq. Gpe 0484y Ppe 168206 for s recent sumnary of they
opinions on Plato's mathemeticism, A study of the irfluence of the P
on Plato 4s given in Thomss Gresnwood, "The Fletonio Theory of the Contimng,"
The Thomist, VII (April, 1944), pps 179=203. 3See aleoe F. Buriques et G, De
ant{ilana, Le Probléme de ls Xatidre: Fylhegorieiens et Elestes, Paris;
Hermann & Ote, 1958) those uuthors disouss the orlgin of Pythaforean mathee
msticism, pp. 11«17. 8ec also, Geston Nilhsud, op. oit., pp. 327-368,




of nature and made it trenscendent; it cocupied an intermediary position
betwesn the sense world and the world of ideas, Seemingly, ‘lato -~ and
certainly later ,latonists -~ was not content with this scheme, Accord-
ing to Aristotle ard -any modern seholars, "lato taught that wathematics
ie not only the means by which a man resches true inowledge, but even the
ideal world itself can only be made rational and intelligible through
mathematies, In this way "lato offered a different type of mathematicism
froem that of the Pythagereans, The Fythagereans had identified the scienti-
fio abatraction of the earlier thinkers with that of mathematios, Plate
eliminates solentific abstraction (21), and identifies xashematical with
metaphysieal abstraction in idealistic mathematiciss, In "lato's philo~-
sorhy, it has been said, "God ever reomstrizes (22)",

If "lato is nct to he understood as proposing mathematicism, then
his notions on mathematios were quite in harmeny with current mathemati-
ocal nractice., Mathematics hag unto itself a special faculty of the soul,
oalled understanding (23). It is olassed among the rurely intellectual,
as oprosed to the :raotical seiences (24), Although the mathematioian
uses sensible things as symbols in his demonstrations, his rurpose is
to lay hold of the trianmgle or square in itself which he loces by ration-
alizing nature; that is, by reducing the fluctuation of images and shadows

to forms, for "im these perplexities the socul naturally summons to her aid

(31) "Flato's eriterion of reality was rot consistensy in experience but
reasensbleness in tshought, For him, as for the “ytharoreans, thore was no
necessary distinetion detween rathematics an:t lcimnoo# both were Lhe result
of deductiom frem elsarly perseived first rrinciples.” Oarl B, Boyer, o.¢ cite,
Pe 28,

(22) ™is quetation san be found in the deli htful work of "obert Sdouard
Norivs, Nemorabilia Nethematica, pp. 289=270; Morits's book, though old, ia an
iml\(ab}o sourge of tions on mathematios and “he philesophy of mathomaties,

23 ll-ggblio, ¢ 511 C; ses Theastetus, 184 D,

(24) PRatesman, 288 D,




48

caloulation and intellizemce” (2%). Mathems:ioal adatraction rakes much

use of hypotheses, whoss wvalidity the mathemmtician doss r :t question hut
simply uses im drawing his gonclvaions (28), Purther, the existence of a
square or a triangle is sssumed Yy ‘he mathematician; it is what fs given to
him, and furnishes his zoint of departure for mathomatical demonstration,

The usual divieion of wathematiss inte arithmetic and geomotry is wentioned,
Tagh of these branches, heowever, has two varieties, the impure (wh'ch seems
to be mathematics 1tself), and the rure, The latter is the -hilosovhical :use
of -athematies; the nhilosopher must be an arithmetisian, "hecause e has

%o rise out of tha sea of ohange and lay hold of “rue “einp" (27),
III, Arissotle

Aristetle owed muoh %0 “1s -redecessors and espeoially to his teacher,

“lato, There oan bde little douds, however, of the originality snd rreatness
of his zontridution to the new sciertifioc locetrine -f the early Wreeks i:::f
to the :rodlems posed by the mathematical rhilosophers, In his logical
treatises, we meet for the first time in the history of th-ught a oom: lete
and quite satisfying account of the nature of rre-gaientifio Imowladge, and
of the nature, divisions and extent of soientifie mowledge (20). In both
c3ses & Man may -ossess knowladpe; what es-eclally dl-tingui.hfielcatifio

knowledge is its universaligty, demonstrability and certainty,

i::g B e aeraito 1, mo.

(2v) 1is, V1I, 988,

(s8) e's logical trestises portray his soientifie ideal, The
Myder A-nlzgégp exanines the forzal validiSy of inferemse, or the valid derivae

on of ocmolusions from given premises, The Costarier Amalyties analyses the

charagteristios of premises if our knowledge is %0 bYe the most perfest ohtainadle
that is, truly seientific, In the Torios, Aristotle shows row we a-tain end
Justify the nremises that are sed in the argpuments of Jailv life, The rotiom
of sciense itself cocuples the rain ;art of the "asterior Analytics,




There is s realm of preesciantific Imowledge, Aristotle tesshes,
which corresponds roughly te Plato's theery that omly opiniom can be
odtained of nature (29), It is the realm of the fancies of the ruet
which induce im us a state of mind called estimation about the truth
of things; it is the realm of the persuasions of the rhetoriocism whieh
breeds a suspiciom of truth withim us, inclinimg us to adopt one part
of a eontradiotion; it 1 the realm of the predabilities of the dialocti-
cian whieh gives us opiniom, whereby we accept one pert of a contradioto-
ry propesitism, with fear that we may de in error, Sinee some ferm of
reasoning, man's distinetive astivity, ocscurs in all these states of
uind, Aristotle felt that ths logieian should examine thelir respective
nerits,

Plalectics, a favorite Aristotelian device, is s fertile sourve of
ergument, demonstration and msthods of arrivimg at $ruth or sppreximas
tions to the truth (80)s Prodlems of any sort are its eoneern, and the
arpuments and disoussions it crevekes arige from vrevesisions whioh
either are, or seem to be generally ascepted, Dialeotics bYeing mn ocasy
way to learn, it is of ~uch servise in the asquisition cf sctsntifie
knowledge and plays an impertant role in all the soiences, Its main
funetion cocurs im denlimg with the realm »f the changeable and oontimpent

whore truth is diffieult to establish, Jalestical arguments rest on what

(29) Fosterior Amalyties, 71 a 1-10,

(30) In Aristotle's comoepticn, “ialectios played a large ,acrt as
prevaratory to the asquisition of esch scienoce, I% ~erformed an imgortant
function in the aprroach towards science throuph the sonsideration of doubts
and 41fficulties, and the opinions offered by previous thinkers,
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oan be okserved te be the esse only in most instences, Iadustive ex~
amples snd the type of ayllegism known as enthymems are the main . Sypes
of arguments used in dialegtieal knowledge,

Selentific Mmowledge, which is rot limited merely te lmowledge of

forms or mathezatiocs, is deslt with shiefly in the Ppeterior Analyties.

¥e suproee curselves to pessess unqualified scientifio

knowledge of a thingseevhen we think that we kmow the esuse

on whieh the fact depends, as the cause of that faet ond of

no other, and, further, that the fact could not he ather

than 1% s (1),
It is imowledge odtained only by strict demomstratiom through the syllorism
of the first mood and firat figure, having hoth premices waiversal emd
affirmative (32), This implies Shut the premises rust bo "Srus, pricery,
immediate, detter imowm than and prior %o the oconolusien, which is related
to them as offeat to cause” (38). Setentifie, im.oppesitien %0 pre-seien-
tifie knowledge, is damomstrative (34), is imowledge of eauses (38), of
universals (36), of essence (37), of form (38). These strict requirememts
for knowledge to be classed as solmmbifie, redues much mowladge to the pre-

soientifis level, espesially te that of Dialectics.

(31) Tosterior Analyties, Tl » 8-12,

(32) Thls La a rigorous oongeption of seiense, "Of all the figures the
rost sclentifle is the first, Thus, it 13 the vehiele of the demonstraticna
of all the msihsmatical solences, such as sr.thmwtie, gecmetry, amd optics,
srd practically of 211 the soiences that inveatigute causes... “osterior

% 79 a 18-21.
Paste~ior Anslvtiaog, 71 b 20.22,

(u; T?u,;}gr ﬁ&@b 74 5 37; 50 b 95 87 b 35,
(38 ‘onterior Lytics, 71 b 03 94 » 20, Cf, also Thysies, 194 b 1°,

Hore Aristotle has im mind hls dootrime of the feur canses. sal kmowledye
implies necens'ty,

(36) Posgerior dual 57 b 38; see alse Vetaphysies, 1086 b 6; 1059 b
28; 1003 a 13, iﬁ@ﬁsﬁ'thm@ ae sush is ineffadle and ganmmot be the

ebjeat of saionee,

- (87) or Analytios, 99 a 22, Xstaphysies, 1031 b 7, 1031 b 20,
(s8) 412 n 9y 414 a 4,




In the process of teaohing, science is induced in the pu-il dby
demsnstration, It begin~ with the student's pree-existent ¥nowledge of
self=evident prineiples, It supposes the student's aoquaintanceship
with a fas$, the comprehensiom of a term, or bdoth, All proof ultimately
rests on the grasp of self-evident princinles whish are known by an act
of immediste understarding, ineapable of demonstration end thus, self-
evidentt, These principles are inocapadle of Jemonstration, Ariatotle
maintaing, or we are committed to an iInfinite regress in the proceas
of soiences The teasher presents the students with factas, with the
terms and the sudjeset-matser of the sciendge, with the varied opinioens
that have been offered on the matter under comsideration, and with
dialectiocsl suppesitioms,

The actuality of scientifio imowledge, cousequently, arises in the
nind of the studemt by inducing in him the nrocess of abstraction from
what is piven in sense data., It is theorwtical or speculative, as opposed
to rractieal knowledge (39). Theoretical knowledge is intereated in truth
as sush and is more noble than prestical kmowledge, which relates truth
in the mind te human sobioms of en Mult;r; fective natures Theoretical
soimesd arises in three ways, Jy the rrooeds of seientifio adstraction
of the first degree, a student studies pature itself under the aspect of
mobile heing, The oconsepbs and definitions which arise in the atudent
mind bear & direes relation to the world of nature, They are the mental
grasp of the permmnent, universal and the neceasary lodged within nature
in peneral, and in eash thing, The entities whigh the mind holds in this

(39) Mewaphysiss, 953 b 20; 1025 b 1-1026% 53; 1084® 1-1084° 1¢.
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type of sbstraotien are seen to be of such n type that they are connested
with matter for their existenece, and in order to be Inown, They are :.ot
transoendent or epart from the world of nature., The whole realm of nature,
living and non-living, ie inoluded under this abstractive proces- in which
inductive and deductive methodology ococur,

The seeond sype of abstraction is that proper %o mathematios, which
likewise origimates through the senses, though often from a minimum of
experiense (40), In his disoussion of mathematios, Aristotle foreidly
rejects the rmathematicism of the P'ytharoreans or ‘latonists or any theory
w-ich equates rathematioal entities with a separately real world of nature
or selfesxisting ideas (41), Mathematios {s distinzuished from the first
adstractive process; thers the mind abstracted from the individual sensible
matter of each thing and arrive at the ooncept of common sensible matter,
In mathematics, the mind abstracts from cormon sensible matter and a-rivea
at the rotion of "intelligzibvle” matter, The mathamatician

strips off all the semsible qualities, e.r., welight and lightness,

hardness and its contrary, and alsec heat and ccld and the other

sensible contraries, and leaves only the quantitative and con-
tinuous, scmetimes irn one, sowmotimes in two, scmetimes in thres

dimensions, and the attributes of these qua quantitative and cone
tinuous,.. (42),

(40) "Mhat has been said ic oconfirmed by the faot that while young
men beoome gecmetioclians and mathematiocians and wise in matters like thesge,
it is thought that a young man or practical wisdom canrot be found..e.ine
deod cne might ask this question $00, why a boy may beooms a mathematiocian,
but not a philosopher or a physicist, Is it because the cbjests of wathe~
maties exist by abstraction, while the first prineiples of these other
sub fegts come from expsrience, and becaume young men have no ocnvietion
about the latter but merely use the proper lanmage, while the esserce
of mathematical objects is olain enough to them?!” Nichomacheam Bt:ics,
1142 a 10«19,

(41) Meta-hyeies, Jooks XIII and XIV; see Aurustin ansion, Intro-
duotion a lrﬁ_%mriltotolicimno deuxiems sdition, revue et augmene
tes, ‘aris, J, §r1n, 1568, On, V, No. 5, "Distinsotion de la physique et des
mathematiques d'spres Aristote,” pp. 143-188,

(42) Metaphysies, 1061 a 29+35,
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"hat the mind acihiieves here, then, are the sonespts proper to mathe-
mtios. The methematiolen considers quantity either as the comtinuocus
extension of peemstry or the disorste units of arithmetie, Though he
surmons the aid of the senses for illustration and makes mush use of
the {maginatien, the nathematioian is not ooncerned with objects as the
1imiss of a dhysical body; nor does he consider the attributos

indicated es the atiritutes of guoch bodizs, That {s why ‘e
separates them; for in thought they are separadble from motlen,

and {t makes no ‘ifferencs, nor doces any falsity resuls, if
they are separated (43),
The spplication of mathematios to optics, harmonies and astronomy is
sctioved by seienses which 1lie betwsen physics and mathematics., The
objests held in the mind by seientific abstrection are :lealt with by
the abstraction of mathematios (44). Geametry, fer oxample,
investigates phynioal 1ines but not gua physical, opticas ine
vestigates ratiwmaticsl )ines, hut qua ohysical, not qua mathee
matiosnl (¢8),
In its ap-liceticns to other sciences, mathematios is superior to them,
If one reaches impossi-le consequences in mathematics, they
will reproduse themselves when applied to physical bodies,
but there 117 be ’ifficultics ir physics which are 't
prefent in sathematisaj “or mathematiss deals with an
shatract and ~hysies with a ~-ro concrete cbjeot (48),
The methodology of mathematios, like that of all the sciences, is treated

by lorie, kathematics, though 16 may use 1lalwotics, ‘s Alstinct from i1t (47),

(e8) 183 v, 31-35,

(¢4) ¥or a disoussion of these "middle” rolemces, sce W, U, ‘loss,
Aristotle, third edition revised, london: ¥ethusn and Company, 1837, p, 70,
See also Aupurtin dension, sp, cite, vr. 186-195,

(48) Phvwics, 194 a, #-11,

(468) De Coelo, 200 a, 13-18,
(47) Tosterior Analytics, T7 b 27-33; 78 a 10-13,
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Mathematioal abstrection, though 1% is not the highest and nohblest
which the mind oan ashieve, is yet most proportionmats to the ‘':umen
mind (48). I8 deals with the necessary (¢9), has the highest tyve
of gertitude (50) and offors aonslusions that are timeless (51).

