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An inestimable amount of specialization and ael f -orl t lo ian character­

i s e s current mathematical research. Zn the f i e ld of mathematics proper, 

s great number of mathematical books and pariodioala are being issued, con­

taining countless now theorems, restatements and new, original solutions 

of old problems, and new methods of proof. I t has been said that though 

the delegates to mathematical congresses may be quite competent mathemati­

cians themselves, they cannot possibly oomprehend a l l the over-specialized 

topics presented (1) . According to the historian Oahorl, i f the history 

of mathematics In the nineteenth century alone were written with some de­

t a i l , fourteen or f i f teen large volumes would be required ( s ) . The same s i ­

tuation obtains In the l i terature, and at the congresses dealing with ap­

plied mathematics. iSVen the non-mathematlolen fee l s the impact of mathema­

t i c s on general culture through tha Increasing number of books end art lo les 

endeavoring to present mathematica In a simplified and popularized form. 

Contemporary research in mathematics I t se l f la nearly rivalled by an 

equsl productivity in philosophical inquiries on mathematics. Questions 

of mathematical method and symbolism are being examined under the t i t l e of 

Symbolic Logic, while other investigations are concerned with the founda­

tions of mathematlea, with theories on numbor, functions and atrueture. 

Humorous philosophical dlsoursions deal with tha applicabil i ty of mathema­

t i c s to physios, to chemistry and biology, and to psychological and econo­

mic s i tuations, The more extended problems covering the speculative re la­

tions of mathematlea to log io , psychology and philosophy in general — part 

(1) B. T. B e l l , The ;,ucon of the faiences, Baltimorei ftilllams & wiikts. 
company, 1991, p. 12; a similar remark can be found in George Barton, The 
Study of the Hjstfof'of Mathematics, Harvard: Harvard University Prasa, 1996 
f. 19. 

(8) riorian taOori, "Flans for a Blotbry of ifcthematlos in the Kl&etee 
Century," Solenoe. n . s . , 48 (1918), p. 8wo. 
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of a growing philosophy of solonce — nro boinp invoatLmted by a growing 

number of thinkers. 

The specific problem which In herein conoolvod no boTn • ^oruiotont end 

basic to muoh — Indeed, i f not n i l — of tho ourront -Uscuaslono aonoernlnf 

the philosophy of mnthemntlcs la tho nature of muthenr-ti .? 1 abstraction. I t 

la with th i s question that tho present inquiry Is ooncwrnad no attempting to 

disc loss the dootrlnnl pertinence and speculative villus of mnthomntleal ab­

straction for current philosophical thoorien on tho iuituro of ra«thor* t l o a . 

A study of this kind natumllyknvokoa mnny Tainted pr^l*wao, as on nnnlysls 

of i t s historical antecedentn, i to relation to experience. I t s difference 

from other Qbstra6tlv« processes, and l to portinenco to oontompornry exten­

sions of mathenmtins* 

These c lose ly related themes hava provoked the followin/r order of consd 

deration. An introductory pert of one chapter nlns to c larify the problem 

by distinguishing «nd speculatively ordering th«» various possible views that 

can be held on mnthoEmtlcnl thought. The noxt part ooneidors some seleoted 

hiatorleal posit ions, and the lost pert contains the discussion of mathema­

t i c a l abstraction. 

My thanks are due primarily to tho Society of tho i>"oJous iilood to 

which I owe a cherished ftebt of grotltudi. I t was through i t s agoncy thnt I 

was given the opportunity to study on^ thct I > RB .?ir>otod into tho philoso­

phical aspects of mathematics and science. The Influence of tho ! opt Rev. 

Joseph M. Marling, O.PP.fi., Ph.T>., Auxiliary Mohop of Kanoaa i l t y . Or. Ru-

dolf Allars of Oeorgetown University and Dr. Tfeymond I . ' i lder of tho Unlvei 

wity of Michigan — a l l of them my teachers In the pnot — i s gratefully sck 

nowledged. The direction end kindness of the Rev. Henri Oretton, O.V.I., 

Ph. 1 . , ~.T.L.» of the University of Ottawa, ^ov. Ttoneo Trudel, O.H.I., Ph.I 

S .T .I . , J . \ B . , Dean of the Faculty of Philosophy of tho University of Otta­

wa, and T*# Thomas nreenwood of the TTnivoroities of Ottm/a and ontroal, find 

of their colleagues at the University of Ottnwu,wor--. inavluablu. 
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Chapter 1. The ^oblom of Mathematical Abstraction 

A fundamental confusion of terrinolory charaoterltea the literature 

bearing on tne phllosophioal aspects of mathematics. Itethematioal IAR1O# 

Mathematical rhilosophy. Philosophical Jeathemtioe ani Matamathematios are 

but a few of the expressions currently -jsed tc i^sipnate the oognate as-

reots of mthematlos and philoeor>hy. TMs verbal Usorder is but symto-

matio of more basic disputes. A variety of opinionated attitudes Is 

common todayt mathematics is equated to logic and to all exact thought\ 

the perfection of embhematloal abstraction has supplanted and superseded 

netaphyaiosf the universe of mathematical discourse offers a unique though 

tentative view of tho world of nature (1). 

various festers are responsible for these disparate views. Mathema­

tics presently occupies a position of envious importance (2). Exaggerated 

opinions of its nature are readily occasioned by its strong influence on 

speculative and cultural thonght and its numberless praotloal applications. 

Secondly, the philosophies! bnolr̂ round of our times and present Philosophical 

trends are notorious for an excessive regard for mathematics and science, 

and a correlate distaste for metaphysics, ethios and theology. Mathsmmtl-

eiaas and scientists have phllosophiied in this antimotaphysieml atmosphere 

(1) A reoent summary and survey of mathematical reaearoh and philoso­
phical speculation en mathematics can be found In Louis r. Kattsoff, A 
rnilooophy of JBrthematles, Amest Iowa State College rt,ae, 1946. Kat£» 
soff*• gook, to wt.ioh frequent refereaee will be made, supplants an earlier, 
similar survey by ita Bleak* Tho Kature of Mathematics, London t Regan Paul, 
1988* For the contamriorary situation regarding the philosophy of methema* 
tios see CDsaBtsr VII. below* 

(2) It is well known that matheaatles, so successfully applied to phy* 
sles, chemistry smd the soienees of non-living matter is gradually being in* 
trodmoed into biology^ psychology and the solenoes concerned with life* for 
a broad, popularised smd somewhat exaggerated surrey of the significance 0f 
mathematics for other sciences, see Hoilis R# Cooloy, David Onus, Korrls EUa 
sad Howard *• ffahlert. Introduction to Mathematical A survey emphasising tmth 
matloal Ideas and theirlfelations to other Fields of" Inowledse, flow' Vorfci — 
Hourhtom Mifflin Company, 19^7, Chapter 2T't pp. 583-617. 
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sines the days of the Carteeiane (3). Thirdly, most philosophers are neglect­

ful of nathemmtlcal doctrine. The difficulties inherent in its abstractive pre 

cess tr.l symbolism, the lack of time, interest or mathematical talent, and '.he 

oonfort of relaxing in rhe view of one's own philosophical position are ' urtial 

reasons for this dearth of philosophical response. Fourthly, the raathcr * tic Ian 

as a rule untutored in philosophy, scrutinise the universe from the view of :mt 

matioal abstraction alone (4). Neglectful of metaphysical in- lioatione, "any n 

thorns tioians make indiaoriminate reneralisations, as mthematlos is "-\e sub joe 

in whloh we never know -what we are talking about, nor whether what we are savin 

la true" (5)f or, "Prom the Intrlnslo evidence of his oreation, the Great Archi 

toot of the Universe now begins to appear as a pure mathematician" (6). 

The general disregard for the dootrlne of philosophical abstraction has oo 

tributed to and emphasised this want of speculative aooord (7). The clarifioa-

tione whloh it embodies regarding the nature of science and the distinction and 

(8) F.-J. Thonnard, freels d'hlstoiro do la phlloeophlo, nouvelle edition 
rwvue et oorrigee, Toumali Resoles A Cie, 194$, pp.~ 446-46^7 or see Charles 
Sinser, A Short History of Selenoe to the nineteenth Century, Oxfordj The Cla­
rendon Teas, 1941, "The Insurgent Century," pp. 188-247. A thorough study of 
the origins of modern science is contained in Fdwin Arthur nurtt, Thft Sfctaphyal 
oal Foundations of ftodmrn Physloal Science, Sew Torkt Karcourt, 3raoe and Com­
pany, 1932, Chapter I, "IntroTuot'lon,'' pp. 1-22 and pass lag an.i In Itienne Gil-
•on* The '̂ mity of ^hilosophiosl Fxperlenoe, T onion» Sheed and "iard, 1938, Part 
One, "the Mediaeval kxperlEasnt,w pp.H5-l2*2, 

(4) Jaoques Marl tain. The Agrees of Knowledge, London i The Centenary 
^r#ss, 1937, pp. 5&-6S. 

(5) Dertrand Russell, "Recent Work on the Principles of Mathematlos,n In­
ternational Monthly, 4(1901), p. 64. 

(6) Sir James Jeans, The Mysterious Universe^ new revised edition, Hew 
Torkt Tho Maoaillan Cospaay, 1942, p. lee* ~ 

(7) Through tho influential thought of Lelbnis and Kant, tho word "abstrs 
tlom" has suffered a falsification of its original meaning. It frequently re­
fers. In the contemporary view, to a qualitative state or pose of the mind whic 
lacks an extra-mental counterpart. For a uss of tho term in this falsified sex 
sos Sir James Jeans, Ibid., Chapter T, "Into the Oeap Waters," pp. 137-186, or 
Oeorge .'». Mrkhoff, "anthemetios t Quantity and Order," in Science for a how ttor 
edited by J. 0. Orowther, Vow Torkt Harper A Brothers, 1934, pp. 30e-309. The 
word is used in this essay to designate M>at aotlon of the mind whloh speclfloi 
speculative selenoe, end will be explained below in Chapter 711I. 
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interrelation of sciences, are, however, rnr̂ JanentaJ, in solving » revalent 

mathematical disputes. If a mathematician lj»nores or neglects tha lie-

tlnotlons of logical, riotaphysioal, scientific and philosophical abstrac­

tion In his reflections on the universe, strange oonsequenoes result. The 

metanhysioal teaching ot. the analog of being^' the distinction of substance / 

quantity and quality, natter and spirit, lose (heir significance. Tojric, 

Penology and "syohology are credited with scientific status only to the 

extent that they are amenable to inathematioal treatment, while the vast 

realm of '-robable and inv.crfVc'-.l; scientific knowledge together with the 

o, lr.ions and knowledge of ^he oriinary -»erson, aro r«i>uted as erroneous 

and unenlightened (ft). That auoh is the present situation for many ma-

thematician-philosophers is a generally accepted proposition. 

In jrdvr to distinguish the point of view whloh is adopted through­

out this essay, it Is necessary to classify these Ivorfont views, illus­

trate hen, and adoit a definite and consistent terminology. Adopting 

abstraction itself as a basic for division, '.l c possible views on mathe-

amtlos fall under five broad categories ranging from a pre-soientiflc 

attitude towards mathematics to the extreme of identifying mathematical 

(8) This neglect of the ">re~eeientlflo and other legitimate views be­
sides that offered by mathematics «jii science is soundly criticised in foully 
Meyerson's Identity and Hoallty (Authorised translation by Kate Lewwenberf, 
London, itoorge Allen and Wnwin, K-30), pegs la; see especially Chapter 11, 
"Common Sense," pp. 964-368. For a similar' criticism see Loon Chwiatek, 
The Limits of Science i Outline of the ifrthodology -A' the Exeat ScSoncos 
(translation by Selen Charlotte Brodie and Arthur r. Colemac, ' IntroJuotin 
oud Appendix by Helen Charlotte irodie, New Yorkt Harcourt, 3race and '7̂rn-
pany, 1946), Chapter I, "Introduction;" pj» 1-2S and Chapter II, "The 
Unite of Sound Season," pp. 24-02. In gtudea a.r le ole do la ransae 
medievale dans la formation du systems cartes ion X^euxleme par tie Jos F̂.t -
dot do '; hilosophle aedievale/"" Revus et eonsiderabloment augmenteo, ^arisi 
J. Vrin 1930), Stienne uilson points out how >eeoartes* mathematioism eli­
minated other scientific speoulationi see Deuxieme ^artie, ">esoartes et 
la mstaphysique medievale," Chapltre I, pp. 141-100. 
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and notnphysloel abstraction and thus equating all selenoe to mathematlos. 

The first is the non-abstractive or .re-soientifio, which inoludes number-

mysticism, the ordinary person's aoqualntanoe with mathematics, tho experi­

mental view, and theories which do not credit mathematlos wUh achieving 

scientific abstraction. The second is tho abstractive view of the sciences 

and of tho Philosophy of nature which includes the historical view and that 

of applied nathenatlos. The third category Is the abstraction proper to the 

soienoo of mathematics. The fourth is the abstraotive view if logic as iis-

tlnot from mathomatioa (9). The fifth It the abstraction of jsetaphysies, 

more commonly called "critical" today (10). The attempt to place both 

legitimate and erroneous positions on mathematlos within eaoh of these 

classes, moots with e partial overlapping and clash among these divisions, 

especially in tho relation of any class to that of metaphysical abstraction. 

This is attributable, though, not to the inadequacy of the divisions but to 

the unity of human selenoe and knowledge and to tho fact that the mind seeks 

synthesis and truth (11). Moreover, much of the concomitant confusion and 

many of the errors are direotly attributable to tho oaprieiousness of a given 

thinker and to his predisposition, from his mathematical viewpoint, towards 

hasty and unwarranted generalisations. For sxsnple, one historian may merely 

(9) This is In contrast to tho tenets of logiolsn, a current theory 
maintaining the identity of logio and mathematics. For a summary of this 
position, see Louis c, Kattsoff, op. cit., ppm 93-118. 

(10) Ibid., pp. 1-T. KattsofT views "metaphysics" or philosophy as 
having merely a oritieal function, which is but a modern restatement of 
Kant's transcendental eritloism. 

(11) Erwin tohroeeinger, Hhst la Life?. Hew Torkt The Macmillan Com­
pany, 1948, Profane, pp. vii-viii. Sohroedinger points out the mind's 
desire for synthesis and unity. This tendeney towards unification is also 
brought out strongly in Pierre kousselot. The Intollontuallan of Saint 
Thomas, Translated witm a foreword by James F. O'Uahony, London» Sheed 
a m n W d , X9M, Chapter V, "Third Substitute for tho Pure Ideat Systems 
and Symbols," pp. 147-198. 



s 

catalogue dates, names and nathomatioel facts, considering this to bo his 

proper function (12). Another may exhibit a delightful blend of huncniesa 

(13), or a curious soeio-biQloplcal attitude to the historical development 

of mathematlos and the influences which played upon its growth (14). 

A brief consideration and elroldution of these five groups of attitu­

des towards mathonmtios is essential both to delimit the scope of r.his es­

say and to disclose tho significant position occupied by tho dootrlne of 

mathematical abstraction. Essentially it is our intention merely to ex­

plicate mathematical abstraction itself, a speculative determination whloh 

is proper to the metaphysician. Even though it is the nathemaclolan who 

"abstracts" in the science of mathematics, it is readily granted that the 

mathematician who initiates a self-conscious analysis of his mathematical 

operations is abstracting anew — abstracting on mathematical abstraction — 

and has entered the abstractive process of metaphysics. If such abstrac­

tion is performed without deliberate intent and eonssious realisation, me­

taphysical and mathematical abstraction are identified, and disaster to 

(12) This is the general method adopted by historians of mathonmtios. 
As an example, see Fiorina Cajorl, A History of Mathematics, second edition. 
Hew "Torkt Tho ttaomillan Company, 1&3RC 

(18) The reference is to doorgo Sarton who is largely responsible for 
the emphasis on studying the history of soienoe and mathematlos in the United 
States. Sarton is somewhat imbued with the positivism of Auguste ^omte. 
For his humanist view, see, especially his The Historyof"cienoo and the 
gem Bnmanlsav Cambridget Harvard University Press, 1936\ ThaTTtady "o"frtho 
^1 story;J Soienoe, Cambridge i Harvard University Press, l'SSftS. His menu-
sental work inspired >y tho Coiafcian notion of history is tho Introduction 
to the !ttstory and kbtf.od of 'loieaoe, three volumes in five, 3oltimor«r~" 
^liiams ani %lkins Joznwny* 1»2M5*«. 

(14) F. T. Bell, The De/relopiaont of Acthomatlos, Kow Yorkt Uoiferasr Bill, 
1 S*°* P***^** Sell's atyla and roaarkt are "indicative of a frame of mind 
frequently found in tho specialist who subjects the march of history to tho 
limited scope of his selenoe. The effects of such treatment, naturally dis­
astrous es they are. Increase for a mathematician aooustonod AS he it to eer-
titude end deducibility, and frequently lacking, as he io*s, tho care for do-
tall and tho insight into partieulars and tho complicated situations of his­
tory whloh characterise the good historian. 
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speculative truth is an inevitable oonsoquenoe (15). This is but the in­

ceptive stage of a current frame of mind, eventually begetting a Mental 

ilstaste for other soientifle abstraction and a cavalier treatojent of the 

speculations of other sclenoes. 

I. The »re-3cientlfio View. 

The four groups included under a non-abstractive acquaintance with 

mathematics, comprising number mysticism, the view of the ordinary nan, 

the experimental view and theories not crediting nathematioa with the 

perfection of science, are alike in being non-scientifio. Consequently, 

for this view, mathematical knowledge is rerely probable and opinionative. 

The pre-scientlfie statements and propositions which are held by people 

in the pre-soientific view, have not attained ho perfection of science, 

oannot be supported by proofs and reasons, and lack the characteristics 

of oertainty, necessity and universality proper to soientifle knowledge. 

From the abundant evidence of astrology and number mysticism it is 

easily seen that a quite fabulous and mystical — really, a non-rational — 

view of mathematics has frequently oocurred in history (13). The notion 

of number >r form was intriguing even in the early history of thought. 

Strange powers and divine influences were attributed to number of form 

either under the guise of some religious rite or mystioal philosophy. 

(18) "There, at any rate, lies the deepest root of the Cartesian 
philosophy. If anything can bo truly said to express its innermost spirit, 
it is what X venture to call "Mathematician," for tfosoartea* philosophy was 
nothing else then n rasMeesly conducted experiment to see what becomes of 
human knowledge when moulded into conformity with the pattern of •« theme-
tied evidence." Btienne Oileon, OJJ, elt#, p. 188. This original error 
of Descartes has not as yet been repudiated by many contemporaries. 

(18) See for ennmple, the study of Viaoent Foster hopper, Mediaeval 
s\asbcr Symbolism, Hew Yorkt Columbia University Press, 1938, or Lynn Thorn-
dike, History of Bogie and Experimental Selenoe, six volumes. Wow Yorkt 
Columbia i'nlrersity Press, 1923-1928. 
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This Interpretation of mathematical entities derives from the vagaries of 

an uncontrolled or excessive uso ?f the Imagination. At a consequence, 

even though thlt attitude has occurred frequently in tho history of thought, 

exerted mush influence end even exists today, it tan hardly '>e olaased as 

rational and will not oonoorn us h^rmt 

The nre-eoiemtifle eequnintanoe and use of mathematlos by the ordinary 

person, einee it is but imperfeotly soientifle, likewise belongs here. This 

view, however, is legitimate, even though it is confused and embraoes many 

lnaeeureeles. For it Is preoieely this elass of people who attend school, 

and won we attempt to lift up, by our teaching, to the level of mathema-

tienl abstraction. Ordinary aeqeminteneeshlp with the universe lnoludes, 

as a rule, seme imperfeotly mathematical notions\ on the strength of these 

notions teaohert of mathematics attempt to induce tho soientifle considera­

tion of mathematical entitles in the imaginations and minds of their pupils, 

thus aotualislng in them the solence of mathematics. How thlt can be done 

Kost expertly and properly, of course, implicates a knowledge of what mathe­

matical abstraction isi as, of oourse, a philosophy of teaching (17). 

In the experimental approach to mathematics, as investigation is rede 

of the process through which a child or person learns to count or learnt 

about figures. From these experiments, whloh often furnish illuminating 

and helpful results, one oan Infer tentative theories on the psychological 

origins of mathematics. 8ueh theories are useful in formulating beneficial 

(17) In Mathematics» Teachers Views on Certain Issues in the Tenoning 
of mthemntlos (Now Torkt Colnmbja Teaohert College^ 1941), Howard Homer 
givet the results of a survey ©oneerned with philosophical aspects of the 
teaching of mathematios. See else max Blaok, "The Relevance of Mathema­
tical Philosophy to the Teaching of Mathematics," The fcSafc^ematical Qasette, 
22(198?), pp. 149-168. 
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methods of teaching and shed some light on speculations concerning the 

foundations jf mathematlos (18). >Jite of necessity, however, tno in-

vestirator has some principle of hypothesis in mind whose veraoity ho 

wishes to establish, and frequently the reeulte of such experimentation 

are colored and interpreted from this psyshologioal or metephyeioal point 

of view (19). 

As an example of theories not crediting mathematics with being a 

speculative science, tho materialistic view of Thomas hobbee readily 

comes to mind (20). Granting universality only to the names of things, 

he had a radically empiricist view of all soienoe, regarding mathematics 

as a frustrated idealisation of sense impressions, and iaujilng the abili­

ty of human nature to consider lines or surfsees as being devoid of breadth 

or thickness. This view of mathematics, though rare, was adopted in a 

milder form by the British empiricists, Locke, Hume and John Stuart Mill. 

II. The Sclenoes and the philosophy of nature. 

historical treatment of mathenatlss and the sciences whloh use 

mathematlos eemorlse this aeoond group. It is characteristio of the multi­

ple sclenoes in this latter class — physios, chemistry, biology, socio­

logy and others — merely to a*piy mathematical prlnolples or conoluslons 

(18) Louis 0. Kattioff, op. oit.. Chapter 13, "fcannoury's Signlfle 
Point of View," pp. 196-208. 

(19) Arthur Fisher Bentley, linguittlo Analysis of Hathomatlos, 
Bloemingtomt Principle Press, 193k, passim. 

(20) Carl 3. Boyer, The Contests of the Calculus, Hew Torkt Colum­
bia University -rets, 193*, pp. IH'AU, 
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to their own subject matter (21). They do not, at a rulo, question itt 

validity or itt method. The interaction between these sclenoes and ma» 

thcmatiea in the course of their development it significant (22). New 

problems frequently arise in the soionooa, requiring mathemntioal treat­

ment and thus stimulating mathematical discoveries. Similarly, mathe-

matioal inventions are suggestive of new theories in soienoe predictive 

of new fields of research. 

The hietorlnn of mathematlos is conosrned, first, with narrating 

the oeeurrenoe of mathematical facts. By investigating human reoords, 

historians look for the answers to tho question. What contributions hare 

been made to mathematicsT The problems of when, where and by whom sueh 

items were invented and discovered and what these Items are, lifes in 

thlt domain, rroporly speaking, the historian of xsathamatioe should 

know what mathematlos is in order to be able to classify the contribu­

tions. 

Frequently a philosophical interpretation of these facts Is ooupled 

with the historical work (23). In investigating the enrly reoords of man. 

(21) In the metaphysical view, these sclenoes are said to bo subalter-
nated to mathematics. Subaltercetion can be based on the principles, end 
or object. 8ee Jaequos Marltain, og. olt.. Chapter I, "Philosophy and Kx-
perincntal Selenoe," np. 27-88, or see viaoent fdward Smith, The Philoso­
phical fra>*iert of Phytlotf Washingtont Catholic university of Amerloa 
Press, 1947, Chaptert II and III, pp. 22-66, or Bernard Mullahy, "Subel-
terrtttion and Mathenatieal Phyalot," Laval Thoologlquo et Philotophiquo, 
2(1848), pp. 68-107. 

(88) Sir William Cecil Oanpier, A History of Soienoe and its Rela­
tions with Philosophy ft Religion, third edition, revised and enlarged. Hew 
Torkt The Maenillan Company, 1848. Oetpite occasional lnaoouraeiet, Sampler 
well Illustrates this interaction between selenoe and mathematlos} see 
Chapter IT, "The Bewtonian Xpoeh," pp. 180-216. 

(28) For a brief comparison of history and the philosophy of history, 
see Gilbert J. Gerraghan, A Quido to Historical Method, edited by Jean 
Wangles, Bow Yorkt Pordham tfniversTty Press, l'#46. CWpter 16, So. 8, "The 
Philosophy of History," pp. 387-360. On pages 370-371 Oarraghan points out 
the error of hlstorlspMS whloh would, from a - osltiviatio bias, limit the 
historian to a mere reoordlng of facts. 
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for example, the historian may approach these reoords with an evolutionit-

tie or pragnatlo attitude of nind, thus modifying his presentation and in­

terpretation of these foots. This attitude Is Indicative of the gradual 

rolntreduotian of tho historian as one who looks for the meaning in stay 

history and considers tho laws of historical growth. Recent hlstorlee 

of mathematics point in this direction (24). Some historians, however, 

betray the fallacy of comparison Judgment in which the perfections of 

our are or some historloal period are taken as a standard or measure of 

the greatness or the value of previout or future historical events (28). 

Hlatorleo-philotophieel accounts of mathematlos present the follow­

ing problemt has mathematlos change* its nature as a selenoe as It grew 

in content and aethodology throughout history? If it is maintained that 

sueh an essential change la possible (for example, that it is now seen that 

mathematics and logle are identieal (2(5)), then a true soienoe ->f mathe­

matlos or a philosophy ot mathematlos never really exists or is possible. 

The soienoe of mathematiea would constantly be fluctuating net only In 

method, but In its Tory nature. One would never know, In any historical 

period, whether we had ever arrived et the degree of abstraction proper to 

•nthematiet, nor whether any contributions were properly scientific. There 

would be no reason in cenoerning oneself with the nature ef the problems 

(24) This is true especially of the workt of George Sarton who inclines, 
however to a Gentian interpretation of seiencei of, footnote 13, above, 

(88) Thlt seems to be one of the faults ofT. T. Boll's The Qovolop-
ment of Mathematloti tee footnote 14, above, 

(So1) "The foot that all Khthenetios is Symbolic Logle is one of the 
greatest discoveries of our agOf and when thia fact hat been established, 
the remainder of the prinoiplos of mathematlos oonsiats in the nnnlytit of 
Symbolic Login itself." Sertrand Kussell, The Prinolplet of mathematics. 
now Yorkt W. W. Korton ft Company, 2nd edition, 1837. 
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of a eei<*nee which mover attalna proper existence. A strictly evolutionis-

tlo view of mathematlos or of selenoe is a ooatradiotlen (27). 

