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Physics as & Tool for Solving Disputes in Mathematics.
A Case-Study

Thagugh the study of e motion of peojectles plaes, pendulums, sound
of the 17th century become conselous of

they re-

guised & profouades mathematical tool, snd they hasteacd o create it " (1),
e Fabie v deoy s ot i ki ooz, witghnie
problems, though cemain key problems (g, the quadrture and the cabatre
of geometrical figures) could come from Greck geometry: marhemaricians’
faterest Bere depends abowe all on the rediscovery of the classics of Greek scien-
¢e, quite independently of contemporary physics problems. The physica-mathe-
matics sclaripnship at the basis of the Calcolus is thus complex: - One aspect
iy the use of piysicel notions to tesolve doubes, rather that the well known * appli-
ation of mahematics to physical processes ™.

Time and mcthematics

In dealing with sarisbier (i.c. quantities which change cantinually) certain
fmachcamaticians of the 17th century (and after) found analysia of the cancepe
of time mare uscful. Time is 2 detcrminant feafure of any mation or change
i-np'-y--s.mummrph,mpmmsmmmhm “This i the real
meaning of Aristotle’s * Time is the numbee of motion ™ (2): lute 17th ceatury

‘mathcmatic 5
time is by cyclical, that s, periodic, eveats, ket i) time in physics has to be re-
presented by a cestain mathematical scheme, which makes it into & magnitude
10 gaw magnitude time is nathematically & so-called (open) linear continuurm.
For Bacher (3) * Aristotle’s statements on time in the Phyricr are physics mnd
Bave partinence i the phycics of teday ™. In sll cases, this was the case for mathe-
maticians and philosophers of Nature in the late 17th cenmry,
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Let us consider a convincing exemple, that of Tsaac Darrow in his Lecsioner
grometricas, Lectio

Tempus ltaquc per tecmm lineam semper designs erarie quidem
initio sumptam ¢t cxpositam, At caius partes rionatis tepoci. pedi
bus, ¢t puncta temporis instantibus respeetivis juste respondebunt, et iis appa-
site’ repracscarandis. inservient (4),

Vlscity ar a ™ power ™

Barsow distinguisches between chonge and rane of chomy. We stress the
impottance of his definition (in Lectiones grometricar, 1670) of Velocity s &
power ;.

definitur idcirce velockas potentia, qui mobile spathim aliquad ia aliquo
tempote permansire potest (5).

Furthermore, dealing with timé-magnitude 25 a linear continuum, Barrow
ives his version of the lbyristhus cuatisas, and he criricizes theses traditionally
atteibuted to atomism ( the contiouiun consists of iudiiibe parts ™). According
o the Lectio 1z

O smpors insanl, scu indsini: peevac temporis parsiclae (o
stantl dico, wimld‘mm particulse, nam P“ rcfert,
unctis, and ex indefinite par
e, dum tempus cx nmsibor,
e ik, vk, eoesolaties
pro \Ema:l:l'bm \anun:ﬂ:hn exigurs instantia, hoc est pro tempuscula
o poncin. rion yersbimus seimpass); calllbee”dico. temporis
omento competit velocitas aliquis gradus, quem mobilem tune habere conci-
piendum et (6).

§

e pessonally feel this to be & kind of typical “ reduction * from pares is-
iiabiles 10 pres semper dyisibiles, et 100 sroal (ndfnte parsae) 3 the goome-
trician’s * iastinet ” s to subdivide them, In accordance with the Continentals”
wse of indinivibitis (Cawalie, Torrielli, cte.) in quadrature maths, As thawn
in Giorcllo, Perucea (7), this was typical in Europe in * conciliaciog " mathe-
matical indirisibihs with Aristotle’s (physicall) concept regarding thne {sad

space).
A part form this weakly nominlist idea u(:zmpanl and spatial Jndis
Barrow adds » strongly nominalist ides, c. his Lectiones matbesatics

et codem moda tempas ¢ (cmpanw noa ex inswntibus;
cx ot pon. ¢ sendencs Indivishillna; vloci . velockatins, ¢

Matbematical [Pk of Loae Harras, Carbeidge 1860, 166
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poridis e pondecibus, eutrany ex prandibus vel impctibus shsoloee minimis;
B e o fcce. partibut, B0m & <y, comsmnt et -
egemati (3.

o Barrow's opinion, we cannot enaceive infinite division, bu must accept
its possibiliny. Jadieisible is & plae mibil.