The third abstractive process doeg not s-ise from a remsmbrance
or contexplation ef a separated world of ideas, az :lato held, but from
a oconsideration of the world of nature, This abstractiom, metaphysics,
is the hirhest, noblest and most 4ifficult (62), It abatracts wore . al
ieeply from the world of nature by not considering being as modbile
or quantitative, but being as such, Its concepts and definitions, us
substanee, notentiality, actuality, are sear to have no necessary
oconnection or dependence on matter in “heir consideration by the mind,
Thus, not being fraught with change and contingeney, these abstractions
yield the hirhest type of speculative sclence, DBesidos this rusitive
knowledge which 18 the fruit of this abstraction, retarhysios has a
eritical function: 4t orders the abstraction of the other sciences,
determines the speculative relations hetween them, and estabdlishes
the sreoculative princivles of all solence, Netaphysios, the highest
type of speculative solence, is superseded by two higher states of mind,

The first is understanding «~« a radit of mind whioch sees the eonclusions

of science as related to the speculative rrineiples of all thought; the

gceg Mghz!iua 1078% 8-14.
49 'mi”' 2 15=-24,

(s0) De Coele, 308* 28,

(51) Yor a recent study ef Aristotle's philosophy of .athematies, see
Thomas Oreerwood, Vtudes sur la Cornaiscsnnee Mathemmtigue, Cttawa: lea Fditions

de 1'Universite 1'Cttaws, 1542, "1a ‘ensee Nnthematique o 'Aristote,” pp. 33-62.
(52) Metaphysics, °63% 30-93° 30,




sesend is wisdem, whieh sees the order and relatiom of all things se God,
138 ultimade primciple,

Altheugh there are gigaificants points of agresnent between Aristotle
and his predecessers, he d1d nod nerely harmenise their views, iather,
his attitude was that

I8 1s juet that we should be greteful, not orly te shose with.

whose views we may arree, but also to those who have expres-ed

more saperficial views; for these also contributed something,

by developing before \w the nowere of thcught (53),

By his theory of knowledge and his olaseificstion and dlstinetion of the
gsoiconces he wished to vindicate many legitimate poiutl. of view, 3By
eliminating the Platoric theory of a scienoe concerne:d only with the
reoall and contemplation of a world of ideas; by denying the idealist
fderntiftoation of mathematical with metaphysical abstrastion ia the
Tlatonist teaching or with scientifie adstraction in the Fythagorean
attitude, Aristotle hoped %o estadlish many wvalid tyres of solentifie

knowledge (5¢), The transcendent idoas or forms besome, 30 to speak,

W 9938 %», 12-16,
(84) The following diagram will serve to emphasise the differenss between
Flato and Aristotle.

P PLATO » ARISTOTLE
“ure fmason: fnowladge of /Muphy-un Third & highest Syp
Ideal world & [ of abstractive Imowledge of
Sclentifie the Good, God. Seien nature, leading to knowledge ¢
Fnowledge ' titte!  Wered Osuse, Ood,
L Studies being as such,
Nathematiost Prelude to Nathemutios: Second and interme-
, kmowledge of Jiary type of abstractive kag
Ideal World Knowl ledge of nsture: heing ap
AN edge

interrediary Setemoes
Fhystos: Pirat ard lowest e;p. of
abstractive imowledpe of req)
worlds mobile det

Pad ks | Dialestics: Knowledge of highest
Pre-saientifio Presseiontifio probabilisy g type of
Fiswledpn Tnowledge Opiniem:

Con jeature Susploion of truth:

Estimation of truth:



irmanent in the world of nature as the essences and acoidemts of Shings;
through abstraction the mind conoeptualizes the sasence and the aceidents
of natural things in the vearious types of scienee, With repard to the
tla' onic mathematical ideas as such, “hey exist only in the mini whieh
develops from “hem the pure or applied sciences of rathems ics, Hemoe
the essential, the quantitative and the qualitative aspeots of na.ure

sre intelligivle snd the -~roper concern of varicus sciences,

The generations immediately succeeiing the “ythagoreen, Platonio and
Arisiotolian schoole gontriduted 1ittle waterial that ts germane tc the -ro-
hlem o ~athematical abstSraction which 1s dSeing considered here (85), With
sore oxeeptions, number mystioism, soeptioism and lack of mathematical
speculation followed in the decadence of Hellenio and flollenistioc thoupht,

These intervening cemturies are more properly viewed as e prolomged reriod
of -reparatiem for rathematics and solence (88),

In fast, only in the ¥iddle Ages is the rroblem of ~athematical abstraation
expressly riven a philosophiocal consideration in the Aristotelian traditiomn, es-
peoially by 32, Thomas Aquinas (57), But the mediewvals contributed towards the
future growth of rathematics in e nuaber of ways. Various mathematical compene
diums were edited; change, variadility of quantities, the infinite, infinitesimal
and the continuum were subjeoted to livcly theoretical discussion; Creek matho-

mtios, as well as science and philosophy, were preserved and translated; the

(88] Yor the influseos of Jemooritus and the saerties, sce Pederige Pardque
.0 "iedorie "evelorment of Lorie: The Principles ant Strueture of Scienge in the
oncegt% of hm)wmtml Thinhon Authorigzed translaticn from the fullmw

g ‘%lt and Company, 1939, Chapter I, "The legie

of the Apolents, po. 1-«, soe alno Leon Robin, la ‘onsve Uree ct origines
de l'esprit seientifique, aveo me carte hors texts, Eiition revue ot oorrfm avee
une ﬁbgh hie not&iqua pouvelle, ‘arles: Albin Kiohel 1948. o 377.388

88) George Sartom, Introdugtion to the Uutory of hnu, galm 1, II;
se0 also, AR, Whiuhud. %im and the Yodern horid, ppe 10=18,

(87) Thomas Oresmwnod, op. scit.,"”la Cormaissance mathematique 4'apres
Saimt-Thomas,” pp. 63-109,




relations and reapestive spheres of reason an! faith were widely
disoussed and the apposiVesess of reason ss & powerful instrument

of sceculative consideration was vimiicated (e8).

(88) Carl B, Boyer, op. 0ite, Ohapter IIl, "Medioval Contriutions,”
PPe 61‘”;



Chapter 1V, The Cartesian !ra.

The founding of mathematios as a science end its macessory <avelop~
ment by the Greeks marked the first golden era of mathematics, The seven-
teenth century, the secand greas period of -athematiesl history, sipnaliged |
by its ;-phnio on analysis, the begimnings of modern mathematios (1), This
fruitful seriod comprised the founding of analytic geometry by Mermat and
Descartes; the imeeption of orobability theory in Fermat and "ascal and
Format's highor arithmetie; the applicatiom of mathematios So dynamios
by (alilee an! the Srwtonian theory of the universe; the ‘iiscovery of ale
rorithms for the caloulus by Leibnis and Newton; the synthetic geometry of
Tesargues and “ascalj the notiem of symdolic logie in Leibnix,

The rediscovery and progrese of mathematical thought had a widespread
effeat on the current oultural outlook (2). An unmboumded faith in the ex-
collence and ocertainty of =athematios rose, and the applieation of i%s -rin-
siples to astronomy, vhysies, and allied branches was {nitiated, A keon in-
terest in the quantitative elements of nature alowly supplanted the study of
pature in its qualitative aspeats, I xtreme views I favor of the new solences,
amounting even to oontewmpt for theelogy, umetaphysics and roral kncwledge, led
wy‘thlnhn to adopt a shser mechanical view of nature,

The new mathematies had a ‘'iress influense on philesophical thought (3),
In oontrast to mathemtiecs, philosephy was looked upon as empty speculatiom,

and nany attempts were xade to remedy these supposed fallings by introducing

(1) w%, W, Bouge Bal}, A ooumt of the History of Mathematiesz, ““ird
edition, Now York: The Maemi "0es 1901, ppo 289-276, Bee nisc ¥, T, Rell,
ops oity, Chapter I, *The Besimning of Moderm Mathematios,” p-, 1185150,

Oharles ¥iager, A ﬂ_l%ﬁ mg% ef Salende to the ¥ineteenth Centu
Uxferd: The Claremdom ‘ress, 1041, 'The Insurgent Century,” ppe 188=247, *

(3) Yor the impaet of mathematios and solomce on sixteenth and seventeenth
century theught see Edwin Burts, op, cit., passim, fee also Fdward T, Strong,
oDy _o18,, passim, '




matshamationl abstraction and -ethod inte ~hilosophy. In this way wvarious
forms of mathematiolam eppeared, The growing convietion that nature is
esscntially mathematiosl in 188 makeup, reestabvlished the ’ythagorean-
Platonie traditien in metaphysics, The suscessful adoption of mathe-
matics in experimental seiense ;reiisposed verious thinkers to employ
it im peyshelogical, religious and ethical inowledge (4)e
The genoral sentimemd concerning mathematios bvefore “escartes ia

epitomized in the views of Conrsrnicus, Kepler and Galileo, Yitk Copere
nfcus (1473=1843), vathematics took a forward step by being applied snew
to astronamy. Though his heliccentric theory of the universe was ‘ased
on a small amoumb of empiriesal evidemce, Consrnicus nro-osed jts ascceptance
for its evident arrangeaent ;t astroponical faocts in a more simple and
orderly mathamatios} freme (5), Propesing a theory of empirioal mathe-
mtisisn, be "old mathematios to be the nagle key to the study of nature,
whose étructure be considered as mathematieal end quantitative, A strong
anti-Aristetelian, Copeamicus was an erdent enthusiast for the Neselytha-
goreanisy which had been ushsred in with the Yensissance and had laft sueh
a zarked influemce on Cardinal Wioholas of Cusa, Both Cuss and Coperniocus
held extravegant views on the range of mathematical adstraction,

. Kepler (1!'{1»1680). had a i-ep love of astronemy almost equivealent to

sun~aprehip (6), Be eagarly read Copernious’ works and adonted his idess,

(¢) This \Eﬁ be seenr to be true espesially of Locke, Fume and the
Sritish empiricist school,

(s) Cf. X, A, Burts, ope oit., Chapber 11, “Coperniews and Kepler", -v,
23-43 and Fhemrd ¥, eit., Ohapter VII, "Setentifte Method amd Leta
physies ln’!(aplo.r,' pe 1 ﬁi. .

8) Yorai view sowewhat akin 4o Xepler's fantastd
¥,8,C, Horthrep, Science wnd FPirst ‘rineipl York: the l:m‘::ﬁ::og:.:o;esa.
"Henss, there sre two rode, One, the meorosoopic atom is a sisrle porfect sube
stanes, The other, the masreseorie unity of mature as a whele 18 e complex sube
stanee. lamy of the inscusistencies in theologiesl “‘eory have arisen hecnuse
of she failure to Aistinguish between these ¥wo divine objests.” p. 262,



Convinced of the principles that mature ‘oez mothiry in vain, that nature
loves simplieisy and chooses the easiest means for its ends, Copernicus
claimed Shat his mathematiesl thecries exhidited the deep aonnection ~f
the mathematically-harmonious motions of nature, That the only Srue
knowledge of nature is quantisative was the fundemental tenet £ his em-
pirical mathematiolsm, In Kepler's umiverse, rathematical krncwledge was
wost perfeat; its conolusions were certain an:! mot subjeoct to doubt, and
it revesled to us the only real heing, the quantitative,

The mathematieism of these soientists culminated in Galilee (1864-16842).
A great and famous seientisty he was familiar with Sreek geometry and was
strongly influenced by the !'ythagerean-Platenic lime of theught, Fis scier-
tifie theories owed much bo late medieval sresulation on m~tios, the indivi.
sibles, the infinite, the centinuum and the notiom of impetus, Nore than his
predecessors, Jaliles insisted on the mathematical sharacter of nature and
congsidered it as governed by imsmteble laws, Nature moved in verfeet rre-
oelsion and ordery not lepie, but mathematies foined with exveriment was the
clue to rature's seecrets, Cbsarvation ylelded the general mathewatical
echeme of nature with which the mind beoame imredistely informed; the mind
them deduced a theory vwhich must always be verifiadls in aoctual events,
Galileo was wost slear in his emphasis on the reality of primary an? the
fiotive charaater of secomdary qualities;

Jus thet external bodies, to exoite im us those tastes, these odours,

and thess sounds, demand other than sige, figure, number and slow or

rapid notions, I do not believe; amd I judge ¥hat, if the eary, the

tongue, and the nostrils wers taken away, the fipure, the numbers,

and the motions would indeed rexein, dDud not the odours nor the tastes

nor the sounds, whish, without the livimg animal, I de not believe

are anything else thas names, just as tiokling is rreeisely nothing
but a name {f the armpit and the nasel menbrane bde removed (7).