On tho other hand, it is possible to Maintain that though tho intrin­

sic nature of mathematlos dees not change, the abstractive process of the 

mathematician can booono more Creoles arl 1̂ -ss dependent, for example, on 

imaginetive intuitions or constructions. In this oaso, the historian would 

show the birth of mathematics as an lnaCpendont solonoe, complete ifcf it­

self in the sense that it would have the necessary abstraction and perfec­

tion to be recognised as mathematics, yet have the possibilities of fur­

ther development end of n more abstractive treatment within tho limits of 

mathematical abstraction itself. It le maintained here that Mathematics 

does not alter its nature so fundamentally as to become unrecognisable at 

such as to destroy mathematical continuity. The type of abstraction pro­

ber to mathematlos was bom and had achieved a recognisable eon tent and 

method already by the time of Kuolid (28). By their separation and dis­

tinction of number mystleism or allied eentributlont from mathematics. 

(87) Louis 0. Kattaoff, SA, ql$., Chapter Twelve, "OJdel's Theorem 
and Formal Systems," pp. 182-198. Kattsoff writes about CoMel's famous 
theorem and its relation to formal systems t "If, as it agreed, the formal 
systems oan be used to systematise fields of knowledge, and if :;he G8del 
theorem applies to such amplications, it would mean that no field of 
knowledge »o systematised can ever be complete. At any state there will 
always be questions formulable In the system that need a wider system 
Tor their solution. Since it is the contention of the author of this book 
t:.at logio and mathematlea do tell us something about reality, the GSdcl 
theorem tells us that there oan never be a complete and final theory of 
reality, i.e., metaphysicc, Thlt does not lead to *ystioicm, but to an 
evolutionary scheme of reality." p->. 194-196. 

(28) "...If we should study any subjoot properly, we must study it 
as something that la alive and growing and oonsider it with reference to 
its origins and Its evolution in the past. In the case of mathematlos, 
it Is tho Greek contribution which it is r»st ossential to know, for it 
was tho Greokt who firet made anthematlea a salence." Cir Thomas L, Heath, 
A Manual of Orcok yattiemntloa, Oxfordt The Clarendon Press, 1S31, p. 1. 
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historlanSof mathematlos indicate their belief in the recognisable oontent 

of mathematios. Further discoveries after Euolid — new methods and new 

problems, applications to other sciences and practical affairs — are but 

a natural growth and derived expansion of the fundamental abstraotions 

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, physios, 

biology and economics, are made by men who fall into the class of applied 

mathematicians. This application 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 the coordination and sub­

ordination of tho manifold and mutable in nature under the unity and prin­

ciples of mathematical abstraction. The history of mathematics memorialises 

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 algorithm of the caloulus, clarifying, at the same time, the oon-
, ̂  51*»£ it*** 

oepts of mathematical with the notions of number, function and the limit 
A 

process (29). 

Mathematics is being applied with increasing suocess to three groups 

of soienoe. In the sciences oonoerned with non-living matter, astronomy, 

physios, chemistry, geology and crystallography, its use has been most 

(29) An interesting account of this century-old struggle is given in 
Carl B. Beyer's The Concepts of the Calculus cited above. 
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ttriking end auoceaaful. The applieation of mathemmtleel }>rinciplet tc 

the seleneec oenoemed with living matter it wi three types i nethena-

tios it applied to biology t»A related suhjsets (80)» to psychology (31 )j 

and, in ttatittieal npplieatlons, an analytlo attempt is mads to pleoe 

the predietnble relntednest between oontingent things in oerrespondenoe 

to the interrclntedncss of nmtheantioel emtitlea (32 y. Tho nmthemmtius 

of probability involved in statistios i U ^ « i to measure the fluctua­

tion, notion and change eeaoeleted with the world of non-living and 

living nature. 

Examples of philosephioel speculation by all types of applied mathe-

matioicnt are nuneroue, Conaidering only those who deal with astronomy 

and physios, the names tf kinstein, *eant, whitehead, KeMington and Sohroe-

dinger readily surest thentelves. Mentally overfanilierlted In viewing 

nature through the abstraction of nalhec.&tiot or phytiet (end, possibly, 

never having really aoitloved the abstraction of metaphysics), these men 

readily adopt a reductionist attitude to reality, una thinker, viewing 

an ordinary desk with his scientific mental eye, proclaims chat 

It is a host of ttmy electric oaargea darting hither end thither 
with Inconceivable velocity. Instead of being solid substance 
my desk is more like a swarm of gnats (88)* 

(80) W; a. Thompson, Selenoe and CojatenSettaet An Aristotelian Ex­
position, tew Yorkt Longmena Green and Co., 1937, pp. 111-124. See tjbfaa 
mere reeent ertlele on mathematios and biology by Thompson, "kkthenatique 
et biologic,* Laval IntQlo^ique et Philosophlque, 3(1947), ?.;.>, 77-88, 

(81) Joseph8 FrUbes, CompendlunTtycholoeinao Experimenualla. Romact 
Apmd AOdet yhivertitatit Sregorlanee, 1957, ̂ Introduetio, De fine et viit 
psychologies empirione," pp. 8-16. 

(32) Tinecnt Edward Smith, OP. olt,. pp. 42-88t or tee Hoilis ft* 
Cooley, et. al., op. olt.. pp. B^R-oWT For a popularlted anthematloal 
presentation tee Harold T. Davis, A Course in ftnersl Mathematics. Blooming-
ton t The irintipia Prett, 1938, Chapter Slv, "fhe '̂ inotiont of Sfcatittiot/ 
-,p. 237-254. 
.*. (33) Sir Arthur Fddingtoa, Bow Pathwnyt la Solonnc,. Hew Yorkt The 
smemillan Oompany, 1938, p. 1. 
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In ooneludlng n series of lectures on What it Llfef, Bohroedinger findt 

that although ny body functions as a pure mechanism aooerdlng to the laws 

of nature, I know that I direct it. Thlt directive "I" has led, he be* 

llevet, to tho notion of a plurality of sueh "I»t," to the Invention of 

soula and slnilar problent. The better alternative whloh he suggests, itt 

slaply to keep to the immediate experience that consoioutnets is a 
singular of which the plural it unknown} that there la only one 
thing and that, what teems to be a plurality, is meroTy a series 
of different aapeott of this one thing, produoed by a deception 
(the Indian she*)} the same illusion is produoed in a gallery of 
mirrors, and in tho same way Qauriaankar and lit. Tverast turned 
out to be the same peek seen from different valleys (34). 

Examples of aueh teientifle extravaganaas oan be called from the works 

of many lending astronomers, phyaioittt, biologlttt and tooiologlttt (56). 

The relation of the philoeophy of nature as the branches of cosmology 

and psychology to mathematios was an acute diagnostic problem for Plato, 

Aristotle, £*soartes. Lei amis and Kant. Today, however, outside of those 

who adhere to the unity of the philosophical tradition (86), ooamologlstt 

are few in number and most psychologists oonsider their work to be merely 

(84) Erwin bohroedinger, What la Llfef The Physical Aspect of the 
Living Cell, Sew Torkt The Haomillan Company, 1946, p. 90, 

(38) "Contrary to the view that psychology it hostile to religion we 
believe that if we are willing to modernise our conception of Cod we can 
employ the methods end results of biological psychology in defense of a 
view of the world whloh is essentielly religious. But the god when we 
hers propose to substitute for tho god of traditional theology may seem a 
strange god to many. And yet this god alone makes possible the only life 
we know off this god it the source of all tho energy on earth which sus­
tains man and hit Institutions. In brief, I wish to argue that god la 
light| And as light god oan do all those things whloh enls moat remarkable 
reality of modern physios oan accomplish." Oliver U Reiser, Philosophy 
and the OcnecptS of Modern 3oleneo, Hew Torkt The Maomillan Co., 1986, p, 194 

(38; A number of fine studied deal with the relations of the philosophy 
of neture to mathematlos, of which the following are representative t Jaeques 
tsarttnln, U Phllesophlo do la Maturet Pssal critique sur set frontleret et 
soil ebjet. Parist Pierre Tooul. Some edition, n.d,, sndH5y~the flame author, 
seience and wisdom. Row Torkt Charles Sortoner*e Sons, 1940, Ch, X, "Science 
and wisdom*" pp. 3-38 and Ch.II, "The Philoeophy of Mature, pp. 24-89, and 
ffiyPtgreot of Knowledge cited above % Tvet Simon, Provoir et savolr, Montreal t 
Kcxviomt do l'erbre, 1944» W. i?. Thompson, :'<ci«mee''an'd Common Sense, cited 
abovei Mward Tineent Smith, The Philotophloal Frontiers of Physics sited Above, 
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experimentel and s t a t i s t i c a l . This eurront dearth of a ^hiloaophloal 

approisel of nature dist inct from metaphysics is partially sxplloeble 

by tho huge success of the "mihematioal tmd physical sciences, end is 

a strong factor in explaining the nany philosophical reflect lone stem­

ming from sc i en t i s t s In biology, chemistry, physics ar>d nil led f ie lds 

of investigation. In th is relation of the se'enees tc tho philosophy 

of neture. In f ee t , there is e confusion of terminology end thought 

parallel to that covering the relation of philosophy end mathematlos. 

Though the vague designation "philosophy of soienoe," <e often used 

to cover payehelngleal, moral (pel't ieel and netephysieel remarks snd 

views, i t I s , properly specking, the function of <«etephyeloel solenee (37) . 

I I I . Logical Abstraction 

In the negative abstrsotlon of log io , one considers an object which 

is related to something in neture, »nd which does not exist es such In 

nature but only In *he mind. The objects of logleal oonslderstlon ere 

supplied, so to speak, by the reflective mind which <s oapable of sub­

jecting these l o g l e t l objects to s d l s l ee t l ca l process without neoesssri ly 

implicating * reference to an object 1n neture. The close connection and 

use of this type of she fraction find nentel d ia lect ics 1 preeeaa to that of 

mathemetlet i t readily teen. For the eoneeptt of mathometleol ebetreetlon, 

though they have an extra-nental reference of origin to objects in nature. 

(8?) An able presentation of the relevanee of metaphytlot es properly 
being the "philosophy of seioneo* oan bo found in any of the workt cited 
in the previout footnote. That twaj contemporary workt are sprinkled with 
morel psychological snd metaphysical allusions under *.he brood cover of 
"philosophy •>!* soienoe" i s evident in the works of Jocns, whitehead, rlanck, 
Kddlngton, Cassirer end others. 
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are considered by the mind es abstracted from these nature! objects . 

Many mat bene t;l elans, molding that mathematios end logics ere 

identical, frequently propose '.he added equation of a l l so ient i f le 

thinking to that of mathematics. Sertrand Kussell i s an outstanding 

contemporary example of this view whloh had previously been hold by 

Leibuls, o l f f , Peano, Frege and Boole (38) . MussoU's definit ion 

of mathematlot i s well knownt 

Pure mathematios la the c lass of a l l proposition of the form 
•p impliet q' where p end q are propositions oontoining one 
or mere variablet , the «eme in the two prepotitient, end 
neither £ nor e contains any constants except logleal con­
s tants . And logical constants are e l l notions definable 
in terms of <he followingi Implication, the relation of a 
tern to e elaas of which it i s e menbor, tho notion of such 
that , the notion of relat ion, and such further notlone et 
may be Involved 5n the general notion of prepositions of the 
above form. In addition to these mathematiea uses a notion 
whloh i s not a constituent of the propoeitions whloh i t con­
s iders , namely tho notion of truth (89) . 

Similar def ini t ions , equating lo.-le and ns< hematics, ere frequent (40) , 

a sampling of which is contained in Beoher*s art ic le on "Fundamental 

(38) Sao C. I . Lewis, A Survey of Symbollo Lo^lo, Berkeley! 
University of California Press, 1918, for an historical study of mathe­
matiea and l o g i c . 

(89) Bertrond Stuesell, The Principles of Mathematics, p . 8 . 
(40) Sawples of various definitions of rmthematios h«v» been 

eolloetod snd presented in the following worksi Kobert Edouerd Merits, 
Mtncrsblllt Pathtnetlet, Row Yorki The Keemlllen Company, 1914, Chepter 
Ti! 'Definition end Objects of Mathematics, pp. l -9 i John Wesley Young, 
Leotures on Fundamental Concepts of Algebra end Ocenetry, Hew Torki 
The Maemllltn Company, 1911, Doture XXI, "Wenerei Conolusione," pp. 
218-288| E. T, Bel l , M**n of M«thornetlot. Row Yorki Simon end Sehuater, 
1987, "They Sty, *bat ihoy Say, Let Them Say," pp. xlx-xxi^ Lo-Jia 0 . 
Ketttoff, o£. c l t . . Chepter 2i "Definitions of Mathematiea," pp. 
8-18. 
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Conceptions and Methods of Mathematics" (41) . Pierce, for example, 

says that "Mathematlos Is the selenoe which draws necessary oonclusiens" 

(42), while Booher himself [Ires this definit ion of nathemstlost 

If we have a certain c lass of objeots and a certs in class of 
relations and If the enly questions which we investigate are 
whether ordered ^rcaps of these objects do or do not sat tsfy 
the relat ions, the results of the investigations ere cel led 
methemsties (43) . 

For th l t group of msthematiclent, of which there is » large number, 

l c f i e e l and mathematical abstraction a.*e not d e a r l y distinguishable. 

As a consequence, a l l sciences shield ••« governed by ns'.hematloal 

locio — the contemporary version of Descartes*, Leibniz's end Comte's 

universal mathematics (44) . 

IT. Mathematical Abstraction 

The mathematician as teeoner or speciel let — the mathematical 

mathematician, so to speak — f i t e into th is c l a s s . The mathematician 

ss sueh exiats only when ho i s actually using his mind as a mathema­

t ic ian in that degree of soienoe cel led urnthemeileal abstraction, as 

he performs actual mathematical operations of tho mind. At other 

times, ho retains mathematical images in his memory, e certain mathe­

matical adaptability In his imagination, end the sc ient i f i c habit of 

(41) M. aSeher, "Tho Pundanentel Conceptions and Methods of Msthe-
natiea," tiullotln of the American hethewstlcel Society, Vol. XI (1904), 
pp. 118-iSBT 

(42) I b i d . , p . 117. 
(43) Told"., p . 127. 
(44) A~prctcntation end criticism of the program of lwthemstleal legio 

een be found In Harold ! • Smart, The Philosophical Presuppositions of Mathc-
wttleel Logic, Cornell Studios in Philosophy, no. 17, New Yorkt Longmans 
Croon * Company, 1928, 
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the conclusions of tho soienoe of u* thematic* in his mind (46). 

Suppose* to Illustrate this viewpoint, that a student is <mga£«~ 

in the study of the Celeulua. It is not neoessary for him to know its 

4 rooise definition or its history in order to understand the leeonttm-

tlont or to work the problems. T.io subject natter is presented to him, 

a method of viemonstrating properties is used} and tne student, if he is 

capable of mathematical abstraction, aoquiree the knowledge of the qua­

litative and quantitative characters of the Calculus, If the student 

questions the existence of a proper subject natter for mathematios, ho 

cannot proceed any further in tne toieaoo until Its existenoe be shown 

him by construction or definitions if he questions the mode of demonstra­

tion, the logic of the procedure needs to bo shown him, Supposing that 

he fronts both of these and is capable of mathematical abstraction, he 

acquires, with the help of his imagination and by a number of acta of 

mental abstraction, the habit of the soienoe of the Calculus. 

Cr oonsiier the ease of the aathematiolan as specialist. He io c n-

oerned with what is immediately ;iveni the problem to be solved end the 

methods of solution. Tho nathenetiolan oonsldert ttruoture end itt re­

lations, symbols a»4 their lews of combination, or merely reflects on 

abstract relations wnioh may materielise into mathematieel oonolutions, 

When, however, the aathonetieian wonders about the meaning of matnemntles 

or questions its applicability to nature or its relntlon to logic, he ias 

begun to consider mathematios itself from an extrapolated view, that of 

metnphytiet. Unless he is oonsolous of this new viewpoint, he any oenfuee 

(48) Chanter IX of thlt ettay will attempt to clarify the notion of 
mathematical abstraction. 
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or identify the entities which he hoi (is in mathematioal abstraction with 

other ooneapta. 

This defective understanding of tho proper place and function of 

mathematical abstraction colors most of the current research and specu­

lation concerned with the philosophy of mathematlos. Such questions in 

mathematlos as the notion of mathematioal existence, the ultimate nature 

of number or function, though they oan be £lven a striotly Mathematioal 

treatment — the inner oontltteney and rigor of thete ooneepte, for 

example — are questione whloh are outside the abstraction of mathema-

tint and belong to netaphyalet or logic. Of the false and strange spe­

culative conclusions whloh result from a neglect of the dootrlne of 

mathematioal ebetreetlon, the antimonies and'paradoxes whloh have arisen 

out of discussion on tho foundations of mathenetlss are illustrative (48). 

As an example of the limitation and uniqueness of mathematioal ab­

straction, consider the relation of the imagination to mathematics. 

Suppose that a mathematician wishes to examine the psychology of in­

vention in mathematies (47), or illustrate the relation ot the imagina­

tion to mathematical abstraction (48j. Tho existence and nature of the 

inaginatlon, a question proper to psychology, is assumed, as is the nature 

end existence of mathematical entitles as established in metaphysics. 

Such en investigation* consequently, can have neither a psyehologieol 

(48) - Louie 0. Katttcff, so, tit,, pp. 67-93. 
(47) At It dene, for encttjacTtc Jaequet Hademard, The Psychology of 

invention in the Mathematical Field, Princetont Prineeten uhivarsity Prett, 
1948. " " Z=L 

(48) for esnnple, etc Edward Keener and James Bowmen, Mathematlos and 
the Imagination, tew Yorkt Simon and Sehueter, 1940, er>«oially pp. 387SR2. 
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nor a mathematioal attitude, for it is outside the demonstrative scope 

of either soienoe, and it is metaphysical because it orders the relations 

of a psyehologioal subject to mathematios. One oannot do thlt success­

fully unless he admits the validity of both metaphyalos and psyoholocy, 

and understands the miction of the abstraction proper to both of these 

toiencet in contrast to mathematics (49). 

An exarâ le from one of the schools on the foundations of raathemat.ios 

serves to point up tho distinction between mathematical and non-smthema-

tioal abstraction. The theory known as formalism (60) holds, briefly, 

that wathematioa is similar to a game played with arbitrary symbols 

according to arbitrary rules, internal consistency being the only re­

quirement in this game, 3y this jeu d'esprit, a mathematioal theory 

arises whloh must be kept distinct from a theory about mathematios. 

Theories about mathematios are classified as metamethematies. Meta-

mathematlos deals with sueh problems as struoturo, eategerieelness and 

consistency. Whether this view, Kllbort't formalism, be true or not (it 

hardly oreiits the selenoe of mathematios as being soientifle), it is 

evident that here is a distinction between the activity of tho mathe­

matician as_ suely and a more abstracted consideration of laathematiea. 

(49) For an extreme cxeisple of speculative error at itt worst, see, 
Lancelot i&gben, Athena tips tor the Million, Londont Oeorge Allen A toe*on, 
1948, end,, by the tome avjt̂ or, Soienoe for '>hc Cltlson, aeoond edition, 
Londont aoorge Allen A Union* 1948, Bogbon Interprets the hittorioal 
development of mathematlee by reference to toroerles, fabulous stories 
and to the proeeea of dieleotioal materialitn. lie masks himself alter-
netely at theologicn, metaphyaltlen, philotepher of history and eolentltt, 
iie it far outtide the scepe of nethemetict or soienoe proper and assumes 
tho role prlnerily of the xtetcphytielan who ordert end roletet the branches 
of knowledge to each other. 

(80) Mas Slack, The Mature of knthomatlot, "Supplement At Formal ism," 
pp. 147-188. 
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Unlike the logistic view of msthemetlet, formalism trA lntultionisir (Si) 

seem to offer a basic distinction between mathematical abstraction proper 

and an alternate view of mathematics. 

V. Mstaphysloal Abstraction 

The ultimate in speculative soienoe, metaphysics ss a scientific 

habit informs the wind both with the knowledge of belnfi and with a ^d^lng* 

critical habit (82). Its capaeity et a scientific habit has been denied 

since the deys of Kanti In Its orltlesl and syetenatising role however, its 

validity is still quite universally acknowledged though often identified 

with logic or with philosophy itself. Bacon, Descartes, Teibnis and Kant, 

viewing metaphysics from mathematical, soientifle and logieel abstraction, 

bemoened Its miserable plight (S3), and their attempts to make it mathe­

matical, phyeloel or logloel ere echoed today. 

Before considering an outline of the legitimate view that metephysics 

offers on current F» themetleel speculation, the ;seudo«et»phyalc*l view of 

msthemetlelsn must be clarified. Msthemetleism eppeers under various names 

as smttheaatioal philoeophy (N>)l msthometioal Jdeallsm (Kfi)i mathematteo-

(81) Ibid., pp. 169-210. 
(82) Joeeph T. Ceeey, the Primaey of Motaphyolos, Wsehingtoni Tho Cathollo 

University of America Frost, 1958, pp. 84-101. 
(68) Thlt i t brought out In Stienne Gllaor.'c The Hnlty of Phllosophlool 

Experience cited above. 
(54) Writers In fronoh usually ase the term philosophic raathonatiquo. See, 

for example, F. Gonteth, Philotophie mathematlqoe. Part si Hermann ot CleY 1939. 
Or see Cattint J. Keyter, Mathematical Philotophyt A Study of Fate and Freedom. 
Sew Torkt K, F. Putton * Co J, l$8T, Reyaorro'Tooka end' numerous articles are 
tinged with mathemetien. Tobiet Danttig cehoos e similar strain In his two books 
Atpeett of Soienoe, Mew Torkt The Hecnlllan Company, 1937, passim, and dumber, t 
Language of Sciencet A Crltieal Survey written for the Cultured Hon-wathewctlcla 
third edition, revised and sugnenttd, Wow Yorki The Maenillan Company, 1941, 

(66) Oaeton Mllhaud, Lee Phlloeophos Geometres do la Grooot Piston et see 
predooooteuro, PerUi J. Vrlh," 1034; pp . '8^ . ~"~~~ 
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netephyaioal philosophy (68)f universal mo them t ics (87)j and, in a broad 

sense, selentlam (68) . Briefly, mathematician neluteins thet only metho­

rnet leal abstraction affords s legitimists outlook on tho universe and con­

sequently, that mathematlos i s the only eelenoe. Ita adherents propose, 

in some fern, that tho abstract view and methodology of ™athemetics alone 

qualify in dealing with problemt of s c i en t i f i c , eultursl or ^enerel know­

ledge. Vathematiet, in this view, i s coterminous n seme ae»ae with a i l 

selenoe| philoeophy, biology, ehemistry — science in general — either 

are mathematical or should aim to become such. Thie hyper-reductionist 

view of the universe submits a l l of rea l i ty to the raeesuro of tho mathe­

matical yardstick, subsuming the diversity of things under one monotonous 

view, the mathematioal. 

Some general oharaoteriatiee ere common to the various distinguishable 

typee of aathometieiam (69) . First of a l l , i t i s en extreme, ultimate, or 

final att i tude, nanifeeting i t ee l f ea phllosophiesl rstlonelien snd ideal isn, 

or positivism and scepticism (60) . Secondly, by not distinguishing verious 

l eve l s or typos i f being, methomatielen i s univerenllst and univooai (61) . 

Boeeuse i t i s ultimate and unlvereal, methemstioism is likewise reductionist. 

There i s no dist inct ion of quantity from quality, homogeneity from hetereo-

(88) Frederick Cepletton, A History of Philotephyt Volume 1, Qreece and 
home, Westmlnstert The Hewmen Bookshop,! 11)48, p. 32. Copleston speaks "of the 
Pythagorean natheaatloo-mstaphyaloel philosophy. 

(87) ?*oth TJeseartes snd Lelbnis spoke of a "Universal Ma thesis t" see 
Joseph Msreehal, Preolt d'hlatolro do le phlloeophie nodorno. Tome premlert 
do la renaissance a v«flt. Louvaint Museum Lessisnum, 1833, pp. T6-80 en 
Pesesrtes, end pp. 188-181 on Lelbnis. 

(88) John Wellsaith, The Nature and Origins of iciomisra. Milwaukeet 
Merquette University Prett , 1944, pat t in . 

(69) Gaston Milheud, op. c l t . , "Introduction Generals," pp. 1-49. In 
these opening peges of his ooekHHT the philosopher-geometers of Greece, Milhaud 
stresses the importance of e mathematical education in leeding an individual 
to idealism and dogmatism. 

SO) Ib id . , pp. 2 -9 . 
81) Tames F. Anderson. "H**hewatieal and Metaphysical Analogy in S t . 

Thomas," The Theadst, 3(1941), pp. 487-808. 
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geneity, infinite tx-on finite .in i ts view by oonparison to these dis­

tinctions in aetaphyslot tad philosophy as confoemable to extra-mental 

rofllty (82). Yhixdly, In view or the rigid determination vlth which 

met hemstleal ebatraotion rcgtrdt reality,, mathematician evokes a pro-

pent i t y to dogmatise and to nake oetegerioal statements concerning the 

eonplex, detailed qualitative statea which eheraeterlte the universe 

along with the quantitetive. 

As a tlaet into wh'eb thinkers can be placed, nathematicitn may be 

eubdivided Into three troupt. The views of two of thete subdivisions, of 

source, may be straddled by a &iven mathematician. Mathematician nay ex­

hibit Itself under the fern of idealisn. This peculiar attitude, an an­

cient habit of nind, was found in i ts perfect state in the Pythagoreena 

and Platenlttc, in fieeeartee and Spinetei and today, in Jeans, Kddingtone 

fiueaell and others, nathenatielsm takes the form of empiricism in the 

alaima of those who require nethematleel certitude in a i l seienoee, in-

eluding aeioneca in which this goel has not, nor will likely be attained. 

Concepts or propositions whloh cannot be subjected to mathematical pro­

cedure are regarded es oonjeeturel, superstitious or unscientific) qua­

n t i s e or tubttaneot not amenable to maturing devleet ere considered 

fabulous, mystlool or supernatural, Protagoras' dictum, "nan i s 'he 

meeoure of s l l things" i t parodied as "meanore is the measure of e l l 

things (S3)." Kepler, Galileo, Kelvin and some modern Mathematical 

u n m a n • ii y ! • , I . i. , I I - I I « . W . 