Barrow insists serongly on the concilistion between the aew Calcolus and
Asistodle’s tenets, alio s this corresponds to his own mathematics. In Lectio
X of the Luctimer gometricn, advised by Newton, he Includes algorithmic
‘ules for tangents; he uses ¢ and o for the indfiie parsa increments in the inde-
pendea variable x and the dependen variable m

1, Inter computandum oracs abicio terminos, in quibus ipsacum 4, vel &
peresns tabetr, ve i, b ipac ducuntur in s (ctenim s tecmint aihil

2. Post aequationem consimutam, omnes abicio teominos, literis consmntes.
quantitaics notss, g6 dercrminatas desfpnaniibas; aut o quibs noa habentue
&, vel ¢ (eteaim illi tormind semper, ad unam acquationis partem sdducti, ni-
hilum adsequabunr).

3. Pro 4 ipam m; pro e ipsm ¢ substitao (9).

Barraws adds 10 these rules (which ean be applied In the case of algebaalc
equations);

Quod si calculum ingredistur curvae cojuspiam indefinita’ paticala; sub-
sinoaras cjes b, tangets pariculn. ,m.,’ﬂ: el s (ob vk
mm curvae parvitatem) acquipoliens recea (10);

s llustrating & technique basic 0 all the constructions of trascendental eurve
rangents (1),

Barrow’s methad hay been interpreied 2 a particular casc of the spproach
sia momeats (Newton) or the approach ris differentials (Leibniz) o the geome-
tsical or mechanical problemse. ln William Whewell's 1860 Barrow editioa,
the Latin of the Ragis prime (efmiv isti forawisl milif palebam) s translaied (in
Whewell's Prcface) as: * for they are of po value compared with the rest, 38
being infinitely small " (12).

But this is aftee 1850; after the Cambridge analytical school's revaluation
of the diffrentie] Calculus and afies de Morgan's comments on the histary. of
the Calculus, In fact Whewell believes thar  the substantian identity of Barrow's
2nd Lefbiniz's meshods is evident"(13). ‘A finc cxemple of how to creare
precunons!
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However Barcow was ser using Leibaiz langoage (s Whewell would bave
i), but the wasds seains (0] tormini mibil soltbwnt could have & diffecent meaning
to Barrows eontempotarics.

In bis Consdbrasions circs anslyreas e quasiitates infoite parsus applicatss priv
#ipi the Durth Theologicin Berahard Nicuseatidt (1634, Amsteadam) follows
a different interprosation of Barrow’s (and Leibniz's or Newton's) procedures.
In ealculition such as the difierentiation of y = 7 (or, in general j = ¥} in-
finitesimal products such s dx . d (or, 38 Barrow would have it: ¢ ) shoukd
be cqual sern, becasise the product of fwn quantities lawer that * any assignable
quantity ™ can anly be nothing, (For Nicuwentijdt, indeed, we can * calarge *
the linear continuam R with nilpotent entitics: algebralcally, we embed the
field of real numbers R in o ring. B with sero divisors.  For Nicuwentijd this
is the only valid way of justifying Batsow's algorithm rules).

‘There is no room here for the Furopean disputes caused by Nicuwentijde's
attitude (with replics from Johaon Bernaulli,. Jacob, Hermann and Leibn-
‘imself, with his emphasis on bis  meephysical " if de ssssiondid), Tn Niewweoz
it we fiud certain teligious scuples (14) and & different concept of algebraic
siruerure nndﬂnmg; that ¢ e of tlgodithm. We find also in Coasiderationes

matical works) o pacticalac kind of * ato-
2" Is ot oaly in Nicuwentijde's justification of

(an
mm“(ls;

possible 1 o
6jdt Felt that Leibnke” notation was misle ;dm}g st where w
it suggests the fieration of 4 ss an operstor (16)), and pretended to keep to
Barrow's potation.