(1) As quoted in E, A, Bum. OPs 2_13_0. Pe 75,



The new sotentifie novement fostered by Corermiwus, Kepler and
Galileo separated soientifis from philosophlcal abstrastion and lad to
the eventual iisregard of the latter, Purbher, sclantific abstraotion
beoane quasi-identified with mathematiocs. The quantitative and mathee
maticsl character of -sture alone was imvortant and rathemetios slowly

infiltrated into all soientifie speculation,
1. Desecartes

The favorisatien of mathematies and sciente and the distaste for
soholastie theolegy and philosephy are emdodied in Deseartes (1596-1850),
The founder (with Fermat) of anelytio gesmetry, Descartes was likewise the
inaugurator of a mathematieized wetaphysios, In both regards he was o
ehild of the past and & mau of his tine (8), Ne displayed e sertain mental
soquettishness (§), however, by his admitted distaste and disavewsl} of
historieal ard deetrinal influsnees on hia gpeculations, His petaphysies,

yet couched in scholastie terminulogy, liscloses him as an haditue of theip

(8) "in fues, Sheugh Dessartes’ antipathy v0 history 1s part of his
shiles » his philosephy in its twm has ite historical setting, The twe
prinod precesupstions of Dessartes were hip mathematioal methed and his
perssual approsch te philosephy. Ia bdeth there lurks a hosdility to the
ristorieal avbleck, The nesessary sruths of mathematies-are independent
of texporal shanges, They are always necsssary. The order in whieh they
happen 48 irrelevent %o thamg their artioulation is not that of events of
sinee On Whe other hamd, the psreoral appresch, placing as i% doea the
whole onue of the seareh alfber truth on the individual, who rust live
through each twrn of the argumed he diecovers, relieves him of the study
of presedent and imposss Simply the w of reflsoting methodicelly om .

She implisasiems of his cwn emperienee. - A, Boyce Glbecm, The Thilopephy
of Desoa Lordon, lethuem and Co,, 1838, pp. 3-4,

] Joseph Nareehal, Presie d' »e de la :ihilosaphie Yode
Tome remiert De 1a Remsiseance a Kant, Inr Waswdh Leswianum, iﬁ.

Pe .




&9

thought (10), Parthermore, 18 mmtal oondition wus jue to a randly
sumber of his predecessors, Saiut Augustine, the ienaissacce lleoe
Platoniste and contemporsry seientists (11),

A mental waloontent, Descartes considered is ;ast experiocnos ia
philesophy, sclience and letters -arely as ocumilative evidence for the
sorry state in w-igk he formd Imawledre and saiense %o bep

B3yt ag soon ae I hat finished the entire courss of studYe.s,

I found myself involved in so many doubts and errors, that

I wap corvineced I had sdvarced no farthef in all my attemnts

at leam than he disoovery at every tumn of ay cma

tenoranee (12),

Tho excellence of -athematics and its “nr-gtive influense on himy however,

was riven proper oredit, Of his student¢ “ays at la Fleche, hLe writes,

I wes eppecinlly delirhted with mathometies, on accoumt of the
certitude and evidonas of “l.eir reasonins (13),

llo looked 90 mathematios under its elementary ‘orzs of srithmetio

and cecomstry as represeatative, but inciplent -clels of truthg

(10) "Em deeidant “'etandre l'explioation ratMematique a lu totalite
du reel, Dascartea visnt de substitusr le roint de vue Au sujet a celui
40 1'cbiet, S'engageant en offet a considerer la methode rmathematique
comme le geul exercics normal ot legitime do la reisam, il rem:lace la
soience seolastique, diversifiee duns ges methodes comme elle 1'etait
dans ses objcts, gy \me sciense soxme 1'cst sa methode neme; il s'em-
gage a prossder toujours g priori, en sllent 4des idees aux choses, au
1isu ds preeeder Soujours s posterio oommn le trowimme, vn allant des
choses aux acneepts; i1 s'eblige enfinm a sudstituer au reel, pris dans
sa complexite conarste, un ensemble d'idees definies a chacume desquelles
oorrespendme chose, au lieu ds proceder, corme le thomisme, a .me analyse
conoeptuelle du omrv& 01‘1.:‘ oomplexite 4des conoepbs .;, :mklo sur la
complexits des ohoses. enne Gileon, Etudes sur le e do la ¢
Nedicvale dans la Pormation du Syfveme Cartesien, ‘aris: J. Vrim, 1%,"

) ,
Pe i!l). A, Boyos Oaon, ops oiles FPe 129
(12) "dais sitot qus j'cu wwue tout ce cours -J'otuvin...Jo me “rouvoln

cobarasse Je¢ tant de ‘outes & srreurs, 'il ~e sopbloit ntavolr feit sutre
profit, en tascrant de 'iugbruire, sinon que }'avols decouvert de - lug en
plue mom ignerance,” Ueuvres de Descartes, Charles Adam & Feul Tanmery, -cris:
Leopold Cerf, 1897-1513, Discourg dela Yetiode, Vole VI, pe 4¢ Al quotetions

fyom Dosqartes are [ this edision
(13) "Jo mo plaisois eurtout aux Fathematiques, a cause lo lu esrtitude

& de }'svidence de leurs raisons,” Ulgoours de la linthole, “ol. VI, e Te




Arithgotics et Geomstrime..stiroa objeotum ita purus et simplex
versantur, ut nihil plane suppenant, quod experisntia rediderit
ince l?d tota conglshunt in consequembils ratiomabliliter
{edueendin (14

\

/o

The inherent rigor of matlematical demonstration rartioularly jratified
hiz, end he averred tha' those who sack truth

Circa nullum objeetux debere scoupari, le quo nom possint hadbere
eortitudinem Arighrmetiols ot Usometricis demonstrationibus asqualem (15).

Current lack of mathesatieal development surprised Desoartes; though mathe-
e

matios had ‘s strong foundations, it seemed strange that "they should have
had no loftier superstrusture reared on them (18)," Instead of bein reatly
compacted in a uniform dootrime, the rarts of mathematios seemed disordered
and of 14tkle use:

as to the analysiz of the ancisnt and the aljppbra of the moderns,

besides that they embrase oaly mattors “ighly sbatract, and, te

appearance, of no usee.esthers results an art full of confusion

53 obscuriity calculated to embarrass, instasd ol a eslonce fitted

to oultivate the mimd (17),

“hen Veacartes regarded the phllosorhy of the Scheolwmen, it was only to
ocensure their syllogistio method as

that method of philosephiting whigh others have already discovered and

thoss weapons of the sehoolme:, ~redbable syllezimme, whioh are so well
suited for disleatical ocombat (18),

(14) "Px quituy evidemter oolligitur, quere Arithmetica » Cecmetria ocasteris
diseiplinies longe certiores existant: quia soilicet hae folas oiroa objeotum ita
rurem & simplex versaztur, ut nihil pleae supponant, quod experientia reddiderit
ingertum, sed totas consistunt in econsequentiis ratiomabiliter dedusendis,” Regue

las ed Direotionem Inmrig, Yol, X, p. 368,
8) "eeorestun veritatis iter quasrentes sirea nullum objeotum debere
cosupari, de quo rom possint habere certitudinem Arithmeticis & Geometriols

demenstrationibus aequalem,” Idid,, p. 306,

(18) "..emals jo ne remarquois point enoore lsur wvray usage, & passant
qu'elles ne servolent qu'sux Arss Mechaniques, je n'estomnois de ce gque, leurs
fendepens egtang #i forme & si solides, on n'avoit rien basti dessus de plus
”1.”. Viseours de la Hethode vﬁl. VI. Pe Te

(177 ""ule, pour 1 yse des snoiens & 1'Algebre des wodernes, autre
qu'elles ne s'estendent qu'a des matieres fort abstraites, & qui me sexblent
Hfaucum usage...qu'on en a fait :m art oonfus & ohsour, qui embarasse 1'esprit,
au lisu d'wne moience qui le sultive,” Discours de la Mathode, Vel, VI, -, 17«18

(18) ".iodamnamus 1llam, quem aseter{ hactenus invenerwumt, philosorhandd
rationem, & acholasticorum, optissima dellis, vrobabilium syllogisrorum tormonta,

Berulee ad Directiomem Inpenii, Vol. X, ». 363,




6l

The logie of the sahoolmen is enly sble to sffect & status of o.inion
and probabdle knowledge; it !s concerned with empty problems o:c. {nils
to guarantee the ocertitude of truth. iclence, lettere snd leerning ‘n
reneral were prescribed by Nesosrtes, snd he found nc one sdeguetoly
equipped with truth, ne pleace where it was ta.nght an! no truth o
certain thet it ocouli not be dousted,

Fraupht with these doubts and with s;wculu:.ive dissstisfaction,
l'egsosrtes cmijeciured Lhat 4he ~rewvelent berrenness of truth and 'or-
tility of error were due to a fasulty cud confused wmet. ., He dssired
8 mode of ;srosedure ‘n ressoning thet would dissolve his -wrsonal dos.bts,
enable him to asonieve eertainty for the ;004 of menkirki, and possibly
empower hir with the reconstir.c.ion »f the entire edifice of luman
Knowiedge. ihe MeLNOG which he 'misarihed wes disolosed to him in
metheomaties (19,. It had two admirable traitss -+he simplicity and
generelity of its sxioms, end the long chein of ressoned ceduotions
enabling the mind te sdvunce from “he simple to the etmplex)p

the long okein of simple snd easy reesonings by reens of whioh

gocmeters are aceustamed to reach the aeonclusions of their most

diffioult cemoustrations, kas lod me to imegine that #ll things,

%o the koewledge of wnich man is competeat, are mutuslly oonnected
in the same WaYeeo{(20).

(19) "Powr Dessartes, la seiense est essentiellement une, phis quelle

n'est rien d'autre que 1'intelligenes su.traweil, ot qu'il n'y & 4.'me seule
de esmprendre. I} doit dons y avoir une sexle manidre, mé seule

wéthode pour. arrsn;er les domaées complexes d'wm probldme quells - u'4d soit,
ders ume thatne de reletions eir)les entre des $léwents airmlos eon dernidre
saslymee Lo relstiom fnitiale doit §tre le plus simple de toutes, efin (um
1tsspris puinse la esisir dens un seul aete, dens uno intuitiem individuslle
ot indiviebe," Thams dreswwood, “Urigines de 1a géométriesmlytique,” Nevue

Tritostrislle g%dim. 34 (1048), pe 177,
angues ehaisnes do raisons, toutes sirples-& faciles, dont
les Gegwetres ont ecustume de 89 sevoir, pour parvenir a leurs ~lus diff.

ciles demimetys tiome, mevoient donne ocansion de v'imeginmer que “nutes los
shosos, qui peuvent tomber sous lea comnoisance des hommes, s'entrasulvent
on meeme faooReee” Disocours de ls Hethode, Vol, VI, p. 190,



Mo thematics] procedure slone guarded the passage »f truth and fitted
211 types of soientiffe inquiry, since "All seiences are intersennseted
snd dependent on one anocther (21).°

We mus¢ not imazine that one ¥ind of kmowledge is morw obeeure

than snother, sinoe all inowledge is of the same kind throughout,

and conaists solely in combining what 1s self evident (22),

Desosrtes® high regard for rathematios wess not eompletely new or
originsl (23), Favorsble opimions on mathematies wers prewvalemt, end
Nescartes himself speske of his method em known te the sncients, "But
my opinion is thet these writers then with s low sort ewmning, deplersble
indeed, sup ressed this mowledge® (24). To eomprehend Desesrtes' aon~
tribution, it ‘s recesssry to understand his distinetien detween the
1itsrery forn of wrising geomstrieslly snd the gecmetries) method ite
self (28), The litersry form or presenting deetrime is quite unime
portant in itself, since it consiste

norely im putting forward those things firet that should be knowm

witheut the aid of whet comes subsequently, end arranging sll other
matters so that their predf deperds solely on whet pressdes them (26),

(21) “..osunt enim cmmes inter se vonjunetas h & se invicem
dependentes...” Regulse sd Direoctionem Ingenii, Vol, X, p. 361,

(22) “Denique ealligitur querte, ex distis, nullas rerum cognitiones
unas sliiz, ebsouriores esse putandss, eum omnes e¢jusdem sint naturse, & in
sole rerum per se notarum eompositions consistent.” 1bid., pp. ¢27-428.

(28) *Put whether or nst Desosrtes originated the high esteem im which
methemat 108 was held, it was without doubt the emeeption whish influenced
him most profoumdly im the development of his philossphy.” Leon Reth,
Spinozs, Nescertes and ¥aimonides, Oxfords Clarendon Press, 1924, p. 12,

!ii) “Hano vero postes sb ipsie Soriptoribus perniaiosa quadem astutia
supressem fuisse erederim...” Regulse ad Directionem Incemii, Vel, X, p. 376,

(28) Bee Rerry Auatrwm Wolfson, “he Philosophy of Spinosss Unfolding
the Latent Procesees of his Reasenirn:, Cembridges Harvard Universiwy Fress,
Volume ¥, Chapter I, 'ﬁm”iul “athod,® pp. BeSl,

(28) “Orde in eo tantum oonsistit, quod es, quse prima prepenuntur,
-abeque ulla sequentium ope debeant cegnosoi & relique deinde oninia ita
despomd, uwt ex praecedentibus folis demonstrentur.” Secundas iesponsicmes,
V11, pe 158,




The geometricsl method proper is distinguished into proof by
aynthesis or by analysis. RBuclid is a fine example of proef by swn-
thesis; he Begine with primary notions end comwon axioms, sets forth
proposi‘ions ard uses construetion. Eualid proceeded from effect to
cause, fram the complex to the simple. It is this method which les=
cartes discards fop proof by analysis., Thus the Certesian originelity
ley in the universsl epplication of a specifio mathematiocsl method
to o1l soientifie inquiry, the method of analysis (27).

Cartealan anslysis resscns a prior. It is a movement from cause
to effeot, from the simple to the complex. Intuition s its point
of departure (28). By annexing new materials %o the original in-
tuition, the mind employs deduction in unfolding what was germinslly
ocontained in intujition as e cause (29), Intuition is more eertain than
deduotiom, for it is simple. Intuition is its own explenstion and
justifications !t 53 a mentel ultimate which discloses irreducibdle,
simple natures, Summarily, then, by intuition the mind lays hold of
olear and distinet idess, snd supplements this sot by deduection

through whioch we understand all those things which ere coneluded

with necessity fram certsin other things whieh are certainly

knowa (30).