(88) (Jeston Milhaud, f t . a i t . , pp. 18-49. 
(88) Robert Andrews MJUikan, fflaotrono (/ end - ) , Protons. Photons. 

weutrcnc, neaotrone, end Qctislo Keye, revised edition, Chicagoi The SnA-
vertity of Chleege Proas, 1947, p. 4. 
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phycitittt are members of this group (64). Thirdly, met,hemetioism assumes 

tho form of positivism or logical positivism (oS), As such, it proposes 

that only sueh items et are reducible fe end verifiable oy the procedures 

of linguittle analysis or symbolic logic ere oredltablo with scientific 

status. Although uatheuntleisu la frequently, in this view, identified 

with logio, it is an ultimate, metaphysical view. For. Uese men, logle 

is little more than a aymbolio language congealing or at ratifying the re­

sults of empirical Investigation. 

Finally, there is a legitimate field of philosophical inquiry eoneemed 

with the nature of Msthematieal abstraction which is termed the philosophy 

of tsatuanatios throughout this essay. This view beers some resemblance to 

a field of inquiry wnioh appears under the $uide of various names, as cri­

tical philosophy of "mtheneties, the epiatemelogy of anthematlos, the mete-

physios af mathemetiet (fi$)» metameihematies, intuitioniam end logician (87). 

In being thus connected with nathematlcs, however, the word philosophy is 

currently given a meaning and usage that is quite liberal and inexacti phi­

losophy, as a rule, is credited with a mere sritieel funetion, granted aolely 

a judging eapeeity, or denominated as contributing nothing further then e 

(64) The extreme, sentusiittie mathematician of Thomas Hobbes belongt 
here likewise. Cf. Carl 8, Boyer, op. alt., pp. 178-178. 

(65) Louis""?, Ktttsoff, eg,. «Tt.,"pT 246. 
(68) For * similar view, tee Charlee Do Keninek, "Thojdtn and Soienti­

fle Indeterminitm," in Procoedlnga of the Anerleen Cathrlls Philosophical 
Association, 12(1988), p. 78, and John #. Whlttaker, "The Position of Mathe-
matlss in 'he Hierarehy of Speculative Science," The Thomlst, 3(1941), pp. 
467-808. Other attempts to titer the reletions of mm thorns tics and philoso­
phy can be found in to i t 0. Katttoff, Op. c i t . , pp. 1-2, *nd James Qyrnle 
Shew, Lecturet on the Philosophy of MatKamTffî  Chicagot Open Court 
Publishing Company, 1918, pp. 1-18, 

(67) These letter three views will be explained below in Chapter VII, 
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measure of restraint and caution in the nnnlytit of mathematioal 

knowledge (88). 

The philosophy of mathematiea which oonoerna ut here, however, and 

of which the nature of rcathemetloal abstraction is tho basic and oantral 

rroblsn. Involves both a store exaot and extensive use of the term. Beta* 

phytiet not only has a oribloal and defensive function (69 )| it is a 

genuine sclenoo similar to other sclenoes in that it inlays the mind with 

a qualitative habit, yet distinot and unique inasmuch as It if the supreme 

selenoe (70). In its oepaeity as a soienoe, then, it is correctly viewed 

as performing a double function; it netuelly confers scientific knowledge 

of things (71)| and, secondly, it critloites and defends the truth, value 

and validity of human knowledge both pre-eoientifie and aoientifie, and 

it arbitrates the relatione between the sclenoes (72). 

The ooatenporary situation in philosophical speculations on mathe­

matios is of sueh a nature that both functions of metaphysics are employed 

throughout this essay. In its first function, that of oontrlbuting genuine 

aoientifie knowledge, netaphysies is the scienee of the very being of things 

(68) Hans Selohenbaah, Experience and Prediction, Chicagot The Uni­
versity of Chicago prest, 1988. In the Preface, (pV'vj, 3elohenbaoh writett 
"American .ragmatistt and behavloristt, in<r,lith logistic eplstemolo^ists, 
Austrian posltlvlsts, Oerman representatives of the analysis of science, 
and Polish logisticiana arc the wain groups to -4iioh is due the origin of 
that philosophic movement whloh we now call "logistio empiricism." ...all 
characterised by their oomexm descent from a strict disavowal of the meta­
phor language of metaphysics..." In Chepter I, "Moaning," he attributes 
to what he calls epittesaology the threefold task of being descriptive, 
critical and advisory. See pp. 3-16, 

(69) A.-M. rirotta, " V teetaphyaioae Defentivae Ha turn secundum Doetrinan 
Aristotelioo-T^boxdsticam," Angelioun, 4(1927), pp, 252-270 and pp. 430-483. 

(70) Joseph T. Casey, op? 6It., pp. 84-101. 
(71) George M. 9uekley>Vhe'nature an! tnlty of Metaphysict. Chatter II 

"definition and Jivitlom of the Subjeet-Oenus of Metephytlos," pp. 87-80, * 
(72) Ibid., pp. 208-210, 
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as suoh and deals with anything which is in any way whatsooveri in thlt 

way It answers the problem of the general nature tf eeienoe, the unity 

and plurality of telenoet, an J the nature and funotlent of particular 

sciences. In itt critical and defensive role metaphysics will be used 

at validating the truth and pertinence of other scientific abstractive 

AS 

processes than that of mathematioal abstraction, and -by. ordering the 

complex relations with which mathematics is related to pre-scientiflo 

knowledge, snd to the particular, multiple soionoes that are being 

cultivated today. 
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PART I. AS HISTORICAL BUKTEY OF MATMfiMATlCAL A88TWCTICW 

Chapter II. The histories! Problem of Matheraatical Abstraction 

An hlttorioal account of the nature of mathematioal abstraotion 

show*, that it Is the oentral problem of any philosophical speculation 

on mathematlsa. From the time of Thales, or the first Greek thinker 

who abstracted the mathematioal, intellectual content from the sensible, 

thinkers have confused or Identified the objeott held in mathematical 

abetraetion with the objeott of logle, sf tclento or metaphyalot, and 

even with the nature of things themselves. All the speculative questions 

whoso correct answer hinges on an adequate grasp of abstraotion in mathe­

matiea — existence, oertitude, truth, applicability to nature — ore 

unsuccessfully net by thinkers who neglected this problem. 

The deduotive oertnlnty of mathematics, its tenuous relation to the 

secse-perceptiblo, its exactness and profundity, exeroise an attraction 

that it difficult to ret1st (1). Mathematical abstraction had soareely 

been achieved, when the ancient Pythagoreans, captivated by its excellence. 

Initiated the first program of mathematieisni} they attempted to subsume tho 

diversity snd fluctuation of things under the rigor and determination of 

number and form (2), Plate and Aristotle itad to take account of the popu­

larity cf the Pythagorean dootrinej in fact, we already find Aristotle in-

sitting against the Pythagoreans and the Plntonistt, in thote early days, 

that it it impossible to attribute real existenoe to the objects hell in 

(1) Gaston Milheud, op. ait., "Introduction Oenemle," pp. 1-48. 
(I) P. Cepleeton, A History of Philosophy, Toluno It Oreooe and Reno, 
instert The Ihmaac Kokshop, lKI, pj>. Js*?*, ' Westminster 
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smtheamticel aba traction (3). The Pythagorean experiment, though un-

sustotsful, is a frequently recurring theme in the history of thought 

ar.d is often oredlted with oxeroising a strong Influence on al l sub­

sequent soientifle and philosophical thinVlng (4), 

Of tho many thinkert who oonoem themselves with smthemetloi in 

i t t philosephloel aspect, few deal expressly and explicitly with mathe­

matical abstraotion as suoh. As a separated question of inquiry, the 

nature of mathematioal abstraction la not n frequently occurring question! 

most thinkers assume.that nature of nathemetiee It self-evident or never 

consider an understanding of mathematioal abstraction as basie to a l l dis­

cussion on the neture of mthemeties. For example, when Cartesian mathe­

matician was popular, few thinkert broached the lelioate but pertinent 

query, Whet i t mathemntioa? At that time, the attitude of acceptability 

to asathematiet whloh was inaugurated with the Renaissance, and the re­

markable applicability to problems and the numberless discoveries tnat 

quickly followed 3etoertet' analytic geometry, precluded the prudence 

of questioning i t s neture (8). Pence It i s neoeisary to ferret out the 

theories on mathematical eeetraetlon from the lnplleatlont whloh art 

,(3) Hare basloslly, of court*, the Pythagorean attempt oan be regarded 
as the inception of a long struggle to gain recognition for the validity of 
the abstraction proper to nmthenmtiot and the consequent admitsion of the 
importance ef the quentitei'.vo element .in nature, fif. Thomas U t t l e Heath, 
"Orock emtheamtlee end Astronomy," Script* xhtbWglo*. 5(1938), pV. 215-232. 

(4) Modern thinkers pay tribute, comet iaee titsotsivo, to rythagcrnt 
or rlctc for their program of nnthematiiu.tiaa of reality. See, for exaiq>le, 

the %ttcrlout universe, second edition, Cambridgei The University Press. 
IteV'pV HT tn'd" V," ISfJ or tee Alfred Iterth Whitehead, Adver.turot of Idoet. * 
Cambridget The university Prett, 1933, pp, 194-1981 Bmst Cnssirer, SuWctnce 
tna* Function aad glntteln'* Theory of Relativity. CMoa^ot ^ton Court,' lw£*V " 
p. 1381 8ertrnnd anecell, A History of SostCra Philosophy. Vow Torkt Simon 
end Schuster, 1948 pp, Stf377 

- . . W t , a.JtUiMfwCCd, The Idee c^ future. Oxfordt The Clarendon Prett. 
1848,- pp, 98-lOi, 
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latent in what suoh thinkers as Descartes have written en methematiee or 

from the role end the function mathematios » &ivan in their p>dlosophy 

and selenoe. 

The expl ic i t secondary souroes for e history of mathematical abatreetion, 

or, more especial ly , for the relation of mathematlos to philosophy are re lat ive­

ly few ( 6 ) . There i s , moreover, much disagreement end dispute on the extent, 

influence end relation of smthemeties to the philoeophy of individual thinkers. 

It is only recently, in feet , clonic with the self-oonseiousness of methemeties 

end selenoe, that the influenoe of mathematics on the hlstorieel formation of 

philoeophy i s being suff ic ient ly credited ( 7 ) . Many aeholara today are cautious 

about the relation of cmthemetioe to philoeophy, and some thie away from or re­

ject the relevance of a philosophical viewpoint of •athematios ( 8 ) . Others 

welcome a philosophical attitude as healthful and even provocative of mathe­

matical discovery ( 9 ) . These s t t i tudes , important as they are in tho study 

of an individual thinker, also have a pronounced effect on the future relation 

(6) A c lass ica l study, In French, i s Leon Brjnsohvicg. Las Stapes do la 
Phllotophlo Mathornetlquo, Paritt Presses Univereiteires, Seme edit ion, 1947. 
Brunsehvieg's work i s , unfortunately, tinged with Idealism and mathemstloism. 
Edwin Arthur Burtt*s book. The Metaphyeioal Poundstions of Modern Science, 
elted shore, likewise seems to be an extreme interpretation. A~contrary 
thesis to the one contained in Burtt's book oan be found in Sdward '«. Strong, 
Procedures and Metaphysics. Berkeley! University of California Press, 1938. 

(7) A ^ood example of this oan be found in Joseph Mareehal, Precis 
d'Hlstolre do ie Phlloeephie Moderne, Tome Premiert Co la Keneissance'a 
Kant, Louvelni Museum Leesienum, 1988. By the same author, eeo the study 
ent i t led Le Point do depart do la Motephysique, 6 volumes. Par1st Deselse 
de Brsuwcr, 1944-1947, passim. 

(8) "There w i l l be l ee s mystioisn in the eethematlss of the future then 
there has been in that of the past, end fewer grandiose claims to immortality 
end eternal youth. Mathematics wi l l become lees seif-eonsoious, l e s s intre* 
tpeetively o r i t i o e l , snd more boldly creative. I t wi l l resign i t s soul to the 
metaphysicians for sueh tortures as they way choose to i n f l l e t , feeling nothingt 
for i t wi l l continue to serve with i t s l iving body the purposee of the men who 
create i t to meet human needs rather than to be the plaything of s t e r i l e phi lo­
sophies." K. T. Be l l , The Development of Mathematlos, New Yorki MoGraw H i l l , 
1948, pp. 174-178. 

(9) Carl 8. Boyor, The Conoepts of the Csloulus, A ' . r l t les l and Hietorioal 
Dlseuttlen of tho Derivative and the Integral, Bow Yorki" Columbia" university 
Press, 1839, Chapter VIII, "Conclusion", po. 299-309. 
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of mathematiea to philosophy. 

A pessing emphasis must be laid on the mutual influenoe of methemetles 

end philosophy on each other in the course of their development (10). As 

will be shown below, the evidence for their interaction, quite evident aa 

it '.a in the works of philosopher-methematiolana as Pythagoras, Plato, 

Descartes end Lelbnis, csn likewise bo detected in philosophers who were 

not raethematicisne as Locke, Berkeley and Kant. They^are, naturally, ob­

vious speculative Issues about whloh both mathematics and philosophy are 

eonoernedt quantity, space, time, infinity and number. liven with regard 

to leee apparent thooretleel natters, however, both mathematios end philo­

sophy have gravitated towards eaoh other in their developmental hietory end 

mr9 doing so today. For example, the typo of knowledge end procedure fur­

nished by mathematios in comparison to morel knowledge was the program of 

Investigation to which the British empiricists set themselves. Analogous 

questions soneeming the interrelstodness of mathenatioe snd philoeophy, 

mathematios snd the sclenoes, hove frequently eppeered end are common 

tpeoulativo eoin today (11). 

The usual chronology of the history of nathemetiea proper is not 

(10) Rollis R. Cooley, et el., eg. olt., pp. 693-809. 

(11) Killiam Cecil Danpier (Formerly Whethen), A History of Soienoe 
and its Relations with Philosophy and PolIgloo, third edition, revised 
and enlerged. Sew Torkt' 'The Maenillan Company, la43. Chapter X, 
"Scientific Philosophy and its Outlook," pp. 448-492. 
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relevant to an historical survey of mathematioal abetraotion (12). Neither 

does tho basis for demarcating the different historical periods nor do the 

guides for classifying types of contributions tpply (18). Intteed, s classi­

fication *aeed on what are frequently called the three orites of mathematics 

will be followed (14). The first period witnesses the struggle of mathemetleal 

abstraotion — along with thst of science and philosophy — to j «in and keep 

recognition. It comprises the ancient views which Pythagoras, Plate and 

Aristotle began and which continue throughout medieval times. Although e 

close relation between philosophy, science and nethematles characterises this 

(12) For a short survey of the history of mathematics, ef. leynond 
Clare Archibald, Outline of the History of Mathematics. Fifth edition, 
revised and enlarged, Obnrlim The Mathematical Association of America, 
1941. The history of mathematios is usually divided into seven periods. 
The first period, from early times to ancient Babylonia and Kgypt inclusive, 
le but a period ef beginnings. The Greek contribution, from about 800 B.C. 
to 800 A.P., comprises the second period whloh signalises the important 
introduction of deductive reasoning into mathematios. From 300 to 1200 
A.?., the third period comprises the Hindu, Arable and Persian contribu­
tions snd is significant for the transmission of Creek msthematiee and 
the intredaction of Rlnde-Areble numbersls. The fourth period, that of 
Kuropeen anthematios extending from 1200 to lbOU, marks especially the 
development of symbolic algebra by the French and Italian mathemstielana. 
Tho fifth period is the outstanding seventeenth century which includes 
suoh rreat nsmes as *ermet, Desosrtes, Kepler, Cellloo, Rnygens, "ewton 
end Lelbnis, and such an important step «s mathematioal analysis from 
which analytic geometry, the calculus end other developments arose. 
Appllostions of mstherwtios to the physical sciences snd astronomy are 
noteworthy In this period, the next period, the sixth, developed the 
methemetleel tradition end oreeted suoh subjects as actuarial scienee, 
the os1cuius ef variation and different geometries snd algebras. The 
final period, the nineteenth century to present times, is one of un­
believable fruit fulness and productivity 1n srsthenatiot. Leplaoe snd 
Lagrange, Labataehewsky, Gauss and Cauohy are but a few of the curly 
greet names in this period which Includes many great contemporary 
raa t heme tl dens. 

(18) Contributions to mathematios are generally classed under three 
breed hosdings. One ef these is number with its implication of dis­
creteness, exhibited at first as arithmetic and algebra. The concept 
ef form snd continuity, the second class, showed itself especially as 
geometry end ieter es strusture in mathematioal relations and theories. 
Tho third heeding includes contributions to method, notation end similar 
devises. Of, 8. T. Bell, op. pit., pp. 8-16. 

(14) "Abraham A. Kreenkel, "The Recent Controversies about the 
Foundations of Mathematiea, "Scripts Mathematiea 18(1947), pp. 17-18. 
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period, msthematical thought and discovery is orten found completely 

divorced from philosophy| philosophy often is found neglectful of mathe­

matlos in its analysis (18). The aeoond period* though it arises from 

a slow end scattered though coherent development, begins apprexiuately 

with the publication of Descartes* snalytic geometry in 1687, and his 

program of mathematleitn. In this second period, e greet rebirth in 

nathemetles snd in science, and a elose connection frequently begotting 

e confusion of soienoe, amthornetlee and philosophy, reappeero. The in­

vention of analytic geometry and tho reoegnltion of Its fecundity as 

a means of Invention in mathemetics end physios, foster In Descartes 

the dreen of s universal matheentloa which he hopes will qualify In 

dealing with preblenc of all knowledge. The Cortes lens fellow Descartes 

in furthering this ldeel scienee. Lelbnis, by his calculus and mathewn-

tleisn, actually Initiates the stepe towards its realisation. Moat of 

ihe phlleeephers ef this period feel themselves bound to deal with ma­

thematics In some form, or to oxplein how and why other knowledge, 

though it ltckt the handsome enclitics of mathematics, is yet valid (16). 

The problem ef the distinction between philosophy snd mathematlos, posed 

by the ftregrau of methemetlelsimg all knowledge St least with respect tc 

metheaatiesl method, eppesrs frequently, leading to Christ ian von 'Wolff's 

propeeel of two types of taowledret Metsphysios snd its ultimate causes, 

selenoe and its proximate causes, the period oonaludee with the natheme-

tlcslly ultimate and abeoluto Interpretetions of liewton, Kent end Augusts 

(IS) This severability of mathematioal from philosophical or soientifle 
abetreotion een bo viewed as an historical argument favoring the distinction 
of these various types of abstractive processes, 

(18) ffllliam Cecil Dempier. 0£. olt., pr. 208-216. 
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Cento, 

The third end final remrt, the eontenporary scene, is one of 

crowing self-coneeloutness for both mathematlos and scienee. In the 

eighteenth century, dlsoussions arise on the foundations of the oal-

eulus and the theory of infinite series. The program of arltheotlsa-

tion fellows, and is suooeeded by a number of antinomies and paradoxes. 

8ohools of thought on the foundations of wathenatlos develop, end the 

analytlt of the neture ef watheraatlos, Its relation to other sclenoes 

and philoeophy again become paramount problems (17). 

It will be easily seen that the survey embodied in this ehepter is 

not a history of wothemetieal abstraction. Per, properly speaking, 

an account of tne results arising from aathcnmtioal abstraction is mere­

ly the history of the soienoe of athematios. The historical sketch 

whloh follows is more aptly termed e history of the metaphysics of 

mathematioal abstraction or a history of the philosophy of mathematics. 

It arises in answering these two questionst (a) what metaphyaioal posi­

tion have j ast linkers adopted on the ature of mathematios? and (b) 

In their philosophical aooount of what mathematlos Is, have they suffi­

ciently distinguished mathematios an < its nethod from inotaohysios, lo,~ic 

and soienoe in general? A speculative inquiry of this sort imnlirs, ;.hcn, 

t;.at though a aathematiolan frequently questions the nature of his .:eionce, 

he engages in this Inquiry not as mathematician but aa philosopher! and, 

secondly, that sueh an endeavor is not the proper function of the uafche-

matlelan as such but that of the tfiathematioians as man and philosopher. 

(17) Herman Wcyl, The Open World, Kow Ravent Yale University ress, 
1934, passim. 
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In answering the two quettlont posed above, the following historical 

resume, by pleeing a man's theory on mathematioal abstraction within his 

systenetle philosophical efforts, reveals two truths i firstly, the 

mutual interaction ef nethematiot with ether types of soientifle abstrac­

tion! secondly, the recurrence of an ancient, modern and reoent oonfu-

sion or identification of mathematioal method or abstraotion with that 

of other sciences frequently manifesting itself as the error of mathe-

metieltn. Thus the historical view argues that a proper understanding 

of mathematioal abstraotion is necessary for s eculative truth in gene­

ral j and, more pointedly, for '"•he contemporary >hiloaophioal specula­

tions stemming from the soienoe of mathematios. 
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Chepter III. Ancient Conceptions. 

Msthematies hod its historical origins in practical necessities (1). 

The counting snd measuring processes of the ancient peoples, espeoiolly 

the Bsbylonlsns, Bgyptlans and Persians, grew out of their primitive 

engineering problems — surveying, construction, building wells snd 

dirging dikes — end out of their ettempte to number the days of the 

year, to count cheep and oompute interest. Theee countless eubmethe-

mat ieal feeta, constituting en elementary arithmetic, a geometry and 

an analysis of a sort, snd an algebra without symbolism, were the in­

heritance of the Greoks (8). 

The Creeks did more then ebeorb these foots (3). Breaking with 

mythology end the current epical to popular feney, they achieved tho 

ebetreetlon proper to wethemsties es well as that proper to scienee 

end philoeophy end created the scientific outlook. In ns*-hematlee it­

eelf, they are to be credited not only for their contributions but es­

pecially for founding methemstioe as e science by introducing the unl-

(1) A discussion of the views on this problem con bo found in Carl B. 
Beyer, op. eit„ pp. 14-16. Many reeent books, popularising methaneties, 
give a delightful but fanciful eeeount of the origin of mathematics, re­
garding it aa the offspring of convention, use, or as a result of the gra­
dual perfecting ef the human brain. Suoh aeeeunts ere quite fictitious. 
These suthere Interpret historieel facts from a prejudiced end even uytho-
legieel point of views. See, for example, Leneelet Hogbon, Mathematics for 
the Millient, passim, snd Onylerd M. Morrlman, To Piseover Mathenetios, Mew 
terki John Wiley A Sons, 1942, pp. 1-8. 

(t) Thomas L. heath, A Manual of »rook Mavhonatlos, Oxford* The Cla­
rendon Frees, 1941, ChapterTl, wMunerleal Rotation and Preotical Calculation," 
pp. 11*88. See else Oystein Ore, Mumbar theory end ite history, Chepter 1, 
"Counting and Recording of Numbers," pp. 1-24. 

Bgyptiens endthe sstronomioal observations of Babylonian astelogers Influenced 
the Creeks snd supplied then with preliminary materiel, this admission is in no 
way prejudicial to the originality of the Creek genius. Scienee end Thought, tt 
distinct from mere preotical calculation and astrologies! lore, were the result 
of the Creek genius and were due neither to the Bgyptlans nor to the Babylenient 
F. Coploston, op. clt., 0j>. 18-16. For a similar testimony see John Surnet, 
Early Greek Philosophy, fourth edition, Londoni Aden snd Cherlee T*lack, 1948, 

pp. 18-80, and Thomas L, Heeth, 0£. ait,. Chapter I, "Introductory", j,p, 1-10. 
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fying principle of deduetivo reasoning ( 4 ) . In their attempt ^o relate 

structure to number, they sre also responsible for the view that a rmthe-

metieal concern with nature ?s q rite relevant, thus opening the way for a 

program of applying mathematics to nature. Finel ly, the genius of the 

Creek mind extended to a speculative treatment of mathematical abstraction, 

and a consideration of tho relations between mathematics and the other 

seienees which had but late ly been horn ( 6 ) . In this way they in i t iated 

the f irs t notions of a philosophy of mathematics ( 6 ) . 

Z, The Pythagoreans 

then the school of thinkers lr>own ss the Pythegoreene speculated in 

Greece, a number of opinions wore being offered on the nature and principle 

ef a l l things. These early pioneers, whom Aristotle called "physicists" or 

philosophers of nature, had achieved a high leve l of sc ient i f i c snd phlloso-

phlcel abstraction. The eerly Ionians held, with Thales, that water i s the 

principles of a l l thlngt . Others sided with Aiwximander'e teeehlng that the 

(4) "They eroated the systematic smthematieel theory based upon axioms 
end developed by means cf logical deductions in the form of proofe, the standard 
pattern for mathematics, as i t i s formulated today," L. L. Woodruff, editor. 
The Development of the Sciences, Second Series , Bow Ravent Tale University 
Press, 1941, p . 4 . See Costen milhaud, eg . o i t . , pp. 81-69. 

(6) Most scholars pay tribute to tBs Creek genius • In The Development 
of Mathematiea, F>. T. Bell seems to take a contrary view on the worth of the 
Creek contribution to mathemetlot and to c i v i l i s a t i o n . A eonpariaen of the 
various placet in which he speekt of the Greeks Indicatea, however, that hit 
on passant remarks are to be interpreted aa flippantly ee they ere made. 
"""" (6) It i s beyond our purpose here to examine the exaggerated and mystical 
views of number or form, or their use in symbolism. A detailed study of these 
developments can be found in tynn Thorndike^ History of Magio and Experimental 
Scienee, eited above. For the symbolism end nyttlclsti often atiaobed to ports 
of mathematics, see Tlneent Footer hopper's Medieval number Symbolism, eited 
above, pessin. 
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changes we obeerve in neture originate fron a oonfliot of oppositet whith 

arise within the original element called the indeterminate. Some followed 

Anaximenee, who taught that all things come from sir through n process of 

condensation and reaction. This propensity to rationalise the oeeselets, 

elmott unintelligible change in nature, was adopted by the Pythagoreans. 

although they came of s curious mixture of wystieism and a bent for na-

thematlee, the Pythagoreans were likewise scientific, end thrived in the 

new Intellectual atmosphere (7). 

To the current aoientifie snd phllocophloel attempts towards rendering 

neture intelligible, the Pythagoreans contributed e new outlookt was there 

not e connection between the attitudes of the physltists and that offered 

by mathematics? All the physicists had tried to solve the problem of the 

many and tho onei they had sought for identity in diversity. The Pytha-

goreant tuggetted that potsibly the sameness in dlvereity could be accounted 

for by number and structure. Ke need no longer inquire what the primitive 

matter is (thus the Pythagorean mathematical outlook eliminates that of 

aoientifie and philosophical abstraction)! we can say that all thingt are 

number and form. Aristotle writes that 

The Pythagoreans, ss they are tailed, devoted themselves to 
mathematios, they were the firet to advance thie study, end 
having been brought up in it, they thought thst its principles 
were the principles of ell things (8). 