Nieuweatfdt's position was not caleulated, 10 win. success among s coo-
[ These English must have beea
perplexcd when faced with these theses, when they realised thar, at lease on
inspestion, the dheses were against the * endiess * idea od * rate of change of
rate of change *, sproach to mechanics, Niewweatijdt’s
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Berkeley's main target dn the Assbrr (1734) was Newton's Caleulus, espe-
clally Newron's novelty about * calculus of Infniries ", ‘The sovelty of Newtoa's

ing with infinity, however, ws well pointed out by Hocené Wronski in
s Piifosopbic mathimacigues we do no find in Fermat and othes mathematicians
commitied with isdinzibilia the “ ueention awx fonctions algorithmiques ”,
which constitue the hasd care of Newton's and Leibniz’ approach ta Asalysis (18).

The same must alto be said for Newton's * debt * to. Barrow; we think
along D. T. Whitetide (19) and diffccently feom Child (20), that this * debt ™
5 nat to be aver-estimated.

In clicct, Newton went fa heyond Barmow's concept of * isdfnife parvac
pattes” of a contimum (time, space, ete.)(21); bin * playing ™ with higher
otder dificrentials (flusions of fuxlons, étc., more exactly) supesseded the idess
of physical atomism and mathematical fndininbilia completely.

I his James arvicle:(22) about Betkeley's compensation of errors, Ivor Grat-
{an-Guinness has painted out that also Berkeley's criticiam of Newton has its
roots in some kind of ttomism, which presupposes the atomiscic peresption
of minims sensibila.

Tt was Beskeley's citicism In T Anajpss which stirmulated Colin Mac Laurin
to reply o Berkeley in his Treatis of Flucisas (1742); we find bese the reference
to physical grounds to justify Newton’s algorithmic * playing with. infiney

In the first Chaptéz of Book 1 of the Treatise Colin Mac Laurin uderlines
rmathemnatics s the scieace of relationships (23); on p. 52 he takes up a thesis,
which was dear fo Bacrow, that the ebjects to which primitive terms of & mathe-
matieal theory refer, need not necessarily esist in the real world, providing
that we bave a clear idea of their * relationship ”. On p. 53 we have the con-
cept of time as an, open linear continuum, which, given the local and Limited
nature of our expesicnce, we are obliged w * closc “This kind of time is
obriously a measure of change (like in Barrow, and in Asistotk); but ss the sub-
strate of the change it space, the Velity will have to be considered 45 a kind of
primitive.term, assumed a5 something for which to have a precise mumerical
derermination s phiysical considesations (Batrow's senrms comsmis Omes 10

mind).
Following Basrow, Mac Laurin told hout Velosity as & power, and

“Ihis beiog eviden, it docs not scem o be necessary, in pure Ty,
o e o e, e e ot o oS, which
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is calld Vi, and s commanly wccbel 10 the body it s supposed 1o

tsecms o be sofciat or ous purpese char, whik 4 b
mmmnl be conceived to have some velocity or other 3t any s of
the rime (my Shancy dabtug WALh I Tocvet ()

The idea of Veiseity will Fave to be left 1 the physicists; for the mathe-
matician it is sulicient if every given frm 4 dme cotresponds w 4 velocity
fot the object In’ motioa.

On the following page, however, Mac Laurin quotes Barrow’s idea of Ve-
Iocity * s & powcr ™ more accorately. But Mac Laurin also assume the task
nr,w.,;w 2 caleulos with * velocicy of velacity ** (+ fluxion of fuxion ") and

ur question is now: in 2 Barrow-Aristorelizn frimework, is there any-
|hu|g “conceivable like  preyr of @ pover? In our opinion, the snswer is No,

o get roand this, howeeer, Mac Lavrin proposes o meaning shif (for
* Velocity ), by defining velocity 25 * the action of a power ", thus taking up
one of Newton's key idess, which is well beyond both, the implicit atomism
of the mathematical indivisbilis and Barrow’s simple idea of paries indfinite
‘s (25
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