Descartes! speculative conception, then, of mathemmtiocs and science

in sensral, eliminstes the necessity of any mental sbstresotive proocess

(27) “Bow the charsoteristio mark of mathematicsl knowledge is,
firstly, the simplisity and generelity of the axioms with which it
starts, snd, seoondly, the long ohain of dedustions by which we pess
from the simplest truths %o the most complex. Intuition and deductionm,
then, ere the two ocemplesentary paths by whioh we may travel to the
truth, But dedustion requires s starting=point, and thus the centre
of Descartes' epsitemology is his theory of intultion.” A, Boyce Gibsenm,
Ope .‘.to. pe 1524

Regulse ad Dirsotionem Inpenii, Vol. X, pp. 388-539,
(39) Tb Ezu PPe 3G0=370,

Wosepor quam intellizimus, illud omme guod ex quibusdam aliis
esrto oomth necesssrio concluditur.” Ibid., p. 369,



theugh it foreed him te adopt a theory of immate ideas. The aslortion
of a clear and distinct idea as a beginning poiat was the first re-
quisive, This initial point was then used as an instrument in the dis-
sovery of new truths by the mind's presenting new and uninown materials
$o this metal airrer. The mind then retionalises emoh item of this
new material by making sach oonformable, ons after another, to the measure
of the intuitive ideaes From this wmilateral inference of the mind, a
series of dedustions resenbdling a neatly linked chainm of reasonings ensue
(31).Ir this wy,

passing litsla by little from one to the other, we may asquire

in time a nerfect imowledge of the whole of nhilosephy and

asoend %o the highest degres of wisdom (32),
Descartes gave a mumber of rules (33) to serve as ruides for this mental
process; o acsept only what is clear and diltimt (1ntuition); to separste
sach difficulty into all its compounemt parts (analysis); to bogin with the
simplest and easisst and proceed to the unknown and complex (dstuction)y
to be complete and amit mothing (hypothetisal industion), The ado:tion

of this method, Dsssartes believed, would perfeos the hadi$ of liscovery,

since
of a1l those who have hitherto sought truth in the sciencos, the mathee
mtiolans alone have heen able 3¢ find sny demonstrations, that is, any
certain ond evident ressons, I Jid not doubt that such mugt have been the
rule of their demomstratvious (34),

3% Ta verite, Yol K, pp. 49€-497.

3
10 (32) As queted {n Leon Roth, Spinoam, Deseartes & Maimonjdes, Oxtord,
the Olatvendon Press, 1984, p. 15§ sec Chapter I of Hoth's work for a fine
Seamaryy of Desoartes’ method, The beok aleo aontaine a shors but fine study
of the welations bLetwean NDencarXtes and 3Spinoza,

E“) D sooury de ls ode v°l. ‘VI. PP 1"1’.
34) Veook conslde qu'ontre tous ceux qui ont oy devant recherche la

vorite dana les solenses, 1l n'y a eu que les seuls Mathematicions quil ont pu

trouver quelques demomstrations, c'sat a dire quelques ralsons certuines & evid
tes, e ne douteis point que o8 ne fust par 102 msures qu'ils ont omnmon...g!

Digoours 4e la Mhﬁd., '01. “, Pe 1%,



Descartes employed this method to all the scienass (36), Ia its
application 3¢ metaphysios, his procedure and results are well known,
He found himself foreed te doubt anything that could be subjeot to doubt,
The testimony of the external and intermal senses, of the ;rinoiples of
ressoning, end speoifically the existouos of God, the oxternal self and
mathematisal truths (whose rethod hs retained), were imcluded. Through
this progressive withdrawal from all existencs and evidenee, nothing was
left dut his doudting, thinking self: Cogite, erge sup arose as a clesr
and distinet intwition (36), The new -aterials which he found withim the
tShinkiny self -« God, the world, his body -= were permitted to emter the
domaim of reality and intslligibility orly by being made eonformeble %o
the basic intuition (37), Descarses’ chaim of reasoning has degun: the
thinking self has en idea of Uod whieh omly Jod could have placed there;
God exists. God's veracity would mot permit the thiaking self te be dee

seived with regard to the impressions of an externsl world; the external

(i8] "The mathermaticsl imterpretation of nature imwolves, iz the first
plasse, the application o’ general numerioal relations to “ifures in space,
whieh resulted in Jsssartes' omm discovery of analytical reemetry; in the
second, the a-~lication of rathexmtical analysis as a whole to the study of
roving bodies, as ;rasticed (though not entirely ¢o Descartes’ satisfectiom),
by Galileo; and, in the third, the reduction to meohanical formulae of =ll
physiologleal phemomens, inoluding *he instinotive resctions of snimalsy
whieh apneared to bde ‘ndieated hHy Narvey's new theory of the cireulation
of the bdleod,” A, Bovee Gibson, gp_. gg,.. Pe 187,

(36) “Thus it s Desoartes’ nathematioiem which leads te his psyoho-
logiom, Mo posits the self for determination just ss the geometer posits
spaces and miscomeeiving the fashion in which we find its proparties in a
triangle, ke makes what is in fact an empirical enumoration % the modes
of thinking substance.” Marthinus Versfeld, An Fssay on the Metephysios
of Dossartes, lLondent Methusm and Co., 1940, n. 86,

deoretart 1'universalite de la methode mathematique, i1 a fait
w osup de foree. Un avait toujeurs su avent 1ni quo’ln omg:smn mathe-
t lus gertal de tous, parge qu . '
:.onéi‘::. lmg’;u “l.: de gos’;: . a ‘og a 3 lxl'.togg:t ;: o:l:r nax‘:nm
vaissances sutres mathematiques, ous Jong, du point de vue de 1la ghi-.

losophie medievale, le¢ role Ae 1'indisoiplinatus, celul qui me® 2 n roint d'tone
neur a chercher dans n'importe ﬁmﬂﬁ‘ﬂ'ﬂﬁ%m dogre de certitude qu'elle

ne comporte pas, B'um mot, {1 ne comnait plue 4'inte iaire eatre le vrai
ot le faux; o'est 1'elimination radicale du -robable,” Ftienme Gilson, ope cit,,

iPe 234~238,




werld sxists,

The tdeslistic mmthematicimm whieh Dessaries founded wreaked a
retreastive revence on 1%z auther and his successorsy In retum for
the denial of rre-ssientifio ‘mowledge and the preper views of abstrastive
precessss other than “he mathemmtionl, iisestroua speoculative resul's
followed (38), Ths Cartesism sotenoe lost sight of the analogy of beingg
the existense of Cod was subjected t.c doubts and denislsy the world of
nsture, denuded of qualities, was eguated to extension, thus severing
the “elieate suture of matter to apirit and sauffing ot the slichtest
bi% of 1ife im plant, animal and hman hodies. Descartes' exagperated
dualism is evidemt in the metaphysicel antithesis of matter and apirit,
the psyehological dighotemy of hody and soul, the epistemoloxiecal dis-
Junction of thought and objest (39),

The fallure of Usscartes’ mathamaticism was rescgnised by his
successors (40), He hai, however, !uocn‘nfully turned the iirectiom
of non=sghalastie philosophisal thought onte a read that it has since
travelledt the spulation and imitation of rathematios and soience, o

distruss of metaphysice and a iislike 7or theology (41)., Desoartes'

(38) “Deseartes commence en offet par sliminer toute qualite et
touse forme du domaine de la rmature; or la negation radiesle de la qualite,
e'eat la negation radicale de 1'analogie entre le matariel et 1'intelligidle,
ot acmse 1'analorie etait ls methiode soclastigue ~ar exesllense pour allep
du mord a Dieu, aetts vole traditionelle se ferwe devant Dencartes, Aveq
sa renstration coutumiere, il 1’a diem wu, ot 11 1'a 41% avec franchise,”

jyg.ba 268,

R Narthinus Versfeld, ope cite, Che XI "Conoluding “emarks,” np,
148-170,

(40) Spimess and Leibnis, avong others, peinted this cut, "So the
raticsalisn of Jessartes results in cempiete sceptieimms.. Usscartes’ ve
insistase on She fast of the individual pessession of truths has led him
to the expltisid denial of wniversal truthe In so far Yhen as he was in assarch
of, and believed hinmelf to neave found a logic which should help in the dige
sovery of, snd yprevids & theory for, truth, he must bs proclaimed to have

f‘“ e s PPe BE-39, ¥

""-’5%:2) sn‘m'w study of Des Brienne
o Pa of Desgurtes ;| i
o loasonhios) ars Two, v H1sam, m




iomediate end subsequent suscessors did not attempt to recast philose-
phisal speeulasien but remained in the Cartesian tradisiom (42). Even
those vhe epposed his thought and method fell under his influemce and
developed Cystoms of raviomalism, empirioism, pentheism, weshanism end
scepticiom,

11, Spinesa

Twe of Dessartes' Lmmdiste foliowers, Geulimex und Welsbremshe,
developed the senclusiens latent ia his ssparwtiom of wmind from matter and
in his netdon of Oed. Spinses (1632-1677 ) was epparently eppessd te
Desoartes i erinicised his dostrimes (43), Yoo hie pantheism is direstly

Lo \
based on Dessirtes® noticm of substanee and on the adoptiem of the Cartesian /

'

e

method, The wery title 'm'- prineipal work, Fthies Ordimy Gecmetrise
Bamonstraty (44)," 18 an eohe of Cartesiin mathematicism, Am ethical motive
prompted Spinesa %o writs; he sought for she kmowledge that weuld make mem
hapry, By Seavhing wem to Yok upea things in sush wise that Shey would be

led % grent woral perfestion, % hoped to lead them to etermal dlessedness,

S0 the Wnowledge of the "Summom Domm,..sopnitionem unionis, quam mens cum tota
Naturs habet (48)." The passage of the mind to this state is a hardy one.

%o 'vast go from the mmital condition 49 were rerception and imadoquate ex-
periense to the state of ratiomal Imowledge with its adequate ideas; only

frem here car wo Yo led to the final phase where mam attains the intellectual

love of 9od (48),

~143) Joseph Varechaly ape 8i%s, Dpe 83~84, Mareshal suwmarises the different
sstiartns whieh students of Dessartes' philosephy have made of his predaminant
eharvoteri some regarding him primarily as a physicist and mathenatician,
™ ian or en apologete,
Q)A‘%ﬂmm influsnces on Spimesa {s foumd im Jeseph Mareedn

= ,fm’ . ino talan the following edi d
' a a rom the fo tions
;3 11 oMy 4 e : ?}orgv ‘uotquot leperta ﬂgj *
3 rtias, ﬁtm Com KpUd et ; .
3“ afySadus el leet _andetione, Vele 1, pe 6.
48) 1 A




To schieve this goal both for himself and cthers, seemsd to Spinosa
an imposaidle tosk, Nistory revenled the many attempts men have made in
this regard, and their tragie fallures (47), Spinosa surwieed that a
faulty wathed was responsidle, and he searched for an impersonal and
eertain vrecedure wh'sh wauld yet allow the freedom of unrre judiced
inquiry, This method he found in Nsscartes, DPistimpuishing himself frem
Descartes, Soinogsa comnlained that Descartes had erred in using this method,

He had, first of 21}, treated God as an asylum ignorantiag.

Sed 11le ¥entem a Cormore adee distinctam conceperat, ut nec ufus
uwnionis, neo ipsius lantis ullam singularem ceuses sssignare potusrit,
sed necesse ipsi fuerit, ad causam totius Universi, hoe evt ad Dem,
reourrere (48).
Deseartes had likewise maimtained the freedom o/ the will, 3pincsza
emphatigally rejected Soth propositions, dissosiating hinmself from Cartesiae
aisn as much as possible, bHut adopiing the mathematical aswthod,
The Pripeipia Thilosophias Cartesisnas, a work {n which Spinosa reeasts

Desoarbes' frincipia Thilosephigs ik synthetic form, contains an imeresting

prefase by Meyer. It was writtem at Upinesa's request and spproved by hin (49),
In hie prefeces, Myyer sulogises the wmathemntieal wethod as deing "tutiui—fq'-"ir
veritatis indagandas atque dooendi viam, ommibus, qui supra vulrus sapere volums,
wnanimis est sententia (60)." Ee laweuts the fact that other veiences have

not heem treated mathemmtisally, " r wuét people judge it as merely appliocadle

a"‘ma
> o mathematies, - - e e

(47) Bthiaa, ¥, Fracf., pe 347,
(68) Memati Dss Cartes 'rincipiorum "hlosophime, 'wrs I et II, Praef.,
pPe 103,

{42) Leon Soth, op, 0it., nn. 40«81,
(s0) Imid,, ps N oy




This has ecsused wmoertein and umoclear demonstretiocna in these soiemees,
» e
Descarses, disseruing the miserabdle plight of phileseply,
nova lNethodus e Senedris in luoem protrawerat, Philosophiae
tundananta ineoncussa eruif...Tuidbus plurimas veritates ordine
a0 certitudifie Mathematiea superstrui posso (Bl1).
Neyer tham desorides the Cartesian method of amalysis oand oontrasts it
with synthesis, Spinssa‘’s puwrpese in presenting Descartes iringipis in
synthetie ferm is ta elarify she destrine for thoss of meagre talent,
Noysr then rentions, sigeificamtly, sthas Spimcsa's treatnent does nct
follew Desoartes sompletely, nor éoes 1% imply that Spimosa aceepts sll
that follews. In fast, Meyer stresses the faot thas Spinonn rejects the
Cartesion doghrine of fina)l ssusality, snd freedom of the will, and that
there are some things which surpass the capacity of humen rsason, Spinmose
Judieat enim ista omnia, o etiam plura illa maris sublimia abque
sudtilia, non tagrtum clare ot distinede a nobis eomeipi, sed etiom
commedissime explisari posse, si modo humerus intellectus slia via,
quam quae & Jartesie aperta atque strata ost, in veritatis invessi-
gationem rermmqus cognitionem dedusatur; atque ideo scientarum fune
danente & Gartesie srute, et quae ab ipeo readifisstn sunt, non
sufficere ad cames as difieillimas, quas in yeleis scourrums,
snandendul stque solvendss, sed e requird, si ad 111wd
csognitionis fastigiwm intellestum nostrum cupimus evehors (52),
Spinesa’s use of the mathematical wethod is impressive, Begimming with
the intuitive definition and notion of substance in theXthigs, he deduses
the real erder, Spinosa's mathemnticisn differs frem that of Descartes’
in roimt of departure, and by the rigorous correspondence of the resl to

the mathematieally ideal (83), Regardingthe naturs of God, Spincsa writes,

?‘; s Po 1043

(8!) o P 108,

63) . Pare 11, “rop, Vil; see also John Caird
Edingthogh ay M1TTen iactwosd & Sons. 088, po NETTEL



Verum ego ne satis olare ostendisse puto, a summ i pouentie,
sive infinite matum infinita infinitis modis, hoo est, cania
nedessario offluxise, vel semper csdem necessitate sequi; eodem
M40 ag ox natura trianguli ab asterme in sstermm sequitur,
eius tres emmilos asquari ducdus rectis (54).