The application of the Pythagorean tenets to neture were successful. 

In acoustics, their dootrlne pointed out that the quelltative differences 

(7) John Burnet, op. elt.. Chapter Til, "The Pythagoreans," pp. 276-309. 
(•) bctaphytlee, 988 F28-6| see also 986 a 16 and 1090 a 3*. References 

to Aristotle arc from Tho Works of Aristotle, Translated mto Rngllth under the 
editorthip of W. D. fcoss, eleven volumet, 'Oxford t The Clerendon Press, 1908-1931, 
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between notes are due to the way In whloh the plucked wusiosl string takes 

up different shapes. Likewise tho conoordance of musical tones was well 

explelned by their rstio of numbers. By ssslysing bodies into surfaces, 

surfaces into lines snd lines into points, they applied their dootrlne to 

neture snd demonstrated, to the physicists, that uathematioal nonoepta 

explained the world of nature (9). Each body expresses the number fouri 

surfsees, three| lines, two; the point, one. If we add those together, 

we get ten, the perfeot number. The whole universe seemed to submit to 

this lnterpretetlon by mathematical abstraotionf the forme end figures 

of the objeote of sense experience could bo seen to have geometrical con­

tours, while the constellations of the hocvans were explicable both aa a 

configuration and a number. And hence, as four dots can represent the 

configuration of a square, three of a triangle, two of a line and one of 

a point, the Pythagoreane readily 

supposed the elements of numbers to be the elements of ell 
things, and the whole heaven to be a musical socio end a 
number (10). 

Pythagorean unthematieiem, then, attempted to identify the objects 

held in methematioal abstraction with all things and eliminated the pro­

priety of tho eerlier ebatraeted views of the physicists. Kature, they 

agreed with the eerlier physioists, is orderly end changes In harmonious 

proportions| but tho rmry order end the proportion is number and form. 

And whereas the earlier physicists had thought of water, air, fire and 

(9) Thomas L. Booth, 0£. clt., pp. 86-88. 
(10) Metaphysics, 886 a 1-TT" 
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earth aa elemente and prlnoiploa, tho Pythagoreans held numbers and 

forms to be the intrinsic prinoiplos of neture end to bo Immanent 

in thi nee thomselvoe (11 ) . 

The p laus ib i l i ty of the Pythagorean d'Crinee attracted nuny 

followers end the eohool f l curl sited. Aristotle wrote of then and 

tho Platonictat 

mathematios has come to be idontloal with philosophy 
for modern tMnkert, though they *ey that i t should 
bo etudiod for the soke of other things (12) . 

The "seandaloue discovery" (18) of the irrationals in methematiee, 

however, become en lneuperable obstsolo to Pythagorean mathematics 

and their •wthematloiam. In the epplloation of the side i f « square 

to i t s diagonal, an incommensurable ret lo was <iieaovered, and no way 

of resolving th is d i f f icu l ty oould be found. The sttempt to apply 

mathemeties to nature, snd the endeavor to relate continuity *e 

form tc disoretonoss as number, was abandoned, although the Pythagorean 

I •! « . H « . . . . . . I I II II 

(11) R. 6. Collingwood, op. eit., pp. 43-8A. 
(It) Metaphysics, 992 e , " e M T * 
(18) Brnnechvieg tpeakt of the "teandalont dlsecvery* of the 

lrratlonelt at e faotor in leeeeninf the influenee of the Pythagorean 
eeheelf Leon Bruntehvieg, Le role du Pythagorlsme dent l1 evolution 
dee Ydees, Farlti Wmrnenn settle., 18*7, p. 21. 
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influence end outlook on those matters continued (14). 

In the meantime, other aehools of thought with highly metaphysical 

sbstreetiont, flourished. Heraoiitus opposed the static and atomio con­

cept of neture advocated by h » predecessors with a û -namio philosophy 

of becoming. He answered the question of Identify in diversity by holding 

that the One is the principle of all things. The eesenoe of the One lies 

in Its being both the many and the One et the same time, so thet all things 

•re in e oonstant state of flux end change. Pormenldes, on the contrary, 

taught a philoeophy of being. There Is no change| being is, and ell things 

are. The doetrlnes wore pitted against each other, and acute discussion 

of 
arose through tho efforts ef Zone ami Sloe, Fermsnides* most prominent 

pupil. In support of his master end in opposition to the Pythagoreans 

snd other schools, Zeno offered his famous dialectical abetrootions whloh 

ergued in fever of continuous as epsinst discrete quantity. Zeno ueed 

his disleetloal talents to show thet Fermenides* stetie philosophy was the 

best| If one granted the ".dees t>f the Pythagoreans or oven of tho Atonlsts 

with their "Infinitely small" quantities (13), antinomies arise whloh ere 

(14) The Pythagorean influence passes through Pisto end the hee-
Flstonlsts to Saint Auguetlne, eventually reaching scholasticism where the 
Pythagorean notion of numbered order in geometry, arithmetic, music and 
astronomy, made these four subjeots tho queerivium of medieval instruction| 
Sir w. C. Dampier, A History of Soicnoo, Hew Yorki SJaoMillan, 1943, pp. 17-18. 
On page twenty Dampier writes, "After the Reneissenoe, the idea of the im­
portance of number was taken up by Copernicus and Kepler, who laid chief 
stress on the nsthematioal harmony and simplicity of the Heliocentric hype-
thesis ss the beet evidence of its truth. In our own day, Aston with his 
integral atonic weights, Mottle* with his atonic nunbere, Planck with his 
quenturn theory, end Einstein with his claim that phyaieel facta auoh as 
gravitation are exhibltiona of local apaee-tine properties, ere revising 
ideea thet, in older, cruder forme, appear In Pythagorean philosophy." 
Dampier refers to Whitehead ss his authority for this statement. It should 
be pointed out thet it is possible to separate procedure in soienoe from sueh 
motephysioal inplieationt st are found* tiw example, in Pythagorean mathe­
me tleitn. One een say thet telentitts at'tueh are merely reletlng structure 
to number, without eny metephytloal implications as to the existence of thete 
numbers in things, whloh It eleter to the Pythagorean view, Thie distinction 
between procedures end netephyelot in msthematiot hat been studied in Edward 
l. Strong, Procedures end Metaphysics, Berkeley* University of California Press, 

1936, see Chapter I end Chapter II. 
(IB) H. D. P. Lee, Zeno of Sleai A text with translation snd notea, Cembrldgoi 

The University Press, 193o| or see Carl 8. Boyer, oj>. cit.. pp. 21-22. 
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insoluble by the theory ef nunber end form. Mathematlos fslls to rationalise 

neture as «.t fails to rationalise the inoomensureble segments in the tesohing 

of the Pythagoreans. 

Another tohool, tho Atomists, taught that an infinite number of ln-

divieible unite oallod atoms, differing only in else ard shape ere the prln-

ciploe of ell thlnga. From the vtrlous formatiocs and configurations whloh 

these atoms subsume, the four elements snd tho world of nature are brought 

into being. Thie theory, however, wee elee unable to cope with Zero's ar­

guments. Henee the dootrlne of the infinlteeimally small and tho Infinite 

in number, whloh the Atomists proposed, was gradually abandoned (16). 

II. Plato 

Through their ineietenee on the intel l ig ibi l i ty of noture, e l l these 

eerly thinkers exercised s profound influence on the philosophy of Plato. 

Seesrtea, Plato's teacher, edvaneed the thought of these men by Intro­

ducing the maieutie method and the notion of definition! be accentuated 

the inportente of ethiot end ditpltyed the neoeteity for clarifying the 

goel of a l l scientific endeavor, the Universal. Plate's respect end debt 

to al l thete thinkers i t repeld in the work of his disloguet, where they 

often play the leeding roles in presenting soientifle, mathematioal snd 

philoeophleel pointa ef view* 

In order to enter Plato's Aeadeny, a certain amount of proficiency in 

mathematlos was requisite. "Let none enter here ignorent of geometry" i t 

(16) F. eopletten, og. c l t „ pp. 72-78. 
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a well-known phreee whloh wee, euppoaedly, the admissions standard to Plato'a 

school. Thia reapoot and sulogisation of wathornetios which i s found in PlatoU 

writ ings, i s principally duo to Pythagorean Influenee. Plato's deference to 

ucthenatios likewise produced a number of graduates who made important con­

tributions t o the growing selenoe ef mathemetles (17 ) . 

P is te ' s attempt to solve the problem of the one end tho many contitted 

of e duel psychological processi e gradual purification of the shadows and 

sense insget of the world of nsture, end the process of recol lect ion. Bis 

philosophy i t dominated by tho fundaments1 principle that the proper object 

of «11 true tolenee is the world of ideas In whloh man pre-existed, and of 

which the tense-poreeptlble world is but s shadow or copy yielding only 

opinion. For Plate, In eontrest to the earl ier thinkers, held thet eosenoes, 

forms, numbers — the i n t e l l i g i b l e ea euoh — trenscended the world of nature 

end wore not immanent within I t , 

A student i s in i t ia ted into the process towards knowledge from hie state 

of ignorance by beginning with the sensible world, of whloh he een gamer only 

opinion. The loweet type ef opinion i t that acquaintanceship or acre con­

jecture e man hat of tho fleeting "images" in the world aoout us . Such a 

men judges wrongly thet external nsture i s the true r e a l i t y . A higher type 

of opinion, fe l th or bel ief , i s aohleved when a nan real ises thet those 

images ere nothing more than reflections of something more basioelly rea l . 

He roe U s e s that external neture is not whet i t purports to ..*) and, though 

he hat not got i t as ye t , he i t on the rood towards colontif io knowledge, 

(17) See the Interesting remarks Plato makoa concerning Creek ignorance 
of geometry In Laws, 819 d - 820 c . References to Piste are taken from The 
Plalot?aea of Plato, Translated into Knglish by 8 . Jowett, with en I»to*£**4sexa 
by Baphoel Demos, two volumes. Bow Torki Random Kouee, 1937. /w/*ei-«"*r 
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The aeoond stage, that of knowledge, e lse has two subdivisions. In the 

lower, a nan begins from hypotheses and prooeedt, not to a principle tr 

fore, but to t conclusion. Sueh men are "really endeavoring to behold 

those ebjeett which a person can only see with the «ye of thought" (18), 

or the ebjeett of nethematlea. Mathematical abetrection, then, though 

i t has the funetion ef retionellsing the fluctuetlen of nature, i s only 

en tho rood to knowledge. The men who abatraet In this way are classed 

es having understanding, which la the Intermediate s ts te of mind between 

opinion end the final stage ef soientif le knowledge — pure reason, the 

understanding of the forms and Ideas themselves. In crder to arrive st 

the s t s te of pure reason, one rust begin with the hypotheses of the 

previous section (methemeties), snd rise to the f irst principles, the 

world ef forms and ideas. It i s -?nly here that the inner meaning of 

a l l th'ngs i s grasped in the contemplation of the Pood (19) . 

The problem of Plato's doctrine on the nsture of 'athemetlea snd on 

the reletion of mathematios to the Forma is s widely disputed one (20) . 

I t is sgreed thet Plato's search for rationality in nature was fruitless 

end that he thereby consigned the study ef nsture to the roe In of un­

certain, shifting opinion. The rythagoraans had aade the enaeable of 

numbers and things correspond. Plato l i f t ed number out of the world 

(18) Republic. 610 e - 611 a. 
(19) For a good diagrams*tie etc l y s i s of those various stages, see 

F. Copletton, op. c l t , , n» 182. 
, (20) See r . Copletton, op_. o l t« , pp. 188-208 for a reeent summary of the 

opinioat on Plato'a ma theme t l c lan. A etudy of the influenee of tho Pythtgareeaa 
on Plato i s given in Thomas Greenwood, "The Pletonio Theory of tho C o n t i i ^ ^ 
The Thenist, Til (April, 1944), pp. 179-208. Boo also F. Snriquea et 0 , D* 
SantlliannTLe ffoblene do It Mat lore t Pythsgorlolont et Elsotss. Paris t 
Kernann tt Cle, 1888| thete buthert discuss the origin ef Pythagorean maths* 
smticltn, pp. 11-17. See e l s e , Oeston Milhaud, C£. t i t . , pp. 827-866. 
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of nature and made it tmntoendenti it occupied an intermediary position 

between the tente world and the world of ideas. Seemingly, r lato — and 

certainly Later 'lstonists — was not content with this scheme. Accord­

ing to Aristotle and -may modern aeholars, ̂ lato taught that mthemetics 

is not only tho means by which a nan reaohea true Bnowledge, but even the 

ldeel world Itself oan only be amde rational and intelligible through 

mathemntlet. In this way Plate offered a different type of mathemntloltm 

from that of tho Pythagoreans. The Pythngereant had idontlflod the scienti­

fic abstraotion of the earlier thinkers with that of mathematios. Plato 

eliminates soientifle abstraction (21), and Identifies Mathematical with 

vetaphysloal abstraction in idealistic Taathemetloiam, In "lato's philo­

sophy. It has been said, "Cod ever geometrises (22)". 

If -lato is net to be understood as proposing smthemetiolen, then 

his notions on mathematlos were quite in harmony with current mathemati­

cal nraetioe. Mathematios has unto itself a special faculty of the soul, 

called understanding (23). It is classed among the turely intellectual, 

as opposed to tho ^raotioal sciences (24). Although the Tmthematieien 

usee sensible things as symbols in his demonstrations, his purpose is 

to lay hold of the triangle or square in Itself whloh he does by ration­

alising nature} that is, by reducing tho fluctuation of Images and shadows 

to forms, for "in those perplexities the soul naturally summons to her aid 

(81) "Plate's criterion of reality was r^t consistency in experience but 
reasonableness in thought. For him, as for the ^ythatroroans, there was no 
neeettery distinction between mathematiea and sol<.tnoej both were the result 
of deduction freti clearly perceived first frlnciples, Carl B. Boyer, o^. cit., 
p. 28, 

(22) Thlt quotation een be found in the delightful work of riobert Sdouanl 
Morltt, Memorabilia Mathematiea. pp. 269-270| Merits't book, though old, is an 
invaluable source of quotations on mathematlos and the ohllotophy of saathomatiet* 

(23) Bopubllo. 71, 811 C| tee Theeetetut. 164 0, 
(24) Statesman. 268 D. 
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calculation and Intelligence1' (2ft). MnthemaMoal abstraction rakes much 

use of hypotheses, whose validity the mathematician does r :t question but 

simply uses in drawing his conclusions (26). Further, the existence of a 

square or a triangle is assumed by ".he mathematician! it is what is given to 

him, and furnishes his foint of departure for mathematical demonstration, 

the usual division of *ethenatlos into arithmetic and geometry is mentioned. 

Peeh of these branches, however, has two varieties, the impure (wVeh seems 

to be mathematiea Itself), and the ,̂ ure. The latter Is the Philosophical :;se 

of mathematlos| the nhllosepher must be an arithmetician, "beoause ' e has 

to rise out of the sea of ohange and lay hold of true beinp" (27). 

III. Aristotle 

Aristotle owed much to M s predecessors and especially to his teacher, 

i~lato. There can be little doubt, however, of the originality and rr*atness 

of his contribution to the new sciertifio ioctrlne f the early wrecks mend 

to the -roblems posed by the mathematical philosophers. In His lofical 

treatises, we meet for the first time in the history of thought a complete 

and quite satisfying account of the nature of rre-eeientlfio knowledge, and 

of the nature, divisions and extent of soientifle knowledge (ft). In both 

oases a man may ossess knowledge! what es-eolelly dlstlngulsh^selentlfie 

knowledge It Itt universality, demonetrablllty and certainty. 

16) Memo. 87. Of. Bcwnhlio. Tl, 810. 
(IT) agublic. Til, S88. 
(88) Aristotle's logical treatises portray his eolentifie ideal. The 

*94ci' Annlytiee onawtnot the formal validity of inference, or the valid derive-
tion of conclusions from given promltet. The Posterior Annlytiee analyses the 
charetterittiet of premitos if our knowledge is to be the most perfect obtainable 
that It, truly scientific. In the Tonlos, Aristotle shows how we attain and 
justify tho promises that are <sed in the arguments of dallv life. The ration 
of scienee itself ooeuplos the main part of the Posterior Analytics. 
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There it a realm ef pre-eoientlflo knowledge, Aristotle teaches, 

whloh correopondt roughly to Pinto'a theory that only opinion oan be 

obtained ef neture (29). It it the realm of the fancies of tho r^ot 

which induce in us a state ef nind called estimation about tho truth 

of things| it it the realm of the persuasions of tho rhetorician which 

breeds a ouawielpn of truth within us, Inclining us to adopt one part 

of a eentrediotloni it is the realm of the probabilities of the dialecti­

cian which gives us opinion, whereby we aooopt one part of a contradicto­

ry proposition* with feer that we may be in error. Since some form of 

reasoning, man*a distinctive activity, eeoure in all these states of 

mind, Arlttotle felt that the logdelan should examine their respective 

merits, 

Dialeotloc, a favorite Arlttetelien device, le t fertile source of 

Sjrgunent, demonstration and methods ef arriving at truth or epprexina-

tlenc to the truth (80), Problems of any sort are ita concern, and the 

errumwmts and discussions it rrevokes arise from orooesitlont whloh 

either are, or teem to bo generally accepted. Dialect lot being an easy 

way to learn, tt la of much service in tho acquisition of aoientifie 

knowledge and plays an important role in all the solenoee. Itt main 

function occurs In dealing with the realm r>t the changeable end oontimrent 

where truth it diffieult to ettabliah. dialectical arguments rest on what 

(29) Posterior Analytics, Tl a 1-10. 

(80) In Aristotle's eonoeptlon, •ialeetist played a large ,.ert as 
preparatory to the aeeulsltlon of each telenet. It performed an Important 
function In the epproeeh towards science through the consideration of donbte 
and difficulties, and tho opinion* offered by previout thinkers. 
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tan be observed te be the eate only in most Instances, Inductive ex­

amples and the type ef syllogism known as eothynene are the main types 

ef arguments used la dialectic*! knowledge, 

Solentiflc knowledge, which i t not limited merely te knowledge of 

forms or mathesatles, i t dealt with thiefly in the Posterior Analytics. 

^e suppose oureelvet te pettett unqualified aoientifie 
knowledge of a thing...whan we think that we know the cause 
on whloh the foot depends, es the oause of thet fast end ef 
no other, and, further, that the fact could not be other 
then i t is (81). 

It is knowledge obtained only by etriot demonstration through the syllogism 

of the first mood and f irst figure, having both promisee universal end 

affirmative (32), Xhie implies thet the premises j*u*t be "true, prliau-y, 

immediate, better known than and prior to the oonoluslen, which i t related 

to the* at effect to cause" (38). Scientific, in opposition te pre-scien­

t i f i c knowledge* i t demonstrative (34), i s knowledge of eauees (88), of 

unlvereelt (88), of essence (37), of form (33). These etriot requinsnents 

for knowledge te be classed as aoientifie, reduce much knowledge to the pre-

scientific level , especially te thet of Dialectlot. 

(31) Posterior Analytlet. 71 b 8-155. 
(32) This is a rigorous ooneeptlon of scienee, "Of a l l the figures the 

nost scientific is the f irst . Thut, i t is the vehiolo of the demonstrations 
of e l l the mathematioal sciences, such at arithmetic, geometry, end e?tles, 
and practically of all tho solonoet that investigate causes... posterior 
* ^ f t ? S - 79 a 16-21. 

CSSJ Posterior Analytlet, 71 b 20-22. 
W Posterior W y t i e t . 74 h 27, 90 b 9, 87 b 86, 
(55) Posterior Anelytiot. 71 b 0t 94 a 20. Cf, alto Phytlot. 194 b If. 

Bore Arittotle hat in mind hit doctrine of the four oaesee* Cental knowledge 
implies necessity, 

**•) fotforlpr W y t t o * 8T b 88| tee alee Metaphysics. 1086 b 6, 1080 b 
28| 1008 a 13, The Individual thin* as sueh i s ineffable and cannot be tho 
object of solonce, 
"~ <*T) Pcttcrlor anaiytlos. 99 a 22| MotaphTSlos. 1081 b 7, 1031 b 20. 

(88) V i a e Soul. 412 a 9i 414 a 4, 
'''"•••'ttaja^awsBBSBnwswss^wsr' 
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In the preeett of teaching, soienoe is induced in the pu>11 by 

demonstration. It begin- with the student's pre-existent knowledge of 

self-evident prlneiploe. It supposes the student's eequaiatenoeship 

with a feet, the comprehension ef a term, or both. All proof ultimately 

rests en the grasp of eolf-evident principles which are known by an act 

of Immediate understanding, incapable of demonstration and thus, self-

evident. These prinolplet are Incapable of demonstration, Aristotle 

maIntelat, or we are committed to an Infinite regress in the process 

of selenoe. The toeeher presents the students with foots, with the 

terms and the subject-emitter of the soienoe, with the varied opinions 

that have been offered on the matter under consideration, and with 

dlaleotloel suppositions. 

The actuality of selentlfio knowledge, consequently, arises in the 

mind of the student by inducing in him the nroeese of abstraction from 

what la irlven in sense data. It is theeretieal or speoulative, as opposed 

te »reotleel knowledge (89). Theorotieel knowledge is interested in truth 

as sueh and is more noble than praetleel knowledge, which roletet truth 

in the mind te human eotioue of en ethieel or factive neture. Theoretical 

toleneet? arieee in three ways, Sy the ^reoett of scientific abstraotion 

of tho first degree, a student studies nature itself under the aspect of 

mobile being. The ooneootc and dcfinitlena whloh ariae in the student 

mind bear a direct relation to the world of nature. They are the mental 

grasp ef the normoment, unlvereal and the neeeasary lodged within nature 

in fenerel, end in oath thing. The outitlee which the mind holdt In this 

(29) Motaphyties. 908 b 20, 1028 b 1-1028* M | X084a 1-1064* 14. 
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type of abstraotion are seen to be of suoh a type that they are connected 

with natter for their existence, and in order to be known. They are :>ot 

trantoendent or apart from the world of nature. The whole realn of nature, 

living end non-living, la Inoluded under thlt abttreotive prooes- in which 

Inductive and deductive methodology occur. 

The teeond type of abatreetion is that proper to mathometlos, whloh 

likewise originates through tho senses, though often froa a minimum of 

experience (40). In his discussion of mathematios, Aristotle forcibly 

rejects the mathonetieitai of tho Pythagoreans or Platoniatt or any theory 

w'ieh equates twrthenatioal entitles with a separately real world of nature 

or self-existing Ideas (41). Mathematios is distinguished from the first 

ebstractive processi there the mind abstracted from the individual sensible 

matter of each thing and arrive at the concept of common sensible matter. 

In mathematios, the mind abstracts from common sensible matter and arrives 

at the notion of "intelligible" natter. The Mathematician 

strips off all the sensible qualitiet, e.g., weight and lightness, 
hardness and its contrary, and also heat and cold and the other 
sensible oontrarlet, end leaves only the quantitative and eon-
tlnuout, tome timet ir. one, sometimes in two, sometimes in three 
dimensions, and the attributet of these qua quantitative and oon-
tinuout..,\42). 

(40) "*hat has been said Is confirmed by the fact that while young 
men beoone geeuetloians and n* thornetioians and wise In matters like these, 
it it thought that a young -ian or practical wisdom cannot be found.••in­
deed one might ask thlt question too, why a bey may beoone a mathematician, 
but not a phllotepher or a physicist. Is it because the ebjeett of Kathe-
matiet exist by abstraotion, while the first principles of these other 
tubjeett come froa experience, and because young men have no conviction 
about the latter but merely use the proper language, while the essence 
of mathematical objects is olaln enough to themT" Slohomaohean 8thlet. 
1142 a 10-18, 

(41) Metaphysics,, Book* XIII and nVj see Aurustln Mansion, Intrp-
duotlon a la Physique Aristotollolor.no, deuxieme edition, revue et augmen-
tee, Parit, J. vrin, 1940, Ch. V, No. 3, "Distinction do la physique et dot 
mathematiques d'aproa Aristote," ^» 143-186. 

(42) Metaphvslet. 1061 a 29-38. 

http://Aristotollolor.no
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whet the mind ao)doves here, then, are tho ooncnpts proper to mathe­

matlos. The mathematlolan oonslders quantity either as the continuous 

extension of freomotry or tho disorete units of arithmetic. Though he 

summons the aid of the senses far illustration and makes much use of 

the Imagination, the aathematioien la not oonoomed with objeott ma tho 

limits ef e physical bodyi nor does he oonaidor the attributes 
indicated as tho attributes of ouch bodies. That is why he 
teperatet thetif for in thought they are separable from motion, 
and it <nakos no Hfferenoe, nor c'oes any fa!*Hy result, if 
they ere tepereted (43). 

The epplieatlen of methomatloa to optica, harmonies and astronomy is 

achieved by teieneet whloh lie between physios and mathematics. The 

obloots held in the nind by seientifio abstraotion are dealt with by 

the abstraction ef Mathematics (44). Ceonetry, for example, 

iwest 1 rates phytloel lines but not que phytloal. optics in­
vestigates matlteaatioAl Haas, but qua, ohysioal, not qua mathe­
matical (48). 

In its applications to other sciences, mathematlos is superior to them. 

If one reaches impossible consequences In nathenatios, they 

will reproduce themselves when applied to physloal bodies, 
but ther* •••rtli be 'ifflcultics ir physios which are ",ct 
present in sntbomstle*] for nmthenmtlos deals with an 
abstract and ".hysios ,jrLth a -ow concrete object (4fi). 

Tho me-chodology of TOithematioa, like that of all the sciences. Is treated 

by lo^lc, Mathematics, though It rany us* -Ualeotiot, la distinct from It (47), 

(48) Physios. 183 b, 81-88. 
(44) For a discussion of those "middle" eoienoes, sec W. D. Joss, 

Aristotle, third edition revised, Londont Methuon and Company, 1987, p. 70. 
See alec Auruetin Mantlon, op. cit., pr>. 186-193. 

<48> ^hytlos, 194 a, i-ll, 
(46) geCoelo, 29& a, 13-16. 
(47) Posterior Analytlet. 77 b 27-38! 76 a 10-13. 
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Mathenetlcal abatmotion, thcvuth it la not tho highest and noblest 

whloh the mind oan achieve, ia yet inoat proportionate to the vuaan 

nind (48). It deals with the necessary (49), has tho highest type 

of certitude (60) and offers conclusions that ere timeless (61). 

The third abttreotive prooett does not s-lso from a remembrenoe 

or contemplation ef a separated world of ideas, as /late hold, but from 

a consideration of the world of nature. This abstraction, metaphysics, 
i. 

is the h rheet, noblest and most difficult (62). It abstracts more ^ 

deeply froa the world of nature by not considering being as awhile 

or quantitative, but being as such. Its concepts and definitions, as 

substance, potentiality, actual lty, are seer, to have no necessary 

connection or dependence on matter in their consideration by tho mind. 

Thus, not being fraught with change and contingency, these abstractions 

yield the highest type of speculative soienoe. Besides this positive 

knowledge which is the fruit of this abstraction, rota^hysios has a 

critical functiont it orders the abstraction of the other soiences, 

determines tho speoulative relations between then, and establishes 

the speoulative prinoiolee of all soienoe. Metaphysics, the highest 

type ef speoulative soienoe, is superseded by two higher states of mind. 

The first is understanding — a rabit of mind whloh aeea the conclusions 

of soienoe as releted to the speculative nrinelplea of all thoughti the 

(46) Metaphvslot. 1078*- 8-14. 
(49) Phvslee. 200* 18-24. 
(80) VCooU* 808* 28. 
(81) For a recent study of Aristotle's philosophy of mathematlos, see 

Thomas Creenwood, Etudes «ur la Connaiosanoe Mathonctique, Ottawat Les Fdltions 
do Tunlversite d'Cttawa, 1942, "la ?ontee~^themtiquedTArltfcote," pp. 33-62. 

<5*) Metaphysics, 993* 30-993b 30. 
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tettnd it wieden, whieh teee the order end relation of all things te 0od, 

its ultimate principle. 

Although there are significant points ef agreement between Arittotle 

and his predeeeasers, he did not merely harmonise their views. Bather, 

his attitude was that 

It is just that we should be grateful, not only to those with. 
whose views we may arret, but also to those rho have expressed 
more superficial views| for these else contributed something, 
by developing before us the cowers of thought (53). 

By his theory cf knowledge and hit classification and distinction of the 

sclenoes he wished to vindicate smny legitimate points of view. By 

eliminating the Platoric theory ef a scienee concerned only with the 

recall and contemplation of a world of ideasi by denying the idealist 

identification of mathematioal with metaphysical abstraotion in the 

rlatonist teaching or with scientific abstraotion in the Pythagorean 

attitude, Aristotle hoped to establish many valid tyres of soientifle 

knowledge (54). The transcendent ideas or forms beoone, so to speak, 

(88) Motaphysloe, 998 b. 12-16. 
(84) The following diagrea will eerve tc eaphaeite tho difference 

Plate and Arittotle. 
/ PLATO _ ARISTOTLE 
-\xre Season J Knowledge of /Metaphytiet i Third * highest typi 

Ideal world ft / of abttreotive knowledge of 
Scientific) the Coed, Cod. Solonj nature, leading to knowledge < 
Knowledre jfi tlfiej *4ret Oauee, Cod, 

Studies being at such, 
tathenmtiett Prelude te ) Mathematiosi Second and interme-

kmowledge of ] ilary type of abstractive knoi 
Ideal World Kneel / ledge of nature t being at 

tdgc / wantun. 
(Intermediary 8ol«noet) 

Phytleet First and lowest type a] 
x \ abttreotive knowledge of real 

/ worldi mobile being, 
P***** jDtaleetlesi Knowledge of highest type of 

Pre-seientlfloj Prc-eclentifie) probability 
feewledge * | Ihowledge / Opinion t 

(conjecture [ Suspicion of trutht 
\ I Estimation of truth i 
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inwjment in the world ef nature at the essences and aeoidenta of thlngtf 

through abstraction the nind conceptual1tot the eatenee and the eceidentt 

of natural things in the various types of soienoe. With regard te the 

Via onlo mathemetleal ldoea as suoh, they exist only in the mini whloh 

developt from then the pure or applied aoieneet of rathema let. Hence 

the essential, the quantitative and tho qualitative atpeett of nature 

are intelligible and the proper oonoern of various sclenoes. 

The generations Immediately succeeding the Pythagorean, Platonic and 

Aristotelian sohoola contributed little material that is germane to the pro­

blem or mathematioal ebetreetlon whloh la being considered here (56). With 

some exceptlout, nunber mysticism, toeptloian and laok of mathematical 

speculation followed in the deoadeooe of Hellenic and Hellenistic thourht. 

These intervening centurion are more properly viewed at a prolonged reriod 

of freperetlen for matheaatiet and toienoe (86). 

In feet, only in the Middle Aget it the rroblen of -athematioal abstraction 

expressly rrlven e philoeophieal eonslderetion in the Aristotelian tradition, et* 

poeielly by St. Thomet Aquinet (57). But tho medievalt contributed towardt the 

future growth of nethenetioa in a number of waya. Yarleue matheamtleal compen-

dlunc were edited| change, varieblllty of quentitiot, the Infinite, inflnltetlmal 

and the continuum were tubjeoted to lively theoretical dlscueaieni Creek mathe­

matios, as well as science and philosophy, were preserved and translated} the 

(8&J For the lufluoBoe of 3eaoerltut and the sceptics, tee Federiga Pnriqus 

*".o '"ittorle development of Lottie* The Prinoiplos andJ3trapture of ^clenoe inthe 
Conception of Matlioaetieel Thinkert, Authorited translation fron the XteTlanl»y~ 
Jerome Rosenthal, 'K'ew Torxt %mtyno\t and Company, 1929, Chapter I, "The Legio 
ef the Ancient*, pp, 1-48f tee alto Loon Robin, La "tctee Oreeque et Ice orlglnet 
do 1 '»tt»rit eelentlflque. svoo ia»e carte hort teste, Edition revue et oorrlgee avet 
una Bibliographic methedique nouvelle, arisi Albln Klohel* 1948, pp, 877«386. 

(86; George gajrton. Introduction to the ^ittory of Science, volutsis I, H i 
tee alto, A,B, Whitehead, Scienee and" the Modern *orld,*pp, 18-16. 

(87) Thomat Creenwood, og,. olt.."La Connalttance Rtathematlque d'apres 
Salnt-Thonas," pp, 68-108. 



54 

relationt and respective spheres of reason and faith were widely 

discussed end the eppetitetjtft ef reason as a powerful instrument 

of speculative consideration ant vindicated (88), 

(88) Carl 8, Beyer, op. oit.. Chapter III, "Medieval Contributions," 
pp, 61-98, 
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Chanter IT, The Cartesian Lre, 

The founding of mathomatloa at a soienoe and its accessory 'ovelop-

ment by the Creeks narked the firet golden era of mathematiea. The seven­

teenth century, the seoond greet period of athoma^ioal history, signalisedj 

by Its emphasis on analysis, the beginnings of modern mathematios (l). This 

fruitful period oonprised the founding of amalytlo geometry by Format and 

Descartes| the inception ef orobability theory in Fernet and "asoal and 

Permit's higher erlthmetlei the epplloation of nathenetics te dynamloc 

by tfallleo an! tho J-̂ wtonian theory of the universe| the discovery of al­

gorithms for the ealoulus by Loibnit end lewtoni the synthetic geometry of 

"•esargues and "cecali the notion of symbolic logic In Lelbnis, 

The rediscovery and progress of mathematical thought had a widespread 

offoot on tho current cultural outlook (2). An unbounded faith in the ex­

cellence end oertainty of mathematics rose, and the application of itt rin-

eiplet to astronomy, physios, and allied branches was initiated. A keen in­

terest In the quantitative elements of nature slowly supplanted the study of 

neture In Itt qualitative atpeett. rxtreme viewt an favor of the new selenoes, 

amounting even to contempt for theology, metaphysics and '-oral kncwledge, led 

many thinkers to adept a theer meohanleal view of nature. 

The new mathematics had a Hreet influenee on philosophical thought (3). 

In contrast to mathematlos, philosophy was looked upon as empty speculation, 

and many attempts were made to needy those supposed falllngt by introducing 

(i) W, W. Souse Ball, A eaort Account ef the History of Mathotntlot. *-Mrd 
edition, new York* The Maenillan Co,, 1901, pp. 269-276. See also T. T. Bell, 
o£. fit,. Chapter I, "The Be^laniaf of Modern Mathematiea," p-i, 118*180. 

If) Che riot 8inger* A ^ r t History ef Be lento to the Nineteenth Century. 
Oxfordt The Clarendon "ress, 1941, The Insurgent Century," pp, 185-247, 

(8) Tor the impact of mathenetltt and soienoe on sixteenth and seventeenth 
century theusjkt tee Sdwin Burtt, eg, oit.. passim. See also Edward P, Strong, 

PPt 0**«* £•»•*»» 
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nathenatioal abttraotlon and rethod into philosophy. In this way various 

forst) of aetheaatioiam appeared. The growing conviction that nature is 

essentially natheamtiecl in Itt makeup, reestablished the Hythagorean-

Pletonie tradltian in aetaphytlet. The successful adoption of mathe-

aatiet in experlaamtol selenoe jrediapoeed verlout thinkert to employ 

it, in peythologioal, religious and ethieel knowledge (4). 

The general continent concerning mathematiea before Sescsrtec It 

epitomised in the views of Copernicus, Kepler and Galileo. With Coper­

nicus (1473-1843), mathematics took a forward step by bein? applied anew 

te actrenany. Though hit heliooentric theory of the universe was voted 

on a smell amount of empirical evidence, Copernicus ~>ro~ceed its aooeptanee 

for its evident arrangement of astronomical facte In a more simple and 

orderly mathematical frame (8). Proposing a theory of enplrioal mathe-

catieita, he H«ld nethenatioa to be the rcaglo key to the study of nature, 

whose ttrueture be considered at mathematical and quantitative. A strong 

antl-Arlstetelien, Copernicus wet an ardent enthusiast for the neemPythn-

gerennlsa which had been ushered in with the Renaissance and had loft sueh 

a Barked Influenee on Cardinal Wloholat of Cuta. Both Case and Copernicus 

held extravagant viewt on the range of mathematical abstraotion. 

Kepler (1871-1680), had a hop love of astronomy almost equivalent to 

tun warship (6), Be eagerly read Copemlous' works and adopted his Ideas. 

(I) This wiil be teen te be true especially of Looko, Hume and the 
British empiricist school. 

(8) Cf, *. A. Burtt, egj, o|t„ Chapter II, "Copernleue and Kepler", -r. 
23-43 and Tdward W, Strong, op. cit.. Chapter Til, "Selentlfle Method and Heta-
phyoiet in Ropier,- pe, 168-184. 

($) . tor a resent view somewhat akin to Kepler's fantaatic petition, see 
F.S.C, terthrep. Joiencc and first Hrlnolplot> hew Torkt the Maomillan Co., 1952, 
•Hence, there are two *edt. One, the maoroeoopio atom la a aisole perfect sub-
atanee. The other, the neeroeeoplc unity of nature at a whole is a complex sub-
ttenee* Many of the inconsistencies in thoologieal theory have arisen booauso 
of the failure to distinguish between these two divine objects." r>, 262. 
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Convinced ef the prlnoiplee thet neture 'oes nothlrr in vain, that nature 

lovet slnplielty end chooses the oetlett *eane for Itt ends, Copernicus 

eleimtd that hit natheuntieel theories exhibited the deep connection *t 

the laathomatieally-harnoniouo motions ef nature. Thet the only true 

knowledge of nature la quantitative was the fundamental tenet f his em­

pirical mathenatitltn. In Kepler's universe, Mathematical knowledge was 

*ost perfectt Its conclusions wore certain an.-J not subject to doubt, and 

it r*realed to us the only real being, the quantitative. 

Tho mathenatloisa of these scientists culminated in Galilee (1864-1642). 

A greet end famous selentittf he was familiar with creek geometry and was 

strongly influenced by tho Vytkagerean-Flatenio line of thought. Wis scler-

tlfie theories owed mueh te lete medieval speculation on motion, the indivi­

sibles, the infinite), the oontlnuua end the notion of impetus. Wore than his 

predecessors. Colliee insisted en the nathematieal character of neture and 

considered It aa governed by immutable laws. Mature moved in nerfeet »re­

els Ion and order| not IORIO, but mathematics joined with experiment was the 

clue to nature's secrete. Observation yielded the general mathematioal 

scheme of nature with whloh the mind beeeme inrediately informed| the mind 

then deduoed e theory which must always ho verifiable In actual events. 

Galileo was i&ott tloar in hit emphasis en the reality ef primary and the 

fletlve oharaoter of secondary quel1tleaf 

3ut thet external bodies, te excite in us those tastet, thete odours, 
and these sounds, demand other than site, figure, nunber and tlow or 
rapid motions, I do not bollevot snd I judge that, if the ears, the 
tongue, and the nostrils were taken away, the figure, the numbers, 
end the motlont would indeed remain, but not the odours nor the testes 
nor the sounds, whloh, without the living animal, I do not believe 
are anything elte than names, just at tlokling it precisely nothing 
but a name if the armpit and the nasal membrane be removed (7), 

(7) As quoted in 8. A, Buret, oj>. pit., p. 78. 
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The new seleetlfle movement fostered by Ccpernxwue, Kepler and 

Galileo separated selentiftt from philosophical abstraction and led to 

the eventual Hererard of tho letter. Further, soientifle abstraotion 

became quasi-Identified with methemntios. The quantitative and mathe­

matioal character of mature alone was important and nathematlot slowly 

infiltrated into all soientifle speculation. 

I, Peteartet 

The favorieatien of mathematiea and science and the distaste for 

soholastie theology and philosophy are embodied in Descartes (1896-1650). 

Ths founder (with Format) of anelytie geometry, Descartes was likewise the 

lnaugurator of a nsathemetieised metnphytiet. In both regardt he was a 

child of the peat and a men of hit time (6), Be displayed e certain mental 

ooquettiehness (8), however, by hit admitted distaste and disavowal of 

historical and doctrinal Influenee* on hit tpeoulabiont. Bit petaphysios, 

yet couched in soholastie terminology, discloses him as an habitue of their 

(6) "la fact), though Ueeeertet' antipathy to hietory it part of hit 
eMleeoafcy, hit phAlpoophy^ln itt turn has its hietorioal setting. The two 
orlaBiwfl preoecupetlone ef flctoortoo were hit mathematioal method seed his 
psrctnal epproeeh te philoeophy. In both there lures) a hottillty te the 
hicterleal outlook. The neeeetary truths ef mathenetieaare indopeneent 
of temporal eham*eo. They ere always neooaeary. The order in whieh they 
happen ia Irrelevant tc thoatf tholr articulation it net that of eventt of 
time* On the other hand, the poreord approach, placing at it deet the 
whole onus ef the eeareh after truth on the individual, who must live 
through each turn ef the argument he discovers, relieves hUa ef the study 
of precedent and impotoa aletpiy the duty of reflecting nethodicelly on 
the implications ef hie own experience. A, Boyce Qlbeon, The Phllotcphy 
of Oeteartet^ London, Uethuem and Co., 1982, pp, 3-4, 

(9) Of], Joseph Mareehel, Prtolt d 'Bletolre do la | hllosophle Modorno. 
Twee render* Be la Henalssanee a Banjj, Lcuveint autwtta Utojmnuny 19887 
pa 81# 
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thought (10), furthermore. Ma montal condition was hie to a roodly 

xuwjber ef hit predooeatert, Saint Augustine, the Xenaisdanoe "eo-

Platonlstt and ooatemporary to lent i t t a ( l l ) . 

A mental waloontent, Peteartoa considered his past experience ia 

philosophy, soienoe and letters -wroly as cumulative evidence for the 

sorry state In w îoh ho fo'«rl knowledge and soienoe to bet 

But as soon as I ha* finished the entire course of study.. . , 
I found nytelf involved In to many doubts and errors, that 
I was convinced I Had advanced no farther In all my attempts 
at learning, than the discovery at every turn of my own 
lfnorenoe Tl2). 

Tho excellence of mathematics an'! i ts "orr»ative Influence on him, however, 

was riven proper credit. Of his students* 4ays at La Fleohe, he writot, 

I wet especially dellrhted with mathoamtlet, on account of the 
certitude end evidence of t.h*»lr reasonInr (13). 

fio locked te matheaatiet under i t t elementary forms of arithmetic 

and geometry as representative, but incipient d e l s of truth} 

(10) "MB deeidsnt d'otendre 1'explication nathematique a la totalite 
du reel, r5esoart«s viont do substltuer lo mint de vue du sujet a oelul 
de 1'ohjet. B'engageant en effet a eonsidorer la methode mathornetlque 
oomme lo soul exereloe normal et legitime do le relten, 11 remrlaoe la 
soienoe teolattique, divorsiflee dons tot methodee comae olio l 'etait 
dene tee object, fay una scienee ocetat l ' es t sa methode nemei 11 s'en-
gege a xtt*ee4er toujour* a priori, en el lent dot ldeet tax ehotee, an 
lieu do proeeder toutteurt a pctterlorl. oomme lo thomitae, wn allant de* 
choset eux eoneeptt| 11 s*oblige eafina substltuer au reel, oris dens 
se eeaplexite ocnerete, ua ensemble d'ideee definles a ohtsjune deequelles 
eorretpondtnc ohoee, au lieu de proooder, oomme le thomitme, a una analyse 
oonoeptuclle du oonoret ou le eonplexite dot concepts se model* sur la 
ooraplexite des ohoeea." Btienne Wilson, Hudes sur lo folo do la Peacae 
Bedlcvale dent la Toffsatjon du Tj^ljya^ Parist Ji» v'ria, 1980, 
P* U l ) . A, Boy**- B^aen, on. *lt>, pp, 1-29, 

(12) "Mais s i tot quo j'eu aoheue tout oe court i*otu'les.,.je me *:roi;vola 
eaberatte de tant do Routes & erreurt, ju'il n* tenblolt n'avoir fait autre 
profit, en tascr^nt de i.'lnttrulro, slnon que j'avoit deeouvtrt de lus ©n 
clut won lanonmce.* Oeuvret de Petoartes. Chariot Aden A Paul Tannery, -eriti 
Leopold Cerf, 189T-19li; plseourt dô la gethode^ Title Tl, p. 4, All quotation* 
froa ^ottartet are from thlt edition, 

(18) "Jo mo plaltoi* turtout aux Wathonetlquet, a oauso .le la certitude 
k de 1'evidence do leurt roitont." ">itoo.urt do la .'•frthotfp. Vol. H , ;-. 7. 
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Arithmetics et Ceoattria,.a«iroe objootua ita purua at simplex 
vertcntur, ut nihil plane ttippcnant, quod experitntla rediderlt 
incertaa, ted tota eontittunt in oonaequentiis rationabiliter 
iedueendltt (l4;. 

The inherent rigor of mathematical demonstration rcrtioularly gratified 

him, and he averred that thoee -»ho suck truth 

Circa nullum objeetua debere eccupari, Je que non potslnt habere 
eertitudlnea Arlthattlolt et Qeenetriels demonstrntionibus aequalen (16). 

Current leek of mathematleal development surprised ^etoartet} though mathe-

matiee had ear ttrong foundations, it seemed strange that they should have 

hed no loftier superstructure reared on them (16)." Instead of beia neatly 

compacted in a uniform dootrlne, the pert* of mathematlos seemed disordered 

and of little uset 

as to the analysis of the ancient and the alkabre of tho moderns, 
besides that they embrace only matters highly abstract, and, te 
appearanee, of no use..,there results an art full of confusion 
ar.d obscurity calculated te ©mbarracs. Instead nf a oeienoe fitted 
to cultivate tho mind (17). 

3h*a dosoartet regarded the philosophy of the Schoolman, it was only to 

oensure their tylloglttle method as 

that method of philosophising which others have already discovered and 
those weapons of the sehoelm&r, ^rotable tyllogitat, whloh are to well 
suited for dialectical combat U « ) . 

(14) "Fx quihut evideater colligltur, quare Arlthnetlea * Geoaetria oaeteris 
diteipliais longe eertieret existentt quia sollleet hae folae eiroa objootua ita 
purua A simplex vortantur, ut nihil plane tupponant, quod oxperlentia reddiderlt 
ineertua, sed totae eontittunt in eontequentiit ratlonabiliter dedueeniit." Btftu-
lac ad Pirectlonem IngonUr Tol, X, p. 868, 

(18) "...reetua veritttit Iter quaerentet olrea nullum objeetua debere 
ooeupari, de quo non peaaiat habere eertitudlnea Arithnetloit A ueometrloit 
dementtratlenihut aequalen," Ibid., p. 868, 

(16) ".„aaft je no remerqueia point enoore lour vray utage, A passant 
qu'ellet no servolent qu'aux Arts Meehaniquet, je n'oatonnolt de ce que, lours 
fendemens ettant tl form* A si tolldet, on n'avolt rien bastl dessus de pint 
relevc, Pltoour* de la Methode. Vol, VI, p. 7, 

(17/Ui''uls, pour 1 'Analyse dot ancient A 1'Algebra dot modernet, autre 
qu'elle* no s'estendent qu'a des matlerea fort abttraitet, A qui me sessblent 
i'auouu utagCcqu'en en a fait un art oonfua A ohtour, qui embaraste 1'esprit, 
au lieu d'une ttlenee qui le oultive." i> 1Bcourt de la Mathode. Tel, VI, -v. 17-18 

(16) "...damnamut illam, quern eaeterl haotenus invenerunt, philooophandi 
ratlonea, * soholostloorun, optisslma bellis, probabilium syllopisnorum torraenta* 
asrulae ad Direotionem Ingenll. Vol. X, p. 3G3. 
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The l o c i t of the schoolmen is only able to effect a e tat us of o, anion 

and'probable knowledge! i t Is concerned with empty problems ru.i. f a l l s 

to guarantee the oortitude of truth. Jiclenoe, le t ters snd learning in 

f;eneral were proscribed by Pesosrtee, and no found no one adequately 

equipped with truth, no place where i t was taught and no troth to 

certain thet It ooul>; not be donated, 

Fraught with these doubts and with specula.ive d i s s s t i s fee t ion , 

T'esoertee conjectured that the rrevelont barrenness of •ruth and * ' .T-

t l H t y of error wore duo to a faulty <»'d contused aet.v.-H.. He Paired 

e ^odo of proeedure In ressonine thot would dissolve his ;>«r*<?nel d$^btt, 

enable him to aonieve oerteinty for the good of nenklnci, and possibly 

empower him with the reconstruction of tho entire edifice of human 

Knowieege. xne metnoe wmen no <«neartneo was discloeed to him in 

mat heme tloa (19 / . I t had two admirable tra ' t s t *,he simplicity and 

generality of i t s axioms, snd the long chain of reasoned deductions 

enabling the mind, te edvanee froa the elaplc to the eonplesi 

the long oho In of simple end eoey reasonings by meens of which 
geenetere ere aoemetemed te row eh tho oonolusions of their moot 
d i f f ieu l t oomoiistretions, hat led no t t imegine thet e l l things, 
te the knowledge ef wnlta man le eeapetent, are mutually oonnocted 
In tho seas way..«(t0}« 

'in — • '" '» ' "'"• ' "•"• 

(19) "FOOT 8eaeertee, le eeienee eat eeeentlellement tme, ptcfte qu'olle 
n'oct r iend'eutre que l ' U t e l l i o s n t e au.travai l , e t qu'll n»y « ^^'une seulo 
aeniatc do eemfirondre. 1} doit dene y avoir una seulo nsmlere, tme soul© 
method* pour arranter lee deaneoe complexes d*un problene quelle i*ll so i t , 
dent un* ehetne do re le t ion* elmplc* entre dec Alements s ingles en demiere 
analyse. La rc let ien in l t i a lo doit otro l e plue simple de toutea, e f la >kuo 
l*eeprtt puinae i t ee ia ir dent un eeul ee te , den* una Intuition indlvi'duello 
et iadivieee." Thcaas tfreonwooe, *Originee de l e geo»«trieertelrtiT«o." rtovuo 
TrtTcstrlollo Comedienne, 84 (1948), p . 177. 

(iO; "Ceo ian^MSt^ehmianee de raleone, toutea e i n p l o s * feel l e e , dent 
lea ucametree ont touttamc do ee eevolr, pour pervenir e lours - lus d l f f i -
e l l o e demonetretion*, m'evoiont donne eeoeticn de ft'latginer que 'outes lee 
ohoeee, qui peuvent tomber sous la oonnoisanoe doc hammot, s'entresmlvent 
en meome feeon. . ." Dlsoourt de la Methode, Vol, VI, p . 19. 
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Mathemetleal procedure alone guarded the passage of truth and fitted 

all types of soientifle inquiry, slaoe "All selenoes are lnttreenneeted 

and dependent on one another (21)." 

Wo mutt not imagine that one kind of knowledge ia more ebeeure 
than another, ainoe all knowledge is of the seme kind throughout, 
and consists solely in combining whet le self evident (22). 

Deseertes* high regard for mathewetlet woe not completely new or 

original (23). Favorable opinions on natheeatlet were prevalent, and 

Descartes himself speak* ef his eethod se known te the ancients, "But 

ny opinion it thet these writers then with e low tort cunning, deplorable 

indeed, suppressed thit knowledge* (24). To comprehend T>esearteev oon-

trlbution, it is neooessry to understand hia distinct ion between the 

literary form of writing geometrically snd the geometrleel method it­

self (26). The literary form or presenting dootrlne Is quite unia-

portent In Itself, sinee it consists 

merely In putting forward those thing* firet that should be known 
without the aid of whet cones subsequently, end arranging all other 
matters so that their proof depends solely on what precedes then (26), 

(21) "...sunt onim omnes Inter so oenjunetse A a se invleea 
dopendentet..." Regulae ed Mreotlonea Ingonll, Vol. X, p. 861, 

(88) "Denlquo eolligiter querte, en dietla, nullaa rerun eognitiones 
unaa allien ebeourioree ease putandes, eun omnes ejuedea elnt neturae, A in 
sola rerun per so notarial compos It lone consistent." Ibid., pp. 427-428. 

(28) "But whether or n->t neteertet originated the high esteea In which 
msthenatiee wee held, it waa without doubt the conception which influenced 
hia most profoundly in the development of hi* philosophy." Loon Retfe, 
Splnosa, Deeeertos and ̂ almonidos, Oxford* Clarendon Press, 1924, p. 12. 

{24} "Hane vero pottos sb Tpslt Seriptorlbus pernioiosa quaden astutia 
suproteta fuieeo erederia..." Mogul ao ad Plrootlonoa Ingenil, Vol, *, p. 376. 