Weeh regard to “is geometrieal treatment of the nature, astiens end

emotions of man, Spinosa remarks
Mg sire dublo sirum videbitur, quod homimmm vitis et ineptias
mere Geonetirise Srastare agsrediar, et certs ratione lemonstrare
velin ea, quae ratieni » quaeque vana, absurda, et
horrenda ease clamitant (88),
Spisosa replies that einoe only necesaity snd determination exist im natyre,
the geametrieal treatment is walidy
De affestwm itaque mature et viriws, ao Nentis in ossdem jo’ = tia,
eaden Yothodo agam, qua in prashiest de Jeo et Yante egl, ot
Tamanas sotiones atque appetitug considarabo parinde, ac si guaestio
1inei# planis, aut de sorporidus esset (36),

Spimosa 414 not conssrn hirself with the nature of mathemstios, He was
merely interested (n ite dedudtive ewrduinty or! exectness, His phlloseplky
Wb but ~ure methewmtioism (97),

Spinean‘'s dovelepment of Descartes' phrilosophy was not adopted by sube
sequent thinkers, OCartesionium, (rvmtend, adopted three major foree, One
rroap of thinkers, of vhom Leidnis is moet prominems, emphosiged the idvalistio
aspe® in Densurtes; sncther, typified by la Metbrie and the Preneh philesophes,
mdnd towards mecherism dnd meterialimm; the thisd, the 3ritish scheol,
Joveloped a prencmved enpirfoism, - A1l thres schosls are alike in Sheir adepviomum

of sems fumdsmiatal positions eor teneis of Carvesian philosephy,

‘72 (84) Mniea, I, ( e XVIT), Sehol . 53,
ug mm.xf "n'Z.:..p. oy P

:g Mm Wm. 113% I'QI“@,WM & etromg
lﬂi.' Bpinese's mathesmtioionm, See Uhnpter i1, rioal Method,”.
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Leidnis (1848-1718) 18 often oalle’ the last universal penius, Mtm
His countless references t¢ auclemt, modiewval rn! contemporrry thinkers
{11ustrate his wide learning and capaoity for Jetail (58), They likewise
revesl his basic trait and tendemoy: to nomrromise and synthwtise, to
remove individual iifferences, - harmonize s eculative oprosition in his
own "centre de perspective (59)."

Leibnis was fully appreeiative of these nummrous influencea, FKis
scquaintanse with Aristotle, ‘lato and *he Soholastios made him desire
to eombime their doctrines with the moderns (6C), He was familiar with
the dootrines of Praneis Baocon, Hobhee, Galileo, Descartes, Ipinosa,

Malebranshe and contemiorary philesovhers and scientists (61 )o Owing

(sag Josezh %roohd, OBe 2ite, Ppe 184=181,
(59 consideration 4o cu systeme falt voir aussi ques lorsqu'on

entre dans le fonds des ahoses, on remarque plus de le raison qu'on ne
oroyait dans le plupart des sestes des ;hilesophes. Le peu de realite
subetantielle dos choses zonsidles des Sesptiques; la redustion de toud
aux harronies cub nowbres, idees ot perceptions dee :ytharoristes et
Tatoriclens; 1'm et mome un tout, de Parmenide et de 'lotin, sans auvewm
Spinogisme; la commexion Stelolenns, compatible avec la spentansite des
sutres; le l.ilesophie vitale des Cabalistes ot Hermetiques, qui mettent
du sentinemt par tout; les formes et tmtelechies d'Aristete ot des Sgo=
lastiques, ot ospendant 1'explisaticn mesanique de tous les phenomenes
particuliers selon Demcorite et les 'odernes, eta,, 8¢ trouvent reunies
coume dans '‘m eentre de perspective, d'sul 1'obiet (omdrouille on le ree
gardant de out autrs endroit) fait volir sa repularite ct le gonvenanee
de ses parties,” lettre a Besmage, “rdmann, pp. 158=154., Similar passares
oscur throughout Leibnis's works; cf. Nouveaux Tssais, 3k, I, Ch, I,
zl’m. Po 2085,

(#0) "J'ai teujours sts fort conteat, mems dans ma jousness de la Norale
de Platon, ot encore en quelque fagon de sa lbtxhr et aussi ces Jdeux soienset
vont~slles de comparnie, comme la Nethemmsique " ique, 34 quelgqutun
reduisoit Flaton en s 11 remdrald un prand service au gonre rm-h. ot
1'on verroit 'en approche un peu,” Fxtrait d'ime latire a lr nd de

r8, 171 0 ﬁl‘m. Pe 728, 1!1 the mm%-—

0 sune garacon, les Feudians de mon age chantolent: lwmms Ar!.tog.),...
lnto(ot)&:lrig d:l‘ u:ii«mt in pr:Wun." 1 o Do 728,

&l bnis’s ° was the a to re ways
loo! at things, thg mmand the rodern, the ﬁhcolzgg;::g‘:: =t:?m muh:xiiul
the re }{ioul and the seientifie, He desired to pive all rorsible scone te
soientific research, all gmnlbh breadth to knmtfodg: bt not legs 4id he wish
%o give all possible depth end reality to relirious fiof"." John Theodore MNers,
Leibnig, Kew York: Hacker ?’roup,uiua.




%0 Deseardes ! influential pesition, Leibais was prempted $o make clear
his ewa pesitien by eentrast %o the Cartesiemse Leidaia pronocuneed many
antieCartosian sentinants. (6R), Maintainiag that "in Cartesic ejus
wethodi Santum prepositum temee (83)," he nroposed a dynamist view of
nature, reimgtated: final eausslisy and improved Dessartes’ muthsmatics as
ovidenss .of his oppesition to the. Cartesians, iut his ambitiva to determine
She simple elements of thoughty his Sheory of innate idead, sxd his mathe-
mbieisn plesed Ain in she Usrbesiam traditien,

leftais'e notion of & universa) oharseteristic and his metaphysical
dootrine are twe aspoots which demorstrate the influence of amathemmtios

on his thoughh (84). The first of these prapossd an ultimate ijentification

n) Y u_:qlo."!“'. *I1 w'arriva un jour de dire, que le Carte-
sianitime ¢ 8¢ qu'il°a e bon n'etelt que 1%antiechambre fe la veritadble
philesophie,” Lettte & un smi sur le¢ Cartesisniswe, 1698, Frdwmnn, p, 123,

(a3 171, 1cés,

Thomas i Erdrenn, oD. »
nfToowbe of oat Soon Loibnts's Ahought' oon g P

Le 1 The ¥enaiolog 3 other “hilosophicnl ¥ritings, translated with
rodustion an tozxﬁhﬂ Latts, g%ndms Wfﬁe; Cumberlege, 18483 see

Latta's lntroduction, especislly ppe 74«86, A sinilar study ls prefixed

to G.=¥, leitnig: Couvres Uhoisies, aves prefacs, notes, tadle par questions

ot tadle deg noms propres, par i, ‘renant, Faris: Libratris Oarnier Preres,

nedes 800 the editor's prefacs to the selestions from Leibnig, An older,

put still valuable work is %&%‘b The 'hilosophical VYorks of, Comprisimg

the Monadolopy, Wew m ) ure, Principles of Xature end of Crace,

Totters tc Llarve, ‘efutat of Bpinosa, and hie othor imnertant rhilesonhieal

opustuion, together with the Abridrement of the 'lLeodicy smd  xtracts from Lhe

Koy pg hmap Upderstanding, Trenslated from the oripinal latin snd french
'\H%ﬁ mif. % Ueorss artin Dwnasn, Now Daven: Tuttle, Ygrohouse & Taylor, 1820,
RAeferenses to Laibnis are taken from the above thres worke, “ut principnlly from

Ood, Ouil, Leibmititic Oneya Philossphios Quas %@t. lating Gul)ioa Jsrmanics
An, +dite recosnivit ¢ temporum rationibus 2ispasite plurius ineditls suxit

ctions eritiss atqwe indioibme, instruxit Joannes Fduardus Erdmamm,.Pars
Prisr. ot Fars Altera, Derelini: Sumtibus O, Tiohleri, 1239,
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of abstractive thinkinmg with his symbolie logie (68). This idea was seen
to be imnracticable and was Sentatively laid astide. In the wetaphysics,
which represents his mature Shimking, the notion of a universal mathematiocal
science played a Tormative pars,

The ambition to unify all krowledge by a miversal logic pussessed
Leibnis at the early age of sighteen, when it had been stimulated by the
work of Raymond Lulle and others (86), who, he arrits were his predecessors
in this invention, He aimed to oonstrus an "alphabet of human thoughts.”
What the Italian mathematicien, Vieta, had done for Algebre, he hoped to do
for all the sciences,

81 daretur vel lingua quaedam exsote (qualem quidem Adamicam vocant),

vel salten rpenve serivturas vere ;hilosephicas, qua notiones revo-

carentur ad Alphabethum gquoddam cogitationum humanarum, ommia, quee
ex datis rations assequi, Inveniri vossent quedam genere oalouli

perinde sc resclvuntur problemata aritimstica aut geomstrica (67),

leibnis's ides of this Combinstory Art, Imiversal Characteristis,
Universal l‘nguago,or iniversal Mathematics was Sased on the notion that all
goncepn are themselves simple or reducible to a small number of simnle
ooncepts, If the simple oconcepts are desipgnated by appropriate symbols,
they oan be eombined into composite conoepts with the laws of arithmetics
Susmarily, them, ths logical algedbra aimed to replace concepts by symbols

asd their combinations, rrepositions by the relations betweer symdols,

(68) "Reumir tous les hommes on une faxille qui ait la meme sclenge,
la meme langwe: el a ete le but que leidnit s'est proposs, Ostte reol¥jfim
At etre le christianisme; et cette langue, la caracterisique universelle,®
Clodius Plat, leibnis, Paris: Pelix Aloan, !MU. Pe l¢ See also Louts
Couturat, la logi de Leibnis d'aprg¢a des docwments inedits, Faris:

Polix Alemn, 1901; a ol T«u,‘% survey of Symbolle Logic 3erkeley:
University of California Froes, 1918, o, S-hS.

(68) Yor a study of these sources, see Joseph Iwanicki, Leidbnis et les
deronstrations mathematiques deo 1'existence de Dieu, Strasbourg: Libdbreirfe
Universitaire 1'Alsace, 1983, »p, 107110,

“(67) De Seiemtis Universali seu Caloule "hilosophico, ¥rdmanm, op, gits,
Pe N
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and thus substitute caloulation for reasoning, Leidais ventured this
fagetious remark as to future human argumemntatiom,

Que fastod, quando orientur controveraise, non magls iisputations

opus orit imter &:os philosorhes, quam inter duos comrutistas,

Sufficiet enim, calamos in manus sumere, sederequo ad abacos,

ot 5ibi mutuo (aecito si rlacet amico) diceret asloulemus (8e),
Besides eliminating barrem srgumentation, the ocombinatory art wes to
insure tnventiveness in science and even permit a demonstration of God's
existenoe with the certituds of mathematicsa,

leimiz saw that twe requiremente were necessary %o achiove this com-
biastery art: an snsyolopedia as an inventery of all human knowledre and a
universal charapteristioc or system of sirns represemting the concepts and
the legitimate mmmers of cowbinetion, Mealisinmg that the 1dea of an in-
vextory of lman thoughts was & vast undertakine and not the work of a man
or a gemovation, lLeidmis began to carry 4+ the scheme himself and sought
eellaberstors for the prefest, Mo even authorised a plan for a socliety
which would werk on the Ensyslopedia, to b= aslled "6rdre de la Charite,”
Cl’“lothill ""1"““"’" vel imoris Divini," Onee the encyelepedia had
berun to take shepe, the: sywbelism and its avnlieation would be s relatively
sasy task, The eholce of signs and t“elr signification would be extremely
importants They should be shosen for their nsefulness in signifying and as an
aid to reasoning, leibnis propesed that the symbolimm possess the suprlensas
and generslidy of his own motation of the d4iffersntial saloulus, thus obtaining
oontrolladle certitude and aveiding ocoriroversies,

(88) Ivid,, pe 84e
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Two iifficulties, net sudbject to the comhinatory art, faoed
lLethmig, The one was the imnrasticability of the scheme; ‘e was umadle
to oA a suffieient nuwher of people to earry nut the wsrk entailed in the
enevelopedia, The other was that "eee oarecteres rresurroseroiemt ls ve=
ritable ~hilosovhie, ot oo n'cet Qe rresenteremt que i'oserois entrepreamdre
ie les Pabriquer (89)," Agoordinrly, thourh ke Yent the rreject in mind,
Lotdnis turred his affords to speculative thourht and towards harmemising
reliricus and pelitical efforts (70),

leivnig's mmerous ~hiloscphical spesulations can be centered, in a
partial synthesis, adout his dootrine of substarse., Deseartes had imputed
reality to twe oprosed substances, natter and sririt, which Spinosa had re-
duced S0 a ranthelist wmmity, DNezcartes' ‘nterrretation ef matter as con-
tinuoune, {nert, mevmetrical cxtension canedle of infinite divisibility,
was cpvosed by the e'omist conoention of matter as discrete, active,
arithmeticel extension, ultimmtely indivisidle, Leibnis soored hoth
theories on Yhelr reduotion of substance o uantity and the climination
~f quality, Quantity alone docs not differentiate; mers sxtension has
ne reaningy there rust de somethin~ extended (71),