(88) See Rsrry Austryn wolfson, ~*ho Philosophy of Splnosai 'infolding 
the Latent Freeesecs of his seasoning, Csabridgoi Harvard University Press, 
Volume f. Chapter I, "Behind the (feemetrieel Method," pp. 8-31. 

(26) "Orde in eo tentum consistit, quod ea, quae prima proponuntur, 
abeque wile seeecntiun ope debeant oegneeol A rellque deinac eninia ita 

despeni, at ex praeeedentlbut folit dementtrentur." SeOundae tCaponsionet, 
VII, p. 158. 
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The geometrical method proper is dtt inguiahed into proof by 

synthesis or by analys is . Ruolid i s a fine example of proof by eyn-

thes l s i he begins with primery notions end oomnon axioms, sets forth 

propositions and uses construction. Kuolid proceeded froa effect to 

oauso, from the oomplex to the simple. I t i s this method whloh Oes-

oartes disoards for proof by analys is . Thus the Cartesian or ig inal i ty 

lay in the universal applieation of e specif ic mathematical method 

to a l l sc ient i f i c inquiry, the method ef analysis (27) . 

Cartesian analysis reasons a prior. I t i s s movement from cause 

to e f feot , from the eimple to the complex. Intuition i s Its point 

of depsrture (23) . By annexing new materials to the original in­

tu i t ion , the nind employs deduction in unfolding what was gewdnslly 

eontalned in intuition as a oauso (29) . Intuition Is mora certain than 

deduction, for i t le simple. Intuition is i t t own explanation and 

just i f icat ion) 5t Is a mental ultimate which discloses Irreducible, 

simple natures. Summarily, then, by intuit ion the mind laye held of 

clear and dist inct ideee, end supplements this act by deduction 

through whloh we understand a l l those things which ere ooneluded 
with necessity froa certcin other things whlsh are certainly 
known (80) , 

Peeesrtee? speoulative conception, then, of mathematics and soienoe 

in general, eliminates the necessity of any mental abstractive prooess 

(8T) "Bow the ehareeteristio mark of mathematical knowledge i a , 
f i r e t l y , the slmpllelty end generality of the axioms with which i t 
s t s r t s , snd, secondly, the long chain of deductions by which we pass 
from the tixqplott truths to the moot complex. Intuition and deduction, 
then, ore the two aeapleatntary paths by whloh we nay travel to the 
truth. But deduction requires a starting-point, and thua the centre 
ef Deseertot* epeitcmology ie hit theory of intuition." A. Boyce Gibson, 
2£» t i t s , p . 182, 

(28) Regulte ad Direotlonea Ingonll, Vol. X, pp. 366-369. 
(29) I b i d . , pp. 369-370. 
(80) "•••per quam inteillgimua, illud omne quod ox qulbusdam aliia 

oertc eognltlt nteeettrie eoncluditur*" Ibid., p. 869. 
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though it forced hia to adopt a theory of Innate ideas. The adoption 

of a altar and dittinot idea as a beginning point was tho first re-

quisltt, Thlt Initial point was then used as an instrument In the dis­

covery of new trutha by the nind'a presenting new and unknown mater1alt 

to thlt mental nirrer. The nind than rationalises oaoh item of thlt 

new aatorial by making each oonf ormablo, one after another, to the measure 

of the Intuitive idea, Froa thla Unilateral inferonoe of the mind, a 

aeriet of deduction* retombling a neatly linked chain of reaaonlngt ensue 

(81),Jn thl« "*y* 

patting little by little froa one te the other, we may acquire 
in tine a nerfeot knowledge ef the whole of ohilosephy end 
attend to the highett degree of witdoa (82), 

Oeseartes gave a number of rules (33) to serve as ruides for this mental 

process| to aecept only what is clear and distinct (intuition)) to separate 

eaeh difficulty into all its component parts (analyala)) te begin with the 

simplest and easiest and proceed to the unknown and complex (deduction)) 

to bo eonplete and omit nothing (hypethetleel induction). The ado;tion 
i 

of thla method, Descartes believed, would perfeot the habit of lisoovery, 

since 

of all tho** who have hitherto sought truth in the soienoe*, tho mathe* 
aatiolene alone have been able tc find any demonttratlont, that I t , any 
eertele and evident reatont, I did not doubt that sueh must have been the 
rule of their dewmsetrationt (84). 

1 (3l) %ehtrch» do la verlte. Vol, X, pp. 486-497*, 
^ (32) A* quoted in Leon Both, Sulnoxe. Daaearte* a Malaoaldos. Oxford, 
the OUtendoa Pre**, 1984, p. 1B§ eee Chapter Z of Both*a weak for e fine 
sWQBWAty of Dceeartee' aathod. The book also contain* a abort bat fine study 
ef the relation* between Oeaeartee and Splaoaa. 

(38) Djaoour* de la methode. Vol. VI, pp, 18-19. 
(84) "•••It eontlteront *uv«atr* tout eeux qui ont oy devant reoherohe la 

verlte dant let teienae*, 11 n'y a eu que lot teult Mathematicians qui ont pu 
treuver queleuea demoaatratlons, e*ett a dire quelquea raitent certainet A evider 
tea, j * no loutois point que ee no futt par let assures qu'lls ont oxamineet...* 
Sjtoour* do la methode. Vol, t l , p, 19. 
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Descartes employed thlt method to all the sciences (36). In itt 

applieation te metephyaica, hia procedure and results are wall known. 

Ho found hineolf foreed te doubt anything that could be subject to doubt. 

The tettiaony ef ths external and Internal senses, of the principles of 

reasoning, and epeolfioally the exittonoe of Cod, the external self and 

nethsaatiaal truth* (whoso > othod he retained), were Included. Through 

thlt progressive withdrawal froa all existenoe snd evidonee, nothing was 

left but his doubting, thinking seifi Coxito. ergo sua, trots as a titer 

and dittinot intuition (86), The new eteriale which he found within the 

thinkinr self — God, the world, hit body — wort permitted to enter the 

domain of reality and ineligibility only by being made conformable to 

the basio intuition (37). Descartes' chain of reasoning has begunt the 

thinking self hae en idea ef <Jed which only Cod could have placed there) C 

Cod existt. Cod's veracity would net permit the thinking self te be de­

ceived with regard to the impressions of an external world) the external 

u 

188) "The mathematioal interpretation of nature involves, in the first 
place, the applieation of general nunerloal relations to figures In space, 
whloh resulted in Jeteartet' own discovery of analytical reoaetryi in the 
second, the amplication of r-athemtloal analysis as a whole to the study of 
moving bodlee, aa rreotioed (though not entirely to Descartes' satisfaction), 
by Celllee) awl, in the third, tho reduction te mechanical formulae of all 
physiological phenoaeaa, including the Instinctive reactions of anlmalt) 
whloh appeared te be indicated by Harvey'a new theory of the oireulatlon 
of the blood," A, Boyce Gibson, on, oit.. p. 1<*7. 

(88) *Thut It it fcoeartea'mat henat lo lea whloh leads te his psycho-
legian. Re posit* the self for determination .just as the geometer posits 
spacet and miseonooiving the fashion In which we find Its properties in a 
triaagle, he maket what la in faot an empirical enumeration to th» modet 
of thinking tubtttnee*" Marthimis Veraftld, An Ettny on the Metaphysics 
of 3*>***rtes. tendont Methuea and Co., 1940, p. 88, 

{87) "in deeretant 1•unlverealite de la methode mathomatlque, il a fait 
un ecu* do force. On avalt toujour* tu event iui que lee connaiasaneea aathe-
matlque* etaient lot plot oertalnet do tout, parce cu'alios portent sur l'objet 
oonerot le plu* simple de tout, lul soul a songe a denier toute valour aux eon-
nalttcnoet autros que matheaatlquet. II joue dona, du point de vue do la phi* 
lotephie medievale, le role de I *lndisolplinttut, eelui qui met s n noint d*hon-
neur a ehereher dant n*import* quelle discipline en iogre de certitude qu'elle 
no coaporte pat. B*un not, 11 no eonnelt plu* d'Intermedial re entre le vrai 
et le feuxt •**tt 1'elimination radloale <tu prpbable. Stienne Gllson, opj, elt,, 
H % 234-238, ""*" 
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ojorlel exlett. 

The idealistic aatHeaatiei*B which Descartes founded wrecked a 

retroactive revenue on it* author and hia successors* In return for 

the denial ef pre- te lent 1 H o knowledge and the proper view* ef ahatraetive 

pre****** other than the mathematioal, disastrous speoulative results 

followed (38). The Cartesian telenet lost sight of the analogy of being) 

the existent* of Cod was subjected v doubts and denials) the world of 

nature, denuded of qualltl**, was equated to extension, thus severing 

the Jelloote suture of matter to spirit and snuffing o-t the slightest 

bit of life in plant, animal and hunan bodies, ^etcartes' exaggerated 

dual ita it evident in the metaphysical ant i thee It of taatter and spirit, 

the psychological dichotomy of body and soul, the epletemelogleol dis­

junction of thought and object (29), 

'rite failure of "eaeartes' mathematician was recognised by his 

successors (40). He ha-i, however, successfully turned tho direction 

of non-scholastic philosophical thought onto a road that it has sinoe 

travelledt the emulation and imitation of mathematiot and selenoe, a 

distrust ef metaphysics and a litlike for theology (41). ^etoertet' 

(88) "I>***artc* commence ea effet par allainer toute quelita et 
toute forme du doueine de la nature) or la negation reditale do la quallte, 
a*oat la negation radieale de 1'analogic entre le materiel et 1*Intelligible, 
et oomme 1'analogic etalt la methode soolaetique <-ar excellence pour allot 
du aondva Oieu, aette vole tradltlcnelle te feme devant Oeteartea, Ave* 
sa penetration ooutuxdere, 11 1'e M e n vu, et 11 l*a 4 It aveo franehlee," 
IhJLd.,, e. 268, 
„ . \8») **rthlnus Vers fold, op. elt,, Ch. XI "Concluding Seaarkt." nn. 
148-lVOe 

(40) Spinean ana Ulanlt, a»ong others, pointed this out. "So tho 
rationallea ef ^saaaitt* result* in oeapleta soeptieita,.. ^eacartec' very 
faeisjtcaeo on tho > fact of the individual posset tion of truths has led hia 
to tho serplielt denial of universal truth. In to far then as he was in search 
of, and believed himself to «eve found a lo^lc whloh should help in the dis­
covery ©f, and provide a theory for, truth, he meet be proclaimed to have 
failed," Leon Bathe 2L» *ft#» PP» 86-ew, -* 
/Jf?" 5* ^tj*^*5***! •**& ot ****** »y »tlenne Silton, The tfeitv of nftlose^hleal Jxporienco. Fart Two, =SJSJ 
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immediate and tubtequent successors did not atteant te recast philoso­

phical speculation but remained in the Cartesian tradition (48), Bven 

the** wh* eppoeod hi* thought and method fell under his influence and 

dcvelowext ty*ten* ef rationallea, enalrieiaa, peathelen, mechanism and 

Moptielau*. 

IX, Bplnosa 

Two ef ftasssrt—' tans II ate feUuemut, ueulisstn and 

acwelepoA the eenclueion* latest in hi* separation ef tritnt froa matter and 

in hi* notion of 0*4* epinxem (1632-1677 ) naa apparently oppooed to 

ne**arcf* and trUloiaed hi* doctrine* (48). l e t hi* paatheiaa 1* directly 
_ _ ' V/ 

bated on flcssartoo* notiea of substance and on the edeptien ef the Cartoeian ( 

method. The very t i t l e of SpinetVt principal work, Bthlec Ordiao. Qooactrlco 

g*aon*trat| (44) / i* an echo of Cartoeian mathoaatlolsa. An ethloal aotlve 

proaptod Bplneca to write) he tough* for the knowledgo that would make men 

hap-y. By teeohtht; men t* I**jk upca thing* in sueh wi*e that they would bo 

1*4 %• great moral perfection, he hoped te lead theao to eternal blessedness, 

to the xnomiengeof tho "Suaamci bonua..•cognition** unlonlt, quaa men* eua tota 

nature habet"(48)." The patcage ef the nind to this state 1* a hardy one* 

te'wust go froa the msntal condition t e acre perception and Inadequate ea> 

penenee to tho state ef rational knowledge with i t* adequate ideas) only 

froa here een we be led te the f ind phae* where man attaint the Intellectual 

lore of cod (48), 
^..jUeU Jotaph sarooheJL, oes. "sit . , pp. 68-64, aareahal aunmarltet the different 

e*tlar**e which ttudente ef Oetcartes' philoeophy have made of his predoainent 
regarding hia primarily aa a phyiioict and nathomatleian. 

eh*^ct»ritt |a, suae regarding hia prianri 
ether*: a* a aotsja^aUlan or en apologete, 

<4f) A*tudy of tho nunatrew* influence lecudyef the nunarew* lnflucnoo* en Bpinota i t found in Joseph ahreeha 
op.. e t t ,*pp* 107-113. 
_ 3**> *•# <?"£ t i^?w ."l*1 •B*ao?» • t !»»*» fn"1 *h« Allowing editiont #*. Van Tloten et «J*P.B, Land* Bsasllatl fte 8oia**n Opera Hjefcnuot Seperta Bunt, 
Bditle iortla, kgne gonllasTWBB*"^^ ^ ' 

W ,|rcctituf ^Jntoa**%u*_, oration*). Vol. I , p. c. 
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To achieve thla foal both for himself and crthert, seemed to Spine** 

an iapcttlble task. History revealed the many attempts men have made ia 

this regard, and their tragi* fallurea (47). Bpinota tumitsd that a 

faulty method was responsible, and he searched for an Impersonal and 

certain procedure -h'oh would yet allow the freedom of unprejudiced 

inquiry. This method ho found in "Nwcnrtes. Met tarnishing himself froa 

Descartes, Snlnosa complained that Descarte* had erred in utlng thlt method* 

Re had, first of all, treated Cod at an asylum l<^cranti*4|. 

Sed llle teuton a Corpora alee dlstlnctaa ocnooperat, ut nee hu+ea 
unienl*, neo lpciut Monti* ullaa tlngularea cause* eatignere petuorit, 
ted neceste ipti fuerit, ad eautam tetiue Onlverti, he* o*t M Beets, 
roeurrere (48 )• 

Qeeeart** had likcai** maintained the freedom ©•: the will. Spinota 

eerohatloelly rejected both propotltioat, dissociating hlmeelf from Cartes le­

al ea aa nuoa aa possible* but adopting the matheaatleal method. 

The ?i^a*lala Philotophiac Cartotlanao,. a work in whloh Spinet* recast* 

Deeoartec* Principle, I^lloscphlec in synthetic font, eontaina an interacting 

preface by *eyor. Xt was written at 8pine*a*s request and approved by hia (49), 

In hi* preface, Mayer eulogltet the mathcantleal method as being "tutitsiutaejinf 

vcritati* imdagaadae etque doceadl visa, oanlbue, qui supra vulruo eapere volunt, 

uaaniais est sententia (60)." lie laments the feet that other sciences have 

not been treated matheaatleally, r->r must people judge it aa merely applicable 

'> te metheaatioa, - — - — - — — _-

(47) Off Bthloa. V, ?raef., p. 247. 
(48) antati D** Cart** Vlnolpiorua Phllotcphlac. ''era I et II , Praef., 

(48) Leon Batik, op, o i t . . »*• 40«41, 
(SO) Ibid., p. 103-4. 
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Thi* ha* eemsed uaoertcln and unclear deaunctratlona In thee* teieaoe*, 

Oeeeertee, 4i**ornimg the mleereal* plight of philoeophy, 

nova Methods* e tenebri* ia lueea pretraxerat, rhiloeephiao 
fiaila—tt lnooncusee eruit,,.quibue pluriaa* veritatoa ordiao 
eo eertitttdlaa sethoaatlea superstrui posso (61). 

•oyer than desorlbes the Cartesian method of analysis and contrasts i t 

with ayntheela* Bpinota** pureete ia presenting Oeeoartos rrinolnla in 

synthetic fort* la to clarify the deetrinc for those of meagre talent. 

Beyer then mentions, eigalfieently, that Splmoea'e treatment dec* not 

fell*** Peecejrt** eoaplotoly, nor dees i t imply that Spimota aeeeptt al l 

thet relieve. In fact, Meyer etreetee the feet that opinean rejeote the 

'ml in * T *awj BiaBalti of final eeueellty, and freedea of the wi l l , end thet 

there are tome thing* which surpass the oapaeity of huaan reason* Bpinota 

Judieet enia lata oania, ae etlaa plum Ilia ma îs sublimla atque 
tuhtilia, non tssrieoa alar* et dlctlaotc * aocia eoneipl, cod otloa 
ootsatdlsslao carpileari petae, si mode huaanut intolleetut alia via, 
quam eject) o Oartwio aperta atque ttrata cat, in veritatic inveati-
gatiaa*a rcruaqu* oegniticnea dedueeturi atque idee solentarua fun-
exeueBta a Cewteele eruta, et ejaao ab ipoo *uasi**)dUi*aac *unt, non 
*uffi**r* ad oane* a* dlf1*11lines, quae in •stephyeieia oeeurrunt, 
*o**t1tast oemnulenoktB at sat aelvcaaas, cod 9M* requlri, ai *4 illad 
eegnitianlc factlgiua Intelleotua noctrua euplaua evehere (58), 

Splneea'e use of the nathanatleal method i t imprettlve. Bogianlng with 

the intuitive definition and notion of substance in theY£M*e, he dedueee 

the real order. Splneta's aathiaatlelaa differ* from that of D***artee* 

in point of coverture, end by the rigereu* ocrreependeneo of the reel te 

the mttheaatleelly Ideel (88). Hegardinfthe nature of Cod, Splnota wrltee. 

81) IW4,, * . 1 0 4 , ^ 

(63). f*M*a, ?hrt I I „ rep, TXIf tee alto John Calrd, Spinoaa. 
8din*jBli»gh and London* Willi** BlacleecoA 8 Boa*, l e e . , pp, l l t t l l f . 
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Vera* ego no satis olare oetendlsse puto, a suxam >«1 po.ontla, 
sive infinite nature Infinite Infinltit nodi*, Hoo eat, omnia 
neccssarlo effluni**, vol semper cedent neoettltate sequl) eodea 
none a* ex nature triengull ab oeterme et ia aeternun aeeuitur, 
ejut tret tanulee ecquari duobuo rectit (54), 

*Hfit regard tc hit geoaetrieal treatment of the nature, aotien* and 

emotions of man, Splaoaa remark* 

81* sine dublo anrua videbitur, quod hoalnua vlt ia et inept lea 
nor* floenctrloo Vtcjtar* aggrediar, et certa rati one lemons t rare 
volla ea, quae ratleal repugnare, quaeque vena, abeurda, et 
horrenda esse claaltant (88), 

Bpincam replie* that since only neceeaity and determination exist in natMro, 

the geoaetrieal treatment i t valid, 

De affectum Itaoue nature et vlribut, a* Monti* in eotdem po--- t in, 
eadea Kathode agan, qua in pr***fleBtibe*' do 3eo et cento egl, et 
hwnanaa actionet atque anpetltua contldcraho nerinde, ao t i ojaaettlo 
liaoia% planis, aut da eerperibu* esaet (86), 

*plno*a did not concern hisaclf with the nature of matheaatiet. Be was 

merely interacted in Its deductive eorteinty 'and exactnees. Hi* philoeophy 

wa* but ?ure letftheamtlotaa (*T)e 

•>laeaa*t dxnrelepenoJt of aceoortee* ptrllo*ephy wee not adopted by sub­

sequent thiaaers* Oartetianlva, Incteed, adopted three major for**)* One 

rreup of tltiaJbtrt, ef whew Lolbnlt i t most prominent, eisphcelted the idwellatlo 

la Oa*j*ej*j**f enotaer, typtfled by la Mettrie and tho French ph&leccphoc. 

toward* m*ohanl*a *JB4 mcterlalieni the third, tho SrltUh school, 

teveloped a erewounccd emflrieiaa. All three schools are alike In their aiiop'iltaiiiiiia 

of scn*> rwalaeiwjtal position* *r tenet* ef Coj***i«n philosophy. 

• O N M * -
8 '• ^ . j ^ 84) 8%hi«a, I , (rrcp. XVII), 9eholHav p. 88. 

88) Ethioa, XfX, rroxtf,, p. 120. 
MaW r« At*. 

(of) harry Aattrj* Bnlfwtn, in The hllogophy ** *&***? aako* a ttrong 
%4*e«a** aathcamtielaa, So* Chafer II, 4%m Oeoaetrloal Method.". 

FP* 
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I I I . Lelbnlt 

Lelbnis (1648-1716) la often calls.! the l a s t universal ranlus. 4ani 

His countless reftrenoet to ancient, medieval r!i>! contemporary thinkert 

i l l u s t r a t t h i t wide learning and capacity for detail (55). They likewise 

reveal h i t batie t ra i t and tendeneyt to oomnromite and synthetise, to 

remove individual differeaoee, v harmonise speculative opposition in his 

own "contra de perspective (89)," 

Lelbnis was ful ly appreciative of those numerous Influences. His 

acquaintance with Ari t tot le , ' l a t e and the Scholsetlot made him desire 

to combine their doctrines v ' th the moderns (60). Be was familiar with 

the dootrlnoc of Francis Bacon, uobbec, Galilee, Pesoertea, Splnosa, 

Malebranehe and contemporary philosophers and sc ient i s t s (61 ) • Owing 

(88) Joseph KarooJuU^ on,, o i t . , pp. 184-161, 
(89; ^La contiaeratioa do ee system* fa i t voir austi que lor ton'on 

entre done le fend* de* ehott t , on roaarquo plu* do l e ralaon en'on no 
oroyait dans l e plupart dee soctee dot philoccphe*. Le peu do rea l l t e 
•ufeetantlolle dee eheae* sentlblet dec Seeptlquet| Le roduetien do tout 
aux harmonies out noabret. Idee* et perception* dot *ytharorlttet e t 
Platesleiene i 1'un et memo un tout, de Permenide et do f l o t i n , sans auoun 
Spinosltmo) la connexion Btoloienne, compatible avec la apontaneite dee 
autret) l e uhlloeophie v i ta l e dea CebaUete* et Hornetlquee, qui mettont 
du centiment par tout) le* formes et "nteieohie* d'Ariatote et dot Seo-
l a t t i e u e t , et eependant 1•explication aeeanlque de toua lo t phonomenoc 
partleullore selon fleaeerlbe et le* odernct, e t c . , te trouvent rounlee 
coma* dan* **n «entre de perspective, d'outj l 'objet (eabrouilio ea l e re -
gereaat do out autre endroit) fa i t voir sa rerularlte et l e oonvenanoe 
de cee parties ." Lettre a Boanaro. -rdaanjo, pp. 188-184. Similar paetagec 
occur throughout Le'lbnIf Vworkt) ef. Spuveaux r 'ctait . 3k. I , Ch. I , 
Frdsann, p. 208, 

(*0) "J'ai teujeurt etc fort content, nan* dan* ma jeuenea* de la Morale 
de Flatea, et encore on cueleuo faoon do aa tVattphyalquot autt i oat deux toicneei 
vont-el lee de eonpegnie, comma la Metheamtiqne et la Physique, Si quelqu'un 
reduieolt Platon en ayttaae, 11 readmit un grand tervloe au jjonre hunain, et 
l*on verrolt quo j 'en approche un "eu." Fxtralt d'late lwttre a Kr, Btaond de 
noataort. 1718, Rrdaann, p, 728, Xn the seme l e W c r n ^ ^ T s n s r l t e i j ^ u a n g — 
v e t o i t joune gareon, lea Ftudlans de men age chantolentt "umraus Aristoteios, 
f la t s et Euripides, ceeidcruat in profundus*. " Ibid . , p . 728, 

(61) "Lelbnlt't philosophy was thut the attempt to reconcile two ways of 
lacking at thing*, the ancient and the . odorn, tho theologlanl ar '• the mechanical 
the religious and tho s c i e n t i f i c . Be dcalrod to rive e l l possible scone to 
sc ient i f i c research, a l l posslbls breadth to knowlodrej but not loss did he with 
to give a l l pott ibl t depth and rea l i ty to religious bellof," John Theodore Sort, 
Lelbnlt. Row Torkt Backer Proas, 1846, 
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to 9o*o4urtct' taflueatial position, Lolbait was prompted to nako altar 

hi* ewa petitiea by eoatratt to the Cartealaate Acibui* pronounced many 

aatl-Cartoataa sentiment* (62), heinteiniaf that "ia fl*rt**i* eju* 

eethodi tsntun pr*po*itua tenee (63)," he proposed a dynaaist view of 

nature, reinstated^ final *aut*lity and improved i>ee*arte*' mtheantlc* aa 

evidence of his opposition to th*. Cartoeian*, Jut hi* eaeitiwa te determine 

the simple elements of thought, his theory of innate idoafl, and his nmthe-

matleita pieced *}» in th*,*orte*l*a> tradition* 

Lelbai**t action of a unlvereal ohcr**tori*tio and hie aetaphyalcal 

dootrlne are two atpeett whloh demonstrate th* influence of mathematics 

on hia thought (64). The firot *f these proposed an ultimate id*ntlfi*atlon 

%9%) fair example, Ictawahi, "XI mtarrlv* un jour de dire, one le Carte­
sian! tm* a* oe qu'll a tt ben n'*t*it'ouo 1'anti-ohambr* 4* la veritable 
philecophie." 'Lettre a un ami sur 1* Carteslsnlsme. 1688, ^rdwann, p, 128, 

(63) gplttola a4L Jeeobua Thpaaalun. XXX, 166&. r̂*>wam* op. ojt», 
(84) The influence of n*tn*m*tio*oa Lelbnlt ft thought can be found in 

Lolbnja i The Mcnadolosar and other hiloeophioal ^ritings, translated with 
Introduction and Botes by Robert Letts, LondontCeoffrcy Cuabcrlego, 1948) aee 
Latta's Introduction, especially pp» 74-86, A timilar study It prefixed 
*• &•"*• ^-eibnlBt Oeuvret Bholtlct, ave* preface, notes, table par questions 
et table de* none proprct, par I* ^Tenant, Farias Llbrairie Camler Frerot, 
e.d,t tee the editor** preface to the selections froa Lelbnlt, in older, 
hut s t i l l valuable work i t lelbnlt*.. The Philosophical work* of. Ccapriting 
the eknadolory, *ew Syttca of^tajt'u^r*,'^rlnalpl*'* oi11' tTaturc and' of Cracc, 
Letters to Clarke^ RefujUtjon of ^pinota, and'hie other important philosophical 
oTniteuleC, t e t h e r wilfr ît̂ ^ and ^xtractt from" th* 
Key ^staya ongunw'^d*^ from the original latin snd fren'ch 
with hot** by c»cor5* Martin Duncan, Bew Haven« Tuttle, Mcrohou** A Taylor, IB90, 
3eforen*e* te Lelbnis are token froa the above three workt, *wt principally frea 
Cod, Pull. Leibnltllt Qnore Phlloccphica Qua* ,%*t*nt, Utlnc OalHo* Cernanlca 
ffpyn, »dito reeognlvlt * teaporum ratlonibu* il*po*ita pleribu* ineditl* auxit 
iataroductdone erlt ie* atque lndiolbnc, lastruxit Joannes ftduardua Erdmean, Pars 
Frier e t rat* Altera, Barelinlt Suatlbua 0. iohlarl, lft»9. 
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Of abstractive thinking with his symbellt logle (66). Thlt idea waa soon 

te be impracticable and was tentatively laid aside. In tho raetaphysics, 

which repreeente his nature thinking, the notion of a unlvereal mathematical 

selenoe played a Normative part. 

The ambition to unify all knowledge by a universal logic possessed 

Lelbnlt at the early age of eighteen, when It had been stimulated by th* 

work of Raymond Lulls and others (66), who, he emits were his predecessors 

in this Invention. Be aimed to construe an "alphabet of human thoughts." 

What tho Italian mathematician, Viota, had done for Algebra, he hoped to do 

for all the sclenoes. 

31 daretur v*l lingua quaedan exaeta (quale* quidaa Adamioaa vooant), 
vol aaltem reau* scripture* vera rhileeenhleee, que notienee revo-
earentur ad Alphabethun euoddaa eogitationua huaanarua, omnia, quae 
ex datla rati one assequl, Invenlri »ee**nt quedea genere eel cull, 
perlnde ac resolvuntur probleaata arithmetlea aut geometric* (67). 

Lelbnis's idea of this Combinatory Art, t'alvercal Characteristic, 

Universal Lanruago.or nivorsal Mathematics was ^asod on the notion that all 

ooncepta are themselves simple or reducible to a small number of simnle 

eoneeptt. If the simple ooncepts are designated by appropriate symbols, 

they can be combined into composite oonoepts with the law* of arithmetic* 

Summarily, then, the logical algebra aimed to replaoe oonoepts by symbols 

and their combinations, propositions by tho relations between symbols. 

(68) "Beunir tout les hoanes on une familie qui alt la memo soienoe, 
la men* leaguet tel a etc lo but quo Lelbnlt s'est propose, Oettc rell^ta 
dfelt etro lo ehrlctianiaae) et cettc langue, la oaracteritique unlveraelle,* 
Clodius Pint, Lelbnlt. ?arlsi Felix Aloan, 1918, p. 1. See alto Louis 
Couturat, La logiquo de Lelbnlt d'apr^a dec documents lnedlts. Parist 
Felix Alean. 19011 and 8,ll. Lewi*, A .iurvey of Syabollo Logic. Berkeley! 
University of California Press, 1918, po, 8-18. 

(66) Tor a study of these sources, see Joseph Iwaniokl, lelbnlt et les 
demonstrations nathonatlquo* de I'existence de Plou. Strasbourgt Libratrie 
feniversitalre 1'Alsace, 1985, pp. 107-110, 

(67) Do Soiontla unlversall sou Caloulc ^hllosophloo. Krdmann, op. oit, 
P. 88. " — 
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tad thus substitute ealoulatlon for reasoning, Lelbnlt ventured th i s 

facetious remark as to future huaan argumentation. 

Que factor, quando oriontur cont roverslac, non magic disputation* 
ecu* e r i t i*t*r cue* phllotophet, quaa inter duos comrutittaa. 
Suffioiet enim, oalamos in menus sumere, scdcrequo ad abaoot, 
e t t l b i mutue (aeolto t l pleoct amteo) dlocret caleulemus (6*). 

Betidat oliaanatlng barren arguaoatatlou, the ocmblnatory art was to 

in euro invent Irene et la tolenee and «»ven permit a demonstration of Cod's 

oaletoaoe with tho certitude of mathematics. 

Lelbnlt tew that two reenlrement* were necessary to achieve this com­

binatory arti en eneyclepcdle aa an inventory of a l l huaan knowledge and a 

unlvereal ehareeterletle or syctea of sipne represent in f the concert* and 

the legitimate meaner* of combination. fttalitla* that the idea of an in­

ventory of heann thought* was a vast undortaklnr and not tho work < f a man 

er e generatioa, Lelbnlt beenn to carry art the scheme himself and sought 

collaborator* for the project, he even authorised a plan for a society 

whloh would work on the Bncyclopedie, tc b« called "vrdra de le Cherite," 

•V teolota* Tke^Mlorua vol Amorlt Bivlni." Once the encyclopedia had 

begun t e take ehepo, the symboli*a and i t* annliettlon would be a re lat ively 

easy ta*k. The eholee of clan* and t^elr t irnif leat lon would be extremely 

important. They (should be ehoeen for their usefulness in signifying and as an 

aid to reasoning, Lelbnia proposed that the sydaellam pees ess the supploneaa 

and generality ef hi* own notation ef the differentie l caloulus, thus obtaining 

controllable certitude and avoiding oontrovcrsl**. 

(66) Ib id . , p , 84* 
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Two difficulties, not subject to the combinatory art, faced 

Lelbnis. The one was the Impracticability of the scheme) > e was unable 

to sot a sufficient number of people to carry out the w^rk entailed In the 

encyclopedia. The other was that "ee* oaraeteres rreeurpoeorolont la ve­

ritable " M I O S W B M O , et oo n*o*t q>»« rretentor«ent que 1'oaorolt ontroprondre 

.** les fabrleuer (89)." Aeeordlnriy, though he kept the project in mind, 

lelbnis twrred his efforts to epeoulative thourht and towards harmonising 

relirieu* and pelltloal effort* (70). 

Lelbnlt's mimerout philosophical spoeulatlonc oan be centered, in a 

partial eyntheeie, about his dootrlne of •ubctane*. £>eeeartea had ineuted 

reality to two opposed substances, natter and sr'rit, wMch Splnosa *ad ro-

duoed to a pantheist waity. Descartes' 'nterprotatlen ef runttor as con­

tinuous, inert, «?c«»etrloal extension capable of Infinite divisibility, 

wee opposed by tho etow 1st oonoontlon of (hotter as discrete, active, 

arithmetic*! extension, ultimately Indivisible. L«ibnis scored both 

theories ©n their reduction of substance to quantity and the elimination 

of quality. Quantity alone dors not differentlatef noro extension has 

no r-eaningf tfcere nust bo something extended (71). 

The dlfferentiatlnp character «• f Lelbnis's sibotancc lay in tho self-

active monad (78). These ultimate metaphysical un ts, nonads, were real 

(4t) As quoted In Joseph Usroohal, ©£. oit.. p. 166. 
ITO) Harold ft, Smart ojs. cJLjtj,, Chapter Tw^T *lalbnls»a Xclo," pp. IB-IB. 
171) "Ccuac qui veulent que I'entendue nemo solt une substance, renversent 

I'ordro do* paroles austl-blen que des pensees. Outra I'entenduo 11 faut avoir 
un sujet qui soit etendu, c*est-a-llre, '-me substance a laquelle il appartlennc 
d'etre repctee our oontinuee. Car l'^t endue no tlvnifle qu'une renretltlon ou 
nmltlpllolto contlmiee do oe qui est repandu) una pluralito, oontlnulte, et oo* 
existence des partiesi <»t par consequent ©lie no sufflt point pour expliquor la 
nature nemo de la substauoe rorendue ou repotee, dont la notion est anterleure 
a cello de sa repetition." ^xtralt d'nne lettrc. Srdaann. p. 114# 

(72) Lelbnis'S doctrine on monad* is tynthetietd In La Xonadologlor Frdaann, 
pp. 705-711, La Monadologl*. written in 1714, two years before his death, eon-
tain* a oond*n*ed *t*t*a*nt of hi* philoeophy. In 8yetome louvcau do la Baturo. 
(Frdmean, pp. 124-128), Lelbnis Hves a pars m l account of how > c was" led 
to his theory on the nature and oomnunication o* : oneis. 
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l ike the atom of physi** but inextended l ike the mathematioal joint (73 )j 

they were immaterial in essence yet material in the sens* that t v ey made 

ur an extended V»dy <T4). Sinoe they were essent ia l ly se l f -act ive and 

ac t iv i ty '"as r,̂  rer t s , the wonads were lndestr-ct lble , T. urtherr-re, since 

nothinf oan affect pure ac t iv i ty , the monads no dd only ^hanre from within) 

they were Immutable ab extra (76). So two «>ennda wore a l ike , hut each 

possessed proper individuality. The se l f -aot iv i ty of each monad con­

sisted In the constant *1 rrering, representinr end reflecting of the 

entire monadic *miverse In varying degree* of continuous perfection (76). 

They wore *-o he looked neon at mirroring,, in microscopic fashion, the 

macroscopic universe. 

This ac t iv i ty *^ve qualitative specification to each monad. Within 

the monad i t s e l f , desire and perception were distinguished (77), desire 

we* th* se l f -act ive tendency of the monad as a part of a whole to real ise 

i t s e l f ) perception was i t s rjasslve wirrerinr, «f the universe. *on-living 

r^atter — bare -tma^s — had 'moeneeious perception and mere impulse as 

desire) plant* and animals had cancelous ~,erooptlrtn with instinct as denirei 

man had telf-c^neci^Jt ;*reepti*n (apfjayeertlon) and wil l as desire (7fl). 

Lelbnlt considered l iving bodies as ©om-osed of a central son©:*. — a soul 

(747 La lonadelcgie7~n. 6, Krdmann, p. 706. 
(75) Ibid, n. 7) see also Sertrand 7<ueaell, A Critical Exposition of the 

Philosophy of Lelbnlt. Cemeridget The University Press, 1900, p. 4R. 
(76) La kenadoiegie. n. 56-62, Frdaana, n. 700-710. 
(77) Ibid . , n. 14-24, p. 706-707. 
(78) "Aia'ie la connoissanoe des verites noeessaires et eternelles est ce qui 

nous distingue des simples animaux et nous faltaroir la fclson et les sciences, e 
nous elevant a la connoissanoe de nous Tsames et do Clour. H e'est ce qu'on 
appello en nous ame ralssonable ou Keprit." Ibid.. n. 29, frdamim, p. 707."Th* 
accessary and eternal truth* are the firtt prineiplet of all rational knowledge. 
They are innate in ut. They are, in fact, th* vary principl** of our natura, 
aa *f the universe, because it is of our essence to represent the whole universe. 
This consciousness or knowledge of these truth* it knowledge of ourselves, and 
it It *t tho same time knowledge of God, who 1* th* final reason of all things," 
ftobert Latta, Lelbnlt The Moaadology and ether Philosophical Writings, Oxford, 
The Clarendon Frees, 1896, pp, 233-234. ^ 
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•r enteleehy — surrounded by non-living monad* whloh were subject to it. 

In this way Ulhnia proposed his solution of t)***arte*' . roblem of matter 

•ad spirit. 

The universe was eoapeeed of an infinity of sueh meneda. With the law 

ef lndlscernlbles, Lelbnis held that no two monad* arc alike) there were 

no duplication* and euperfiuitlee in nature. The law of analogy prevented 

eontradietlons and eentrerlee ia nature by viewing all monads aa ilfferlng 

est in kind, but merely in degree. *y the law of continuity, the raenada 

could be seen as aa Infinite series of ter^s no re*sing in perfection froa 

tho least perfect -K>nad to the limit of Cod, tho perfect monad (79). Since 

there waettja infinity of monads, no new rnos were added nor taken away by 

death (60). All wonnda wore erected at the beginning of time and will norish 

tegether et time'* end* feneration and eerruptlon were merely other termc for 

the oeeeeleee evolution end involution of monads. Finally, by his principle* 

of pre-estebilsbed haraeay and eoemolcgleal optimism, Leibalt considered the 

monadic uaiver** ee the best possible which Cod could have created, and in 

which ell the inner menadie change* have boon hermeniously pre-established and 

work etncteatly fer the beet. 

With the aid of thcee ultimate unite, Lelbnia't two Dhlle**phle* (61) 

prottot • •eaewhat coherent system. K*s*atially legieal, ideaHat and mathe­

matioal In hi* general outlook, Lelbnis based his philosophy on the a !option 

{"> S*tre}t <»uno lofrtnt e,^r, *frfl*, I reman*, pp, 

(81) LeibniB** nature philetephieal thought wet defI 

104-108. 

definitely formed by 16f<t 
when he.eent ..is giaccur* d* Mataphvslau* to Amauld. Sis latter hllotophy 1B 
logical developmejie 9f the notion of substance. Cf, Bertrand Hussell, A History 
Of cottorn 1illoscphy> Sew Torkt Siaen and Bohuaber, 1948, Chapter XI, Le lWt , 
pp. 681-696;Our understanding of Leibnlt's thought stems fron the efforts of 
aussell't and Couturet** work*, oltod above. 
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• f mathematioal vtebhod and two principles, contradiction and suff icient 

reeeon (82) . In method he Ustin'ruiehed analysis from synthesis . The 

notion of analysis was not nerely breaking .om a oomplex -hole into i t s 

component nertS) analysis included tho abstractive rel ict ion of these 

parts ( in whloh proeeee Lolbnis's mathematics prevents him from seeing 

thet he thus doctroys the identity of those parte) to a ol«nr idea or 

a orlnoiplc. In synthesis the process i s reversed! the movement is from 

the simple to the composite. His monadology had already indicated ';'iis 

procedure, while his theory of a itniveraal science I l lustrates this rethod 

more str ikingly . 

By his meaadelory, Lelbnlt was able to eliminate Descartes' rn' icel 

dwaliaa ->f matter ard sp ir i t with i t s coreeq-iwnt ini» endence r s e l f -

oorselousmeet. Though tho mind is an individual, indepenJent substanco, <ts 

merjadle nature qualif ies i t as 'no of an 'nfir.lte number of substances, to 

which i t i s a l ike and a l l of whloh i t r f l o o t s , human self-ocnseiousnesa, 

a nere perfectly dovelopod degree of eree:tion, i s due to .he greater 

c lar i ty and dist inet ien of the ideas which i t subjects to analysis . These 

ideas arc innate and are the ultimate principle* ef a l l knowledge (flS). 

But Lelbnlt did not consider a l l 1 ieas r !?"-.. wledfje as innate. Tho 

method of analyai* had to be a l l i e d to proposition* in order to make then 

(82) "nubeu* utor in demonstrando principiia, quorum unum et t i falsua 
• t t e quod Implloat eontradletionen) alteram e t t i eanlt v t r i t a t i t (quat imaadlata 
• ive ldontica non es t ) reddl posse ratioBca) hoc e s t , notionem praedlcatl semper 
notion! sui subjoeti vol exprosso vol impliolte lnesse, idque non minus in 
uenonleationibut extrlnflools -;uaa intr lnsec is , non rlnusi In verltntibus con-
t in rest lbu* qnam aeooaearlis looua habere. * V* -So lent ia Universal 1 turn 'M 
Caloulc Shllooophlco. Erexensn, p , 88. Cf, La"' monadolotin. n. 31-'82,nBroamnn, 
p , TOT. Bee alee r%"*»tura et Vsu h>\ot?^^y*r^h\^^ ^ritmrm^ pp. *6-«e. 

(88) Bcmvoaux ****!*• **• h Ohapitre X, *8»il y a dot Prtrcipot Inee* 
dan* 1 'esprit d* 1 nimm, 'rdxann, pp, B04*>tl8. 
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clearly intelligible. Analysis was the reduction of all true propositions 

to identical ones (84). True propositions whloh 'o not /rodieate the rote 

of existing at a particular tin* are r-»'oess*ry &r;i analytic, these which 

predicate particular exietenee are -mtinirert and synthetic. Tl:r first ty-e 

of propositiona, railed truth* of roasorlng, yield rjeoessary truth*) whil* 

the second, termed truth* of fact, -teal with contingent truth*. Lolbnis 

propo**4 tho goal of human knowlodgc as the reduction of even contingent 

truth* to ldentloal repositions (86). 

Since a proposition consists of a subjeot and a predicate, Itt reduction 

to idertlty required that all rredloatos wore to PC reducible to .he subject of 

which they were «re Jioated, This would be tantamount to •lemonstratlnr" that 

all tho requisites of an ef<"eot were comprised within 1 (.s cause. This re­

duction, for the truths of reasoning, lay In the mind Itself, The reduction 

was to be effected by aid ;f * he principle of contradiction (or identity, or 

possibility) lr; virtue of *» loh that was false which contained a eontrediction 

and that true which was contradictory to the false. rimitivo truth* of 

reasoning wore the Identical proposition* themselves) derivative wore nil 

other* — axiom*, postulates, relations — whloh were to be reduced to the 

primitive with the ;rlnc inlet? of contradiction (86), All these trutht wore 

at least virtually innate within us. 

(84) Bertrend autsoll, op_. oit,, p, 4. Missel 1 list* five principal 
premisses of Lelbnis's philoeophyt "I, .very proposition has a subject and 
a predloate, II, A subject may have rredloatos which arc qualities existing 
at various tinea, (Suoh a subject is called a substance.) III. True propo­
sition* not asserting existence at particular ti*»»8 are necessary and analytic, 
but such a* atsert existence at -articular time* are contingent and synthetic. 
The letter depend upon final oatises. IV, The ir« le a substance. V. Perception 
yields knowledge of an external world, l,e„ of *x!*t*ntt M.hrr M-an myself and 
my states. 

(88) ̂ HRwpirt un* proposition neoessairo -»st cello uont le oontraire in-
plique contradiction j tell* *et tout** proposition idontifa* ou -irrlvsa resoluble 
en fdentlquet et telle**e*t les v*rit*a cu'on opell* noooBHitos ̂ c-.taj-'f.vsiquo* 
our geoactrlque*, an Off»t, deacntrer n'ett rat autre choec que rescuiro let 
term** d»une nropetltion et substltuer au torme lefini sn definition --u .no d* 
parti** pour degager una sort d'equation, e'eat a dire la coinci i«nce <iu i-r« !i 
avec le sujet dans ime proposition raciproque." •)* U Libert*, Prcnant, p. 268. 

se 
t !icat 
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Leibnlt held that only Cod has a prior arH adequate knowledge of 

the other clatt of judgments, those oonoomed with oontingent matters, 

termed truth* ef fact (87), All these 1u.ig»ents Involved an attribution 

of ^recent existence to a subject. Cur knowledge of those arose from our 

pectlve mirroring of the 'miverse f monadic oxistenoe. Lelbnlt set up 

the reduction of truths of fact to <4*r£loal propositions as his ideal 

a in | this Implied that all the existential -reiicates which .-eve or can 

ever be attributed to an Individual — for example, to Alexander the Croat — 

belong necessarily to him and make up hls"notlon" (B8). It is this in­

finity of infinite monadic relations <*rd complexities that &od enly knows, 

for eaeh substance has Infinite number ~f possible predicates and is an in­

finity of Individuality 169>. Men's minds were limited and thus unable 

properly to mirror this infinity whloh acmes to s through our passive 

experience, *e only knew these truths with confused perception) they are 

obtained by Induction through the sense (90). *ere we able to grasp an 

adequate understanding ef any existing subject, we would know all it* 

possible predications (91). 

In order for us to discern truths of fact, then, tho "rlnoiple of 

sufficient reason was to bo a-plled (92). Bo fact was true unless there was 

a sufficient reason why It should be se and not otherwise. This would de­

monstrate the "eonpoasibillty" ef an existent subject, showing its existence ia 

the >lvin* pr*-e*tabllsh*d harmony. All eompossibl* things exist — that i«. 

(67) La ttonadoloicl*, n, 33, 36-88. So* alto Bcuvcaux a sals. Chapitres 
at at aVeVta 

>?»} 2to*m fr Wp^m* ?rwm*t pP. 92-98. 
(88) eertrend J*ie**ll, op. e l t* . pp. 60-61. 
(90) "ouvaaux "ssal*. Hintroduction," pas*lm. 
(SX.) B*rtrejsd 3ueaoll» ep_. ojc^, p. 47) aee Dl«cour* de Aotaphyslgue. 

FrmHffayp* 88-84, 
U i ) l̂ ucaauae ssai*. 81c, I, Chanltre I, 8, Krcmnna. p. 209. 
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al l the** thing* whloh *re aarmeni*u* with th* surrounding total i ty 

of exl*t*nce — in kocnfng with tho 1*** of finality and ef cocao-

logical eptlaita ( II ) , thman kneel*dge ef these contingent fact* waa 

oallisd primitive whea i t referred t e the feetc of experiomee thenaclvee, 

derivative fact* were tho** Inferred frea the primitive by using tho prin­

ciple* ef sufficient reaeta, thue deterainiag their agreement with the 

world aa a whole (94). *"*» knew eenCincent feet* only by probable or* 

gunaat* (89)f they were ncrdy stage* of a eerie* of torn* which approached 

truth* of retnealng a* • limit (98), 

Our kn**ft*4*j* of the' truth* of reasoning, had, for thair proper ephere, 

certain' Vnewlodgo, e**eoially a* in metaphyal** (97), In isee*Bhyoi*uJ know­

ledge wo properly' attribute quel1*1** to the monad whieh it 'really poos es sec. 

aetephytias, for Uiwait, was founded om the method of traditional iejrle, 

and wa* predicative. The riehn*ea of th* individual •aeetana* a* a eouroe 

of knowledge wat^ovidcot, tlace i t e*aprlae4 within iteelf e l l peat, preeent 

andc future predicate* whloh could ever be attributed to i t . t*«t«phyele* 

wa* thu* the juctlfteeti** *f •very tree eropeeltlca* Xt dee* net deal with 

pure ab*tr*etlent. Lethal* Ceasured any metephyelec, like th* C*rtecl*ne>, 

which wiahoi te fend iteelf en pure abetreetion* or mere relations. The 

perfect analysis of o i l eemeeivable predieatec — the infinitely infinite — 

only waa known by the divine monad, #en, however, was able to reflect meny 

ef the** pr*dl**tien* with tho aid of the prineiplet of oontradlotion, 

111 11""? «** ' *»m 
88) Bert rand Sussell, p£, o i t . . p. 66 ff. 
**' p* 1* llbertc. Pronant, pp. 288-291, 
68) lelbnlt h*r* envisioned ths uss ef the calculus of probabilitiesi 

In Leibnlt'e well ordered world, the mo*t probable combination must be 
achieved! *e* Joseph kureehsl, op. o i t , . pp, 179-162. 

Jw< »*wr«*w» U**!fo **• **» o»tpitre III, 14) Srdmarm, pp. 343-348. 
(•7) Bee ?r*n*nt'a Preface, pp, xxiv - xatxl, and Joseph hhrnohftl, pp, e l t 

pp, 186-193. 
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Balding to a metaphyal** of pr*di«ation, Lelbnlt maintAlned that 

the truths of fact properly belong to fnatheaatloa and mechanics (96), 

The proper concern of natheaatltt was relations (99), Theee relations 

ho termed "abctraotiona" or "phenomena boa* fundata," rounded, that is, 

on th* concrete reality ef substance, but not metaphy«l*al and predieable 

of *ub*tanee ea aueh* The nind thus achieved the unlvereal, which was 

th* principle ef the relatione between things, A logical or mathematical 

truth wa* but * gllnpee ef the eyttea of Infinitely possible relation* 

which oan characterise the asnadio universe, mathematioal spaoe and time 

are net thingt of, tubettneee. Bpaee 1* merely our abstraction of one 

possible order of simultaneous existences) our "notion*" of space are 

TTjere "abetraotione" frea the inner, monadic change*. Similarly, time 

is but our abstraotion of th* order - f simultaneous existenees. Likewise, 

extension is but an "abetraotion" which neglect* the properties of the 

rleh, concrete existence of the monad, and extension lacks genuine reality 

as suoh (100), 

The application of this distinction between a metaphysiot of predioation 

and a mathematiea and soienoe of mare relations would, possibly, have hal many 

•Mantling effects, though Lolbnli did not carry out thla program. The epparent 

rigor and necettity of •atheaatlonl selenoe would, in sueh a ease, be no longer 

96) Bertrend -ussell, o», c j t . . p, 49, 
99) Ibid., pp, 18-14) see Sjmcrouo* sur la l^ettr* d'Araauld,. ' renant, 

p. 148, 
(180) Jhremeat'e Preface, p. xxxvi. 
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a setter of much ocnocrn, einee wethometi*a merely furmithet relative 

and not eeaelutc or ultimate knowledge. Similarly, weohaniet and other 

science* a*r*ly deal with appearances, which, though well founded on 

substanoc, do not deel with thing* thea**lvc*. These conception* of 

Leloni83(l0l), a* those camodlecj In hit universal characteristic (102), 

carried a rrenounced influence on future speculation almost equal in 

weight to his invent lea ef the ealculu* (lOt), Little attention, how­

ever, waa riven by suooetslve thinkert to his Insistence on philoeophieal 

tradition, or to hi* numerous attempt* at speoulative harmony. 

,w <J**) I&snt *»• ««i2fii| see alto Joseph Mareehal, op, eit„ **r. 

(101) "fold 8, Smart, The rhilosophlo*! Presume sltlona of Math*.. m *HJZ?Hm 0h***,*t M "tTirr; 
_ . , T J S w * r l *! J^ET* *h* Concept* of the Caloulutf Chapter 7, "Howton 

ana Milbait, pp, 167-288, 
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Chapter 7. British Tmplriolsm 

The school of rational lam which i>eeeertee Inaugurated en the 

Bareyeen continent had a correlative but dissident rival in the era 

ef Brltleh cnalrlclaa (l). In anthem t loo and *hv*i*e. Car tee ion 

aprleriaa was effect by Beaton** oxpcrireatal-ma thomet leal method, 

while in the formulation of philoeophieal problem*, the British 

thinkers atsetsd the onelrleel and crltieal attitude of John Locke 

in contrast te continental dogmatism snd Idealism (2), This erltieel 

attitude wa* eoablmed with e practical aoertaea te phlleOvcnioel pre-

blcojs, eauaing tho Britich school te bo mora concerned with ethical 

and political problems while the rationalists emphasised *yct*n*tio 

philoeophy (3), The rational1st emphasis en Intellectual and the 

osa>lriel*h ooneera with sense knowledge are *he two threads ef thought 

Inter gathered «P by Kant, who ett waited to knit then togcthor without 

laying undue etreee ea either, 

1 • 1 a — • » — i n ..1.. 1 •• I .in a 1 

(i) For a brief contract between the** two schools of t^mrht see 
C. A. MerriC| Locke Berkeley Hun*. Oxfordt The Clarendon rest, 1931, 
"Conclusion, pp. 186-169, 

(8) "The haeey was the first deliberate attempt, In modern philosophy, 
to engego in whet might now be called eplstcnelogleal Inquiry, but mixed 
up by Locke with eueetien* logleal, psychological, and ontelogieal) all 
oubordlneted in his design to 'what may be of '-so te u*, in our present 
•tat*,' and te 'cur ©en**!**) aa huaan being*.* Look* inaugurated the 
modern e-ietemolorleal elk*, characteristic of philosophy In the eighteenth 
oeetary, whloh oulalnated in Kant..," Alexander Campbell Trater, In 
An ^aaay Concerning Puman %d*rstsndlng^ by John Locke, 2 vols., Oxfordt 
the Clarendon Fro*a/1hr*Mr,*TVolofW*n*, p. iv. 