The 4ifferentiating charmoter £ Leibniz's substance lay ir the selfe

active mrnad (72). These ultimate metaphystioal ‘m’%s, monads, were real

68) As quoted in Joseph Mareshal, op, cit., p. 1€6,

70) Barold Ry Zmars op, g}_ﬁ.' Chapter Twn, 'lelbnis's Locio,” pp. 12«88,

71) "Ceux qui veulent que 1'entendue -eme solt une substance, renversent
1'ordre des parulés sussi-dien que des pensees. Outre 1'entendus i1 faut avoir
un sujet qui soit etendu, c'est-a-iire, ‘me subetance a laquelle il appartienne
d'etre repetes our continues, Car 1'-~tendue ne aisnifle jqu'une revretition ou
waltiplicite continues de ce qui est repandu; \me pluralite, continuite, et coe
existende des nartlies: ot ar oconsequent clle ne suffit point pour expliquer la
nature meme de la sudgtsnce rerandue ou repstee, 4ont la notion ezt anterieuvre

a oslle de se repssition,” ixtrait 4'une lettre, 2 Pe 114e

(72) Leibnis's dootrine on monads is synthetised in La Moneiologle. Frdmenn
Ppe T08-711, la Yonadoloris, written im 1714, two yeurs before his death, cone ‘
tains a condensed statemant of his philosephy, In Systeme Fouveau de 1a Rnture,

(Ffrdntm, PPe 124=128), Leidbnisz ~ives & nerz rel socount of how o was 1eod
to his theory on the naure and communisation o roneds,
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like the atom of rhysies but inextended 1ike the mathematiscal roint (73);
they were {wmaterial in essence vet material in the semse that they rmade
ur an extended bedy (74), Since they were sssentially self-active and
sctivity has r~ rerts, the monads were indestr.ctible, .urtherr-re, gince
nothing can affeot nure setivity, the monads 0~.14 only rhanre from withing
they wore fmmrtedle ab extra (76), ¥o twe monads were alile, hut emch
rossessed nrover intividuality, The selfwsativity of each monad cone
sisted in the constent mirroring, representins ani raeflecting of the
entire monadic 'miverse in varyiny degrees of continuous nerfeotion (76),
They were *~ “e looked uncn as mirrorins, in mioroscopio fushiom, the
macrogeopie universe,

This eaetivity rave qualitative snecification to each monad, WFithin
the moned itself, Aosire and nereeption were distinsuished (77), Deaire
wag the self.active tendensy of the moned as & part of a whole to realise
itse1fy percention was its vassive mirrering ~# the universe, XNom-living
matter - Bare —orads «- had ‘maeonseious perception and wers impulse ar
4egirey plands and animals had conseious ~croeptimm with instinct as dcoire;
nen had gelfecomsoi-m rereeption (apgapoertion) and will as desire (78),

Leidnis comelitered Yiving hoties as commcred of a central monad «~ a zoul

Aslorie, n, 8, Yrdmarn, p, 705,

(75) Tvid, =n. 73 ses also 3ertrand fumsell, A Critiocal Sxposition of the
Philos of Leibris, Oawdridger The University Freas, 1900, p. 4f,

In; ia lLonadologle, n, 56«82, Frdimamnm, r, 700=710,

(r7) Xold., . 1&‘-‘!‘, Pe T08-707,

(718) "Lafe la connoissance des verites necessalres et eternclles st ce qui
nous distingus des zimples animmux et nous faitavoir la Raison et les sciences, e
nous elavant s la oonmoissance de nous reomes et de Dieur, "t c'est ce qu'on
appelle en nous ame raissonable ou Esprit,” Ibid., n. 29, Erdmann, p, 707,"The
necessary and eternal truths are the first prmpl“ of all rational knowledge,
They sre innate in us, They are, in faet, the very principles of our naturs,
as of the universe, besause it is of our ossence to represent the whole universe,
Thiz consoiocusmess or Jmowledge of these truths 1a kmowledge of ourselves, and
it 1 ot the same time knowledge of Uod, who 18 the final resson of all thin-s,"

Robert Latta, Leibnis The Monadolagy and ather Philosophieal firitings, Oxford;
The Clarendon Press, 1898, pp. 253-234,




or enteleshy -~ surrewnded hy nom-living moneds which were subjeet to it,
In thie way Leidnis preposed hAls selution of Jescartes' .roblem of matter
and spirdt,

The umiverse was eompssed of an infimity of sush wenads., Mith the law
of indigsesrnibles, iLeibnis held shat no ¥wo mcnads are alike; there were
no 4duplications and superfluities im nmature, The law of analogy prevented
contradietions and eontraries in nature by viewing 2ll momads as iifferiny
uot in kind, but merely ia degres. Jy the isw of contimuity, the momads
could be seen as an infimivte geries of terrs '‘noreasing im verfestion from
the least perfeot ~unad to *he limis of God, the rerfesct momad (78), Sinece
there wasigm infinivy of monads, nc new rnes were sdded nor taken sway by
deeth (80). All wemads were oreated at the begimming of time and will norish
torether at tine's end, Ueneration and serruption were wmerely other terms for
the ceaseless evolution and invelwtion of monads, Fimally, by his principles
of pre-established harmony end cosmologioal optimism, Leidbsis considered the
monadic universe es the best possible whigh God could have oreated, and in
whioh all She inner menadic echanges have boen harmeniously pree=sstablished and
work constantly fer the bess,

With the aid of these ultimate units, Leibmis's two chilesephies (51)
present & somowhat cohersnt systeme Fssentially logieal, idealist and mathe-

matioal in his genersl outlook, leibniz based his philosophy on the a.loptiom

ey
b~

79) BExtreit d'une lett au.;._rma, i rdmann, ppe 104=108,
00; Mﬂ. o UrimeEn, p. 711,
a nis'e sa vhilossphieal thought was definitely formed by 1670

when he_ sent n.;:‘%&qgﬂmmto Arnauld, Eis latter -hilosophy ‘s the
loginsl dewelo of she netiom ef substance. Sf, Bertrand Russell, A Histo

of Wewtorn "hile Bew York:s Simem amd Zchuster, 1948, Chapter XI, Lelbmis,

7p. 581-698, Our retanding of Laidnis's thoupht stems from the efforts of

Ruesell's and Couturat's werks, cited adove,
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of mathematioal meshed and two prinsiples, contradiction and auffieient
reason (82). In weth-d he 'issinruished analisis rrom synthesis, The
notion of amalysis was not merely hreaking ‘om s complex ~hule inte its
eomponent narva; analysis included the abstractive reluction of these
parte (in which process leidniz's mathematics prevents him from seeing
that he thus destroys the identity of these parts) %o a olenr {dea or

a orinoiple, In syntheais the rrocess is reversed: the moverment is from
the simple to the composite, HRis monsdology had already :ndieated ::is
prooedure, while his theory of s ':niversel science i1llustrates “his methed
wore strikingly,

By his nomadolory, lei'miz was able to sliminate Jescartes' :a'ical
dualiem f ratter and s-irit with its corseqient inle andence © selfe
oorseiocusness, Thourgh the mind !s an individual, indepenient substance, ¢ts
menedic nature qualifies it as rne of an ‘nlinite number of substances, to
which it {3 alike and all ¢f which it r flecte, Human self=-consclousness,
a mere perfectly develcpod degres of - erce:tion, is duwe to .hen preater
slarity and distinstiorn of the idsas which it subjects to analysis, These
ideas are immate and are the ultimete principles of all knowledge (#3),

But leibnis 4did not consider all idicas :r - .wiedve a8 inna-e, The

method of analysis had to be a-~lied to prepositions in order to make them

(s2) “"™wbous utor in demonstrando principiis, quorum unum est: falsum
asse quod implicat eomtradiotionem; alterum est: omnis veritatis (quas lsswdista
sive {dontica ron est) reddi posse rationem; hoc ¢st, notionem prasdiesti semper
notioni sul suddect! vel oxpresse vel implioite inesse, idque nop minus in
denomimationibus extrinsecis -uam Intrinsecin, non rinum in veritatidbus cone
tinrentidus quas nmecessariis lcoum haders,.” QE Scientia iniversali sau le

Caloulo ingd co, Erdwamm, p, 83, Ca la ¥onedolegie, n. 3133, Frdmwm,
pe Y07, 56 e ¥ntura ot Usu Selontlae (enerslis, ' rdmamn, pp. P-RE,

(e3) & ux kseais, 3k, I, Chanitre 1, "8'1]1 y o des Prizoipes inesce
dans l'equ% 50 !'m,l Updmarm, pre t04-118,
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elearly intclligible, Analysis was the reduction cf all true propozitions
to identioal onos (84), True propositions which !¢ not ,rodigats tie rote
of existing at a particular time are rrcessary ux! analytio, thegse whieh
predicate partigular existence ars “rntimrert and synthetis, The first tyre
of prepositions, called :ruths of -easoring, yleld necessary truths; whil.
the second, termed truths of fact, “eal with contingent truths. Leibnis
proposed the goal of human knowleige as the reduction of even -ortingent
truths to idemtiocal rropositions (85),

Since a propositiom corsists of a subjeot and a predioate, its redustion
%0 idertity regquired that all ;redicates were to re reducible to “he s.bject of
which they were rro.iicated, This wuld be tantsmount to “emcmatrating that
all the requisites of en ef vot were comprised within i.s cause. This re~
luotion, for the triuths of reasoning, lay in the mind (tself, The re‘uetion
was to he effegted by aid . ‘he rrinpiple sf comtrudiction (or 1ientity, or
paaolbi’lty) {r. virtue of » igh that wes faulse which contalned a contreliction
and that true which was contradiotsry to the {else, rimitive truths of
reagoning were the i{denticel rropositions rhemselves; derivative were nll
others -- axioms, rontulates, relations - which were to e reduged to the
rrizitive with the ;rinsinlep of ecniradiction (88), All ihese Lruths were

&t least virtually irmate within us,

(84) Bertrand dussell, op, Pe 4¢ ussell lists five primeipal
premisses of Leibnis's philooophyn i .very proposition has a subjeet and

a predisate, II, A sudjest may mave predicates whieh ure qualities existing
ut varisus timese (Such a subject is called a suhstance,) !I1, True propoe
sitions not asgorting existenes at yarticular times are neoessary and analytio,
but sudh as assert existemse at -arttouler timeos are contingent and synthetio,
The 1atter depend upon final causes, IV, The 'y~ 1g s substanee, V, Perception

Z;ozga knoglod;. of an extermal world, i.e,, of oxistents ~'her “ban ~vself and

Oi 1 49,
r1 une propositiom necessaire 48t celle dont le contraire ine
pli oontrudict te! ¢ #st toute proposition identique su Aderivee regcluble

smcntrer n' t rag autre chose que rescuire les
ien ot subgtituer au torme iafini sa def{nition ~u me de se
particl pour gag.r uns sort A'equation, ¢ cat a iire la coinclience :lu ;rellsat

avee le sujet dens une proposition reciproque.” Jo la Libaorte, “renant, p. 288,

gur g’qaﬁt’ et t.k" Mﬂt é" v.ri%' .On 0 ﬂ?ﬂll. negoes i Los HE tnl Jgiqua\'
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Leidnis held that only God has a prior ant adeguate kmowledge of
the other olass of judgmenta, those concornsd with oontingent matters,
termed truths of faot (87), All thess juirments invelved an atsrivution
of rresent existense to a subject, Cur krowledge of those aross from our
passive mirrorinr of the 'niverse -7 wonadie oxistence, Leibnis set up
the redustion of truths of fast t~ ‘dertios)l sropositions es his ideal
aim; this implided tha: all the sxistential -redicates which rave eor can
over Se sttributed to an Individual -- for example, to Aloxander the Ureat =-
belong nscessarily to him and make up his"notion” (88). It is this in-
finity of infinite monadio relations rrd eomplexities that “od cnly lnmows,
for sach substance “as infinite number :I rossidle rreiicates and is an ine
finity of individualisy (88), XNen's minds were limited and thus unable
properly to mirror this infinity whioh oomes tc ‘s through our passive
experienses, We cnly Ymow these truths with confused perveption; they are
obtained by industiom through the sense (80), "ere we able to grasp an
sdeguate understanding of any existing sudject, we would lmow all its
possible predieations (91),

In order for us to 4iseerm truths of faet, then, the ~rinciple of
sufficient reason was to be a-plied ($2), ¥o fact was true .mless there was
e suffisient reason why 1t should be s¢ and not otherwise, This would do=
zonstrate the "eompossibility” of am existent subjeot, shuwing its existence in

the “ivine pre-established harmony., All compessible thinga exist -- that is,

(s7) La Yomadologie, n, 33, 3638, Soe also Nouvesux "ssais, Chapitres

g ey

Whutmmtm,
s 338e, P 47y woe Dicooun de kstaphysiqus,
Pm-zz s

) Fouvesux "sssig, Mk I, Chapitre I, 5, Erdmanm, p. 206,
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all these things whish are harmemious with the surrcunding totalisy

of existente - in kewping with the lavs of finality and of cosmoe

logleal eptimism (83). Jwsmn kmowledge of these contingent fasts was
oalled prixidive vhim 18 referred to the fasts of experismes themmelves,
Darivative facts wore thoss inferred frem the primitive by using the prine
olples of sufficiont reasen, Sthue determining their agresment with the
world as o wiode (84), W ¥new eentingent faets only by prodable are
gumemte (93)3 they werw nerdly stages of a series of terms which appreached
sruths ef ressoning e a 1imts (08),

Our Brviedge of Ohe' truths of reaseming, 'wd, fer siwir proper sphere,
sertain knowiedge, esspecinlly us iz mesaphysies (97), In i»waphysieal knowe
ledge wo preperly attridude qualitias te the memad which it:really posseases,
Retaphysiss, for-lefwmis, was foumded on the method of sraditional legle,
and wav prédiontive, The riadmess of the individual substande as a source
of Imowledge was evident, vinee 18 sugnrised within :%self all past, present
and ‘frture predicates whioch could ever ve attributed 4o {8, Hataphywios
was thus the justification of avery true prepesitione It dees not deal with
pure abiirsetiens, Leitnis Sensured any wetephysiss, like the Cartesiang,
which wished o fo'md 180e1f en pure adetrastions or mere relations, The
verfoet -analynis oFf ull omesivable predisates «~ the infinitely infinite =
only was knewn by the Divime ronsd, Xan, however, was able to reflect many

of th‘nb.prﬂluiﬁnt with the aid of the prinsiples of contradlction,

—— Y B
gng Bertrand Russell, op, cit., pe 68 £f,
o) $ here suvisioned the uze of the caloulus of probabilities;
in Leibnis's well ordered world, the most probable sombination must be
achiovedy see Joseph Mareshal, %. ?é‘_:_,, pre 178-102,
?:gl Houveaux Lssai ?k. » pitre 111, 14; Frdmarnm, ppe. 343-348,
“renant’s “refuos iy - nd Jonen echal, op, olt
Ppe 166-183, » Phe xxxi, and rh Marechal, ope oit,,



Solding %o a metaphysies of rediestion, Leibuis malntained that
the truths of faot preperly belomg to matiwmatics and meohanlos (98).
The proper soncern of nathematics was relaticne (99), These relations
he termed "abstractions™ or "phenowena beme fumdata,” founded, that is,
on the emorste reality ef substande, dut not metaphysiocal mg‘.t‘prodiubh
of substance as such, The mind tius achieved the umiversal, whish was
the prineiple of the relations between things, A logical or mpthematical
truth was bub a glinpss of the system of infinitely possible relations
which oan sharasterise the momedic universe, lMathematisal spece and time
are net things of substances. Spase is merely our absbraction of one
possidle order of simultanecus existenses; our "notioms" of space are
mere "abstractioms” frem the inner, monadic changes, Similarly, time
is but ocur adstrastion of the order f simultanecus existenses., lLikewise,
extension is but an “abstrastion” which neglects L' properties of the
rich, oomcrete existenee of the monad, and extension lacks renuine reality
as such (100),
The application of this distinction between a metaphysios of predication
and a mathematics and seiense of were relations would, prossidbly, have ha! many
svanbling effeots, though leibmig 4did not earry out tihis vrogram, The eprarent

riger and necessity of mathematisal soiense would, in such a case, e no longer

éﬂ; Bertrand ~ussell, ?. cltey Do 49,
99) 1Ibid,, ppe 13-14; Ses sur la lettre 4'Arnauld, “renanmt,

Pe 148,
(200) Premant'e Prefaee, p, xaxvi,




a matter of mush oondern, sinve wathematics merely furnishes relative
and not abeclute or ulsLmie imowledge, 3Jimilarly, mechaniss and cther
seienses merely deal with appearances, which, though wll founded on
substanoe, 4o not deal with Shings themselves, These aomceptions of
Letwni®¥101), as those enbodied in his universal sharseteristic (102),
carried a rronocunced influense on future speculation almost equal in
weight to his invemtiem of the ealeulus (10B), Little attentiom, howe
over, was rives by suscessive thinkers to his ‘nsistence om rhilesephical

tradition, or to his numerous attempts at speculative harmony,

g

1 (100) Ibidy pre xxuimelis see aleo Joseph NMarechal, ops 618s, "re
!m) Harold B, Swart, The ‘hilosophical Presun -
—-ti le e 11 m on? refurpcsitions of Yathe

and Leibnis.” p; B;”&”m"a The Concepts of the Caloulus, Chapter V, Newtonm
’ (] - Y




Chapter V. Britigh Tmpiricism

The seheol of retionalism which Jescartes inaururated on the
Eurepean continmmt had a correlative bHut dissident riwal in Shs ers
of Brisish smpiricion (1), In Mathemtics and nhysios, Cartesian
sprieriam was offset by Newten's oxroriremtalemathematisal methed,
while in the formuletion of philosephical predlems, the British
thinkers adepted the emnirieal and orisical astitude of Johm Looke
in centrast %e eontineamsal dogmatisem end idealism (2), This eriviesl
attiitude was comdined with a nreetical avprensh %o philesephicel pro-
blems, causing the Brit¢ish school te be more seneermed with ethieal
and politieal problems while the maticnalists emrhasised systematis
philosaphy (3)s The ratiommlist emphasis on intellestual apd the
awpirieist coneern with sense imowdedge are *he two threads of thought
later pathered uwp by Kang, whe attsurted ¢o knits them tepsther withous
laying wndwe stresec on sither,

(1) For s brief contrast between these two sehools of L ourht see
Co 2 liaﬂ‘l" iloeke Jerkeley tums, Oxford: The Clarendon i'ress, 1931,
"Conolusi PPe 15R=169,

(2) “Ine Yesay was the first deliberte atbewpd, in modern nh:ilosephy,
to engage in what xigh$ now he called epistemclorical inquiry, but mixed
up by lecks with questions lorienl, prycholegiocal, end ontelopical; all
subordinated in ris design to ‘what may be of :se 0 us, in our presemt
stats,’ and to 'our ceneerEN as huamn heings,' Locke inmsugurated the
modern e-istemolorical &k, characteristic of philesophy in the eighteenth
century, which culminated in Xamt..." Alemander Campdell Praser, in
An *asay Coneeming Pumam Understeanding, by Johm Looke, 2 vols,, Oxford:
the Vlarendem s, Vraser's"roleronsma,” v, v,

(3) A comparisem »f the practical and empiricist aspests of dritish
philosephy with the systematio philosophy of the sontinem$ is given im

Fawin A, Burts, %g ‘nglish .hi)osophers frew Bason to Ni1 edited, with
an indreduotion, Few York: dern iibrary, 1939, " i(ntreduetion, pp,
izexxii, Cowpare the analysis of the cultural backrround of Brisigh

oupiricism in Derérand Aussell, A Huto% of %ﬁog ’hilosophy, New
York: Siwon and Solmster, 1945, Chapter X1, losaphical Libermliem,"”
Phe 596-608,




Both the retionalist ant ew-iricist sohocls treatei the prohlem
ef toicnti!‘i: and rathematioal abatraction pomewhat oavalierly, ‘he
rationalist *heory of science in "escartes, ‘pincsa ard lLeibdbnis, in-
fluenesd by mathematies, inolined to an identifieation ~f all sciences,
with no regard towsrds a careful mental prooess of abstraction, Cere
tainty, exactness, olarity and intuitive ideas were “he scientifie
nessuret, rields of snesulative research in which ‘hese -oals were
unattainahle were sither ienied snientifio status or "retionaliged”
to zeet the iisal standard, This ~ropensity to homorenize the proe
babllity and intricasy inherent in Hur kmowledge of na‘ure, of psy-
chology morals and polities, was i:e to “heir .atrematicism, he
retional ists cverlooked the oomposite rature :f ran and offered an
"anpelio” eplatemology (¢) which lod them to misunderstand the
:norﬂit; of moral kmowledge, to ;roposs & non=ultimate attitude to
ethios, peychelegy and polities, and to deny the appesiteness of any
other sciense,

The samw denial of adstraction, though on different erounds,
sharacterigsed Britieh empiricimm, Attemrting to wodel rhilcsophieal
truth and method on the expsrimental-mathsmatioal method ->f Newtonian
scienoa, the Sritish empirioists apnlied a -urely desoriptive prooess

to mental states, Though starting with metarhysical presuppositions (5) --

(¢) dJaoques Maritain, Ihree ‘eformerss Luther - Jesgartes - m;.__;__u*
Londont Sheed and Ward, 1947, 'Usunmc, or the !i!;’eamntion of the Anrel,

PPe %

“(;s Gibson writes of Locke: "Thus, l1ike many other thinkers, ' 'mo dese
tined to prove an illustratiom of the truth that metarhysios has a way of
avenging itself on those who alizht or disregard it, und that its deapest o=~
tanglensnts are often reserved for thoss who think they have discovered a path,
by following whieh 138 Jifficulties may evaded,” James Ginaon, !%&v, Theory

En>wled 4 _1%s Yistoriesl Relsations, Canbridge: The 'riversity Press,

s Pe 1le




yot denying the rightfulness ef wondering about ultimate causes -
this approach, imitiated by Johm logke, culminated in ‘he rabid
soeptioism of Javid Kuwe and inspired Fant to bemoan vrevious metee

physiocians' imitation of mathematics and sc'enoce ().
I, Bawtom

Isano Newton (1642-1727), who wisldad a powerful influenoe on
iritish empirieism (7), may well bs looked upenm as the refleotiom of
the various new -ovements laitiated with the lepaissance (r) and as
their tempersry culmination, fle ~athered unto himself the mathematical
current that came threugh Copernious, Ferler, Gallleeo and lescartes,
the emphasis on observation of Dacon, larvey, Gilbert, Boyle and locke,
and the tempering influence of religion and worals Crom the Cambridpe
Platonists, Looke, 3erkeley, fume and Kant, though they disagreed with
the rhilesephiocal ‘;tp-ct- in !io;mm ~- agpocially his netaphysies of
space and tims -~ admired the system wrourht dy his r;raiul. fiis specu-
lations were the springs of the gosmogony later proposed by Kant and la-
pilace, And althourh he 'ms an Muhn. Hn&n oontinuss the
Cartesisn spirit which resppears in the sommolopical and ewolutiemary
systens of the oightasnrth and ninetsenth oemturies,

Nomton's mathemutisal systen of the universe, often referred te as
the elaseical view, lasted until the more receas relativity and quantum
theoriss, ¢ had, 'tn tum, dethroned the Cartesian phyaiss and astrenesy,
Desoardes, with ~harsgteristie mathesatioal apriorism, had propesed to

Yoo

(8) BSee Snapter VI, -belew,
#(7) for the interaetion of Newtem and looke, Newton and his oon~

Souporarien, see James Jbsom, 9pe gite, Chapter X, "Loske and Contempora
English “hilesophy,” 7pe !83-26%? A3es ' v

(2) Edwin Arthur 3urts, The Metaphysioal Foundations of ' hysiss, Chapter
:I’;’;glboﬂ and Boyley (1), Vamary of t'!ﬁo TreNewtonlan Tevelopment, pp?
®



establish the miversal laws of mature on the basis of sowe arditrarily

ahosem hypsthesis ssoerding to which the fasts were to “eoome rationalised (9),
Yar example, in emplaising the origim snd neture <f the universe he ronosed
the notism of hemcgemsous oerpereal mass to which the Creator gave an

original metien, In this way, vertieal or whirlpool movenents were set v

snd absolute extensien brély imte a manifeld (10),

Nowken oppesed Desoartes' solentifio procedure and resgultswith his om
solentifie contributions and his empirioalsrm:hematical method whish he
constently refers to ss his o (11), Hie fnwous dictum, “hypotheses non
finge” (18), is the negative rrenerty of his method voleing disapprowal of
the oholee of arditrary prinoiples end assumrtions in the knowledge of
sature, . He preposed as & sesitive weasure, that the proper oriemtution
of soience lay in an odservational analysis <f nature by experiments whieh
yield faots snd properties (18). Rech property wes them designated dy
an apprepriate oymbel and their mutval interdependence could de analysed

(10) A, Boyse Civesm, The Philoserhy of Desoartes, Landom: Methuen &
c." l”.. cm’ nlx. .m b\ﬁ.l .| Py e & ”0.

(11) Per a study of Bewbon's -ethod sece Henry 2, Burke, "Sir lsasc
Fewton's Formal Coneeption of Sgientific Method,” The ¥ew Scholasbieism,
10(1988) Ppe 8-113,

(12 if any one offers eenjestures adout the Sruth of thinss from the
more possidilisy of hypotheses, I do not see ‘ow anything ocan be determined
in any selente,..."herefore I fudged that mc should abstain from conaldering
hypotheses, as frem s fallascious argument,” Sir Isase ¥~vton, 3ir Isess
u's Nephepmtical ‘rinciples of Waturel P‘d.l.{_‘%y and Yis Svatem of the

Sransiated in Suglish by indrew ¥obte in 172§, edited by 'lorian

i Borkeley: Univereiby of California Presas, 1948, "Jenernl Sgholium,"”
¥ S'“m to Kewton are ‘rom this odition,

13) "o no other way know the sxtensiom of bodies than by our sense,
nor do these reash it ia all bodies; hut Hesause we Deroeive extersion in all
bodies that are sensible, thereforo we ascride it usiversally to all others
als0s That swumdance of bodies are hard wo learn Ly experiente,. That all
bodies sre {mpenetradle we gather not from reason, “ut from sensation,”
Ivid,, Bule III, p, 399,




mathematioally (1¢), Through this mymthetis mathematicel oombinatlon
one oould predict and deduse further rhenomena (15)e Fven for this
progess, experiments were oonstantly to ruide and verify procedure (18),
Xerrbon may be looked upon as a protagonist of the philesephy of
seience that {8 7¢t today and es ewbodying the stress and strain between
the two types of solentists, the mathematioally-minded ani the ,hysically
or empirieally-minded (17), For the first, nathemgtios is the queen of
the scienses and the validity of zathematioal truths, srasped Ly a mental
intuition or viewed as a free crestion of the mind, is unquestionable.
‘ure zathematios is ¢ fraws inte which all natural events are to »e
fitted, and the laws of nature as formulated in equations express the

quantitetive character of nature and allow further laws %o be ‘educed,

(14) "eeemnd therefore I offer tis work as the rathemetical rrine-
sirles of philesephy...dy the prepositions mathematically demonstrated
in the first book, we then derive from the cel«stial phenomena the forces
of gravity with whigh bedies tend to the sun sand the severnl nlanets,

frop these forces, dy other rropositions which arc also mathe-
mticsl, we deduce the motions ¢f the planets, the comets, the moon,
and the sea, I wish we oould derive the rest of the rhenomena of na=
ture by the sare kind of reasoning from mathematicsl prineiples..."
Ihid. Prefece, pps xvifexviii,

hs) *eeothe Whole burden of ~hilosophy seers t0 oonsist in this =
from the phencasna of motions to investigate the foroes of nature, and
then from these forces to demomstrate the other vhenomens...” Ibid.,