(8) A comparison if the preotical and eaplriclst aspect* of British 
philoeophy with the tyttoaatio philosophy of th* continent 1c given in 
Fdwin A, Burtt, The fellah tinc«*ph*r* frea Bacon to ail*., cdlte*, with 
an introduction, lew York 1 The Modern library, 1^39, "Introduction, pp. 
ix-xxii, Ceeecro the analytlt of the cultural background of Britich 
•aplriciea in Sertrend rtussell, A History of Western Philosophy. Kew 
Torkt Sine* and Schuster, 1648, Chapter III, "rhilosophioel Liberallam," 
pp, 898-808, 
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Both the rationalist and ewrirlolst schools treated the problem 

of scientific and iathometioal abetreotion somewhat cavalierly, "ho 

rational let theory of selenoe in leeoartes, bpinota and Lelbnlt, ln-

flueneed by mathematiea. Inclined to an identification of all sciences, 

with no regard towards a careful mental process of abstraotion. Cer­

tainty, exactness, clarity and Intuitive Ideas wore the soientifle 

measures, fields of speculative research In which '.hose ^oals were 

unattainable were either ienled solcntiflo status or "rational1104" 

to seat the 11 *al standard. This propensity to homogenise the pro­

bability and intricacy inherent in iur knowledge of nature, of psy­

chology morals and politics, was 1 -.ic to their ^athematioisa. -he 

rationalists overlooked the composite nature -f r*n and offered an 

"angelic" eplstemology (4) which lod them to misunderstand the 
•s -

morality of moral knowledge, to ^ropoee a non-ultimate attitude to 

ethics, pSYChelegy and polities, and to deny the appealtoness of any 

other selenoe. 

The same denial of abstraotion, though on different grounds, 

characterised British empiricism. Attempting to radel Philosophical 

truth and method on the experimental-mathematical method of Hewtonian 

science, tho Sritlth empiricists applied a purely descriptive process 

to mentel states. Though storting with metaphysical presupposition* (5) — 

(4) Jacques Marl tain, force ̂ former* i Luther - '>otonrtcc - Bnuaocau. 
Lonieat Sheed and Ward, 1947, 'ooeeartec, or the Ima'rnatlenef thelnp-el, 

(8; aibton writot of Lockei Thut, like many other thinkert, he ™ c des­
tined to prove an illustration of the truth that raetaphysict Has a way of 
avenging Iteelf on those who slight or disregard it, and that itt deepest ot:-
tangltnant* are often reserved for those who think they have discovered a path, 
by following which it* difficulties nay evade*," Jane* Clbaon, Locke't Theory 

fffaawleAp ago
1 It* Historical, B*latlonar Cambridge t The ' rlvarsity Press, 

981, p» H e 
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yet denying the rightfulness ef wonderlnr. abo-it ultimate causes — 

this approach, initiated by John Locke, culminated in the rabid 

aoeptiolsm of Javld Bun* *nd ln*pired Kant tc bemoan oroviout mete-

physloiant' imitation of mathematlot and science (f). 

I, lewtea 

Isaao Newton (1642-1727), who wielded a powerful influenoe on 

V it inn empiric lam (7), way well bo locked upon as the reflection of 

the various new movement* Initiated with the 3eaait»ance (r) and as 

their temporary oulmination. fle fathered unto himself the mathematical 

current that came through Copernicus, Kapler, Galilee and IVseart**, 

the emphatit on obeervatlon of 3aeon, iJarvey, CUbert, 3oylo and Locke, 

and the tempering Influenee of religion and morals from the Cambridge 

Plateniete. Locke, Berkeley, Thaw and Kent, though they disagreed with 

the philoeephloal aspect* In Bewton — especially his Metaphysics of 

space and tine — admired the system wrought by his nonius. His specu­

lations wore tho springs of the o^aaogeny later propoeed by Kant and La­

place* And although he wa* an *)rti*6art**ian, fowton continue* the 

Cartoeian •pirit whi«h reappear* in the cotaologloai and *voluti«Bary 

system* ef the *ight**nth and nineteenth oenturiee, 

Bewton** metheaatlaal system of th* universe, often referred te a* 

the elassleel view, letted until the mere reeent relativity cad quaatua 

thoerict. It bod, in turn, dethroned the Cartoeian phyalec end aatreneay. 

Deeocrtoc, with *harc*t*risti* taatheaatloal apriorica, had proposed tc 

%t • I HI • n H . I . . . , . — • — 

(6) 6*o chanter TX, below, 
r(7) for the interactlea ef Bewton end Look*, Bewton and hit eea-

tcts»*r*rica, see Janes Cibeon, eg, oit.. Chapter X, 'Leek* and Contemporary 
English Philosophy," pp. 232-2667 

(8) Edwin Arthur 3urtt, The Metaphysical Foundation* of hyslos. Chapter 
Tl, "Gilbert and Beyle/ (l), tunaary of the ^re-Fewtonian Development, p», 
197-301. 
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eetabl l ta th* unlvereal law* of nature en the basis of BOM arbitrari ly 

choeea hj 00 abaci t aeoerdlng te which the facta were to become rationalised (9 ) . 

for *wi"w4e, itt enpleining tho origin and nature cf the unlv*rs*(he "ronosed 

the notion ef homog*a*ous ocrporeal mas* to whloh the Creator gave an 

er ig iaa i action* In th i s way, vertical or whirlpool movenente were set '»t> 

and absolute extension brCjne Into a manifold (10), 

Beaten oppesod Deteartot' sc ient i f i c procedure and results with his own 

eolent i f ie centrlbutlon* and his *apiKosJU«mthematloal method which he 

constantly refers t e as his own (11) . His fmouc dlctun, "hypotheses non 

flag*" (18) , i* the negative rrc!>erty of his method voicing disapproval of 

the choice of arbitrary principles end assumption* In the knowledge of 

nature* .Ho propeced as a posit ive measure, that the proper orientation 

of science lay in an observational analysis of nature by experiments which 

yield facta and propertiee (13) . Bach property was then designated by 

en appropriate eyab*l and their mutual Interdependonee could be analyted 

(10) A. Boyce Citeea, The Philosophy of 3ocoartoa. London» Methuen A 
Co,, 1988, Chanter T i l l , "The Attributes of l e d , a pp. 264-270, 

(11) for e study of Buwten's -ethod two Henry 3, Burke, "Sir Itaao 
Ttcvton** Formal Conception of Beientiflo Bethod," The Bcv Scholasticism. 
10(1984), pp, 88W119, 

(12/ If any one offer* conjecture* ab*ut th* truth of thing* frora the 
9er* pecc ih i l l ty of hypotheses, I do not sec vow anything oan bo determined 
in any a*l*nce..»,therefore I tidfed that w should abttain from oontidoring 
hypothec**, aa tvmm a fallacious ergunent," H r I*aa« *«wton, 3lr Isscf) 
tewtcn'* aathwwitlcal 'rlnolplo* of Ittural Phllotophy and Pj* Sytteti of the 
%rl*t translated In aagllaa by Andrew Motto la 1728, edited by Hcrlan 

rB*rk*l*yt Univereity of California p r e t t , 1946, "Cenernl Scholium," rtreaooe t o Boston are from th i s edition* 
"*o no other way know th<» extencion of bodies than by our sense, 

nor do theee reach I t in a l l bediecf but booauso w* poroelve extension in a l l 
bodice that are aentlbie , therefore w* ascribe i t universally to a l l others 
alto* That abundance ef bodies ere hard we learn by experience...That a l l 
bodle* are impenetrable we gather not from reason, \>ut frow sensation," 
Ibid. . Bui* I I I , p . 399. 
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untheantioally (14). Through thi* *^pth*ti* mafchenatioal oombinaHon 

on* oculd predict and deduce further phenomena (IS), 'ven for this 

prooesa, experiments were constantly to ruid* and v*rify proocdure (16), 

Bewton nay be looked upon as a protagonist of the philosophy of 

soienoe that is met today and as embodying the stress and strain between 

the ten typoa of scientists, the mathematioal ly-mlnded and the ,-hvaieally 

or *apiric*lly-aind*d (17), For the first, ftatheaatlos is the queen of 

th* sciences and the validity of -athematioal truths, >~reaped by a mental 

intuition or viewed as a free creation of the mind, is unquestionable, 

lure aatheaatioa is a frame lnte which all natural events are to be 

fitted, end th* law* of nature as formulated in equations express the 

quantitative character of nature and allow further law* to be deduced. 

(14) ",.,*nd therefore I offer tv-is work as the mathecretlenl prin­
ciples of philosophy...by the prepositions mathematically demonstrated 
in the first book, we then derive from the celestial phenomona the forces 
of gravity with which bodies tend to the tun end ths several planets. 
Then, from the** forces, by other propositions which are alto Athe­
ne t leal, wo deduce the motions of the planets, the comets, the moon, 
end the sea, I wish wo could derive the rest of the phenomena of na­
ture by the same kind of reasoning from mathematical principles..," 
Ibĵ L,, Preface, pp. xvii-xvlii. 

(18) "..•the whole burden of Philosophy score to consist ia this — 
froa the phenomena of notlent to investigate tho foroot of nature, and 
then from those forces to demon tt rate the other rhenoacna..." Ibid.,. 
pp. xvii««riii, 

(187 "In experimental philoeophy we are to look upon preposition* 
inferred.by gcacral Induction from Phenomena as accurately or very nearly 
true, notwithstanding any contrary hypotheses that may be imagined, till 
tuch tin* a* other r*>cnomena oocur, by which they m y either be tmdc mora 
accurate, or 1 labia to exceptions. This rule we may follow, that the 
arguawmt of Induction may not be evaded by hypotheses." Ibid.. Preface, 
fourth Hul*, p, 400, 

(17) for a clmilar comparison, seo Robert Blanche, La floiencc 
Phylqu* et le aealltai Baallaae, osltlvlsmo. hathoaatitao. farlat 
^retset Cnlverisltal r—, 1946, "Introduction , pp. 6-6 and pat sin. 
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for tho eaplrieally-mlnded scientist, matheaatle* 1* but a tool, 

th* handmaiden of the sciences. Mathematical entities arise from 

observing nature and their validity is tested there, and mathe-

mnti*c is but a hendy tool or symbolic language devised for In­

terpreting physioal facts. Strictly speaking, for this view, 

i.tt/jing is doduoiblo, and we can only ascertain that nature is pure­

ly quantitative through observation. 3y his insistence on the priority 

of experiment, Bewton seems to have favored the latter view (16). 

Moreover, In his attitude toward* selenoe as the exact mathematioal 

formulation of the lawa of the universe and by hi* posltlvlstic 

notiea that one can learn truthe about nature without presupposing 

or Implicating any hypothesl* or theory on the ultimate nature of 

thing*, Bewton festered an outlook which is common today. 

The spiritual1stle and antl-ncchanlstio aspect of Newton Is 

evident in his participation in current theological debates and In hi* 

religious writings (l0)^ Selenoe itself, as ^o writes in the (rtios. 

leede u* to Cod through our recognition ef the order and adaptation of 

nature. Cod's chief attribute it His providence, which Newton oonctrue* 

in such fashion that Cod 1* a spool** of "cecal* pluaber" who keep* the 

fixed store from eollapelng in the center of space (20), and patches up 

the irregularities of th* universe thet are constantly increasing. Cod 

it abl* t* fuaotivn in thi* wis* beoeu** Re 1* a perfect spirit, univer­

sally extended In space end tine, Thi* It Beaton's ultimate explanation 

« M » M i I II I 

16) Sdwin Arthur aurtt, eg. c l£ , , pp. 8i*»828, 
19) J, a. B. Sullivan, lilacBewton. 1648-1727. Londom MacMlllan 

and Company, 1988, Chapter T, pp, 138-170. 
(80) Edwin Arthur Bartt, pc. e i $ , , pp, 294-295. 
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of abeoluto space and timet they are — with a tribute to Berkeley — 

tne eeuipre**noe and eternity f Cod, the Mvln* sensorlua. 

Th* acceptance of this "scientific God* is paralleled, in Bewton, 

with belief In the "scientific mn." **wton accepts th* ourr*nt hyperdualism 

of 3*s«arte* and ail it* implications together with the notion that 

secondary qualitiec are mere modifications of the peroelver (21 )• 

finally, th* B*wtonlen world itself ia "scientific." f>nly primery 

qualities subject to mathematical cor.si deration are real. The universal 

theory of gravity, the reduction of all motion to throe universal laws, 

etoausn, the oonoopt of absolute spaoe and time whloh he tried to prove 

scientifically, and his notion f ether a* a m*dlum In which tho foroe* 

er.-i notions are propagated n>^ recreated after being spent — all add 

up to the picture of the universe. In Beaton's whole view, as a Jarre 

mohire, with 0od Introduced as a mechanical appendage (22), 

II. Locke 

Before the time of John Looks (1638-1704), two earlier PhgU-th 

philosopher* had htld a somewhat p*joratlve view of mathematical ab­

straction* Franelc Bacon had viewed i t a* an aftertheught to "hyslot (28)) 

" tfe J Ibid., yp, 2ft6-287, 
l) I S £ * T*Pe 880-298, T*»f *•»*<»•• PP« e o v - « w » 

( t l ) See The Advenesmaul of reaming. Book II , Tel, X, pp* 

Author by Basil acntagu. In throe volumet, hlladelphlai M. JHurf 

>. 184-244 In 
Life "f the 

M. Siurphy, 1876. 
Bacon's Ignorance of mathematics i t well known, ttasplte tht achievement* 
of Kepler and dalilee, he tubtsatod i t to severe criticltm, Cf, Kovua 
Ortcnua, Beck X, Aphorism*, 6, Tel, IX, p, 848, In Book II o f fhe Advance­
ment f Learning, (Tol, X, p, 198) Baocn ceem* more in tercet ed in pointing 
cat th* benefit* f ttathenatlo* for the mind, whloh ve oospores to th* b*n*-
f i t* of tennis for the body. Mathematlos will sharpen the wit that Is dull, 
make f i t th* wit that 1* wandarlng and make abstract the wit whloh is ?oo 
Inherent in •en**« 
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and Thoaa* Hofcbee, whoce philoeophy oar be olaaswt ns aensuelletie 

matheaatlttiaa, proposed * nan-ebttractivn notion of matliomatict 

tantamount to the denial of matheaatleel abstraotion itaelf (24). 

In the mtentimc, mathematics ha'! ~«<r>ed an enviable /•c-'utntion. 

Bewton** aathematloa **rved but to intensify the high regard in 

which mathematios had cone te be v«el' in seventeenth century norland. 

For noet thinker* of th4• time natheaatiea, and e*pe*l*lly geometry, 

was the ideal type and standard of all knowledge (26). Locke wea sub­

jugated te the influence <->' this view <-f "athematies, along with his 

training la Beheioetlclan, knowledge of Certesleniea and the currents 

of iiimtsaaii raijr English thought (88), Thi* veried philoeophieal con­

ditioning stand* out especially *r 'is rain work. An *,"**ay Concerning 

Human fodarstar.dlng. 

The *sssy grew out ef a di*cue*ien in vhi*h Locke had engaged 

with five or six frienda, the question at ia*te being the validity of 

(24) Behcet, the aroh-aatcrlalitt, is a unique example of sonaua-
lictio mathematieitm* Btascning for him was but a kind of addition and 
subetrectien* aetheaatiot wa* almost akin to ttntory experience, for he 
could nat aimit that line* and turfmoes were deprived of slight dimen­
sionality even in their conception | Carl 3, 3©y*r, eg, oit,, p» 176, 

(25; "The view* of Xobbos, Look* and (later) Condilla* are illus­
trative, la a general way, of th* logical conception* prevalent in th* 
interim that teperatct lelbnia froa Cetoartes. Tor these thinkers, 
jutt at r>r 3oteartet, the ideal type of ell knowledge Is that which 
they understood by mathematioal. Outtidt the abtolute certainty gua­
ranteed by rigorous matheaatleal demonstration only probability re­
mained. Thi* however was not to limit all our knowledge to mathema­
tics, since it wat still h*ld that the method employed so successfully 
in that field en Id also be adapted to other natter." Bar Id 3. Smart, 
The ^ l * * ^ ^ J ^ m p f ^ p <* hathcaatl**; Log,lp, p. 6, 

(267 Rhvla Arthur ourtt. T >* Rngllth ^hllotophert from Bacon *° 
gjll. On pp. xvili-xix of tha introduction, 'lurtt points out how Loeko 
reflect* ^ho practical ettltud* toward ;-Vlo*ophy typical of his timet. 
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tho principle* of morality and revealed religion (27), which tho 

-snhridg* i'latonist* had *»uaht to put on • •ound bad* (8«), It 

waa thla a la that prompted Locke in writing the «*eay (20), Ita 

:>urpo*o 

to ianolre into tho original, eertalnty, and extent of human 
knowledge., together with the ground* and degree* of belief. 
opfoloa* and a*a*nt>**(80). 

The ecaay waa oonoclvod, hum*tor, a* Rarely praliatnary to the 

tebliahaeot of the velidity of huaan knowledge with reapoot to moral* 

and religion (81), For, 

in an ago that produae* suoh master* • • the groat HaygenluBi, end the 
inoonparablo ,rr. teuton, with some other ef that strain, i t la ambition 
•neusji to be employed aa an undcr-lohoror le clearing tho ground a 
l i t t l e , and removing some of the rubbish that l ies in th* way te 
knowledge (88), 

tatus 

(27) "Our bu*!n*s* hero 1* not to know all things, but those whloh con-
ocrn our conduct.* ^tay . Iatratactloau Vol. X, p. 31* 

(28) 8*« pp. xvi-xvil of Eraser's pralegnaana In An ^*tay Concerning V __ 
^nd*r*tandlnit by John ookc. (foliated and Annotated with Pralegomena, 
Biographical, - r i t W l , and Historical by Alexander Campbell ?r***r, two 
volume*, Oxfordi The Clarendon r«a*, 1884). All quotation* frea Locke 
are taken from thi* edition* 

(89) "ft* may now sum up our account of the priaary and sain problem 
of tho Fatay. In i t -coke undertake* the investigation of the neture and 
oondltlon* of a knowledge which Is at once absolutely certain, str ict ly 
universal, 'Instructive' or tyntheticel, tnd 'real*) the eonaequeat deter­
mination of the possible extent of such kno*&*4tj*| and tho examination of 
i*t dlttlnctlcn from and relation to other for**) of cognition, whloh arc 
deficient in sore ~>f the respeot* enuaer*ted« Vhile the aathOBSitieal 
Mlonoe* fumlah v» with the typical example of such knowledge, i t t rao*t 
important oontentt are hold to mfot tc the objects of our moral and 
rellgieu* c^tcloutne**," James dbson. LookV* Th*cry of Knowledge and 
i t s Historical Eolation*. Cambridge* a* the "Snivortity '.'root, 1931, p,"T. 
Cihson points out, in chapter one of hi* fin* study, how Leek* cam* to 
^ • • V S T *&£& ** *l* > U A y ^ John Locke. Londoai Oxford, 1887, r , nr. 

(*°< fffty* Introduction*. 8 Tel, A, p, 26* 
(81) -teen aswas hia lntereet in the seientlfio discoveries of hi* 

h* leave* no rocn for doubt that In hi* opinion th* knowledge whioh 1* of 
groatoct lmx*rtaaec for men i* that whloh relates to hia duty, and to the 
esaetenee of tho divine Seing, who** law be conceived thic duty to be," 
J*acc Cibaon, eg, egg** p. €• 

( « ) g*—y* spictle to the Boeder, Vol. I , p, 14, 

day. 
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Locke's theory ef knowledge 1* gradually developed in the B*say. 

After chewing, in tho first bock, thet he hold* no brief with a theory 

of innate ldeaa, ho ratal TITS tho origin ot knowledge in the second book* 

All our ideae (33), frea «hloh our judgments or true knowledge are formed 

tad which aria* from the twofeld eaperionec ef sensation and reflection, 

are either tlapl* er coaplex* 4 nan is not able to make up simple ideas % 

the nind is passive in getting then froa oxperienoe* Simple ideal arite 

ia dlwra* waya, froa one tenae or wore, frea reflection or reflection 

eeablnod with sensation, (Locke then -iirtinguiahed the simple ideas .f 

ptiaary or aathenetical qualitiea which have real existence froa those 

of swndary er input** qualities which only virtually exist), 9y oom-

bining and extending simple ldeaa or "originalt," the mind exhibits its 

power of producing new ldeaa in the activity of oaapari«*n« ooaposition 

and abatraetien, which yield complex idee* celled mode*, substance* and 

relation*. The third book deal* with Locke'c theory.of the nature, 

•cowing and use of language. 

It ia in tho fourth book, the moot important of the ,-'*a*y* that Locke 

dealt with knowledge ia general* Xhe,judgment in which wo have knowledge 

is "but the perception of the connection and agreement, or diaagratment 

and miasjauiiij ef any of our idea*" (id)* Unlvereal sropocition* arc the 

makeup ef knowledge whloh heart the dittinetive badge of certainty and it 

(88) Looke's wide ut* of "idea" 1* evident throughout his 'saay. 
"whatever 1* meant by phantaan, notion, species, or whatever It is which 
the nind can be euoloyed about in thinking." 8t**y. Vol, I, X, p. 16. 
Clbtea aaya, "a* the unlvereal implicate of oognitioa. Idea* are ln-
volv*4 alike in the •caslblc apprehension of a colour and in the thought 
ef an abctrnet object or relation, which cannot be presented to the tense. 
For tht word he disclaims any tpecial partiality, and avow* hlm*elf ready 
to 'change the term Idea for a better* a* soon as hi* erltloa oan help 
hia tc one whloh will bear at well tho required width of denotation." 
Janet Oibton, op* oit., p* 18, 

(34) Kssay, look IT, Chepter 1, 2, Tol, II, p. 167. 
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referent te a reality independent of the alndf knowledge la "real." 

Of th* two main kinda of knowledge, "demonstrative knowledge 1* auch 

more imperfect than intuitive (38)," In the letter, "tho nind par­

cel vet the agrteacnt er disegreeaent of two idees immediately by them­

selves, without the intervention of any other (36)," "and this kind 

of knowledge is the «i*are*t and the »o*t certain that huaan frailty 

is capable of* Thi* part of knowledge it irresistible..." (87). In 

demonstrative knowledge, though Its certainty is unqusstloaabl*, th* 

mind xtu*t operate "by th* Intervention ef other idea* (one or more, 

a* it happens), to -?isoever the agreement or disagreement which it 

searches.••" (36), freceded by doubt, tho stage or demonstrative 

knowledge 1* sot a* eaoy to obtain a* intuitivei demonstrative know-

lodge la forced to rely on the idee* of Intuitive knowledge which it 

uses at "prooft." 

The moot perfect type ef demonstrative knowledge is mathematiea. 

But although "it has been generally taken for granted that mathematics 

alone are capable of demonstrative certainty" (89), this is not the 

cose. The reason for thlt, Locke says, 

Baa been not only the general usefulness of those sciences, but 
because, in comparing their equality or exoess, the ^odes of 
number* have onrory the least difference very clear and perceivable.•• 
But in other simple Ideas,.,we have not so nice and accurate a dis­
tinction of their differences as to ^rrceive or find ways to measure 
their .just equality -<r the least differences (40), 

(38) gaser, 3ook tV. Chapter 1. 9, Vol. il, p. 175. 
(36) Testy. Book *7, Chapter 2, 1, Tol. II, p. 176, 
(37) *ssay. Ibid, p. 177. 
{*•) 8»w*y. Seek IT, Chepter 2, 9, Vol. 11, p. 178. 
< M> '$**&> Sock IT, Chapter 2, 9, Vol. II, p. 182. 
(40) Essay, Book XV, Chapter 2, 10, Vol. II, t. 103. 
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Other sciences, then, are capable of demonstrative certainty. 

Continuing, leoke examines the extent of human knowledge with regard 

to the four aorta of affirmation or negation wo oan make. Identity, co­

existence, relation and real existence. Under relation, he -akes a strong 

oase for our demonstrative knowledge of oorality in comparison to mathe-

matloo. The complexity and sensible representation* aooompanyiag moral 

knowledge have made people think it incapable of demonstration. Math*-

aetioe, by eoeaeriscn, baa the advantage, since it uses sensible marks 

which are "not liable te the uncertainty that words carry In their 

slgnifioetlen (41)." Secondly, the moral idea* arc more oomplex than those 

of mathematics, hence their nsaes are of -wore uncertain a I jm if lest ion and 

it Is mere diffieult for th« %lnd to retain these preeiee combination*. 

Thirdly, th* weakness ef huaan memory it rot a* evident in remembering 

netfceantieel aa mere! (teweaatrationa, for 

tho numerical character* are help* to the memory, to rooord end 
retain the several ideas about which tho demonstration It rcadt, 
whereby a man way know how far hit intuitive knowledge in sur­
veying several 'f the particular* has proceeded| that to he may 
without confusion go on to what I* }*t unknown, and at last have 
in one view before him the result of all hit ;ereertione and 
reeeonlngs (48), 

In cenoluding hi* oeaparleon, Locke suggests that ths difficulties of other 

domonttrttlvo kamwleege, such a* morellty, be resolved by accurate definition*, 

universally accepted sad retained, 

and what method* algebra or something of that kind say hereafter 
•uggest, to remove the other dlffl*ultl**,,,(43)» 

I 41) K***y, Seek XV, Chapter 3 , 19, Vol, IX, -... 209, 
,«*) ffijty. 3cok IT, I M , , p, fio, 
ce) Tccay. Beck IT, Chapt*r 8, 20, Tol. II, p. 211. 