PPe mwm

(6] "In experimental philosophy we are to ook upon rropositions
inferred .by gemeral industiom from rhenomens as accurately or very nearly
srue, notwithsteanding any contrary hypotheses that may be imapined, till
such %ims as other rhenomena cocur, by which thoy ray either be made more
soourate, or 11ablo to exceptions, This rule we may follow, thats the
argument of indugtion may nct be ovaded by hypotheses.” 1bid., Prefuce,

(17) Por o similar eomparison, sec Fwbert Blanche, lLa Boience
Physique ot la Aealiter Mealisme, -ogitivis dathemati Pariss
¥resses Universitaires, 1948, "I:tro?ucﬂon s PPe 88 and passim,




Yor the enpirisally-minded scientist, mathematics is but a teol,

she handzaiden of the soiences, Mathematigal entities arise from
observing nature and their validity is tested there, and mathe-
matios is dut a handy tool or symbolie language devised for in=
terpreting physioal fasts. Striaetly speaking, for this view,
notiing 1s deducible, and we can only asgertain that nature is purew
1y juantitative through observatiom. By his insistense on the rriority
of sxperiment, Newton seoms to have favored the latter view (18),
Koreocver, in his attitude towards soience as the exact mathematical
formlation of the laws of the .niverse and by his positivistie
notion that one can learn truths about nature without rresupposing
or implicating any hypothesis or theory on the ultimate nature of
things, Rewton fostered an outlook whigh is common today,

The sriritualistic and anti-mechanistis aspeot of Rewton is
evident in his participation i{m current theological debates and in his
religious writings (19)s Solence itself, as ‘e writes in the (~tics,
leads us %5 God through our reeognition eof the order and adaptation of
nature, God's chlef attribute is Mis previdense, whish Newton construes
in such fashicm tha% God i{s a species of "cosmis plusber® who keeps the
f4xed atars from oollapeing ir the center of space (20), and patches up
the irregularities of the universe that are constantly inoreasing, Sod
is adle te fumotion ia this wise Desause He (s a perfect spirit, miver-

sally extended in space and time, This s Yewton's ultimate explanation

e

&:; Bawin Arthur Bures, [ o Ss0 PPe 216223,

J. W, K, Sullivan, Yesac c_ryt‘i_cg, 1642-1727, London: Mackillan
and Company, 1938, Onapter ¥V, pp, 138=170,
(20) Eawin Arthur BurtS, op, alt., ppe 294=295,



of absolute space and time: they are -= with a tribute to Berkeley -
the emmipresense and sternity .7 Cod, the ’ivine sensoriums

The ssceptance of this "selentifiec God™ !s paralleled, in Newton,
with belief in the “seiantifie man,” Tewton socepts the surremt hyperdualism
of Deseartes and all its implications “orether with the notion that
secondary qualities are mers modifioaticns of the rerceiver (21),
Pinally, the ¥ewtonlan world itself is "scientifie.” Only primery
qualities sudieot to rathematiocal oonndent'ion are real, The universal
theory of rravity, the reduction of all motion to thres universal laws,
atomiem, the concept of absolute space and time whioh he tried to prove
loienhfﬂully, and hig notion ~f ather as a medium in whioh the forces
and motions are proparated nr.’ recreated after heing spent -- all add
up to the ploture of the universe, in Kewton's whole view, as & larre

rachire, with Sod introdused as a mechanioal appendage (22),
11, locke

Befare the time of John looke (1438-1704), two earlier Fnrslish
philosophers had eld a somewhat pejoretive view of mat'ematicel ab-

straction, Prancis Jeeon had viewsd 1t as an afterthought %o "hysies (23),

.. ”. 88-3”.
Eg Thid,, rp. 200-299,
m‘ LAM of Tm%‘, Book 11, Yol, I, ppe 184-244 in
Ty, wo% ir r%u eon, Tord Chaneeller of Pnpl With & Life ~f the
r g1, in three volumes, “hiladelphims M, Xurphy, 1876,

Bactn's ignorance of mathamatios is well mown, Despite the achisvements
of Zepler and Galilee, he subjected it toc severe oritioimm, Cf, Kovum
Orgesum, Boek I, Aphorisms, 6 Vel, 1I, p, 348, In Book II of The Advance«
ot ¢ leaming, (Vol, I, pe 199) Daoon seoms more interested lm poimting
out the demefits ' mathwmtios for the mind, whioh “o sompares to the bene-
fits of Seamis for the bedy, lathematies will sharpen the wit that 13 Aull,
sake fit the wit that (s wandering and make abstract the wit whioh is ‘oo
inherens iz sense,
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and Thomas Hobbes, whose philosephy oar be claspod nu sensuzlistic
mathemticisn, proposed a nopeabstractivy notion of mathematics
tantammmt to the dmial of mashemation) abstreotien itselr (24),

In the msantime, rathematios ra! -airad an envinhle reutation.
Fewton's sathexatics served g %o intensify the “irh regard im
whioh mathematios had sone %o bHe ol in seventeenth century Tnrland,
For most shinkers of th's sime watheratios, and especially geomstry,
was the ideal typs and standard of sll dmowledme (2B), lLocke waas sub-
Jugated do the influmae " thir view £ ~athesatics, adong with hie
training iz Schwlastisism, inowledge of Cartesianism and the currents
of cantemporery Faelish shourks (28), This veriet philosophical com-

ditioning stands out espesially $» “is ~ain work, An "ssay C-mcerning

Yumen Undsrstarding,

The Fesuy rrew out of a discussion in whish Looke had enraged
with five or six friends, the quewtion at {ssme bdeing the validity of

(24) BHobbes, the archematerialist, is a unique exampyle of sonsua-
1istio mathematioieon, Recsoning for “im was Hut s kind of addition amd
substraction, lNatheanatios was alnost akin to sensory experience, for he
could not afeit that lines and gurfeces we-s deprived of slight dimene
sio ux even in their conceptiamy Carl 3, 3oyer, op. s Do 176,

_ {a5) "The views of Yobdas, Looke an! (later) Cond{ are illuse-
trative, in a gemersl wny, of the loghll conoaptions prevalent in the
interim that sepsrates leidniz from Dessartes, For these thinkers,
just ag “or Doscartes, the ideal Sype of all kmowledge is that which
they unisrstood by mathemationl, teide the adsolute sertatinty gus-
ranteod by rigorous mathematical derocustration omly probability re-
mained, This however was not %o limit all our knowledge to mathomme
ties, sinee 1t wna still held that the method employed so successfully
in that field cn:1d aleo be adapted to other matter.” Mar-14 2, Smars,
The “hilos 3 pe Go

s L' “hilosophers from Bascon %o
¥11l, On ppe xvili-xix of the in¥roduotion, Jurtt polnts out how Locke
reflects tho praelical sttitude “oward :''losophy typloal of his Limes,




the prineinles of moralivy and revenled religiem (87), which the
Cambridge “latoniste had sought to put on a sound basie (28), It
was this aim that promphed Looke im writing the Yesay (20). Its

PUFpPOSEe was,

to imguire into the originmal, oertainty, and extent of h
knowledge, together with the grounds and degrees of boliis

opinion, and assantie..(30).
The essay was conceived, however, as merely preliminary to the ese
tadlislnent of the validity of hupan imowledge with respecs to moruls
snd relirien (81)., For,

in an age that produses such masters s the great Muygenius, and the
incomparadle '‘r, Towton, with some other of that stralm, it is asbition

to be emrloyed as an under-laberer ia cleariag the srouvnd a
1ittle, and removing some of the rubbish that lies in the way te
knowledge (38),

(27) "Our bustness here is not to kmow all things, ut thome which cone
cern our conduet,” W Vel. I, p. 31,
(28) See pp. of “raser's prolegomena in Fasay Conoerning upan
41
o Lrit

Inderstan E‘ glr g_.im '3% (8011lated and Ammotated wi egonens,
fagrrarh ocl, and Mistorisal by Alexander Campbell Fraser, two

volumes, Oxford: The Clarendon ress, 1804), All quotations from Locke
are takem from this odition,

(29) "Vie may now sum up our accoumt of the primary and main problem
of the Fssay, In it lccke undertakes the investipation of the nmature and
conditions of a knowledge which in &t ~noe absolutely certein, strietly
wiiversal, 'instructive' or synthetical, and 'real’; the eonsequest deter-
minution of “he possible extemt of sueh knowledge; and the exsmination of
1*s distinetion from and reslatien to other forms of cognition, which are
deficient in scre of the respects emumrated, Waile the mathematioal
selcnces furnish vs with the typical exsamrls of sush knowledge, its most
izportant contenta are held to rafer %o the ob of our moral and
religious conseiousness,” James Gidhaon, looke's of Enowledre and
its Histerionl Relations, Cesbridge: ws the Lmvou;ty ‘ress, 1951, pe 7e
son pointe cut, in ohapter ons of his rims study, how Locke ocame to

write P See alse i 1, Aarem, Joim #, Londoas Oxford, 1837, v, i,
%ﬁ%w"& s Po 38, ’ .
&

8 was his interest in the selentifie discoveries of his day,
he leaves no room for deubt that in his opiniom the imowledge which is of
greatest impertance fer man is that which relates to his duty, and to the
existence of the Divine Seing, whoes law be conceived this dusy vo be,"

Jenws 3idaon, ape Pe &
(32) Fssay, 1s to the Aeder, Vol, I, p, 14,




loake's theory of inowledge is gredually doveloped in the Essay.
After showing, in the first beck, that he holds no brief with a theory
of innate ideas, he amamines the origim of knowledge in the msescond book,
All eur ideas (33), frem which ocur pidgmemts or true knowledge are fopmed
snd which arise from the twofeld emperisnge of sensationm and reflectien,
are sisher eimple or complex. A man is 20t adble to make up simple idcasy
the nind is passive in getting them from experiemse., Simple ideas arise
in diveree ways, {rom one senss or ore, from reflectior or reflection
combined with seasation, (lLeske then “istinguished the simple ideas :f
primry or mathematical qualitiea which have resl existence from those
of sesendary or im;uted qualities whish only virtually exist), By com-
bvining and extending sisple ideas nr “eriginmals,” the mind exhibits its
power of predueing new ideas in the astivity of ewmparisem, composition
and abstrestieon, which yleld complex idess celled modes, substances and
relatismss The third book deals wish lecks's theory. of the nature,
meening and use of language,

It 48 in the fourth book, the most importemt of the _ssay, that Locke
deals with mowledge in generel, Ihe judgment in whioh we have kmowledpe
is "sub the perveptiom of the connsoticn and agreament, or dissrresment
and repugnansy of any of our ideas” (s4)e Uli"'.;'ll propositions are the
nakeup of mowledge which bun the distinotive badge of cerbainty and 1»

(82) Looke's wide ufe of "12eq” 1s evidenmt thraoughout his Fasay,
"Matever is meant by phantmap, nobion, spegies, or whatever it is which
the mind can be emwcloyed abewt in thinking,” Sasay, Vol, I, I, r, 18,
Gibeen says, "as the universal implicate of oomztzon. ideas are in-
volved alike in the semaidle apprehensiom of a colour and in +he thought
of an ahetrast objeet or relatiom, which cannot be presented to the sense,
Yor the word he disclains any spocial partiality, and avows himself ready
to 'ohange the term 1dea for a better' as soon as his oritiocs omn help
him to cne whioh will bear as well the required width of denotation,”
James Oibson, ope git,, xg. 18,

(“) z‘"’. P ch"t.r 1. 2, vol. II. Pe 167.



referent te a roality independent of the mind; kmowledge is "real.”
Gf the two maim kinds of kmewledge, "dememstrative nowledge 1s much
more iwperfest tham imtuitive (35)," Ia the latter, "the mimd pere
oeives the agreement or dissgreement of two idess immedistely by thems
selves, without the intervension of amy other (368)," "and shis kind
of knowledge is the elearest and. the »ost eertaia that human frailty
is sapable of, Ihis part of knewledge is irresistible..,” (37). In
demonstrative knowledze, sheugh ite certainty is unquestiomadle, the
wind rust operate "by the imtervention of other ideas (one or wore,
as it heppens), to ‘iseever the agresment or disagreement whioh i%
searahes...” (38), rreceded by doubt, the ssage or demonstrative
knowledge 18 not as easy %6 chbtain as intuitive; demsmstrative know-
ledge is ferved to rely on the ideas of intuitive kmowledge whish it
uses as "proofs.”

The most perfect type of demonstrative knowledge is mathematies,
But although "1% has Heen gensrally taken for granted thas mathematics
alone are espable of demenstrative certainty” (39), thia iz not the
case, The reascn for this, Locke says,

Has been not only the general usefulness cof those soiences, but

becauss, in comparing their equality or excess, the modes of

mmbers have svery the least 1ifference very clear and perceivable...

But in other simple ideas,...we have not sc nice en? accurate s dis-

tinotion of thelr differences as to rerceive or find ways Lo measure
their just equality -r the least differonces (40),

pter 1, 9, Yol, il, p, 175,
u; r,‘;?’x 30.,1( v, Chaptor 2, 1, Yol, 11, p. 176,

S84 Po 177,
(s8) E"m » Chapter 2, 9, Vol, Il, p. 178,
(39) # Book xv Chapter 2, 9, Vol, II, p. 182,
(40) Easay, Book xv cbaptor 2, 10, Vol, 1I, ., 183,






